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METHODOLOGY FOR THE EXPOSURE
ASSESSMENT OF SOIL FOR ORGANIC
CHEMICALS

Part I: Extraction Procedure of Non-volatile Organic
Chemicals

URSULA WAHLE, W. KORDEL and W. KLEIN

Fraunhofer-Institut fiir Umweltchemie und Okotoxikologie 5948
Schmallenberg-Grafschaft, FRG

(Received 11 November 1988, in final form 29 February 1989)

A widely applicable clean-up scheme for the analysis of anthropogenic organic chemicals in soil,
comparable to the “master-analytical-scheme™ for organic compounds in water, is not available.
Isotopically-labelled compounds representing seven classes of chemicals with a broad range of physico-
chemical properties have been used to develop a general procedure for extraction, clean-up, and
analysis. Two different soil-types have been spiked with these chemicals for at least four weeks prior to
analysis. For non-volatiles, best results have been obtained by the extraction of soil by the system of
water/dichloromethane resulting in a recovery of about 95%, For amines the recovery from aged
residues is only 409, A large amount of soil-borne impurities can be eliminated by subsequent gel
chromatography, resulting in samples ready for further separation and quantification by HPLC, GC or
for MS analysis.

KEYWORDS:  Analytical scheme, soil, extraction procedure, organic pollutants.

INTRODUCTION

Most chemicals enter the environment via air and water. Therefore analyses of
pollutants in these media are well advanced. A widely applicable clean-up scheme
for the analysis of anthropogenic organic chemicals in soils, comparable to the
“master analytical scheme” for organic compounds in water,’ is not available.

For soil analysis, research is mostly restricted to single substances or classes of
substances.?”’

Soils may be contaminated by anthropogenic organic chemicals by several
pathways, and an unpolluted “zero-soil”® is not available. Contaminations can
interfere with organic compounds which have been added in order to prove
extraction methods.

This especially is of importance when working at low concentration levels and
may result in irreproducible recovery rates. Some groups have tried to prepare a
“zero soil”,® but the qualities may influence the adsorption of the applicated
anthropogenic chemicals. Therefore in this research project, isotopically-labelled
substances representing important classes of chemicals have been used. Thus the
efficiency of each working step (extraction, clean-up, concentration, and partition-
ing) can be controlled and optimized separately.
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122 U. WAHLE ET AL.

Table 1 Characterisation of selected soils

Soil type pH  Corg CEC CaCoy Sand Silt  Clay
% mpal/100g %, % % %

Alfisol 67 125 123 043 69.7 144 159

Spodosol (forest) 2.8 482 151 — 88.1 34 1.4

Sorption of the individual chemical and the clean-up procedure depend on
characteristics of the soil used. Soils have been selected which differ particularly in
their organic carbon content, clay content, and the cation exchange capacity
(Table 1).

Sorption processes in soil and, therefore, extractability of a chemical are time
dependent. Realistic and environmentally relevant recovery rates are only obtained
if, prior to extraction, the soil has been exposed to the chemical for a relatively
long period of time. In order to avoid biodegradation during this incubation time,
the moist soil has to be sterilized before spiking. To suppress biotic degradation in
soil, different methods such as y-radiation, ethylene oxide or propylene oxide
fumigation, autoclaving, or addition of fungicidally and bactericidally active
components are commonly used. We prefer the autoclave method because of its
minimal influence on sorption properties and its sufficient suppression of biodegra-
dation during testing.’

EXPERIMENTAL SECTION

Sample Source

The alfisol was obtained from Schonberg (Holstein), the agricultural spodosol was
taken from Wasbeck (Holstein), and the forest-spodosol from Lauenburg
(Holstein).!® The soil was air dried, sieved (particle size <2mm), and stored at
4°C. The characterisation of the soil is shown in Table 1.

Reagents

The individual stock solution for each compound was prepared in ethanol,
toluene, or water. All solvents were residue analysis purity, and the unlabelled
chemicals were p.a. grade and purchased from Merck, Sigma, and Riedel-de-Haen.
The '#C-labelled compounds were purchased from Amersham, Sigma, or kindly
supplied by NATEC and GSF.

Sample Preparation

An 100 g aliquot of soil was loaded into a 250ml glass bottle. Soil humidity was
adjusted to 40%, maximum water holding capacity and sterilized at 121°C for 20
min.® The soil was spiked under sterile conditions by carefully mixing with 1 ppm
of the '*C-labelled compound and 4 ppm unlabelled compound to avoid influences
of low concentrations.!' The content of organic solvent did not exceed 1%.'?
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The spiked soil was incubated for at least four weeks at 25°C in darkness prior
to extraction.

SHAKE EXTRACTION

Aliquots (5 g) of spiked soil in 80 ml centrifuge bottles were shaken with Sml water
for 10 min. Then 10ml of the organic solvent were added and the sample was
shaken for another 20 min followed by centrifugation at 5,000 x g in order to
promote phase separation. This extraction procedure was repeated twice.

Soxhlet Extraction

Aliquots (10g) of the spiked soil were placed in a soxhlet thimble and extracted
with 40ml methanol for 12h. Then 10ml benzene were added and soxhlet
extraction continued for 24 h.!3- 14

ULTRASONIC EXTRACTION

Aliquots (5g) of spiked soil in centrifuge bottles were extracted ultrasonically
(Bandelin ultrasonic cleaning bath, Sonotex Super RX 255H) with 5ml water and
10 ml organic solvent for 20 min at 25°C.

The radioactivity in the organic and aqueous phase was determined by liquid
scintillation counting. Non-extractable residues were determined by combustion of
100 mg soil aliquots after extraction and drying in a vacuum desiccator at room
temperature.

The extracted compounds were identified by thin layer-chromatography to
verify the identity of the chemical.

RESULTS AND DISCUSSION

Essentially four methods are in use for the extraction of solid samples: hot
extraction with a soxhlet or similar apparatus, shaking, sonication, and extraction
with supercritical solvents. Extraction by shaking is an effective and simple method
which is preferred to extraction by sonication or soxhlet extraction. Extraction by
sonication results in high standard deviations if conditions such as water level,
sample size, vessels used are not completely standardized. The results of both
methods are comparable. Soxhlet-extraction is not recommended as a routine
method since some portions of the substances (e.g., PAHs, Table 2) are distributed
in and tightly sorbed to the extraction device. This fact should be considered
especially when working at low concentrations near the detection limit.

The classes of chemicals, PAHs, phenols, chlorinated compounds, acids, esters,
ketones, and amines were tested separately. The first three chemicals of each class
were spiked and extracted in common. For problematic groups, e.g., the amines,



16: 13 18 January 2011

Downl oaded At:

124 U. WAHLE ET AL.

Table 2 Comparison of Extraction techniques for PAHs (naphthalene, anthracene,

perylene)
a) Alfisol
Extraction technique % extracted S.D. % residue in soil
(org. phase)
I I
H,0/toluene 74 8 87 +2 2
MeOH/benzene-soxhlet 88 +8 20
H,0 (pH 11)/CH,Cl, 76 93 95 +5 3.0
H,O/cyclohexane 48 65 67 13 320
Cyclohexane 2 — — +5 68.0
H,O/ether 77 90 96 +4 30
H,0/n-hexane/CH,Cl, 82 84 85 +5 6
b) Spodosol
Extraction technique % extracted S.D. %, residue in soil
(org. phase)
1 i
H,0/toluene 42 57 67 +6 30
H,O0 (pH 11)/CH,Cl, 41 57 67 +5 30
H,0/Et,O 41 59 65 +6 20
H,0O/n-hexane/CH,Cl, 41 S0 60 +£7 30
I. H,O (pH 11)/CH,Cl,
2. H,0 (pH 2)/CH,Cl, successively 93 +5 7

the extraction procedures were repeated with the single substances. The applied
chemicals are itemized in Tables 2-7.

A comparison of the different extraction procedures is listed in the Tables 2-7.
The results shown are obtained by summing up the respective extracted amounts
in the organic layers.

It can be seen clearly that extractions using the two phase system soil/organic
solvent give worse results (e.g, Table 2: PAH extraction with cyclohexane)
compared with those using a three phase system soil/water (or alcohols)/organic
solvent.

H,0/ether and H,O/CH,Cl, have been shown in these investigations to be
suitable solvent systems for the extraction of PAHs (Table 2), while polar systems
(e.g, H,;O/acetone) which are useful for the extraction of esters and ketones
(Tables 5 and 6) are unsuitable for PAHs.

For chlorinated compounds and acids (Table 3), the solvent systems
H,O/acetone and H,0/CH,Cl, are comparably well suited with extraction
efficiency rates of more than 95%,. Non aqueous systems such as acetone/CH,Cl,
give lower efficiencies.

Organic acids were extracted up to pH 11. Thus, an effective extraction system
contrasts with group selective extraction. The comparison of the phenols’ extrac-
tion efficiencies (Table 4) underlines this fact. Under acid extraction conditions,
959 of the radioactivity was found in the organic phase, while alkaline extraction
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Table 3 Comparison of Extraction techniques for halogenated substances and
org. acids (lindane, pentachloronitrobenzene, buturon, 2, 4-D, chiorobenzoic

acid)
a) Alfisol
Extraction technique %, extracted S.D. % residue in soil
(org. phase)
1 i i
H,O/acetone 85 93 97 +5 30
Acetone/CH,Cl, 68 89 92 +7 3.0
Acetone/hexane 52 56 60 +7 10.2
H,0/CH,Cl, 87 93 97 +4 2.5
i-PrOH/cyclohexane 45 56 58 +5 17.0
HAM?®-soxhlet 50 +10 10.0
"HAM = hexane-acetone-methanol (8:1:1)
b) Spodosol
Extraction technique % extracted S.D. % residue in soil
(org. phase)
1 i
H,O/acetone 75 91 96 +2 40
Acetone/CH,Cl, 82 91 95 +7 50
Acetone/hexane 88 94 96 +6 40
H,0/CH,Cl, 71 85 93 +4 4.0
i-PrOH/cyclohexane 79 87 87 +10 100

Table 4 Comparison of Extraction techniques for phenols (phenol, p-nitrophenol, tetrachloroguaiacol)

a) Alfisol

Extraction technique % extracted Aquatic phase S.D. % residue in soil
(org. phase)
I i i
EtOH/EL,O 77 91 94 1.0 +3 5.0
H,O/toluene (pH <2) 64 91 95 3.0 +3 20
CHCI,/Et,0 (pH<2) 75 93 95 0.5 +3 4.5
H,0/CH,Cl, (pH<2) 73 92 965 0.5 +2 3.0
H,0/CH,Cl, (pH>11) 60 80 8S 88.5 +7 30
b) Spodosol
Extraction technique % extracted S.D. %, residue in soil
(org. phase)
1 11 111
EtOH/Et,O 68 80 83 +3 16
H,0/toluene 55 68 89 +7 10
CHCI,/Et,0 66 81 89 +5 10

H,O(pH2)/CH,Cl, 65 75 89 £3 10
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Table § Comparison of Extraction techniques for esters (phthalic acid-bis
(2-ethylhexyl) ester, benzoic acid butyl ester, warfarin)

a) Alfisol
Extraction technique % extracted S.D. % residue in soil
(org. phase)
1 i m
H,0O/acetone 68 87 92 +1 8.0
H,0/CH,Cl, 79 93 95 +2 50
Acetone 76 90 92 +3 8.0
Acetone/CH,Cl, 87 94 95 +2 50
b) Spodosol
Extraction technique % extracted S.D. 9% residue in soil
(org. phase)
I 11
H,O/acetone 74 90 93 +2 7.0
H,0/CH,Cl, 70 93 97 +2 30
Acetone 70 90 93 +3 7.0
Acetone/CH,Cl, 82 92 95 +5 5.0

Table 6 Comparison of Extraction techniques for ketones (cyclohexanone,
acetophenone, trichloroacetophenone)

a) Alfisol
Extraction technique % extracted S.D. %, residue in soil
(org. phase)
I n
H,0O/acetone 80 93 965 +2 35
H,0/CH,Cl, 80 94 965 +2 35
Acetone 80 90 92 +4 8.0
Acetone/CH,Cl, 81 91 92 +4 8.0
b) Spodosol
Extraction technique % extracted S.D. %, residue in soil
(org. phase)
I I i
H,O/acetone 74 88 92 +3 8.0
H,0/CH,Cl, 75 91 93 +3 70
Acetone 70 8 90 +S5 10.0
Acetone/CH,Cl, 73 8 90 +5 10.0

resulted in 809 of the radioactive material being partitioned into the aqueous
phase.

For the investigated chemicals, extraction efficiencies of about 959, were
obtained with the H,O/CH,Cl, system. Variation in pH-value favours the
extraction of acidic and basic compounds. This agrees substantially with the
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Table 7 Comparison of Extraction techniques for amines (paraquat, 2-
chloroaniline, benzylamine, tyramine)

a) Alfisol

Extraction technique % extracted S.D. %, residue in soil
H,0/CH,Ci,-soxhlet 57 +8 43

H,0 (pH > 11)/CH,Cl, 49 +4 51

H,0 (pH <2)/CH,Cl, 63 +5 37

IM HCI/MeOH 59 +5 41

Methanolic NaOH 43 +$5 57
MeOH/toluene 26 +4 74

b) Spodosol

Extraction technique % extracted S.D. 9% residue in soil
H,0/CH,Cl,-soxhlet 60 +10 40

H,0(pH > 11)/CH,Cl, 73 +6 27

H,O(pH <2)/CH,Cl, 66 +7 34

1M HCl/MeOH 59 +7 41

Methanolic NaOH 30 +3 70
MeOH/toluene 43 +6 57

results of Lopez-Avila et al.> who determined basic and neutral priority pollutants
in a sediment.

The group of amines (Table 7) obviously sorb more strongly to soil than the
other groups. Using strong solvents, on average 409 of the radioactivity remained
bound to the soil, Recovery rates depended on the respective substrates using the
H,0/CH,Cl, system. Worst results were obtained for paraquat (only about 509,
was extracted after 1 week aging) and best for chloroaniline and benzylamine
(about 70%). Using the H,O/CH,Cl, system at pH> 11 and pH <2, successively,
the alfisol and spodosol gave different results: the spodosol yielded 109, bound
residues, and the alfisol 309, bound residues. This can be related to the higher
organic carbon content of the spodosol. A large portion of the humic fraction was
extracted with H,O/CH,Cl, at pH 11 and pH 2 respectively.

Successive extraction of the non-volatiles with H,O/CH,Cl, at pH>11 and
pH <2 was followed by gel chromatography to separate high molecular weight
impurities. Further liquid-liquid partitioning and column chromatography led to
subfractions of neutrals, acids, and basics which could be analysed by GC, HPLC
and MS after concentration.
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