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Susmary

Potable vater pipe made from GCeon CPVC compounds frequently contains more than
0.5% of residual carbon tetrachloride. It has been shown that a portion of this
“solvent” will migrate into water vhich remsins ia contact with the pipe.

Atteapts to determine the migration rate of the "solvent” under specific con-
ditlons have yielded {nconsistent results. PFor exzample, extractions carried out
in an oven indicated that the amount of carboa tetrachloride which aigrared (nto
wvater did not depend on the smount in the pipe. The data also suggested :hat
reducing the temperature (from 160 to 140°F) enhanced the migration. However,
there was avidence that the pipe wvas somevhat haterogenecus and this probably
influenced the migration.

In other extraction work, e temperature gradient wes maimtained across the pipe
wall. Under those conditiocns, smaller amoeats of "selveat™ were extracted and

the concentratiom im the water desvessed vith iatreseing axposure time. Appareantly
soms of the carboa tetrachloride reacted with other iagredients ia the sysiea.
Obwiocusly, it s not possible to predict the comtemtratioa of fugitive carbon
tetrachloride.

A typical CPVC bot water system vas installed to previde “real-1ife" samples.
Temperature ssasurssents demoustrated that the CIVC pipe ves st aa elevated
temperature only a smsll perceatage of the time. Asslysis of the vater semplas,
ccllected over 2 9 veek peariod, chowed that abewt 0% of them comtained mesasuradle
amounts of "solveat”. The ceaceatratioa veried widely dut in ¢ random pattern.
There was evidence that wetsr trepped im certaia pertiocws of the systea contained
high coaceatrations of carbom tetrachloride. Oocsesiomally, some of that water
aised {ato the sample snd caweed the amalysis to be wasxpectedly high (O 100 ppd).
Presumably, that would also eccur ia sset existiag systems.

Coasequently, Lf the risk of carboa tetrashloride migratioa is to de reduced,

the amoust ia the resia must be grestly decressed. Although no acceptance criteria
have besa establisbed, it seems libely that the residual carboa tetrachloride
should be reduced from the curremt lewels of about 3000 ppa to perhaps a saximua
of 100 ppm.
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{ntroduc

There has been concern about the possible afgration of residual CCl, from potable
water pipe fabricated of Geon CPVC. Last year, samples of water were ccllected
trom operating CPVC lines {nstalled at various locations at ALTC. Analysis of
the water showed that CCl, was present and that the amount increased with louger
residence time(l). Those results confirmed that aigration does occur.

There is no criteris for an acceptable level of CCl; in water but ir is zeaerily
sgreed that it should be less than 0.05 ppm. Extraccion studies nave i-m>rapcar
that amounts far in excess of 0.05 ppm will migrate under certain conditiors -/ .
Those investigations also indicated, as expected, that the amount of CCl, wh:ch
migrated increased with higher temperature, longer extraction time and laruer
surface-to-volume ratios. There was soms criticism of those studies because
sections of pipe had been {mmersed in water and {n normal use extraction :nuid
occur only from the interior. Irrespective of that fact, there werr a nuuber of
ifnconsi{steancies in the data and therefore it was not possible to develop a
mathematical relatfonship which would predict the migration of CCl. -

Subsequently, sections of pipe were filled with distilled vater and stored in
ovens. Periodic analysis of the ssmples stored at about 105°F indicated that

the CCly content increased with time and the migration rate was similar to that
observed in the earlier extraction work with immersed samples. HKowever, unaivses
of the pipe samples stored at 180°F were confusing becaure the CCl, content reached
a maximuma and then decreased with coatinued ntougc(". There was speculstion
that the loag term decrease was evidence of & chemical reaction involving the
CCly. The disappearance of the CCly was studied (dy G. F. Saith) in a series

of experiments carried out in glasswere. There was evidence that CCl, had reacted
with the brass fictings used to cap the pipe sections ¥ Obviously, any further
investigation of the migratioa of CCly should not bs conducted in the presence of
brass. The study indicated thet CCl, did not react vith scainless sceel.

It was evideant cthat furthar extraction studiss were needed to define the aigration
problem and clarify the coamtradictioas in the previous work. This report describes
the additicaal work, )

Experimsagsl

Most of the previces extraction studiss have iavolved fmmersion of pipe sections
in vater and stetage at 100°F. The migratioa of CCly from potable vater pipe

is our main censera and therefore it wves decided that any further investigations
should more closely simslata that aspplication. Coaosequently, in this work we
vill extrset caly from the iamterior pipe surface at somewhat lower temperatures.
Of course, in actuwal systems the wvater is ia coatact with the pipe for va',ing
time, dependent om specific use conditicas. It is difficult to interpret data
from a flowing system asd therefore doth static and dynamic systems vere planned.
Each system is deecribed delow.

Qxaa Inata

As already mentioned, in the (nitial effort to extract from the pipe intertior,
analyses of the vater indisated that the CCly coatent decreased vith {acreased
storage time, presumabdly becsuse of reaction with the brass fitcings. Neverthe.css,
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that experimental arrangement had merit and therefore it was modified to elimlaate
contact betveen the water and metal. This was accomplished by machining CPVC
parts to form closures for the pipe sections. Septuma were attached to the
closures so that s hypodermic needls could be inserted and water removed from
the inside of tha pipe. Figure 1 shows & sketch of the arrangement. The pipe
samples selectad for this study (163+17-3%0-1 and 163-17-50-2) had been ex"ruded
at ALTC in December, 1974. They had been stored at ambient temperature (Bldg.
427) prtor to Lnitiation of the extractioa study (Moveader, 1975). The pipe
sections (8") were not cleaned bdefore being filled with distilled water and
stored in a constant temperature oven. Periodically, samples of water were
removed and analyzed for CHCly and CClg.

Hegt Rxchangey Jeety

Of course, in normal use the pipe in & hot water eystem has a temperature gradient
across the pipe wall, There wvas some speculetion that this gradient inf.uenced
migration of the solvents. Therefors, a static test arrangement was devised to
simsulate the gradieat. This experimeat was described earlier(5), but basically
it requirad the use of mscal eowpaun to cap the pipe sections and supply the
heat. Since the previous work(#) had shown that stainless steel did not react
with CClg, it was used for the metal parts. The end cape wvere drilled and tapped
so that tubing (X") could be extruded through the plastic pipe. An external water
bath was saintained at an elevated temperature and this wvater was pumped through
the tubing to heat the water in the sannular spece (detween the CPVC pipe and S.S.
tubing) to the desired temperature. Thermocouples in the static water and on the
pipe surface were used to record the temperature gradient. A “saddle" around the
plascic pipe held a septum vhich peraitted sampling of the water in contact with
the CPVC. The experimsatal arramgement ie showa in Figure 2. The material used
in the heat exchanger experiments ware the same as thots used in the oven cests.
Samples, about 14" long, of 163-17-%0-1 and 163~17-50-2 were {nstalled and main-
tained at temperature for several daye. Water samplee were removed periodically
and analyzed for CHCly and CCly.

Simalaced Hot Watec System

Although the static teets deacribed above ashould provide data for predicting the
amount of aigratiag wader a given set of coaditions, it was decided that water
from a "real-iffea” system should also be analysed. Consequently, a "typical” hot
vater systom wad imstalled aad operated on a echedule vhich presumably represented
the hau’ of s &-asmber family. Although this system has been described pre-
viouslyl®), cthe esseatial details will be repeated, for convenience. Commercial
pipe (1/2" amd 3/4™ CYS) wada about August, 1973, and fittings produced about

May, 1975, wers obtained from Cemova Products. The systeam, which ves fabricated
from these compomsats, cousisted of approximately 32 feet of 3/4 {nch pipe and

46 fect of § inch pipe (see Pigure J). Solemeid valves at 8 locations were
actuated by timers which allewed flow to the draim on a prearranged schedule.
Orifices dowmstresm from the valwes controlled the flow rate. These facts are
tabulated below.
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Rate

location  Reprssenting  (xal./drey)  [Frequency  Iotal (gal./day)
1 Bath #1 Lav. 1y 7 104
2 Bath #1 Show 10 1 10
3 Bath #2 Lav. 2 8 16
4 Bath #2 Tud 15 3 45
5 Laundry Tub 20 2 40
6 Cloches washer S 3 15
7 Kitchen sink 1y 19 28%
8 Dish washer 10 2 20

It should bde noted that about 1835 gallons of hot wacer was flushed through this
svstem each day. An clectrically heated hot water tank supplied the systea.
Thermocouples were located at 6§ points (see Figure 4) so that the temperature of
the vater, pipe surface and ambisat air could be recorded continuocusly (3 a.aute
intervals).

The installacion of this system wes completed ia early October, 1975. During the
following mcath, {t remained filled with wvater (at amdient temperature) wvhile

being checked for leaks and adjustmeat of flow rates. The system was then given
three S5-uinute flushes with hot water and placed im service. At weekly intervals,
vater samples were collected at sach locatica asd asmslysed for CHCl, and CCl,. After
9 weeks (about 7260 gallons of water flow) the experimeat was terminated.

ln additioa to the hot wetsr aystem described sbove, a secoad loop wvas installed
for cold water. This consisted of abowt 135 faet of 3/4 inch pipe and 14 feet of
% inch pipe. The solesoid valve oa this loep eperated at the same frequency as
locatioca #? oa the hot water system. Thus, flew through the cold vater line was
about 28% gallocas per day. This loop wes sampled and the weter analyzed on the
same schedule as the hot watar system.

Discussion
Qven Tests

The pipe samples weed in this exparimeat coatained differeat smouats of residual
"solvents”. The qmple identified as 163-17-350-1 was dased oa our stiadard CPVC

resin (60315“) . @ “stripped” resin ves wsed {a 163-17-30-2, The residual
"solveat” levels Wesw
ml (ppm) Cly (ppm)
163-17-%-1 172 $179
163-17-50-2 1% $70
End plugs 23 5663

It wvas expected that the CCly level ia the water samples would reflect the nearly
10 fold differemce ia CCly content of the pipe sectioms. Perthermore, since the
same vater remaimed ia oceatsct with the pipe throughout the experiment, {t would
be expected that cash suscessive smalyeis (vith Lnereasing extraction time)
would show inarsased ampunts of reeidual solvent.
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{n the f{rst trial, the samples wers stored in a 160°F oven for 1 davs. ‘he
control water containad no CClg, but aftar contact with the pipe section tir oun
24 hours analysis showed that water contained 800 ppb (Table [). 1 ere wern

furcher Increases i{n CCl, with longer extraction time but the migriti<n rare

vas much slover. It required 9 days for an additional BOO ppb of CCl, to -igrate
into the water. It should be noted that in some cases, water sampics aniiyrzed
after longer exposure time appeared to have lost CCl,. Subsequently, the con-
centration of CCly would then increase again. It {s doubtful cthat there would

be intermittent leakage from the system and therefore {t can be speculated that
the random discrepancies are a reflection of overall sampling and analytica!
errors. A plot of the data (Pigure 3) suggests that after cthe initial su:gep the
migration rate of CCly is about 3 or & ppdb per hour. It wae surprising 'o find
that the amount of residual CCly in the pipe seemad to have little effect on the
amount of CClg which migrated into the water. At least in this experiment, re-
ducing the CCl, coatent of the pipe did not dacrease the amount which migrated
into the water.

In the second trial, new sectices of the pipe (163-17-50-1 and 163-17-50-2) were
filled with distilled water and stored im a 140°F owen. Water samples vere re-
moved after very short exposure times to determine the initial amigration rate.

The extcaction ves coatinued for a total of 15 days. Analyses of the vater samples
are shown in Table II. Ouce again, a fev of the samples appeared to lose CCl,

but in general the amount of CCly which migrated increasec coatinuously with time.
The initial rate (first 24 hours) at 14097 appears to be about one half that at
160°F (see Figurs 5). HRowever, the migratiom rats at 140°F during the cemaining
extraction period is actually greater than that st 160°F, It should also be noted
that the pipe sectioa coatainiag low residual CCly (163-17-50-2) lost as msuch
"solvent” as the sample which comtained nsarly 10 times as much CCly (163-17-50-1).

The observatioas that:

(a) cthe migratioa of CCly at 160°F {s mot linear in short time
intervals

(v) the migr-tioe_rate at lAO®P is greater than that ac 160°PF
and

(c) the smseat of CCl, which migrates is not dependent on the
residual quantity in the sample

are {ncounsistent vith expectatioas from diffusioa theory. There was speculation
that ths {agariot surface of the pipe wes not uniform and that this led to the
anomalows reswits. It wves postulated that the lubricant in zhe compound terded
to conceantrate ou the iaterior surface during extrusion of tha pipe and that CCl,
was trapped in this layer. As e result the extraction of CCly from both pipe
sections would be relatively rapid and not {nfluenced greatly by differences in
the pipe wall, If that retionalisation were valid, then removal of the surface
layer bafore extracting should vresult in (a) decreased migration of the CCly and
(b) differeaces (a the amouat of CCly which aigrated from pipe sections containing
"high” and "low"” levaels of residusl solveat.

In the third triel, spproximately S mils of the interior surface was machined
from (6") lengths of 163-17-60-1 and 163-17-30-2. The machined surface appeared

o ANVRRD

£006G22Z



to be as smooth as the original surfaca. Thass sections were capped, fitled wich
J1stilled water and stored {n a 140°F oven. Water samples were removed after 24,
48 and 72 hours and analyzed for CHCl, and CCly. Comparison of cthose resulrs,
Table Ill, with the corresponding values for the pipe "as extruded" (Table 1)
Jemonstrates that there i{a {ncreased migration of residual solvents from the
machined surface. The {ncrease {s greater for the pipe section containing tre
larger amount of residual solvent. As already pointed out, when the "as ex-
truded” pipe sections were extracted nearly the same amount of CCl, migrated

trom both (Table II). However, wvhen new samples were machined and then extracted,
the amount of CCly which migrated depended on the amount that was in the pip-.
Obviously, the pipe walls are not uniform im terms of CCl, content and {t seems
inevitable that extraction rasulta will very widely. Thus, it would be very
risky to use such data to predict the migration of the residual solvents in any
use application.

Heag Exchgoger Tests

Since the pipe sections selected for this experimsat were the same materials as
used in the oven teats, it was expected that the extraction results would also

be similar. In the first trial, the pipe sections were filled with tap water and
extracted over a 10 day period. The wvater temperature ves maintained at 160°F
and the resulting surface tempersture was 123°F (vhen the ambient air temperature
was 79°F). Thus, there vas a 35°F gradient across the pipe wall (80 mils).
Analysis of the tap vater (comtrol) indicated that it contained 79 ppdb of CHCl,
but no GCI‘. Periodic analysis of the water samples showed that the CCl, content
was at a saximum after 1 or 2 days and then decreased with longer exposure :ime
(Table IV). As noted cntlizs a decrease in CCly with increased exposure time had
a2lso been observed at 180°F ’. Since there was no brass =metal {n contact with
the water in the current study, the decrease im CCly can not be attributed to a
reaction with brass(4). appareatly, other chemical reactions are occurring. This
heat exchanger experiment and the previously described oven test have common
characteristics. The same sateriale wers used i{a both and the water temperature
1n contact with the CPVC surface wes the same. FHowever, comparison of the data
in Table 1 and Table IV show dramatically differeat extractions. For example,

in the oven test after 24 hours the water coatained about 800 to 900 ppb of CCl,
irraspective of the residual solvent lewel in the pipe. Howaver, in the heat
exchangar experimsat, after 24 hours vater from 163-17-50-1 contained oaly 117
pepd of CCly amd thare wes oaly 22 ppbd in the water from 163-17-50-2. It vas
speculated that eithar the use of tap water or the presence of a temperature
gradient acroee the pipe wall was respoasible for the decreased extraction ia

the heat exchanger test.

In the second trial, new secticas of pipe (163-17-50-1 and 163-17-50-2) were
installed and filled with distilled water. The temperature of the wvater (in

the annular space) was 134°F and the surface temparature of the pipe was 114°F
#ith an ambient air temperaturs of 79°F. Thus, there was a 24OF temperature
gradient across the pipe wall, Water semples were removed after short time
intervals and analyzed to determime how rapidly a maximum extraction wea reached.
The experiment was continued over a 19 day period. The analyses (Tadble V) show
that the amount of CCly {n the water reached a maximum Lln 12 to 24 hours and
then gradually decreased with soatimued exposure. Thes~ results, like those
obtained act 160°F, are {n sharp coatrast to comparable data from the oven tast.

{
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For example:

E;. ‘22!2 ‘g !‘;gr
Heat
—Exchanger Qvea

Time (hrs. 50-1 50-2 50-1 50-2
24 313 3 314 385
48 289 37 601 595
72 385 s 566 664
192 283 11 1401 1519
64 114 8 1697 2002

It seems clear that different factors must be controlling the migration in the
two experiments. The most obvious difference is the fact cthat there i{s a tempera-
ture gradient across the pipe wall in the heat exchanger experiment. However, i:
ts difficult to explain why this gradient didm't affect both pipe samples the same
wvay. The fact that the same general trends were obessrved at both I;ESF and 140°F
suggests chat it vas not an experimental fluke. WNewvertheless, the inconstistencies
in the results of thesa two experiments demonstrates that the migration of CCl,
from CPVC can not be predicted.

Simuiaced fHoC Water Jvetem

The CPVC materials used to fabricate this hot watar system contained very high
levels of residual "solvents":

aacly (ppm) cCly (ppm)
3/4 tach pipe 229 6980
1/2 tach pipe 200 6938
1/2 {mch fittiag 20 6592
Although those values are somswhat higher the "average" (77 ppm CHCly and

677 ppm CCly) found ia previous nllyu.( . it is liksely chat a portion of
the CPVC compounds do coataim similar high coancentrations. Thus, this hot water
system {s probably typicsl of soms existing inscallaticas. .

As pointed out bsfore, the watear system was flushed three times befure it was
placed in _ Samplas of vater were collected at location #7 before and
after each fla§h. Thare wes s tims delay (sbout ooe hour) betwveen sach flush

so that che waler i the task could recover temperature. Consequentiy, the

vater sample vempved bdefore the flush had deen in contact with the CPVC longe:

than the water semple tabea immedistely after the flush. Analyses showed that this
residence time influences the amouat of solwent which had aigrated.

mll (ppd) CCcly (ppd) e
Ptrst Flueh N
Before 8? ”» g
After 352 Y
Secend Flush g
Before 1 5Y 3 >
After L 4 <1 D
Third Tlueh
Before " 179
After 4 4
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lt was surprising to find that significant quantities of CCl, migrated into the
water Ln such short periods of time. In %ll three cases, the water which had
been in contact with the pipe for about one hour contained more CCl, than the
water removed immediately (after flushing). There hed been conjecture that during
extrusion & surface layer would accumulate on the interior surface of the pipe.
Conceivably such a layer aight be removed during use. Tha analysis cited above
indicate that, L{f such a layer extists, 1t {s not readily reaoved.

Although this system delivers hot weter, the pipe ia at elevated temperatures

for relatively short perfods of time. Obwiously that exposure to elevated tempeiature

depends on the amount of hot vater flowing through the systea. Por example, at
location #1 (see Pigure 4) the thermocouple oan the pipe surface indicated that
the maximum temperature was about 110°F. Stace that locatior was scheduled for
7 uses par day, the temperaturs of the pipe was above 100°F for about 5% of the
time (as estimated from the recorded temperatures). Omn tha other hand, at
location #7 there wers 19 uses per day and the thermocouples i{ndicated that .ae
vater temperaturs reached 125°P vhila the pipe surface was about 115°F. The
temparature charts showed that the pips was above 100°F about 20% of the time.
Of course, the sectioa of pipe batweea the hot wveter heater and tha first tee
(see Figure {) had the moet exposurs to high temperature. All the water flowving
through the system (1835 gallons per day) passed through this section. According
to the thermocouples, the weter temperature ia this sectioa was usually about
140°F (during each of the 45%ses) and the pipe surfsce was about 125°F. The
recorded temperatures indicated that the pipe wes above 100°F about 70% of the
time.

In the typical home, thers are froqueat drawe of water su that the contact time
vith the CPVC pipe is relatively short. Ia this het water sysiem, thers ware
45 draws per day for eech week day. UWowewer, at two locatious, representing the
laundry, oo draws were made oa the weskemd. Comsequeatly, vater removed on
Monday worning from thoee locations had besa {a the pipe for about 68 hours.
Analyses of those ssmples showed that the water coutained relatively high vatues

of CClg.
m X ancl ) m& (ppd)

L} 110 b}
L T 73 20

Presumably moet of the samples Temoved from this systeam will contain less CCl,
because they will have shorter tesideace times.

Since this experiment vas designed to represest the aigration encountered in a
typical hot vater system, rhere ware we special precautions uaad vhen the water
samples vere removed. A valve ves opemed and the flowing vater wee directed into
a glass vial which vas sapped after filliag. At the time of analysis, the cap
wvas removed snd & portion of the weter was removed with a hypodermic syringe and
injacted into the CC uait. Of ceurse, thare wers opportunities for volatiles to

escape during thess transfers. The ervers iahereat in the sampling and analytical
procedures were examimed by taking swltiple semples at two locations. The analyses

vere fairly constetent snd therefere it ecan be ceacluded that the sampling errors
vere small,
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CHCly (ppb) CCl, (ppb)

location #2 A 25 <\
)4 hour contact time B 34 <1
C 25 <1
D 27 <’
location #6 A 21 4
58 hour contact time B 61 4
c 83 9
D 70 <1

“he samples with the longer residence time do have some scacter but all tne wvaii. s
ate 1n the low range where arslytical problems are greatest. However, it was
».zzling to recall (see above) that the previcus sample collected under similar
zonditions contained somewiat more CCl,.

The hot water syetem was placed in operation on 11/10/75 and the initial samples
were taken after 42 hours. Sampling was coatinued over a 9 week interval. Since
the samples were taken between 8 and 9 in the moruing, the water from 4 locations
had resided {n the pipe for ocaly 1 or 2 houre while the contact time at -he cther
iocations was about 20 hours. However, as pointed out above, the water remained
1t an elevated temperature for a relatiwvely short time. The analyses of these
<ater samples are shown in Tables VI and VIL. It should be noted (Table VI) chat
the control water coatsined sigaificent quaatities of chlorofors. The concen-
traction ranged from 3 to 102 ppd with en sverage of sdout 435 ppb (during the 9
week test pariod). The coattol sample wes takaa from the ialet to the vater
neater and thereafore did not necessarily represeat the water that was {in the

IPVC pipe. Howaver, due to the verying amouat of CHMCly {a the coatrol water,

it was not possible to corrsct the asalysis of the wvater samples. Neverthaless,
since msost of the analyses (70L) show that the water which has been in contact
with CPVC coatains sore CHCl3 {thaa the coutrol water), there sust have been some
aigration.

£ course, the migration of CCly is of great concern. During the 9 veek interval,
inalyses showed that about half the time the control water contained a saall,
sut neasurable, amouat (approximetely 3 ppd) of CCl,. The analyses of the vater
samples which wvere removed from the CPVC system were not corrected (for the amount
in the coantrol weter) but the data (TableVID indicate that, at times, there vas
considersble migvatien of CCl,. It wes surprisimg to find that, at each location,
the amount of CClg {a the water veried widely evea though thers was no known
change in residene® time or temperature. About 402 of the samples contained non-
detectable quantitiss (<1 ppd) of CCl, (see Table VIID bdut the other samples
contained relatively large amouats. The higheat comcentrations of CCl, wvere
detected in water which had remaissd in coatact with the CPVC pipe for the loager
periods. Thus, water withdrawm from the system after 1l ot 2 hours residence time
contatned from <1 ppb up to parhape 20 ppd of CCly but if the water reamained tn
the pipe for 20 hours, it somstimes contained move thea 100 ppd (Table VII).

The fluctuations {(a CCly, conteat appeared to be random with no evidence that the
pipe surfece was changing. It wes difffeult to rationalize the fact thar large
mounts of CCl, sppeared to migrate in short periods of time at relatively lov
temperature (Table VII). At other times, samples collected from the ssme location
sfter identical axposure contained more detactable amounts of CCl,. The CPVC
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system conteined "stand pipes” upstream from each outlet (Figure 3). It Is

common practice to install these sections of pipe so that air will be trapped in
the line. The air acta as a "cuahion” when the weter pressure fluctuates and thus
prevents '‘vater hammer". It was speculated that some of the water trapped in

the 'standpipes’ remained in contact with the CPVC pipe for long periods of time
and therefore contained high concentrations of CCly. Subsequently, during sampling
(and depending on flow rate and pressurs) some of that water mixed with che sample.
This uncontrolled mixing could result in the random fluctuations. It was decided
that these conjsctures should be examined by collecting special samples. The
automsatic timers on the discharge valves wers disconnected so that water coula

be removed from the system oaly by manual operation. Ths CPVC lines, including
the "standpipes™ were then smptied of essentially all water. The systeam vas
refilled with hot water and allowed to flush briefly so that sll lines were filled
with hot water. After cloeing the valves, the vater remained in the lines for

6 hours and then vas sampled aad analysed. 3vbeequently, the eantire procedure

vas repeatsd three times except that the water remaimed in the lines for .eriocds
of 12, 18 and 24 hours before sempling. As shown in Tadble IX , only 2 of the 36
samples coatained a detectable amount of CCly and even then the concentration was
very low. Those date, although not comclusive, support the postulation that the
random samples coantaining high coacentrations sre from “stagnant” water.

A somevhat more fundamental study of the migratioa of residual "polvents" from
CP¥C compounds has been undertakea by Staff Techaical Services®). That wvork
indicates that the diffusivity of CCly decreases as the residual concentration is
reduced (7). There is also evidence showing that the diffusion coefficient of
CCl, is infleanced by the iagredieats used ia the CPVC compound(10). Thus, any
houro.muy in the pipe could resslt in variability ia the migration of rasidual
CCly. The msasured diffusica coefficieat and 1ts estimated activation energy
vere used to calculats the expectad CCly cemteat of wacstr after coatact vich CPVC
pipe under prescribed cenditisus. Theees calculatices provide values vhich are

in ressonable agreemsat "8 the “avarages” detected {n the vater samples taken
from the het water systems V. e coasistency suggests that the CCl, coantent
of vater can be predicted for ny deaired use conditioms. For example, if the
accepcance criteria fer aigratiom of CCly in a meximum of 2 ppd in a typical home,
then the calculations “'ﬁﬂ“ that the CPVC pipe should comtain a maximua of

100 ppm of residwal CCly

21065z

BFG19835




9£861049

cES0Y

22239013

9091 1§44 ”®n o2
L611 o act » m N2
SO [24 219 o z61
g0 113 aa 14/ 91
oLt  { 1901 m 9%
168 o {4 STl L
4, ) an ] )]
e (1) [T . (11 L 24
Ko i m -

4g091 - sanjmiedmmy
28394 PITIIISEP - JWNIIWMII
IR WY

ST SAIS Y TSRO YSEFTIOY J5 WY IR
Vi M




3

il!ﬁiix:::....EE

EEREE R R

17
1697
23520

Nisration of Reeidusl “Solvents™ From CPVC Pipe
Qvan Test

Extractant - distilled water
Temperature - 40°F

11
21
23
23
b 1
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107
383
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Iable LI

Misracion of Residwal “Solvemta” From CPVC Pipe

Oxas. Ieat

Extractaat - discilled water
Temperature - AOPP
Mechised iaterier surface of pipe

(125 -
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-
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Migrstiog !‘ Rasi ~..I :lllnlil" Ixom CPVC Pipe
Haat_Exghanset Teet

Extrasctant -~ tap water
Temperature - 160°F

: TR

24 38 11?7 ) 42 22
A8 62 169 s2 26
12 78 123 3 24
96 o (3] 32 22
128 ” a2 83 2
168 114 2 2 3 2
192 113 » 72 2
116 19 68 1

303 17 27 2
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Eatractant - distilled vater
Temperature - 138°F7

L

-
~

EEEEEEEE

163-17-39-1 163-17-50-2
<1 % <1 <1
<1 101 <1 <1
4 163 <1l <1
4 )7 ] <1 20
L] 3 8 3
& » 7 3 37
3 338 2 3
- 173 <1 17
B ¢ i 7 21
s - \] [} 1
32 .- 8
14 [} 8
2 <1 1
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Residencs
Time
Location  _(hrp.)
Control -
1 2
2 24
3 1
4 2
) 20
) 21
? 1
8
Cold

Low
<1 ppb

» W w

w

Moderste
>1 <30 ppd

~ @ W 0 > ¢ W > e

3

Lar
>%0

ge
4 ad

Range
(ppd)
<1 1
<1 15
<l 181
<1 12
<1 11
<1 MS
<1l 148
<1 21
<l 15
<1 21

BFG19843

Average of
Measuyrab: .-
Amount
(ppd)

75
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Iabla IX
Migration of Residual "Solvents" from CPVC Pipe

———ALies Cosstralled Tise Iatervals

(%Y B —" .7y
o
acl) &y okl oty Gl iy
102 <1 % <1 62 <1 23 <1
<1 <1 4 <1 <1 <1 b <1l
108 <1 % <1 18 <1 <1 <1
110 <1 2 <1 <1 <1 3 <1
<l <1 11 <1 <1 <1 41 <1
<1 <l 20 <1 3 <1 ? <l
114 <1 <1 <1 [ <1 1 <1
<1 <1 108 <1 2 <1 1 <1

<1 n 3 ” 8
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