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Introduction

gives the California Air Resources Board (ARB) the responsibility to assess how the
of air pollutants from one air basin to another (referred to as “transport”) impacts
ncentrations. The movement of air pollutants between areas can increase the ozone

cwnwmd areas. Over the last decade ARB has done a series of technical assessments

es done over the last decade have given us a good understanding of pollutant
statewide ~ including the fundamental transport relationships between air basins. We
ned that urbanized areas largely cause their own air pollution and reducing local
needs to be the comerstone of thexr clean air efforts.

also leamed that under certain weather condmons, these urban areas can transport
to their downwind neighbors or receive pollution from their upwind neighbors. The
ts show that most urbanized afeas contribute to air pollution in neighboring air basins
ain weather conditions. These same urbanized areas may be transport recipients at
es. In order to meet health-based air quality standards under all weather condmons,
reductions are needed in both upwind and downwind areas. At the same time,
eductions from upwind areas do provide benefits to the extent that transport occurs.

fits are taken into account as areas prepare the air quality plans required by the
Clean Air Act and Federal Clean Air Act. The next round of ozone plans will be
in 2003 to meet the requirements of the California Clean Air Act. These plans will
r current control strategies for achieving the State ozone standard.

statewide perspective, areas downwind of the Los Angeles region (South Coast Air
the most severely impacted by ozone transport. The magnitude of pollution
from-the South Coast Air Basin sometimes overwhelms the impact of local emissions
wind desert areas and San Diego.”

In other parts of California, transport lmpacts are more variable - mostly ranging from
inconsequential to significant depending upon the weather. However, overwhelming transport
also occurs in the Mountain Counties Air Basin, North Coast Air Basin, Upper Sacramento
Valley,. and the North Central Coast Air Basin under some circumstances. This report
summarizes the nature of ozone transport for each area. .

‘While this report focuses on ozone, the transport of fine particles or particle-forming pollutants
is also of concern. Many of the emissions that contribute to high levels of ozone. also
contribute to high levels of particles in the air. As we continue our efforts to understand and
reduce particle pollution, we will apply what we have learned from our ozone transport
assessments.




e ARB Assesses Transport

 staff assesses transport impacts by first identifying “transport couples” which consist
nd area and a corresponding downwind area. These areas are generally defined using
boundaries. California is divided by the ARB into 15 air basins (see Figure 1)
with State law. Areas with similar geographic and meteorological conditions are
e same air basin. Air basins are often separated by geographic boundaries like
ranges. Transport does occur, however, through mountain passes and over
c boundaries at higher altitudes (referred to as “aloft” transport).

basms consist of a single, multi-county air district - such as the San Francisco Bay

ty Management District, the San Joaquin Valley Air Quality Management District,
an D1ego County Air Pollution Control District. Other air basins span more than one
An air district is the local governing body responsible for control emissions from

pollution sources and adoption of local air quality plans and rules. Figure 2 shows a
e Jocal air polhution districts.

nento Valley Air Basin is further subdivided into twoplanning areas: the Broader
o Area (where the population is most concentrated) and the Upper Sacramento Valley
al in narure).

It mcludes a transport summary for each air basin or transport area. The

the area, its air quality problems, and the nature of transport into and out of the
.addition to identifying upwind and downwind relationships between air basins, the

sses the degree of impact. State law directs the ARB to determine if the contribution

rted pollution is overwhelming, significant, inconsequential, or some combination.

hree labels are applied according to wheéther violations of the ozone standard are
predominantly caused by transport, local emissions, or a mixture of both. A transport couple
can have more than one label, meaning that the degree of impact varies from day to day
dépending on weather conditions. For instance, if a transport couple is characterized as both
“shared” and “local”, it means that on some days violations are caused by a mixture of
transported and local emissions, while on other days they are caused primarily by local

emissions.

The identification and characterization of transport couples is based on detailed analyses of one
or more specific days when the State ozone standard was violated. The assessments are based
on modeling and analyses of meteorological data, ozone monitoring data, and emissions data.
Certain extreme ozone concentrations are excluded from the analyses if they are the result of
rare circumstances beyond reasonable regulatory control.

Pollutant transport is a complex phenomenon. Sometimes transport is a straightforward matter
of wind blowing from one area to another at ground level, carrying ozone with it, but usually it
is not that simple. Transport is three-dimensional; it can take place at the ground surface, or
high above the ground. Meteorologists use the terms “surface” and “aloft” to distinguish these

' TWO cases.

Often winds can blow in different directions at different heights above the ground. For
example, the surface wind may be blowing down a valley while the winds overhead, above the




ading hills, blow across the valley. To further complicate matters, winds can shift during
ushing a polluted air mass first one way, then another. To accurately determine the

pollution transported from a source area upon ozone concentrations in a downwind

es detailed scientific analyses and modeling studies.

may have a significant impact on other pollutants such as fine particles. Although -
d fine particles derive largely from similar pollution sources, ozone is primarily a
roblem while fine particles are usually more of a winter problem. Since wind patterns
t from season to season, the transport relationships may be different for ozone and
es. Transport of fine particles and their precursors is a subject of ongoing research.

ive impact of transport can change over time. Economic and population growth, the
of air quality programs, and changes in regional climate can all act to mcrease or
ne region’s transport impact upon another. Furthermore, new monitoring, higher
data and improved air quality models can shed new light on transport impacts. The |
ontinue to assess transport impacts as new information becomes available.

Responsibility for Reducing Pollutioh‘is Shared

California Clean Air Act, when emissions from one region contribute to ozone
s in a downwind area, the upwind area shares responsibility for controlling those
ources.  The State and Federal government also share in this responsibility for
missions. The ARB’s State Clean Air Plan targets statewide sources, such as fuels,
r products, and motor vehicles. This plan provides emission reductions in all upwind -
nwind areas. Federal measures are also necessary to address sources such as interstate
id federally preempted emissions sources. The ARB is now developing an updated
Air Plan. ' ~ '

‘round of ozone plans for most of the State will be developed in 2003 to meet the
ents of the California Clean Air Act. To support this significant effort, the ARB will be
ts prior planning guidance next year to reflect current circumstances and available

echr A critical element of this guidance will define how transport should be
considered in determining the appropriate mix of State, upwind, and local control programs to
attain in each region. We expect to use the same transport approach for future plans to meet
the Federal eight-hour ozone standard.

The clean air plans will reflect our best understanding of pollution transport to ensure all areas
of the State reach attainment. The ARB will define the core State and Federal measures that
each region can rely on. All regions that continue to violate health-based standards (see
Figure 3) will need to assess and reduce the local emissions contribution.

Rural areas that are dominated by an upwind area should ensure the local area has a strong and
effective program to address growth and prevent degradation of air quality. Upwind areas must
address their share of responsibility for ozone levels in downwind areas; the ARB will work with
the upwind and downwind areas to determine how to achieve any additional reductions needed
for artainment i each region. '

‘In the last several years, major field studies have been performed in Northern/Central and
Southern California (see Figure 4). We will use the results from these field studies to develop




odeling tools that reflect a2 more refined understanding of ozone formation and
"These regional models, combined with our transport assessments, will be used in
upcoming clean air plans. The tools will be used to project the level of control need
e standard and assess the benefits of emstmg and new com:rol strategms

port lmpacts in the Future

ornia’s population continues to grow, tradmona]ly rural areas are becoming more

and are generating more emissions. As this occurs, local emissions will become more
T in areas whose air quality has historically been dominated by transport from outside.
pan aréas are already required to implement stringent emission-reduction measures to
eir air quality. Newlyemergmgurbanareasmllneedtotake similar measures to
ood air quality in the face of population and economic growth.




Figure 1. California Air Basins®
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Figure 3. State Ozone Standard Attainment Status
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bwing sections summarize our knowledge of transport in the major regions of
Not all regions have their own sections: the North Coast and Great Basin Valleys
ed briefly in the sections on the San Francisco Bay Area and the San Joaquin Valley,
. Northeast Plateau (Lassen, Modoc, and Siskiyou counties), Lake County, and the
oe Air Basin attain the State ozone standard, and are therefore not included in the

region, we describe the area and its current air quality status, and characterize its
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Mojave Desert Air Basin
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Desert Air Basin violates both State and Federal ozone standards. Continued
mn air pollutant emissions are needed in order to meet the 2007 deadline for

e air basin is impacted by emissions from the San Joaquin Valley and the South
me days local emissions alone are primarily responsible for poor air quality. The air
ulation is substantial and growing. As air quality continues to improve in the South
emissions from the Mojave Desert Air Basin will become a more significant factor

Area Description

The Mojave Desert Air Basin covers a large part of the California’s high desert. It includes the
eastern half of Kern County, the northern part of Los Angeles County, most of San Bernardino
County -except for the southwest corner, and the eastern edge of Riverside County. It is
separated from the South Coast Air Basin, to its south, by the San Gabriel and San Bernardino
Mounrains. It is separated from the San Joaquin Valley, to the northwest, by the Tehachapi
Mountéins and the south end of the Sierra Nevada. The Antelope Valley APCD, the Kem
County APCD, and the Mojave Desert AQMD manage distinct portions of the air basin.

Although the eastern part of the basin is sparsely populated, the area just north of the San .
Gabriel and San Bernardino Mountains supports a large population. The Lancaster-Palmdale
area has a population of over 250,000, while the Victorville-Hesperia-Apple Valley area has over
180,000. Apart from these urban areas the largest is Barstow with approximately 23,000.
Military bases, highways and railroad facilities, cement manufacturing and mineral processing
contribute to the region’s ozone precursor emissions.

1



no Mountains is heavily impacted by transpoﬁ from the South Coast. Air monitoring
ar Hesperia and Phelan show the impact of surface transport through the Cajon Pass.

ddition, transport aloft carries pollutants over the mountains to impact a broad area
lnding Twentynine Palms and Lancaster-Palmdale. Despite the importance of transport
South Coast, previous analyses have demonstrated that local emissions play a
t role in causing ozone violations in this area.

, basin receives pollutantsfrom the San Joaquin Valley as well. The area immediately
downwind of Tehachapi Pass receives pollutants from the southern San Joaquin Valley.

ations in the town of Mojave in the eastern portion of Kern County are attributed entirely
transport. The influence of pollutants from the San Joaquin Valley extends as far as

Other areas’ impact on the Mojave Desert Air Basin

Area . Day Specific Findings

San Joaquin Valley Overwhelming

South Coast Overwhelming
Significant

12
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Mountain Counties Air Basin
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ntain Counties Air Basin violates the State ozone standard due to transport from the
Valley, the San Joaquin Valley and the San Francisco Bay Area. The region attains
al one-hour standard, except for the western portions of El Dorado and Placer
tiesswhich are part of the Sacramento Federal nonattainment area. Because the region’s
blations are the result of transport, the Mountain Counties’ air quality planning process
triggered by the California Clean Air Act. Instead the region is relying principally on

ductions from the upwind areas. However, in the future, local pollution emissions
ed to contribute significantly t6 ozone concentrations as the population continues to

Area Description

The Mountain Counties Air Basin covers the central and northern parts of the Sierra Nevada,
from Plumas County in the north to Mariposa County in the south. The basin comprises all or
portions of seven air quality control districts: the Northern Sierra AQMD, and the Placer, El
Dorado, Amador, Calaveras, Tuolumne and Mariposa County APCDs. The air basin is thinly
‘populated, its communities separated from one another by the basin’s complex terrain.

Logging and mining, historically the economic basis of Sierra Nevada communities, have given
Wway to tourism and recrearional activities in recent years. A substantial number of people living
in the air basin commute to jobs in the Central Valley. The largest source of polhutant emissions
is motor vehicles. Vehicles travelling on transportation corridors such as Highway 50 and
Interstate 80 account for a significant portion of motor vehicle emissions.

15




port Characterization

hically, the basin consists largely of a succession of east-west canyons and interveni

he elevation ranges from several hundred feet in the foothills near the Central Valley,
0,000 feet ar the crest of the Sierra. Surface winds are generally restricted to flowing in
est direction, uphill during the day and downhill at night. Pollutant transport is
ntly from the Central Valley up the canyons during the day, then back down at night.

nuch more pollution is emitted in the large urban areas of the Central Valley and San

Bay Area than in the sparsely populated Sierra Nevada, pollutants transported from
an areas have a dominant effect on ozone concentrations in the Mountain Counties.
ozone violations have been attributed to transport from the Broader Sacramento Area,
oaquin Valley and the San Francisco Bay Area.

ntain Counties regularly experiences violation of the State ozone standard. The
and central parts of the region (Grass Valley, Placerville, Jackson, and San Andreas)
e pollutants from the Broader Sacramento Area, the Bay Area, or the San Joaquin
a combination of areas depending on the weather. For the southern part of the
nora and Yosemite National Park), the primary source of pollutants is the San Joaquin
n other days, the San Joaquin Valley and the San Francisco Bay Area contribute to the

one violations in the Mountain Counties are caused entirely by emissions from the San
alley, the San Francisco Bay Area and the Broader Sacramento Area. However, in the
cal pollutant emissions are expected to contribute significantly to ozone concentrations
untain Counties as population continues to grow. Moreover, the region has a close
omic relationship with the Central Valley and San Francisco Bay Area. People from the
yion .commute to work in the cities, and people from the cities travel to and from the
untains for recreational activities. . '
ortation activity contributes to ozone problems both in the Mountain Counties and
é-more heavily populated areas. The region can contrbute to needed reductions in .
ollutant levels and offset the impacts of growth by implementing all cost-effective and
technologically feasible measures. For more urban or industrial areas of the region, such as El
Dorado and Placer Counties, local emission reductions are critical to attaining health-based
standards. :
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Other areas’ impact on the Mountain Counties Air Basin

Ared. Day Specific Findings , )
Broader Sacramento Area Overwhelming

San Joaquin Valley Overwhelrming

San Francisco Bay Area Significant

Mountain Counties Air Basin
Ozone Exceedance Trends

100

75 |

~—— State Exceedance Days
—— Federal One-Hour Exceedance Days

50 J
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North Central Coast Air Basin
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Central Coast Air Basin continues to violate the State ozone standard at a few
3 : The region now atains the Federal one-hour standard. Although most exceedances

caused by transport, the area’s growing population could begin to cause more local
edances unless there are continued local efforts to reduce emissions from local sources.
proved air quality in the North Central Coast area relies on emission reductions in
areas, local measures are needed 1o help offset the emissions from growth and to assure
t and maintenance of all health-based standards.

Area Description

The North Central Coast Air Basin consists of Santa Cruz, San Benito and Monterey Counties,
and is“synonymous with the Monterey Bay Unified Air Quality Management District. The
largest population centers are Santa Cruz, Salinas, and Monterey and its surrounding
communites. The estimated 2000 population of the region is roughly 700,000.

The largest urban area in the air basin is Salinas, with a population of 130,000, followed by the -
Monterey area, with a population of roughly 100,000. The region has significant sources of
ozone precursors in the form of a large cement plant at Davenport, the Moss Landing power
plant, agricultural activities, and Highway 101. ‘ '

While emissions from urban areas in the region contribute to ozone violations in Hollister, its
air quality is dominated by pollutants transported from the San Francisco Bay Area. The air
basin adjoins the San Francisco Bay Area to the north but is physically separated by the Santa
Cruz Mountains and the coast ranges. However, the valley of the San Benito River, where
Hollister 1s situated, forms a southern extension of the Santa Clara Valley. The region is also

19



lorth Central Coast Air Basin enjoys relatively clean air, experiencing only several
ances of the State ozone standard per year. All of these exceedances have a transport
on. The amount of transport can vary from significant to overwhelming and the
the emissions can vary depending on the day. '

The region can receive surface transport from the Bay Area which impacts Hollister and Scotts
alley. Violations at Scotts Valley, on the Highway 17 corridor in the mountains north of Santa
z,aremainly due to surface transport from the San Jose area, while transport aloft from the
can impact Pinnacles National Monument in the mountains south of Hollister.
ansport aloft from the northern San Joaquin Valley mixed with pollutants from the Bay Area
equently impacts Hollister’s air quality as well.

Other areas’ impact on the North Central Coast Air Basin

Area Day Specific Findings

San Joaquin Valley Significant

San Francisco Bay Area Overwhelming
Significant
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North Central Coast Air Basin
Ozone Exceedance Trends
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Sacramento Valley Air Basin:

Broader Sacramento Area
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der Sacramento Area continues to violate the State and Federal air quality standards
_ . Although the air quality in the area is impacted to some degree by transport, the
emissions from within the region are responsible for some of the region’s smoggiest days.
Continued reductions of pollutant emissions are needed in order to meet the 2005 deadline for
attainment of the Federal one-hour ozone standard and make progress towards attaining the
State standard. :

Area Description

The Broader Sacramento Area encompasses the city of Sacramento and surrounding areas. It
includes all of Sacramento and Yolo Counties, the southern part of Sutter County, the western
porton of Placer and El Dorado counties, and the eastern part of Solano County. Distinct
portions of the BSA are administered by the Sacramento Metropolitan AQMD, the Yolo-
Solano AQMD, the Feather River AQMD, and the Placer and El Dorado County APCDs. The
cities of Davis, Woodland, Rocklin, Auburn, and Placerville, among others, all Lie within this
region. :
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aically, the Broader Sacramento Area occupies the southemn part of the Sacramento
Zast-west, it extends from the foothills of the Coastal Range to the foothills of the
ada. These mountain ranges form natural barriers to air movement. North-south,
extends from the southern part of Sutter and Placer Counties to the Sacramento River
ere are no significant barriers to north-south air movement in the Sacramento-San
alley. The Sumer Buttes, to the north, are not wide enough to present a major
airflow into the northern Sacramento Valley.

hicles are by far the largest source of ozone precursor emissions in the area. Between

2000, the number of vehicle miles traveled doubled. However, the increase in vehicle
offset by increasingly stringent motor vehicle emission controls and cleaner burning

The peak ozone concentration and number of violation days in the area have

slightly during the last decade, bur progress has been slower than in some other parts

e such as the South Coast. '

port Characterization

summer mornings, the so-called “delta breeze” blows from the Carquinez Strait
towards Sacramento. Reaching Sacramento, the delta breeze turns northward and
into the northern Sacramento Valley and the foothills of the northern Sierra Nevada.
from the Broader Sacramento Area into the Upper Sacramento Valley has been
ed repeatedly over the last two decades.

from the Broader Sacramento Area dominates the air quality in the Upper
to Valley, as far north as Butte and Tehama County. However, violations in Shasta
the northern end of the Sacramento Valley, are occasionally entirely due to local
, sometimes entirely due to transport, and sometimes a mixture of both.

richaracteristic wind pattern of the southern Sacramento Valley is a counterclockwise
ddy which carries pollutants from Sacramento to the northwest, then south to
d and Davis, then eastward, back to Sacramento. This circulation carries ozone and
from Sacramento to Colusa and Arbuckle in the Upper Sacramento Valley.

On some summer days, winds sweep down the Sacramento Valley from the north. This wind
carries pollutants into the northern San Joaquin Valley, where they impact communities such as
Stockton, Turock and Modesto. Because it is located downwind of both the Broader
Sacramento Area and the San Francisco Bay Area, the northern San Joaquin Valley is subject to
a complex mixture of influences. . '

Infrequently, a north wind blowing through the Broader Sacramento Area can turn westward
and carry pollutants to the eastern part of the San Francisco Bay Area. Under such conditions,
violations at Fairfield and Pittsburg can be significantly impacted by pollutants transported from
the Broader Sacramento Area. This influence is confined to the Sacramento-San Joaquin River
delta. Violations at Livermore, Fremont, Hayward and San Jose on the same days are not
affected by transport from the Broader Sacramento Area. '

On days when the north wind carries pollutants from the Broader Sacramento Area into the
northern San Joaquin Valley, afternoon breezes from the west may then push polluted air from
the valley into the Sierra Nevada foothills. Under these conditions foothill communities such as




eas, in Calaveras County, and Jackson, in Amador County, can be impacted by Broader
nto Area emissions. On such days, the transport contribution is usually shared between
the northem San Joaquin Valley and the San Francisco Bay Area. ’

northern Sierra Nevada foothills, Grass Valley, in Nevada County, and Colfax, in Placer
‘have violated the State ozone standard almost every summer for the last decade. These
ns are considered to be entirely due to transport from the Broader Sacramento Area.

; uality in the Broader Sacramento Area is impacted to some degree by transport from the
ncisco Bay Area and, infrequently, from the San Joaquin Valley. On some days when
standard 1s violared, the Sacramento area is impacted by transport of pollutants from

a. This occurs when there is a slight to moderate delta breeze in the morning which
commute hour emissions into the Sacramento area to mix with local emissions and
the summer sun to produce ozone. This meteorological scenario typically leads to
ly ozone concentrations above the State ozone standard of 0.09 but below the Federal
ur standard of 0.12 ppm.

owever, on very hot summer days when the temperature in Sacramento climbs into the high

0’s ‘and above, stagnant wind conditions allow a buildup of local emissions, and the ozone

concentration can violate the bothrthe State and Federal standards. Only when a strong evening
. delra breeze disperses these accumulated pollutants does the ozone concentration decrease.
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The Broader Sacramento Area’s impact on other areas

Day Specific Findings' '

1 Counties ' Overwhelming

n Valley - Significant '
Inconsequential

e1sco Bay Area Significant
Inconsequential

amento Valley Overwhelmmg
| Significant
Inconsequential

Otber areas’ impact on the Broader Sacramento Area

Day Specific Findings

co Bay Area Overwhelming

Broader Sacramento Area
Ozone Exceedance Trends

100
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Sacramento Valley Air Basin:

Upper Sacramento Valléy

Broader
Sacramento /\
Area

per Sacramento Valley continues to violate the State ozone standard. The region attains
deral one-hour ozone standard. Most of the State ozone exceedances are caused by the
transport of pollutants from the Sacramento urban area. Although the region is primarily rural,

per Sacramento Valley counties can achieve needed reductions in pollutant levels and
offset the impacts of growth by implementing all cost-effective and technologically feasible
measures. For more urban or industrial areas such as Redding in Shasta County, local emission
reductions are critical to attaining health-based standards.

Area Description

The Upper Sacramento Valley comprises the seven northern counties in the Sacramento Valley
Air Basin, from Sutter and Colusa counties northward to Shasta County. Its largest population
centers are Redding, Chico, and Yuba City-Marysville. Smaller towns are scattered throughout
the region, mostly on major transportation corridors such as Interstate 5.

Redding, the seat of Shasta County, lies approximately 150 miles north of Sacramento. While
Redding is influenced by transport from Sacramento, Shasta County is also a significant source
of pollutant emissions in its own right. With an estimated 2000 population of roughly 176,000,
Shasta County has substantial motor vehicle emissions. Shasta County also contains nurnerous
mdustrial faciliies, including wood and paper processing plants, cement plants, and power

27



g facilies. Three of the four largest oxides of nitrogen sources in the Sacramento

e located within Shasta County.

ort Characterization

hical and meteorological conditions in Shasta County contribute to its local ozone
Bowl-shaped local topography tends to trap pollutants at the north end of the valley.
the region sometimes blow simultaneously from: opposite directions, southward from
de Mountains and northward from the Broader Sacramento Area, to meet in the
n'Sacramento Valley. -

- takes place, the winds usually meet south of Shasta County, meteorologically isolating
hasta:@ounty from the southern valley. When ozone violations occur under these conditions,
as they.did on two occasions in August 1998, they are entirely due to local emissions. In
addition.to contributing to high local ozone concentrations, it is possible that pollutants from
edding area may contribute to ozone formation in neighboring counties to the south under
conditions.

ariqy in the portion of the region south of Chico is strongly influenced by transport from

e Broader Sacramento Area. Much of the region is sparsely populated. When the occasional

ozone'violation takes place it is considered to be largely the result of transport from the Broader
~Sacramento Area. ) i .

Otber areas’ impact on the Upper Sacramento Valley

Area Day Specific Findings

Broader Sacramento Area Overwhelming
Significant
Inconsequential
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Upper Sacramento Valley
Ozone Exceedance Trends
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‘Salton Sea Air Basin

Maojave Desert

ality in the Salton Sea Air Basin is strongly impacted by the South Coast, and by
pmmunities to the south. The region violates the State and both the Federal one-hour
hour ozone standards. All of these exceedances are partly caused by transport.
the local populanon of almost one—half million people also contributes to local

on Sea Air Basin occupies the southeast corner of the State, east of the South Coast and
0 Air Basins and south of the Mojave Desert. Most of the population resides in the
‘Coachella Valley, which runs northwest-southeast from San Gorgonio Pass to the Salton Sea,
and in the Impenal Valley, south of the Salton Sea. There are no large cities in the region, but
modest-sized communities are scattered through the Coachella and Imperial Valleys. These
include Palm Springs, Indio, El Centro, and Calexico. Local sources of ozone precursor
emissions include motor vehicles and agricultural equipment.

Transport Characterization

The mouth of the Coachella Valley, at San Gorgonio Pass, is one of the major outlets for air
polhution from the South Coast. Prevailing winds blow pollutants from the South Coast into
the Coachella Valley on most days in summer. Ozone violations in the Coachella Valley are
predominantly due to this transport. Pollutants from the South Coast occasionally penetrate as
far as the Imperial Valley to contribute to ozone violations there, but local sources of ozone
precursors also contribute.

In addition, the city of Mexicali lies just across the U.S. - Mexico border from Calexico.
Mexicali’s population of 750,000 far outnumbers that of Calexico, and Mexicali’s emissions
sometimes overwhelmingly impact air quality in Calexico.
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Other areas’ impact on the Salton Sea Air Basin

Area Day Specific Findings
- Mexico : , Overwhelming
' . Significant
South Coast v Overwhelming
Significant
Salton Sea Air Basin
Ozone Exceedance Trends
150 | -

100 - State Exceedance Days

« Federal One-Hour Exceedance Days

50 .

1980 1985 1990 : 1985 2000
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San Diego Air Basin

NNAN Mojave Desert

Salton Sea
Air Basin

Diego -Air Basin continues to violate the State ozone standard. The air basin is
by emissions from the South Coast and Mexico, but local emissions play a significant
quality. On some days, local emissions are solely responsible for violations of the
e standard. Although the San Diego Air Basin has not exceeded the Federal 1-hour
dard since 1998, as a large urban area, San Diego must reduce its emissions in order
n the Federal one-hour standard and to attain the State Standard.

Description

and its environs constitute the third largest urbanized area in the State after the South
the San Francisco Bay Area. The county of San Diego has roughly 2.9 million
. Located on the coast 100 miles south of Los Angeles, San Diego is home to
industrial and transportation facilities, military installations, an international airport
.and-a shipping port.

The city of San Diego is situated on 2 hilly coastal plain roughly 15 miles wide, bounded on the
east by the peninsular ranges. The southern part of the urban area borders Mexico.

Ti fansport Characterization

San Diego has also been shown to be nnpacr.ed by transport from the South Coast. However,
given its large population, numerous stationary sources, its ‘climate, and its topography, San
Diego County emissions can also result in local ozone violations. Prevailing daytime winds tend
to carry pollutants from San Diego and El Cajon toward the east. Thus, some of the violations
at Alpine, in the mountains east of San Diego, can be caused by emissions from within San
Diego County.

Tijuana, a city of 1.2 million people, lies immediately across the border, forming essentially one
continuous urban area with San Diego. The air above the two cities is one single mass;
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from Tijuana have been demonstrated to impact air quality in San Diego, and San
emissions can have an impact upon Tijuana’s air quality.

Other areas’ impact on the San Diego Air Basin

N ,Are_é» Y ' Day Specific Findings
Mexico . : Overwhelming
Significant
. Inconsequential
- South Coast Overwhelmng
- Significant
Inconsequental
San Diego Air Basin
Ozone Exceedance Trends
250
200 |

—— State Exceedance Days
. Federal One-Hour Exceedance Days

1980 1985 1980 1995 2000
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San Francisco Bay Area Air Basin
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i3, including the San Joaquin Valley, Broader Sacramento Area, and the coastal areas
énoma County to San Luis Obispo County. The Bay Area has violated the State and
ealth-based standards many times over the last several years, and has contributed to air
-problems in all of the surrounding air basins. The Bay Area must continue to reduce
ocalemissions to achieve healthful air locally and downwind.

Area Description

The San Francisco Bay Area occupies a central location on California’s coast. Home to nearly
seven million people, the Bay Area is the second largest urban area in the State after the South
Coast. It has a heavy concentration of industrial facilities, several airports, 2 major international
port, and a dense freeway and surface street network. These air pollution sources result in high
concentrations of ozone and ozone precursors. Pollutants carried by the wind from the Bay
Area to surrounding areas have a major impact on air quality in those areas.

During the summer, winds usually blow from west to east, off the Pacific Ocean. Swept by sea
breezes, much of the Bay Area enjoys relatively good air quality. However, interior valleys such
as Livermore Valley and Santa Clara Valley experience ozone violations in summer. Since the

Bay Area is upwind of much of central California, pollutants transported from the Bay Area
affect a large part of central California.
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ort Characterization

surround the Bay Area 1o the north, east and south. Air pollution escaping the area
nly through a small number of gaps in these mountains. Toward the east, air flows
tly through two natural passageways: the mouth of the Sacramento River at the
Strait, and Altamont Pass, east of Livermore. Through the Carquinez Strait the so-
ta breeze” blows steadily towards the Central Valley in the summer, carrying ozone
ors far into the Sacramento and San Joaquin Valleys.

amont Pass, electricity-generating windmills lining the hillerests attest to the strong,
ds blowing eastward into the San Joaquin Valley. Areas in the path of these natural
currents, such as Vacaville in the Sacramento Valley, and Tracy in the San Joaquin
strongly. influenced by pollutants transported from the Bay Area. Areas farther
such as the cities of Sacramento and Stockron, are also impacted by transport from
but to a lesser degree.

days when the State standard is violated in the Sacramento area, pollutants from the
are carried in by the delta breeze.. However, on hot summer days when the
e 1n Sacramento climbs into the high 90°s and above, stagnant wind conditions allow
of local emissions, and the ozone concentration can violate the State or Federal
Only when a strong evening delta breeze disperses these accumulated pollutants do

concentrations decrease.

days, pollutants transported from the Bay Area-also impact the northern San Joaquin
ing with local emissions to contribute to State and Federal violations at Stockton and
On other days, violations of the State standard are due entirely to local emissions.
apact of Bay Area transport diminishes with distance, so metropolitan areas such as
d Bakersfield to the south are less affected. In those areas, ozone concentrations are
by local emissions. -

ar east as the Sierra Nevada foothills, air quality in communities such as Jackson, San

C and Angels Camp in Amador and Calaveras Counties is sometimes affected by

. pollution: originating in the Bay Area. Because winds blowing from the Bay Area to the Sierra
Nevada pass over the northemn San Joaquin Valley, emissions from the San Joaquin Valley also
contribute to violations in the foothills.

To the south, winds funnel pollutants into the Santa Clara Valley. Surface winds can carry these
pollutants southeast to Hollister in the North Central Coast Air Basin. Most ozone violations in
Hollister are largely caused by this transport, with transport aloft from the northern San Joaquin
Valley occasionally making a shared contribution. Winds aloft can also carry pollutants over the
hills south of Hollister, as far as northern San Luis Obispo County.

Southward transport from the Bay Area offers a striking example of the three-dimensional
nature of pollutant transport. On days when ozone levels stay well below the standard in
Hollister, the southward-blowing wind several hundred feet overhead may be heavily laden with
pollutants from the Bay Area. This can cause violations at Pinnacles National Monument at an
elevation of 1,100 feet.

The pollutants can continue south, occasionally combining with pollutants transported from the
San Joaquin Valley, to cause violations in the Paso Robles area of San Luis Obispo County.
Gathering local emissions from Paso Robles, the poluted air mass may then be blown farther
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cause violations in Atascadero. Thus, violations at Paso Robles can be caused by




The San Francisco Bay Area Air Basin’s impact on other areas

Day Specific Findings

acramento Area Overwhelming
Significant
Inconsequential

Counues - Significant

entral Coast Overwhe]mmg
Significant

Overwhelming

in Valley Overwhelming
: Significant
Inconsequential

i@entral Coast Significant

Other areas’ impact on the San Francisco Bay Area Air Basin

Day Specific Findings

: 'B_r aﬂeriSacramentoArea Significant
: Inconsequential

San Francisco Bay Area Air Basin
Ozone Exceedance Trends
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San Joaquin Valley Air Basin
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oaquin Valley Air Basin continues to violate the State and Federal ozone standards.
e area failed to meet the Clean Air Act 1999 attainment deadline for the Federal
the Valley was reclassified as severe nonattainment. Although the Valley is impacted
ts transported from other air basins, the impact declines from north to south. The
worst air quality is primarily a result of local emissions. In addition, the Valley
nsports pollutants to most of the surrounding air basins. To meet the Federal ozone
“staridard by the 2005 deadline, the Valley will need to substantially reduce emissions, an effort
that will also aid progress towards attaining the State standard.

Area Description

The San Joaquin Valley, with a population of 3.3 million, is one of the fastest growing regions of
California. ‘The Valley stretches 300 miles, about one-third the length of the State. Its major
‘population clusters, Stockton-Modesto, Fresno-Visalia and Bakersfield, are widely separated,
linked together by State Route 99. While they share similar topographical settings and climate,
each has its own distinct impact on surrounding areas. '

Most of the Valley's industry is related to agriculture. Nevertheless, forest products and oil
production and refining form a significant portion of the industrial base and emission inventory.
Emissions from agricultural operations are generated throughout the Valley. Mortor vehicle
emissions are concentrated along the Highway 99 and Interstate 5 corridors, while larger
industrial sources and their impact are clustered mainly in the southern region.
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nd on the south by the Tehachapi Mountains. While these mountain ranges are

bartiers. to airflow, river canyons and passes provide channels through which
can flow into other areas of the State. Since the valley is broad and flar with no
hills or geographical features, air flows unobstructed throughout the Valley. The
nnty climate and growing population lead to high ozone concentrations.

ort Characterization

ozone concentrations throughout the Valley have remained fairly constant for the

. Although the number of days violating the State ozone standard has decreased

rthern, central and southern regions all continue to violate the State ozone standard

auch of the summer. While the northern part of the Valley is impacted by transport
hboring air basins to some degree, the further south one goes the smaller the impact

ort. Throughout the basin local emissions have a dominant influence on ozone
arions.

1 of pollutants within the San Joaquin Valley plays a significant role in ozone violations
‘evailing winds blow from the northern part of the Valley to the south, and can carry
s from San Joaquin and Stanislaus Counties to the Fresno area. Pollutants transported
an Francisco Bay Area south to Fresno must pass through the northern Valley, so
from the San Francisco Bay Area to Fresno is combined with a northern Valley
n. Further south, eddy currents can carry pollutants along the east side of the Valley
County and northern Kern County to the FresnoArea.

aern part of the Valley, comprising the urban areas of Stockton, Modesto and Turlock,
of San Francisco Bay Area. It has a combined population of roughly 1.2 million. On
days, the so-called delta breeze blows through the Carquinez Strait, eastward into the
alley. As it blows east, the delta breeze fans out to the north and south. In the vicinity
tockton, the prevailing wind direction on most summer mornings is toward the south.

"On.some days, pollutants transported from the Bay Area impact the northem San Joaquin
Valley, mixing with local emissions to contribute to State and Federal violations at Stockton and
Modesto. On other days, violations of the State standard are due entirely to local emissions.
The impact of Bay Area transport diminishes with distance, so metropolitan areas such as
Fresno and Bakersfield to the south are less affected.

Under certain conditions, winds blowing from the south and southwest can carry pollutants
from the northern Valley towards Sacramento. Although there is a potential for transport
impacts, transport from the northem Valley to the southem part of Sacramento occurs

infrequently.

The delta breeze typically carries polluted air from the Valley into the Sierra Nevada foothills to
the southeast, causing ozone violations in the foothill areas such as Sonora, in Tuolumne
County, and in Yosemite National Park. In the foothills: further to the north, pollutants from
the Valley combine with pollutants transported from the San Francisco Bay Area and Broader
Sacramento Area to cause ozone violations in Amador and Calaveras Counties. Since the
foothill communities are small and do not generate significant local emissions, these violations
are considered to be entirely the result of transport.

oaquin Valley is bounded on the west by the Coast Ranges, on the east by the Sierra |
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, winds aloft carry pollutants from the northern Valley westward to the Hollister
e North Central Coast Air Basin. There, they mix down to the ground and combine
! emissions and pollutants transported from the San Francisco Bay Area to cause ozone
The San Francisco Bay Area is believed to contribute the largest share of pollutants.

portion of the Valley includes the cities of Fresno and Visalia. With a rapidly
opulation currently estimated at roughly 1.4 million, the central Valley has a broad
air quality in surrounding areas. For the last several years the Fresno area has
d the highest ozone concentrations in the Valley, consistently violating the State
iandard. These violations are predominantly caused by local emissions.

from the central portion of the Valley is responsible for ozone violations in
h Lakes, on the eastern slope of the Sierra Nevada. From the Valley, winds carry
eastward up the canyons of the western Sierra Nevada during the day, as far as the
the Sierra. From there, pollutants flow east to the Mammoth Lakes area via gaps in the

pically, the violations in Mammoth Lakes occur lare at mght or in the early morning; a

can combine with local emissions and ozone transported south from the San
Bay Area to cause ozone violations in northem San Luis Obispo County. The
des of Paso Robles and Atascadero are separated from the San Joaquin Valley by the
ills and the Temblor Range, which run northwest-southeast almost in a straight line.

ntly, as ozone from the Valley rises, it is carried west over the intervening mountains by
wewind, and arrives at Paso Robles by midday.” There, it mixes down to the ground and
ombmes with ozone flowing southward from the San Francisco Bay Area to cause violations at .
: vel.  This polluted air mass can then gather local emissions and flow south to

sscadero. Thus, violations at Paso Robles can be caused by transported pollutants while
on the same day at Atascadero are caused by a mixmre of local emissions and

The southemn part of the Valley consists of Kings County and the western half of Kern County.
It includes Bakersfield and surrounding communities. The population of the southern Valley is
roughly 700,000. In addition to motor vehicle emissions, oil production and refining contribute
10 0ZOBe Precursor emissions from this area. Violations in Kern County are almost entirely due
1o local emissions.

In the summer, persistent winds blow from the San Joaquin Valley southeastward through the
Tehachapi Pass into the Mojave Desert. Ozone violations in eastern Kern County, immediately
downwind of the pass, have been shown to be caused by this transport. The emissions from
eastern Kern County are too small to constitute a significant source of local emissions. Further
downwind at Lancaster, in the Mojave Desert portion of Los Angeles County, violations have
been caused by transport from the southem Valley. However, air quality in the Lancaster area is
dominated by transport from the South Coast, and local emissions also make a substantial
contribution.
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The San Joaquin Valley Air Basin’s impact on.other areas

Day Specific Findings

BfoaderSacrameqto Area _Significant
Inconsequential :

Great Basin Valleys Overwhelming.
Mountain Counties Overwhelming
Mojave Desert Overwhelming
North Central Coast Significant
South Central Coast Significant

' Inconsequential

Otber areas’ impact on the San Joaquin Valley Air Basin

Area Day Specific Findings

Broader Sacramento Area Significant
Inconsequential

San Francisco Bay Area Overwhelming
Significant
Inconsequential
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San Joaquin Valley Air Basin
Ozone Exceedance Trends

1995 2000

~ State Exceedance Days
.. Federal One-Hour Exceedance Days
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South Central Coast Air Basin

San Luis Obispo ™

County San Joaquin Valiey

éan Luis

South Central Santa Barbara
Coast Santa Barbara
County

Ventura County

counties in the South Central Coast ‘Air Basin continue to violate the State ozone
The number of violations decreases as one moves north from the Ventura - Los
.county border. Although air quality in Ventura County is considered severe with
ito the Federal one-hour ozone standard, Santa Barbara County is close to attaining and
is Obispo County attains the Federal standard. Although the air basin is impacted by
from three air basins and oil operations in the coastal waters offshore, local emission
e needed throughout the South Central Coast to attain all ozone standards.

ea Description

“The South Central Coast includes San Luis Obispo, Santa Barbara and Ventura Counties.
Topography and wind patterns link Santa Barbara and Ventura Counties with the South Coast
Air Basin. San Luis Obispo County is separated from the other two countes by mountains, and
its air quality is more closely linked with that of the San Francisco Bay Area and San Joaquin
Valley.- Because of the differences in topography and air quality, the three counties are treated
as separate planning areas.

Santa Barbara and Ventura Counties lie immediately to the northwest of the South Coast, and
are both sources and recipients of transported pollutants. While the population and total
emissions of pollutants in Santa Barbara and Ventura Counties are dwarfed by those of the
South Coast, the two counties constitute a significant source of pollutants. The two countes
have a combined population of roughly 1.2 million. Power plants, oil extraction and oil refining
emit substantial amounts of ozone precursors. Transportation and agricultural activities also
contribute emissions.

San Luis Obispo County supports a population of roughly 255,000 people. Much of the
population lives in the city of San Luis Obispo and nearby coastal communities. To the north,
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| from the coast by mountains, lie the towns of Paso Robles and Atascadero, each
roughly 25,000 inhabitants.

ansport Characterization

zone violations in Santa Barbara and Ventura Counties are sometimes caused by local
sions, and sometimes caused by a mixture of transported and local emissions. Pollutants
stheSouth Coast Air basin can be blown offshore and carried to the coastal cities of both
‘counties.  Pollutants can also impact Ventura County by way of an mland route from the San
Fernando Valley in Los Angeles County.

Fernando Valley extends almost up to the western boundary of Ventura County,
- only by moderately high hills. Modeling studies have shown that when winds blow
oast, eastward through the Simi Valley, pollutants from Santa Barbara and Ventura
can be carried into the San Fernando Valley and contribute to violations there.

olations in San Luis Obispo County occur in the northem portion of the county,
'measured at monitors in the cities of Paso Robles and Atascadero. Air quality in Paso Robles is
mpacted: by pollutants transported aloft from the San Francisco Bay Area, and infrequently
{rom the San Joaquin Valley. Transported pollutants can then mix with local emissions from
Paso Robles and be blown south to cause violations at Atascadero.

’Whilé .E-Sénta Barbara and Ventura Counties are impacted by transport from the South Coast,
Jocal emissions have a significant impact on local air quality. San Luis Obispo County receives
transported pollutants from the San Francisco Bay Area and San Joaquin Valley, but local
- 'emissions .also contribute to ozone violations in Atascadero. Under somé conditions Santa
. Barbara and Ventura Counties can contribute to ozone violations in the South Coast.
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The South Central Coast Air Basin’s impact on other areas

Day Specific Findings.

Significant

Inconsequental

Other areas’ impact on the South Central Coast Air Basin

Day Specific Findings
Fcisco Bay Area Significant
Valley Significant -
Significant
Inconsequential

South Central Coast Air Basin
Ozone Exceedance Trends
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ontribute to violations of the State ozone standard in almost all adjacent air basins.
quality in the South Coast has improved markedly over the last decade, significant
] -reductions will be needed beyond 2010 to achieve the State ozone standard in the
and neighboring areas.

Coast, with an estimated 2000 populauon of nearly 15 million, is the largest urban
e western United States. Virtually all of the coastal portion of the South Coast, an area
of over 1,000 square miles, is urbanized. The area is served by an enormous transportation
rkiiof freeways, surface streets, airports, seaports, and railroads, all of which contribute
precursor emissions. The area’s large and diverse industrial and commercial sectors, as
well as construction activities, fuel refining and dxstnbuuon, and consumer product usage also
contribute to the region’s emissions.

The South Coast is bounded on the west by the Pacific Ocean, and surrounded on the other
sides by mountains which tend to channel and confine airflow. To the north lie the San Gabriel
Mountains, to the north and east the San Bernardino Mountains, to the southeast the San
Jacinto Mountains, and to the south the Santa Ana Mountains. Winds aloft can carry pollutants
over the surrounding mountains and play an important role.

Transport Characterization

While the South Coast has historically suffered the highest ozone concentrations in the United
States, the region has seen dramatic i improvements in air quality in the last two decades. Since
the South Coast dwarfs its neighboring areas, air quality throughout most of the basin is
dominated by emissions from within the South Coast.

The urbanized area of the South Coast extends within 20 miles of the boundary of San Diego
County, its neighbor to the south. Transport from the South Coast can cause violations at
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es in San Diego County such as Oceanside and Del Mar. This typically occurs when

inds sweep polluted air from the South Coast over the ocean. Coastal winds carry
ed air south, and the usual onshore breeze then carries the po]luted air over coastal
an Diego County.

may also take place via one or more inland routes. The South Coast can be the source
one levels in Escondido, and a contributor to violations in the foothills east of San
owever, the South Coast’s contribution to ozone violations in San Diego County
m one day to another. ~The San Diego urban area is a significant source of ozone
emissions and can be the sole cause of wglauons in the eastern part of the county on

n Sea Air Basin comprises the desert area to the southeast of the South Coast. It
e Coachella Valley, with its communities of Indio and Palm Springs, and the Imperial
he south. In the summer, prevailing winds push polluted air eastward from the South
rrough the San Gorgonio Pass, then southeast through the Coachella Valley. Air quality
prings and Indio is dominated by pollutants transported from the South Coast.

Coachella Valley, winds can carry these pollutants further southeastward into the
alley. However, ozone from the South Coast must travel over 100 miles to reach the
alley. By the time it arrives, the ozone is diluted. Ozone violations in the - Imperial
considered to be caused by a mixture of South Coast transport, local emissions, and
ort from Mexicali, across the border in Mexico. -

sported from the South Coast is primarily responsible for violations in the populated
e Mojave Desert Air Basin immediately to its north. The Mojave Desert Air Basin is
‘sef arate& from the South Coast by the San Gabriel and San Bernardino Mountains. When the
anversion: layer is sufficiently high, winds carry 6zone through passes and over the mountains
ojave Desert where pollutants mix down to the ground and impact air quality.

can also take place along the surface through Cajon Pass and Soledad Pass. The
15hly400,000 people living in the strp of the Mojave Desert immediately adjacent to the

o ast are the most affected. Violations at Lancaster, Hesperia, Victorville and Phelan are
usually dominated by transport from the South Coast. However, meteorological analyses have
demonstrated that ozone violations in this area can be caused by a mixture of local emissions as
well as transport from the South Coast. As far east as Barstow, pollutants transported from the
South Coast can cause or contribute to ozone violations.

The coastal counties of Ventura and Santa Barbara County lie immediately to the northwest of
the South Coast, and their air quality is heavily influenced by transport from the South Coast.
In 1996, transport from the South Coast was shown to have contributed to all violations of the
Federal ozone standard in Santa Barbara County.

Transport from the South Coast to the South Central Coast can take place at the surface or
aloft. At the surface, winds blowing northwestward from the South Coast carry ozone over the
ocean to Ventura and Santa Barbara Counties. Ozone trapped aloft above the South Coast can
accumulate in high concentrations, be blown northwest, mix down to the surface and combine
with local emissions to cause violations.
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in the South Coast Air Basin is driven almost entirely by emissions generated within
The exception is the San Fernando Valley in west-central Los Angeles County, which
casionally impacted by emissions from Ventura and Santa Barbara Counties.

The South Coast Air Basin’s impact on other areas

Area Day Specific Findings

Mojave Desert - : Overwhelming
Significant
Salton Sea Overwhelming
Significant
San Diego : Overwhelming
Significant
. Inconsequential
South Central Coast - Signihicant
Inconsequental

Other areas’ impact on the South Coast Air Basin

Area Day Specific Findings
South Central Coast Significant
Inconsequental
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General Comments and Hints
Do’s and Don’ts

DO:

o Clean and prepare pipe and fitting {see Preparation for Joining, page 16).

Use the proper applicators {see Selection of Applicators for..., page 17).

Scrub primer into joint surfaces until a lemon peel may be curled with an edge.
Apply Cement while the primer is still moistened.

Maintain two wet beads at the pipe and fitting chamfers throughout joint insertion.
Follow the instructions campletely.

DONT

o Attempt to solvent weld in wet and/or wind without shielding.

» Solvent weld below 35° or above 90° F under direct sun exposure without
precautions {see Hot and Cold Weather Cementing below).

o Discard leftover cans of solvent in trench with piping. Concentrated fumes can
cause piping failure.

o Skip any priming or cementing steps.

e Skimp with cement on pipe or overdo cement in sockets, but apply enough for
wet bead formation during joint insertion.

Hot Weather Cementing

Hot weather can be the nemesis of solvent cementing. As the temperature
and/or wind increase, the rate of soivent evaporation quickens. Hence, it
becomes more difficult to keep primed surfaces moistened. Even the cement
itself can begin to “film over" prior to joining. Rather than using hot weather
as an excuse 1o compromise the functional elements required for reliable
joining, the problem must be overcome by adjusting the approach to priming,
cement application and pipe insertion techniques in order to appropriately
reduce the lapsed joining time. As corrective measures 10 combat wind
and/or temperature in excess of 30° F, the foliowing may be done:

1. Increase the crew size and organize the team to achieve speed while
making no compromise to functional performance.

2. Canstruct a windscreen from polyethylene film or tenting around the joint
and crew. .

3. Shade the pipe, fittings, valves and solvent materials from the sun prior
10 joining in order to eliminate heat absorption by the dark color. Fittings,
valves and solvent supplies may be kept in a box. Shading the pipe to
be joined may be more difficult, but not impossible. Under adequate
lighting, the joining may be done at night ar early morning.

Cold Weather Cementing .

Solvent in the primer and cement will not evaporate as readily when the
temperature is below 35°/40° F. Severe scouring with a stiff bristle brush is
required to work the primer solvents into the surfaces. Secondly, it takes
appreciably more time for the solvents to evaporate once the joint is made.
Therefore, joints must be held together longer to prevent the pipe backing
out of the socket. Joints must be left undisturbed longer to prevent breaking
the bond by movement. And joints must be given fonger drying times before
pressurization. We offer the following common sense recommendations if
solvent cementing must be done when the temperature approaches freezing:
Store the pipe, fitting, valves and cementing supplies in a heated area until
you are ready to use them. Also, water or moisture is an enemy and frost is
commonplace at near freezing temperature. So, the pipe and fittings must
be kept dry prior to joining and the joints should be kept dry until the -
cement has had sufficient time to set — not dry, just set so they can be
moved without fear of breaking the initial bond.

1. Pre-fab as much of the system as possible in a heated work area.
By using flange or union connections for system erection, the number
of in-place cemented joints can be minimized.

2. Field joints that must be made outside should be protected with a
portable shelter, preferably black to absorb heat from the sun, and
otherwise heated indirectly to produce a 40° F surface temperature on
the pipe, fittings, valves and cementing supplies. The shelter should
remain in piace until the joint is set. And you can figure the set time to

be roughly twice what it would be for a 70° joint. Good ventilation of
the shelter is an absalute safety necessity for worker health and fire
prevention reasons.

" CAUTION: DO NOT ATTEMPT TO SPEED THE DRYING OF THE CEMENT BY

APPLYING DIRECT HEAT TO THE SOLVENT WELDED JOINT. Forced rapid drying
by heating with an electric blow drier, for example, will cause the cement
solvents to hoil off, forming porosity, bubbles and biisters in the cement film.

Joint Integrity

in hot, mild or calder weather, if the basic joining steps are followed with
discipline, the chemical fusion joining method for thermoplastic piping is
extremely reliable and cast efficient. Because of significant contributions
to commercial and industrial construction, both thermoplastic piping and
soivent welding are here to stay. By virtue of their permanent resistance
to chemical attack and undeniable economic impact, value engingering has
reached the stage where even mundane processes, such as water
disinfection, or exotic processes, such as bulk and dilute acid feed, are
absolutely dependant upon PVC or CPVC piping with solvent cemented
joints. In spite of the higher standards of skill required for industrial
chemical installations, relative to the marginal standards required for
domestic small diameter utility applications, we are beyond the time when
joint failure can be excused because of inexperience or poor workmanship.
Since the difference between cementing a joint and gluing it is common
knowledge today, the 40 plus year-old technology for solvent cementing
justifiably demands professional discipline in its execution. As a result, the
Jow bidder for any PYC or CPVC piping installation can reasonably be
expected to exercise control aver joining performance.

Solvent Cement Usage Estimates

The PVC and CPVC solvent cement usage estimates given in the tabie below
should only be considered as a guideline. Actual usage could vary according
10 a wide variety of installation conditions. Further, these estimates should
in'no way be used to restrict the liberal instructions in the Six Step
Application Techniques starting on page 18.

Number of Joints per Container Size

Pipe Size Pint Quart Gallon
% 130 260 1040
" 80 - 160 640
1 70 140 560
A" 50 108 400
1% 35 10 280
e 20 40 160
2% 17 34 136
3 15 30 120
Ly 10 20 80
8" N/R 8 32
8 N/R 3 12
10" N/R N/R 10
12" N/R N/R 8

Preparation of Components

A socket heat fusion joint requires pipe with a square cutoff and chamfered
outside edge. Bath pipe and fitting socket must be cleansed of clinging
debris. For further insight see the Therma-Fusion paragraph in the Joining
Methods far Pressure Piping section on page 15. The theory of joining is
extended in the Six-Steps of Joining Mechanics, which follows on page 24.
The specific instructions for component preparation are provided in the
Preparation of Pipe and Fittings for All Joining Methods section on page 16.

piping systems specifically designed for compressed air and other gases.

Do not use or test the products in this catalog with compressed air or other gases. See Chemtrol Chem-Aire® literature for information about shatter-resistant thermoplastic
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FIGURE 24: Electric Resistance Hand Tool

the base of the fitting and slightly ahead
of the point of application of the solder.
Continue this technique across the bottom
of the fitting and up one side to the top of
the fitting (Figure 27, postion b).

The now-solidified solder at the
bottom of the joint has created an
effective dam that will prevent the solder
from running out of the joint as the side
and top of the joint are being filled.

Return to the point of beginning,
overlapping slightly (Figure 27, position
c), and proceed up the uncompleted side
to the top, again, overlapping slightly
(Figure 27, position d). While soldering,
small drops may appear behind the point
of solder application, indicating the joint
is full to that point and will take no more
solder. Throughout this process you are
using all three physical states of the
solder: solid, pasty and liquid.

For joints in the vertical postion,
make a similar sequence of overlapping
passes starting wherever is convenient.

Solder joints depend on capillary
action drawing free-flowing molten
solder into the narrow clearance between
the fitting and the tube. Molten solder
metal is drawn into the joint by capillary
action regardless of whether the solder
flow is-upward, downward or horizontal.

Capillary action is most effective
when the space between surfaces to be
joined is between 0.002 inch and 0.005
inch. A certain amount of looseness of fit
can be tolerated, but too loose a fit can
cause difficulties with larger size fittings.

For joining copper tube to solder-
cup valves, follow the manufacturer’s

FIGURE 25: Soldering

FIGURE 26: Cleaning

Fitting ~
Tube
' S
Capillary ———’-——""—T_—_'; N
Space 1 s 4

3

FIGURE 27: Schematic of Solder Joint

instructions. The valve should beina
partially open position before applying
heat, and the heat should be applied
primarily to the tube. Commercially
available heat-sink materials can also
be used for protection of temperature-
sensitive components during the joining
operation.

The amount of solder consumed
when adequately filling the capillary
space between the tube and either wrought
or cast fittings may be estimated from
Table 10, page 39. The flux require-
ment is usually 2 ounces per pound
of solder.

Cooling and Cleaning

Allow the completed joint to cool
naturally. Shock cooling with water may
stress the joint. When cool, clean off any

remaining flux residue with a wet rag
(Figure 26). Whenever possible, based
on end use, completed systems should be
flushed to remove excess flux and debris.

Testing

Test all completed assemblies for
joint integrity. Follow the testing
procedure prescribed by applicable codes
governing the intended service.
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Joining FlowGuard Gold® Pipe & Fittings

1. Cutting. FlowGuard
Gold® pipe can be easily
cut with a wheel type
plastic tubing cutter, ratchet
cutter or fine tooth saw.
Ratchet cutters should be
sharpened regularly. When
saw cutting, a miter box '
should be used to insure a square cut. Cutting tubing
as squarely as possible provides optimal bonding area

- within a joint. If any indication of damage or cracking is
evident at the tubing end, cut off at least 2 inches
beyond any visible crack.

2. Deburring/Beveling.
Burrs and filings can
prevent proper contact
between tube and fitting
during assembly, and
should be removed from
the outside and inside of
the tubing. A chamfering
tool is preferred but a pocketknife or file are suitable for
this purpose. A slight bevel on the end of the tubing will
ease entry of the tubing into the fitting socket and
minimize the chances of pushing solvent cement to

the bottom of the joint.

3. Fitting Preparation.
Using a clean and dry rag,
wipe dirt and moisture
from the fitting sockets and
tubing end. Check the dry
fit of the tubing and fitting.
The tubing should make
contact with the socket wall 1/3 to 2/3 of the way into the
fitting socket. At this stage there should be an interference
fit, tubing should not bottom out in the socket.

4. Solvent Cement
Application. USE ONLY
CPVC CEMENT OR AN
ALL-PURPOSE CEMENT
CONFORMING TO ASTM
F-493 OR JOINT FAILURE
MAY RESULT. As a result of
extensive testing, Noveon
recommends the application
of FlowGuard Gold® One
Step Cement on 1/2°-2" CTS
tubing as the technically
preferred method (a primer
should be used when
joining Corzan® IPS pipe
and fittings 24" and larger).
However, if required by local code, primer, when properly
applied, will have no negative effect on FlowGuard Gold®

Noveon, Inc. 10

CPVC joint integrity. When making a joint, apply a
heavy, even coat of cement to the pipe end. Use the
same applicator without additional cement to apply a
thin coat inside the fitting socket. Too much cement can
cause clogged waterways. DO NOT ALLOW EXCESS
CEMENT TO PUDDLE IN THE FITTING AND PIPE
ASSEMBLY AS THIS MAY LEAD TO PREMATURE FAILURE.

5. Assembly. Immediately
insert the tubing into the
fitting socket, rotating the
tube 1/4 to 1/2 turn while
inserting. This motion -
ensures an even distribution [
of cement within the joint.
Properly align the fitting.
Hold the assembly for approximately 10 seconds, allowing
the joint to set-up. An even bead of cement should be
visible around the joint. If this bead is not continuous
around the socket edge, it may indicate that insufficient
cement was applied. In this case, remake the joint to
avoid potential leaks.

Wipe excess cement from the tubing and fittings surfaces
for an atfractive, professional appearance.

Cure Times. A joint which has cured sufficient to pressure
test may not exhibit its full joint strength. Solvent cement
set and cure times are a function of pipe size, temperature,
and relative humidity. Curing time is shorter for drier
environments, smaller sizes, and higher temperatures.
Refer to the following table for minimum cure times after
the last joint has been made before pressure testing can
begin. Use of primer and/or the presence of hot water
extends cure time required for pressure testing. Refer to
the manufacturer’s recommendations for sizes larger than 2",

(Table 22)
Minimum Cure Prior to Pressure Tésting at 100 psi
for One Step Solvent Cement

" Ambiont Temperature During Cure Period
Tube {in) 60°F 40°F 32°F O°F
1/2 10 min. 10 min. 15 min. 30 min.
o o - - R
1 10 15 20 30
11/4 10 15 20 30
e - e e
2 15 15 30 60

Special care should be exercised when assembling
FlowGuard Gold® systems in extremely low temperatures
(below 40°F) or extremely high temperatures (above
100°F). In extremely hot temperatures, make sure both
surfaces to be joined are still wet with cement when
putting them together.




Guide to
Solvent Cementing
PVC and CPVC
Plastic Pipe and Fittings

This guide describes the basic
principles for solvent cementing plastic
pipe and fittings and gives recommended
techniques for making high strength
joints in a wide variety of conditions.
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Temperature | Pipe Sizes | Pipe Sizes ipe Sizas | Pipe Sizes |Pipe Sizes
Range |V2 101" | 12" 02" | 212" 108" |10" 015" | 15%+ |
60°-100°F | 2 minutes | 5 minutes | 30 minutes | 2 hours 4 hours
40°-60°F_| 5 minutes | 10 minutes | 2 hours 8hours | 16 hours
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e
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ipe Diameter '] %] 1* |11
[Number of Joints [300[200] 125] 90| 60| 4013010 5 12-3]1-2] %

VWARNING - IPSWeld-On products must never
be used in a PVC or CPVC system using or being
tested by compressed air or gases.
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Plumber's Installation Handbook

INTRODUCTION

This installation Handbook is prepared
through the voluntary efforts of the members
of the Plastic Pipe and Fittings Association.
The Plastic Pipe and Fittings Association
(PPFA) is the trade association of
manufacturers of plastic pipe and fittings,
producers of raw materials used in them, and
suppliers of related products and services fo
the plastic pipe and fittings industry. PPFA
provides a full range of association services
for its members and the industry.

The Handbook is organized in sections based
on the application or end use for each type of
plastic piping, namely, Drain, Waste and Vent
(DWV); Water Service Piping; Hot and Cold
Water Distribution; and Sewer and Drains.

PURPOSE and SCOPE

The purpose of the Handbook is to provide
plumbers and other interested persons with a
single publication that describes plastic pipe
products and many of the generally accepted
installation practices for plastic pipe and
fittings currently being utilized in the United
States. It does not contain all of the .
information needed for comprehensive
plumbing design and practices using plastic
piping. While PPFA has attempted to collect
and describe the most widely used, generally
accepted installation techniques, there are
undoubtedly some that were not included in
this Handbook. Subsequent editions may
add, drop, amend, or revise practices
contained herein.

it should be clearly understood that neither
PPFA nor its members recommend any
single (or even all) installation practice
described in this Handbook for any specific
application or system. Both practical
considerations and logic preclude such
recommendations because of the wide

© 2003 PPFA. All rights reserved.

variety of products and the considerable
variation in circumstances surrounding the
installation of these products. Accordingly,
any plumber or other installer must refer first
to the manufacturer’s installation instructions
and recommendations for the product or
products being used. Any inconsistency or
discrepancy between those
recommendations and instructions and the
material in this Handbook must be resolved
in favor of the manufacturer’s instaliation
recommendations or instructions.

We urge you tfo read and study all
information available to you on plastic piping.

Plastic piping is used extensively in the
plumbing field for DWV, water service, hot
and cold-water distribution systems, sewers,
and drains. Learn to recognize and compare
the various types of plastic pipe and tubing.
The general term “plastic pipe” is no more
definitive than saying “metal pipe.” Just as
you recognize cast iron, galvanized steel,
copper, stainless steel, and brass, you will
want to become familiar with the different
kinds of plastic pipe and the advantages
each offers.

Tools designed exciusively for use with
plastic piping are available. We suggest that
you secure brochures from your suppliers
covering these tools. They contribute greatly
to the ease and precision of the installation.

Neither PPFA nor its members make any
warranties or representations whatsoever,
either stated or implied, relative to the fitness
of any product, materials, or procedures
referred to in this Handbook for any particular
purpose or use. Many of the products in this
Handbook are interrelated, and we strongly
suggest you read it in its entirety before you
begin working with plastic pipe and fittings.




Plumber's Installation Handbook

Select the proper cement for whichever
material you are installing and the use
conditions {e.g., pipe size and temperature).
Check for the material designation (e.g., ABS
or PVC), the ASTM number, and for a
certifying laboratory seal or mark on the can.

Water testing of DWV systems usually can
take place within one hour after the last joint
is made. These piping systems shall not be
tested with compressed air or other gases
unless the procedure being used has been
clearly and specifically approved by the
manufacturer(s) of the plastic product or
system to be tested.

Note: By virtue of their compressibility,
compressed air and gases contain large
amounts of stored energy which present L.
serious safety hazards should a piping system PVC-DWV - solvent cement joining

fail for any reason. In addition to the above general solvent
cement joining section, the following applies
specifically to solvent cement joining of PVC
pipes. .

In the case of PVC-DWV, some codes require
that a colored primer conforming to ASTM
Standard F 656 be used prior to the
application of PVC cement. CAUTION: DO
NOT mix primer with cement in one container.
Do not use cements that have gelied. Do not
use so much cement or primer inside the joint
that it leaves a puddle after assembly. The
joining surfaces of both the pipe and the fitting
should be wiped with a clean cloth to remove
dirt and moisture. Apply the primer to the pipe
and the fitting socket. Apply a heavy coat to
the pipe and a thinner coat to the fitting
socket. Immediately insert the pipe into the
fitting socket turning the pipe 1/8.to 1/4 tum in
the socket until it bottoms. This will help to
obtain an even spread of cement. Be sure to
align scribed marks on pipe and fittings at this
point. Hold firmly for at least 15 seconds to
prevent the pipe from “backing out” of the-
fitting. Wipe excess cement from the outside
of the joint. Allow the joint to set properly
vented to the atmosphere. Plastic pipe
cements set up very rapidly; consult the
cement manufacturer’s instructions for curing
times and other details. Some local codes
may not require the use of primer. Be sure to
check the requirements of the local codes and
follow the instructions on the can of solvent
cement for making the joint.

ABS-DWV - solvent cement joining

In addition to the above general solvent
cement joining section, the following applies
specifically to solvent cement joining of ABS
pipes.

ABS-DWV joints are made in the same
manner as PVC-DWV joints except that a
primer is not used. The pipe and fitting
surfaces must be clean and dry.

© 2003 PPFA. All rights reserved.
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Speciation of organotin compounds released from poly(vinyl
chloride) at increased temperature by gas chromatography with
atomic emission detection
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Abstract

A method for sampling and analysis of airborne organotin compounds emitted from poly(vinyl chioride) (PVC) was
developed and tested. The organotins originating from dibutyltin maleate, mono- and dioctyltin mercaptoacetate stabilizers
were released from PVC under controiled conditions and recovered from the sorption part of a sampling tube. The
composition of the sampling material in the tube was optimized to get a reproducible release and complete sorption of the
target compounds and to simplify the extraction procedure. An optimized extraction procedure together with aqueous phase
derivatization and determination by gas chromatography—atomic emission detection resulted in a selective and reproducible
determination of the organotin compounds. Influences of different thermoplast temperatures, heating times. purge flow gases
and purge flow rates on the release of organotins from PVC have been evaluated. Significant amounts of dibutyltin were
found to be released from a PVC sample stabilized with dibutyltin maleate at temperatures of 108°C to 200°C. © 1997

Elsevier Science BV.

Kevwords: Sample handling: Derivatization, GC: Organotin compounds: Poly(vinyl chloride}

1. [ntroducﬁon

Organotin compounds used as stabilizers for poly-
{vinyl chloride) (PVC) are applied in a large in-
dustrial scale. World consumption of organotins can
be estimated to be about 25 000 tons per year [1.7].
These compounds are applied as additives to prevent
dehydrochlorination of the polymer during process-
ing and to strengthen the finished product against
long-term degradation. Dialkyltin compounds are of

*Corresponding author. »
" Present address: Department of Environmental Medicine, Na-
tional Institute of Public Health. N-0403 Osio. Norway.

the general stucture R,SnX, in which R usually
corresponds to a methyl. n-butyl or n-octyl group; X
may be a mercaptide or mercapto acid ester group or
a carboxylate group such as maleate or laurate.
Dialkyltins are esteemed because of their excellent
thermostabilizing properties. In the case of elevated
thermoplast temperatures which occur during the
processing of the plastics like extrusion, milling.
hot-wire cutting or bandsawing or in case of fire the
stabilizers react with hydrochioric acid formed in the
thermoplast to their corresponding dialkyltin dichlor-
ides. These chemicals can therefore be expected to
be present in environments where PVC is processed.

Organotin compounds have widely been applied in

0021-9673/97/817.00 Copyright € 1997 Elsevier Science BV, All rights reserved
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antifouling paints and as agrochemicals which has
resulted in a substantial release of these substances
into the aquatic environment. Due to the quantities
involved and due to their toxicity to aquatic organ-
isms, alkyltins are considered to be environmental
pollutants [2—4]. Among them, tributyltin (TBT) and
dibutyltin (DBT) have been included in the priority
pollutant list of contaminants issued by the European
- Union [5]. Release of alkyltin compounds from other
organotin-containing materials like PVC pipes has
been suggested as a source of DBT and monobutyltin
(MBT) in river water and effluents from sewage
treatment plants {6-9]. Investigations on the occur-
rence of organotins in air have been made 1o a small
extent [10,11]. Besides the simulation of the process

of PVC combustion in an incineration plant {13]. one

work shows degradation products of dibutyltin mer-
captide and dioctyltin mercaptide stabilizers detected
in fumes released from PVC at 225°C [12]. Refer-
ences which specifically investigate organotin emis-
sions from PVC into ambient air under various
conditions and temperatures of plastics processing
have not yet been published. Thus, the purpose of
this study was to develop a method for quantitative
determination of organotins released from PVC
under controlled temperature and flow conditions.
In general, organotin compounds used as PVC
stabilizers have not been found to be highly acutely
toxic in toxicological investigations. On the other
hand evidence was found for immunotoxic, genotox-
ic and teratogenic effects to rodents for dibutyltin
dichloride and partly for dioctyltin  dichloride
[14,15]. Experiments which compared toxic effects
of di- and tributylated tins on rodents state that an
estimation of organotin toxicity should consider the
toxicity of dibutyltin compounds beside the tri-
butylated species [3]. For the present sufficient
toxicological data are not available to evaluate their
toxicity to mammalians. :
Experimental parameters of this study have been
chosen with consideration given to earlier results.
Filters and adsorbents like Chromosorb 102, a set of
two quartz fibre filters and charcoal filter as well as
glass fibre filters were tested for sorption of alkyltins
from ambient air or cooled PVC fumes [10-12].
However, the sorption efficiency of the materials was
tested as retention efficiency of the materials spiked
with pure organotins. In stability tests, the target

G. Becker et al. | J. Chromatogr. A 775 (1997) 295-306

compounds were shown to be stable for several
weeks if stored on an adsorbent or a filter and kept at
—20°C [3,11.16].

For the extraction of organotins from adsorbents
and filters, from sediments or from polymers basical-
ly three procedures are used; extraction with solvents
with or without a complexing agent, acid digestion
followed by a solvemt extraction or extraction by
supercritical fluids. Dialkyltins can be quantitatively
extracted from glass fibre filter (GFF) by hexane
[12]. whereas extraction of di- and trialkyltins from
activated carbon fibre collection filtler is difficulr
[11]). Acid digestion was found to be necessary for
efficient extraction from particulate matter [2]. Di-
luted HCI (0.1 M) was found to be too weak, but on
the other hand 2-8 M HCl caused degradation of the
analytes [17]. One of the most often used extractants
was methanolic HCI itself [3.4,1 1,181 or in combina-
tion with tropolone [6.19.20] or some other complex-
ing agent [21]. While pure acetic acid was shown to
be an inefficient extraction medium, {22], methanolic
acetic acid (0.5 M) used for the microwave assisted
extraction of di- and wibutyltins from sediments was
proven to be successful [23]. Sonication was also
found to be effective for extraction of organotins
from sediment with 0.5 M HC! in MeOH [24]. On
the other hand Soxhlet extraction using hexane—
acetone was found to be an inappropriate method for
DBT and MBT extraction from sediments [25].
Application of formic acid modified carbon dioxide
for supercritical fluid extraction and chromatography
of dimethyltin from PVC yielded complete extraction
recoveries [26].

For GC analyses it is necessary to comvert the
dialkyltin dichloride species into fully alkylated
derivatives. Among the available methods such as
hydride generation [3.12], alkylation by Grignard
reagents and direct aqueous phase ethylation using
sodium tetraethylborate, the last method offers sever-
al advantages. Compared to hydride generation, alky!
derivatives obtained by direct aqueous phase ethyla-
tion or Grignard alkylation are more stable and can
be stored for a limited time [7]. Direct aqueous phase
ethylation [4] can be performed in a simple, fast
way; solutions obtained by extraction of the deriva-
tives into isooctane [23]. pentane, or hexane [27] are
directly applicable to GC. Ethylation of organotins in
complex matrices is said not to suffer from interfer-
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ences [24,28]. On the other hand, the yield of the
ethylation reaction is influenced by the degree of
alkylation and/or by the nature of the alkyl groups
[28] of an organotin compound. The derivatization is
also affected by pH, temperature of the solution,
reaction time and concentration of
[23.28].

An appropriate method for the determination of

organotins consists in capillary GC with a selective
detector. Several detectors used for the identification

the reagent

anotins were compared
in literature [21,25,29). Most promising seems to be

atornic emission detection (AED) with a microwave
induced plasma. The - advantages consist in multi-
element and multi-channel detection, good linearity,

-selectivity and high sensitivity [17,21,30,31).

This work presents a sampling method for or-
ganotins released under controlled conditions from
PVC at thermoplast temperatures between 108°C and
200°C and a method for their extraction from
adsorbents, derivatisation by aqueous phase ethyla-
tion and determination by GC-AED,

2. Experimental

2.1. Apparatus

An adapted gas chromatograph ‘Chrom 6 (Labora-
tory Works, Prague, Czech Republic) was used for
sampling of organotins from heated PVC onto
adsorbents. The instrument was provided with a high
pressure (1.5 MPa) GC gas supply and a flow
control. Using copper tubing the carrier gas output
Was connected to the sampling tube input near the
bottom of the oven space. The sampling tube was
fixed in a vertical position having the desorption part
in the oven and protruding the injector chamber
above the instrument box (Fig. 1). The adsorption
part of the sampling tube was situated on top of the
instrument. The sampling tube was isolated from the
hot oven wall by a PTFE ring above which a round
plastic bottle sealed in a fitting by silicone ring was
placed round the sorption part of the sampling tube.
The plastic bottle contained a water bath at 0°C.
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Using a PTFE tubing the output of the sorption tube
was connected to a washing bottle. '

A Bransonic B 220 ultrasonic bath with an output
power of 50 W was used to increase the mass
transfer during the extraction and the derivatization
of the organotins.

Separation of ethylated Organotin species was
performed using an HP Model 5890 Series 11 gas
chromatograph (Hewleti—Packard. Avondale, PA,
USA) coupled to an HP 5921A atomic emission
detector. The GC system was equipped with an HP
7673 A automatic sample injector and an HP on-
column injection inlet. This was fitted with a deacti-
vated retention gap (HP. 0.3 mx0.53 mm 1D)
connected in series to a DB-1 fused-silica column
(20 mXx0.25 mm 1LD., 0.1-pm film. J&W Scientific,
Folsom, CA. USA). The GC column was connected
directly to the AED cavity. Helium of 99.9999¢
purity was used as a carrier gas at a linear velocity
0.30 ms™'. The GC-AED system was controlled by
an HP 9000 cHeEmsTATION. The AED response of the
atomic emission detector was optimized to get the
best selectivity and linearity. Optimal conditions
were similar to those described in the literature
[17,21.31]. The carbon channel at 248 nm was
monitored together with the tin selective line at 271
nm. No interferences were noticed on the tin selec-
tive channel. ‘

An Incos 50 quadrupole mass spectrometer (Fin-
nigan MAT, San Jose, CA. USA) connected to a
Varian 3400 gas chromatograph (Varian, Palo Alto,
CA, USA) equipped with a DB-5-MS column (30
mX0.25 mm 1D, 0.25-pm film, J&W Scientific)
was used for complementary solute identification,

2.2. Reagents

Dibutyltin dichloride was obtained from Fluka
(Buchs, Switzerland), dioctyltin dichloride from
Riedel-de Hagn (Hannover, Germany), dimethyltin
dichloride from Merck—Schuchardt (Hohenbrunn,
Germany), dicyclohexyltin dibromide from Alfa
(Karlsruhe, Germany), monobutyltin trichloride and
tetrabutyltin from Aldrich (Milwaukee, WI, USA).
They were all used as standards. Sodium tetra-
ethylborate was obtained from Smem Chemicals
(Bischheim, France). The chemicals were used- with-
out further purification. Isooctane and methano] as
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well as acetic acid and sodjum acetate (all from
Merck) were of analytical grade. Hydrochloric acid
(Merck) was of suprapure quality. Silane treated
glass wool and Amberlite XAD-2 were obtained
from Supelco (Bellefonte. PA. USA), Whatman glass
fibre filters type GF/B were used (Whatman. Maid-
stone, UK) and regular glass beads, 80120 mesh.
were from Applied Science Labs, (State College. PA.,
USA). All other chemicals were of suprapure quality
and were obtained from Lachema (Brno. Czech
Republic).

2.3. PVC samples

Two different PVC samples were applied. Sample
I consisted of pellets containing a mixture of dj-n-
octyltin di( 2-ethylhexy]-mercaptoacetate) and mono-
n-octyltin tris(2—ethylhexy}-mercaptoacetate) at a
content of 0.21% Sn. Sample 2 was a powder
containing dibutyltin di(methylmaleate) at a content
of 0.62% Sn. Both samples were obtained from
Hydroplast (Helsingborg. Sweden).

2.4. Procedure

24.1. Sampling
Sampling of the organotins released at elevated
temperatures from the PVC samples was achieved by

~ using a glass tube (0.30 mX7 mm LD.), consisting of

a desorption part filled with a PVC sample and
immersed in the GC oven, as shown in Fig. 1, and a
cooled sorption part packed with filters and ad-
sorbents. Regular glass beads were In some cases
mixed with the PVC sample 1 in order to prevent
clogging of the tube. The optimal set-up of the
sorption part corresponding to 1.5 g of PVC in the
desorption part consisted of 0.2 2 of sodium acetate.,
two couples of Whatman GF/B glass fibre filters, 0.8
g of Amberlite XAD-2 and 0.6 g of Synachrom E5.
Each layer was separated from the upper and the
lower layer with a small plug of silylated glass wool.
Twice the amount of the silylated glass wool was
placed in between the desorption and adsorption part
of the glass tube. The glass fibre filters were fixed in
the glass wbe by PTFE-coated rings cut out from a
GC inlet septa. The washing flask connected with the
outlet of the sorption part of the glass tube was filled
with 25 ml of 1 M HCl in methanol. A flow of
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Fig. 2. Gas chromatographic separation of organotin compounds using the tin-selective channel at
detection. Chromatograms 1 and 2: organotin compounds released from PVC (conditions: temperature 2
compound A-=tributyltin chloride, B=monooctyitin trichloride, C=octylbutyltin dichloride, other

Chromatogram 3: standard compounds: [=
dibromide (spiked), S5=dioctyltin dichloride.

nitrogen or air was precleaned by passing through a
tube with a dry silica gel prior to entering the glass
sampling tube and the GC oven was heated up to the
desired temperature for a particular time. Each
experiment was done twice. The sampling tubes

were stored at —20°C for about 6 weeks before the
analyses.

2.4.2. Leaching and derivatization

The adsorption part of the sampling tube including
the glass wool between the desorption and adsorption
part was cut into pieces and transferred into a screw-
capped extraction tube. Each sample was spiked with
dicyclohexyltin dibromide as internal standard and
extracted with 6 ml of 0.01 M HCl or 1 M acetic
acid in methanol under son®ation for 90 min. After
each 30 min, 4 ml of the extraction solution was
exchanged for new solvent. The direct aqueous phase
derivatization was performed similarly to a pro-

271 nm emission wavelength for
00°C, purge gas air, 2 h sampling)
peaks correspond to chromatogram 3.

monobutyltin trichloride, 2=di-butyltin dichloride. 3=terrabutyltin (LS.), +4=dicyclohexyitin

cedure described in the literature [23.28]. The pH of
the collected extraction solution was adjusted to
between 4.5 and 5.0 by an acetic acid-acetate buffer.
A l-ml volume of a freshly prepared solution of
sodium tetraethylborate (NaBEt,) in Milli-Q water
(25 mgml™") giving about a 20-fold molar excess to
an assumed maximum quantity of 2 mg dialkylated
tin compound was given to each extract at room
temperature. After standing for 2-3 min the second
internal standard, tetrabutyltin (TeBT) was added in
2 ml of isooctane. After being vigorously shaken for
5 min the mixture was left to separate and the
organic phase containing the ethylated derivatives
was exchanged with pure isooctane. This was re-
peated twice. The collected isooctane phase was
directly analyzed by GC~AED.

GC--AED analysis: A 1-p] volume of sample was
injected on-column at an initial oven temperature of

80°C. The temperature was held for 1 min, then
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raised at a rate of 10°C min "' to 220°C and further at
a rate of 40°Cmin~"' to 300°C and kept there for 2
min.

3. Results and discussion

3.1. Oprimization of the determination of
organotins

3.1.1. Extraction efficiency

The effect of the extraction time and type of
extractant on the extraction yield of the expected
main decomposition products (dibutyltin dichloride,
dioctyltin dichloride) from organotin stabilizers used
in the PVC samples was estimated for the sorption
materials applied in the sampling tmbe. For this,
sodium acetate, glass fibre filter and Amberlite
XAD-2 at an amount of 0.5 g as well as blanks were
spiked with equal amounts of dibutyltin and dioc-
tyltin dichlorides, each at a level of 0.33 mg total tin
per gram adsorbent. Following extraction, derivatiza-
tion and quantitation with internal standard were
carried out in the same way for both the adsorbents
and blanks. Recoveries from the adsorbents were
related to blank recoveries. Two different extractants,
0.01 M HCI in methanol and 1 M acetic acid in
methanol were applied at 3 different extraction times
(15, 30 and 90 min). More concentrated methanolic
HCl was avoided with respect to possible salt
precipitations during the buffering process before the
aqueous phase ethylation. While dibutyitin dichloride
was quantitatively recovered from all adsorbents
after 15 min of extraction with any of the extractants
applied, 90 min extraction time was necessary for
good recovery of dioctyltin dichloride from glass
fibre filters and from XAD-2 adsorbent. The results
for 90 min extraction time are summarized in Table

1. Both applied extractants showed almost equal
abilities to extract the diglkytins. Methanolic HCI
was selected for further experiments due to slightly
better recoveries of dioctyltin (DOT) from Amberlite
XAD-2. To enhance the extraction, the solution was
exchanged with fresh extractant every 30 min. A
lowered recovery for DOT from Amberlite XAD-2
indicates the need for a bit less polar extraction
reagent to achieve an efficient extraction. Prelimin-
ary experiments showed that the more polar species
monobutylitin could be fully sorbed and extracted
from the sodium acetate layer applied in this study.
In this way incomplete extraction of this compound
reported can be overcome [3,4].

3.2. Derivatization

The choice of parameters for the ethylation pro-
cedure was adopted from experimental results -de-
scribed in [23,28]. The somewhat lower recoveries of
DOT were shown to originate from the extraction
step by blank experiments in which both dicyclohex-
yltin (DCyHT) and DOT showed the same complete
derivausation as DBT. The aqueous phase ethylation
of the extracted ionic organotin species was com-
pared to a direct in situ ethylation. In the later case

the solution of sodium tetraethylborate was added

directly onto the Amberlite XAD-2 adsorbent spiked
with the organotin mixture and suspended in buf-
fered methanolic HAc (pH 5.0). The extraction/
derivatization was performed for 15 min and then the
ethylated species reextracted into iscoctane contain-
ing TeBT as the internal standard, similarly as with
the direct aqueous phase ethylation. The results
summarized in Table 2 show much lower recoveries
for in situ derivatization. Therefore, the two-step
procedure was used in this work. It must be noted
that the in situ derivatization has been successfully

;:‘zrl:ctljon recoveries (%) of organotin species from sorption materials used in the sampling tube

Sorbent/Extractant

NaAc/HAc GFF/HC1 GFF/HAc XAD-2/HCI XAD-2/HAc
DBT 109 108 94 94 93
DOT 110 99 99 80 68

NaAc, sodium acetate: GFF, glass fibre filter; XAD-2, Amberlite; HAc. acetic acid.
Extraction ime 90 min.
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Table 2

Organotin recoveries (%) from Amberlite XAD-2 by a two-siep
procedure of extraction and derivatization compared to one-step in
situ derivatization

Procedure

Two-step One-step in situ

DBT 104 72
DOT 72 : <10

Extraction time 15 min.

used for the determination of organotin compounds
in tissues, however, at a cost of a strong increase in
the consumption of the reagent {171.

3.3. GC determination and evaluation

Fig. 2 shows tin-specific chromatograms from the
GC-AED analysis of the alkyltin compounds re-
leased from PVC samples using air as purge gas. The
peaks were identified with the help of standards
using GC-AED and from GC-MS analyses. The
main tin containing decomposition products released
from PVC were considered to be the chloride

derivatives of the original monooctyltin, dioctyitin
and dibutyltin stabilizers. While DOT was not proven
to dealkylate to MOT dealkylation of DBT to MBT
was found when using air as purge gas. Other minor
tin components tentatively identified (tributyltin and
butyloctylitin species) were considered to be a bios-
tabilizer of the plast and a contaminant respectively.

Only a few tin-free compounds were found among
the decomposition products in the extract of the
adsorbents from the sampling tube as shown for
sample 2 in Fig. 3. This documents a selective
sorption and a selective extraction of the organotin
species from the adsorbents.

The minimum detectable amount of tin released
from PVC by the procedure was estimated from a
spiking experiment. The glass wool placed between
the desorption part, packed with a raw, tin-free PVC
sample, and the trapping part of the sampling tube
was spiked with 6.2 mg tin as DBT. The sampling

“tube was heated to 200°C for 4 h which was found

sufficient to release all DBT from the glass wool.
The minimum detectable level based on a ratio of
DBT response to noise level equal three (peak

:

¥ N OO Y WOV NS TR SO0 WY A YOO T U T Y

. JL*‘ I

i
3
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12 15 t nir)

Fig. 3. Carbon and tin specific chromatograms of the derivatised extract from sample 2; conditions and solute identification as in Fig. 2
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heights measured) was estimated to 20 ng tin per
gram PVC,

Two internal standards were used for the evalua-
tion. Quantification of DBT was done by help of
TeBT added after the derivatization. DCyHT was
shown to exhibit complete recovery and was used for
quantification of DOT.

The linearity of GC-AED was about 3 orders of
magnitude from the minimum detectable level using
peak heights and even betier when peak areas were
used. However, this was not enough for estimation of
low concentrations of some decomposition products
at the same time as high concentrations of the main
released organotins, especially of DBT. In this case
one level of LS. concentration was not applicable.
Therefore. the amount of 1.S. added before GC~AED
analysis was selected to fit to minor components and
the major components were determined from a
diluted sample by the method of standard addition of
the LS. In this way, the absolute AED response
overcame the lack of linearity for the major com-
ponents. Peak heights were used for the peak evalua-
tion, as they were shown to give slightly more
precise results for small peaks when using GC-AED
{32]. The relative standard deviation of the solute
amount estimated by the above described procedure
using different dilution was mostly below 10%.

3.4. Sampling of organotins released Jrom the
PVC samples

A set-up for controlled heating and release of
organotin compounds from a PVC sample has been
designed and tested at different temperatures and
purge gas flows for different geometrical shapes of
the sample. At the temperature interval applied, it
was possible to maintain a constant purge gas flow
through sample 2 (PVC powder containing dibutyltin
methylmaleate). The pellets of the sample 1 were
much more prone to stick together and therefore their
mixing with an inert material was necessary together
with an increased pressure of the purge gas at the
sampling tube inlet to maintain 2 constant flow.
Glass beads, 80-120 mesh, proved to serve well for
this purpose at 65% of the PVC mass. An increased
amount of glass beads had no effect on the release of
the organotin compounds from the PVC sample.

Preliminary experiments using an atomic absorb-

tion spectrometer were aimed at determining a
possible breakthrough o organotins into methanolic
HCI, placed after the sorption system, as shown in
Fig. 1. The collection efficiency of the set-up of
filiers and adsorbents was over 99.5% for gas
volumes up to 200 1 (3 experiments). Higher gas
volumes were not investigated. A washing bottle
with the methanolic HC] was placed behind the
sorption part of the sampling tube in all experiments.
In selected cases the content of the washing bottle
was analyzed for tin species. In these cases tin
compounds were proved to be absent. All the
materials used for the sorption part of the sampling
tube as well as the glass tube, glass wool and the
glass beads were proved to be tin-free.

The sorption part of the sampling tube (Fig. 1)
was designed to retain quantitatively organotins from
both the vapor and particulate phase and to provide a
sufficient retention capacity. The sorption ability of

the different adsorbent layers and of the glass fiber

filters was tested with a basic set of conditions
(temperature at 200°C, gas purge flow at 10020
mimin~' and 4 h of heating). ‘
Additionally, the organotins should be protected
from decomposition when being stored for several
weeks. Heated PVC releases hydrochloric acid.
which possibly could increase the elution power of
the purge gas and thus spread the organotins over the
entire sorbing system or even decrease the recovery.
Furthermore, the stability of organotin compounds
under strongly acidic conditions has been questioned
[18]. For ‘this reason the first layer in the sorption
part consisted of sodium acetate. As shown in Table
3 omitting this layer resulted in incomplete recovery.

Table 3

Dibutyltin amounts in different sorption layers of the sampling
tube

Sample 1 2 3 4
mge™)  (mgg™)  (mgg™')  (mge™)

NaAc 2.18 Na Na ?

GFF 1.54 0.46 Na .

XAD 0.43 2.36 2.41 :

Total 4.15 2.82 241 436

* The layer was applied in the sorption part, the amount of DBT
was estimated from all sorption layers together.

Na=not applied. ’

Purge flow gas nitrogen.
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On the other hand, when included, the main part of
the released organotins’ was found in the sodium
acetate layer. Almost equal total amounts of col-
lected dibutyltin species were obtained from two
comparable sampling tubes, of which the first one
was analyzed partially layer by layer. the other in
one analysis of all adsorbents together. Though the
particulate phase which may contain the polar or-
ganotin compounds might be sorbed as well on the
applied adsorbent (XAD-2), the best way to collect it
consists in sorption on a GFF. Therefore, two sets of
GFF were included after the sodium acetate layer,
When using the standard set-up (see Fig. 1), includ-
ing sodium acetate, glass fibre filters, XAD-2 and
Synachrom ES5 in series, the last layer of Synachrom
E5 did not contain any organotin compounds sorbed.
It was therefore excluded. The distribution of all
alkyltins in the applied sorption system when using
air as purge gas is shown in Table 4. The sampling
tbes containing sodium acetate were found applic-
able for storage up to two months at -20°C. This
was proved by spiking experiments which showed
complete recovery of the spiked amounts.

Both nitrogen and air were used as purging gases
to consider inert processing atmosphere as well as
thermal stressing by air. While the released organotin
species and their composition did not differ for
different purge gases for the octyltin mixture, a
slightly increased release of dibutyltin and decompo-
sition to its monoalkylated form was found for the
dibutyltin stabilizer (Table 5) when USing air as
purge gas. Taking literature data {1] into account, an
almost equal release of DBT for different purge
gases indicates the possibility for a release of the
stabilizer iwself beside the derivative from the de-
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Table 5

Comparison of the release of organotin compounds from PVC
samples using nitrogen and air as g purge gas

Purge MBT DBT MOT DOT
gas mge™)  mgg™)  mge™)  (mgg™)
N, 0.06 4.15 0.29 0.60

Air 0.27 4.35 0.25 0.60

composition process. A release of MBT indicates a
dealkylation of the stabilizer in the presence of
oxygen. DBT accounted  for up to 98% of all
released organotins from sample 2, while MBT
contributed about 0.8%. The amounts of other minor
components present in the sample 2 as TBT and

BOT were similar irrespective of the purge gas
applied.

3.5. Effect of temperature, heating time and purge
gas flow on the relegse of organotin compounds

3.5.1. Temperature

The amounts of released dibutyl- and octyltin
compounds from commercially available PVC at
temperatures of 110°C, 150°C and 200°C at different
heating times are shown in Fig. 4 and Table 6. For
thermoplast temperatures of 200°C high quantities of
both target compounds could be determined. At
150°C the release of the less volatile octyltins is
significantly decreased and occurs only for heating
times above 8 h. At this temperature dibutyltin is still
emitted with quantities of milligram per gram PVC.
When the temperature is reduced to 108°C only DBT
is detectable. At a sampling time of 32 h an
increased DBT-release could be observed in the
range of microgram DBT per gram PVC. A decrease

Tuble 4

Alkyitin distribution in the applied sorption system

Sorbent MOT DOT MBT DBT TBT BOT
(mgg™") tmgg™") (mg g™ (mgg™') tmgg™") (mgg™")

NaAc 0.12 0.27 0.25 0.95 0.00 0.08

GFF 0.01 044 0.00 3.08 0.09 0.00

XAD 0.12 0.00 0.00 0.32 0.04 0.00

Total 0.25 0.71 0.25 435 0.13 0.08

AAT 0.3 0.62 0.25 4.43 0.10 0.05

2 —®
Conditions: temperature 200°C, purge gas flow 100 ml min "~

AAT: all sorption layers analyzed together.

! air. sampling time 4 h.
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Fig. 4. Time dependence of the release of dibutyltin dich]oride from PVC. (A) At a temperature of (1) 150°C and (2) 200°C: (B) at 110°C

(unit: percent of total tin-content in the thermoplast)

of the release of MBT with decreasing temperature
was found to be much more profound than for DBT,
which indicates that MBT is formed to a lower
extent at lower temperatures. This effect could not be
seen for MOT and DOT.

3.5.2. Heating time

The dependence of the release of all detected
organotins on heating times between 1 and 4 h ‘was
determined. The results are summarized in Fig. 5 and
Table 7. A comparable speed of tin release was
found for both PVC samples, the amounts of release
were quite different. The differences consisted of
increased volatility of DBT and highly differing
surface areas of both materials. The number of
measurements is too limited to be able to suggest
kinetic data of the release.

Table 6

Alkyltin emission quantities (mgg™' PVC) depending on PVC-
temperature and heating time

Temperature Heating MBT DBT TBT MOT DOT
(°C) time (h)

200 4 . 0270 4350 0.14 0250 0.710
150 4 Nd 0223 0.0 0003 Nd
150 8 Da 0680 0.16 0.003 Da
150 16 0.002 3000 019 0004 0007
110 16 Nd 0.003 006 Nd Nd
110 32 Nd 0.024 006 Nd Nd

Nd=not detected.
Da=detectable amount.

3.5.3. Purge gas flow

The release of organotins consists of the transport
inside the PVC bulk material, transfer into the gas
phase. and transport in the gas phase. A purge gas
velocity of about 60 mm s ™' was used in this study.
This was supposed to be sufficient to sweep out the
released organotins. Small fluctuations of the purge
gas flow should not infiuence the results because
diffusion inside the bulk material limits the release
process. The effect of the purge gas flow on the
amount of the organotins released from PVC sample
2 is shown in Table 8. It is possible to conclude that
the differences in the estimated amount of released
DBT at different purge gas flows are insignificant.

80
2
60+
£
©
&
g 4+
® 1
£
20
0 13 1 ¥ T
0 1 2 3 4 5

heating time (h)

Fig. 5. Time dependence of the release of the main organotin

compounds from PVC samples at a temperature of 200°C. (1)
DOT, (2) DBT.
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Table 7 )
Dependence of the release of alkyltin chiorides on the heating time
Time MOT ' DOT MBT DBT TBT 7 BOT

mgg™' % Sn mgg~’ % Sn mgg™ % Sn mgg™! % Sn mgg™' % Sn mgg™' % Sn
lh 0.18 9 0.10 5 0.08 i 1.94 31 0.07 1. 0.00
2h 040 19 0.34 16 0.18 3 3.11 50 0.11 1 0.03
4h 0.25 12 0.60 30 0.25 4 4.35 70 013 - 0.08 1

Conditions: temperature 200°C, purge gas flow 100 mi min~" air.

However, the amount of released MBT shows a
tendency to increase with an increasing purge gas
flow. This might be explained by an increased air
exchange which, as shown above, could promote the
decomposition of the DBT carbonate type of stabi-
lizer into monobutyltin chloride. The fluctuations of
the purge gas flow at our set-up did not exceed 20%

which could not affect the obtained results at these
amounts.

4. Conclusions

This work shows that organotin compounds are
released from PVC at elevated temperatures. Using
the described experimental set-up, a reproducible
release of the target compounds was achievable. The
choice of the adsorption layers was found to be
important for complete retention and effective ex-
traction. The amounts of released dibutyltin stabilizer
might possibly imply a need to monitor the work
environment where PVC is processed and installed.
Further investigations in this direction should con-
sider diverse surface characteristics of differing PVC
materials. Of additional interest could be a moni-
toring of organotin emissions from PVC at tempera-
tures below 100°C and the development of a match-
ing analytical method for this purpose to determine

Table 8

Dependence of the release of butyltin compounds -on the gas
flow-rates

Flow-rate MBT DBT TBT

(ml min ") (mgg™") tmgg™') (mgg™)
50 0.33 4.68 0.14

100 0.27 4.35 0.14

200 0.60 » 4.96 0.10

Conditions as in Table 4

Possible long-term emissions from thermally stressed
thermoplasts. The GC-AED technique provides
excellent determination capabilities for this purpose.
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INTRODUCTION

Proposed amended Rule 1168 — Adhesive and Sealant Applications (PAR 1168), is a
“project” as defined by the California Environmental Quality Act (CEQA)
(California Public Resources Code §§21000 et seq.). The South Coast Air Quality
Management District (SCAQMD) is the lead agency for the proposed project and,
therefore, has prepared an Environmental Assessment (EA) pursuant to CEQA
Guidelines §15252 and SCAQMD Rule 110. The purpose of the EA is to describe
the proposed project and to identify, analyze, and evaluate any potentially significant
adverse environmental impacts that may result from adopting and implementing the
proposed project. The Draft EA was circulated to the public for a 45-day review and
comment period from March 5, 2002, to April 19, 2002. The SCAQMD did not
receive any comments during the 45-day public review and comment period.

SUMMARY OF THE PROPOSED PROJECT

The SCAQMD is proposing the following amendments to Rule 1168: establish an
interim limit of 540 grams per liter of VOC, less water and exempt compounds for
top and trim adhesives used in the automotive and marine top and trim industry
effective upon adoption of the proposed amendments until January 1, 2004 when the
VOC limit will be reduced to 250 grams per liter; extend the compliance date for
polyvinyl chloride (PVC) and other specialty applications of plastic welding
products until January 1, 2005; extend the exemption of shoe repair adhesives until
July 1, 2008 when the VOC limit will be established at 250 grams per liter; exempt
the use of high VOC adhesives used in the fabrication of prostheses and orthotics;
prohibit the sale and use of adhesives, sealants and adhesive and sealant primers
containing chloroform, ethylene dichloride, methylene chloride or perchloroethylene
on and after January 1, 2004; remove the interim compliance date of January 1, 2003
to permanently exempt adhesives used for thin metal laminations provided that the
VOC content is less than 780 grams per liter; and, in addition to the proposed
compliance dates elsewhere in the rule, and allow a one-year sell through and use of
previously compliant adhesives and sealants for shoe repair and top and trim
adhesives plus products containing methylene chloride.

POTENTIAL SIGNIFICANT ADVERSE IMPACTS THAT CANNOT BE

REDUCED BELOW A SIGNIFICANT LEVEL
The primary effect of the proposed amendments is expected to be the loss of
anticipated interim VOC emission reductions from top and trim adhesives totaling
1,078 pounds per day between September 1, 2001 and January 1, 2004 and from
shoe repair adhesives totaling 413 pounds per day between September 1, 2001 and
July 1, 2008. The estimated amount of permanent emission reductions foregone
from exempting adhesives used in fabricating orthotics and prosthetics is
approximately four pounds of VOC per day. In addition, the estimated amount of
permanent emission reductions foregone beginning January 1, 2003 for thin metal
lamination applications is 2.7 pounds of VOC per day. Further, anticipated VOC
emission reductions of 1,700 pounds per day from plastic pipe cements and primers
would be delayed two years, from January 1, 2003 to January 1, 2005. Both interim
and permanent VOC emission reductions foregone and VOC emission reductions



delayed would exceed the SCAQMD’s VOC significance threshold of 55 pounds per
day. Therefore, it is concluded that PAR 1168 has the potential to generate
significant adverse air quality impacts. Rule 1168 is being amended because
compliant products are currently not available. Consequently, there are no measures
available to mitigate significant adverse air quality impacts from the proposed
project.

STATEMENT OF FINDINGS

Public Resources Code §21081 and CEQA Guidelines §15091(a) state that “No
public agency shall approve or carry out a project for which an EIR has been
completed which identifies one or more significant adverse environmental effects of
the project unless the public agency makes one or more written findings for each of
those significant effects, accompanied by a brief explanation of the rationale for each
finding.” Additionally, the findings must be supported by substantial evidence in the
record (CEQA Guidelines §15091(b)). As identified in the Final EA and summarized
above, the proposed project has the potential to create significant adverse air quality
impacts as a result of future emission reductions foregone. The SCAQMD
Governing Board, therefore, makes the following findings regarding the proposed
project. The findings are supported by substantial evidence in the record as
explained in each finding. This Statement of Findings will be included in the record
of project approval and will also be noted in the Notice of Determination. The
Findings made by the SCAQMD Governing Board are based on the followin;
significant adverse impacts identified in the Final EA. :

Potential VOC emission reductions foregone exceed the SCAQMD’s
significance thresholds and cannot be mitigated to insignificance.

Finding and Explanation: The air quality analysis concludes that the potential loss of
anticipated interim VOC emission reductions from top and trim, shoe repair, and thin
metal laminating adhesives, and the delay of VOC emission reductions from plastic
pipe cements and primers may result in emissions of VOC that exceed the
SCAQMD’s daily CEQA significance threshold of 55 pounds per day.

The Governing Board finds that no feasible mitigation measures have been identified
to eliminate or minimize the potentially significant adverse impact to air quality.
CEQA defines "feasible" as "capable of being accomplished in a successful manner
within a reasonable period of time, taking into account economic, environmental,
social, and technological factors" (Public Resources Code §21061.1).

The Governing Board finds further that a Mitigation Monitoring Plan (pursuant to
Public Resources Code § 21081.6) need not be prepared since no feasible mitigation
measures were identified.

The Governing Board finds further that aside from the No Project Alternative, the
Final EA considered alternatives pursuant to CEQA Guidelines §15126.6, but no
project alternatives would reduce to insignificant levels the significant air quality




impacts identified for the proposed project and still achieve the objectives of the
proposed project.

STATEMENT OF OVERRIDING CONSIDERATIONS

If significant adverse impacts of a proposed project remain after incorporating
mitigation measures, or no measures or alternatives to mitigate the adverse impacts
are identified, the lead agency must make a determination that the benefits of the
project outweigh the unavoidable adverse environmental effects if it is to approve
the project. CEQA requires the decision-making agency to balance, as applicable,
the economic, legal, social, technological, or other benefits of a proposed project
against its unavoidable environmental risks when determining whether to approve
the project (CEQA Guidelines §15093 [a]). If the specific economic, legal, social,
technological, or other benefits of a proposed project outweigh the unavoidable
adverse environmental effects, the adverse environmental effects may be considered
“acceptable” (CEQA Guidelines §15093 [a]). Accordingly, a Statement of
Overriding Considerations regarding potentially significant adverse air quality
impacts resulting from the proposed project has been prepared. This Statement of
Overriding Considerations is included as part of the record of the project approval
for the proposed project. Pursuant to CEQA Guidelines §15093(c), the Statement of
Overriding Considerations will also be noted in the Notice of Determination for the
proposed project.

Despite the inability to incorporate changes into the project that will mitigate
potentially significant adverse air quality impacts to a level of insignificance, the
SCAQMD's Governing Board finds that the following benefits and considerations
outweigh the significant unavoidable adverse environmental impacts:

1. The analysis of potential adverse environmental impacts incorporates a “worst-
case” approach. This entails the premise that whenever the analysis requires that
assumptions be made, those assumptions that result in the greatest adverse
impacts are typically chosen. This method likely overestimates the actual
emission reductions foregone from the proposed project.

2. The long-term effect of PAR 1168, other SCAQMD rules, and AQMP control
measures is the reduction of emissions district-wide, contributing to attaining and
maintaining the state and federal ambient air quality standards. Rule 1168 will
continue to reduce emissions from adhesive and sealant applications, albeit over
a longer period of time. The amendments will not increase emissions, but rather
would delay originally anticipated emission reductions from sources subject to
the rule. The long-term effect of the proposed amendments is a permanent loss
of anticipated VOC emission reductions of less than seven pounds per day, which
does not exceed the SCAQMD’s VOC significance threshold of 55 pounds per
day.

3. Overall emission reductions achieved by implementation of Rule 1168, other
SCAQMD rules and regulations, and future AQMP control measures would
ensure the potential emission reductions delayed and foregone as a result of PAR




1168 would not result in significant adverse cumulative air quality effects.
Additionally, PAR 1168 provides human health benefits by reducing toxic
emissions from sources using adhesive and sealant applications over time. In
particular, PAR1168 would prohibit the use of products containing chloroform,
ethylene  dichloride, —methylene  chloride,  perchloroethylene, and
trichloroethylene.

The SCAQMD’s Governing Board finds that the above-described considerations
outweigh the unavoidable significant effects to the environment as a result of the
proposed project.

MITIGATION MONITORING PLAN
When making findings as required by Public Resources Code §21081 and CEQA
Guidelines §15091, the lead agency must adopt a reporting or monitoring program
for the changes to the project which it has adopted or made a condition of project
approval in order to mitigate or avoid significant effects on the environment (Public
Resources Code §21081.6 and CEQA Guidelines §15097[a]).

The Governing Board finds that, in the case of PAR 1168, a Mitigation Monitoring
Plan need not be prepared since no feasible mitigation measures were identified.
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1.What is the difference between pipe cleaner, primer/c
and primer?

All pipe surfaces should be thoroughly cleaned with pipe cleaner.
cleaner is formulated to remove surface dirt and any oils or grease
on the pipe from the manufacturing process. Primer/Cleaner and P
contain more aggressive solvents and will soften the pipe surface t
solvent cement to penetrate more effectively. Primer is often requi
plumbing code and sometimes a purple colored primer is needed.

2. What temperature should solvent cements be applied

While we recommend that the cement be applied between 40-100

weather conditions may not make this feasible. A strong solvent w
can be made at temperatures below freezing, as long as the cemem
cure times are extended and other handling precautions are follow:

3. What is the difference between PVC, CPVC and AB¢

These are three different types of plastic pipe used in plumbing ap
PVC is Poly(Vinyl) Chloride, CPVC is Chlorinated Poly(Vinyl) C
and ABS is Acrylonitrile-Butadiene-Styrene. PVC and ABS pipe ¢
normally used for Drain, Waste and Vent (DWYV) systems, while (
used for water distribution systems. It is important to choose the c
solvent cement based on the type of plastic pipe being used.

4. What is the recommended cure time?

The cure time is dependent on several factors. The pipe size, socke
ambient temperature, relative humidity, solvent cement used and t
operating pressure should all be considered when determining cure
The following chart can be used as a guideline to determine joint ¢

Pipe Size Movement of Joint 10% of Rated Pipe Pressure
100% of Rated Pipe Pressure HOT WEATHER- 90 to
150 degree F Surface Temperature

172 thru 1-1/4” 1/4 hr. 1 hr. 4 hrs.
1-1/2 thru 2-1/2” 1/2 hr. 1-1/2 hrs. 6 hrs.
2-1/2 thru 4” 3/4 hr. 2-3/4 hrs. 8 hrs.

Over 4" 1 hr. 3-1/2 hrs. 10 hrs. MILD WEATHER- 50-90

http://www.oatey.com/faq.asp 3/23/2005
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degree F Surface Temperature
1/2 thru 1-1/4”>  1/3 hr. 1 hr. 5 hrs.
1-1/2 thru 2-1/2” 3/4 hr. 1-3/4hrs. 8 hrs.
2-1/2 thru 4” 1 hr. 3-1/2 hrs. 15 hrs.

Over 4" 1-1/2 hrs. 4 hrs. 20 hrs. COLD WEATHER- 0-50
degree F Surface Temperature

1/2 thru 1-1/4” 1/2 hr. 1-3/4 hrs. 7 hrs.

1-1/2 thru 2-1/2”  3/4hr. 3 hrs. 10 hrs.
2-1/2 thru 4” 1-1/3 hrs. - 6hrs. 18 hrs.
Over 47 2-1/2 hrs. 12 hrs. 30 hrs.

S. What type of applicator should be used to apply the ¢
cement?

Each of our cements (excluding gallon sizes) have a dauber includ
can. This dauber can be used to apply cement to pipe sizes up to 3°
3” diameter, we recommend the applicator (brush, roller, etc) to be
pipe diameter.

6. Should a gelled or lumpy cement be used?

We do not recommend attempting to thin solvent cements. The sol
the can will evaporate if left open for extended periods of time, cas
product to thicken or gel. Do not use gelled or thickened cements «

pipe.

7. What cement should be used for PVC, CPVC and Al

It is important to carefully select the proper solvent cement for yot
application. Oatey manufactures several varieties of solvent cemer
cements should be used for PVC pipe and fittings, CPVC cements
used for CPVC pipe and fittings and ABS cement should be used i
pipe and fittings. We also manufacture specialty cements such as "
Flexible and All Purpose Cements.

8. Should primer or primer/cleaner be allowed to dry b
applying solvent cement?

Because the primers will soften the pipe surface, it is important to
cement to the pipe and fittings while the primer is still wet for ma>
bond strength.

9. How can purple primer stains be removed?

The pigments or dyes in Oatey Purple Primer and Purple Primer/C
permanent. Depending on the type of material stained and its poro

3/23/2005
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the length of time the stain has set, it may be possible to remove o
the stain. We recommend blotting a clean, dry towel with Oatey C
Cleaner to attempt to remove the stain. It may not be possible to re
colorant from particular fabrics or surfaces. The finish and/or colo
fabrics or materials may be dulled or discolored when in contact w
solvents in our Clear Cleaner. You may want to try the cleaner on
inconspicuous spot before using on the stained area. Please use ou
primers and colored cements with caution.

10. Can Oatey No-Calk Flashings be used on Type B ve

Yes, All No-Calk Flashings are rated for use on Type B vents.

11. Is there a roof flashing that can be used on a steep r
(i.e. above 40 degree pitch)?

Yes, Oatey manufactures a flashing that can be used on roofs with

degrees pitch. Our HighRise No-Calk Flashings are products #119
#11931.

12. Is there a roof flashing for corrugated roofing?

Yes, Oatey carries MasterFlash which can conform to most roof pr

13. Is there a standard height that the washing machine
box
should be mounted?

42° from floor to the bottom of the box is average. The box shoulc
installed below the height of the washing machine.

14. How should the DWYV drain pipe be solvent cemented to th
opening? :

The box is made of High Impact Polystyrene and can be solvent w

either ABS or PVC cement. A PVC cement should be used when 1
pipe and an ABS cement should be used when using ABS pipe.

3/23/2005
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MATERIAL SAFETY DATA SHEET
This Material Safety Data Sheet complies with
the U.S. OSHA Hazard Communication

CODE: M/L 1134

Standard 29CFR 1910.1200

PRODUCT: DUTCH BOY® PASTE FLUX v
TARACORP

NFPA/HMIS HAZARD CODES: HEALTH: 11 FIRE: 0/0 REACTIVITY: 0/0 SPECIAL: NA

0 = Minimal 1 = Slight 2 = Moderate 3 = Serious 4 = Severe

MANUFACTURER: Taracorp ISSUE DATE: October 2004
ADDRESS: 1690 Lowery Street
Winston-Salem, NC 27101

PHONE: (336) 777-8600

RDOUSINGREDIENTS
INGREDIENTS CAS NO. PERCENT OSHA PEL ACGIH TLV
Petrolatum 08002059 70.8 N/A N/A
Zinc Chloride 07646857 25.3 1mg/m3 1mg/m3
Moisture, as water 3.9

APPEARANCE AND ODOR:

BOILING POINT: 74°C
VAPOR PRESSURE: 10MM Hg
VAPOR DENSITY: NA
SOLUBILITY IN H20: NO
SPECIFIC GRAVITY: 0.9
MELTING POINT: 67°C
EVAPORATION RATE: NA

FLASH POINT:

FLAMMABLE LIMITS:

AUTO IGNITION TEMPERATURE:
EXTINGUISHING MEDIUM:

SPECIAL FIRE FIGHTING PROCEDURES:
UNUSUAL FIRE & EXPLOSIVE CONDITIONS:

Amber colored jelly

180°C

NA

NA

No Preference
None

None

' SECTIO

STABILITY: Stable
CONDITIONS TO AVOID: NA
INCOMPATIBILITIES: None
HAZARDOUS DECOMPOSITION: None
HAZARDOUS POLYMERIZATION: Will not occur.
Rev 002

Date: 11/24/04
ML 1134




ROUTES OF ENTRY: inhalation {fume), ingestion, dermal.
SYMPTOMS & EFFECT OF OVEREXPOSURE:

Acute: Inhalation can cause iritation & damage to eyes, iungs, mucous & mucous membranes. Skin contact can cause uiceration
of the skin. .

Chronic: irritation of the eyes, skin and mucous membranes.
MEDICAL CONDITIONS GENERALLY AGGRAVATED BY EXPOSURE: Skin conditions or respiratory problems.
CARCINOGENICITY: Not listed.
EMERGENCY AND FIRST AID PRCEDURES:
EYES: Flush with water for 10 minutes. Obtain immediate medical attention.
SKIN: Wash thoroughly with water; If irritation develops, obtain medical attention.
ACUTE INHALATION: Remove fo fresh air. Obtain immediate medical attention.
INGESTION: Give water; Obtain immediate medical attention.

S

STEPS TO BE TAKEN IN CASE THIS MATERIAL IS RELEASED OR SPILLED: Normal clean-up procedures are sufficient.
Protect skin from exposure during the

procedure.
WASTE DISPOSAL METHOD: Permitted landfill, check local ordinances.
PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING: Store below melting temperature: do not expose
to heat in storage.
OTHER PRECAUTIONS: None :

RESPIRATORY PROTECTION: NIOSH Approved Respirator

VENTILATION: Good general dilution ventilation

PROTECTIVE GLOVES: Recommended for prolonged contact/heat.

EYE PROTECTION: Safety glasses or goggles are recommended.

OTHER PROTECTIVE EQUIPMENT: Safety equipment should be worn as appropriate for the work environment; includes, apron,
safety goggles.

WORK/HYGIENIC PRACTICES: Wash hands thoroughly after use to prevent exposure to the eyes or skin.

This product/mixture contains the following toxic chemical(s) subject to the reporting of Section 313 of the Title of the U.S.
Superfund Amendments and Reauthorization Act (SARA) of 1986 and 40 CFR part 372. Percent by weight of each toxic chemical
abstract system (CAS) number are to be found in Section 11 of this Material Safety Data Shest.

CHEMICAL NAME EHS RQ (LBS) EH TPQ (LBS) SEC. 313 313 CATEGORY 311/312 CATEGORIES
*1 *2» *3 *4 *5
Zinc Chioride 1,000 1,000 yes yes H-1

*1=Reportable quantity of extremely hazardous material substance, Section 302
*2=Threshold planning quantity, extremely hazardous substance, Section 302
*3=Toxic chemical list, Section 313.
*4=Chemical category as required by Section 313 (40 CFR 372.42). Subject to annual release reporting requirements.
*5=Hazard category as required by SARA Section 311/312 reporting:
Health H-1=Immediate (ACUTE) Health Hazard Physical P-3= Fire Hazard
H-2=Delayed (CHRONIC) Health Hazard P-4= Sudden Release of Pressure Hazard
P-5= Reactive Hazard

D.O.T. PROPER SHIPPING NAME: Non-hazardous
WASTE DISPOSAL METHOD: Dispose of in accordance with EPA regulations
Rev 002

Date: 11/24/04
M/ 1134 2




This Material Safety Data Sheet is offered solely for your information, consideration and investigation. Taracorp, Inc. provides no warranties, either
express or implied, and assumes no responsibilities for the accuracy or completeness of the data contained in this document. The data in this
Material Safety Data Sheet relates only to this product and does not relate to use in combination with any other material or in any process.

Rev 002
Date: 11/24/04
M/L 1134 3
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(@AEID) TECHNICAL NOTE

Proper Solvent Cement Procedures

Translate this page automatically.

Select the proper cement for the work to be done and also obtain pipe cleaner and
primer. Obtain any needed safety equipment (gloves, eye protection, etc.) prior to
starting work. Make sure you are following local plumbing codes regarding cement
and primers. If job conditions are unusual, for example, freezing, or hot and windy,
additional precautions should be taken. Choose a dauber that is sized properly for
the work to be done. Daubers should be 1/2 the diameter of the fittings being joined.
This reduces the time required to apply the cement, resulting in better joints.

For small diameters of plastic pipe, cutters are available to product easy straight
cuts. Larger pipes should be cut with a tool producing square cuts.

http://members.aol.com/ezweld/howto.html 3/31/2005




E-Z WELD Solvent Cements - Information Page2of 5

Cut the pipes neatly and square - this is very important as most of the joint strength
is obtained at the bottom of the tapered pipe fittings. Straight cuts ensure that the
pipe can bottom out properly in the fitting, producing the strongest possible joints.
Pipes must also be deburred before assembly.

Deburr the pipe, inside and out. - Burrs left from cutting can act to scrape needed
cement out of the joint, which can cause leaks. Use of a blade or file is
recommended to deburr the pipe ends. As the fittings are tapered, a clean and even
cut is essential so that applied cement is not scraped from the joint during
assembly. Do not sand or abrade the walls of the pipe or fitting - this may change
the dimensions of the pipe. Plastic pipe and fittings are manufactured with very
close tolerances.

Check the dry fit of the pipe and fitting. Interference fits on normal pipe should be
felt Y2 to 2/3 of the fitting socket depth.

Use pipe cleaner to remove any inks, grease, dirt, waxes and/or oils from the pipe
surfaces.Wipe pipe and fitting with cleaner, using a clean rag on larger pipe sizes.

http://members.aol.com/ezweld/howto. html 3/31/2005




AE-Z WELD Solvent Cements - Information

This is done to ensure that oils, inks, dirt and/or grease are removed and are not
incorporated into the joint. '

Use a primer to soften both pipe and fitting prior to cement. Apply a coat of primer to
start the softening of the pipe and fitting. Primer may not required in pipes under 3"
nor is recommended for thin wall, styrene or ABS pipe. Check your local codes.

While the primer is still wet, use a proper sized applicator to quickly and evenly coat
the cement to the pipe and fitting. Best results are had when the cement is "flowed"
on the pipe surface - not thinly brushed.

Working quickly, insert the pipe into the fitting until it bottoms, giving the pipe a %
turn to help evenly distribute the cement. The cement on both the pipe and fitting
must be fluid at this time or a failure may occur later. The pipe and fitting must now
be compressed tightly for 15 seconds to 3 minutes as the swelling action of the
tapered fitting tends to push-off the pipe. Assistance or mechanical means may be
required on larger pipe sizes. The cement should appear to "wet" the surfaces of
the pipe and fitting when assembled.

http://members.aol.com/ezweld/howto.html 3/31/2005
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Wipe away excess cement that is pushed out of the joint with a dry rag. A wet bead
of cement on the outside of the fitting is a good sign, as it indicates that sufficient
cement has been used, and that the cement was fluid when assembled. Excess
cement on the outside of a pipe can, however, weaken it, so it must be removed.
When working with bell end pipe caution must be used to ensure that excess

cement does not puddie in the end of the socket. A large puddle of cement can- >

weaken the pipe wall. This excess cementcan cause leaks-or breaks toform inthe "~
sidewalls of thin schedual anehetiendpipes S .

Notice the close fit of pipe and fitting in a good joint -

The set joint must be treated carefully during the initial curing time, and not
meechanically disturbed. Allow the cemented joint to cure according to the following
guide before pressure testing pipe. Do netise-compressed gas to test pipe as a
failure may have explosive force. Allow the pipe interiors to vent the solvent vapors, -
and avoid using sparking or open flame eguipment (power drills or torches) near

areas where solvent vapors may exist - an explosion could occur. In conditions

where enough vapors exist to ignite, such as a spill, have no electronics - cell

phones, etc, or static prone equipment in the area.

Cure times are variable, and can be difficult to exactly predict. The cure time
depends on the cement used, the size and tolerance of the pipe and fitting, the air
temperature and the test pressure. For a guide to cure times, click here.

http://members.aol.com/ezweld/howto.html | 3/31/2005
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Tighten the caps after completion of the job. The cleaners, primers and cements will
last much longer. Flush the installed pipes after hydrostatic testing to purge system
of solvent vapor traces.

Back to Home Page

A Cookson @ Company

http://members.aol.com/ezweld/howto.html 3/31/2005
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(@AWEID) TECHNICAL NO

E-Z Weld Solvent Cementing FAQ

Translate this page automatically.

What is pipe cleaner?

What is primer?

What is a solvent cement?

How does solvent welding work?

How long will it take to set?

How long does the cure take?

How do | chose a cement for a job?

Why are there so many kinds of cement?

How do | choose an applicator for a job?

The cement on the outside of the joint is still soft, is this glue still working?
This cement has become thick/lumpy/dry, what can | do?

My cement froze, what can | do?

| spilled purple primer, what can | do?

What problems are reported in the field?

What is a "dry joint?"

What are the safe precautions for working with these products?
Is solvent welding capable of high strength?

What if the joint leaks?
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What is pipe cleaner? - Pipe cleaner is a non-aggressive mix of solvents used to
remove contamination from joints and pipes prior to cementing. It will remove inks,
dirt, oils and grease that could affect joint quality - and will not carry them into the
plastic - as would primer. Pipe cleaner should NOT be used as a hand cleaner.

BACK TO TOP

What is primer? - A primer consists of special solvents to soften, or etch the pipe
prior to use of a cement. Available in clear or purple for identification purposes,
primer is critical for good joints, especially in larger diameter pipes. It is often
required in plumbing codes. Primer or cleaner should NOT be used as a hand
cleaner.

BACK TO TOP

What is a solvent cement? - A solvent cement is a mixture of plastic resins, solvents
and other additives used to physically weld specific plastics into one piece. Solvent
cements are NOT glues, epoxies or silicones. They are a class onto themselves.
They come in many viscosities, colors and levels of aggressiveness depending on
the end use. Selecting the proper cement is important.
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BACK TO TOP

How does solvent welding work? - The solvents in the cleaner remove residues that
may be on the pipe, leaving a good clean surface. Then, primer solvents begin the
softening process, "etching” or penetrating the pipe. By doing so, the plastic begins
to soften and swell. Cement is similar to primer, but contains higher concentrations
of active solvents and dissolved resin, similar to the plastics in the pipe and fitting
being welded. The pipe and fitting are both coated, connected and bottomed out,
and given a 1/4 turn to ensure an even distribution of the cement. The swelling and
the tapered shape of the fitting will cause the pipe to attempt to "push-off" of the
fitting, so some resistance must be applied until the cement takes a "set". The set
usually only takes a minute or two to allow for gentle handling of the joint. The
"cure" is the slow increase in strength of the joint. This process involves the
evaporation of solvent out of the joint, completing the weld.

BACKTO TOP

How long will it take to set? - Set times are usually under 2 minutes for small pipe
sizes. After insertion, and a 1/4 turn to distribute cement evenly, you will need to
hold the joint firmly to prevent "push-off' caused by the swelling of the pipe and
tapered fittings. Once set, it can be released gently and allowed to cure.

BACK TO TOP
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How long does the cure take? - The cure time really depends on several things; the
temperature, cement body, pipe size and what pressures the system needs to
handle when tested. Cure is the diffusion and evaporation of the solvents away from
the joint. The material outside the joint may remain flexible for weeks - this is
normal. Safe cure times range from 30 min. for 1/2" pipes under low pressure to 8
days for 8" high pressure main lines constructed under freezing weather conditions.
Ultimate joint strength develops in most systems after 30 days of cure. The chart
below is offered only as a guide for medium and regular cements.

BACK TO TOP

Joint Curing Guide - < 65% Humidity
1/2-1 1/4" [|1/2-1 1/4" fl1172-3" {1 1/2-3" 31/2-8" [[31/2-8"
Temperature|{<180 psi||180 to 370 psﬂ|<180 psi|{180 to 370 psii{<180 psi}|180 to 370 psi

|60to 100 F [[1hr.  J6hr J2br. Ja2hr. Jebr. 24hr, |

faotoeoF J2hr.  J12br. Jlabr. J24nr 12hr. |48 hr. |
10t040F |[8hr. |48 hr. [16 hr. 96 tr. 48hr. |8days |
BACK TO TOP

How do | chose a cement for a job?
1 - You need to know the pipe material - example PVC, ABS or CPVC.
2 - You need to determine pipe diameter - example 6"

3 - Consult Product Listing

BACK TO TOP
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Why are there so many kinds of cement? - There are many types of solvent cement
depending on end use, conditions, local codes and contractor requirements. While
they all work in a similar manner, special circumstances do exist where benifits can
be had using a specialty product, such as All-Temperature in sub freezing
~condtions, Wet Weld for quick curing strength, or Super Duty cements for large pipe
diameters. :

BACK TO TOP

How do | choose an applicator for a job? - The applicator dauber, roller, brush or
mop should be 1/2 the pipe diameter. This is to ensure that primer and cement
application is done fast enough to avoid dry joints. You cannot use a small can
dauber on sizes over 2" and always obtain a good joint - it simply takes too long to
coat the pipe and fitting. When you consider the costs of large fittings, the cost of
daubers, primer and cement used are insignificant - do it right the first time!

'BACK TO TOP

The cement on the outside of the joint is still soft, is this glue still working? - The
way solvent cement works is by fusing or welding the two plastics into a single unit.
The actual thickness of the cement layer in a well made joint is very thin. Excess
material on the outside of the pipe will take a very long time to cure to the hardness
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E-Z WELD Solvent Cements - Information | Page 6 of 10

of the pipe, and for that matter, may soften the pipe itself. Excess cement is to be
removed when making a joint for that reason.

BACK TO TOP

This cement has become thick/lumpy/dry, what can | do? - NEVER THIN SOLVENT
CEMENT. The can may have been left open, and solvents have evaporated away.
Given the complex nature of the cement, it cannot be recovered. Attempts to
recover the cement by adding primer of cleaner are likely to cause failures in the job
being assembled and are NOT worth the risk. The cement must be disposed of
properly according to local, state and federal regulations. Keep the cans closed
whenever possible - tighten can lid with pliers before any long term storage. Finger-
tight is not tight enough to prevent evaporation.

BACK TO TOP

My cement froze, what can | do? - Solvent cement has better resistance to cold
than many adhesives, but overnight or longer storage at a job site with conditions
that are sub-freezing can cause the cement to thermally jell or substanitally thicken -
much like "Jell-O" brand gelatin. This behavior tends to effect cements with heaver
bodies and higher resin concentrations. Often, product exposed to freezing can be
made to return to normal by bringing the jelled product into a warm area for several
‘hours. Recommended storage for these products are between 40 - 80 F. Room
temperature is best. Producing joints in sub freezing conditions is possible; but
requires additional cure time.

BACK TO TOP
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I spilled purple primer, what can | do? - Purple primer is designed to permanently
mark PVC pipe for code inspection. Many other household items, such as common
plastic floor surfaces, tiles and grout, will also be permanently marked by purple
primer, or other cement products. Work carefully!

BACKTO TOP

What problems are reported in the field? - The most often heard of problem is
contractors jumping from 1-3" PVC pipe jobs to 8-24" installations with no change
in procedures. The techniques, applicators, and prior set-up required in such a case
are often overlooked with serious consequences. Using the can dauber on pipes
over 4" is hopeless, as the cement begins to dry well before the pipe is coated.
Attempting to insert the pipe into the fitting then results in the dried cement coating
tearing in places and may make bottoming the fitting impossible - resulting in a dry
joint with poor strength, and many leaks. The cement must be fluid to ensure
several things; it acts as a lubricant, making insertion easier, it fills gaps in the pipe,
preventing leaks and it allows the plastics to weld into a single unit. More than one
person is required for larger sizes of pipe, to complete the job in reasonable time
and mechanical assistance may be required as well. PVC joints contaminated by
debris, sand and materials from the jobsite are also common. Because this material
prevents the fitting from being bottomed out, leaks occur. Improper storage of
cements can cause failures. Keep the cements from extreme temperatures of hot
and cold. Store indoors when possible between 40-90 F. Lids must be kept tight
during storage to lessen evaporation. Stir before use, and manufacture a test joint
to ensure your ability to produce a quality joint with the jobsite materials. Some may
attempt to "salvage” a bad joint by sanding a pipe or fitting for reuse - making a
future failure possible. It is poor practice, and may be more expensive to repair
later.

BACKTO TOP
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E-Z WELD Solvent Cements - Information Page 8 of 10

"Dry Joints"

A typical failure of large plastic pipe jobs occurs when a dry joint is made. When the
pipe assembly is delayed, by using a small dauber, or other causes, the cement will
"flash-off" its solvents and fail to weld the plastics, producing a dry joint. The active
solvents are very quick to evaporate, and are required for the cement to work

properly. You have no additional time to produce a large joint than a small one -
Work quickly!

A dry joint has this appearance:

One can see that the cement layer is thick, uneven and torn, and that no weld was
achieved. A common additional problem with dry joints is the semi-fluid cement
makes bottoming the pipe difficult, if not impossible. As a result, the joint is likely to

fail. In this case, the small can dauber was used on a 8" PVC joint, and a failure
occured.

In the aboye example, a good joint was made, including primer, purposefully cut
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and broken for analysis before cure. A second joint was made, cement only, and
delayed to produce a classic dry joint. The proper joint has only a thin layer of
cement inside the actual joint, with a majority toward the open end of the tapered
fitting. The dry joint has the typical poor distrubution of torn unbonded cement.

A typical failure of poorly installed plastic pipe is caused by poorly prepared pipe -
pipe cut at odd angles, and/or not deburred.

A poor joint can have this appearance:

The cut made above produces a joint that may sustain initial pressure testing, but
leak later on. Under stress, the pipe could break away. In some cases, the burrs left
on the pipe will scrape needed cement out of the joint, producing a pathway for a
slow leak. The slow leak may over time grow through erosion.

BACK TO TOP

What are the safe precautions for working with these products? - The solvents used
in the products are flammable and quickly evaporating. Use precautions to prevent
fire or explosion. Keep sources of ignition away from storage and work areas.
Vapors can travel and may persist if ventilation is not used. Local exhaust or fans
may be required to work in confined spaces, or an approved respirator may be used
if solvent fumes exceed limits. Ventilation must be chosen with respect to the
flammability of the materials. Wear gloves that are impervious to the solvents in the
materials. Eye protection - chemical goggles or face shields should also be used
where the risk of eye contact exists. Consult the MSDS and ASTM 402 for more
important safety information.
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BACK TO TOP

Is solvent welding capable of high strength? - Yes! Lap shear testing, as required by
ASTM standards, determines the weld strength over time on flat samples of PVC
plastic. Joint strength is +250 Ibs/in*2 in two hours and slowly approaches the
strength of the plastic in the pipe. The required end PVC strength is 900 PSI and
the cure strength will often go much higher.

BACK TO TOP

What if the joint leaks? - Start over. Plastic pipe and fittings with bad joints are non-
repairable. You may stop the leak, but it will eventually return. A temporary fix is not
worth the risk of a future leak.

BACK TO TOP

| Tx] COOKSON
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Joining Corzan Pipe and Fittings — Solvent Cementing

Cutting

Corzan pipe can be easily cut with a ratchet cutter,
wheeltype plastic tubing cutter, power saw, or
fine-toothed saw.To ensure the pipe is cut square,
a mitre box must be used when cutting with a saw.
Cutting the pipe as squarely as possible provides
the maximum bonding surface area.

Deburring

Burrs and filings can prevent proper contact between
the pipe and fitting and may put undue stress on the
pipe and fitting assembly. Burrs and filings must be
removed from the outside and inside of the pipe. A
chamfering tool or file is suitable for this purpose.

.A slight bevel should be placed at the end of the
pipe to ease entry of the pipe into the socket

and minimize the chances of wiping solvent

cement from the fitting.

Fitting Preparation

Loose dirt and moisture should be wiped from the
fitting

socket and pipe end with a clean, dry rag. Moisture
can

slow the curing, and at this stage of assembly
excessive

water can reduce the joint strength. The dry fit of the
pipe

and fitting should be checked. The pipe should enter
the

fitting socket easily 1/4 to 3I4 of the depth. If the pipe
bottoms in the fitting with little interference, extra
solvent

cement should be used to prepare the joint.

Primer Application

Primer is needed to prepare the bonding area for the
addition of the cement and subsequent assembly. It
is important that a proper applicator be used. A
dauber

or paintbrush approximately half the size of the pipe
diameter is appropriate. A rag shouid not be used.
Primer is applied to both the outside of the pipe end
and inside of the fitting socket, redipping the
applicator as necessary to ensure that the entire
surface is tacky.

http://www.hershey.com.tw/hershey/piping-p18.htm

Solvent Cement Application

Solvent cement must be applied when the pipe
surface is tacky, not wet, from primer. Joining
surfaces must be penetrated and softened.
Cement should be applied with a natural bristle
brush half the size of the pipe diameter. A
dauber may be used to apply cement on pipe
sizes below 2 inches. A heavy, even coat of
cement should be applied to the outside of the
pipe end, and a medium coat should be applied
to the inside of the fitting socket. Pipe sizes greater
than 2 inches should receive a second coat of
cement on the pipe end.

Assembly

After cement application, the pipe should immediately
be inserted into the fitling socket and rotated 1/4 turn.
The fitting should be properly aligned for installation at
this time. The pipe must meet the bottom of the fitting
socket. The assembly should be held in place for 10 to
15 seconds to ensure initial bonding. A bead of cement
should be evident around the pipe and fitting juncture. If
this bead is not continuous around the socket shoulder,

- it may indicate that insufficient cement was applied. In

this case, the fitting should be discarded and the joint
reassembled. Cement in excess of the bead may be
wiped off with a rag.

Set and Cure Times
Solvent cement set and cure times are a function of pipe -
size, temperature, relative humidity, and tightness of fit.
Drying time is faster for drier environments, smaller pipe
sizes, high temperatures, and tighter fits. The assembly
must be allowed to set, without any stress on the joint,
for 1 to 5 minutes depending on the factors just
discussed. Foliowing the initial set period, the assembly
can be handled carefully avoiding sngmﬁcant stresses to
the joint. Refer to the following table for mlmmum cure
fimes prior to testing.

Extra care should be exercised when systems
are
assembled in extreme temperature conditions. Extra set
and cure times should be allowed when the temperature
is below 40°F (4°C). When the temperature is above
100°F (38°C), the assembler should ensure that both
surfaces to be joined are still wet with cement before
joining them.
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Technic Data FAPC vensnen vs
Piping Systems
1. Whatis Cozan CPVC ?
2 . Basic Physical Properties
* Tensile Strengh
* Tensile Modulus
* Flexural Strength
* Flexural Modulus
* Compressive Strength
* Compressive Modulus
* lzod Impact
* Specific Heat
3. Fier Performance Characteristics
Y. Weatherabililty
5. Abrasion Resistance
B . Biological Resistance
. Long-Term Performance Under Pressure
B . Design Properties of Pipe
* Schedule 80
* Schedule 40
8. General Specification
* Applicable Standards
10. Dimensions and Pressure Ratings
* Max. Working Pressure vs. Temperature - Schedule 80
* Max. Working Pressure of 6 Inch Diameter - Schedule 80
* External Pressure Rating (PS1)
11. Fluid Handling Characteristics
12. Carrying Capécity and Friction Loss - Schedule 80 Pipe
13 . Carrying Capacity and Fruction Loss for Schedule 40 Pipe
14 . Thermal Expansion and Thermal Stresses
15 . Typical Recommended Maximum Support Spacing
* Schedute 80 Corzan Piping Nominal Pipe Size
* Support Spacing for 6 Inch Diameter - Schedule 80
* Schedule 40 Corzan Piping Nominal Pipe Size
* Pipe Managers, Clamps, & Supports
1B . Thermal Conductivity of Corzan CPVC

http://www.hershey.com.tw/hershey/pbt03-1.htm

* Estimated Pipe Surface Temperature vs. Internal Fluid Ter
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17 . General installation Guidelines

1H. Joining Pipe and Fittings Solvent Cementing
18 . Threading of Corzan Schedule 80 Pipe

20 . Flanging of Corzan Pipe

2 1. Back-Welding of Pipe Joints

22 . Underground Installation Guidelines

http://www.hershey.com.tw/hershey/pbt03-1.htm 4/1/2005



MATERIAL SAFETY DATA SHEET CODE: M/L136
This Material Safety Data Sheet complies with

the U.S. OSHA Hazard Communication

Standard 28CFR 1910.1200

PRODUCT: TARAMET STERLING® WATER SOLUBLE FLUX

NFPA/HMIS HAZARD CODES: ~ HEALTH: 1/1 FIRE: 0/0  REACTIVITY; 0/0  SPECIAL: NA

0 = Minimal 1 = Slight 2 = Moderate 3 = Serious 4 = Severe

MANUFACTURERS NAME: Taracorp ISSUE DATE: October 2004
1690 Lowery Street
Winston-Salem, NC 27101
336-777-8600

INGREDIENT CAS NO. US OSHA PEL %

Hydrochloric Acid 7647010 5PPM 36
Zinc Chioride 7646-85-7 - 1PPM 1-3

EYES: Flush with water for 10 minutes. Obtain immediate medical attention.

SKIN: .Wash thoroughly with water. If irritation develops, obtain medical attention.

ACUTE INHALATION:  Remove to fresh air or administer oxygen. Obtain immediate medical attention.
INGESTION: Give water or milk. Obtain immediate medical attention.

PRIMARY ROUTES OF ENTRY: ~ Fume inhalation, ingestion, skin and eyes.
SYMPTOMS OF OVEREXPOSURE: Salivation, coughing, choking, chills, may cause weight loss, brittie bones, anemia, and
stiff joints.

MEDICAL CONDITIONS GENERALLY
AGGRAVATED BY OVEREXPOSURE: Any weakness of the lungs, kidneys or liver will be aggravated.

CHEMICAL LISTED AS A CARCINOGEN
OR POTENTIAL CARCINOGEN: None

FLASH POINT: N/A
FLAMMABLE LIMITS: N/A
EXTINGUISHING MEDIA: Not needed
AUTO IGNITIOIN TEMPERATURE: None

SPECIAL FIRE FIGHTING PROCEDURES: None

UNUSUAL FIRE & EXPLOSION HAZARDS: Fluoride fumes

STEPS TO BE TAKEN IN CASE MATERIAL IS SPILLED:
Clean up paste and dilute/flush remaining materials with excess of water.

STORAGE REQUIREMENT: Store in plastic containers in cool area, away from heat. Do not store in glass or porcelain

container. Wash thoroughly after use.
HANDLING PRECAUTIONS: = = Safe precautionary practices - avoid spills and exposure to skin and fume.
Rev 003

Date: 11/24/04
MIL 136 1




RESPIRATORY PROTECTION (TYPE): NIOSH Approved Respirator

MECHANICAL (GENERAL): Yes

EYE PROTECTION: " Safety glasses/goggles
PROTECTIVE GLOVES: Recommended

OTHER PROTECTIVE CLOTHING OR EQUIPMENT:  Optionali to user's preference.
VENTILATION: Yes

LOCAL EXHAUST: Yes

BOILING POINT: 104°C SPECIFIC GRAVITY (WATER=1): 97

VAPOR PRESSURE (mm Hg): N/A PERCENT VOLATILE BY VOLUME: 64%

VAPOR DENSITY (AIR=1): N/A EVAPORATION RATE (BUTYL ACETATE=1):. 0.6

MELTING POINT: 0°C SOLUBILITY IN WATER: Moderate
REACTIVITY IN WATER: None APPEARANCE AND ODOR: White, odorless paste

STABILITY: Product is stable

(CONDITIONS TO AVOID): -Metals : .
INCOMPATIBILITY: Alkaline, strong oxidizing or reducing materials, cyanides or combustible
materials.
HAZARDOUS DECOMPOSITION PRODUCTS:  HCI, zinc chioride, zinc oxide, ammonium fume
HAZARDOUS POLYMERIZATION: Will not occur :
. (CONDITIONS TO AVOID): Excessive heat or cold

D.O.T. PROPER SHIPPING NAME: ' Non-hazardous
WASTE DISPOSAL METHOD: Dispose of in accordance with EPA regulations

This Material Safety Data Sheet is offered solely for your information, consideration and investigation. Taracorp, Inc. provides no warranties, either
express or implied, and assumes no responsibilities for the accuracy or completeness of the data contained in this document. The data in this
Material Safety Data Sheet relates only to this product and does not relate to use in combination with any other material or in any process.

Rev 003
Date: 11/24/04

MIL 136 2
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Main >> Business Park >> Plumbing Search | Help

AQL.Hometown 1 wosell,
E_Z Calc _ ' Quantit;:vby,}o_int E-ZW@%d@E
...makes buying E-Z Weld® easier! % Joints x 1000 ‘..v=3'.°96,v e
Wintsx [1000  =444d
t'joints x (1000 =6.452
1%" joints x | =
18 jints x| o
2 oints —— = :
24jointsx | =
gjointsx | =
4" joints x =
Rwﬁxéww _
Gjointsx | =
8" joints x - =
10" joints x | =
12" joints x , | o=
Wiointsx | =
tetjointsx | =
18"joints x | =

TOTAL

Instructions: Enter number of joints on appropiate line, click on next
get data.

Used

‘quarts
équans
Iquarts
quarts
'méquans
'Equads
quarts
quarts
quarts
fquans
quarts
quarts
\quarts
|quarts
quarts

quarts

égalions

box to

The E-Z Calc tool is designed to assist the plumbing industry professional in
quickly determining cement quantities to order per specific jobs. It answers the
question, "How much solvent cement do | need to buy for a job with this many

~ joints?" The data behind the engine has been averaged from many solvent

cement

industry sources and is believed to be the most accurate information available. Your
usage, however, may vary depending on application, conditions and other factors.
For primer and/or pipe cleaner, order 1/3 of the total volume of cement. Consult the
product listing to ensure that the cement chosen is suitable for the pipe diameter
being welded. Also note that many jobs require or may be best done with several

http://members.aol.com/ezweld/ezcalc.html -
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types of cement and not a single type.

Back to Home Page

A Cookson |

http://members.aol.com/ezweld/ezcalc.html 3/31/2005




EZWeld Calculator | Page 1 of 2

Main >> Business Park >> Plumbing Search | Help

©OL.Hometown

E-Z Calc Quantity by Joint  E-Z Weld® Used
....makes buying E-Z Weld® easier! # Joints x 209 e ,= 9764,7 - fquans
“jointsx |206 =09816 quars
1" joints x |54 = 0348  quarts
1%" joints x = %quarts
pmex | e quars
T
2%" joints x | o= quarts:
Fjointsx | = quars
4" joints x | o= quarts
I —
eintsx |
8" joints x |
10" joints x |
12" joints x
Wiontsx |
16 joints x |
18" joints x |

 TOTAL

Instructions: Enter number of joints on appropiate line, click on next box to
get data. :

The E-Z Calc tool is designed to assist the plumbing industry professional in
quickly determining cement quantities to order per specific jobs. It answers the
question, "How much solvent cement do | need to buy for a job with this many
joints?" The data behind the engine has been averaged from many solvent cement
industry sources and is believed to be the most accurate information available. Your
usage, however, may vary depending on application, conditions and other factors.
For primer and/or pipe cleaner, order 1/3 of the total volume of cement. Consult the
product listing to ensure that the cement chosen is suitable for the pipe diameter
being welded. Also note that many jobs require or may be best done with several

http://members.aol.com/ezweld/ezcalc.html 3/31/2005
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types of cement and not a single type.

Back to Home Page
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Solvent Cement, Primer and Cleaner - How to Use

3/26/03 10:09 AM

Solvent Cement, Primer and Cleaner - How to Use

Before Beginning:

»

NaLnk

. Verify the cement is the same as the pipes and fittings being used.
. Check the temperature where the cementing will take place.

o Cements take longer to set up in cold weather. Be sure to allow extra time for curing. Do not try to
speed up the cure by artificial means - this could cause porosity and blisters in the cement film.

» Solvents evaporate faster in warm weather. Work quickly to avoid the cement setting up before the joint
is assembled. Keep the cement as cool as possible. Try to stay out of direct sunlight.

Keep the lid on cements, cleaner, and primers when not in use. Evaporation of the solvent will affect the
cement.

Stir or shake cement before using.

Wear rubber gloves when using solvent cement.

Wear goggles or safety glasses with side shields when using solvent cement.

Ensure adequate ventilation to prevent build up of solvent fumes. If adequate fumes can not be achieved, wear
a NIOSH approved respirator for organic solvents. If using a fan for ventilation be sure the fan motor and
electrical hook-up do not cause a solvent-fume fire hazard.

Use 3/4" dauber on small diameter pipes, 1 1/2" dauber up through 3" pipe, and a natural bristle brush, swab,
or roller 1/2 the pipe diameter on pipes 4" and up.

DO NOT mix cleaner or primer with cement.

10. Do not use thickened or lumpy cement. It should be the consistency of syrup or honey.
11. Do not handle joints immediately after assembly. ,
12. Do not allow daubers to dry out. :
13. Maximum temperature allowable for CPVC pipe is 180 F and PVC is 140 F.
14.  All colored cements, primers, and cleaners will leave a permanent stain. There is no known cleaning agent.
15. Use according to the step outlined in ASTM D-2846, joining of pipe and fittings.
Number of joints per pint - gallon of cement by pipe size
IPipe Diameter]Joints/Pint|Joints/Gallon|[Pipe Diameter|Joints /PinfJoints/Gallon|
12" | 175 | 1400 | 6" 12 | 96 f
34" | 150 | 1200 | g" I 3 i 24 ]
L 112" 75 600 | 10" L2 ] 16 }
| 2" IL_40 || 320 | 12" I 8 |
2-12" || 35 280 | 14" L1 6 |
3" L 30 240 || 16" | 12 5 |
I 4" | 25 | 200 I 18" [ 12 | 4 |
Application:

Page 1 of 3
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Cut pipe square and remove all burrs.

1. Check dry fit for interference fit. Pipe should push at least 1/3 of
the way into the fitting. If pipe bottoms, it should be snug.

2. Clean pipe and fitting with a Purple Primer or cleaner as required

by local regulations. If approved, Oatey one-step cements can

skip this step. ABS should be cleaned with a cleaner only - do not

use primer.

Stir or shake cement before using, If "jelly-like" do not use.

Use 3/4" dauber on small diameter pipes, 1 1/2 " dauber up

through 3" pipe, and a natural bristle brush, swab, or roller 1/2 the

pipe diameter on pipes 4" and up. ,

5. Apply a thin coat in the socket. Then, evenly coat the pipe end to
the socket depth. Avoid puddling - especially on thin walled pipe.

6. Assemble parts quickly. Cement must be fluid, if not, recoat both
parts.

7. Assemble the joint by twisting the pipe 1/4 turn while pushing to
the socket depth. Hold for 30 seconds to avoid push-out.

8. Wipe off any excess cement remaining between the socket and
pipe with a clean dry rag.

>

Physical Properties:

For Set-up time and pipe size see individual cement information sheets.
Shelf life - 2 years from date of mfg. (stored @ 80F in unopened cans).

PRESSURE:|- 150 psi 300 psi —
100 Degrees | 2 hours 4 hours |
60 Degrees Il 2 hours 6 hours.
40 Degrees | 4hours || &hours
D0 Degrees | 8hours || 48 hours |

The pressure shown above represents the bond strength relative to time and ambient
temperatures. Consult local codes for appropriate test relative to water service or DWV
installations.

Lo-VOC Cements

Southern California

The South Coast Air Quality Management District (SCAQMD) has issued Rule #1168 requiring
reduced solvent emissions from plastic pipe cements and primers. After January 1, 1994, only

cements and primers that meet the new standard for low Volatile Organic Compound (VOC)
emission will be allowed in the District. The exception is 4 oz containers.

The California counties in the SCAQMD are: Los Angeles, San Bernardino, Orange, and

Page 2 of 3
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Riverside.
Northern California

The Bay Area Air Quality Management District (BAAQMD) has issued Rule #59 requiring
reduced solvent emissions from plastic pipe cements and primers. After January 1, 1997, only
cements and primers that meet the new standard for low Volatile Organic Compound (VOC)
emissions will be allowed in the District.

The California counties in the BAAQMD are: Alameda, Contra Costa, Marin, Napa, San
Francisco, San Mateo, Sonoma (Southern portion only), Santa Clara, and Solano.

Oatey Lo-VOC cements and primers are carefully designed to be used with the same technique
as the rest of our product line.

Cure times, lap shear values, and hydrostatic burst strengths are comparable to our existing
products. The Lo-VOC product line provides the same dependable performance as the rest of the
Oatey product line.

Requirements for the SCAQMD Rule 1186 (Method 316A) and BAAQMD Rule 51 are as
follows:

[SCAQMD)|[Oatey Lo-VOC||Oatey Cements

ABS || 350 || =<350 650

ICPVC || 450 =<450 || 850 |
PvC || 450 || =<450 | 850 i
Primers [ 850 || =<850 | 850 |

Page 3 of 3
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ARROW ADHESIVES COMPANY

HOW ARROW PLASTIC PIPE SOLVENT CEMENTS WORK J

and
WHY THEY ARE TROUBLE-FREE WHEN PROPERLY USED

BASIC FACTS ON HOW ARROW CEMENTS WORK
(1) Arrow plastic pipe solvent cements work by solvent action.

(2) When cement is applied, solvent action softens (dissolves) the pipe and fitting surfaces, preparing them for
joining. (See Figure 2 below)

(3) A few seconds after joining, the interference section fuses together. The non-interference section is bonded
together. (See Figure 3 below)

(4) The joint cures by evaporation of the cement solvents. If possible, allow 24 hours.

Also see Frequently Askéd Questions and Abnormal Conditions for more information. .

Figure 1 | Figure 2 ' Figure 3

IMPORTANT POINTS FOR TROUBLE-FREE USE

Interference Fit Required for proper solvent action.
o 1/3 to 2/3 dry fit is best. (See Figure 1)

o If pipe fully inserts in fitting, it should be snug. Avoid loose fits.
Pipe Cut e Cut pipe square and remove burrs to avoid leaks.

Remove all dirt, oil, moisture and surface gloss for best results.
e Best to use Arrow Primer (PVC,CPVC) or Cleaner (ABS,PVC,CPVC)

Check that cement is recommended for pipe size used.
o Make sure cement is free-flowing and not gelled.

Proper Cleaning

Proper Cement

Apply Cement o Apply a heavy coat of cement to pipe, a light coat to fitting socket and another coat
to pipe.

Join Pipe and ¢ Use a slight twisting motion to insert pipe into fitting and hold for a few seconds to

Fitting prevent pipe from pushing out.

e A joint should fuse ('Grab'") shortly after joining pipe and fitting. If not, avoid using
as it may pull out or leak.

Cement Bead e A cement bead will appear at interface if enough cement was used.

http://www.arrowadhesives.com/how_solvent_cements_work.htm 3/31/2005
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¢ Wipe off bead to speed joint curing.
Curing ¢ Allow sufficient curing time (24 hours is best) to assure a strong joint.

T ARROW products are TROUBLE-FREE when PROPERLY USED l

http -//www.arrowadhesives.com/how_solvent _cements_work.htm 3/31/2005
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ARROW ADHESIVES COMPANY
|l FREQUENTLY ASKED QUESTIONS ABOUT PLASTIC PIPE CEMENTS I

What are plastic pipe cements and how do they work?
A plastic pipe cement is a mixture of plastic resin dissolved in solvents. The cement works by solvent action on
the plastic surfaces. See Arrow "How and Why" sheet for additional information.

How strong is a solvent-cemented plastic pipe joint? A
Plastic pipe cements are designed to make a plastic pipe joint which is as strong or stronger than the pipe being
used. See Arrow Products section for strength data.

What are the main installation problems to avoid? (Also see "Abnormal
Conditions") _ :

Loose-Fitting Joints 1/3 to 2/3 dry fit is recommended. Dry fitis the fraction that the pipe
can be pushed into dry fitting without cement.

improper Cement Follow guidelines on can or data sheet for proper pipe diameter
Selection and cement selection. Do not mix plastic types.

Pipe Burrs After cutting the pipe, remove any burrs to avoid a leak.

Insufficient Cleaning For best results, use Arrow Primer, S-911, for pressure
applications, and Arrow Cleaner, S-901, for non-pressure.

Not Enough Cement After cementing, a properly made joint will show a bead of cement
Used completely around the pipeffitting interface. Wipe off the bead for
faster curing.

Is there a way | can tell if | have made a good joint?

Check the above main installation problems prior to cementing. During installation, you can get an indication ofa
good joint if the pipe "grabs” (i.e. fuses) the fitting a few seconds after joining and becomes a firm union. If the
pipe is wobbly in the fitting after cementing, it indicates a loose-fitting joint and should not be used. The use of a
primer prior to cementing overcomes some installation problems and will make a stronger joint. After the joint
properly cures (24 hours recommended), you can pressure test the joint.

How much cement is needed?
Shown here is a chart to estimate the amount of cement needed for a job:

CEMENT USAGE DATA
P‘PE SIZE 1’2" 1“ 2“ 3!! 4“ 6!! 8" “ 1‘2!'

Ave. Joints Per Pint || 175 90 40 20 15 6 2 1

Ave. Joints Per Liter | 375 190 85 42 32 13 4 2
il :

http://www.arrowadhesives.com/faq.htm | 3/31/2005
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al questions,

search our web site or Contact Us.

if you have addition

http://www.arrowadhesives.com/faq.htm 3/31/2005
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ENVIRONMENTAL PROTECTION
AGENCY

[W-97-11; FRL-5972-5]

Announcement of the Drinking Water
Contaminant Candidate List

AGENCY: U.S. Environmental Protection
Agency (EPA).
ACTION: Notice.

SUMMARY: The Safe Drinking Water Act
(SDWA), as amended in 1996, requires
the Environmental Protection Agency
(EPA) to publish a list of contaminants
which, at the time of publication, are
not subject to any proposed or
promulgated national primary drinking
water regulation (NPDWR), that are
known or anticipated to occur in public
water systems and which may require
regulations under the SDWA [section
1412(b)(1)]. The SDWA, as amended,
specifies that EPA must publish the first
list of contaminants (Drinking Water
Contaminant Candidate List, or CCL)
not later than 18 months after the date
of enactment, i.e., by February 1998,
and every five years thereafter. The
SDWA, as amended, also specifies that
the CCL must be published after
consultation with the scientific
community, and after notice and
opportunity for public comment.

A draft CCL was published in the
October 6, 1997 edition of the Federal
Register {62 FR 52193) in order to seek
comment from the public. Seventy-one
comments were received. The
comments have been reviewed and
considered in creating the final CCL
presented in today's notice. The CCL is
divided among contaminants which are
identified as priorities for drinking
water research, those which need
additional occurrence data, and
contaminants which are priorities for
consideration for the development of
future drinking water regulations and
guidance. The CCL includes 50
chemical and 10 microbiological
contaminants/contaminant groups.

The full record for this notice has
been established under docket number
W-97-11, and includes supporting
documentation as well as all comments
received in response to the October 6,
1997 notice. The full record is available
for inspection from 9:00 a.m. to 4:00
p.m., Monday through Friday, excluding
legal holidays at the Office of Water
Docket, East Tower Basement, USEPA
Headquarters, 401 M Street, S.W.,
Washington, D.C. For access to the
docket, please call 202-260-3027 to
schedule an appointment.

FOR FURTHER INFORMATION CONTACT: For
general information, please contact the

EPA Safe Drinking Water Hotline. The
toli-free number is 800-426-4791. The
Hotline operates from 9:00 a.m. to 5:30
p.m., Monday through Friday, excluding
legal holidays. For specific information
on the Contaminant Candidate List and
the contaminant identification process,
please contact Ms. Evelyn Washington,
at the U.S. Environmental Protection
Agency, Office of Ground Water and
Drinking Water, Mailcode 4607,
Washington, D.C. 20460, phone: 202-
260-3029, fax: 202-260-3762, email:
washington.evelyn@epamail.epa.gov.

EPA Regional Offices

1. JFK Federal Bldg., Room 2203, Boston,
MA 02203. Phone: 617-565-3602,
Jerry Healey

II. 290 Broadway, Room 2432, New
York, NY 10007-1866. Phone: 212
637-3880, Walter Andrews

III. 841 Chestnut Street, Philadelphia,
PA 19107. Phone: 215-566-5775,
Jeff Hass

1V. 61 Forsyth Street, SW, Atlanta GA
30303. Phone: 404-562-9480,
Janine Morris

V. 77 West Jackson Blvd., Chicago, IL
60604-3507. Phone: 312-886-4239,
Kim Harris

VI. 1445 Ross Avenue, Dallas, TX
75202. Phone: 214-665-7150, Larry
Wright

VII. 726 Minnesota Ave., Kansas City,
KS 66101. Phone: 913-551-7410,
Stan Calow

VIIIL. One Denver Place, 999 18th Street,
suite 500, Denver, CO 80202.
Phone; 303-312-6627, Rod Glebe

IX. 75 Hawthorne Street, San Francisco,
CA 94105. Phone: 415-744-1884,
Bruce Macler

X. 1200 Sixth Avenue, Seattle, WA
98101. Phone: 206-553-1893, Larry
Worley

SUPPLEMENTARY INFORMATION:
Abbreviations Used in This Notice

AMA-—American Medical Association

AWWARF—American Water Works
Association Research Foundation

CAA—Clean Air Act

CASRN—Chemical Abstract Services
Registry Number

CCL—Contaminant Candidate List

CERCLA—Comprehensive
Environmental Response,
Comprehensive and Liability Act

CPVC—Chlorinated Polyvinyl Chloride

DBPR—Microbiological and
Disinfection Byproducts Regulations

DWEL-—Drinking Water Equivalent
Level

DWPL—Drinking Water Priority List

EDSTAC—Endocrine Disruptor
Screening and Testing Advisory
Committee

EPA—Environmental Protection Agency

ESWTR—Enhanced Surface Water
Treatment Rule

FIFRA—Federal Insecticide, Fungicide,
and Rodenticide Act

FQPA—Food Quality Protection Act

FR—Federal Register

GWDR—Ground Water

GW-—Ground Water Disinfection Rule

IRIS—Integrated Risk Information
System

MCL~—~Maximum Contaminant Level

MCLG—Maximum Contaminant Level
Goal

MTBE—Methyl-t-butyl Ether

NAS—National Academy of Sciences

NAWQA—National Water Quality
Assessment Program

NDWAC—National Drinking Water
Advisory Council - '

NOAEL—No-Observed-Adverse-Effect-
Level

NPDWR—National Primary Drinking
Water Regulations

NPL—National Priority List

NSF—National Sanitation Foundation

OPP—EPA's Office of Pesticide
Pro

OPPTS—EPA's Office of Pollution
Prevention and Toxic Substances

PGWDW-—Pesticides in Ground Water
Database

PVC—Polyvinyl Chloride

RfD—Reference Dose

SAB—EPA'’s Science Advisory Board

SAP—Science Advisory Panel

SDWA—Safe Drinking Water Act

SWTR-—Surface Water Treatment Rule

TTHM—total trihalomethane

TSCA~—Toxic Substances Control Act

UCMR—Unregulated Contaminant
Monitoring Regulations

WHO—World Health Organization

Table of Contents

1. Background
IL. Drinking Water Contaminant Candidate
List
Table 1. Drinking Water Contaminant
Candidate List
1. Changes Made to Create the Final
Contaminant Candidate List Based on
Comments Received on the Draft
A. Acetochlor, Metolachor, and Alachlor
ESA
B. Acetone and Cumene
C. Aldicarbs and Nickel
D. Aluminum
E. Dimethoate
F. DTBB
G. Methyl Bromide
H. Microorganisms
I. MTBE
]. Organotins
K. Perchlorate
L. Rhodamine WT
M. Sodium
N. Triazines
0. Zinc
IV. Continuing Work in Preparation for
Future CCLs
A. Pesticides Deferred
B. Endocrine Disruptors
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C. Development of the Contaminant
Selection Process
V. Data, Research Needs and Next Steps
Table 2. Next Steps for the CCL
VI. Other Requirements
VII. References

I. Background

The Safe Drinking Water Act (SDWA),
as amended in 1996, requires the
Environmental Protection Agency (EPA)
to publish a list of contaminants that are
known or anticipated to occur in public
water systems, and which may require
regulation under the SDWA [section
1412(b)(1)]. The SDWA, as amended,
also specifies that EPA must publish
this list of contaminants (Drinking
Water Contaminant Candidate List, or
CCL) not later than 18 months after the
date of enactment (i.e., by February
1998), and publish a new CCL every five
years thereafter. The SDWA requires
that the list of contaminants include
those which, at the time of publication,
are not subject to any proposed or
promulgated national primary drinking
water regulation (NPDWR). The list
must be published after consultation
with the scientific community,
including the Science Advisory Board,
after notice and opportunity for public
comment, and after consideration of the
occurrence database established under
section 1445(g). The unregulated
contaminants considered for the list
must include, but not be limited to,
substances referred to in section 101(14)
of the Comprehensive Environmental
Response, Compensation, and Liability
Act of 1980 (CERCLA), and substances
registered under the Federal Insecticide,
Fungicide, and Rodenticide Act
(FIFRA).

~ Today's notice is being published
pursuant to the requirements in section

1412(bj(1). The contaminants included
are not subject to any proposed or
promulgated national primary drinking
water regulation, are known or
anticipated to occur in public water
systems, and may require regulation
under the SDWA. During the
development of the CCL, the Agency
consulted with stakeholders, including
the National Drinking Water Advisory
Council’s (NDWAC) Working Group on
Occurrence & Contaminant Selection,
which includes microbiologists,
toxicologists, public health scientists,
and engineers, and consulted with other
members of the scientific community
including the Science Advisory Board
(SAB). A draft CCL was published in the
October 6, 1997 edition of the Federal
Register (62 FR 52193) to seek comment
from the public.

Seventy-one comments were received
in response to the notice on the draft -
CCL; 66 comments were received by the
due date, and an additional 5 comments
were received later. The majority were
supportive of the CCL process and the
development of this first CCL, and
provided suggestions on specific
contaminants that should be included
on, or excluded from, the CCL. The
comments, data, and information
provided were taken into consideration
in preparing the final CCL presented in
today’s notice. Modifications to the CCL
presented in today’s notice were also
reviewed by the National Drinking
Water Advisory Council (NDWAC), and
the NDWAC Working Group on
Occurrence & Contaminant Selection.

The Agency believes the CCL
presented in today’s notice is a first step
toward improving risk assessment,
strengthening science and data, and
achieving better decision-making and
future priority setting. The CCL is

designed to be responsive to each of the
requirements noted above of the SDWA,
as amended, and is consistent with the
goals of the Drinking Water Redirection
Strategy. The CCL is the result of a
concerted effort of screening a larger set
of contaminants to a subset of those of
most concern.

This final CCL will be the primary
source of priority contaminants for the
Agency's drinking water program. The
list is divided among priorities for
drinking water research, priorities for
additional occurrence data collection,
and those contaminants which are .
priorities for consideration for Agency
determinations of whether or not to
regulate specific contaminants by
August 2001.

The SDWA does not preclude the
Agency from taking action ona
contaminant not included on the CCL.
The EPA can decide to monitor, develop
guidance, or conduct research, for a
contaminant not included on the CCL.
The Agency can also develop
regulations to address an urgent threat
to public health under SDWA [section
1412(b)(1)(D)]. The Agency is also not
precluded from modifying the CCL prior
to the due date of the next CCL, which
is February 2003.

1I. Drinking Water Contaminant
Candidate List

The following table includes the
contaminants, microbiological and
chemical, presented as the Drinking
Water Contaminant Candidate List. The
chemical contaminants in the table are
identified by name and Chemical
Abstracts Service Registry Number
(CASRN). The CCL includes 50
chemical and 10 microbiological
contaminants/contaminant groups,

TABLE 1.—DRINKING WATER CONTAMINANT CANDIDATE LIST

Microbiological contaminants

Acanthamoeba (guidance expected for contact lens wearers)

Adenoviruses
Aeromonas hydrophila
Caliciviruses
Coxsackieviruses

Cyanobacteria (biue-green algae), other freshwater algae, and their toxins

Echoviruses

Helicobacter pylori

Microsporidia (Enterocytozoon & Septata)
Mycobacterium avium intracellulare (MAC)

Chemical contaminants CASRN
1,1,2,2-tetrachloroethane 79-34-5
1,2,4-trimethylbenzene 95-63-6
1,1-dichloroethane 75-34-3
1.1-dichioropropene .. 563-58-6
1,2-diphenylhydrazine 122--66-7
1,3-dichloropropane 142-28-9
1.3-Dichloropropene 542-75-6
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Chemical contaminants CASRN
2.4 ,6-frichlorophenol 88-06-2
2,2-dichioropropane 594-20-7
2,4-dichlorophenol 120-83-2
2,4-dinitrophenal ...... 51-28-5
2 4-dinitrotoluene 121-14-2
2 6-dinitrotoluene 606-20-2
2-methyl-Phenol (o-cresol) 95-48-7
Acetochlor 34256-82-1
Alachior ESA & other acetanilide pesticide degradation products NIA
Aldrin 309-00-2
Aluminum 7429-90-5
Boron 7440-42-8
Bromobenzene 108-86-1
DCPA mono-acid degradate 887-54-7
DCPA di-acid degradate 2136-79-0
DDE ... 72-55-9
Diazinon 333-41-5
Dieldrin 60-57-1
Disulfoton 298-04-4
Diuron 330-54-1
EPTC (s-ethyl-dipropylthiocarbamate) .. 759-94-4
Fonofos 944-22-9
Hexachlorobutadiene 87-68-3
p-isopropyitoluene (p-cymene) 99-87-6
Linuron . '~ 330-55-2
Manganese 438-96-5
Methyl bromide 74-83-9
Methyl-t-butyl ether (MTBE) 1634-04+4
Metolachlor 51218-45-2
Metribuzin 21087-64-9
Molinate 2212671
Naphthalene ., 91-20-3
INITODENZENEG ....eovecerrreresnererirrsscinsssstessensssseeseressassassnsnsssssssessssansinnonsasssstosssssesssasonstnsasssrssassssssisssesnsessass iaseassasesstassasssssessesans sassennaseisenannrs 98-95-3
Organotins -NIA
Perchlorate N/A
Prometon 1610-18-0
RDX 121-824
Sodium 7440-23-5
Suifate 14808-79-8
Terbacit 5902-51-2
‘Terbufos 13071-78-9
Triazines & degradation products of triazines (including, but not limited to Cyanazine 21725-46-2, and atrazine-desethyl 6190
65-4).
Vanaditlm ......cceeveennnrisesssessessesssaseneaseans - 7440-62-2

1. Changes Made to Create the Final
Contaminant Candidate List Based on
Comments Received on the Draft

The criteria which EPA used to select
the contaminants for the CCL are
described in detail in the October 6,
1997 notice (62 FR 52193) on the draft
CCL. In general, the criteria for
including a contaminant on the CCL
consisted of determinations of whether
the occurrence, or anticipated
occurrence, of a contaminant was likely
at levels of concern to human health.
The October notice solicited input from
the public and specifically requested
comments on (1) the approach EPA used
to create the list and suggestions on the
process for future lists; (2) contaminants
on the list; (3) data needs categories; and
(4) whether to include perchiorate on
the CCL.

EPA received 71 comments, 66 by the
deadline and 5 additional late
comments. The majority of comments

were supportive of the CCL process, and
the development of this first CCL.
Comments were received from a number
of segments of the stakeholder
community, including equipment
manufacturers, consultants, chemical
manufacturers, trade associations,
environmental groups, state regulatory
agencies, water utilities, and private
citizens. Commenters provided data and
information on specific contaminants
and included suggestions on the process
for future CCL development, as well as
feedback on the data and research needs
indicated for the contaminants on the
CCL. Roughly 60 issues were raised by
the comments, both contaminant-
specific and related to the development
of a process for identifying
contaminants for future CCLs. The
comments, data, and information
provided were taken into consideration
in preparing the final CCL presented in
today’s notice. Proposed changes to the

CCL were also reviewed by the NDWAC
Working Group on Occutrence &
Contaminant Selection, and the
NDWAC full-Council.

A number of comments indicated that
many did not understand the function
of the CCL. The CCL is not the list of
contaminants for which the Agency has
made a determination to regulate. The
CCL is a list of priority contaminants
(not otherwise addressed) for drinking
water program activities which include
those for: (1) drinking water research,
(2) monitoring, (3) guidance
development, as'well as those for (4)
selection and regulatory determination
by the year 2001. The next steps likely
to occur with regard to any given
contaminant are discussed in more
detail in Section V in today’s notice.

Despite the support expressed for the
development of this first:CCL,
commenters advised that more robust
criteria are needed for future CCL
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development and for contaminant
selection. The Agency agrees with these
commenters and will continue to work
to develop a contaminant identification
process for chemical and
microbiological contaminants to be used
to develop future CCLs. Section IV.C. of
today’s notice provides additional .
information on how the Agency plans to
develop these processes.

The following is a summary of the
significant public comments received
that led to changes to the CCL. The
remainder of this section responds to
the more significant comments, and
indicates how the CCL was changed in
response to these comments. A
complete report of responses to all
" comments received on the notice of the
draft CCL can be found in the docket.

A. Acetochlor, Metolachor, and
Alachlor ESA

A number of commenters supported
the inclusion of acetochlor, metolachor,
and alachlor ESA (the sulfonic acid
degradate of alachlor) on the CCL, while
others indicated that they should not be
included. Three commenters indicated
that acetochlor should have low priority
for regulation, and that the Agency
should consider deleting it from the
CCL. The commenters argued that under
the Acetochlor Registration Project, the
EPA has established very conservative
triggers for its potential cancellation of
use as a pesticide. The commenters
went on to indicate that in 175
community water systems monitored
since March 1995, acetochlor detections
have occurred in only 20% of samples,
that no system had an average mean
concentration exceeding 2 ppb, which is
one of the triggers, and that additional
monitoring data will indicate that
concentrations found in public water
systems are far below 140 ppb.

One commenter argued that
metolachlor should not be included on
the CCL. That although it is detected in
water, it is rarely above the lifetime
health advisory level of 70 ppb, and the
detections in most cases are associated
with point sources. The commenter
stated that data collected under the
Unregulated Contaminant Monitoring -
Regulations is available ona state-by-
state basis, and the results reported from
3 States also indicate no detections
above the lifetime health advisory level
of 70 ppb. Another commerter
suggested that alachlor ESA should not
be included on the CCL, as it, too,
should have a low priority for regulation
based on concentrations in water not
exceeding 6370 ppb.

Other commenters argued that
metolachor, acetochlor, and alachlor
ESA should be kept on the CCL since

States reported finding these
contaminants in water. One commenter
added that the metolachor ESA and
metolachor OA degradation products
should be included on the CCL also,
since all have been found in ground
water.

One commenter also pointed out that
metolachlor, acetochlor, and alachlor do
not have a common mode of action, and
thus cannot be grouped together to
develop a single standard to address all
acetanilide pesticides.

EPA Response

The Agency disagrees with the
commenters who believe it is .
inappropriate to include acetochlor, -
metolachor, and alachlor ESA on the
CCL. By including these contaminants
on the CCL, the Agency has not yet
made a determination with respect to
regulating any of them. In light of the
reported occurrences of these
contaminants in water, the drinking
water program needs to determine what
action is appropriate to ensure the
protection of public health even if the
action may be only the development of
guidance for States and public water
systems. The Office of Water will
evaluate further the available toxicity
and occurrence information for these
pesticides in order to determine
appropriate concentration values
adequate to protect against risks
associated with exposure through
drinking water. With respect to
metolachlor specifically, the Agency
believes it is appropriate to include it on
the CCL. The data collected under the
Unregulated Contaminant Monitoring
Regulations is being collected from all
States and will be compiled and
evaluated as additional information is
collected and evaluated for all
contaminants on the CCL.

The Agency agrees that it is
appropriate to include other acetanilide
pesticide degradation products in
addition to alachlor ESA, since they,
too, have been found in ground water.
However, at this time, the Agency has
not yet determined which are the most
important to include; therefore, EPA has
decided to include alachlor ESA & other
acetanilide pesticide degradation
products as a group of contaminants on
the CCL. The determination of which
degradation products are of most
concern will be determined as we learn
more about these contaminants as a
class. The Agency also agrees with the
commenter that because alachlor,
acetochlor, and metolachlor do not have
a common mode of action, they are not
at this time appropriate contaminants to
be grouped together to develop a single
approach addressing all acetanilide

pesticides. Contrary to earlier
statements, acetanilide pesticides are
not likely candidates for development of
“‘total standards” in the foreseeable
future. However, the Agency is

-interested in the development of “total

standards,” or standards that address
classes of compounds, where
appropriate, and as the state of the
science improves.

B. Acetone and Cumene

Two commenters remarked that
outdated oral reference doses (RfD) from
the Integrated Risk Information System
(IRIS) for acetone and cumene were
used in developing the draft CCL and
that analyses should be done with
current information. The Chemical
Manufacturers Association’s Acetone
Panel submitted comments about
acetone and recommended that it
should not be included on the final
CCL. The reason given, in addition to
the outdated RfD, was that outdated
information concerning levels of
acetone detected in the environment,
including data from old National
Priority List (NPL) sites had been used
in the Agency’s evaluation and that this
did not provide a reliable basis for
estimating likely levels of acetone in
drinking water or sources of drinking
water. The Panel believes more relevant
information shows that acetone is
unlikely to be present in drinking water
or sources of drinking water at levels of
concern.

The Chemical Manufacturers
Association’s Cumene Panel submitted
comments about cumene and
recommended that it should not be
included on the final CCL. The reason
given, in addition to the outdated RfD,
was that concentrations of cumene
detected in the environment were not at
levels of concern, and it is rarely
detected in drinking water or sources of
drinking water.

EPA Response

The Agency agrees with the
commenters that the current IRIS values
should be used in the evaluations for
developing the CCL. The updated value
for acetone has not been posted on the
IRIS database; however, the Agency has
acknowledged the new value of 0.9 mg/
kg/day previously in a notice
concerning section 313 of the
Emergency Planning and Community
Right-to-Know Act (60 FR 31644). The
updated value for cumene has been
posted on the IRIS database, and is 0.1
mg/kg/day.

he occurrence data from the U.S.
Geological Survey’'s National Water
Quality Assessment Program (NAWQA)
indicates that acetone was detected at a
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frequency of greater than 10% of the
samples collected; however, the
concentrations found did not exceed
their reporting level of 0.2 pg/l. When
the current IRIS values are used for
acetone and cumene, and compared to
the available occurrence data, neither
meets the criteria set forth for
identifying contaminants for the CCL,
and therefore, acetone and cumene have
been removed from the CCL.

C. Aldicarbs and Nickel

EPA received a number of comments
encouraging the inclusion of aldicarbs
and nickel on the CCL, while a few

commented that it was inappropriate to

include these contaminants, despite the
Agency's existing statutory obligation
with regard to these contaminants.

EPA Response :

In the case of aldicarbs (aldicarb,
aldicarb sulfoxide, aldicarb sulfone) and
nickel, the Agency has determined that
it is inappropriate to include these
contaminants on the CCL. The 1996
Amendments to SDWA explicitly
reenacted the requirements for
regulation of these contaminants
[section 1412 (b)(2)]. In response to an
administrative petition from the
manufacturer Rhone-Poulenc, the
Agency issued an administrative stay of
the effective date of the maximum
contaminant levels (MCLs) for aldicarbs,
and they never became effective.
NPDWRs for nickel were promulgated
on July 17, 1992, but the MCL was later
vacated and remanded in response to a
lawsuit from the Nickel Development
Institute and other industry parties.

The Agency intends to complete
regulatory action for both aldicarbs and
nickel. The time-frame of completing
action for these contaminants is likely to
be the same time-frame required by
SDWA for regulatory determinations for
contaminants on the CCL. When
considering the nature and type of work
necessary to complete action on these
contaminants, the effort for aldicarbs is
anticipated to be less extensive than that
required for nickel; thus, regulations for
aldicarbs are likely to be completed
prior to regulations for nickel.

D. Aluminum

EPA received four comments
recommending that aluminum not be
included on the CCL. One commenter
stated that regulations would be
premature at this time, due to the need
for additional information on the risk of
adverse effects and occurrence in
drinking water. Other commenters
argued that there was no scientific
health basis for the inclusion of
aluminum on the CCL, and that the

World Health Organization (WHOQ)
stated in 1995 that there isan
inadequate basis for revising existing
guidelines for aluminum below the 200
g/l standard used to control taste and
odor effects. The commenters also
explained that the source of aluminum
in drinking water is primarily linked to
the use of alum as a flocculent in water
treatment, and the implications of
regulating aluminum at lower levels
could cause deleterious effects on water
quality.

An additional commenter felt that
aluminum should be included on the
CCL based on new literature on the
relationship of aluminum to
Alzheimer’s Disease, elderly mental
impairment, and childhood learning
disabilities. The commenter disagreed
with the need for additional data on the
health impacts of aluminum. The
commenter contends that much more is
actually known today about how
aluminum causes neurological injury
than is known for lead, and that there
is as much data on the health effects of
iﬂuéninum as was ever available for

ead.

EPA Response

The Agency disagrees with the
commenters who indicated that
aluminum should not be on the CCL.
The Agency believes it is appropriate to
include aluminum on the CCL because
of the new developments and research
on aluminum epidemiology indicating a
potential link between aluminum and
adverse neurological effects. It is clear
that additional studies are needed to
characterize the risk of this contaminant
from exposure through drinking water.

Due to aluminum’s widespread
occurrence and the recent studies
indicating some association with
Alzheimer’s like symptoms and other
potential neurotoxic effects, the Agency
believes aluminum warrants further
investigation. It is also EPA’s opinion
that additional data are needed to
determine an adequate no-observed-
adverse-effect-level (NOAEL) for
potential chronic neurotoxicity. The
inclusion of a contaminant on the CCL
does not necessarily mean that the
contaminant will be regulated.
Contaminants on the CCL include those
priorities for which the Agency must
make a determination of whether or not
to regulate by the year 2001, and
priority contaminants for which the
Agency will gather additional data and
conduct research. At this time, the EPA
has included aluminum among the
contaminants for which additional
research is needed.

E. Dimethoate

One commenter suggested that
dimethoate be deleted from the CCL.
The major reasons given were that
dimethoate did not meet the occurrence
criteria, because data used in the
Agency's analysis from the Pesticides in
Ground Water Database (PGWDB) report
were recorded erroneously, and that the
IRIS values lack critical evaluation and
therefore should not be considered in
evaluating whether a contaminant
should be included on the CCL.

EPA Response

The Agency agrees with the
commenter on the point raised about the
occurrence data, but not on the point
raised about the use of IRIS values.
Based on the faulty occurrence data,
dimethoate has therefore been removed
from the CCL.

In general, the RfD is an estimate
(with uncertainty spanning perhaps an
order of magnitude) of a daily exposure
to the human population (including
sensitive subgroups) that is likely to be
without an appreciable risk of
deleterious effects during a lifetime. The
health assessment information and RfD
values on a chemical substance are
included in IRIS only after a
comprehensive review of chronic
toxicity data by U.S. EPA health
scientists from several program offices
and the Office of Research and
Development. The Agency believes it is
entirely appropriate to use RfD values
reported to IRIS in the absence of
drinking water health advisory values in
the derivation of health levels of
concern for determining if a
contaminant should be included on the
CCL.

However, according to EPA's Office of
Pesticide Programs (OPP), the office that
prepared the PGWDB report, and the
Georgia Department of Natural
Resources, the data reported for the
State of Georgia are incorrect. The
laboratory analysis sheets from the
Georgia Ground Water Management
Laboratory Program indicate dimethoate
was not detected in any samples in the
State. By eliminating the occurrence
data from the PGWDB report for the
State of Georgia and replacing it with
this new information, which the Agency
feels is appropriate, dimethoate no
longer meets the criteria for inclusion
on the CCL, and has therefore been
removed.

F. DTBB

DTBB, also known as 2,6-di-tert-butyl-
p-benzoquinone, is a contaminant that
appears to be associated with sewage
contamination of ground water, and is
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considered by some to be a good
indicator of such contamination. DTBB
was determined not to meet the criteria
for the CCL per se, but was included on
the draft list nevertheless, because of the
persistent nature of the contaminant,
and its potential to serve as an indicator.
One commenter stated that coliforms
and nitrate already serve the purpose as
indicators of contamination, and that it
was pointless to include DTBB on the
CCL, since it, in fact, did not meet the
criteria.

EPA Response

The Agency agrees with the
commenter and has removed DTBB
from the CCL. DTBB does not meet
criteria set forth for identifying
contaminants for the CCL, and since
there are currently acceptable indicators
of sewage contamination in the use of
total coliforms, its inclusion is
unnecessary.

G. Methyl Bromide

Several commenters supported the
inclusion of methyl bromide on the
CCL. The principal reason cited by
commenters was the widespread use of
methyl bromide as a fumigant and its
likely occurrence in drinking water
sources. One commenter indicated that
although the frequency of detection in
samples was less than 0.1% in ambient
water monitoring conducted by the U.S.
Geological Survey, methyl bromide
should be considered for inclusion
because the environmental significance
may warrant it.

EPA Response

Methyl bromide, which is also known
as bromomethane, was included on the
draft CCL based on input from
stakeholders that it was found in
drinking water. In response to the
comments, EPA has reevaluated the
available information on methyl
- bromide occurrence. Contrary to
assertions of likely widespread
occurrence in source water due to its
use as a fumigant, the U.S. Geological
Survey ambient water monitoring
indicates it occurs at less than0.1%
frequency, at very low concentrations
(less than 0.2 pg/l). However,
unregulated contaminant monitoring
data collected from States indicates
methyl bromide occurred in 0.8% of the
public water systems. One explanation
for this apparent anomaly could be that
the finished water occurrence comes not
from its use as a fumigant, but that
methy! bromide is associated with the
disinfection processes used for drinking
water treatment. Nevertheless, methyl
bromide met the criteria for inclusion
on the CCL; the concentrations reported

(maximum 29 pg/1) in the unregulated
contaminants database exceeded the
health level of 0.8 pg/1.

Methyl bromide is a gas produced by
both manmade and natural sources.
Methyl bromide is primarily used for
soil furnigation (879), but its other
agricultural uses include: commodity
and quarantine treatment (89), and
structural fumigation (596). When used
as a soil fumigant, methyl bromide is
injected into the soil at a depth of 12 to

- 24 inches. About 50 to 95% of the

methyl bromide injected in the soil
eventually enters the atmosphere. About
80 to 95% of the amount used for
commodity treatments, and well over
90% used for structural fumigation
eventually enters the atmosphere. A
significant quantity of methyl bromide
used for agricultural purposes is known
to escape to the atmosphere due to its
volatile nature. Therefore, the U.S.
Geological Survey data indicating less
than 0.1% frequency of occurrence is
consistent with what would be expected
to present in ground water due to
methyl bromide’s use as a fumigant.

Methyl bromide is also considered a
Class I ozone depleting substance, and
as such, its use is being phased out
around the world by the Montreal
Protocol, and in the U.S., by the Clean
Air Act (CAA). The Montreal Protocol is
an international treaty developed to
protect the earth from the detrimental
effects of ozone depletion, and to
control the production and trade of
ozone depleting substances on a global
basis. Title VI of the CAA, as amended
in 1990, requires that certain ozone
depleting substances be phased out in
the U.S. within seven years. Under the
CAA, the EPA has prohibited the
production and importation of methyl
bromide starting January 1, 2001. Asa
result, given methyl bromide’s lack of
persistence, occurrence in source waters
will likely decrease even more.

If methyl bromide is a disinfection
byproduct, EPA has a number of rules
and activities currently in place and
under development to address it. In
1979, EPA issued an NPDWR
establishing an MCL for the total
trihalomethanes (TTHMSs) disinfection .
byproducts. The Agency is also in the
process of updating the disinfection
byproducts regulation. In 1994, EPA
proposed a revised standard for TTHMs
and a new standard for haloacetic acids.
The TTHMs were regulated not only to
control trihalomethanes, but also to
protect against other similar byproducts.
Because of structural similarity, steps to
reduce formation of TTHMs would also
reduce formation of methyl bromide.
The treatment technique of enhanced
coagulation, included in the 1994

proposed DBPR, will remove
disinfection byproduct precursors, thus
reducing the levels of disinfection
byproducts in finished waters. Although
methyl bromide is not a TTHM, for
which an MCL is explicitly established,
the Agency believes it would be
effectively controlled under the DBPR.
However, it is not clear whether methyl
bromide is being formed due to
disinfection.

Because it cannot be determined
whether methyl bromide is being
formed due to disinfection, and its use
as a fumigant cannot be completely
dismissed as source of drinking water
contamination, the Agency has decided
to retain methyl bromide on the CCL. At
the January 7, 1998 meeting, the
NDWAC Working Group on Occurrence
& Contaminant Selection concurred
with the EPA recommendation to delete
methyl bromide because it was being
addressed in ongoing rulemakings for
disinfection byproducts. However, at
the February 2, 1998 meeting, the full
NDWAC recommended the Agency
retain methyl bromide on the CCL after
receiving comment that because it is a
mono-halogenated compound, it was
not specifically regulated with the
TTHM family which are tri-halogenated
compounds, and that it may not turn out
to be a disinfection byproduct. At the
meeting, EPA was insufficiently lucid in
explaining the connection between the
TTHM byproducts and the control of
similar byproducts. Nonetheless, after
further consideration of the NDWAC
recommendation, and given the
uncertainties about the source, EPA has
concluded that methyl bromide should
remain on the CCL.

Since methyl bromide is a gas, most
health studies have used the inhalation
route of exposure, and the effects of oral
exposure have received limited
attention. In 1989, EPA classified
methyl bromide as a Group D
carcinogen (not classifiable) due to
inadequate bioassay data. At the time of
the IRIS assessment, also in 1989, a
chronic oral study was not available,
therefore an additional uncertainty
factor of 10 (total uncertainty of 1,000)
was applied to the RfD calculation.
However, since the IRIS assessment, a 2-
year rat feeding study showed no
evidence of carcinogenicity, and a
National Toxicology Program inhalation
study, conducted in 1992, found no
evidence of carcinogenicity. The Agency
will also explore the potential sources of
drinking water contamination, and the
expected impact of the prohibited
production and importation of methyl
bromide which begins in January 1,
2001. Methyl bromide is listed on the
Research Priorities portion of the CCL to



10280

Federal Register/Vol. 63, No. 40/Monday, March 2, 1998/Notices

allow the Agency time to better
determine the drinking water risk due to
this contaminant.

H. Microorganisms

Many commenters stated that the
rationale for the inclusion of
microorganisms appeared to be
inconsistent. They suggested that other
microorganisms would have been
included had the criteria been used
consistently. It was not the intention of
EPA, nor the participants of the EPA
Drinking Water Microbiology and Public
Health Workshop, to develop a
comprehensive list of all possible agents
of waterborne disease. The intent was to
list what were considered the most
important agents (or potential agents) of
waterborne disease. The Agency
recognizes that the Workshop
participants could have established
different lists of reasonable criteria for
selecting pathogens, and believes that
the ultimate decisions represent the best
{albeit sometimes subjective) judgment
of the panel. Nevertheless, the Agency
believes that the process for developing
the current CCL for microorganisms by
this group of nationally recognized
experts in the field of microbiology was
reasonable and credible. -

EPA believes that regulations that are
currently in effect {Surface Water
Treatment Rule (SWTR), Total Coliform
Rule (TCR)] or are now under
development [e.g., Groundwater
Disinfection Rule (GWDR), Enhanced
Surface Water Treatment Rule (ESWTR),
and Disinfection Byproducts
Regulations (DPBR)] will address a
number of the microorganisms that
commenters have suggested. Generally,
if a microorganism has not caused, or
not expected to cause, a waterborne
outbreak in the U.S., or if the organism
is known to be susceptible to
disinfection or filtration required by
current or upcoming regulations, the
organism has not been included on the
CCL.

Protozoa

Several commenters supported the
draft CCL, which included Toxoplasma
gondii, Cyclospora cayetanensis, and
two microsporidia—Enterocytozoon and
Septata. One commenter suggested the
addition of Entamoeba histolytica to the
CCL, primarily because of its virulence.
One commenter suggested that EPA add
Isospora belli to the final CCL.

EPA Response

After further consideration, EPA has
decided to remove Toxoplasma and
Cyclospora from the final CCL.
Toxoplasma gondii is about the same
size as Giardia, and Cyclospora

cayetanensis is larger than
Cryptosporidium. The Agency believes
that the upcoming M/DBPR to control
Giardia and Cryptosporidium will also
control these larger organisms.
Microsporidia remains on the CCL for
the reasons indicated in the preamble to
the draft CCL, including the
ineffectiveness of chlorination and
filtration.

The Agency recognizes that
Entamoeba histolytica can be virulent.
Even though the commenter cites an
article stating that dogs and perhaps

pigs may be reservoirs for E. histolytica
(Benenson 1995), animals are probably
not major host reservoirs, in contrast to
the situation for Giardia and
Cryptosporidium. Thus, if sewage
treatment practices are adequate, the
potential for source water
contamination is probably low, as
suggested by the fact that the organism
has not caused a significant waterborne
disease outbreak since the early 1950s
{the one reported exception in the U.S.
was a small outbreak in 1984 associated
with untreated well water). Importantly,
the cyst is large (10-15um). It is slightly
larger than a Giardia cyst, and much
larger than microsporidia spores that
infect humans (1-5pm) to which the
commmenter compares E. histolytica.
Thus, EPA believes that regulations that
control for Giardia and Cryptosporidium
should also control E. histolytica. For
these reasons, E. histolytica was not
included on the final CCL. The Agency
has also decided not to include Isospora
belli for the reasons given in the
preamble of the draft CCL, especially for
the fact that its oocysts are 30x12um,
larger than Giardia cysts, and any rule
to control Giardia and Cryptosporidium
should also control this organism.

Viruses

The draft CCL included the following
viruses: caliciviruses, adenoviruses,
coxsackieviruses, echoviruses, and the
hepatitis A virus. Several commenters
suggested that EPA add rotaviruses,
hepatitis E virus, and bacteriophage to
the final CCL.

EPA Response

The final CCL remains the same as the
draft, except that the hepatitis A virus
has been removed. Hepatitis A was
removed because it is being addressed
by current regulations, or regulations
under development. As a matter of
policy, all viruses are regulated as a
class under EPA’s SWTR and are going
to be regulated as a class under the
GWDR, and the Agency does not believe
that additional research is needed to
demonstrate the efficacy of disinfection
for this organism. In contrast, the

Agency believes that additional research
is needed on the impact of treatment for
the other viruses that remain on the
CCL.

EPA did not include rotaviruses on
the final CCL, primarily because they
are vulnerable to disinfection and
should always be associated with fecal
contamination. Thus, the Agency
believes that EPA’'s SWTR, plus the
upcoming GWDR, should adequately
control these viruses.

EPA excluded the hepatitis E virus
from the final CCL because the Agency

" does not regard the virus as a significant

public health threat in the U.S. and
believes that current sewage treatment
practices are sufficient to eliminate
significant risk of waterborne
transmission. EPA recognizes that
hepatitis E is a major problem in some
developing countries, especially for
pregnant women. However, there is no
evidence that the organism is a problem
in the U.S. Rare cases have occurred in
the U.S., usually among travelers
returning from an area where the
disease is endemic (Mast and
Krawczynski 1996). Structurally, the
organism is a small, single-stranded
RNA virus similar to the caliciviruses,
coxsackieviruses, and echoviruses, all of
which remain on the CCL, because of
evidence of outbreaks and occurrence in
finished waters.

Bacteriophage were exciuded from the
CCL because they are not pathogenic to
humans. However, EPA recognizes that
they may be useful as an indicator of
fecal contamination. EPA has decided
not to include indicators of fecal
contamination or of pathogens on the
final CCL. However, the Agency will
consider indicators in the context of
regulations to control pathogens on the
CCL. For example, the Agency is
considering two bacteriophage—the
somatic coliphage and the male-specific
coliphage—as an indicator of fecal
contamination under the Groundwater
Disinfection Rule.

Bacteria

The draft CCL included the following
bacteria: Helicobacter pylori, Legionella,
Mycobacterium avium complex, and
Aeromonas hydrophila. Commenters
urged EPA to include additional
bacteria, including Pseudomonas
aeruginosa, Shigella, Salmonella,
Vibrio, Arcobacter, Campylobacter,
Yersinia, and E. coli O157:H7, and that
if these enteric bacterial pathogens were
not included on the CCL, then H. pylori
and A. hydrophila should not be
included either, because both are
sensitive to disinfection also.
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EPA Response

The final CCL does not include the
enteric bacterial pathogens that
commenters suggested EPA add
(Shigella, Salmonella, Vibrio,
Arcobacter, Campylobacter, Yersinia,
and E. coliO157:H7). The Agency’s
reasons for excluding these organisms
are that they are all sensitive to
disinfection and are all associated with
fecal contamination. Thus, EPA regards
total coliforms as an adequate indicator
for these organisms. Moreover, the
SWTR requires all surface water systems
to disinfect, and the forthcoming GWDR
is likely to require systems that have -
wells vulnerable to fecal contamination
to disinfect or provide other corrective
action. The Agency regards these
regulatory tools as sufficient to control
for the above pathogens.

With regard to P. aeruginosa, the
preamble to the draft CCL indicated that
the participants of the EPA Drinking
Water Microbiology and Public Health
Workshop could not agree on whether
to include this organism on the draft
CCL. There was controversy among
participants about its public health
significance and its potential health risk
via the waterborne route. Therefore,
participants recommended that EPA
conduct a complete literature search on
the topic before deciding whether to
include this organism on the final list.
The Agency has not yet completed this
search. Because of this lack of
information, EPA has decided to defer a
decision on P. aeruginosa and not
include it on the CCL. However, should
the literature search suggest that
regulatory action may be necessary, EPA
will increase the priority of research in
this area, if appropriate.

With regard to Helicobacter, following
the meeting of the panel, an article was
published indicating that Helicobacter
is sensitive to chlorine {(Johnson, Rice
and Reasoner 1997). However, EPA
decided not to remove Helicobacter
from the CCL because of the large
number of people in the U.S. affected by
peptic ulcers (about 20 million people)
and gastritis, the poor survival rate of
individuals with gastric cancer, and
ignorance about the mode of
transmission of the organism.
Helicobacter pylori has been implicated
in the cause of these three diseases. The
Agency believes that, in spite of the
recent disinfection data, it would be
improper to remove Helicobacter from
the CCL for these reasons.

With regard to Aeromonas
hydrophila, EPA recognizes that this
organism is sensitive to disinfection in
source and finished waters. However,
unlike the fecal pathogens listed above,

A. hydrophila may enter the distribution
system either as a result of inadequate
treatment or a break in the water
distribution system, and grow as part of
the biofilm on the pipes or in the
sediment, which may protect it from
disinfectants. In addition, A. hydrophila
is not necessarily associated with fecal
contamination. Thus, the total coliforms
rule may not be adequate as an indicator
for this organism. Moreover, systems
which are not required to disinfect (or
take other corrective action) under the
forthcoming Groundwater Disinfection
Rule because they are considered not
vulnerable to fecal contamination, may
still be vulnerable to A. hydrophila. For
these reasons, EPA does not believe that
this organism can be treated in the same
manner as E coli 0157:H7 and other
fecal bacteria listed by the commenter.
Thus, the final CCL includes A.
hydrophila .

EPA removed Legionella in ground
water from the final CCL. It was
removed because: (1) the Agency
intends to address the control of this
organism under the Groundwater
Disinfection Rule, and (2) the Agency
does not believe that high priority
research is needed in this area to
regulate this organism.

Algae and Their Toxins

Several commenters strongly urged
EPA to add algae, especially the blue-
green algae, plus their toxins (e.g.,
mycotoxin) to the CCL. One commenter
suggested that Pfiesteria piscicida be
included on the final CCL, as well.

EPA Response

In the preamble to the draft CCL, EPA
stated that certain species of blue-green
algae produce toxins that could be
harmful if ingested at high enough
concentrations, but that algal control
was best handled through good
watershed management practices. The
Agency continues to regard this strategy
as reasonable. However, the Agency has
decided to add the algae and their
toxins to the final CCL because: (1)
pathogenic algae and their toxins are not
necessarily associated with fecal
contamination and thus may not be
effectively controlled by the SWTR or
ESWTR, and (2) some data suggest that
current treatment techniques may be
particularly inadequate in controlling
algal toxins. Placement of this group of
contaminants on the CCL will make
them a priority for research to determine
what triggers toxic algal growth in
source water and the effectiveness of
water treatment practices.

EPA is aware that Pfiesteria piscicida
has been implicated in adverse health
effects in humans. Apparently at least

13 researchers who worked with dilute
toxic cultures of this organism and 10
fishermen sustained mild to serious
health effects by water contact or by
inhaling toxic aerosols. Symptoms
include skin rashes, reddening of the

_eyes, severe headaches, blurred vision,

nausea/vomiting, breathing difficulties,
kidney and liver problems, short-term
memory loss, confusion, and other
problems. The organism has a
complicated life cycle, with about 24
stages. Pfiesteria’s habitat is estuarine or
brackish water. Current data indicate
that, like most other dinoflagellates, the
organism grows poorly in fresh water
and does not elaborate toxins in this
milieu, thus, there is no evidence that
Pfiesteria occurs or could occur in
drinking water. Moreover, the size
ranges from 5-450 pm, with the
dormant cyst stages 7-60 gm in
diameter. Thus filtration that is effective
for removing Cryptosporidium (4-6 pm)
should be effective for removing
Pfiesteria. For these reasons, EPA
believes that Pfiesteria does not
represent a health threat in drinking
water systems, and thus did not include
Pfiesteria on the final CCL.

I MTBE

A number of commenters agreed with
the inclusion of methyl-t-butyl ether
(MTBE) on the CCL, and some indicated
that MTBE should be included among
the contaminants for which
determinations will be made by 2001.
Another commenter suggested it should
not be included on the CCL but should
be included in the forthcoming
Unregulated Contaminant Monitoring
rulemaking, due in 1999,

EPA Response

The Agency agrees that MTBE should
remain on the CCL. However, as with all
the contaminants on the list, EPA has
not made a determination with respect
to regulating MTBE. Although there are
serious limitations in the MTBE data,
there is some evidence to support a
concern for potential human hazard.
MTBE has been found in some drinking
water wells but it is uncertain whether
the concentrations are at levels of health
concern. Given the potential health
hazard and need for additional data,
MTBE meets the criteria for placement
on the CCL.

The inclusion of a contaminant on the
CCL does not mean that the
contaminant will be regulated. As noted
earlier, contaminants on the CCL
include those for which the Agency
must make a determination of whether
or not to regulate by 2001 pursuant to
the requirements of the SDWA, but it
also includes the Agency’s research
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priorities, contaminants for which
monitoring is necessary to gather
additional data. MTBE will remain on
the CCL since the Agency needs
additional occurrence data.

At this time, the EPA has not
included MTBE among the
contaminants for which determinations
will be made by 2001. As stated earlier,
MTBE needs additional health and
occurrence data, and as such, it will be
one of the priority contaminants for
which the Agency will gather such data.
There are no data on the effects on
humans of drinking MTBE
contaminated water. Therefore, EPA is
continuing to evaluate the available
health information and is doing
additional research to seek more
definitive estimates of potential risks to
humans from drinking water. One of the
mechanisms for gathering occurrence
data is to include a contaminant in the
forthcoming Unregulated Contaminant
Monitoring rulemaking to be issued in
August 1999. The Agency is also not

" precluded from using other means of
gathering occurrence data which may
include conducting special studies. The
data collection and evaluation efforts
will assist in determining what the
appropriate action should be with _
respect to MTBE. Placing MTBE in this
category does not prevent the Agency
from selecting it to make a
determination of whether or not to
regulate by 2001; however, at this time,
it is not likely that the necessary data
will be collected and evaluated in time
to make a determination by this date.

To facilitate data collection and
evaluation efforts for MTBE, an Agency-
wide task force has been formed and has
prepared a draft Oxygenates in Water
Research Strategy. The Strategy
identifies current, or soon to be started,
research in areas that include
environmental occurrence, source
characterization, transport and
transformation, exposure, toxicity, and
treatment. The Strategy will also
identify key areas of research that are
still necessary to build a stronger, more
informed scientific database to support
health risk assessment and risk
management decisions with respect to
fuel oxygenates, including MTBE.

On October 7, 1997, EPA convened a
day-long meeting of over 50 experts—
including representatives from industry,
academia, consultants, and other
government agencies—to review a draft
of the Strategy. The information
produced in this workshop is being
used to help revise the draft of the
Strategy, which will serve as a blueprint
to assist in coordinating efforts by
various organizations, public and
private, in addressing the issues related

to oxygenates in water. The Agency will
also publish the Strategy in the Federal
Register this Spring, to seek additional
public comment on the research
priorities identified.
J. Organotins

Four commenters argued that
organotins, specifically the mono- and
di-organotins, the only types used as
polyvinyl-chloride (PVC) heat
stabilizers, should not be included on
the CCL. The commenters maintained
that, due to evidence of low toxicity and
low migration (thus, low risk to
consumers), mono- and di-organotins,
especially mono- and di-methyltins,
should not be of concern to drinking
water, particularly in light of the
National Sanitation Foundation (NSF)
certification program for plumbing
materials. Other commenters indicated
that it was premature for the Agency to
regulate organotins, but thought it
prudent that the Agency keep informed
of the issue.

EPA Response

EPA disagrees with the commenters
who suggest that organotins should be
deleted from the CCL. It should be
emphasized that retaining organotins on
the CCL does not necessarily mean that
they will be regulated. The Agency
believes that organotins, including
mono- and di-organotins which are used
as heat stabilizers in PVC and
chlorinated polyvinyl-chloride (CPVC)
pipes, are of sufficient concern to
warrant further investigation. The
Agency is aware of the NSF certification
program, and has noted that many
States require the use of NSF-certified
material in the construction of new
buildings. The Agency agrees with the
NDWAC Working Group
recommendation that an assessment of
the toxicological data underlying the
action levels established by the NSF
needs to be made along with assessment
of other available information on
organotins, before these compounds can
be disregarded as of concern. The
Agency requested this information from
the NSF, and learned that due o
confidentiality agreement, NSF cannot
disclose this information, therefore we
have not yet been able to assess the
toxicological data.

There are numerous concerns about
the occurrence and toxicological
significance of various species of
organotins in drinking water. A recent
report indicates that unlike PVC
systems, new CPVC systems have the
potential to contaminate drinking water
with organotin compounds for a longer
period of time after installation (Forsyth
and Jay 1997). There has been a report -

concerning tributyltin contamination of
drinking water from PVC pipes, and
tributyltin is of far more toxicological
significance than mono- and di-
organotins (Sadiki et al, 1996). There is
also concern about the recent reports of
teratogenic potential of dibutyltin (Ema
et al, 1996). The Canadian Government
is concerned about organotin
contamination of drinking water and
has launched a national survey.

In view of these concerns, tI}x’e Agency
believes that organotins, including
mono- and diorganotins, should remain
on the CCL until the Agency can
perform its own in-depth evaluation of
the occurrence and toxicological data of
the contaminants of this class.

K. Perchlorate

The majority of comments on
perchlorate indicated support for its
inclusion on the CCL. Commenters
pointed out that the information on the
occurrence of perchlorate in drinking
water supplies was sufficient to raise
concern over the potential impact on
public health. A few commenters
expressed concern that perchiorate
should not be regulated or that there
was not sufficient information at present
to warrant its regulation, and that a
health advisory would be more
appropriate.

EPA Response

The Agency agrees with commenters
that sufficient information exists to raise
concern over the potential health effects
and occurrence of perchlorate in
drinking water supplies. Despite
significant data gaps regarding health
effects, occurrence, and treatment
technologies, perchlorate has been
found in a number of drinking water
supplies at levels of health concern, and
as a result is included on the final CCL.

The Agency understands that the
extent of actual or even potential
perchlorate contamination is unclear for
many parts of the country, and that for
some areas of the country perchlorate
contamination may not be an issue.
However, perchlorate has been detected
in a number of drinking water supplies
to date and warrants further evaluation.
Placement of perchlorate on the CCL
means that the Agency will make it a
priority to conduct further investigation
and evaluation of the health effects and
national occurrence of perchlorate in
drinking water supplies.

Perchlorate has been placed in the
categories of needing additional health
effects, treatment research, and
occurrence information. Several
toxicological and occurrence studies are
planned or are underway, which will
assist the Agency in filling these data
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gaps on perchlorate. At this time, the
Agency has not made a determination to
issue a health advisory or to regulate
perchlorate. The additional data
obtained from these health effects and
occurrence studies will provide a sound
scientific basis for future EPA decisions
of whether to regulate perchlorate or
not, to prepare a health advisory or
guidance, or to include perchlorate in
the Unregulated Contaminant
Monitoring rulemaking. Placing
perchlorate in these categories does not
preclude the Agency from selecting it to
make a determination of whether or not
to regulate by 2001, but at this time it

is unlikely that perchlorate will be
included among those for which
determinations will be made by 2001.

L. Rhodamine WT

A few commenters argued that
Rhodamine WT be removed from the
CCL. The commenters stated that
Rhodamine WT has a very specialized
purpose. They also noted that it is
certified by the NSF and that the
certification is reviewed by EPA. They
also stated that data for including
Rhodamine WT were questionable, and
that the contaminant had no specific
health effect.

_EPA Response

EPA agrees with the commenters and
has removed Rhodamine WT from the
CCL. Rhodamine WT was placed on the
draft CCL because it was detected in
ground water above the NSF Standard
60 concentration of 0.1ug/L for drinking
water. However, three concentrations
have been established under the NSF
Standard 60; 0.1ug/L for drinking water,
10ug/L for water entering a drinking
water plant (prior to treatment and
distribution), and 100 pg/L for ground
water not associated with drinking
water production. These concentration
values were developed under the
Agency'’s former Additives Program
which was subsequently privatized and
turned over to NSF in the 1980's.

The maximum concentration of
available occurrence data was 28 pg/L
detected in ground water, and, as such,
should be compared to the
recommended value of 100 pg/L for
ground water, not the value for drinking
water. Given this comparison, the
maximum concentration of 28 pg/1 is
well below the recommended value for
ground water of 100 ug/L. When the
NSF guidance regarding the use of
Rhodamine WT as a fluorescent tracer
in water flow studies is followed the
Agency does not anticipate any adverse
health effects resulting from the use of
Rhodamine WT.

M, Sodium

Many commenters were opposed to
including sodium on the CCL, primarily
due to their contention that sodium in
drinking water is not a public health
concern because of its extremely low
level in drinking water, and its small
contribution to overall sodium intake.
Commenters also noted that controlling
sodium in public water systems would
be cost-prohibitive and produce
marginal or nonexistent health benefits.
Commenters argued that food, which is
the major source of sodium, is allowed
to average 440 mg/day under a “'salt-
restricted” medically-supervised diet,
and that controlling sodium content in
food would address salt-restriction more
directly. Commenters also strongly
disagreed with the use of EPA’s DWEL
of 20 mg/1 as the public health criteria
for determining whether to include
sodium on the CCL. The commenters
mentioned a more up-to-date, 1996
report published by the American
Medical Association (AMA) showing a
lack of association between sodium and
blood-pressure, except for older
individuals with existing hypertension.
Other commenters argued for the
inclusion of sodium, citing studies.
linking it to hypertension and the need
to maximize protection of salt-sensitive
individuals as a sensitive
subpopulation.

EPA Response

The issue of sodium posed a unique
challenge for the Agency priority setting
and contaminant candidate listing
process. Information from commenters
on each side made important points. On
the one hand, high levels of salt intake
can be associated with hypertension in
some individuals. On the other hand,
sodium levels in drinking water are
unlikely to be a significant contribution
to adverse health effects.

This low level of concern is
compounded by the legitimate
criticisms of EPA’s 20 mg/1 guidance
level that was used in this process. EPA
believes this guidance level for sodium
needs updating, and is probably low. If
a health benchmark for drinking water
were established using current
information and current drinking water
health assessment procedures, it would
likely be higher. This revision could
establish a new level at which sodium
occurrence would not meet the criteria
for inclusion on the CCL as a drinking
water contaminant of concern. There
was insufficient time to complete a
reassessment of the sodium guidance in
advance of the CCL issuance.

Given the state of the data, EPA faced
a dilemma on whether or not to list

sodium. A decision not to list would be
justified by the fact that much is known
about sodium and it does not appear to
be a drinking water risk comparable to
other priority contaminants. In fact, this
was the logic supporting the decision
not to include sodium on the previous
drinking water priority list in 1991.
However, a decision to list sodium
would afford EPA the opportunity to
address the confusion surrounding the
current guidance for sodium in drinking
water.

In the end, EPA decided to inciude
sodium on the CCL, primarily as a
vehicle to reexamine and correct the
current, outdated guidance. Therefore,
sodium is listed, not as a Regulatory
Determinations Priority, but as a
Research Priority to allow time to
evaluate and revise the Agency
guidance. When this is completed, EPA
will reevaluate whether sodium merits
retention on the CCL for any further
action.

N. Triazines

Many commenters applauded EPA’s
intention to address triazines and their
metabolites as a group a “‘good first
step” to addressing these compounds. A
number of commenters indicated that
we should include other triazine
degradation products suchas
deisopropyl] atrazine and
diaminochlorotriazine (same as diamino
atrazine) because they too are common
degradation products of atrazine as well
as simazine, and are found at higher
concentrations than atrazine-desethyl.
Once commenter expressed concern that
additional information was being
considered and evaluated by the Agency
under the OPP Special Review program,
and that these reviews should be
completed before friazines are
considered for the CCL.

EPA Response

The Agency agrees with the points
raised by the commenters regarding the
triazine degradation products. As a
result, the EPA has decided to include
triazines and their degradation products
(including but not limited to: cyanazine
and atrazine-desethyl) on the CCL as a
group to include all potential risks from
this class of compounds. Stakeholders,
through the regulatory reassessment
process in developing the redirection
strategy, and through the development
of this draft CCL, have requested that
the Agency address triazine pesticides
as a group, which includes all parent
and degradate compounds, as opposed
to each triazine as an individual
contaminant.

The EPA has been studying the
mechanism of carcinogenicity of this
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group of analogues along with their
degradation products, and will continue
to study these chemicals as a group to
characterize their risk in drinking water.
The Agency regulated atrazine in 1991
and simazine in 1992. The Agency may
ultimately develop regulations for the
mixtures of triazines either through the
revision of existing regulations or the
development of new ones.

EPA disagrees with the notion that
triazines should be excluded from the
CCL until after the completion of the
Special Reviews. The triazines are
included in the Priority Group 1 of
pesticide tolerances that will be
examined first under the Food Quality
Protection Act (FQPA) tolerance
reassessment (62 FR 42020). The work
being accomplished by OPP in their
review efforts will certainly be factored
into EPA’s decisions regarding triazines,
as with all pesticides on the CCL.

0. Zinc

Two commenters were opposed to the
inclusion of zinc on the CCL. The
commenters argued that zinc did not
meet the criteria for inclusion on the
CCL, and is generally non-toxic to
animals and humans. They pointed out
that zinc is used in a wide variety of
products, and is also an essential
element. One commenter stated that the
Agency had not considered zinc’s
beneficial qualities when deciding
whether it should be included on the
CCL, and that the WHO and EPA have
both stated that deficiency of zinc is
more of a concern than over-exposure.
The commenter further argued that the
history of the substitution from the 1988
DWPL was not considered, and that the
HA value used in the Agency's analysis
was from a “7-yr old draft” which was
not available for comment and therefore
the explanation behind the Agency’s
HAL of 2,000 pig/1 was not available for
comment.

EPA Response

The EPA agrees with the commenter
on the point raised that zinc does not
meet the criteria for inclusion on the
CCL, and has removed zinc from the
CCL. The Agency has determined that
the number of public water systems
with zinc levels above 1,000 pg/l is 4,
and none had occurrence levels above
2,000 pg/l, and, as a result, zinc doesn’t
meet the criteria for inclusion on the
CCL. The criterion for a contarninant to
be included on the CCL was
“occurrence at the heaith level of
concern in 10 or more small public
water systems.” The action of removing
zinc from the CCL was due to its lack
of occurrence in water systems at health
levels of concern, not due to its lack of

toxicity. It is known that daily exposure
to zinc of approximately 60 mg/1 (60,000
ug/l) or more can effect copper
metabolism, and result in deleterious
health effects.

IV. Continuing Work in Preparation for
Future CCLs

In the Federal Register notice on the
draft CCL, the Agency deferred action
on a number of pesticides, and
contaminants implicated as endocrine
disruptors, in anticipation of impending
resolution specific to these two groups
of contaminants. Action on these
contaminants continues to be deferred
and these contaminants will be
reconsidered when the next CCL is
developed. The Agency is also resuming
work on a contaminant identification
process to be used in the development
of future CCLs. Further discussion of
these three topics follows.

A. Pesticides Deferred

In developing the CCL, the SDWA
requires EPA to consider’substances
registered as pesticides under FIFRA.
During the development of the CCL, the
Agency’s Office of Ground Water and
Drinking Water sought assistance from
OPP in determining what pesticides
should be priorities for the drinking
water program. In response to the
request, OPP provided
recommendations for a number of
pesticides based on physical-chemical
properties, occurrence and extent of use,
using the Ground Water (GW) Risk
score. The GW-Risk score is a calculated
potential of pesticides to leach to
ground water. Pesticides with a GW-
Risk of 2.0 or greater were included for
initial consideration in developing the
draft CCL.

However, later during the data
evaluation and screening phase of the
CCL development, the decision was
made to defer pesticides identified by
the GW-Risk of 2.0 or greater for which
no additional information was available.
Inclusion on the CCL would be deferred
pending further evaluation of the
potential of these pesticides to occur at
levels of health concern. The Agency is
working to develop a tool to estimate
concentrations in ground and surface
waters based on physical-chemical
properties and pesticide use volumes,
and will then compare the estimated
concentrations with health advisory
levels or calculated health levels based
on reference doses.or cancer potency.

It was anticipated that the tool to
estimate concentrations of pesticides in
ground and surface waters would be
completed and available in time to
reevaluate the inclusion of the
additional pesticides prior to

completing the CCL. However, the
Agency believes it is important to have
this tool peer-reviewed prior to its use,
which would increase the time
necessary for its development beyond
the time available. Therefore, EPA did
not attempt to complete this work before
finalizing the CCL in today’s notice. As
a result, action on these pesticides
remains deferred until the next CCL.

On December 10, 1997, the Science
Advisory Panel (SAP) met to discuss
drinking water exposure assessment
issues with the OPP. The objective of
the meeting was to obtain SAP’s
recommendation on the approaches and
models developed by OPP to determine
short-term and long-term potential
exposures from pesticides in drinking
water. The issues of monitoring
requirements, and assessing impacts of
exposure to mixtures were also part of
the discussion. The approaches and
models developed by OPP and the
forthcoming SAP’s recommendations on

_ these issues are of particular importance

to the Office of Water in that the
outcome will be used in the drinkin,
water program as well. :

B. Endocrine Disruptors

During the development of the draft
CCL, the Agency initially considered,
then later deferred, a number of
contaminants implicated or suspected
as substances which disrupt the
function of the endocrine system. As
stated in the notice of the draft CCL,
EPA issued an interim assessment in
February 1997, pending a more
extensive review expected to be issued
by the National Academy of Sciences
{NAS), determining that, while effects
have been found in laboratory animal
studies, a causal relationship between
exposure to a specific environmental
agent and an adverse health effect in
humans operating via.endocrine
disruption has not been established,
with a few exceptions. Further research
is needed before such effects can be
demonstrated.

Under the SDWA, as amended, the
Agency is also required to establish a
program to screen endocrine disrupting
contaminants. Additional authority to
assess endocrine disruptors is alse
provided through the recently enacted
FQPA. EPA’s Office of Prevention,
Pesticides, and Toxic Substances
{OPPTS) has the Agency lead on
endocrine disruptor screening and
testing issues, and is actively engaged in
research and regulatory initiatives to
respond to the growing scientific and
public concern over endocrine
disruptors. Also, the Endocrine
Disruptor Screening and Testing
Advisory Committee (EDSTAC) has




Federal Register/Vol. 63, No. 40/Monday, March 2, 1998/ Notices

10285

been established to provide advice and
counsel to the Agency in implementing
a screening and testing strategy required
under the FQPA and SDWA. EDSTAC
will complete its recommendations for a
screening and testing strategy by March
1998. The recommendations will be
peer-reviewed jointly by the SAB and
the FIFRA SAP.

As a result, pending completion of the
EDSTAC's recommendations and the
additional review of endocrine
disruptors by the NAS, EPA has not
included contaminants for inclusion on
this first CCL based solely on the
possibility of endocrine disruption
(although several contaminants
implicated as endocrine disruptors were
considered for other reasons). As stated
in the notice on the draft CCL, the
Agency will continue to follow this
issue closely and reconsider this
category of potential contaminants in
the development of future CCLs.

C. Development of the Contaminant
Selection Process :

This CCL is largely based on
knowledge acquired over the last few
years and other readily available
information, but an enhanced, more
robust approach to data collection and
evaluation will be developed for future
CCLs. The Agency will also resume
work on the contaminant identification
and the contaminant selection process.
The CCL, and the identification and
selection process will serve as the
cornerstones of the Agency's regulatory
development process. In addition to
developing the CCL, and the
identification and selection process, the
Agency intends to obtain resources in
order to acquire better data and
information, improve analytical
capability, and seek additional
stakeholder involvement.

The next steps for improving the
contaminant identification and selection
process include an American Water
Works Association Research Foundation
(AWWARF) project utilizing a series of
workshops in which established
decision-making tools would be
employed to developa process to
identify emerging pathogens of concern
for consideration, regulation, and future
research. The work is expected to begin
in June/July 1998. A project with the

NAS will also be undertaken to solicit
input on criteria for listing and selecting
chemical contaminants for future CCLs.
A panel is currently being formed and
work is expected to begin in summer of
1998. The development of the
identification and the selection process
will be completed in consultation with
the NDWAC and the Working Group on
Occurrence & Contaminant Selection,
and their future involvement is likely to
include reviewing products from
AWWARF and NAS in 1999. The CCL
is a critical input to shaping the future
direction of the drinking water program,
and improvements to the process will be
made with each successive cycle of
publishing the list.

V. Data, Research Needs and Next Steps

Table 2 divides the CCL into
categories to represent the next steps
and data needs for each contaminant.
Sufficient data are needed to conduct
analyses on extent of exposure and risk
to populations via drinking water in
order to determine appropriate Agency
action (development of health
advisories, or regulations, or no action)
for many of these contaminants, If
sufficient data are not available, they
must be obtained before such an
assessment can be made. The data and
information required will be gathered by
research or monitoring programs, and
are not likely to be available for analyses
to be completed prior to 2001. Thus, the
contaminants for which sufficient data
exist at the time of publishing the CCL
are likely to be those from which the
determinations will be made by 2001.

However, it should be noted that the
groupings in Table 2 are based on
current information, and some
movement of contaminants between
categories can be expected as more
information is evaluated and analyzed.
The Regulatory Determination Priorities
category in Table 2 will be used to select
5 or more contaminants for which the
Agency must determine, by August
2001, whether or not regulations should
be developed. To make these
determinations, further analysis of data
currently available, or data that will
become available within a short period,
is required to prepare supporting
documents addressing health criteria,
cost and benefit assessments, and

analyses of analytical methods,
occurrence, and treatment technology
and feasibility. For contaminants in the
category, there may also be some short-
term research needs, such as bench-
scale treatability studies, that must also
be completed. The next steps for the
Agency regarding the contaminants in
this category are to determine which
contaminants to address first, and
outline plans of action to work towards
making determinations for five or more
by August 2001.

The contaminants in the Research
Priorities category have significant data
gaps in areas of health, treatment, or

.analytical methods. For these

contaminants, the research, or data
gathering, and subsequent analysis
needed are not expected to be complete
within the 32 years, by August 2001, in
order to make determinations of
whether regulation of these
contaminants is necessary. These are
EPA'’s priority contaminants for research
and data gathering. Some of these
research needs are currently being
addressed by EPA or other agencies

‘(e.g.. Department of Defense for

perchlorate), while other needs are
newly identified.

The contaminants in the Occurrence
Priorities category have significant data
gaps in occurrence data. The
Unregulated Contaminant Monitoring
Regulations (UCMR) will be the primary
source for data for most contaminants
included in this category; however,
some contaminants may be more
appropriate for special studies or
surveys, or joint data gathering efforts
with other Agencies. Also, for some
contaminants, suitable analytical
methods must be developed prior to
obtaining the occurrence data necessary.

The next steps for the Agency are to
develop short- and long-term research
plans on health, treatment, and
methods, to develop the UCMR proposal
(expected August 1998) for gathering
occurrence data, and to plan for special
occurrence studies, where appropriate.
The Agency will also use its FIFRA and
Toxic Substances Coritrol Act (TSCA)
authorities, as appropriate, to conduct
studies and obtain data necessary for
decision-making.
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TABLE 2.—NEXT STEPS FOR THE CCL

Regulatary detsfmina Research priorities
egulatory determination , : Ocourrence priorities
riorities Analytical methods
p Health research Treatment research yrtesearch
Acanthamoeba (guidance) | Aeromonas hydrophila Adenoviruses Adenoviruses Adenoviruses.*
1,1,2,2-tetrachloroethane Cyanobacteria (Blue-green | Aeromonas hydrophila Cyanobacteria (Blue-green | Aeromonas hydrophila.
1,1-dichloroethane algae), other freshwater | Cyanobacteria (Blue-green algae), other freshwater | Cyanobacteria (Blue-green
1,2,4-trimethylbenzene algae, and their toxins algae), other freshwater algae, and their toxins algae), other freshwater
1,3-dichloropropene Caliciviruses algae, and their toxins Caliciviruses algae, and their toxins.*
2,2-dichloropropane Helicobacter pylori Calliciviruses Helicobacter pylori Caliciviruses.*
Aldrin Microsporidia Coxsackieviruses (ICR Microsporidia Coxsackieviruses (ICR
Boron Mycobacterium avium data) 1,2-diphenylhydrazine data).
Bromobenzene interceliulare (MAC) Echoviruses (ICR data) 2,4,6-trichlorophenol Echoviruses (ICR data).
Dieldrin 1,1-dichloropropene Helicobacter pylori 2,4-dichlorophenol Helicobacter pylori.*
Hexachlorobutadiene 1,3-dichioropropane Microsporidia 2 4-dinitrophenol Microsporidia.*
p-Isopropyitoluene Aluminum Mycobacterium avium 2-methyl-Phenol 1,2-diphenythydrazine.*
Manganese DCPA mono-acid & di-acid intracellulare (MAC) Acetochior 2,4,6-trichlorophenol.*
Metolachlor degradates Aluminum Alachlor ESA 2 4-dichlorophenol.*
Mefribuzin Methy! bromide MTBE Fonofos 2,4-dinitrophenol.*
Naphthalene MTBE . Perchlorate Perchiorate 2 A-dinitrotoluene.
Organotins Perchlorate RDX 2,6-dinitrotoluene.
Triazines & degradation Sodium (guidance) 2-methyl-phenol.*
products (incl., but not Alachlor ESA™-and
limited to Cyanazine and Acetochlor.*
atrazine-desethyl) DCPA mono-acid & di-acid
Sulfate degradates.
Vanadium DDE.
Diazinon.
Disulfoton.
Diuron.
EPTC.
Fonofos.*
Linuron.
Molinate.
MTBE.
Nitrobenzene.
Perchlorate.”
Prometon.
RDX.*
Terbacil.
Terbufos.

The groupings in Table 2 are based on current information, and some movement of contaminants between categories can be expected as
more information is evaluated and analyzed. *Suitable analytical methods must be developed prior to obtaining occurrence data.

VI. Other Requirements

The CCL is a notice and not a
regulatory action; therefore, the
following statutes and executive orders
are not applicable at this time: the
Regulatory Flexibility Act, Small
Business Regulatory Enforcement
Fairness Act, Paperwork Reduction Act,
Unfunded Mandates Reform Act; and
Executive Order 12866. For any
contaminants selected for rule-making,
all necessary analysis will be conducted
in accordance with the rule-making
process.

Executive Order 13045, Protection of
Children from Environmental Health
Risks and Safety Risks, requires that
Federal Agencies identify and assess
health risks and safety risks that
disproportionately affect children, and
ensure that its policies, programs,
activities, and standards address
disproportionate health and safety risks
to children. The SDWA also requires the

Agency to select priorities for regulation
while considering risks to sensitive
subpopulations, such as infants and
children.

The impact on sensitive populations
will be addressed in the contaminant
selection process, and will be a
component of the Agency’s
determination of whether or not to
regulate a given contaminant. In
preparation for addressing the issues of
sensitive subpopulations, the Agency is
sponsoring several activities to
determine water intake by age group, by
demographic distribution, and by innate
or developed sensitivity to potential
drinking water contaminants. The
Agency is also collaborating with the
Center for Disease Control and
Prevention on a study of six major cities
to determine the most sensitive
populations for drinking water
manifested during major outbreaks of
iliness from incidents of water. Other

research also is underway to determine
the extent of vulnerable populations
including children and the
immunologically impaired.
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contaminated with base material particles and thus,
must potentially be treated as a hazardous effluent.

Finally, some metal particles can present a potential
fire hazard. For example, shavings and particles of Mg,
Ti, or even Al can be ignited by a nearby flame or spark.
These particles burn much hotter than most organic com-
bustibles, so that their potential to burn workers (even
through protective clothing) or to start ancillary fires is
very high.

8.3 Fluxes

Fluxes are comprised of three primary components:
(1) the corrosive agent;

(2) the carrier or vehicle component; and

(3) surfacting agents.

The surfactants or wetting agents that enhance the
spreading of the flux over the substrate surface, are gen-
erally of little consequence to the hazards associated with
a flux. Rather, the corrosive agent and the flux vehicle
stand to offer the greatest potential hazard to workers and
the environment. An important point should be made of
that potential hazard. That is, besides the flux being haz-
ardous due to its own components, its residues pose an
added concern because they are typically contaminated
with substrate and solder metal atoms picked up in the
course of the soldering process. Therefore, the environ-
mental hazards associated with the flux residues re-
moved from the joint after assembly are of equal concern
as is those of the flux material, itself. Of course, the use
of so-called “no-clean” fluxes, the residues of which,
need not be removed from the substrate surface, elimi-
nates completely the problem of disposing of cleaning
solutions having the contaminated residues.

The corrosive agent of a flux presents several safety
issues. The potential hazard posed by flux corrosiveness
is dependent upon the level of that corrosiveness. Inor-
ganic acid fluxes have the strongest corrosion action and
hence, pose a far greater hazard to operators than would
the milder, rosin-based fluxes. Besides inadvertent con-
tact with hands and arms that can be easily prevented by
the use of gloves and suitable protective clothing, is the
hazard caused by spattering that is generated during the
solder process as the hot iron, torch or molten solder con-
tacts the flux coating on a substrate. In the absence of a
face shield or protective glasses, spattered acid particles
can do irreparable damage to an eye upon contact. In ad-
dition, spattered particles may be so small as to form an
aerosol cloud about the work area; these small particu-
lates are invisible to the eye. However, continued breath-
ing of these fine particles by an operator can damage
nose, throat, and lung tissues. Proper ventilation of the
work area minimizes this hazard. However, ventilation is
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not a substitute for eye protection since the draft of the
fume extraction flow is usually not sufficient to deﬂect
the trajectory of larger flux spatter particles. v

An acute hazard that accompanies fluxes is their inad- :
vertent ingestion. Occasionally a worker reaches for 3
cup of coffee, becomes distracted, and instead, grabs 5 -
styrofoam cup filled with flux and drinks some before te-.
alizing his/her mistake. There have been cited cases|

The acid component of a flux can also cause envirop.
mental damage upon the release of untreated rinse soly.
tions into the ground water. Typically, water-based

Such effluents can be treated by their capture in closed-
loop systems and subsequently being passed through
water-treatment facilities prior to release into the envi-
ronment (sewer drain). ‘

The vehicle of the flux can complicate both worker
safety and environmental-protection issues. This situa-
tion is best illustrated by example. Fluxes are either
water-based or based upon an organic solvent such as
one of the alcohols. In the latter case of organic vehicles, -
a potential fire hazard must be addressed with use (and
storage) of such fluxes. The fire hazard is made particu-
larly significant as a result of the formation of flux parti-
cles and aerosols that occurs during the soldering process
as the vehicle evaporates or is volatilized under the ac-
tion of a hot iron, torch, or molten solder. Aerosol forma- ‘
tion can be further enhanced by automatic fluxers, e.g.;
foamers, used on mass soldering equipment. These aero-
sols can form explosive fuel-air mixtures in the work
area or within the machine. Protective measures range
from the provision of suitable ventilation in the immedi- -
ate vicinity of the operation, to equipping mass soldering
equipment with fire-retardant systems, explosion-proof
panels, and electrically conductive components to reduce
the likelihood of static electricity building up within the
structure.

Spattering of the flux occurs in the course of most sol-
dering operations as the substrate reaches the soldering
temperature. Because of the lower boiling point of most
organic vehicles, such components readily volatilize dur-
ing the preheat step, prior to the actual soldering opera-
tion. Water-based vehicles require higher temperatures
and greater heat input to realize volatilization and so,
may not be completely eliminated from the flux coating
at the time of soldering. Therefore, spattering and aerosol
formation are of particular concern with the use of water-
based fluxes, although such aerosols may not be a signif-
icant fire hazard.

The complication with regard to environmental con-
cerns arises from the fact that both organic solvents, e.g.,
isopropyl alcohol, and inorganic solvents, e.g., water,
may be needed to clean a particular part after soldering.
For example, the activated rosin-based fluxes (organic)
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used in many soldering processes contain an added, acti-
vator (ionic) component to boost the corrosive action.
The approach used to remove such residues is to start
with a solvent rinse which releases the organic (rosin)
residue. This step is then followed with a water rinse to
assure removal of the ionic (activator) component. As a
consequence, two waste streams are generated, one for
the organic solvent(s) and the other for the water-based
solvent(s). Until verified by testing, it must be assumed
that both are contaminated with metal elements from the
substrate and/or solder materials. The situation becomes
particularly hazardous should the two waste streams be-
come combined as so-called “mixed wastes” which are
much more difficult to dispose or treat.

The environmental safety and health issues brought to
light with respect to fluxes should be of utmost impor-
tance when selecting a flux for a particular job. Clearly,
many of the environmental aspects appear to be more
pertinent to large-volume product assembly that takes
place on a factory floor. However, the safety issues are as
important in field assembly activities as they are in a
more controlled, plant situation.

The selection of a flux as part of theydevelopment ofa
soldering process, should address the following technical
and worker safety/environment aspects, respectively:

(1) The flux must provide a solderable surface that
will support wetting and spreading by the molten alloy,
resulting in a minimum number of defects;

(2) The flux must be compatible with sustained
worker safety and environmental issues dealing with the
disposal of the associated waste stream. The latter aspect
will have to address such ancillary issues as added capi-
tal equipment cost (worker protection, equipment safe-
guards, waste treatment and disposal cost, etc.) and
personnel investment (compliance paperwork, monitor-
ing, on-site expertise, etc.).

8.4 Solders

Worker health and environmental concerns that have
developed from the solder alloy, itself, are a result of the
potential toxicity associated with their heavy-metal con-
tent. In particular, Pb and Cd components of solders have
received the greatest attention in these regards. Toxicity
risks to humans were identified when Sn-Pb solders were
used to join potable water conduit, resulting in regulations
against the use of Pb-containing solders in such applica-
tions [374]. Growing concern about the environmental
risks to ground water resources from electronic assemblies
that are discarded in landfills has sparked a considerable
effort by solder suppliers, OEMs, and research institutions,
nationally and internationally, to identify a suitable, Pb-
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free solder replacement for electronics applications, as
well [39, 375-377].

The recently highlighted environmental toxicity of the
elements Cd and Pb contained in many solders should
not detract from the importance of other concerns for the
health and safety of operators and assemblers. Solders
also present acute (immediate) as well as chronic (long-
term) dangers. The foremost acute hazard of the solder is
that of burn injuries. The danger of thermal burns re-
ceived from molten solder begins with contacting a hot
solder pot, iron, or torch flame. In addition, the combined
presence of flux and solder (especially flux cored solder
wire) raises the likelihood that molten solder particles
will be ejected from the work area as the flux volatilizes
under the action of the heat source. Proper face and eye
protection as well as thick clothing that covers the ex-
tremities prevents contact between the molten solder and
the operator. Generally, solder particles do not have suffi-
cient heat to ignite clothing; rather, the molten particle
contacts clothing and generally melts the fabric or slowly
burns it so as to eventually come in contact with the
worker’s skin underneath. Thick clothing causes the
ejected particle to lose heat before it burns through the
fabric and contacts the skin. When a molten solder drop-
let contacts unprotected skin it often “freezes” to the
skin. Burn wounds from solder can be particularly seri-
ous because of the potential of an acid burn from accom-
panying flux droplets (chemical burns). Therefore, a
burn should also be treated by rinsing with copious
amounts of water in order to flush away harmful flux.

Chronic health problems arise from prolonged expo-
sure to the heavy-metal contents of solder. Often, such
exposures are not well appreciated by personnel, prima-
rily because the hazard is not visible to those individuals.
Although the precept, “nobody intentionally eats a bar of
solder,” is quite accurate, an operator can inhale and/or
ingest (from nearby food products) very small, unseen
solder particles arising from a soldering process. Over
time, these seemingly small amounts of metal accumu-
late to dangerous levels in the blood stream and body tis-
sues, resulting in chronic health problems from which,
the individual may never recover.

The perspective of just how little material needs to be
ingested in order that it cause a serious health concern is
illustrated by the following example pertaining to Pb.
Currently, health researchers contend that an individual
has succumbed to Pb poisoning if their serum (blood)
levels exceed 25 ug/dl (the dl being the “deciliter” or
one-tenth of a liter) [378]. It has been proposed to re-
duce that level to 10 pg/dl. Taking the lower level of 10
ug/dl as a basis, and the fact that the human body con-
tains 4-5 quarts of blood, this contamination level corre-
sponds to the ingestion of a Pb particle approximately
0.55 mm/ 0.021 in. in diameter. A Sn-Pb eutectic solder
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@ By means of-a variety of analytical techniques, the combustion profile of vinyl
chloride monomer (VCM) ‘has :been determined. This profile includes flame
_temperatures, soot content, and a combustion gas analysis. Depending on the amount
of VCM-air premixing prior to combustion, the temperature of a VCM flame ranges.
from 950°-to 1466°C. Similarly, the soot or unburned carbon content of a VCM'
flame varies from 3 to 6 weight percent. An analysis of the combustion gases from
VCM: reveal the following composition: HCI 27,000 ppm; CO* 58,100 ppm; CO
9500 ppm; phosgene 40 ppm; and VCM irace. From a hazard standpoint, the gross
quantlty of hydrogen chlorxde is the mam source of danger in'a VCM fire.

n’rroduchon

HE COMBUSTION PRODUGTS from .

chlorinated hydrocarbons are of considey-
ible, importance from a toxxcologxcal stand-

int. This class of organic compounds, when -

ed or thermally degraded in. an oxldmng

tmosphere, can produce carbon ‘monoxide,

hydrogen chloride, and phosgene. The highly
chlorinated hydrocarbons ‘(carbon = tetra-
hloride, etc.) have been well characterized
n this respect. For example, Sjoberg® has de-
ermined the amount of phosgene and hydro-
en. chloride released from a series of chlorin-
ated hydrocarbons when brought into contact

th hot metal surfaces, glowing charcoal,

nd an open ﬂame The results of this Study

owed -that, at te)rnperatures above 600°C,

he major corn’bustlon product was hydrogen

loride.

In a more recent study Jay? has found that,
at. decomposition temperatures between 600°
0.,700°C, -the presence of phosgene from
chlormated hydrocarbons . was noted only

hen the following empirical ratio () for the -

/\ll(hmn any hguiries o M, O'Marm, B, T,
Chemienl Compnny, Avon !.ulu- ()hln A4t

This labnrdtmy nnd '\nnlyllml urncu.lun (h-vn.l piment work
was done in_conjunction with joint studies of the Safety -and
Fire Prptectmn Committee of the Manufacturine Chemists®

Clomdrich

molecule was greater than or equal to 0.40:
(No. of Cl atoms) — (No. of H atoms)

(No. of C atoms)

- Little has been reported in, the literature on
comparable studies involving the combustion
of vinyl chloride monomer (VCM). Kubler®
has analyzed the combustion products from a
number of halogenated aerosol propellants
and has reported that, in a hot flame at
1000°C, 100 gm of VCM will generate the
followmg levels (for a room havmg a 50-m*
volume) : CO 63.2 ppm; COCI, 0.05 ppm;
and HCI 126 ppm. Undér these specific con-
ditions, HC! would seem* to contribute the
greatest to the overall toxicity of the com-
bustion products. (Recent work on the toxi-
city of the combustion products from poly-
vinyl chloride has shown that carbon mon-
oxide and not HCI is of major toxicological
importance under some conditions.*)

Current interest in the combustion products

“from large amounts of VCM has prompted
the present study. Kubler’s results on the com-

bustion of VCM is of limited use in this
respect owing to the fact that, in his study,
VOM was decomposed in an external fire.
Our interest was in the self-ignition and com-
bustion of VGM in {he absence of an external
fuel. In this respect, we have determined the
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Ficure 1. Effect of feed composmon and burmnrr
rate on phosgene production. :

‘

combustion products fre\‘r\n VGM under both-

diffusion and premixed flame conditions. The
temperature of the flame and the amount of
soot generated in a VCM flame was also
measured.

Phosgene Determinations

Linch et al® have reviewed a number of
methods for carrying out an analysis of phos-
gene in air. Many of the colorimetric methods

-llsted are so.sensitive to HC] that they were
of little use in the current study. While at-
tempting to determine phosgene in'a VCM

fAlame with the colorimetric detector 4.4-bis-

(diethylamino) benzophenone, we found that
the combustion gases from VCM convert this

reagent to a form (probably the HCI salt) .

that is totally insensitive to pure phosgene. -
Phosgene analyses by the aniline method

described by Crummett® were also attempted.

In this method, the combustion gases were

scrubbed in an aqueous aniline trap; any -

phosgene present is converted into 1,3-
diphenylurea which then can be determined
spectrophotometrically. In carrying out this

analysis, we found that, when the combustion.
products from VCM were directed into this:

solution, a precipitate was formed. The ultra-
violet spectrium of this material in methanol
cxhibited an absorption at 254.5 mp, .in-

dicating it to be 1,3-diphenylurea. The mass
un--

spectrum of this material, | however,
equivocally showed that not even -trace

amounts of 1;3-diphenylurea . ‘were present..

Rather ‘the composition of ithis precipitate

consisted of materials that result from the
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oxidative coupling of aniline. We have ide
tified the following componentS'

- O

M/E = 182

and

HoN

NH -
M/E =184

and polymerlc forms thereof :

The high level of HOI in the combustzo
gases is the cause of this oxidative  couplin:
of aniline. Indeed, aniline can only undergo’
oxidation when present in the form of a salt
(that ‘is, aniline hydrochlonde) ” - Addition
ev1dence further points up the inadequacy
the aniline method for determining phosgen
in the presence of large amounts of HCL.

has been shown that the conversion of pho
" gene to 1,3-diphenylurea is. pFH-sensitive and

that .at pH = 1,97, the efﬁmency of this'r
actlon is only’ 9. 3%. '

"To circumvent. these problems, a gas chro
matographic analysis of the combustion ga;sle
aimed at determining phosgene, was devise
For. thls particular analysis, either of “tw
chromatographlc columns was, used. Chr
matographic conditions are summarized
Table I. In addition to these. analyses, ph
gene determinations were- also carried ‘out
with ‘a2 Model 21/31 Drager multi-gas d
tector equipped with CH283 Drager tube:

Phosgene analyses were made on VC
flames under a number of experlmental col
ditions.- The following flames were probed

‘microburner, copper ‘tubing burner contai
ing VCM and air feed lines, glass tub

burner, VCM burning in a watch glass and}
VCM burning in' a ruptured . 1-liter metal
cylinder. In each case, low levels (15 to 15
ppm) of phosgene were detected. Exten;
data collected usmg the all-glass burner




TABLn I .00
Gas Ghromatoqraphlc Condmons
for Phosgene Determination

wer oil column' 15 9 samower oil on 30/60. CHR W,
non a.w.; X
' detector, t c., 3G°C
helium, 40*cc/mm

ficone . oil column: 2%780])0‘” Cornmg sxhcone ml 703 on
copper column; detector, lermnl con-
ductivity, 58° C carru:r gas,, helium, 94
cc/min. ;

TABLE 11 [

Chromatographic Parameters for l
O and CO, Ana1y51s T

Porapak co]umn &’ V4" s5.5. Porapak S. 80/100 mesh;
. detector, thermal con uctxvxty,
carrier gas: helium

Molecular sieve: 1/ X ‘4# ss. molecular sieve. 5A, 45/60
- mesh; all other chromatographic parameters

identical to - above (see text for further
information) ) i

ppress phosgene formation: The relation-
ip of the rate of feed of VCM to the burner,
the-rate of air feed,"and the amount of phos-
tne produced is 111ustratcd in Figure 1.
ir’ samples above a watch glass and'above
‘ruptured métal tank ' contammg burning
VCM  were collected ‘and analyzed for
\hosgcne These samples were of special
ificance in that they simulated actual
burning conditions. The air sample obtained
above the watch glass contained 15 to 20 ppm
of phosgenc and that above the ruptured
metal cylinder contained 40 ppm of phosgene.
The Drager detector was insensitive to
phosgene in these experiments due to the high
evel of HCL in the combustion gases.. How-
er, this problem was easily circumvented by

tachmg ar{ HCI scrubber to the tube.! This

scrubber corisxsted of a small section of glass
tubing containing 20-mesh granular zinc. The
Drager tube’ values varied ==25% from the
s chromatographic values. The Drager tube
hen equipped with the zinc scrubber would
be a valuable monitoring. device for use at
he site of a vinyl chloride fire.

VCM Flame T‘émperafure

- The temperature of a vinyl chloride flame
was measuret -under diffusion and premixed
conditions.* Under diffusion conditions, only
VCM. was fed to the burner (65 to 90 ce/

min).

;" copper column, :
- carrier Fas,

HR W, non a.w.; 12/ X 147"

155

Ambient air was the only 'source of
oxygen. For a premixed flame, air (120 to
190 cc/min) and VCM (6570 90 cc/rnm)
were both fed' to the flame; ambient air was
also avaﬂable to sustain combustlon Tem-

fperature 'meéasurements were made with a

Platinel® thermocouple (0.008 inch in di-
ameter). For a VCM diffusion flame, the
highest temperature recorded was 950°G,
while for a premixed flame, the highest tem-

" perature recorded was 1466°C. The diffusion

flame best simulates an actual VCM fire in
that there is little premixing of air and VCM

“in the pre-ignition step of a flame.

~ The fact that a VCM fire has a char-
actcrlstlc “cold” Aame is evident from the
amount of soot generated. From a number of
experiments on VCM diffusion flames, it ap-
pears that the amount of soot produced
during combustion ranges from 3 to 6% of
the VCM consumed. This range corresponds
to 7 to 15% of the available carbon in ‘the
VCM molecule. -

- HCl fmm Burning VCM.

Initial studies with phosgene determina-
tions indicated that the combustion gases
from VCM contained a high level of HCL
In order to better quantify this value, the
combustion gases from a VCM flame were
directed' into a standardized NaOH solution.
Back titration of this solution afforded the
quantity of HCI produced during VCM com-
bustion. In terms of the amount of VCM
burned, this levelyof HCI is approx1mately
52%. Although a\theoretlcal yield of 58% is
expected, the above analysis did not account
for the HCI lost on the walls of the com-
bustion apparatus or for the VCM that es-
caped combustion.

CO/CO, in YCM Combustion Gases

This analysis was carried out through the

use of two chromatographic columns. (Col-
umn parameters are summarized in Table
11). Briefly, the separation is achieved by
placing a 6-foot Porapak S in series with a
{-foot 5A molecular sieve column. The air
sample is injected into this two-column sys-
tem; after elution of oxygen, the sieve column
vhzch contains the nitrogen and CO com-
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Tasre II1 :
CO/CO. Analysis of VOM Combustion Gases -

Component Volume %

Oz 14. 71
CO: 5.8
78. 53

Nz :
COo 0.95

ponents is isolated by means of a 6-port valve.
The Porapak column is then heated to 245°C,
resulting in the elution of CO,, ethylene, and

VCM. On completion of this analysis, the -

mclecular sleve column is put back in series
and heated until the C® and N, elute. In
this way, a complete sepa\rauon and analysis
of CO, CO;, N, and O, are obtained. Re-
sponse factors were obtained for each of these
components so that the analysis could be ex-
pressed on a volume basis.

Air samples were also obtained above 2
VCM diffusion flame; Table IIT contains a
summary of a typical analysis. It should be
noted that this analysis hag not been cor-
rected for HCl or combustion water content.
It is also recognized that the results. of each
of *these analyses (except the HCI analysis)
are dependent on the actual conditions em-

ployed. For example, the relative levels of .

phosgene CO, and CO, would be different
in a fire where oxygen depletion is a factor.

However, oxygen depletion would tend to .
suppress the formation of COCI, and CO; 5o

the values cited herein represent near max-
imum concentratlons

Total Combus’rlon Analysis

The varlous analyses cited in this paper can
be combined to give an overall combustion
profile for VCM. Based on the Co/ CO, and
phosgene gas analyses and on the hydrogen
chloride determination (52% . of the mon-
omer), an approximate analysis of an air

sample obtained 1mmed1ately above a ' VCM'
flarme would be in ppm) HGI 27,000 ppm;;
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CQ, 58,100 ppm; CO 9500 pprn phosgen
40 ppm; and VOM trace. '

Conclusions

It is felt that, from a hazard standpoint
the gross quantity of HCl in the combustior
gases from VCM is the main source of danger
While it is recognized that, in the very nea
vicinity of a VOM fire, dangerous amou
of phosgene may be present, it is noted.tha
at this point the atmosphere willy already h
been ‘rendered - msupportable by the high con
centration .of HCI.

The pungent odor of HCI would also
as a warning device to clear the area or-l
obtain the necessary breathing’ apparatus !
deal with the fire..
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ot o Polyvinyl Chloride Toxicity in Fires
ron- - Hydrogen Chloride Toxicity in Fire Fighters
us- .
i, Robert F. Dyer, MD, Victor H. Esch, MD
‘ecom-
ments .
30! o
u;‘f;ﬁ e Polyviny! chloride, of all the plastic polymers, has been implicated pri- ‘REPORT OF A CASE
when “'marily in causing: the most serlpus problem in fire fighting today because it Approximately 24 hours after the fire, a
eXpo- .‘releases hydrogen chloride gds when burning. One hundred seventy fire g3 voar oid fire fighter fainted in the sit-
ilable fighters who.expetienced symptoms from its toxicity have been studied from ting room of the truck company. It was
»table .~ 1970 to 1975. One died. g also reported that he had a muscle spasm
r, all . - (JAMA 235:393-397, 1976) similar to an epileptic seizure, but recov-
s an o ‘ ered., was ful.ly‘consc'ious, and got up im-
over- ~ A RECENTLY identified hazard that  the smoke was so excessiveas to pre- :;e(fi;?tte Ij:ldHﬁ: izgﬁggrﬂ?gcﬁz f;e‘iﬁ};‘;‘f
such - is of paramount importance to prac-  vent entry without masks. The fire,  and walked into the kitchen. Following
*tive- - ticing physicians is that of chemical which was confined to an office COPY-  lunch, the acting sergeant on duty looked
se of injury incurred by persons exposed to  ing machine constructed of plastic  for the man to check his condition for driv- .
mical fumes from fires. Specifically, such in-  and Teflon parts, was quickly extin-  ing and found him lying on the floor next
edies Jjuries are-caused by the inhalation of  guished. : to his bed. He was cyanotic and, despite all
pro- vapors created by the thermal degra-  The fire companies entered the resuscitative efforts by an ambulance crew
rhed dation of polyvinyl chloride, a plastic  building via the elevator, placed sev-  and the rescue squad, was pronounced
lined polymer. Such substances have now eral portable fans for ventilation, ang ~ dead on arrival by a fire surgeon at the
ith a become widely used in the construc- left the building about 20 minutes Ucorge Washington University Hospital at
the Y : later. On returni%l to théir uarters 1:.10 PM. Postmort(.em.exammatmn by t}}e
See also p. 390, ater. g to: qua © District of Columbia Department of Public
_ P many °lf thedﬁre ﬁghtlel"s ekn){lperlenced Health Medical Examiner showed severe
: . st unusud! and unexpiainable symp- pumonar hemorrhage and edema due to
it by zloéli r?in?m:li;’tﬁiur:’]iigmfjl’e %TI?: toms, including a constricting tight- shemical zneumonitisg secondary to expo-
of the ag d 'pcable ’coveri-n and ,vehicllz s, A hess localized to the anterior part of sure to chemical smoke and fire. The
; Sei- B g, ana ) the chest. This chest discomfort was pathologist also reported  coronary
1 the parﬁmular hazard exists in _the case of described as a searing, burning sensa. . _atherosclerosis,
- Bat- the fire fighter, although it could be . s o2 i
cered ! ! : . tion accompanied by dyspnea as well v
equally serious in any circumstance in I ; . A EFFECT OF FUMES
which an individual might be exposed 252 burning sensation appearing to
to such pl astic combustion products close off the throat.” These symptoms It has been suspected for several
. B : were in addition to the usual head- years that the smoke and fumes from
g THE FIRE ache, dizziness or vertigo, and nausea, electrical fires produced greater in-
‘cand At 10:30 aM on Jan 6, 1970, an alarm  which, in our experience, is fre- jury now than similar fires in the
. sounded for a fire reported-to be.on ‘quently seen in cases of nonchemical past.’? It was strongly suspected that
fl sﬁz: the sixth floor of Building 218 at the smoke' inhalation. Some symptoms  hydrogen chloride released by ther-
atra- -Washington, DC, Navy Yard. Units - persisted over a course of several mal degradation of PVC, a common
"’“an of the District of Columbia -Fire De- days following exposure to the fumes.  electrical wiring insulation material,
stive Partment arriving on the scene found  The dyspnea was noted on mild exer- was the lethal product causing death
-171, the floor filled with a heavy concen-  tion and was associated with moder- in this instance. The medical exam-
thod tration of toxic fumes. Although allof = ate apprehension by all of the af- iner's report and the microscopic
. Br the fire fighters carried masks, none  fected fire fighters. A number of the findings subsequently confirmed our
e Wwere used, since neither the fire nor fire fighters exposed at this fire expe-  original clinical impression of the
;iade From the Pof ' o Fi Clinic. Wash rienced severe conjunctivitis, lacrima-  cause of death.
: ington, DG, - e | remens Glinic, Wash- tion, and dyspnea persisting for 24 Hydrogen chloride, inhaled either _
{Z’: S_Rep”"t reduests to Chairman.of the Board of  hours after the fire. An intense head-  in the gaseous state or combined with
In- v&:;%i?,‘;i] iezer\}\fvﬁvg:}s:étg:asoech‘ggﬁ g?%? ache, localized anteriorly and persist-  water vapor, acts as an irritant to the
2. Dyer). T ' - ing about 24 hours, was also common. mucous membranes of the eyes and
sl JAMA, Jan 26, 1976—Vol 235, No 4 Polyvinyl Chloride—Dyer & Esch . 393




Hydrogen Chloride
Concentration

7

Fig1 —Hydrogen chioride concentration and optical density of. polyvmyl chlorlde electri-

cal insulation decomposition products.

the respiratory tract. An HCI concen-
tration of 15 ppm causes localized
irritation to the throat after short ex-
posure. Hydrogen chloride concentra-
tions of 50 to 100 ppm' are tolerable
for one hour by humans. More severe
exposures result in- pulmonary edema
and often in laryngeal spasm. Con-
_centrations of 1,000 to 2,000 ppm of
HC! are dangerous even with brief
exposure® (Fig 1). :
Quantitative release of HCl on
thermal degradation of PVC has been
well documented in the scientific and
medical literature. Polyvinyl chloride,
of all the synthetic plastic polymers,
has been implieated as causing one of
the most insidious, serious problems
in fire fighting today, due to its re-
lease of HCl gas while burning. Mists
of hydrochloric acid. are considered
less harmful than.anhydrous HCl be-
cause the droplets have no hydrating
action.

Animal Experiments.

The toxicity of PVC has been sub-
stantiated by Kishitani* in his com-
prehensive animal experiments per-

394  JAMA, Jan-26; 1976—Vol-235, No 4

formed at the University of Tokyo.
With respect to the toxicity of carbon
monoxide, Kishitani states that the
injurious nature of PVC is unigue. All
mice exposed to harmful gas products
died, but the.carboxyhemoglobin con-
centration in the dead animals was
low (average, 21.2%). This clearly in-
dicated that the fatalities were not
due directly to. CO poisoning. At au-
topsy, the eyes of the mice were
closed, their mucous membranes were
injured by chemicals, and the sclerae
were  discolored. The latter had be-
come white due to the-action of chlo-
rine gas. All of the mice died in a pe-
riod of 15 minutes after exposure to

PVC fumes. Electrocardiographic ab-

normalities appeared. prior to gener-
ation of large 'quantities of smoke.
This indicated that a harmful gas
produced at .an early stage was caus-
ing the effect. Similar results were
found on exposure te polyurethane
gas. Kishitani concluded that the in-
jurious properties of burning mate-
rials such as wood, fire retardant ply-
wood, melamine finishing board, and
acrylic resin are due to CO.

water to.produce strong acids 0

In the fatalities due to CO, the
average concentration of CO was
45%. The burning of cellulose mate-
rial resulted in nothing but the re-
lease of CO. In the mouse study with
exposure to burning building mate-.
rials, the ECG abnormalities were
recorded before the smoke from the
burning materials was evident.

-InTregard to the harmful properties
of PVC to mice, as well as those from
polyurethane, polysterene, and phe-
nol, the pathologic effects of the
gases, rather than those of the smoke,
appeared first, as shown by atyplcal
ECG changes. It requires less CO in
combination with HCI to cause death.
In conclusion, HCl and CO have a re- .
ciprocal, potentiating adverse effect.

EFFECT OF SMOKE

Smoke is a suspension of small par-
ticles in hot air and gases. It has
a particulate fraction and a gaseous.
fraction. The particles consist-of car-
bon and are coated with combustible
products such as organic acids and al-.
dehydes. The gaseous fraction has an
extremely variable composition. Car-
bon monoxide and carbon dioxide are
always present and constitute the’
bulk of this fraction.

- However, a wide variety of. other-
toxic gases are present at the scene of
a fire. These may be formed by the
combustion process or leak from com-
mercial processing or storage equip- -
ment. The particulate and gaseous
fractions combine to exert a large:
space-occupying effect and can fill an.-
enclosed space at the expense of ait
The gaseous fraction of smokeis.
much more dangerous to life than &
particulate fraction. The nose, mouf.
and throat, which filter out and t
the particulate fraction, cannot filté
out the toxic gases. These gases en
the upper respiratory tract and lun
freely when inhaled. Damage to-
lungs may result from exposure t(
group. of gases and vapors called
monary irritants (chlorine, phosge
nitrogen-dioxide, sulfur dioxide,
ammonia). On entering the lun
these agents react chemically

kalis.” A violent  inflammatory
sponse occurs, causing destructio
lung tissue.

Fire fighters and victims of fires
homes, offices, and industrial
plexes are exposed to smoldering

. Polyvinyl Chloride—Dyer &




rning plastics and synthetics from
niture, floor and wallcoverings,
'éxtileé, and building materials,
Many plastics produce large volumes
f pulmonary-irritant gases when
urned. Polyvinyl chloride is used ex-
ensively in furniture, both in the
oamed. plastic stuffing as well as the

ure ‘today contains plastics capable

fighter faces a great, new risk in al-
most any fire.

pattern was emerging in which cer-

he decomposition of PV(C plastie
used in-telephone cable and electrical
quipment installations.

We have found electrical and tele-
hone cable fires to be especially haz-
rdous to the fire fighters, due to the
;i toxic gases produced. We have found
“that when a short circuit developed in
X~a.main switch, usually located in a
- “sub-basement or penthouse of an of-
- fice building or apartment house, the

.area was always poorly ventilated,
~.and ‘the plastic-covered switches

.quickly heat to temperatures in ex-
- -eess of 98.3 C. The heated conductors

cause the plastic-insulation to decom-
pose and emit white, mist-like HCI
~fumes that resemble steam. When the
temperature range of 232 to 321 Cis
- attained, the gas may be invisible,
The fire fighter may be fatally de-

.- ceived if he does not know plastic-coy-

~ered cable is'involved in the fire he is

fighting, '

OVERHAUL PHASE _

The period of time ‘Just after the
“fire is extinguished is termed the
“overhaul phase.” This is when the
* fire fighters clean up the fireground.
Toxic smoke and fumes are still being
emitted. This is a serious time for
toxic gas inhalation to oceur since
many fire fighters remove their self-

" contained breathing apparatus dur-
ing this phase. Another special hazard
during this phase is the “heat sink,”
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of producing lung-damaging gases-
when burned. Therefore, the fire )

It became obvious that a particular

ie, concrete that retains a great’

amount of heat and releases fumes
throughout the overhaul phase. Our
testing has shown highly toxic con-
centrations of HCl in'this concrete for
as long as one hour after the fire has
been extinguished,

FUEL LOADING

-In the late 1960s, the type of “fuyel
loading” in office and high-rise build-
ings (ie, contents of the buildings)
changed significantly and initiated a

. hew awareness. The noncombustible

buildings were not.burning, but fur-

- niture within them, building insula-

tion, ceiling tile, wall paneling, and
decorations made partly or wholly of
plastic were fueling disasters,

While a building may ‘be con-

‘structed of fire-resistant elements,
there is no control over the combus-

tible material that an individual may
elect to bring into.the structure, This
is the “fuel load” and may be ex-
pressed as kilograms of combustible
material per square meter of ficor
area. Large differences exist in com-
bustibility, smoke, and toxic gas re-

lease among different combustible

materials. More than 50 sq m of red

-oak, all burning at its maximum rate,

would 'be required to produce the
same rate of smoke as 2.5 meters of
acrylonitrile—butadiene—styrene plas-
tic pipe. A fire of plastic materials de-

velops extremely high temperatures’

because plastics possess a -heat of
combustion 2% times that of other
combustibles. Therefore, the fire
would magnify the normal problems
of radiant heat, structural damage,
and exposure. The fire would exhibit a

very high burning rate because the .

flammability of plastics is much
higher than that of other combus-
tibles.

The four most common plastics pro-

duced in the United States in the past
few years are polystyrene,:polyethyl-

-ene, polypropylene, and PVC. A chlor-

ethylene polymer is a plastic solid
marketed under a variety of trade
names, and currently being manufac-
tured at a rate over 8.3 billion kilo-
grams annually. '
Polyvinyl chloride (Fig2) is a plas-

tic solid widely used as a rubber sub- .

stitute and as electric and telephone
wire and cable covering. It is also uti-
lized frequently in electrical fixtures,
plastic drains, as well as waste pipe

Fig 2.—Polyvinyl chloride.

for .interior plumbing, pliable thin
sheeting, film finishes for textiles,
“noninflammable” upholstery, rain-
coats, tubing, belting, gaskets, shoe
soles, disposable unbreakable plastic
bottles, packaging materials, auto-
mobile and aircraft seatcovers, cor-
rugated fence toppings, tarpaulins,
shower curtains, phonograph records,
plastic trays, baby pants, toys, cur-
tains, and office copying-machines. It
is used as an exterior finish in many
vehicles, including buses and subway
cars, because of its high resistance to
wear and soiling.
~ When PVC is heated to 225 C, noth-
ing happens. When heated above
that, up to 475 C, PVC does not burn,
The combustion ‘range or flame point
is 475 C. Between 225 C and 475 C,
PVC loses over 60% of its weight.
During this process, it thermally de-
grades and HCl is released. Four hun-
dred fifty-three grams of PVC at deg-
radation releases 320 gm of chlorine,
phosgene, and HCL i o

The individual toxicity factors of
phosgene and the other major decom-
position products of PVC, ie, benzene,
toluene, total xylenes, naphthalene,
and vinyl chloride, are very small,
compared with the toxicity factor of
HCl. Further, the total or additive
toxicity factors of these minor compo-
nents are also very small in compari-
son with HCI toxicity. Unfortunately,
very little is known: about the syner-
gistic effects of toxic gases (ie, the
ability of one chemical to increase or
decrease the toxicity of another). The
main toxic risks from the decomposi-
tion -products of PVC are HCI and
CO.s

Stone et al® elucidated the nature
of smoke aerosol and its role in the
transport of toxic gases in fire situ-
ations. They confirmed the fact that
the toxie gas, HC, is adsorbed on soot
aerosol. Possible inhalation hazards of
such soot are positively related to the
size of the soot particles and particle
agglomerates. It has been shown that
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the amount and location of particle
deposition in the respiratory tract de-

pends on the particle size.® On inhala-.

tion, soot aerosols would enter the
lower lung region and, to an extent,
be retained there. Soot particle clus-
ters, with sizes ranging from 0.1y to
2.5pin diameter, would be retained in
the alveolar sacs to an extent of from
20% to 40% of those particles inhaled.®
At a breathing rate of 18 liters/min
for an exposure of one hour, a max-
imum of 0.7 gm of soot bearing 13 mg
of loosely bound HCl would be re-
tained in the lower lungs.

The effect of HCI in the gas phase
is largely limited to irritability,
mainly affecting the upper respira-
tory tract, whereas loosely bound HCl
condensed on soot aerosol gains ac-
cess to the lower lungs. Experiments
have shown that water droplets of
respirable size rapidly adsorb HCl
from the gas phase and approach
equilibrium concentrations in frac-
tions of a second.’

' SMOKE INHALATION

Respiratory distress may develop

in fire fighters or fire vietims immedi-
ately or within one to two days of ex-
posure to combustion products. The
best protection against these agents
is the mandatory use of the self-con-
tained breathing apparatus by every
fire fighter. When anyone without a
breathing apparatus is exposed to
more than a few breaths of “choking
smoke” characteristic of burning or
smoldering plastics, he should receive
prompt medical attention.

Prior to our investigation, we con-

. sidered most fireground pulmonary
- casualties to be due to “smoke inhala-

tion” or CO poisoning. Carbon mon-
oxide had long been considered the
leading cause of death and pulmonary
morbidity in fires. Though CO is not

noxious and does not actually cause .

serious pulmonary injury, the amount

~ of CO in a patient is a good indicator

of whether more harmful gases are
present. '

Before the introduction of massive
fire loads of combustible and ther-
mally decompesable. plastic products,
fire surgeons usually considered the
CO vietim to be “home safe” in four
hours after exposure due to the fast
half-life of CO in the blood. After ex-
posure to plastic degradation prod-
ucts, a period of one to six hours
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elapses between exposure and onset
of severe respiratory and chest symp-
toms. Treatment is most effective if
given during this quiescent phase.
Once the symptoms of difficult
breathing, cyanosis, or other symp-
toms, as noted in the reported case,
have appeared, it may be too late to
prevent severe morbidity or even
mortality. The “overhaul phase” after
the fire is extinguished is dangerous
with respect to fumes also.

A Harvard research team headed
by Donald P. Dressler, MD, reported

_ in 1978 that when burned, plastics and

modern fibers produced colorless,
odorless fumes that quickly displace
oxygen and cause a dramatic rise in
the CO, level of the -atmosphere.®
Therefore, a person either dies or is
rendered unconscious in the early
stages of a fire involving these mate-
rials. If he is unconscious, he soon dies
of other lethal fume inhalations.®
Tests performed in Cambridge, Mass,
showed that fire fighters were proba-
bly affected adversely by the high
level of CO, rather than by the initial
release of toxic gases:®

In establishing the importance of
detecting the presence of certain
toxic gases, the difficulty in detecting
CO has been emphasized.? Some hu-
man response mechanisms are more
sensitive than others to CO inhala-
tion.® Fairly high levels of CO affect a
human’s vision, but even higher levels
do not affect his sense of timing. A re-

.search team headed by R. A. McFar-

land, MD, of Harvard University,
found that when CO replaces 11% to
17% of the blood’s normal oxygen, the
peripheral vision is affected and the
subject has difficulty viewing stimuli
at a 20° angle from the line of sight.’
The Harvard team also found that at
a 17% concentration of COHb, some

.subjects had a momentary lapse of at-

tention and failed to respond to all
the stimuli- presented. This is impor-
tant in disproving the once-held con-
cept that once an individual has-de-
tected the sharp odor of HCl he can
walk away. It has been our observa-
tion that the fire fighter cannot es-
cape the HCI fumes.

Cornish and Abar reported that CO

and hydrochloric acid were the major
toxic products from the combustion of
PVC.* They pyrolized PVC polymers
in a stream of air by gradually in-
creasing the temperature from am-

bient to 600 C. Exposure to this air
stream supplemented with oxygen
produced pulmonary and interstitial
edema in rats. Some of these animals
also showed focal bronchial and intra-
alveolar hemorrhage. _
In a sealed environment (such as g
centrally air-conditioned house, of-
fice, high-rise unit, or hospital), fumes
from. plastic degradation could kill,
even if the fire is brought under con-
trol. It has been observed that a
sleeping person needs an estimated
12 to 15 minutes to awaken, react to
danger, and take appropriate action
to save himself. With inhalation of

. fumes from burning plastic, he will

not have that much time.
COHb LEVEL AND CIRCULATION

As noted by E.P. Radford (writ-
ten communication), 43 deaths due to.
fire demonstrated that a blood COHb.
level of over 65% is nearly always
lethal due to the depression of res-

piration and circulation. Ventricular -

fibrillation from acute myocardial hy- -
poxia induced by a rapid rise of the
COHb level in individuals with a .
restricted coronary circulation was.
found to be the likely explanation of
a lower terminal blood COHb level.
These individuals were found to have
severe, preexisting coronary vascular-
disease. '

We believe that any compromise of
the coronary circulation, eg, ath-
erosclerosis such as found in the fatal
case, would be potentiated by highly
irritating chemical fumes. We also
believe that other pyrolysis products,
especially HCl, have contributed to -
ventricular fibrillation since its con-
centration is comparable to that of

~ CO in real fire situations involving

plastics. v

Kishitani has demonstrated that
chlorine affects the myocardium more
rapidly and more severely than CO.
Carbon monoxide may cause changes
in enzyme activities. suggestive of
myocardial damage. Hydrogen chlo-
ride has been found to be a more po- .
tent myocardial irritant whose ef-
fects may be difficult to determine by-
clinical observation. This is in coB -
junction with the development of pul-
monary edema over a 24-hour pel'l‘ﬂ, )
following exposure to HCL This fuf
ther complicates and compromises
coronary artery oxygen saturation: -

This could lead to sudden death syI= -
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Ae,‘ similar to that in the reported

ning noted by G. Gordon, (written
ommunication) the ECG changes did

e
“:appear late if at all and the COHb
““yaried in individuals at the same fire.

“well as in different fire situations,

i has been our’experience that all
- fire fighters exposed to PVC do mani-

fest ECG-signs of its toxicity. There

—-are variable levels of its toxic effect

‘on the lungs, mucous membranes (tra-
"¢heal peeling effect), eyes, and other
parts of the body.

CLINICAL STUDY

In Washington, DC, a clinical study
of fire fighters suspected and later

known to have been exposed to toxie-

products from thermal degradation of
PVC was conducted by the DC Board
of Police and Fire Surgeons between
January 1970 and September 1975.
One hundred seventy individuals
were exposed from one to four differ-
ent times to these products and re-
ported two or all of the symptoms of
acute toxicity, ie, pain in the anterior
aspect .of the chest, neck and throat
pain, dyspnea, severe headache, dizzi-

_ ness, and irregular pulse within a few

hours after exposure. -
“Initial physical examinations were

" performed by the fire surgeon on the

fireground, in the hospital emergency
room, or at the Police and Firemens
Clinic. Laboratory studies including
complete blood cell count, determina-
tions of serum glutamic oxaloacetic
transaminase, blood urea nitrogen, or
creatinine, and a complete urinalysis
were done. Electrocardiograms were
performed initially when there was
chest pain, extrasystoles, or cardiac

“arthythmia. However, ECG studies

were not incorporated as part of the
Physical evaluation until the latter
part of the study when their impor-
tance was appreciated. .

About one fifth of the fire fighters
had extrasystoles during the first few
hours after exposure. Fourteen of the

L. Lowery R: Injury Control at Heavy Service
Electrical Fires, safety bulletin. City of New
York Fire Dept, September 1969,

2. Lee T: Smoke Analysis of Specimens Sub-
Mitted by Fire Marshal Clark of Prince Georges
Cmm;g, Maryland, US Dept of Commerce, Sept

, 1969,

3. Sax NI: Dangerous Properties of Indistrial

Materials, ed 8. New York, D Van Nostrand Co

Inc, 1968, p 883.
4. Kishitani X: Study on injurious properties
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se. Although in the cases of CO poi- -

last 26 firemen exposed had prema-
ture ventricular contractions. Some
have had recurrence of extrasystoles
within the subsequent year. Chest x-
ray films were done at - the initial
examination and have remained nor-
mal. Serum electrolyte and arterial
blood .gas determinations were per-
formed-on 12 of the fire fighters who
were more acutely ill, or required hos-
pitalization. Because of the excellent
clinic facilities provided by the Dis-

“trict of Columbia government, all fire

fighters were observed in a holding
area after exposure and examined at
the clinic or the hospital emergency
room after transportation from the
fireground. Twelve men were ad-
mitted to the hospital for treatment.
If symptoms did not worsen over the
first 24 hours in the hospital, they

were released and followed up on an -

outpatient basis at the clinic.

Specific treatment, including oxy-

gen given intranasally at 5 liters/
min, bronchodilators, antihistamines,
and decongestants in oral suspension,
has been utilized in controlling most
of the acute respiratory symptoms.
Steroids were given intravenously to
three of the fire fighters during hospi-
talization due to the severity of their
signs and symptoms of respiratory
distress.

Initial and follow-up liver function

tests have remained normal in all of
these patients. There has been no di-
rect correlation between severity of

_ symptoms and history of cigarette

smoking.
None of the fire fighters has had
to retire for permanent airway dis-

orders. Serial studies and follow-up
examinations will continue, Since the

onset of this study among profes-
sional fire fighters, the use of the self-
contained breathing apparatus has
been required at all fires where toxic
fumes could be present. This is neces-

" sary " during the “overhaul phase”

also. We urge all physicians to advo-
cate restriction of unsupervised use
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. CONCLUSIONS

Hazards of Plastic Fires.—Respira-
tory distress may develop in fire
fighters and fire victims after expo-
sure to combustion products. The

‘complexity of the problem is empha-

sized when it is recognized that the
thermal degradation of PVC results
in the formation of at least 75 identi-
fiable potentially toxic compounds.
Three characteristies of plastic fires
are the extremely high temperatures,
very high burning rates, and thick
toxic smoke. The main danger to ex-
posed fire fighting personnel at the
fireground results from the massive
formation of HCl gas, and in many
instances, its adsorption on spherical
soot particles that are carried into the
vietims’ respiratory tracts.

Prevention.—The mandatory use of
the self-contained breathing appa-
ratus by all who will be vulnerable to
toxic smoke will aid in the prevention
of plastic-fires. Control of hazardous
building designs, including equip-
ment and ventilation is also neces-
sary. Protection by masks during the
“overhaul phase” should be required.
Sophisticated  air-sampling tech-
niques are required for definitive
study, including gas chromatography.
Electrocardiographic studies utilizing
base line tracings directly after HCl
exposure are stressed.

Areas of Future Study.—All atmo-
spheres should be suspected- by the
fire fighter. There should be a search
for an effective gas analyzer that can
immediately assess gas concentra-
tions released by burning or smolder-
ing plastics. Further definitive car-
diologic studies are indicated. The
term “smoke ‘inhalation” should be
abandoned and replaced by “inhala-
tion of toxic combustion products.”
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ACUTE HEALT

POLYVINYL CHLORIDE (PVC) FIRE

JEFFREY S. MARKOWITZ,' ELANE M. GUTTERMAN,? SHARON SCHWARTZ,3
BRUCE LINK,* aND SHEILA M. GORMAN®

_ Markowitz, J. 8. (New York State Psychiatric Institute, New York, NY 10032),
E. M. Gutterman, S. Schwartz, B. Link, and S. M. Gorman. Acute health effects
among firefighters exposed to a polyvinyl chioride (PVC) fire. Am J Epidemiol
1989;129:1023-31.

Firefighters are frequently being called on to fight fires that are chemical in
nature. In the aftermath of a chemical fire in Plainfield, New Jersey on March 20-
21, 1985, the authors conducted a retrospective cohort study which surveyed 80
firefighters exposed to burning polyvinyl chloride (PVC) as well as 15 nonexposed
firefighter subjects. By means of an 81-item symptom checklist, exposed fire-
fighters reported more frequent and severe symptoms at 5-6 weeks post incident.
This was true for a total symptomatology score as well as 19 individual items.
Some of the items with an elevated risk were consistent with exposure to
hydrogen chloride, the main pyrolysis product of polyvinyl chloride. Other items
with an elevated risk appeared to be related to smoke inhalation while others
seemed psychosocial in nature. Analyses conducted within the exposed fire-
fighter group showed that fighting the fire the first day, being a truckman, and
residence within 1 mile (1.6 km) of the firehouse were significant risk factors for
high total symptom scores. These risk factors may have been associated with
level or duration of exposure to the toxic substances produced during the fire.

Vol. 129, No. 5
Printed in U.S.A.

H EFFECTS AMONG FIREFIGHTERS EXPOSED TO A

environmental exposure; occupational diseases; polyvinyls

In addition to civilian loss of life and
property, uncontrolled fires exact a toll on

the health and well being of firefighters. A

majority of the negative health sequelae
that arise from fires are related to smoke

4

“and fumes as opposed to burns (1). In fact,

it is now believed that most fire casualties

- are attributable to the effects of toxic gases

(2). Despite the large numbers of fires each
year as well as the large population of fire-
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fighters in the United States (about one
million including 800,000 volunteers), there
are few systematic field data on effects
among firefighters exposed to toxic com-
bustion products. An examination of com-
bustion products of plastics is particularly
important since an increase in the casualty
rate associated with toxic gases coincides
with the widespread use of plastics and
other  industrial materials (3). This study
examined the association of exposure to the
combustion products of one plastic, poly-
vinyl chloride (PVC). As with other halo-
gen plastics, the combustion products of
polyvinyl chloride are a great deal more
toxic than combustion products of natu-
rally occurring materials (4, 5). Research
on the thermal degradation products of
polyvinyl chloride show that hydrogen
chloride and traces of benzene and toluene
are likely to evolve when polyvinyl chloride
is burned (6). In fact, some 75 different
» .

combustion products may evolve when poly-
vinyl chloride burns (7).

There is some preliminary epidemiologic
evidence that suggests the deleterious ef-
fects of polyvinyl chloride exposure. A
study of polyvinyl chloride-exposed Beverly
Hills Supper Club fire survivors focused on

long-term impairments. Data were col-

lected on all medically treated persons (n
= 16) (8). The main target of long-term
impairments was the respiratory system,
paralleling reported short-term impacts. A
second study of the Supper Club survivors
involved 12 female litigants aged 40 years
or younger (9). All subjects noted the oc-
currence of uterine dysfunctions, such as
menstrual irregularities, and heavy bleed-
ing, or miscarriage.

In the New York City polyvinyl chloride
Telephone Company fire, 64 per cent of the
firefighters reported permanent effects.
The most common complaints included im-
paired disease resistance, coughing, hoarse-
ness, sensitivity to smoke, asthma, and re-
petitive bronchitis (9). '

These studies, while providing some use-
ful clues, were weak in a number of impor-
tant respects. First, the samples were small

and control or comparison subjects weye
not always used. Second, these studieg of-
ten utilized “treated” subjects or even liti-
gants. Such samples may provide biaseq
estimates of level and type of Symptom.
atology. Third, data were often collected
retrospectively, after significant time lags,
which raises the possibility of recall prob-
lems.

In this paper, we describe a retrospective
cohort study that systematically assesseq
health status among a sample of firefighterg
involved in fighting a large polyvinyl chlo-
ride fire, and which uses a control group.

BACKGROUND

At about 12:15 p.m. on the afternoon of
March 20, 1985, an alarm sounded at the
Plainfield, New Jersey fire department for
a building fire at a large warehouse leased
by a plastics company. Firefighters from
the department arrived at the scene within
minutes but the fire was already raging out
of control, producing flames 40 ft (12 m)
high. Additional firefighting forces were
ordered immediately, including an engine
company from the North Plainfield fire
department.

About an hour after the fire began, fire-
men battling the blaze from several loca-
tions reported skin rashes and eye irrita-
tions. An hour later, it was confirmed that
the unoccupied warehouse (approximate
dimensions, 200 m by 70 m) contained large
quantities of polyvinyl chloride waste
awaiting shipment to the company’s
Newark plant for remolding.

State and local health departments were
notified, as was the Red Cross and the
Department of Environmental Protection.
Several firefighters and community resi-
dents presented at nearby Muhlenberg hos-
pital with a range of symptoms associated
with the incident.

On April 4, 1985, representatives of the
Plainfield fire department delivered several
debris and water specimens taken directly
from the scene of the warehouse fire to
Gollob Analytic Services in Berkeley
Heights, New Jersey. Gollob Analytic Serv-

ices conducted an
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EFFECTS OF EXPOSURE TO POLYVINYL CHLORIDE (PVC)

;ces conducted an experiment to determine
what hazardous airborne combustion prod-
ucts were evolved when these specimens
were burned in air at 2,000 F (1,093 C).

A polyvinyl chloride composite sample
was prepared, consisting of approximately

~ 50 per cent pink shredded bulk polyvinyl

chloride and equal amounts of the remain-
ing materials. The materials were incre-
mentally inserted into a quartz combustion
tube, maintained at this temperature and
continuously purged with air at 2,000 cc per
minute. The composite sample was com-
pusted and the gaseous products collected
and analyzed by gas chromatography/mass
spectrometry. Based on its report, Gollob
Analytic Services postulated that a number
of hazardous substances were produced in
the experiment (table 1), including signifi-
cant amounts of hydrogen chloride (10).
Extrapolation from laboratory data to the
actual firefighting experience is uncertain,
however, and we cannot rule out the pos-
sibility of other exposures, either singly or
in combination.

MATERIALS AND METHODS

All 125 firefighters of the Plainfield and
North Plainfield fire departments were
asked to participate in the study by com-
pleting a questionnaire. Ninety-five ques-
tionnaires (76 per cent) were completed (75
per cent (78/104) in Plainfield and 81 per
cent (17/21) in North Plainfield) between
April 15, 1985 and May 22, 1985. All Plain-
field and North Plainfield firefighters di-
rectly involved in fighting the Plainfield
warehouse fire on March 20 and/or March
21 (n = 80) were designated exposed sub-
jects. A group of 15 firefighters not involved
in fighting the chemical fire because of
vacation, illness, or home assignment from
the same two fire departments constituted
the comparison group.

No data were available on the non-
responders regarding their exposure status.
Nevertheless, we do not believe that non-
response in the study was a function of
exposure status. This is because every at-
tempt was made to have every firefighter
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in the sample participate and an equal
effort was made to recruit exposed and
nonexposed subjects. Furthermore, all non-
responders, regardless of their exposure
status, were followed up two additional
times in an attempt to convert them to
responders.

Participating firefighters responded to
an 81-item symptom checklist. This checkl-
ist, called SAFTEE, an acronym for Sys-
tematic Assessment For Treatment Emer-
gent Events, was modified and adapted
from an assessment schedule presently be-
ing tested at three United States research
centers as a measure of drug side effects
(11). The assessment time interval for both
subjects and controls in the study was
“since the Plainfield warehouse fire.”

Each checklist item includes a severity
probe which rates a symptom as mild, mod-
erate, or severe (scored 1, 2, and 3, respec-
tively), if it is present. Symptoms that are
not present are scored zero. Since response
categories for checklist items were ordinal
level and the distributions skewed, Mann-
Whitney U tests (12) were used to uncover
significant exposed/nonexposed group dif-
ferences. _ _

In addition to individual item scores, a
total checklist score was computed by sum-
ming the item scores across all 81 symp-
toms. (Hereafter, the sum of these 81 items
will be referred to as the “total score”.)
Theoretically, a firefighter’s total score
could range from zero (no symptoms pres-
ent) to 243 (all symptoms present and se-
vere).

Data analysis

Differences between the exposed and
unexposed firefighters on the 81 SAFTEE
checklist items were tested statistically us-
ing an alpha level of 0.01 because of the
large numbers of comparisons being made.
All other tests of significance were done
using an alpha level of 0.05 (two-tailed).
The dat#®analyses were conducted using
the Statistical Package for the Social Sci-
ences (SPSS-X) (13).
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TABLE 1

Gollob Analytic Services report (10): summary of chemical analyses of polyvinyl chloride (PVC) combustion
products involved in warehouse fire in Plainfield, NJ, March 20-21, 1985

Constituent

ont Combustion gases ’ m'lg“/);aé,;néliz:z: 4

Nitrogen (%) 80+ it
Oxygen (%) 14.7
Carbon dioxide (%) 2.6 160
Hydrogen (ppm) 7,500 2.1

" Carbon monoxide (ppm) 9,300 36
Methane (ppm) 1,760 4.0
Phosgene (ppm) None detected <50 ’
Benzene (ppm) 146 : 1.6
Other organics (primarily acetylene) (ppm) 420 ) 1.6
Hydrogen chloride (ppm) 6,800 34
Hydrogen cyanide (ppm) 0.32 0.0012
Vinyl chloride (ppm) None detected <0.2
Nitric oxide (ppm) 5.6 0.023
Nitrogen dioxide (ppm) 3.7 0.023
Diocty! phthalate(mg/m) None detected <0.5
Polychlorinated biphenyls (mg/m) None detected <5
Methyl pyrrole (mg/m) 64 0.021
Unidentified chlorinated (mg/m) 6 0.02

ResuLTS

The firefighters ranged in age from 21 to
57 years, with a mean of 37.2 years (stan-

dard deviation (SD) = 8.8). The firefighters -

worked as members of their respective fire

departments an average of 12.3 years (SD
= 8.0), with about 28 per cent having had
five years or less of firefighting experience.

Seventy per cent were white and about 27
per cent black. The firefighters had com-
pleted an average of 12.6 years of school
and nearly all (95 per cent) had graduated
high school. Over 68 per cent were currently
married. Forty per cent currently smoked
cigarettes. Over one-third (37 per cent) of
the firefighters lived within one mile (1.6
km) of the Plainfield firehouse. All of the
firefighters were male.

- Table 2 shows that exposed subjects had
worked significantly fewer years as fire-
fighters (11.6 years) than nonexposed fire-
fighters (16.2 years). A significantly smaller
proportion of exposed subjects (63 per cent)
than nonexposed subjects (100 per cent)
were currently married. Significantly fewer
exposed firefighter subjects (34 per cent)
currently smoked cigarettes than non-
exposed subjects (67 per cent).

Exposed subjects and nonexposed sub-
jects differed at the alpha level of 0.01 us-
ing Mann-Whitney tests for 19 SAFTEE
checklist symptoms: headaches, dizziness,
eye irritation, dry mouth, chest pains,
wheezing, coughing, shortness of breath,
muscle, bone, or joint pain, skin irritation,
rashes or itching, sore throat, blurred
vision, stomach pain, increased thirst,

tingling/numbness in hands and feet, tired-

ness, restlessness and daytime drowsiness
(table 3). Relative risks for these 19 symp-
toms ranged from 1.8 (sore throat) to 16.3
(skin irritation). However, in most in-
stances, the confidence intervals around
the relative risks were quite large due, par-
ticularly, to the small number of non-
exposed subjects.

Exposed subjects reported an average of
8.8 mild symptoms, 6.9 moderately severe
symptoms, and 1.8 severe symptoms.
Nonexposed subjects reported an average
of 1.5 mild symptoms, 1.2 moderately se-
vere symptoms, and 0.07 severe symptoms.
On the total checklist score, exposed sub-
jects had a mean of 28.1 (SD = 24.3) com-
pared with 4.1 (SD = 2.9) for the nonex-
posed firefighters (¢t = 8.5, p < 0.001). Con-
firmation of these results was obtained
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TABLE 2

mparison. of exposed and nonexposed Plainfield and North Plainfield firefighters involved in warehouse fire
in Plainfield, NJ, March 20-21, 1985, by baseline characteristics

Baseline characteristic

160
2.1
36
4.0

1.6

1.6

34
0.0012

0.023
0.023

0.021
0.02
\

Statistical

test* p value

Mean years worked as a firefighter
Exposed (n = 79%)

Nonexposed (n = 15)

Mean age (years)
Exposed (n = 79%)

Nonexposed (n = 15)

Mean years of school completed
Exposed (n = 80)

Nonexposed (n = 15)

Ethnicity (% black)
Exposed (n = 80)

Nonexposed (n = 15)

nexposed syb-
evel of 0.01 ys-
r 19 SAFTEE
‘hes, dizziness,
chest pains,
ess of breath,
kin irritation,
roat, blurred
‘eased thirst,
nd feet, tired-
1e drowsiness
iese 19 symp-
iroat) to 16.3
in most in-
~vals around
rge due, par-
Jer of non-

n average of
ately severe
symptoms,
an average
lerately se- r
symptoms.
posed sub-
24.3) com-
-he nonex-
001). Con-
obtained

—

Marital status (% married)
Exposed (n = 80)

Nonexposed (n = 15)

Current cigarette smoker (% yes)
Exposed (n = 80)

11.6 + 8.0%

t=21 <0.04

16.2+ 6.7

36.6 + 8.9

16 NS§

40.6 = 7.7

128+1.4

t=-0.8 NS

12611

32

NS
13

63

34
x2=45 <0.03
Nonexposed (n = 15) 67
Lives within 1 mi (1.6 km) of firehouse (% yes)
Exposed (n = 80) 40
: x*=14 NS
Nonexposed (n = 15) 20
Supervisor (% yes)
Exposed (n = 79%) 28
x2=0.0 NS
Nonexposed (n = 15) 33

" * Students ¢ test or corrected chi-square test.
T One subject had missing data.
 Standard deviation.

§ NS, not significant.

when the total scores of exposed and non-
€xposed subjects were compared using a nat-
ural logarithm scale and the pooled vari-
ance ¢ test estimate (¢ = 5.2, p < 0,001).
We used multiple regression analysis to
test whether the between group differences
on total checklist scores would be reduced

or eliminated by introducing statistical
controls for the baseline variables that dif-
ferentiated the two groups. The differences
between exposed and nonexposed subjects
on total scores remained highly significant
(p < 0.001) after controlling for the effects
of these potential confounders using both
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TABLE 3

Comparison of SAFTEEY items between exposed and nonexposed Plainfield and North Plainfield firefighters

involved in warehouse fire in Plainfield, NJ, March 20-21, 1 985, by significant symptomst,§

No.exposed with  No. nonexposed

Symptom symptom with symptom

Relétive ?5% confidence

. i interval
] (present}j /absent) (present|)/absent) riskl (Taylor series)
Probably associated with exposure to
hydrogen chloride
Eye irritation*** 55/25 2/13 52 _  14-189
Skin irritation*** 42/38 0/15 _ 163 1.1-251.4
Rashes or itching*** 38/42 0/15 15.2 1.0-235.9
Sore throat** 51/28 (m)tt 5/9 (m) 1.8 0.9-3.7
Probably psychosocial in nature
Headaches*** 62/18 3/12 3.9 1.4-10.7
Restlessness*** 27/568 0/15 10.5 0.7-163.4
Dizziness*** 40/40 - 0/15 16.0 1.0-247.0
Blurred vision** 24/55 (m) 0/15 9.8 0.6-153.0
Stomach pain** 27/52 (m) 0/14 (m) 10.3 0.7-159.9
Tingling/numbness** 27/53 0/15 10.9 0.7-169.1
Dry mouth** 30/49 (m) 1/14 5.7 0.8-38.7 .
Probably associated with smoke inhalation
and physical aspects of fighting a fire
Chest paing** 33/46 (m) 1/13 (m) 5.8 0.9-39.0
Wheezing** 30/47 (m) 0/14 (m) 117 - 0.8-181.0
Coughing*** 50/28 (m) 3/11 (m) 3.0 1.1-8.3
Short of breath** 33/46 (m) 0/13 (m) 11.7 0.8-180.6
Increased thirst** 30/49 (m) 0/15 12.2 . 0.8-189.4
Muscle/joint pain** 35/45 1/14 6.6 1.0-44.3
Tirednesg*** 51/28 (m) 2/13 4.8 1.3-17.8
Daytime drowsiness*** 38/41 (m) 0/15 15.4 1.0-237.9

**p.=0.01; *** p < 0,001 on Mann-Whitney test.
t SAFTEE, Systematic Assessment

For Treatment Emergent Events symptoms checklist.
t Nonsignificant symptoms: difficult

swallow, rapid heart beat, heart pounding, irregular heart beat, heart-
burn, nausea, vomiting, diarrhea, constipation, gas, change stool color, hemorrhoids, painful stool movement,
weight gain, weight loss, increased appetite, eye swelling, double vision, light bothers you, earache, trouble
hearing, ringing in ears, mouth sores, swollen tongue, too much saliva, bleeding gums, dental problems,
nosebleeds, stuffy nose, laryngitis, decreased appetite, taste abnormality, painful urination, difficulty urinating,
{requent urination, color change urine, decrease force of urine, arm/leg swelling, edema, unsteady on feet,
trouble on starting to move, unwanted movements, rigid, tremors, acne, bruising, increased sweating, sun
sensitivity, fever, chills, overarousal, difficulty falling asleep, early morning awakening, too much sleep,

interrupted sleep, pain/discharge, increased sex interest, decreased sex interest, sexual dysfunction, delayed
orgasm, .

§ No variance Symptoms: fainting, seizures.
Il Symptom present: mild, moderate, and severe symptoms collapsed.

1 Note that when cell frequency = 0, a value of 0.5 was added to each of the four cells,

a method proposelfi
by Kleinbaum et al. (17).

the untransformed and the log transformed
total scores.
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peing & supervisor (p < 0.07) and being
plack (p < 0.07) were trend significant risk
factors (i.e., p > 0.05 and < 0.1).

Since the risk factors themselves may be
correlated, we sought to determine which
of them were significant in predicting total
scores while controlling for the other risk
factors using multiple regression. Living
within one mile (1.6 km) of the firehouse
(p < 0.05) and fighting the fire on March
90 (p < 0.02) were significant predictors of
total scores controlling for the other risk
factors. In addition, being a truckman (p <
0.08) showed a trend for significance in the
multiple regression. :

Non-supervisory status was correlated

" with the total score in bivariate within-

subjects analyses. However, this variable
was not significant in the multiple regres-
sion model that predicted total scores while
controlling for the other risk factor varia-
bles. The same was true for being black. In
post hoc correlational analyses, being a
trackman and being a nonsupervisor were
significantly correlated (r = 0.23). Being

black was positively correlated with living

within a mile of the firehouse (r = 0.35)
and inversely related to being a supervisor
(r = —0.31). Clearly, the initial (trend) re-
lation between being black and the total
score was explained by the association of
ethnicity with the other risk factors.

DISCUSSION

1t is likely, based on previous research of
polyvinyl chloride emission products, plus
the Gollob Analytic Services chemical anal-
yses results (10), that hydrogen chloride
was a significant chemical produced during
the Plainfield warehouse fire. Sax (14)
notes that hydrogen chloride can be irritat-
ing to the skin, eyes, and mucous mem-
branes via both oral and inhalation routes.
Further, “hydrochloric acid is an irritant to
the mucous membranes of the eyes and
respiratory tract and a concentration of 35
pPpm causes irritation of the throat after
short exposure .... [hydrogen chloride]
will react with water or steam to produce
toxic and corrosive fumes” (14, p. 728).

There were a total of 19 SAFTEE symp-
tom checklist items on which exposed fire-
fighter subjects differed from nonexposed
firefighters (a = 0.01). We certainly must
consider the possibility that at least four of
these symptoms were associated with ex-
posure to hydrogen chloride. These include
eye irritation, skin irritation, rashes or itch-
ing, and sore throat. However, given the
multiple nature of the dangerous sub-
stances that may have been produced dur-
ing the Plainfield warehouse fire, it is vir-
tually impossible to make causal inferences
between possible exposure and specific
symptom reports. We must not rule out the
possibility that some of the adverse health
effects reported in this paper could be at-
tributed to polyvinyl chloride pyrolysis
products other than hydrogen chloride.
Thus, a number of the other significant
checklist items such as headaches, restless-
ness, dizziness, blurred vision, stomach
pain, tingling/numbness in hands or feet,
and dry mouth, may or may not have been
related to chemical exposure. It is also pos-
sible that these symptoms arose from stress
reactions or other psychosocial factors as-
sociated with the dramatic nature of the
incident. The remainder of the significant
checklist items (i.e., chest pains, wheezing,
coughing, shortness of breath, increased

thirst, muscle bone/joint pain, tiredness, '

and daytime drowsiness) could be associ-
ated with smoke inhalation and the more
physical aspects of battling a prolonged fire
of any kind.

Ideally, complete medical evaluations,
including monitoring of arterial blood gas
values, should be considered for persons
exposed to polyvinyl chloride fumes even
in the presence of normal findings from
routine physical examinations and chest
x-rays, This is because of the findings of a
prior study (15) which documented the ap-
pearance of mild to moderate hypoxemia

among 19 of 21 mostly asymptomatic fire- -

fighters following an office building fire
where large amounts of polyvinyl chloride
materials were burned. We sought to obtain
medical confirmation of symptoms among

i
i
i
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our cohort of exposed firefighters. How-
ever, this was impossible because of confi-
dentiality issues.

As noted earlier, symptom data were col-
lected from both exposed and nonexposed
subjects during a period in 1985 which
spanned about six weeks. Differences in
this distribution between exposed and
nonexposed subjects could conceivably af-
fect the prevalence of symptoms since the
time at risk to accrue symptoms may be
unequal. To test this possibility, we con-
trolled for time elapsed and then assessed
between-exposure group differences on to-
tal scores. The exposed and nonexposed
subjects were still different (p < 0.002).
Thus, date of questionnaire completion did
not appear to influence the results reported
above, .

The significant risk factors (i.e., fighting
the fire on March 20, living within one mile
(1.6 km) of the firehouse, and being a truck-
man) may have been related to level or
duration of exposure. Fighting the fire on
March 20 most likely entailed greater ex-
posure because the fire on that first day
raged out of control for many hours. Also,
firefighters were unaware for some time
that the fire was chemical in nature and
preventive measures, such as the use of
special masks, were only ordered after the
chemical nature of the fire was confirmed.
-Of all the firefighting roles, truckmen
(i.e., members of truck companies) are
likely to be stationed in locations that are
more proximate to sites where the fire is
more severe. Being .a truckman is an ex-
ample of a job-related risk factor that is
most likely correlated with level or duration
of exposure.

* Firefighters who lived within a mile (1.6
km) of the firehouse also lived within 2%
miles (3.6 km) of the incident site since the
firehouse and the incident site are about %
mile (1.2 km) apart. The firefighters who
lived closer to the site of the incident may
have been subjected to additional chemical
exposure even when not fighting the fire.
In a study of male Plainfield community
residents in the aftermath of the polyvinyl

_chloride warehouse fire that utilized the ¢

same SAFTEE symptom checklist, male
residents who lived within two miles (3.2
km) of the site of the polyvinyl chloride
chemical incident (n = 19) were signifi-
cantly higher on total scores than male
residents who lived further away (n = 5),
Therefore, this factor may also be indica-
tive of greater exposure. An alternative pos-
sibility is that firefighters who lived closer
to the firehouse (and incident site) had
higher work loads rather than residentia]
exposures because they could have beeq
able to respond quickly to calls for add.
tional manpower. v
Two alternative explanations regarding
elevated symptom levels among the ex-
posed firefighters should be mentioned.
First, it was possible that unmeasured dif-
ferences between exposed and nonexposed
firefighters could account for differences in
their symptom scores. For example, the
nonexposed group could have included
well-rested’ and relaxed firefighters just
back from vacation or sick leave. No statis-
tical controls were used to assess such ef-
fects. Second, since self-report symptom
scores were used to assess physical prob-
lems dating from the time of the incident,
recall bias is a potential problem. The fire-
fighters who fought the fire, knowing that

it was a chemical fire with potentially nox- _

ious fumes, may have been more vigilant in
examining and remembering symptoms of
ill health due to their concern that the fire
had harmed them. The nonexposed fire-
fighters had no such incentive. These po-
tential methodological artifacts could ac-
count for inflated symptom scores for the

exposed group. However, finding higher

symptom checklist scores within the ex-
posed group for those with greater exposure
makes these alternative explanations less
plausible. For example, the possibility that
firefighters who fought the fire on March
20, truckmen, and those who lived near the
firehouse would have more concern about
ill effects of the fire than others who were
exposed seems improbable. :

These findings therefore suggest that the
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Plainfield polyvinyl chloride warehouse fire
resulted in at least short-term negative
health sequelae for the firefighters involved
in the fire. This study provides further ev-
idence of the invidious health consequences
of polyvinyl chloride fire exposure, sup-
porting previous findings. Furthermore, in

contrast to earlier studies, it uses a larger -

sample size, a nontreated subject group,
and a control group. The effects of exposure
o the combustion products of this chemical
warrant further attention.
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ABSTRACT

Organic compounds emitted from combustion of waste plastics involving
vinyl chloride polymer were investigated in an actual waste incinerator.
The amounts of volatile aliphatic hydrocarbons and volatile chlorinated
organic compounds decreased when the secondary combustion temperature
was controlled over 900°C. On the other hand, the amounts of some arqmatic
hydrocarbons increased with a rise of the secondary combustion temperature.

INTRODUCTION

The mahagement of waste plastics is one of serious issues from a point:
of view of recent increase of consumer goods made of plastics. The waste
plastics are treated by combustion or landfills. Carefull control is
necessary in the incineration treatment of waste plastics involving
chlorine-containing plastics, since they are assumed to be destroyed and
converted to toxic compounds such as PCDDs and PCDFs in some cases of
thermal reaction (1-4). It is urgently required to establish the optimum
operational condition in combustion of these waste plastics. Several
iaboratory experiments on thermal decomposition of polymers have been

"reported(5-7). Oki et al. reported the emission of volatile chlorinated
organic compounds by combustion of waste materials containing waste
chlorinated plastics(8). However, there are few reports concerning with
volatile or low-molecular hydrocarbons and chlorinated organic compounds
emitted from actual incineration of these waste plastics.

In this study, the effect of the burning conditions on the formation
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of various organic compounds by cmbustion of waste plastics involving
vinyl chloride polymer was investigated in a medium-scale waste
incinerator. ' )

EXPERIMENTAL

Facility: The structure of waste incinerator is described in previous
paper(9). A size of the combustion chamber is 4.6 meters in length, 2.5
meters in width and 2.6 meters high. The secondary combustion chamber
is sized at 11.7 m3 . The combustion chamber and the secondary combustion
chamber are equipped with the rotary burners using heavy oil. The design
capacity of combustion burner and afterburner are 35 1l/h and 60 1l/h
respectively. The waste plastics involving vinyl chloride polymer were
put into the combustion chamber to be burned. A diagram of the combustion
system is shown in Fig.7. ;

Combustion experiments were carried out under the following conditions:

Condition A;
The combustion chamber temperature was controlled about 630°C.
The exit temperature of secondary combustion chamber was maintained
about 650°C.
Condition B;
The combustion chamber temperature was controlled about 800°C.
The exit temperature of secondary combustion chamber was maintained
about 920°C.
Thirty kitogram of waste plastics each was put into a combustion chamber
at ten minute intervals in both conditions.
Sampling and Analytical Procedure: The sampling location is shown
in Fig.1. Gas sampling was carried out at the location to investigate

A

P
et
[
-

—

Fig. 1 Diagram of waste incinerator plant.
1;Combustion chamber, 2;secondary combustion chamber, 3;exhaust
fan, 4;wet scrubber, 5;stack, Aj;sampling location.
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the emission of hydrocarbons and chlorinate organic -compounds at two

" different secondary combustion temperatures. The collection method using
sampling bag was adopted for gas sampling of volatile hydrocarbons and
volatile chlorinated organic compounds. Gas samples were drawn
continuously through the probes equipped with a particle filtration system
using an air pump. A part of this sample was further conditioned for the
removal of moisture and was collected in 5-liter sampling bags over a

20~ to 30- min period. Low molecular hydrocarbons(cz—cs)kwere analyzed
with a Shimadzu 15A gas chromatograph{GC) with a flame ionization
detector(FID) after pre-treatment using cold trapping with liquid oxygen.
The GC conditions were as follows: column, 1% APG-L on alumina packed
column{(1-m x 3-mm i.d.); oven temperature, 35°C hold for 2 min to 200°C
with an increasing rate of 10°C/min; injection and detection temperature,
180°C; carrier gas(N ) flow-rate, 40 ml/min.

Hydrocarbons(c —C ) were analyzed with a Hitachi 663 GC-FID after
pre-treatment using cold trapping with liquid oxygen. The GC conditions
were as follows: column, SPB-5 fused silica capillary column (30 m x 0.54
mm i.d. x 0.3 pm), oven temperature, 50°C hold for 4 min to 150°C with
an increasing rate of 5°C/min; injection and detection temperature, 200°C;
carrier gas(Nz) flow-velocity, 69.6 cm/sec; make-up gas(Nz) flow-rate,

20 ml/min.

Volatile chlorinated organic compounds were analyzed with a Hitachi
663 GC with an electron capture detector(ECD). The GC conditions were
as follows: column, 20% Squalane on chromosorb W AW packed column{3-m
x 3-mm i.d.); oven temperature, 90°C; injection and detector temperature,
200°C; carrier gas(NZ) flow-rate,35 ml/min.

In order to analyze other organic compounds, GC/MS analysis was used.
The exhaust gas was passed through two impingers in series which contained
each 10 ml of hexane. After sampling, the combined hexane solution was
dried on anhydrous sodium sulfate and carefully concentrated to a small
volume by nitrogen-stream blowing below 40°C. The GC conditions were
as follows: instrument, a Hewlett-Packard 5890A GC connected with a System
Instruments 6000B integrator; column, PTETM 5 fused silica capillary
column(30-m x 0.25-mm i.d. x 0.25-pm); oven temperature, 40°C hold for
2 min to 230°C with an increasing rate of 4°C/min; injection temperature,
250°C; detector, FID; detector temperature, 300°C; carrier gas(He)
flow-velocity, 34.2 cm/sec. The operating conditions of mass
spectrometry(MS) were as follows; instrument, JEOL DX-300 mass spectrometer
connected with a Hewlett Packard 1510A GC and with a JEOL JMA-3500 data
analysis system; mass range, m/z 10 to 500; scan speed, 1.3 sec; repetition
time, 2 sec; ionization energy, 70eV; ionizing current, 300 hA; ion-source
temperature, 200°C; ion-source pressure, Zx‘lﬂ_6 torr. The GC conditions
were the same as described above.
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RESULTS AND DISCUSSION

Two different operational conditions were used to compare the emission
of various organic compounds by combustion of waste plastics involving
vinyl chloride polymer. Actual combustion conditions are shown in Table
1. Thirty kirogram of waste plastics each was put into a combustion
chamber at ten minute intervals. The temperatures of the secondary
combustion chamber in condition A and B were maintained about 650°C and
920°C respectively, and the residence fime was 1.8 seconds in each
condition. Oxygen concentration in chamber always exceeded 18 %. The
concentration of carbon monoxide was 0.008-0.014% in condition A, less
than 0.001% in condition B. Therefore, a complete combustion state was
almost accomplished in condition B.

Typical gas chromatograms are shown in Fig.2 to 5. Identification
of these compounds was carried out by retention time on GC/FID or GC/ECD
and by mass spectrum on GC/MS. Results of quantitation are shown in Table
2. The higher temperature of the combustion and second combustion chamber
were, the lower the concentration of most of volatile aliphatic compounds
(C2—C8) and volatile chlorinated organic compounds became. These results
suggest that the temperature of secondary combustion over 900°C is
effective to complete decomposition of these compounds.

The concentrations of trichloroethylene and tetrachloroethylene found
in our experiment were as same level as those in waste organochlorine
material combustion reported by Oki et al.(8). Chloroform and carbon
tetrachloride were below detectable levels. The concentration of 1,1,1-

Table 1. Operational conditions for waste incinerator

Condition A Condition B

Amount of waste plastics burned (kg/h) 180 180
Combustion chamber temperature (°C) 624-661 774-820
Secondary combustion chamber
temperature (°C) 654-682 905-940

Residence time (sec) 1.8 1.8
Amount of wet exhaust gas (Nm>/h) 23000 23500
Exhaust gas temperature (°C) 178-196 221-233
Composition of exhaust gas

Carbon dioxide (%) 1.4-1.7 2.4-2.6

Oxygen (%) 18.6-19.2 17.9-18.2

Carbon monoxide (%) 0.008-0.014 <0.001
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Fig.2 Typical gas chromatogram of aliphatic hydrocarbons
in exhaust gas.
1;Propylene, 2;iso-Butene, 3;1-Butene, 4;n-Hexane.
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Fig.3 Typical gas chromatcgram of aromatic hydrocarbons
in exhaust gas.

1;Benzene, 2;Toluene, 3;Ethylbenzene, 4;p & m-Xylene,

5;0-Xylene.
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Fig.4 Typical gas chromatogram of chlorinated organic
compounds in exhaust gas.

13;1,1,1-Trichloroethane, 2;Trichloroethylene
3;Tetrachloroethylene.

i 1 1 I3 i

0 10 20 30 _ 40

Retention time / min

Fig.5 Typical gas chromatogram of organic compounds
in exhaust gas.
1;Ethylbenzene, 2;Xylene, 3;2-Ethylhexanol, 4;Methyldodecane,
5;Methylundecene, 6;Pentyl benzoate, 7;Dibutyl phthalate.
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Table 2 Concentrations of organic compounds in exhaust gas.

Unit; pg/m3
Compound Condition A Condition B
Aliphatic hydrocarbons
Ethylene 20 - <5
Propylene <5 14
iso-Butane 95 <5
iso-Butene ' 60 28
1-Butene 360 250
n-Hexane 57 8
2-Methylheptane 15 <5
Metyldodecane 8 68
Methylundecene <5 21
_Aromatic hydrocarbons
Benzene 83 17
Toluene 130 240
Ethylbenzene 38 85
Xylene 42 84
Chlorinated organic compounds
Chloroform <1 <1
Carbon tetrachloride <0.5 <0.5
1,1,1-Trichloroethane 210 140
Trichloroethylene 82 ;47
Tetrachloroethylene 170 22
Others
2-Ethylhexanol 11 43
Pentyl benzoate 28 ' ) <5
Dibutyl phthalate 260 120

trichloroethane was the most predominant among these five chlorinated
organic compounds. But it does not almost contribute to air pollution
because the both of the concentration and the emission amount are very
low level,

On the other hand, the amounts of aromatic hydrocarbons such as toluene,
ethylbenzene and xylene increased with the rise of secondary combustion
temperature. This result suggests that the decomposition rate of aromatic
hydrocarbons is much lower than that of the other hydrocarbons such as
volatile aliphatic hydrocarbons if the formation amounts of their compounds
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are almost the same level, as described in laboratory research reports(10).

It was assumed that dibutyl phthalate, detected as shown in Table 2,
originated from plasticizer contained in various plastics burned and
retained in emission gas without decomposition even in the combustion
conditions mentioned above. Formation mechanism of 2-ethylhexanol is
not clear and benzoate formation in the conditions is reasonable because
benzene ring is formed in high temperature state. ‘

The concentration of hydrogen chloride, being 6-10 mg/Nm3 before wet
scrubber in both conditions, decreased to 3-4 mg/Nm3 by washing with sodium
hydroxide solution in the scrubber. Phosgene levels were below the
detection limit (0.01 ppm) in these conditions.
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Abstract

Previous studies have shown that pollutants from incineration include heavy metals, organic
compounds, particulate and acid gas. However, most studies on a single pollutant, it is rare for
a study to concentrate on all possible pollutants and the relations between these pollutants under
various incineration conditions. The objective of this work was to experimentally study the effect
of different operating conditions on the pollutants emitted during incineration and the relations
between these pollutants. The operating conditions of the experiments included the temperature of
the combustion chamber and the species of organics. The findings indicated that the concentration
of hydrogen chloride (HCI) in the presence of polyvinyl chloride (PVC) was higher than that of
sodium chloride (NaCl). Regardless of what Cl-containing feedstock was added, the concentration
of chromium (Cr) was constant. When organic chloride was added, Cr was the main metallic element
which influenced the formation of polycyclic aromatic hydrocarbons (PAHs). On the other hand,
when inorganic chloride (NaCl) was added, lead (Pb) was the major element. © 2001 Elsevier
Science B.V. All rights reserved.

Keywords: Incineration; Heavy metal; Acid gas; PAHs; PVC; NaCl

1. Introduction

Incineration is one of the best disposal technologies for municipal solid waste, since ithas
the advantages of volume reduction and high toxicity reduction. In addition, the heat energy
produced during incineration can be recovered for electric power generation. However,
inadequate design or operation can result in the emission of pollutants. The pollutants
contain heavy metals, acid gases and toxic organic compounds, which pose serious threats
to human health. During incineration most heavy metals react with oxygen or chlorine to
form metallic oxides or metallic chlorides. Some of the species with low volatility remain
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in the sand bed. Conversely, metallic vapors of high volatility, which are carried out with the
flue gas, generate condensates during cooling. This process of vapor condensation includes
homogeneous nucleation and heterogeneous condensation. The reactive characteristic of
heavy metals results from heating during incineration, giving rise to chemical interaction,
vaporization, condensation, coagulation and deposition. The chlorides, sulfides and nitrides
in municipal solid waste (MSW) react with hydrogen and oxygen to generate hydrogen
chloride, sulfuric acid and nitric acid. The generation and control of acid gases is related
to the operating temperature, the waste composition and the air pollution control device
(APCD) [1-10]. In addition, Wey and Fang [11] indicated that the quantity of heavy metals
and the species containing chlorides in MSW could affect the generation of hydrogen
chloride. On the other hand, kinetic restrictions result both in incomplete combustion, and
also in the formation of trace organics, such as PAHs, dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs). In addition, heavy metals affect the formation of
PAHs. Wey et al. [12] found that Cd and Cr in fly-ash provide the activity required for
the reaction between PAH precursors and the low-ring PAHs of fly-ash, Cr promoted the
formation of five- and six-ring PAHs. Pb provided many more adsorption sites than Cr, but
the catalyzing ability of Pb is far lower than that of Cr. The presence of excess O, Fe, Sn
and chlorides could catalyze the formation of PCDDs/PCDFs [13,14]. The above studies
just focus on single pollutants. The generation of all possible pollutants and the relations
between these pollutants under various incineration conditions were rarely studied.

The research presented here, a pilot scale incinerator was used to evaluate the potential
pollutants from the incineration of MSW and to understand the relations between these
pollutants before the air pollution control device (APCD).

2. Experimental
2.1. Preparation of simulated feed wastes

According to the chemical analytic composition of MSW in Taiwan in 1996 (Table 1),
the simulated feed wastes used in the experiments were composed of sawdust, low-density
polyethylene (LDPE), PVC (or NaCl), sulfur (S) and a heavy metal solution. Three investi-
gated metals Cd, Pb, Cr (with nitrate) of 0.01, 0.1 and 0.1 wt.%, respectively, were dissolved
in the distilled water. Each sample of mixed feedstock described above was enclosed in a
polyethylene (PE) bag of 0.25 g. Table 2 lists the detailed composition of various simulated
feedstock.

2.2, Apparatus

The reactor for the present study is a bubble fluidized bed incinerator, consisting of a
feedstock feeder, a preheated chamber, a primary combustion chamber, and a secondary
combustion chamber (Fig. 1). The preheated chamber was 50 cm long. The primary combus-
tion chamber was 110 cm high and 10 cm in diameter. The secondary combustion chamber
was 100 cm high and 25 cm in diameter. The incinerator was fitted with a perforated stainless
steel gas distributor. Seven thermocouples were used to determine the temperature profile
in the preheated chamber, sand bed, freeboard chamber and outlet of freeboard chamber.
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Table 1
The chemical analytic composition of MSW in Taiwan in 1996 [17]
Moisture (%) 50.6
Ash (%) 13.79
Combustibles (%)
C 18.99
H 2.82
(o) 13.06
N 0.45
S 0.12
Cl 0.16
Heavy metal (%)
Cd : 0.012
Hg 0.00025
Pb 0.1
Cr 0.1
HHV (kcal/kg) 2106.72
LHV (kcal/kg) 1650.69
C/IN 41.74

_The flue gas was treated by a cooling tower, two consecutive cyclones and a wet scrubber,
and then induced into atmosphere.

2.3. Experimental procedure

By calculating the required amount of theoretical air and an excess factor of 60%, 53 I/min
input air at room temperature was determined. The effects of sand bed temperature on

Table 2
The composition of feedstock

Run no. Feedstock (g per bag)
PE*bag LDPE® Sawdust S Cd(NO3); Pb(NO3z); Cr(NO3z); Water PVC® NaCl

1 0.25 0.12 1.322 0.003 0.00055 0.0042 0.0089 1 0.006 -

2 0.25 0.12 1.322 0.003 0.00055 0.0042 0.0089 1 0.006 -

3 0.25 0.12 1.322 0.003 0.00055 0.0042 0.0089 1 0.006 -

4 0.25 0.12 1.322 0.003 0.00055 0.0042 0.0089 1 - 0.0056

5 0.25 0.12 1.322 0.003 0.00055 0.0042 0.0089 1 - 0.0056

6 0.25 0.12 1.322 0.003 0.00055 0.0042 0.0089 1 - 0.0056

7 0.25 0.12 1.322 0.003 0.00055 0.0042 0.0089 1 0.006 -

8 0.25 0.12 1.322 0.003 0.00055 0.0042 0.0089 1 0.006 -

9 0.25 0.12 1.322 0.003 0.00055 0.0042 0.0089 1 0.006 -
10 0.25 0.12 1.322 0.003 0.00055 0.0042 0.0089 1 - 0.0056
11 0.25 0.12 1.322 0.003 0.00055 0.0042 0.0089 1 - 0.0056
12 0.25 0.12 1.322 0.003 0.00055 0.0042 0.0089 1

- 0.0056

2 PE: polyethylene.
L DPE: low-density polyethylene.
€ PVC: polyvinyl chloride.
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Fig. 1. The bubble fluidized bed incinerator. (1) blower, (2) flow meter, (3)air preheated chamber, (4) air distributor,
(5) primary combustion chamber, (6) secondary combustion chamber, (7) thermo-couples, (8) cooling system for
feeding, (9) feeder, (10) burner, (11) cooling tower or spray dryer reactor, (12) cyclones, (13) scrubber, (14) 1. D.
fan,

formation of various concentration of pollutants were examined by setting the sand bed
temperature at 700-900°C. When investigating the effects of freeboard zone temperature
on pollutants formation, the sand bed temperature was set at 700°C and the freeboard
zone temperature controlled by .gas burner (when on or off) was set at 700-900°C. The
actual measured temperature and the operating condition of each run were listed in Table 3.

Table 3
The operating conditions of each run

Runno. Temperature (°C) Cl-containing species

Primary combustion chamber ~ Average? Secondary combustion chamber
Above sand bed In sand bed

1 7222 755 738.6 - PVC
2 819.1 853 836 - PVC
3 8524 883.6 868 - PVC
4 768 894 831 - NaCl
5 837 978 908 - NaCl
6 939 1000 970 - NaCl
7 725.8 681 703 711 PVC
8 725 698 712 802 PVC
9 728 706 -7 936 PVC
10 727 698 713 703 NaCl
11 729 679 704 807 NaCl
12 728 664 696 925 NaCl

2 Average temperature = (above sand bed temperature + in sand bed temperature)/2.
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The static sand bed height was 15 cm high and the size of silica sand employed here was
about 840 pm. The corresponding minimum fluidization velocity was 20.92-23.86 cm/s.
The chamber was heated by electrical heaters, and when the set temperature reached a steady
state, every synthetic feed waste was fed into the incinerator at regular interval of 20,

2.4. Methods of sampling and analysis

2.4.1. Metals
The flue gas containing heavy metal pollutants was sampled by a stainless sampling probe »

and passed through the filter holder contained a glass fiber filter, which collected particles,
then passed through impingers to absorb the remaining metals. Isokinetic sampling was
performed. The sampling position was located after secondary combustion chamber and
the sampling apparatus is shown in Fig. 2, which refers to the standard USEPA method
5 (M5). The impingers were submerged in an ice bath to enhance condensation, and the
mixed absorption solution of impingers were 200ml 5% HNO; and 10% Hy0,. After the
sampling train was completed, the metal samples contained glass fiber filter and absorption
solution were pretreated by microwave digestion, and the recovery efficiency was measured.
The concentration of metals was then analyzed by atomic adsorption spectroscopy (Hitachi
Model Z-8000 Polarized Zeeman AAS) according to USEPA method 3050.

2.4.2. HCl, SO, and NO,
The same sampling method for metals was employed to sample HCI as well (Fig. 2). The
impingers with 100 ml 0.1N NaOH absorption solution were used to adsorb the remaining

\. [N ’ flue gas

Absorption
solution ) 4

Fig. 2. The sampling train for HCl or heavy metal. (1) sampling probe, (2) thermometer, (3) filter holder, (4)
impingers, (5) silica gel, (6) flow meter, (7) connect of vacuum pump.
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Fig. 3. The sampling train for PAHS. (1) sampling probe, (2) heated filter and heating hose, (3) thermometer, (4)
cooling tube and XAD-4 adsorption tube, (5) impingers, (6) 200 ml. distilled water, (7) silica gel, (8) flow meter,
(9) connect of vacuum pump.

HCI. The analysis of HCl was performed by the method of colorimetry using mercuric
thiocyanate (ROC EPA NIEA method A412.70A). The concentration of SO, and NO, were
detected using a flue gas analyzer (BACHARACH model 300). The analyzer was corrected
using the standard gas with determinate concentration before the experiment process. The
range of concentration for SO, and NO, monitoring was 0—1999 ppm, and their accuracy
was 5% or 10 ppm.

2.4.3. Organic compounds

The same sampling location used for metals was used to sample organic compounds
as well. Isokinetic sampling was also performed. The USEPA modified method 5 (MM5)
was used for sampling (Fig. 3). The flue gas containing organics was sampled using a
stainless sampling probe and passed through the heated filter packed with glass fiber, which
removed particles. Then it was passed through a cooling tube and the remaining organics
was captured using an adsorption tube packed with 6 g XAD-4 resin. Furthermore, the
organic samples were initially extracted for 20h using a Soxhlet extraction process and
the solution was concentrated to 1ml using a KD evaporative concentrator. Finally, the
samples were put into 1.8 ml brown vials and stored at 4°C. These samples were later (in
14 days) analyzed with a GC/FID detector (Perkin-Elmer Autosystem GC). The recovery
efficiency and multiple analyses were carried out to identify the precision and accuracy of
above analytical procedure. The recovery efficiency of PAHs is about 60.6-99.7%, and the
standard deviation of the PAHSs analysis is about 1.1-15.3.
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3. Results and discussion
3.1. Solid-phase pollutants

Most of the light and small particles emitted with the flue gas during incineration are
carbon-based. The concentration and properties of these particles not only are relative to the
phenomenon of homogeneous nucleation and heterogeneous condensation but also affect
the efficiency of the air pollution control device (APCD). Fig. 4 shows the comparison of
particulate concentration under various operating conditions during the incineration, in-
dicating that the operating conditions of the secondary combustion chamber reduce the
particulate concentration. Additionally, when the burner was off (only with sand bed com-
bustion, Fig. 4(a)), the particulate concentration increased if inorganic chloride (NaCl) was
added. This could be because the sodium is conversed to sodium ion at high temperature and
then combines with other atom forming novel species. Therefore, the particulate concentra-
tion is higher than the presence of organic chloride (PVC). When the burner was on (with
sand bed combustion and freeboard combustion), however, the influence of combustion effi-
ciency was more than the chloride additives (Fig. 4(b)). On the other hand, when the burner
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Fig. 4. The concentration of particles under various operating conditions: (a) bumner off; (b) burner on (the sand
bed temperature was set at 700°C).
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Fig. 5. The generation of Pb under various chloride additives: (a) burner off; (b) burner on (the sand bed temperature
was set at 700°C).

~was off, the solid wastes would not have sufficient residence time for high temperature
combustion and, as a result, would produce lots of unburned carbons.

3.2. ‘Heavy metal pollutants

The main objective of operating the burner is to make the products of incomplete com-
bustion (PICs) reach complete combustion. The species, which enter the secondary com-
bustion chamber with the flue gas, are the vapors of heavy metal, metallic compounds of
high volatility and traces of bottom ash. These heavy metals and their compounds may
convert to other types of metallic compounds by recombining in the secondary combustion
chamber. Figs. 5 and 6 present the effects of various chloride additives on Pb and Cd for-
mation. Fig. 5(a) indicates that the concentration of Pb increases when inorganic chloride
(NaCl) was added and the burner was off. When the burner was on (Fig. 5(b)), however,
the presence of PVC increases the concentration of Pb as well. The results of Fig. 6 are
the same as Fig. 5. Wey et al. [2] and Chen et al. [3,4] indicate that when organic chlo-
ride (PVC) was added, the potential for metallic chloride formation is higher than that of
metallic oxide during incineration process and the distribution of metal in the sand bed
would be reduced due to the high volatility of metallic chlorides. Moreover, the possibility
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Fig. 6. The generation of Cd under various chloride additives: () burner off; (b) burner on (the sand bed temperature
was set at 700°C).

of chlorine that reacts with the metal during incineration is small because the affinity of -
chilorine and sodium is stronger than that of metal. Most metals react with oxygen to form
metallic oxides, which have a high boiling point and remain in the sand bed. The concentra-
tion of most metals tends to be reduced when inorganic chloride (NaCl) was added. Fig. 7
presents the effect of various chloride additives on Cr emission. It can be observed that
the effect of temperature on the emission concentration of Cr is small, regardless of the
presence of organic or inorganic chloride. Some researchers [2,15] indicate that the main
chromium specie is Cr203(s) accounting for its stability at the temperature of 600-1200K
during incineration, and a trace of CrO,Cla(g) is generated as the amount of chlorine
increases. '

3.3. Acid gas pollutants

Fig. 8 presents the effect of various chloride additives on HCl formation, indicating that
the concentration of HCl in the presence of organic chloride (PVC) is slight higher than
that in the presence of inorganic chloride (NaCl). This is because that PVC can provide
HC1 with the source of hydrogen, so the chlorine ions can connect with hydrogen ions to
form HCI at high temperature rapidly. Nevertheless, NaCl do not provide the source of
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hydrogen inversely, the formation of HCI must depend on water in the waste. Moreover,
the affinity between sodium and hydrogen is larger than chlorine and hydrogen. Therefore,
the concentration of HCl in the presence of inorganic chloride (NaCl) is slight lower than
that in the presence of organic chloride,

Fig. 9 presents the effect of various chloride additives on SO, formation, indicating
that the concentration of SO, decreases with the temperature increases in the presence of
inorganic chioride. However, when organic chloride was added, the concentration of SO;
has no significant changes.

Fig. 10 presents the effect of various chloride additives on NO, formation during the
incineration process. The results indicate that the chloride additives do not influence the
concentration of NO, regularly. Comparing Fig. 10(a) and (b), when the burner was on,
the concentration of NO, was higher than when the burner was off. The main reason for
this phenomenon is that thermo-NO, or fuel-NO, are produced at higher temperature.
Although the average temperature of primary combustion chamber (burner off) was similar
to the temperature of secondary combustion chamber (burner on), the local high temperature
generated by burner would result in the formation of thermo-NO,. In addition, the fuel of
burner employed in the present study is the liquefied natural gas that contains nitride.
Therefore, the fuel-NO; is possibly produced during incineration as well.
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3.4. Organic pollutants

Table 4 lists the classifications and abbreviation of organic compounds studied at
present study. Fig. 11 presents the effect of temperature on the PAHs formation in the
presence of PVC when the burner was off, indicating that the main species of PAHs are
naphthalene (NaP) and acenaphthylene (AcPy) when the temperature of the primary com-
bustion chamber reaches 738°C. But these compounds are gradually converted to fluorine
(Flu), phenanthrene (Pha) and anthracene (Ant) as the temperature increases. The main
result is that the electronegative charge of chlorine is strong, and it may connect to the
alkene or alkyne, and the organic would recombine to form stable ring-
species.

Fig. 12 presents the effect of temperature on the PAHs formation in the presence of
inorganic chloride (NaCl) when the burner was off, indicating a wide range of organic
species is generated. However, most organic compounds are destroyed at higher temperature
(970°C) to form CO; and H;O. It indicates that the concentrations of organic compounds
decrease with increase in temperature.
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Table 4
Classifications and abbreviation of organics studied at present study
Multi-ring compounds (PAHs) Abbreviation
Two-ring compounds
Naphthalene : Nap
Three-ring compounds .
Acenaphthylene ' AcPy
Acenaphthene ) AcP
Fluorene Flu
Phenanthrene Pha
Anthracene Ant
Four-ring compounds
Fluoranthene FluA
Pyrene Pyr
Benzo(a)anthracene B(a)A
Chrysene Chr
Five-ring compounds .
Benzo(b){luoranthene B(b)F
Benzo(k)fluoranthene Bk)F
Six-ring compounds
Benzo(a)pyrene B@@)P
Dibenzo(a,h)anthracene DbA
Benzo(ghi)perylene B(ghD)P
Indeno(1,2,3-cd)pyrene InP
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Fig. 11. The effect of temperature on PAHs formation (PVC feed; burner off).
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Fig. 12. The effect of temperature on PAHs formation (NaCl feed; bumner off).

Fig. 13 presents a comparison of the concentration of PAHs in the presence of organic
chloride when the burner was on or off. The results show that most PAHs were destroyed at
higher temperature (burner on). Only a few PAHs were converted to other high-ring PAHs
after the bonds were broken. The organic compounds gradually convert to three-, four-
and even five-ringed as the temperature increases. When the temperature of secondary
combustion chamber is 711°C, the main organic pollutants was two- or three-ring PAHs.

Fig. 14 presents a comparison of the concentration of the PAHs in the presence of in-
organic chloride (NaCl) whether the burner was on or off. The results reveal that when
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Fig. 13. The comparison of the concentration of PAHSs in the presence of PVC whether the burner was on or off.
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Fig. 14. The comparison of the concentration of PAHs in the presence of NaCl whether the burner was on or off.

.

the burner was off, most PAHs species had a three- and four-ring structure. Nevertheless,
when the burner was on, the higher temperature could effectively decompose three- and
four-ring PAHSs and then a portion of them would recombine forming PAHs of more rings
at higher temperature. Therefore, the concentrations of high-ring structure of PAHs increase
slightly.

Wey et al. [16] indicated that the presence of Pb can reduce the activation energy required
for the reaction between precursors and low-ring PAHs in the gas phase, so the concen-
tration of fluoranthene (FluA), pyrene (Pyr), benzo(a)anthracene (B(a)A), chrysene (Chr)
and benzo(a)pyrene (B(a)P) are higher than that of other species at high temperature. Cd
and Cr in the fly-ash provided the activity required by the reaction between PAHs precur-
sors and the low-ring PAHs of fly-ash. Cr prompted the formation of five- and six-ring
PAHs, for example, the concentration of PhA, FluA, Pyr, indeno(1,2,3-cd)pyrene (InP) and
benzo(ghi)perylene (B(ghi)P) are higher than that of other species. In addition, Pb provides
many more adsorption sites than Cr, although the catalyzing ability of Pb is far lower than’
that of Cr.

The concentrations of PhA, FluA, Pyr and B(a)A in Fig. 13 are higher than those of
other species. The concentrations of B(a)A, Chr and B(2)P in Fig. 13 are clearly higher
than the others. It could be concluded that the situation in Fig. 13 is due to the influence
of Cr, and the presence of Pbinfluences the results of Fig. 14. Compared to Figs. 5 and 7,
the concentration of Pb in the presence of PVC is lower than that in the presence of NaCl,
although the concentration of Cr is opposite. So the main result for this phenomenon in
Fig. 14 is the catalyzing ability of Cr in the presence of PVC is far higher than that of Pb.
When inorganic chloride was added, although the catalyzing ability of Cr is higher than
that of Pb, the concentration of Pb is far higher than that of Cr. The effect of catalysis of Pb
on PAHs is more significant.
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4. Conclusions

The main objective of the present study was to study the pollutants emitted from the
incineration of MSW and the relations between these pollutants under various operating
conditions. The results show that the concentration of Cd increased as the temperature
increased. The concentration of Pb in the presence of inorganic chloride (NaCl) increased
as the temperature increased. Regardless of what Cl-containing feedstock was added, the
concentration of Cr was constant. In addition, the concentration of HCI in the presence of
PVC was higher than that of NaCl. When organic chloride was added, the PAH species,
which were not destroyed at high temperature would convert from a two- to a three-ring
structure PAHSs as the temperature increased. When organic chloride was added, Cr was the
main metallic element which influenced the formation of PAHs. On the other hand, when
inorganic chloride (NaCl) was added, Pb was the major element.
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ABSTRACT. The purpose of this study was the documentation of the short-term morbidity and Tw

mortality experiences of an urban community exposed to the airborne byproducts of a large va

polyvinylchloride plastics fire. The authors administered a survey to representatives of each oy

household who had lived in an area evacuated during the fire. A time-series analysis was per- ‘

formed on emergency room visits and admissions for all hospitals in the city. Chloracne sur- po

veillance was instituted. Sixty-two percent of the individuals surveyed from the evacuation are

area reported no health concerns or symptoms related to the fire. Thirty-eight percent of the me

residents reported symptoms, and less than 2% of those surveyed reported that they sought dic

medical attention for their health concerns. There was no evidence of increased hospital tut

admissions or emergency room use during and immediately following the fire. No cases of Cy:

chloracne were reported, and no deaths or serious injuries occurred during the fire. de

Polyvinylchloride plastics recycling plants pose potential health hazards to civilian popula- fro:

tions. Public health authorities should be prepared to assess population health status rapidly oi

and to disseminate relevant health information in a timely way during a crisis. :

POLYVINYLCHLORIDE (PVC) plastic is ubiquitous in
the modern world. PVC plastic is inexpensive to manu-
facture and has numerous industrial and domestic
applications. In its stable form, PVC is relatively non-
toxic; however, during combustion it can release sever-
al toxic compounds.” PVC plastics fires have reportedly
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* containing products. Many of these plants are

caused morbidity and mortality in firefighters,
cians, and persons trapped indoors.?-® :

Recycling of plastic products is a prominent s
for sustainable economies; therefore, plastics re
plants are often in possession of large amounts O
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near residential areas. Fires in PVC recycling plants that
abut residential areas pose potential health risks to sur-
rounding communities.

Large PVC plastics fires have been reported.”® The
health effects of PVC plastics fires have been well docu-
mented among firefighters.259-12 However, there have
been few reports of measured morbidity and mortality in
the communities affected by PVC plastics fires. In this
article, we report the measured short-term morbidity and
mortality from a large PVC plastics fire in an urban area
of Canada.

Background

On July 9, 1997, a fire broke out at a large plastics
recycling plant in the industrial section of Hamilton,
Ontario. Hamilton is a city with a population of
410,000, and it is located at the Western end of Lake
Ontario. The 7,400-m? building contained several thou-
sand tons of off-quality auto parts composed mainly of
PVC plastics and polyurethane. The plant was located
immediately adjacent to a densely populated residen-
tial area. In addition, in the immediate vicinity were a
tertiary-care hospital, a correctional institute, and sev-
eral factories and businesses. '

The fire was large and difficult to control. It burned
for approximately 80 hr before it was extinguished.
During the first 2 d of the fire, the plume ascended ver-
tically and dispersed into the atmosphere. On July 11, a
thermal inversion occurred. At the same time, the fire
lost energy because fire-fighting efforts were successful.
As a result of these two events, levels of potentially haz-
ardous chemicals increased in the immediate vicinity of
the fire. Evacuation was ordered for the civilian popula-
tion in an area that immediately surrounded the fire
zone. The evacuation was rescinded within 12 hr.

Detailed measurements of exposures were conducted
by the Ontario Ministry of Energy and Environment.
Two Trace Atmospheric Gas Analyzer (TAGA) mobile
vans arrived at the scene. The TAGA van permits mea-
surements of hydrogen chloride, volatile organic com-
pounds, and carbon monoxide. Many of these readings
are instantaneous. Investigators established fixed-site
monitors to measure polychlorinated biphenyls (PCBs),
dioxins, furans, and particulate matter. Colorimetric
tubes, which were exposed downwind, measured
cyanide, vinyl acetate, and acid gases. Carbon monox-
ide and nitrogen oxides were measured. Runoff water
from the fire was sequestered and measured for metals.
Soil and vegetation were also sampled for dioxin levels.
Of all the exposures related specifically to PVC plastics,
hydrogen chloride predominated in terms of abun-
dance, and dioxin predominated in terms of media
attention and community concern.

Method

Two studies and a surveillance program were estab-
lished in the aftermath of the fire: (1) a health survey of
the residents in the evacuation area, (2) a time-series
analysis of emergency room use and admissions through
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the emergency room, and (3) a surveillance program for

chloracne.

Health survey. A health survey was conducted by
staff of the Hamilton-Weritworth Public Health Depart-
ment. The preliminary survey questionnaire was drafted
on July 13, 1997. Following a brief orientation session
by a Health Department supervisor, 8 public health
nurses administered the survey to all households in the
evacuation area. The interviews were conducted from
July 13 to july 15, 1997.

Information was collected from a household repre-
sentative, and data were provided for each member of
the household. Respondents were asked open-ended
questions about whether they or any other household

* members had either general concerns or health con-

cerns. Data were collected about the onset, nature, and
duration of health symptoms, and whether medical
attention had been sought. Investigators used specific
probes to elicit symptoms of breathing difficulties,
throat irritation, dizziness, lightheadedness, or nau-
sea/abdominal pain on any of the 6 d following the fire.

Emergency room visits and hospital admissions.
Emergency room logs were obtained from the following
5 major hospitals that served the Hamilton-Wentworth
region affected by the fire: Hamilton General, Hender-
son General, McMaster University Medical Centre,
Chedoke Hospital, and St. Joseph’s Hospital. Data were
requested on the basis of an epidemiological month
(i.e., 14 d preceding and 12 d following the fire for the
years 1996 and 1997). A time series of at least 30 points
is recommended if regression models are to be fit.
Framing the period in terms of days before and after the
fire permits the fire days to be central in any time-plot
graphs and aids in the perceptual interpretation of the
graph. This approach also permits an appreciation of
day-to-day variability and any trends evident in the data.
The data from the previous year serves as a “control” in
that it is an identical time period in the same location
without the disturbing influence of the fire.

Chloracne surveillance. Chloracne is a sign of severe
dioxin exposure.”®' An information package that de-
scribed the morphological features of chloracne was
distributed to family physicians in the fire area. A
dermatologist from an academic tertiary care medical
center agreed to serve as an expert consultant. The Public
Health Department agreed to keep a register of recorded
cases.

Analysis. Descriptive statistics were tabulated for
survey responses. Open-ended answers were coded
and aggregated. Independent time series were created
for overall emergency room visits and admissions to the
hospital through the emergency room for both 1996
and 1997. Time plots of daily visits and admissions
were created for each hospital for both years. Simple
descriptive statistics were calculated for each time
series for each year.

Results

Health survey. Questionnaires were completed in
86% (163/190) of the households. The average age of
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Fig. 1. General concerns of residents interviewed (N = 163): July 1997 survey of residents in the Plastimet fire evacuation area. (Source: Hamil-
ton-Wentworth Regional Public Health Department: a teaching health unit affiliated with McMaster University and the University of Guelph,

August 1997.)

the respondents was 44 y, and 44% (71/163) of the
respondents were males.

The numbers of persons (residents or visitors) in each
of the 163 households were as follows: 28 single-per-
son households, 45 2-person households, 31 3-person
households, and 59 households with 4 or more persons.
Therefore, information was gathered from 163 respon-
dents who reported on an additional 325 persons.
Health information was obtained for a total of 488 res-
idents, 51% of whom were female and 49% of whom
were male.

The reported general concerns are shown in Figure 1.
A total of 222 general concerns were reported by 61%
(99/163) of the respondents. The 10 most frequently re-
ported concerns were eating garden produce, ash/dust
fallout, air quality, response time of public officials, city
responsibilities, possible effects on overall health,
responsibilities of the plant owner, potential effects on
children, long-term health consequences, and water
contamination.

The symptoms reported most frequently by respon-
dents over a 6-d period are shown in Figure 2; 62% of
the 488 residents in 163 households reported no symp-
toms during the days of the fire, and 17% (84/488) of
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the residents reportedly had throat irritation. Other
symptoms reported, in order of descending frequency,
were as follows: headache, breathing difficulty, nausea,
abdominal pain, vomiting, diarrhea, eye irritation,
dizziness/lightheadedness, mouth irritation, and nose
irritation.

Symptoms, by day, are shown in Figure 3. Symptoms
were most prevalent on july 11—the day of the evacu-
ation. The prevalence of symptomatology declined
daily subsequent to the fire. Of the residents who
reported symptoms, 2% (11/488) reported that they
sought medical attention, 8 contacted their family
physician, and 2 reported visiting the emergency room
(1 of whom reported a 3-d hospital stay). One person
reported seeking health-care information from the pub-
lic-health nurse at the fire evacuation field office. It 1S
interesting to note that when asked about their where-
abouts during the evacuation period, 70% (112/163) of
respondents reported that they left the neighborhood for
some or all of the evacuation period. i

Emergency room visits and hospital admissions. Fig- -
ures 4 and 5 demonstrate the time plots for emergency .
room visits and hospital admissions, aggregated for all -
5 hospitals. The time plots were comparable for both
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No Symptoms  |; '
Concerned about ...

Throat Britation

Headache 1% (55)

Breathing Difficulties 10% (48)

Nausea/Abdominal Pain/

Vomiting/Diarrhea ™% 64

Other (a) 7% @29)

Eye Iritation 6% (28)

Dizziness/Light-headedness & (27

Fatigue % (i9)

Mouth hritation 2% (9

17% (84)

62% (304)

Fig. 2. Health concerns/symptoms reported, by survey,
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(b) - Note: The survey i ire was admini d to 163 respond

who Teported on themselves and the other 325 residents in the households, giving a total of 488 residents

by residents during the 6-d period that followed the fire: July 1997 residents in the Plas-

timet fire evacuation area. Note: The survey questionnaire was administered to 163 respondents who reported on themselves and the other 325

residents in the households,

thus giving a total of 488 residents. (Source: Hamilton-Wentworth Regional Public Health Department: a teaching

health unit affiliated with McMaster University and the University of Guelph, August 1997.)

years; the overall average numbers of admissions were
slightly higher in 1996 than in 1997. There was no con-
spicuous increase in either visits or admissions in the
time during or immediately following the fire. The
depressions in the graph around June 30 are the result
of missing data from two hospitals for both years. The
missing data did not include the days of the fire;
therefore, they did not affect the interpretation
adversely. The mean daily emergency visit and
admission counts for 1996 and 1997 are summarized in
Table 1.

Chloracne surveillance and additional measures. No
cases of chloracne were reported. No fatalities resulted
from the fire in the firefighters, emergency service
providers, or the community.

Discussion

The literature on the immediate health effects of PVC
plastics fires on communities is sparse. A comprehen-
sive search of the MEDLINE database revealed only one
report that contained reference to health impacts in

May/June 2001 [Vol. 56 (No. 3)]

communities affected by PVC plastics fires.” The report
is largely a narrative account of what transpired. The
table of data relates to a descriptive summary of com-
plaints reported by emergency personnel who attended
the fire and who sought medical attention in the casu-
alty department. Large plastics fires can emit a wide
range of toxins into the atmosphere. More than 70 toxic
substances have been'measured in PVC plastics fires.?2

- Exposures from this fire were predominantly airborne,

although dermal exposure to mists of hydrogen chloride
also occurred. Elevations of toxins above acceptable
levels occurred briefly and likely did not pose signifi-
cant long-term risks.

The survey and hospital data analysis indicated that
morbidity related to the fire studied herein was moder-
ate and was likely short in duration. The survey data
indicated that mucous membrane irritation (e.g., eyes,
ears, throat) and breathing difficulties were prominent
in those who reported symptoms. There were no con-
current control data with which to compare the fre-
quencies of reported symptomatology. However, com-
parable data originate from a randomly conducted
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Fig. 3. The most frequent health concerns/symptoms reported by the residents in the survey (N = 488), by day: July 1997 survey
Plastimet fire evacuation area. Note: The survey questionnaire was administered to 163 respondents who reported on themselves and the other -

325 residents in the households, giving a total of 488 residents. (Source:

health unit affiliated with McMaster University and the University of Guelph, August 1997.)

Total ER Visits

All Hospitals

Hamilton-Wentworth Regional Public Health Department: a feaching .

of residents in

550
. 500 /r ;
=N A
= B . h 7 A %
> s00 | - i e
® h : -
3 3 o
(@] o s ]
Z 350 4 a4 I\ AN\ .
300 i.v. ;
L. il YA "7 —
250 |
24-Jun 29-Jun 04-Jul 09-Jul 14-Jul 19-Jul 24-Jul
Dates
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investigators determined the prevalence of cough/short-
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Total ER Admissidns
All Hospitals

1.—Mean Admissions and Emergency Room Visits for
ime Period between July 2, 1996, and July 25, 1997

Year
, 1996 1997
dmissions/visits X sD x SD

““Admissions 525 103 393 103
- “Emergency room visits ~ 409.0  58.3 388.0 64.3

Notes: % = mean, and SD = standard deviation.

cerns over long-term health effects from the fire pre-
dominated in the community and media. This was par-
ticularly the case after an activist group announced that
the immediate area was very contaminated with diox-
ins. Subsequent testing from the Ontario Ministry of the
Environment and Energy (OMOEE), and independent
laboratories confirmed that soil and vegetation dioxin
levels were similar to levels found in other Canadian
urban areas. Two independent models estimated that
airborne exposure to dioxin may have exceeded Cana-
dian lifetime acceptable daily intake standards by a
magnitude of 2 on the day of evacuation. The weekly
averaged intake, however, was below the established
levels. (Note: A complete report of the environmental
measurements and risk assessment associated with the
exposures can be found in the OMOEE technical report.
The report includes a detailed discussion of the dioxin
levels found during the fire. It is available for down-
loading at the following Uniform Resource Locator:
g]tctp://www.ene.gov.on.ca/envision/techdocs/index.htm

ire,)

The time-series plots indicate that, in general, the
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h representing the overall series of hospital admissions from the emergency room from four hospitals that had admissions. The square
present 1996 and the inverted pyramids represent 1997. There were no hospital admissions from the emergency room for Chedoke
ote that the McMaster University Medical Centre series had 0 values from June 30 to July 8 in both 1996 and 1997.

daily counts were lower in 1997 than in 1996. There
appeared to be a small, but visible peak of admissions
and visits around the 14th of July for Hamilton Gener-
al, St Josephs, and Henderson General hospitals (data
not shown). The peaking of visits and admissions was
very modest and did not rise above the highest daily
levels recorded in the previous year or previous to the
fire in the same year. The aggregated overall series indi-
cates comparability between years and no dramatic
increase in the time period immediately around the fire.
Published studies on hydrogen chloride exposure indi-
cate that severe symptoms develop within 24-48 hr of
exposure.? The failure of admissions and visits to rise
substantially in the period immediately after the fire
indicates that exposure levels were not sufficiently high
to cause respiratory distress in a large proportion of the
exposed community. Sensitive individuals may have
been adversely affected, but this study design did not
specifically identify and sample these individuals.

One of the limitations of our investigation was that no
standardized questionnaire existed for conducting sur-
veys in the aftermath of PVC plastics fires. Given that
the survey was developed rapidly for the purposes of
documenting symptoms and concerns as expeditiously
as possible, face validity was assumed. Pretesting of the
survey instrument, detailed training of the nurses
administering the survey, and verification of standard
administration by staff could not be guaranteed; there-
fore, one must exercise some caution in interpreting the
survey results. Extensive media coverage, which
addressed potential health effects of the fire, may have
exerted a framing bias. No baseline data on overall
health status and concerns exist.

inasmuch as the hospital records analysis relates to
hospital utilization, by definition it will miss morbidity
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cases that do not come to the hospital. Bates described
a hierarchy of adverse health effects associated with
short-term exposures to ambient air pollution.’s At the
top of the hierarchy is increased mortality, which is fol-
lowed by increased hospital admissions and increased
emergency room visits, The survey indicated that only
2% of respondents sought health care during the time of
or immediately after the fire. However, these results
accounted only for those in the evacuation area. Given
that the plume was protean in movement, others in the
community may have been exposed. Our hospital study
covered all the hospitals in the region; therefore, the
study results should be reliable indicators of morbidity
in the community at large. However, our study could
not capture morbidity associated with visits to physi-
cians’ offices. :

In addition, the survey and hospital records study did
not capture intermediate term morbidity. Health con-
cerns in the community increased after the survey was
administered. Exposure to hydrogen chloride from PVC
plastics fires can also cause prolonged respiratory prob-
lems. Whereas this result has been documented for fire-
fighters, it is not implausible for a similar phenomenon
to occur in civilian populations.®

In our study, we focused on visits and admissions
without regard to diagnosis. This decision was made at

the outset for-the following reasons. The time-plotting

exercise was seen as a screening process. If there was
an evident peak in the time plots around the time of the
fire, then quite plausibly it would be related to the fire,
and further examination would be required to deter-
mine the nature of the morbidity. Further characteriza-
tion of morbidity would require creation of a standard
data extraction and recording sheet, inasmuch as the
reliability and validity of emergency room diagnosis
codes are questionable.

The results of this report must be interpreted in light
of the nature of the exposure. The population was
exposed to a substantial, preventable, and involuntary
risk. They were, therefore, harmed without consent. The
owner of the recycling plant was in violation of the
municipal fire code when the fire occurred. The land on
which the recycling plant was located was also the site
of a previous environmental emergency in Hamilton.®

Conclusions:

Combusted PVC plastic can pose a potential health
threat to civilian populations. Policymakers, public-
health officials, and environmental officials should be
cognizant of the threats posed to civilian populations by
plastics recycling plants located close to residential
areas. Information about the potential adverse health
effects of combusted PVC plastics should be available
to public health officials for rapid dissemination to
health-care providers, community members, and emer-
gency service personnel. The existence of a standard-

ized symptom record would aid in the rapid assessmeng
of community health status in the aftermath of similar
disasters.™” .
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Evaluation of Toxic Potency Values for
Smoke from Products and Materials

Julie L. Neviaser and Richard G. Gann, Fire Research Division, Building and
Fire Research Laboratory, National Institute of Standards and Technology,
Gaithersburg, MD 20899-8664

Abstract. Many devices have been used to generate data on the toxic potency of smoke from
burning products and materials. This paper critically reviews those apparatus and sorts them by
the combustion conditions (related to a type of fire) producing the smoke, the specimens tested,
and the animal effect measured. All the usable data were derived using rats, and the toxicological
effects encountered were lethality, represented by an LCsgvalue, and incapacitation, expressed
as an ICs value. The data showed a wide range of toxic potency values for the products
and materials tested. For those engineering applications where the mix of combustibles is
unknown, generic values of smoke toxic potency were derived. Statistical analysis of the wealth
of published data yielded a generic LCsgvalue of 30 g/m*+ 20 g/m® (one standard deviation)
for 30 minute exposure of rats for smoke from well-ventilated combustion, There are limited
data for underventilated combustion, and a value of 15 g/m® + 5 g/m?® is suggested. The mean
value of the ratios of ICsp values to LCsgvalues is 0.50 4= 0.21, consistent with a prior review.
Thus, for well-ventilated fires, a generic 30 minute ICs; value (for rats) would be 15 gim® &+
10 g/m?; for underventilated fires, the corresponding number would be 7 g/m? = 2 g/m?, There
are some materials with appreciably lower potency values, indicating higher smoke toxicity. If
materials like these are expected to comprise a large fraction of the fuel load, a lower generic
value should be used.

Key words: fire, smoke, smoke toxicity, incapacitation, lethality

To be able to perform the toxicity component of a fire hazard or risk analysis, the practitioner
needs to know how much smoke it takes to produce undesirable effects on people. Over the
past 30 years, scientists have developed numerous methods and extensive data for a variety
of single component materials and commercial products. Nearly all of the studies involved
combusting a small sample in a laboratory apparatus intended to simulate some type of fire;
exposing laboratory animals, generally rodents, to the smoke; and characterizing the resuit.
The typical measurement is an ECsg, the concentration of smoke (e.g., in g/m?) needed to
produce an effect in half (50%) of the animals in a given exposure time. Nearly all of the
material and product data are for lethality (LCsp)or incapacitation (ICs).

This paper examines that wealth of data, sorts it by the combustion conditions (related to
a type of fire) producing the smoke, the specimens tested, and the animal effect measured.
We then update the generic values to use in fire hazard analysis when the composition
of the mix of combustibles is unknown. This is valuable in both building design and fire
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reconstruction. A key component of this evaluation is the assignment of a confidence limits
to the derived toxic potency values. '

2. Compilation of Toxicological Data

The search for lethal and sublethal toxic potency data for materials and products involved
on-line library searches for pertinent books, journal articles, proceedings, and technical
reports. The primary on-line database used for this literature search was the Fire Research
Information Services (FRIS) maintained by the Building and Fire Research Laboratory
at NIST. Other on-line library searches were performed using TOXLINE and MEDLINE
(maintained by the National Institutes of Health) and the Office of Pollution Prevention and
Toxic Substance Library (maintained by the Environmental Protection Agency). In addition,
technical experts involved in the project were asked forunpublished data and other published
data that were not readily available otherwise. Table 1 presents a summary of the literature
search, including the number of citations found. A complete list of references obtained is
presented as a separate list in the Appendix to this paper.

TABLE 1
Sources of Toxic Potency Data

Source Number of Citations

Annual Review of Pharmacology and Toxicology
ASTM/ISO Publications
Environmental Health Perspectives
Journal of American Industrial Hygiene Association
Journal of Archives of Environmental Health
Journal of Combustion Science and Technology
Journal of Combustion Toxicology
Journal of Consumer Product Flammability
Journal of Fire and Flammability
Journal of Fire and Materials
Journal of Fire Safety
Journal of Fire Sciences
Journalof Fire Technology
Journal of Forensic Materials and Pathology
Journal of Fundamental and Applied Toxicology

- Journal of Industrial Hygiene and Occupational Medicine
Journal of Macromolecular Science-Chemistry
Journal of Medical Science and Law
Journal of Science
Journal of Testing and Evaluation
Journal of the American College of Toxicology
Journal of Toxicology
Journal of Toxicology and Applied Pharmacology
Journal Zeitschrift Fur Rechtsmedizin
NIST Publication, Technical Notes, and Reports
Proceedings
Other Reporis
Toxicology Letters
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3. Data Organization

The literature review identified different types of toxicity test methods ranging from labo-
ratory small-scale tests to full-scale tests. To enable analysis of the full set of toxic potency
data, the results from the various test methods were categorized by:

¢ Combustion/pyrolysis condition
¢ Material/product examined

* Type of test animal

¢ Toxicological endpoint

3.1. Combustion/pyrolysis Conditions
There is a small number of types of thermal decomposition in fires:

® oxidative pyrolysis (non-flaming), typical of products being heated without bursting into
flames themselves;

¢ well-ventilated flaming combustion, typical of pre-flashover fires;

¢ ventilation-limited combustion, typical of post-flashover fires or fires in nominally airtight
spaces; and ,

* smoldering, or self-sustaining, non-flaming combustion.

The purpose of a small-scale toxic potency measurement is to obtain data from a small
material or product sample that is germane to some particular set of realistic fires. In this
section, we assess the combustion conditions in the 12 small-scale apparatus for which data
are available. Each apparatus will then be aligned with one or more of these realistic fire
conditions.

As shown in Table 2, the combustors in the small-scale apparatus fall into three types:
cup furnace, radiant heater, and tube furnace. While measurements of combustion gases
have been made in a number of other small-scale devices, these 12 are the only ones for
which animal exposure data have been reported.

TABLE 2
Small-Scale Toxicity Test Methods
Method Group Individual Test
Cup Furnace Methods ~ NBS Cup Furnace
Dow Chemical Company Method
University of Utah Method
Radiant Heat Methods ~ Weyerhaeuser Method
NIST/SwRI Method
Tube Furnace Methods  UPITT Method
DIN 53 436 Method

Federal Aviation Administration Method
University of San Francisco Method
University of Michigan Method
University of Tennessee Method
NASA/JISC Method
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In the cup furnace methods, the sample is placed in an open-top quartz beaker thatis setin
a furnace. The bottom and lower portions of the beaker are heated to a pre-set femperature,
which is generally picked to be above or below the autoignition temperature (AIT) of the
pyrolysis vapors. The oxidative pyrolysis or combustion vapors rise and fiow out the top
of the beaker into the box in which the animals are exposed. The box is closed, so the
test animals experience the accumulated combustion products, some of which diminish in
concentration due to adsorption on the chamber walls. Combustion tests have shown that
the lethal toxic potency of pyrolysis smoke is at a maximum at furnace temperatures near
the AIT. Thus, in most non-flaming cup furnace tests, the furnace temperatures are kept
at approximately 25°C below the predetermined AIT to ensure conservative toxic potency
values. For flaming tests, the oxygen concentration remains high enough that the vitiation
does not obscure the toxicity of the smoke. Natural buoyancy tends to draw sufficient “fresh”
air to the sample so that the combustion product profile for flaming samples is indicative
of fuel-limited combustion. Thus, cup furnace data are typically used to represent well-
ventilated flaming combustion and oxidative pyrolysis.

In the radiant heat devices, the sample is exposed to a defined #ear flux. The irradi-
ance is generally sufficiently high (e.g., 50 kW/m?) and abetted by an ignition device to
ensure flaming for all but the most resistive products or low enough (e.g., 25 KW/m?)
to preclude flaming of all but the most readily ignitable smoke. The combustion prod-
ucts remain in a closed compartment, and the animals are exposed to the time-integrated
accumulation of smoke. The smoke is indicative of well-ventilated burning. [It has also
been shown that the data can be used to calculate the toxic potency of smoke from
post-flashover burning by enhancing the carbon monoxide yield to that level observed
in post-flashover fires [1]. No corrections were made for changes in the yields of other
toxicants.]

Like the cup furnaces, the combustion environment in tube furnaces is defined by temper-
ature. This can be uniform, a fixed value, or a time-variant (ramped) range. The sample lies
within a long horizontal tube, much of which lies inside the furnace. In some devices the
sample is stationary, in others it is moved through the beated zone of the tube, replenishing
the supply of fresh fuel. In the tube furnace experiments reviewed there is no mention of the
ignition of smoke in the combustion device. Tube furnaces are open systems (except for
the University of San Francisco Method), with the air flowing to the sample and through the
combustion zone. The animals are thus exposed to a time-varying smoke composition. The
exception was the DIN test, in which both the sample and air were introduced at constant
rates.

None of these devices can accurately replicate a true smoldering combustion. Achieve-
ment of the low heat losses needed for this self-sustained process requires a physically
larger sample than that which can be accommodated by bench-scale devices.

With the exception of the radiant heat methods, these furnaces are limited in their ability
to evaluate test specimens representative of configured products (e.g., mattresses or chairs).
Depending on the end product design, this may have a significant effect on the combustion
of the specimen in the apparatus and on the measured toxic potency.

In most of the cited literature, the combustion conditions represented in a test were either
vague or completely undefined. Thus, in order to make use of as large a fraction of the
accumulated data as possible, we attempted our own assignments. This was achieved as
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follows:

¢ For those tests in which the sample flamed, the ratio of the concentrations or yields of car-
bon dioxide (CO,) and carbon monoxide (CO) was reported, and the [CO;J/[CO] ratio was
eight or greater, the combustion mode was considered well-ventilated. For tests in which
the [CO,)/[CO] ratio was less than 8, the combustion mode was considered ventilation-
limited. In cases of flaming combustion where the concentrations or yields were not re-
ported, the toxicity data were most often set aside. [Tt was recognized that a flame-resistant
material could yield a low [CO,}/[CO] ratio even under well-ventilated conditions.}

¢ In some flaming experiments, the nature of the sample being burned had a strong
influence on the ventilation. For example, in cup furnace experiments with low-density
samples (with a corresponding large size relative to the beaker), oxygen access to
the burning site is expected to be impeded, and the combustion would tend toward
ventilation-limited. In experiments with high-density samples (with a corresponding
small size relative to the beaker), oxygen levels are expected to be higher.

¢ In many of the tube furnace tests, it was not reported whether the sample flamed and, if
s0, for what portion of the test. To determine retroactively whether flaming was likely, we
compared the reported furnace temperature with an AIT for the material being tested. [The
source of these temperatures was the cup furnace literature, in which the AIT of the test
material was measured in order to assure flaming or non-flaming combustion. Knowing
that, e.g., all polystyrenes do not have the same AIT, we nonetheless used the cup furnace
AIT value as indicative, for lack of better information.] If the furnace temperature was at
least 25°C above the AIT, we considered the combustion to be flaming. Where the furnace
temperature was at least 25°C below the ATT, the combustion was labeled non-flaming
(oxidative pyrolysis). When the furnace temperature was within 10°C or so of the AIT, the
data were set aside. In some cases, CO and CO, concentration or yield data were reported.
This information was also used to make the determination of combustion conditions.

Reports on many of the tabe furnace articles (specifically, the descriptions for the combus-
tion oven experiments at the University of Pittsburgh, University of Michigan, University of
Tennessee, and NASA/Johnson Space Center) did not provide sufficient information to es-
tablish the fire conditions being represented. Furthermore, in some of the tests, spontaneous
flaming occurred in otherwise non-flaming experiments. In either of these cases, the data
generated from these experiments were set aside since they could not be directly related
to one .of the three combustion conditions. Table 3 summarizes the relationships we found
between toxicity methods and fire conditions.

TABLE 3
Fire Conditions Roplicuted by Principal Toxicity Test Metheds
' Fire Conditions
Well-Ventilated  Ventilation-Limited
Method Type Flaming Flaming Oxidative Pyrolysis Mixed or Unknown
Cup Furnace X X X .
Radiant Furnace X X

Tube Furnace X X
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TABLE 4

Material and Product Groupings

Acrylic Fibers Polyesters
Acrylonitrile butadiene styrenes  Polyester fabric/polyurethane foam
Bismaleimide Polyethylenes

Carpet (modacrylic/acrylic) Polyphenylene oxides

Carpet foam (with nylon) Polyphenyiene sulfides

Carpet jute backing (with nylon)  Polyphenylsulfones
Chlorofluoropolymers Polystyrene foams

Epoxy Polyurethanes, Flexible

Fabric, vinyl . Polyurethanes, Rigid
Fluoropolymers (data set A) Polyvinyl chlorides, Plasticized
Fluoropolymers (data set B) Polyvinyl chlorides

Modacrylics Urea formaldehydes

Phenolic resins ‘Wire insulation, NFR cross-linked EVA
Polyacrylonitriles Wire, PTFE coaxial

Polyamides Wire, THHN with nylon-PVC jacket
Polycarbonates ‘Woods

3.2. Materials and Products Examined

The citations included toxic potency data for a wide range of single component materials
and for a limited number of products. Very few references provided the detailed composition
of the test specimens. Typically, the sources provided the generic polymer and whether or
not the material or product was fire retarded. The type or formulation of the retardant(s)
was often lacking. Given the vagueness of such details, we grouped the tested items into
generic classes of materials and products, which are presented in Table 4.

The fluoropolymers were separated into two distinct sets (A and B) because, as will be
seen below, the lethality values fell into two groups that were two orders of magnitude
apart. Fluoropolymer data set B is shown only for completeness. Real-scale experiments
have shown that these very high toxic potencies are not realized when hydrogen-containing
combustibles are also involved in the fire [2]. Thus, this set of values has not been used
in the analyses that follow. The fluoropolymers were the only product group for which the
data warranted this separation.

3.3. Test Animals

The test subjects used in all the listed toxicity test reports were rats and mice. As noted above,
the data from the two methods that used mice (University of Pittsburgh and University of
San Francisco devices) were not used in this analysis because of the indeterminate flame
conditions in those apparatus. Thus, the data evaluated below are based solely on rats as the
test subject. We do not differentiate among strains of rats used in the experiments.

The number of test subjects and their exposure to the smoke also varied among the tests.
In the cup furnace and radiant heat methods, individual rats were positioned such that only
their heads were exposed to the smoke. In the tube furnace methods, the animals were
exposed as either individuals in a head-only position or as groups in whole-body positions.
In this study, the toxicity data are evaluated only in terms of the species used, not the number
or position of the subject.
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TABLE 5
Toxicological Effects Measured
Using Types of Test Methods

Toxicological Effect

Method Type LCso LLsp JCso Other

Cup Furnace X X
Radiant Heat X
Tube Furnace X X

3.4. Toxicological Endpoint

The toxicological effects encountered during the literature review were lethality and inca-
pacitation. There were no data found on other sublethal effects. Table 5 presents a matrix
of the reported lethality endpoints, grouped by the toxicity methods.

Smoke lethality was expressed as either a lethal concentration or lethal loading. The
lethal concentration, which is expressed as an LCsgvalue, is the mass loading or mass
combusted of a specimen per unit chamber volume (smoke concentration, in g/m® or mg/l)
that kills 50% of the test animals during a fixed exposure time and perhaps a post-exposure
observation period. The lethal loading, which is expressed as an LLsovalue, is defined as
the mass loading (g) in the furnace that kills 50% of the test animals as a result of a fixed
exposure time. Unless the latter could be converted to a concentration, the data from the
tests could not be used in hazard analyses and were not included in analyses here.

Sublethal endpoints are typically expressed as either an effect concentration or a time-
to-effect. Time-to-effect measurements provide information on the rapidity of toxic action
rather than on toxic potency. Since the purpose of this study is to generate dose-response
information, the time-to-effect endpoints are not included in this evaluation. Thus, the
sublethal effect data compiled here are incapacitating concentrations (expressed as an ICsp
value), which are defined as the mass loading or mass combusted per unit chamber volume
(smoke concentration, in g/m® or mg/1) that causes incapacitation of 50% of the test animals
during a fixed exposure time and perhaps a post-exposure observation period. While a variety
of pure gas exposure studies have used various techniques for measuring incapacitation,
all the articles collected for this project used the hind-leg flexion conditioned avoidance
response test [3].

Among the large number of methods and laboratories, there was variation in the length
of time the animals were exposed to the smoke. Table 6 presents a summary of the different
exposure times reported for the toxicity test methods reviewed. Most of the data are for an
exposure time of 30 min with a post-exposure observation period ranging from 10 min to
14 days. In some experiments, there were no post-exposure observation periods. For the
tube furnace methods (specifically the combustion oven devices including the University of
Pittsburgh, University of Michigan, University of Tennessee, and NASA/JSC methods), the
exposure times were (10, 30, 60, 140, or 240) min, with post-exposure observation periods
of 5 min or 10 min, or 7 days or 14 days. However, since as noted above, the data from these
devices did not meet other criteria, all the LCsg and ICsq values in the following discussions
and analyses are for 30 min exposures.
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TABLE &6
Exposure Times for Principle
Test Methods Reviewed

Exposure Time (min)

MethodType 10 30 60 140 240

Cup Furnace X
Radiant Heat X
Tube Furnace X X

For the evaluation in this paper, we used only toxic potency data developed from tests that
included a post-exposure period. In the reported tests, incapacitation (from a combination
of narcotic and irritant effects) typically occurred during an animal’s exposure to the smoke.
Lethality, on the other hand, occurred either during the exposure to smoke or during the
post-exposure period. The relationship between these post-exposure effects in rats and the
effects on people during a fire remains fo be assessed. However, we felt it more appropriate
to use the more conservative toxic potency values (i.e., those that include a post-exposure
period) for the current purpose. Alternative analyses can be performed as desired using the
information assembled in the Appendix.

‘4. Evaluation of Toxicological Data

The usable sets of LCsq and ICsy data are shown in Tables 7 and 8, respectively. As noted
above, all data are for rats exposed to the smoke for 30 min and then observed for some post-
exposure period. Each cell contains a median value for the experimental determinations and
95% confidence limits; the number of determinations is also shown.

4.1. Estimation of Confidence Intervals

The original toxic potency data, compiled in the Appendix, is of varying quality. Some LCso
and ICsp values have corresponding 95% confidence intervals and some do not. In addition,
the numbers of individual experiments (sample sizes) used to calculate these confidence
intervals are not always available. This varying quality of the individual data presents some
challenge to appraising the aggregated set of toxicological values.

To estimate the 95% confidence intervals for each combination of material, combustion
condition, and toxicological endpoint, the available information was grouped into three
cases:

1. For some combinations, each of the (one or more) reported toxic potency values includes
a 95 % confidence interval. The standard uncertainties were derived from the confidence
intervals. A hierarchical Bayesian model [4], implemented with the BUGS software [5],
was then used to obtain a consensus LCsq or ICs value and its 95% confidence interval.
These results are indicated in the cells of Tables 7 and 8.

2. For other such combinations, some of the reported toxic potency values include 95%
confidence intervals and some do not. To estimate 95% confidence intervals for the
latter, we assumed that their precision was similar to that of the former. For a given
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TABLE 7

185

Estimated Mean LC;; Values {g/m?) (confidence limits, g/m?)

{sample size)

‘Well-Ventilated Ventilation-Limited
Material Combustion Combustion Oxidative Pyrolysis
Acrylonitrile butadiene styrenes **17.7(14.8,20.7) 4 **32.3 (28.2,35.3) 4
Bismaleimide 14.9(12.8,17.2) 1 41.9(38.8,45.1) 1
Carpet foam (with nylon) *108 (47,138) 1 *68.0 (36.0,81.1) 1
Carpet jute backing (with nylon) *57.0(35.5,694) 1 *90.0 (53.7,99.2) 1
Chlorofluoropolymers **17.6 (10.2,33.6) 2 **24.6(17.7,32.1)2
Epoxy *7.3(1.5,15.8)1 11.0(8.9,13.1) 1
Fabric, Vinyl 32.0(28.0,37.0) 1 19.0(17.7,209) 1
Fluoropolymers (data set A) **27.4(19.0,35.8) 4 *25.4(17.8,33.5) 4
Fluoropolymers (data set B) **0.12 (0.04, 0.93) 6 **0.37 (0.10,0.96) 4
Modacrylics **5.6(4.0,7.2)3 6.5(4.6,8.3)4
Phenolic resin 84(7.39.5) 1 59(4.8,7.0)1
Polyacrylonitriles **40.2 (37.0,434) 2
Polyesters **35.6(31.4,39.4) 4 **40.5(18.7,56.2) 1  **37.8 (29.2,46.9) 3
Polyester fabric/polyurethane foam *42.0 (30.9,55.9) 1 *30.0 (25.242.2) 1
Polyethylenes **36.8.(30.1,43.0) 3 58(3.5892
Polyphenylene oxide *31.5(22.3,35.6) 1 *24.0(178,36.5) 1
Polyphenylsulfones 27.2(20.6,33.7) 4 18.0(13.1,23.1) 4
Polystyrene foams **35.6 (334,319 7 *43.5 (41.1,45.6) 6
Polyurethanes, Flexible **35.4 (31.8,38.9) 18  *204(16.0,249)4  *29.9(26.5,33.0) 15
Polyurethanes, Rigid **13.0(11.6,14.5) 12 14.0(13.4,14.5) 1 **29.5(25.2,33.9) 10
Polyvinyl chlorides, Plasticized **26.2 (20.1,33.2) 3 16.0(13.7,17.5)1 **22.9(11.8,34.4)3
Polyvinyl chlorides **20.0(16.8,23.2) 8 *16.1 (13.2,19.3) 5
Strandboard 47.0(37.7,57.3) 1
Tempered hardwood 58.1(40.8,67.0) 1 86.5(79.4,93.0) 1
Urea Formaldehyde 11.2(104, 12.0) 1 1.20 (1.10,1.30) 1
Wire, PTFE coaxial wire *9.6 (5.7,25.7) 1 *125(8.00,25.2) 1
Wire, THHN wire w/ nylon-PVC 55.0 (44.0,66.0) 1 **8 (88.6,107.2) 1

‘Wire insulation, NFR crosslinked
EVA

Wire insulation, FR crosslinked EVA

51.0(40.8,61.2) 1

*25.0(1858,33.5) 1

‘Woods **40.2 (34.8,45.1) 14 **36.1 (30.8,41.0) 14
Estimated mean 30.1 244 218
95% Confidence Interval (5.1,58.0) (15.8,40.3) (1.6,78.4)

*Confidence Interval constructed as described in Section 4.1, case 3,
**Confidence Interval constructed as described in Section 4.1, case 2.

test material, we compiled the results from studies of the same material and combustion
mode for which 95% confidence intervals were available, translated each interval into a
percentage of the mean value, and assigned the mean value of those percentages to the
datum for which no confidence interval was available. The now-complete set of data was
then fed into the same model used in case 1. These cells in Tables 7 and 8 are marked
with a double asterisk.

3. For the third group of such combinations, there are no studies with reported confidence
intervals, but confidence intervals are available for the same generic material under
a different combustion method. We assumed the accuracy of results is similar across
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TABLE 8
Estimated Mean IC;, Values {g/m?) {confidence limits,
g/m?3)} (saumple size)

Material ‘Well-Ventilated Flaming  Oxidative Pyrolysis
Acrylonitrile butadiene styrene  **11.2 (6.1,15.8) 3 **15.4(79.22.0)3 |
Bismaleimide 68(54,83)1 20.1(163,24.0)1
Epoxy 62(5.2,73)1 4.1(3.3,5.0)1
Fluoropolymers (data set A) **14.8 (6.9,21.9)2 **14.9 (7.9,19.9)2
Fluoropolymers (data set B) **0.55(0.10,1.01) 2 **0.68 (0.31,1.49) 1
Modacrylic **3.0(0.7,6.0)2 3.3(0.2,673
Phenolic resin 2.0(1.624)2 *1.5(1.2,1.8) 1
Polyphenylsulfone **15.3(10.0,19.8) 3 **11.6 (6.6,16.8) 3 .
Polystyrene foam **20.0 (15.0,24.9) 5 **33.4 (22.4,39.8) 5
Polyurethane, Flexible **17.4(10.1,25.2) 8 **15.5(7.622.7) 8
Polyurethane, Rigid **5.4(4.0,6.8) 8 **0.5 (5.3,14.00) 8
Polyviny! chloride, Plasticized **7.1(4.9,9.3) 1 **3.4(2.84.0)1
Polyvinyl chloride **12.2 (8.6,16.3) 4 **13.5(6.1,204) 4
Urea Formaldehyde 74(6583)1 0.7 (0.6,0.8) 1
‘Wood **21.4(17.5,25.3) 10 *15.3 (12:2,18.5) 12
Estimated mean 11.2 115

95% Confidence Interval (1.4,24.00 (1.1,25.0)

*Confidence Interval constructed as described in Section 4.1, case 3.
**Confidence Interval constructed as described in Section 4.1, case 2.

combustion methods and used an approach analogous to that described for set 2.These
cells in Tables 7 and 8 are marked with a single asterisk.

It appears that, although the data were reported in the source articles to as many as three
significant figures, the repeatability of these results is probably not better than +30%.

It is important to note, however, that the gas yields and toxic potency data from only one
of these 12 bench-scale devices (the radiant furnace now used in NFPA 269 and ASTM
E1678) has been validated against room-scale experiments {1]. The accuracy of the other
bench-scale data is undetermined.

4.2. Generic Toxic Potency Values

A quick scan of Tables 7 and 8 shows a wide range of toxic potencies. A hazard or risk
analysis for a known set of combustibles should use toxic potency values appropriate to
those products, the expected combustion conditions, and the proper toxicological effect.

In many cases, however, there is a mix of combustibles whose composition and time of
entry into the fire are not well known. In those instances, generic values of toxic potency
are desirable, ones that can be held constant throughout the analysis.

The last two rows of Tables 7 and 8 contain estimated mean L.Csp or ICs values for each of
the combustion conditions and the estimated 95% confidence interval for the median value
obtained using the following Monte Carlo method. For each combustion condition (column),
a random sample of size 1500 was drawn from the materials in that column. At each draw,
each material present in the column for that combustion condition had an equal probability
of being selected. Then, for that draw a random value was picked from a presumed normal
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distribution ‘with mean and standard deviation given by the entry for that material and
combustion condition. For example, suppose that for well-ventilated combustion the first
draw chose “epoxy.” The random value would then be from a normal distribution with
mean 7.3 and standard deviation of 4.1. These 1500 points were then averaged to obtain an
estimated overall mean LCsg or ICsp value. The 95% confidence interval was determined
assuming that the 1500 points represented a normal distribution.

4.3. Comparison among Combustion Conditions

Since the combustion conditions and the products on fire vary within a fire compartment
and evolve as the fire grows and ebbs, it is useful to assess the accuracy of using a single
toxic potency value in engineering calculations. The following examines lethality data for
two pairs of fire conditions and incapacitation for one pair.

Lethality: well-ventilated flaming and ventilation-limited combustion. These data sets in
Table 7 were compared in two ways:

¢ The first generalized approach was a comparison of the mean LCsy values for both
conditions, including all materials (except fluoropolymers B) in the data set. There is a
wide range of L.Csp values and modest differences between the mean values for the two
columns. The broad 95% confidence limits around the two mean values suggest that any
difference between the lethal toxic potencies of the smoke generated under these two sets
of conditions is not resolvable.

Examination of the data in the column labeled “Ventilation-limited Combustion™ sug-
gests that some of these numbers may be too high for use in evaluating post-flashover
fires, Carbon monoxide yields from underventilated flaming fires are generally distinctly
higher, so LCsp values should fall relative to the same products burning with ample ven-
tilation. Further, the LCsp value for post-flashover smoke is about 25 g/m? if the only
toxicants it contains are CO, and CO [1]. The presence of additional toxicants will reduce
this. There are six materials with entries in these two columns. Five of these appear to
behave as expected. The underventilated LCsp value for the polyester sample is above
25 g/m®. However, even were this “Ventilation-limited” value refiective of the two (above)
guidelines for underventilated fires, the mean value for this column would not likely be
sufficiently lower that the two confidence intervals would not overlap.

¢ The second approach was a comparison of LCsy values on a material-by-material basis.
For three of the six combustibles the 95% confidence intervals overlap. In one of those
cases, the ventilation-limited value is lower; in the other two, the reverse is true. This
does not constitute strong evidence for a fundamental difference between the data in the
two columns,

Thus, while there is reason to expect that the lethal toxic potency of smoke from under-
ventilated fires would be higher than for well-ventilated fires of the same combustibles, the
published data do not present sufficient evidence to resolve such a difference. This compar-
ison is especially compromised by the small data set for ventilation-limited comnbustion.

Lethality: flaming combustion and oxidative pyrolysis. Comparison ofthemeanLCsp values
and 95% confidence intervals for the three combustion conditions reveals no statistical
difference between them; the mean values are very close and the confidence intervals for
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well-ventilated combustion and ventilation-limited combustion are fully contained within
those for oxidative pyrolysis. '

Incapacitation: well-ventilated flaming combustion and oxidative pyrolysis. Recall there
were no reported ICsg values for ventilation-limited flaming conditions. The mean values
of the two columns are nearly identical and the 95% confidence intervals are essentially
congruent. For about half the materials the individual confidence intervals show considerable
overlap. The remaining half are split between the flaming value being higher and the reverse.
Thus, any possible difference in incapacitating toxic potency between the smoke from these
combustion modes is not discernible.

4.4. Comparison between Toxicological Effects

Kaplan and Hartzell {6} had reviewed the literature and found that for exposures to narcotic
gases (CO or HCN), the concentrations that caused incapacitation (measured by a variety
of devices) were one third to one half of those that resulted in the death of various animal
species.

For the smoke data collected here, the mean value of the ratios of ICsg values to LCsgvalues
and the standard deviation are 0.50 and 0.21, respectively. There is no significant difference
between well-ventilated flaming combustion and oxidative pyrolysis.

These results are consistent with the Kaplan and Hartzell ratio, given the uncertainty
in the measurements. In addition, since there is a broad set of expected toxic gases (e.g.,
CO, halogen acid gases, HCN, partially-oxidized organics) in the smoke from this group of
materials, it is not unreasonable to generalize that an incapacitating exposure is about half
that of a lethal exposure.

4.5. Comparison among Materials and Products

As noted above, it would benefit engineering calculations if there were a single L.Cso (and
thus ICsp) value to be used when the mixture of combustibles in a fire is unknown. In
HAZARD 1 [8], the suggested values are 30 g/m® and 10 g/m®, respectively (for 30 min
exposures of rats to smoke).

The wide range of toxic potency values in Tables 7 and 8 strongly suggests that any such
generic value must be used with caution. However, should such a number be needed, 2
. generic value (from column 2 in Table 7) for lethal toxic potency (30 min rat exposure) in
well-ventilated fires (even if much of the smoke were generated from pyrolysis rather than
flaming) would be 30 g/m® & 20 g/m?. For underventilated fires, the situation is less clear.
The data compiled here (column 3 of Table 7) and the value calculated for CO and CO, only
[1] suggest an upper limit of 25 g/m?. Data derived from the NFPA 269 radiant furnace [1]
suggest a value of 15 g/m® & 5 g/m®. [The uncertainty in the underventilated value is much
lower because the toxic potency is dominated by the large amount of CO produced during
underventilated burning. This CO yield is controlled by the shortage of oxygen more than
differences in the fuel chemistry [7]]. The above numbers have been rounded to convey the
proper number of significant figures.

From the results in Section 4.4, for well-ventilated fires, a generic 30 min ICs; value (for
rats) would be 15 g/m® & 10 g/m>. For underventilated fires, the corresponding number
would be 7 g/m® £ 2 g/m?,
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In all cases, it is important to note that there are some materials with appreciably lower
potency values, indicating higher smoke toxicity. If materials like these are expected to
comprise a large fraction of the fuel load, a lower generic value should be used. Examples
of lower numbers can be found in Tables 7 and 8, but prudence suggests obtaining measured
values for the materials under consideration.

Appendix: Toxicological Data

TABLE A.1
LCso and 1C5; Values for Well-Veniilated Flaming Combustion

30 min LCs 30 min ICsp
Value (With 14day 95%  Value (With14day 95%
Post-Exposure  Confidence Post-Exposure  Confidence

Observation) Limits QObservation) Limits
Material Reference gm3 gm gm™3 gm™3
Acrylonitrile butadiene styrene
Pellets 1 15.0 12.3,18.3 10.6 74,152
Pellets 1 15.6 13.2,184 6.0 4.1,8.9
Pellets 1 20.8 159,212 17.0 15.0,20.0
Pellets 1 19.3 16.7,22.3
Bismaleimide
No details provided 2 14.9 12.8,17.2 6.8 54,83
Carpet foam (with nylon) 3 108.0 NA
Carpet jute backing (with 3 570 NA
nylon)
Chlorofluoropolymers
Ethylene- 4 15.1 NA
chlorotrifluoroethylene
(39.4% fivorine; 24.6%
chlorine) .
Blown ethylene- - . 4 20.0 NA
chlorotrifiuoroethylene
(39.4% fiuorine; 24.6%
chlorine)
Epoxy
No details provided 2 73 NA 6.2 52,73
Fabric
Vinyl 5 320 28.0,37.0
Fluoroopolymers (data set A) .
Ethylene-tetrafiuoroethylene 4 302 22.8,40.0
. (59.4% fluorine)
Polyvinylidene fluoride 4 273 179,417
(59.4% fluorine) :
Tedlar—thin opaque 2 40.0 NA 210 14.2,27.8
Fluorenone-polyester—thin 2 13.2 11.8,14.6 10.7 99,115
clear film

(Continued on next page.)
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TABLE A.1
{Continued).
30 min LCsp 30 min ICsg
Value (With14day 95%  Value (With14day 95%
Post-Exposure  Confidence  Post-Exposure  Confidence
Observation) Limits Observation) Limits
Material Reference gm3 gm™3 gm™3 gm™3
Fluoropolymers (data set B)
Fluorinated ethylene/ 4 0.075 0.03, 0.27
fluorinated
propylene—76% fluorine
Polytetrafluorocthylene- 6 0.045 0.04, 0.05
Tefion
Polytetrafiuoroethylene- 7 0.017 NA
Teflon
Polytetrafiuoroethylene- 1 0.164 0.07,0.37 0.8 0.06, 1.51
powder
Polytetrafluoroethylene- 1 0.400 0.02,6.81
powder :
Polytetrafiuoroethylene- 1 0.045 0.04, 0.05 0.25 NA
powder
Modacrylic
Knit fabric 1 7.1 64,79
Knit fabric 1 4.7 32,69 28 2.0,3.0
Knit fabric 1 44 39,5.0 31 22,43
Phenolic resin
Rigid foam 8 8.4 73,95 2.0 NA
Polyacrylonitrile '
No details provided 7 38.7 36.2,42.4
No details provided 7 41.8 NA
Polyester
NFR Fiberfill 9 30.8 282,336
NFR polyester upholstery 10 31.5 35.3,39.8
fabric
NFR polyester upholstery 10 39.0 36.0,42.2
fabric - with NFR FPU .
NFR laminated circuit i1 53.0 NA
boards; polyester resin
with CaCOj filler )
Polyester fabric/PU foam 10 420 NA
composite
Polyethylene
NFR semi-flexible foam 12 35.0 34.0,41.0
FR semi-flexible plastic 12 313 29.3,33.3
foam
Wire 1 46.0 NA
Polyphenylene oxide
NFR business machine 11 31.5 NA
housing

(Continued on next page.)
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TABLE A.1
{Continved).
. 30 min LCs 30 min ICso
Value (With14day 95%  Value (With1l4day 95%
Post-Exposure  Confidence  Post-Exposure  Confidence
Observation) Limits Observation) - Limits
Material Reference gm™3 gm™> gm3 gm™3
Polyphenylsulfone
Pellets 1 25.3 22.0,29.2 15.0 NA
Pellets 1 36.0 24.9,39.6 21.8 12.9,36.7
Pellets 1 11.7 9.1,15.0 10.0 NA
Pellets 1 19.8 14.8,26.5
Polystyrene
NFR rigid foam; GM-51 1 535 NA 30.0 NA
FR foam; GM-49; expanded 13 358 236,480 17.9 NA
NFR rigid foam; GM-51 1 32.6 30.5,34.8
NFR rigid foam; GM-51 1 389 379,399 287 21.5, 304
NFR rigid foam; GM-51; i3 33.8 30.7,36.9 12.7 NA
extruded
NFR foam; GM-47; 13 278 NA 154 120,188
expanded
NFR TV cabinet housing; 11 40.0 NA
high impact polystyrene
base formulation
Polyurethane, Flexible
NFR FPU #12 9 40.0 NA
FR FPU #11 9 40.0 NA
No details provided 5 52.0 46.0, 59.0
Melamime type foam 5 12.5 9.7-16.1
Melamime type foam with 5 26.0 24.0-28.0
vinyl fabric
FR FPU #14 9 278 23.3,33.1
FR foam; 22.3 kg/m® 14 26,0 NA
FR GM-23 13 345 312,378 15.1 NA
FR GM-27 13 33.1 26.5,39.7 9.6 6.0,13.2
NFR FPU #13 10 40.0 NA
NFR foam; 22.3 kg/m®? 14 40.0 NA
NFR GM-21 1 38.0 NA 9.6 4.1,22.1
NFR GM-21 1 495 NA 49.5 NA
NFR GM-21 1 40.0 NA 37.5 35.8,39.3
NFR GM-21 13 432 39.8,46.6 8.3 NA
NFR GM-25 13 375 NA 14.5 11.3,17.7
NFR foam 8 432 39.8,46.6 8.1 6.7,9.5
NFR upholstered chairs 11 35.0 NA
with flexible polyurethane
padding foam, a.cover
fabric, and steel frame;
density of foam is 25
kg/m®

(Continued on next page.)
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TABLE A.1
{Continued).
30 min LCs 30.min ICs
Value (With 14day  95%  Value (With14day  95%
Post-Exposure  Confidence Post-Exposure  Confidence
Observation) Limits Observation) Limits
Material Reference gm™> gm=3 gm—3 Cogm?
Polyurethane, Rigid
NFR foam, 25 mm thick, 15 11.0 10.0-13.0
96 kg/m®
FR GM-31 13 14.2 NA 6.7 55,79
No details provided -1 22.0 21.6,22.2 '
NFR GM-30 1 384 NA
NFR GM-30 1 133 12.2,14.5
NFR GM-30 1 113 7.6,16.8 8.9 5.1,15.6
NFR isocyanurate; GM-41 13 114 9.3, 135 4.1 33,49
NFR isocyanurate; GM-43 13 58 50,66 2.8 2.3,3.3
NFR GM-29 13 112 9.3,13.1 52 34,70
NFR GM-35 13 12.1 8.0,16.2 5.8 45,71
NFR GM-37 13 10:9 94,124 39 29,49
NFR GM-39; sprayed 13 16.6 NA 48 27,69
Polyvinyl chloride, Plasticized
Plasticized PVC 16 26.0 NA 7.1 49,93
CPVC water pipe 3 16.0 NA
Commercial rigid 1/2” 3 295 NA
PVC conduit
Polyvinyl chloride, Resin
Sheets, 12.7. mm thick, 15 200 NA
1,490 kg/m? density
No details provided 5 260 21.0,31.0
Sheets 15 25.0 NA
Pellets 1 15.0 10.0, 19.0 6.0 4.0,89
Pellets 1 17.3 14.8,20.2 18.5 17.5,19.8
Pellets (w/zinc ferrocyanide) 1 94 72,123 11.8 10.1,15.1
Pellets (w/zinc ferrocyanide) 1 14.3 125, 16.3 13.2 113,154
Pellets (w/zinc ferrocyanide) 1 150 15.0,15.5
Ternpered Hardwood
No details provided 17 58.1 40.8-67
Urea formaldehyde
Foam 8 11.2 10.4,12.0 14 6.5,8.3
‘Wires and Cable Products
Commercial PTFE coaxial 3 9.6 NA
wire (product)
Commercial THHN wire 3 55.0 NA
with nylon-PVC jacket
(product)
NFR wire insulation made 11 51.0 NA
of cross-linked EVA
copolymer (product)

(Continued on next page.)
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TABLE A.1
{Continued).
30 min LCsp 30 min ICss
Value (With14day 95%  Value (With 14day 95% .
Post-Exposure  Confidence Post-Exposure  Confidence
Ohservation) Limits QObservation) - Limits
Material Reference gm™> gm3 gm™3 gm™3
‘Wood
Douglas fir 15 150 NA
Douglas fir 1 35.8 286,449 20.0 164,243
Douglas fir 1 453 39.0,52.7 184 14.0,24.1
Douglas fir 1 24.0 19.0, 29.0 14.5 10.0, 19.1
Douglas fir 1 29.6 22.7,386
Douglas fir 1 384 - 352,419 140 10.5,18.6
Douglas fir 1 410 33.0,509 21.8 15.5,30.7
Douglas fir 1 39.8 38.2,414 235 23.0, 24.0
Douglas fir 1 29.8 239,371 209 NA
Douglas fir 18 106.5 NA
Douglas fir 18 69.4 NA
Douglas fir 13 133 10.1,16.5
Red oak 1 45.0 39.9,50.8 40.6 NA
Red oak 1 56.8 51.6,62.5 34.8 31.1,39.0
Red oak 1 60.0 ' 56.6,63.6

NA: Values not available in literature,

TABLE A.2
LC;so Values for Ventilation-limited Flaming Combustion

30 min L.Cso Value
(With 14 day Post-  95% Confidence
Exposure Observation) Limits

Material Reference “gm3 gm™3
Fabric, vinyl 5 19.0 17.7,209
Polyester, Resin 11 405 NA
Polyphenylene oxide 11 24.0 NA
Polyvinyl chloride, Plasticized 5 16.0 137,175
Polyurethane, Flexible
No details provided 5 18.0 16.9, 18.4
FR upholstered chairs with flexible polyurethane 11 23.0 NA
padding foam, a cover fabric, and steel frame
Melamime type foam 5 8.0 72,104
Melamime type foam with viny} fabric 5 15.0 14.7, 16.2
Polyurethane, Rigid
No details provided 5 14.0 143, 14.5
Wires and Cable Products
FR wire insulation made of cross-linked EVA 15 25.0 NA
copolymer (product)

NA:Values not available in literature.
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TABLE A.3
LCs, and 1C;5, Valuves for Oxidative Pyrolysis

30 min LCsp 30 min ICso
Value (With 14 day 95%  Value (With 14day 95%
Post-Exposure  Confidence Post-Exposure - Confidence
Observation) Limits Observation) Limits

Material Reference gm3 gm™3 gm™3 © pm3
Acrylonitrile butadiene styrene
Pellets 1 19.3 13.9,26.9 210 15.1,252
Pellets 1 384 NA 5.8 2.8,84
Pellets 1 33.3 23.1,47.9 23.0 18.5,27.5
Pellets 1 30.9 21.2,45.0
Bismaleimide
No details provided 2 419 38.8,45.1 20.1 16.3,24.0
Carpet foam (with nylon) 3 68.0 NA
Carpet jute backing (with nylon) 3 90.0 NA
Chlorofluoropolymers
Ethylene- 4 20.1 18.4,22.0
chlorotrifluoroethylene
(39.4% fluorine; 24.6%
chlorine)
Blown ethylene- 4 28.9 20.3,41.1
chlorotriflnoroethylene
(39.4% flnorine; 24.6%
chlorine) .
Epoxy
No details provided 2 11.0 8.9,13.1 4.1 33,50
Fluoropolymers (data set A)
Ethylene-tetrafluoroethylene- 4 3.3 NA
59.4% fluorine
Polyvinylidene 4 243 19.1,31.2
fiuoride-59.4% fluorine
Tedlar-thin opaque 2 340 NA 18.8 12.0,25.6
Fluorenone-polyester-thin 2 17.2 NA 109 NA
clear film
Fluoropolymers (data set B)
Fluorinated 4 0.05 NA
ethylene/fluorinated
propylene — 76% fluorine
Polytetrafinoroethylene- 6 0.045 0.02,0.12
powder
Polytetrafiuoroethylene- 1 0.125 0.08, 0.19 0.68 0.31, 149
powder
Polytetrafinoroethylene- 1 0235 0.05, 1.20
powder
Modacrylic
Kanit fabric 1 52 4.9,5.5 2.7 21,34
Kanit fabric 1 78 6.3,9.7
Kanit fabric 1 7.0 5.0,9.7 3.0 20,40
Knit fabric 1 5.3 4.0,7.1 3.2 2.8,3.7

(Continued on next page.)
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TABLE A.3
{Continued}.
30 min LCso - 30min ICso
Value (With14day 95%  Value (With 14day 95%
Post-Exposure  Confidence  Post-Exposure  Confidence
Observation) Limits Observation) .  Limits
Material Reference gm™ gm3 gm™3 gm3
Phenolic resin
Rigid foam; GM-57 8 59 4.8,7.0 15 NA
Polyester
Fabric ) 10 5.0 NA
NFR polyester upholstery 10 39.0 384,395
fabric
NFR polyester upholstery 10 47.5 43.0,52.5
fabric with NFR FPU
Polyester fabric/PU foam 10 300 NA
composite
Polyethylene
NFR semi-flexible 12 5.3 44,66
polyethylene foam
FR semi-flexible plastic 12 6.1 5.3,6.9
polyethylene foam
Polyphenylsulfone
Pellets 1 18.7 15.2,23.0 8.8 6.8,11.2
Pellets’ 1 322 27.7,31.5 19.0 10.2,35.3
Pellets 1 10.7 84,136 7.0 NA
Pellets 1 9.5 9.1,10.1
Polystyrene
NFR rigid foam; GM-51 1 500 NA 50.0 NA
FR foam; GM-49; expanded 13 400 NA 309 262,356
NFR rigid foam; GM-51 1 46.2 NA
NFR rigid foam; GM-51 1 400 NA 40.0 NA
NFR rigid foam; GM-51; 13 40.0 NA 40,0 NA
extruded .
NFR foam; GM-47; 13 400 NA 272 23.0,314
expanded
Polyurethane, Flexible
NFR FPU #12 9 378 36.6,39.0
NFR FPU #13 10 37.0 29.8,46.0
NFR foam; 22.3 kg/m® 14 33.0 NA
NFR GM-21 1 278 16.9,45.8 7.0 3.6,13.6
NFR GM-21 1 40.0 31.2,51.3 20.2 8.6,47.3
NFR GM-21 1 266 15.3,46.2 53.0
FRFPU #11 9 172 132,224
FR FPU #14 9 40.0 NA
FR foam; 22.3 kg/m? 14 23.0 NA
FR GM-23 13 126 105, 147 7.3 5.5,9.1
FR GM-27 13 30.5 23.1,379 25.2 4.7,457
NFR GM-21 13 134 NA 32 1.6,4.8
NFR GM-25 13 36.9 30.9,42.9 151 124,178
NFR foam 8 143 119,167 4.2 3.3,5.1
NFR GM-21; 2 PCF 3 347 NA

(Continued on next page.)
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TABLE A.J3
{Continved).
30 min LCsp 30 min ICsp
Value (With14day 95%  Value (With1d4day 95%
Post-Exposure Confidence  Post-Exposure Confidence
Observation) Limits Observation) Limits
Material Reference gm™ gm3 gm™? gm3
Polyurethane, Rigid
NFR GM-30 1 34.0 NA
NFR GM-30 1 39.6 NA
NFR GM-30 1 351 NA 29.3 NA
FRGM-31 13 40.0 NA 9.0 6.8, 11.2
NFR isocyanurate; GM-41 13 8.0 7.1,89 3.0 27,33
NFR isocyanurate; GM-43 13 5.0 46,54 3.4 28,40
NFR GM-29 13 40.0 NA 8.9 51,127
NFR GM-35 13 36.7 NA 10.8 NA
NFR GM-37 13 36.7 NA 6.8 34,102
NFR GM-39; sprayed 13 109 9.3,125 4.0 24,56
Polyvinyl chloride, Plasticized
CPVC water pipe 3 9.1 NA
Plasticized PVC 16 21.0 18.8,23.2 34 2.8,4.0
Commercial rigid 1/2” PVC 3 37.0 NA
conduit
Polyvinyl chloride, Resin
Pellets 1 16.0 14.0, 19.0 9.4 NA
Pellets 1 20.0 14.7,27.2 30.0 NA
Pellets (w/zinc ferrocyanide) 1 7.6 5.5,105 54 5.1,101
Pellets (w/zinc ferrocyanide) 1 133 115,154 11.7 10.3,13.2
Pellets (w/zinc ferrocyanide) 1 11.3 8.5, 14.9
Strandboard
Oriented Strandboard 18 47.0 37.1,513
Tempered Hardwood
No details provided 17 86.5 79.4,93
Urea formaldehyde
Foam 8 12 1.1,1.3 0.7 0.6,0.8
Wires and Cable Products
Commercial PTFE coaxial 3 125 NA
wire (product)
Commercial THHN wire 3 100.0 NA
with nylon-PVC jacket
(product) :
‘Wood
Douglas fir 1 16.7 14.5,193 15.0 12.3,18.2
- Douglas fir 1 276 22.9,333 10.1 72,142
Douglas fir 1 26.8 21.3,33.7 5.6 3.1,99
Douglas fir 1 24.0 19.9,29.0 220 13.2,36.7
Douglas fir 1 259 20.0,335 10.1 7.2,14.2
Douglas fir 1 20.4 16.4,253 18.3 14.5,23.0
Douglas fir 1 22.8 20.2,258 13.5 12.0,14.2

(Continued on next page.)
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TABLE A.3
{Continved).
30 min LCsp 30 min ICsp )
Value (With 14day  95%  Value (With 14 day 95%
Post-Exposure  Confidence  Post-Exposure Confidence
Observation) Limits Observation) Limits
Material Reference gm3 gm™2 gm™> © gm3
Douglas fir 1 18.5 17.3,198 14.7 13.3,16.2
Douglas fir 18 100.8 NA
Douglas fir 18 64.6 60.6, 77.1
Douglas fir 13 14.6 8.1,21.1 4.8 3.8,5.8
Red o2k 1 25.0 18.7,35.5 25.0 NA
Red oak 1 303 26.0, 354 23.0 NA
Red oak i 350 24.5, 50.1 24.1 NA

NA: Values not available in literature,
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