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Background and Obijectives: Due to the drought and severe reduction of
water resources, deep wells were dug in the Sistan region for the first time.
Currently, the water is extracted from the deep well No. 3 located in
Nimrooz city, which reaches the surface in the form of artesian (without
the use of pumping). The extracted water is used for salmon cultivation on
an experimental basis. Since the consumed water could lead to toxicity in
the tissue of cultivated fish, the concentration of heavy metals in the edible
tissue was measured. Cadmium (Cd), chromium (Cr), arsenic (As), nickel
(Ni), lead (Pb), and mercury (Hg) were considered in the water of deep
well No. 3.

Materials and Methods: Fish samples were taken into two stages from the
experimental pond close to the deep well No. 3, which is located near the
Hamoon Sabouri lagoon. In the first stage, cultivated and juvenile fish were
collected along with fish feed and water samples. In the second stage, at the
end of the cultivation period, samples were taken from adult fish and water.
Then, the fish and food samples were prepared and acid-digested.
Moreover, water samples were first filtered with Whatman filter paper and
then fixed with nitric acid. To measure the concentration of the studied
metals, ICP-MS device model HP-4500 (made in America) equipped with
an Asx-520 autosampler was utilized. Statistical analysis of empirical data
was carried out using SPSS v.16. In addition, the results were compared
with FAO and EPA/WHO standards.

Results: The results showed, the concentrations of mercury and cadmium
were not detected due to their slight amount. The concentrations of some
heavy metals were also compared with the available standards and the
results indicated that the metal concentrations were lower than standard
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values. The metal concentrations in food samples were higher than those in
the fish tissues, whereas no significant difference was detected between the
juvenile and cultivated fish muscles. The average concentrations of arsenic
in the juvenile and cultivated fish muscles were 4.05+0.54 pg/g dw and
5.10+1.67 pg/g dw, respectively, with no significant differences between
the two groups. The chromium and nickel concentrations in two groups of
cultivated fishes were 0.22+0.04 ng/g dw and 0.25+0.11 pg/g dw samle
one and 0.085+0.01 pg/g dw and 0.07+£0.002 pg/g dw for sample 2,
respectively, with no significant difference. Lead concentration was also
measured as 0.166+0.094 ng/g dw and 0.3+0.11 pg/g dw in two groups of
cultivated fish muscles, respectively. Also, for other metals, no significant
difference was observed between the muscle tissue of the two fish groups.

Conclusion: A comparison of metal concentrations in water samples with
the existing standards revealed that the water quality is suitable for fish
breeding, and the edible tissue of fish is healthy in terms of heavy metals.
Also, the comparison of the metal concentration in the edible tissue of
different weight groups of fish did not show any significant difference. As
a result, the continuation of the breeding period to gain more fish weight
does not affect the increase of heavy metals in salmon muscle.
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Table 1. Comparison of heavy metal’s concentration in water samples from deep well No. 3 in Nimrooz with
aquaculture and aquatic life standards (ug. L™).

= slull bl Y i \ il s s i,
Reference Standard con. Stage 2 Stage 1 Element Row
(18) 5 3 1 (AS) S )] 1
(19) 300-400 nd nd (Cd) esls 2
(20) 56 3 28 Cr s s 3
(19) 5-1000 9 5 CU) s 4
(19) <50 nd nd (HY) o5 5
(21) 20 12 20 (Ni) I 6
(17) 13 6 nd Pb) . 7
(21) 3000 nd nd (S8) pke 8
(22) 5000 nd nd (V) bl 9
(19) 30-500 57 10 @n) ss, 10

350 plobis LB 0T Jlaie «lalé 035 ol <le « (not detected) ND
ND: Not detected, as the concentration was below the analytical detection limit

A 3 p 8 ) 55 O (sladi g 53 0d (55031l polis plu ks -Y Jpux
Table 2. The concentration of other heavy metals measured in deep water samples (mg. L ™).
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Table 3. Comparison of mean concentration of heavy metals (ug. g™ dry weight) fish muscle and food in the
first stage of sampling.

Sl S~ Ale Wl s Al e a3,
Fish feed Fingerling Aquaculture-reared fish Element Row
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1.73+0.028° 0.25+0.081° 0.70 + 0.40° Cness 3
8.55+0.37° 2.66 +0.07° 2.35+0.36° CU) s 4
151.00+0.1° 15.21 £ 0.04% 15.50 £ 1.5 (Fe) o 5
151.00+0.1° 15.21 £ 0.04° 15.50 + 1.52° (HQ) o 5 6
1.40+0.17 nd nd (Ni) 7
0.30+0.02 nd nd Pb) < 8
454 +0.22° 4.17 £0.02° 4.29+0.19* (Se) s 9
nd nd nd (V) sl 10
58.45 + 0.21° 41.25+1.19° 34.06 + 3.3 @n) ss, 11
odis il :ND (not detected) (P<:/+0) coul Cilises (cladisad cp ,lo sns O 555 siasOlis ogline g sy o o
oml sl Joa

In each row, different letters indicate statistically significant differences among samples (P<0.05). ND: not detected,
due to low concentration below the detection limit
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Table 4. Comparison of mean concentration of other metals (ng. g™ dry weight) in the first stage of sampling
among different samples.

Pl sl Pl Bl s Al robe 2,
Fish feed Fingerling Aquaculture-reared fish Element Row
73.86 + 1.52° 0.71 +0.05% 0.88£0.77° (A e slT 1
11.63+0.11° 0.26 + 0.08% 229+13 ®) , 5 2
nd nd nd Ba) ol 3
16350 + 161.67° 12835 + 1535° 82145 + 81.71° (Ca) s 4
0.24+0.01 nd nd (Co) s 5
9141 +12.3 1440 + 557 13700 + 641 (K) ol 6
0.83+0.03 0.04 +0.02° 0.11 +0.05° Li) o] 7
1760 + 46.4° 2070 + 175° 1060 £ 27.7° (Mg) - e 8
21.54 +1.22° 1.71 +0.05° 2.16 +0.28° Mn) ;e 9
3463.7 + 64 2071 + 117° 2260 + 296° (Na) pzde 10
10100 + 5.7° 12300 +5.7° 14700 + 79° P) ii 1
4900 + 115° 6760 + 51.3° 6570 + 421° (S)s 358 12
52.18+0.11° 79.3315.29° 100.4 £ 17.8° (SF) il 2 13
ozl il :ND (not detected) (P<:/+0) coul Cilises (sladisad o ,lo jne Ot 54 5 siasOlis Cosline s = sy o o
ol ol Jdse

In each row, different letters indicate statistically significant differences among samples (P<0.05). ND: not detected,
due to low concentration below the detection limit
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Table 5. Comparison of mean concentration of heavy metals (ug. g™ of dry weight) in the fish muscle in second
sampling stage between two weight categories.

P> 4> Jsl 4z s 3,
Group 2 Group 1 Element Row
5.10+1.67 4.05+0.54 (AS) Syl 1
nd nd (Cd) pesls 2
0.25+0.11 0.22 +0.04 Cr) £35S 3
2.45+0.80 2.64+0.84 Cu) s 4
nd nd HY) o5 5
0.077 £ 0.002 0.085 +0.01 (Ni) s 6
03%0.11 0.16  0.094 Pb) -
1.92+0.83 1.62 £0.04 (Se) b
nd nd (V) bl 9
19.05 +2.51° 16.27 + 3.79° @n) ss, 10

alises 6[.&4.:}4.: O J‘AL;'\JU | S99 slaasOlis QJL&ZA s_éjf g_.!:ié) A2 (ajf YoY/0 fﬁj w9 f; OVV/YY J)l Lowd
omb clle s« eais il :ND (not detected) «(P<:/+0) .l

First group: 33.577 g; second group: 50.352 g. Different letters within each row indicate statistically significant
differences among samples (P<0.05). ND: not detected, due to low concentration below the detection limit
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Table 6. Comparison of mean concentration of other metals (ng. g™ dry weight) in the second stage of sampling
between two weight categories.

Group 2 Group 1 a )

Element Row
62.52 +7.54 47.10 + 6.07 (A e slT 1
12.35+1.19 14.02 +1.48 ®) s 2
0.50+0.11 0.48 £0.08 (Ba) vt 3
1450 + 542.50 2537 +1129 (Ca) pols 4
nd nd (Co) ZiLs 5
23762 + 9646 16121 + 7430 (K) iy 6
0.18 +0.05 0.29 + 0.005 (Li) ot 7
1036 + 368.49 861.97 +212.35 (M) (v 55 8
1.66 + 1.53 1.65+0.30 Mn) 3% 9
4445 £ 1998 3499 + 2158 (Na) e 10
6788.35 + 2283.23 5666.167 + 1430 P) i 1
6663.2 + 2313.18 5345.96 + 988 (S)s555 12
16.75 + 9.04 30.16 + 11.40 (SP) e 13

45 plols LB O jlade o lals 055 0l clews (Ot detected) ND
ND: Not detected, as the concentration was below the analytical detection limit
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Table 7. Comparison of the mean concentration of toxic heavy metals (pg. g wet weight) in the muscle tissue
of two stages with available standard.

| Yoo ol Vb b S | |

& FAO  WHOIEPA £33 43 sl s Fish of s S

Reference Fish of stage 2;  Fish of stage 2; stage 1 Element Row

Group 2 Group 1

27 - 2 1.32+0.43 1.05+0.14 1.83+£0.04 (AS) S 1
(28) - 0.1-0.9 0.06 £0.02 0.05+£0.01 0.18+£0.1 Cr) £35S 2
(29) 05 0.5 nd nd nd (Cd) posls 3
(29) 30 30 0.63+£0.2 0.68£0.21 0.61£0.09 Cu) 4
(30) - 100 4.18+131 470+0.125  4.02+0.39 (Fe) cal 5
(31) 0.5 0.5 nd nd nd HY) o5~ 6
(32 - 0.5-0.6 0.02 £ 0.0006 0.02 £ 0.002 nd (Ni) s 7
(33) - 2.94 0.5+0.21 042+001 1112004  (Se) wle 8
(34) 0.5 2 0.077£0.6 0.043 £0.02 nd (Pb) & - 9
(35) - 0.5 nd nd nd (V) bl 10
(29, 36) 40 30 4.98 £ 0.65 4,22 +0.98 8.84 £ 0.87 @n) s, 11
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