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The levels_of six trace-metals -(Ni, Cu, Mn, Pb,. Zn and.F¢). in
sediments collected from Ikpa River which receives rubber. effluent
and those vf one.of its-tributaries were determined.dyring wet and
dry seasons using atomic absorption specirophotometer. The lcvels
of all-metals in water from an effluent discharge point.in.Ikpa
River (Sy) and ravine water, down stream (Ss) .were higher than
those - from - upsiream ravine water samples (53 and.Sy). The
coefficients of variation of these metals were 15.05%% and 29.84%%
Jfor Ni; 54.99% and 48.19% for Cu; 59.38% and 68.43% for Mn;
28.35% - and -39.87%. for:Pb; . 47.79% and_ 118.49% for.Zn and
6.97% and 6.29% for Fe during wet and dry seasons respectively. .,
Similarly the degree of accumulation of .all-the metals at S; was

1.00 while variations in the degree of accumulation of these metals

occurred at other sites depending on ithe types. of.the metals and
the corresponding-sites..:.The health-implications.of. the presence
and accuniulation of these metals in the river and its tributary .on
man have been discussed based on national.and -internagtiongl
standards. |

. : - : TN {:‘L:l',_. ",5;1'
b e e INTRODUCTION, itore aei g ) aeeg M
As many diffcrent types of industries. are. being established .in

Nigeria, there is a growing.concern over the possible ecological ;..



E.D. Udosen, A.I’. Udoh and C.1. Ekong - bt e . 4230

d:stu:banccs the “wastes fromi thesc industrics arc creating. The
majority of these industries dré sited near natural water bodies and
their wastes containihg ‘inetals are often discharged directly or
indirectly into them (1).

The toxic meétdls (Ni, Pb, Zn ‘and Cr) can enter the
terrestrial cnvironiment via natural processcs such as rock and soil
wecathering as well as geothermal reactions. They could also be
introduced into the aquatic environment anthropogenically through
industrial processes and other activitics. All the above activitics
contribute dircctly or mdlr@ctly to increcase l::vcls of these metals in
tissues of living organisms (2).

When industrics discharge théir wastes into any aquatic

and /" or terrcstrial enviromments, the’wasics are transformed

dcpending on the nature of the: recciving environment ‘and the
prcvallmg coixlitions. For inctance, speciannn of metals may occur
in a reducing environment resulting in their casy absorption by
plants. Howcver, the concentration of these mctals especially -in
vegelables and fruits depends largely on factors such as inherent
qualitics of plants, trace clcment content of sediment and soil, -
geographical locnlmn as well as the usc of fcmhzers and
fungludns (3 " S e
- Trace metals trappcd by scdlmenls and thclr mub:l:tles and
rcactions in the sediments and subsequent uptake and distribution
in plants are therefore of criticdl importance jn-relation to man’s -
health. Streaun sediments appear to scrveé as the storage reservoir
and primary sourccs of heavy metal ' bio-concentration. -
However, mctals are not nﬂccssanly retained permanently by the

scdiment but can be recycled via bluluglcal nnd chcmlcal agants :
intc the water column. - w,

The study area
Ikpa River is a small perciial rainforest tnbutaxjr stream that is

located in the lower ridges of the Cross River in South Eastern
Nigerian. The stream has a main channel with a total length of - - %~
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53.57 kmn from its source in lkono Local Government Arca of
AkWwa Ibori’ State and d:schurgcs into the Cross Rnfer closc to
NWamba (Fig.'1). g,

- -* 1kpa River has a watcrshcd arca of Sl(ils:mz of wmch i

76111 (14.8%) of the' lower ridges is liable to ahnual flooding of the
friging low land. The® ° non-flooding zone of the upper'ridges
has a basin'aica of 440km® (85 2%) and mecan depih and width of
12.5m réspectively.” The éntire 'length of llic main channcl of the
" stream lies at the interface of two diflerent ' geological dcpo-uls
viz lcrllary scdlmcnt or mcks tmd crelaccous dcpos:ts (4)

s i Thaas Shl MATERIALS AND METHOD - 5 - vl
Portions of the sediments werc collected with a’core sampler.
Samples fros cach sitlc were then made into'composite samples -
and the wet samples put into metal-free brown calico bags, labelled
and taken to the laboratdry for firther tredtment and analysis.
Sampling was carricd out downstream .of ‘lkpa River
(S1), effuent dlsuim.rgc point (Sz), upstream (S;) ravine upstrcmn-
(S4), ' and ‘favine "downstream (Ss). Sampling "was catricd 'out
munthlly for tcn l’?nnlhs cuvcrulb dr}' and WEt scaboiis, 'f_*” ks il 4
LS P L S MRV TRIFLL 3 B -;-._:'_‘ gt
' Shiliple trehtmeént and analysis =~ ' 0 i e eniv 3
THe snl:nplcs were mr—dnbd and later oven-dricd at d lcmpcmlurc of
105°C "for” 6" ht 16 ’éliininate ‘undesigable malterials. “The: dried
* samples ‘'weré ' ground and’ lmmu;,cmzcd usmg ‘thortar and: pestic
bcfurc smvmg thrudgh &'2nun screén, v rREG b elarce wln.
s Each ‘sainple (1.0g) was weighed, into '@ bcnket (100cm?)
" and 10cmi? nitric acid was 'added. This was thcn héated'td' dryness:

" Thereafter HNO; (10cm®) and HC104 (3(: ) were added nnd lhc

solution heated to fume. ' Al L
i ‘"The’ samplc solution was’ obtamcd ‘by processmg, lhc
rcs:due w;lil hot' 6muUHCl (4(..1113) ’nnd then' fillered ‘and dllu{cd
"w:lﬂ wiler 1o 50cm This''solution was’ "then 'uscd ‘for mclal
determinations in 'Atomic Absorption Spectrophotometer (5).
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RESULTS AND DISCUSSION ... . ¢
The scasonal concentrations of the metals Ni, Cu, Mn, Pb, Zn und '
Fe and their cocflicicnts of variation are given (Table I, Eigs. 2 and
3). The first two metals exhibited very low - concentrations in
sediments when compared to Mn and Zn, which were high. Iron
exhibited the highest concentration in sediments. during -both.dry
and wel scasons with correspondingly low coeflicient. of variation
(Tables I and 1I). Lead levels at the five sitc varicd slightly during
both scasons as shown by the cocflficients of variation for wet
scason (28.35%) and dry scason (39.87%) (Tables I and 1I). .
However, although zinc levels were low, variations
between sites were high, being 47.79% and 118.49% respectively
for wet and dry scasons (Tables I and li) Ap.ut from.Ni with the
highest mcan concentration of 0.17ugg™ occurring at two sites (S,
and Ss), the other metals except Fe were less accumulated in S;
sediments. Similarly, the mean lcvels of these metals except Ni
were generally high in Ss site (Table 111). ;

- The concentration of metals at onc point in walcr could be -
influcnced by their concentrations at other. pumts and their
corresponding sediments: The concentration of Fe in a dischargcd
rubber ¢ffluent influenced the concentration of this metal in the
receiving water, which in turn could have influenced the level of
thé metal in the corresponding sediment. Fishes coukd. easily take
up this metal since most of their food is derived from sediment and
on consumption could be lethal to man, This is likely to apply to
other metals also present in the d:schargcd eflluent. . .: -

The results of analysis of the river sediments from ﬁvc

sites durmg wel and dry seasons show that mean levels of Fe were
37.28jigg™ in S;, 41 Sﬁugg in S3; 37.57 in Si; 40. 'Ei{ipgg"1 in S4
and 42.53pgg™ in S giving a trend of ;
Ss>5;>8;> S2> S (Table3). Fe levels in sedlmctlls ﬁ'om a.ll the
other siles were higher than the. levels of Fe iir S, sample. The
levels of Fe in aquatic lives including fishes are likely to be
afTected by the levels of Fe in these sediments. The metal levels .
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varicd more during the wet scason than in the dry scason (Tables I
and IT). The very high levels of Fe in S; compared to'S; sample
must have been due to contribution of Fe to this site: by’ the
discharged effluent. The mican 1€%cl of Fe in scdiment was higher
in site Ss than S4 duc possibly to the slow movement of the water
-and the possible high absorption ability of the- metals by this _
. sediment. Thus, the high Fe lcvels in Ss.'S3, Ss'and Ss sediment
suggest possible contamination of these sediments by Fe mectal -+
' The * mean ' seasonal - concentrations of Mn - in  the
-sediments from the five sites were S; (0.72 pge™), S (0.64ugg™),
"S3 (0.67pgg™), S4:(0.69uge™) and Ss (1.96pgeg™). The trend was
- therefore S5 > 81> S4> S3> S, (Table 1II). The concentration of
manganese was higher in S; 'sediment than in S; sediment. This
must have becen due to the contribution of Mn 1o the S5 scdiment
by urban runoff. *This suggests that the rubber efflucnt did not
contribute to' Mn contamination in the river. The mean scasonal
concentrations of Pb in sediments at S; and S4 sites were (0.37pugg” |
'), while the levels in S3,'S; and Ss sediments were 0.52ugg™,
L 0.52pge™ and 0.69ugg™ respectively (Table III). These. gave a
trend of Sy >8> 83> S =8, .7+ 17 Y T e el :
: ~*"‘Fhe level of Pb in Ss was significantly. greater than in
S3 sediment. This may mean that Ss sitc received more Pb-'laden
wasltes from Uyo metropolis and the ravinc,?whic};‘rcccivc mixcd
wasics from several sources including mcch_anic,f.'_wor_lgshops‘and
thc Universily of Uyo' medical centre. It was cstablished that any
polluted sediment should have much Pb deposit.in’ it {(6). The
prescnce of lead is still risky to life since fishes and other fauna arc
particularly very scnsitive to Iead and often retain- about 1% of
“ingested lead which' could taken up by man, - the ultimate
iconsumer (7). o o R . W T
R " The seasonal levels of copper in the scdiments from the
five sites were S; (0.42ugg™); Sz (0.16ugg™), S; (0.20ugg™), S4
(0.19ppe™) and Ss (0.51pgg™) (Table 111). Thesc gave a trend of S
> 81 > 83 > 84 > S3. The source of high copper Ievel in Ss may

' 3 .
L T B o L
b
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have: been natural or anthropogenic or a combination of both. The
high level-in S; suggests a contribution of copper .by the:factory
cflluent to the sedimcnt. Runoff: from-town could . have also

introduced wppcr to the river and lhc sednnent cuukl llave trapped
this. . - ' SR

: The mean scasonal levels of N1 in thc river. sedunent from .
the five s:lcs were Sy (0.17ugg™); Sz (0:.16pugeg™); S (0. 14pgg™); o

S4 (0.14pgg™) and Ss (0.17pugg™) (Table:1M).<These gave the trend
S1 =85 > §, > §; = S4. The degreé of variation in the nickel levels
in the sediments from the. five sites during wet: and dry-seasons -
were 15.0% and 29.27% respectively. This may have bcen dua to -
Ni present.in the eflluent in addition to natural occurrence. - T

Generally, the prescnce of these metals, cspecmlly tln::r-

salts in the cnvironment is risky since these salts arc poisonous (8).
. When discharged into a river, the metals can enter tho food chain, -
become bio-accumulated 'in- fish and later bio-transferred to man,

the ultimate consumer of fish (1). This metal could become a threat -

to aguatic lives particularly fishes, whlch happcn lo take the bulk
of their food from scdiment. 3

The consumption of Pb in high concenlrdtmn could result .
in - the dcndcnmg of  nerve receptors, :decline’ . intelligence in

children, iwpairment of hair, red blood nucleotide metabolism, - -
pcrturbntmu of calcium homeostasis in the: hepatocytes, and bone .

cellss Generally, acute Pb poisoning: causes stomach: pains, . -
‘headaches, tiredness, lassntudc, d:zzmcss. -anacmia, Lremor, fauguc -.

‘constipation, neuritis, seizures, gencral- -weakncss, msamma, S
hypertcension, -renal dysfunction, sperm count supprcsmon -and in -

-severe cases coma and death (2 and 9). +=i - - - _
et The high levels of Cu recorded in lhc samples muki bc b
absorbed Ly plants and subsequently. transferred Jo-animals and -
man. When taken in cxcess the mctal could”lcad .to mucosal

irritation, ' nausca, vomiting,' -diarrhea, : -intestinal cramps,: sovere

ca;nllary dumagc hcpat ic or mnal dmmge ‘and of course NEryous'i

' sear gl y At = 10



Variations in tracc metal levcls L 4235

i

system irritation followed by depression. Possible nccrolm changés "
in the lwcraudkldlmymuldnlsonccur(lﬁaud 11}~ '

, Iron iy an esscutial clement in human nulntmn (12)
However, iron could also present serious pollution pmblems wheii -

' available in high concentration.’ Above 0.3mg/1 it could result ina . -
condition known as hacmochromatosis .whercin tissuc damage

rcsulis from its accumulauon Sinall children have becn poisoned - -

following the ingestion of large quantitics of iron tablcts (13). "~

Consumption of éxcéss amount of Mn could lcad to cardiovascular
mortality (14) Absorbed Mn lcaves the blood stream quickly and
concentrates in the liver. When Mn concenirates in the liver, it -

conjugates in the liver. There might be an association between Mn - .
deficiency and disorders such 88 anacmia aml abnnrnmhucs in.. -

duldren (15).

Ni in some forms is l;kcly to be carcmm,cmu in human
cven though clinical or cpidemiological studies were not available -
on the effects of oral ‘ingesfion of Ni (16). According to them in -
addition to evidence of statistically su,mﬁca.nt clcvaimns of
respiratory cancers among " refincry © workers, very " high
concentrations of this. metal have also been. recorded .in the liver,
kidncy and brain of humans. This prcsupposes: that Ni could
- accwmnulate in tissucs’ of organisms with high mctabohc actmly ,
whenever it occurs in cxcess.
: Exccssive : infake of. Zn may lcad I.o vonnlmj,, :

dechydration, clectrolyte imbalance, .abdominal * pain,  nausca, - -

lcthargy, dizziness and lack of muscular coordination (1'}') Acute
renal failure caused by zinc chloride has been reponnd :

A 3 .' %
: :.'

. CONCLUSIDN : -
All metal levels except Ni were higher in Ss sedlmcnts than S,
sediments indicating probable -contribution of somc amount of -
these metals by anthropogenic 'sources to the Ikpa River tributary
(ravine strcam). Fe was found to be exceptionally high in Ss during
. wet scason indicating the presence of large amount of Fe in the

L]
"
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Table I. Levels of metals iu scdiment (ugg™) during wet seasun
snd their cocflicients of varintion.’

Metal b_{ b; S_g 54 Sa - S.D g CV X
Ni ° 0.297 10.234 ]0.211 ]0.2008 | 0.239 | 0.238 | 0.036 | 15.05 |
Cu 0.723 | 0.224 | 0.298 | 0.302 ‘| 0.736 | 0.457 | 0.251 | 54799
Mu 1.095 [ 0.820 | 0.744 | 0.715 2.317 ]1.138 ] 0.676 | 59.38
PL 0.816 | 0.459 | 0.816 | 0.502° | 0.875 | 0694 | 0.197 [ 28.35
Zn 1.856 | 0.591 | 0.937 | 1.164 |[2:116 | i.333 | 0.637 | 47.79
e J40.30 | 45.174 39 23 472, 562 46.496 42 36 2.99 6.97
Table 11. Levels_of metals in scdimcnt {p,gg ) durmg dry seasoun. -

and their cocflicients of variation. .
Metal 3 S, S, Sq S X S.D CcV
Ni 0.045 | 0.072 | 0.076 | 0.081 0.109 | 0.077 | 0.023-] 29.84
Cu 0.122 | 0.111 | 0.095 | 0.148 0.275 | 0.150° | 0.072 | 48.19
Mn 0.349 | 0.461 | 0.587 | 0.655 1.599 | 0.730_| 0.499 | 68.43
'L 0.292 | 0.275 | 0.221 ] 0.232 | 0.522 | 0308 | 0.123 - | 39.87
n 0.407 | 0413 | 0.26) | 0.565 2.704 . | 0.870 | 1.031 | 118.49
I'e 33.759 | 38.544 | 35.89 | 39.36 | 38.55 | 37.22 |2.34 -| 6.29

‘Table 111. Mcan seasonal levels of mctals in sedinent (uge™)
and their degree of accumulation (in parenthesis).

Melal S 53 Ss S4 Ss

Ni 0.17 0.16 0.14 0.14 0.17

- |q.00) [(0.24) | (0.82) | (0.82) (1.00)

Cu 0.42 0.16 0.20 0.19 | 0.51

' (1.00) 1(0.38) |(0.48) |(0.45) ° | (1.21)

Mn 0.72 0.04 0.67 0.69 1.906
(1.00) {(0.89) |(0.93) | (0.96) (2.72)

b 0.55 0.37 0.52 0.37 -.- | 069
(1.00) (0.67) (6.95) (0.67) 1.25)

Zn 1.13 1.00 059 - | 0.86 2.41
(1.00) | (0.838) | (0.52) (0.76) * * | (2.13)

Fe | 37.28 41.56 37.59 40.96 - 42.53 i
(1.00) (L.1D) (1.01) - }(1.09) (1.14)
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runoff ﬁ'om town and Utnvers:ty of Uyo ravine. The accumulation

of all these metals in all the samples supports the gencral view that
sediments are not just traps or sinks for trace mectals, but their

rCsServoir.

B Wer xeasan
L ey scasen

RMicials e .

Fig. 3. Mecan scasonal coeflicient of variation of In-:.tals in the
sediment during (a) wet season and (b) dry scason.
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