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ABSTRACT

Lead ion is one of the cations that affects the vitality, growth ability, causing skeletal
deformities in fish development. This study was conducted to evaluate the effect of lead ion (Pb*")
on 1 to 10-day-old Oryzias curvinotus larvae at different concentrations: 0 pg/L; 50 pg/L; 100
Hg/L; 150 pg/L. The results revealed that: (i) the minimum Pb?** concentration affecting the medak
survival rate is 50 ug/L; (ii) the Pb?* concentration significantly affecting the survival rate on the
5" day is 150 pg/L. Based on the obtained results, we offered an equation to predict the survival
rate of fish larvae and discovered the lethal LDs, concentration of Pb®" after 10 days culturing is
98 ug/L and LTs, of Pb?* at the concentration of 150 pg/L is 9,76 days. In conclusion, the higher
concentration of Pb?* causes the lower survival rate and the higher skeletal deformities of Oryzias
curvinotus; the most effective concentration is 150 pg/L.
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1.  Mé dau

Nowadays, the development of social economy leads to the increase of water
pollution which, both directly and indirectly, affects the humans’ health. One the most
harmful factors to aquatic environment is heavy metal. The amount of metal produced by
human activities such as As, Pb, Cd, Cu, Ni and Zn are estimated to be released more than
that of nautral metal sources, especially for Pb (Lead) which is 17 times higher (Kabata,
1995). Lead enters soil and water due to human impacts mainly by fertilizer, sewage
sludge, pesticides and industrial production, which is an urgent problem (Ba, 2008; Muller,
2001). Lead not only has effects on aquatic environment but also affects directly animals
living in it causing metabolic and nervous system disorder
(Neal, 2011; Rice, 2011). Therefore, the early stage toxicology testings are recommended
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to evaluate the maximum acceptable toxic concentration and provide data for setting the
water quality regulations (Ba, 2008). In Viet Nam, the influences of Pb** are evaluated
primarily by physical or chemical methos, without the accurate evaluation on the growth of
aquatic animals, especially on vertebrate animals. For that reason, in addition to evaluating
heavy metal pollution directly by physicochemical methods, the use of fish as organisms
indicate environmental pollution is being applied widely. The Oryzias curvinotus is a
common species of freshwater fish in scientific research because of its widespread
availability, small body, short life span for following easily and many practical meanings.
Besides, the larval stages of fish are usually the sensitive one during their life span and the
heavy metal accumulation in fish larvae affects the viability and the growth of them.
Hence, this study basically evaluates the harmful effects of lead ion (Pb**) on the viability
and deformation of the Oryzias curvinotus in larval stages (1-10 days old).
2.  Material and Method
2.1. Material

Materials used for this experiments include:

- Glassware must be washed and steamed, sterilized and dried before using;

- Stereo and inverted microscope system with NIS Elements Fpackage version 3.2
attached;

- System of 4 aerators for aquariums;

- Algae used to raise larvae and fish are aerated 24/24 and eliminated the dead ones
everyday;

- Fish feed includes commercial pellets. Besides, Bobo is also used as a type of
fish feed;

- The Oryzias curvinotus fish in the larval stage (1-10 days old) were raised in the
environment at different concentrations of lead contamination.

2.2. Method

2.2.1. Oryzias curvinotus maintenance and mating

- The Oryzias curvinotus fish, about 2 months old, were maintained at room
temperature until getting sexual maturity.

- Arrange the aquariums tank in place with moderate light. Measure pH and water
temperature 2 times/day. Monitor the room humidity and temperature regularly.

- Agquariums were equipped with aerators to provide enough oxygen for the fish.
There were screens on the mouths of the tanks to prevent other animals from falling into
the water or fish jumping out due to its fast swimming characteristics and the sensitivity to
the outside environment. Algae were added to feed the larvae and create the fish farming
environment. Change water 2 times/day.
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- Until getting sexual maturity, males and females were kept separately. The glass
mating tanks (60 mm diameter) were filled two-thirds full, with marbles at the bottom to
make racks for embryos clinging. Males and females at the ratio of 1:2 were seperated by a
transparent bulkhead in each tanks with a light-dark cycle condition right before mating.
Then, remove the bulkhead for free mating to collect embryos. After about 5 minutes, the
fish were transferred to the new tanks and the matting ones were left with the clinging-
embryo marbles.

2.2.2. Examine and collect embryo and healthy fish larvae to arrange experiments

- Embryos were transferred to Petri dish by siphon. Under the stereo and inverted
microscope system, examine the embyos’ morphology and cell division in embryo. Only
the embryos with good quality were used for experiment. The good embryos after being
examined on Petri dish were put into 200ml beakers which were contaminated with lead at
the following examined concentrations 0 pg/L; 50 pg/L; 100 pg/L until hatching into
larvae.

- The Oryzias curvinotus in the embryonic stage and larvae stage was incubated at
room temperature corresponding to the water temperature of 27-28°C, with the same
concentrations of lead ion with pH=7-7.5. Three days after the larvae hatching, feed them
the plankton and the larvae found in the algae. Seven day larval fish were fed crushed bobo
3 times/day at 7 a.m, 12 p.m and 5p.m.

0 10 20
(0 oot

Figure 1. The larvae of the Oryzias curvinotus were observed under the stereo microcope (X20)

After the embryos hatched, select the healthy larvae to transfer them into the
environment included Pb?* at the corresponding examined concentrations: 50; 100, 150
pg/L and control (0 pg/L). The Oryzias curvinotus larval were observed daily (1-10 days
old), record the number of live/ dead larvae and the changes of larvae in lead ion
contaminated treatments day by day.

All of the larvae of the Oryzias curvinotus after hatching were observed under the
stereo microcope (X20) to record abnormal morphologically development and from that
the larval abnormalities were recorded at the surveyed concentrations. At each
concentration, 15 larvae were observed, the experiment was then repeated 3 times.
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2.3. Statistical Analysis

Data were analyzed based on a factor using MS Excel software to enter and process
data. Average data are presented in the form of Average + SD. Before conducting
statistical analysis, the survival rate (%) was converted by the formula Xi=log (N;)/N.
Analyse the statistics by repeated one-way analysis of variance (ONE WAY ANOVA).
The Duncan’s method was used to compare the differences between the levels of
experimental factors. The probability level p< 0.05 was accepted as the standards to
evaluate that the differences had statistical meanings at 95% confidence. All of the statistical
analyses were performed using the IBM SPSS Statistics version 19.0” software.
3. Results and discussion

3.1. Effects of lead ion on the survival rate at the larval stage (1-10 days old).

The survival rate is a reliable indicator of assessing the resistance of larvae
(Wonmongkol, 2017). In this study, the variation in the survival rate of the larval Oryzias
curvinotus at different concentrations of Ph?* over the 10 day was recorded and presented
in Table 1.

Table 1. Survival rate (%) of larval fish stage from 6-10 days old at Ph? * concentrations

0 ug/L 50 po/L 100 pg/L 150 pg/L AveragexSD
Time
Day 1 10020.00™ 10020.00™ 100+0.00* 97.78+3.85™ 99.44+1.92°
Day 2 100£0.00™ 100%0.00™ 100£0.00™ 97.78+3.85™ 99.44+1.92°
Day 3 100£0.00™ 100%0.00™ 95.56+3.85"  93.33+6.67%  97.22+44.46°
Day 4 100+0.00™ 95.56+7.70"  9556+3.85™  91.11+3.85%  95.5645.19%
Day 5 100+0.00%  91.11+7.70®  88.89+3.85¥*  80.00+6.67  90.00+8.76"
Day 6 100+0.00%  84.44+10.18™%  82.22+3.85"  77.78+7.70%  86.11+10.43"
Day 7 95.56+3.85™  80.00+£13.33"¥  80.00£0.00”  66.67+6.67Y  80.56+12.54%
Day 8 95.567.70"  7556+13.88°™  64.44+13.88"Y  62.22+3.85%  74.44+16.53"
Day 9 88.89+10.18"*  64.44+10.18"  62.22+16.78"%  57.78+3.85%  68.33+15.86"
Day 10 84.44+7.70%  60.00+6.67%  46.67+13.33%  44.44+10.18"  58.89+18.6

Average+SD  96.44+2.69¢  85.1146.01% 81.56+4.34Y 76.89+4.02°

a,b,c,d.e,f: show differences by line at 95% confidence (p<0.05)

X,y,Z: show differences by row at 95% confidence 95% (p<0.05)

Based on the results of Table 1, it can be seen that the fluctuations of survival rate in
the control treatment decreased through days. At the same time, during a fish’s life, the
larval stage is more sensitive than the adult one (Arufe, 2004). In newly hatched larvae, the
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bodies still carried the yolk-sac containing nutrients for themselves, however, when the the
larvae were about 6 days old, the yolk-sac gradually exhausted and until the 10" day, the
yolk-sac disappeared completely. At this time, the larvae must be self-feeding by finding
external sources of food (such as plankton in algae). During the newly hatched phase, the
survival rate of embryos was 44.44-84.44% lower than that of the embryonic stage because
the larvae had certain changes in life. The larvae were not only no protected by the
embryo’ membrane but also exposed directly to the environment contaminated with lead
ion, the larvae were not able to adapt yet, some organs had not been completed whereas the
whole bodies had to be exposed to toxic substances such as lead ion, which made the
survival rate at this stage lower than the embryonic stage.

Table 2. Regression equation of survival rate of larval fish stage from 6-10 days old)
at Pb?* concentrations

Estimated

Predictive factor o SE value P value R?
coefficient
Constant (o) -0.039 0.06 0.008 0.927
Day (B) 1.242 0.051 0.00

Regression equation Y=-0.039x+1.242 (p=0.008)
of average survival

rate by day (from 6 to

10 days old)

As shown in Table 1, the survival rate of larvae in control group changed during the
cultured days. Specifically, from the 1% day to the 6" day, the number of larvae in control
group did not change (p <0,05) because the larvae were hatching of the embryos chorion,
the original viability was still good. After hatching, by the day 7", the survival rate
averagely decreased linearly by day. To be specific, the survival rate of larvae derceased
by 15.56 % (from 100% on day 6 to 84.44% on day 10, shown in Table 1). The causes can
be explained as following: on the first few days, the newly hatched larvae exposed directly
to the environment contaminated with lead ion, vitality of the larvae from embyo still
maintained, lead ion was not able to penetrate savagely to the bodies to harmful effects.
The larvae lived based largely on the storage of the yolk sac until they started to let the
external food feed them. The yolk-sac gradually disappeared on the day 6 to day 7. As a
result, from day 7, the larvae had to adapt to a new self-feeding behavior so they became
more sensitive and hence, the number of dead larvae at this stage was higher than that at
stage 1-6 day.

In addition, fish from embryonic stage to larval one, it means that fish started to
expose to the new environment, especially the one that is contaminated with poisons.
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Based on the results of Table 1, we evaluated the fluctuation of the survival rate of the
Oryzias curvinotus larval over the cultured days with the examined concentration of Pb*".
In the surveyed treatments with different concentration of Pb?*, the higher the
concentration was, the sooner the time when fish had susceptibility and died was, to be
specific, the concentration of 50pg/L was on the 4™ day (95.56+7,70%), the concentration
of 100ug/L was on the 3th day (95.56+3,85%), the concentration of 150ug/L was on the
1st day (97.78+3.85%). In the surveyed treatments with the concentration of Pb*', at the
concentration of 50pg/L, the 7™ day is the time which had the highest rate of dead larvae
(80.00£13.33%), at the concentration of 100ug/L it was on the 6th day (82.22+3.85%), at
the concentration of 150ug/L it was on the 5th day (80.00+6,67%), this reduction is
statistically significant (p<0.05). Thus, the higher the lead concentration in the treatments
was, the sooner the time when the highest rate of newly hatched larvae started to be
susceptible and die was. The experimental result is completely consistent with those of
Barbar Jezierska (2002), which was proved that the newly hatched stage is the most
sensitive stage of the larvae, the sensitivities of the newly hatched larvae increase because
of the heavy metal contaminated environment’s disadvantage such as lead ion. Larvae
usually lack gill while permeable skin allows respiration and ion transport. Therefore, the
toxins penetrate through skin. According to Peterson et al (2010) there are 30 genes
involving to the development of the fish’s body which were mutated during the Pb2+
exposure time.

Based on the results of Table 1, it is estimated that the lethal time variation of 50% the
larval Oryzias curvinotus in different lead concentration ((LTso) (Table 3).

Table 3. The lethal time variation of 50% the larval Oryzias curvinotus
in different lead concentration ((LTsp)

The lethal time variation of
50% the larval (LTsg) (day)

Concentration Estimated coefficient

a=-0.015 (p=0.000)
Opg/L b= 1.049 (p=0.003) 36.6
R?=0.69
a=-0.048 (p=0.000)
50ug/L b= 1.113 (p=0.000) 12.77
R?=0.94
a=-0.058 (p=0.000)
100pg/L b= 1.133 (p=0.000) 10.91
R?=0.91
a=-0.064 (p=0.000)
150pg/L b=1.118 (p=0.003) 9.65
R?=0.96
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According to the results of Table 3, the higher the lead ion concentrations were, the
quicker the time was when 50% of the Oryzias curvinotus died, from 12,77 days with the
50ug/L lead contaminated treatment to 9.65 days with the 150ug/L treatment.

In the early stages when being exposed directly to the lead contaminated
environment, the organs of larvae started to have deformities. The organ system might
become sensitive to the effects of toxins at certain stages during the early development but
once developed they may no longer be too vulnerable to be affected (Ozoh, 1979). These
experimental results are consistent with that of Vinodhini, Narayanan (2008), they said that
when being poisoned with crom, niken, cadmium and lead ion, the Cyprinus carpio have
32 days to overcome the acute toxicity and increase the survival ability. Some of the toxic
effects of the heavy metals on fish and aquatic invertebrates are the decrease in the growth,
the increase of the abnormal growth, the decrease of the larval survival rate, especially at
the time when the larvae start to eat the external food which may be poisoned. However,
the newly hatched larvae do not usually have gill which is one of the most important
organs to eliminate the poison.

When the Oryzias curvinotus larvae experienced most of the stages from the embryonic
to the larval stages in the lead contaminated concentrations, they started to have stress. The
stress response might lose its adaptive values and become functional disorders, which can
lead to the growth inhibition, decreased reproduction, and reduced resistance to toxic.

It can be seen from Table 1, from the 1% day to the 4™ day, the fluctuation of the
survival rate of larvae decreased slightly when the lead concentration increased,
nevertheless, the difference is not statistically significant (P>0.05). The reasons are that
from the 1% day to the 4™ day, the larvae the newly hatched larvae exposed directly to the
environment contaminated with lead ion, the embryo viability was remained, lead ion was
not able to penetrate savagely to the bodies causing harmful effects. The larvae were just
out of the embryos with the chorion so the original viability was still good. From the 5"
day to the 10™ day, the increase in the lead concentration fluctuated the survival rate
compared to that of the 1% day, the higher the lead concentration was, the more the larvae
died (especially on the 5, 7" and 10" day). After 10 days, the survival rate of larvae at the
treatment 50ug/L was 60.00+6.67% and at the treatment 150ug/L the survival rate was
44.44+10.18%, this difference is statistically significant (p<0.05).
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Figure 2. Survival rate of Oryzias curvinotus larval stage at 10 days old at Pb?* concentrations

Based on the regression equation of the survival rate of larvae over 10 days, it can be
seen that the LDsg can be calculated Y=0.794-0.03X (R=0.872).

Consequently, at the end of the experiment on the 10" day, the concentration for
killing 50% of the larve was calculated by this equation LDsy=98 pg/L. According to
WHO standards (1998) based on LDs of the lead ion poisoning Oryzias curvinotus at the
larval stage, it could be seen that the lead ion is extremely toxic to the fish at this stage.

Many authors have shown that heavy metals reduce the viability and the growth of
the larvae, they also cause abnormal behavior or have effects on the structure of the larvae
(mostly on spine deformation) (Khayatzadeh, 2010). In 1979, Ozoh reported the
disappearance or tail deformation of lead ion poisoning fish and the deformations recored
in this study were consistent with the work of fish deformation in lead ion contaminated
environment.

3.1.1. Effects of lead ion on the deformed rate at the larval stage (1-10 days old)

THE DEFORMED RATE (%) OF Oryzias curvinotus LARVAL FROM
1-10 DAYSOLD
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Figure 3. The deformed rate (%) of Oryzias curvinotus larvae from 1-10 days old
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The most commonly observed deformation during larval development is spine
deformation due to the lack in the vertebrae; it is because the newly formed vertebrae lose
their charateristic VV-shape and are assembled in a messy way. Hence, the spine formation
is deformed and has the imperfections in the process of forming axes and spinal cord
(which are important for the formation of vertebrae and central nervous system), which are
consistent with Ozoh’s research (1979).

Figure 4. A. Normal larvae (body axis is 180°%); B. Larvae with spine deformities
(body axis is smaller than 180°) (x20)

In control group, no deformation was found. However, the survival rate of larvae
decreased from the 7" day to the 10th (from the rate of 95.56% to 84.44%).

At the concentration of 50 pg/L, the deformity appeared on the 9" day (accounted for
2.22%) and on the 10™ day there was one more deformed larva, which made the rate of
deformed larvae increase from 2.22% to 4.44%. Besides, the survival rate of normal larvae
also went down gradually from the 3" day to the 10" (from the rate of 100% to 60%).

At the concentration of 100 pg/L, the deformity appeared on the 3™ day (accounted
for 2.22%) but the 4™ day, the larvae carrying this deformity died, and there was no
deformity appearing during the day. By day 5, the new deformities started to appear and
exist until day 10. Also, on the 10" day, other larvae had new deformities, which increased
the rate of deformed larvae from 2.22% to 8.89%.

At the concentration of 150 ug/L, deformities appeared on the first day (accounted
for 2.22%). Yet, until the 2" day, deformed larvae died. On the 3™ day, deformed larvae
continued to appear (accounted for 2.22%) and they died on next day. On the 5" day,
deformities then appeared (accounted for 4.44%) and that deformed larvae died on the 6th
day. By the 7" day, deformities appeared (accounted for 4.44%) and existed until the 10th
day (accounted for 4.44%).

Therefore, the deformities of the larval Oryzias curvinotus appeared because of Ph?*
at the concentration of 50 pg/L (day 9) and the higher the concentration was, the sooner the
time when the deformitties appeared was (day 3 at the concentration of 100 and day 1 at
the concentration of 150 pg/L). At the concentration of 100 pg/L, larvae which had
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deformities appeared on the 3rd day and then existed for a day, after that, the larvae having
deformities on the 5™ day existed until day 10. On the other hand, at the concentration of
150 pg/L, deformities appeared on the first day but only lasted for a day and that was
repeated until the 6™ day; larvae carrying deformities on the 7" day could live up to the
10" day.

Thus, the high concentration of lead increases linearly the death rate and deformation
of the Oryzias curvinotus at the larval stage.

4. Conclusion

In this study, at the concentration of Pb®" ion surveyed from 0-150 pg/L, the
minimum concentration of Pb?* ijon affecting the survival rate of the larval Oryzias
curvinotus was 50 pg/L and the viability of the larvae which was affected the most
significantly was on the 5™ day at the concentration of 150 pg/L. The increased lead
concentation would increased linearly the deformation of the Oryzias curvinotus at the
larval stage from 1-10 days old. The results of this study showed that, through lead ion
contaminated treatments, the higher the Pb®* concentration was, the lower the survival rate
was and the higher the possibility of spine deformation in the larvae was.
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ANH HUONG CUA ION CHi (Pb?*)
LEN Ti LE SONG VA DI TAT XUONG SONG CUA AU TRUNG CA SOC
Oryzias curvinotus GIAI POAN 1-10 NGAY TUOI
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TOM TAT

ITon chi la mét trong nhitng cation cé tac dong lén sikc song, khd ndng sinh trucng, di tdt vé
xuong song trong qud trinh song ciia cd. Nghién cieu dwoc tién hanh nham danh gid tac dong ciia
ion chi (Pb*") ¢ cdc nong dé 0 ug/L; 50 pg/L; 100 ug/L; 150 Pg/L Ién qud trinh phdt trién c& Séc
giai doan du tring sau né tir 1-10 ngay tuéi. Két qua cho thdy: (i) ¢ cdc nong dé Pb** dwoc kiém
tra khdc nhau, nong dg toi thiéu Pb** anh hudng dén ti 1é song ciia cd Séc la 50 ug/L; (i) ¢ moi
nong dé duoc kiém tra Pb*, ti 1é song ciia cd bi anh hwéng nhiéu nhdt vao ngay thir 5 tai nong do
150 pg/L. Dia vao két qua thu dwge, ching t6i thiét ldp mot phwong trinh dé dw dodn ti 1é séng
clia du tring cd va tim dwoc nong do LDsy Pb** gdy chét cd du trung sau 10 ngdy nudi 1a 98 pg/L
va LTso ciia Pb*" & ndng d6 150 ug/L 1a 9,76 ngay. Két qud nghién ciru cho thdy, nong do Pb**
cang cao cang lam gidm ti 1é song cia cd, tang di tdt xuwong séng cd du tring va anh hwong cao
nhat tai nong dé 150 ug/L.

Tir khéa: ion chi; nhidm doc kim loai ning; c4 au tring; c& Soc Oryzias curvinotus

537



