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Contaminant Migration From Folymeric Pipes
Used in Buried Potable Water Distribution
Systems: A Review
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AL-PEX Cwily rwd e parts weers Jourd that described contaminanl migrlion
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Themoplastic Pipes
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wace ot PEX arg used e ootaboe weater pise, FEX-A, PEX-LL, and PRX-C,
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atal., 1997, Loan, 1972 Merahy, 1896, Boasocs, ZIK10.
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(ks mclting remperaniee dunng extusen, Lydragen alems o removed and
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Duirgy MG exircsicny delipdrochlorination s e prinaey palyaner
degradution meclwzisin and can iniliale at wmorEcires g than © 305
VHumbalscanpup o @l 2004, Zhene el al, 2030 Dehychioehieeinagion -
sty i eonjugated double sends, ICL and chlorida saclical 201" Formanon
Tagmare 3w UTus rencnion i aceelerated inthe poosence af naypen, wehicl ol
WATES Calzony] 2oomaneoo m el polyoer (O3 Conjupatzel dauble bonds
ard rdlnerible i crosshnling and scwsem reactions [Sombatsempop ot al.,
20007 Ton saswvengees HUL eluring extrusion, metl-boased thermal stabilizers azc
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Fod PEomsueriala, auriecwclans o commuon during extrusion. speaifi-
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b sy Kerewren aldeedes, alochols, ail caboxvic acids JAndersson
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cocde waoter, GO0 anc G0y g nonwiiarie @ng volaiie orgamic comeoounds
b o lesser degres dleing, anacl Tuchod, 19300 Pouwcluch trpes and guanlities
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initiulor:, depmee of thesma. stshil:zciom, (esdcnce bre, 23 temperaane.
Dwering PEX pipe manofachsre, auto-oxidation 8 antennosally waiated itk
arpans preroide compoundls 0 oenzae arosslinks (eingg e sl 1978 Peacock,
20017, The polar, cxidizze poodues v @ soromg aFEmine for water and can
e svitpulyeed, chemizally ensfoomes, or Zsaebeeed jn aguecus soelucion e
in e pressnce of orher concamin .
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FACTORS AFF=CT1NG COMTAMINANT MIGEATION AN INDITRECT
AND DIRECT MIGRATHON 1MDICATORS

Fast investiralots have pricarnly colected {fand sometimes quenticd) oon-
runininie Lt migeated from polyines 2ipes inle drinking sales, Bul feae hase
iclenllied he principal factors tha! aff=cl conlaeninan! migracion. undunaen-
tallr, e rate of reiprmtion 8 desorized o moleculas diffesicn of 2 snbsancs
tarueh @ polyner material Raving cerain thicones oo wear, Didwkion,
cormmensty expressed by the Ziffasion coelhrizne (70, ooours in esponsge o
a coancensilion pradient 2xpressed as e change .o concentration e o
charps in position. Diffeson il occar watil s cquaibbeices concettration
of (e conlminacl betoeeen the palvmes and wator is estakliskzd.
Ifesion in polymess is o function of zoth contzminant and polyeacr
properties (Comyn, D95 Crng, 17300 Generally, sooell meslar salume soe-
it cliffese fster imoughy podviners oo larger, ulkicr compounds.
LitTusica Lzt smocphoos or bow creezalline macerials iz eepically @aseer
n Ll in higher copsialline muzesias of the same wvpe (oog. IDTPE s
HMDFEY Crosslinks resiiol contaciineam) racspocl ancd corlaminants can Zifk
Fuse throvgh jess crossanlied materiae faster duee w the less toneaus pash.
Becans:e the fres volume it a polveaer s preater above its plass transiticn
rnperaikee. diffuson at a wmperaure above 1, s muoch fasier tan cif
Fagion “mobows: of Lherelore, O fhe waler Zemnecalom @xceeds the palvymers
Ty, hffusion theouph the podyines o grealen 2y corepred B wasies e
wlire DElome T, [ncrgated waler femaeralore pecemlly incoeases e rale
nl contmmuant eelease, and elevaled dscoprerame > comeaonly used inothe
Lilsrsrenicary 2o accelerate rragiedicn Crounestinees wilioct megand For e effeor
ul Leznpaergiure wnnalerial prosectivsy,. Contmninant and polyner polasicy
can s affect transpanr. For cxample. Solar contaminacs sach as those that
coaao alesbol aodehyele, and kerene Inactional groups peosrally diffuse
oun of oazolar polveacrs Baster than coapolar conuminants of equa. sz
arel ghape, Whelton acel soworkers ecently disocvered Lhat polis ommanic
conantna s ciffusesd mch Sser vato ceidized FE prpee sorfeoes ool much
sioweay oo of hese sume axidlized maecals hae Joough pews PE O pipes
{Oicrecly coal., BC11, Wohelwen et el 2000, 200100 Tluesye Dndiows ane paoric-
ulacly conprrant Descanse oo previcos sTudy examined he zobe of chiorinate’
il &R aUnUre oncanlamina el migsation from polymer zipe.
Lovroamentz] 2aodinons and sarer gaality can also affect diffusion sate.
Specific resesrel o polnnes pips as showe Cal los witer pH, gredter we-
tor Dardness, groater ol dissobead solds CUDE coneeatrsticn, and larger
chlorcle-to-aullaee o incrense maeinl slabilizer release from B0 pipe
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ot al, 2008 Packbom 1971c) sigracion hae also been Soeod o ke faster
under techulent Aoy comparczs o weanm dew condimans (Denlweri e ol
20C7), whers the aquaous corcentration iz nese 2ee0 20 =1 cewes. “les Bading
v consislert will: Fick's Aret lase of clifliusion welere the 2ate of ransfer of
w clitfusing susslanoe Lamoagi ekt area = prapodtiomal g oahe concentratdon
viacienl (lrank, (9755,

AIeDas ConLEMINGNT concenzratlcn is ko flusoced Ty the taal sor-
Mace are of ihe polymer in enrtaoe wH waner Cafas gressio-waler wolure
UL [SASY[L celeclion toe, ans poivmers coodiogning Distory Generally,
A large BANY matio e cdwative of 2 @mall dismere pine Claloe 3 Longer
FAeNe Loies (nposure pericds) typicalle cosclt in a gocasor mass o con
renant accamulaied tn the anler A oclymer pipe's wamoe cxpostee Tnatony
Le ey s, STusiang, stigenionee? also inlluenoes o ueows Cone i oon
ceneanion. Fipes et liovee e prenczsed belore migoadon osar gy wsll likely
hEve Joss contumnmact e refease than Hwss thal are examioaed 2505 Ancrher
brozc that Compicates e eduration: wsting of PAC pine nacesnrks 13 ar
s sed o join PYC ey can incoease conmminant migsmiom Fon
The ints CJones Lepyge et al . 2001, Bhodes e al., 1980),

Histoaclly, conmnunint nugration bas been investipated by applhymg
inelircer anel dirget netlocds, ochaeo methods involve mocitoring a wator's
WL Arganie cafhon NGO concontzation, pM, disimoectsnd Lovel, and e
arz ooclor anrimnes, T arl wate) probave been used as relative zacli-
carws O cotamicanns rhat enter e water, Drinlong waler disndocon,
siwch as free aevailalye el loving, s pdcled o potabile wates to ke the wra-
eer Iree af miciahialogical Fealth nske Bue in Cie laboaeny, @ cdecroase
I cisiieckant cocenbabior anplics either toel Gds chemical compouol
migrated frome tag polecier ke the wamer andl resctes aith the disinte-
tant, andsar diginfogranr e iacred aetl e pelvmer sucfice (Calia &1 al.,
20 Whalton unel 2eciricoy, 2000, S weElan o1 al, U130 ThEe mosc dirceor
desecrion and quannlicanon meahels fnvolee chranuogapaic and spes-
FEDSECHREe SCPATATON oF ovgam Corpeucds i e woler iself, :od chose
methods have been ceviewesel elsewhere (115 Natopal Resesrch Council
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aweailable in she Tonirccl 3nces Wiscsen o= al, CROOSF analy e woer saresles
fram chree PV suatar dhiscrilagiom pigee ines I Tiepeg b whiers relenlian line
weas ronghly 7 ar Toacse PYWE pipaes {hppaet ansoe sl ek Tusd vanoaoes diameiers,
lenggilze, and time in-secvice (o and B30 yeaes Dozureloz SR3TY wos delected
al 1.L37 perdl concentmation 2nd lead weas doteorcd ar (082 gl corcenralion.
Recentw, Richardson and Edwasanda {2009 lerected ditferent o2gane Lo com-
powncls in theee Mew York drinking searer syscons 0000 wes (dinecilin
0L, 0024 pudl Onenomechylier PAMITD, ard 00195 ppd imonaburyltin
[MGTT.

Pt stedies weere founs repoeming the miprarion nf otk e sl e, sacl
s cadriic, ariom, caloim, oz stahilivers, e ar-gepeice BV s,
Qng report wsy identifed wehere tin wancling i TVE porable seater e
munehases i Cenacs wes cwantified after argenic solvend exoaeion, Fowyth
e al C1h found thel medviene chlaride weas <he mase gHecrive orgars 2ol
vorl coeparsd o tetcibhydrobaren sns chlorcfores. These reaonichess also o
(aciteed et Pty i Jeaelioge o one TWC pipe varsed iom <108 e baevlon e
Bl aipe o 3385 pag Dulyllinde PVC pipe, dencacling e the esiracricn ol -
vl s cled,
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Tmea seaclics hat cxammaeel leacl ielaase e Py plpe roferemmed by
Whang o al. SERREY weers nes st el Rece beaces rey wee e anly avail-
ahla in Carevan {Mikals sacl Meyer, 190 1] wnel Bornanlae (Coosveqiz . 1907
A ™G an leaching, siucke Gy ard Sepring, 1979 reforeneey by Ui
WA CENNA) was alsn nol evalaarer] Fee ecanse Than wock was only avail-
able i Russien. A unifying concluslon of mosal gagiotion sweiss was thal
contarinant celease woas groanest immediazzhy afrce mnatilanon aod Jecgased
over  soveral wock pering,

WM

WOR o nigrate frone im-service PYC pipes, ard @ 2 ped drinking searer
ML et b this contenninant i taz waler semples, nothe 19705, Feeoaee
dletecmions o YEM i deicking weter coupled wizle e discovery of this com-
preunds aegative hoalthe efTeets resulied io an oallovwablz oading af %K iR
LS bW pipes an 32 mg VEMALD fnal product and Lurcpe at Lo medke
LA Salona | Stncsess Instiniedsaizea] Sanitaton Fourdation ne:-
ettt [ASSISNEE ] 2000 ARG A T9NE Medlser e ol Z003). From eady
ns e lans, rer prearest LES VU Clinadoog, weater oo ntnicn Joenel v
0 wp” CRishlwin, 70290 Tieesaran ool MoFaren (1278) detected VER ut
G051 pesdl conennteanda T thee ™% popelinnes ostalled in arisoce.,
Cal-torria, sul Vewas VO s dheneczec e e 1wy weuies froa a small nmuw-
Bz o wlg 100 civics sorecvod in Gesianyg witl, e wrealest concenlration of
13 eeadl fur cag exack small cember weas ol repdeod P Aacer, EWELL

In the L9A0e, VOM teating wEs conclacmecd an buswed water distrilution
SV 1Doreed i fhe tad el soathweestern Urated States 4 oumoy <1 al.,
TOWE Thu-Fell, 1994) Te Bomman:, 800 et Boungl oo [ resfmetead From e
poprs narslleel in 980 e vk deiecienl At cornennaan el hiph as B9 gl
Frer fimcs gresten han v WO T 1908, Harsas tealig woas e pancler ol
rewesates? et of 24 Kansas vearne sesnems Tiad VO Tevels aliove the MOCL
ba smrer 98, Feen al 187 pobfie drinklng seamo systenes in Missouri o
YO conceniatisona: dbove the MOL A thaebaggnd ol westiings in Kansas leund
1% :::'.l]‘.-li.: d:'u'.l-:ing waker avstgma wafl VOB G5 T % uedl, 11 svstems at o
ahosve the ML 2-13.0 gdl, and mo doreomalile VOB a7 B2 aysiome. WOM ezl
resulls from oler selcs wens o as descaipuse {Tole 51 Boardsley nnd
Adianas (3003) recomacl VO coacenmeinns © 11,0 efl 00 Mistoun sesler
cligrrilat.on systent. Kcharcksoes e Pl CR0000 150 2l el ap wouter
at oy dacatians iy Newe Fork el ¢hiel nor cerast Wik

Polvlethylzna

Field testing w conlinn chewical igresion from inse e PE=ased pipoes s
nod bewn conducted in e Caded Sates, w7t 3eld waing b Bern el oo
iz arveral Buropean coaniies. Farepean testiag of FR-ecee pip=slinns clicl
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nol detzct ary regulied contuninants bul many anmegalareed conbumingms
wre aniovered, Tlese conlainanls weere assaclzeed warh MOE, HEVE,
and PEX (<yoe nol identifed] pipelines Tn conteast m FYD pine, shae @ o
coansens.s @i o wlicle contaminaats are mnsr connze n TR [appe ek
This lacle of consenscs is ligely due oo tae Bnsteel dizza availab'e gnd eapeeri-
meital design deficencies mertioned in the aloctooy oesting soeon of Udis
reviewy, Unrepulated conmicsnts detected 0 Eurapeon Buricd disteibaoton
wprem mclude anboxidanie, their degradation prodieees, a pepe folnear,
el wevendl skelmtic and momatic compouncls of unknoeen ageain,

Eatepeu: i-service FE pipes bave een focnd 1o solease & oam=es of
alighativ and arometic poer and norpelar cganic oom ook e delnk-
ing wates, Work o Fance has beea the mest commosly ol PR cips
Eeld case stucly, el sepresents the Bosc laborzoony o fcld investgue on
el confinoed conirmranis can migoate from PR ines inle cickierg s
Camseleie onal. 1966 Anselme =0 al, 10850 These invesligalons cxaminsd
a A0U o ir-service LIDPE pipe becacse customess had complaingd aver &
cires-anonth penod alwol waler flavor proclem:z. Romoval and suzascquent
Labroomteary weslings ool FIIDFE peipoe saections wnezneersd tne anrigxiclanr 2HT
(R0 3 21 reveral paolyiner pipse aoticeddant degrdetion nroelieers: il
Lol (0350090 i d-di-rer-butrlpticno] C2OREY, G701 12 upslp,
2 0-di-tert-Taiyl ensoquineooe. (IDTEY, 2330 w0 and ane conanic o
o wnkroewenr iz wlbl cepeht e 9000-1.H0 w1 Shoc-chain slele-
ledes RS 6 ngfl) mere slse deteered and could likely Te low modes -
aid mss vpecdessdsesain inzuciuss produced by the podvimer oxbrson
[z,

= ha Torereck Ko gbone, rogrenen Das heen examined from MIJPH pipes
A0 el o] Teseane g o g Baariedd aearen distzdwation system Gackoone a1 al.,
12000, Seevertl conmpsaingls weers deiected o wates Oom 2aa lecdions shoes
prpres e Bed o eseallod fon ng aned teec: Javs aod sixooonths, Sonsideranls
vardaliliny weas el Jor the twa salicxiclams Irganox® 1510 (0046 0g0
sl Drgae o ® 2070 D10 39 pd), anioxidan degradition proachict 2,4-DTRP
ELLF=109 wedD), and UV aght s@asilee Ceasor:® Uy 5591 (11065 nadh
vovtes lndustnes, West Patiersor. NI, LEA) Woares testing coaducted six
120035 Birer o forene Iy ace o o Ziy old pipes did not detect any of fhe
Prrevionsly rletected combarwnsns (CG-thoone ef ol | 20800 These rescaschers
alsm sreadicd fae Semanondmlgear o of phelalueds oo 12 3102PE pipes tol
wote one: Witk o e Years 0l To the Talorawey, phubalismbcle wae found
o e Foereed Ty chioe e ceacnion with copeper philzlocranine, an MDPF
Pifne colorant Trating o the these spesr-ald -seevice MIDPE Zipe deesmined
that plirbaliide coneennanane vaned belween G132 and GAS pgedl

The rele of 2 palyner pupe icner pall bichibn on comaminaat reksase
wips evaiuated by Skewviak ot al $3005) in Nooway, These a3thzes cxamined
COMTINANLLA MUETEICH ioin A w-service 1IUILE pipe into toe szonc pipe that
mrly cevener] with biafifen aeel deteczed 2600507 90 e Biohine in 22 sencks
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From 22 m 32 weocks, the anticadans egrasationn piecloer 24-T073F ams oo
clereeroel. The anrhors anggesied rha bindlkn orey e capabie of megalnlieing
2 4-2UTRT cromigration may have recaced with time: 1atcamacancly, 2 & TED
SOMCeRtaton was not quastifool.

Tc. 1Denmark, Brooca eoall (2002) and Melsen ard comnorets (20409,
L0753 cxamined contacunant migration frem in-seraicg PE pips 3ystems,
Hroees =0 al. (200E) ;':1'L|5.-'z-:~|.i woter samnples rom newly installorl FEX pipe
funsprciers et o0 ool 2050 exposere 2eciod. Threa anganic compounels
were desecled. 3 5-i- .'r:f.l:-bul;-.'l d-lpclreey] menzaldelrds, 2 5-di-fert-lurwl-a-
hyelraxyl aectoplenone, oyclohexa-1 4-ilisne-1,53-his(errbnteli, beon, i- [z-
wirbozy-sthelidene]), bal e acvouats were ane given.

Miclsen et oal, {2005Y anobyeed water samples From cxisting, PE-basoed
pipelines foan twee water diewilotion sysexm:. Seven pioc socticns wee
exacined b had vinous Sieceters, lengex, aod dme in-service from
g venr othres vears, LDilerences: 9o the preseoccfabscnce of antios-
idart depsadaion saedects s theit corcenialions acress all pime gee-
lieaws were detected. Seven aagiomidantl depmadation sroducts were detecned
g Mmoo @ = 30 e concentratior: 20-DT6C, 2 4-DTHP, 3,50
ferl-leyi-d-liydicaostvrene, 35-di-fert-Tutel-3-lvd rexvhbe meaide b yele, 3, 5-1i-
et Lz A hepdieavicetoplienene. 7.9 di ieve-butyl-1-oxas ping' 4,5 -deca-8,%
dien 2.8 dicne, and 3035 d feet hocyl A Sedrosyvphenyl? nethylpropanoate.
The speaic oepe oF PE pupes analyzed <e p,, HDEPE v MDEL vs, PLX-A) wris
ot peporncd, so cesehs cannog e digealy compened w otbier PE Dipe studices.
& lelowe-np srochy exendned conlamnams cugranon Sion PEX proe iostd led
ar s chilerane siees Coanlennizl oo wrsunsicns, Medlsen e al . 20070 Tlnee
arnrnxiden: drgreoldainon procieens wera detecied ar B WeCanoms rocging
ream G5 70 25 ugsl coneenmniiy 20T mad aencered at four siies;
T Y-l -rert-lotpedl-L-omaspiey (4,50 clowca =00 licne-2 3-dices detecwed al thee
aites; 2nd 2 E-I0TET weas deteated al cne lowanion. Again, U repe ol m semvice
MPEX was not described.

While ctler investigators heve charactenzod Co0taminant ougraon
Ireein EZ pimet in Euronean Buried seter disealagion systems, il seuess
clocuments coald ned e oblained. Exensive searchenge weas conciaciesd Ty
several acaderaic and governmert restarch insnroncns flucagh eteshlagey
livar seovice, Ropess e gl (2004 eferenced Crane C1994) oo vepoined
the relewse of a sizbilizer in FE pipe chat conmiced soepec el magecial 1000~
chi-tert -y ]-£,4 b m-de-nr-cresoll, Crathare ot al, (19900 sl natesl ok
conducted by the UK Waler Besecrch Conore that sdentifical the antiosickne
darsivx O.a-ci-fem-butyl-€ 4 thiv-di-nr-cresall andsar = degradaticn prog-
act in fap water [2-ter-hoyl-3-methl-Udl-benzoguinene] weéigrared bcon TE
wipes, e fype of pives Jieseneice wsonewe ) and the aguemis ¢onoonrsicn
detzcted cocld nol be determenes doe we lack of references in the Roges
vl al and Carthorae o al, siedies,
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Nryostudies were foumad ot chancteszed oigrtion frem ic-service FRTY,
aohile cie sludy exminse] migoation troe o soelylexier)-based ZEP g the
lalwratery, Liletature o ERP pize L primarile foccsed on meckzmeal
Failure westiog CParshiadd acd Mueccla, 2004, Stocchi U &, 20060 o connom-
imnte du nigrate foono TEP imi aater, che types of contaminars reledas
wonald lisely Lo sitnder w those of epoay or polylfeses: coszings nsed o o
pipcs Lpoxy soatrs aoe generaly prepased by rescting a resin, coruann e
DOEBA, and an anunde or anlydreids carag agent. Pelwozsmes) coatings s
crcared wsmg & nesn il eider melodes o DOEBRA viny. cster resing or sopk-
thacie wereplelinhe palylester) mesin 120e 1o ke stege curing high visoosics,
whacdr cestricts Whie evemiernt ol el polviner moleculss and cocing sgenr,
the curing procesy af fleee coatinges i@ oot llly conzplete. Tha is, cnreacreed
menzazreer, parlially rencied Toee peolecalar cesing, end curing agones seill -
miain o e coatings. Curing service, these small, polas molzocies, az well
an reniclual sulverdy, likedty wipae from o costiags or FRP oo odniing
wealer, 101§ 3080 possble Gt impuotivs ond seog coovporands an che ZRP -
fcrcemant materal g, sodes on plass) could also wiprate into daoking
LU

LABOEATORY TESIING: STANLARL METIRIMLCGIES.
FUTL LS ETD TES D GO LUTONS, AN RESCLTS
selendiealerlongios Ve fom BEvaloating ddieeation

There are sy ditferenr westing merhoclologies oeed waorldangs o ooty
nr indorecly #valeae eonteminant wigiation. Theae el odeleges are -
welly endoeied by a negularsy agoce o acde e nedsng, cos-poofin apency.
These procedomes focus or darermining, the i of a0 polenmer oz wa-
ter quaiity sechoas s ancl oclor, TOS coreenmeaman, a7l micnsliclegics]
aroecthe Biere et al G205 seenrmsarized sesh methadtal agies ol i Austiali,
Mew Zealanc, and the Laled Sleie for evabhiatag the st of sobrceric
potable waater matecnals oo neater quatice. Fogos of &l (2004F sammarized
tosting rocairements of 19 countrics mchding those in Ausals. Furosse,
and Moeh Arerica, Acconding o Ropors oo cowveorkers (20040 e most
contuton besl methoods neene OFRA N e 1R, Claaf 1B counlriss), 1000
concentsalion (14 of 18, ans .-:l'mnﬁr R i e Alerec i (18 of 1m0, | loee-
ewn, ooaly methad anhrewiations wers proadided s cotppiele tes methiod
mumes, conditions, and referonoes wene cos enmerans,

Tz she [adeed &arca P Anerican Meilonal Sandancls st e acomal
Sazctabicn Fouadation Toesrmaboamal (ANS]1ASEF Staziclard 37 is used wo evaly-
atz conzaminanes imeasted oo 2 drinking weate] Dy palymer pupes (AN SR,
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2007 A clescriprion of this wechad in the present samk s nnr 2n 2o e
maar by us of cur insdeiona This caceeool 5 volomoes aed maeye Pos])
Amarican water weilitics socjuine thar poosmer piges eecive ANSENSFD e
tihcation bBetore boiog cosideed foc installaticon. T arhaove coaifeation,
pipe ma nufactorers subneit their prroduct 63 the MNSF Zar analyas aleng wrch
a list of material ingredicnts, marwtanuring methodz, knosn impecines, ovp

il eremeciol vse cosclitions, ancd estirreted seceiee Nife Ower 2 20 o mone
thaw pericd, potviner pipes are Dilled wich 2xicaciion sacer and e weacare
i e bevguanely samzles for formulatior-deaendert acaivies wcliichog ono-
garic ard orpanic compooncls, Cxiractanl weter 5 erpicatly cidher: T2 pIT 3,
witn 2 oA e chiorine acd 100 mg/| hardoess; {hy pH 6.5 with 2 rapdl
loee cooonoe ancl 108 med hacdoess; () pELE. eich 0 mgs | Tees ehiloeinge andd
100 e Lardness. and Cd) pl? 100 weith 2 gl free chlorine. Resulting daa iz
conped T Us ol Canadiun reeulated and uorezelabed contaminane [oy-
wot, Materals are wirker deemed compiisn or aoncomzlaint with ARSI NS ST
Staniduzd B Linfuziezazely, MEE] wealer quality 1est doen 35 nol publicadly dis-
clesel. A o ceauld, Mot Asnedcan water ulilities and cepulaiers mcst ey
an the sz puldicy availalle stadies 1evicwed in this work for evaleacing
nugtesicn becan gealyziner ome

Pcal s el Tewt Consdidiony

A wide mnge of test coneln-ons hee been Seporroel. T thnee st pupu-
lar procachwes thar bave leeen wsael aee G0 50ars smime s esing Coutting
al the wakccial into araF preves aned inrnresing C peeces on o asueons
seuninn], Ol smis pipe conpons Cilling i #ecTion watkn st salulion
and capping Lot enclsdand (edoaster Aomeicgs nemeeeetdly v ocontin-
awsly threuah a pepe. T all cases, mares g boon sampled andd auly el
‘o detect conlaminarcts and in most cxporimers, e CXEAcTnt Taler was
compooicly removod arnd seplacod wath o Sreshily made aqueogs soldon.
couantifhcation of conlminael conoeRtrston Wi sonetimes bar oo alwayrs
conduocter! Quanlficazion invobees chminmg chemical smrdands sl dievel-
opreenl of @ calilaution camve for companng rhe spenrsose sy clega: esd
compouncl ageinst @ kenowen chemical sanclared 2o 1l seocliss applisd de
mttrae arvaliviical and =xiracsicn melaods Tecaoss of rthis vaciabilicy, some
mvesigators oould only detect cetain chemicals ancl anc orhews (e g, Tin
vy VUL Greals thar ¥354 of the pasess reportod migration diui Jon noew
Jobyimer pipes ander static canditons.

Lacl of conststent motacds ased o report matenel chacaciosnes and
cenducl ex perieienls eides nlerjretazicn of aeailable data challeaging, foor
2l imveelivalors descobed e trpe of nulerial cosoniacd Gep, dha oppe of
PYC, PL, or PEX) ared ne staclies weere foancd dwar cxamoasd fosralaoon
warialility across cornesencially avaable pobymnoe pipe. Tois esimms]
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Pipes mecazciecsd Bom 1970 o 2007 haws Soen eesesd, bt e pipe an-
ulacture date was ned alweays ropocrecl. This cmizsion i reozarcely foe
o dzla inlernrelaton standpoiat Secsoss Bermilaliong have caaneed ove
Hme. For examplz, the 5.2 /b omaximuont zlowable boig o VOM n
ul L gipe instibated post-1%77 die o health sorcems wnphes YCM ragar
ing Erom YO dnsralled after 1977 svonlc be loas than befoie Caat vear, Witk
the developrent of cecl genertion pulymer oolhlc ar pipes b ot
cain nzocialeiacs S Tielon wal., 201200, undersmndiog pape e arsd sohar
these nalerizls contain will hecorae even more nuperanr.

Tewt conditions @iso varied sipnificacry. We caloalareed pipe 545 0.
tios whiem aceguale dan arese waailahlz spipe inner disnensions ang [engtli,
SASY raliog rnged from not reponce f 159 cmPAar], aeth nosr Terweser
2oard § eo®Amt. Several calowlations could aed be cosdoced boecacse n
vesligowers chd act meporl pipe wenptls or incer diamerer. Coacntinant fux
COINTACiSons acsss sludiss cannot be conduced caloss he SAYY mne andd
exacl expehune durslion is jepoerlec. Fipes have boen restod s is ofler &
series 0F rinses, azel soonetoes alter half-cuay to four-day cBerfenon aar'
foee chlurie wr coznzined chlusine dizinfzclant, Concaninane migeaclon
coannely exarined wilhout precondisiening. Since cewels snalla ploes
wTe Lypiciuly Mashied ened disinfeoed Lefore use, a5 i tesing, resale 2loms oo
ror arevide s cealisnio assessnzent of long-tene contaminganl migniion 1 A
sotual wvaper chsinbution sysea.

Exiracten: e caposun: duration ranged “rom 1 hr to wva yieass, wrhorg
et rvesshiganeg conclacted imulnple shen curtion experoens {o.g., rhoeg
ST P THAD eaTer wis il distllzcl, fp,or @ senileic g aten ol
wearey pH and disilectunn levels G preseny) weere tepicelly noted. Howeover,
why mp ey wak wseldl it omrandc andt ion compositiong weern ey
cirszribocl cvern thowwle jom kevels Lavye sliown ) influence metal smabalioer
migaaticnt Iican ol pepes Doy a low repons were ool where migia-
TG was el under flowing waler condéton:s Chacttner of al, 1952,
Fonstma e al . 1903, Bacles o al., L), Wichardson and Sdweacds, 20055, an.
e only Focused oo VO pipe eelease for WM and tine Most laboracoess
imvangalenng aphecl sasic condinens. Xxpermertal design and analyvtical
elete g g weepe afze:n) wor epsaed .

Lesults
Forvi iyl CHLORIGED #4101 anG DITTCIENGES 1 T1ESE 1IPE DATA

azpendin Tasle A-7 somenavizes Laboreony angd Reld ctudies that roporied
ayuenas compounds dotected @n contace weich W e, Table A-1 resuls
do et ditberonciazs MW pipe mopos u2W0, PG, BV, VG becaase
resenrchers frecuendy oeitred 1he oepe of PYC examingd. Sotalbie indings
of Elworstonyr TV soclios are clesenle ) =l
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Lrrenss el e 41070 examined the inflienes of coctaan TV acdlionees a5 well
as beraserature, pH, and exteaction time oo lead rolease. Thics 1855 we e
perdomed. (=) immersion of MV pize piccoes in warer [pH 50 at 354C foz
72 I, thlirmersion of PV pipe picces in weator (pH 780 at 25700 2o thoee
CONSECUIE 24-11 @xtactions folloesaes by one 72201 eskraction, and () onse
pvae techioons willy Ly weuter Tz & ey 1 pipe il sxleestane wearcr (pH 48],
A Tt sl e 88 Bz an 2070, WTile o A catios conld be calocazted rosuals
shvwes] et as e amoue of CeOh Nlles inereas=d, he amoam of el
ealtacizd Jeciensed aid s reduction was altciboted o Yoreer dispersioe of
the milxass lend scfate siéniieer, Unforiunately, the coarac of scalilizer rlis-
person WES T epciiad, Gross o al (1VTCSr also concludad ther the aeder
af mochifess hat reclucod el meloase were acrylonitzile swadene styrcne
LARSE = ehlimezred polv(erlplerry (CPEY > aerdio = control, 2o aa cxsla-
A wits peevlcled o thos Tincheg 10 s pamssible ol siebitices migrtion
mr lintire L o B mochiSens indiedsing cuztaminant ponl Ty,

Lol mrgeanicn friom GV ppae i nepical Cimales bas also been swd-
el Wag et CT9BRY Cealhisangd e roapact ul exirosion e nperd e, seaner
trpi, dowl Sater lempesardie or contamindot ielesse Pipes cstracded Mrom
WiV ceairn in the lah wecee cinzed ool deweagent, and CxracTant wialer aes
scaled in pipe soctions For 43-he iarseeals (15 davs cenl) lap weter, bica-
homate ctfered cistilbed sater, fod phosphae Deifered dulod waler weps
wged Al 3, 27, and 43" snal the 20 ratio was A4 oedanl A preater eximastin
eanperature was ceportad o cecrease fead oelage o o Dmee Lol on
posle zter season was sovided e shis Roclog When mp amd Dacaclon-
ale Bulferzd schiior tempemtuse incrzasce ] Tead migeaoon s, Tl
lesd migraticon into shosthare baller sclgions doreraacel ar Coevaied waler
MempeEratune. Mo redsor for the cnexpecied phcsphaie beiersed weter sesihl
wris provided xnd pEL values weene not repotes for any seaten, TS, resals
af this work have Jimited application o other mberary snd eal neozld
ST LY

The inflasnee of cerlzin digsoheed ons wned weam: pemperanns o oE
favpag Tl vedeane Das else Do studicd C9%%ong etal. 199501 Popoe aections vx-
mucleel 3zn e lalwaatony were Clled vl diseilled sealos 1580 acio 4 cmfamld
conleIrig waler witn eithuer NOs . 5007 edrderodinmineremne enic acid
CELFTAY. r 1Cor” wioner was chanued and sanpioel ovesy owen rlays For
30 davs Lead leacloeg was geevlest dueing the 9201 2l w19 doyvs of ox-
sttt angl decesased A8 unpertluee decreised: 4390 = 2370 = 3L, Log
nchang 2o hoasr foe e eatmded &0 2 companed o sices exmudsd
a7 1Ak anel 1THOTC A pzolbenn withn inlerpretiog these resolts, omgagr, 15 Thir
#enee o snEtical coomzarisors and womer pH measarcmenrs. Kol e ol
(1981 vepemrend i of e s daks Trem Weoeg e all (1900F wah the
acldigieny ©f exliuder] uPYC pipe inicroscopic examinannn Bazed 00 gican-
raung slectrin miceascuy- eneaey dispenive Kerey spoctmscopy (ATREELN
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iesyles, Bon e al C19000 repaaied 1ian lead weas roooe everty cdistibuted i
S eanuded! pupe Qaac the prize processed a8 1207 Walle nol noensicnecd
Tay thie repemnctiess, this echimiope by delnition could orly characterize 1 wm
eBenatl s dntes The 1950 srlzoe and Cheie gigse licd & reported LACGD pon weall H-2ck-
ness Approximanely 0265 of the el pipe wall Eickness was oxamineel.
Cueng acbyvioer sxerasen. cochng thesuph te pipe wall carn somotmes e
rocandzoem and sddmve Iewvel can vacy Zoeen the leopth of the pipe (Lem-
ey R0 A brporranr, vanneoiomed Rcasicn of soth experiments =
rhar shew T chngsion experinngnts e nnn cepresent loep-tenn uPWC aipe leod
lzachmg oo clifferern waner guality

I il s, Drndgsh eerearciers exanined waler gquality impects of
seven Dpaoels 2 TV e Cuovpor urespscifaoeds Forsioadd, 2991 This team
led pazpes weith dhstilled wans O botles or pEL vacoes epored) anel cvai-
waied aquecus TOME, l2as, and cadmivm concontrations s weell as taste and
QLo cualiey every Crres davs Jor ainge days o 2800, Aer tae fest 72 hroaf
irnerson, TCOO consenanon a9 peocmlly =L 1-0.3 mps, but leod znd
catdeunry levels wadacl Deraoen "0 and 240 el and =01 and 9022 padl,
espec- e Afrer e successiee Tl exposure periods Torohe ssane
[ripes, Fsgen oonriminaen e vels weere cepected <0 1=k o OO 420 g
WA, s e 0002 g cadhoandl FYC prigees Ll inimal opast oo wa-
ror BLabe and neloe Qualiny dunng they celing Dot serionl Lo provioms sleclies,
thiz wink peetaing b shond doatizn water saposwee (nine days) Fipe di-
MEenzions wora ncE freviced 50 conmmmmant us could no be calulated
and pH wahies wore alsoe aor iepaered, Absence of mpe suzlace aren and
weter gualicy chavpererisnes inhibis selaime Wese cosalz o other pioess
oL b s,

In 2008 vvesngarars scocvmeue] Taad release fuaan e Eavpolian FVC
Fipos by carning-nue sravic o westing warl Buee dillerent water commpeosi-
ticas (lasheen oral, 20050 Wieens all cocypnsed e local s waler with
aclprstec] pET 0, 7.5 ane B ot 124 amel 230 e as Caf2Oe alkalinity coocer-
traticms, Do chloridessalfare atios (655 and 33wl snd withoul ELTA
concentreticn. Warcr was sungled and chaaged =verr Two Sevs 1 thes
days rar five moacha. These invesngators found lead (etease wos grostes al
lowe pH, gresuest chloagedsadarg s, and i the peesence of EOTA, bl
lercaese cemeporatune swas nor repodied thew =eseln sinno: be easidly com-
pared Lo olher FYC shcclics Yo afor was comcloenes) moglemermine e .
oo fnal conm@einanr mass @ e PV pipe
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LSame rescarch has boce concuwcied o docament o release froan 1950 pipes,
while ooy oo snidy has Zooused on alowe magnesnun. acd taciom
relzanse. Most weork quanefe:l sgueous conatummndnl concentralion, bor did
nar ¢haeacreriz pive selbxlize- loadog Lol or afles 1ewting Rhodos ot al.
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C1980) ec.uninedd iz stabilicer lesching freem sooalb-acale aracic and e
el Moveing PV pipe cetweorbos 07,02 nudinte: tapand river wanenrs fips laoges
cavieg 2309 1o andd 305 o inner diameter (00 with 2-F-week mepner come
Lech Ticane, el waler was samncledt mare frequently Suring rhe Frsp L4 i
Alcelom copounds iogresed in pll 5 oeatar ar 2790 andd B coneenmaian
wd preatest during G est Sd-he period 35 wpsl Migratioe, doonzased va
walichivied oy e F updl coneemation afier eeo-day cxposcre ond 0,23 gias]
Concear-anon e S day exposure

o 190, The LEERA mesasuredd orpainic tn cumppound migracion trogn PYC
[Hpe Ly crspecifed) ugony sevenal aoproanchies: GO dissolotion of PV e
i gnlvons, (il WD oopeeweater oontact, andd (o) a Jowing weare-PVE pope
long {3ocimer oo al, 1952 Thein el fovolved saer sampicg Fom
A MVE e Yoo Gewlice mea 2 070 ) ozerated Do 22 days. Falfecend
as w2z disnlled pE0 3 waer solutions wath ancd witaous Fren ehleringe
wart used, and water chapges coviped 21 44- wzd X-hrointervels, Thse
s igarnrs, [weever, tsed 5770 for taow 2xperimenl. which is greater than
=257 rrmcal ol Mol Aorareean byl oeates Sisecihotios systemns. Boottner
e al, cliscoveracl chal negaannn cempounds cmgeed fme the waler during
rthee ZEar porod aroa coocennaion of 35 e detected ofter e Gl 24
h of mxposiia, which decoragced we 0097 gl afier 22 duys, Duaning The Fese
249 hr che greatest SrgEHlen Hizx mars detecred 0 835022218 n,L_g_-'L-mz-LI:{:,-j
mhile subseqrent thoxes vezizd Faom 0005 50 G083 agdom® day, Orgagic
compounds detected Inc.ode DMT, srimctlelin (TMTE DB, and nikuglin
STIET). Poels ancl dbbots C1982) investigared load nugrating f-om ulPvie prpes
i Crerniany, Cheer o 30-day period these scscapchess semplecd water every
Miree darys. Lristillecl water dlzaffer nol speoficel having (1H 08 was used for
exlractions, Generally, aooeous lead concertranoe decresed o s peak
watloe C0 i churing e firet weesds wooa loween lovel (0057 mpdom cae el
v 2l leslice, Warer pEl values beforz and wzes wesing saons ol quantified

Juackoea-ducowa ancd Verdo (1955 cxaminad the salubdliey anod coif-
fusiom <f 10 Crganoclin staziizecs iz uBPYO shears marefasnocd o theis lob
agratory. Solutalty was delermined by dmmersing one uPVC shest ino=ach
srlmhzer bor T0U L and was ana saed v infraced spearoscopys Zoe sallisor
s Chewgls, stabilizers me theuna G e solids and s g2 undis-
closacl salvent wes Faely vsed for this worle, Crgarome diffigicn mog a1
miatg mon ez Dy alienbsnoe ineasc reme s for three separen cPYE fme
sanclwic el Gepeese e source plae zocl aoe o3 sacct o e woer sivde
Bty were condactesd at 00 doprees, hal nesitber Fatienhede nare Dol
sing ndg wetie evided. danee e T of PYO s couglkly 300 and meking
MEMPEIITUrE 15 el 100YC, v muosl assame units wens degaess Faluen
s, Beplcae meeasuacmenss wene: ool described (nor were anca o Alan
el Sevannn smlues), thos reacers are lof e azsume chat resuls rooesent
by e measirement Eesearshes ieported tal three af sha 10 organotn
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compminds disaobeed compleely oot poivimes doe w0 e Jack of spectioe-
seopl Sl whale seven ather componnils T repacted 3-8 o0t solubil-
i Fivst, or 7" anits Cor solubulizy azel =" Tor diflusion soefheient: do ror
Follome genzeal solubalit: fuassvoloane) and cdiflusion fazeadlice) roles. THE
husion vaues weore seeeiied foe all en srganctn cormpounds, even thoso that
wene ot sohubie i oI'VE Naaabiline (o soluzility and ditfusion vabees alsa
WEE N g ponredd anc o s possilzie any munencal ddferences betwoeen solu-
bilioy anud <liffuseon cnellivian: wilines o amfacs of 2nadyocs] eechnigques, oot
e ehfernnces Pt n oegeinnnm coempsnncts Ao, 10 slalistios were up-
Plied 8o suppen resssrcher clnimg Whie aon corducted, o smple uPYO s
Bsilier eervacsicn aned uannificaio would Denos lelped deserilee e resobs.
T ewarchesien, ches nesesrghes rezied than maolar wolwzwe did not conel
diffuzion theocgh cPWE Tt conznmet polyiner inmeractions did coninol
chardcal foanspeet. Thos study oeas novel, Bt lacked secessans ceplicarss,
controls, analytical confirmatacy echmgues acel wvesals zresented cinoot be
cireclly applicel o Qr2er WPV maemls Gnd contacnnioins.

W e el CORRGY clove misnied ronal engreonin release o one braad of
sehechule—0 and are hrencl nf scherlnle-g PYC pape using o recirculaling
Fipe onp {40 ml, lasomaney condirthenes) saer . and teo Do edes. Unlos-
canarely, wast weacer cluienensties G g pHL wn conel) aced wempecalure
wore ot descrined Chvenr s 2Q-cky pericdd, concenDatizng sanged from O ke
3 updl W et al (1990 prochicted il ning seclacs concenbalion using a
mathematica. model and aquensus in concenmranon Szralas 0 revious re-
SCRTCCTS, & Toetiction in mass of tin relcascd a3 nheerved a5 exposury L
increnses, Researcaers conclud=d vhat ca g wanrs demnbozion swaeec o
Ciouagh several sunfeed meters of 2ipe bersih, agieony e comoeniralnn
would vroesd a davaey anel Shelepning U973 eenrended 20 15007
(20 A maimum allewable Goocdrinking wenar concentrmanga, Woo ol
coworher: recommended chat B0 pipe showo'od e indiially weuies i fo
£ ko Cweater Elone representatcs of o Resoolds rwomor o] G or greater) o
reduce e amowct of G availalale o g el 200 e T L 4 e o
communicalion, 2011) cooened that Royno!ds remher of 2000 or goeatner s
cuile common in weater distribation systenis and reziesens obolont o
Because waler pH ond lempreriiuns s nob repored] | sesois of is experi-
men canoc be dicecty sontpaned e ochear conedingns Also, minal BY0 mipe
i Teding was oo quantifed w valicare imvestigzoor psdlcgns

Cuevauviler el al, (9910 examinacd vin migraiion feoe free dhiffeen
W matesiols Qype urbpecified; ar room eerpeson-n Dy innnersae 135 o
ef PVE poeces in 3000l weaker soe 33 das. Results showeesd o 805 of
Uue botal agueous bin quackied fos due 330y peaaod wes lenaed durino
the Arsl bvn cavs, The drastic difforenes zotwecon tn leaching lor the fve
murteriads tested was atirizuted to dilfercnecs beteeesn maresial Ioonwlations.
Dnfeitanately, wazer pH ans tormuolpton doffersaces meepe nol described.
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A=Tegrge of Tin smlciesas ancl other mela conlaining adelzmees Cealefoam,
AEgneEin, neEand o lalboraory caroded PV pipe has alse Been
docmentecl (Dot e oal, 19930 Talworalosy extended pines thar eoocalned
tpdewl dieanids UL it ol ingredicent por burndised coees o e [phedl,
calzim steacae CLS phrl. ondgnesson gwedrate D023 phe), z2ndd cin alahilizm
L2 e d e pmmersed o wazee For oo montde (EAY sabio 167 caendfmil)
at 23 aod 0. Warer wis sivapled 0ace every Tavo weeks for mets. contene,
Weater pi wask not reporaed The greagest concentratiens of metnyl, buty, and
coryk cin comnTennds e dewecrecl sn S0 weaters sl inCTEASInE CrEEnic
chain lengtl decreased dieanroun: of copanic tin detected o e woters, This
in likely ke oo ameller malecales canodfuse micone easily Cinoogh podvmess
thar larger malendes Calvivmn aad nagnesian stalilicers alse migrated from
PV pipe intc water, Zleveled frmporiducg incoesed g gnesicimn migraiion,
Eun cic ot affect czloivm migeakon. s manerestng o nete that czleiam was
2roscnl at 51X times the magreanne loading of PV and saloes celease wras
anoltenied by elevales seier emperanire conditions, Liese results impor
eneln-Lases ilavicants wsed for PV muanusieneen cio remmn in PYC attor
eatrasion and enler warer whan ppes are placed o geice Tianion ws
aot detented ioowaker despive te far than soaniom seas peesen an Beur iioes
the magnesiom loading. & howar nnclersiandirg of che e mcticn belsesn
these ageedient: with V0 mctcrial ans willh mearcr -5 reeclod,

B san anel Bdecarcs (20000 investigaled sorganated roggedioog o
AETE BV pipads by vnmendon, salic pipe coupon, and pops loeps w251 eth-
nels. EXerime g were one day o toeo weacs in duratice. Watesn phL w2t
el e Tenzetdi e, fow nue (lor ine lons), and she proseacs abbcnoe
iaf & bhofilm cepre vaned A weeskoempenitore depeacerce onodn neleaso s
alsemasd Dotwecn 4 and 3270 Lt oa stark conlrst was foondd for A gl
DT Ievcls o 22 sl 5272 Dingrande Lo squeous conconrention: wese MMT
B IN0 A U2 oned 9 FAC ppd| (350N ol DT meas BT e (22520 el
20 g1 3 2%0), Follow cp 2ok [o extractl and quantify tin corgocecs o
M pipes weauld ikely have peovided de infonmation recded w0 oxgpalin
the aquaaus BET wnd MMT relatonship und possiltly identify wrhat peicent
of ehe semal tin was releaged dhning rher experiment. The authoss dud g6 ot
tharrhe aresence of L lwaP By ceducend e ongraic e lesching sane compatexd
w0 pipns withoue o biofley conng

Acancly conclucteel Dy Alblalnca 20010 stencls oo Trem all offer B
rrcinces el deseracs owemnice becase ol e loited? 295 dala sel avaiiainle
The zushor wsed stedic and cocwlaonye pipe leop caperiments o invesrge
the effec: of mmmerzion e o metal salulizor release Fom e ez
o Saudi Asatizn ul™O pipes Water Temperatues were 33 znd 4540wzl
erxzesiments weere conductad for b 240 fnd 48 hr TDE leves were 20140,
wnd 2570 mgdt are pH o vwae wried fom 5 o W Yive metals {leas, o,
cajciea, czdminm, anad enem) sers fouel o mirate lrom PYC pipe oo
exlncmnz warers, ol migelior was peoerally greniest al low pH, high 775
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creeetnratien, sowd Inng evposios coee, Boseever, Al-Ralacls did not reveal
thes Henizs of deswevriomn ‘e ks mctkadz o che Tie pooeide 3 reson ey all
oF e metals weoulil e presear juone PYC phae, o 00 his practioe wes
conecn gt Sz Acabea Toas i3 e only sivde Toand o the literatees selzre
Hre waes of aad dercchzn of more than foar different hedey metals was foend
g rating Eromm oo WO oo

Iahrgon and Clark ¢2000) of Relun acel Agad Comgaey mare mecenlly
describecl finselease froon &0 T pipes ) wans nogrod b ke BEE] o]
s e exnamingel chiring thear ssen Eheearoes soudy N8 poovided these re-
aearchers chata drcen A0 FVE Qi pesrs anel B e ate jals weene creiles with
oot m-:*rl'nl.-'lrir: o I'.-L:rg;hin siabilizerd UFteoazely, M3ET Jdata cancl amos
sl oat v wlaga alliodeel i thoein peezeed secee znon praovided for reander revicwr,
Toes Rodwn snd T Coragany eam also maciored sogueoas tin coneentrs-
ticz swwer 2 21-day test ponncl fog 3 BVE pipe thar wves gem 20 yeans old
and annther pipe with 32 vows in-eeonce. The SAMY rang was 313 ol
homeayer, werice qaling and ImnGeraniog werg o0 1epeiied, Agueous data
shomeed rin caacentrarion doc el chiving 1he vantd gvpenraent from 59
14 uadd tor three replcates for one pape speezmen Hoseever indivicl-
nal ceplicare moasures weove inpur ima el Bresecoder decay medel, oot
mean walies, A difleronee Beoaseen re s omstoens led e essaacle s 1w ocon-
clhude that dormulatior andAar processing condipong weie espeoensible oo
differences in leaching charzcrovstizs, Fowever, the ohoce colunus ol dia
presented are threee roplicate messuremients of the sams pipe 2ad acoally
duescrize within pipe vadabilivy. Ao notable iz caar S Rest oicler cooglal
prechicted significanny cizferent day G Un concenmationg for G sie pyoc
(57, 85, 103 mgs1) The sulstantial differenocs nochess soecdchoes wply har
the vazesioenta. approacly applied is wor gppeopeae. Feerhen, socg aocery
shiorl leaching wxperineal was oondeceed (21 da=) compeesd oo the wxe
Jrected service lific of the nuteric ]l (40 weres) o the final rie concennetae
ol d1 b wees ol zern (orcy soven sacpdiog evens] sl chiZesenoes in
Bral concentration lileely greatly skessod the Socd v and Sgeaion weed
e predicl Un concemtrations. Also actabic, marer gnalvss frequency was
ne comsisient tenried Totween ane and i daysl and s oiconsisnen: s
prlizigg saprnka el agrees willy e ANSTRRF] Biendaed 51 prames] (SN W58
20070 The c0-pear-uld PVC pipe was chemically dereomined oo 0052
end O30 suasy Cracticn tin ceing wemental analysia metocls and rm loachng
tiroagh the pipe was 2oaal, ne gradiernt seas ciacovereod Cheel reslis
omm Joboson and Clark CEICR) are not sapperes by che daen poesconed s
their work ancl cannol be independently aterprhed.

17 2007, the UEERA and Argowne Maticanal Laboveons poldisled oo
suls of uosudy o ceantife organot:e release Fom theee W pipe Doaocds
Iz litkeri ot al., 2007). This team quantifzd aqueous re corpound con-
ventration [or deinnizes waler in confact wity o PYVG pipes, Two V0D
[rpe brancs wene exemined fer 1RO deys and eme Desngd wss reonitonesd
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Foe 333 chps, 545 157 cnfand Qenperatuee nol cepocted). Tin compaunel
SOECEALOnG wiErd he poealesl during e fzst 15 daws fancd organoin
soEees ancl concentietion eacled varied by zipe el Five differenl -in
crazpeoundds were detected MRT DMT, ALET, DT, snd TAT ancd exposune
o one 'V Twand inceased water pil drcan 3 o4, Moreower, soone aopenis
i cencennancns Giffersc o orlwrs by o Tactor of 20000 X-ray absorrion
SpECtroscopy was wsedl w jdeaniy diffceen omgpandotn compouanss in FYG
(e el waliclatecl ehan WMBT was rhe dorqanzns tn compeund io tae thoee
M aan:ls mared.

Tee 2N0%, <Fe esesneh ey af Fasioch en ol 20000 concludeel that the
leang-rescrn cwrganaam oo o dimking water waonhd be sigecfcantb
ez than che: WA safe Berer of 190 g1 e DUT. This conclusion was hased
o rrailienuabce | models apabed o cstoate onganotin eachiog from PVC
pipe 2z 2 tunction of hath suface oo and tme DI leaching res were
ascimated during the first v2ar ar pape wse aed dreXiog warer conceatretions
of 0LA93 ancl 2888 1rgf] were prodiced. Mogbly, he acthors ackacweded
dhal PV pipe properlies and el aemiliver Toadmgg: ane poorly vndernsssod
Al frequent]ly qol sepoctecl. Dn the fmoee, cagaecain chiffusion mes st e
eller characterized for model oovmizarion The o foseomn cosloiest used Ly
Fristach el al {2009 156 = 1079 £ LE2 % 1™ orv'isd i Dack-veios zbed
Fream v sledies seho 2 rat measare ciffasion conilioents Toese siecios
worg teleed on Lowrever becasee they weece the ooy sicclics thal vontaded
dact whersly o diffusioa coefiicient coald be eatimatez.
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Latwazatiny Westing uf BV pipes for YCRE migrlion ok fest oguaner] By
Benoe: (1970 o] Wlooches oL a0 S190800 Banzer (L9750 nsod chatilie] mearar
Al clisd nan et pElL Undes stedic ancd circocaciog ploe lons concdivions,
Baneer cimooeared it Tesses niline VOM ladiags in the plpe (mgdkal de-
coeased the acount of VoM detecterl an the waser Clalle GF Tosl nesulos
cevealed Thar aguecus WO Conmennanon increases duee fold arhen aam-
ales wrere i g peze oo, and cere was o oepligible differcroe Somecon
thue caztlar: sl g e merhcds oagusocs VO] wras detocoed noacn 3ng-
I MOM Treclicg i rwe pipe was X oon T ongdky. Bloocdes el al. C15500 cligl
Nl cletend YO mgeanng o, g sanadl-scule PYO pipe leop wilh weo waner
[rczecrion i wss QU7 gapsl).

A aned S CF9E4) avdcstigance] cordiuns Dhal proamnose FOM -
graticen oty oranee el chemical reacticnss Telaeen YO and free cllaocine
disirtectznt. Thesg escarcacts sesled dewncsred phosplune beffered wte
in I pine sectuoas (L Jength = 20 ey LD 34 cae of U8 cmdml) al
pAF T and 9 and mlEo ameaersed PV pupo poecss inowaler octiles (8ASY
mrio & cmiAanlarpH T 9@ Al mrpedincnie seore condeoled for £1, 2, and 3,
elay periceds e 2000 While oo viow sas derected e the pipe secions, VO
wis foel i weerer shan romeeed completely oozized PV samples, ans
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TAME A VORI Comconralinn in Senr nP%W0 Ploe In'lsnces Zlos s Waicr Tundg, Seanic
ol Pipe Leos Fxpeimens

sl VEKE o tulaned oz
g, Tk N mpfen-day

<1 RIaL. HEXL, B, KL
2.5 W1 B2AL, BRI, EIAL

14 4 fidn, L, B, WS 2, DR
2k Lo

i T127% 1, X231, E3E1, 4130
179 54

25 I15:1]

S LGed Srert anzer SIR e wsed v silewaes Fox oreponed noils whil= EDL = VUM e
art'um cercdne b al el apecsg on o saeer Sxpeoners derican vanad A 12 4 DI are!
by each reaomel w2sl rean't i slre s

culenlaned Juxes angee from 4.5 @ 7.4 ppfont-day (bosed un epoded mg
TR ancd SAM mnnd oA sepgriie cxperimnent, e authens also reponizd
rhar Free chloome igcmed wols WOM oo loae disnfectznt bvprocucts chilors -
eftldehyele ancl cromoacenc acid B, = 2800 and ks rencticn procesded
ragnc Epiclly ag pH decacasiegd, Winle o reacon inechanism wes proviced,
rhe WOM regtion hkely aocuied wlien TEOCD was presenn as this cliemieal
FPOCiEE mersEfes i eoncenleaioe @) pH s thae 750 Becaosy Ande aocd
Savyaza T8} did aor deterans the Bate of these disinfecuon byprodaucts, ¢
15 posadne rthess compaocads oo ditfese g YL puype aler predoclion,
ECITIFIN i Ee weabor, o dlooomposy i wener.

Al-Malacle ot al 2000 svaliared the nHienee af saree el feimperie e,
Tha canconrearion, Ancl exposare Fre on YO mig<anom [one BYO pipes.
A heehale-A80 WPV pines et Peroeed I 19949 Dresrsel op 20907 wwore exon-
el {34 306 m'Aml. Fach pipe seonicn was [lled sl doulile distilled
wil et il cwnerimeds weenc comelicoss AT vangus pH 5 TS e ture
(3022, 33 45900, and TR 21040, 2670 mpd 1 conehioms over 2 32 ey expo-
surz poriod. Warkcr was analyzed Sor VO at diZterent time meardals, Kesulls
shomrec that 2.5 pg] VOM wms only detectsd o 4570 9400 samples. Alter
3 ong A0 davs st G570 and pH 8, VO coaoerwanns were 1and 25
regpocrivelr, A-Malack or o ernehde: D iher wnoimesmsn in soger pI L leom g
tra 3 nezesed e VOM chffns oo ooctF o Fiowecer -Tis phenorme o s
not bean deosoribe clsewieie Also, Al-Malick ol CEGOG) provided severml
conclizsicns 2acur pepe initil VO learid mg Disen! oo cnaodcal culoulatione
nsir g erualicans shevelopee] 2y Teeeos el Danicss D1970) Thees are seevial
aonzina wWila Lud apprasch, Fostomtial VOM Feadiog e the Saocli AcrabZan
pipe was catimared 2y quenthang aqueous VUM concentranoc then back
calaulatnag the dmnz] YA loalicg in e ppe using a0 conpncal equation.
Mo, 2 VUM chilliesion coethicwen: wios sticelared o0 cacn ereperlacs us-
E v ol clasrver] e Rarens amcl Danicls (19750 0 = 372 TR BT
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whcre Wis Cie csual yas constant J12997 cal mol! degree™ and T iz deprees
Eelvire, Thus, the dillusior. coelCZcierts repoded v al-Malack or ol (2000]
weord ool aasecl an thear expecimental testiag, The caloulated dillazion soeth-
civnts wore sclsequendy ceed w crloalste the maxiciom YOM fractong rhar
wmigratod fror e PVE pipe alter 30 davs al 45*C. This approack is acspocr
ocaume Borens and Damisls (1979) repered that the WG concearrzsicn in
puag wealls is wedinsey immediazely alter waoafaciueieg, oahers e albove-
menrned] eruato 2pdies) However, e e YEM difZuses ool of pipe
wills durmg storag. azl s distodaction e the pipe s nol Llikely e be wni-
loom Thae s, the carecpmmussn ol WEM ez e pise seolace i cikely wr e
levwezr tharzy e i the pupae cgoter, Thenelore, diffusion is nooonizoem at kg
Apzage Tincs, Al-Malack er gl (20007 asalvaed cher PO pape e vesrs after
it mobnenes . and chus the appocanom of he diTesion coefboient oqua-
Ao s questicnable, hloreover, no ok fnas Sened oot ta direcdy quactibr
WO clisenbueddom e rvacags o the Saodh Aeaban W0 sipes Zor validsiicn
prrpescs. 2 shce il 1w meneeeer]l thar e Ayl ack teaan noted thed their
experirnenral WO ckitFoasivitg vahiss meeve 180 e Less than e 2anpin-
ally calembareel cliffesien condficicnms, Thes Enging cmvrsoores e Tact that
Thad masvIprians wers: peczhlematie, al-Matacs and coweoslies also reporied
b VM reloase wal gredlor B sesess ian chianlle wate: Lack ol ropli-
cates, statistical comparisens, anz achar mdependear measuzemerts inhibit
aroad inderpretation of these rosalts, Aside fromy Bercns 2197493 aned Berens
i Dapiels <1070, Al-Sluwck e gl CZ000) i U only anohey scaely shar Ba

reporled conlominant diflesivity ealues for pormer parable waer Sipe

Tl ole ol clirect sendglt exzosase on WOM rolonss Siom Byl cipes
i drindeig water hos alan been investigated, ancd comnecos sl rese
twn sulivs will be discassed after theo bried immoducrion A-Melack gncl
ShealcbelEn (20010 Dlled each pipe section: with waater, exposed them o
ECNAAN sunligal. and inonioeed WVEA conceatation over a 30-day porio:d,
Bilack anl may vl pipes tested voere boath 127 oo 182 and in <4 ml =eargr
wolume for g XA miio of 3 13 cmyml. Unforturstely, shese rescarchers did
20 ool il wenters il chaacterisios (ep, pH, bon conment), Bosclis
shroweed anpoen s VOM concezmmtion wos meater for suclight expasirs uopes
PZand 2% el e thuse stoesd i shacle 0% anst <0235 ppdl 3ased nn
thcin peawits. laese sutbrs estmaied e YOM leadings o blacs and gy
WD egzd weore 355000 il IFD pgdhg ressectively. Moo confimaronry
crpcoment was foadusred o valiclaoe ke Laachng stimauo.

Al-rilack (2I05) foliomed v math a sty 1 aseess e eftect of aicifi-
crEl el iole OURS ligal @dposure 03 VO eaching from ul™y'C pipe. This
resestcher Taiand than afer L Zay exgaogare o acofivial UV Spht source wo toe
izl werenr, L VO ConeenTeanan of L3 | woas detected | el e artifisial
U0 steliaiican imanzmmy ceed weas meeater thar 1t of e sen, Aguencs VO
el ere sl Te canians e iziie] YOM oeding Uz the pipe £3 pgdka,
ail calculare a WM Efouswon casilicient of 519 < 10 "% o ar 335G In
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the Zhuitecd Stares, polyrmer pipe exposure o 20 lighs is expaceed oo oo
arily during iy siorage ancd ransporl sines ooelyner pipes are nsralled n
unclergroun and builclizg appdeations. D i isponant oo roee tha VO il
lczivily sloomad increasye with lemperaure. but she VO chflusion eneffricar
cacaad oy Alsalics and Saeilhediz Q20017 oo theic TR shaly ar 3370
L2070 LA weas sabstensially Less than the didfosicn cocfEoiens obrancd
by Al-Salacl e Al C2OL07 For 550 (1 ™Y em® ) and 4590 (100" coaash, Wi
Ailtasiar, coolficent values reporied for the UV otfect stady are of saspes
Breicmude of several peamone The exizactacl waler temperalane liksiv Hien, -
el Caul was nol eprsd Y duing Go acd oigll howes ander surlighsz sned
waler bengetaturs iy lisely substiantially cazsed azcder actifcial 11 irraclianon
Foaither, e dillusion egueaticn vsod by Derers and Danics (U970 0 poeslion
alilfasion ougle w Na shecd was indiscriminate e applized o VO onigimicon
frcre a BV pize Thess resalis undemsoore the ness For impsosenent aof cham
quabiey, iarrrpestation. and repoclng oot literetane,

More rocenrtly, Hwchandson and Ydweards (20097 cwamined VEk migea-
tigm fecm oo PV mipes by wminersion, siotic pipe coupoa, ond pipe loop
=Er nethaods, Like Sher previously described orpanolin experiments, ¥
INIREANT EX ey weTe o iy Lo Leno vears in dueilion and wesmar rem-
przatng, Clow gute (Ror piee Tocpd, and 10 pesercedfalsence of o ol
wiin vl Breoltho wes vazcivded wo bave o negligibie ianpzacr oo W0
wgraArg fegm FVYE pogae Walier o0 o] 120117 wso zullisbed souilior resuls
brcm Richardszn ans Edeands (2209

CPPHER SO asia te s anly DHITE AL ASSESSRIEST
01 P TaRDma ey WORK

feveral argame conarmmanig non e Sy Seseri e liere iee beer foond
rugrling, o TYE pipe Seve-al of these oonlamingnis, sceh as plibe kies
e arspeefied, Angelme er gl 19850, Crathwne o ak, 199 Tarand,
2002, BRP (placcizes cocaecmle added Soring 20 pize manufacoans;
Eheedes cral,, 19800, TGERA (Grthaoe wod Wenren, 1980 Coathorne e al.,
19900, are ot regalatary intesest Jthercantammarts aoe likely [ubricants usacl
tor coanubfsenwing auch as laonc, ovnge, paleaieieic, palutic, steariz ac.ds.
Bengathe: 2ol end phervlacenldeaydo. and remaired in the pipe after woo-
cocron (rathores e al, 15900 Lome medece b sy degacdation. products
also clerearecl inclnze w21, aecanal, nacsoal, and decarnal (SE evre =10al |
2003E Cyclehovencne wees derecied by Boetoez oL al, (198173 and Hein: and
Tharcl (2007 anel 35 likely ceskhual solvont Ton Ge P resin, Bereotlis-
ol wngt s el laese byl plhcgahane (TCERY wene sepored by Cozchorne e al,
CLEOY, brad rlye aowece 20 thaese compauounsds wae nol ideazified in the lidoen-
e,

Crgams conyprand aelease eegoreed as UL concentration has o zlsc
Len dereoiel by Kool (2007 2pee Gonnan PWE mipes, nine day exposun,
= -'nE,fm-" gay, 23T anc GUCC, nd s 1O contribution wras caloalatod
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azegl onorepoered TOC resulrs and e 200 rallo, Kijun e al, (20027 oon-
cheded thay TOC soceniranwr was ol aiecied bae PYC wlzite amd PYC gray
(pizcs Al g shoareoxprauoe pend. Water cdor, faste, ancd lavor wers nos
Arbeoncdd v eovd Do TRoczn 2007 wend Teew UL (R e ool 20020, and
21 AvzraamosMNew Zealand CMaachesan and Mooran, 20040 YL pipes.

Basoed an the cureenr body of saence for conlarnnant nuipratios cn FYC
pize, sevcrpl maen deficicnoes [ivve Deen clenched, =irs some researchens
ched nor eopoe weber pH valies and amaomge “his base acarer ouslily char-
acroriets s wohlomatic for claen meerpeetaron, Waer pH conizols el
ml.'nplm:mnn lrelrnbysiz, @l somme esewrelens Mave sopgesied hal con-
RO NT I Eraiicn [ P I ailaas o “Anenecel By wane R Seownad, PYC
[rne climensicrs woere maey s At eesored g el ol Qs infoomation
prevents contamizant Aux caloclzbon omassasca-truek, Wiile resenrobors
SOMCtimes cemnit 1qJcnds concentanon, Sontarnant o valoes canmea
be calculated and compared cnoocher egaefsonaller diaoeeses popes it hout
lenewing the 2ipe inner disnoewes ons lenpih oo crloulms she SAM Ginn, Foo
alies: all PVC pipes, resesrekers did not canmersarer conammnant laacling
in the pipe before oo afler waing. absence of dis mfoereanmon pessenss
utilities, palzlic Seadth oihcials, regulators, and pipe csenfacnerens G one
dermzincing how the experimental resale relane fooaence] Zocicd saqaoe paaes
ancl thenr service conztions, For cxample & ches-iday, 30k, or Twioeedas
silacly ean vield oo aquecc: conlaminans data, bt wilhoc: kacmeiag il
soctaninant acizg m Uwe pize. predictiog the amourt of memal releascd
during ghe gommeg lily o the pipe or home different weater cacmistzizs atfger
raleage ranod e Cetenninel.

Alan fepanred were Wit cestlein mediless could prevent cocominan
ielenie e Ao Coanpimient 02y o calcionn and mapnesim] coaid migrae
s A, Whle Cese discorveesies ae nponact no fustiBeazion af chese
[alenZrnend weas provided e sosoet diva loct calions criggraned fiom B
cacts wseg dwring FVE candfactanag s likely o Iabricanis remainee in
The pc afrer exausicon and vaaucns bereeen 1% fermalationsfingredicans
could eesule it wieving dntauons of SociaeEnnant celewsed o donking wea-
wor. Fanally, repleate warialelny Omee andd standasd devictiond as we?foas
seibstical compariaong e anr comrnn s carneed ool Cledms U agueees
CONTANE 0T crcen e iend e cifTerent Gand worisd Dy only o fewe pgdl
representg, G e v 1w sanphosy should e sogpaoried by osiatistica | esting,
At al ohilfereners may oo ackibaos of aoaletecs] methods andfor inee=
sal replicate vasialality, Moech of the casting PV migration dale cannol e
casiy transkated toogtee IYE penes o wener QuAalite o periting corslons.

P TR LENED PUens anr: [IREI IR 15 0 e EXIR s Do T mhd | a T
MeRATIo DAt

apponcdiz Tahles a-2 a-3 an:d a-d were creured based oo e piobul Jers-
heon Toviow and recresen @ compeed Har of conannnsnis detected o1 aolers
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o eonmaet wath PR pupes Thess rables compare multiple pipe Gpos sod
mclode ol Euboratory s Celdd wesling esobs, Motmhle Zzhoratary st
and deficzencies in exigling Jata ol conmrainalion migrasion are eescald
RIS 3TN

I Frencs, Arseline el al, C1%E5: 19650 19863 investigateo ©henieal -
graticar lrern newe HOPE pipes. Tesling inclides 2 m acccoo pretinsed snich
tap paer COG Loard for 12 e Cled wille weater, caspecl, anel capeoseet for
Ve e levestiganoes duscovered duar the watess UV g absorbance neregaced
aloag wicth an inerrased abundance of lestones, zldehydes, alkyl phencls,
naphibgycee, gnd quinnne compounds, Moo jestibcation tor sslegcng the
206 ey weavelengeth weas proovded snd U eq is st commos for charcrer
g <lizscsled aopondc cortent ol naare] cned reated wsiers Cuncrcan Tabilee
Health AssacinDen, Anericinr Waler Worxs associalion, Weoer Frowvrnarrem
Fiederanion. 20t0 Mucheie acids sucly as 2XA acd EXNA Rave a maxinam
alwscnbanee 20 220 cm, anl absorance al 230 moe could repoesem the sl oo
der ab the 254 nm peals, LIGPE grawle saalking for 8 b oo el wases
also confhomes e meleass o addives acd additiee degracation peacdaces.
Aniler mpockme swocly component iecleded estimat:on of the expaooned
combuminan elense daranong A P pepe was reocztedly flushed ot weazr,
snler] ancl allomeed (0 soak o €8 L witli o 345% relia of 154 aefml Alwer
wearer sxponne, T, phieoul oonceniation, W cbzorbence, and flavor
cpalivy eof Tl wenre wecne mcasiaed, Fesalls showed that afier $8 e, 100
COoene TN B Ao cialely 1 g ban decreased wra value beovern
Fame 2 ngd | doneegg, subsegment Jhoszes Tl ammount of plienol Dmparted o
e water was clas loneeied by waner Tuskong 8 e/ after 24 e and 5 uafl
ob ond Sbexporiment

in Zenryurk, Forsluod (19910 also detennined that LOPE (7 brands)],
HIIPE 7 brancls), aael PEX O3 beaeds} pipes allesied weater gqualisy. Dipe di-
0aCALE were o raeie]d 50 canraminant Mos coulu oo e cileclates, sl
prifen Serinns wee e i lecl weimh clismillen soacee aind seere lell stotic for nine days.
LTOFE and FIDTET pijaes soons sioeccl @0 2370 wlie PRY pipes were placed o
A At ere, Atte thees davs water TOC levels fer LDPE ane HREE
Pipres weee bownd o bes =0 1=002 gl and <0100 gl respectively
Witk tac excopricn af en ELIPE and L2FL papes alter rane davs all TO0O
concentanon: wors <0l mad Al heee clavs, weler sty was statztically
strongerin LEEE gapes hs for contiod wirse, TOC cosloenlr- Suns swere alzo
suhstaadally grearer in FEX mpe weaners coragaccel e LD ane HOPE pipes
sfter chiee gy 1A= mags D wnd nme chaps 5 2—fa el Weater odor
and raste valies Tor MOPTE ol TREE wearers swere cleo signdicuntly grester
than contral wanes Thier of e ec PEX Teasds lad satistically signifcan
groatis ke saloes than confol wakess The agueows phenolic compoad
coengznTitizn Wid dalae quaniisd i PR Sipe waler as 4 sercogire for arins-
idant and arnosndaar degiadanns peodects, Flenocho concentration rar g
Froemn =2 3 280 0 gd], Sace teraperiune o known to acceloate coacimtinet
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mipriezicn from oobyomers into sazes, anclalavaed remseannes cin proroole
compound decompasition. Becanse diffroent wouer Femperannes wers sed
froz westing differane pipes. eha ncreased condannation of TEC, Lale, odor
valaes, owrever, canoor e comparest cli*wrly Eezrwrcen LOEE, TIOMLE, azwl
FEX. The tvpe of PEX aipo cxan ol (TEX-A L - o -0 weas 1o deseriloesl,

o Finland, Villoecg of al (199} idoentlBed companacts il migratoed
[rowe BDEE gramales £33 ghointo 250 ml water after 4 he a0 room =enpesa
e Besclu shoneed that B2 compoands, prirmarily nyds=oceibons and po
e orgrenice (ollelydes and getones: wilth molecaiar mass of 0 pdimal
M 182 Al nigreted from gonooles inlo ooter. Scoeeeal maoofenie g
Teppmeetucty such as ootanal (3150 ozl nonanal (40-220 ppdy an obes
cara] (30 pody as weell as ctlies smmall kenne comprunds wers Sesacned.
metivvlbetanone 01 -2 pedly dimetbylbulznons (3-8 ey, methy isabon
kemome 08 2 2 ng/1 roedyllbe placherone 11-4 ueel), Fopraaal JI0-50 w1
limeriylhexarooe 71-2 wdll dunsthylbe plerone (5 wad 0, and ool -
Nexanene (3 10 pesd1). While important, 1ese data reprosont HEPE granwes
ay oppescd o drnkdng weater pipes and e not ncluded in the Appoodin
s, 100 prossille conzennds detected Dere ey leraly degrade aneloz
g 0 Cna oS S esrnt el previousdy i Wl ceview) ancd doonot st o
Anlsiaedd plze 1ds alse masilile. de addition of processicg acsdinves qegh
e nce compoeand stability e, ancoxilans conld prevert them Fom
degrading) and contamnan mogranules could reraain in the pips after ex-
wagion. Further, HPWE gipe microsnactues may chilza fioan the graonle foom
anc microstracteen ditferences wmay snengey ivfieenee conlsmnoant s poct
anc releEse om polyrcTs B s

The nex dhree soodies describeacd svehansd ragmnsn from BE-zased
mipzs Pt nany did not specily the wepe of PR ezamesd or guendily coo-
wminanl concentrarion. Whale invesrigarers w00 cared el these srojzcls
clesipned heir stusies well, ahsenee of this aformation inhilis direcl com-
Aarisun of their resulis toopipes adrcady sstlled By ndides, repulaone lic-
L5 coder comsideration, ar the lieeratose. Ta Renmank, Broova et al, (20028
eaumined crganic compound migration Srom one FEX Sunspecilio:d). o
hzaods of MIZPE, anc one LOTE waies 2ipo. 1ec secnons wrees BLed witl
wrler b 3T el water weay anmlwesd sfar a seven- diy exposure ponocl. Ten
prenalic wog bioncdeeed allee] compovnds s deeewed, Bor nor sugntifedl
ne e entiaciant water, Fuspected antioxidant degracano: poodiers Yo merl
likely during pipe maoufaceane oolucde 4-zrhylphero’, $-ai-Taesl ohenc,
20 T30 24 DTG, 3 5-di-teri-hutyl-A4-hycosysterens:, 3 5-F-deei-lgyl-4-
hedmavbenzalelelyde, 3 3-di-reir-bubel -a-hydeosvacetoghencne 303 5.8
teetr Doyl 4-hwdrowvpneavl) melbylpropancate, and  3-03.5-di-fa0 ol 4
ypelrazypincee]) cwltivlpropionie acid. Howeoeer, ovslohoxs -chens, 1.5
Lisltmr-bunt), G-om, d-(-cartbox-cthvlidenc) was lawr correctly namesd
the caiicn kol Jewedeation srecluey 7 8- teek-amel- L-oxas aosolig) deca 6.5
dlicnn-2 Baliczie Ty Mieleernn £ al, (2003)
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In boraay skpeerak 0 oal 20030 ennmired (e e of nes HOPE,
X, and PV srinking canrer pipss or s Jualiry, Flpe secions ses
Bt gikect aben Allad wirh elig=inteel maren aocl Tefr for three clays an o
e prertiee e oo ey CuanriRed 2ol conmimmang wene speinssop-
ically ielensific b andd gecuprel inko six Classcs anmiosickus. esters, aldelivdes,
korones, werpenclds, anel araraes hdoocd:hons, Toi o -eighil conlacineirs
wore found in weatcr in contact wEth HDIE pipe, Smkn mo Bioesa 2 o
(202), 24-2TED wzs detegrad inoall samples znd s o Enosn degradation
procluct beoim ehe anocxclant rpalos? (68 Wauer oo cualiy 945 found
greaie: thar or ozl o a shreshold nelor moombes (TN s SF foure For
Ewve nf soven loaacds ol HIDPFE pipes, R coeapeanels tesse adennfec i
PRX mipa warors wnel cesic poesencs onel sorwcesnsibiom waoedl sigoiBcandy
besrweaan rhae mwees TR Gire: Pvanels resneed T anal W50 quanzing reocased o
watter chiving e snccessive st eciodds ses By congtam Jor the FLRPE
ane TN pies. YOO congisted wainly of oxsgeraics, hough several ¥WO00C
contributing compounds wore not Zenthed, MTBE was wdentfisd w test
watcr fromn REX pipes.

Niciwen el ol G2 2907 analvacel Shemical cagraticn oz gl
brangy of PZ ard PEX weeter cipes svadizhie w Denmack. Unfoenenaeshy, o
specific mppe of the PR mipoes anacveod Gep, HDEE vy WDER, PEY-A we
FEX-T ws PER-C) wvas ot repacred 50 ccschs anly have geamal valye Thies
brands of new FE pipes wese examsicad ar reom servsaesioone ot a nine day
reeviod wsing cistilled weater (Nicscnor al, 20087, Tvons bt shivd, oearer dag
remeved snd reclaced. At the end af each exposcre pedod, five ancosisao
depradulion compounds at cenocnlrzticn betovecn 0003 and 1.5 ugs| woee
deteciodd, with levels generslly decreasing doring subacguene cxpposy s, 2 G-
17R), Lai-DTEP, 3 5-di-ser-lo tyl-d-aydeosybenmnlelelyels | 3 2-cli-tes-lany] -
d-lredroxpacetophiencooe, ane 3-8 S-di-test-leyl-i-lyc reomphon g merhel
prorpasvale. Chewnical concencaticn varied basood on i Beanel of e
Resegrcho rs sesproted] ese compeaands seeoo anzioxicdar degradation peeed-
coks, 20-10TLE) 0% e and 2 A-0THT {1 4 pegddr ad rae greaoess comrn-
ealioms after Ueze coys, decreasing sitor nine davs

Mielsen el oad (2007 also invostigated chemical migralion Froem soce
con PEX-A and PEX-L 3ipes into water at roam termperateen ovee 1 cere -day
perict and one pipe was & mclilayes PEX Compoands dewcied wops 20-
T 2.4- 1T, 5.5-cli-terr-Dutyl-t-lepchosybenzaloehyde, 3,5-0-wrt-Tonl-
c-bwdronoyacetonnencne, 7 O-Ci-lenl- ulyl-1-naas pinocd, 3-decn-a.9  clien -4
Ciome, 3-033-cli- reet-Duty ~ L roxsphienyddy cnethelpeopanoane. Coneenre-
liors clotected afler each Gree-cay exposure pomiocd caoged] fieon 01 to 33 el
ancl e variazion was found across PEE beaocls, Alrer nioe rlays, coorammi-
naaky weere detectes i wators inoconiact with e of T seven PEX pipes.
2.C-DTHY concanlration. was groatest for cne pipe an 19 uaed] atma fluee
days, but didi co: docrease 2elrme 12 wgel after nine <avs. AR fune davs,
wakzr o thoee otaer pipos had 24-TTRO) conconmnnns 1angng oy S
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ra el Dithreces in chemical mnipration frem PEX cipes lizely relame o
[p2e grechents an o [Ecrormg ety

Az clegoribecl previacsly, Eoch (2007 guodilied TOC selease snd an-
PECT Or At s o seeeral e polviner sipes vhed in Semmany, Fae
Ty of PE mocs fwote] o maoe pipesy weeere cxaconiaed. Mullilaver pines
MEX-AL-T'ZX. TE-aL-FE. wnel PER AL PE aloog witlh standerd PEX-& aad
MEX-C pipes. Linfomuaarchy. tie mepe of 216 and PER palvuess oresent in
the malhlaver woagerialz »a0e 0ot iepoaned, Muolelaves pipes could bBe one
of thron nepas oF ormophinstico pyoes or one of theee types of tecmoset
[pes Lsoe linzrarase fovsgne, Flpu: weare ringrd s cercmenalized wator
then Hiled wizh extracsnr waer o sheee Zefferasn cooclitones for 72 | do-
ratio: TR ar 230 no cisinfecnnn, (B oar 230 wah 1 oegd e cilorine
cocertranion and Cob o GUFC oo clsintocamn A the endd of cach 7200
TEPORILS pr:rinn.'l. seatboer ey rerneswcel gl anadveod fon TG corcenirilion,
SO deecton of conlammants, and wanes ador sasessnsent Filty-nine
cortaminants wers detecied in werber dwe oo polvmer g exaooseoe and
arz listog in the Apperco tanlzs, 201 oo mdivsdual conmmmant eoneenira-
tiens were quantied. Afrer oonina-Cay xposucs cedod, @ e range of
saboulate] TOC relesse (DO1-0.33 neAde oyl e Foomel ar 2300 anad o
nuriber of compoands sere derecoced. Several rorabls contammaes de-
woled inclucle 8 crossling inilawor Cdi-ent-anyl paeowide] cosslmk -
tialor clegracation prodocts DATBE, ETRE), ansicxiclan deglaclaron oo
UCT a4 TXIGE, 70 ch-fem-boatvl-1-gxaspiralE S -doca-0,9 dien-2 B-biome, 4.3
ehi terr puntl - ralooeybenaldelovide), cesinfsrocessing aides (ioluene, bon-
rene. weieahvcrofurar). manclaciecne byproducs. solvents 3scd Sor process-
mify and naerarcereine and slor-chain 2lzhatic compoends e costaiaed
alcal o' ckehwde, el ketone Tuneticual grooms of unknoasn cmgin, Waes
delor mens alec & pnilicionly alected during e ning-day cxposure pennd anrd
greates oo cnnensny s peneally notived with waters sehers mcre con-
N wecre dhene cwed. Sonnmirant elease for e G0YC Esing s was
ol on these cestnn will o Lo Jiscussed Laecause 6090 D atvpical of
Roricd warcr Jistrizunon seanems

I rhe Undred Seates, Daeane 02005 and Cuaraed aned Caeteicly S2007
studigd she 7roe of odors geadiae sw2en ooe Zmnd of new PEX-A ancd
oac lraned of mew PEE R e seeen eopéaiedly exposed toresidual disiniee-
rant Chlovine or coelees cvoanne oncler satic conedions ol 23, ax well
as a 175-dey cxposimem analyzing wawe qualily ingsects of el zining
warerials, soveral aldehyrles, kemecs, Citers, wiumaiic acicls wers delectal
migrating Treom raci muievial, Lo ao ab compounds weie detectsd ineach
exlzacrant waler. Morble compounds deteced inclode: di-ger-Tolyl perox-
ide, Z-cthooy-2-mcthvyl [ETBE) propane, decanal, LA, & 2-cdiethoxy nonanal
peopanc, 1-cthvl =repsd avdroperoxde, butangic aoid-boatyl sster, o-ovlene,
Z-gthyl-|-hexrnol, aocl 2 5-dinethy] 203 nedanedic). ETBY was the =nly con-
FITIAEIT: ERar was quarnlieed, having comcenizalions sanging from 22 upd o
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groaw mhar 100 wgdl. FTRE vomcernnnn deceased will weredsed woler
flushing TOWC lvvels aerr fomndbng e 0,5 w0 209 cagsd cancentralson fus [IGPE
A TEX papess, medbh Al e grestbess T3C cong cnicanen Serected sier exposing
pei e e eliganboctoel marer, Commiieaan Bax cooled 1o be caleolatod begiuase
pipe T angd enpth dimeasions wons a0r posided,

Heim and Tdetrich f2007) exanuned the nepacts oF one boand of 2LPS
[ipe uzcd i the Lniegs Breocs oo watgt oo, CORmmnant nng:aton, -
halometnane fonmatinn, ancd disindocrsn: consanptioe. Fpn (19 e 100,
JFm ln:rng[h; s Mwshed vtk olisilleed menere b L -l fil=el seif®) -
e cancaining 50 s frea chlasine fo0 3, wnsd fushed aeain vt distilled
water o clivninane any cklorine reshihal, & syacrwene wp water Tplt 2.7-7.400
wal bhen acleled o pipac sesclions seidhe aedd ool el aed pipos
weire stcreed ot 3FC for 73-00 he Pigess eeces Jilled weatls spinleric e wa-
ter end draincd tero adddtionz] fimes. Bosclis shomeed that sanz was oxdil-
crcus, which implicd comtaminancs bad migrared o seane, D00 reloasy
veas 0. La prgern? b ahe wnspecihe exposuie densben prevenns caleulaton
o o ceterndnant flux Docrsssarcn-rime) MSometle cvasevenznts doneoted (o-
clede: paenol, baphonal (nepe wnapecifiacd), cerlneadecans, enadecae,
cyclokaxadicne. cvclnhexanone, and cyrlopesianone. Based on e per-
sonal cxnecionoe of the proscor ol oes cwrncneds HTOTE wai Doe maben il
cwuaminecl.

Tne Folowing EDANY (2009 descriplison & abbreoviatcel boccuse only w
sumimary of the resats is poblicsy avaiahoe. 16 sesponge oo dSwte of Cab
tomiz. phimbing coce concerne. 10 differcct bronds of new TEX puoe wers
tested in acvosdanoe withh ANSLTEFL Stwackid G <o cetenmine of MTBE aacl
TGA are 1cleased frome PEX pipes anc a1 whar rare (R1DAW, 20050 oyl
testing was concuoted for 10T days, the expecimaonzal sdecails (sadace areg
wler voloome, waler clange Freuency ! srorn o disclosed Steacdy daclines
in acuwenws MTGE and T concenimanions swas |."".I:J'.I|.lil1|"|2| By ET0aW (20040
Mor each PEX pipe, but concentration catn finita , dusing cxseimeent) was
nol provided, LAY Q2000 repactad that waless oo ennrct sl 10 san
pius were found o be atl or belpw the 13 ppdl #ate of Calizsrmia pimans
MCL (oo MTHE Sy day W anc six of 19 zamales cooched the 5 oepd] See
o Califueni:. secondamyy MOL [or MTBEE Iy day B00TEA sosulis sioged oo
nocietsclivn e 52 ugd] oo all 16 sampies after 50 dlavs, T is noreseosrlys
1 recopanics that e ack of deails nodthe PRAY C2000F nrwen noirs
Al incependeng rovicw of the data or imespoetation of whaee rhe da ac-
tually Imzhv, For ecampe, the aothoos did cor cdescihe aleorepe: of TEX
s exarcined (e, PUX-A FER-IE o PEX-C) o poowvidhe chentical oo
cenlralion Tesc s for e entire periocl. This omisdionn fdises Conesis egad
ing the sludy's completencss ane how data weens interproied, A3 explained
in the Imtrocluction of the proscnt weovke, cortaic oepcs of PEX ppes e
crealecl wsing ieilislor cornmpounds ar docompoass gun MTEZ. ETBE, and
T2 during manclaztore while othor PEX pipes are non eeeanad oeith ihoge
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compuends,. Tlos, repocing thal an anspecifiod sype of TEX pipe does not
comain MTUL, ETDE. ur TUA compouncls ix eara major dnding, vsps=cial v ¢
the investaelor doss ol cepoarl what tepo of FRER ke testee 8tadisnical cos-
parisong and mean and stancdard deviation aceeoas corcentiniann valoes
weere alsn oot repocled. The BEAYW {200%) report coderscones the noed foz
repeuTcliess g provids o detaibed accoant of the pobymer pine, cxponmenral
coaEliticons, ared eenulin 5o et neleypeercert validsation can e coodaceed and
rerully cine e inoorpuzaded it devision maliing processes by utilivics and
regn Baieam, W5l e BOAE stuchy Tikoely reqeined siwnifcaon Eoancial and
prjuipmel escurces i cumpletion, e sesoliing cepost does nor cnable
wlililizn ur regeslos W undderstand the wates gqualicy irapEcations of rhe TEX
[z

Wl condicted by Finell or al, JE0300 [unber underseores the lact st
if palyimer ppe oypes siee Lol re2oried, lnbomiory resulls tannet be directhy
anprael o cdpes bengy comsilererd by onhnes or evalonted by researcheors
1l eghibinms Thess 0o regearchars oo cied o well-desizoed sxaer-
it thal exntoted rae Dol mopenes and condauninen! micration of 23
ifferenn commrcicad vew TR pepe sacsles o0 4000, For migralion testing,
Joom leagrh pipes s omsced e S50 e Dwater ovpe and qualily not de-
guribedd, ther mengesced o TED il -l mimeal waner, ard Ty incwlsied
at G040 for 24 he Water wees analyred wo dosecn polveiclio argmane Faydro-
carhons and WOC=, Conmminants deteored in neaten wepe repartod a5 ug
chemical per kg of waser: seven pipes herene (000 ] g pes, Bve prpes
toiuene (35068 pedenl, and sewen pipes Cacrene 000G 000G ppfke) e
resemarchiers cepoctzcd hal fluorese iz 2 weel-knowa componest a7 carlaun
Blacs. o ke Dnited Males, carbor slack iz freciemly peessa o HDPE
waker pipes cp o 002 mexs traction CAmerican 3nceery frr Trating and Wa-
M s, 1100 Baciuse the PE pipe Gepes ssnrn oo clesee e, nesoies o this
wors cannol be divectly insecproted by ctilities, sepuoloters, o0 pulae bsalth
ufficids, Bver. while pize densily weas representative of HOPE manzial. e
pipe describecd 2y Ponelli el ol 20010 cocld he citaer a theswoglase oz
i theresel Dec se 1213PE resin is cascd oo oesmte bach macgnals, Sheon
el al, CEILD) demnstzaies o new pioneanoda] HOPE wod ANPE basasel PEX
Fopwae e weater pises can lave similar dersities, ber difesont connrmeeans
clillusicone characieristics,

Paocen 7w Ve poese) exacined  concaminaot omigsannn Fean
e hrand of LDFE and oo cramcls of MIDPE Zipos At ooom &am-
pEabng, These esearches dowested acd guantBed nemenois aorig-
tnit degréchinon scducn o omclude d-ethylplens], a-far-hurviphengl.
A TFVRCE, 24 DO, 3 A -luyl-d-hvoroaestysone,  §.5-di-rerr-brangl-
d-nyilmeyhengsldemede, b dack-fee-hoeoyl- - Ipdsonencetozhienone, 7 0-dL-
it o= Tetianpmoid, Slodeca -39 dien-2 B-cdiune, anc 3-{3,5-di-reri-lngl
cprosyphenyl i tiviprosaneme Eesulie of their work have beon paerial by
prVelishoedd o Mislser e al, (2030,
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PE pipe wato Gavor imgarcts aznd the connponnidds inmice PE pizes bave
Lren exeiningd Dy soweral Avsialian, Aanecicawre. Faifisl, aned Danisls -
semrchers, e cozpaisean v all 2% PV peipees thal passed the Asustralie o
Zealaoel drindsiig water Havor teet, Marcloesao sl Morran {20047 Lrund Jve
SF &9 PE 2ipes Rilech 1hat samee st Contaminacts hivve been exiraeted froum
cormunercial FPE ipes usiog Srgais ealvenn aocl deteowed using specttopho-
wometre lendfcicon mechods Canthotne el (13 carracted three PE
sperinnay gt clichlcromarang mcluding: 2 blaclk PE, 2 Tlue PE ond @
Lhie &3P K, Thea 125 sbhnsec thas ano? LI anel rpanos™ 1073 and
2 0D meese dletecte] and these (esadncin s proocsed oo™ 1014wl
Iegancx® L0760 degaded nre £0-DFTRC. Chleanfan eximstions comelucied
Lee Dcphuig of al, £2009) [o: a TEN-A jmpe revecled Iiganox™ 1974, 2.4-
DITEC el 24-30TET weone present woel e Sistrlation was lworogeneons
in the 1adial doection hur vaaed schetaanally o re locatudoal cirecuon.
Wikhin 2 o af pe leagth, anmeziclant weading, vared ooy L o 3 ek
Asle frem thesy sepored] exmadlions, past coscaclaons Live ool trocdly
-:|_|I:Ir‘|[1F|F|'1 sorenien ks rnhm Ve pdnes.

FEP AM12 (ZFFICIEXCIES 91 2 EXESNTING Dy

Eoszarch conchersd o Gress Boviwe peosdeled b oevse expoenoonzal ecal-
nanmy of oA Mg Toom a0 FRP OC=mhoane, 19 Preces of
newe aolwlosrerd GRP (40 om TN oand 09 v weadl rthickgss) wers senngmnsd
and prlawel in boFfeeesl cleiconiaed seee in e presence of Troe cloonine al
1 omgdl vaneeminalion Pwsosies rimes oo 240 98 snd % Lo b weeies
peheperlore seas ol opeoened, A onomlag s OF Qo s rants wers delected in
emractaat water axcr 24 hrocxpasies, and TN aniG ACCCUNT EXaE e
diluticn ratios, the ontfminsnT foaocntring: ) Darse ™o =3nnaies B2oa
Eali-seale pipe. PrRmeny comnonems dewered aie 24 o andd vl estimaed
fali-scale pipe concentrthions weore olrbahe acad esise (200 e dingthed
privzlalane J21 gy, bonzalichvde o4 g 100 aeeopline e O3 e grepsree
0.7 geg 1y, mnd TOER O3 pgdlh. Ocher conmprcls chereg=ard Tatt net opuenc-
Fod wore dislkoxy phthalane caber, civend plhrhalar lsn caled QO ol
DIENY), heazoic wciel, nonanos, 2-etheyl hesseaic aeel, o] moed kg
isoimners nlth colecilar mass of 240 Aol

TF17T1IRE CTTALLENGES
Sauve of Carnlbiwnsits

Tac more than 1) publicly aveitable scawges compiles and sevistesd in g
prosent weors indicare thac Ll s kaceen cegarding cortiandaant mraticn
b pnbymer potabile warse pipe waxllwicde Few beancls of polymer pipes
hawe noer reared and correminanm derscsend b wasnee ane chme 2y reled e
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Calygaly Lotciiptle of Dempannzls I garalizn
Laregany | L mrenced manoreer and resin Corpodnd sadod mopipe duriog
s nefLEne
Cmegany 11 Arlelivives suck 34 an-lojaras, Coreund sckked toopipe Do
slamilixers popzresar, 1 ALl e

ibricans, cLnng s,
coosslinking Jgens, Aames
iehiedams lillers plisiizizer,
ISR 2ELND, solvenls
aileszoary 15l Sruker walymier caaine that in Fermred bor caem 2ol coacticea
aeveril lave cocvmen Boicarzl s in the mesenial
Zuompx ronlain’ne acenhnl, rhn g v A are
el nelebpede an:l
carhosyiic acids

Caegim i e greakes denivalive Fearredd by i mal mansigss
lll_'l_.::_'dul.i.l.z-:'. ooodiey af decing qpee maanf e,
mprcilicnla IN-I'Pet OF 0 Warer

the cownpaowee s vssad o crgare 12 polvinse mel the pipey” processing condi-
o Crbde T Soeeotter, fopusn s Gonlemnsnl concentraticn depercls noer
ety e e Eiril coEntmnann odoe aod pusemer snivcostmacture ino e
Rtk sl e ige aoeface Brequently cveduoked i e likeraiore is thae
CONANTALAL SN ann 35 srangly ceiluenced Dy migretion test oondi-
ttons (o.g., pl temporanues, SR o Jeml e W fnEe, SASN e,
acquenns i lowzls, and conrmamants s Sehubadicy) Future ineesgatoss
should foeus con codorstanding contaminant sodading mobe pipe as weell 1y
the influence of weorer quating ancl cmvormenrs” s on rpereicn.

Jased oooche clars covered oo e Reeane e the Appeadis -
lles deseriba zhe similariies ard cdifferenoss Demeen polyzer ape vesten s,
While chese rehles incheio Tes of conent ment ntonea, e seorce (pipe
rpesl, wnd coanby swhees the sty weas corducizd), e sueirmioed dana
ido not diftereatiote etweon conlanzitant: el cazced o popes ceaulactacd
by fitftereai verdeors o diffcronn cownesos, or Zosoribe The conaminands de-
wcledf under differen? orater cornditions (cop., wmpecataze, pFD L some
counlziss, unily eng e ol pipe foom ons vendar prodeced cunng o soggle
wen bios been anmhvred o dale Jen, HDPE, PFRS-A PEXR a0 ke Lncoed
Sawegr As o orcxul, e Appendix whles ealy conoin dhoe foae s sinple
saraple even chowgl: there are ol ple sannlaoiers in the s §oes
ianid world) which cxe different ingreSionms and nonofarnring sigeesies Tor
thenr spRecific pipes. A oo inoormation beeomaes availzhle, Appeacto wlsles
slianie eccme nxultidimersional o socsanl for vanzbhkte teithne matereds.
coanines, and wvaler cealitics.
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Feat prwn seseatch hus feoused on Celecling conuminants inowaner,
wed il less ot Teas focused o ceantilving conlaminact cosoertrannn Con-
Tarndienl detectioc is imporianl. bol wazer ulilities, public kealth offcias, el
teprulaters canmol undeeitans e conlext of 2 dececreel crnsaminaem wa e
Fncrecinge g acueons concentzation. More offet manst ke mache moenues
uldigied, reguadatons, and beall cffcizls srith aqueous concenteation: reesalts.

Lrogpare e Sl Ul centlacunant presence and |oading (mngeka pipe)
in the e serengls peaverms e ot graantity of contaminant that is avei-
alabe o Teach Moo Cae ez, few eseareliers love coantibed contaminmne
hzadirag and distileicon io the pipe. This ook el prior eeork ooy Te dee o
e clilfcalny o absenoe of inctzodogy foodezecl ane quantfy small qoar-
Rilies o contemirzn i solicd polyoers with good acouracy, The lismeeeane
cleacly deansnstzies nunerous nvesigalers do o corcgniee te Sunda-
mental differences berwcen polyiner pipe poopeties, ingrediceniss, e Fow
reef conditions may nflueaes coatuminanl cuigeation. Failurs to wnderstznd
these coreepis Das sesulied in the exisling mecelarsy of pecr-reviewed dozg
rhar zen informgtivge, bt have lnde compurative valoe, Existing data cenner
ez ugedd oy wnlivi=s, esearches, waal regeiates o dove compEwrison:s o
o e s reporied] i e lieralune, wr even wesls ol inrole Gie sanc orpe
o i, Added ool s s Jack of o Feduisenal ancErstainding wooar e
e Acuny et condeol e imigration of conaminants from sha macns
e orle expoeed water o vacl polviner (ppe Ceg. waler sowabiline, 1womw-
EOrACIG, TO0GONNALL Coacenieanon, polviner worphalaey), Withowr sach
craental dara, o comgnelenave caocdel o comiuwnanl releass from cach
tre o pipe canan e developaecl,

Fowwevestc]l snncdigs silan shoge thar soveru] pipe matsrials snd contacai-
mAnts avie Deen ovesigaieel eoee Fequently dene othess The ramier oo
COAILITIRARLS Asses el narls 2acl e Jowss vl Sadicale 1t cerlain msse-
rials Jesteh lessdrwe cormianes thar others, es e gpeopoanely jden-
s which peces aees ancl e oo Taeer hercuphibe studicd, aced waich
vuatdnunents have poce cecencd acoantonuliiple pipe wyeees. Tables 508, wnd
0 end those i the Azpoadiz pooelds an averviow of the pellished secrk.

Coneytng] Mol

Rovied o the clare presenced T, oo poosoes 8 conlanmuant mierlion
concepraal sl for apesd polimer ppe (Figone O Fulioe work is oeedes
T quaniity ancl maalemenleally moclol there plasnorcera, 2ol 1he pro-
P il fon ageel pipe %eas o lod anpechere i e likesature, Toe
reelel cansieless e bacs than sesms used o Gbricate pipes generads con-
fain rasidual wonoemes and garmally eeacroel molecules, Anticaidants zod
crher adeitives are alren phivsically Bleoded oo the foonulation to a:d e
Penesang and entance pipe sicperies, Soroe addives anad lows molecular
gkt eweeniles Dely nedeegn thenmal osdcative depradation doeieg, pipe
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FIGURE 6. Concaptual diagram showing the fae of comaminants from () new aimd T aged
polymer petable water pipe. Part G2} contains the mocel historically sppfied for contiminan
migration investigations. Bazed an the present lieraurs mvlew, we propose () the more
coatiplicated mexds] that inchuches an cxidized ppe surface and hiofiin. The indleence of these
phenomena oo migmtion has not vet been ehecldated (Color fgune available onlinet.
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provess ad maye luoee an effect an the icarncns arsesr cenem:eaans and
clizinfooiante, 2y signiicance, howeever, has pemacly gones ansog sl

Wiee Also propose thal conteminanas rhas migrsie oo the pedvnes it
waler sre homogenencsly cistrinotoel 0 ohe Sipe, clostergd pear the jape
surfuce, anofor there may be & coacenteation gadkier %ochin the pepe weil
This postulation b sspporod by the i whons Conmacast meation
= greskesl during the initial weator expasune period, and decronscs aftee his
raal perod. Wode cenducted by BE Gongrich m the 9705 faopaned
Whis dzsrribeativn phecomenon e describe YOM asdgrnion from uBVC pipa.
L similar wors bas nol besn conducted Zor oraee cobpaer plee srsems
ar corlaeinats, The exacs dedniticn of iaee] seood) bowever o il
woclofine as past dpgration siudizs apolicd Siffeco soposore imes 71 L
o prreacer o Lo years), and crinking wearcr scpulariong can e ascd o
Laog-renio exposwre (700 vears), Dafmmoracehy oaeb o rthe snoes suannenioz:,
e Uus pevaew only cepresent: wegraticn testing nesaled for gewe polvioes
PIDEL.

Finally, o recent study nas cdlemonsteated thar contamiaans (212 1 nen
rclyroen pie ey sl represEnl IR (PACROMmCLan 197 G00i s i1 ekl
drindeing weater clizicibotion sysiecns. Polar consozirsenes d=Ehosedd 9029 5omeo-
ol ol HRPY pipes bzt had been exprosed o colnmeaoncd sankfoxclized
in coqnpasison W odillceicn Goom new FIDPE pises SW0beleen oroal | 20100
Tomne gl peipnes bl poder cechonyl foocticrzal gronps (=0=00 om rthe
smiace Tas cle of aginge on PE pipe and athes matcrals most = bespe-
udersirnd i orcer for sqaner utilities, sovircnmeatal ernginecrs, an< poblic
heali cficiels w Lave ascusale contuminaat ez madels ard calth
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The Role of the Giofhre

Some studivs have wodicated that Béodian licing e mienar pipe wall can
oflel cuntaningl migealion (Richarvelson qid Echwarids, 2000 Slevoak ot al,
050, Weagh the seale of (his offorr has roc Deen 2eel doeameried., COber
rescdanch has alsc shawes iler hiofilma cleye anooopormne inle o drinking
waler cuitlity and can proliferare on ainlymer pipe sarfcss in buried waler
distritraticn: sysrenys (Campaer andd Tones, 2000, Lelirela e 2l 2004; Mol
snd Maksla, 2004 Melicngoe of ol |, 2009 Terorancva, 2000 ¥ 22 al. 3100
Fucther reszurch shacld be conduieel e csamune the rele of polyviner pioe
coataminants oo sichlm fovmerion and hows uofilm fermation «ffecls con-
Luminamnl megration from the pépe wtg wanee. Becavse anrupm moleccles
are o moctl sonce af food ber argaosm grovaln, e saspoct oofims ool
dicectly aflhuence contemszns e throogh memabo’ e, coosfonmation. oo
reresicalie secebe ramflocsoase theil e pesicn +poe
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W e ctvnmsurncaEne Nrigrion o gl pipe is greatest during <he initial
BRI BRI Cericl, s’ miesTigatons have e ceslain crganic andd
imennle crwmtamndants conmce Monggae aul ul in-serviee PV pipes
mpreled Fod 304 veavs T sems stawemel caomesl e staed Tor PE-based
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o lanmiceil wag i e St ioeaeraes PE ased siping, Most recenby, Doep-
arg (2003 ealailared chemice] ffmzon coetfingans oe additses and ther
dagradacion proadoecs in HRPE Sipe and prediceed that “hese comzounds
coulz migraw froey HDPE pupe bor (74900 weags, Wale 3 kboge unoual of
conteminant mav oegrate ionc elnmkwn g weate- shitriong rhe Iringl wanor expo-
muze period, cortineod mogranan SF lesser araenz o ropraminant g e
expecrod oves the marcrial’s service lifi.

Comawicant clinking weaser conccmmtior wall vary Dased 0a ppe ser-
vice conditicens ancl cver Betweoen Jifm vl s showe Ty The Timidied
prhlihed data. Aqueacs concentsabion i FEeoed by weores demmed  Llengihs
ab sercerlic. pipe, deazdl-ends, and the pipo/water SASY raen CanGamnant
Hux imoss surice arca-time) tmea lab- and ficld-reames pipes o vary 504
sarvially. wngl while one cenleminenl oay be foung oegrnng e one
e ol epe. it uy not e detected beiag releerecl oo o dilfersnn ape
(bl B Talde & eesuls clearly showe testiog the =ame name nf nipe teg
FUR e a Wierneapeaslic PE) docs rol gusreanter 1 wond soprescnraiion of
e cled aracnms contamiant concenteation. At preseac rhe wEer indi-
1 clees ey cederstand contaminant snigeatan variabiliey horweeen oiffenent
wands of the same pose Y.

Brevaaze sqier chanlsiry can nnluencs conlaminant reloase traom some
peobprner prguss (o, leacl fecee W), ciempes 1o drinking reates gualicg
wiiteaier] Py A earl o gchieve unhty epulaosy connpeliaree coulel s in-
LS s O TIand e D rEaAanion. Fon exenmele iz e T30 inany 12,5,
watner vl awearheed roem waing es Chilowine o aoresicaal disinfeciant o
el Chledg e an crforn oo comply willy the disinlectanllisinfection
Ayprocuct whe Coesegquenoes o e switen, Jeesccver, coanped drinking
warcr chemisy and 1lws oo warer charmsrr Gulsed exiessee lead leach-
i breminstalled lead weatcy pappes LEdweurss o0 a0 20080 I w possible thas
TS CRANIEE TO WENCT chMsey b Sespoass 1 hely Sorepeanoe efforts
corald alser affest conmeminanr imigrenem fom aolymes e

Crpuimize Material Menubzoreing wo Tedwong Migraiion

Kewinn aed pooe snanelactaress could smoke decisions oo oroelu e clemticul cw
eratlione liean el moudeneds, Firsl, manuZacteeess coulel considle- Ireariag fhe
iz after calecsion. Treatinent cockd simphe aeeaboe nnsing the rreim e
surzace Wil il i weater g8 Bigh tarhalerce fns 4 he (Resaalsiy B oomizer =
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azpantnacly vl Calesdy e frace compounds ol would haee altimarely
leen released aleer dnsallatior. Dl would not necessariby remove all sar-
Mo cortanninant weddor would not ceinove contaocizancs chat arn locared
deeper e e 2pe wall which would migrate out during the .oog-serm
Mo aeches weeme [ooand il evaluated e value of fisiog on 2 pipets ong-
e conbiimdml reerase o incladad quannBoalion of contamonant loed-
mgon e pepee before ard afier ninging  feccly, exposing the cntire pipe
wall o s0iwent For Conerrtuanl st wonld e opalirnuee, Bt sobvent
ENRPE0IE WAy Al pipe necloodca]l peclonnonoe, possibor leave ezsicual
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standprnmi.

Faunan i it pood aation pecsaective, conlziminact migracon el be
reduced o moimally selectlag an ootimized loading of additives ancl process-
mg condinmm:s Thess selectons couel 201 coly zremels desived sroperlics
veops, crosslinkmg, seraoe Gfel Dun also aniniimies resicuyl compounds chat
ceatle] smggetne Froen ce polyewr o dnnking wates This conld oo considence
AogreEn sneispy oF chermcal vsnps was educed ael he mojor econom:
Leefirs of Mhis riaterial design sirepy would e adelitive ns enengy cost
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Reprnlmtisee Zonpaliezalions

OF tac more than 150 contammanes that Lave beon fowwd migmaling from
[ralymcr pipes (e Appoitix), severil wirsgalsoecd copounds ure koown
nr potenrial enclos e dianipoons, anel orly Fengeon contaemnonis hasee ox-
isting ov peaposod TR dinking weate cegicargn ¢ imits, uz bave limits eocler
consicleration (Talde 31, The Tanial Davicmenta] Frodection Agency ic-
stimnreel 4 mrevisiomal 20 0 pd deinking weancr coccenuation for 24-[3TET. a
Yacwn pohyrer pipe soficxiclanr degraczroe paochuc (ieloen ot al., 20050
Acdtherigh o 1058, dienking ®uren standand castn B this cormpound nor
tais conpeund listod ar the CCLS o 13 Sowg mewstorsed a8 wa unreelaszcl
conminent. To dare, gore pehyme gigse Jeld ard lhboatery stedies bave
been cnoducreel in Tengask thae any ofder <ountry. Dhirectly wns:ating
Danizl: results e Tlainesl Srres s Sf5enln ecease chlfeoent pipe brends
fand canufacmreesdfneuclanoosl are usacl i BT SOUARY, etons surne-
tines 2Zig oor cescrbe pipes epas, and evperimearal oonditioes were ol
woll described

Fuistingg staze: rlainkirg wasvr wepulanans of Caliluznia znel Mew Largs-
shicz s well as propeesed 15, fesdenz] diakdng sater regeltions fos G013
contaminants andaesc e 2 ndanental delciency oF AR SLANEE Standird 51
fTazlc B ANSLER] Smncacd &1 25 resules for eortilisd matenials represent
shazr-tona cxpasurd el are rol 2ubluhy svaizble. Moreover, ARMSIAMST
rRzing i haked o chankangg nrare srandarcls i 2laoe a1 the tme of testing:
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