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Abstract

Awareness about healthy organic food is increasing, leading to research on contaminants/pollutants and their effect on aquatic
fauna and mankind. The effect of zinc sulphate on the growth performance of White leg shrimp, Litopenaeus vannamei (Boone)
was evaluated under six doses viz; 0.5, 1, 2, 4, 6, and 8 mg/l in in vitro study conducted from June to October 2021. The re-
sults revealed that higher doses of zinc sulphate showed toxicity against L. vannamei. The weight (3.12gm), length (8.95cm),
weight gain per shrimp (4.11g), average daily weight gain (0.032), and specific growth rate (1.1g) were significantly (5%) lower
at the higher dose (8mgl/l) of zinc sulphate than control 11.73g, 16.22cm, 19.75¢g, 0.156g, and 2.20g respectively. With an in-
crease in zinc sulphate dose from 0 mg/l in control to 8 mg/l, survival of shrimp decreased from 100 % to 7%. The Lethal con-
centration (LCsp) for zinc sulphate treatments was recorded at 0.71 ppm for shrimp. The water quality parameter pH (7.17-8.09),
dissolved oxygen (6.13-7.58mg/l), hardness (4000-4772mg/l), and total alkalinity (162-231mg/l) were in an optimum range. The
variation in Nitrite- Nitrogen, Nitrate- Nitrogen and Ammonical-Nitrogen (0-0.018, 0-0.4, 0-0.018mg/l) were within a permissible
range. Thus, the present study revealed that zinc had a negative potential effect on L. vannamei at higher concentrations and
may lead to serious economic loss to farmers if ignored.
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INTRODUCTION

Aquaculture an important sector of the world economy,
is growing at a rate of more than 10 percent in India.
The potential can be seen in aquaculture production
increased from 0.75 in 1951-52 to 14.16 million metric
tonnes in 2019-20 (FAO, 2018). This increase is due to
large coastal areas, technological advancements, in-
creasing demand for fish food as a low-cost high pro-
tein diet, and the development of the inland fisheries
sector in the states that are away from the coastal re-
gion (Naylor et al., 2021). Among Aquaculture, the
shrimp culture, due to the standardization of its cultural

practices in India, high growth rate, short culture peri-
od, and great export value, has made a significant con-
tribution to the world and Indian economy (Patil et al.,
2022). The white leg shrimp Litopenaeus vannamei
Boone contributes about 80 percent of aquaculture
production in India (Khusbhu et al., 2022a). An inappro-
priate ionic ratio, high ammonia content, low dissolved
oxygen, and high heavy metal content limit its produc-
tion in inland fisheries (Ahmad et al., 2022). Awareness
about healthy organic food is increasing, leading to
research on contaminants/pollutants and their effect on
aquatic fauna and mankind. Several trace metals, in-
cluding Mn, Fe, Co, Cu, Cr, and Zn, are recognized to
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be significant minerals with beneficial effects on fish
physiology, nutrition, and metabolism. Although natural
processes like rock leaching can release trace quanti-
ties of zinc into inland water, human activities such as
mining and industrialization can significantly raise zinc
levels (Nagajyoti et al., 2010). Among the heavy metals
introduced into the environment due to anthropogenic
activities and natural resources, zinc is most common,
leading to toxicological effects on aquatic organisms
(Chatla et al., 2020). Hazardous waste sites may also
contain zinc compounds such as zinc sulphate, zinc
oxide, zinc chloride, and zinc sulphide. Many zinc salts
are extremely water-soluble. The amount of zinc in nat-
ural water is determined by the hardness of the water.
Its ability to bind to particulate particles varies depend-
ing on the physicochemical properties of the aquatic
system. It is considered an essential element that acts
as a cofactor for various enzymes (Kumar et al., 2022).
Even though heavy metals are frequent contaminants,
there is comparatively little associated research on
them. The toxicity of metals in aquatic organisms is also
regulated by environmental conditions like temperature,
pH, and salinity. Euryhaline species like vannamei
shrimp can tolerate zinc over a wide range of concen-
trations. However, it can become toxic at high concen-
trations causing severe damage to the hepatopancreas,
and intestine (Gao et al., 2012). The decrease in water
salinity generally results in the absorption of metals and
their toxic effects on marine organisms. L. vannamei is
a hyper regulator regulating repeated salinity fluctuation
by maintaining the internal ionic concentration
(Langston, 2018). It was reported that disruption of os-
motic concentration and ionic balance occurs after
heavy metals like zinc absorption. The present study
aimed to evaluate the safe level or critical concentration
of Zinc for L.vannamei and its effect on the growth of
shrimps.

MATERIALS AND METHODS

The experiment was carried out in the College of Fish-
eries Science, Chaudhary Charan Singh Haryana Agri-
cultural University Hisar, Haryana, India, for one culture
season (June- to October 2021). L. vannamei juveniles
were obtained from a commercial shrimp farm, Hisar,
and transported to the laboratory in live condition. After
three days of acclimatization, L. vannamei juveniles
were transferred to experimental aquaria containing
100 liters of saline water (20ppt) in each at a stocking
density of 5 juveniles /aquarium. Individual aquariums
were equipped with a filter, submerged air diffuser, and
thermostat to maintain an adequate temperature (27 +
0.5 °C).

The stock solution of zinc sulphate was prepared from
which six different doses; 0.5, 1, 2, 4, 6, and 8mg/l were
made by dilution method. Each dose was evaluated

under triplicate conditions and compared with the con-
trol in which no zinc sulphate was added. Before intro-
ducing Zinc sulphate solution in an individual aquarium,
zinc concentration was estimated by Atomic Absorption
Spectroscopy (AAS) (Sprague, 1970). Shrimps were
fed with commercial feed (crude protein 36%) four
times daily according to the 5 percent body weight. Un-
eaten food and fecal matter were removed daily and
only the water lost by siphoning was exchanged daily.

Effect of zinc on shrimp growth
Observations of the changes in weight and length of
shrimps were recorded weekly for four months. At the
end of the study period, average daily weight gain,
weight gain per shrimp, specific growth rate (SGR),
survival, and mortality rate were assessed using the
below-mentioned standard formula:
Average daily gain (ADG, g/shrimp/day) = (Fw - lw) / n
(Eq. 1)
Where, n is the duration period; Iw is the initial mean
weight of shrimp in gram, and Fw is the final mean
weight of the shrimp in gram.
Weight gain (WG, g/shrimp) = (Fw - Iw) (Eq. 2)
Specific growth rate (SGR) = 100 x In Fw— In Iw) /

days (Eq. 3)
Where;

In is the natural logarithm

Survival rate (%) = Fw / Iw x 100 (Eq. 4)

Water quality parameters

Water samples were collected from the aquarium (20-
30cm below the surface of the water to estimate quality
parameters). Dissolved oxygen (DO), temperature, and
pH were measured twice a day (10:00 am and 5:00
pm), whereas ammonia nitrogen, nitrite nitrogen and
nitrate nitrogen were measured twice a week using the
colorimetric method. The salinity, total hardness, and
total alkalinity were measured weekly. The salinity was
measured by using the microprocessor CONDS-TDS-
SAL meter (LT-51). The total hardness and total alka-
linity were measured by using the Standard titration
method (APHA, 1995).

Zinc determination

The concentration of zinc was determined in the water
of each replicate of six dosages and control. Water
samples were collected weekly from each aquarium
and analyzed in atomic absorption spectrophotometer
(AAS) following standard methodology. The data were
recorded on a weekly basis for each aquarium.

RESULTS

Morphological and behavioural changes
Shrimp exposed to higher doses (2, 4, 6 and 8 mg/l) of
zinc sulphate developed black spots on their body, tel-
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Fig. 1. Morphology of Litopenaeus vannamei A) before and B) after zinc sulphate treatments

son, and on carapace region. Slow and sluggish move-
ment of the pleopods and less feeding of the shrimps ex-
posed were recorded during these experiments (Fig. 1 B).

Growth performance of shrimp

The results on the growth performance of shrimp re-
vealed that higher doses of zinc sulphate showed tox-
icity against L. vannamei. The number of live shrimps
decreased in various treatments, leading to a signifi-
cant decrease in shrimp weight (CD=0.11; p=0.05)
(Table 1). The weight of shrimps was significantly high-
er (11.73 g) in control (0 mg/l) and it decreased to 8.47,
7.88, 5.30, 3.83, 3.37, 3.12g with an increase in zinc
sulphate dose from 0.5mg/l to 8 mg/l. Statistical analy-
sis revealed a significant effect of the observation peri-
od. The weight of shrimps significantly increased to
11.16g on the 119" day as compared to the initial 1.40
g due to the number of live shrimps in control
(CD=0.11; p=0.05). The ANOVA revealed a significant
interaction between zinc sulphate treatment and the
observation dates (CD=0.28; p=0.05) (Table 1). This
showed that higher doses of zinc sulphate were more
potent in reducing the live shrimps and weight at each
observation date than lower doses.

Similar results were obtained for changes in the length
of shrimps due to zinc sulphate treatments. Due to the
mortality of shrimps, significantly lower lengths of
shrimps were recorded at 0.5mg/l (13.33cm), 1mg/l
(12.21cm), 2mg/l (11.32cm), 4mg/l (10.47cm), 6mg/l
(9.61cm) and 8mg/l (8.95cm) concentrations as com-
pared with control (16.2cm) (CD=0.40; p=0.05) (Table
2). Irrespective of dose, the length of shrimps increased
significantly at each observation period due to the num-
ber of live shrimps in control (CD=0.25; p=0.05). The
length of shrimps did not differ significantly from each
other on the 0" and 7" day. Interaction between the
treatment and observation periods was found signifi-
cant (CD=0.25; p=0.05), which showed that at the end
of the study period (119" day), lower shrimp length was

observed at higher doses than at lower doses. The
effect of Zinc sulphate treatments on the survival of
vannamei is illustrated in Fig. 2. Zinc sulphate treat-
ments resulted in less survival of shrimps. It was 53,
40, 40, 20, 7 and 7 percent in 0.5, 1, 2, 4, 6 and 8 mg/I
treatments as compared to 100 percent survival in con-
trol. Likewise, minimum weight gain per shrimp (4.11g)
(Fig. 3) and average daily weight gain (0.0.32) (Fig 4),
specific growth rate (1.09gm) (Fig 5) were recorded at
a higher dose of 8 mg/l of zinc sulphate as compared
to weight gain per shrimp, average daily weight gain,
and specific growth rate (19.75g, 0.156g, and 2.20g) in
control where no extra dose was given to shrimps,
lesser gain in weight was recorded in 0.5 mg/l (13.749),
1 mg/l (13.21g), 2mg/l (7.549), 4mg/l (5.35g) and 6mg/|
(4.419g), respectively. The average daily weight gain
was (0.156g) in control which decreased to 0.032 at
8mg/l doses, respectively. A similar trend was wit-
nessed in the specific growth rate of L. vannamei (Fig.
5). It ranged between 2.2g at the control and 1.1g at
0.08 mg/l showing a lower growth rate at higher doses
of Zinc sulphate treatment.

Determination of concentration-mortality response
(LCs0)

The LCs, values (concentration at which 50 percent
mortality occured in L. vannamei) along with regression
statistics for Zinc sulphate were calculated using the
standard probit analysis method and are presented in
Table 3. The LCs value was 0.71 mg/l. The value of
slope was 1.36. This showed that further increases in
concentrations would lead to mortality in shrimp. The
intercept value was 5.18.

An analysis through graphical representation showed
the changes in Nitrite- Nitrogen (mg/l) (Fig. 7), Nitrate-
Nitrogen (mg/l) (Fig. 8) and Ammonical-Nitrogen (mg/l)
(Fig. 9) in culture water. The variations in these param-
eters (0-0.018, 0-0.4, 0-0.018 mg/l, respectively) were
within the permissible limits (0-0.05, 0-0.5 and 0-0.05)
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Table 1. Effect of zinc sulphate (ZnSQ,) on the weight of shrimp, Litopenaeus vannamei

Days of Shrimp weight (g) in different treatment of ZnSO, Mean
observation Control 0.5mgl/l 1mgl/i 2mg/l 4mgll 6mg/l 8mg/I

0 1.28 (15) 1.44(15) 1.34(15)  1.56 (15) 1.38(15) 1.44 (15) 1.39 (15) 1.40
7 1.73(15)  2.58(15)  4.03(15) 2.26(15) 1.49(15) 1.53 (15) 1.78 (12) 2.20a
14 3.17 (15)  3.07(15)  2.46(15) 2.15(15) 1.78(15) 1.66 (15)  1.30 (9) 2.23a
21 450 (15) 3.54(15) 3.73(15) 3.06 (15) 1.92(14) 1.52(13)  1.28(8) 2.79
28 6.25(15)  4.55(14) 3.98(14) 2.94 (14) 2.33(14) 2.22(13) 1.70 (8) 3.42
35 7.85(15) 593 (14) 5.00(12) 3.07(14) 2.36(14) 2.11(10)  1.99(8) 4.05
42 8.63(15) 6.53 (14) 544 (12) 3.52(14) 2.71(14) 2.18(10) 2.00 (7) 4.43
49 9.30(15) 7.42(14) 6.62(11) 4.62(12) 3.55(10) 2.67 (6) 2.30 (7) 5.21
56 10.78 (15) 8.11(14) 6.88(11) 5.02(12) 3.93(10) 2.95(6) 2.81(5) 5.78
63 12.03 (15) 8.36 (14) 7.26 (11) 5.43(11) 4.15(10) 3.61(5) 3.20 (5) 6.29
70 13.77 (15) 10.42(14) 8.79(11) 5.67(11) 4.38(10) 3.92(2) 3.75 (5) 7.24
77 15.23 (15) 10.38(12) 9.66 (10) 6.56(9) 4.71(8) 4.14(2) 4.00 (5) 7.81
84 17.01 (15) 11.55(12) 10.78(10) 7.16 (8) 4.85(8) 4.59(2) 4.02 (4) 8.56
91 18.48(15)  12.46 (10) 11.82(10) 7.86(8) 5.16(5) 4.61(2) 4.23 (4) 9.23
98 19.53 (15) 13.20(8) 12.56 (10) 7.97(6)  5.34(5) 4.86(2) 4.62 (1) 9.73
105 20.01 (15) 13.57(8) 13.02(9) 8.38(6) 5.72(4) 5.21(1) 5.09 (1) 10.14
112 20.50 (15) 14.12(8) 13.81(6) 9.04 (6) 6.40(3) 5.54(1) 5.15 (1) 10.65
119 21.03 (15) 15.18(8) 14.69(6) 9.11(6) 6.74(3) 5.85(1) 5.49 (1) 11.16
Mean 11.73 8.47 7.88 5.30 3.83 3.37 3.12

Figures in parentheses are the number of live shrimps in treatment; Values denoted by similar letter do not differ significantly with each
other;CD (p=0.05) for Date of observation =0.11; SE=0.04;CD (p=0.05) for Zinc sulphate treatments =0.07; SE= 0.02; CD (p=0.05) for

Date of observation x Zinc sulphate treatments = 0.28; SE= 0.10

Survival Rate

120 100

100

[% survival]
8 8 8
3
&
3

Control 0.5mg/l 1mg/l 2mg/l 4mg/l 6mg/l &mg/l

|Treatments of ZnSO, mg/I| |

Weight gain per Shrimp ()|

Wom

8 mg/l

=1
Control

T |

6 mg/l

I\’Veigh( gain per shrimp (g)l

0.5mg/l ‘ 1mg/l - 4mg/l
Treatments of ZnSO, (mg/l)|

2mg/l

Fig. 2. Effect of zinc sulphate treatments on survival of
Litopenaeus vannamei

Fig. 3. Effect of zinc sulphate treatments on weight gain of
Litopenaeus vannamei
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Table 3. Effect of zinc sulphate (ZnSQO,) on the length of shrimp, Litopenaeus vannamei

Days of

Shrimp length (cm) in zinc sulphate treatments (mg/l)

Observation Control 0.5mg/l 1 mg/l 2mg/l 4mg/l 6mg/l 8mg\l Mean A
0 589 (15) 5.56(15) 542(15) 4.88(15) 4.81(15) 4.64(15) 4.70(15) 5.130°
7 6.82 (15) 5.77(15) 561(15) 543(15) 4.97(15) 4.83(15) 4.79(12) 5.463°
14 8.83(15) 6.77(15) 5.78(15) 5.66(15) 5.22(15) 5.09(15) 4.95(9) 6.043
21 10.76 (15) 7.77(15) 6.02(15) 594 (15) 5.62(14) 5.29(13) 5.16(8) 6.651
28 12.53 (15) 8.71(14) 6.77(14) 6.31(14) 589(14) 556(13) 5.42(8) 7.31
35 1453 (15) 9.71(14) 7.77(12) 6.77(14) 6.30(14) 5.78(10) 5.66(8) 8.08
42 14.74 (15) 10.71(14) 8.70(12) 7.77(14) 6.73(14) 5.80(10) 5.78(7) 8.62
49 15.89 (15) 11.71(14) 10.70(11) 8.70(12)  7.77(10) 6.77 (6) 5.89 (7) 9.63
56 16.56 (15) 12.71(14) 11.71(11) 10.72(12) 8.72(10) 7.77 (6) 6.77 (5) 10.70
63 18.16 (15) 13.71(14) 12.70(11) 11.70(11) 10.72(10) 8.84 (5) 7.84 (5) 11.95
70 19.53 (15) 14.57 (14) 13.70 (11) 12.71(11) 11.71(10) 10.71(2) 8.84(5) 13.10
77 19.83(15) 15.14 (12) 14.56 (10) 13.69 (9) 1277 (8) 11.71(2) 10.70(5) 14.05
84 20.02 (15) 16.86(12) 15.14(10) 14.58 (8) 13.70(8) 12.72(2) 11.70(4) 15.11
91 21.13(15) 17.18(10) 16.86(10) 15.14 (8) 1457 (5) 13.69(2) 1270(4) 15.74
98 21.25(15) 19.83(8) 17.18(10) 16.86 (6) 15.14 (5) 1457 (2) 13.70(1) 16.91
105 21.27 (15) 20.27 (8) 19.83(9) 17.18(6) 16.86 (4) 1514 (1) 1457 (1) 17.84
112 2197 (15) 21.27(8) 20.02(6) 19.80 (6) 17.18(3) 16.86(1) 15.14(1) 18.89
119 2243 (15) 21.97(8) 21.26(6) 20.02 (6) 19.83(3) 17.18(1) 16.86(1) 19.93
Mean 16.22 13.33 12.21 11.32 10.47 9.61 8.95

Values denoted by similar letter do not differ significantly with each other CD (p=0.05) for date of observation =0.40; SE= 0.14 CD
(p=0.05) for zinc sulfate treatments =0.25; SE=0.09; CD (p=0.05) for date of observation x zinc sulfate treatments =1.08; SE=0.39

| Average Daily we ghtgain (g)|

0.2
0.18
0.16
0.14
0.12

01
0.08
0.06
0.04
0.02

0

IA\'erage Daily Weight Gain (g)l

Control  05mg/l 1mgA 2mg/l  4mg/l  6mg/l 8mg/l
[Treatments of ZnSO4 (mg1)|

<
<
=
-4
T
3
=
o
o
a
<
<
=
w

|Speciﬁc Growth Ratel

Control 0.5mgl 1mgl 2mgl 4mgl 6mgl S mg1

|Treatment of ZnSO4 (mg/1) |

Fig. 4. Effect of zinc sulphate treatments on average daily

weight gain of Litopenaeus vannamei

Fig. 5. Effect of Zinc sulphate treatments on specific

growth rate of Litopenaeus vannamei
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Mortality Rate (°/o)|
0

M Control M0.5mg/I| @ 1 mg/l W 2mg/l
B 4mg/l m6mg/l 8 mg/l

Fig 6. Mortality rate (%) due to zinc sulphate treatments in
Litopenaeus vannamei

(APHA, 1995; FAO, 2018).
DISCUSSION

During the present study, at 0.5, 1, 2, 4, 6, and 8mg/I
zinc sulphate treatments- 46, 60, 60, 80, 93, and 93
percent mortality in L. vannamei was recorded (Fig. 6).
The findings of this study also illustrated a significant
(5%) decrease in the survival rate of L. vannamei when
treated with higher doses of zinc sulphate. Similar re-
sults were recorded in a previous study (Chen et al.,
2020), at high concentrations in which zinc showed
toxic effects. The most obvious sign of toxicity recorded
in the present study was the reduction in growth perfor-
mance, similar to the study conducted by Chen et al.

Table 3. LCs, of Litopenaeus vannamei for zinc sulphate

(2020). The hepatopancreas of vannamei is the main
target site of zinc accumulation. Excessive zinc im-
paired the hepatopancreas and also reduce body
length, weight gain, specific growth rate, survival rate,
food intake, nutritional status, and health status of
shrimp (Chen et al., 2020; Pérez and Hoang, 2017; Wu
and Chen, 2005). Bambang et al. (1995) revealed that
osmotic control is a key mechanism for environmental
adaptation in marine species. Osmotic Concentration
(OC) which is sensitive to zinc toxicity may be utilized
as a criterion of aquatic environmental disturbance
(Khushbu et al., 2022b). Changes in hemolymph osmo-
larity in L. vannamei exposed to higher zinc concentra-
tion led to stunted growth and mortality (Wu and Chen,
2004). A study by Sejati et al. (2022) recorded that
when shrimp (L. vannamei) were treated with high con-
centrations of zinc sulphate, it gets accumulated in their
body due to low excretion rate. Silva et al. (2016) rec-
orded that the shrimp (L. vannamei) usually died at
concentrations more than 1.80 mg/l, but in concentra-
tions between 0.88 and 1.80 mg/l mortality was further
delayed. When L. vannamei were exposed to high dos-
es of zinc, it caused cytological and histochemical dam-
age to the gill epithelium (Wu and Chen, 2004). These
gill alterations caused oxygen consumption inhibition,
which would explain the mortalities observed in the
present study (Barbieri, 2009; Soegianto et al., 1999).
According to Viswanathan and Manisseri (1993), the
LCs for zinc to Penaeus indicus was 1.67 ppm. The
LCso in Metapenaeus sp. was 1.7 ppm (Sivadasan et
al., 1986), which was greater than the value found in
the present study (0.71ppm).

Zinc sulphate treatments

L. vannamei

n Slope Intercept LCso (%) X2 Df
15 1.36 5.18 0.71 12.59 6
MITRITE- NITROGEN (mg )| NITRATE-NITROGEN (mg/ )|
0.016 22 0.4 -0
0.014 omz&:’ 035+ $
0.012 -+ ";“uws °;“ i 00105 §0105—0.0105——00105—0.0105 034
s $.000%"  poody 00095 g & oo & % el .
0.01 - = - -2 . 200 - = !
. ‘”;" ¥ v wo' 8 s o O'Zf or 08 WP 01 018 TN
' ¥ ¥ &| Mr—w e an AR
0.006 - 015 & — :
7 ¥
0.004 - 6 0.1
0.002 -} 7. | 005+
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0 7 14 21 28 35 42 49 56 6 70 77 84 51 9 105112119 0 7 1421 283542 49 56 63 70 77 84 91 98 105112119
Days of Observation
Fig. 7. Changes in Nitrite- Nitrogen (mg/l) during Fig. 8. Changes in Nitrate- Nitrogen (mg/l) during
experiment experiment
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Table 4. Physico-chemical parameters of water during the experiment

Bsgzr?,;tion . pH . Disso.lved Oxygen (.mgll) ?:‘rglrll)ess Alkalinity (mg/l)
Morning Evening Morning Evening
0 7.62°09n 7.41°809ntik 6.48 6.13 4319.28" 193.07'
7 7.49PCd 7.212° 7.09%" 6.73° 4078.57°° 162.42
14 7.49%0¢ 7.27%° 7.19° 6.84°° 4211.42° 186.509"
21 7.53Pc0e 7.33°0%¢ 7.04° 6.80%" 4000.00° 179.14%%¢
28 7.462° 7.2520¢ 7.20° 6.90%¢ 4008.57° 168.64°
35 7.38° 7.47° 7.41°f 7.00° 4100.71°¢ 174.78°°
42 7.49P¢ 7.277¢ 7.499 7.19M 4159.28¢ 182.28%¢19
49 7.462° 7.30°¢¢ 7.58 7.34' 4,192.14% 177 .57°¢
56 7.61°80oN 7.36 9% 7.55" 7.31 4280.71 196.43"*
63 7.64°09ntik 7.42°090 7.51° 7.27 4335.00 172.57%°
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SE 0.39 0.36 0.33 0.29 12.27 1.73

Values denoted by similar letter do not differ significantly with each other
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Fig. 9. Changes in Ammonical-Nitrogen (mg/l) during
experiment

Conclusion

This study revealed that higher doses of zinc sulphate
were toxic to L. vannamei. Average daily weight gain
(0.032), and specific growth rate (1.1g) was significant-
ly (5%) lower at the higher dose (8mg/l) of zinc sul-
phate than the control ones. With an increase in zinc
sulphate dose from 0 mg/l in control to 8 mg/l, survival
of L. vannamei decreased from 100 % to 7%. The LCs
for zinc sulpate treatments was recorded at 0.71 ppm.

To increase the sustainability of the aquaculture sector
and provide safe shrimp for human consumption, the
competent authorities at the local, state, and national
levels should conduct frequent monitoring of the shrimp
and the surrounding environment. Thus the present
study concluded that zinc had a negative potential ef-
fect at higher concentrations and may lead to serious
economic loss to farmers.
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