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ABSTRACT

he present study was conducted to investigate factors affecting live fish at

different sources of water (agriculture drainage, industrial drainage and
sewage wastewater). Heavy metal residues (zinc, copper, lead, cadmium,
chromium, aluminium, manganese, nikel and cobalt) were determined in water,
sediment and fish organs (muscles, gills, kidney and liver tissues) of three fishes
(Oreochromis niloticus, Clarias gariepinus and Bagrus bayad). The industrial
drainage and sewage water revealed the highest concentrations of heavy metals
followed by agriculture drainage water. The muscles, gills, kidney and liver
tissues of fish samples collected from industrial drainage and sewage canals had
the highest levels of heavy metal residues followed by agriculture drainage
canals. The heavy metal studies revealed that there is a public health hazard
associated with industrial drainage, sewage wastewater and agriculture drainage
as the quality of fish did not comply with the standard levels recommended by
WHO, USEPA and ANZECC. Potential adverse health effects in such
applications could be avoided if the wastewater is sufficiently treated.
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INTRODUCTION

The pollution of aquatic ecosystems by heavy metals is an important
environmental problem, as heavy metals constitute some of the most hazardous
substances that can bioaccumulate in various biotic systems. Bioaccumulation is
a process in which a chemical pollutant enters into the body of an organism and
is not excreted, but accumulated in the organism’s tissues. Metals that are
deposited in the aquatic environment may accumulate in the food chain and
cause ecological damage, while also posing a threat to human health. Cancer and
damage of the nervous system have been documented in humans as a result of
metal consumption. The U. S. Environmental Protection Agency conducted a
national study of accumulated toxins documenting this concern (Van den Broek
etal., 2002).

Anthropogenic impacts including industrial discharge, domestic sewage,
non-point source runoff and atmospheric precipitation are the main sources of
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toxic heavy metals that enter aquatic systems (Langston et al., 1999).However,
metals also occur in small amounts naturally and enter aquatic systems through
ore-bearing rocks, wind-blow dust, forest fires and vegetation (Fernandez-

Leborans and Olalla-Herrero, 2000).

The heavy metal pollution of aquatic ecosystems is often most obvious in
sediments , macrophytes and aquatic animals , than in elevated concentrations in
water (Linnik and Zubenko, 2000).Therefore aquatic ecosystems are typically
monitored for pollution of heavy metals using biological assays (Wong and
Dixon, 1995).Many aquatic organisms have been used as bioindicators,
including aquatic insects (Rayms-Keller et al., 1998), plants (Mohan and

Hosetti, 1999), protozoans (Fernandez-Leborans and Olalla-Herrero, 2000),
crustaceans (Allinson et al., 2000) and fish (Burger et al., 2002).

Fish species are often the top consumers in aquatic ecosystems (Dallinger
et al., 1987) and thus metal concentrations in fish can act as an environmental
indicator for the environmental state( Wildianarko et al., 2000). Fish are known
to bioaccumulate metals and therefore can be used as biomonitors, also they
have the advandage of allowing the comparison of metal concentrations among
sites ,where water samples are near or below the detection limits of the atomic
absorption technique (Ramelow et al., 1989).

The mechanisms of metal toxicity to fish are varied, although many act as
enzyme poisons. Therefore, it is difficult to assess the probable effect of a
measured concentration of a metal. In pond water heavy metals can be adsorbed
onto clay particles and chelated by organic matter so that they remain in solution
but may not have an adverse effect on fish or crustaceans (Boyd, 1990).

MATERIALS AND METHODS
1- Description of the investigated areas:

Fish samples were collected from five localities at Sharkia Province that
are considered as natural sources for fishery. These localities lie east to Damietta
Branch (Nile water). The five localities are: Kafr El-Hosr pond (at Kafr EI-Hosr
Bridge), Muweis canal (Zagazig canal at ADab Bridge near oil and soap
factory), Bilbeis canal (at Bilbeis boat), Abbassa canal (Ismaillya canal at
Ismaillya boat) and San El-Hagar canal (Faqus canal at south San El-Hagar
Bridge). Kafr El-Hosr pond lies at the north of Zagazig city and was selected as
a polluted area; where it receives several sources of pollution, as domestic and
agricultural wastes. Muweis canal lies at the centre of Zagazig city and was
selected as a polluted area; where it receives industrial wastes from oil and soap
factory. Bilbeis canal lies at east of Muweis canal and was selected as a polluted
area; where it receives agricultural wastes. Abbassa canal lies also at the east of
Muweis canal and was selected as a polluted area (agricultural drainage area).
San El- Hagar canal lies at the north of Faqus city and was selected as a polluted
area; where it receives domestic and agricultural wastes.
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2- Sampling sites:

Samples were collected monthly during the period from September 2007
to August 2008 at Kafr El-Hosr pond, Muweis canal, Bilbeis canal, Abbassa
canal and San El-Hagar canal. A large number of peoples are visiting the above
sites for heavy fishing, so these areas are suffering severe disturbance from
human activity (agricultural, industrial, domestic or fishing).

3- The collected fish:

Oreochromis niloticus is the most economic fish in Egypt. Its production
in 2003 was about 200000 tons. It is greenish—olive, shining silvery in color.
Dorsal, anal and caudal fins may be edged with bright red. A dark spot appears
on the operculum (Rakocy, 2011).

Clarias gariepinus is one of the most important freshwater fishes in Egypt.
Total production of it in 2007 was about 31.9 thousand tons; i.e. it contributes
about 17.5% of the total Nile catch in Egypt. It is grayish olive to olive brown to
blackish above, white or grayish beneath (Abdel-Hafez and El-Caryony, 2009).
Bagrus bayad is well marketable. Its total production in 1996 of about 5826
tons; i.e. it contributes about 9% of the total Nile catch. It is silvery grey above,
white beneath and its fins are colorless. Dark dots are sometimes scattered on the
back, the adipose and the caudal fins (Bishai and Khalil, 1997).

4- Analytical procedures:

Water, sediments and fish samples (muscles, gills, kidney and liver of
each fish) were taken monthly from each site and analyzed for heavy metal
residues; copper (Cu), zinc (Zn), lead (Pb), cadmium (Cd), chromium (Cr),
manganese (Mn), aluminium (Al), nikel (Ni) and cobalt (Co). Water samples
were collected and kept in 500 ml sterile plastic containers while sediments and
fish samples were collected and kept in plastic bags. Water samples for metal
analysis was treated with 1 ml of HCL in 500 ml sample to arrest microbial
activities.

A-Water analysis:
* Heavy metals in water:

Heavy metal concentrations in water were determined by atomic
absorption spectrophotometer (Perkin Elmer, 2280). The samples were prepared
and analyzed sequentialy for =zinc, copper, lead, cadmium, chromium,
manganese, aluminium, nikel and cobalt according to APHA (1985). To 50 ml
of unfiltered water sample (in 500 ml Taylor flask) 0.50 ml of concentrated
sulphuric acid was added. This was boiled down to obtain white fumes, cooled
and 1.0 ml of 60% HCLO; and 5.0 ml of concentrated HNO; were added. The
resulting mixture was digested until a clear digest was obtained. This was
cooled, filtered (No. 44 Whatman paper) into 500 ml volumetric flask, diluted to
volume and mixed.

Heavy metal concentration (ppm) =
reading of atomic absorption X volume of diluted solution
Volume of water sample
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B- Sediment analysis:
* Heavy metals in sediments:

Soil sample solution for metal analysis was prepared by treating 1 g soil
sample with 10 ml of concentrated nitric acid and 5 ml of 60% perchloric acid in
100 ml Kjeldahl flask. The mixture was heated with moderate heat using a hot
plate for about 15 min until white fumes appear. The digest was cooled, then
filtered (No. 44 whatman paper) into 50 ml volumetric flask with rinsing in de-
ionized water and made up to mark with de-ionized water (Akubugwo et al.,
2007).

Heavy metal concentration (pg/g) =
reading of atomic absorption X volume of diluted solution
Weight of sample (g.)

C-Fish analysis:
* Heavy metals in fish tissues:

Thirty fish from each species (Oreochromis niloticus, Clarias gariepinus
and Bagrus bayad) were collected monthly from each site for heavy metal
analysis. The collected fish were washed with deionized water, put in cleaned
plastic bags and stored frozen until analysis was carried out.

One gram of the prepared tissue sample (wet weight) was subjected to digestion
by adding 10 ml of freshly prepared 1:1 concentrated HNO5;-HCLO; in beaker,
covered with a watch glass till initial reaction subsided in about 1 hour and
gently heated at 160 °C in a sand bath on a hot plate till reduction of volume to
2-5 ml. The digests were allowed to cool and transferred to 25 ml volumetric
flasks and made up to mark with de-ionized water. The digests were kept in
plastic bottles and latter heavy metal concentrations were determined using an
atomic absorption spectrophotometer (Olaifa et al., 2004).

D- Statistical analysis:

The statistical analysis was performed using the analysis of variance
(ANOVA) to determine the differences between treatments mean at significant
level of 0.05. Standard errors were also estimated. All statistics were run on the
computer using SPSS program. All graphics and tables were made by using
Origin 7.5 and Microsoft word (2003). The methods for analysis of the results
were done according to Bishop (1980) and McCreadie et al. (2006).

RESULTS
A-Water analysis:
* Heavy metals in water:
Comparing the average concentrations of heavy metals in the different study
sites, the data recorded in Table (1) and Fig. (1) showed annual variations in

heavy metal concentrations in water samples. The concentrations had the order:
Zn> Al > Cr>Pb> MN > Co > Cu >Cd > Ni.
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Table 1: Heavy metals concentration (mean + SE) of water samples collected from the

investigated sites from autumn 2007 to summer 2008.

Siles Kafr Fl Hosr Hilbeis canal Abhbassa canal 5an Fl-Hagar Maweis canal

Heavy mehale pond canal
Zinc (Zn) wgiz | 937520955 ¥ BEZE0 3ET 547527 247 §.E22+T 240 1079422040
Copper (Cu) iz | O8Z0#0.734 135520276 132720490 257527 498 TA5Tx0853
Cadmion{Cd}) pzfz [ 086420095 105020073 T.0E020.054 1070233 105720067
Chr Cry pgiz | 55T7x4.555 10246253 025 FEI4£E 55T 3.440+2 303 25T BT0
Abhmine (ALY pgfz | B 47TEE25753 | SR5EEXT3550 | SUEETET4. 706 | 3570229775 | 51 465xT0.4535
Lead (Ph] pele [ S O0T4xZ005 43957353 EREE EEe B 4 55dET 002 T 145xT I51
Manganes (M) pzz | 0.50420079 0.G6520. 736 0.54720.725 [E RN K] 06550 057

| Nikel (ML) pefz | 039540056 03020 056 030720082 0.354£0.055 0.525+0 066
Cohalt {Co) pzliz | B 2963 3TE 4 3457095 EREE ] B 355%5 458 B2TaEs 425

**Means in the same row are not significantly different (p> 0.05), using ANOVA.
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Fig. 1: Heavy metals concentrations (annual mean+SE) in water samples

collected from the different investigated sites at Sharkia province.

B- Sediment analysis:

* Heavy metals in sediment:

Comparing the average concentrations of heavy metals in the different study
sites, the data recorded in Table (2) and Fig. (2) showed annual variations in
heavy metal concentrations in sediment samples. The concentrations had the
order: Mn > Zn > Al > Cr> Cu > Pb > Co > Ni > Cd.
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Table 2: Heavy metals concentration (mean+ SE) of sediment samples collected from the
investigated sites from autumn 2007 to summer 2008.

M Kafr Fl- Hosr Bilbeis camnal Ahbasza canal 5am Fl-Hagar | Muweis canal
Heavy pond camal
ZIine (Zn) wzlz | T4.85427 320 T2 0752 03T TTEIEEZOTT | T3 IeTX2ZE4T | 16809321 557
Copper (Cu} welg | 722520840 SaaaxT 310 S.O52xT 260 515621 362 G312 TS
Lead (Ph) wglz | 470427572 2454+ 0305 ZEEX0TES 37641 295 23400 B2

Cadnnm (Cd)  pglfg | 02220000 0.7430 055 015320030 01730060 01750072

Chromdum {Cr) pgfz | 11.72525 603 TTEEET R 006575239 | 1220628673 | 1255446563

Abminm{Al) pzfz | 7579627052 317983295 EREERE ] TI309:7 936 | 156603 764

Manganese{WMIn} pzfz | 47.553272.437 | ST BE0XTE 096 | 32239275504 | 37 45878 972 | 37 T84T 7 445

| Mikel (F) pgig | 203330739 13550338 T.144+0.500 TA34H0 525 23300260

Cobalt{Co} iz | 324520479 322327 303 1750047 0a | 252780647 459111 495

*Means with the same letters in the same row are significantly different (p<0.05), using ANOVA.
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Fig. 2: Heavy metals concentration (annual mean+SE) in sediment samples collected
from the different investigated sites at Sharkia province.

C- Fish analysis:
I- Heavy metals in fish muscle:

Comparing the average concentrations of heavy metals in the different
study sites, (Tables 3, 4 and 5) showed variations between heavy metal
concentrations in fish muscle. The concentrations had the order: Al >Zn > Co >
Pb> Cr> Cd > Mn > Cu > Ni.
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Table 3: Heavy metals concentration (mean+SE) in muscle tissues of Oreochromis
niloticus collected from the investigated sites from autumn 2007 to summer 2008.

Siier | Kafr Fl. Hoer Bilheis canal Abhbasza canal %an F1-Hagar Murweis canal

Heavy neta pornd caral
Zme (Znd wefs | $.844+7 363 4 40953 4 VET0 ESE 4 27530238 4 740571
Copper (Cu) pglie [ 033220770 0.20x0.107a 0a040. 702 035020 706 0.57620.7508
Lead {(Ph) pelz | 32727004 284530537 3.749x0.956 FEMTI0.793 34770584
Cadmnom (Cd) gz [ 072720069 057320052 O ETO£0.056 089920730 0.53320.040
Chrombum (Cr)  pzfz | 267227 357 TS T2T+TZ2 580 TAETET 520 TET62T 185 2 0595+T 585
Manganese{MPn) pzfz | 045520063 5650775 05253E0.058 055720052 AR TO0RS
Abmunoom (A pgfz [ JOZT935 659 | 3 0Z5XT0GEE | 4054925010 | 47 323£5.090 47 4578 27

] wglz [ 022530076 012320047 0235x0.033 02620073 02570077
Cohalt{Co} pefz | 54861155 4753522420 335427 003 032322 787 5 05423 566

*Means with the same letters in the same row are significantly different (p< 0.05), using ANOVA.

Table 4: Heavy metals concentration (mean+SE) in muscle tissues of Clarias gariepinus
collected from the investigated sites from autumn 2007 to summer 2008.

Siies Kafr El- Hosx Bilbeis canal Ahbasza canal San El-Hagar Murweis canal
pond camal

Heavy metal

Zinc (Zn) pefe | 23707783 30420335 4 400 B03 3545310475 S ET4E0.579

Copper (Cul pefz | 04240069 O.T59+0.0555 05450 205 0.555:0.726 0.599£0 555

Lead (Ph) wefz | 42007 B35 T.8930.679 354957 25T SE95E0.629 344357074

Cadmim{Cd}) pg/z | O./EEE0085 O EGE0 20T 0 9470 057 0.946x0 275 05970030

Chromdum {Cr) pgfz | 375723240 BRsgE ZEET T.a5:] 303 T.597+T 565 T.472£7 056

Manganese{®Mn) pz/z | O.EEEE0.09T O 4B5E0.730 OE30x0.779 0. 439:0.065 O 522 HI0ES

Aboinbma ALY pefz | 55 73532230668 | 58925580004 A5 354210575 | 47 850x3. 506 | 46 46725 8305
[ MileI (M) pgfz | 030520075 07570055 O.T55E0.050 O.T85x0.070 02390077

Cohalt {Co} pefz | 2 BEEES O S ESTEETR4 JE2TE2 545 4. 5422440 o BB0ES 045

*Means with the same letters in the same row are significantly different (p< 0.05), using ANOVA.

Table 5: Heavy metals concentration (mean+SE) in muscle tissues of Bagrus bayad
collected from the investigated sites from autumn 2007 to summer 2008.

Sihies Kafr El Hier Bilbeis canal Abbassa canal San El-Hagar Mrweis canal
\ pond camnal
Heavy nwetals
ZTinc (2} wefe | 471527 863 FETAX0. 5 FTEEE0.ZES 31380555 F033ET 0706
Copper (Cu) wfz | 042520176 0735203547 0.598+0.770 0 B353+0.056 0.534+0.049
Lead (Ph) ugfz | 248530795 30700720 F A0+ E0R T.545+0 235 3.558+T 559
Cadnoum (Cdy  pzfz | 050230005 072330075 0.7 60039 [EEREE EE] O.593x0.T25
Chromiuma (LT} peiz | O.o0o+0 104 A AR O3] FOTE+T 485 OETa+T 474 T BTO+] 535
ManganeseflNIn} pzfz | 045230027 o.4Trx0. 104 043520172 [ET: A EEEE] OET2HI03E
Ahmdnduna (AT pziz | 36745215705 | 25578270745 | 41 305274 631 | 4554228755 | 47 515215 855
[ kel (P usfz | OTE4:0 746 022300 075 0035+ 076abh | 02Z38+0030h | O206+0.062
Cokali (Co} el | FOESES 4TS 40727532 5T EI 555 B 5302 564 S OG0xZ E59

*Means with the same letters in the same row are significantly different (p< 0.05), using ANOVA.

I1- Heavy metals in gill tissue:

Comparing the average concentrations of heavy metals in the different
study sites, (Tables 6, 7 and 8) showed variations between heavy metal
concentrations in gill tissue. The concentration was as seen Al > Zn > Co > Pb >
Cr> Cd > Mn> Cu> Ni.
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Table 6: Heavy metals concentration (mean+SE) in gills of Oreochromis niloticus
collected from the investigated sites from autumn 2007 to summer 2008.

Siies Kafr Fl Hoer Bilbeiz canal Abhazea San Fl- Hagar Mlwweis canal
x pond camal canal
Heavy nweiale
e (T} pelz [ 92034 05 £ 405+7 035 S A0 £0.745 B O350 E90 5 B00+£0 570
Copper [(Cu) TECEN I ] 0 EE4+0 735 O EZ=+0107E T70+T 224 TOEZ+0 315
Cadmiim (Cd) pzfz | 05250100 09540142 0. FaEx0.07 7 T 0550 207 DA77 0038
Chromoum [Ty pefz | 23708227 15300274 551 FEEEIT4 KREEE ZTTERT 325
AbmominmJATy 2z [ 45 774270573 | 4043572 379 44 EEA+0 408 | 5333277 70T | 46 567 +T0.513
Lead (Ph} wefe | 4.350+7 350 3 BT5+0 705 T A0 +T 04E 4 AT5+0 B8Y 3 EBE0 BT
Manganes (M} p2fz | 055780077 0. 30036x0.76257 | 0.58320.093 0. FTo£005d R ER ]
| Mikel TGy w=lz [ O FEH0 103 O1925+0 07339 | 03730722 03000075 03320064
Cohalt {Co) wefz | 45847730 B 3153445 kRS ES VS E] GOSdE5 57T SA4SEIETd

*Means in the same row are not significantly different (p> 0.05), using ANOVA.

Table 7: Heavy metals concentration (mean+SE) in gills of Clarias gariepinus collected
from the investigated sites from autumn 2007 to summer 2008.

Stz Kafr Fl Hoer Bilheis canal Abhassa canal San El-Hagar Maoweis canal
Heavy meiake pond canal
Zinc (Zn) weig | FoT4H06Ed 5655205355 RS ] §.350xT 277 905422375
Copper {Cu) iz | OBT3E007E O ES3E0.T3T 0. 7aTx0370 08570735 T 72020571
Cadmnm (Cd)  pzfz | 053450090 089501057 TOT2x0107E T 033x0220 09560027
Chrommum {Cr} pefe | 5. 72983285 V23R EYT 072297 287421 8393 T.867x1 262
Ahmindma (AT pzfz | BOSESEX 100 | ST II6ETZISA0 | S 458273744 | 44 279309 557 | S8 04570055
Lead (Ph) iz | 47741 845 40777 435 SETVET 257 40430677 3E45xT 020
Manganese(Wn) =z | 0.7EEX0.052 0. 7EEx0.113 07400125 05860095 OET7+0074
| Mikel G} pgiz | 03570076 026220070 0225320042 026720055 025500386
Cobalt {Co} pefe | B.15T3.280 4 705322745 2o2EEE T 201522 541 FEErESRES]

*Means in the same row are not significantly different (p>0.05), using ANOVA.

Table 8: Heavy metals concentration (mean+SE) in gills of Bagrus bayad collected from
the investigated sites from autumn 2007 to summer 2008.

_h\—k_(_‘ﬁih;_‘_‘ Kafr F1. Hoer Bilbeis canal Abhassa canal 5an Fl-Hagar Muueis canal

Heavy metals pond camal
Zinc {(In) pglz | o S05EEH 3 EoE53E0.74d [:FE=5es T EREEES SEOET 955
Copper (Lu} w=fz | OE04:05HE 1 100+0 437 05500 724 RN EE! O TET£0.0/
Cadmium ({Cd}  pglz | 0.52320007 05520072 050620 097 03040 750 03790209
Chrovimuma (CT)  pzfz | 050620764 153314 519 | 2 T5T+1 BOB 0 AR +0 355 T F36+T 057
Ao (AL} pefz | 3945579545 | SZETEET0 74T | 4886721655 | 47 20770700 | 4934512 555
Lead {Th) wehz | 2350705 3 255066 3552E075E 240705 4 35+ T T15
Manganese (Mo} 2z | 057320033 0 E09:0. 745 055720109 053 =0.097 OETTE0.0E53

| Wilel (G weliz | 02750798 02 T:0.078 0. 203+0 057 1 300 050 1 267+0 0E9
Cohalt (Co) =iz | BTG5 413 FTEEEI 114 5 .300+2 BO3 B AET£I T S AT+ 455

*Means with the same letters in the same row are significantly different (p< 0.05), using ANOVA.

I11- Heavy metals in kidney:

Comparing the average concentrations of heavy metals in the different
study sites, (Tables 9, 10 and 11) showed variations between heavy metal
concentrations in kidney. The concentrations had the order: Al > Zn > Co > Pb >
Cr>Cd > Mn > Cu> Ni.
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Table 9: Heavy metals concentration (mean+SE) in kidney of Oreochromis niloticus
collected from the investigated sites from autumn 2007 to summer 2008.

Siies Kafr FI- Hoex Bilbeis canal Ahhassa canal San Fl-Hagar Fhrweis canal
Heavy meial pond camal
Tinc (In) ulz TE.150£9.0273 57540957 EEZTx0555 555020857 T 3540 55T
Copper (Cu) u=lz 0.750x0.056 111820550 0.922x0076 ZE30xT 43T T.O96+0 737
Cadmbum (Cd} pziz 093520050 102420774 0.557x0.045 111220207 T 12720157
Chromau (L)  pziz T2 850 T3EMz14 508 02425747 335622 256 20571 365
Ahovanau (AT} pziz A5 5TExTT B2E | 45 240£T2 50T | 4555571 290 [ S 42715007 | S5 045272 567
Lead {Ph) uslz 4 58T 357 g 25127052 350720589 4 50520555 3OS0 BTG
Mang (M) peiz 065720085 0E5Tx0.172 053020770 PEEEENKEE 05470097
[ Nkl (53 u=lz 035420703 022820025 [EENENEEE 0.35520.071 03600072
CohaltCo} u=lz o EESEY B9 5S4 25 60T TE3TxZ 509 53553235 450 R =RE L]

*Means in the same row are not significantly different (p> 0.05), using ANOVA.

Table (10): Heavy metals concentration (mean+SE) in kidney of Clarias gariepinus
collected from the investigated sites from autumn 2007 to summer 2008.

S Kafr Fl Hosr Bilbeis canal Abhacsa canal %an Fl-Hagar Muwets canal

Heavy meial pond camal
Zme (Zn) ez | 9.3/ 5x0.955 T BEZ20 55T G ATIET 247 552227 240 1019422040
Copper {Cu} pgie | 092020734 T33520.276 T3Z7x0.490 287527 493 193720559
Cad Cdy pzfz | 056420036 TOS020.073 T.060x0.054 TO77E0.229 TO3T20057
ChrombundCr} pglz | 5571784555 TOZ46X 026 BT 55T 344027 509 237527 B10
Abminom (AT =z | 63475225755 | 55565273550 | SRBETET4.706 | 46V0Z2x37VE | 5T 465210453
Lead {Fh} pgle | SO0T42Z 1005 4.39527.399 o457 12 4 55427 002 4 74527 257
Manganes (Mn) p=fz | 05040074 05E520.T56 05470725 0BT 0173 O EZ520.057

| Wikl TG} pgiz | 039320036 0. 30220066 030720062 0. 354z0.053 032520 066
Cohalt{Co) pgliz | B2A6X5 5TE 4 045922 085 R B 35525 455 B2 a5 425

*Means in the same row are not significantly different (p> 0.05), using ANOVA.

Table (11): Heavy metals concentration (mean+SE) in kidney of Bagrus bayad collected
from the investigated sites from autumn 2007 to summer 2008.

Siies Kafr El Hoer Bilbeis canal Abhassa canal San El-Hazar Maweis canal
Heavy meial pond camal
Time (In} pefz | 63231848 T ASEE0.30E 73030554 S AOEXT 723 E15T+Z 056
Copper (Cu} pefz | 08590405 24167 470 TEO3x0.770 T 19602657 O873£0.703
Cadmaumn (Cd)  pzfz | 08530050 085350021 0.855+0.050 1 06E+0 146 10640204
Chromamum (Cr}  pzfz | OEO7 026D TS BEIFET4 T84 | TESEET 357 T T93+03E0 FASEEZ 700
Abhoviandumn (ATy pzfz | 4353022504 | IR OEZH10078 | SA 0926 BT | 5T 73711 314 | 7 219+19. 193
Lead (PhY pzfz | 3105059 41534+ HE 34970 7TF Ta7EE0250 A A5+ 07T
Manganese{Wn) pz/z | 06020023 O.ESE+0.757 O BET+0.740 OE74+x0.0594 O ESO+0.057
| Nikel {5} pefe | 02570200 O0Z295+0033 0244+0053 03740042 0. 296+0.057
Cohali {Co} puzfz | SOE3X5 553 A A5+ 245 E1TE+5 360 TEIT+ITER EI75+5470

*Means in the same row are not significantly different (p> 0.05), using ANOVA.

IV- Heavy metals in liver tissue:

Comparing the average concentrations of heavy metals in the different
study sites, (Tables 12, 13 and 14) and Fig. (3, 4, 5, 6 and 7) showed variations
between heavy metal concentrations in liver tissue. The concentration was as
seen in the previous studied tissues Al > Zn > Co > Pb > Cr > Cd > Mn > Cu>

Ni.
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Table 12: Heavy metals concentration (meantSE) in liver tissues of Oreochromis
niloticus collected from the investigated sites from autumn 2007 to summer

2008.
Siies Kafr Fl Hosr Bilbeis canal Abbazsa canal San Fl-Hazar Maweis canal

Heavy nietak pond camal
Zine (Zn) =iz | 17.94T£9.569 EREEES IS 5 Eo5x0 536 7. 044x0 559 52600597
Coppex (Cu) pelz | 39950809 12 45424 B58 17 256281059 T2 72025 849 T2 A78x5 154
Cadmium (Cdy pzfz | 101520062 T1Z23z0729 T.007 £0.035 TI65x0.210 T.2609x0. 2220
Chromaoum (T} pgiz | 554585342 TEEOAETS 28T [ 419725104 4 75423 555 322022 054
Abhmovmnem ATy pelz | SZ204EET5005 | 4500T£T2024 | B0389xT2776 | 69.895277 027 [ 60.719x74.050
Lead (Ph) wefz | S ED9X3 045 4171 489 4 050974 4 EBEx0.054 S IE0xT 475
Manganese{Mn) pzfz | 0.53220.737a 09540143 05322073 Th T3ox0 26ab | 0907201735

| Milel (F5) pelz | 044007715 03740047 045520 106 03730089 047020 708
Cohalt {Co) etz | B04TEZEET ESESES 8T S.O05 524 OO 7T Bo7ox3 418

*Means with the same letters in the same row are significantly different (p< 0.05), using ANOVA.

Table 13: Heavy metals concentration (mean+SE) in liver tissues of Clarias gariepinus
collected from the investigated sites from autumn 2007 to summer 2008.

Siies Kafr F1 Host Bilheis canal Abbassa canal San F1-Hagar Muweis canal

Heavy nwials pond canal
Zinc (I} welhe | 1257527485 TT24F#0 873 TZ 89631053 T3 4047 469 T4 53682 77S
Copper {Cu} wefg | 4. TT7FE0.807 3 E36XT 090 TO09E3 576 SAESEI TS QSTOE5 56T
Cadmnum (Cdy =iz | 005220 007 UEFEEEE| T I3EF0.793 T 2061 737 T ZTEF0TET
Chromdum (CT)  pzfz | 7 BEEES 930 150+ 14 30S 4 474+T 500 B B55+5 551 I TAEFIEET
Abhovindema (AL} pgfz | 67571225502 B4 T5d+TE 237 EF EOE£TS 574 B O/ TT7.047 SO ATTETIEID
Lead (PR} pglz | o 996X 5T S 12421 553 [T R 4 B9T£T 033 SOSTET ESE
Manganere (FMny pzfz | 059220055 102520158 0. 35320.7T60 (R RE R R 0.F 350073

] w=fz | OS0aE0 105 03370048 0 A58 069 O AF5+#0 07T T A0T+0 050
Cohalt (Co) uefz | BESTET 471 S ESSEA AT0 E 2E3+3 037 EOZE+ 3 EED EE40+5 E2d

*Means in the same row are not significantly different (p> 0.05), using ANOVA.

Table 14: Heavy metals concentration (mean+SE) in liver tissues of Bagrus bayad
collected from the investigated sites from autumn 2007 to summer 2008.

St Kafr El Hoer Hilheie canal Abhacea canal %an Fl-Hagar Mauweir canal
pond camal
Heavy netale
Zme (Znd wzfz | 7 BOEI0EES T B85 178 | 7207427 257 B 30022 0 5a GBI E3003
Copper (Cu) wziz | 1224203556 39537 568 S.05620 677 S 197+T 506 S075x0.943
Cadmnm (Cd) pziz | 053420056 09550003 115400760 TIEE0.771 127320276
Chrombum (Cr)  pzfz [ 11740657 TEBZEXTS 520 | 334227 486 TATTE0.573 4 076+5 168
Abmunnm (A} pzfz | 45072825788 | 55356271955 | 59542275555 | 59553213875 | 86254250520
Lead (Ph) wziz | 315320553 4 5207 165 4 F37x0558 S ATER0 252 S 025x7 168
Manganese{®fin} pziz | 073320075 0.75320.747 05070 746 03050742 0.5700.724
| ikl (TG} wgie [ 03120003 10,3500 035 029410 063 04720053 0337 20,092
Cohalt{Co} wefz | 54553255598 529522 ATE B AT525 458 EESRERES] B SEdE3 EO2

*Means with the same letters in the same row are significantly different (p< 0.05), using ANOVA.
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Fig. 3: Heavy metals concentrations (annual mean+SE) in muscle, gills, kidney and liver
tissues of Oreochromis niloticus, Clarias gariepinus and Bagrus bayad at Kafr
El-Hosr pond during autumn 2007-summer 2008.
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Fig. 4: Heavy metals concentrations (annual mean+SE) in muscle, gills, kidney and liver
tissues of Oreochromis niloticus, Clarias gariepinus and Bagrus bayad at
Bilbeis canal during autumn 2007-summer 2008.
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Fig. (5): Heavy metals concentrations (annual mean£SE) in muscle, gills, kidney and
liver tissues of Oreochromis niloticus, Clarias gariepinus and Bagrus bayad at
Abbassa canal during autumn 2007-summer 2008.
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Fig. 6: Heavy metals concentrations (annual mean+SE) in muscle, gills, kidney and liver
tissues of Oreochromis niloticus, Clarias gariepinus and Bagrus bayad at San
El-Hagar canal during autumn 2007-summer 2008.
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Fig. 7: Heavy metals concentrations (annual mean+SE) in muscle, gills, kidney and liver
tissues of Oreochromis niloticus, Clarias gariepinus and Bagrus bayad at
Muweis canal during autumn 2007-summer 2008.

DISCUSSION
Heavy metals in water:

For all heavy metals, the maximum concentrations were observed in
spring and winter, while the minimum values were detected in summer and
autumn. These results comply with those recorded by Saeed (2000) who found
that heavy metals concentration showed seasonal variations, being greater in
winter and lowest in summer. This may be attributed to the phytoplankton
growth which was higher in summer and autumn seasons that can absorb large
quantities of heavy metals from water. Moreover, the highest concentrations of
all heavy metals were detected in water samples collected from Muweis canal
[especially for zinc where zinc oxide is used as oxidizing agent to produce fatty
acids) and chromium (chromium oxide is used as inorganic color additive)
which are used in soap manufacture], Kafr El-Hosr pond and San El-Hagar
canalwhich may be attributed to wastes of industrial activities and wastewater.
Heavy metals in sediment:

Concerning the mean concentrations of heavy metals Zn, Cu, Pb, Cd, Cr,
Mn, Ni, Co and Al (<120, < 16, <31, <0.6, <26, <460, <16, 19 and 100 pg/g
respectively), the levels were below the permissible limits reported by Ontario
Ministry of the Environment (ANZECC, 2000), Shall standard [after Foerstner
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& Wittmann (1979)] for cobalt, and Hamilton and Buhl (2003) for aluminium, at
all study sites, and were accepted by Saeed and Shaker (2010) and Olubunmi
(2010).

Heavy metals in fish tissues:

Muscle tissue:

The present study revealed that Pb, Cd, Cr, Al and Co were higher than
the permissible levels recommended by WHO (1984 & 1993), USEPA (1986),
ANZECC (2000) and Abbasi et al. (1997) [2.0, 0.5, 0.15, 0.1 and 1.2 ng/g
respectively]. Although the results were higher than those recorded by
Dobaradaran et al. (2010), the data were nearly similar to those of Schlotfeldt
and Alderman (1995), Uluozlu et al. (2007), Mohamed (2008), Miclean et al.
(2009) and Saeed and Shaker (2010). On the other hand, Zn, Cu, Mn and Ni
levels were lower than permitted limits (50, 20, 2.5 and 0.4 pg/g respectively),
but still lesser than those reported by Gabriel et al. (2006), Morshdy et al.
(2007), Al-Bader (2008), Dobaradaran et al. (2010) and Saeed and Shaker
(2010). These variations may be attributed to the differences between the
localities, and the amount and source of pollution from an area to another.

Gills, Kidney and liver tissues:

From the present data, it is obvious that liver, kidney and gills
accumulated higher concentrations of the studied heavy metals than the muscles.
The mean of all studied metals of these tissues collected from the study sites
exceeded the permissible concentrations (except for Zn, Cu, Mn and Ni). Liver
represented the highest site of concentrations of heavy metals followed by
kidney then gills and finally muscle tissue. This may be attributed to the major
role of liver in detoxification and protection from heavy metal exposure, both by
producing metallothionines (metal binding-proteins) and by acting as storage site
for bound metals (Pratap et al., 1989). Also, the liver concentrates these metals
from the blood circulatory system of the fish. The present results are in
agreement with Velcheva (2006) who reported that heavy metals were
significantly higher in fish viscera, including liver tissue and kidney than in the
edible muscle tissue. The high heavy metal content in gills of fish collected from
the three sources of water can be related to accumulation of such heavy metals
from the water primarily through fish gill where metallothionine enhances that
bioaccumulation in gills and its uptake could be controlled by the amount of
water passing through the gills (Saeed, 2000).

Fish collected from area of industrial activity (Muweis canal) and swage
areas (Kafr El-Hosr pond and San El-Hagar canal) had significantly greater
concentrations of heavy metals than fish collected from areas of agricultural
activities (Bilbeis canal and Abbassa canal). These variations in heavy metal
concentrations may be due to the nature of water source. Moreover, it is obvious
that the average heavy metal concentrations in different tissues of Clarias
gariepinus were higher than those of Oreochromis niloticus and Bagrus bayad.
This may be due to the difference of feeding habits of the three species, where
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the former fish is mainly omnivorous feeding on fish, insect larvae, mollusks,
planktonic organisms and water weeds (Bishai and Khalil, 1997) which
accumulate large amounts of heavy metals (Rizkalla and Abou-Donia, 1996).

Also, Oreochromis niloticus feeds mainly on phytoplankton (Schroeder,
1983) which accumulate large amounts of heavy metals while Bagrus bayad
feeds mainly on fishes, insects and crustaceans. Moreover, Clarias gariepinus
lives mainly in muddy or semi-muddy bottom (Bishai and Khalil, 1997) and
Oreochromis niloticus wanders in water from surface to bottom, being
frequently in contact with soil particles (Saeed, 2000), while Bagrus bayad lives
in deep water in crevices of rocks at the daylight (Bishai and Khalil, 1997).

CONCLUSION AND RECOMMENDATION

From the present results, it can be concluded that Conditions at industrial
drainage, sewage wastewater and agriculture drainage fish are not safe for
human consumption since the heavy metal analysis revealed a public health
hazard as the quality of fish grown in such water did not comply with the
standards levels recommended by WHO, USEPA and ANZECC. Potential
adverse health effects in such application could be avoided if the wastewater is
sufficiently treated.
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