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Abstract

The effect of EDTA “ Ethylendiaminetetraacetic acid” in reducing
the soluble heavy metals (Fe, Mn, Zn, Cu and Pb)contents in sewage
waste water and muscles of Nile tilapia (Oreochromis niloticus) was
studied in an investigation for 90 days period. The work was carried out
at Central Laboratory For Aquaculture Research (CLAR) Abbassa, Abu-
Hammad, Sharkia Governorate). A total of 315 Nile tilapia fingerlings
(20£2g weight) were divided randomly into 21 aquaria, 15 fish for each
representing 7 treatment groups in triplicates. Results showed that, ail
fish in treatment containing the highest EDTA levels 0.750 g/l died af-
ter 3 days of the experimental start. The heavy metal contents sewage
wastewater, and in fish muscles declined with each increase in EDTA
concentration. The chelating agent of EDTA increased with decreasing
of heavy metals in water.

INTRODUCTION

The indiscriminate discharge of industrial effluents, raw sewage and other waste
pollute most environments and affect the survival and physiological activities of target
organisms. Metals and pesticides, in particular, have a tendency to accumulate and un-
dergo food chain magnification (Vinikour et al., 1980). They cloud also cause catas-
trophic diseases like minamata and itai-itai, (James, 2000). Some of the probably af-
fected organisms, like fish, are consumed by human beings. Hence, reduction of toxic
elements in aquatic environments is one of the primary challenges in waste water
treatment. Unfortunately in some regions of Egypt, where there is a shortage in fresh
water, fish breeders in some private farms use untreated sewage wastewater for fish
culture. This water may pose a potential health risk to handlers and consumers of such
fish (Lawton and Morse, 1980). For this reason, the using of effluent for aquaculture
has not yet been approved by health authorities. According to Sandbank and Nupen
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(1984), the largest problem regardihg aquaculture in wastewater effluent is the accu-
mulation of heavy metals, pathogens and pesticides in the fish and as a result, the pos-
sible transmission of diseases to man.

Synthetic compounds like ethylenediaminetetraacetic acid (EDTA) are known to
be effective chelating agents of heavy metals. Shaker et al. (2000) found that copper
in fish livers started deciining in this organ with each increase in EDTA concentration up
to 0.750 g/L water. Also, they found that EDTA up to 0.250 g/L decreased the cop-
per content in the muscles to its permissible level. The most widely used techniques for
removal of heavy metals involve the process of neutralization and metalhydroxide pre-
cipitation (Himesh and Mahadevaswamy, 1994).

The present work was designed to study the effect of the chelating agent EDTA
on the reduction of some heavy metals (Fe, Mn, Zn, Cu and Pb) in sewage wastewater
and fish muscles as well as improvement of growth rate in Oreochromis niloticus.

MATERIALS AND METHODS

Experimental fish, Oreochromis niloticus fingerlings were transported from Ab-
passa fish hatchery to the Central Laboratory For Aquaculture Research (CLAR). Fish
were stocked in fiber glass tank and acclimatized for the new water at the experimental
site for three weeks. Thereafter, O. niloticus fingerlings were divided randomly into 21
glass aquaria (60 x 35 x 45 Cm), 15 fish each, to represent 7 groups with three repli-
cates each. The average fish weight at the experimental start was 20+2g. The sewage
wastewater was located in a private drain at Bahr El-Bakar drain Shader Azzam, Port
Saaed Governorate, and transported to the Central Laboratory for Aquaculture Re-
search (CLAR). The treatments applied were wastewater without EDTA, at levels of
0.00, 0.125, 0.250, 0.375, 0.500, 0.625 and 0.750 g/l (Table, 1).

Table 1. Experimental groups and their notation.

Group Notation
No.

Sewage wastewater without EDTA control
Wastewater + ( 0.125 g/l EDTA)
Wastewater + ( 0.250 g/l EDTA)
Wastewater + ( 0.375 g/l EDTA)
Wastewater + ( 0.500 g/l EDTA)
Wastewater + ( 0.625 g/l EDTA)
Wastewater + ( 0.750 g/l EDTA)

Nlolals [WN |-
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Water analysis

pH value was determined using pH meter model Corrning, 345.

Temperature and dissolved oxygen (DO) were measured using oxygen meter mod-
el YSI 57.

Salinity was measured by conductivity meter model YSI 33 S.C.T. meter.

Ammonia was measured by Hack Comparison Apparatus No. 1954 (A.P.H.A., 1993).
Total alkalinity was measured according to A.P.H.A. (1993).

Total hardness was measured by titration with standard solution of EDTA according
to A.P.H.A. 1993.

The heavy metals (Fe, Mn, Zn, Cu and Pb) concentrations in water were estimat-
ed following the method of A.P.H.A. (1993).

Fish analysis

Heavy metals (Fe, Mn, Zn, Cu and Pb) content in muscle of fish were esti-
mated at 0, 7, 15, 30, 60 and 90 days. Three replicates of samples were digested with
a mixture of concentrated nitric acid and perchloric acid at the ratio of 1:2 until the
formation of white residue at 100 °C in a water bath. The cooled residue was dissolved
completely by adding 1N HCI and made up to 25 ml with distilled water (FAO 1975).

Statistical Analysis

Data were analyzed using ANOVA and Duncan’s test at a probability level of
<0.05 according to SAS (1987).

RESULTS AND DISCUSSION

The present study revealed that the addition of EDTA to the sewage wastewater
significantly (p<0.05) reduced the heavy metals in water and their uptake in fish tis-
sues as compared to tilapia exposed to sewage water without EDTA. In Table 2, at the
end of the experiment, the concentrations of iron were 4.22, 3.75, 3.21, 2.63,
2.25,1.77 and 1.5 ppm for sewage water group;, group,, groups, group,, groups,
groupg and groupy, respectively. These results revealed that iron contents in sewage
water gradually decreased as the concentration of EDTA increased which reflects the
efficiency of this agent in chelating the iron in water. These results supported those
obtained by Shaker et al. (2000), who found that EDTA reduced the copper in water
and fish.
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The highest reduction of iron was in the 7th group. The percentages of reduction
were 11.3, 24.05, 37.8, 46.8, 58.0 and 64.45% for groups 2, 3, 4, 5, 6 and 7, respec-
tively.

On the other hand, the concentration of manganese were 0.55, 0.43, 0.34,
0.26, 0.17, 0.08 and 0.06 ppm for the sewage water for groups 1, 2, 3, 4, 5, 6 and
7, respectively. The reduction percentage were 22.5, 37.8, 53.6, 69.5, 85.8 and
89.1% for groups 2, 3, 4, 5, 6 and 7, respectively.

It was clear that the reduction percentage in manganese was comparatively
higher than in iron. These results agreed with those obtained by James and Sampath
(1997), who reported that the reduction of heavy metals by chelating agent EDTA was
highest in lower heavy metal concentration than in higher concentration.

The concentration of Zn in sewage wastewater was 0.6 ppm, while, after adding
EDTA, it was 0.5, 0.39, 0.27, 0.18, 0.09 and 0.08 ppm for groups 2, 3, 4, 5, 6 and
7, respectively. The reduction of Zn, Cu and Pb in water followed the same pattern
with the results obtained by Sorvari and Sillanpaa (1996) who reported that the com-
plexion by either EDTA or DTPA resulted in significant toxicity decreases with most of
studied metals “Fe, Cu, Mn, Zn, Cd and Hg".

The collected data for water quality during the study are summarized in Table 2.
Water temperature was almost stable at 29.9 to 30.1°C in all groups during the study.

Also, dissolved oxygen, total hardness and salinity did not differ significantly be-
tween all groups during this study. pH and Total alkalinity decreased as EDTA levels in-
creased. These results may be due to the acidic effect for EDTA on water. The death
of all fish in treatment “EDTA7” referred to the increased acidity in these treatments “
pH 5.1”. These results are in agreement with those obtained by Shaker et al. (2000).
Also, similar trend was observed in NHg; the concentration of NH3 gradually decreased
with increased EDTA levels.

Results presented in Tables (3 - 7) showed that, Fe, Mn, Zn, Cu and pb contents
in fish muscles at all periods tested after experimental start, decreased significantly
(P<0.05) with each increase in the level of EDTA.

The iron content in fish muscles (Table 3) at all periods tested after experiments
started to decline with the increase in EDTA concentration up to 0.625 g/l water. The
statistical analysis revealed, also, that the decrease in iron uptake found in most all pe-
riods was significant (P<0.05). These results are in agreement with results obtained by
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James et al. (1998), who showed that addition of chelating agent to sub lethal levels
of cadmium significantly reduced the retention of cadmium in body tissues, and this in-
directly impro:/ed the growth of catfish. Also, similar manners were observed in Mn, Zn,
Cu and pb (Tables 4, 5, 6 and 7). The uptake of Mn in muscles of O. niloticus (Table 4)
exposed to sewage wastewater without EDTA was 0.198 mg/g wet tissues, and it sig-
nificantly (P<0.05) declined to 0.114, 0.092, 0.072, 0.056 and 0.044 mg/g wet tis-
sues for EDTA;, EDTA,, EDTAg, EDTA, and EDTAs, respectively.

Concerning zinc, it was clear that a more or less similar pattern of the previous
metals was followed. In sewage wastewater without EDTA treatment, zinc concentra-
tion in muscles was 0.265 mg/g wet tissues, while, in fish muscles after experiment in
other treatments it was 0.144, 0.114, 0.102, 0.084 and 0.076 mg/g for the same
groups, respectively.

Also, copper in the first treatment after study was 0.545mg/g, but in other
treatments, its concentration was reduced by EDTA agent to 0.382, 0.314, 0.224,
0.176 and 0.149 mg/g wet tissues. Lead concentration in sewage wastewater without
EDTA was 0.084mg/g, and in other treatments it was 0.063, 0.049, 0.033, 0.009 and?
0.007mg/g wet tissues for EDTAy, EDTA,, EDTA3, EDTA4 and EDTAs5, respectively.
These results are in agreement with those obtained by James (2000).

Overall, heavy metals contents in fish muscles decreased significantly (p<0.05)
with each increase in the level of EDTA. These results revealed that chelating agent of
EDTA increased with decreasing of heavy metals in water. The accumulation rates of
metals in fish in this study were in the order Fe>Pb > Cu> Zn> Mn. These results are in
agreement with those obtained by Srinivas (1993) who found that chelated metal was
less toxic than that of their ionic forms. Also, he found that the chelating agent of
EDTA increased with decrease of heavy metals concentration in water.

Generally, results of Tables 3 to 7 showed that EDTA up to 0.375 g/l decreased
the heavy metal contents in the muscles to the saved permissible level of these metals
in fish muscles according to World Halth Organization (WHO, 1984) and United States
Environmental Protection Agency (USEPA, 1986). They reported that the permissible
levels of Fe, Mn, Zn, Cu and Pb in fish muscles are 30.0, 6.5, 50.0, 20.0 and 2.0 ppm,
respectively.
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Table 2. Effect of EDTA on Heavy metals concentrations (ppm) in water and water
quality. ‘ K
reatments|  Group 1 Group 2 | Group3 | Groupd | Group 5 | Group 6 | Group 7

ltems
Temp. °C 30.0:1.52 {30.122.0a 30:0+t.0a | 29.9+1.0a { 30.0:s1.0a | 30.0:1.5a | 30.0xt.0a
D.0. mg/l 7.410.3a 7.5¢0.2a 76:0:3 7.7:0.2a 7.7:0.2a 7.710.1a 7420.2a

PH 8.9:0.1a 8:30.2a 1.940.23 75:020 | 7.0:0.2 6.6:0.th { 5.1:0.1¢
NH3 mgl 0.94:0.02a | 0.76:0.04a | 0.55+0.01b | 0.45:0.02b | 0.42:0.06b | 0.38:0.01b { 0.33:0.01b

Total alk.mg/l | 324.0+16.0a | 291.0+11.0a | 270.0¢8.00 | 206.0s6.0b |- 182.047.06 | 166.0:5.00 | 96:3.6¢c

TH. mg/l 674.0821.0a | 694:0:18.0a | 714,0+14.0a | 735.0+19.0a | 750.0+16:0a | 750:0¢12.0a | 76628.0a

Sal. my/l 242:0.01a | 245:0.0a | 25:0.02a | 2.55:0.04a | 2.6:0.04a- | 2.6+0.04a | 2.65:0.05a

Fe. ppm 4.22+0.14a | 3.75:0.076b { 3.21:0.088¢ | 2.63:0.024d } 2.26:0.02¢ | 1.77:0.031 | 1.5x0.06f

Mn ppm 0.55+0.06a | 0.43:0.003b | 0.34:0.02c { 0.26:0.01d | 0.17:0.004e | 0.08:0.002f | 0.06+0.002f

Zn ppm 0.6:0.024a | 0.5:0.018b | 0.39x0.034¢ | 0.27+0.004d | 0.18+0.024e { 0.09:0.016f | 0.08x0.001f

Cu ppm 0.86+0.028a | 0.73:0.038b | 0.56:0.021c | 0.32+0.008d | 0.27:0.004e { 0.16+0.014f | 0.11x0.01f

Pb ppm 1.28x0.056a | 1.09:0.072b | 0.91:0.04c. | 0.71:0.004d. | 0.52:0.008¢- | 0.36:0.012f | 0.28+0.01¢

&f Means within a raw with the same superscript are significantly different (P<0.05).

Table 3. Effect of EDTA on Iron (Fe) content in muscles of O. niloticus as mg/g wet
tissue.

Treatments Group 1 Group 2 Group 3 | Group 4 Group § Group 6

0 [ 0.077:0.002a | 0.077x0.002a | 0.077:0.002a { 0.077:0.002a | 0.077:0.002a | 0.077+0.002a

7 | 0.545:0.019a | 0.455:0:024h | 0.409:0.022b | 6.3700.016c | 0.272:0.012d | 0.266+0.001d

Days 15 | 0.946:0.054a | -0.776:0.036b | 0.701+0.024c | 0.612¢0.012d | 0.473:0.012¢ | 0.465:0.012¢

30 | 1.256+0.046a | 1.017:0.03b | 0.942:0.03b | 0.754:0.02¢ | 0.62B:0.016d | 0.618£0.012¢

60 [ 1.595:0.038a | 1.276:0.028b | 1.148:0.024b | 0.9570.0tc. | 0.76:0.008d | 0.74:0.008d

90 | 1.975:0.026a | 1.521+0.022b | 1.383:0.018¢ | 1.145:0.021d | 0.908x0.014e | 0.880:0.008e

2€ Means within a raw with the same superscript are significantly different (P<0.05).
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Table 4. Effect of EDTA on Manganese (Mn) content in muscles of O. niloticus as mg/g

wet tissue.

Treatments

Group 1

Group 2

Group 3

Group 4

Group 5

Group 6

Days

0.015£0.001a

0.015:0.001a

0.0150.001a

0.015:0.001a

0.015£0.001a

0.015£0.001a

0.052+0.001a

0.034x0.002b

0.028+0.002b

0.020.001c

0.018+0.001¢

0.016+0.001¢

15

0.084x0.0052

0.045+0.004b

0.037+0.002b

0.029:0.002¢

0.024£0.001¢

0.021£0.001c

30

0.114£0.0032

0.068+0.003b

0.055+0.003¢

0.038+0.001d

0.031+0.002d

0.028+0.002d

60

0.158+0.007a

0.099:0.008b

0.074£0.007¢

0.056+0.004c

0.042+0.001d

0.035:0.003d

90

0.198+0.0052

0.11420.007b

0.092+0.005¢

0.072+0.001d

0.0560.001e

0.0440.002¢

2€ Means within a raw with the same superscript are significantly different (P<0.05).

Table 5. Effect of EDTA on Zinc (Zn) content in muscles of O. niloticus as mg/g wet

tissue.
Treatments Group 1 Group 2 Group 3 Group 4 Group § Group 6

0 | 0.023:0.001a | 0.023:0.001a | 0.023£0.001a | 0.023:0.001a | 0.023:0.001a | 0.023:0.001a
7 | 0.05120.006a | 0.042:0.005b | 0.039+0.001b { 0.031<0.001b | 0.027£0.002c | 0.024+0.002¢

Days 15| 0.084:0.004a | 0.064:0.009b | 0.056:0.007c | 0.046:0.002d | 0.035:0.002de | 0.0.3:0.002¢
30| .12620.009a | 0.086+0.004b | 0.074x0.003¢ | 0.065:0.002cd | 0.052:0.002¢ { 0.049+0.004e
60 | 0.085:0.01a | 0.112:0.01b | 0.098:0.009c | 0.082:0.007d | 0.070£0.007e | 0.064+0.002¢
90 | 0.265:0.015a | 0.144:0.008b | 0.114:0.012c | 0.102:0.009d | 0.084:0.005¢ | 0.076+0.006e

&€ Means within a raw with the same superscript are significantly different (P<0.05).
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Table 6. Effect of EDTA on Copper (Cu) content in muscles of O. niloticus as mg/g wet

tissue.
Treatments Group 1 Group 2 Group 3 Group. 4 Group 5 Group 6

0 | 0.065:0.002a | 0.067+0.002a | 0.066x0.002a | 0.065:0.002a | 0.066+0.002a | 0.066:0.002a
7 ]0.185:0.025a | 0.166:0.014b | 0.142:0.01c | 0.12:0.012d | 0.0880.008e | 0.07820.00%e

Days 15 | 0.254:0.028a | 0.203:0.022b | 0.176:0.022¢ | 0.148+0.022d | 0.099+0.014e | 0.089+0.016e
30 | 0.396£0.018a | 0.207:0.024b | 0.204+0.026¢ | 0.172:0.012d | 0.12420.007e | 0.1120.002¢
60 | 0.465:0.008a | 0.326:0.022b | 0.275:0.009c | 0.196+0.008d-| 0.144+0.012¢ | 0.128+0.002e
90 | 0.545:0.006a | 0.382:0.008b | 0.31420.004c | 0.224:0.005d | 0.1760.002¢ | 0.149:0.003f

a-f Means within a raw with the same superscript are significantly different (P<0.05).

Table 7. Effect of EDTA on Lead (Pb) content in muscles of O. niloticus as mg/g wet

tissue.
Treatments Group 1 Group 2 Group 3 Group 4 Group § Group 6
‘ 0| 0.001+0.0a 0.0010.0a 0.001:0.0a 0.0010.0a 0.001:0.0a 0.00120.0a
7| 0.008+0.0a 0.006+0.0b 0.005+0.0¢ 0.004+0.0d 0.00320.0e 0.00120.0e
Days 15] 0.019:0.001a | 0.011:0.0b | 0.009£0.001c | 0.007+0.001d 0.004t0.00?a: 0.002+0.001e
30 0.036:0.001a | 0.021+0.002b | 0.0140.001¢ | 0.009:0.0d 0.0050.0e 0.003:0.0e
60 0.065:0.002a | 0.042+0.001b | 0.032+0.0¢ 0.018+0.001d "} 0.007:0.0e 0.005£0.001e
90 0.084:0.005a | 0.063+0.002b | 0.049:0.001¢ | 0.33£0.002d | 0.008x0.001e | 0.007+0.0e

€ Means within a raw with the same superscript are significantly different (P<0.05).
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