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Heavy metals and organic contaminants are reported
in sewage discharged sites. Screening and assessment
of their toxic concentration in soils of the discharged
sites of major cities in Tamil Nadu, India have been
carried out in the present study. The major cities
included Coimbatore (Ukkadam; U), Madurai (Ava-
naiyapuram; A), Tiruchirappalli (Rettamalai; R),
Nesapakkam (N) and Koyambedu (K) Chennai Cor-
poration. The total aquaregia-extractable concentra-
tions of cadmium, chromium, lead and nickel were
measured and found to be highest in U, followed by A,
R, N and K. Their potential bioavailabilities were
quantified in the following order: Cd-N>U>
K>R>A; Cr—-N>A>K>R>U; Pb-N>K>R;
U>A; Ni-N>K>R>U>A. Bioavailable Factor
was found to be highest for Cd in U (2.9%—-83%) fol-
lowed by Cr in N (1.1%-62.3%) and Ni in (1.70%-
52.7%) N. With regard to organic contamination, the
major pesticides belonged to 13 organochlorine, 10
organophosphate and 8 synthetic pyrethroids reported
below detectable concentration. Among the 16 US
EPA priority poly aromatic hydrocarbon (PAHs) only
15 were detected. However, PAHs were found to be
less than the permissible concentration for soils
(0.3 mg kg') in sewage-contaminated sites. The re-
sults show that there is potential risk of transfer of
heavy metals to higher trophic level of the food chain.

Keywords: Heavy metals, health risk, polycyclic aro-
matic hydrocarbon, sewage contamination.

SEWAGE-DRAINED soils have a number of organic and
inorganic chemical substances. Soil discharged with
sewage effluent becomes a major sink of pollutants. The
sewage effluent is increasingly utilized for raising crops
due to demand for irrigation water. It is estimated that
about 73,000 ha of peri-urban land is irrigated with
wastewater in India'. For example, in the downstream
rural area of Vadodara, Gujarat, wastewater irrigation
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supports annual agricultural production worth Rs 266
million'. According to an estimate, about 38,354 million
litres per day (MLD) sewage was produced but only
11,786 MLD was treated and the remaining let out
indiscriminately to open lands®. India has 17.74% of the
world population’ with an annual increase of 1.11%
which demand 277 and 318 metric tonnes of food grains by
the year 2020 and 2040 respectively (http://www.food-
securityportal.org/india). Due to the shortage of irrigation
water, sewage effluent is also used for its nutrient con-
tent, as it can supplement about 25%-50% of nitrogen
and phosphorus fertilizers®. It has been estimated that in
India sewage can irrigate around 1-1.5 m ha of land an-
nually and has a potential to contribute about 1 million
tonnes of plant nutrients’. Sewage irrigation is a double-
sided sword. The untreated sewage irrigation benefits the
soil with organic matter and plant nutrients namely nitro-
gen and phosphorus. However, continuous irrigation adds
recalcitrant organic and inorganic pollutants to the soil®™.
For instance, about 47 chemical analytes belonging to
pesticides, pharmaceuticals, personal care-products, phe-
nolic estrogens, antioxidants and disinfection by-products
were detected in soils irrigated with sewage’. A wide
range of chemical substances were screened in sewage
sludge when applied as manure'®". Polycyclic aromatic
hydrocarbons (PAHs) are among the major organic pollu-
tants'*'">. Around 1.4-33 mg kg™ of PAHs has been re-
ported in sewage-drained soils'®. PAHs are a matter of
concern due to their carcinogenic and mutagenic proper-
ties'”. Several PAHs have been identified by the United
Nations Environment Programme'® as pollutants of global
concern posing potential risks to human health and the
environment. Although several thousands of PAHs exist,
only 16 assigned by the United States Environmental Pro-
tection Agency (US EPA) as priority pollutants are usu-
ally analysed in soil and other environmental samples
(Table 1; http://www.epa.gov/osw/hazard/wastemin/
priority.htm). The International Agency for Research on
Cancer'® has classified PAHs as Group 1, 2A or 2B ha-
zardous. Few of them are benzo o+pyrene (Group 1),
naphthalene, chrysene, benzo () anthracene, benzo (k)
fluoranthene and benzo (B) fluoranthene (Group 2B)".
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Table 1. List of environmentally important polycyclic aromatic hydrocarbon and their toxicological properties

Water solubility (mg kg™, Half-life (days)
unless otherwise (days, unless otherwise Toxicity equivalent
PAHs Molecular structure Molecular weight mentioned) mentioned) factor?
Nap ll lI 128.17 31.6 <125 (ref. 50) 0.001
CIOHR
Ace ' 152.196 Insoluble 25 days 0.001
CIZHR
Ac 154.2 3.90 20 days 0.001
(Biological half life)
O‘ (refs 50, 51)
Ci2Hio
Fl = | | 166.223 1.992 230 days (ref. 51) 0.001
X CisHio
Phe O 178.23 1.60 25-2080 (ref. 50) 0.001
T Ci4Hyo
An 178.23 0.044 110-180 (ref. 50) 0.01
Cis Hyo
Flu 0.0 202.26 26.50 44-322 (ref. 50) 0.001
O C16H10
Py = | N 202.25 0.135 199-260 (ref. 50) 0.001
s
CisHio
BaA ‘OO 278.35 9.4x10° 162-261 (ref. 50) 0.1
o
CisHiz
Cy = OO 228.29 0.0002 371-387 (ref. 50) 0.01
SO)
CisHi
BbF O 252.3b 0.0015 211-294 (ref. 50) 0.1
BKF 0 252.3 0.00076 21,840-51,360 h 0.1
O CaoHiz
BaP N 2523 2x10%t0 62 x 107 229-309 (ref. 50) 1.0
!
400
C2OH]2
Da,hA 278.35 249 %107 361-420 (ref. 50) 0.1

BghiP 0 v O 276.34 2.6x 10 <3468 (ref. 50) 0.01

11,2,3-cdP “ J/ 276.3 1.9x 107 730 days (ref. 51) 0.01

ag
CpHiz
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Figure 1.

The most significant health effect due to exposure to
PAHs is the risk of lung cancer™.

Generally, sewage irrigated soils are enriched with few
heavy metals, namely cadmium (Cd), chromium (Cr),
copper (Cu), lead (Pb) and nickel (Ni) which commonly
coexist with PAHs at minimal concentration’'*>. The
health effects of some heavy metals are well established —
arsenicosis (As), itai itai (Cd), pulmonary sensitization
and liver damage (Cr), minamata (Hg), brain and central
neural damage (Pb), and allergic contact dermatitis (Ni).
Several remedial options tested for heavy metals coexist-
ing with organic chemical substances showed that biore-
mediation effectively degraded PAHs in the presence of
heavy metals®’’. Recent studies have reported that ar-
senic (As), Cd, cobolt (Co), Cr, Cu, mercury (Hg), Pb, Ni
and zinc (Zn) are the prominent heavy elements in those
soilg?! #8730, Toxicological experiments on Zn, Cr, Cu, Ni,
Co and Pb in soils reported that they had high hazard qu-
otient (HQ) which could adversely affect soil health®'. In
this context, environmental research on versatile conta-
mination in soil is gaining its momentum in India. To
address this kind of mixed contamination in soil, the
present study was carried out with the following objec-
tives. First, assess the heavy metals and organic contami-
nations, namely insecticides and PAHs in sewage soils.
Secondly, quantify toxic heavy metals as their concentra-
tions directly influence the microbial degradation of
organic contamination in soil. Lastly, examine the toxic
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Map showing sampling sites of major cities in Tamil Nadu, India.

concentration of heavy metals with respect to soil quality
parameters.

Materials and methods
Sampling site

The sampling sites of sewage-contaminated soils are
Ukkadam (U) in Coimbatore (11.068°N, 76.955°E), Ava-
niyapuram (A) in Madurai (9.925°N, 78.119°E), Retta-
malai (R) in Tiruchirappalli (10.790°N, 78.704°E), and
Koyambedu (K) and Nesapakkam (N) in Chennai
(13.082°N, 80.270°E) (Figure 1).

Collection of soil and processing

‘V’ shaped pits were made using steel spade at a depth of
more than 30 cm in the sampling sites. Around 1 kg of
soil samples were scooped from both sides of the shaped
pit. The soil samples were collected during early Febru-
ary of 2016. The collected samples were packed in air-
tight polyethylene bags and transported to the laboratory.
Next, the samples were air-dried for 3—5 days and then
smashed with a wooden mallet to powder them. The
powdered samples were sieved through 2 mm sieve and a
portion of the soil sieved through 0.2 mm sieve for organic
carbon content analysis. The processed samples were
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stored in an airtight plastic container. Sub-samplings
drawn were frozen for assessing microbial population
namely bacteria, fungi, actinobacteria. The soil initial
physico-chemical characteristics were assessed based on
the method described by Black et al.*.

Total aquaregia extractable concentration of heavy
metals

About 2 g of soil was taken in a conical flask and soaked
with 15-20 ml aqua regia (mixture of HCI and HNO; in
the ratio 3:1). The contents were kept for wet digestion
overnight. Hot-plate digestions were carried out at 120°C
until a white-coloured precipitate appeared at the bottom
of the conical flask. Next, the contents of the conical
flask were rinsed with MilliQ water and filtered through
Whatman No. 42 filter paper. After filtration, the contents
were transferred to a 25 ml volumetric flask and volume
was made up to the mark with MilliQ water”. This solu-
tion stored at 4°C was analysed for its metal content
using atomic absorption spectroscopy manufactured by
(model specter AA200, Varian). Air—acetylene mixture
was aspired for flame formation; Table 2 lists the instru-
mental conditions.

Water-soluble fraction

The water-soluble fraction or bioavailable fraction of
metals was assessed based on the method described by
Avduainayagam et al.>. For this, 10 g soil and 25 ml of
double-distilled water were transferred to polyethylene
centrifuge tubes of 40 ml capacity. The soil solution was
shaken in an end-to-end shaker at room temperature
(25° £ 2°C) for 6 h for water-soluble metals. Next, the
tubes with the contents were centrifuged at 10,000 rpm
for 10 min and the supernatant, filtered using Whatman
No. 42 filter paper” and collected in a pre-cleaned poly-
carbonated container.

Exchangeable fraction

The soil residue was obtained after water soluble fraction
was weighted for exchangeable fraction. Next, 1 M Ca
(NO3), was added to the centrifuge tube containing soil
residue (in the ratio 1:2.5), and shaken for 4 h in an

Table 2. Instrumental condition
Metal Type of flame  Wavelength (nm)  Slit width (nm)
Cadmium (Cd) Oxidizing 228.8 0.5
Chromium (Cr) Reducing 358.1 0.2
Lead (Pb) Oxidizing 217.0 1.0
Nickel (Ni) Oxidizing 341.5 0.2
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end-to-end shaker for extraction of exchangeable fraction
of heavy metals®. The rest of the method followed was
same as that described for the water-soluble faction.

Bioavailable factor

Potential toxicity of heavy metals was calculated using
bioavailable factor (BF), as described by de Carvalho
Damasceno et al.**.

_ Bioavailable concentration

BF % 100.

Total concentration
Bioavailable concentration = water soluble +

exchangeable concentration (mg 1").

Organic carbon content of soil

Less than 2 g of soil was transferred to a 250 ml conical
flask. Carbon in the soils was assessed using wet oxida-
tion method by adding K,Cr,0; and concentrated H,SO,
followed by concentrated H;PO, to complete the oxida-
tion process, as described by Walkley and Black®”.

Analysis of soil PAHs

The following 15 PAHs were analysed in the soil: naph-
thalene (Nap), acenaphthlene (Ace), fluorene (Fl), phe-
nanthrene (Phe), anthracene (An), fluoranthene (Flu),
pyrene (Py), benz () anthracene (BaA), chrysene (Cy),
(benzo(P)fluoranthene (BAF), benzo(k)fluoranthene (BKF),
benzo(a@)pyrene (BaP), dibenz(a,h)anthracene (Da,hA),
benzo(ghi)pyrene (BghiP) and indeno(1,2,3-cd)pyrene
(I1,2,3cdP). All chemicals and reagents were purchased
from Sigma Aldrich. The soil extract was mixed with
methylene chloride (1:1 v/v) by manual vigorous shak-
ing for 90 sec and kept for 2 h at room temperature for
separating the solvent layer. The extracted organic phase
was dried over anhydrous sodium sulphate and concen-
trated to 2 ml using a rotary vaccum evaporator. PAHs
were analysed using gas chromatographs with ion trap
detector (Thermo Scientific), according to the US EPA
8270 C method*~*°. Standard stock solution (1000 mg 1)
was prepared by dissolving 10 mg of PAHs in 10 ml
CH;CN and stored at —20°C. Working solutions were
prepared fresh daily by serial dilution technique. Using
gas chromatography, the PAHs were separated in a 30 m
high-resolution capillary coloumn with a 0.25 um film.
The following temperature regime was maintained during
the analysis: 50°-70°, 70°-115°, 115°-175°, 175°-300°
and 300°-450°C. The calibration was done by external
standard methods, using a certified PAH mixture (Sigma
Aldrich with 96% purity). Internal standards were
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Table 3. Initial characterization of sewage-drained soils of major cities in Tamil Nadu
Ukkadam Avanaiayapuram Rettamalai  Koyambedu Nesapakkam

Parameters (n=14) (n=14) (n=12) (n=9) (n=11)
Bulk density (mg m™) 1.18 1.29 1.13 1.09 1.11
Particle density (mg m) 2.61 2.58 2.24 2.55 2.24
pH 7.69 7.21 8.5 7.46 7.55
EC (dS m™) 0.55 1.13 0.87 0.98 0.89
CEC (cmol(p"kg™) 14.03 17.46 24.54 27.14 22.29
OC (%) (n=10) 0.25 0.27 0.05 0.05 0.02
Total N (g kg ™) 0.10 0.21 0.05 0.03 0.04
Total P (g kg™ 0.02 0.041 0.013 0.01 0.01
Total K (g kg ") 0.013 0.23 0.069 0.01 0.02
Available N (kg ha™) 255 296 237 240 220
Available P (kg ha™") 69 55 18.8 33 37.41
Available K (kg ha™) 247 280 254 190 200
Total Ca (%) 1.55 1.21 2.14 1.16 1.81
Total Mg (%) 0.90 1.43 1.22 1.55 1.33
Total Na (%) 0.15 0.31 2.51 3.54 4.01
Exchangeable Ca (cmol (p+) kg™) 3.15 2.49 8.60 5.13 5.90
Exchangeable Mg (cmol (p+) kg ™) 1.87 2.88 4.50 6.54 6.96
Exchangeable Na (cmol (p+) kg ™) 2.00 1.32 4.80 7.98 6.13
Bacteria x 10° 24.5 18.75 12.17 6.0 8.55
Fungi x 10* 10.11 8.23 5.38 2.0 2.0
Actinomycetes x 10° 2.52 1.45 1.32 1.0 1.0

n, Number of samples subjected to analysis.

anthracene, pyrene and benzo o pyrene, used to monitor
loss of PAHs during extraction and clean-up. For quality
control, experiments on recovery were carried out by
spiking a known concentration of PAHs (10 and 20 mg 1)
with contaminated soil. The results show significant
recovery of 89% * 11%. Percentage of residual standard
deviation was 2% throughout the experiment. The accu-
racy and precision of the whole chromatographic proce-
dure was checked in every ten samples by injecting
known standard and solvent blank.

Analysis of insecticides

Ten grams of processed soil sample was transferred to a
50 ml centrifuge tube. Next, 20 ml of acitonitrile was
added and shaken well by vortex mixture, followed by
MgSO, and 1 g NaCl mixed thoroughly and centrifuged.
After centrifugation, the supernatant was transferred to a
15 ml centrifuge tube containing 600 mg MgSO,4 +100 mg
PSA (primary secondary amine)+ 10 mg GCB (grapha-
tized carbon). The contents were mixed and centrifuged
for 10 min; then 4 ml of the solution was transferred to a
glass tube and concentrated to 1 ml (ref. 37).

Data analysis

Data collected during the experiments were analysed by
employing descriptive statistical tools available in the
Microsoft Excel. Correlations among parameters were at
95% significant level.
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Results and discussion

The initial physico-chemical parameters of studied soils
of all five sites were normal for raising agricultural crops
(Table 3). Microbial populations of bacteria, fungi and
actinobacteria in the sewage soils were active as they
formed colonies according to their incubation time. Total
aqua regia-extractable heavy metal concentration in soils
of all sewage-irrigated sites was within the limits set by
Austria and Germany, as well as the Central Pollution
Control Board of India (Table 4). However, Cd concen-
tration exceeded the recommended level (3 mgkg' in
soil) in the Ukkadam site, which has been irrigated with
sewage effluent for more than 90 years. The vicinity of
Coimbatore that houses more than 500 textile mills, 200
electroplating industries, 300 dyeing units and 100 foun-
dries, releases cocktail mixtures of heavy metals (Cd, Cr,
Pb and Ni) and organic contamination. Among these met-
als Cd and Cr are the major constituents with concentra-
tions exceeding recommended levels in the soil®.
However, four heavy metals were screened in the present
study, viz. Cd, Cr, Pb and Ni. Their bioavailable fraction
was also assessed for potential toxicity in soil biota
(Tables 5 and 6). The average data on aqua regia-
extractable concentration of heavy metals showed that in
the soil of Ukkadam, Pb accumulation was followed by
Cr, Ni and Cd. In soils of Avaniyapuram, Ni accumula-
tion was followed more by Cr, Pb and Cd. In the soils of
Rettamalai, Cr accumulation was followed more by Pb,
Ni, and Cd. In soils of Koyambedu, Pb accumulation was
followed more by Cr, Cd, and Ni. In Nesapakkam soils,
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Table 7. Soil carbon content (g kg™') of sewage drained sites in Tamil Nadu
Ukkadam Avaniyapuram Rettamalai Koyambedu Nesapakkam
Minimum 0.19 0.26 0.04 0.03 0.02
Maximum 0.38 0.39 0.06 0.06 0.04
Average 0.27 0.32 0.05 0.04 0.04
SEd 0.44 0.35 0.06 0.09 0.06

Number of the samples analysed was 19 for each site.

Table 8. Correlation (%) between total aquaregia extractable, water soluble and exchangeable concentration to soil organic carbon content

Ukkadam Avaniyapuram Rettamalai Koyambedu Nesapakkam
T W E T W E T W E T W E T W E
Cd -0.27 -0.19 -0.30 —0.09 0.00 -0.04 -0.36 0.150 0.002 -0.41 -0.90 -1.11  -0.03 -0.35 -0.86
Cr -0.25 0.070 -0.31 -0.11 0.046 0.170 -0.05 0.00 0.063 -0.37 -2.02 -0.89 0.173 -0.66 -0.69
Pb 0.042  0.00 0.00 0.018 0.00 0.00 -0.02 0.00 0.000 0.305  0.00 0.00 0.075  0.00 0.00
Ni -0.14 0.2 -0.15 0.125 -0.03 0.1 -0.7 -0.23 0.055 -032  -1.112 0.193 -0.08 —-0.24 -0.45

T, Total aqua regia-extractable concentration; W, Water-soluble concentration; E, Exchangeable concentration; r* = Coefficient of correlation sig-

nificant at P < 0.05.

Pb accumulation was followed more by Ni, Cr and Cd.
With regard to water-soluble concentration, Ni was more
among the four metals in Ukkadam soils, followed by
Rettamalai, Avaniyapuram, Nesapakkam and Koyambe-
du, followed by Cd, Cr and Pb concentrations which were
found invariably in all the five sites of sewage drained
soils. In the exchangeable fraction of heavy metals, Ni
was quantified higher followed by Cd, Cr and Pb (Table
6). In the case of Pb, both the water-soluble and exchan-
geable fractions were quantified as below detectable con-
centration in all the sites. Chemically the metal Pb most
often, tightly bound as oxide form was not easily extract-
able by the 1 M extractant. Hence the water soluble and
exchangeable Pb were below detectable levels in sewage
soils’>*’. Generally, Pb is found as oxides of soil clay
minerals, which strongly bind with oxides and hydroxides
of Fe and Mn. For example, about 0.11%—-8.3% of Pb was
reported to be tightly bound with Fe and Mn oxide in
sandy loam soils**’; hence exchangeable Pb was not de-
tected in any of the soil solutions in the present. Howev-
er, the bioavailability of Pb and similar metals was
influenced by soil pH, organic matter and clay content*'.
In general, mobilization of heavy metals is mostly go-
verned by soil microbial activities and soil redox condi-
tion*?. Soil fertility level and organic matter also
influence microbial activity®. The availability of cationic
nutrients were significantly correlated (86%) with the
presence of organic carbon of the sewage soils*'. However,
the correlation between water-soluble and exchangeable
Cd, Cr, Pb and Ni to organic carbon content was not sig-
nificant in the present study and followed an irregular
pattern (Table 8). The soil organic carbon content was high
at Avaniyapuram (0.316 g kg ') and Ukkadam (0.270 g kg
". However, this has no significant role in the bioavaila-
ble fraction of metals in those soils (Table 7).
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The average carbon content in soils of Avaniyapuram
was high, followed by Ukkadam, Rettamalai, Koyambedu
and Nesapakkam soils. High organic matter content was
reported to decrease concentration of some heavy
metals®, particularly Cd and Ni*®. In soil, the major
determining factor to regulate bioavailability is organic
carbon content, which could chelate the free ionic form of
cationic elements” due to affinity towards transition
metal cations forming stable complexes with organic
ligands*’. As the availability of metal concentration
increases, toxicity to soil biota increases exponentially*®.
The other determining factor to regulate metal availabili-
ty is soil clay content. The clay content of the soil was
relatively low in Rettamalai, Koyambedu and Nesapak-
kam sites.

Bioavailability potential was measured by BF, which
was more for Cd in Ukkadam (2.9%-83%) followed by
Cr (1.1%-62.3%) and Ni (1.7%-52.7%) in Nesapakkam.
Potential bioavailability of these metals in sewage-
drained sites was as follows: Cd—N>U>K >R >A;
Cr-N>A>K>R>U; Pb—-N>K>R>U>A and
Ni-N>K>R>U>A (Figure 2). The bioavailable
fractions of all four metals were more in Nesapakkam
followed by Koyambedu, Rettamalai, Ukkadam and
Avaniayapuram. The bioavailability of metals followed a
reverse trend with total metal concentration in all five
sites. Thus, when the total metal concentration was high,
bioavailability was less, and vice versa. This is evident
from the per cent BF calculated for all sites (Figure 3):
Cd: 99.58%; Cr: 1.23% and Ni: 6.17% in Ukkadam, Cd:
4.43%, Cr: 20.12% and Ni: 2.62% in Avaniyapuram; Cd:
13.81%, Cr: 2.40%, Pb: 0% and Ni: 14.03% in Rettama-
lai; Cd: 40.59%, Cr: 3.44%, Pb: 0% and Ni: 68.08% in
Koyambedu and Cd: >100%; Cr: 93.95% and Ni: 93.00%
in Nesapakkam. Based on BF for Cd, 41%-99% was
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Table 9. List of insecticides screened in sewage soil (mg kg™")

Organochlorine Amount detected Organophosphates Amount detected Synthetic Amount detected
compounds (13) (mg kg ™) (10) (mg kg™ pyrethroides (8) (mg kg™
o-HCH BDL (<0.01) Dichlrorovos BDL (<0.05) Bifenthrin BDL (<0.1)
S-HCH BDL (<0.01) Phorate BDL (<0.05) Fenpropathrin BDL (<0.1)
y-HCH BDL (<0.01) Dimethoate BDL (<0.05) A-Cyhalthrin BDL (<0.1)
S&HCH BDL (<0.01) Parathion-mehtyl BDL (<0.05) S-Cyfluthrin BDL (<0.1)
Dicofol BDL (<0.01) Malathion BDL (<0.05) o-Cypermethrin BDL (<0.1)
Endosulfan-«a BDL (<0.01) Chloropyriphos BDL (<0.05) Fenvalerate BDL (<0.1)
Endosulfan-£ BDL (<0.01) Quinolphos BDL (<0.05) Fluvalinate BDL (<0.1)
Endosulfan sulfate BDL (<0.01) Profenophos BDL (<0.05) Deltamethrin BDL (<0.1)
p,p’-DDD BDL (<0.01) Ethion BDL (<0.05)
p.,p’-DDT BDL (<0.01) Triazophos BDL (<0.05)
p,p’-DDE BDL (<0.01)
Heptachlor BDL (<0.01)
Heptachlor endoepoxide BDL (<0.01)
Cd Cr
100% A 100% -
80% - 80%
60% - g | 00% - ®E
40% - EW| 40% - W
uT uT
20% A 20% -
0% - T T T 0% - T T T T
U A R K N 8] A R K N
Pb Ni
100% A 100%
80% 80% -
mE uE
0, - 0, -
60% W 60% -
40% mT 40% A uT
20% - 20% -
0% . . - - 0% . : . .
U A R K N U A R K N

Figure 2.

Potential bioavailability of heavy metals. U, Ukkadam; A, Avaniapuram; R, Rettamalai; K, Koyambedu;

N, Nesapakkam; T, Total concentration; W, Water soluble concentration and E, Exchangeable concentration.

bioavailable from the total metal concentration of
2 mg kg ' in soil. Higher concentration accumulated only
in Avaniyapuram soil and its BF was low (2.9%). Hence,
all Cd present in the soils is in bioavilable form. Similar
trends were observed for Ni, Cd and Cr in Nesapakkam
soils. In Nesapakkam soils too, the concentrations of Cd
and Ni are bioavailable due to their weak binding to soil
exchangeable sites’>. Though total soil Pb content was
significant, its bioavailability was below detectable level
in all five sites, in contrast with other metals. This may
be because Pb is tightly bound with Fe and Mn oxide
form**. Cr and Ni were higher in Ukkadam followed by

CURRENT SCIENCE, VOL. 117, NO. 3, 10 AUGUST 2019

Avaniyapuram, Rettamalai, Koyambedu and Nesapakkam
soils; their bioavailability concentration was low. Cr and
Ni are strongly bound with carbonate and bicarbonate, Fe
and Mn oxide and residual fraction, and hence may not be
easily released in the soil solution®>*.

In addition to organic matter, clay content of soils also
determines the availability of heavy metals*****""°  Soil
organic matter and clay content of the soils of Rettamalai,
Koyambedu and Nesapakkam had a positive influence on
the total metal content, as their total aqua regia-
extractable concentrations were higher in those soils;
hence, most of them were tightly bound by carbonate,
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Figure 3. Bioavailable factors (BFs) of Cd, Cr, Pb and Ni (%).

bicarbonate mineral fraction and iron aluminum hydr-
oxide®. Following the heavy metal assessment, the soil
was screened for insecticides and PAHs. Thirty-one
insecticides belonging to various groups of organophos-
phorous, organochlorine and synthetic pyrithroid groups
were analysed as they were below detectable concentra-
tion (at ng kg level) and it is evident that the sewage
effluents may not transport (Table 9). In case of PAHs,
their sources are incomplete burning of fossil fuels, aerial
deposition and vehicular emission*. However, sewage
effluent itself transports a large amount of PAHs. In
China, about 1.9 x 10* ha of farmland was reported to be
contaminated by PAHs due to long-term sewage irriga-
tion'*. In the present study, 15 out of the PAHs present in
16 US EPA priority list have been identified. The toxic
properties of PAHs arise due to their low solubility in
water; also the very meagre longer half-life in soil gives
them longer persistence in the environment (Table 1).
Total PAHs were more in Avaniyapuram followed by
Ukkadam, Koyambedu, Nesapakkam and Rettamalai
(Table 10). Among the 15 PAHs, Ace and Fl were not
detected in soils of Ukkadam, Avaniyapuram and Retta-
malai. Ace and Fl were detected in maximum concentra-
tion in Koyambedu and Nesapakkam soils. Generally
high molecular weight PAHs (3—6 rings) were accumu-
lated more compared to two-ring PAHs. In Koyambedu
and Nesapkkam, high molecular weight PAHs were quan-
tified. The samples containing PAHs below detectable
limits were reanalysed in order to obtain the concurrent
values. The repeat analysis too reported below detectable
limits. Nevertheless, for low molecular weight PAHs, Ac
was not detected in any of the samples. The results of
PAH contamination in sewage-drained soils suggest that
continuous monitoring is essential to ensure their safe
concentration in the soil.

Conclusion

e The data of this study show that Cd, Cr, Pb and Ni
are more in Avanaiyapuram followed by Ukkadam,
Rettamalai, Koymbedu and Nesapakkam sewage soils.

CURRENT SCIENCE, VOL. 117, NO. 3, 10 AUGUST 2019

e The concentrations of all four metals in the soils were
within safe limits (Cd=1-5; Cr=100; Pb=100;
Ni=75mgkg ') in agreement with WHO recommen-
dation for raising agricultural crops; however, their
availability showed potential risk of accumulation in
higher trophic of the food chain.

e Fifteen individuals were screened among 16 US
EPA priority PAHs. High molecular weight PAHs
were accumulated more in soils of all sites; however,
their concentration was within safe limits (0.3 mg kg ™),
according to WHO standards.

e The assessment of bioavailable fraction of heavy met-
als are the significant outcome of the present research.
The bioavailable concentrations are toxic to soil biota
microbial activities and overall soil health.

Future research

e Area under sewage irrigation in and around city limits
must be delineated, while it is a common practice
followed in economically weaker countries since glo-
balization. Hence, such areas are to be clearly demar-
cated, as is done for sites contaminated by industries.
Only then soil reclamation can be implemented in
such a polluted site.

e Heavy metals in sewage contaminated soils studied
only few elements in a limited area. But complete
screening of metal pollution along with organic chem-
ical substances are to be carried out in possible
sewage drained soils. For example, arsenic is used for
manufacturing pesticides and is also reported in ferti-
lizers. Mercury is detected in sewage effluents.
Hence, the assessment of number of metals in a con-
taminated site is important. This will facilitate imple-
mentation of reclamation measures for the identified
sites. The present study only focus on four metals and
organics like few PAHs and insecticides. However,
inclusion of other metals and organic contaminants
would be the future thrust area of mixed contamina-
tion research.

e Sewage effluent was reported to contain chemicals
from various sources: pharmaceutical chemicals, vete-
rinary chemicals, personal-care products, industries,
etc. Hence, complete screenings of different groups of
organic contamination are to be carried out in sewage
soils around cities.

e Future prospects in the field of sewage-contaminated
soils can screen mixed contaminants, broadly organic
(as mentioned above) and inorganic chemicals around
large cities of Tamil Nadu, and their impact on soil
and human health.
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