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Executive Summary

Plastic pipe is increasingly being used in place of traditional materials (copper, steel, concrete, vitrified
clay) in a variety of applications. Lower material cost, ease of installation, resistance to chemicals,
resilience and durability are key characteristics that have made plastic pipe popular. However, increasing
concerns have been raised in recent years about the environmental profile of plastic pipe. Particutar
concern has been raised about the chemicals used in plastic plpe production and otherwise associated
with the life cycle of these pipes. While sharing a common origin in fossil fuels, each of the different
plastics used in pipes is manufactured through different procedures and contams different chemicals with
unigue environmental characteristics. This report was commissioned by the%%glty of San Francisco to
identify key attributes of the different plastic pipe types to assist the City i \/n‘za [igning its pipe purchasing
policies with its chemical and other environmental concern policies.

This study seeks to answer the question of whether there are S|gn;ﬁ i'"
used to manufacture pipes with a focus on priority enwronmental hé%ﬂth lmpa @nd end of life
recyclability. No determination is made on whether plastlcs ak fejther more o, [& S v,referab!e to the
traditional materials used to manufacture pipes. Rather \\‘éﬁuatlon is for de \\“._ zmakers interested
in understanding the environmental differences betwee %tlcs

In this report, the plastics used to manufacture pipe S //ana!yzed anﬁr@iﬁcompared for ché "_?g:al hazards,

recyclability and performance. The chemical hazar a@d cyclabgi)\[@assessments evaliizte the
environmental sustainability of plastics, while the performa c ssment gauges the technical, market

High density polyethylene (HDPE)
Cross-linked polyeth 7

The emphasrs of ﬂ-leahazard assessme‘ o this repott is fo prevent pollution at the
source by avoiding ma@‘als and prgg S es that useo enerate priority hazardous chemlca[s Rather
than attempting to determlr; he  qan ale

volume of th\o\v/ /9 c;harges ﬁﬁf’? 4rd asm‘s - gj yethod guides decision-makers to materials that are
less hazajd; t %@%g prioritizing'the avoidance of chemicals that are chronic

humary ea hazard‘ers,ls en bioaccurmulative. -

hem.'cal hazards e am‘ ed whe %%Eyzmg the life cycle of these materials include;
carcmog ty, ertagenlc:ty’Modu ox:clty endocrine disruption, persistence, and

bicaceumt: a tve capacity.? Prig ty Chem:cals in this study are hazardous chemicals that have been
targeted for'ré action or eliminaf 9/1 on a select set of US and international governmental lists.? In this
analysis, theré\r&\ preferab e}%fastlc is one that does not use as input or generate as ouiput g chemical
on the referencuad%‘gggf hemical hazard lists and thatis truly closed loop recyclable w:th a
strong infrastructure aclhfg” that recycling.

//,%\\

' CPVC - chiorinated polyvinyl chloride. A modified form of polyvinyl chleride that has more chlorine atoms per
repeating monomer unit than does the polyvinyl chloride molecute. This extra chlorine gives CPVC strength at higher
temperatures than PVC.
2 This report does not examine all the potential hazards —including ergonomlcs flammability, corrosivity, and
neurotox:cuy associated with a chemical.

® Priority Chemicals of Highest Concern for this study are those in the Stockholm Convention on Persistent
Organic Pollutants, Priority Persistent Bioaccumulative Toxic (PBT) Poliutants and Priority Chemicals lists by the US
Environmental Protec’uon Agency (USEPA) and Chemicals for Priority Action by the Oslo-Paris Gonvention for the
Protection of the Marine Environment of the North East Aflantic (OSPAR).
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The analysis of the existing data leads fo four primary conclusions:;

» HDPE and PP are the most environmentally preferable plastics currently used to manufacture
pipes under this chemical hazard and recyclability based analysis with no significant distinction
between them. Yet even these plastics have their environmental downsides.

+ HDPE, PP, and PEX create fewer chemical hazards of high concern across their life cycles than
ABS and PVC.

« Plastic pipes are currently seldom recycled. Yet of the plastics used to manufacture pipes, a few
general frends emerged. HDPE and PP are the most recyclable and recycled of the plastics
(used in pipes). While ABS is recyclable, the recycling markets are small. PEXis inherently
difficult to recycle. Finally, while PVC is recyclable under some circumstances, itis considered a
contaminant in many recycling programs and its use is increasingl AV a,lded in the automotive
sector.

s Plastic pipe alternatives exist in the Prefer category in this analymveg HDPE and PP) that perform
equal to or better than the plastics in the Avoid and Concern; catedo |es (PVC ABS and PEX) for
each of the pipe applications studied. Availability of preferaﬁ?é alterQat/wes is good in North
American markets with the excepfion of draln-waste-v}ent (IWV) apphc dlions The entry of new
PP and HDPE products with encouragement from f\ar@ard looking enwrc}\%ry,entally preferable

purchasing policies, is expected to expand avallablllfy%f preferable alternativé ptions in the
- North American market for all applications, m\cl/l}ding DWWV, ‘%&/

l\\ gln in erude oil andgatural gas.
b products All the plastics

from these processes.

S y
0 2 iu.
addltlves) Is from chlorine manufactured fro : Salt water) inste;
manufacture, however, also creates a S|mrla f of F’ngw-

. manufacturing nor oif and gas reﬁnmg isa mo%’ mnrony "
é@«%

reight of raw PVC resin (before
‘of from pe’trochemlcals Chlorine .

:~

the environmental differences beteen plastics’e erge/ins sf’&‘ %&gy after the raw material extraction
and refining stages. In this apa VSisd

. tandhout for theirztinique association with Priority
Chemicals of Highest Cgﬁy n througt

»j[the res n heir life cycles.
PVC is the only pfastrgyex‘ammed in thi \ﬁport to ha e; ersistent organic pollutants {PCPs) targeted for
elimination by the Sto¢ %Ign Conven throughout its life cycle ~ that is, after the extraction and refining
stages that all plastics shiate ‘ Y et any actu 1$es!of PVC, dicxins, furans, hexachlorobenzene,
and PCBs cont:n e.lo be una}g/a da\‘} produc ’ ;l%anly because of its chlorine content.

Dloxms

he combustion of PVC products both during the use phase in .
ehicle fi res*apd at the end of life in incineration and jandfill fires.

accidedtalt ulldlng and
The nn\}%ge tox:clty of theseé’he :ceﬂ%aE Long with their persistent and bioaccumulative nature, has made
them international pnon :for eilminé’flon . PVC is also the only plastic examined here fo have
OSPAR Chemigals for Priority Actlon (organotlns lead, and possibly cadmium) in the final product itself.

Both ABS and‘° \(G differ fronbi}g other plastics in their use of carcinogens®, mutagens,
reproduchveldeve’lggmental c{%gmnte and endocrlne disruptors, either as inputs into the manufacturing
process and/or as lnpﬁ}ﬁ's i { e final product.’

Recyclability is evaluate "primarily on indicators from current recycling markets and evaluations from
‘parallel industries utilizing these plastics. Little recycling is being done with any plastic plpes All of the

plastics are theoretically recyclable and token plastic pipe recyciing programs exist for each’. However

there are significant moves away from PVC, because itis difficult to recycle, and toward the polyolefins

4 Stockholm encourages product substitution as a method to ellmlnate these chemicals, reinforcing the importance of
greventlan threugh establishing preferences rather than through risk assessment hased pollution management.

All of the polymers do use one carcinogen - carbon black - for pipes that may be exposed to UV (ulraviolet) light.’
® Note that the analysis is limited to the chemical class level for many of the additives used to manufacture plastic
?lpes as the specific chemical data is considered proprietary by manufacturers,

Although for PEX the only knewn programs are waste to energy conversion, not frue recycling.
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{HDPE and PP), with ABS somewhere in the middle. The data indicate that the markets for recyding
HDPE and PP will be more robust than PVC and PEX in the fufure with ABS less certain.

Performance is evaluated on installation, cost, availability and chemical resistance, durability, fife span
and other related issues. Use of PEX s restricted to refatively small diameter indoor water distribution
applications and ABS is generally only used for DWV applications. PVC, PP and HDPE all perform
satisfactorily in all applications. Availability is good for all types except for PP in North America.

Table 1 summarizes the results of the analysis and the conclusions of this report,

The hazard and recycling assessments clearly indicate that HDPE and PP are more environmentally
preferable than PVC. ABS and PEX occupy a middle ground of concern betieen PVC at least preferable
and HDPE / PP at most preferable. ABSis in the middle ground be:c:ause»"fyg'T ts better recycling profile
than PVC. While PEXis preferable to ABS and PVC on chemical haza S~ questions remain about its
recyclability.

aaleast onalt the polyolefins (HDPE
tion and mark {avaﬂablllty is growing
Cles significant enéu o slow down

Performance characteristics are generally not an obstacle to USI
PP or PEX) to replace the PVC and ABS materials in each appjc
in all areas. DWV is the only area with market avallabllity obs
replacement at this time,

Summary of .
chemical hazard &
recyclability
assessments

-~ Chemical Hazard Assessment

Stockhoim POPs
(outputs after refining)

OSPAR & USEPA PBT
& Priority Chetnical
{inputs)

Chronic toxicants;

Carcinogens,

mutagens,

. developmenta
reproductiv
or endocriti;

ruptor (’"E‘, |

Summary recycling 3} >
markets and %
‘recyclability
assessment

-— Performance / Availability Assessment w

- Water distribution Goed/Good ‘ENGtuSe/NA: Good/Good*
- brain/Waste/Vent Good/Good | GoodiGood A [ENotuSed/NALY
- Sanitary sewer GoodiGood %ﬂv&u A@“ﬂm ”:;':QIN : Good/Good

- Storm sewer Good/Good GoodiGood

- Irrigation & drainage GoodiGood GoodiGood

- Irrigation & drainage Good/iGood % : GondiGood
*PEXis used only in small diameter piping primarily for water d:stnbutlon and radiant systems in buildings. HDPE for water distribution is

used pritmarily in larger diameter piping outside the building. PP is just beginning to be marketed in North America
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Introduction

Plastic pipe is increasingly being used in place of traditional materials (copper, steel, concrete, vitrified
clay) in a variety of applications. Lower material cost, ease of installation, resistance to chemicals,
resilience and durability are key characteristics that have made plastic pipe popular. However, increasing
concerns have been raised in recent years about the environmental profile of plastic pipe. Particular
concern has been raised about the chemicals used in plastic pipe production and otherwise associated
with the life cycle of these pipes. While sharing a common origin in fossil fuels, each of the different
plastlc pipe polymers is manufactured through different procedures and contains different chemicals with
unique environmental characteristics. This report was commissioned by the Clty of San Francisco to
identify key attributes of the different plastic pipe polymers fo assist the Citydn; ahgn:ng its plpe purchasing
policies with its chemical and cther environmental concern policies. S

This report surveys currently available data about chemicals assomate with, the life eycle of five major

- pelymers commonly used in plastic pipes (ABS, HDPE, PEX, PP,.4 yAne BPVE At assesses each polymer
type by the characteristics of chemicals associated with it - such agipersiste »é/bloaccumulahon
carcinogenicity and reproductive toxicity - and whether any o\}p e chemlcalé&h e  been identified on a
select set of national and internationai governmental lists, as%y chemicals of poﬁ“c 54:: ncern. The report

also briefly looks at end of life options for recycling of tpe rent pipe polymers. Theh'performance of
each of the plastics pipe polymers is evaluated for a{\%:l of primary 1 yses. . w’

The report concludes with recommendations for pipe p ers to ay avely based upon partictlarly poor
enwronmental profiles where alternatives exxst that perfor e Iea’é i ually well.

Assessment protocol

The f ive plastic pipe polymers compared areid

Acrylonitrile butadiene styrene (ABS)%

High density polyethy] e@,,géHDPE)
Cross-linked polyet 2 e :

Polypropylene (R K 4 Q@%
Polyvinyl ch:%na F-‘VC CPV

The applications asse
» Water dlstnbution

L

R nitar SSE ‘_"‘»‘-.\ e,

o ﬁ)rm Sewer K N &

,,%g]gaﬁon and Draln/ag
ct and conduit %

The an\? of hazards, recy;f{ bility, aﬁ‘?perfonnance are designed to assust the City in alighing its plpe

purchasingpg th four key C} values:

. Reducnk'chemlcal h‘aﬁrdS' The City has taken a series of measures to reduce the toxic
hazards ass c:ated gitiits operations in the City and in the larger environment beyond the City
limits. Particli arl Frelévant to this analysis is the City and County Commission on the
Environment's E)roxm Resolution (No. 021-098-COE), which resoclved to designate dioxin poliution
as a high priority for elimination. This report identifies the key environmental heaith concerns
associated with the chemicals used and released in the life cycle of each pipe material.

» Precautionary principle: The City of San Francisco has committed to identifying areas of its
purchasing policy that impact issues where threats of serious or irreversible damage to people or
natural systems exist. Plastic pipes have been identified as one of those areas due to the
chemical releases associated with polymer manufacture, use and disposal. This report provides
the careful analysis of alternative plastic pipes that the precautionary principle requires, using the

% The closely related chlorinated polyvinyt chleride or CPVC, used for hlgher temperature water delivery pipes, is
considered a variant of PVC and not separately treated for this analysis.
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best science available to help the City select materials that present the least potential threat to
human health and natural systems across their life cydle®.

» Zerowaste: The.assessment evaluates recyclability for each of the materials to help the City
move toward its goal of realizing a zero waste materials stream.

» High performance: The assessment identifies relative performance issues for each plastic pipe
polymer to assist the City in assuring that it uses materials that will perform well, be durable, cost
effective and last in their application.

The final summary evaluation is a qualitative analysis based upon absolute screening criteria, not a
quantitative impact analysis.

The resulting evaluation: s,

. » Characterizes chemical hazards across the life cycle of pipes V,;I' ;g,,goal is to eliminate the use
of plastics that contribute to key environmental health concemnsy’ ;hls is assessed by screening
the llfe cycie of the target plastic polymers and their addltlv S5 ors ( ause or generation of

@denhf ied on US EPA,

~ California Proposition 65, and other key govemmentalsg,s ; The plas lcé“% e then categonzed into

a hierarchy of concern based upon this hazard sce. d. M . .

» Characterizes recycling options at the end of life; oklng at both current reg cllng rates and

potential recyclability, induding compatibility \c.;%, ther recyc[u)g streams. The\pls Pias |cs are

categonzed for preferability in this area WIth} [ al to maxix fize potentlal for red %and recycling
and minimize waste. \\K\

¢ Creates a hierarchy of plastic plpe ypes bnngmg 'o & er “the results of the screenmg criteria
applied to these chemical hazardg@ éﬁ' clability profileszPipe types are clustered into Avoid,
Concern and Prefer categories. In\tﬁg Is¥an; lysus the |deal{€é ‘erable plastic is one that does not
use as input or generate as output gichemical de\n\f tified on lkg\\eferenced governmental priority
chemical lists and that is fruly closed\\oo recy AbIE; stm%nfrastructure to fact[ltate that
recycling. \

¢ Summarizes the ap D g ach plpe type and addresses how

o they apply to dl@ﬁnﬁ:yp[ca] %bcaﬁons / ‘
* .e Assesses pe ance in ea |pe apphc n category to determine if plpes made from

polymers whichitate better 013 aI hé/ ard and recydability screemng can be substituted
ép; an e

forthe polymer é/)de\t@g for a\\( %@y

IntrSduction 2
The asses ent focuses on the % ife cycles’of the pipe products from organic chemical production to end-
" of-life dispogal¥l. Thisis a quz'}f@we life cycle hazard assessment'! which identifies the use and
generafion otf%\\ persustent “bioaccumulative chemicals associated with each material. Because the
purpose of this a§ o5 sment |s'to Be used as a guide for preventive and precautionary action, the
assessment is bas %k I'% en fymg the presence rather than volume of toxic, persistent, or
bicaccumulative chemiig sq@fhe material's life cycle. The primacy of pollution prevention as the
method for managing toch chemtcals was established by the Pollution Prevention Act of 1950:

The Congress hereby declares it to be the national policy of the United States
that pollution should be prevented or reduced at the source whenever feasible;
poliution that cannot be prevented should be recyded in an environmentally safe
manner, whenever feasible; pollufion that cannot be prevented ar recycled

8 For more discussion of the precautionary principle, see Appendnx 1

0 The reasons for separate handling of the initial stages of raw materials extraction and processing are explained
Iater in the text under Inventerying Inputs and Qutptts in the Life Cycles of the Plastics,

! For further discussion of the difference between a life cycle hazard assessment and other forms of life cycle
assessments (LCA) see Appendix 1
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should be treated in an environmentally safe manner whenever feasible; and
disposal or other release into the environment should be employed only as a last
resort and should be conducted in an environmentally safe manner.

The emphasis of the analytic method used in this reportis fo prevent pollution at the source, avoiding
materials and processes that use or generate the most hazardous chemicals. Rather than attempting to
determine the quantity of all chemicals generated as pollution and minimizing the volume of those
discharges through end-of-pipe treatment, this assessment method guides decision-makers to deal
with pollution probtems through substitution with materials that use and generate as byproduct
across their [ife cycle, chemicals that are less hazardous -- prioritizing the avoidance of chronic
human health toxicants, pers:stent chemicals, or bioaccumulative chernlcais 12

. To achieve this goal we:

—_—

. Inventory:
Inputs: the chemicals that are used as feedstocks or intefy

\. diariesifproduction of each ofthe

products and I %
Outputs: those chemicals that are byproducts fromgdheproduction, use, oF¢ lsposal of the
material. A T

2. Compare:

N é@/z ;
» chemical inputs and outputs against a set of Pn %ﬁly Chem[ %y{s of Highest Concern: primarily
persistent bicaccumulative toxic (PBT) chemical 1€ ec{iby national and international

governmental agreements for ehng/natlon (see lists be I{:@; Fand

e+ chemical mputs against governmer fz{cﬁ nig toxicant [|st/g§carc|nogens mutagens,
reproductive toxicants, and endocri rea‘d i1 ors and veryne
chemicals. 2 B

3. Prion'ﬁze:

s  Order plastic'pipe# . ateria
\“/%
‘PnorltyChemlca?% i

nghest Goncern
This assessment first |detaﬁ§es Prig @% . r%ggls of Highiest Concern based upon the following four lists
of chemicals ideptified and’pioritized Ffor e o1 B) ernment bod:es due their potenfial to damage
%U ﬁ?’% N

human andsgnvironiiiental heaT )
stéekholny: vo;;nv&%ntlomo : sPersu;tent Organic Pollutants (F’C}Ps)13 which is a short list of very
f%stent b[oaccg%ulahv toxic organic chemicals targeted for phase-out by international’
“agreement. The U2 over% has signed, but not ratified, the Stockholm Convention,
\e us Enwmnmen% Pmtectlon Agenc 1y s Priority (EPA’s) Persistenf and
Bloac umulative ToxXic{PBT) Chemlcals PBTs that have been identified by the EPA for
: na’ﬂgr‘;&c & clion plans.
e Oslo- Pan Convention for the Protection of the Manne Env:ronment of the North East
_ Atlantic (Q sPARY) List of Chemicals for Priority Action ** managed by the European
Commission 'em cals on the OSPAR list are of high concern for water toxicity.
« The US EPA Prf&'&n Chemicals'® ist targeted for reduction in products and wastes in lts

National Partnershlp for Environmental Pnormes (NPEP)

12 For further discussion of the issues behind the choice of precaution, pollution prevention and hazard assessment

versus risk assessment or life cycle assessment (LCA) see Appendix 1.
'3 The text of the Stockholm Convention can be found at: hitp;/iwww.pops. :ntldocumentslconvtexﬂconvtext en.pdf
* The fist of priority PBT chemicals for which the USEPA is developing national action pians can be found at;

hitp:/fwww.epa.goviepptintr/pbt!
The list of chemicals identified by the OSPAR Commission for priority action can be found at:
hitp:/fwww.ospar.org/eng/himl/

The LUSEPA NPEP list can be found at: hito/iwww.epa, govlegacswerlhazwasteimmlm:zelchemltsthtm
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The chemicals associated with each list are identified in Appendix 2.

Chronic Toxicants as well as Very Persistent & Very Bioaccumulative Chemicals

Chronic toxicants in this-assessment refer to chemicals assoclated with long-term chronic health effects
or effects at sub-acute exposures. This assessment is based upon chronic toxicants and very persistent
and/or bicaccumulative chemicals listed on the following already scienfifically established lists:

Carcinogens are any chemical listed as such by the:

International Agency for Research on Cancer {IARC)"

.8, National Toxicology Program'®

European Union in Consolidated List Directive 76/769/EEC *°
California Office of Environmental Health Hazard Assessment (\OJ/
‘ Mutagens which can cause inhetifable genetic damage, are any gl;logf'\n}-.a'% isted by the European Union
as a Category 1 or 2 mutagen in EU Consoildated List Directive ZS}Y/SQIEES‘%;

Reproductive or developmental toxicants are any chemlca fisted by the Euro\gean Union as Category

1 or 2 reproductive toxicant in EU Consolidated List Dlrectn.re 67769!EEC or fisted A5

reproductive/developmental toxicant under California Pr;posmon 65. %
NN

Endocrine disruptors are any chemical listed by the;“\E( opean Union f@s a Category ‘I 0 «-%ndocrine
disruptor in EU Consolidated List Directive 76/769/EEG! a\be a Ca eg 1 endocrine distiiptor the
chemical must have at least one study providing evidence endo Ii\fe disruption in an intact organism.

Category 2 endocrine disruptors have the potenhal for endptlon

‘ '?wg .
FA) for Proposition 65%°

< .

N2

Very persistent or very bioaccumulat:vesheinlca[s are thos ed by the Swedish Natlonal
Chenmicals Inspectorate’s (Keml)®. The Eu ion defines ig erS|stent chemicals" g
chemicals that have a half-life of greater than\6@ da@ r or ar than 180 days in marine or
freshwater sediment, or greater than 180 day: 4 ssml ean dhlon defines “very
bioaccumulative” chemicals to@a\r bwconceajz: 130 %‘\r “Guatic organisms of greater than
5000.%* The European perms‘fenca;h .do not ing u;%é“ﬁm§ als that’are’by nature infinitely persistent,

//

Inventorying Inpuy t“s<and OutpL(é in the Life . Cycles of the Plastics

Inputs: Primary raw materials: All the tenals asses/ d here share a common pnmary raw matenal
resource base: they are mqnufacty\gg/xga n;,/[gr je part, from fossil fuels. The pnmary chemicals
used to produce%)B \& Exa nd PP $e éﬁifrom natural gas and crude oil.?® The primary
chemlcalsﬂéeda Sman ctureéP C are derived from a combination of these same fossil fuels and
chlonne/;g%anufac gom er salt water). Chlorine makes up 57% of PVC in its raw pellet state.

Eac& plastics alse erai ntalns a range of additives discussed in further detail below.

7 The list uf%’%xevaluatlons can e”‘found at hitp:/Awww-cle.iare frimonoeva/odist himt
1 The US Nationa ‘0XICD]DglCE| B ogram s Report on Carcinogens can be found at: hitp://ntp-server nishs.nih.gov

® The consoltdated on ofEP I of Directive 76/789/EEC (currently in force) including a consolidated list of
CMR substances ca e un: a% :/feuropa.eu.intfcommienterprise/chemicalsfleqislation/markrestr/index.him
% The fist of chemlca[s ag o the State of Califomia to cause cancer or reproductive toxicity by the California
Office of Environmental T Hazard Assessment (OEHHA) is listed at;

hitp/Awww.oebha.ca, gow’propGSIpmpBS listNewlist. hitml

There is no equivalent US list for mutagenicity, however mutagens may be searched at GENETOX & Chemical
Carcinogenasis Research Infarmation System, hitp//sis.nim.nih.qov
2z Swedlsh National Chemicals Inspectorate (Keml) webpage: hitp://prio.kemi.se.

= Swedish National Chemicals Inspectorate {Keml} webpage: hitp://prio.kemi.se. The International Joint
Commission ([JC www.jic.org ) adopted an even more conservative definition of a "persistent toxic substance:" any
toxic substance that bioaccumulates in the tissue of living organisms, or any toxic chemical that has a haf-life greater
than eight weeks (56 days) in any medium {water, air, sediment, soll, or living thing).
24 gwedish Nationa! Chemicals Inspectorate (Keml) webpage: hitp: Ilgnu kemi.se
2 Coal-based byproducts such as coke gases (gases produced when converting coal into coke) are another potential
raw material source of feedstocks for plastics. However, in the U.S., natural gas and crude oil are the overwhelming
source of raw materials for plastics’ feedstocks, therefore coal processss are not induded in this analysis.
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Since ABS, HDPE, PEX, and PP share a common petrochemical resource base, material selection
between them will have no effect on avoidance of chemicals from raw materials exiraction and primary
chemical production. PVC shares the same pefrechemical resource base as ABS, HDPE, PEX, and PP.
The difference with PVC arises due to its chiorine content - 57% of the weight of raw PVC (before
additives) is from chlorine manufactured from brine (salt water) instead of from petrochemicals.

Appendix 3 lists the Pricrity Chemical outputs from chlorine production, fossil fuel extraction and refining
for comparison®. Chlorine production has POPs outputs that aren't associated with fossil fuels (PCBs
and hexachlorobenzene) while fossil fuels have POPs outputs not associated with chlorine production
{aldrin and DDT). Beth also have outputs in the other categories of Priority Chemicals of High Concern
(US EPA PBTs and OSPAR and EPA Priority Chemicals). Therefore, neither crude oil refining or chlorine
production is environmentally superior; both have significant priority chemlcgk}‘hazards associated with
their output byproducts. !t should be noted that chlorine production has a vé _?serlous mercury problem
associated with it”” and that chlorine itself is a highly toxic material, \\%

This comparative analysis therefore focuses on the life cycle conce@}} ter:the initial raw material
processing stage; thatis after the raw material extraction, crude gj}xref RINGER :a ural gas processing, and
chlorine production. S X

The assessment begins with an |nventory of the principal o@aﬁ/l%chemlcals usetwrj e manufacture of
the five plastics. Table 2 lists those chemicals for each plA&Hc.

\gf/i %

PVC : ABS HDPE
Ethylene : Ethylene Ethylene
Ethylene dichloride | Benzene
Vinyl chioride Ethylbenzene
manomer Styrene

) Acrylonitrile

1,3-Butadl&n
; S e :

Inputs: Additives: All pg Astles requize ditives to either facilitate the manufacturing

.process-or to |rnpart ecn" il properhesé? he final p aduct The types of additives commonly used in

plastic pipes include: a%zt}gmdants antt\ ic agents Elcants ulfraviolet (UV) stabilizers, and heat
stabilizers. The specifi mc]uding pipes, are proprietaly data and can

ﬂ%ves uae rod 1d
vary widely among manufac er: ?p rmatlon was not available for this analysis.
Generic for u. :‘g at list //r gk\\“\/ﬁc chemlca 5 g,;:e S found only for PVC sewer pipes used in Europe
(see App T iAo . - N

ecific chemical form aﬁon@ :or Jhe addifives used in each plastic pipe polymer were not

Whil
avall%%

for thls analysis, sﬂ stantlal %c data on additive practices were collected and assessed.

" Idenf if es%he types of aa/d} fives used in the manufacture of the p[astlc plpes for example, UV light
stabifizer; o o .

28 There are no known Priof?iy Chemical outputs from brine production but there is insufficient data available for
conclusion in this analysis.

7 Nine chlor-alkali plants producing chlorine for PVC manufacture use mercury cell technology. Serious
discrepancies and purchases indicate that the plants were not able to account for 865 tons of mercury in 200, more
than emitted by all coal fired power planis. U.S. Senate Committee on Environment and Public Works "Senators Call
On EPA To Document The Fate Of 65 Tons Of Toxic Mercury”
hitp://epw.senate. gov/pressitem.cim? =dem&id=221813
For example, in the case of ABS polymers, "Different manufacturers produce and process ABS significantly
differently. Therefore, the selection of stabilizers has to be checked carefully for each process and application.”
Zweifel, 2000 p.78
* Sources include: Chemical Economics Handbook, “Plastics Additives” section by Modler, et. al. (1997); and the
Plastics Additives Handbook, edited by Hans Zweifel (2000).
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= |dentifies the classes of chemicals used within each additive catesgory: for example,
benzophenone light stabilizers for the additive UV light stabilizer.

= |dentifies specific chemicals used as additives for specific polymers. For example, the UV light
stabllizer 4-dodecyloxy-2-hydroxybenzophenone has been used as an additive in the
manufacture of all five plastics considered in this report (ABS, HDPE, PEX, PP, and rigid PVC).*'
However, no data were located specifying the fypes of products using 4-dodecyloxy-2-
hydroxybenzophenone.

The types of additives used to manufacture pipe grade polymers include:

» Lubricants and UV light stabilizers in all five plastics.

I \W

o Antioxidants and antistatic agents in ABS, HDPE, PEX, and PP. )

e Stabilizers in PVC.
Carbon black is a common UV light stabilizer used in the manufactur,

See Appendix 5 for a complete listing of classes and where they al !

Note that the analysis is limited in scope on the specific addiu;\’j%ﬁs;uéed fo mac‘;@}!re each type of

plastic pipe as this data is considered proprietary by manufgﬁ?\;f-// ers. To fully ass'\é\s‘\?j he relative toxicity of
the polymers the City of San Francisco could collect dat ?gfgfﬁ)e specific additives ﬁs‘md»‘én the .
manufacture of pipes. Due fo the proprietary nature g{,;fhj;sffnfonnation,_jt is likely that tﬁe%'g' of San

%

=Y

Francisco would need to sign non-disclosure agreemepts:or use an guﬁépendent third party {iehicle to
' slosfire.

gather and evaluate the data without making it subject

%

Outputs: The toxic outputs - the releases of pollutants to aima.‘ ater - are then inventoried for each
stage of production of the principal feedstojgj(s;?s \v&vell as for p\o;}‘l rizaﬁon and compounding of the
plastics. To inventory the full scope of gzolﬁl _afé/fgénerated and f‘.'e"“‘sgc_{ during production, even those
chemicals released in small quantities, thi%ﬁ\{entb %}S@d Jses the raw'data tables in the life cycle
assessment study completed by Tellus lnstitutef%;g he a%‘}j bLgs in th iellus study are quite useful in
identifying pollutants that are present in the wastewater afd aiieinissionstfrom manufacturing processes,
but that do not appear in thegs “EPAs Toxic RélS3 se'l'f}rxj‘\%}ue to falling under the TRl's
emissions reporting thre%\b/e do o )

Note that in this asses_,s*‘i}aen/t/au inputs gﬁ'manufagy both principal feedstocks and known additives
(or additive classes Ma;qe%rg\the exact %Q ditives are no s&:own) -- are included. For outputs, however, only
the poliutants from princfﬁ%f—f«feedsto_é Sarevidentified an %ssessed. The pollutant outputs from the

production of additives haveég%- fe) 'ﬁéﬁ‘ entiiet \\@;ﬁ sgessed.

S AN
t \%%/n/él%ﬁ/j\l‘\tﬁs nd o%@?@ie transportation of pipes and their feedstocks are not included in the
ofthis"assessmeftilfis ass_g/‘%e\_g that selection of plastic type will not consistently or inherently
fietype of transportatol mofie;}br, fuel types. Therefore the chemical hazard of transportation
And outputs will not be affected’s; %Sﬁc type selection. '
ZChemicals associated with the pipe installation process are also not formally included in this
2 should be notedihowever, that PVC and ABS use solvent based systems with known
chronic toxicantsiywhereas the olyolefins exclusively utilize mechanical or thermal joining methods with
no direct chemicd F\%l%’ts Thi§ iSnot expected to change the rankings as it parallels the hazards identified

R e
elsewhere in the life’gy

10,000;pounds. %
T, .

39 tbid, :

3! Radian Corporation, 1987, Radian Corporation. 1987, Chemical Additives for the Plastics Industry: Propetrties,

Azpp!icaﬁons, Toxicologies. Park Ridge, NJ: Noyes Data Corporaticn. _

32 For example, below Toxics Release Inventory reporting thresholds.

3 Tellus, 1992. While the data in the Tellus Institute report is from the 1980s, it represents the most comprehensive,
ublicly available database that includes the soup of pollutants released from these processes at very low levels.

4 Comman elements of PVC pipe cement include tetrahydrofuran (suspected endocrine and developmental {oxicant
with inadequate carcinogenicity data fo classify), methyl ethyl ketone (another {suspected endocrine and
developmental toxicant), and cyclohexanone (another (also a suspected developmental toxicant) and PVC resin, ABS
cement typically consists of methyl ethyl ketone and ABS resin
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Hazards Assessment of the Chemicals

Priority Chemicals of Highest Concem: The assessment compares the inventory of chemical inputs
and oufputs against the Chemicals of Highest Concern (Stockholm POPs, EPA PBTs, and EPA/OSPAR
Priority Chemicals). For the five plastic polymer life cydles, these chemicals are pnmanly found as
pollutant outputs: the pallufion from manufacture, use and disposal.

Appendix 3 details where in the life cycle of the five plastics these Chemicals of Highest Concern-to
- governments are created as pollutant outputs,

The results of this analysis are as follows:

¢ Inputs: Only PVC uses Chemicais of Highest Concern in manufactugng— the additives
organotins, lead, and cadmium, which are OSPAR Chemicals fo //o tyAchon

* Outputs {byproducts}. All of the plastics have both US EP \:\t\go; PBT po[lutants and OSPAR
Chemicals for Pricrity Action associated with their life cycl 321g ‘\\g{:tewater effiuent from the
N,
N

manufacture of petrochemical feedstocks.
3 fivention POPs ligkins, furans, PCBs,

:%nal processing
5
N

] ulatwe gh”gmlcals The assessy] dent then

5

PVC pipes are alone, however, in havmg Stockhol

b

capacity, and chronic toxicity -- for the pnmary organlc che : - i = tocks and addmves
Append:x 6§ details the tox1c>|ty of known IM i

:carbon CKY

9,4\. &

.{~

o Otherwise, ABS@
o] carcm ep’s -
o mutag,e

o reprofﬂﬁ?‘ Ideve["- en

o endocnnerd)s{

as gj l:fer, /%E’L@ into 1

eiare classes of chemicals used as stabilizers that are c]early
hazafdalls (e.g., cadmium Gemipoun ég.jf ad compounds and organotins}, there are no such clearly
hazardoﬁ‘\c asses of chemlca/f; dditives ﬂf"“éd in ABS, HDPE, PEX, and PP pipes. For example, ABS,
HDPE, PEX \%\ PP all use pheg Aolic-based antioxidants. Unlike the lead compounds used in PVC pipes,
hazards hav 2 ot\been identifi \/Z) r phenolic-based chemicals as a class. There is a phenolic-based
esan‘endocrine dlsruptor blsphenol A. However, the only ewdence found on
hboxidant states that it is used in PVC production™.

antioxidant thatisknown to be:
the use of blSph&ﬂO% L3S a 17

%;%% Vpro cepro ini A
Note, ? inlike with PVEYW ere

This study evaluates the pistlé manufaciuring process inputs agalnst the listings for both
A) the identified Chemlcals “of Highest Concern and
B) persistence, bioaccumulative capacity, and chronic toxicity.

The outputs, however, are only compared for Chemicals of Highest Concern. Since all of the plastics
examined in this report have poliutant outputs thatinclude a large number of additional chemicals that are
persistent, bioaccumulative, or toxic, further evaluation from a chemical hazard screening perspective did
not reveal any significant differences among the plastics .

3 Noyes, 1987 note there is also some evidence that bisphenal A may also be used as a flame retardant in ABS
although it is unknown i this oceurs in pipes.
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Summary and Findings of the Hazards Assessment

Table 3 summarizes the data collected concerning the life cycle hazards to human and environmental
health associated with the five piastics commonly used in pipes: ABS, HDPE, PEX, PP, and PVC.

None of the plastics can be characterized as complefely environmentally sound from this hazards
assessment:

= Inputs: All of the plastics - ABS, HDPE, PEX, PP, and PVC - use the carcmogen carbon
black for pipes that may be exposed to UV light '

= Qutputs: All the plastic piping materials examined here — ABS, HDPE, PEX, PP, and PVC —
have both US EPA Priority PBTs and OSPAR Chemicats for Pnor\Lty Action pollutant outputs
associated with theirlife cycle: these occour in the wastewater efﬂue% rom the manufacture the
petrochemical feedstocks used fo make the plastlcs All of the p \;lsﬁ,es S also have a significant
number of other listed persistent bioaccumuiative or toxic outpms'/

ABS and PVC, however, stand out for their hazards due to their upi eassoc@tlon with key chemicals of
concern in their life cydes: 4

- = Inputs: ABS and PVC alone use carcinogens™, ﬁ%gens, reproductg eidevelopmental
toxicants, and endocrine disruptors either as,j ApLits into the manufactunng@rocess and/or as
inputs into the final product, even for non UVgro ected product. PVC s the oniys [astlc examined
‘here to use OSPAR Chemicals for Priority%on in the finalproduct itself.

O e Stockholm Convention POPs (dioxins

With: }% ife cycle after petroieum refi nmgé

‘
ABS and PVC are considered environmentally" e P (ﬁfem%l@s analysis than HDPE, PEX
and PP because of their use of chronic toxicants as lnput§\4n~ ro cﬁ ‘€that the other plastics avoid
altogether. PVC is judged less s preferable than ABS du ociation with outputs on the-

5 1fe4// c nufacture of its feedstocks and
cmdentai bu;[ rng fires) and for its use of US EPA

highest priority fist (Stockhol _xg;chrougho

3 As noted above the other plastics do use one carcinogen ~ carbon black —for UV protected pipe.
¥ Note that this analysis did not include transportation impacts as described above.
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Table 3. Plastic Pipe Hazard Assessment - Chemicals of Highest Concemn

Summary
chemical
hazard
assessment

Chemicals Of Highest Concem On RegulatoryTarget Lists — Process !nputs

Stockholm POPs . -

US EPA PBT

US EPA Priority
Chemical

\%ﬁ

QSPAR

Chemicals Of ngheét Concem On Regulatory Target I,g%/s% = Pollution Outputs (pos“’%q]\ar\ raw material processing)

Stockholm POPs

US EPA PBT

US EPA Priority
Chemical

OSPAR

Chronic Toxican.ts, Verx%%%zglstent orV””’/ Bicaccuriiilative — Process Inputs ‘

/ %,

Mutagens™ /&\\

Reproductive FEE Wﬂ%@%‘
developmental ! ~
toxicants

Endocrine
disruptors

Very persistent
chemicals

Very bio-
accumulative
chemicals
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Recyclability Assessment

The ideal end of life options for a product allow it to be: a) reused as the same product (e.g., reusable
glass or plastic botiles), b) recycled back into the same product, “closed loop recycling” (e.g., aluminum
cans), or ¢) biodegraded into healthy nutrients for the soil (e.g., organic food). Less preferable than these
options - although more preferable than landfilling or incineration — is the recycling of a product into a

* lower value product {e.g., office paper into cardboard boxes): this is called “downcycling.” The dominant
end of life option for plastic pipes, however, is disposal in either a landfill or incinerator.-

This evaluation of the end of life potential for the different plastic pipes is based upon two characteristics:

» current recycling rates and practices, including downeycling, and

. potentlal recyclability, including integration into a cross industry, \@9 nmodity plan

Y

SF recycling: The current reality of plastic pipe recycdling is that the recy cl ;\of these products is
marginal: very few plastic pipes are recycled in the U.S and mostféf/ hem Y cycled. In San
Francisco, as with most municipalities, plastic pipe is not accepted in readenﬁ? «curbsxde recycllng
programs or at drop off centers. Additionally, a survey of firt sffﬁat recycle constructlon waste in the Bay
Area revealed that most do not accept plastics of any type ‘the firms that do acce@gastlc building
materials, the vast majority only accept HDPE or PP @«s/maﬂer number accept ABS, veq?\tew accept PVC
and none are known to accept PEX®. See Table 5 fore soun unt of firms mfthe Bay area thatiagt

coept the
different pfastics. \ M“{?’

Most efforts to recycle plastic building matg/als have been t\gpd by the daunting problem of creating
a secondary material with market value. Esia ggtshlng an infrasticture to gather, sort, and create a
homogenous secondary plastic stream frornizbuii ' atenals typically results in a material that costs

Bme by

pecificationsigy
2 '_» \.u, -
Cross industry efforis: Of'ﬁce%%}-. iture makerd erman er\ Jon‘n Solutions to the problem of
material recycling in general |cs recyc]m;‘* Ai feuiar by eﬁ”égmg other industry sectors in
closing the recycling Iooe concegtz der expl ;atlon Is to establish consistent plastic specifications
and product labeling, i &% er fo establls,-fa broaderéce modity market for recycled plastics that could be
utilized by manufact:ﬁ’er§\|n different industry sector, fiésgrequwes a reversal away from the trend of the

last several decades t6'#) Dlastios that aré distom tailored to each narrow appllcatlon

‘more desug@:' sl
Zalie cAomutilEs;for 52'in the widest range of applications™.
- S

instead it favors standard
\\,//’

To furthe) %elﬁ@%\h potentig cyciabﬂrty of the different pipe plastics and how they are posmoned

for thig; j&g;p of cross ln §t%com ty fecycling effort, the current practices in two other sectors where
: S|gn|f cant recyc[mg is undg) I8 ,/es,and automotive part - are assessed. ,

. - |

: Bottle re ygclmg Bottie recycl“%g drives tﬁ recycling rates of plastics in the U.S. Arecent assessment’

of the state" af/:;ilastlcs botile rqu/ ing by the state of California found that:*°

. plastlc%recyclmg r%ntmue to Iag behind other materials like steel, aluminum, glass, and

&Q

paper (ﬁ% N

» plastics recydling jslargely uneconomical without subsidies (p.1) '

» the most recyc f,dq: astics nation-wide are PET and HDPE, which account for “more than one-half
of national plastlcs recycllng" (p.8) )

« - - other plastics “recycled in significant quantities are polypropylene battery casings; HDPE, LDPE,
LLDPE stretch-wrap and film; PET X-ray films; and polystyrene protective packaging” {p.8)

* This analysls fs based upon listings as of January 2005 in the Plastics Directory compiled by the San Francisco
Department of the Environment. htfp://temp.sfoov. ora/sfenvironment/directories.plastic/htm

® Public presentation by Gabe Wing Milter of Herman Miller, Working Towards a Better World, US Green Building
Councﬂ Northern Califormia Chapter, San Francisco, CA, January 18, 2005,

Callforn:a Integrated Waste Management Board, Plastics White Paper Optimizing Plastics Use, Recyclingand

Disposal in California (2003) http: fwww.ciwmb.ca.gov/Publications/default asp?pubid=1010
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+ PVCis a contaminantin plastics recycling: “Contaminants such as other resin grades (especially
PVC)” and other materials “require extensive sorting and cleaning” (p.15)

» the recydling rate in California in 2001 for PET bottles was 36%, for HDPE bottles it was 38%, for
PP botiles it was 7%, and for PVC bottles it was 1% (pp.32-33)

From the California Integrated Waste Management Board's report emerge the following conclusions.

- First, the municipal recycling infrastructure in the U.S. is primarily oriented to the recycling of HDPE and
PET. Second, the secondary plastics recycled in the U.S. are overwhelmingly from the polyolefin plastics
of polyethylenes (HDPE, LLDPE, and LDPE) and polypropylene. Third, PVCis a contaminant, not a
valued commodity, in the municipal recycling stream. From these conclusions a crude plastics' recycling
hierarchy emerges in the U.S., with PET and HDPE the most recyclable plastrcs followed by other
polyolefins, and WIth PVC the most undesirable (see Table 5).

Automotive recycllng The state of plastics recycling in the U.S. mir, o nnrrent developments in the
automotive sector in Europe and Japan. With legislation requmng thetakaiback of vehicles in Japan and
the European Union, automakers are evaluating and selecfing for’}pfastlcs tHatare more recyclable.
Pressed to recycle ever greater percentages of end-of-life ve@}des@automakgg'&%ve completed some of
the most extensive assessments on the recyclability of plag tl atenals ‘ \\//

For example, in 2001, Opel (a European division of G /af Motors) publlshed its plas

hierarchy in its enwronmental report (see Table 4 belo §e The preferredsplastlcs for rec cll g were the
polyolefins (PP and PE) and the least preferred plastlos« Bre mmtur;e of mcompa’oble materials" and
IIPVC 1

RO T A

Table 4. Opel Priority List for Plé’éf;csmkwlﬂz Rega
Polypropylene (PP), Polyethytene (PEQ% R,

-
9,
S
| 5
oy
5
-1
0
=
®
| 5
o
ol 2
-
Q
]
3
o
m
%ig’
3
Q.
%
‘_-%

Acrylonitrile Butadlene\/tyrene (ABS), Pﬁl}fmetb ”‘t ': ate (PMMA l.e,, acrylic), Styrene
Maleic Anhydride (SMA <cop er, Acrylohim tyrene cggl&?te (ASA), Styrene Acrylonitrile
(SAN) %

G

Polycarbon%olyethyl ene Tg@gggghthalate (Q@ Polybutylene Terephthalate (PBT)
Thermoplastic? ,astomer (‘/I;gg,E} Y s
Polyurethane - (S

° YE\/‘/E/,N,\ %/M Ww

Sheg! '-Mo[dmg%ﬁompé ind {SMC), Phenol-Fofhaldehyde (PF)

%/ Iastomer % m
a \{:vamyl Chloride (P} \.’!9) W/////
Mrﬁ%g%e of incompatibi “{‘%atenals’@’

Increasing preference—>,

S

AN
Opel is not alohg e its assessyy of plastics. Honda, Nissan, and Toyota have all identified polyolefins
as the preferred pfas%:m fro ;the perspect:ve of recyclability, Honda for example, states in its 2003
Environmental Anntalie orﬁha’c it is standardizing for polyolefin resins: "For all of the new models and
changed models released\?nwﬁscal 2002, highly recyclable olefin resins are now used for injection-molded
interior parts" including trink decoration, instrument panels, bumper faces, air conditioning units, and
door linings.** Polypropylene bumpers are now widely recycled in Japan. N|ssan for example, collected
231,576 polypropylene bumpers in 2002 for use as used bumpers (as replacement parts) and with the
goal of using the recycled bumpers on new models,” Regarding PVC, Toyota in its 2003 En\nronmental
and Social Report stated that it ‘is actively engaged in reducing the volume of PVC resin used."*

4’

“ 3, Opel. 2001. Environmental Report 2000/2001,
Honda 2003. Environmental Annual Report 2003, p.32. |
lesan 2003. Environmental and Social Report (vear ended March 31 2003 pp. 32+38
Toyota 2003. Environmental & Social Report 2003, p.37.
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PEX Is not referenced in these reports due to its low usage in these sectors. PEX recycling is hampered
by the crossfinking of the molecules. Cross-linked plastics like PEX are known as “thermoset” plastics. A
thermoset plastic is hardened by curing, creating a three-dimensional, inter-connected structure that
cannot be re-melted or re-malded; it is infusible and insoluble.** This makes thermosets like PEX very
difficult to recycle. The only current recycling option for PEX is to grind it down and use as filier in another

material.

Table 5 summarizes the data collected on the recycling and recyclability of the plastics used in pipes.
The polyolefins — especially HDPE (municipal bottle recycling) and PP {automotive sectaor) — are the
preferred pipe plastics used in for municipal and automotive recycling programs and with the most

acceptance by regional plastic recyclers in the Bay. area, ABS is recy
these assessments of plastics recycling because of its smaller [evels o
and PVC. PEX receives little attenti

very difficult to recycle.

PVC is a plastic that municipal and automotive recycling prograin:
toxic additives included in PVC (as discussed in the previg%ﬁjﬁgﬁ:yde section)\é\s}\?\@
contaminant in municipal recycling, make it a largely unwar e

manufacturers of PVC — especially in Europe - are fryj

NG

for PVC, their initiative is receiving a lukewarm respoi SE

automofive sector's decision to de-select PVC.

K

on because it is both a relatively

s'are activelias

post-consumer maté
“to develop a post-consumer:
yof plastics, as exe

f

N

clabl g@_%‘:ﬁreceives little attention in
f pogiiction relative to HDPE, PP,
al

olume plastic and inherently

}-ojding. The array of
%! asitbeinga -
3ak. While
cycling market
SSHplified by the

St

Summary
assessment
SF area 5 c’c’iﬁi’g’f:mies _ 11 companies 13 cormpanies
recycling acceptil ap off accept drop off, | acceptdrop off | accept drop off
outlets . 3 Zmany wimin-
] N imum amts
¢ imi ’ ot applicable, | Notapplicable - | Marginal levels | Highly
bottle; ec) cling A0 Use inthis recyclable but of recycling recyclable, well
streams " ['sector little use in this established
A D, market markets
Among the @, | No difd on PEX | Recyclable, Highty Highly
least preferredis | use and moderately recyclable, recyclable,
(] recycling in this | preferred, but established established
sector | used in low markets, most markets, most
volumes preferred preferred

** Stevens, 2002, p.39. HDPE, PP, ABS, and PVC are all “thermoplastics.” Since thermo
softened and hardened by heating and cooling, they. are much easier to recydle than thermosets.
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Summary of Environmental Preferability Analysis

The hazards and recyclability assessments clearly indicate that PVC is environmentally less preferable

" than HDPE and PP. ABS and PEX occupy a middle ground befween the poles of PVC — to be avoided -
and HDPE and PP -- to be preferred (see Table 6). ABS is in the middle ground because of its better
recycling profile than PVC. For PEX, while itis preferable to ABS and PVC on hazards, questions remain
about its recyclability.

s ABS and PVC have more s:gnn" lcant Chemicals of nghest Concern across their life cycles than
HDPE, PP, and PEX,

o PVCis of somewhat greater concern than ABS because of«fﬁ\'inkage with chemicals
targeted for elimination by intemational treaty the Stockt iolp Convention on POPs

N :.’

<| B a

programs.
» ABS and PEX have limited to no recyclability data. \/ s

'3 q@g ards assessment portion of this
analysis. PEX ranks be]ow HDPE and PEX due to its lack of eqy/c ability Therefore HDPE and PP share

the highest refative environmental preferabx klng in thlsgg\é \% ssment, followed by PEX, itis
important to keep in mind when readlng thisa l Jiis. hat all of thes pp% astics have significant toxicity
problems and much of the recydling is siill Lhere remalQ%p;uch work to be done to find fruly
environmentally healthy plastics for these app 7

'\\/ e
Table 6. Combined Preférdbili

Summary
chemical

Summary “é%g
recycling =
markets

and
recyclability
assessment’

Remember that ali of these plastics have significant toxicity problems and much of the recycling is still dovmcyclmg There remains,
much waork to be done to find truly enwronmentally healthy plastics for these applications.
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Performance Evaluation

The final step of this analysis evaluates the performance characteristics for each pipe plastic in different
applications. Performance of the different pipe plastics are evaluated for the following applications:
Water Disfribufion

Drain Waste and Vent (DWV)

Sanitary Sewer

Storm Sewer

Irigation and Drainage

‘The discussion of characteristics is qualitative where a specific rating meagul‘%«is notlisted.
Performance characteristics will be compared across pipe plasfics and f\,vg Hfeir impact on the usefulness
of the pipe plastic for each of the applicable applications. \,\"//

e
Polyvinyl Chloride (PVC) provides a good combination of long-te, ‘%‘éi{gﬁ%,gnd high stiffness. PVC
has good chemical resistance to a wide range of corrosive fluids, B may baXdar aged by ketones,
aromatic and some chlorinated hydrocarbons. it is used in D@Zf’%s orm, sanitaryand water distribution
applications.* Pvc pipe is primarily joined by either by be ‘\\\n'di'spigot or by che?ﬁ%é’éLsolvent cementing -
which has additional toxicity problems not addressed lnﬁ - : 3 :
Acrylonitrile-Butadiene-Styrene (ABS) is formed frggythree distinct r onomer buitding\?'?fggks.
Substances of these types are usually referred to as cop‘\mers. The@sporﬁons of each'stibstance will
determine the physical properties of the final product, \ig~ as, Acrylonitrile contributes rigidity,
strength, hardness, and chemical and heat resistance. ButddiEne contributes impact resistance. Styrene
increases the ease of processing. ABS is@ arily used for DV pplications. ABS pipe can be joined
by solvent welding or threading. ”’

"High Density Polyethylene (HDPE) exhibit: \ggod chigninal resistarice lexibility (without the addition of
plasticizers) and abrasion resistance. It can b d;‘gd for pre: \g,v/f;nd n;\pressure applications and is

increasingly available with hig}gg%; ressure rating HDPE 1€ amgg%rength and flexibility even at

subfreezing temperature}gl%t”ﬁghe%éﬁ“ exibility proyidesibetter resis fﬁﬁce to ground movement,

earthquakes, and damagJ/;-r_mg inst aj//‘[};[jon of in during excavations. The flexibility of HDPE has
also made itincreasingly:Bopular in so parts of theigountry (including the San Francisco area) for
trenchless sewer repf"épeu ent, providiigsignificant sayings in tenching costs and envirenmental impact.
Coiling is possible with%%rfél%ggiam gi_‘ /lene pipeswvhich makes it useful for gas distribution and . -
s. In some appiitatiofis flexibiat B‘E@a‘ ipeican provide cost savings by minimizing and
TN jointlé-”' ge pipe can b\\e‘\’//ﬁéﬁ%wnd corners and around physical obstructions.
‘ ipcipler) e,.,;* ) ealdusion, where pipé ends are thermally butt-fused together. This can
makes: ’ﬁgﬁally Ieak—pro@@\f‘&nt sﬁﬁ\éﬁ than the pipe itself and considered by some to be superior to the
solvel \X,eids or threaded j'ot,gﬁ- of P %g/n ABS. HDPE may also be joiried by other methods such as

water service
eliminating ik

&

compré\‘“s_é\t\)“ . fittings. . _
The primary EIDRE a plicationsape: irrigation and drainage, water and storm and sanitary a plications®®,
p-ry%&\\p @\% ag ry.p.
Cross Linked Po&yethylen%,@() is made up of polyethylene molecules that are cross linked in order to
gAem

raise the maximurﬁf’”@%atin mperature up to 200 °F (93 °C). Other performancé characteristics are
similar to HDPE. Comfgggc%‘pp ications are primarily inside buildings, including under-floor hydronic
heating systems, and hotzeold water systems. PEX pipe is primarily available in small sizes appropriate to

these applications. Connections are primarily made with compression fittings.

Polypropylene (PP) shares similar properties with polyethylene and generally has better chemical
resistance than other plastics. PP is used in some pressure piping applications, but its primary use is in
low pressure [ines. Polypropylene plastic pipe is used for chemical (usually acid) waste drainage systems,
sanitary and water lines, though almost exclusively outside of North America. In 2004, however, a

46 CBD-220. Thermoplastic Pipe, National Research Councll of Canada, Institute for Research In Construction

hitp:flire. nre-cnre.gg.calchd/cbd220e. At
CBD-220

6 CBD-220
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German firm, Aquatherm began marketlng PP in North America for potable-water, hydronic-heating, and
other E)ressurized piping applications®. Another manufacturer intends to introduce a PP sanitary line in
2005° Pxpe lengths are jeined by heat fusion, threading (i.e., with heavy pipe) and mechanical seal
de\nces

Pipe Sectors

Within each sector, design, construction and operational and maintenance considerations impact -p[astlc
selection. As these sectors differ from one another, itis :mportant 1o recognize that one plastic may not be
appropriate for use over all sectors.

Water Dlstnbutlon

e Distribution lines - (Iower dlamete_r sizes: 6" - 12")
+ Service connections - (from street to building)

Water mains typically operate at sgressures from 100 to
operate between 40 and 100 psi »f

The primary plastics used for water distribution in Now A enca are HPOPE and PVC. H%E”Eaplpe
performs roughly equivalently to PVC in water main appi o tons, withisimilar corrosion resm?{ance and
durablltty HDPE has a slight advantage in terms of preventing:eaksias the butt-fusion method used to
join HDPE provudes stronger, tighter, moreJeak proof joints campared to the bell and spigot joints used in’

PVC pipe®. PEXis also used in this appll‘:\ieiﬁ,_%man!y foros:g‘r:}‘?’ iameter distribution applications
within buudmgs PEX is generally. not usedfoid .a-_ icati

surveyed here.
Drain, Waste and Vent (DWV) ”
DWV is essentlally the sanit %g/

s t{eaves 1 e//” rty line. PP, PVC, HDPE and ABS
are all in use in DWV apphcatd‘ns d%g’ tlcally ang/o ; ¥foreign mark ts. Because of the wide range of
labor, fire and other codegts/s/ﬁes sele 1 of DWWV be chalienging in North America and one or more
of these alternatives 4z “?Eeen restnct er DWvV u i the USA. For example, New York State labor
code prohibits the useBERVC pipe in:hui dlngs greate}r/’5 an three stories. Fire codes may prohibit the
AT
dlEanaly e restrictions on pipe alternatives in DWV is

YA
L)

interior use of HDPE in got e.%states

beyond the SCop -. thjs repg 2N

7 o ;
Sanitgiysewers collect was// Fol ;J'aomes and business and convey It for treatment. Sanitary
sewerco e@on systems, Ilke/ ater dlsmﬁutlon systems, are a free-like pipe network and consist of:
. lfitai eptor Sewers — c wastewater from co]iectlng sewers to the wastewater
EY

treah;k}, facility. Fro
o Collect \%g\ B\Sewers — (coll
' /from street to building).

e Service 65 tiong
Sanitary sewers ref%&gogoswe gases. Because of the resistance to corrosion provided by the plastics,
- they are increasingly pref\erred to non- plast:c alternatives for sanitary applications. Currently, PVC is the
most widely used plastic for sanitary sewer in North America but HDPE is gaining market share in some
areas, including the San Francisco area, particutarly for its ability to be used for trenchless sewer
replacement (not possible with PVC). HDPE also has a slight advantage in chemical and abrasion

9 Environmental Buildi ing News, "Fusnotherm Polypropylene Piping From Aquatherm”, September 2004 Volume 13,
Number 8
%0 Personal communication with Jamie Harvie.

>1 CBD-220 NRC
52 Environment Canada, "A Technlcal and Socio-Economic Companson of Oplions to Products Derived From the

Chior-alkali Industry” 1999
Environment Canada
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resistance. On the other hand, gravity lines, such as sewer and drainage require close attention to proper
installation gradient to ensure proper flow, whereas pressure lines which do not require this gradient, offer
greater leeway. As a result, gravity line pipe is typically installed in sections which allow closer installation
and monitoring, which is more difficult with the use of long, more flexible, confinuously welded pipe. This
has made HDPE more popular for trenchless replacement slip lining than for new sanitary gravity pipe
lays, but not exclusively. Hancor, a US pipe manufacturer has just introduced a HDPE pipe, which comes
in 20 foot sections and intended for sanitary applications, Available in [arger diameters, the pipe is joined
through fusion welding, :

In Europe, more rigid PP is galning in popularify. Though it has not yet been marketed for this application
in the LSJ4S, a European manufacturer plans to market a PP pipe for sanitary appiications in the US
market™, : N

Storm Sewer

Prior to the 1960s most sewer systems were combined sewers, tha ~ “taned both sanitary and storm
water. The system had to be designed to carry large volumes of W jg? durfr?*‘g;rf’a‘n events, but otherwise
the capacity was little used. In addition, when it did rain the flog; d of relatively ﬁ%water often negatively
impacted water treatment. Design changed so that by the | 149605 sanitary a}\\ Storm systems were
designed and constructed separately. Storm sewers collettwater from roof drains, Qf‘l‘kmg lots and
streets. Unlike sanitary sewers, storm wastewater is Qp}‘f‘yplcaﬂy {reated and the ﬂow?é\i\g/ecﬂy
discharged into a receiving body of water. PVC and H@gg are the pl%%hgs most widely\l‘ﬁ%ggn North
America. Since storm sewers are also a non pressurizedily

d*@\r\gvity ﬁ,g\\%g\applicaﬁon, the performance
concerns are similar to sanitary sewer applications, with §t‘hé ‘n_tab“j," :exception that corrosive gas
. . . S At
resistance is less important. *-'%*‘f-" _

Irrigation and Drainage

PVC, PP and HDPE are all used for irrigatioriwater distr \gﬁcm in theXSeith similar performance

characteristics, Because the distributed water isinder pressy :g;e}\g\lyg,/akagﬂ_; Erformance is again

significant. PVC has dominatediiffigation applicafions irffaten ‘ ‘eé%@ut HDPE is now beginning to

‘regain share due in part t%{é%%%l‘%}fgggs of layputirom long coilswith fewer joints versus the short
s%%ance to 51.;,9-- | damage and joint failure,

rigid sections of PVC 3\ iiShigher res

Plastic pipes, both P¥&and HDPE, arey __e,éining rapidiyin the huge drainage market previously dominated

sl %

by concrete and stéel.'R%nﬂy, the,Cortugated Polyeths
Heg| |

: lene Pipe Association initiated a third party
certification system whic 2 S8

iliows farincreasgdiaceeptance’ of their product by the American Association of
State Highv%éﬁ%anspo%ﬁ@%i@?ﬁcials. H;E\I'%’pc Z\El'ed content HDPE is now available on the market

. RNy ’(&?’@& .S “ " . .

for this a}pﬁhca ensEeifo T issues are similar to storm sewer applications.

7

Ducfand Conduit .
A0

PVC andik r mc’ﬁﬁdwt and conduit. Rigid PVC can have an advantage in
requiring 1e) %@angars in susp@%&(]éded applications. Flexible HDPE can have the advantage in easier

instailation oz@%fpconﬂnuous @/95 and bends without requiring joints. HDPE also has a lower coefficient
N ;

of friction thus T king cable ﬁglﬁu:fi; and pulling easier. Fire resistant HDPE is avaitable. PP is also used
where higher temperat dis

S

ure registance is required, but not widely available in North America.

Cost Issues

A _
All pipe sectors have at least one viable plastic alternative, with the exception in North America of DWWV,
where there is still limited access to polyolefin based plastic pipes, although Aquatherm’s market
introduction may change this soon. The issue of cost differential is extremely complex. Conversation with
industry officials and literature review suggest that pipe material cost differences, if they do exist, are not
the determinant issue in pipe selection®™. Pipe project costs are highly dependent on a number of
important variables which include but are not limited to: market location and its proximity to

* Personal communication with Jamie Harvie. .
%% For more discussion on this tapic see Harvie, Jamie etal, "PVC-Free Pipe Purchasers’ Report”, Healthy Building

Network 2002, hitp:/fwww. healthybuilding.net/pve/pines report.htmi
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manufacturing, material/resin costs which can vary rapidly over time, soil and other site conditions, local
labor costs, contractor experience with the pipe type, and installation method. While itis difficult to make
across the board statements about the cost implicafions of plastic selection, a recent reﬁport found that
less toxic alternatives are successfully competing with PVC in many pipe applications.®

Lifespan and Durability

There is much debate over the durability and expected lifespan of plastic pipes. The long term durability
of piping systems depends on many factors, including the soil environment, proper installation, material
propertles such as corrosion resistance, chemlcat resistance and strength and the performance of
joints™. Because of the characteristics of storm and sanitary flow, conveyance systems must offer good
resistance to corrosion, chemicals and abrasion. All plastics under conaderat}@g offer good resistance to
these forms of degradaﬁon All of the plastics have been on the market fq eéades®™. When properly
designed and installed, pipe systems of any of these materials can be su é?k ently durable to withstand
many decades of services e .

Summary of Performance Evaluation - - & S,
Table 7 compares the relative performance and avalfabmtg %vawous plasticsyay
PEX have characteristics that lead them to be used pn v A a limited number oﬁa f‘ “
HDPE and PP meanwhile are competitive in most applical téns with many similar peﬁowce
characteristics and modest tradeoffs in others. The nesult is that p/ ach alternatives ex:s%ﬂn the Prefer
category (HDPE and PP) for each of the pipe applicationstudied %R% rform equal to or “Better than the
plastics in the Concern or Avoid categories. 2

Market availability . %&
While regional availability may vary, only the Y a te\ matives for DWW is significantly
limited across North America, due in part to st ? ’ﬂo u1!d:ng cageichallenges and part due to

manufacturer market decisions. foferences in? across ap_ ications are pnmanly a
function of the historical markefifi ’fopus of the raanuf it \%a%i n of purchaser selection. For
example, PVC manufacture‘g%%urs &}@unwipal before HDBE hence they have the dominant
market share in mumcup@ ?(”}kets while, HI2 E manufacturers targeted industrial markets where
HDPE's corrosion reg sfa ce created p grmance a’&? ntages.

Access to alternative p /A\’t“;cs is gro nggg& manufactur ef%fare increasingly targeting new markets across
these fradifional boundarle §Euro§ A%:@;/) ergare beginning to enter into the North American

market and Q{oﬂh%nlenca ’yénufacture ,a;é’%xpandlng their offerings to cover more

appilcahov--‘-nvm,tf‘ onstramed North American DWV market, options are beginning to emerge.
3¢ ey \‘Eally 213} e%)]e purchasing policies by corporate and govemment enfities can

. Theralisipo reason not to move forward in selection of more preferable

A

%% Ackerman, Frank, etal “The Economics of Phasing Qut PVC*, Tufts University, 2003

hiip:/ivwww. healthybuﬂdlng netlpvclEconomlcs Of Phasing Out PVC.pdf

Enwronment Canada
58 PEX has only been in the North Amencan market since 1995 but has been used widely in Europe for decades.
Likewise PP has had relatively limited marketing in North America but has been widely used in Europe for decades,

® Environment Canada
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Table 7. Application Specific Performance & Availability Comparison for Plasfic Pipes

PVC ABS PEX PP HDPE
- Water distribution Good/Good . N6t USEdINAS| Good/ Good™ LiGobd/Poort: Good/Good®
~ DralnfWaste/Vent Good/Good Good/Good tNotiused/NAZ]-Good/Pox \NtuseleA}%
- Sanitary sewer Good/Good ANOLIsedINASIENG SedINAZ]Good/Paor Good/Good
- Storm sewer Good/Good : el N G 00| Good/Good
-1rrigation & drainage | Good/Good ~ [ENGE. edINAE | Good/Good
- Duct & Conduit Good/Good [ENotUsed/NA; isediNAT] "Good/Poor Good/Good

First item befora the */™ is the general performance assessment. The fem after the '" is the mar;k:ét;_,availability assessment,.

Not used means not typically specified or used in these applications. NA means market avai '57 Y s not applicable as there is no

demand because the plastic type is not typically used ) . Y 4 i

* Used only in small diameter pipes, primarily for water distribution and radiant systems

¢ Used primarily in farge diameter piping outside the buiiding e
Available in Europe, in early stages of marketing in US in 2005

* Avajlable in Europe, not yet marketed in the US
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Conclusion

This study seeks to answer the question of whether there are significant differences between the plastics
used to manufacture pipes with a focus on priority environmental health impacts and end of life
recyclability. No determination is made on whether plastics are either more or less preferable to the
traditional materials used to manufacture pipes. Rather the evaluation is for decislon-makers interested
in understanding the environmental differences between plastics, '

In this report, the plastics used to manufacture pipes are analyzed and compared for chemical hazards,
recyclability and performance. The chemical hazard and recyclability assessments evaluate the )
“environmental sustainability of plastics, while the performance assessment gauges the technical, market,
and economic viability of the matertals in different applications. ‘

Table 8 summarizes the-results of the analysis and the conclusions of ",’s»%port.
i S

The analysis of the existing data ieads to four primary oonclusron ///

+ .HDPE and PP are the most environmentally prefera@/é*f[aﬁcs curre-\lu§ed to manufacture
pipes under this chemical hazard and recyclability based analysis with ﬁ“&éi@niﬁcant distinction
between them. Yet even these plastics have thejgenvironmental downsidesiiy,

* HDPE, PP, and PEX create less chemical ha@ ,/% of high conc/ern acr_os_:s the|-1:§\\&\@/_/cycles than

ABS and PVC. _

* HDPE and PP are the most recyclable of the m \\g’r\{g}!s. Thefetis'less of a market for recycling
ABS. PEX s not truly closed loop recyclable, and'\@ﬂa VCis marginally recyclable under some

- circumstances itis corisidered a contaminant in man%éiing programs and increasingly

avoided in some sectors. \ 7

* Plastic pipe aitenatives exist in the} ¢ £
equal to or better than the plastics in'th Tls
each of the pipe applications studiedailabili ) r;\
American markets wi| exception of drain- entin) applications. The entry of new

cisavat) _couragefﬁ%.t om environimEntally preferable purchasing

1d i ‘Of preferable alternative options in the North American

‘atalysis (HDPE and PP) that perform
é(oncem\‘- tegories (PVC, ABS and PEX) for
M}a%eqte/rable alternatives is good in North

!

policies, is expectedto expand Ayailabili
market for all iiv\l@;ﬁons inclg DWV.
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Table 8. Summary of Plastic Pipe Envirom_ngntal Preferability Anaiysﬁs

: ColCermn sy oy ek Erefer =E
PVC ABS PEX PP’ HDPE Preferabile
Surnmary of SIoren Sl PRIFIDreLE
chemical hazard & chemicdl -{'2 £ Rigplastc
recyclability ity o e
assessments FECYCHINgadi s L TECyCIabiIl Ity

-— Chemical Hazard Assessment -———---

Stockholm POPs
{outputs after refining)

OSPAR & USEPA PBT
& Priority Chemical
{inputs}

EF iy

)

Chronic toxicants;
Carcinogens,
mutagens,
developmental or
reproductive toxicants
or endocrine dis-
ruptor (inputs)

‘Eione su0 | Enon
2
3

Other PBT Qutputs

-— Recyclability Assessment

Summary recycling
markets and
recyclability
assessment

-— Performance [ Availability A

AN AAR R AN

SSessnent——

- Water distribution Goug\{gj}i’ﬁ i atisedih Good/Good*
- Drain/Waste/Vent GgadiGood GgdiGood SHasedINaT
- Sanitary sewer Gdgd/Ggod ENOTHEEH/Y TUgedin Good/Good
- Storm sewer Good/Gacd NGt T aINAS R N s et/ N AR B o a/NEh el Good/Good
- Irrigation & drainage | Good/G66d%, UENGROSEa/NATEINCEUSeINAES ] GoaNGRE Y Good/Good

*PEXis used on]y@}is:%@%% neter pipfAGZIK
S % )

diamiets)

used primarily in‘:ﬁcg
P

piping outs|
R

SFE Plastic Pipe Analysis
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e

fily for water distfitiiiigh‘and radiant systems In buildings. HDPE for water distibution s
he building. PP is just beginning to be marketed in North America
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Appendix 1 - Principles of Decision Makmg Life Cycle, Precautlon &
Pollution Prevention :

The screening based method described in this report to evaluate the plastics used in pipes is founded
upon three principles:

1) Life Cycle Thinking: :

In life cycle thinking the stages of a material's life — beginning with raw material extraction and ending
with disposal (or reusefrecycling/composting) — provide the frame for evalua’nng the presence of toxic
inputs and toxic outputs. Life cycle thinking, as Todd and Curran (1 999) em| liamze is “a unique way
[relafive to quantitative life cycle assessment (LCA)] of addressing en\nron/ antal problems from a
systems or holisic perspective” because it challenges the “need for a, c@ lete inventory of material and
energy flows associated with the system of interest.™ In fact, it challeh nges«* ot only the need, but also
the attainability and the practical usefulness of quanhtatwe LCA iy f?bltshmg /}natenals pohmes such as

. N 3

The method used here to evaluate plashc pipes does nat aﬂempt to quantify totaNoufp:

chemicals nor normalize results to a functional unit, butr&tﬁér bases judgments upohiStree

direct existence or nonexistence of target outputs. \@/a N \\?//
‘\

Quantified risk analysis type approaches such as applied X most {lQ_C \xtools are severely Imgl(ﬁed in their
usefulness for palicy judgments for a variety of reasons. Effor to»qgantlw impacts as they relate to
human and ecological toxicity have run up //gamst a numberi @/gnnﬁcant barriers:

¢ Toxic chemical release data are al\>po/ ”Kk"ndlcator of pote- pacts because there is no simple
Jinear relationship between measuredtrel’?é‘gé&’é’seand impac %t
o Some chemicals persistin th‘g}\?e wronm,bmaccum ate in organisms, and biomagnify
up the food chain. The resuli i |s at a givel A
different and,ntfsadily predictable exp0dr
factors |lk geovgraphy; ony
o Fur’ther@g&”y many of} ;ese same% Ymcals are toxic at very low doses. Thus small

releascséf these cheri¢ a!s someﬁ%s at levels well below thresholds that are easily

% tof release will result in widely
odiferent populations dependent upon
a?ngll

mom%%5 for quanhﬁc%‘ﬁon are of higligoncern. That is, any release — even a very small

one - can%e ult in signi g@a @ posure oﬁu'}L;hl.lrnans and wildlife. )
e timing of the exposure — e.g., the developing

© dverse effdefs m be Mores ct%
e eﬁjs}~expose “-.'_hthalates - rathe an the dose of the exposure.
2 lndmdtfih are

Bsed to a complex soup of chemicals - many that can cause the same
adversé’glf ects ar’% ﬁ?ome that are synergistic - rather than only to a single chemical at a
time. Thu e cum ? ye doses of exposure to potential impacts are greater than
assumed for an deVI f%chem[cal Additional exposures to a single chemical may have
threshold or synerglsttc effects far beyond those predicted by one at a time controlled

K c;ffez‘-.

S n\\a

elssuffer ?g'c 7a great paucity of comprehenswe and reliably comparable data:

,adaa is prlmanly based upon stack and pipe release estimates, Exposures that

oceur ithe'workplace, from the use of products, and from food are not included,

although*they are critically important additive factors to the impact. :

o Release data based upon the Toxics Release Inventory (TRI) database isn't even
complete for stack and pipe releases as reporting requirements do not apply to all.
releasers.

o Most LCA models are very limited in which datasets are incorporated and may be
missing significant portions of life cyce releases. _

o Data are often of widely varying guality across materials and rarely transparent to the
user for quality checking. . :

% Todd, Joe! Ann and Mary Ann Curran (eds.), 1999, Streamlined Life-Cycle Assessment: A Final Report from the
SETAC North America Streamliined LCA Workgroup (Pensacola; SETAC).
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o The sheer volume of data inputs makes thorough quality checking impossible.

o The large number of assumptions with high variability and uncertainty generally leads to
a high unceriainty in the absolute metric that is rarely reflected in the results of LCAs
despite the fact that these uncertainfies can be much larger than the differences reflected
in the LCA result, _ .

o Many simplifying assumptions and interpretive algorithms are needed to translate data
inte common metrics, compare different impact types and pathways and manage the
different data sources. These each contain SIgntﬁcant assumptions that are seldom
transparent to the user.81

» The need to reduce everything to a common metric for LCAs requires reducing every human
health |mpact - mcludlng carc:nogemmty, mutagenlclty. and reproduc’gwe developmental, and

closely held and the set of parameters to capture is constrained, b ¥ dader matenals pelicy work like
this it is sorely lacking. The task of quantification demanded by LGAS 5 Ia%o@us masks critical values
and ultimately at this scale may be of questionable sdenfific vallcﬁ

The method used here based upon life cycle thinking lnstea é%s a more stralghtﬁémard knock-out
screens for the most toxic chemicals of concem. That i iSy] Sets screens for matené"f%@sed simply upon

_use of these chemicals or the creation of them as by%!;/ed tts instead of attemptmg fo ce@pare quantifies
and scale to assumed impacts. .

2) Pollution Prevention:

Reducing toxicants before they are used o\gg@erated as bypr -ct has prlonty over controlhng toxms af
the end-of-the-pipe. The primacy of prever on,gﬂs»establlshed inY

Rt
R

The Congress hereby declares Itig| fional policy.of e United States
that pollution should be prevente educe : A‘e%,/ourc siwhenever feasible;

A
pollution that can ot eprevented s“auld £CY %%n en\rlronmentally safe
j nithatic nnot be prevented or recycled -
_should be t\r\ fn an enjjonmenta Vs

7
other release mt%’? he enviraij
<hould be condticted in an en

54 fe manner whenever feasible; and
ent should be employed only as a last
mentally safe manner.

When develog/n 8 metho AN “é\?\o feventionshas ;p”" acy over control, it places the emphasis of the
analysm \lﬁlt{af“ hether’\toxlc chemical is p &Sent or absent in the life cycle of a material (justs
the l:fe Ieéthmkmg PR _roach Q\\ as either an input or output in each stage of the materdal's life

‘ the a ount of the chemical released into the environment for each stage.

s’a'z‘ ng\ ry system. Toxi v ;mcal g %ther present or not present. A binary system is particularly
appropﬁai\when dealmg With P2 Ts, inasmiich as even low level releases can result in significant
adverse ptiblic.and environmen %lélmpacts or example, the Internafional Jeint Commission (1JC)
concluded |n<|f chh Biennial on‘ on Great Lakes Water Qualify that "we should immediately begin a
process to elimin; e’ PBTs be e "It seems |mp0551ble to eliminate discharges of these chemicals
through other meaif: %,Th ﬂ&ef 3;& contmued the 1JC, “a policy of banning or sunsetiing their manufacture,
distribution, storage %isg;and:disposal appears to be the only alternative.

A

The hierarchy of materials"management established in the Pollution Prevention Act also emphasizes the
importance of recycling materials before disposing of them. Therefore the method should include an
assessment of whether materials are recycled, as well as the impacts that may occur from recycling.

81 See Environmental Building News, March 2002, "Life-Cycle Assessment for Bundmgs Seeking the Holy Grall," Vel.
11, No. 3.

82 lnternattonal Joint Commission (1JC), 1992, S.'xth Bienniaf Report on Greaf Lakes Water Qualfly (Washingten, DC:
1JC).
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3) Precautionary Principle:
Precautionary approach to decision making is especially relevant to the proposed method:

San Francisco’s Precautionary Principle Crdinance, passed in 2003, states that it is the responsibility
of government agencies to take action to protect human health and the environment in the face of
scientific uncertainty™. Traditionally governments ask, "How much environmental harm will be allowed?”
in San Francisco, decision-makers ask a very different question: "How litie harm is possible?"

Taking action on early warnings is incorporated into the screening method by selecting criteria that
refiect the presence of materials known fo be of concem due to their toxicity, persistence, and

bioaccumulative properties. Historically; environmentally harmful ac’dviﬁes,.-!]iége only been stopped after
[

they have manifested extreme environmental degradation or exposed p\_\g,\,é%{" o harm. In the case of

PCBs, DDT, lead, and asbestos, for instance, regulatory action took pla nly after disaster had struck.

b

23

; onary p proach and involves the

Seeking the safer altematives is a central element of the bre_ca :

. . . B SR, i .
careful assessment of available alternatives using the best a\\éﬁ;lfl@ble science” An alternatives
assessment examines a broad range of options in order toegigg%s”ént the public wit\\iﬂje...consequences of

each approach. The process takes short-term versus lorg:

-term effects or costs int’cﬁgzﬁ nsideration, and
evaluates and compares the adverse or potentially a@%fj@'eﬁects of each option, givfﬁ%@reference to
those options with fewer potential hazards. The scré&n process u,sé’%in this plastic piﬁ%ssessment
presents decision makers with answers fo these funda%%t\ | questions™™s this potenﬁa[ly%azardous

product necessary?” “What less hazardous options are avaijable?

52 San Francisco Precautionary Principle Ordinance, Chapter 1 of Environment Code: www.sfenvironment org
® Lowell Statement on Science and the Precautionary Principle (2001).
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Appendix 2 - Chemicals Targeted for Elimination / Reduction
by the Stockholm Convention, US EPA and OSPAR

OSPAR UsS EPA

C ‘ - | Stockholm § US EPA Priority Priority
CHEMICALS POPs® PBTs® | Chemicals®™ | Chemicals®
1,2.4,5-Tetrachlorobenzene ] X
1,2,3-trichlorebenzene . X
1,2, 4-trichlorobenzene . XS X
1,3,5-trichlorabenzene S
2,4,5-Trichlorophenol /, 4 X

,,\\ X T

2,4, 6-tri<teri-butyiphenol {(phenol)

4-(dimethylbutylamine) diphenyiamin
{organic nitrogen compound)

4-tert-butyltoluene (arornatic

hydrocarbon)
4-Bromopheny! phenyl ether
Acenaphthene
Acenaphthylene
Anthracene
Aldrin
Benzo{a)pyrene’
Benzo(gh,ijperlyene )
Brominated flame retardants (BFRs), 23
incl. teﬁ'abromob:sphenolA(TBBE"A}% X
Cadmium and compounds & : X X
Chlordane . W
clotrimazole (pharmacebiical) X
DDT s
dicofol (pesticide/biocide) oo, o X

| Dieldrin__ a. __GIAYY X
EndosuliaRpesticiasibiocde)  asn, ] X X
Endrini E NN X
Fludrane, Soh, X
Heptachiony, T | X X
Hexachlﬁ?ﬁ@@nzene O X X X
HexachiorobWL@a‘abr\éne @, X
Hexach!orocyclg%ne isom %ﬁm
(pesticide/biocide) . Rt d . X X
Hexachioroethane 4 e . ) X
Hexachinrocyc]opent_adieﬁ/*\(é‘\\EHCCP) - X
Hexarmethyldisiloxane (HMDS})

| (organosilicane) . X
Lead and organic Jead compounds X X X

¥ The text of the Stockholm Convention can be found at http;/fwww.pops, int/documents/conviext/convtext en.pdf
88 The list of priority PET chemicals for which the USEPA | Is developing naticnal action plans can be found at:

hitp:/www.epa.goviopptintr/pbtf :
The list of chemicals identified by the OSPAR Commission for priority action can be found at

hitp:/fwww.ospar.crg/eng/himif
The USEPRA NPEP list can be found at: http: Ilm'vw epa.gov/epasswer/hazwaste/minimize/chamlist him
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Appendix 2 {continued) - Chemicals Targeted for Elimination / Reduction
by the Stockholm Conventlon, US EPA and OSPAR -

Mercury and organic mercury

compounds X X X
Methoxychlor (pesticide/biccide) . X X
Mirex X X

Musk xylene ) X

Naphthalene X

Neodecanoic acid, ethenyl ester

{organic ester)

Nonyiphenalf ethoxylates (NP/NPES)
and related substances (phenol)

Qctachlorostyrene (CCS)

actylphenal (phenol)

organic fin compounds

Pendimthalin

Pentachlorobenzene

Pentachioronitrobenzene

Pentachlorophenot (PCP)
{pesticide/biocide}

Perflucrooctanyl sulphonic acid and its
salts (PFOS)

Phenanthrene

Phthalates: Dibutyl phthalate (DBP),
diethyihexyl phthalate {DEHP)

Polyaromatic hydrocarbons (P Hs)

Pelychlorinated dlbenzo\)
(PCDDs) \\\\\ /j

‘Polychlorinated biphenyls (53,,(:55 . o
a >

Polychlorinated dtbeﬂz&%rans
{PCDFs)

Shart chai {WA\E‘Ed ara%/s» >

A i

| Pyrene 5, &

SFE Plastic Pipe Analysis

Toxag ”/’e/ "’%% 7’%&;, X X
Trlﬂur-.alln_\gpestlmde!bmclde) E Vil X X
Triphefyiphesphine (organoph osfihate) K 2 X
Total # ofiChu=<n\u:als Listed® - 12 14 32 31
. N
Bold rows :r%\\:\emlcals that%r_/é evaluated in pxpes in this assessment
pa_t‘;e 29 of 40 030211 DRAFT
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Appendix 4 - Average Composition of PVC Sewer Pipes

Entec UK Lid, :::rtz:'l rt
Inputs 2000 pos 5027
(%) (%)
PVC 92.1 54
Stabilizers
- tribasic lead sulphate 14

- dibasic lead stearate 0.5
-lead stearate 0.2
- lead stearate 0.4
- lead stailizer

- tin stabilizer

Plasticizer

Filler

- powdered limestohe 47
Stearic acid 0.1
Synthetic hard wax 0.4

Paraffin {lubricant)

Pigment

- carbon black

N
=, =

- titanium dioxide

0.5 ﬁ%’%ﬁ 0

Total

100 f

Source: Baitx, Martin, et. al, 200

44100 ~T’§‘J§?¢}§‘?sessment ’c@g}{

&an Commissia
T

SFE Plastic Pipe Analysis

Principal Competing Materials. .Br Eels:

S \\\\///
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Appendix 5 - Additives that may be Used with Plastic Pipes

ABS

PEX

HDPE

PP

0.1-1.0% by weight
of polymer resin

0.15% by weight of
polymer resin

0.05-0.25% by weight .
of polymer resin

- Phenalics -- Phenolics - Phenolics -- Phenolics

-- Phosphites -- Phosphites and -- Phosphites - Phosphites -- Phosphites and
phosphonites phosphonites
-- Thicesters « Thioesters

axylate
amines

oXylate
amines

oxylate
amines

-- Fatty acid -- Fatty acid - Fatty acid ester 7%
estar ester

-- Alkylsufonate | -~ Alkylsufonate

-- Quaternary y
ammonium -

cnmpounds

-- Calcium -Zine stearate --Zinc stearates —~Zinc:stearates
stearate W
- - Fatty acid ~ Fatty acid N /—rFatty acid s, | - Fatty acid ar‘rh%ez
. . amides amides N éfl‘udes ;&h{:{,‘ -
-- Fatty acids : -- Fatty acids Eat acii&%\\\“ — Fatty acids
and fatty esters R, ARG
-- Hydrocarbon : e
N

-~ Carbon black -- CarboRiblack . == Carbon black

E““Q‘ar,bon b]ack"\\\\\‘\"’{

-- Benzophenones T & Benzophenones
~ Hindered a@r}e | ” - Hindered amine
/”/’_ light stabilizers

light stabmz

{HALS)

stabilizers

-- Organotins
- Cadmium™

== Calgium-zing....
“na” = not a ﬁﬁ'ab'!e"x//a,’\\\,\,\

"’;M\ -

Sources: NS T oy %

- Modlew . Eric Ander 'n Yos Shikawa. Chemical Er:onomlr:s Handbook, "Plastics Additives,” Fale -

Aito, Kf International. 1997055, %}% :
Batherabl Thermoplasnc Plpmg Systemns. Washington, DC: The

-The Pﬁ{{s Pipe Institute. 19957 W

Plastics i%g‘q gjhtute %

- Zweifel, HansE{(’gag) 2000. Plastics {%)twes Handbook (5th Editien). Munich: Hanser Publications
- Special Chemdatabase www.specialchamdnolymers .comiresources/search
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Appendix 6 - Toxicity of Inputs

Reproductive / Endoecrine Bio-
Plastics Chemical Carcinogens Mutagens . ?::g:r?tl:ental Disruptors ::;2'5t' :figzmm
inptts (n:1ult|ple lists) {EU CMR List) (EU CMR List + LEisL:)Draft (EU List) | Capacity
CA Prop 85) (EU List)
. - -2B, N-2, CP8S5,
ABS Acrylonitrile EU-2 )
Need to know the specific chemicals used, But toxicity data are likely to be absent. For
ABS Alkylsulfonate example, no toxicity data have been evaluated for ;;s;b’q{um dodecylbenzene suifonate-
(antistatic) jodine complex” (CAS# 53467-07-9) {Pesticides Actii':i“gjvemrork, “Pesticides Database -
Chemicals,” 2004), T
Fatty acid Need to know specific chemical, But toxic%@g&%are Iikely to be absent. For example, no
QS:- ;EF’E. amides toxfclty data have been evaluated for “digthanolamides of the fatty acids of coconut oil"
1 i TECS, 2003). % 4 %
(lubricant} {R ) v 2
I-1, N-4, CP§5 > &
ABS Benze ' ! ' 3 CPE5
me Eu-1 Vv \\\V/Z/,
Aﬁs PP Benzo- Need to know the specific %&ﬁi@%ﬁ' used, For example, bisfﬁim% hyl-arminoc) benzophenone
! 7 phencnes is a NTP-2 and CP&5 car@y‘l/’gn. o N,
N il
. [-2A, N, CP8&5, £ . 3
ABS Butadiene, 1-3 EU-A ] EU-Z%R\ %gé
| |
Ve Cadmium (Cd) | I-1, N1, C } \%%at;?gg 2 Metal
Compounds | EU-2 s ecmgt&:
pounds, | compotnds)
\_ ., %
PVC Chlorine e
ABS, HDPE SW/ % >
: + . | carbon BEZ 1-2B CP%% 7
(o] sa [l
PEX, PP, PV e 7 @A
§Zr —_—_ EoZ
ABS, HOPE Ethoxy]é'r{é Need, “\\\\\\b specific ch ﬂ/éal. But toxicity data are likely to be absent. For example, no
PP ' ' amine ¥ fq%c 315 elal: m"i?:‘g:’fgeen evaliated for “amines, talfow, ethoxylated, carboxylated” ([CAS#:
pistatio) " a119525-1) (RTECS 9901
ABS, HD! %{x Ethyl
PEX: P\@ ylene i
R %, / Ze

—— f_-y; > E77eoy
S0 | Ethylene /\_, B N2 3}5%55
PVC : %\ichloride A _' ' !
R

e Y,
‘Fattyacids and %@‘ed to know specific chemical, But toxicity data are likely to be absent. For example, no
HDPE, PEX, estér i foxicity data have been evaluated for "fatty acids, coconut ofl, suffoethy! esters, sodium
FP {antistatic+ SRl salrs" (CASH §1789-22-0) (RTECS, 1997).

R
S The US EPA, TSCA New Chemicals Program, concluded in 2001 that the category

’ “Hindered Amines” Is “at present not well defined.” Health concerns for the category,
Hindered amine | @¢cording to the EPA are based on data submitted for Tinuvin 144 and Chimassorb 944:
ABS, PP light stabilizers “The data indicate that these hindered amines, and presumably hindered amines similar in
-(HALS) structure, are toxic to the immune system, liver, blood, the male reproductive system, and
the Gl tract” (US EPA, 2001). However, HALS are not listed by either the EU or Prop 65 as
reproductive/developmental toxicants.

. ‘[ EUA {selected
Lead jead com- Metal
- . eta
PVC Compounds 1-28, CP65 pounds); [CPES
-lead; only no
compounds
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Reproductive / Endocrine Bio-

Plastics Chemical Carci_noge_ns Mutagens ?::ﬁ: :rx‘:tr:entai Disruptors :s;im' :::i:zmul

Inputs {multiple lists) {EU CMR List) (EU CMR List + ESL; Draft (EU List) | Capacity

_ CA Prop 65) ) (EU List)

PVC Organotins EU-1{ Metal

Paraffin Limited carcmogenicrty studies flave been done on paraffin (CA S¥ B002-74-2) fames, but
PVC {lubricant) none of the lists assessed here include paraffin as a carcinogen.
ABS, HDPE, Phenolics . Need to know the specific chemical used. For exarnple Bisphenol A (CAS #: 80-05-7) is a
PEX, PP (antioxidant) Category 1 endocrine disruptor in the EU. N

. Need to know specific chemical, But toxicity data; éré’tikely to be absent. For example, no
:E)S(' ;{lEPE' Fahutii&ri‘:::t) chronic toxicity data are avaifable for "bis(?-e:f;y yl) phosphite” (CAS#: 3658-45-8)
" n (RTECS, 1997). W

PP Propylene S | ’

Quatern_ary No chronic toxicity data available {RTECS ﬁoos}, yéﬁiﬁers is evidence that these
FVC ammonium compounds can cause occupat;onag;ast ha (Purohity eral, 2000) |

| compounds Y ‘:\
/

Styrene i,
ABS Monomer 128 2 EU- ¥
ABS. PP Thicesters Need to know specific cﬁeﬁé&l But toxlc:ty/gg ata likely to be absé(it'& E.g., no chronic

' (antioxidants) toxicity data avaifable for¥ metgyl demeto i‘hfé\ ester” (CAS#: 91 9-86‘;23)" {RTECS, 1997).

PVC Vinyl Chioride 1-1, N-1, CP&5, 2

Monomer(VCM} | EU- - o
ABS, HDPE, Zinc stearate W 7
PEX, PP (lubricant) e

e,
=

genc
C genic to hif a ] 2
\\‘\féably carc:nogegs%c to humans™ 2y

.@goss:bty carcino t«éto humans
“N": Nation: 'soxmolog ‘@ .
1: Knowh #;? Ogeni N
s Reasonably’; nfigc':\:;/l ated to be SNV
\ e
v CPSS'C hfornla Proposition 65 - Chemicals Known to the State to Cause Cancer

"EU": Euro n Union’Got so[ldated List of C/M/R Substances
1: Catego

2: Catego / %

MR ListiZEliropean Union Consolidated Llst of C/IM/R Substances"
"CPER L @la Proposifien 65 - Chemicals known to the state to be developmental J’reprcductwe toxicants

Endocrine Disruptors
European Umon (EU) "Candidate List of Substances" (2000)
"EU-1": Category 1: At least one study providing evidence of endocrine d:sruptlon
"EU-2": Category 2: Potential for endocrine disruption
Persmtence & Bicaccumulative Capacity
Swedish National Chemicals Inspectorate (Keml)
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Appendix 7 - Performance Comparison of Pipe Plastics

Comparative Technical Data for the Pipe Plastics
. Coefficient Tensile . : Flexural Modulus of

Type Densalty, of Thermal Strength, ( Compressive T.e n']perature Tgmperature Strength, [[Elasticity,

glcm ¢ . Strength, Limits (F) Limits (F) . 5
of Expansion, psi) L . (psi) (10°-psi)

. |I(ASTM £ {psi) Pressure Non pressure
Plastic ||y 7oy 10°7°C (ASTM |l asTM D685 ilapplications ||applications {ASTM  1(ASTM
(ASTM D 658) |ID 638) D 799) D 638)

PVC |l1.38 Iso {7,000 9,600 158 179 (21016RVC) [[14,500 4.5
[HGPE 0,55 130 2,800 3500 140 19488555 2,000 0.20
ABS |[1.04 101 5,500 7,700 158 1677 10,000 3.1
PEX'" jl0.95 141 3,300 [ k10 L2 0T 15,000 1.5
PP |[o.91 lles 4500  |[s 500 Ree %7184 ks |B500__ |15

The foliowing tables provide an overview of important desig nd operational considerations for the

plastics in various pipe sectors: Gy )
\/Pm 4&%
Water and Pressure Sanitary M SR -
: FVC ABS* PEX #2418 DPE PP**
i 2o, % : N
Durability G %\//% G
Joint integrity G N(‘Q\ % %\

Pressure rating NIA% : e
A ey
Abrasion resistance m\%@% NIA &% W‘“ \v’%’ Y
Chemical resistanc TeF w7 NIA % ddata E
stance J’if///g Q% w%p

*ABS is not generally uged\f6ipressure apﬁlfjé’étions. :
“* PP is widely avallablEiREurope, but just beginning to be matketed in North America.
K7 3 3

N

m m @ m

W ...
- A %LPVQ% HDPE™ PP
Dur'%%i_ ity ”Q%}G& % \ G G
Joi nﬁj\Q\t{g Fity C %ﬁ K %% _ | NfA E E
Pressflréi%%g. G i,i_ P N/A G G
| Abrasion resg{sl\‘\gxikt\:e G . ;\%\\///j No data NIA E No data
Chemical resisté"ij;gg%\, % G NIA E : E

* The fiexibility and otﬁ'é&%qg%géi’ations preclude the use of PEX for use in this sector, -
**HDPE Is not generally uSedifor this application, PP is just beginning to be marketed in North America
e - .

%9 % National Resource Council of Canada website hitp:/#ire. nre-cnre.ac.ca/cbdichd220e. hitm]
&9 hitp://www vanguard.ca/products/canplumb. pdf .
* Suggested Temperature Limits for the Operation and Instaliation of Thermoplastic Fiping in Non-Pressure
Applications TN-11/89 htip:/fwww.plasticpipe. org/pdf/pubsinetes/TN11-89.PDF

® Vanguard pipes http:/www vanquard ca/n !

! Suggested Temperature Limits for the Operation and Installation of Thermoptastic Piping in Non-Pressure

Applications TN-11/99 http:/fwww plastichipe ora/pdiipubsinetes/TN11-99.PDF
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Sanitary Sewer {Gravity

PVC ABS PEX" "HDPE PP
Durability G G NA G G
Joint integrity G G NIA G G
Pressure rating G P N/A G G
| Abrasion resistance G No data N/A E e E
Chemical resistance G G NIA E\\\WJ/%%*//*‘ E

* The flexibility and other considerations preclude the use of PEX for Sanitarg@ié;ﬁ;g'
** PP sanitary pipe is widely avallable in Europe but just beginning to be marketed iﬁ“\l)\]\c‘g(:\gh America

. TR .
Storm Sewer - N A4 N,
PVC ABS* PEX$* HDPE SRR
Durability G G \Z/ﬁ{&
Joint integrity I G E i
| Pressure rating G 'G
Abrasion resistance G E
Chemical resistance G _ : E
*ABS is not generally available for Storm Sewer AppHc: fions. ‘ 2
** The flexibility and other considerg;@cy_{g\s preclude f %EIM A St \/ SSewery
PP is generally not marketedzft?ﬁst’é{ﬂti\sewer applic@ﬁpns Gl G
Irrigation and Drainage”
- T HDPE . PpP***
Durability 2 e ' G
Joint integrityZ/ E E
Pressuraratin TR G G
; \\,}5//4%[;, g - .
Abrasjoh resistance K5 " | No data N/A E N
s o 0 data
Chemigalresistance G’@ K7 - | NfA . E ) E

* The Rexibilifys g§! other considaré‘\@g'ls preclude the use of PEX for use in this sector.
“ABS is genef‘%ﬁ&i\{ﬁ&g\t used for irrigation and drainage applications '

* While PP is fregye tiy used fordfit

pipes 2 S gm

2
t o
’éﬁgs in this market it fs not typically used for irrigation or drainage

2

As these tables demonstrate, ABS and PEX have particular niche markets and the rest of the plastics are

competitive across applications from a performance perspective.
References for rankings in tables: '
o Chemical resistance; hifp:/firc.nre-cnre.ge.cal/cbd/chd220e htm!  reference for

o Abrasion and chemical resistance hitp://www.cheresources.com/pipipezz.shim]’

o Joint integrity and durability and chemical resistance and abrasion
http:/fvww.on.ec.ge.cafwater/greatlakes/data/chlor-alkali
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Appendix 8 - Glossary of Abbreviations

ABS Acrylonitrile-butadiene-styrene

ASTM American Society for Testing and Materials

Cd Cadmium’

CMR Carcinogen, mufagen or reproductive toxicant

CPVC Crosslinked polyvinyl chloride

DBP Dibutyl phthalate

DEHP Di(2-ethylhexyl) phthalate

DwWv - Drain-waste and vent

EDC Ethylene dichloride

EU European Union

HDPE High density polyethylene
"Hg . Mercury

IARC International Agency for Research on Cancery

'LCA life Cycle Assessment

LDPE - Low density polyethylene

LLDPE Linear low density polyethylene \ 4
OSPAR | Oslo-Paris Convention for the Protectionéofithe Manne‘%vironment of me\@fﬁh East

: Atlantic N
PAH Polyaromatic hydrocarbon
Pb Lead ¢

PBT Persistent BioaccumulativesEexic
PCB - Polychlerinated biphenyls

PCP Pentachloro-phenol

PET or PETE  Polyethylene terephthalate

PEX Cross linked oj? {%e

PCP - Persistent organic po t

PP Po[yprop ég 4 %

PVC PolyvmyEﬁﬁlonde ' ‘@
Stockholm Stockhoi%onvmho%\ i
TRI Toxic Releass ",nve-t‘- (USER
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