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HCH ISOMERS AND HCE RESIDUES IN ROOT VEGETABLES AFTER THE APPLICATION
OF LINDANE (I"HCH) TO THE SOIL
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ABSTRACT

According to accepted agricultural practice, risidue levels of lindane (FHCH), other HCH
iscemers and HCB were determined in carrots and sugar beets grown under field conditions,
where lindane had been applied to the soil 4 a sanitation agent. Samples of leaves and roots
showed lindane and @-HCH residues. Significant conoentrations were observed in the carrol,
especially in the peelings of the roots. High levels of lindane and e-HCH residues were also
olmerved in the seeds developed in growing plants, as well as BHCH and SHCH, which were
not detected in growing plants, indicating specific accumulation of HCHs in the seeds.

RESUMEN

S determinaron los niveles de residuos de lindano (F-HCH) v de otros isomeros FICH v
HCB en 1a zanahoria v en la remolacha azucarera cultivadas en el campo, de acuerdo con
las priacticas agricolas, donde el lindano fue aplicado al suelo como agente sanitario. En
las muestras de las partes verdes v de las raices de las plantas se determinaron lindano v
a-HCH. Las concentraciones mavores de Jos compuestos investigados se observaron en la
mamahoria, especalmente en las ciscaras de las raices. Los niveles significantes de lindano
e istmeros o=, -, GHCH se observaron en las semillas cosechadas, En las semillas sembra-
das se encontraron niveles menores, lo que indicd la acumulacion especifica de los isi-

meros HCH en las semillas cosechadas,

INTRODUCTION

Lindane, the gamma isomer of hexachlorocyelohexane
(HCH], has been used for decades as a foliar spray 1o
control numerous insects in the protection of field crops,
in soil applications and as a seed treatment (Ulmann
1978, Wegorek 1983, Worthing and Hanee 1991). It is ef-
fective against a wide range of soil dwelling, phytopha-
gous insecis, other pests and some animal ectoparasiies.

HCHs, like other organochlorine pesticides, can be
absorbed by plants through sequential processes, beginn-
ing with surface retention, penetration from dead parts
of the cell walls, active absorption by the plasmalemma in
the protwplasts, and finally, ransporution within the pa-
renchyma to the conducting systems (Fahr 1992, Scheu-
nert 1992, Schlosserovia 1992),

The absorption of pesticides follows two major path-
ways, through the roots and through the foliage. In certain
cases, the axis and the base of roots, rhizomes and hypoco-
iyl are the Bwvored absorption points, Pesticide absorption

is also possible through the bark of trees and shrubs, 5i-
milarly, pesticides are sometimes absorbed through fruit
peels and/or through seed coatings, as in the case of
sced-dressing. All pathway processes may be followed by
further transportation within the plans (Beall and Nash
1971, Trapp « af. 1990, 1991).

During the root uptake, lindane and its metabolites
dissolved in water, can penctrate intercellular space aned
the cell walls of the root cortex. They are then taken up
through the plasmalemma membranes of the cell of the
root cartex and of the endodermis, partly by active
processes and partly by diffusion (Nash and Beall 1970,

Foliar absorption of lindane and its metabolites can
occur as a absorption from air or as vapor. Most of the
pesticide remains fixed in the lipophilic cuticle, and only a
small part of it penetrates the cuticle by diffusion (Cooper
and Hall 1993). Lipophilic pesticides like HCH's, can pe-
netrate the cellulose walls only through certain hipophilic
interspaces. To penewate the plasma membranes, HCH's
need lipophilic pores in order to enter and activate further
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transport forms, making accumulation processes possible
{Barak of al 1983, Chessells of al. 1988, Singh o al. 1991,
Tanabe o al. 1991). The absorption of lipophilic pestcides
by stomara is importam primarily for pesticide vapors since
they are able 1o penetrate the hydrophobic inner cuticle
and are easily distributed among the cells (Peterson o al
1990, Schroll and Scheunert 1992h, Bacoi of al. 1992),

Temperature, humidity and light have been shown to
be important envitonmental factors positively affecting
the amount of absorption of foliar —adsorbed pesticides
and their ranslocation from leaves o roots (Singh « al
1989, 1992). Uptake from soil by roots is also positively
affecied by wemperature and humidm' and wtal absorp-
tion from soil and translocation to leaves has been shown
o be increased by light and temperature (Tanabe of al
1991). These are the same conditions that increase the
volatilization of lindane and HCH s from the soil
{Peterson of al, 199, Waliseewski 1993).

The aim of this project was o determine lindane (I~
HCH). other HCH somers and HOB residues distributed
in rool vegelables, specifically in the roots and leaves of
carrot and sugar beets grown in contaminated soils under
agriculural field conditons.

MATERIALS AND METHODS

The experiments were performed in the Winnogora Field
Station of the Instunme of Flant Protecuon in Poznan, Po-
land. In this project, felds of 50 m* were selected. Each
field was sprayed with 350 grams of “Owadziak pylisty 2.47
{Zaklady Chemiczne Organika-Azot, Jaworzno, Poland)
in agqueous suspension and then mixed with the soil using
a tiller, The preparaton was mixed thoroughly and re-
peatedly to a depth of 20 cm, the detailed dates on the
soil conditions are presented in the previous paper (Wa-
lhiszewski 1993). During the vegetation period there were
no pesticides used and the weeds were combated manual-
lv. The contents of lindane and other HCH isomers in
the applied preparations are presented in table 1.

TABLE L. LINDANE, HCH ISOMERS AND HCB CONTENT
(2/k) IN THE PREPARATION Owadziak Pylisty 2.4
USED IN EXPERIMENTS

Compounds First Application  Second Application
Lindane 20.0206 20.9624
a-HCH 0.0510 0.0509
B-HCH ND ND
&HCH (.0156 0.0186G
e-HCH NI ND

HCB KD ND

NI = nast detected

For this research, lindane was applied iwice. In spring
of the first vear, lour weeks afler application, the fields
were sown with carrots and sugar beets. Another applica-
tion of lindane was made after the autuvmn harves.
During the spring the roots were stored in a cellar at a
temperature of +4°C £ 2°C and in the {ollowing spring
were planted in the contaminated fields and lef w seed.

Sampling

Approximately four liters of soil each tume, were collected
with an Engler stick with a 5 cm id. 1o a depth of 10 cm
using the cover method (Cochran 1963). In the field, the
sample was mixed, and a part of the homogenous sample
(500-700 grams) was put into a glass jar and taken to the
lahoratory, It was then dried lor 2-3 days under laboratory
environmental conditions and silted through a 0.2 mm®
sieve 1o obtain a homogenous dried sample. The sample
was stored in a glass jar at a temperature of 20°C umil
the time ol analvsis.

For the analysis, the first samples of the soil were -
ken immediately before the lindane application and then
one hour afier the application. More soil samples were ta-
ken during the entire vegetation period, as reflected in
tables II and III. After a lindane applicaton in the au-
tumn, subsequent samples of the soil were 1aken at the
beginning of spring of the following vear after the fields
had thawed (Waliseewski 1995).

The samples of plants grown in the experimental
fields were taken when their size made separation into
green parts and roots their sampling possible. During the
sampling about 30-40 carrows and 10-15 sugar beets were
taken. They were subsequently taken in the periods
shown in tables TV, VI, V11 and VIIL.

In the field the plant samples were packed in filer pa-
per and transported to the laboratory. Subsequently, they
were washed under a stream of tap water and drieel with
filter paper to remove all soil particles, They were then
divided into leaves and roois, homogenized with a Hobar
homogenizer and storee in glass jars in the freezer an 207
until the analysis.

Determination of HCH isomers and HCB

Solvents such as acetonitrile and pewrroleum ether (boil-
ing point 40-50°C) used for analysis were fractonally dis-
tilled. Each time were gas chromatographically tested for
the presence of interfering compounds. Aceuc acid and
sulluric acid were of analviical grade, Anhydrous sodium
sullate and Celite 545 also of analytical grade, were heated
overnight at 650°C.

In order o prevent contamination by undesirable com-
pounds such as phthalate esters, all analytical equipment
was made of glass. The glassware was washed with concen-
trated KOH solution and concentrated sulluric acid,
rinsed with distilled water and then with distilled acewne
and petroleum ether,
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TABLE II. FIRST YEAR. LINDANE, HCH ISOMERS AND HCB RESIDUES (mg/kg) IN SOIL AFTER SPRING APPLICATION

Compounds Application Weeks after the application
Before 1 hour after 3 ] 10 13 17 21
Lindane 0.0019 (01 % (G042 03657 0.3344 0. 2978 (.2686 01758
a-HCH 000K 0007 (. 0020 00011 00011 00010 (L0010 00000
F-HCH N ND 00008 0.00K5 (LIS 0.0008 00007 0,005
SHCH 0,062 00012 0. (R {100 IRHET IRLVHE 00003 RS
e-HCH XD ND D ND KD XD N NI
HCR 00004 (0003 (L2 (0002 (0002 LR ND 0.2
NI = pot detected

Qualitative and quantitative determinations were per-
formed with a gas chromatograph (Varian Model 2100
equipped with a "Ni electron capture detector. The
separation of HCH isomers was performed in a 360 cm x
2 mm glass column packed with 1.5% OV-17 + 1.95% QF-1
on Gas Chrom Q BO-100 mesh at a iemperature of 1857,
Confirmation of identity of HCH isomers from selected
samples was made using a Hewleit Packard Model 59928
gas chromatography / mass spectrometry. Each sample
was analysed in duplicate and the results represent the
arithmetic mean of the duplicate analyses.

The extraction procedure and cleanup of soil samples
have been described in detail (Waliszewski and Szymcoyn-
ski 1985, Waliszewski 1993). Plant samples were analyzed
as follows:

Hundred grams of a previously ground sample were
weighed into a wide-necked Mask. Then 150 ml of acew-
nitrile were added, and the sample was left 1o macerate
for 30 min. The sample was then homogenized with an

Ulira-turrax homogenizer, and the supernatant was vacuum
filtered through a laver of Celite 545, The exwraction was
repeated one more time with 100 ml of acewonitrile and
again vacuum filtered through the Celite 545 layer. The
combined extracts were transferved o a 1000 ml separa-
tory funnel and 500 ml of 5% sodium sulfate solution
were added. The HCH residues were extracted with three
100 ml portions of petroleum ether, and the exiracis
were dried by filtering through a sodium sulfate layer,
The combined exuacts were then rotary evaporated o a
few milliliters and quantitatively transferred 1o a 10 ml ca-
librated tube. The volume was adjusted with petroleumn
ether to 10.0 ml. One milliliter of concentrated sulfuric
acid was added and the mixwre vigorously shaken for
half a minute and left for -3 minutes w obain good pha-
se separation. The petroleum ether layer was dried by
passing it through the sodium sulfate laver inwo the other
calibrated whe. The dried exwract was then ready [or
GLC residue determination. The recovery study conduct-

TABLE II1. SECOND YEAR. LINDANE, HCH ISOMERS AND HCB RESIDUES (mg/kg) IN SOIL AFTER AUTUMN APPLICATION

Compounds Application Weeks after the application
Before 1 hour after 24 28 32 34 “ 46
Lindane 0.0018 0.6693 66D 0.5531 0.1548 0.1442 00738 00219
a-HCH 0002 0.0022 0026 00014 0,0007 00005 0,000 0 (03
BHCH ND ND ND L0015 00004 (10101 1 0040710 NI
SGHCH ND 0.0{1)8 (L0010 L0005 0, 000G (L0004 0.0005 (RIS
&HOH ND ND ND ND ND KD ND ND
HCR ND ND ND NI 00002 N ND Xy

Bl = it abevecred
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TABLE IV. LINDANE, HCH ISOMERS AND HCB RESIDUES (mg/kg) IN THE CARROT LEAVES AND ROOTS AFTER SOWING

Compounds 10 Weeks 13 Weeks 17 Weeks
Leaves Roots Leaves HRoots Leaves Roots
Lindane 0.1483 02482 008981 0. 1500 LRt LRI
-HCH 0.0039 00017 00044 0.0014 0050 0011
p-HCH ND ND ND by ] ND b b
GHOCH D xD ND ND KD NI
e-HCH xD NIy ND XD MDD ND
HCB KD NI MDD D MDD ND

NI = ok defecied

ed with 10 replications for three fortification levels (0.1,
0.01 and 0.001 mg/kg) resulted in an excellent recovery
of aver 95% and a standard deviation and coefficient of
variation below 10, which indicates good reproducibility
and precision of method. The detection limits are establi-
shed as (L0001 mg/kg.

RESULTS AND DISCUSSION

A two-year study was conducted on the selected 50 m?
ficlds on which the lindane preparation, Owadziak pylisty
2.4 (Zaklady Chemicene Organika-Azot, Jawormmo, Polaned)
wits applied at the recommended dosage of 1.7 kg/ha by
the Institute of Plant Protection, Pornan, Poland, consi-
dering a normal agriculwral practice (Wegorek 1983).
Lindane was applied in spring of the first vear and after
the first autumn harvest. The resulis obtained [rom the
residue analyses of lindane, other HCH isomers and HOB

in the soil of the fields studied are presented in tables 11
and 1T (Waliszewski 1993). Four weeks alter the spring
application, taking into account the phyvtotoxicity period
of lindane, the carrol and sugar beet seeds were sown.
The first sugar beet samples were taken eight weeks later.
andd the carrot samples ten weeks Ler, according to the v
te of plant growth. All planis were left o grow unul the
1 7th week, and then the carrot and sugar beet roots were
harvested and siored in a cellar during the winter. The
weight ol the harvested carrot roots varied about 30
grams, while that of the sugar beet varied about 750 grams
£ 30%. During the spring the roots were stored in a cellar
at a temperature of +4°C £ 2°C. Alter the spring visual
changes in the root size were not observed, thus they were
not weighed. In the spring of the following vear, the stored
roots were planted in the contaminated Gelds where the
lindane had been applied the previous awwmn, These
plants were cultivated for the seeds from which the amount
of lindane absorption and acowmulation was determined.

TABLE V. LINDANE, HUH ISOMERS AND HCB RESIDUES (mg/kg) IN THE ELEMENTS OF CARROT ROOTS HARVESTED
AT 17 WEERS AFTER SOWING

Compounds Whaole roats Peelings Peeled roots
Lindane 00986 (L6204 0.0278
-HCH LAY 0.0038 LTI
B-HCH xD ND NIy
&HCH ND NI NIy
e-HCH KD D NIy
HCR ND (0000 NI

Ml = mow degecned
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TABLE V1. LINDANE, HCH ISOMERS AND HCB RE-
SIDUES (mg/kg) IN THE CARROT LEAVES
AND ROOTS PLANTED IN THE SECOND
YEAR AND HARVESTED AFTER 22 WEERS

Compounds Carrool leaves Carrol rools
Lindane 00708 0.2289
a-HCH 00062 0.0021
B-HCH ND ND
&HCH WD NIy
e-HCH ND NI¥

HCR ND D

I = nud detecied

The residue levels of lindane, other HCH isomers and
HCE found in the carrot, presented in table IV, revealed
only the presence of lindane and o-HCH, trace levels of
HCB and the absence of the -, & and e-HCH isomers.
Since climatic conditions were fawvorable for the volatliza-
tion of lindane and other HCH isomers from the soil,
their vapor could be absorbed and incorporated into
growing leaves. In time the residue levels decreased, with
values below the 0.1 mg/kg, the limit value of accepied
tolerance for vegetables.

At the last sampling, rellected in table IV, the lindanc
concentration in the carrot roots, was almost the same as
that in the leaves and the a-HCH was only detected from
HCH isomers. There was 4.5 time less concentration in the
roots, During the study period, the contaminaton of roots
diminished with growth. By harvest time, it reached levels
helow the accepied wlerance of 0.1 mg/kg. The highest

concentration of pesticides in roos was always found at
the beginning of the plant growth, and then it decreased,
The reason for this is that the availability of pesticides de-
creases while the volume of the roots increases. This
result in higher concentrations in young roots and in
lower concentrations in mature ones, a [act that can be
observed in table IV [or carrots and table VII for sugar
beets. If the plant growih is stopped and the roots stll re-
main in the soil, an increase of residues can be observed
again. The dilution of residues caused by plant growth
stops, and a diffusion ol pesticides into the roots takes
place. These effects can be observed in table VI: higher
residues were found in carrots of the second year when
roots growth was stopped alier they were planied. To
estimate the gradient of lindane and HCH isomer con-
centrations in the carrot roots, presented in table V, the
part of the root 10 be consumed (the peeled root) was se-
parated [rom the discarded peeling. A higher concen-
tration of lindane, 6.4 times higher, was observed in the
peclings compared w the concentration in whole rools,
and 3.5 times less in peeled roots compared to whole
roots. It is well known in pesticide research that carrot
roots have the greatest capacity among plants for
absorbing the lipophilic pesticides from the soil (Schroll
and Scheunert 1992a). Lindane and o-HCH detecied m
the carrot roots studied showed nowble accumulation in
the peelings. It has been found that major concentrations
af lipophilic compounds coming from organochlorine
pesticides accumulate in the peelings. The whole roois
showed less contamination with lindane due o the biole-
gical dilution of the sample. The lindane concentration
determined in the peelings was 22.6 times greater than
that found in the peeled roots used for consumption.

In the second year, the stored carrot roots were plani-
ed in the field to which lindane had been applied in
autumn of the previous year, Twenty-two weeks after the
roots were planted, the grown plants were harvested and
separated into roots, leaves and seeds. The residue con-

TABRLE VIL LINDANE, HCH ISOMERS AND HCB RESIDUES {(mg/kg) IN THE SUGAR BEET LEAVES AND ROOTS
AFTER SOOWING

Compounds 8 WEERS 10 WEEKS 13 WEEKS 17 WEEKS
LEAVES ROOTS LEAVES ROOTS LEAVES ROOTS LEAVES ROOTS
Lindane 0.01949 0.06453 00143 0.0019 0.00497 00036 0073 (L0037
a-HOH 00012 00022 0.0007 0.0014 006 AT LTI ND
BHCH ND ND ND KD NI¥ KD ND Nb
&HCH ND ND WD ND XDy ND ND XD
eHCH ND ND ND ND XD XD ND ] ]
HCB D ND N ND ND ND ND )

NI = poi ddeteceed
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TABLE VIII. LINDANE, HCH ISOMERS AND HCB RESI-
DUES (mg/kg) IN THE SUGAR BEET LEAVES
AND ROOTS, PLANTED IN THE SECOND
YEAR AND HARVESTED AT THE 22TH WEEK

Compounds Sugar beet leaves  Sugar beet roots
Lindane 00016 0.0008
a-HCH f.0007 (.01
B-HCH ND ND
&HCH ND» ND
£HCH ND ND

HCB ND ND

S = net detecied

tents found in the carrot roots and leaves are presented
in table VI, and results of the seeds are in able IX. These
results reveal a higher comtamination of the carrot roots
when compared to those of the previous year, This fact can
be explained by the dilution of the residues caused by
growth in the first year and the permanent diffusion of the
pesticides into the roots where growth rate is low during
the second year. The similarity of lindane concentration
levels found in the carrot leaves for the two years can be
cxplained by the new growth of the leaves in the second
year, where the roots showed only a slight increase in size.
The contamination of sugar beet presented in table
VII shows lindane and residue levels of o-HCH., The
quantity of lindane in the leaves decreased from 0.0199
o 0.0073 mg/kg between the 8th week and the moment

S.M. Waliszewska

of harvest 17 weeks later. The a-HCH however, mantain-
ed a low level almost without change. In the sugar beet
roots, greater absorption of lindane and o-HCH was ob-
served in the younger roots than in the leaves, Subse-
quently concentration decreased rapidly by biological di-
lution as the roots grew,

In the second year, the sugar beet roots stored during
the winter were planted in the contaminated field and
left w grow for 22 weeks, the time necessary 1o produce
seeds. Al that moment, the harvested sugar beet plants
were divided into leaves, roots and seeds. As indicated in
table VIII, residue levels of lindane and «-HCH, which
were only detected in the roots, were lower than the le-
vels observed the previous year. This phenomenon can be
explained by increase in the size of the sugar beet roots.
Accumulated compounds were ransported from the
roots o the leaves, making them grow at a greater rate
than the previous vear, which caused biological dilution
of the pesticides absorbed.

The carrot seeds obtained from the plans studied, as
inchicated in table TX, showed a significant quantity of lin-
dane and o, [ and HCH as well as the absence of e-HCH
and HCB. By quantifying the total HCH levels in the
seeds harvested to the sow, three times more HCH could
be observed in these seeds. Moreover, significant levels of
B- and &HCH were observed in the seeds harvested.
These levels could not ehserved either in the leal samples
or in the root Accumulation of HCH wotals in sugar beet
seeds, as presented in table IN, can also be observed with
about 1.6 times higher value in the seeds harvested,

From this research it can be concluded that while
using lindane in soil sanitation. in accordance with a
good agricultural practice, it is likely w find lindane and
oa-HCH residues in the growing plamis, The carrot rooms,
as well as the sugar beet roots, absorh lindane and
available o-HCH from the polluted soil. These com-
pounds are accumulated at higher concentrations in the
peelings of the roots. This reflects the resulis obtained by

TABLE IX. LINDANE, HCH ISOMERS AND HCB RESIDUES (mg/kg) IN THE SEEDS SOWED AND HARVESTED FROM THE
PLANT STUDIED

Compounds Carrot Sugar heet
Sowed Harvested Sowed Harvested

Lindane 0.034 0,089 0L006 (.00
a-HCH (L00G LOl6 0.001 00,0012
BHCH 0,002 0025 0001 0,004
&HCH 0004 012 0,001 0
e-HCH ND ND ND ot B)

HCR i b ND ND NIy

NI = e dletecied
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Schroll and Scheunert (1992a). The carcol and sugar
beet leaves also contained lindane and @-HCH, which ori-
ginated from volatilized pesticides from the soil and this
is concordant with the observations of Schroll and Scheu-
nert (1992b). Since the loss of lindane and other HCH
isomers from the soil depends mainly on its volatilization,
the vapors were probably absorbed by the growing leaves,
The carrot leaves as compared o the sugar heet leaves,
grow near the surface of the soil and have greater lipo-
phility which permits major absorption of pesticides as
reflected in the residue analses.

The residue analyses also reflected ubiquity of @-HCH
whose origin can only be explained by the bicisomeriza-
tion of lindane w -HCH (Steinwandter 1976), bur the
rate of this process is not significant, as the quanzitics
found in the leaves and roows alwayvs remained an low resi-
due levels, near the detection limits,
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