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ABSTRACT

Fesults of an investigation of the basseline and post impact lcvels
of metals in water and Tish from Atsn stream receiving a hattsries
factory effluent further downstream, and from a point below its

confluence with Qua Ikss River (0IR) at Ikot Ekpsne are nresonted.

The 5 metels (Cu, Sb, Cd, Pb, and Zn) examined shower! increasing
concentrations from the head water of Atan stream to the =ita after
the effluent discharge point. Uhile mean Cu and Zn levels continue
to increase helow the confluence of this stream, Sb, Cd, and Pb levels
tecrease. In water, all mstal levels and physicechemical veriables
below the effluent discharge point are significantly higher than those
from the site upstream of Atan regarder as baseline levels, while
metal levels befere the point discharoe and upstream of Atan a2re not
significantly diffsrsnt, except for Sb,

In fish, trends of increasing concentrations downstream are
apparent for Cu in Tilapis mariag and Auchenpgglanis fascizatus: Pb in
J. mariae and T, zillii, and Zn in T, mariase, T. zillii and A,
fascistus., Except for a decreasing trend downstream for Cd in T.
zillii, others show fluctuating levels., Pb levels in fish appear to
be higher than internationally rscommended limits,

INTRODUCTION

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 thess metals as well =s
pollution data generally in Nigeria. This lack of pollution data
has been aftributahla to low levels of industrialization-and
urbanizetion which lead to low pollutional stress that can ke

accommodated by ths natural self—purification capacity of the rivers
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(Ajayi & Dsibanjo, 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 dus to the
overt menifestations of the incident, while the rather "insidious"
effects of heavy metal contamination are overlooker, possibly until
disaster strikes. Increasing number of factories are being establisheﬁi
in Nineria but there apprars to be no concern over the possible |
ecological disturhances the factory effluents (treated or untreated)
might create in streams which are usually the sinks, Thus the
management of pollutional crises could be cumhersome in the absenca

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 batteries
factory effluent further down its counrse, and from Cua Ihoe river
below its confluence with Atan stream. Also examined were the levels
of physigochemical variables in the water and their relationships
with the metals.

STUDY AREA

Thae Qua Iboe River (Fig. 1) rises 13km south-west of Umuahia in Imo
S5tate, Nigeria. Here the surface consists of consolidated sand
formations with islands of sandstonme outcrops. From here the river
flows through coastel sand plains in west ancd central Akwa Ibtom State
and empties into the Bight of Bonny. These geologiczl formations accoz:
the riuar.its-p@cul;ar quality notably durinQ‘th@ dry season (Hovember —
March) when discharge through run off is at its minimum, but during

the rains (April -~ Octobor) runoff from the tﬁinly vagetated slopes
intaf?urc with the water quality turning it imto a dilutod mixture of -
red clay and mud. The water nuality is also disruptzd ue to the
commarcial exploitation of gravel and fine sand reserves from the

river bed.

Atan stream (Fig. 1), a tributary of Qua Ihoo River at Ikot
Ekpene, rises from the outskirts of tha touwn and runs through s

sparsely populated area, with insignificant domestic pollution
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pressure,  further downstream, it receivecs the Sunshine Batteries
factory effluants and finally empties into the Qua Ihoe River, Du=
70% of the inhabitants of the study area are peasant Parmers who use
an insignificant quantity of chemical fertilizers ond hardly any
insecticides to raise their crops. The soils are generally =acidic
with pH ranging from 3,5 .- 4,5 with scattered areas having marginallw

"~ higher values,

MATERIALS AND METHGD

Samples for metal and physicochemical anelysos were collected at foux
stations, three in Atan stream and one in Gua Iboe River (Fig., 1). U2
refers to the upstream or headwater site while BPD means hefore point
discharge of factory offluent. APD denotes ssmples caliﬁﬁted about 280
after the point dischargqe and QIF, the site on the Gua Iboc River. OF

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

specimen from the 3 sites, viz, upstream (UP5), midstrcam (MS) and Cusz
Ihoe River (QIR).

Fish collection was by the use of local traps (Ikpa) (see Cssien,
1981). A total of 49 specimens representing six speeciss wers colleci—
(Table 1 and Fin, 2). Ismediately after sach collection, the fishes
were taken to the laboratory and processed for metal determination
according to methods in AWUA (1280) and analysed on a Pya Unicam Atomic
Absorption Spectrophotometer model SP9, Similarly, the metal levels
Iin water samples wers determined using the same instrument., Recoveries
of 99,5% and above were obtained and the detection limits for the metals

1; S5b, 0:02 g mi= e el 0,007 g ml"?; Ph, U.01

s

were: Cu, C.003 q mli

9 m1-1 and Zn, 0,001 g mlnq. Surface tnmﬁ@ratura was determined wits
a mercury—in—gléss tharmometers total hardness by EDTA titration; pH,
B8] éﬁd BOD according to the methods in the Hach handbook serios DR-ELSS
of 1985,

RESULTS AND DISCUSSION

Fig. 2 illustrates ths average concentrations of the 5 heavy metals in
water from the 4 sites examined. A1l metals axhibit incoeasing

cancentrations from UPS to APD but two tronds emerge whon considerina
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Table 1.

(excluding Tilapia mariag).
QIR = Qua Iboe river,

34

Mean Metal concentrations (ug 9“1) in fish species

UPS = upstream; MS = midstream;

Site/species n Flokuls
Cu Sb Cd Pb in
UPs
Auchenoqlanis a o
Pasclatys 4 0,12 0,063 0.68 0,13 7.99
Tilapia 7i11ii 1 0,15 0,30 1.50 0,022 a.0c"
Mms
A. fasciatus 3 0,43 1.50 0,15 0.12 10,13
To z1Lidd 0,00 0.75 0.23 6485 Re59
Papyrocranus
afor 3 0,78 3,25 0.21 5,91 5,92
Chromidotilapia
EGEEHE;l 2 0,53 0.85 0.57 2,75 B.66
Channa chscurus 2 123 2.00 0,23 3.93 8,59
Q1R
A, fasciatus 1 1.67 0,00 0.18 3,90 12,13
T. zillii 1 0.24 0.00 0,15 16,50 15,10
P. afer 4 114 1.76 0,49 736 1115
Eb quntheri 3 . 0.72 0.80 0,12 1.93 0,62
L. obscurus 2 0.52 1.82 025 1.40 12,60
a = Increase downstrsam
b = Decreass dounstream
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the QIR site concentrations, Firstly, there is an incressse in the
concentrations of Cu and Zn. Secondly, the concentrations of Sb, Cd,
and Pb dropped in GIR. In each casey, the drop in concentretion was
higher than the UPS and B8PD values from Atan stream, Of the 5 metels,
St had the lowest mean concentration (0,004 ppm) at the UPS while Zn
had the highest mean value (7,75 ppm) at GIR site.

Results of the statistical comparison of mean metal levels
between UPS and other sites (Table 2) inc!icate that apart from St the
mean metal concentrations between UPS and BPD were not significantly
different, Uith the excepticon of Sbh, the mean metal levels betuesen
UPS and QIR were sinonificantly different, being higher in QIR site
than UPS of Atan stream, All mean metal vaslues were significantly
higher for APD site than URS,.

Mean metal values at UPS site were taken as baseline valugs and
in water they were lower than values from other sites. The lsck of
differences in mean Cu, Cd, Pb, and Zn betweecn UPS and BFD sites is
indicative of the ebsence of scurce(s) of inputs that could lead to
increases in their levels before the point discharge of factory effluzntc.
This, houwsver, is not the case with Sb whose level for BPD site is
significantly higher than the UPS level (Takle 2), indiceting some

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

St and Pb are the two metals very likely to appear in thc tatieries
sffluent dus to the uss of antimonisl load in the batteries manufact.-
uring process (Ibok et al., 1969), It is c¢ifficult to understand why
Sb concentration is higher for BPD site than UPS5., Howsver, considering
the low baseline level (UPS site) and the lzck of sionificent difference
between UPS and QIR values (Table 2) it is plausible to argue that the
possibility of introducing materiels likely to add antimony to the
watsr before the point cischarce of the effluesnt may not be ruled out,
All metal lcvels were higher for APD site than URS, indicating contribu .
tion of7saome guantity of thess metals from the factory effluent to ften
stream, The significantly hicher concentrations of metals (except 5k
from QIR site than the baseline leveles indicates wajor contribution
from urban drainage and seepagzy esnecially Cu and Zn. The drop in
lgvels of Sb, Cd, and Pb at QIR site could ba attributed to either low

. legvels of input from the environment or dilution by 2 largsr body
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Student's t-test,

NaSe =

136

Comparison of mean metal values in water using
Site abbreviations as in Fig. e _
not significants %, *%; %% = 95" 99% and 99,95

level of significance respectively.

? : Statistical
Metals Site pairs result/infersnce
Copper NeS
UPS and BPD .05 *°
3
N APD 0.05
W % QIR 0,001 e
Antimony &
UPS and BPD 0,05
I
" W APD 0,001
v rety o.g5n=Se
Cacmium - Ne8
UPS and OPD o.08 *°
S
5 APD 0.001
* QIR Qa5
Lead NS
UPS and BPD 0.05 *"°
e
w W app 0.001
% W AIR 0.001
Zinc N.S
UPS and BPD 0.058 """
s
it " APD 0.001
f " QIR D.Uﬂ‘lﬂ
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of water.

Metal concentrations in fish {(Fig. 3; Table 1) do not show tha
kind of trend apparent in water, although 3, and not 4, logations uwezs
considered in fish survey, However, Cu, Pb, znd Zn in I. mariae
increased from upstreem of Atan to QIR; while concentrations of 85 end
Cd Pluctuated at the 3 sites. In this species, Cd was the only metel
with the highest concentration {0.37 ug g"1) upstream, relative to the
other tuo sites. ihile Sb had the lowest level {0.06 uwo g_1) im
mariae from upstrsam site, Pb had the highest level (3,88 ug_g“1) at
QIR.

Overlookiny the comstraint of single spocimens of some species
from some locations, treneds of increesing levels dounstream are apnarani
for Cu in A, fascistus; Fb in T. z3illii, ae well as Zn in hoth A,
fasciatus and T, zillii, while a trend of decreasing levels dounstrsan
accurs faz Cd in T, zillii. Fb had the lowest (0,02 ug ;“1} and the
highest {16.50 ug g'T) codgeatretians in T. zillii from UPS and CIR

sites respsctively {(Table 1.

Apart from T. marise and A. fascistus in this study Kakulu gt al.
(1987) have rsported trece metal concentrations (except Sb} in the othar
four fish species from the Niger Delta but it is apparent that with the
exception of Cu in T, zillii and Zn in L., guntheri, higher metal
concentrations have been recorded in the present stucy (Table 4).
Geperally, open watsr metal concentrations were lower in fish tissue
in line with established patterns (Cross st al: 19703 Naminga et als

19745 Mathis and Cummings, 1971: Nsminca, 1975% Udoidiocng, 1290).

- OF the 5 physicochemical variables, totel hardness anda BUOD

- increasced downstream (Fig, 4), Correlation between these two variables
and Cu and Zn respectively, were low except for BOD and Zn, with

r = 0?9763 (df = 73 P<0,05), Dissolved oxygen decreased dounstream

of Atan but increased at GIR, There was a drop in temnerature from
BPD tn QIR after an initiel rics, while pH decreassd downstream to
0IR, fean values of total hardness, BOD and DO hetween URS and BPD
(Table 3) were not significantly different while others wers

significantly higher than UPS lavzls,
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Table 3. Comparison of mean concentrations of physicochemical
variables using Student's t-test. Abbreviations and notations
as in Table 2,

- . Statistical
Variable Site pairs results/inference
pH *
UPS and BPD 0.05
® % APD 0,61
50
m @ QIR 0,001
Temperature e
UPS and CPD 8.001
35t
f " APD 0,017
St
W % QIR 0,001
Total hardness : e
URS and BRD 0,05 ="
: _ s
@ app 0.01
: EraTes
n o n piR 0,001
BOD
UPS and BPD 0.055%°¢
: 3%
111 W ﬁPD 0.01
e 43t
% QIR 0.001
no n
UPS and BPD p.05" %"
mo W ppp 0,001

P S RN i J,0u1
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Yean metal levels (ug m.._n_v in fish and ranges (in parentheses) from this study,
(1987) below each parenthesis where applicable.

% : Metals
vpecies n N 4. — : o e
_ Cu Sb " ca £b In
afer 0.98 2,10 - 6.7 8.91
Vi (0.20-2.50) (1.80-L.80) (¢.06-7.90) (0.15~-18.52) (0411=114.60)
0.53 - : Q.02 0.37 elh oo
mwmwsusm 0,87 1.91 c.mw momw 10,60 m
Iy (0.69-1.80) {1.23-2.50) (0.04-0.45) (1.30-3.93) (6.24~13.00)
0.69 = 0.02 0.29 - 14.89
guntheri 0.65 0.82 10,30 2,06 5 7.82
5 (0.30-1.20) (0.90-1,70) (0.08-0.75) (0.55-L,20) . (5.65-11.30)
0.21 it 0.01 0.l 10.18
e 0.61 e Gl 7.l 9.77
5 (0.1=1.30) (0.30-1.24) (0+1-1.50) (0.02-16.50) (L.92-15.8L)
0.82 - - 0.41 6412
mariae 0,23 1.86 0.27 k.10 BT
20 (0.05-0.65) (0.05-7.22) (0.01-0.85) (0.08-19.50) (0.€7-23.11)
mmmmwmwsm. _ 0.43 0,59 | owmm 3.60 9.31
: el (0.,05~1.67) (0.1€~1.50) (0.15-2.25) ﬁo.oqum.omV}, (6.77-12.2L)
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The higher levels of total hardnsss and BCD at the RIR site :
vis-a-vis the other three sites in fAtan stream is a reflection of the
lavel of its disturhance, Cf interest is the BOD value which shous
thet the 1level of organic pollution of QIR is higher than that of Atan

i

stream (c.f Ibok et 213 1989). |

|

The comnarison nf data from a study like this with internmational
standarde is fraucht with prohlems becezuse "disparate standards® are
aiven by different agencies and countries, For zsxample, Dangerfield
(1963) reported the following WHD standards in ueter, which are the _
maximum permissible levels (in mg 1-1) t Cu, 1,58 Bb. 0,053 Zn, 4&jp0s
Hardnass (Ca 033), 300; pHy, G,5 — 9,2 units, The National Hzalth and
Medical Ressarch Caungil (NHNRC} of Australia gives the following
concentrations as standards in scafoods {Dasbhington et 8l; 1577)¢ Td,
2,0¢ Cu, 30; Lead, 2,0: and Zinc, 1000 {in ppm). Oni {1987) reportcd
Lnited States Environmental Agency (USEPA) and lorld Health Orcaniszstion
(1'0) standards in Uatrr for the follawinn metals: Cu, 1,0: Zn, 5.0: Cc.
Bs013 Sb, O, n1« and- ﬂn, 0, ﬂaifin mq 1 ).

| i = =

Using tHe Augtrallan NHMAC standards, unly Pb levels in fish from

the present étudy ara above the recommenced limit, In water, ths Cu

levels arc mql; bBelouw tnited Stztos Environmental Protection Agency

(EPR) standards, Sb,z?d, and Pb levels are higher from tiis-orssent stulv.
while Zn concentration is hiéhaf than rﬂbumﬁééﬁad USEPA limit and below
NHMRC limit st the QIR site, Rosults of the é}fluent cuality megsurémenta
(Table 5) incdicate that Afan stream below the point dischargé, “oes not

remain & relatively uncontaminatsd surfacne water,

For example, the ammonia level of}?;BS méjl-1 and suspendsd sclids
lpvel of 410,205mg y in the trezted effluent .are high, anc usinz the
classification scheme of surface water by Prati gt al. (1971}, vater
with such levels of aubstancesJis poliutad. éﬁcordingly Atan stream
would invariably be a polluted stream, Acain, Pb level of 0.20 mg 77
in the treatsd BffIUuﬂL is Tour times hlgher than the international
limit of D0.05 mg l for that metal in water. Although Sb and Cd levels
in the treated effluent uere belcw detection, it is reported that
occasional overflous nr untreatau effluent occur and this may be

responeible for the higher metal concentrations below the point dlaﬂharﬂe.
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Table 5, Effluent quality measurements within and outside
the batteries factory (mean values). PS = production site;
BT = befors treatment; AT = after”treatment.

Locatiaons

Variable SRS
s )

Temperature (°C) 28.82 27.07
PH 2,42 6+75
Conductivity (mhos cmnq) 1335,29 2390,08
SUQEaned solids (mg 177) 789,00 2410,10
Total solids it 5620,00 | 7895,00
Hardness 3 - 1233
Ammonia et 0,50 0,65
Sulphite : . 27.30 14.50
et i 12006 | 75,66

LCopper i 2422 5440 :

fokSmenyi oo e T orsiisiamge s sstes B pg e
Cadmium ./ 515 BO

Lugdl s mareios o Misieioz o laBa paeds R anann

27 .45
G462
2728
410,25
450,25
352,00
2.83:
15,33
55,50
0,22
BD
BD

0,20

T BE,7T 2% 0,54 13,21
B~ = below detection - . -
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If mors technical éxpertisa and prudsnca,n:é shown by staff of thé] =
treatment unit, lower levels of the metals could be achieved, The

abssnce of any metal -.related.catastraphyuéhoulﬂ not. imply lack of——
impact on the stream hiota and man and consequently should not lesd tB‘L
complacency on the part of management of the factory on further o

reducing the levels of toxicants in the effluents,
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