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by G.D. Miller, National Center for Ground Water
Research

The pollution of ground water by organic and
inorganic chemicals is being given increased attention
by researchers, environmental regulators and the gen-
eral public. Highly sensitive research tools are being
applied to the detection and identification of trace
levels of these chemicals. Detection of organic chemicals
and metal poliutants at concentrations in the low parts
per billion (ppb) and less range is now possible.
However, at these very low detection limits, sampling
and measurement inaccuracies may result from the
adsorption (or uptake) of some chemicals and the
leaching (or release) of others from monitoring well-
casing materials, sampling apparatus and analytical
equipment.

Relatively small amounts of adsorption or leaching
can greatly affect sensitive analytical results when meas-
uring trace levels in the low parts per billion range. The
amount of adsorption and leaching that occurs in
ground-water quality monitoring wells has not been
determined under controlled conditions for the metals
and toxic organic chemicals far which the U.S. EPA has
established or proposed test pracedures. Other inves-
tigators have studied the sorption and leaching char-
acteristics of many metals and some organics with
laboratory plastic and glass containers. This laboratory
study examines sorption and leaching interferences
associated with three types of synthetic well-casing
materials and selected metal and volatile organic pol-
lutants under static conditions. The objectives of this
study are to identify chemicals that may leach from
well-casing material when exposed to selected pol-
lutants, to quantify adsorption of selected pollutants on
various well-casing materials and to guide materials
selection and data interpretation during ground-water
monitoring.

f.1l

My 29-33

lxga;am;//m ah(//i Gma;«/&)a}’}ew ohr

Hey 26¢-286, 1982

)’/"‘,903/‘4”7 en A ur[w‘
(o/amkws o

Vi Yl”"

Mot Sional latee 5'/4// Assoc ro /n».

elease of Lead

D

nd Trace Level
anics Exposed
Well Casings

Background

Studies have been conducred on the adsorption of
metals in various types of containers during storage or
preservation of water samples. Robertsan (1968a, 1968b)
investigated the adsorption of trace amounts of 11
elements from sea water on various containers. He
indicated that certain trace elements (especially iron,
indium, scandium and silver) are significantly adsorbed
on container surfaces when stored in glass and poly-
ethylene. This adsorption can be prevented by adjusting
the pH to 1.5 with hydrochloric acid. Smith’s (1973)
results were in agreement that a pH of 1.5 is necessary to
ensure that metals remain in solution. Shendrikar, et al.
(1976) studied the adsorption characteristics of barium,
beryllium, cadmium, manganese, lead and zinc on
Pyrex, flint glass and polyethylene. Eichnolz, Nagel and
Hughes (1965) found borosilicate glassware is preferable
over -polypropylene for the storage of most metals.
Robertson (1968a) noted that significant amounts of
zing, iron, antimony and copper may be contained in
polyvinyl chloride (PVC). well-casing and that poly-
ethylene contains antimony. These metals potentially
may leach from these materials and pollute contacting
water.

Factors commonly associated with the adsorption of
metals at low concentrations on container walls include
1) concentration, 2) pH, 3) contact time, 4) container
composition, 5) composition of dissolved salts and
6) complexing agents (Massee, Maessen and DeGoceij,
1980}. Dissolved organic carbon may aiso increase the
adsorptian of metals on container walls.

The adsorption and leaching of organic pollutants
with various container and potential well-casing mate-
rials has been studied to amuch lesser extent than have
metals. One study of the interaction of m-cresol with
two types of plastic tubing has been reported (U.S. EPA,
1980). Industrial grade PVC tubing and bev-a-line VHT
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ibing were exposed to the m-cresol solution for
varying lengths of time up-to two hours. The m-cresol
was progressively lost to the PYC tabing in amnunis
proportional to the increasing contact time, while no
measurableloss of m-cresol to the VHT tubing nceurred.

Junk, et ab. (1974) detenmined that organle con-
tamination ranging from 7 ppb 10 5,000 ppb by weight
was detected in*organic irde” water which had flowed
through tubes of polyethylene, polypropylene, black
latex, six formulations of PVC and a plastic garden hose.
Among the contaminants found from PVC were o-
cresol, napthalene, butyloctylfumarate and butyi-
chloroacetate. The amount of plasticizers in PYC tubing
is approximately 40 percent by weight andrepresents an
essentially inexhaustible supply of contamination.
Should this supply of plasticizers eventually be depleted
the contamination will decrease but the tubing will have
lost its flexibility and will therefore need to be replaced.
However, in the case of relatively rigid polyethylene
and polypropylene tubes, junk, et al. (1974) found that
they may eventually become noncontaminanting.

Curran and Tomson of Rice University (1382) passed
“organic free” water through five types of plastic
tubing. These included polypropylene, polyethylene,
Teflon, Tygon, PVC (with glue} and PVC (nonglued).
Their results indicate low levels of leachates from all the
tubing tested except no leachates were found with
Teflon. Between one and five contaminants were found
leached into the water from nonglued PVC, poly-
ethylene and polypropylene at less than 0.5 ppb.
Numerous contaminants were found leached from
glued PVC and Tygon. Two organic chemical spikes,
naphthalene and para-dichlorobenzene, were not
retained (sorbed) significantly by any of the tubing
except Tygon.

Leaching of organic and organotin compounds from
PVC and chlorinated PVC (CPVC) pipe has been studied
by Boettner, et al. (1981) at the University of Michigan.

‘They found that alkyltin species and organic pipe
cement solvent components can leach into potable
water (pH 5 at 37°C). For example, they found from 10
ppmto 10 ppb of methylethylketone (MEK), tetahydro-
furan (THF), and cyclohexanone from the solvent
leached into the water in a miniature pipe loop exposed
for 14 days. From the PVC pipe dimethyltin (as dichlor-
ide) was found to be leached at a concentration of 45
ppb after one day of exposure at 37°C. During 21
additional days of exposure the concentration of di-
methyltin decreased, in a diphasic manner, rom 3.0 to
0.25 ppb per day. Lesser levels of dibutyltin were
leached from CPVC.

A recent field and laboratory study by Sosebee, et al.
(1982) included assessment of the potential for con-
tamination of ground-water samples by six PVC primers
and one PVC adhesive. THF, MEK, methylisobutylketone
(MIBK), and cyclohexanone were found to be leached
into the water surrounding bonded joints. Even though
awell was developed after installation and bailed prior

to sampling, they found detectable Jevels of these
componds in wellwater several months after installation.
After immersion of {reshly cemented PVC pipe for five
days up to 110 mg/t of MEK was found. After five
washings and a 24-hour equilibrium the cancentration
ol MEK was 1ol ed (o about 054 iop /. Shivllar trends
were noted for the other three pollitants studied
although the presence of each constituept and thelr
relative concentrations varied significantly between
solvent brands and manufacturers. Al four compounds
could be introduced into menitoring wells by one or
more of the brands of adhesive. Concentrations of
contaminants declined significantly with successive
washes with deionized water, lrom a meantotal concen-
tration of 77,800 pg/1 after five days of soaking to a mean
total of 591 pg/l afier being washed four more times

~with delonized water and soaked for an additional 24

hours.

Field sampling with a PYC bailer constructed several
weeks before resulied in samples with iow levels of THF
and MEK. With a PVC bailer constructed 30 minutes
prior to sampling Sosebee, et al. found 16,000 ppb
cyclohexanone, 3,800 ppb MEK and 1,400 ppb THF in a
ground-water sample. Contaminants in PVC solvents
can mask the presence of other volatile priority pollut-
ants that elute from the chromatograph at similar
retention times, For example, MEK and 1,2-dichloro-
ethane, cyclohexanone and bromoform, and THF and
1,1-dichioroethane all coelute with the EPA analytical
protocol. All these problems can most simply be
circumvented by using well-casings and bailers con-
structed with threaded PVC or with other materials
(Sosebee, et al. 1982).

While PVC is the most common type of synthetic
well casing material in use, other materials have been
used or could be used including, for example, acryloni-
trile butadiene styrene {ABS), styrene-rubber (SR), poly-
ethylene, polypropylene, Teflon and Kynar. Pettyjohn,
et al. {1981} indicated in a recent article that, when
sampling for organic contaminants, the preferred arder
of choice of well-casing and sampling materials includes
glass, Teflon, stainless steel, polypropylene, polyethyl-
ene, other plastics and metals and rubber. But they
indicated detailed experimental data on materials se-
lection are simply not available.

Experimental Methods

Three types of well-casing materials were selected
for testing including schedule 40 PVC 1120, low density
polyethylene and polypropylene. All materials were
purchased from Almac Plastics of illinois Inc. Poly-
cthylene and polypropylene were selected because of
their potential usage and relatively low cost (compared
to Teflon and stainless steel).

Three general experiments were conducted with
the well-casing materials and selected metal and volatile
organic pollutants. These are listed along with the
concentrations used in Table 1. Each of the six organic
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purgeable aliphatic halocarbon. Drinking water stand-
ards have been established for the two metals stisdied.

Water free of interferences, “organic free,” was
prepared with a Barnstead Nanopure unit followed by
an Organicpure unit. Itwas also necessary to briefly boil
the water ta remove all purgeables, The pi of the water
was about 7.2, Alfbxperlments were conducted at about
23°C and in the dark. /

2

Table 1
Metal and Organic Pollutants Studied
and Concentrations Used

' Initial
Concentration

Metals B
Chramium (V1) 0.5 ppm
Lead 0.5 ppm
Organlcs
Bromoform 4 pph
Tetrachloroethylene 2 ppb
Trichloroethylene 3 ppb
Trichlorofluoromethane 2 ppb
1,1,3-Trichloroethane 2 ppb
1,1,2-Trichloroethane 14 pob

In the first experiment the adsorption {uptake} of
these pollutants was measured weekly for six weeks
versus controls for each of the casing materials. Boro-
silicate glass exposure chambers with 40 milliliter
capacity and Teflon lined caps were used for this
experiment. The experimental setup is shown in Table
2. The same setup was used in the second experiment.
This second experiment included an initial four-week
exposure of the pollutants to each of the well-casings
followed by replacement with “organic free” water.
Therelease or leaching of adsorbed pollutants was then
measured weekly for four weeks. Duplicate exposure
chambers were used to measure variability and the
chambers were sacrificed since no head space could be
allowed. Each of the well-casing materials used for these
two experiments was cut to a 3-inch length. The surface
areas exposed were 60.09 square centimeters for PVC,
57.17 square centimeters for polyethylene and 57.73
square centimeters for polypropylene.

The objective of the third experiment was to deter-
mine the leaching of solvent extractable leachates such
as plasticizers or other additives from each of the well-
casing materials after exposure to the metal and organic
pollutants. The well-casing material was cut into 6-inch
lengths and exposed in 1 liter borosilicate glass cham-
bers for three and six week periods. The setup for this
experiment is shown in Table 3.

9.13

Table 2
Setup for Adsorption and Adsorption/
1 Leaching Experiments

Numbers of Chambers in Treaiment

Well- Metals
Casing and
Material Blank Metals Organics Organics
None 2 1 1 1
PVC 2z 2 2 2
Pclyethylene 2 2 2 2
Polypropyicene 2 2 2 2
Table 3

Setup for Leaching of Extractables Experiment

Nmmf@@% of Chambers in Treatment

Well- Metals
Casing and
Material Blank #defals Organics Organics
MNone 1 1 1 1
PvC 1 1 1 1
Polyethylene 1 1 1 i
Polypropylene 1 1 1 1
Table 4

Precision and Accuracy of Analytical Method

Standard
Mean  deviation of the
percent mean percent

Parameter recovery recovery
Trichlorofluoromethane 98.64 1.123
1,1,1-Trichloroethane 105.37 1323
Trichloroethylene 92.18 0.906
1,1,2-Trichloroethane 100.12 0.750
Bromoflonmn 104.60 1.148
Tetrachloroethylene 96.59 0.922

The well-casing materiat was cut on a table saw and
rinsed in “organic free” water to remove fines prior to
placement in the exposure chambers. Glassware was
cleaned by rinsing with 1:1 nitric acid, “organic free"”
water, 1:1 hydrochloric acid, “organic free” water,
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Table 5

Trends of Organic Pollutants Exposed to PVC Well Casing (Compared to Controls)

Adsorption
Pollutant
Trichloroflluoromethane

1;1,1-Trich|0roethane

Nu._‘r.{(lsm'plmn‘
No adsorption

Trichloroethylene No adsorption

1,1,2-Trichloroethane No adsorption

Bromoform No adsorption

Moderate (50%)
adsorption

Tetrachloroethylene

___ Organics only ___Organics & metals —— Organlcs only — Organbes & metals
N(i INIS(H/')“-‘N;‘I“-”N‘ wo deaching  No loa e
No adsorption
Slight (25%)
adsorption
No adsorption
No adsorption

Slight (25%)
adsorption

v Adsorption/Leaching

N Jeaching Nov leaching
No leaching Na leaching
~No leaching No leaching
No leaching No leaching

No leaching

Slight (25%)
feaching -
readsorption?

No leaching

Slight (25%)
leaching -
readsorption?

methylene chloride and “organic free” water. All
chemicals used were reagent grade or better.

The sample analyses for lead and chromium were
completed with an Instrumentation Laboratory Inc. 551
Atomic Absorption/Emission Spectrophotometer. Sam-
ples were preserved after organics analysis and removal
of the well-casing material by the addition of four to five
drops of nitric acid. Output was the mean of 30 one-
second readings. :

For purgeable organics analysis was performed wit
Hewlett-Packard 5750 gas chromatograph and a nickel-
63 electron capture detector (ECD). Results were
recorded with a Hewlett-Packard 3380A integrator and
samples were concentrated with a Hewlett-Packard
model 7675A purge and trap unit. The column packing
used was 1 percent (w/w) SP-1000 on 60/80 mesh
Carbopack B (Supelco, 1-1815). The 10 milliliter samples
were purged with 40 milliliters per minute helium
carrier gas for 10 minutes and desorbed at 250° C.
Auxiliary gas was 5 percent methane in argon at 110
milliliters per minute. The ECD temperature was 320° C.
The temperature program was 45° C for three minutes
and increasing at 8° C per minuteto a final temperature
of 195° C for eight minutes. An internal standard, 1-
chloro-2-bromopropane, was used for calibration and
interpretation of results.

For the analysis of extractables in the third experi-
ment a Hewlett-Packard 5880A gas chromatograph with
aflameionization-detector (FID) was used. Results were
recorded with a Hewlett-Packard 3388A reporting/inte-
grator. Sample preparation included extraction of 1iter
with methylene chloride using separatory funnel tech-
niques. The extract was then dried and concentrated in
a Kuderna-Danish flask to 1 milliliter. An injection
(splitless) of about 1 microliter was then made of this
. concentrated sample onto a 15 meter J&W DB-5 (Dura-
bond) fused silica capillary column and detected by
flame ionization (FID). The temperature program was
initially 40° C, increasing at 8° C per minute to a final

temperature of 250° C. Nitrogen was the carrier gas.
Mass spectroscopy was performed on selected samples
with a Finnigan 3200 GC-MS system and 6100 inter~
action data system.

Quality assurance requirements followed those
generally given by EPA for metals (U.S. EPA, 1979b) and
those given for organics analysis (U.S. EPA, 71979a). For
metals analysis calibration, standards were prepared
and the sensitivity limit, linear range and analytical
precision for each metal was determined. The analytical
technique was demonstrated to be interference free
and calibration standards were analyzed daily. For the
analysis of volatile organics the sensitivity limit and
linear range of the purge and trap—gas chromato-
graphy system were first determined for each com-
pound. The entire system was demonstrated to be
interference free on a daily basis by the analysis of an
“organic free” water blank. The system was also cali-
brated daily with a midrange concentration level of the
internal standard. The accuracy and precision of the
analytical system was determined by the analysis of
replicate and fortified samples (U.S. EPA, 1979a). Results
of this analysis are shown in Tablé 4. The mean percent
recoveries and the associated standard deviations are
within acceptable limits.

-~ Results and Discussion

The results of the adsorption experiment and the
adsorption/leaching experiment are summarized for
organics in Tables 5 through 7. Tables 8 and 9 summarize
the results for the chromium (V1) and lead adsorption
and leaching experiments. The terms slight, moderate
and mostly in these tables are used in the following way.
Slight adsorption means that about 25 percent of the
chemical is adsorbed compared to the controls. Slight
leaching means about 25 percent of that chemical
Jeached compared to the amount adsorbed. Moderate
adsorption is defined as about 50 percent adsorption
versus the controls. About 50 percent leaching com-
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Trends of Organic Pollutants Exposed to Polyethylene Well Casing (Compared to Controls)

Adsorption Adsorption/Leaching
Pollutant L Organics only  Organics & melals  Organics only  Organics & metals
Trichlorofluoromethane Mostly (75%) Mastly (75%) Slight (25%) Ne leaching
adsorhed adsorbed leaching :
1,11-Trichloroethane - Mostly (759%) Mostly (75%) - Sligght (25%) Stight (25%)
o adsarbed adsorbed leaching leaching
Trichloroethylene Mostly (75%) Mostly (75%) No leaching Slight {25%)
adsorbed adsorbed leaching
1,1,2-Trichloroethane Moderate (50%) Maoderate (50%) Slight {25%) Slight (25%)
‘ adsorption adsorption leaching leaching
Bromoform ' Moderate (50%) Mostly (75%) Maoderate (50%) Maderate (50%)
adsorption adsorbed leaching (delayed) leaching
Tetrachloroethylene ~ Adsorbed (100%)  Adsorbed (100%) No leaching No leaching
: Table 7
Trends of Organic Pollutants Exposed to Polypropylene Well Casing (Compared to Controls)
| Adsorption Adsorption/Leaching
Pollutant Organics only ~ Organics & mefals  Organics only ~ Organics & metals
Trichlorofluoromethane  Moderate (50%) Mastly (75%) slight (25%) No leaching
adsorption = adsorbed leaching
1,1,1-Trichloroethane Moderate {50%) Moderate (50%) Slight (25%) Slight (25%)
adsorption adsorption leaching leaching
Trichloroethylene Mostly (75%) Mostly (75%) Slight (25%) Slight (25%)
adsorbed adsorbed {eaching leaching
1,1,2-Trichloroethane Slight (25%) Slight (25%) slight {25%) No leaching
adsorption adsorption leaching (delayed) ‘
Bromoform Slight (25%) Slight (25%) All (100%) All (100%)
adsorption adscrption leached (delayed) leached (delayed)
Tetrachloroethylene Adsorbed (100%)  Adsorbed (1006%) No leaching No leaching
Table 8
Trends of Chromium (Vi) Exposed to Synthetic Well Casing (Compared to Controls)

. ' ‘ Adsorption Adsorption/Leaching B
Casing material Metals only Metals & organics Metals only Metals & organics
PVvC No adsorption Slight (25%) No leaching No leaching

© adsorption
Polyethylene No adsarption Slight (25%) Na leaching No leaching
adsorption .,
Polypropylene No adsorption Shight (25%) No leaching No leaching
adsorption :

o135
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Table 9
Trends of Lead Exposed to Synthetic Well

Casing (Compared (o Controls)

) o Adsorplion » Adsorption/l caching
Casing malerial Metals only ‘Melals & organics Metlals only Metals & organics
PVC Mosily (75, Maonly (754) No leaching Mantly (75%)
adsorhed adsorbed leached
. 75 .
Polyethylene Moderate (50%) Moderate (50%) No leaching Mostly (75%)
adsorption adsorption leached .
(delayed)
Polypropylene Moderate (50%) Moderate (50%) No leaching Mostly (75%)
adsorption adsorption leached
(delayed)
2
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Figure 1. Tetrachloroethylen'e adsorption exposed (o
organics (average)

pared to the amount adsorbed is defined as moderate
leaching. A chemical is described as mostly adsorbed
when 75 percent or more is adsorbed on the well-casing
compared to controls and moderate leaching means at
least 75 percent is leached compared to the amount
adsorbed.

During thefirst (adsorption) and second (adsorption/
leaching) experiments it was found that the PVC well-
casing material did not adsorb or leach (release) five of
the six organics tested. Only tetrachloroethylene was
adsorbed to aslight to moderate extent (25 to 50 percent
retained on the well-casing versus controls). This is
shown in Figure 1. The maximum adsorption of tetra-
chloroethylene found was about 0.6 nanograms per
square centimeter of well-casing material. Slight leach-
ing of tetrachloroethylene (less than 0.08 nancgrams
per square centimeter) was observed in the second
experiment as shown in Figure 2.

Figure 2. Leaching of tetrachloroethylene from PVC (organic
and metals)

Allsix of the organic chemicals tested adsorbed to a
moderate or greater extent to polyethylene. Tetra-
chloroethylene was completely adsorbed while half or
more of each of the other five chemicals was adsorbed
onto the well-casing. For example, the adsorption of
trichlaroethylene to each of the well-casing materials
tested is shown in Figure 3. About 1.05 nanograms per
square centimeter was adsorbed to the polyethylene
alter seven days of exposure. While triichlorothylene did
not leach or was not relcased to a great extent from any
of the well-casing materials about 1.7 nanograms per
square centimeter of bromoform was adsorbed to
polyethylene and about 1.2 nanograms per square
centimeter leached or was released. This was about the
same whether exposed only to the six organics or when
exposed to the solution containing the six organics and
the two metals. A similar adsorption pattern was found
for 1,1,2-Trichloroethane on polyethylene as shown in
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Figure 3. Trichloroethylene adsorption exposed to arganics
and metals (average)
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Figure 5. Bromoform adsorption/leaching exposed 1o
organics (average)

Figure 4. About 4.8 nanograms per square centimeter
were adsorbed and about 1.3 nanograms per square
centimeter leached.

As noted in Table 6 and shown in Figure 5 the release
of bromoform was delayed. The experiment was not
designed to determine the release mechanism but one
possibility that has been suggested is that some micro-
biological activity may be the predominant influence.
Tetrachloroethylene was completely adsorbed by the
firstweek on polyethylene and did not leach. Twaolthe
other chemicals, 1,1,2-Trichlorocthane and 1,1,1-Tri-
chloroethane, were released to a slight extent {about a
quarter of the amount adsorbed was released). Lesser
leaching was found with the ather two pollutanis. Al six
organic pollutants tested adsorbed 1o polyethylene to
an equal or greater extent than to either PVC or
polypropylene.

Four of the organics tested adsorbed to a moderate
extent (50 percent) or greater to polypropylene well-

\%,37

Figure 4. 1,1,2-trichloroethane adsorption expased to
organics and metals
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Figure 6. 1,1,1-trichloroethane adsarption exposed to
organics (average)

casing. The adsorption of trichloroethylene to pol-
propyleneis shown in Figure 3. The adsorption of 1,1,
Trichlrorethane is shown in Figure 6. As can be set

adsorption to polypropylene was intermediate in exte!
between PVC and polyethylene and the rate of adsor;
tion was delayed compared 1o polyethylene. No add-
tional feaching was found after about three weeks -
exposure. This was generally the trend for all of th
organic pollutants except tetrachloroethylene whi
was caompletely adsorbed by the first week. About 0
nanograms per square centimeter of 1,1,1-Trichlor
ethane were adsorbed and about 0.74 nanograms p:
square centimeter were released or leached with poly
propylene. Bromoform leached or was released, .
shown in Figure 5, from polypropylene. About

nanogram per square centimeter of bromoform ac
sorped on polypropylene and all of that was release
although delayed by about three weeks. For two othe
pollutants, 1,1,1-trichloroethane and trichloroethylen:
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Figure 9. Lead released from PVC exposed to metals and
organics (average)

about 25 percent of the amount adsorbed was released.
As with polyethylene, all of the tetrachloroethylene was
adsorbed and none of it was released from the poly-
propylene well-casing material.

As shown in Table 8 chromium (Vi) did not adsorb to
any of the well-casing materials to any significant extent
when in the solution with lead. When in solution with
lead and the six other organics slight (25 percent)
adsorption (about 125 nanograms per square centj-
meter) of chromium was observed. No significant
leaching of chromium was found from any of the well-
casing materials with any of the treatments.

Lead was found to adsorb to the greatest extent
(about 75 percent) to PVC and about 50 percent to
polyethylene and polypropylene. An example of the
adsorption of lead to PVC is shown in Figure 7. In this
experiment about 400 nanograms of lead were ad-
sorbed. An example of the delayed adsorptian of lead
to polyethylene is shown in Figure 8. About 170

Figure 8. Lead adsorption to polyethylene exposed to
metals (average) :
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Figure 10. Lead released from polyethylene exposed to
organics and metals (average) ~

nanograms per square centimeter were adsorbed.
Nosignificantleaching or release of lead from any of
the well-casing materials was observed when in solution
with chremium only. When the metals and organics
were exposed to the well-casing material about half of
the lead adsorbed was released. A slow and nearly
constant rate of release of lead was observed from PVC
and polyethylene during the four week experiment as
shown in Figures 9 and 10. Lead was more rapidly
released from polypropylene as shown in Figure 11
No identifiable lcachates were found in the third
experiment from any of the well-casing materials ex-
amined. There were no differences between exposure
of the well-casing materials to only the two metals, only
the six organics or to a solution containing the metals
and organics. Some leachates may have been present
which were below the detection limit of the analytical
technique used. No interference with flame ionization
detection was found after liquid/liquid extraction and
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Figure 11. Lead released from polypropylene exposed to
metals and organics

approximately a thousandfold concentration. Leaching
of plasticizers or other additives might be greater when

exposed to other pollutants and under flowing water
conditions.

Conclusions and Future Directions

This research examined three types of well-casing
materials exposed under static (batch) conditions to two
metal pollutants and six volatile organic pollutants. It
was generally found that schedule 40 PVC causes fewer
monitoring interferences with volatile organics than
polyethylene or polypropylene under the conditions of
this experiment. However, some variation by chemical
was found and tetrachloroethylene was adsorbed by
each well-casing material with little or no subsequent
release observed. Adsorption and leaching (release) of
the organic pollutants examined were more rapid with
polyethylene than polypropylene and were slowest
with PVC well-casing.

Lead reached a maximum level of adsorption in
about two weeks with PVC, from two to live wecks with
polyethylene, and in one to four weeks with polypro-
pylene depending on the treatment. The release of lead
after an exposure period also varied by treaument
ranging from one to six weeks with polyethylene and
poiypropylene, and four to six weeks with PVC. The
adsorption andrelease of lead was more rapidwhenin a
solution with chromium and the six other volatile
organics examined than when in a solution with only
chromium. Chromium (V1) did not adsorb or leach with
any of the well-casing materials examined. Also. no
extractable pollutants were leached from the well-
casing materials undeér any treatiment and the conditions
of this study.

Organic pollutants were adsorbed and released at a
relatively slow rate with PYC well-casing. The most rapud
adsorption occurred with polyethylene where no addi-
tional adsorption was observed after one week. The

ry. 19

-9_3!('1('.1%! rates of these adsorbed organics fram poly

ethylene varied greatly. For example, no additional
release of trichlorofluoramethane, 1,1,1-Trichloro-
ethane, and 1,1,2-Trichloroethane was observed afte
one week. Increasing amounts of Tetrachlotoethylene
were found to be released throughout the four week-
of the abservations.

The results of the experiments 1o date sugges.
several interesting qguestions (or future research. During
the nextyear additional sources of PVC well-casing and

- other well-casing materials including ABS will be

examined. Similar experiments to those reported here
will be conducted on those materials with highe
concentrations of additional pollutants such as selected
phenols, phthalates and polynuclear aromatic hydro-
carbons. Emphasis will be on pollutants likely to be
found in ground water, less volatile and maore polar than
those examined to date. It is thaught that more hydro-
philic pollutants may be more readily adsorbed.

Experimental conditions similar to those encount-
ered in the field will be used. This includes the
examination of a range of pH conditions, exposure at a
lawer temperature, and the addition of pollutants to an
organic-interference-free ground water. The well-casing
material will be exposed to the pollutants for longer
periods of time (about six months) followed by an
examination of how rapidly and at what concentration
levels the pollutants are released. This should provide a
better indication of the potential for the well-casing to
interfere with ground-water monitoring efforts. The
well-casing will also be examined microbiologically to
determine if microorganisms are influencing the uptake
and release of any of the pollutants.
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