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Abstract

Surficial sediment from New Delhi drains were analyzed for organochlorine pesticides (OCPs), herbicides,
synthetic pyrethroids (SPs) and polychlorinated biphenyls (PCBs). Herbicides constitute 99% of the total
organochlorine load. Atrazine were predominant compound (7100-140,000 ng/g dry wt) among herbicides
followed by pendimethalin (2800-21,000), butachlor (ND-1200), SPs (70-980), OCPs (9.0-140) and PCBs
(0.004-0.44). Among SPs, cypermethrin (70-770) was prevalent followed by cyfluthrin (ND-210). Among
OCPs a-HCH, p,p’-DDT, y-HCH, o,p’-DDT were predominant contaminants. Concentrations of PCBs were
one of the lowest ever recorded in the drain sediment. In addition to legacy organic pollutants, herbicides and
SPs seem to be highly used in India.

Introduction

For last few decades several organic pollutants including organochlorine pesticides (OCPs), herbicides,
polychlorinated biphenyls (PCBs) and synthetic pyrethroids (SPs) were extensively used in industry, agriculture
and public health sector worldwide. Some of these compounds have been banned in developed and developing
countries including India, however some developing countries are still using these compounds because of their
low cost and versatility'™. The Indian consumption of pesticides is approximately 85,000 metric tons, where
70% accounts for DDTs, HCHs & organophosphorus pesticides (OPPs)®. Most of these compounds are
identified as hormone disrupters, which can leads to alteration of normal functioning of endocrine and
reproduction system in humans and wildlife®. Recognition of these consequences has led to the international
restriction and ban on 12 persistence compounds including PCBs and several OCPs

Drainage system mixed with municipal waste and agricultural activities is vulnerable to environmental damage

from anthropogenic activities. The increase in human settlements, the agricultural waste, municipal sewage
discharge directly to the drains have led to the increased concentrations of organic pollutants in drains surficial
sediments. Due to their physicochemical properties and recalcitrance, many classes of organic environmental
contaminants tend to accumulate in sediments. The dredged sediments of the drains either used for ag ricultural
purposes or for land-filling which leads to direct or indirect impact human health as well as to wildlife®.
Municipal and industrial drains are the major routes of chemical contaminations to the nearby rivers and water
bodies. There presence in water may increase their levels in water, sediments and biota. It has been reported
that run-offs from contaminated agricultural soils also have result high level of contamination around Delhi
river and drainage system'. These persistent pollutants need regular monitoring in India™®. In this study, we
analyzed OCPs, herbicides, SPs and PCBs in surficial sediments from drains of Delhi, India.

Materials and Methods

Twenty one surficial sediment samples from five selected locations were collected using stainless steel Van-
Veen grab sampler. Immediately after collection, samples were thoroughly homogenized and an aliquot
transferred into a pre-cleaned glass jar. The samples were stored in freezer at -20°C until chemical analysis.
Homogenized wet sample (5-10 g) was mixed with sodium sulphate and Soxhlet extracted for 16-h using
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dichloromethane. The extracts were concentrated to near 5 ml in rotavapour (Buchi, Switzerland). Moisture
content was determined to report data on dry weight basis. The Florisil column chromatography was carried out
to cleanup the sample. The concentrated sample was added to the column and elution procedure was divided in
three fractions as follows: F1: 20 mL of hexane, F2: 10 mL of dichloromethane: hexane (1:3 v/v) +10 ml of
dichloromethane: hexane (1:1 v/v) + 15 ml of dichloromethane, and F3: 15 ml o f Acetonitrile. The fraction F1
was discarded as it contained non-polar compound as hydrocarbons. The fraction F2 and F3 were evaporated
separately under a gentle stream of purified nitrogen gas in micro concentrator (Turbovap Il Caliper Life
science, USA) to 1 ml and analyzed for target compounds. Quantifications of OCPs were carried out using gas
chromatograph equipped with an electron capture detector (ECD). A 25 m x 0.20 mm id Elite-1 (0.33 pm of 5
% diphenylpolysiloxane and 95 % dimethylpolysiloxane) column was used. The column temperature program
was as follows: The oven temperature was initially maintained at 170°C and programmed to increase at 7°C
min-! to 220°C and again ramped to 250°C at 5°C min-' and held for 6.86 min. The injector and detector
temperature were maintained at 250°C and 350°C respectively. Nitrogen gas was used as carrier at the flow rate
of 1.00 ml min-*,

Table 1. Mean and range concentration (ng/g dry wt)  Separation of herbicides and SPs were performed with

of target analytes in sediments from Delhi drain. HPLC system using UV diode Array detector (DAD).

Range For herbicides and SPs wavelengths used 210 & 205 nm
Compounds Min Max Mean  respectively. Mobile phase was Acetonitrile:water
Pesticides (OCPs) (70:30) for herbicides and 80: 20 for SPs at the flow rate
[-HCH ND 64 28 of 0.5 ml.min™. Extract injections with 20 pl sample
[-HCH 9.0 25 1.4 loop were chromatographed on a 150 x 4.6 mm internal
“LHCH ND 12 10 diameter, C18 reversed phase, ZORBAX Eclipse XDB

(Agilent) column with 5.0 pm particle. The

Aldrin ND ND ND . . .
S concentrations of analyte were determined by comparing
Dieldrin ND 3.0 3.0 .
“-endosulfan ND 20 20 the_ pez_ak area of the samples and the five Ieyel
calibration curves of the standards. The correlation
-endosulfan ND 6.0 4.0 coefficient of calibration curves were all greater than
p.p-DDE ND 0.0 0.0 0.998. The peak identification was conducted by the
o,p-DDT ND 9.0 7.0 accurate retention time of each standard. All samples
p.p-DDT ND 17 10 were analyzed with quality assurance. Recovery study
Sum OCPs 9.0 140 70 was undertaken to demonstrate the efficiency of the
Herbicides method by spiking the sample with known quantity of
Alachlor ND 54 54 target compound mixture and recovery ranged from 80
Butachlor ND 1200 710 to 106 % (+5-9%).
Pendimethalin 2800 21,000 14,000
Atrazine 7100 140,000 60,000 Results and Discussion
Sum Herbicides 9900 160,000 75,000 Contamination profiles of OCPs, herbicides, SPs and
Synthetic Pyrethroids (SPs) total PCBs have been listed in Table 1. Among OCPs, a-
Cyfluthrin ND 210 130 HCH is abundant contaminant followed by p,p’-DDT, y-
Fenpropathrin ND ND ND HCH, o,p’-DDT, a-endosulfan, B-endosulfan, and
Cyhalothrin ND ND ND dieldrin, B-HCH (Figure 1). Higher proportions of o-
Cypermethrin 70 770 250 HCH than in the y-HCH in sediments suggesting recent
Deltamethrin ND ND ND input to technical HCH mixture (containing 70% a.-,
Fenvelerate ND ND ND 15% y-, 6% pB-, and 9% &- HCH) in Delhi municipal
Sum SPs 70 980 380 wastewater drains. a-HCH has high vapor pressure and
PCBs 0.004 0.444 0.105 Henry’s law constant therefore, they will easily degrade
ND-= not detected in soil and sediment. The value of a-HCH/3-HCH is
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4.6-5.8 for industrial HCHs and 0 for lindane, respectively. In this study the ratio of a- to y- isomers (a/y ratio)
were 2.8 (pooled mean values) was well below in the technical mixture (i.e., 4 -7) and therefore in addition to
technical HCH mixture, usage of lindane in India cannot be ignored. The low a/y ratio in the sediment samples
might be due to sources of purified lindane in the area corresponding to the low values previously recorded in
Indian surface sediments’. Next to a-HCH, higher composition of p,p’-DDT in sediment indicated slow
degradation of DDTs or fresh input of technical DDT' in Delhi river and drainage systems. The technical
mixture of DDT having a >80% of p,p’-DDT alone which may be degraded through microbes. Similarly, the
DDE may also get degraded through biological activities. The ratio of pp”-DDT and pp’-DDE can be used to
estimate whether recent inputs of technical DDT exist. Generally, a ratio of 0.33 or less is considered as aged
mixture, while a relatively high pp’-DDT/pp’-DDE ratio implies a recent input. In our study we could not
detect p,p’-DDE we anticipate that fresh DDT

input still a possibility in Delhi river and BHCH DA g op-DDT
drainage systems. DDT s still being used =
worldwide particularly in developing countries OCPs|::
to eradicate malaria and dengue. Nearly 85% of N b DDE

tachlor DAldrin

the DDT produced in India is used for mosquito
control, therefore the levels of ZDDT observed
could be attributed to municipal wastewater
inflow from residential areas to the adjoining 9 Alachlor
river systems. Contamination of o- and pB- __Cyfluuin e

Herbicides

endosulfan and dieldrin cannot be ignored. spsl

. - . - . ~ = wmFenpropathrin  mDeltamethrin
Figure 1. OCPs, herbicides and SPs in Delhi o Cyhalothrin B Fenvelerate
drain sediment. 0% 20% 40% 60% 80% 100%

Table 2. Canadian Sediment Quality Guidelines (Fresh water) for the protection of aquatic life

Guidelines (ug/kg dry wt) DDD DDE DDT Dieldrin y-HCH Total PCBs
ISQG 3.5 1.4 1.2 2.9 0.94 34
PEL" 8.5 6.8 4.8 6.7 1.4 277

“ISQG-Interim Sediment Quality Guideline; PEL-Probable Effect Level.

Concentrations of OCPs observed in this study were compared to those of Canadian Sediment Quality
Guidelines (ISQG) and Probable Effect Level (PEL) "' (Table 2). DDTSs, dieldrin and y-HCH (lindane) noticed
in this study were higher than 1SQG however, lower than PEL. Continued occurrence of DDT, lindane in Indian
environment would cause serious health threat to aquatic organisms which live in the aquatic body of Delhi
drains receiving waters.

In India, about 6000 tons of herbicides been used for weed control, mainly in irrigated crops and on
plantationslz. Herbicides constitute 99% of the total organochlorine load in sediment in this study. Atrazine
alone contribute 80% of the total organochglorines (Table 1, Figure 1) followed by pendimethalin (19%),
butachlor and alachlor. Atrazine (2-chloro-4-ethylamino-6-isopropylamino-1,3,5-triazine), a chlorinated triazine
herbicide is one of the most widely used pesticides in crops like maize, sugarcane, citrus fruits, sorghum,
pineapple and has been sold under different commercial name like Aatrex, Aatratol, Bicep, and Gasaprim. Due
to its extensive use, persistency, high geochemical mobility and various toxic properties, it has environmental
significance. The most common use of Atrazine has been in chemical treatment, incineration, adsorption,
phytoremediation and biodegradation. These are all the reasons why we found elevated atrazine in sediment in
this study. Further study recommended on this chemical for various environmental and biological samples.
Atrazine also noticed in areas with sinkholes, shallow bedrock aquifers, or agriculture drainage wells that can
provide a direct route for atrazine into the wastewater. Recently, atrazine is the most widely used and most
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extensively studied herbicide in India. Toxic effects of atrazine on microbial species and amphibians have also
demonstrated, although their mechanisms of toxicity in such nontarget species remain unclear. Results of
toxicity tests with atrazine in binary combinations with other organophosphates indicate more than additive
toxicity for all compounds except mevinophos. Possible hypotheses are presented in an attempt to explain the
noted synergistic relationship between atrazine and various orgarophosphorous insecticides. The results suggest
that the response addition model does not always accurately predict mixture toxicity for chemicals with
differing modes of action'®. Pendimethalin (Stomp 35 EC) have applied at 1000 and 2000 kg/ha as a pre-
emergent herbicide, either alone or in combination with one hoeing in Delhi areas has shown its elevated levels
in cabbage“. Pendimethalin is second predominant contaminant found in this study also reported to be highly
persistent in soil and sediments'.

Next to herbicides, SPs such as cypermethrin and cyfluthrin found to occur greater than OCPs in Delhi drain
sediments (Table 1, Figure 1), while fenpropathrin, cyhalothrin, deltamethrin and fenvelerate was not detected
in any of the sediment analyzed. The pyrethroid class of insecticides, including cypermethrin, deltamethrin are
being use as substitutes for organochlorines and organophosphates in pest-control programs, because of their
low environmental persistence and toxicity'®. Cypermethrin, a pyrethroid insecticide, is a neurotoxicant,
affecting the central nervous system'’, that used in India to control cockroach and other insects. Cyfluthrin
[-cyano-4-fluoro-3-phenoxybenzyl-3(2,2-dichlorovinyl)-2,2-dimethylcyclopropane carboxylate] pesticide has
been in agricultural use in the recent years for controlling Lepidopteran pests affecting solanaceous crops.
Cyfluthrin, is a recent introduction to the SPs family, is a mixture of four active stereoisomers of the parent
compound cyfluthrin. It is apparent that usage of cypermethrin and cyfluthrin in Delhi area seems to common
and thus their occurrence in sediment.

Concentrations of total PCBs were lowest among all analytes (0.004-0.44 ng/g dry wt) which contribute
0.0001% of total organochlorines. Contamination of PCBs in Indian environment is restricted to transformer ail
rather than technical mixture that used for industries and electrical appliances™.
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