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Present study describes the atomic absorption spectro-photometric determination
of metals (Ni, Cr, Zn, Fe, As and Cu) in the surface water of Lahore canal passing
through the center of Lahore (city) Pakistan. Analysis showed that month wise
average Ni, Zn and As concentrations lies within the National Environmental
Quality Standards limits for these metals as designed by Environmental Protection
Agency Pakistan, while Cr, Fe and Cu showed marked rise in their month wise
average concentrations from their limiting values.
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Introduction

Water is one of the essentials that supports all forms of plant and animal
life [1] and it is generally obtained from two principal natural sources. Surface
water such as fresh water lakes, rivers, streams, etc. and Ground water such as
borehole water and well water [2, 3]. Water has unique chemical properties due
1o its polarity and hydrogen bonds which means it is able to dissolve, absorb,
adsorb or suspend many different compounds [4], thus, in nature, water is
not pure as it acquires contaminants from its surrounding and those arising
from humans and animals as well as other biological activities [3]. One of the
most important environmental issues today is ground water contamination
[5] and between the wide diversity of contaminants affecting water resources,
heavy metals receive particular concern considering their strong toxicity
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even at low concentrations [6]. Water and land are being increasingly stressed
various activities of man leading to environmental pollution [7]. Water may be
temporarily or permanently impaired in quality as aresult of these actions. The
Lahore Canal (study area) flows through the center of the Lahore (Pakistan)
city receives raw sewage, untreated industrial discharges from small scale
industries. Resultantly, the water in the canal is virtually highly polluted by
a variety of the pollutants varied in quality and quantity. The use of this water
is directly or indirectly playing havoc with the health of a large mumber of the
people living in the thickly populated residential areas along the canal.

Heavy metals are stable and persistent environmental contaminants of
coastal waters and sediments. The extent of metals like Zn, Cu, Fe and Mn,
which are required for metabolic activity in organisms, lies in the narrow
"window" between their essentiality and toxicity. Others heavy metals like Cd,
Hg, Cr and Pb, may exhibit extreme toxicity even at low concentration under
certain conditions, thus necessitating regular monitoring of sensitive aquatic
environments [8]. Our research group is engaged in monitoring and assessments
of water quality and this work is continuity of our previous work [9, 10].

Experimental

For heavy metals analysis, thoroughly cleaned, acid rinsed sample
containers were used in this study for sampling from nine (09) sampling
stations of Lahore. Canal (a stretch of almost 45 km from Bambavali-Ravi-
Bedian Canal (BRB) canal to "Ammar Textiles Pvt. Ltd"). Samples were
preserved immediately after sampling by acidifying with concentrated nitric
acid at pH below 2 and filtered for dissolved metals before preservation. After
acidifying, samples were stored in a refrigerator at approximately 4°C. Under
these conditions, samples with metal concentrations several milligram per liter
remain stable for up to six months [11 — 14]. To reduce interference by organic
matter and to convert metal associated with particulates usually to form the free
metal that can be determined by atomic absorption spectroscopy using one of
the digestion techniques. Least rigorous digestion method was used to provide
complete and consistent recovery compatible with the analytical method and
the metal being analyzed. Nitric acid — hydrochloric acid digestion method
was used [15]. Nitric acid digest most samples adequately, nitrate is an acceptable
matrix for both flame and electrothermal atomic absorption. The digested samples
were filtered through Whattman's papers (0,45 um membrane). To ensure precision
in results, filters were preconditioned by rinsing it with 50 ml of de-ionized
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water. The filtrate was then subjected to Atomic Absorption Spectrometer
(AAS) (Model Solaar 969) for determination of metal concentration.

Results and Discussion

Analysis of metal (Ni, Cr, Zn, Fe, Asand Cu) in water samples from Lahore
canal was conducted during the study period from May 2007 to September
2007 in Apex Environmental Research Laboratory Lahore and research labs of
Department of Chemistry, Industrial Biotechnology and Zoology, Government
College University Lahore, Pakistan. Statistical analysis was carried out using
statistical package for the social sciences (SPSS) and results are compared
with the National Environmental Quality Standards (NEQS) as Designed by
Environmental Protection Agency (EPA) Pakistan.

Arsenicis a highly poisonous metallic element registered with the Chemical
Poisoning and Environmental Toxicity Centers. Arsenic is a carcinogen, and
those with high levels of arsenic within their tissues are at a high risk for skin,
scrotal, liver, lymphatic, and lung cancer. Other symptoms of arsenic poisoning
are: headaches, confusion, drowsiness, changes in fingernail pigmentation,
vomiting, diarrhea, bloody urine, muscle cramps, gastrointestinal upsets,
coma, death etc [16]. Table 1 shows monthly average of As (ppm) concentration
at nine sampling stations for the study period and it is clear from the table that
month wise average As concentration of the Lahore canal shows an irregular
trend at different sampling stations and that the As concentration lies within the
NEQS limiting valuei.e. 1,0 ppm on the average basis at all sampling stations.

Although nickel is important in low quantity for deoxyribonucleic acid and
ribonucleic acid stabilization and activation of certain enzymes but in excess
amounts it is considered carcinogenic [17]. Table 2 shows monthly average
of Ni concentration at nine sampling stations for the study period and it is
clear from the table that month wise average Ni concentration of the Lahore
canal lies almost within NEQS limiting value i.e.1,0 ppm. Iron in water can
cause staining of laundry and porcelain. Some ground waters and acid surface
drainage may contain considerably more iron. A bittersweet astringent taste
is detectable by some persons at levels above 1 mg/L. In water samples iron
may occur in true solution, in a colloidal state that may be peptized by organic
matter, ininorganic or organic iron complexes, or in relatively coarse suspended
particles [16]. Table 3 shows monthly average of Fe concentration at nine
sampling stations for the study period and it is clear from the table that month
wise average Fe concentration of the Lahore canal shows an irregular trend at
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different sampling stations and that the Fe concentration exceeds the NEQS
limiting value i.e. 2,0 ppm on the r from month wise average Zn concentration
of the Lahore canal shows an irregular trend at different sampling stations.

1able 1 Month wise variation of Cu and As (ppm) in canal water at different
sampling stations

Metal iﬁff May | June | July | August Seg;m— Average | SD(1)
1 0,62 | 0,96 | 1,03 0,74 0,43 0,74 0,26
2 1,00 | 0,80 | 1,43 0,96 1,35 1,11 0,27
3 0,58 | 1,23 | 1,37 | 0,86 1,09 1,03 0,31
4 1,06 | 155 | 1,00 | 054 1,12 1,13 0,24
Cu 5 1,11 | 0,73 | 1,23 0,76 1,25 1,02 0,24
0 1,20 | 1,03 | 0,93 1,05 1,02 1,05 0,10
7 0,88 | 096 | 1,07 | 086 1,09 0,97 0,10
8 146 | 1,66 | 0,90 1,04 1,32 1,27 0,30
9 141 | 0,95 | 1,55 1,16 1,03 1522 0,25
1 0,051 018 | 0,22 | 0,05 0,10 0,12 0,08
2 0,15 | 0,06 | 0,14 0,15 0,09 0,12 0,04
3 0,03 | 0,08 | 0,20 1,13 0,12 0,31 046
4 006 | 1,25 | 0,14 0,06 1,15 0,53 0,61
As 5 0,15 | 0,09 | 1,00 015 0,08 0,29 0,40
0 143 | 0,06 | 1,25 (.43 115 0,86 0,59
7 1,06 | 0,07 | 2,09 | 0,06 1,09 0,87 0,84
8 1,08 | 0,02 | 0,35 0,08 1,10 053 0,53
9 1,12 | 0,02 | 1,04 0,12 1,06 0,67 0,55

Chromium salts are used extensively in industrial processes and may enter
into water supply through the discharge of wastes. Chromate compounds
frequently are added to cooling water for corrosion control [17]. Table 2 shows
monthly average of Cr concentration at nine sampling stations for the study
period and it is clear from the results that month wise average Cr concentration
of the Lahore canal shows an increasing trend from sampling station 0 toward
sampling station 9, Cr concentration exceeds the NEQS limiting value i.e.1,0
ppm at sampling stations from 1 to 8.

Zinc is an essential and beneficial element in human growth and most
commonly enters the domestic water supply from deterioration of galvanized
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iron and dezincification of brass. Zinc in water also may result from industrial
waste pollution [17]. Table 3 shows monthly average of Zn concentration at
nine sampling stations for the study period and it is clear from the table that
month wise average Zn concentration of the Lahore canal shows an irregular
trend at different sampling stations.

Table 2. Month wise variation of Cr and Ni (ppm) in canal water at different
sampling stations

Metal Spac?;ftie May June July | August Seizm— Average | 8D (1)
1 0.94 1,00 0,85 0,54 1,01 0,87 0,19
7 1,22 1,32 1,02 0,98 1,21 1,15 0,144
3 1,15 1,56 0,98 1,25 1,56 1,30 0,26
4 1,35 1,89 1,05 1,34 1,68 1,46 0,33
Cr 5 1,44 1,45 1,56 1,56 1,24 1,45 0,13
6 1,64 1,57 1,48 1,82 1,65 1,63 0,12
7 1,66 2,00 2,00 1,63 2,30 1,92 0,28
8 1,79 1,56 2,15 2,00 1,98 1,90 0,23
9 1,90 2,24 1,89 2,15 1,75 1,99 0,20
1 0,09 0,21 0,55 1,02 0,46 0,47 0,36
2 0,69 0,85 0,46 1,01 0,98 0,80 0,23
3 0,94 1,02 0,57 1,05 0,87 0,89 0,19
4 1,00 0,65 0,68 1,07 1,04 0,89 0,20
Ni 5 0,52 0,89 0,70 0,69 0,95 0,75 0,17
6 0,61 0,24 0,35 0,86 0,48 0,51 0,24
7 0,95 0,30 0,45 1,02 0,75 0,69 0,31
8 1,02 1,12 0,83 1,05 0,83 0,97 0,13
9 0,69 1,01 0,27 0,65 0,88 0,70 0,28

Copper salts are used in water supply systems to control biological growths
in reservoirs and distribution pipes. Corrosion of copper-containing alloys in
pipe fittings may introduce measurable amounts of copper into water. Medical
conditions associated with copper toxicityinclude: biliary obstruction (inability
to excrete excess copper), liver disease, renal dysfunction, muscle and joint pain,
depression, chronic fatigue symptoms, irritability, tremors, anemia, learning
disabilities, behavioral disorders, leukemia and high blood pressure [17].
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Table 1 monthly average of Cu concentration at nine sampling stations
for the study period and it is clear from result that month wise average Cu
concentration of the Lahore canal shows anirregular trend at different sampling
stations and that the Cu concentration exceed the NEQS limiting value i.e.1,0
ppm on the average basis at all sampling stations except 0.

We observed month wise three values at each sampling station and then
calculated average value. The above Table 2 shows average heavy and toxic
metals concentrations along with standard deviation of their month wise
averages for nine sampling stations during the study period. The observed
average Ni concentrations along with their standard deviation during the study
period of five months i.e. from May 2007 to September 2007 as shown in Table
2 were 0,72; 0,70; 0,54; 0.94 and 0,80 respectively, while the observed average
Cr concentrations along with their standard deviation during the study period
were 1,45; 1,62; 1,44; 1,47 and 1,60 ppm respectively.

Table 3. Month wise variation of Zn and Fe (ppm) in canal water at different
sampling stations

Metal i}aﬁée May | June July | August Seg m- Average | SD (1)
1 0,81 0,56 00,93 0,68 0,62 0,72 0,15

1,70 (0,85 1,02 (0,85 0,76 1,04 (0,38

0,69 1,02 1,21 0,76 1,00 0,94 0,21

0,85 0,75 1,00 1,04 1,24 0,98 0,19

Zn 1,27 (0,84 0,78 0,52 0,85 0,85 0,27
1,36 0,56 0,56 0,76 0,76 0,80 0,33

1,43 0,43 1,06 1,17 0,26 0,87 0,50

0,89 0,79 0,67 0,95 0,45 0,75 0,20

2,30 1,04 0,36 (0,49 0,84 1,01 0,77

Fe 2,89 3,65 222 2,68 4,02 3,09 0,73

361 | 495 | 415 | 501 | 335 | 421 | 076
682 | 467 | 568 | 471 | 527 | 543 | 088
362 | 575 | 435 | s | 487 | 477 | 082
434 | 268 | 563 | 369 | 402 | 407 | 107
500 | 3,68 | 402 | 45 | 398 | 424 | 052
420 | 268 | 368 | 465 | 3,67 | 378 | 074
314 | 451 | 656 | 500 | 456 | 475 | 122
528 | 38 | 395 | 528 | 36 | 440 | 082
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The observed average Zn concentrations along with their standard deviation
during the study period of five months as shown in Table 3 were 1,26; 0,76; 0,84;
0,80 and 0,75 ppm respectively, while the observed average Fe concentrations
along with their standard deviation during the study period were 4,33; 4,05;
4,47; 4,53 and 4,15 ppm respectively. The observed average As concentrations
were 0,57; 0,20; 0,71; 0,25; 0,66 ppm respectively, while the observed average
Cu concentrations along with their standard deviation during the study period
of five months from May 2007 to September 2007 were 1,02; 1,10; 1,17; 0,93;
1,08 ppm as shown in Table 1.

Analysis of variance (ANOVA) test was applied on the observed data to
test the significant difference between nine sampling stations during the study
period (May 2007 to September 2007). The P-values for heavy metals Ni, Cr,
Zn, Fe, As and Cu are 0,033; 0,000; 0,891; 0,012; 0,170 and 0,07 respectively
and on the basis of collected data, the P-values for Ni, Cr and Fe are < 0,05,
while the P-values for Zn , As and Cu are > than 0,03,

Multiple comparison test least significant difference is applied for pair
wise comparison of nine sampling stations for the heavy metals (Ni, Cr and
Fe) for which the P-values of ANOVA were < 0,05. For Ni, P-values of Pairs
(0,1, ©,2), (0,3), 0,7, 2,5), 3,5) and (5,7) are < 0,05, that means there is
95% probability of confidence that the average Ni concentration for these pairs
differ significantly for the whole study period. For Cr, P-values of Pairs (0,1),
(0,2), (0,3), (0,4), (0,5), (0,6) , (0,7), (0,8), (1,3), (14), (1,5), (1,6), (1,7), (1.8),
(2,5), (2,6), 2,7), (2,8),(3,6), 3,7), (3,8), 4,6), 4,7), (4,8), (5,6) and (5,8) are
< 0,05, that means there is 95% probability of confidence that the average Ni
concentration for these pairs differ significantly for the whole study period. For
Fe, P-values of Pairs (0,1), (0,2), (0,3), (0,5), (0,7), (0,8), (1,2), (2,4), (2,5) and
(2,6) are < 0,05, that means there is 95% probability of confidence that the
average Ni concentration for these pairs differ significantly for the whole study
period.

Conclusions

It was concluded that concentrations of Ni, Zn and As were lies withen
the range as formulated by National Environmental Quality Standards and the
values of Cr, Fe and Cu are some what high as NEQS limits. So before, any
practical corrective measures are adopted; it is of utmostimportance that metals
in the canal should be quantified along with identification of their sources.
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