Veae™

www.theajfarm.com

African Journal of Fisheries and Aquatic
Resources Management

Volume 2, 2017
ISSN: 2672-4197
Pp 41-48

Histopathological Effects of 2,2-Dichlorovinyl Dimethyl

Phosphate (DDVP) on Coptodon Zillii (GERVAIS,
1848) Juveniles

]IPINMOROTI, M.O., ]IYIOLA, A.O. AND 2FAYIGA, A.O.
1Department of Fisheries and Wildwife Management, College of Agriculture,
Osun State University, Nigeria
*Department of Environmental Science and Geology,

Stockton University, Galloway, USA
*Corresponding Author
E-mail: wumsco@yahoo.com

Abstract

Concerns have often been raised on the application of pesticides on croplands and the threats

posed on aquatic organisms. These pesticides get to the aquatic system from runoff on croplands

where there was excessive application This study was designed to investigate the lethal

concentration of an agricultural pesticide; 2,2-Dichlorovinyl Dimethyl Phosphate (DDVP) on
the physical and chemical properties of water as well as the liver, kidney and gills of Coptodon

zillii juveniles. A total of 150 experimental fish (average length 6.2+0.32cm and weight
0.940.11g) were stocked in culture tanks (43cm x 30cm) of 10litres water capacity at the rate of
Ifish/L. The bioassay media concentrations were 0Omg/1(A), 0.33mg/l (B), 0.67mg/1 (C), 1.0mg/1

(D) and 1.3mg/litre (E) and representing Omg/1, 3.3 x 10-'mg/1, 6.7 x 10-"mg/1, 1.0 x 10-"mg/l and
1.3 x 10-’mg/1 of active ingredient Dichlorvos DDVP (1000g/L) EC respectively in three

replicates of a Completely Randomized Design (CRD) experimental setup. Temperature, pH,

Dissolved Oxygen (DO) and Chemical Oxygen Demand (COD) were measured before and after
inclusion of the pesticide. Significant differences (P<0.05) were observed in mean concentration

of DO and COD. The experimental fish exhibited restlessness and uncoordinated movement.

These behavioural characteristics increased with increased concentration of DDVP and time of
exposure. The LC,, for C. zilli juveniles after 96hours exposure was 0.39mg/l. Histological

photomicrograph showed areas of lesions, necrosis, inflammatory bodies and malignancy in the

gills, liver, kidney and muscle of the exposed experimental fish while the control was normal.

The result indicated that DDVP is highly toxic to C. zi/li and must be applied at recommended

dosages for sustainability of the living communities and the general ecosystem.
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Introduction

The use of pesticides in agricultural farmlands
has been on the increase as a result of rapid
urbanization and industrialization. It is intended
for prevention or control of pests, vectors of
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human or animal diseases and unwanted plants or
animals which can interfere with the production,
processing, storage, transport or marketing of food
(Omoniyietal., 2013; Umar et al., 2010). Hazards
arising during the application of pesticides are
mainly due to lack ofinformation, knowledge
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and awareness, poor legislation or enforcement
of legislation and sales of high pesticidesin the
open market (WHO 1991). The severity of any
effect from exposure to pesticide depend on the
dose, the route of exposure, the ease of absorption
of the, the type of effect of the pesticides and its
metabolites, the accumulation and persistence in
the body and lastly, the health status of the
individual (WHO 1991). Dichlorvos (DDVP) is a
poisonous organophosphate pesticide commonly
used on crops and stored products in developing
countries, as an agent that kills larvae of flies, as an
anti-worming agent for dogs and horses (USEPA
2000) and eradication of crustacean ectoparasites
(Das, 2013). Itis specifically used in the treatment
of'sea lice (Lepophtheirus salmonis and Caliguse
logatus) on commercial salmon farms (Gupta et
al. 2008). Despite these advantages, concerns
have been raised on its application dosages
because it has an adverse long term effect on the
environment (Annue et al., 1994; Fafioye et al.,
2011). It impedes the survival of aquatic life
through impairment of metabolism and
sometimes leading to death (Ogueji and Auta,
2007). Contamination from these toxicants is of
great concern and their prolonged occurrence in
aquatic environments can be dangerous for fish.
The effects of these contaminants on fish are
constantly assessed to determine the lethal and
sub-lethal concentration and application of these
pesticides in the environment.

Bioassay is widely accepted for toxicity testing
(APHA et al., 1985). Histological studies on liver,
kidney, tissues, gills and reproductive organs can
also exhibit the effects of these toxicants on the
organs (Das and Gupta, 2012). Histopathological
changes of gills and internal organs after the
exposure of Clarias gariepinus to pesticides which
was most evident on the liver of the fish because it is
an organ that breakdown chemicals have been
reported by Nowak (1992); Ladipo et al., (2011)
and Omoniyi et al., (2013). Ayoola (2008) reported
that glyphosphate pesticides resulted in various
alterations like lesions, malignancy or
inflammation on the cells and the gills of O.
niloticus. This study was designed to investigate
the effects of DDVP on the histopathology of C.
zillii juveniles as well as its effects on the physical
and chemical quality of the culture media.

Materials and Methods

Experimental Sample

A 96-hour short-term static bioassay was
conducted to investigate the toxicity of DDVP on
C. zilli juveniles and determine allowable
concentrations for very short exposures. The
choice of C. zilli was apt because it is ubiquitous to
almost all aquatic systems and has high
commercial value. A total of 150 C. zilli juveniles
with average length 6.2+0.32cm and weight of
0.9+0.11g were collected from the Departmental
fish pond for the experiment.

Source of Agrochemical

The pesticide was manufactured by Jubaili Agrotec,
Ibadan and purchased from a reputable agro-
chemical outlet in Ibadan. The active ingredient
contained in 2,2-Dichlorovinyl Dimethyl
Phosphate (DDVP) is Dichlorvos DDVP (1000g/L)
EC.

Experimental Design

Experimental fish were randomly stocked in
triplicates in fifteen culture tanks of size 43cm by
30cm each in 10 litres of non-chlorinated ground
water. Experimental design was completely
randomized and experimental fish were acclimatized
for a period of two weeks during which they were
monitored for signs of diseases, general fitness and
survival rate was 95% (Subburaj ez al., 2018).

Experimental Feed and Feeding

Feed with crude protein level of 40% containing
all essential nutrients in the required amount was
formulated for the experimental animals using
Pearson's method (Ayotunde et al., 2016). Diets
were fed to fish at 5% body weight twice daily.
Feeding was terminated 24 hours before the
commencement of bioassay (Odiete, 2009).

Determination of Physical and Chemical
Parameters of Water

Static renewal method was employed by changing
water at 24 hours interval to prevent accumulation
of toxic metabolites from faecal and unconsumed
feeds (APHA, 1995). Physical and chemical
parameters were measured before and after the
inclusion of chemicals. Temperature was measured



insitu using a mercury-in-glass thermometer
calibrated in degrees celcius and readings were
taken when it was dipped into water to a depth of
10mm depth for about two minutes (Iyiola, 2015).
Dissolved oxygen (DO) and pH were measured
using appropriate kits manufactured by fresh
innovative MULTITEC, NIFFR, Niger State
following the manufacturer's protocol. Chemical
Oxygen Demand (COD) was determined
titrimetrically (APHA, AWWA, WEF, 2012).

Bioassay Techniques

The static bioassay procedure was done according
to APHA (1995) and conducted as a short time
toxicity test for 96 hours time frame. A range
finding test was done prior to the experiment to
determine the range of the toxicant that can be
used for the experiment. During the range finding
procedure, various concentrations between
Omg/L and 1.25mg/L of toxicant were prepared
and standard methods as described by APHA
(2005) were adopted to determine the toxicity of
the chemicals. After the range test, the bioassay
media test concentrations for the experiment were
Omg/L, 0.33mg/L, 0.67mg/L, 1.0 mg/L and
1.3mg/L and tanks were labelled accordingly (A-
0 mg/l; B—0.3mg/l; C—0.67mg/l; D— 1mg/l and
E — 1.33mg/l). The amount of active ingredient
contained in each milligram (mg) of test
concentration was determined from the 1000g/L
of dichlorvos formulation according to Ladipo et
al., (2011) (Equation 1; Table 1).

Y = x

1000 g/L(100000mg /L)

veveen... Equation 1

Where: Y= amount of active ingredient in test concentration
X = test concentration
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The behavioural pattern of the fish and other
external changes in the body of fish were observed
with mortality recorded. Dead fish were identified
by an absolute lack of movement and were
removed so as not to pollute the water (Nwani et
al., 2015).

Histopathological Studies

The organs (kidney, liver, gills and tissues)
removed for histopathological analysis were
washed in 70% ethanol and dehydrated through
series of ethanol, embedded in paraffin and then
stained with haematoxylin and eosin and examined
using light microscope and photomicrography
(Keneko, 1989).

Statistical Analysis

The means of the physical and chemical parameters
were compared using one way Analysis of Variance
(ANOVA) at 5% probability. The dose response of
mortality was analysed by Probit analysis (Finney
1971).

Results

Physical and Chemical Parameters of the Water
The mean physical and chemical results measured
were almost even for temperature across the test
concentrations, DO and pH reduced with increase
in concentration of DDVP while COD increased
with increased concentration of DDVP (Table 2).

Table 1: Concentration of active ingredient in
each test concentration (mg/L)

Test concentration (mg/L) Concentration of active ingredient
0

0.33 0.0000033 (3.3 x 10°)
0.67 0.0000067 (6.7 x 10°°)
1.0 0.00001(1 x 10°5)

13 0.000013 (1.3 x 10%)

Table 2: Mean physical and chemical parameters measured during the experiment

Parameters A B C D E
Temperature (° C)  25+0.15*  26+0.11° 25.5£0.13"  26+0.19°  25.3+0.11°
DO (mg/l) 6.5£0.12°  6.0+0.14° 5.4+0.11° 3.9+0.24°  3.2+0.21¢
pH 7.040.12°  6.5£0.14° 6.1+ 0.15¢ 6.0£0.13¢  5.9+0.11°
COD (mg/l) 21.7+0.11° 21.5+0.13*  23.140.19°  24.8+0.11°  26.0+0.13¢

*Superscripts with different letters are significantly different (P<0.05)
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Acute Toxicity

Based on Probit analysis, the calculated LC,,
for juvenile C. zilli after 96 hours experimental
period was 0.39mg/L (Figure 1). Tables 3, 4
and 5 showed the rate of mortality of C. zilli
juveniles for the 96 hours exposure time.
Within few hours of test chemical inclusion,
the experimental fish in facility E exhibited
extremely weak syndrome and settled at the
bottom (Table 3). Various abnormal behaviour,
such as erratic swimming, sudden quick
movements and restlessness were exhibited by
experimental fish in B, C and D culture media.
Mortality was found to increase with increase
intest concentration (Table 4).
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Linear relationship between Probit
response and log concentration (mg/L)
of Dichlorvos on C. zilli juveniles

Table 3: Rate of mortality of the exposed experimental fish to DDVP at the first two hours

Treatment 0 - 30 minutes 30 minutes to lhour to 1:30 1:30 hours to
lhour hours 2 hours
A 0 0 0 0
B 0 4 0 0
C 5 0 0 1
D 6 1 0 0
E 8 0 0 0
Table 4: Rate of mortality of exposed experimental fish to DDVP at 96 hours
Treatment 24 hours 48 hours 72 hours 96 hours  Mortality %
A 0 0 0 0 0
B 4 2 0 0 60
C 6 2 0 0 80
D 7 1 2 0 100
E 8 2 0 0 100
Table 5: Calculated log dose and probit values of DDVP
Treatment Log dose Mortality Percentage Probit
A - 0 0 -
B -1.11 1 60 5.25
C -0.40 6 80 5.84
D 0.00 10 100 7.37
E 0.26 10 100 7.37




Histopathological Effects

The sections through the gill, tissues, liver and
kidney of the control C. zilli juveniles showed
normal cellular patterns (Plates 1A, 2A, 3A and
4A respectively) while the exposed gill (Plate 1B)
showed severe areas of necrosis, lesions,
malignancy, abnormal areas of inflammation
inclusion bodies and blood congestion in
secondary lamellae; exposed tissues showed

GA

GF

cs

Plate 1A: Photomicrograph of Control gills showed
normal Gill Arch (GA), Gill Filament (GF) and
Cartilagenous Support (CS). No lesions, inclusion
bodies or necrosis was observed (Sum thick; H&E
staining; 200X)

Plate 2A: Photomicrograph of control tissues showed
normal Cell Pattern (CP), no lesions, necrosis or signs
ofinflammation (Spum thick; H&E staining; 200X)
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moderate myofibre necrosis of muscle (Plate 2B),
exposed liver showed moderate areas of necrosis,
inflammation, inclusion bodies and severe
periportal hepatic individualization (Plate 3B); in
exposed kidney, tubular epithelia appeared
ballooned, severe necrosis, inclusion bodies and
an extensive fatty infiltration of the kidney
parenchyma (plate 4B).

Plate 1B: Photomicrograph of exposed gills showed
severe areas of Necrosis (N) and Lesions(L),
Malignancy (M), abnormal areas of Inflammation
(Q), Inclusion Bodies (IB) and Blood Congestion in
Secondary Lamellae (BCSL) (Spum thick; H&E
staining; 200X)

Plate 2B: Photomicrograph of exposed tissues showed
areas of Lesions (L), Necrosis (N) and Inflammatory
Bodies (IB) (Sum thick; H&E staining; 200X)
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Plate 3A: Photomicrograph of Control liver; showed
normal Cellular Pattern (CP), normal Central Vein
(CV) with no lesions, necrosis, pigmentation and
inclusion bodies (Sum thick; H&E staining; 200X)

Plate 4A: Photomicrograph of control kidney showed
Normal cellular Pattern (NP), no lesions, necrosis and
fatty infiltration (Spm thick; H&E staining; 200X).

Discussion

The physical and chemical parameters measured
before the inclusion of test concentration showed
slight variations and were within the range for
culture of fresh water fish as reported by Obot et
al., (2016), Omoregie et al., (2009), Omitoyin et
al., (2006), and FAO (2000). The differences
observed in DO, COD and pH among the test
concentrations may be due to the fact that effects
of the test chemical inhibited oxygen in culture
media (Ladipo ef al., 2011). The extent of oxygen
inhibition in culture medium translated to the
degree of abnormality in behaviour such as erratic
swimming, sudden quick movements and

Plate 3B: Photomicrograph of exposed liver showed
moderate areas of necrosis (N), Inflammation (IN),
Inclusion bodies (I) and severe periportal hepatic
individualization (Sum thick; H&E staining; 200X)

SN

Plate 4B: Photomicrograph of exposed kidney showed
tubular epithelia appeared Ballooned (B), Severe
Necrosis (SN), Inclusion Bodies (IB) and an extensive
fatty infiltration of the kidney parenchyma (Sum thick;
H&E staining; 200X)

restlessness exhibited by experimental fish in the
culture facility to different concentrations of
DDVP. Nwani et al, (2015) reported such
restlessness and abnormal behaviour when
C.gariepinus juveniles were exposed to DDVP
and Ladipo et al., (2011) reported such in 7. zilli
and C. gariepinus juveniles. Mortality then
increased with increase in test concentration
which occurred as a result of the mucus observed
on the gills of the dead fish; the mucus inhibits
gaseous exchange (Omoniyi et al., 2011). Other
organs such as the liver, kidney and the tissues of
the experimental fish were also altered. The liver
showed moderate areas of necrosis, inflammation,
inclusion bodies and severe periportial hepatic



individualization similar to results by Ladipo et
al, (2011) in T zilli and Ayoola (2008) in
Oreochromis niloticus; the alteration in gills was
similar to those reported in Oreochromis
mossambicus (Subburaj et al., ,2018); C. gariepinus
juveniles (Omoniyi et al.,, 2013 & Nowak ,1992).
Rahman et al., (2002) also observed similar reports
onthetissue of C. punctatus and B. gonionotus.

Conclusion

It was observed that the pesticide DDVP exhibited
a direct effect on the vital organs of the fish and
these effects were found to be directly related to the
concentration of DDVP. As the use of the chemical
is gaining more awareness in crop and animal
husbandry, care must be taken on application and
indiscriminate application should be avoided.
This is especially true in integrated farms where
DDVP is used against ants and termites. Public
enlightenment on the effects of this pesticide on
aquatic biota should be emphasized, the populace
should be properly tutored and guided on the
toxicity of the chemical to other useful organisms
especially the aquatic environment.
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