Journal of Chromatography, 623 (1992) 123-127
Elsevier Science Publishers B V , Amsterdam

CHROM 24 387

Extraction and gas chromatographic determination of
chlorinated solvents in contaminated soil

Tomaso C Gerbino, Sandro Nadotti and Paolo Castello
Laboratorio Chinuco, Castalia SpA, Via Borzol 79A/r, I-16161 Genoa (Italy)

(Received May 26th, 1992)

ABSTRACT

The performance of a ssmple and reliable extraction method for the analysis of chlorinated solvents 1n soil was evaluated The gas
chromatographic analysis of the final extracts dissolved 1n acetone showed that the tested compounds (tetrachloroethylene, trichlo-
roethylene, 1,1,1-trichloroethane and 1,2-dichloroethane) can be recovered with an efficiency ranging between 70 and 90% over a wide
concentration range in the sample The method can be used for i sufu analysis of polluted areas, dumping sites, sediments and sands

INTRODUCTION

The contamination of the environment by halo-
genated methanes, ethanes and ethenes has been
widely investigated owing to the mutagenic effect of
some of these compounds [1-4] The methods used
for the determination of these compounds in water
samples can be grouped 1nto three different classes
liqud-hquid extraction [5-7], static headspace [8—
11]and purge and trap [12 13] The final concentrat-
ed extracts are analysed by gas chromatography
(GC) with specific electron-capture and Hall detec-
tors that exibit a very high sensitivity to these com-
pounds

The extraction of halogenated compounds from
so1l samples 1s carried out with water when therr
expected concentration 1s below 1 mg/kg and with
methanol (followed by dilution of the extract with
water) when the expected concentration 1s higher
[14] The aqueous solution 1s then analysed using
the methods mentioned above

The use the headspace methods with solid sam-
ples has also been reported [15-19] They require
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dedicated instruments and a series of replicate sam-
plings 1n order to apply the so-called multiple head-
space extraction The procedures can therefore
hardly be applied in field analyses A large number
of analyses carried out during the decontamination
of a site polluted by tetrachloroethylene showed
that the application of the described methods 1s
complicated by the wide range of concentrations ex-
1sting 1n the samples, which makes 1t difficult to pre-
dict the dilution needed to maintain the injected
sample within the linearity range of the detector
used Further, the use of concentration methods for
the preparation of liquid extracts that must be
strongly diluted for GC analysis 1s time consuming
and may result in unacceptable errors

The purpose of this paper 1s to present a simple
and reliable method for the analysis of contaminat-
ed soil for chlormated industrial solvents

EXPERIMENTAL

Soil samples were obtained from a site (Alessan-
dria, Italy) contaminated by tetrachloroethylene
discharged from metal-plating and degreasing oper-
ations The so1l samples were drlled and collected
from various depths 1n the contaminated area and
were transferred into amber-glass jars which were
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closed with PTFE-lined caps and transported to the
laboratory 1n an ice-filled cooler

A reference soil sample was taken from unpollut-
ed area 1n the same site, dried at 105°C for 24 h,
crushed, passed through a 0 075-mm sieve and used
for the preparation of the recovery samples

Chemicals

Stock standard and working standard solutions
were prepared by dissolving aliquots of tetrachlo-
roethylene, trichloroethylene, 1,1,1-trichloroeth-
ane, 1,2-dichloroethane (Aldrich, Steinheim, Ger-
many) 1n pesticide-grade acetone (Merck, Darm-
stadt, Germany) and diluting with organic-free,
deromized, distilled water (Millipore, Bedford, MA,
USA)

The normal precautions appropriate for handling
volatile analytes were employed [12] and the work-
ing standards were checked against certified stan-
dards (Supelco, Bellefonte, PA, USA) and repre-
pared when the deviation was greater than 1%

In recovery studies an accurately weighed 3-g
sample of clean reference soil was placed 1n a glass
flask with a ground-glass stopper, then 100 ul of
dilute aqueous standard were added with a micro-
syringe and the flask was stored for 12 h at 4°C to
minimize the losses due to evaporation and to allow
the chlorinated hydrocarbons to be absorbed by the
soil Possible inhomogeneity of the distribution 1n
the sample 1s of minor importance because all the
spiked amount (3 g) 1s subjected to the analytical
procedure

Analysis

The analyses were carried out with a Varian (Palo
Alto, CA, USA) Model 3600 gas chromatograph
equipped with a nickel-63 (8 mCi) electron-capture
detector

A glass column 3 m x 1/41n I D) packed with
10% SP-2100 on 80-100-mesh Supelcoport (Supel-
co) was used at 60°C with pure nitrogen as the carn-
er gas at a flow-rate of 30 ml/min The on-column
mjector was maintained at 70°C and the detector at
300°C

The pH values of aqueous soil extracts [20] were
measured with an Orion Research Model 701 dig-
ital pH meter and the total organic carbon was de-
termined by the wet combustion method [20]
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Procedures

The halogenated compounds are extracted from
3 g of so1l with 60 ml of acetone-water (51) 1n a
100-ml stoppered flask and agitated for 2 h on a
shaker The flask 1s then allowed to stand 1n the
dark at room temperature for 24 h The losses of
volatile analytes 1n the extraction are minimal, as
the problem may arise when the partition 1s between
the headspace and water, where the compounds are
rather insoluble The presence of the acetone layer
where the compounds are highly soluble strongly
reduced the losses due to evaporation and to hiqud-
headspace partition

An ahquot of clear upper layer (12 ml) 1s trans-
ferred into a 20-ml vial and 2 g of NaCl are added to
separate the water layer from the acetone contain-
ing the compounds to be determined [21,22]

A 2-ml volume of the acetone layer 1s taken, dried
with anhydrous CaCl, and stored in wvials with
PTFE-lned caps at 4°C for further GC analyss, 3
ul of this solution are injected on to the column

Series of samples spiked with different analyte
concentrations were run in duplicate Analysis of
contaminated soils for tetrachloethylene was per-
formed 1n accordance with the procedure described
above

The recovery of the extracted compounds was de-
termined by comparing the peak area from the
analysis of extracts with the peak area on the cali-
bration graph corresponding to the concentration
calculated from 100% recovery of the compound in
the organic layer

RESULTS AND DISCUSSION

Tables I-IV show that the recovery of the com-
pounds 1s greater then 80% (except for 1,2-dichlo-
roethane) and seems to be independent of the con-
centration in the analysed soil The lower recovery
observed for 1,2-dichloroethane 1s probably due to
the greater volatility of this compound The lack of
a quantitative recovery may be explained by the
losses due to handling volatile analytes, but ths sit-
uation reflects what may happen n authentic sam-
ples of contaminated soil, and 1t 1s therefore impor-
tant to follow the same procedure (times, temper-
atures, volumes) 1n the calibration and 1n the analy-
s1s 1n order to minimize the fluctuations

The incomplete recovery of the compounds 1s ai-
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TABLE I

RECOVERY OF TETRACHLOROETHYLENE (B P 121°C)
ADDED TO REFERENCE SOIL AT DIFFERENT LEVELS
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TABLE 111

RECOVERY OF 1,1,1-TRICHLOROETHANE (BP 74°C)
ADDED TO REFERENCE SOIL AT DIFFERENT LEVELS

Amount added Recovery (%) Amount added Recovery (%)
(ug/kg) (ug/kg)
Replicate 1 Replicate 2 Replicate 1 Replicate 2
54 95 91 40 74 70
108 81 83 80 76 87
162 89 93 120 99 99
540 92 87 400 76 85
1080 86 88 800 74 80
1540 76 84 1200 77 78
3080 88 84 2400 84 88
5400 84 91 4000 88 88
Mean £ SD 870 + 49 Mean + SD 826 + 86

so due to the different partition coefficients between
the aqueous and organic layers and to the mutual
muscibility of the two solvents [23] The salting-out
effect due to the addition of NaCl increases the re-
covery to an extent that depends on the solubility in
the two layers [24]

The pratical detection limut 1s about 10 ug/kg for
tetrachloroetylene, 100 ug/kg for 1,1,1-trichloroeth-
ane and trichloroetylene and 1 mg/kg for 1,2-di-
chloroethane, owing to the different responses of
the detector to these molecules [25]

The overall hinearity of the method also depends
on the linear dynamic range of the electron-capture

TABLE II

RECOVERY OF TRICHLOROETHYLENE (BP 87°C)
ADDED TO REFERENCE SOIL AT DIFFERENT LEVELS

detector, which 1s a function of the analysed com-
pound and generally ranges within 2-3 orders of
magmtude [25] When the detector signal 1s above
the linear range, a plateau region 1s observed on the
sensitvity plot, an apparent concentration lower
than the true value 1s found and the correct quanti-
tative analysis requires a suitable diluition of the
extract If the concentrations of the various com-
pounds differ widely, two or more samples with dif-
ferent dilution factors should be injected 1n order to
detect each compound within 1ts linearity range
The high recovery and satisfactory reproducibii-
ity over a wide concentration range, from a few ug/

TABLE IV

RECOVERY OF 1,2-DICHLOROETHANE (BP 572°C)
ADDED TO REFERENCE SOIL AT DIFFERENT LEVELS

Amount added Recovery (%) Amount added Recovery (%)
(ug/kg) (ug/kg)
Replicate 1 Replicate 2 Replicate 1 Replicate 2
44 83 78 3750 62 56
88 91 82 7500 61 68
176 89 83 11250 81 78
438 81 84 37 500 67 75
876 86 90 75 000 89 91
1314 96 94 150 000 83 88
2628 84 86 300 000 77 78
4380 79 90 375000 69 64
Mean + SD 860 £ 52 Mean + SD 740 + 107
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TABLE V
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REMOVAL OF TETRACHLOETHYLENE FROM CONTAMINATED SOILS AS FUNCTION OF EXTRACTION TIME,

WITH pH AND TOC VALUES OF THE SOILS EXAMINED

Sample Depth pH TOC Amount extracted (ug/kg)
No (m) (mg/kg)
2h 24h 48 h

1 1-1 40 776 3201 2245 5089 5239
2 2-240 800 1656 2305 4742 4775
3 3-340 7 66 4505 9922 28 228 26 884
4 4-4 40 738 3954 13423 34182 38 354
S 5-540 770 2878 6106 7549 7388
6 6-6 40 773 618 149 646 684
7 7-7 40 8 61 873 681 1238 1375
8 8-8 40 771 691 76 173 170
9 9-9 50 783 564 16 67 70

kg to hundreds of mg/kg, show that the method can
be used for the extraction of chlornated com-
pounds from soil polluted 1n different environments
and therefore containing variable amounts of con-
taminants, e g , spill-over of solvents from chemical
plants, reclaimed areas contaminated by industrial
wastes and dumping sites The experiments with
soil samples spiked with known amounts of stan-
dards showed that the extraction 1s virtually com-
plete after 2 h of extraction on a shaker

It has been reported [26] that the sorbed com-
pounds 1n contarmnated sotl may be highly resistent
to desorption The slow release of trichloroethylene
from contamnated so1l requires an extended equili-
bration time for extraction, the equihibrium steady
state 1s reached within 24 h [27,28]

Table V reports the recovery efficiency for tetra-
chloroethylene from various samples of contami-
nated soil as a function of extraction time and con-
firms that the equilibrium between the extracted tet-
rachloroethylene and that still retained 1n the soil 1s
complete within 24 h This behaviour does not de-
pend on the pH and total organic carbon (TOC)
values (Table V), which has been correlated with
the sorption of organic compounds 1n soils and sed-
iments [29-31] This 1s expected for pH as a change
in pH should not affect the desorption of non-polar
tetrachloroethylene

It has been well documented that there 1s a linear
relationship between so1l organic carbon and parti-
tion coefficients, but when the organic content is
low (about 0 1%), the organic fraction 1s not a valid

predictor of the sorption of organic compounds and
other sorbent properties, such as specific surface
area and cation-exchange capacity, may control the
adsorption of non-polar organic compounds

The available literature data [28] and the experi-
mental results ¢onfirm that a 24-h extraction time 1s
preferred 1n order to ensure the complete recovery
of the halogenated compounds from contaminated
soil

CONCLUSIONS

The suggested method permuts the determination
of chlorinated compounds 1n polluted so1l to be car-
ried out 1n a short time and with high and reproduc-
1ble recoveries The compounds can be analysed
over a wide range of concentrations without the
problems connected with the extraction methods
obtained by modifying the procedures used for the
analysis of hiquid samples and without requiring
dedicated mnstruments such as for multiple head-
space extraction

The simplicity of the procedure permats its appli-
cation 1 field conditions mainly when a rapid anal-
ysis 18 necessary to evaluate the performance of re-
medial measures by conventional treatment or bi-
ological techniques, and 1s independent of variable
soil parameters such as pH and TOC

Further experiments are in progress in order to
evaluate whether the proposed method can be ap-
plied to the analysis of sites that have been contam-
mated for many years (=10 years), where the ha-



T C Gerbino et al | J Chromatogr , 623 (1992) 123-127

logenated compounds may be strongly adsorbed It
has 1n fact been reported [27,29,32] that the recov-
ery and efficiency may depend on the age of the
polluted sample
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