Bull. Environ. Contam. Toxicol. (1996) 56:50-57 *Environmental

© 1 inger-Verlag New York Inc. iContamination
996 Springer-Verlag New York Inc P T

Determination of HCH and DDT in Finger-Prick Whole
Blood Dried on Filter Paper and Its Field Application for
Monitoring Concentrations in Blood

V. K. Dua,’C. S. Pant,'V. P. Sharma,’G. K. Pathak’

‘Malaria Research Centre, BHEL Complex, Sector IlI,

Ranipur, Hardwar 249403, India

*‘Malaria Research Centre, 22-Sham Nath Marg, Delhi 110054, India
°D.A.V. Post Graduate College, Department of Chemistry,

Dehra Dun 248001, India

Received: 10 September 1994/Accepted: 12 June 1995

The organochlorine insecticides HCH and DDT have been
extensively used in India for the control of vector
borne diseases. However due to their chemical nature,
they became mejor environmental pollutants. On account
of their extreme stability, persistance and probable
indiscrimnate wuse, they have found their entry into
the food chain (Agnihotri et al. 1974 ; Bhupendra and
Seth 1981 ; Battu et al. 1989) and ultimately into the
human system where they are stored in body fat after
partial metabolism in various tissues (Ramachandran et
al. 1974; Kaphalia and Seth 1983). \Whole blood
concentration are preferred for the assessment of
persistance of HCH and DDT in general popul ati on
(Brown and Chow 1975 ; Sasaki et al. 1991). A large
volume of blood through venous sanpling and freezing
facilities are required for the determ nation of HCH
and DDT residues in whole blood which under tropical
field conditions are difficult to get. W present a
nmet hod for the assay of HCH isonmers and DDT netabolites
in whole blood sanples taken by finger prick and dried
on filter paper. This nethod has been applied for
finding HCH and DDT level in whole blood during Ardh
Kunmbh congregation held at Hardwar in 1992 where these
i nsecticides were extensively used for the control of
nosqui toes and house flies. Results are presented in
this paper.

MATERI ALS AND METHODS

n- Hexane, acetone and benzene (analytical-reagent
grade) were purchased from S.D. Fine-ChemlLtd. Bonbay.
Anhydrous sodium sul phate and silica gel (60-120 nesh)
obtained from E. Merk (India) Ltd. Bonbay, were used
for packing the colum. Al others chenicals of AR
grade were used wthout further purification. Primry
standards of HCHisomers, DDT netabolites and aldrin
(i nternal standard) were obtained from |Industrial
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Toxi col ogi cal Research Centre, Lucknow. U trapure
nitrogen was obtained from Indian Oxygen Ltd. Delhi
for gas chromatographic analysis.

Wol e blood sanples (100 pl) were collected through
finger prick with the help of heparinized capillary
tubes filled up to the red mark (Drunond Scientific Co.
US. A) from 47 occupationally exposed group i.e.
persons involved in the spraying of HCH and DDT and 37
from general population during Ardh Kunmbh congregation
held during January to April 1992 at Hardwar, U P.,
India. Ardh Kumbh is an inportant congregation of
Hindus in which about one million devotees assanble in
every six year at Hardwar to take holi dip in Ganga
river. About 6 netric tons of HCH and 2 netric tons of
DDT was used covering an area of 130 sq km for the
control of nosquitoes and house flies. Al the sanples
were collected on Whatman No. 1 filter paper (\What man
I nt ernational Ltd Maidstone, Engl and) . The filter
papers were dried in hanging position and protected
from the insects. After drying, each filter paper was
pl aced between the plain paper and kept at anbient
t enperat ure. Proper care was taken to avoid cross
contam nation during the Packing.

The recovery (extraction yield) was determned at conc-
entration of 0.2 ng/0.1 m for HCH isoners, aldrin and
DDT netabolites from spi ked whol e bl ood samples applied
on filter paper. Wthin day reproducibility was
obtained by analysis of sanmples (n=5) containing 0.2
ng/0.1 mM of each HCH isomers, aldrin and DDT
metabolites. Simlarly day to day reproducibility was
al so determined by assaying different concentrations on
different days. Sone sanples of sanme concentrations
were also analysed with different time intervals to
see the effect of storing the sanples for different
time at anbient tenperature.

The dried blood spots on the papers were cut into
small pieces and imersed into 5 m of n-Hexane
Acetone (1:1 v/v) for 20 mnutes and vortexed for
10 minutes. Solvent phase was separated. The filter
paper was re-extracted twice with 5 m of n-hexane
acetone mxture. The extracted solvent was pooled and
evaporated to 2 - 5 m on Vortex evaporator ( Haake
Buchl er, Saddle Brook N.J. U S.A ). The concentrated
sanples were cleaned up by passing through sodium
sul phate-silica colum using n-Hexane:benzene (50:50
viv) as eluting solvent. The eluent was collected and
dried. The dried sanples were dissolved in 0.5 m n-
hexane and 2-8 pl were injected for gas chromatographic
anal ysi s.

All sanmples were analysed for HCH isomers and DDT
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Table 1. Extraction recovery of HCH aldrin and DDT
from whol e bl ood

| nsecti - % Recovery Standard Standard % Coefficient
ci de (mean) deviation error of wvariation

a-HCH 91.0 5.4 2.4 5.9
B-HCH 85.9 2.9 1.3 3.3
Y-HCH 89.3 5.4 2.5 6.0
§-HCH 92.1 8.4 3.7 9.1

Aldrin 90.6 4.1 1.8 4.5

o,p'-DDE  89.7 6.8 3.0 7.5

p,p'-DDE  86.9 3.3 1.5 3.8

o,p'-DDT  84.0 2.7 1.2 3.2

p,p'-DDT  89.2 8.4 3.7 9.4

a: Mean of five sets

nmet abolites on Hew ett-Packard 5890 A gas chromatograph
equi pped with Ni* electron capture detector on 5%
OVv-17 coated on Gas Chrom Q (80-100 nesh) packed gl ass
colum. Nitrogen (flow @ 120 m/min) was used as
carrier gas wth injector 210° C, oven 190° C and
detector 220°C tenperature. The identity of HCH isoners
and DDT netabolites were confirmed on 5% DEGS col um
coated on Gas Chrom Q (100 - 120 mesh) (Kaushik et al.
1987). The identities of the residues were also com
firmed by studying the disappearances or shifts in the
peak patterns in alkali-derivatized sanples as conpared
to underivatized sanples (EPA 1980).

RESULTS AND DI SCUSSI ON

The extraction recoveries of the HCH-isoners, aldrin
and DDT netabolites from whole blood spiked on filter
paper are given in Table-I. The extraction
recoveries of HCH isoners varied from 85 to 92% with
the standard deviations of 2.9 to 8.4 while that of
DDT and its metabolites, the recoveries vari ed
between 84 to 92% with the standard deviations of 2.7
to 8.4. Standard curves from HCH isoners, DDT and
nmetabolites were linear over a concentration range of
2 to 1.2 /ug/L. The correlation of concentration verses
peak height (area) ratio was 0.97 (n=5) and the
intercept did not differ significantly from zero val ue.
Wthin day coefficient of variation for 0.2 ng/0.l m
and 1.2 ng/0.Im for HCH and DDT were between 2 to 9%
Concentrations of the sanples stored upto one nonth did
not differ from each other. Significant correlations
were recorded between finger-prick and venipucture
whol e bl ood concentration for HCH (r = 0.93, p < 0.001)
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Table 2. Residual levels of HCH and DDT in whole bl ood
of the general population

Concentration(pg/L)
I nsecticide

Mean St andard St andard Range
(n=37) deviation error

a-HCH 6.32 3.80 0.62 1.76 - 16.75
B-HCH 13.44 5.04 0.82 4.87 - 23.80
Y-HCH 1.75 3.00 0.49 ND - 12.15
Total-HCH 21.50 7.78 1.27 8.36 - 33.17
o,p'-DDE 4.67 7.57 1.24 ND - 25.15
p,p'-DDE 16.12 14.33 2.30 ND - 69.41
Total DDT 20.79 14.81 2.43 ND - 69.41
ND : Not detectable
and DDT (r = 0.95, p < 0.001). The mnimm detection

limt of HCH isonmers and DDT netabolites were 0.003 and
0.01 pg/L, respectively. These values were based on the
amount of the pesticide residues that gave 10 % full-
scale deflection, wthout interferences from the co-
extractives. The value below the mninum detection
limt was recorded as not detectable.

An analysis of the technical sanple of HCH used for
sprayi ng showed 27.2% (a-HCH, 49.4% g¢g-HCH and 23.4% d-
HCH isoners while the technical sanple of DDT consisted
of p,p' -DDT 60.2% o,p'-DDT 31.92% p,p' -DDE 1.68% and
o-p DDE 6.22% Average HCH and DDT levels in whole
bl ood determined by filter paper method from 37 nmale
which were not envolved in spraying operation (age

group 20 - 50 vyears, average Wweight 47 ko) from
District Hardwar, U.P. are given in Table-a. Mean
HCH and DDT contents in general popul ati on were

21.50 pg/L (range 8.36-33.17 wpg/L) and 20.79 pug/L
(range ND-69.41 pg/L) respectively. b-HCH contributed
62.5% followed by (a-HCH 29.4% and g¢g-HCH 8.1% of the
total HCH present. Simlarly p,p'-DDE was 77.6% fol -
| owed by o,p'-DDE 22.4% of DDT. No p,p' -DDT was de-
tected in any sanple.

47 sanples from the occupationally exposed persons who
were involved in the spraying operation of HCH and DDT
during Ardh Kunmbh Congregation at Hardwar in April,

1992 for the control of nosquitoes and flies, were also
anal ysed for HCH and DDT contanmination in their blood
and the results are given in Table 3. Mean HCH
concentration in whole blood was 68.0 pg/L (range
33.43-231.8 pg/L) while nean DDT was 58.43 pug/L
(range 11.18-238.3 pug/L). b-HCH ~contributed 48.6%
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Table 3. Residual levels of HCH and DDT in whole blood
of the occupationally exposed popul ation

Concentration (upg/L)
I nsecticide

Mean St andar d St andar d Range
(n=47) devi ation error

a-HCH 24.05 13.13 1.92 7.81 - 75.58
B-HCH 33.08 23.40 3.42 9.89 - 156.3
Y -HCH 8.50 15.41 2.25 ND - 61.67
8§-HCH 2.37 6.77 0.99 ND - 34.09
Total HCH 68.01 34.12 4.98 33.43 - 231.8
o,p'~DDE 3.28 10.09 1.54 ND - 44.45
p,p'-DDE 44.42 48.02 7.33 11.18 - 211.6
o,p'-DDT 1.48 4.48 0.68 ND - 20.09
p,p'-DDT 9.24 21.71 3.31 ND - 95.24
Total DDT 58.43 53.72 8.20 11.18 - 238.3

ND: Not detectable

f ol |l owed by a, g and d of 35.4% 12.5% and 3.5%
respectively of the total HCH Simlarly p,p '-DDE
contributed 76% followed by p,p -DDT 15.8% o, p' -DDE
5.6% and o,p'-DDT 2.5% of total DDT found.

A conparison of the levels of HCH and DDT in occupat-
ionally exposed and general population is given in
figure 1. It is clear that the level of HCH in blood
from occupationally exposed population was 3.1 tines
nmore as conpared to general population. Simlarly
DDT | evel was 2.8 tines nore in exposed group as
conpared to general popul ation. Conparatively hi gher
concentrations of p,p' -DDT and g-HCH in exposed cases
resulted due to recent exposure by spraying operations.
A wide range of concentration difference in exposed
group as conpared to general group was due to their
nature of duties and extent of involvenent in spraying
operation.

Stati stical conparison of the residual |evel of HCH
in whole blood from two different group of population
i.e. occupationally exposed and ii) general population
showed the significant difference in the nmean value (t
= 5.214, p < 0.001). Significant difference was also
observed for DDT residues in blood from two group
popul ations (t = 4.137, p < 0.001).

In the present study, the mean HCH and DDT concentra-
tions are quite lower than earlier reports from Delh
popul ation (Agarwal et al. 1976; Ramachandran et al.
1984) but simlar to Lucknow and Ahnedabad popul ation
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Figure 1. Comparison of HCH and DDT residues in
whol e blood from general and occupationally
exposed popul ati on.

(Kaphalia and Seth 1983 ; Bhatanagar et al. 1992). This
could be due to lesser use of these insecticides in
public health and in agriculture or descending trend in
the bioaccunulation of HCH and DDT in body fat. The
average HCH in whole blood concentration in exposed
group was 3.1 tines nore as conpared to general

popul ation which is simlar to that reported by Bauman
et al. (1980) and Kaphalia and Seth (1983) while the
total DDT in occupationally exposed population was only
2.8 tinmes nore than the general population which is |ow
as conpare to the wearlier report (Kaphalia and Seth
1983). This might be due to the lesser use of DDT by
exposed population for spraying operation.

The stability during storage upto one nonth, recovery
and precison of HCH and DDT determination in whole
bl ood sanple spiked on filter paper was satisfactory
and their was no concentration difference between
venous bl ood sanples and capillary blood sanples
applied on filter paper. In tropical field work, venous
punctures are often not accepted by the people besides
strictly standarized handling of blood sanples is
required which is difficult in field work (Dua et
al. 1986). The use of dried finger tip blood sanples
have three advantages i) it is accepted by the people
i) the handling of these sanples is not conplicated
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and iii) sanples can be stored and transported easily.

It is clear from the present study that considerable
anmount of chlorinated pesticides are present in the
general population in Hardwar area, however the |evel
of contanmination is not as high as reported from Del hi
(Agarwal et al. 1976 ; Ramachandran et al 1984). B-HCH
contributed nore than 50 % to total HCH isoners which
is known to possess the highest <chronic mamalian
toxicity of all isonmers of HCH (Battu et al. 1989). The
results therefore enphasised the need for appropriate
care and restriction in the application of these
insecticides in order to regulate their residues in
different food items and eco-system Significantly
hi gher concentrations of HCH and DDT in the exposed
group suggest that the necessary precaution should be
taken for the application of these insecticide during
congregations in |India.

ACKNOALEDGVENT. We thank Dr. P. K Kar, M. N C
Gupt a and A. K. Kaushik for their technical
assistance during the present investigation.

REFERENCES

Agarwal HC, Pillai MK, Yadav DV, Menon KB, CGupta RK
(1976) Residues of DDT and its netabolites in human
bl ood sanmples in Delhi, India. WHO 54: 349- 351

Agni hotri ND, Diwan RS, Jain HK, Pandey SY (1974) Resi -
dues of insecticides in food conmmodities from Del hi
Il. Hgh level fat content food material. Ind J Ent
36 : 202-208

Battu RS, Singh PP, Joi BS, Kalra RS (1989) Contani na-
tion of bovine (buffalow, Bubalus bubalis (L)) mlk
from indoor use of DDT and HCH in nalaria control
programmes. Sci Tot Environ 86:281-287

Baumann K, Angerer J, Heinrich R, Lehnert G (1980) Occ-
upational exposure to hexachl orocycl ohexane |I. Body
burden of HCH isoners. Int Arch Occup Health 47:119

Bhat anagar VK, Patel JS, Variya MR, Venkaiah K, Shah
MP, Kashyap SK (1992) Levels of organochlorine
i nsecticides in human blood from Ahnedabad (rural),
India. Bull Environ Contam Toxicol 48:302-307

Bhupendra SK, Seth TD (1981) DDT and BHC residues in
body tissues of goat, buffalow and chicken Lucknow,
India. Pesti Mnit J 15:103-106

Brown JR, Chow LY (1975) Conparative study of DDT and
its derivatives in human blood sanples in Norfolk
County and Holland Marsh, Ontario. Bull Environ
Cont am Toxi col 13:483-488

Dua VK, Brohult J, Ericsson O Sharma VP (1986)
H gh Performance Liquid Chromatographic determnination
of chloroquine in fingure tip blood dried on filter
paper Sanple handling problems. Ind J Mal ari ol

56



23 : 151-154

EPA (1980) In: Watts RR (ed) Analysis of Pesticides
Residues in Human and Environment al Sampl es,
Confirmative procedures, section 12D (i), US Environ-
mental Protection Agency, Research Trangle Park

Kaphalia BS, Seth TD (1983) Chlorinated pesticide
residues in blood plasma and adipose tissues of
normal and exposed human population. Ind J Med Res
77:245- 247

Kaushik CP, Pillai MK, Raman A, Agarwal HC (1987) Org-
anochlorine insecticide residues in air in Delhi,
India. Wat Air Soil Pollut 32:63-76

Ramachandran M  Sharma M D, Sharma SC, WMathur PS,
Arvi ndakshan A, Edward G (1974) DDT and its netabo-
lites in body fat of Indians. J Corn Dis 6: 256-259

Ramachandran M Banerjee BD, Gulati M Gover A, Zaidi
SSA, Hussain QZ (1984) DDT and HCH residues in body
fat and bl ood sanples from some Del hi hospital. Ind J
Med Res 80:590-593

Sasaki K, |Ishizaka T, Suzuki T, Takeda M Uchiyama M
(1991) Accurulation |evels of organochlorine pesti-
cides in human adi pose tissue and blood. Bull Environ
Cont am Toxi col 46:662-669

57



