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Abstract Industrial wastewater discharged into
aquatic ecosystems either directly or because of
inadequate treatment of process water can increase
the concentrations of pollutants such as toxic metals
and others, and subsequently deteriorate water quality,
environmental ecology and human health in the
Dhaka Export Processing Zone (DEPZ), the largest
industrial belt of 6-EPZ in Bangladesh. Therefore, in
order to monitor the contamination levels, this study
collected water samples from composite effluent
points inside DEPZ and the surrounding surface water
body connected to effluent disposal sites and deter-
mined the environmental hazards by chemical analy-
sis and statistical approach. The water samples were
analysed by inductively coupled plasma mass spec-
trometry to determine 12 trace metals such as As, Ag,
Cr, Co, Cu, Li, Ni, Pb, Se, Sr, V and Zn in order to

assess the influence of multi-industrial activities on
metal concentrations. The composite effluents and
surface waters from lagoons were characterized by a
strong colour and high concentrations of biochemical
oxygen demand, chemical oxygen demand, electrical
conductivity, pH, total alkalinity, total hardness, total
organic carbon, Turb., Cl−, total suspended solids and
total dissolved solids, which were above the limit of
Bangladesh industrial effluent standards, but dis-
solved oxygen concentration was lower than the
standard value. The measurement of skewness and
kurtosis values showed asymmetric and abnormal
distribution of the elements in the respective phases.
The mean trend of variation was found in a
decreasing order: Zn>Cu>Sr>Pb>Ni>Cr>Li>Co>
V>Se>As>Ag in composite industrial effluents and
Zn>Cu>Sr>Pb>Ni>Cr>Li>V>As>Ag>Co>Se in
surface waters near the DEPZ. The strong correlations
between effluent and surface water metal contents
indicate that industrial wastewaters discharged from
DEPZ have a strong influence on the contamination
of the surrounding water bodies by toxic metals. The
average contamination factors were reported to be
0.70–96.57 and 2.85–1,462 for industrial effluents
and surface waters, respectively. The results reveal
that the surface water in the area is highly contami-
nated with very high concentrations of some heavy/
toxic metals like Zn, Pb, Cu, Ni and Cr; their average
contamination factors are 1,460, 860, 136, 74.71 and
4.9, respectively. The concentrations of the metals in
effluent and surface water were much higher than the
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permissible limits for drinking water and the world
average concentrations in surface water. Therefore,
the discharged effluent and surface water may
create health hazards especially for people working
and living inside and in the surrounding area of
DEPZ.

Keywords Trace metals . Effluent . Surface water .

Contamination . Vicinity ofDEPZ . Statistical approach

Introduction

Many different chemicals are used for the benefit of
daily life, medicine, food production and industrial
purposes, and a good proportion of these compounds
lack natural counterparts. The majority of these
compounds have a rather poor biodegradability.
Hence, freshwater resources, a valuable asset for
human and other living beings, become more and
more contaminated with these man-made chemical
pollutants. Global modernization and growth of
industrial activities have discharged industrial waste-
water into aquatic ecosystems either directly or
because of inadequate treatment of process water that
can lower water quality by increasing concentrations
of pollutants such as heavy metals, organic matter,
micropollutants and nutrients (phosphorus and nitro-
gen), resulting in adverse effects on human health,
aquatic biota, fish and macrophytes. It becomes
increasingly clear that societal attitude towards water
pollution is associated with rising economic costs
because of the ensuing depletion of water resources
for specific uses. The reduction of pollution in
wastewater will depend on what a given community
or an industrial area allows into the effluent stream
and on the efficiency and effectiveness with which
these effluents are treated (Schröder et al. 2007).
Barzilay et al. (1999) have very clearly depicted the
relation between water pollution and public health
problems, and nowadays, it is well known to the
general public also.

Metals, especially ‘toxic trace metals’, are among
the most common environmental pollutants, and their
occurrence in waters and biota results from natural or
anthropogenic sources (Hussain and Ahmed 1997).
Nowadays, the major sources of metal pollution in
freshwater systems are industrial activities. Influx of
metal ions into the aquatic environment results in the

elevation of water electrical conductivity (EC) and
dissolved solid (DS) content at low pH conditions,
but at high pH, most metal ions undergo precip-
itation or adsorption onto the sediment surface.
Elevated EC and DS affect the osmoregulation of
the freshwater organisms, reduce the solubility of
gases (O2) and affect the utility of water for
domestic, industrial and agricultural usages (Mowka
1988). Trace and heavy metals in environment
cannot be decomposed, but rather they accumulate
in the food chain of the ecosystem through a
biomagnification process (Mortula and Rahman
2002; More et al. 2001; Lee et al. 2001).

Bangladesh is a developing country with a low
land-to-man ratio and a low resource base. In order to
cope with increasing unemployment and to improve
economic growth, the government of Bangladesh
started allocating special industrial installations called
“export processing zones” (EPZs) in the early 1990s
to private entrepreneurs, and so far, 6-EPZ has been
established in the country. Because of the very cheap
local work force and the somewhat relaxed environ-
mental and tariff regulations, foreign and local invest-
ors are being attracted heavily to set up manufacturing
units for exportable commodities. The Dhaka Export
Processing Zone (DEPZ) is the largest industrial belt
of 6-EPZ established in 1993 with 141 acres of land
and later extended in 1997 to 355 acres divided into
383 industrial plots. It is 40 km away from Dhaka
City and located in densely populated villages,
locality separated by a water body (Fig. 1) named
Dhalai Beel and of low-lying farming lands. DEPZ
accommodates 300 industries whose activities range
from textile and dyeing to plastics, metal fabrications,
semiconductor goods, lather tanning and so on. These
industries release their effluents either on open land or
in surrounding surface water bodies, contaminating
the soil, surface water and, ultimately, groundwater.
Very recently, it was reported that the surface water
body connected to DEPZ effluent disposal sites has
been steadily contaminated with a huge number of
trace and toxic metals (Ahmed et al. 2009; Mortula
and Rahman 2002; Mahfuz et al. 2004). Therefore, it
is a worrying need to figure out the present status of
toxic trace metals in this water body, redress the
affected subsequent environmental problems and
adopt future mitigation strategy. The government of
Bangladesh has recently passed a strict environmental
legislation to control environmental contamination.
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Remediation of these contaminated areas will involve
very high costs, and therefore it is essential that the
contamination of water bodies is controlled rather
than remediated (Gowd and Govil 2008).

Therefore, the main objective of the present work
was to measure the physical, chemical and biological
properties, and the concentration of 12 trace metal
ions (Li, V, Cr, Co, Ni, Cu, Zn, As, Se, Sr, Ag and Pb)
in water samples collected from selected locations of
the composite effluents flow and the natural water
flow near DEPZ. Then, the results were projected by
descriptive statistics together with the evolution of
simple and multiple correlations that would provide
the correlation patterns of the metals in effluents and
surface water. This approach would, in turn, help
adopt an effluent management strategy towards
control over enhanced metal levels with recycling of
effluents for toxic metal separation (Tariq et al. 2005;
Hardle and Simar 2003; Hussain et al. 2000) and,
thus, to avert the current gross environmental pollu-
tions around the DEPZ area.

Methods and materials

Site description and geology

The study area, Savar, is situated at the southern tip of
a Pleistocene terrace, the Madhupur Tract. Two
characteristic geological units cover the area, viz.
Madhupur Clay of the Pleistocene age and alluvial
deposits of recent age. The major geomorphic units of
the area are: the high land, the low lands or

floodplains, depressions and abandoned channels.
Low-lying swamps and marshes located in and
around the area are other major topographic features.
The incised channels and depressions within the area
are floored by recent alluvial floodplain deposits and
are further subdivided into lowland alluvium and
highland alluvium. The subsurface sedimentary
sequence, up to the explored depth of 300 m,
shows three distinct entities: one is the Madhupur
Clay of the Pleistocene age, characterized by
reddish plastic clay with silt and very fine sand
particles. This Madhupur Clay uncomfortably overlies
the Dupi Tila Formation of the Plio-Pleistocene age,
composed of medium to coarse yellowish brown sand
and occasional gravel. The Dupi Tila sands aquifer is the
main source of water in the area. Madhupur Clay
overlies the aquifer with a thickness of 8–45 m
(averages 10 m). The aquifer varies in thickness from
100 to 200 m (averages 140 m).

Sample collection

Twelve sampling points were selected inside DEPZ to
represent the whole composite effluent points and
assess the selective trace metal loads in various
composite effluents, combined drains and discharge
points in both the old and new DEPZ. The same
number (12) of sampling points was selected ran-
domly in the water body to evaluate the influence of
the composite effluent sources on the receiving
surface water body. In addition, five groundwater
(GW) samples of different sites that supply pure water
to DEPZ were collected to know the background or

DEPZ and its connected
Surface Water Body 

Water Body 

 N 

Fig. 1 Map showing the sample points inside DEPZ (white marks) and surface water body connected to its disposal sites (black marks)
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reference level before its use in the industrial
operation. In January and March 2005, the samples
were collected by a proper sampling procedure and
stored in 2.5-L cleaned plastic containers (Robinson
et al. 2001; More et al. 2001; Mastoi et al. 1997) and
then transferred to the laboratory. A portion of each
sample was filtered through a Millipore membrane
filter (pore size, 0.45 μm) and HNO3 (65%) added as
a preservative to make the pH<2, stored in 100-mL,
cleaned acid-washed plastic bottles, and kept in a
refrigerator at 4°C (HACH 1997; FALP 2006) until
analysis. The sampling points in this study were
selected in such a way that these may be representa-
tive to evaluate the environmental impact on the
receiving water body of the effluent discharge points
(Olajire and Imeokparia 2000).

Sample analysis

The physical, chemical and biological characteristics
of the industrial composite effluents and surface water
of lagoons were determined through extensive labo-
ratory tests. The detailed standard experimental
methods to determine the colour, odour, temperature,
pH, EC, total dissolved solids (TDS), turbidity (Turb),
total suspended solids (TSS), total alkalinity (TA),
total hardness (TH), Cl−, CO2, dissolved oxygen
(DO), biochemical oxygen demand (BOD), chemical
oxygen demand (COD) and total organic carbon
(TOC) are described in HACH (1997) and FALP
(2006).

Inductively coupled plasma mass spectrometry
(ICP-MS; Agilent 7500 cc, ICP-MS, Octopole Reac-
tion System, USA) was used to carry out the
quantitative analysis of trace metals at the Interna-
tional Environmental Research Center, Gwangju
Institute of Science and Technology (GIST), Republic
of Korea. The samples were diluted with ultrapure
water mixed with 2% (v/v) HNO3. To calibrate the
instrument, a commercial multi-element standard
solution (Merck) with a concentration of 100 mg/L
was used as a stock solution. The calibration standard
solutions, prepared using ultrapure water in 2% (v/v)
HNO3, have concentrations of 0, 10, 25, 50 and
100 μg/L. For ion formation, temperature was
maintained at 7,000–8,000 K. Three replicates for
each sample were analysed, and the percentages of
RSD of the elements were within the range 0.25–
12%. The accuracy of the procedure was determined

by triplicate analysis of the Standard Reference
Material NIST-1643d. The reported results are the
mean values of triplicate determinations multiplied by
the dilution factor and are expressed as micrograms
per litre. Statistical software SPSS (Hannan 2007)
was used to compute the relevant statistical analysis
of the data.

Results and discussion

Physicochemical characteristics

The composite effluents from multi-industrial activi-
ties and surface water samples are characterized by a
strong colour (reddish dull brown) and high concen-
trations of BOD, COD, EC, pH, TA, TH, TOC, Turb.,
Cl−, TSS and TDS (Tables 1 and 2), similar to those
of tannery waste effluent and contaminated water
reported by Gowd and Govil (2008). The concen-
trations of TSS in surface water and effluent were
within the range of 20–336 mg/L, with a mean value
of 126 mg/L, and 24.9–422 mg/L, with a mean value
of 281 mg/L, respectively, which were found to be
above the limit of Bangladesh industrial effluent
standards of 100 mg/L. Similarly, the concentrations

Table 1 Physicochemical characteristics of surface water

Min Max Mean Median SD

Colour (Co–Pt) 0 97 47.8 49.5 35.4

Odour (TON) 1 21 8.4 6.5 6.6

Temperature (°C) 23 39 31.1 31.5 4.9

pH 8.2 10.6 9.5 9.75 0.8

EC (μS/cm) 590 6,600 3,588 3,650 2,650

TDS (mg/L) 710 8,570 3,552 2,304 2,905

Turb (FTU) 6.7 97 46.4 44.05 23.5

TSS (mg/L) 20 336 126 122 85.3

TA (mg/L) 61 700 249 130 225

TH (mg/L) 260 1,400 638 395 418

Cl− (mg/L) 128 1,290 434 288 388

CO2 (mg/L) 0 138 36.9 23 42.4

DO (mg/L) 0 2.8 1 0.45 1

BOD (mg/L) 38 377 215 259 120

COD (mg/L) 136 937 510 571 271

TOC (mg/L) 12 46 29 25 11

Min minimum, Max maximum, SD standard deviation
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of TDS and BOD5 in surface water and effluent
samples exceeded Bangladesh industrial effluent
standards of 2,100 mg/L for dissolved solids and
50 mg/L for BOD5; however, DO concentration was
lower than the standard value (4.5–8 mg/L).

Heavy metal concentrations

The descriptive statistical measures reflecting the
maximum, minimum, mean, standard deviation
(SD), standard error (SE), skewness, kurtosis and
average contamination factor (ACF) of the metals in

industrial composite effluents and surface water
samples are presented in Tables 3 and 4, respectively.
The mean concentrations of the different metals were
found in the order: Zn>Cu>Sr>Pb>Ni>Cr>Li>Co>
V>Se>As>Ag in effluent and Zn>Cu>Sr>Pb>Ni>
Cr>Li >V>As>Ag>Co>Se in surface water
(Tables 3 and 4).

Zinc

Out of 12 trace metals, Zn exhibited the highest mean
concentration in effluent (1,488 μg/L) and surface
water samples (788 μg/L). These results reflect the
use of large amounts of Zn in DEPZ, viz. construction
materials as Zn alloys, protective and coating for iron
and steel. Furthermore, zinc is used as follows: dust
used as a pigment and reducing agent; ZnCl2 in dry
cell batteries, cotton processing, soldering and weld-
ing flux; ZnCrO4 as corrosion inhibitor in paints; and
ZnO as pigment in the rubber industry, glass, enamels,
plastics, lubricants, cosmetics, pharmaceutical, agent
for burns and ointments. Zinc sulphide is used as
white pigments, semiconductor, in manufacturing
soap, lubricants, and waterproofing of textiles, paper
and concrete.

Lead and other metals

Metal spraying, printing, cables, fuses, bearing met-
als, brass making and dye casting are used in
manufacturing automobile carburetors, pumps, hub-
caps and drills (Ayres and Hellier 1998; Cobelo and
Ricardo 2004). Out of all the elements, the concen-
trations of Cu (353 μg/L), Sr (189 μg/L), Pb
(109 μg/L), Ni (66.15 μg/L), Cr (44.03 μg/L), Li

Table 2 Physicochemical characteristics of composite effluent

Min Max Mean Median SD

Colour (Co–Pt) 495 1,350 843 783 249

Odour (TON) 9.3 21 13.8 13.2 3.5

Temperature (°C) 37 65 49.5 48 8.7

pH 8.7 11 10.2 10.2 0.7

EC (μS/cm) 250 7,950 3,771 3,950 2,276

TDS (mg/L) 460 5,981 2,657 2,414 1,543

Turb (FTU) 19 218 111 113 44.4

TSS (mg/L) 24.9 422 281 296 113

TA (mg/L) 97 470 224 225 103

TH (mg/L) 170 900 439 410 225

Cl− (mg/L) 113 612 393 464 177

CO2 (mg/L) 6 112 32.9 16.5 36.2

DO (mg/L) 0 1.8 0.5 0 0.7

BOD (mg/L) 90 461 317 351 125

COD (mg/L) 290 1,497 870 821 410

TOC (mg/L) 12.9 64.2 31.4 34.3 15

Min minimum, Max maximum, SD standard deviation

Table 3 Basic statistics for the selected trace metal concentrations in composite effluent samples inside DEPZ (μg/L)

Factor Li V Cr Co Ni Cu Zn As Se Sr Ag Pb

Minimum 7.00 4.00 36.0 1.00 24.00 222 612 2.00 0.00 112 1.00 56.50

Maximum 144 10.60 60.0 133 133 475 2,895 8.00 24.00 285 8.00 235

Mean 38.92 7.54 44.03 27.04 66.15 352 1,488 4.92 5.80 189 3.85 109

Median 13.00 7.90 41.5 3.40 64.00 353 1,383 5.00 2.40 178 3.30 84.89

SD 49.12 1.69 8.52 46.37 33.45 82.88 744 1.83 8.72 53.54 1.99 57.90

SE 14.18 0.49 2.46 13.39 9.66 23.93 215 0.53 2.52 15.46 0.57 16.72

Kurtosis 1.62 1.24 0.26 2.40 0.54 −0.58 −0.04 −0.81 2.08 −0.74 0.21 1.38

Skewness 1.70 −0.38 1.14 1.92 1.01 −0.04 0.86 0.15 1.83 0.38 0.70 1.56

ACF 28.83 0.70 4.51 96.57 5.00 13.99 13.17 17.57 26.36 2.11 1.41 24.55
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(38.92 μg/L) and Co (27.04 μg/L) in effluent and
those of Cu (201 μg/L), Sr (171 μg/L), Pb
(68.76 μg/L), Ni (59.77 μg/L), Cr (34.37 μg/L)
and Li (13.65 μg/L) in surface water are alarmingly
high due to the wide use of these metal compounds,
metal complexes and metal alloys in the manufac-
turing of machine, catalyst, pigment, preservative,
electrolytes, protective coatings, decorative finishing
agent, mordent in dyeing and printing, corrosion
resistance, medicine, pyrotechnics, manufacture of
special glass and colour picture tubes, etc. (Nriagu
1988; Appelo and Postma 1996; Tariq et al. 2006;
Gowd and Govil 2008) in DEPZ multi-industrial
activities. During the process of leather manufactur-
ing, chemical like Cr(SO4)3 is extensively used
(Gowd and Govil 2008).

Lead, a potentially toxic metal, had very high
concentrations in both industrial composite effluents
and surface water samples. The concentrations of lead
in industrial composite effluents and surface water

samples ranged 56.50–235 μg/L, with an average
value of 109 μg/L, and 36.10–142 μg/L, with an
average value of 68.76 μg/L, respectively. These
values are greater than the WHO permissible limit
of 0.01 μg/L (Obiri et al. 2010). There is high
variability in the concentration of lead in both
industrial composite effluents and surface water
samples. The high concentrations of Pb in surface
waters pose significant health hazards to residents
consuming it. Hence, regular consumption of water
from these sources by resident children could pose a
serious neurological health problem from a long-term
Pb exposure in the vicinity of the DEPZ, which would
eventually affect their academic performance. The
resident children may suffer multiple exposures to
lead via drinking water, air and soil intake in the study
area. According to the US Center for Disease Control,
very low concentrations of lead pose a serious public
health hazard to sensitive populations such as infants,
children and pregnant women (as surrogates for

Table 4 Basic statistics for the selected trace metal concentrations in surface water samples inside DEPZ (μg/L)

Factor Li V Cr Co Ni Cu Zn As Se Sr Ag Pb

Minimum 3.90 6.50 13.00 2.10 36.60 143 248 4.30 0.09 95.90 1.70 36.10

Maximum 19.50 29.20 64.60 8.00 100 397 2,230 11.60 9.90 218 14.90 142

Mean 13.65 12.90 34.37 3.70 59.77 201 877 7.63 2.14 171 5.23 68.76

Median 14.70 12.40 34.80 3.05 55.75 190 663 7.85 0.63 177 4.00 61.10

SD 4.87 5.82 13.08 1.65 19.04 66.72 560 2.32 2.99 31.54 3.48 30.17

SE 1.41 1.68 3.78 0.48 5.50 19.26 162 0.67 0.86 9.11 1.00 8.71

Kurtosis 0.23 6.07 1.95 3.65 0.13 8.03 2.07 −0.66 3.56 2.14 5.67 1.03

Skewness −0.99 2.12 0.70 1.82 0.84 2.60 1.45 −0.01 1.89 −1.11 2.15 1.35

ACF 6.83 18.17 49.10 24.67 74.71 136 1,462 12.31 30.57 2.85 3.27 860

Li V Cr Co Ni Cu Zn As Se Sr Ag

V −0.76*
Cr 0.32 0.07

Co 0.99* −0.69* 0.36

Ni 0.03 0.21 0.41 0.03

Cu 0.48* 0.02 0.73* 0.53* 0.26

Zn 0.34 0.08 0.41* 0.35 0.92* 0.28

As 0.28 0.20 0.74* 0.29 0.43* 0.45* 0.44*

Se 0.34 0.52* 0.09 0.31 0.49* 0.16 0.30 0.54*

Sr 0.47* 0.23 0.44* 0.48* 0.76* 0.16 0.89* 0.44* 0.26

Ag 0.21 0.26 0.74* 0.17 −0.63* 0.31 −0.76* 0.53* 0.04 −0.69*
Pb 0.31 0.25 0.33 0.35 0.01 0.21 0.23 −0.60* 0.25 0.51* 0.27

Table 5 Correlation coeffi-
cient matrix for the selected
trace metals in composite
effluent vs. composite
effluent inside DEPZ

*p = 0.05
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foetuses). For the concentrations of Li, Co, Ni, Cu, Zn
and Sr, there is also a very high variability in the
industrial composite effluents, but very low in surface
water samples (Tables 3 and 4).

Arsenic

Arsenic, a priority toxic element, can cause
arsenicosis-related disease and internal cancers, even
though a trace amount of As is present in drinking
water. The As concentrations in industrial composite
effluents and surface water samples in this study
ranged 2.0–8.0 μg/L, with an average value of
4.92 μg/L, and 4.30–11.60 μg/L, with an average
value of 7.63 μg/L, respectively. The As concen-

trations in some of the surface water samples
exceeded the maximum permissible limit of WHO
(10 μg/L) in drinking water.

Average contamination factor

The average contamination factor (ACF) is deter-
mined from trace metal concentrations in the respec-
tive effluent and water phases divided by the
background level (groundwater concentrations) for
the effluent and world average concentrations (WAC)
for surface water (Table 8), respectively. The average
contamination factors of Pb, As, Se, Cu, Zn, Li and
Co in composite effluents were higher by 13.17–
28.83 times, whilst Cr, Ni, Ag, Sr and V had lower

Li V Cr Co Ni Cu Zn As Se Sr Ag

V 0.65*

Cr 0.51* 0.23

Co 0.35 0.70* 0.40*

Ni 0.28 0.24 0.00 0.30

Cu 0.10 0.09 0.68* 0.28 0.05

Zn 0.38 0.20 0.04 0.07 0.67* 0.04

As 0.25 0.22 0.38 0.38 0.63* 0.52* 0.45*

Se 0.56 0.77* 0.31 0.85* 0.17 0.13 0.21 0.01

Sr 0.58* 0.16 0.39 0.22 0.00 0.04 0.23 0.03 0.02

Ag 0.31 0.10 0.30 0.45* 0.02 0.15 0.01 0.19 0.54* 0.12

Pb 0.03 0.10 0.59* 0.56* 0.25 0.78* 0.12 0.52* 0.28 0.35 0.07

Table 6 Correlation coeffi-
cient matrix for the selected
trace metals in surface water
vs. surface water around
DEPZ

*p = 0.05

Table 7 Correlation coefficient matrix for the selected trace metals in composite effluent inside DEPZ vs. surface water around DEPZ

Li(e) V(e) Cr(e) Co(e) Ni(e) Cu(e) Zn(e) As(e) Se(e) Sr(e) Ag(e) Pb(e)

Li(w) 0.02 0.22 0.31 0.04 0.07 0.26 0.04 0.22 0.27 0.10 0.26 0.12

V(w) 0.20 0.63* 0.12 0.14 0.36 0.32 0.20 0.36 0.73* 0.21 0.16 0.15

Cr(w) 0.42* 0.03 0.28 0.54* 0.10 0.53* 0.31 0.07 0.05 0.23 0.01 0.21

Co(w) 0.21 0.32 0.28 0.29 0.21 0.47* 0.20 0.17 0.45* 0.27 0.07 0.38

Ni(w) 0.14 0.45* 0.51* 0.13 0.52* 0.06 0.47* 0.36 0.13 0.45* 0.37 0.14

Cu(w) 0.43* 0.11 0.11 0.54* 0.01 0.27 0.17 0.14 0.05 0.40* 0.05 0.45*

Zn(w) 0.13 0.16 0.59* 0.10 −0.61* 0.11 −0.59* 0.30 0.12 0.46* 0.63* 0.01

As(w) 0.03 0.44* 0.15 0.12 0.47 0.25 0.47 0.00 0.23 0.45* 0.23 0.12

Se(w) 0.30 0.14 0.33 0.34 0.23 0.52* 0.21 0.17 0.38 0.29 0.12 0.27

Sr(w) 0.05 0.14 0.03 0.02 0.17 0.17 0.23 0.05 0.14 0.04 0.06 0.21

Ag(w) 0.62* 0.42* 0.18 0.60* 0.10 0.32 0.33 0.19 0.08 0.26 0.31 0.33

Pb(w) 0.32 0.01 0.04 0.44* 0.01 0.11 0.13 0.02 0.08 0.32 0.14 −0.49*

*p = 0.05
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to moderate contamination factors ranging from
0.7 to 5.0 (Table 3). In surface water samples, the
average contamination factors of Pb, Se, Cu, Zn, Ni
and Cr were higher by 30.57–1,462 times, whilst
Ag, Sr, V, As, Li and Co had lower to moderate
average contamination factors of 2.85–24.67
(Table 4). Comparatively higher ACF in surface
waters than in effluents was found (Tables 3 and 4),
which is supposed to be due to a continuous dis-
charge of the untreated effluent and metal accumu-
lation in surface water near the effluent discharge
points of DEPZ (Ahmed et al. 2009; Roychoudury
and Starke 2006).

Statistical analysis

Significant variations between the reliant statistical
measures, viz. maximum–minimum and mean–
median, and the elevated SD of the physicochem-
ical characteristics and trace metals in effluent and
surface water (Tables 1 and 4) reflect the heteroge-
neous discharge and accumulation of the pollutants.
The skewness and kurtosis values evidence the
abnormal distributions of trace metals in effluents
and surface waters. The variations of metal distribu-
tion in effluents and surface water samples
connected to effluent disposal points of DEPZ are

in agreement with the discharge of effluent and in
sequence of the industrial operations conducted in
different batches (Tariq et al. 2005).

Tables 5 and 6 show the statistical analysis of
metal-to-metal correlation matrix in terms of linear
correlation coefficient (r) values (significant at 0.05)
in composite effluents and surface water, respectively.
The listed r values reveal the high degree of positive
correlations and significant linear regression relation
between various pairs of metals, reflecting their
simultaneous release and identical source from the
DEPZ zone, transport and accumulation in surface
water. The inter-metallic correlation coefficients in
composite effluents with p<0.05 were: Co–Li (r=
0.99), Cu–Cr (r=0.73), Zn–Ni (r=0.92), As–Cr (r=
0.74), As–Se (r=0.54), Se–V (r=0.52), Sr–Ni (r=
0.76), Sr–Zn (r=0.89), Ag–Cr (r=0.74) and Pb–Sr
(r=0.51). There are well-defined relationships be-
tween these various trace metals.

The trace metal concentrations in effluents
exhibited a positive correlation with those in surface
water (Table 7), with p < 0.05; the following pairs of
trace elements confirmed the significant positive
correlations: V–Se, V–V, Cr–Co, Cr–Cu, Co–Cu,
Co–Se, Ni–Cr, Ni–Zn, Ni–Ni, Cu–Pb, Zn–Cr, Zn–
Ag, As–Sr, As–Ni, Se–Cu, Ag–Li, Ag–Co and Pb–
Co. A non-significant correlation exists between the
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Fig. 2 Mean concentration (micrograms per litre) of metals in effluents and surface water

Table 8 Trace metal concentration in GW inside DEPZ supply raw water before its use in industrial operation and the WAC

Metal Li V Cr Co Ni Cu Zn As Se Sr Ag Pb

GW as BL (μg/L) 1.35 10.80 9.76 0.28 13.22 25.16 113 0.28 0.22 89.60 2.74 4.44

WAC as SL (μg/L) 2.00 0.71 0.70 0.15 0.80 1.48 0.60 0.62 0.07 60 1.60 0.08
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other metals, and significant negative values of a few
pairs of the metals represent their natural control.

The average concentrations of Zn, Pb, Cu, Sr and
Ni possessed elevated levels when compared with
other trace metals (Tables 3 and 4 and Fig. 2), and
their levels are comparatively higher in effluents than
in surface water (Fig. 2). The metal concentrations in
groundwater, used in industrial activities of DEPZ,
and the world average concentrations are summarized
in Table 8.

Based on the correlation matrix, the true natural
trace elements can be separated from possible trace
metals of anthropogenic (e.g. industrial) origin. The
results of this study reveal a good relationship
between the different trace metals in the effluents
and surface water. Both statistical analysis and the
geographical distribution of the concentrations are
being used to assess the possible contamination
compared with natural background values (ground-
water concentrations) and the WAC values. The
statistical analysis reveals that there is considerable
contamination of Pb, Zn, Cu, Ni and Cr occurring in
the DEPZ industrial area causing surface water
systems toxic for human health, agricultural use and
ecology. It was observed that the people in the area
are seriously affected and suffering from occupational
diseases such as asthma, ulcers, skin diseases, etc. Cr,
Ni and Zn from surface water can be adsorbed on and
contaminate the soils (Gowd and Govil 2008), and
infiltrate or percolate downwards into groundwater.
However, the trace metals can be remobilized again
from soils/sediments to water systems depending on
redox and pH conditions of water systems and
sediments.

Conclusions

The present work demonstrates the application of
descriptive statistics in identifying the pattern of
distribution and levels of trace metal contamination
in surface water connected to effluent disposal points
of the DEPZ industrial area. In comparison with the
world average concentrations and maximum contam-
inant level, the results show that the surface water is
heavily contaminated by toxic trace metals like Zn,
Pb, Cr, Cu and Ni, which may give rise to various
health problems or diseases. The random dumping of
hazardous waste and liquid waste from industries is

the main cause of the contaminant spreading by
rainwater and wind. The natural occurrence of metals
is not a source of contamination in the whole area.
The elevated levels of these metals could ultimately
affect the soil sediment and cultivated crops and fish,
thus making them toxic for human consumption. The
extensive and severe contamination of Zn, Pb, Cr, Cu
and Ni is a matter of concern due to the fact that many
residential areas are located near the industrial area.
To mitigate and stop the contamination, due legisla-
tive measures must be made legally binding on the
individual industries towards controlling the discharge
of untreated effluents. The regular monitoring of toxic
metals in the surface water is needed to check the
water quality. All existing waste should be cleaned up
and future waste should be dumped in a permanent
landfill site. The present surface wastes can be treated
by remedial technology including excavation and
replanting, stabilization of the soil, phytoremediation
and bioremediation.
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