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ABSTRACT

trace organic contaminants was tested during an in\’estigaj,’k‘
tion of contzminant migration at an inactive landfill site in
Burlington, Ontario, Canada. The sampling device, which

is lowered down piezometers with a tube, consists of a
small cylindrical cartridge of sorbent material ztrached 10 a
syringe. Vacuum or pressure applied at the surface controls
the movement of the plunger in the syringe. The volume of
the syringe determines the volume of sample water that
passes through the cartridge. The cartridge is removed from
the syringe at the surface. One ceriridge is used for each
sampling; the syringe is revszble. The residual water in the
cariridge is removed in the laboratory, and the cariridge is
desorbed to a fused silica capillary column for analysis by
gas chromatography (GC). The znzlyses d scussed here were
performed on 2 GC/mass spectrometer/data system
(GC/MS/DS). Of the many orgenic compounds that were
identified in the samples, three compoeunds were clearly
landfil)-related: 1,1,1-trichloroethane, chlorobenzene, and
para-dichlorobenzene. The three compounds were found at
levels substantially above blank levelsin 9, 5,2and 5
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A newly developed technique which allows the down-
hole sampling and subsequent anzlysis of grdund water for

ridge Method {for Down-Hole
¢ Organics n Ground Water

piezometers, respectively. The average concentrations were
14., 5.3, and 0.88 ug/! (ppb), respectively. The pooled
coefficients of variztion for the a2nalyses for the three
compounds were 27., 6.9, and 6.4%, respectively. The
volanlity of 1,11 tnch]oroethanc was probably the cause
of the greater variability in its analytical data. The main
advantages of the technique over most conventional
sampling methods include: (1) down-hole sampling in 2
manner which minimizes the potential for volatilization
losses; (2) avoidance of passage of the sample through
long sections of tubing that may contaminate the sample
or cause adsorptive Josses; (3) convenience of sample
handling, storage, and shipping; end (4) high sensitivity.

INTRODUCTION
The number of grcund-warer sy stems which
are recognized as having become contaminated
with trace organic compounds are steadily imcreas
ing. In many cases, the compounds of interest arc
relatively volatile, often being members of the list

'of purgeab]e US En\’ironmcntal Protection

‘ Telhard, 1979). Such compounds are usvally

present in ground water at low Jevels [ng/l (ppt) ¥
mg/l (ppm)] These typically Jow concentrations
as well as high volatilities place stringent require:
MENTS UPON Ihe sampling and analy Uczl meihod (¢!
selected for ground-water monitoring progrms.
When attempting to obiain 2 «smp]c for
analysis by a method such as purge and trap (Bellzr
and Lichtenberg, 1975), many of the procedures
used to bring samples of ground water to the
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Lo (ke CNfosLTe ol ros pUC T R ey
crolatl i aior Joso s vlndh ey T Coci e
ase artifeces, Land i leach ros Bigli in nicihane
- d carbon Cioxide arc particularly troubles e in
-isregard. A possible means of circumventing this
Cutilizasien Joss probiem is providad by the
\fsc:p:ion,’therma} desorption (ATD) miethod
veloped for water samples by Pankow ez al
0825 1982L, 1982¢, 1983), and for air sarmyles

- Zlatkis et al (1973) and Pellizzari et al.

10758, 1975b). -

Aqueous ATD involves the: (1) passage of a

ter sample through a prepared cartridge of

rbent material (e.g., Tenax-GQ); (2) drying of the
riridge; (3) thermal desorption of the cartridge
o 3 fused silica capillany gas chromatography (GC)
lumn at approximately -~80°C; and (4) a temper-
cure program GC run with some type of detector.
“enax-GC is an attractive sorhent for this type of
cork since it is very thermally stable. Its possible
«e for water sampling was first considered by
“crisch et al. (1975). This sorbent has been shown
> be effective in trapping agueous chlorinated
.nzenes and other similar nonpolar compounds
"inkow et al., 1982a, 1982b, 1982c¢). Its ability
5 sorb the very volatile purgeable compounds is as
-t unknown. Recovery studies are now underway
" Pankow’s laboratory to determine these i

iclencies.
Regardless of whether or not Tenax-GC

‘oves to be the aqueous ATD sorbent of choice

7 all compounds of interest, the ATD method in
“neral is attractive for certain ground-water
-mpling situations. This is the case because it is
-th sensitive and easily adaptable to down-hole
mpling procedures. The sensitivity of the method
ses from the fact that 100% of the sorbed
“Zanics are transferred to the GC column. Within
2 limits posed by breakthrough losses (Pankow,
asen, and Wojcik, 1983), the mass amount of
lyte sorbed can be increased by increasing the
lume sampled. The adaptability of ATD to
-wn-hole sampling is due to the fact thatthe
«rtridge alone and not the actual water sample is
“turned to the laboratory. Therefore, it is not
“Cessary to bring a sample to the surface and risk
vlatilization losses; passage of the sample through
~¢ cartridge can occur down-hole.

- The ATD-based down-hole sampling tech-
“Jue discussed here was developed in response to
2eed 1o obtain reliable measurendents of trace
"Zanic contaminant levels in ground water down-
“adient of the Bavview Park Landfill in Burlinoton,

o
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Fig. 1. Map showing surface drainage features and locations
of multilevel sampling devices at the Burlington site.

Ontario. 'Ighis 18 hectare landfill (Figure 1) began
to receive waste from the City of Burlington in
1961. It was closed and covered over with earth in
1972. It is situated on the edge of the Niagara
Escarpment where bedrock is either exposed at the
surface, or covered by a thin veneer of cizy till.
The bedrock is fractured red Paleozoic shale of
the Queenston Formation which extends to depths

_of over 100 m.

Ground-water movement is to the southeast
and towards Lake Ontario (3.5 km away). It flows

“in the fractured shale along the slope of the escarp-

ment which corresponds to the regional slope in
the water table. Downgradient of the landfill there
is a2 3 km long expanse of land that is partly
forested and is unoccupied. The Jand surface”
further downgradient is characterized by industrial
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and urban areas of the Citv of Burhington vwhich
exntend 10 the shore of Lake Gnizrio.

The fact that the Payview Park Landfill )
sitvated on fraciured s chzle makes i particulz Iy

IJAIC’L\ND(' This 18 1he case hecause many cround-

water systams that ave recciving waste materials or
have reccived tham in previous years are {ractured
in 2 manner which mzkes them quite permeable to
ground water and solute ransport. For example,
{raciured shale of the Queenston formation also
exists within the siratigraphic sequence 2t Jendhll
and hazardous waste disposal sites in the Nizgara
Falls area where leakage of contaminants through
the shale and other fomxa tions is of concern.
Furthermore, comnpared to porous media where
miuch information exists on the theory of
contaminant migration {Bear, 1972; Fried, 1975;
Freeze and Cherry, 1979), and on such behavior

at fie)d sites (MacFarlane ot al., 1983; Cherry et al.,

1983a; Egboka e al., 1983, Sudicky et al., 1983;
Dance and Reardon, 1683: Nicholson et al., 1983,
and Greenhouse and Harris, 1983), contammant
migration in fractured systems is poorly
understood.

Initial attemipts at the Bay\lcw Pal}\ Landf}ll
by Cherry et al. (1983b) and Hew ¢f%on and Cherry

(1983) 1o delineate a zone of contamination on the

basis of inorganic parameters (major jons, transi-
tion metals and heavy metals) and organic indi-
cator parameters [dissolved organic carbon (DOC),
chemical oxygen demand (COD), phenols, and
organic nitrogen] were unsuccessful because of the
naturally high levels of these parameters; typical

chloride and DOC concentrations in the area of the

site are 3,000 and 500 mg/l, respectively. It was
hoped that: (1) the ATD method with detection

by mass spectrometry would provide the sensitivity

necessary to allow the determination of landfill-
derived organic contaminants in the zone of
coptamination; and that (2).4he study would
provide a perspective on the applicability of ATD
to ground-water sampling and analysis. Once a
suite of landfill-derived compounds are identified
at representative sampling locations, it should be
possible, with more extensive sampling, to
delineate the full extent of the zone of contamina-
tion as well as the rates of contaminant migration.
¢
EXPERIMENTAL

ATD Cartridge Preparation

The cartridge bodies were of Pyrex glass
(Figure 2). The bed length, 1.D., and O.D. were
5.4,0.40, and 0.64 cm, respecuively (bed volume =
0.68ml). A 2.5 cm picccof 2.0 mm 1.D., 0.64 cm

ses tubing was fuced 1o thic inlet end of the

OD. ¢l
cartridge main uody, eandal.s
to the outlet end. The cartnidges were packed wiy,
013 ¢gof resieved 25/60 mesh Tenax-GC (Alliech
Assoc., Inc., Los Altos, Californiz). The Tenax-Ge
was he d in piace with silanized glass wool

(Supclco, Inc., Beliefonte, Pennsyhva nia). Cart-ig doe
conditioning was carricd out by passing 0.5 1 of
glass distilled acerone through each cartridge,
vacvum drving for 70 min, then tharmally
decerbing for 3 h at 200°C with 30 ml/min of
helivm gas which had been pre-clezned by pusscge
through a Supelco oxygen trap and then mrou§h a

molecular sieve trap in liquid nitrogen.

cm prece was fug g

The cartridges were then capped on their inlg

ends with clean brass Swagelok (Creviford Fnu.;g
Co., Solon, Ohio) endcaps with Teflon ferrules, )
Following Krost et al. (1982), prior o use, all
Teflon paris were degassed under a vacuurm at
1310°C for 2 h. The outlet ends of the cartridges
were each fitted with a brass Swagelok 0.25 1n. 10
0.125 in. reducing union which was silver soldered
to a 3.0 cm Jong, 25 gauge needle with a Luer bub
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Fig. 2. Down-hole cartridge sampling device including:
{A) ATD cartridge with needle restriction; and
{B) glass syringe with Teflon and rubber O-ring plunger.
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Leare ) The tater oo d s g T restricion.
e dimensions of the neddie were selected so that
ce flow rate thro ,cr y the cartridge would not
Cvceed 0.1 ml/swith a toral plCSim dlffcrcmml of
ae *tmosphcrt (10.3 mm of warter column) z2cross
c cartridge/needie sy stem. The flow rate of 0.1

sswas seiected, based on the dimensions of the
;;r:ndge and the recommendations of Pankow
~ral (1982b). For piczometers which had more
-4an 10 m of water column above the desired
mpling interval, additional flow resiriction was
2:hieved by placing a 3.25 cm long pre-cleaned
~ction of 0.15 mm O.D. piano wire inside of the
-cedles of the cartmridges. .

Prior to shipment to the field, each entire
cartridge system was evacuated, then forcibly
werted by releasing the vacuum with water which

-:d been pre-cleaned by: (1) passage through an
ctivated carbon bed, and (2) boiling with
v:multaneous sparging with nitrogen which had
"cen pre-cleaned by passage through a molecular

«ve trap in liquid nirogen. The Luer hub was
“nen sealed with a Teflon plug, and the entire
cartridge system stored in a2 muffle-furnaced Pyrex
culture tube with a Teflon cap liner. The cartridges
were prepared in groups so that each group
contained one blank cartridge. After preparation,
-Wof the cartridges were shipped (together withx
weveral copies of the down-hole syringe sampling
Zavice to be described below) via overnight air
<ourier from the Oregon Graduate Center to the
University of Wa *erloo

<

“vringe Sampling Device
The syringe sampler (Figure 2) was a glass and
Teflon version modeled after a similar polyethylene
‘2d rubber device developed by Gillham (1982) for
-mpling for inorganic constituents in ground
»ater. Concerns about contamination and losses
“sociated with polyethylene and rubber led to
eir replacement. Glass syringes with a 50 ml
“pacity and Luer-lock fittings were obtained from
Jpper and Sons (New Hyde Parl\ New York) The
*p rim was removed from each syringe with a glass
!tting wheel. In this manner, the O.D. of the
“vice was reduced to that of the syringe body
.3 cm). The device could then pass down sample
-€zomerters constructed from schedule 40, 3.8 cm
D.PVC tubing. The sharp edges were ground
TMwoth with the wheel, but could not be fire-
slished since this type of glass cracks easily when
fated because of its high coefficient of thermal
‘Pansion. A movable plunger and an upper tube
Jupling were machined from Teflon. O-ring

Crovecoy re T b ol oy :

O-rings would not convot the sanagie, con-
\fnwm” Ruona-N O-rimeswwere uaed. Prior to
assembly, each sy .lu‘:L was washed vwith warm
laborstory derergert, rinsed with deionized water,
son?cwﬂ in accione, then hovano, then acetone
again, rinsed with delenized water, then beked at

110°C for one h. The O rlg were washed with

warm detergent, rinsed with daionized water,
rinsed with acetone, then vacuuni-out
110°C for one h.
Sample Piezometers end Sempling Precedures

The sampling noints used were the OW
(“‘observation well”) samiple piezomicier nests
installed between 1979 and 1981 by Morrison
Beatty, Ltd. (1981) (Figure 1). These piezometers
are conventional PVC standpipe piezometers with
0.7 m long slotted screens. They were installed and
sealed in holes drilled by the hollow-stem auger
method. While most of these piezometer tubes
are 3.8 cm 1.D., some are 3.2 cm 1.D. The
piezometers were bailed dry a few days prior to
sampling (February and March 1983) to remove
nearly ail of the standing water. For the 3.8 cm
I.D. casings, sampling was carried out by:
(1) connecting a polyethylene tube to the Teflon
coupling on the upper end of the syringe;
(2) pressurizing the tube with a hand vacuum/
pressure pump (Model 7090, Cole-Parmer, Chicago,
Illinois) so that the movable plunger was forced to
the zero volume position; (3) locking a cartridge
onto the Luer fitting; (4) lowering the cartridge/
syringe down thé piezometer Lube to near the
slotted interval; (5) releasing the pressure and/or
pulling a vacuum on the tubing to allow the sample
to pass through the cartridge and into the syringe;
(6) bringing the device to the surface; and
(7) removing the cartridge, resealing it with the
Swagelok endcap ana Teflon Luer plug, and
replacing i1t in the culture tube for air courier ship-
ment back to the Oregon Graduate Center. It
should be noted that the Jow pressure portion of
the sampler occurred in the exit end of the
needle. In this manner, the needle served to
control the flow rate as well as eliminate degassing
prior to or in the cartridge. At the point in time
during which cartridges from a given set were used
in sarapling, the endcaps on the blank cartridge
from that set were removed and the cartridge was
thereby opened to the atmosphere. The blank
cartridge was then immediately closed again, and
returned to its culture tube for shipmcnt.

For the 3.2 cm 1.D. PVC casings, it was not
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possible 10 «wenmple dowrnchaole Appro

ximately one )
of ground water was brought to the surface with a
stainjese stee] bailer previously rinsed with
methano! er d cample weater. The sample was then

b

and cartridge were prepaved and assembled as
described above. The cartridge was then partially
submerged. A vacoum was then applied with the
pump to zllow the sample to be pulled through the
caruidge. Further Handling of the cartridge
procceded zs deseribed zbove for down-hele

transferred to g glass evlenmeyer flask. The syringe
3

sampling.

Cartridge Desiccation, Desorption, and Ansglysis
Upon arrival at the Oregon Graduate Center,
each carridge was dried according 10 a two-step
centrifugation/vacuum desiccation method. This
desiccation does not cause Josses for the analytes
of interest. The cartridges were then resealed and
refrigerated for @ maximum of two weeks before
desorption and analvsis occurred. The desorption
procedure began with the addition of 2.0 ul of 2
standard solution in methanol (containing 10 ng/ul
each of toluene-d8 and 2-bromo-meta-xylene)
directly to the sorbent at the sampling inlet end.
The cartridge was then placed in a thérmal
desorption block described in detail in Pankow
(1984). Bnefly, the oxvgen and the majority
of the methanol were purged from the cartridge
for 10 min with 10 ml/min of helium carnier
flowing into the cartridge inlet. The flow was
reversed, and the cartridge desorbed for 20 min at
250°C with 30 psi helium directly toa 30 m 0.35
mm 1.D. SE-54 fused silica capillary column (J&W
Scientific, Rancho Cordova, Czlifornia) mounted
in a Finnigan 4000 GC/MS/DS (by passing it
through a transfer line to within 5 mm of the MS
source), and held at - 80° C during the desorpuion.
The high efficiency of the drying procedure served
to prevent the plugging of the column with ice
during the desorption step. The analyses were
carried out using a carrier gas linear velocity of
45 c¢m/s, MS scanning from 35 to 450 in 0.5 s, and
a GC temperature program of —80° to 250° at 10°
C/min. The transfer line, source, and MS manifold
temperatures were maintained at 225°, 225°, and
100°C, respectively. The electron multiplier was
maintained at 1600 V during the chromatoegraphic
Tuns.

GC/MS/DS ldentification Procedures

The procedures utilized in the analysis of the
data were designed so that all identifications
reporicd would be of a “confirmed’ nature

(Christmian, 1982), Following the analyvesof 2
N own armounts 01 ("Ch of L\\C
b Qg)’{) Lor,}.mundc )(uj'!)\t

tan 3rd com;'; ngl
terget and intarn
Fiention Uimes U\r\ F and releiive response fucigy
(RRF) were caiculated using the GC/MS/DS
software. The internal standard compounds
toluene-d§ and 2-bromo-m-xylenc eluted in the
early and late portions of the chromatogram,
respectively, and each was vsed in the RRT and
RRF czlculations in its respective chromatogrephje
region. The mass spectral Jons ssed for peak azea
quantitzuion of toluene-d8 end 2-brome-m-%viene
were 98 and 184, respectively. The 26 target
analytes that were specifically sought in the
samples (and the ions used for peak area quantira-
tion)inclided: 1,1-dichloroethene (61), dichloro-
methane (84), trans-1,2-dichlorocthene (61),
1,1-dichloroethane (63), chloroform (83),

],] ,1-trichlorceihane (97), 1,2-dichloroethzne (28),
tetrachloromethane (carbon tetrachloride) (117),
benzene (78), 1,2-dichloropropane (63), wrichloro-
ethene (trichloroethylene) (130), bromodichloro-
methane (83), trans-1,3-dichloropropene (75),
toluene (91), cis-1,3-dichloropropene (75),
1,1,2-trichloroethane (83), dibromochloromethane
(129), tetrachloroethene (129), chlorobenzene
(112), ethylbenzene (91), bromoform (171),
1,1,2,2-tetrachloroethane (83), 1,3-dichlorobenzene
(meta-dichlorobenzene) (146), 1,4-dichloro-
benzene (paradichlorobenzene) (146),
1,2-dichlorobenzene (ortho-dichlorobenzene)
(146), and hexachloroethane (117).

The identification of the compounds in a
sample data file was carried out by manual means
to avoid misassignments. To this end, the system
software was first used to plot the extracted 1on
current profiles (EJCPs “jon chromatograms,’ or
“mass chromatograms”) for up 1o seven character
istic 1ons of each target compound in a narrow
(225 s) window. The center of the window was
predicted on the basis of the predetermined RRT
of the compound and the observed internal
standard RT. An identification was considered to
be confirmed if: (1) the FI1CPs all maximized
within #1 s of each other, and very near to the
predicted RT; and (2) the intensities of all of the-
plots relative to the most intense EJCP were
within #20% of those observed in 2 standard run
which had been carried out within 6 h of the
sample run under consideration. Computer
matching of the background-subtracted spectrum
at the peak maximum with the data system’s mass
spectral library was used 1o further confirm the
assignment.
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“ig. 3. Fused silica capillary column GC/MS/DS chromatogram obtained with 54 ml of water from OW 3-2,

RESULTS
Of the over 26 compounds that were specifi-

“ally sought in the samples, three clearly landfill-
clated compounds were 1,1,1-trichloroethane,
L“Drobcnzene and para- dxchlorobenzenc A .

ety of natually -present compounds were also
antified in the samples. Some of these identifica-
tions are given in Figure 3 which is the chromato-
sfam obtamed for piezometer OW 3-2 with "
C“Lrldge 415. The concentrations of 1,1,1-tri- L
‘“IOYoethane chlorobenzene, and para-dichloro S

“ar
L3
G

“hzene together with the associated blank levels
1?" Presented in Table 1. The volumes sampled are
“50 given. Volumes subst’mtlally greater than 50
M (the nominal capacity of the syringes) occurred
S‘J‘?“ the O- -ring on the movable plunaer leaked
Newhar, al]omng water to pass up into the tube
\hlch led to the surface. This problem may be
"Vercome through the adjustment of the O-ring

groove tolerances. Although breakthrough is of
general concern, it is encouraging to note that
there is no dependence on the sample volume for
the data (2bove blank levels) obtained for
piezometers OW 11-1 and OW 11-3.

The gas chromatographic mean retention
times for the compounds 1,1,1-trichloroethane,
chlorobenzene, and para-dichlorobenzene were
402, 585, and 720 s, respectively. The means of
the absolute values of the deviations between the
predicted and observed retentions times were 7.7,
3.1, and 1.5 s, respectively. The fact that 1,1,1-tri-
chloroethane and chlorobenzene displayed greater
variability is because they were more influenced by
a certain amount of unavoidable variability in the
low temperature portion of the GC temperature
program.

Although it is known that the value of the
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relztive standmd devistion (cocificicnt of variation,
or CV) for the concentration of an analyie as given
by zn enalytical micthod ic a2 funcion ot ‘dwc con-
centrztion of the analvre (Glaser et al., 1981), the
assumprion will be made that to 2 1,7«‘( EPPTONima-
tion it is independent of concentration f\). thes
anzlyses. This allows one to pool replicate data and
obtain estimates of the CV (Davies and Goldsmith,
1972). The date sets which were included in this

\/

Table 1. Concenirations of Selected Organic Compounds in g/l {ppb) in Beyview Fark Landfill §

pooling process, marked with an asierishoin

Table 1, vwere imited 1o thoss piczomu“ rs for
which the concentrations were subsrzntially aboye
Llant: levels. The Llank values (calculated by
dividing the po amounts of ¢ach (umpcur.f "o;-,',d
on a blank cartridge by the smallest samplevoline
cmployed, or 0.0501) were not subtraciec from
the datz prior to the czlculation of individual

standard deviations. The pooled CV were therefore

zmples from

OW Semple Well Series (Vojume Sampled Date Are Given in ml)

Midpt.slotied Cartridge Velume 1.1,1- Ci.luro- Para
Well deptl (m) number sampled trickleroctbhane benzene aiclicichcrzon:
OW 15-3 27.7 419 50 35.* 3.4 . 0.57"
surface 421 50 38. 2.9 0.35
Blank 409 -0- 0.17 0.89 0.041
oW 1-2 8.2 402 56 0.30~ 1. 1.8%
down-hole 404 58 0.41 12. 2.0
Blank 409 -0- 0.17 0.89 0.041
oW 14 20.8 570 65 25.* 0.080 0.003
down-hole : 580 60 13. 0.051 ND
Blank 640 -0- 0.18 0.042 0.001
oW 3-2 7.3 415 54 0.94% §.0" 1.5%
surface : 416 50 1.6 8.3 1.6
Blank 418 -0- 0.40 0.91 0.011
OW 3-3 14.3 411 54 7.6* 0.90 0.013
down-hole 412 56 11. 0.74 0.011
413 57 8.4 0.72 0.008
Blank 418 -0- 0.40 0.91 0.011
oW 34 21.0 559 54 48.* 0.19 ND
surface 560 50 30. 0.16 ND
Blank 640 -0- 0.18 0.042 0.001
OW 11-1 3.0 554 60 ’ 0.24 2.8* 0.52°
down-hole - 555 105 ) 0.12 2.9 0.57
Blank 505 -0- 0.25 0.029 ND
oW 11-2 14.8 P 552 62 1.4% 0.025 0.001
down-hole ’ 553 68 2.0 0.026 ND
Blank 505 -0- 0.25 0.029 ND
OW 11-3 224 561 61 5.7% 0.044 0.005
down-hole 593 188 6.1 0.027 0.009
596 58 7.7 0.050 0.007
Blank 505 -0- 0.25 0.029 ND
OwW 12-3 ) 194 558 56 i 11> G.84* 0.051"
down-hole 600 46 9.3 0.75 0.057
uBlank 505 -0- g.25 0.029 ND
oW 5 7.6 650 30 0.50 0.053 ND
surface 680 50 0.53 . 0.051 0.002
Blank 780 -0- 0.50 0.045 ¢.001
Average concentralion on * data sets: 14, 5.3 0.88
Average blank level (ug/l): 0.30 0.38 0.011
27.% 6.9% 6.4%

C\V bzeed on pooling of * dz12 sets:
i g

i
Mg g b ‘



Crenc, respuctively
In wvicw of its subsiantiaily highe ty, It
~ot surprising that the 1,1, 1-trichlorocthane dat
vld exhibit the highest CV. There are too Yew
o peints o allow a statistica! distinction to be

- P
¢ berwween those samples which could be

ovolatidi

LT 'f.:J dovni-hole 2nd those which had 10 be
“rained at the surface. Some of the vanability
_v reside in errors associated with the cartridge
1dling and anaiysis which occurred after the
apling. .

The zverage blank values for 1,1,1-trichloro-
“hane, Chlorobcnzene and para- d)uuul‘ouu"ﬂtné‘
2r¢ 0.30,0.38,2nd 0.011 pg/l, respecuvely. A

“:nk cartridge prepared by exposing it to a section

“the type of O-ring used in the syringe device
~owed no contamination from these compounds.
- is probably significant that the two compounds
~th the highest blank levels are also the two
~mpounds with the highest vapor pressures (96.0
~cd 11.7 torr, respectively, vs. 1.2 torr for para-
chlorobenzene) (Callahan et al., 1979). These
1,1-trichloroethane and chlorobenzene blank
-vels in conjunction with other, generally lower-
wvel trace analyses by aqueous ATD underway in
ar laboratories (Pankow et al., 1983), indicate
“at a portion of the contamination is cross- =%
ontamination from samples to blanks. Tt will -
~erefore be possible to lower this contamination
“vel by increasing the isolation which each
ariridge receives subsequent to sampling.

The down-hole syringe and cartridge tech-
“ique provides some unique advantages over con-
-ntional methods for obtaining ground-water
“imples for analysis for trace organic compounds.
A erfect, each cartridge is 2

¢pths near the piezometer tip or well screen.

‘nice the cartridge itself is quite small in diameter
2.6+ ¢m), the possibility exists for modifying the
~ethod for very narrow piezometers such as those
-teloped by Cherry et al. (19832, 1983b) and
lewerson and Cherry (1983) for multilevel
“0pling. If the piezometer is pumped or bailed

‘1o to sampling, the sample will represent ground

*ater which recently flowed into the plezometer
d also traveled only a short distance upward in
ﬂe PlCzometer This water will contact only a
all percentage of the tortal, potentially adsorp-
e Casing surface. If the sample is taken at the
“Zometer tip after a freshly pumped well has
N allowed to recharge, the sample will not be

-
e

e e — o e e e wm e e e

dedicated sampler. The
~Lhmque is convenient for acquiring samples from

YO N Dee LA,

HEURSAE [N -
. . 1 Lot y_ T T, T
N ru}»]! TOGOMN D TOHIC S0 e s UL p(*\\ll-ll'
v oof nos }mm;r.n or hathng

LR ”’"\ Voler LO)LTHH‘
icular interest in
) exIStS
o volumes
SCZOMELET

prior o s;m:x}-_;,m Thisis of por
CUrre
‘

view of the conros i-r<>' that
b ¢ U‘ud
thut shoeld L remieved freme will or pi
before sumpling can occur, Since most pw*pmc

cof fresh fermaton water

regoer TG wWallr ool

meithiods cause the mixing
with warer which prMJOusT\ exisivd in the water
column, it is generally desirable to pump consider-
ably more than one column volunie when sampling
permeable formations. Down-hole sampiing tech-
niques such as these described in this paper have
the advantage of allowing the sampler to be placed
near the bottom of the piezometer when the pump
is operating near the top of the water column.
While the low permeability of the shale at the
Bayview Park Landfill prevented the use of this
configuration in this study, its application in higher
permeability formations would allow the sample to
represent new formation water even when only a
small total volume is removed from the water
column.

While the same water could be sampled con-
ventionally by placing a pump at the piezometer
tip, losses by adsorption and volatilization may be
problematic as the sample rises in the tube leading
to the surface. The use of a conventional bailer
equipped with a one-way valve may eliminate the
sorption loss problem, but volatilization at the
surface remains a source of uncertainty. If a
pump/tube assembly or a bailer is not dedicated
to each piezometer, a process which involves
additional expense, cross-contamination may also
occur.

A disadvantage associated with the syringe
and cariridge down-hole sampling technique as
developed here is the cost in labor time in prepar-
ing the cartridges as comparea to cleaning glass
sample vessels as, for example, for purge and trap
analyses. However, for many sampling applications,
the many advantages of this sensitive technique
outweigh-the cost of preparation. Furthermore, it
is likely that such costs will be reduced in the
future as the method develops. Uncertainties with
regard to breakthrough losses are currently under
field investigation by the authors through the use
of several cartridges in series. Studies are also
currently underway in Pankow’s laboratory con-
cerning how the magnitude of breakthrough may
be reduced through the variation of sorbent type
and sempling conditions.
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wpe sempling
tcchnioue bosed on The wnalytical me hod ATD

angd - mi]\ sis by GC/MS/DS has buen devdleped for
the ceicrmination of pg/i Jevels of organic contami-

CoA donrholo svringec and carn
]

rantsin ground water. The convenicnce of the
techmigue for field use and the reprodvcibibty of
the results were encouraying during an application
of the technique 10 the study of the zone of
contamination downgradient of a landfill located
on {ractured shale in Burlington, Ontario. The

ledmn]uc enables samples 1o be obtained {from any |

x'
depth in piczometers or wells'in a manner that |
|

minimizes Josses due 1o volatilization and sorption /
on sampling cquipmem In essence, each cartridge ’
1s a dedicated sammpler in that it is not used in *nore‘g
than one piezometer or well. Because the sample |
exicis zs 2 small, ghtweight, porous cartridge \‘
regardless of the water v olume that is samp]ed the |
sample is in a form that is very convenient for
packaging end shipping by mail or by air courier
between field sites and distant analytical labora-
tories. Further work is underway in our labora-
technique.
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