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Kgywm\»‘ This study evaluated the impact of pesticide application through agricultural 'ac'n:\'?i.t'i‘e§ ‘L'n

Farming area Chanchaga River, Nigeria, using macroinvertebrate data sets obtained for six months (Septgmber

Pon.u g 2021-February 2022). Four (4) stations, characterized by various agricultural activities, ;were

Toxnmg sampled along the river. Analysis of the water samples for organochlorine pesticide Tesidues

ll;/:;gl;:;:brates (OCP) using Gas Chromatography-Mass Spectrometry (GC/MS) at the peak of the two seasons

Pesticides revealed a high concentration of eleven isomers of organochlorine, which ranged from 0.01 to
0.81 pg/1, and a mean concentration that was above international drinking water standards set
by the World Health Organization, the Fede

ropean Union. The mean concentration of detected OCP was recorded as DDT (0.72 pg/L),
Dieldrin (0.59 pg/L), Paraquat (0.54 jg/L), Aldrin (0.49 pg/1), Metribuzin (0.48 ng/L), Butachlor
(0.47 pg/L), Alachlor (0.28 pg/L), Atrazine (0.23 1g/L), Phenol (0.10 pug/L), Endrin (0.09 pg/L),
and Benzene (0.08 yg/L). Atrazine, alachlor, metribuzin, aldrin, phenol, and endrin showed
significant differences across the two seasons (p < 0.05), while dieldrin, butachlor, pagaqﬁat,

benzene, and DDT showed no significant differences acrogs

1. Introduction

' ‘ : ;?nc €nvironments continue tq receive global concern and attention as the Eesidues
are prone to heap up in mass in the bodies of organi

The ever-present problems of pesticides in aqu,
SIS In water bodies such as fish and alsg accumulate in sediment soil; whi

ch poses
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continued gam.sms and human beings [1]. Chemical inati i i

t6 bt s serious challenge bl contamination of riv.

: ; ers has been an issue of global j -

- ' . j ey of global interest and has
: ase ilentirepnsanie St Comribmg. : es. The ltnodern oceurrence of urbanization, population increase and an”
e Ing factors. Continuous monitori ‘ v

ped countries has been g o] ng of chemical pollutants (pesticide residyes) in.
ecosystem [2]. platform for the formulation of policy and control of water pollution topensure a ;zts‘:ed:qczz)atlllcl

uction) to meet the world population project

‘ ed to reach 10 billion b 2050.[3], has
I quality. From the various stressors derived i o

T L from agricultural activities that affect
: e c i 3 g 1] V_. {4t .
Bt ot eyt ontamination) have received the most attention from hydrobjolpgists

ccumulation) on river water, aquatic organisms, and humans [4]. The reason for
en'd up being poisons (endocrine disruption, nervous system disorder, can,'célrﬁ to
Eenisie herhicides abpLeAvolll eecls animals, and humans, because they are not specific to their target organism; for
: eds end up killing soil organisms such i olied i
S bR i, S e g g as earthworms. A high percentage of pesticides applied in

nmental components such as aquatic reserves (ponds, lakes, ri d
% e R ponds, lakes, rivers, and oceans), where they
eventually accumulate into fish within a range value of 0.126 pg/kg to 0.397 ng/kg [5]. ,

Organochlori ici i i
ganochlorine pesticides (OCPs) were widely used in agriculture and mosquito control in Nigeria and across Africa from the 1940s

to tl'\ s . \ . . r :
& e 1960s [6]. The presence of pesticide residues like organochlorines (OCs) in aquatic ecosystems is a big challenge because of their
ability for long-range transport. Or

i ganochlorine pesticides (OCPs) are one of the group of agrochemicals with ‘a bioaccumulation
potential [7], as recorded by Edjere

pote etal. [8], of 0.00-0.620 pg/L in a water sample and 0.00-36.00 pg/kg in a fish sample. The use of
s such as DDT has been outlawed in Nigeria since the year 1990. "

Among the list of aquatic animals, macroinvertebrates have been widely used to track or determine river water quality becatse they
possess some advantages compared to other aquatic organisms. They are commonly used as bioindicators to assess the quality of
freshwater ecosystems due to their high diversity and sensitivity to anthropogenic activities, their relatively low cost, and thg fact t}‘lat
they’re time-effective [9]. Their abundance offers valuable insights into the health of the ecosystem based on taxonomic diversity,
position in the food web, and sensitivity to water pollution and disturbances [10]. They are known to be an important and integral part
of many aquatic ecosystems, and any negative effects caused by pollution in the aquatic community can in turn affect h;igher 'njo_ph{c
levels like fish and birds [11]. The ecological health status of a water body can be examined by the quality of the water, its faroHop s
composition, and the abundance of living components such as macroinvertebrates in the river [12]. The ecological §tz.1te is dgqv§d_ b}.],-
assessing environmental characteristics and biological or biotic components, which macroinvertebrates are inclusive of. JEIvIECH S
mental variables, including pesticide residues, are factors commonly used to determine the quality of water systems undgr obsell‘vanf)r;
[13,14]. These environmental variables have for a long time been used to determine the ecologi'c;.ll statu.s a}nd hfmlth sta:iu; _itc)).—
freshwater systems in various research studies [15-17]. The combination of the two variables (pesticide .resld}le vafrlalbles anon,ems
logical assemblages) gives a clear view of the ecological state and health of the water systems. In c'hoosmg bxol.ogxca c%fr‘:? 2o
(biotic variables) for assessing the ecological state and health of a water body, several factors are considered, namely, SEESI X t?denu- :
to disturbances like agriculture, easy sampling or collection, diversity, pattern of life cycle, structural morphology,-. 2 ?eiébrafé;
fication to a taxa level [14]. Among the aquatic animals used for ecological assessment of river water health status, macroinvertebrs

ost frequently used biota [18,19]. i ! ;i B gy v
are,;’:: Coéat::f:l:Zga Rivgr is si}t’uated in the lower Niger-Benue ecoregion of Nigeria. It is a city river that suppll:s vy:;te; :ic; rt,hfz rl:lrll;g::-;
State Water Board and its neighboring households and villages. The river water als.o serves ?S a source of water 01;1 ld bi)d{ e
during the dry season and other domestic uses (bathi(rjl;iil washing thdOth:S;\?c;)k;ng u:;alr;s;lfz,rz:la; ;Zihnzedn::;:,oaf i fo;

ibuti increase in human activities around the river catchment. Aside from . i L
::?:nt;ﬂlj'::)tllll;egtfglgslearound the neighborhood, the river also serves as a sou.rce of potable drin}(ing water [20]. Desgxel ttil;: ;fgizl;li:;le
tioned importance of the river and the continued degradat;on 0}11E water q;xah&y asa retsiultt.:xcf1 vt;:‘r;o;rsl ::zin:fpglgeeszu; Z‘riculmra1 i
i ich i agricultural activities, no studies have explicitly mvestigate ] 2
Egtzraxl:c?:l:(ljo::;c;e;z‘:clrﬂieapilication) on the macroinvertebrate cc?rfum.mities and distribution. in th(; nvefr. It ‘:,;-S alstuodobis:;;ie;hz_; :
locals engaged in the use of pesticides to kill fish in large quantities in some parts of the river; therefore, this s udy 1€

evaluating the impact of agricultural-derived organochlorine pesticide residues on the macroinvertebrate community in the Chan-
chaga River. : :

LW : : : ;
Organisms, including aquatic organisms, birds,

2. Materials and methods : R

2.1. Research area and stations o
The research was carried out in the Chanchaga River near the Niger State water board in the Chanchaga Local Govermn.en't AFeég_‘
located in the north-central region of Niger State, Nigeria. This river, positioned in the southern part of Niger State, spans.approxi- ‘
mately 215.61 km and originates from Mutundaya. It is situated between latitudes 8°43'N-9°59'N and longitudes 6°12'E—6°67E, and it
is supplemented by various tributaries such as the Guduko River, Gorax River, and Gbako River. Approximately 45 % of the primaty
stressors affecting the river’s ecosystem in this area are agricultural activities, particularly the application of pesticides. Additionally,
water quality degradation stems from various sources, including domestic, household, industrial, mining, and urban activities. The
people of the area are predominantly farmers who practice both subsistence and commercial agriculture annually and during the, 'tWo
major seasons. Irrigation is usually carried out during the dry season for vegetable crops. Crops such as rice, guinea corn, millet, sweet
potatoes, yam, and cassava are cultivated during the rainy season. From interaction with local farmers during the period of sampling, it

i T
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when solvents and blan

ks w
also chromatographed, ere chromatographed before the

: amples were analyzed u nditions. Known standards were
and the retention time w. analy nder the same conditions

as used to identify the compounds present in the samples.

2.4. Mac T sam, ortir n f on '
roinverteb ate sa plmg, S mng a d iantl cati

The samples of macroinver
ve 5 - aQ oTre O v
ertebrates were collected every month for 6 months (September 2021 to February 2022). The method of

kick sampling wa . 1 .

' against aPWatger cirl::sf cf(f);ltlhfhs:nglélgnof.“_‘aCromvcr(cbratcs using a modified kick net of 500 pm mesh size, which was towed
streambeds per station were pooled toget] . 5l1€§lmb6ds from each of the sampled stations. Macroinvertebrates harvested in :alll tht’T
decanting all the collected samples ergst tl_Er b one composite sample, after which preliminary sorting was done at the ﬁdfi by
into a container with 70 % eth Il) a .1‘3“ 0?’1 .a white surface, and the use of forceps was employed to pick out moveable organisms

3 anol. The identified and unidentified macroinvertebrates preserved in separate sample bottles were

transported to the laboratox y for i ifi and a macroinvert
or further ldentlﬁca i i i ifi i i 22,23 i ‘
. tion uslng 1dentlﬁcat10n gu1des 2 )., ),\)]’ ¢ 1 y v

2.5. Data analysis

Smf;ftcgltrano.ns of organochlorine Pestic.ide residues were calculated both individually and using the MS Excel 2016 pad‘('ag‘e-. ..A'
’est using the MS Excel 2016 version was used to test the statistical significance differences across the seasons. ;

: Canonical Correspondence Analysis (CCA) was employed to determine the relationships between the abundance of macro-

invertebrates and organochlorine pesticide residues using the past 4.03 statistical package. CCA is a statistical tool used to simplify 2

set of complex data and show the relationship between taxa and environmental chagacter?st.ics [24]. The Monte Carlo pen‘—nuta"t'ivorg ‘test .

o ey ATrRIE

with 999 permutations [25] was employed to assess the significance of the first and second canonical axes. :
ki

3. Results ’ _ i P

3.1. Organochlorine pesticide residues

mples. The mean

Tables 1 12 i e : : water sa
2bles 1 and 2 show the eleven types of organochlorine pesticide residues detected in the analyzed wa e iy e

concentration of atrazine ranged from 0.32 to 0.42 pg/L for the wet season and between 0.07 and 0.12 pg/L dqfin entration
Alachlor concentration ranged from 0.49 to 0.59 pg/L for the wet season and 0.01-0.05 pg/L during the dry, seasor. i

: : N
of dieldrin ranged between 0.39 and 0.68 pg/L during the wet period and between 0.53 and 0.72 pg/L during the dry pfanoth e
.21 and 0.47 pg/L during the dr

0.23 and 0.61 pg/L during the dry :

ribuzin concentration ranged between 0.45 and 0.75 pg/L during the wet period and between 0
period. Butachlor concentration ranged from 0.53 to 0.48 pg/L during the wet season and between
season. Paraquat concentration ranged from 0.34 to 0.81 pg/L during the wet season and 0.41-0.63 pg/L d_
concentration ranged from 0.29 to 0.48 pg/L during the wet season and between 0.49 and 0.68 pg/L duru}g
concentration ranged from 0.03 to 0.09 pg/L during the wet season and between 0.07 and 0.12 pg/L fi\ll‘ln
concentration ranged from 0.09 to 0.15 pg/L during the wet season and between 0.04 and 0.09. ug/L in the
centration ranged from 0.01 to 0.09 pg/L during the wet season and between 0.01 and 0..14 pg/L in the dry Seas‘? .
ranged from 0.66 to 0.79 pg/L during the wet period and between 0.63 and 0.79 pg/L in the dry season. it

uring the dry season. Aldrin
the dry season. Benzene
g the dry seasop..Phe_r;ol
dry season. Endrin con-
n. DDT concentration

3.2. Macroinvertebrate abundance | 5 198 ..

h comprise 19 species, 8 orders, and 18 families, were recorded during the p_e;iod'

622 macroinvertebrate individuals, whic . 0
Linesd level revealed that Odonata was the commonest in the study area recordgd atall

of study (Table 3). The relative abundance at the order

\ v

:‘dal;l: CloncentradonS (pg/L) of Organochlorine Pesticide Residues in the Sampled Stations of Chanchaga River the two Seasons. ' il g
e -  Smmre BT
0C(g/L) s1 Dry 52 Dry S3 Dry sS4 - arl ,pq‘»,
;\’: Wet Wet S Wet : ‘ .hv ‘
Atrazine 0.32 0.07 0.42 0.09 0.33 0.12 0.40 b (010
Alachlor 0.52 0.02 0.59 0.05 0.50 0.01 0.49 0.03
Dieldrin 0.68 0.72 0.61 0.53 0.52 0.62 0.39 0.60
Metribuzin 0.75 0.32 0.64 0.24 0.45 0.47 0.71 0.21
R i 0.51 0.61 0.49 0.57 0.48 0.33 0.53 0.23
paraquat 0.81 0.52 0.62 0.55 0.44 0.63 0.34 0.41
Aldrin 0.45 0.61 0.48 0.68 0.29 054 i 3
Benzene 0.08 0.09 0.09 0.10 0.03 ¢ ¢ 0“32 0.49
phenol 0.10 0.08 0.15 0.07 0'12 0.07 . 0.04 <042
Endrin 0.09 0.10 0.07 0'14 \ 0.09 0.09 0,q4
e 0.69 e o 0-79 8.2415 0.12 0.05 e
- : ' : 0.69 0.79 y
te: S==Station, DDT = D i 8 . R
Note ) ichlorophenyltrichloroethane, OC= Organochlorine, e
R SR,
4 Pk iy
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Table 2

Summary of the mean concentration (jg/1.)
Maximum Permissible Limits,

of Organochlorine Pesticide Residues in Chanchag

a River for the two Se

Heliyor: 19 (20249) e34606

ASons with FMcnv, WHQ and By
p.value FMeny ! Ly ]
Dry Season WHO CERE
OC (pg/L) Wet Season e 0.001 51 s EQ
Atrazine 0.37 + 0.050* 032 : 0'0] b 4.0E-05 0.1 (())]1 " .911
Alachlor 0.53 & 0.045" g‘f,\z et 0.22 o4 . o
. X a ! = O, ¥
Dicldrin e 0.31 +0.116" og; 9:1 0.1 ?)11
Metribuzin 0.64 4 0.133° 0.44  0.184° 0»41 0.1 0.1 e
Butachlor 0.50 + 0'022ﬂ 0.53 + 0.091° (())A(J(Jl 0.1 0.1 01
Paraquat 0.55 + 8.52:‘ 0.58 + 0.083" s g‘l 0.1 i
Aldrin 0.39 + 0.029“ 0.10 + 0.021"1 0‘02 0'1 0.1 0.1
- b ] ;
Benzene 0.06 + 0. g 0.07 + 0.022 ’ 0.1 01
Fny 0.12 + 0.026 535 L tb1E 0.03 0.1 ot ‘&
eno ; 12 =0 .
4 0.45 0.1
Endrin o.g? : g'géﬁn 0.72 = 0.074° 0.1 i
0. - 0.
DDT

o i s (p > 0.05), while different.]e
ipts along the same row indicate no significant dlf]fcrenc;l\gnv i Fe)deral Minist nOfL

S Same_lenersudpefl:mp :s (p < 0.05). DDT Dichlorophenyltrichloroethane, FMenv = i

“ . : : i enc 3 i

indicate significant differ

Organization, EU = European Union.

. the dominant taxa at S1 and S2 (Table
sampled statior.ls. Hem1.ptter:z1 a::d%(ﬁiiiz x:z recorded at S1 co.mpared to S2, fB, T)nf
Mollusca, Hemiptera, D lpde f;rudy 41.83 % were recorded in the rainy season (Selz1 e?de :
recorded during the perio Lioke s m,ost cases, a highly slight abundance wz;s: r(ei:.co'rCl e : Vli:
(Novembder ti)hFevlz’I;tl«’:?;)s-on (September to October), The highest number of individuals
compared to the 3

at S1.

A

Uter superscripts along the sam
Environment, Wio — World K

erow
lealth

3). A higher number of Ephemeroptera,
S4. Out of the total number of individuals
and October) and 58,17 % in the dry season
ng the dry season (November to February)
s observed during the dry season in January

ici i is given in g Table 4. The eigenvalue
: ticide residues is given in Fig. 2 and Table 4. e eigeny
i and organochlorine pes : : The eig
The relationship between macr01nvérteb§ %%26 for tghe second axis. Canonical correspondence analysis ((t:ccﬁoorrgiin;lnifgﬁﬁ aé
and 0. ar . : & won
was equivalent to 0.047 for the ﬁf'st Z{)Izndance and organochlorine pesticide ;efmdgeg:ségu;s 1f ad::: 3;;:;; e
p . tween species e s 5 . o
aaion. To s 3 Y an eestan . . e : ith high metribuzin. Pseu-
variafion. The first axis accounted fo1;1 52.4‘2 A,Hydrocamhus e posmveiy assosc:;aieiglggomfhm S
a sp., . j ) | |
(Fig. 2), at S1, the frequency Zfe‘;)zz?vtjlr;l ser?sitive to DDT, atrazine, anq tin(?rllrzi ralt; Sfe.sgz ftivirlly = el
fig i iti lated with die ; ;
docloeon sp. and Lestes sp ol Saliebies o .
i ina nililotica is p el S
= benzetti; a:ii Cv‘\l;l:ile Axis 2 was associated with dieldrin, benzene,
: -
DDT, endrin, and metri

4. Discussions

t

. . : q : L5 o
en compare g Unl n, t.he Ede Mm str y
( l W1 ernat Ollal env lronmental regulatlon bOdl es su as Op a :
ﬂ‘l nt at Ch [lle ‘ ALl eal (
Wh p ‘ F ra 1 ()f

2).
: ! . . ber2021-February 202 —
gty bundance of macroinvertebrates in Chanchaga River, Minna, Niger State, (Septem o A
L g an 52 '
Distribution and abun B Code 51 SEagd
Order Family 40 ' 45 o '278
Lestidae Lestesisp it 15 17 * 10
Odonata Libellulidae Zyxomma sp 5 8 3 i
Gomphidae Lestinogomphus sp 16 g 8 ? «
Gomphus sp gom 6 5 3 w3
Aeshnidae Aeshnx sp aes 3 32 26 s s
Coenagrionide Coenagrion sp coe 30 7 5 ?
Bactidae Pseudocloeon sp pse 9 0
tera
Ephemerop Leptophlebiidrae Choroterpes sp cho 3 0 2
Heptageniidae Afronurus sp afr 4 ; 10 &
. Belostomatidae Appasus sp app 20 15 1 vid
Nepidae Nepa sp nep 6 0 1 ks
Tricopteta Bafbaroch.thonidae Barbarochthon sp bar 3 0 iy i n'h;.'-,
Diptera Chxrono‘mldae Chironomus sp o 16 10 5 oy .:i ;7‘.
Coleoptera Notonelidae Hydrocanthys sp hyd 3 0 2 L
s e o Al
DECGPOda g:‘:‘d}:‘dae Caridina nililoticq car 2 1 3 i
usca iaridae :
. Planorbidae ; ‘ftﬂd‘;]mﬂ 5y pot 8 62 N l :; ,
Lymnaeidae el 4 oo 0 ;s }
Bty Lymnaeq natalensis lym 1 2 9 1
TOTAL i Unima sp uni 6 0 137 Lo
“—  194 164
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-1.50 T

Axis 2

*s4 '.
: ; Axis 1
Fig. 2. Triplot of First and

Second G v ’ i
.- abbCA ’flx?s of Macroinvertebrate Species, Organachlorine Pesticide Residues, and their Corresponding
Ieviation codes of macroinvertebrate species are listed in Table 3.

Table 4

Weighted Intraset correlations of organochlorine pesticide residue) with the axes of canonical cor-
respondence analysis (CCA) in Chanchaga river, Niger state.

Variables Sodtgil Axis 2
Eigenvalue 0.046984 0.026303
Proportion explained (%) 52.49 29.39
p-value ; 0.842 10795
Atra —0.9989 w0452
Diel 0.446621 0.843748 .
Metri 0.960264 0.009314
Ald —0.09111 0.440081
—0.7969
Benz 0.23211
End 0.17167 0'08222
DDT 0.19299 0:08

All canonical axes were significant. Values in bold indicate significant difference at P < 0.05.

: P idues in.the
izati i rine pesticide residues In.tae
Environment, and the World Health Organization, the recorded mean concentration of th.e organochlot. anIZl drinling purposes and
: ideline values of 0.1 pg/L for pesticides in freshwater bodies for domestic v N i
Sl A e fp trazi lachlor, metribuzin butachlor, paraquat and phenol which are clas:
i i . Higher concentrations of atrazine, ala s IR 5 $ : Lo
S S hich could be attributed to the high use of her
. during the wet seasons compared to the dry seasons whic e i T under the
of herbicides were recorded high trations of dieldrin, aldrin, endrin, and DDT unc -
: ; on compared to the dry season. However, higher concen HeATE ) ; corio SRS
during t?e ra?c}i];: Z:;ere recc?rded during the dry season compared to the wet season, which is also attributed to the high us
l .
cl as§ ?f insect! the dry season and also confirmed by farmers around the catchment. 5 . . - P
i i d'u i ith previous studies by Asiegbu et al. [27] showed that the concentrations of aldrin, atrazine, en .rm, paraquat, 71
Compansons:jﬂ 1 eri lower than values reported in the Ivo River Basin in south-eastern Nigeria. The rat?gr high values affi : .
benzene recordfi th ‘:;ch arable agricultural lands around the river catchment. The high dependence on pesticides used by tht? OCaf
i vc\l”the Chanchaga River catchment probably accounts for these organochlorine residues. The'detected concentrations O
S ragd ar01:11’1 and DDT in the analyzed water samples suggested a lower value when compared to studies carried out by Haruna @d
aldrin, en drm,'n River Tella in Taraba-State, which recorded 500, 20, and 30 pg/L, respectively, but within the same range, o.f con-
R [28]hlen compared to the report of Edjere etal. [8]. The values of organochlorine pesticide residues measured in this study are
centration W:

the concentration recorded in the Vals and Renoster catchment in South Africa [2¢]; however, atrazine, butachlor,
similar to

and
e mu hh ghe

due to the high use of pesticides in South Africa (25.7 %) compared to Nigeria (15.8 %) (301,

South Africa and Nigeria are the first two leading importers of pesticides in Africa in the period between 2000 and 2017.

‘gh;;:ntrations of aldrin, dieldrin, DDT, metribuzin, and phenol in the present study were much lower when compared to those
O

orded from the Benue River in Vinikilang, Yola Adamawa State [31], and this could be a result of differences in agricultural
ri;cti ces between the two areas or a difference in geographical location. The National A ‘
p

B il OF AFDAC) has bannE(.:I _the sal‘e and éuppl.y of over 30 different agrochemical products in Nigeria, which include most of the
recorded organochlorine pestIClde'reSIdue§ in this study. Due to the toxicity of this persistent pesticide, which poses an imminent
ganger to human health and aquatic organisms, NAFDAC has banned the use of dieldrin atrazine benzer’m DDT, phenol, ai i
since 2008, but the products are still in use because of their low cost and affo : : . » Phenol, ahd aldsn
paraquat, benzene, and DDT, wh.ich did not show any statistically si gnificant
fact that these residues are persistent and can remain in the water body for

gency for Food and Drug Administration and

: , can be attributed to ¢
along time [28], dto tlle

3 x
v e g

wy ‘l'.‘

S R .
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Insects were th g
3C1'0inVertebrate:r:;grS;ec;mmlc:;ly recgrded macroinvertebrates in the Chanchaga River.
e blverwter: AP could be a‘unbmcd to tl-u: in?pact of agricultural activities (org
Ephememptera Bk G y C?nducted in the Bf}dc River in Germany by Ronald et
AT 3 FJnata lecorqed was attributed to the impact of
ng, which were recorded in their study, as these

ported by Edegbene et al. [32] and Ge et al, [33).
HOWEVEI‘. on average

The few individuals and diversity of
anochlorine pesticide application) around
al. [16], the lower abundance of the order Diptera
anthropogenic activities such as farming, gold mining, Washing),

activities have been found to disrupt macroinvertebrate abundance as re-

, a higher abundance of macroinvertebrates was recorded during the dry season compared to the wet season
n,

as per the ﬁndings of Arimoro et al. [17]. It has been established that the presence of Coleoptera in an aquatic ecosystem and other less
tf)lerant macroinvertebrates like Ephemeroptera, Plecoptera, and Tricoptera (EPT) has been observed to indicate clean water condi-
-tlon's [17]. This study recorded a few numbers of this macroinvertebrate, confirming the effect of organochlorine pesticide dontam-
1{1at10n of the river water, leading to the few numbers recorded. In a similar study conducted by Egler et al. [34] in the Southeast Brazil
river basin, the Coleoptera, Diptera, Ephemeroptera, Hemiptera, and Odonata orders were recorded. However, there was a high -
abundance of order Coleoptera, which is a sign relatively free from gross pollution, as it has been proposed by Andem et al. [15] that. -
the species of Coleoptera are found in the cleanest rivers. The decrease in sensitive taxa such as Baetidae and the increase in éonﬁe
tolerant taxa such as Chironomidae can also be attributed to river contamination through organochlorine pesticides [35]. Several
studies have shown that the taxon richness and abundance of macroinvertebrates in a freshwater environment tend to decrease as the
concentration of pesticide residues increases [36-39]. According to Thiere and Schulz [40], ephemeropterans are highly responsive to
pesticide pollution. In a study conducted by Szocs et al. [41] s b "', i
In Australia, it was reported that the Baetidae were among the most pesticide-sensitive families. The abundance can beé negétively
influenced by pesticide residues in a body of water. On the other hand, chironomids, pollution-tolerant organisms, were thé most
abundant taxa in streams that recorded high concentrations of pesticides, including OCPs [42]. The occurrence of tolerant taxa such as
chironomids and a few indicator species such as dipteran and coleopteran in the river body could be seen as early warning signals of
pollution loads that gradually reduce water quality and the overall ecological health of the river water [4].

The CCA ordinations showed that the macroinvertebrates were significantly associated with OCPs. From the CCA ordination plot,
Lestes sp. and Pseudocloeon sp. were characteristic indicators or pointers of organochlorine pesticide contamination of DDT, atrazine,
and endrin at S2. At S1, Potadoma sp., Hydrocanthus sp., and Unima sp. were associated with metribuzin, which could be the reason
for the low abundance recorded at this site [36]. The presence and high abundance of chironomid, mostly atS1 and S2, is indicative of
the deteriorating effect of the residues of organochlorine pesticide in the station, as various studies have reported an increase in the
abundance of these organisms, which is indicative of polluted water in southern Nigeria [14,43,44] and the north-central region of
Nigeria [45]. The presence of a few mollusks (Biomphalaria sp., Lymnaea natalensis., Unima sp., and Potadoma sp.) at $3 and S2could
be regarded as early warning signals of OCP pollution loads that can degrade water quality [37]. The abundance of Lymnaea nata-
lensis, Choroterpes sp., and Aeshnx sp. at S4 and S2 was not influenced by any of the prevailing OCPs; however, their presence or
abundance may be connected with the results of other unmeasured environmental variables. The response of macroinvertebrates to
organochlorine pesticide residues confirmed that Chanchaga River is a disturbed water body, and the indicator macroinvertebrates
recorded could be used in further biomonitoring assessments of other rivers in north-central Nigeria. o

St v

5. Conclusion

The presence of organochlorine pesticide residues identified in the Chanchaga River is most likely to be attributed to diverse."
agricultural activities practiced along the banks of the river, with pesticides running off from nearby farmlands into the water body.'. In
addition to the runoff, the tendency for regional transportation and atmospheric deposition of these pesticides could be factors in the
pesticide load. The organochlorine residues detected in this study are said to persist in the environment and are classified as potehtial
cancer-causing agents (carcinogens) by NAFDAC. They can lead to environmental degradation and a decrease in biodiversity "c.}}rqugh
long-term exposure. This study offers insights into the current state of water quality in the Chanchaga River and a baseline dataset, for
further study on the correlation between macroinvertebrates and pesticide residue levels in the river. The results from this studycould

also serve as a foundation for the ongoing monitoring of river water. In addition, the data obtained is valuable for employing hidc;
roinvertebrates as bioindicators in managing river water. :
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