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ABSTRACT

Persistent Organic pollutants include a wide range of substances, including
organochlorine pesticides and their metabolites from agricultural activities/practices;
industrial chemicals (e.g., PCBs); anthropogenic and natural combustion products, e.g.
chlorinated dioxins/furans and polycyclic aromatic hydrocarbons. A set of sixteen PAHs
and eleven OCPs were determined in the groundwater of Gorakhpur city from different
areas including roadside, residential and agricultural. Mean concentration of total PAH
and OCP for the entire sample collected was 20.95 ng/L and 6.38 ng/L respectively. The
median was 17.08 ng/L and 4.04 ng/L for PAHs and OCPs respectively. Results show that
concentration of individual PAH is between 1-10 ng/L and is in the range given for the
uncontaminated groundwater. Concentrations of T-PAH were found to be highest at
roadside sites followed by residential sites and the lowest concentrations were found at
agricultural sites. The foremost PAHs found in present study were anthracene>
fluoranthene>benzo(b)fluoranthene. T-OCP concentrations were highest at agricultural
sites followed by residential sites and roadside sites. Trends of major OCP were pp-DDT >
y-HCH > Aldrin. Charcoal is made from coal, wood, or other substances. It becomes
"activated charcoal" when high temperatures combine with a gas or activating agent to
expand its surface area. Activated charcoal has been used to remove these persistent
organic pollutants which reduced these POPs from groundwater to a greater extent. It is
probable that the chemistry of POPs in a tropical environment where temperature and
relative humidity are higher coupled with abundant sunshine may differ from that of

temperate regions which should be investigated in future studies.
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INTRODUCTION

Persistent organic pollutants (POPs) are
amongst the most dangerous substances
released by humans into the environment
(Bhanti & Taneja, 2005; 2007). They possess
toxic characteristics and are likely to cause
significant adverse effects on health of exposed
wildlife and humans, such as allergy, damaged
nervous system and immunity, congenital
diseases, cancer (Ravindra et al. 2001: Ferreira,
2001). These substances are persistent, resist
degradation under natural conditions and
remain unchanged in the environment for a
long period. Very often the alternatives to
persistent organic pollutants are available. But
the high costs, poor public awareness, lack of
appropriate infrastructure and technologies are
the reasons why these alternatives are not being
used widely enough. Possible solutions to these
problems should be adjusted to the properties
and possible use of each substance, as well as to
the climatic and socio-economic circumstances

of each country (Masih, 2006).

Polycyclic Aromatic Hydrocarbons

Polycyclic ~ Aromatic  Hydrocarbons
(PAHSs) are chemicals containing two or more
fused benzene rings in a linear, angular or
cluster arrangement. PAH contain only carbon
and hydrogen. They are usually generated
under inefficient combustion conditions, such
as insufficient oxygen (Sorensen, 1994; Nam et
al, 2003) by primary natural sources which are
forest fires and volcanic activity, but most of

the PAHs released into the environment arise

from anthropogenic sources such as burning of

fossil fuels, petroleum refinery, industrial
processes, as a constituent of coal tar and motor
vehicle exhaust (Masih et al. 2010). They are
neutral, non-polar organic molecules that
comprise two or more benzene rings arranged
in various configurations (Masih et al. 2008).
PAHs have been detected in air, water, soil,
2001).

Atmospheric deposition has been regarded as a

sediments and food (Ferreira,
main pathway for loading of PAHs to many
water bodies (Golomb et al., 1997). On entering
the aquatic systems, most of the PAHs are
adhered to suspended particles due to their
hydrophobic properties, and therefore sink to
the bottom and accumulate in sediments
(Gschwend et al., 1981; Song et al., 2002) and
from a long-term source of potential pollution.
Hence, the occurrence of PAH in groundwater
with these compounds is an important problem
because PAH can Dbe hazardous at low
concentrations, and some PAH are degraded
relatively slowly (Tabak, 1981). Due to the
hydrophobic nature of these compounds,
adsorption is very important in determining
their transport in subsurface system. Frequently
remedies  for

the  only groundwater

contamination problems involve extensive
pumping and removal of soil, both of which are
expensive and also impractical propositions.
The uncontaminated groundwater appears to
have lowest PAH concentrations of all natural
waters i.e. 0.001 to 0.010 ng/L (Dickhut et al.,

1995). Inland water usually acts as receptors for
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domestic sewage, industrial effluent, urban and
rural runoff. As streams, rivers, lakes and ponds
are frequently used for potable water sources,
contamination of which is particularly
undesirable. In this study, the specific parent
PAH (chosen national academy of science by
1972) and US federal water pollution act, US
(1977) also included in EPA priority pollutant
list were selected because they are considered
important in assessing the impact of
industrialization and urbanization on public

health and the environment.

Organochlorine pesticides

Organochlorine pesticides are man-
made insecticide, fungicide and antimicrobial
chemicals. Nine of the twelve most hazardous
persistent organic pollutants (POPs) targeted by
the Stockholm Convention in 2001 are OCPs.
They are hydrocarbon compounds containing
multiple chlorine substitutions. Organochlorine
insecticides are potentially toxic, highly
persistent and resistant to biodegradation and it
readily accumulates in human body tissues,
causing a variety of health hazards. Introduced
in the 1940s, organochlorine pesticides (OCPSs)
were widely used in agriculture and pest control
until research and public concern regarding
hazards of their use led to government
restrictions and bans. Despite restrictions and
bans on the use of many organochlorine
pesticides in the 1970s and 1980s, they
continue to persist in the environment today.
There has been a rapid rise in the quantity of
organochlorine pesticides used in agriculture

over the past several years (Hodgson, 2003).

Organochlorine pesticides are hydrophobic,
lipophilic and extremely stable. Once entered in
the environment, they are subject to global
deposition processes and bioaccumulate in the
food chain. Organochlorine insecticides like
DDT and BHC (HCH) were extensively used in
Indian agriculture and public health enterprises
in controlling a number of diseases, such as
malaria and typhus. Organochlorine pesticides
such as DDT, lindane and endosulfan are also
employed to control ectoparasites of farm
animals and pets. In the public health arena,
pesticides are also used for control of domestic
pests, e.g. cockroaches, flies, mosquitoes,
ectoparasites including ticks, and other insects
(Clarke, et al., 1997).

insecticide residues, especially DDT and HCH

Organochlorine

have been detected in man and his environment.

Thus, it is important to acquire

information ~ about  this  environmental
compartment and its role in micro pollutant
cycle. In India, several studies have been
reported for PAHs in air and particulate at
Delhi (Tyagi S.K., 2004), Mumbai (Sahu et al,
2001), Ahmedabad (Raiyani et al, 1993) Agra
(Masih et al, 2009), Lucknow (Bhargava et al,
2004). To our knowledge there has been a
shortage of groundwater and soil POPs studies.
The purpose of this study to determine
groundwater contamination by PAHs and OCPs

at this terai belt of northern India.

MATERIAL AND METHODS

Site Description
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Gorakhpur (26°45'32"N 83°22'11"E) is
located in the state of Uttar Pradesh in northern
India, near the border of Nepal. It is located on
the bank of river Rapti which is interconnected
through many other small rivers. Gorakhpur

city comes under the terai belt of eastern Uttar

Pradesh, India (Wikipidea, 2011). The
present  district of Gorakhpur, 265
Kms east of capital Lucknow, on
National Highway -28,

covers geographical area of 3483.8 Sq. km
having total population of about 636,275.% The
climate during summer is hot with temperature
ranging from 32°C to 48°C (Masih et al, 2010).
The humidity is 89%. In winter the temperature
ranges from 5.5°C to 29.5°C. High water mark
of the city, "Golghar", in almost geographical
center of the city which includes several major
shops, hotels, banks, and restaurants and busy
roads. Gorakhpur has many small towns located
within the city as residential areas. In, outer
skirts of the city farming are very much
prevalent (Masih et al., 2011). It has a good
rainfall every year. Figure 1 shows map of
Gorakhpur showing different sites.

Extraction

Total 72 samples were collected from 9
stations (8 samples from each station) which
covers three locations i.e. roadside, residential
and agricultural sites of Gorakhpur region.
Water samples (250 ml) were extracted with
hexane (30 ml) in a separating funnel thrice.
Small amount of sodium sulphate was added to
the extract to eliminate the presence of water.

Silica-gel column was used for purification of

the extract according to EPA method 3630
(EPA, 1994). The extract was evaporated by a
flow of Nitrogen and then extract was divided
into two parts for PAH and OCP analysis. After
drying the extracts was redissolved in 1ml of
acetonitrile (PAH) and hexane (OCP) for
analysis by HPLC and GC respectively.

PAH & OCP Analysis

PAH analysis was carried out using a
High Pressure Liquid Chromatography (HPLC)
system (BGS-515, Waters) with UV visible
detector (DAD-2487, Waters). The analytical
column was of 250 mm length and 4.6 mm i.d,;
packed with totally porous spherical C-18
material (Particle size S5um). A guard column
(10 mm long and 4.6 mm i.d) preceded the
analytical column. Acetonitrile-water mixture
(70:30) was used as mobile phase in an
isocratic mode at a flow rate of 1.5 ml/min.
Samples of 20 ul were injected into the column
through the sample loop (0.1 ml). A UV
detector set at 254 nm (DL: 0.050 pg/L) for
absorption was used for detection of
compounds. Several dilutions of synthetic
standard mixture of individual component of
naphthalene, acenaphthylene, fluorene,
phenanthrene, anthracene, fluoranthene, pyrene,
chrysene, benzo (a)

pyrene, benzo (a)

Anthracene, benzo(b)fluoranthene,
benzo(k)fluoranthene and benzo(ghi)perylene
(supplied by Supelco, USA) dissolved in HPLC
grade acetonitrile was used for determining
retention data and for studying linearity of the
detector. OCP analysis was carried out by using

capillary gas chromatography system (Agilent
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Technologies) 7890 with electron capture
detector (GC-ECD, DL: 0.020 pg/L). The
analytical column was of 30m HP5-MS fused
silica capillary column (30%0.25mmx0.25 um
film thickness). Temperature programme used
for pesticides analysis started from 60°C it was
then raised to 180°C @ 30°C per min and then
to 280°C @ 10°C per min and held for 10 min.
In electron capture detector the radiation source
was Ni63, detector temperature 350°C, carrier
gas-hydrogen, make-up gas-nitrogen (99.99%)
(WHO, 1998).

RESULTS AND DISCUSSION
Concentration of PAHs

Statistical data set for average PAH and
total PAHs for groundwater at Gorakhpur is
given in Table la. Total PAH concentration
ranged from 10.24 ng/L — 43.85 ng/L. Mean
concentration of total PAH for the entire
sample collected was 20.95 ng/L and the
median was 17.08 ng/L. A total of sixteen
PAHs were found in groundwater of
Gorakhpur. Average concentration for all the
individual sixteen PAHs is also shown in
naphthalene (0.98 ng/L),
acenaphthylene (1.95 ng/L),
(0.85 ng/L) fluorene (0.85 ng/L), phenanthrene
(2.07  ng/L), ng/L),
fluoranthene (2.98 ng/L), pyrene (0.99 ng/L),
benzo(a)Anthracene 1.44 ng/L), chrysene (1.44

Figure 2a i.e.

acenaphthene

anthracene  (3.93

ng/L), benzo(k)fluoranthene (0.95 ng/L),
benzo(b)fluoranthene (2.11 ng/L),
benzo(a)pyrene (0.47 ng/L),
dibenz(ah)anthracene (0.78 ng/L),
indeno(123cd)pyrene (1.46 ng/L),

benzo(ghi)perylene (1.46 ng/L). Results show
that the concentration of individual PAH is
between 1-10 ng/L and is in the range of safe
drinking water given for the uncontaminated

groundwater.

Concentration of OCPs
of OCPs in the
groundwater samples are presented in Table 1b.

Residue levels
Mean concentration of OCPs was found to be
6.38 ng/L with the range of 2.98 ng/L — 13.27
ng/L and the median was 4.04 ng/L. A total of
eleven OCPs were found in groundwater of
Gorakhpur. Average concentration for all the
individual eleven OCPs is also shown in Figure
2b i.e. a-HCH (0.19 ng/L), R-HCH (0.18 ng/L),
y-HCH (0.88 ng/L) 6-HCH (.0.31 ng/L), Aldrin
(0.24 ng/L), oa-Endosulfan (0.23 ng/L), R-
Endosulfan (0.05 ng/L), pp-DDE (0.08 ng/L),
pp-DDD (0.06 ng/L), op-DDT (0.04 ng/L), pp-
DDT (4.12 ng/L). Average concentrations of
total hexachlorocyclohexanes: HCHs (a-HCH,
R-HCH, y-HCH, 6-HCH) in the groundwater
samples of Gorakhpur was found to be 0.39
ng/L whereas that of total
dichlorodiphenyltrichloroethane: DDT  (pp-
DDE, pp-DDD, op-DDT, pp-DDT) were found
to be only 1.08 ng/L. pp-DDT has higher
concentration (4.12 ng/L) in comparison to its
metabolite DDE and DDD
(dichlorodiphenyldichloroethane) indicating
that particularly pp-DDT was used for years
until it was banned. Significant concentration
levels of DDE in comparison to DDD may be
attributed to the presence of various kinds of

benthic organisms present in soil, which
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accelerate the biodegradation process of DDT
to DDE. Average concentrations of total
endosulfan (a-Endosulfan, R-Endosulfan) were
found to be 0.14 ng/L.

Distribution Pattern of PAHs and OCPs
Table 2a and 2b indicates the individual
PAH and OCPs concentrations at different
locations respectively. The concentrations of
total polycyclic aromatic hydrocarbon (T-PAH)
were found to be highest at roadside sites
(L2+L3+L8 = 75.97 ng/L) followed by
residential sites (L4+L6+L9 = 64.06 ng/L) and
the lowest concentrations were found at
agricultural sites (L1+L5+L7 = 48.84 ng/L)
sites. High concentrations at roadside may
result from the proximity of the busy road,
which has very intense automobile traffic about
10° vehicles per day. At residential site, heavy
diesel generators are used to generate electricity
because of erratic electricity supply; moreover
combustion activities also take place. Trapido,
estimated PAH content at agricultural site to be
about 0.1 ng/L which
background value for PAH. Observed values of

is considered as

total PAH at agricultural site are higher than the
background levels which can be due to
atmospheric transport of PAH from sources to
remote sites. These results also indicate that
PAH concentrations are strongly linked to the
land use of the site. Trends of the

concentrations of the major PAH found in

present study were anthracene>
fluoranthene>benzo(b)fluoranthene. Total
organochlorine pesticide (T-OCP)

concentrations was highest at agricultural sites

(L1+L5+L7 = 25.69 ng/L) followed by
residential sites (L4+L6+L9 = 22.57 ng/L) and
roadside sites (L2+L3+L8 = 08.57 ng/L). High
concentrations of OCPs at agricultural sites can
be attributed to the use of pesticides for
protecting plants in order to enhance the
production.  Moreover, at residential sites,
some practices of gardening have been
observed, which also need the use of pesticides
to some extent. At roadsides also low
concentrations of OCPs were found which may
be due to run-off from urban areas. Major OCP
trends were pp-DDT > y-HCH > Aldrin. The
dominant OCP found in this study was pp-DDT
having 64% followed by y-HCH having 14% of
the total OCP concentrations. Figure 3a and 3b
shows percentage contribution (%) of different
PAHs and OCPs in groundwater of Gorakhpur
respectively. The relative contribution of 2-, 3-,
4-, 5-, and 6-ring PAHs in groundwater of
Gorakhpur is illustrated in Figure 4. Average
percentage of T-PAH based on benzene rings
were 5% (2 ring), 41% (3 ring), 26% (4 ring),
21% (5 ring), and 7% (6 ring). Figure 6 also
illustrates that 3-ring, 4-ring and 5-ring PAHs
were found to be dominant in the groundwater
of Gorakhpur city having 41%, 26% and 21%

respectively of the T-PAH.

Activated Charcoal and Removal of PAHs
and OCPs

Activated charcoal (AC) is well known
as an antidote as it adsorbs most organic toxins,
chemicals and poisons before they can harm the
body. It is estimated to reduce absorption of

poisonous substances up to 60%. It works by
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adsorbing chemicals, thus reducing their
toxicity (poisonous nature). AC itself is a fine,
black powder that is odorless, tasteless, and
nontoxic. AC in fact is a microcrystalline, non-
graphitic form of carbon with porous structure
that has been processed to develop its internal
porosity. AC has a high degree of porosity, an
extensive surface area, and a high degree of
surface reactivity (500 — 2000 m?/g). Activated
carbon is produced from carbonaceous source
materials like wood, coconut-shells, peat, coir,
lignite, animal matter it can be produced either
by a) physical activation i.e. material having
appreciable carbon content is pyrolyzed at
temperature ranging between 600-900 °C, in
the absence of oxygen (usually in inert
atmosphere with gases like argon or nitrogen)
and then the carbonized material is exposed to
oxidizing atmospheres (carbon monoxide,
oxygen, or steam) at temperatures above 250

°C, usually in the temperature range of 600—

1200 °C or by b) chemical activation i.e. before
be
The

carbonization, the raw material can

impregnated with certain chemicals.

chemical needs to be typically an acid, strong
base, or a salt (phosphoric acid, potassium
hydroxide, sodium hydroxide, zinc chloride,
respectively). After the

impregnation, raw

material needs to be carbonized at lower
temperatures (450-900 °C). Activated charcoal
has been characterized by several papameters
1.e. 1) Phenol Number: Index of carbon’s ability
to remove taste and odor compounds, 2) lodine
Number: Carbon’s ability to adsorb low-

molecular weight substances (micropores,
radius <2 pm) and 3) Molasses Number:
Carbon’s ability to adsorb high-molecular
weight substances (pores 1 — 50 um). In a glass
column, a paste of activated carbon has been
made by mixing it with water and through this
slurry; the contaminated water samples was
passed in a hygienic vessel. Then, the cleaned
water samples were again tested for PAHs and
OCPs by the same method discussed above.
Result shows that after the activated carbon
treatment, these persistent organic pollutants
were found below detection limit in all the

samples.
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Figure 1: Map of Gorakhpur showing different sites
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Figure 4: Ring wise distribution (%) of PAHs in groundwater of Gorakhpur

Table 1a: Statistical data of PAHs in Groundwater at Gorakhpur city (ng/L)

PAHs Mean  Median Range
NAP 0.98 0.73 0.42-2.51
ACY 1.95 1.52 0.82-4.11
FLU+ACE 0.85 0.66 041-171
PHE 2.07 1.97 0.89 - 4.36
ANT 3.93 3.71 1.91-8.03
FLT 2.98 2.56 1.48-6.10
PYR 0.99 0.81 0.52-2.18
BAA+CHR 1.44 1.11 0.63 —3.06
B(k)F 0.95 0.61 0.49 - 2.05
B(b)F 2.11 1.89 0.87 —4.12
B(a)P 0.47 0.31 0.22-0.97
D(a,h)A 0.77 0.59 0.37-1.63
IndP+B(ghi)P  1.46 1.33 1.21-3.02
TOTAL 20.95 17.8 10.24 - 43.85
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Table 1b: Statistical data of OCPs in Groundwater at Gorakhpur city (ng/L)

OCPs Mean Median Range

a-HCH 0.19 0.13 0.09-0.46
R-HCH 0.18 0.12 0.07-0.39
y-HCH 0.88 0.59 0.36 - 1.79
d-HCH 0.31 0.20 0.09-0.82
Aldrin 0.24 0.10 0.12-0.37

o-Endosulfan 0.23 0.17 0.11-0.51
3-Endosulfan 0.05 0.02 0.01-0.10

pp-DDE 0.08 0.05 0.03-0.19
pp-DDD 0.06 0.04 0.02-0.14
op-DDT 0.04 0.02 0.01-0.11
pp-DDT 412 2.96 2.07-8.39
TOTAL 6.38 4.04 2.98 — 13.27

Table 2a: Individual PAH concentrations at different locations (ng/L)

PAHs L1 12 L3 L4 L5 L6 L7 LS L9
NAP 0 0 191 0 0 013 0 276 109
ACY 278 408 0.21 0.30 0.13 8.51 1.02 0.24 0.32
FLU+ACE 0.70 0.44 0.84 0.28 0.92 3.14 0.29 0.52 0.50
PHE 0.07 1.09 1.73 474 261 346 0.33 1.71 291
ANT 5.08 465 3.60 727 0.12 465 376 308 227
FLT 0.49 4.54 3.88 0.21 466 0.12 0.21 6.14 6.65
PYR 1.05 0.12 415 1.09 0.11 031 1.84 0.15 0.13
BAA+CHR 2.02 0.17 2.75 2.16 0.26 023 1.47 3.55 0.38
B)F 0.28 1.46 1.78 0.19 1.83 0.05 0.11 139 149
B(b)F 0.65 271 314 0.37 431 0.17 0.33 3.69 3.65
B(a)P 0 1.94 0 0 228 0 0 0 0

D(a,)A 0 0 0 0 0 0 3.54 341 0

Ind(123¢d)P+B(hi)P 443 3.25 0 2.83 0 144 1.17 0 0

TOTAL 1755 2446 2399 1046 17.22 2221 1407 2752 22.390

Table 2b: Individual OCP concentrations at different locations (ng/L)

CPs Ll L2 L3 L4 L5 Lo L7 LS L9

o-HCH 0.13 0.20 0.19 0.11 0.18 0.39 0.14 0.14 0.19
B-HCH 0.11 0.13 0.04 0.88 0.11 0.07 0.09 0.04 0.09
y-HCH 0.37 0.78 0.76 0.34 0.82 1.91 0.75 0.74 1.04
5-HCH 0.09 048 0.18 0.29 0.24 0.28 0.46 0.03 0.64
Aldrin 0.08 0.25 0.14 0.94 0.16 0.29 0.02 0.05 0.23
o-Endosulfan 0.09 0.38 0.19 0.19 0.24 0.25 0.31 0.10 0.32
A-Endosulfan 0.04 0.06 0.05 0.07 0 0.13 0.02 0.02 0.04
pp-DDE 0.08 0.08 0.12 0.17 0.04 0.08 0.04 0.06 0.08
pp-DDD 0.04 0.04 0.07 0.80 0.06 0.09 0.02 0.04 0.07
op-DDT 0 0 0.04 0.03 0.02 0.09 0.04 0.03 0.05
pp-DDT 0.02 0 0 0 10.39 0.08 10.46 3.15 13.05
TOTAL 1.05 2.40 177 3.10 12.27 3.64 12.37 4.40 15.81
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CONCLUSION

A study of persistent organic pollutants
in groundwater was conducted at selected
locations in Gorakhpur (terai belt in the north
part of India) for a span of one year in order to
ascertain their contamination levels. Water
samples were collected from nine stations
which covers roadside, residential and
agricultural sites (three stations per area) of
Gorakhpur in the year 2010-2011. Two
different  compounds were  determined:
polycyclic aromatic hydrocarbons (PAHSs) and
(OCPs).  High

pressure liquid chromatography (HPLC) was

organochlorine  pesticides
used for PAH analysis whereas capillary gas
chromatography (GC) with electron capture
detector (ECD) was used for OCP analysis. The
most often detected organochlorine pesticides
was pp-DDT (67%) whereas pp-DDD, pp-
DDE, R-HCH

concentration of pesticides ranged from 2.98

occurred  rarely.  The
ng/L — 13.27 ng/L. Total concentration of the
measured polycyclic aromatic hydrocarbons
varied between 10.24 ng/L - 43.85 ng/L.
PAHs, ANT and FLT were
predominant, while the most carcinogenic PAH
i.e. B(a)P represented only 2% of the total PAH

Among all

content. These persistent organic pollutants
were removed by using activated charcoal
which reduced these POPs from groundwater to

a greater extent. Levels of POPs in the

groundwater can help in environment risk

assessment.
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