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Pesults of an investigation of the base
of metals in water and fish from Atan s
facteory effluent further downstream
confluence with Oua Ikss River (0IR

ne and post impact 1o

gam receiving & hatts
and from a point below it
at Ikot Ekpsne are nresen

The 5 metals (Cu, Sb, Cd, Pby, and Zn) examined showed increasing
concentrations from the head water ef Atan stream to the site after
the effluent discharge point. Uhile mean Cu and Zn levels continue
to increase below the confluence of this stream, Sb, Cd, and Pb levels
tdecrease. In water, g1l metal levels and physicochemical variables
below the effluent discharge point are significantly higher than those
from the site upstream of Atan regarded as baseline levels, wnhile
metal levels befere the point discharge and upstream of Atan a2re not
significantly different, except for Sh,

In fish, trends of increasing concentrations downstream are
apparent for Cu in Tilapis marise and Auchenonlanis fasciatussy Ph in
J. marise and T, zillii, and Zn in T. marime, T. zillii and Ae
fasciatus. Except for a cecreasing trend downstream for Cd in T.
zillii, others show fluctusting levels. Pb levels in fish appear to
be higher than internationally rescommended limits,

INTRCDUCTION

Many reports on various aspects of heavy metal contamination of water
from other parts of the world are available but there is a dearth

of information on the taseline levels of these metals as well =s
pollution data generally in Nigeria. This lack of pollution data

hes been a2ttributable to low levels of industrialization and
urbanizetion which lead to low pollutional stress that can ke

accommozated by ths natural self-—purification capacity of the rivers



(Ajayi & Osibanjo, 1981).

It appears that governmental concern is focussed mainly on the
coastal waters (particularly during oil spills) (see Imevbore and Odu,
1985 on the Funiwa blow-out of January, 1980), perhaps due to the
overt manifestations of the incident, while the rather Yinsidious"
effects of heavy metal contamination are overlooker, possibly until
disaster strikes. Increasing number of factories are being established
in Nigeria but there appears to be no concern over the possible
ecological disturbances the factory offluents (treater or untreated)
might create in streams which are usually the sinks. Thus the
management of peollutional crises coulcd be cumbersome in the absence

of pre-—impact assessment data,

This baseline study was undertaken to obtain data on five heavy
metals in water and fish from Atan stream which receives a battaries
factory effluent further down its course, and from Cua Ibhoe river
below its confluence with Atan stream. Also examined were the lsvels
of physigcchamical variahles in thes water and their relationshipe

with the metals.

STUDY AREA

The Qua Iboe River (Fig. 1) rises 13km south-west of Umuahia in Imo
State, Nigeria., Here the surface consists of consalidated sand
formations with islands of sandstone outcrops. From here the river
flows through coastal sand plains in west and central Akwa Ibom Stateo
and empties into the Bight of Bonny. These geoclogical formations accor:
the river its peculiar cuality notably durinQ‘the dry season {(Novemben» -
March) when discharge through run off is at ite minimum, but during

the rains (April - Cctober) runoff from the tﬁinly vaegetated slopes
interfaro with the water quality turning it into a diluted mixture of
red clay and mud, The water nuality is also disruptad lue to the
commercial exploitation of gravel and fine sand reserves from the

river bed,

Atan stream (Fig. 1}, a tributary of Qua Ihoe River at Ikot
Ekpene, rises from the outskirts of the town anc runs through a

sparsely populated area, with insignificant domestic pollution
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Fig.l. Map of Qua Iboe river and Alan stream showing

sampling siles and the Sunshine Batleries factory

location.

UPS = upstream; BPD = before point discharge of °
factory effluent; APD = after point discharge of
factory effluent; QIR = Qua Iboe river ;

Sunshine Batleries Ltd.
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praessure, further downstream, it receivecs the Sunshinc Batteries
factory efflusnts and finally empties into the Qua Ihoe River, Ovar
70% of the inhabitants of the study area are peasant farmers who use
~an insignificant quantity of chemical fertilizers ond hardly any
insecticides to raise their crops. The swoils ére generally acidic
with pH ranging from 3,5 - 4,5 with scattered areas having marginally

higher values.

MATERIALS AND METHGD

Samples for metal and physicochemical analysos were collected at four
stations, three in Atan stream and one in Oua Iboe River (Fig. 1). URS
refers to the upstream or headwater site while BFD means hefore point
discharge of factory offluent. APD denotes samples collected about 200m
after the point discharge and QIF, the site on the lLua Iboc River. OF

the fishes sampled only Tilapia rmarise was represented by more than 1

specimen from the 3 sites, viz, upstream (UP5), midstrecam (MS) and Cuso

Ihoe River (QIR),.

Fish collection was by the use of local traps (Ikpa) (ses Essien,
1961). A total of 49 specimens representing six speciss wers collectn:
(Table 1 and Fin, 2). Immediately after sach collection, the fishes
were taken to the laboratory and processed for metal determination
according to methods in AUUA (1980) and analysed on a Pye Unicam Atomic
Absorption Spectrophotometer model SP9, Similarly, the metal levels
in water samples were determined using the same instrument. Recoveries
of 99,5% and above were obtained and the detection limits for the metalc
Gaws Oi CLO0F oud Ce Shs DLOE uowl oty CH BO08 0wl e

9 ml'-’I and Zn, 0,001 g ml“1. Surface tamﬁbraturu was determined with
a mercury-in~glass thermometer; total hardness by EDTA titration; pHg
DO and BOD according to the methrds in the Hach handhook series DR-EL/S

of 18085,

RESULTS AND D3ISCUSSION

Fig. 2 illustrates thus average concentrations of the 5 hsavy metals in
water from the 4 sites examined. ALl metals exhibit increasing

concentrations from UPS to APD but two trunds energe whan considering
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(axclualng Tilapia marian).
QIR = Qua Iboe river.
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Mean Metal concentratlF
Upks '};:
|

!

s (ug g~

) in fish species
upstream; MS = midstream;

Site/species n Matalg
B+ 7| Sh Cd Ph Zn

UPps

Auchgnoqlanls 4 0,122 0.063 0.68 0.13 7.99

fasciatus

Tilapia 7illii 1. 0,16 0,30 1.50 0.02% 100
MS

A. fasciatus 0,43 1450 0,15 Gul2 10,13

Togiiiiv 0.0 0.75 0423 6.85 Be50

—Vzucranus 8o D578 3,25 0.21 5,91 .02

afer

C % - ‘.- . I3

aide Eselin R T A N e 0.65 Q.57 2.75 5.5l

aountheri

Channa obscurus 2 1.23 2.0 0.2 2.93 859
QIR

ﬂ, fgsciatus 1 Y07 0,00 .18 3.90 i

l. Zillgi 1 0,24 0,00 315 16.50 15,90

R. afer g 1,14 1,76 0,49 7436 14,15

L. quntheri 3 ol T 0,80 Ost2 1,93 Se.6l

C. obscurus 2 f.52 1482 0425 1440 12.60
a = Increase downstrazam N
b = Decreass dovunstream



the QIR site concentrations, Firstly, there is an increase in the
concentrations of Cu and Zn. Secondly,-fha concentrations of St Cdy
and Pb dropped in QIR. In each casey the drop in concentration was
higher than the UPS and BPD values from Atan stream., Of the 5 melals,
St had the lowest mean concentration (0,004 ppm) at the USS while Zn

had the highest mean valus (7,75 ppin) at QIR site.

Results of the statistical comparison of mean metal levels
betwsen UPS and other sites (Table 2) indicate that apart from St the
mean metal concentrations between UPS and BPD were not significantly
different, Uith the excepticn of 3h, the mean metal levels between
UPS and QIR were significantly different, being higher in OIR site

s

than UPS of Atan stream, £11 mean metal values were significantly

higher for AFD site than UPS,

Mean metal values at UPS site were taken as haseline valuess and
in water they were lower than values from other sites. The lack of

between UPS and BPD gites

o
0]

differences in mean Cu, Cd, Bb, and Z

1

~ 7

indicative of the aksence of scurce(s) of inputs that could lead to

~

¢

increases in their levels beforc the point discharge of factory sfflusn
This, however, is not the case with Sb whose level for 550 site is
significantly higher than the UPS level (Takle 2), indicating some

degree of input before the point discharge of the factory effluent.

Sk and Pb arc the tws metals very likely to appear in the battsries
effluent due to the use of antimonizl lead in the batteries manufact.-
uring process (Ibok gt al., 196%), It is cifficult to understand why

Sb concentration is higher for BPD site than UPS5, However, Corsidcring

Y]

the low baseline level (UPS site) and the leck of sionificent differenc
between UPS and QIR values {(Table 2) it is plausible to argue‘that the
possitbility of introducing materisls likely to add antimony to the

water before the point cischarge of the efflusnt may not be ruled out,
All metal levels uwere higher Tor APD site than UPS, indicating contrib
tion of some cuantity of these metals from the Tactory effluent to ftan
stream. The significantlv higher concentrations eof metals (excvh* Sh ]
foom QIR site than the basaline levels indicates wiajor contribution

from urban draipage and seepage, espacially Cu and Zn, The drop in

levels of Sb, Cd, and Pb at GIR sits could be attributed to either lou

-

lgvels of input from the snvironment or dilution by 2 larger body
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Table 2, Comparison of mean metal values in water using
Student's t-test. Site abbreviations as in Fig. 1.

NeSe = not significantg %, ¥*¥; %6t o 959 995 and 99,9y
level of significance respectively,

. - = Statistical
Site S &
Metals ite pair result/inference
Copper _
UPS and BPD ; Do T
" m o app B.bs
% B nIR 0,001
Antimony a2t
UPS and BPD 0,05
" & APD IJ : DU'I Flarrerts
1] 113 HIR O'OSHGS.
Cacinium M.8
UPS and DPD 1 o Wl
FOAPD H.B08.
QIR G.07 - .
Lead MNeS
UPS and BPD Q.05 "
W W ApD 0.001
T O R e npgl
Zinc NeS
UPS and BPD DS =
o ehil -
4 AR g.004 .
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of water.

Metal concentrations in fish (Fig. 3; Takle 1) do not shou tha
kind of trend apparent in weter,; although 3, and not 4, locations usre

considerecd in fish survey, However, Cu, Pb, and Zn in I. mariae

increaser from upstream of Atan to QIR, while concentrations of 55 and
Cd fluctuated at the 3 sites., In this species‘ Cd was the only metel
with the highest concentration (0.37 ug g - ) upstream, relative {o the
other two sites. While Sb had the lowest level (0.06 uo 9-1) in T.

marfise from upstream site, Pb had the highest level (9.88 ug g”1) at

QIR,

Overleooking the constraint of single specimens of some species
from some locations, trends of increasing levels downstream ars appasraern

for Cu in A, fascistus; Pb in T. 23llii, ae well as Zn in both f.

fasciatus and T, zillii, while a trend of decreasing levels dounstraam

2 e s S, B -1 '
peotirs fox Bd In T, zillii. FE had the lowest (0.02 ug g ) and the
. ol . . G e 5 il
highest (16,50 ug o ) comcentretione in T. zillii from UPS and DIR

b

sites respectively {Table 1,.

Apart from 7. maeriac and A, fasciatus in this study Kakulu gt =21,

(1987) have reported tresce metal concentrations (except Sb) in the othar
four fish species from the Niger Delta hut it is apparent that with the
.&xception of Cu in T, zillii and Zn in C. guntheri, higher metal
concentrations have been recorded in the present stucy (Takble 4
Generally, open water metal concentrations were lovier in Tish tis
;n ling-with established patterns {Cross et als 19705 Naminga gt

19743 rﬂpmls and Cummings, 19713 Naminga, 19753 Udoidieng, 1990).

Of the 5 physicochemical variablss, totel hardness and BOD
increasad downstream (Fig, 4). Correlation between these two veriables
and Cu and Zn respectively, were low except for B0OD and Zn, with
r = 0.6763 (df = 73 P<0,05). Dissolved oxygen decreased dounstream
of Atan but increased at QIR. There was a2 drep in temp@rature'from
BPD tn QIR after an initiel rice, while pH decreased downstream to
QIR, Mean values of total hardness, BOD and DO between UFS and BPD
(Table 3) were not sicnificantly different while others were

significantly higher than UPS lesvzls,
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Tahle 3. Comparison of mean concentrations of physicochemical
variables using Student's t-—test., Abbreviations and notations

as in Tahle 2.

Variable Site pairs regzi:;7§i$2ience
pH %
UPS and BPD 0,05
& v APD s R 57
o @ QIR D.DU']M i
Temperature SEnE
UPS and CPD 0,001
" %o ApQ) 0,01 ==
i 5 GIR 0,001 fae
Total hardness -
UPS and BPD g.gntes
¥t
i i [—\pD D¢01
I
it % 0IR 0,001
BOD
UPS and BPD I, A
) % APD D,D’I-"
i OIR (0,001
Do Nes
' UPs and 8PD .05 *72
" T ApPD 0,001 =
1 “ 0IR U.OU1KT




Table L. Mean metal levels ﬂsm m=4v
compared with thogse frem Kakulu et al.

in fish and ranges (in parentheses) from this study,
(1987) below each parenthesis where applicable.

ke e

Vi g . Metals
Species n 3o N, bR
Cu o1s) Cga b Zn
P, afer 0:96 2.0 0.37 - 6.7k 8.91
i (0.20-2.50) (1,80-L4.90) (€.06-7.90) (0.15~18.52) (0.11=14.60)
0.53 - 0.02 0.37 .75
C. mwm_.@:ﬁ.sam : 0,87 1491 0.2 2,67 10. 60
i (0.69-1.80) (1.23-2.50) (0.04-0.45) (1.30~3.93) (6.211~13.00)
0.69 - 0.02 0,29 .89
C. guntheri 0.65 0,62 -0.30 9.26 7,82
5 (0.30-1.20) (0.90-1.70) (0.08-0.75) (055-1.20) (5.65-11.30)
D21 - 0,01 0.141 10,18
T, zillii 0,61 0.5 0,47 Tl el
5 (0.1-1.30) (0.30-1.2L) {05 1-1:50) {0.02~16.50) (L.92-15.8L)
0,82 - & 0.l 6,12
T, mariae 23 1.86 0.27 L0 Tuhd
20 (0,05-0,65) (0.05-7.€0) Ao.oé-o.mmv (0,08-19,50) (0.€7-23.11)
A, fasciatus 0.43 0.59 0.52 3,60 9. 31
(0.1¢=1.50) (0.15-2.25) (0.07--18.08) (6.77-12.2)

8 (0.05~1,67)

-

L

]

R
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The higher levels of total hardness and BCD at the QIR site
visea=-vis the other three sites in fAtan stream is a reflection of %he
lsgvel of its disturbancs, COf interest is the BOD value which shous
that the level of organic pollution of QIR is higher than that of Aten

stream (c.f Ibok gt 213 1989).

The comparison of data from a study like this with international
standardes is fraught with prohtlems beceuse "disparate standards" are
oiven by different agencics and countries. For gxample, Dangerfield

o WHO standards in water, which are the

owing
maximum permissible lesvels {(in mg 1~1) ¢ By ToBe Po, D 083 En, 5. 00
Hardness (Ca CO ), 03 pty 6.7 = 9.2 units, The National Health and
Medical ReseaLch Council (WHMRC) of Australia gives ths followino

concentrations as ste i n 1

2,0; Cu, 305 Lead, 2,33 and Zinc, 1000 {in ppm). Oni {1987) reporte:
Lnited States Environmental Agsncy n 1

(10) standards in
0.0%% Sby 0.01% and Pb, 0.05 {in ng 1 ).

-

Using the Australian NHMRC standards, only Pb levels in fish from

the present study are above the recommended limit. In water, thes Cu
levels are well below United Stztes Environmental Protection Agsncy

(EPA) standards. Sh, Cd, and Pb levels are higher from tirz present stul'v.
while Zn concentration is higher than recommended USEPA iimit and bslos
NHMRC limit at the QIR site, PRssults of the efflue nt quality measursment
(Table 5) ind g e

remain a relatively uncontaminated surface water,

'icate that Atan stream below the point discherge, roces o

: -1 " o
For example, the ammonia level of 2,83 mg 1 and suspendsad eclids
. -1 : : ; .
level of 410,20mg 1 in the treatec effluent are high, and using the
classification scheme of surface water by Prati st al. {1971), water

with such levels of substances is peoliuted. Accordinqly Atan stream

t
would nvarlahly be a2 polluted stream, Again, Pb level of 0.20 mg :L“Ii
in the treated effluent is Tour times higher than the international
Limdt of D.05 nog 17 fur that setal in water. - Although Sk and Cd levels
in the treated effluent were below detection; it is reported that
occasional overflows of untresated effluent ccocur and this may be

responeible for the hicher metal concentrations below the point discharce,
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Table 5, Effluent quality measurements within and outside
the batteries factory (mean values). PS = production siteg
BT = before treatment; AT = after treatment,

Locations

Variable

PS BT AT
Temperature (°C) 28.82 27.07 29,45
pH 2,42 Ge 7D 662
Conductivity (mhos cm-q) 1338, 29 2390,08 27.28
Ehpabiies snliile L 1T 789,00 2410.10 410,25
Total solids " 5620,00 7895,00 450,25
Kardness o e 13,50 352,00
Ammonia i .50 {1,868 2.83
Sulphite " 27 .30 14,59 18553
Sulphace i 120 406 79.66 L
Copper 4 2422 5448 0422
Antimony " 0,02 o T . BD
Cadmium i 8D 6D BoD
Laad. " 34,00 37,00 0.20
Iron 3 36,77 0,54 13,21

BD = below detoctiom
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If more technical expertise and prudence are shown by staff of the
treatment unit, lower levels of tihe metals could be achieved, The
absence of any metal - related catastrophy should not imply lack of
impact on the stream bhiota and man and conssquently should nnt lead to
caomplacency on the part of management of the factory on further

reducing the levels of toxicants in the effluents.
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