J. Sci. Engr. Tech. 5(1) 982-994, March, 1998 '

LEVELS OF TRACE METALS IN SEDIMENTS
FROM QUA IBOE RIVER AND ITS TRIBUTARY
Essmn D. Udosen -'
Dept. of Chemistry and: Bmchenustry
University of Uyo Nigeria '
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'Ihe o'evels' af ﬁve trace. mezals‘ (Pb Sb C'd. Ca and Cu) in
the sediments collected from Qua Iboe River and those of one of its
tributaries which received a battery effluent were determined using,
atomic absorption spectrophotometer.. Levels -of. .all .the .metals
downstream of -both. Qua Ilboe River (QIR!):and. its tributary
(ATS1) were higher.than those upstream (QIR2 and AES"?) except
Cd which showed an almost constant concentration,in.all the. sites
(0.44 - 0.49 ugg-2). The degrees of accumulation of these meta!s
in the main Qua Iboe River and its fr:butary were compufed 3

]NTRODUCTION :

i As many different types of mdusmes are being established in
Nigeria, there is a' growing concern .over . the; possible .ecological
disturbances the wastes from these industries are likely.to. create.
Since majority of these industries are located near natura. water
bodies, their wastes containing metals and non metals are often
directly or indirectly discharged: into them. :The introduction of
metals into the environment by anthropogemc activities is well
documented (1 and 2). The fate of trace metals such as Pb, Sb, Cd,
Co and Cu in the aquatic environment is of great concern owing to
their impact on the entire ecosystem. This is particularly true of -
slow-running streams which receive non-point municipal and
industrial discharges from cities and towns.
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Usually, the metals in aquat:c senvironment !’ can.be:
accommodated in three basic reservoirs:: water, sediment; and:biota:
(3). The biota reservoir is -particularly.’important “as . OIganisms:
adversely affected by water:pollution in turn; adversely : :affect; their:
consumers. Acmrdmgly since the biota reservoir is sma.ll,compa.l:ed;
to the water which in turn is smaller than the sediment reservoir, 'it
follows that most of the metals in a‘stream_or river at any point in
time reside in the sediment. Stream and river sediments act as sinks
or traps for metals carried.into. them! by feeder tributaries (4).
Meyerson et al (3) however regard sediments not; merely as sinks:
but reservoirs which may either concentrate metals from:the water;
or release metals to the water. Thus, stream :andiriver, sediments:
appear to serve as the storage reservoirs; and: primary;:SQurces of
metal biocencentration. : Stream sediments’ adjacent to” ar;sanitary;
landfill contain high levels of Ag, Zn, Cu and (Pbimetals; compared;
with samples not affected by the landfill (5)..:Whitton :and Harding;
(6) also revealed the enrichment of sediments with:Za and Pb-as’a;
result of urban and industrial pollution in SouthernLake;Michigan.:
In the Pb - Zn-belt of:Benue Trough in-Nigeria, i Olade:et.al: (7):
secorded levels of Pb up to 10 - 999 ppm while Voogt et al (8)
dmm that the sediment in' Jintsu . nvenm vIﬁpmearkng

- contained . up to Mmg\edﬂme *v.a..rherv.-.wfb&i the: river water
wmﬂyg mm ] i L3 10 ouig NS
from health. hn.zurds anq samtarjmnmsaqce} water,
Mmqouldleadtosevm nnm:candsocmlconsequence,s
For ' instance, - there « have . ~.general -discontentment; ,and:
clashes between some ml companies and citizens of dkp,
and. Uquo Ibene-in Akwa Tbom State. nf Ngena over the;pnllut:on
#‘Mﬁmmﬂmmﬂm JII-A'-! ,..;-E)fniui- :0 E"f!;)‘(}r‘
| Qua Iboe River:is‘one of the most important watecway;;m
- 'théé . gouth ' eastern *part ~of  Nigena.: ‘It . traverses) 'many.; Local
; mmt Areas in Abia and Akwa Ibom States before emptying
intc the Atlantic Ocean via Bight-of Bonny. It therefore.means; that
Iboe River and its tributaries are the major. sources:of water. for
inbabitants of thé Local Government Areas through which they
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traverse: The: dumpmg of industrial wastes'into this riveriorfany of
its - tributaries could be dangérous ‘not: only. to' therimmediate
nﬂghboumoftheaﬂ'ectedwa:mysbuta!aotomhabnams
downstream - s.mce *:most ~‘of the pollutlonsf are"bound to flow
downwards AT S R e Splins ]

Sk ¥ '. 1! -'r-r- i‘_ _‘.

MATER]ALS AND METHGD
Portions of the sediments were superficially collected by
_hand (9). These were made into composite samples at each site and’
“the wet samplesputmtometnlpﬁ*eebmwncahwbags, laballedand
taken to the laboratory for- further treatment and analysis.
© *““‘Sampling' was carried out upstream (QIR?) 'and ‘downstream
(QIR/) in Qua Iboe River: In Atan stream (a tributary of Qua Iboe
Rwer)whmhrmvedthqbatteryeﬁuem, sampling was carried out
at’ three' sites: upstream ‘(ATS?), 'downstream  (ATS/) and 'before
effluent discharge point (BPD). (ATS2) served as the baseline site,
being the headwater of Atan stream (Fig.-1). Samphngwascanled
matmonth!yfortmmnthscovenng andwetsensons.

Sample Treatment and Analysis. '

The samples were -air-dried -and later oven-dried at a
temperature of 105°C for 6 hours to ' eliminate - undesirable
“materials. The dried samples were d13aggregated and homogenised
using..mortar and pestle before- -sieving through .a 2mm screen. The
homogemsed samples were thm s&bsecuoned for metal analyms

(10).

Each sample (1. Og) was digested ‘twice under reﬂm: with
2.0cm? of analar grade nitric md(m¢0313nd40m30fhydmgm
peroxide (H30,). Aﬁertheseconddlgesnon,thesotuhonwasleﬁ
to‘evaporate to dryness using a hot sand bath. The sample was later
‘dissolved in 1:1 HCI (2.0cm?) and diluted to' 100cm?® with-ultrapure
waterbeforeamlymngforthemetalsmaﬂame&om

Ahsorpuon Specu'ophotometq
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The concentrations of these metals obtained in;ugg on'a .
dry weight basis were multiplied by the' dilution factors:Procedural
bjanksi were also prepared and analysed for:the. mmmmetala.mThe ;
detection limits in parts‘per million (ppm).for- the -metals -using the
instrument were Pb (0.01), Sb (0.035), Cd (0.001), Cu'(0.004) and
Co (0.005). Recoveries carried out on the test:metals;were: a.bove

i Y r"\

98%. m)nﬁmung the rehab:hty of the method used A T i S la

RESULTS AND DISCUSSION
e seasonal concentrations of the metals Pb Cu, Co Cd ‘o
and Sb\ their coefficients of variation are given (Table 1, Flgs .
and 3). The last two metals exhibited very'low concentrations in the
sediments when compared to Cu and Co whichiwere high. Lead
exhibited the highést concentration in the sediments during both dry |
and wet seasons with correspondingly high coefficients of variation,
(Table 1, Fig. 3).' Cadmium levels at the five sites varied slightly .
during both seasons as shown by the coemclents of’ vanatlon for
dry season (3.91%) and wet season (5. 16%) SV daka Bl 4
owever, although antimony levels .were: low, yanatIOHS-:,-
between'sites were high, being 61:62% and 73.81%: respectively for. .
dry and wct seasons, although relatively lower than those for cobalt. .
(109.25% : qnd 107.91%) - respectively ‘(Table.1). Apart from .Cd .
with the. h;ghest mean concentration of 0.48 uggrl occurring 'at
three sites (ATS2, ATS! and QIR!), the other four: meta.ls h.adlheu‘;
highest mean levels at ATS! site (Table II).. to ;
The metal levels in the sediments between mte pa:lrs have_-=
been compared using student's ' t-test = (Table . III). ; Mean |
concentrations of Co ‘was not'significantly different between ATS?
and BPD. However, mean concentrations of Pb, :Sb, and Cd were
significantly higher at ATSZ2 site than BPD. site < (Table »III).
Cadmium was the only metal in whiéh its-sediment levels at ATS2
site were not isignificantly different from those ‘at: ATS!site. For the
other metals: ATSI levels were the . oulymetals,mthnut Slsmﬁcant '
differences between their ATS2 mean levels and those at QIR site.

985
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‘Only the mean concentrations of lead and copper were higher at
BPD site than at ATS?2. site.:The degrees of accumulation ofl these
metals in the sediment samples:over the baseline values indicateu
that all metals were highly accumulated at ATS! sediments (Table
IT). Expectedly all other metals.except Cu were less accumulated, in
BPD sediments. Similarly the levels of these metals except Cu were
higher in Q]ERl and in QIR? sites (Table II). :
“The concentrations of metals at one point in water could
Jnfluence their concentrations! at ..other pomts and their
corresponding sediments. The CGncentration of Pb, in a discharged
ba_r,teu:)L effluent influenced thie concentration of this metal in the
rece;wng water which in turn could have:influenced the level of the
metal in the corresponding. sediment (II). Since fishes derive most
of their food from sediments, this metal could easily be taken up by
them which on consumption by man could be lethal. This is likely to
apply to other metals also present in the discharged effluent.
- The results of analysi§ of stream and the river sediments
from five sites during dry and wet seasons show that the mean
‘levels of Pb were 40.37 ugg-l in ATS2; 60.14 ugg' in BPD;
740.80 pgg-! in ATS1 400.15 pgg-l in QIR! and 178.55 pugg-! in
QIR2 giving a trend of ATS! > QIR! >QIR2? >BPD > ATS2 (Table
II, Fig. 1). Pb:levels in the sediments in all the other sites were
higher than the levels of Pb in ATSZ samples (P <0.001 in case)
(Table III). The levels of Pb in- aquatu:: lives including fishes are
likely-to-be-affected by the levels inthese sediments. The lead level
- in QIR! must have been influenced to some extent by the levels in
QIR2 and ATS! sites.”The metal levels varied more during the wet
season than dry season (Table 1).. The very high level of Pb in ATS! .
sediment compared to the level in BPD sample must have been due
‘to ccrntnbuuon of Pb to this site by discharged effluent. The level
must| have been higher in-ATS! than QIR! owing to the slow
- moveément of the “stream water and the. possible high absorption
ability of the metals by these sediments. The high Pb-levels in ATS],
QIR1] QIR2 and BPD sediments suggest pOSSIble contamination of
these sediments by lead metal.

- 986
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The mean seasdnal . concentrations of Sb,in.the, | g
from the five sites were ATS? (0.91 uggl), BPD (0. 31 pgg'l), '
ATS! (1.40 pgg!), QIR 1 (0.54 pgg!) and QIRZ (0.38 pugg ). The
trend was therefore AT$! > ATS? > QIR! >.QIR2 > BPD, ((Te able I,
Fig. 1). The concentration. of -antimony . was, higher: in:'ATS!
sediments than in ATS2? sediments . but.. wrpnmngly the
concentration in ATS? \sedunents was higher than in, QIR!. The
former must have been due to the contribution ‘of Sb to.th ATS!
sediment by the, battery effluént:. in addlt:lon to' qontnbu?eljtm by
runoff: and whereas A1S2 sediments were mﬂuenceﬁl by: town -
runoff, QIIEIJl §ed1ments were not,) Th;a];xpl,mm why 'Sb -le
ATS? sech{ ent, was . higher than  inf 1 sediment:; n
_seasonal cong énirgtmns gz‘i Cd in the. s&dm:enta at ATSz “A"I‘Sl ]
were all the same (0.48 ugg'), while: the levels in/ Ql;K2 and BPD
sediments were respectively-0.45ugg---and 0.441igg*! (Table II).
‘These gave the trend ATSZ = ATS!'='QIR! > QJR2 >BPD.. ).. Thé ,
level of Cd it ATS? sediment was significantly, greater than ﬁr»BPD
“$ediment. This may mean that. ATS2 site received more Cd-
.wastes.from the town and the governmeént reserved areas (
through which the stream traverses; Voogt et.al (8) had estahhabed o
that.any pplluted sediment should have much Cd deposit on it. The
‘presence of cagmuum’is still risky. to life since fishes are particularly
very sensitive IID cadmium and often retain about 1% of mgested -
cadmium whic goul#\be taken. up by man, the consumer (12)~

. The seasonal levels of mbalt in the sediments from ﬂ:e ﬁve
sites:were ATS-2 (6.10 pgg!), BPD (6.00 ugg™!);, ATS! (64.00 1
: g%e) QIR! (40.00.pugg ) ‘and QIR2 (6.14 ugg!) (Table:1).. These
gave the trend ATS!> QIR.I} QIR2> ATS2> BPD. The source of
the high:'leyel of . €d in- QlRl -may have _been' natural or
' anthropogemc or'a! combination’ of ‘both, The 'high-level in ATS‘
suggests ‘a contribution .of-cobalt by the factory effluent: to_the
sediment..Cobalt could be easily introduced anthropogmcaﬂy into
af-zepuiiiReent. _through ' its.  application " jn - agriculture’ as
_W&om‘th&wmmdmm@ﬂew
intdithe streangand this'coufd be taken up by the wdl#.

987 .
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The seasonal levels of Cu in the river and stream sediments
from the five sites were ATS2.(15.00 ugg!) , BPD (17.97 ugg!),
ATS! (25.00 pggl), QIR! (14.55 pgg!) ‘and QIR2 (17.23 uggl)
(Table 1). These gave the trend ATS! >BPD>QIR2>ATSZ}QIR1
(Fig. 3). The degrees of variation in copper levels in the sediments
from the five sites ‘during dry and wet seasons were almost the
same, being 23.34% and 23.55%' respectlvely This may have been
from Cu prcsent in paint ngments employed in decoratmg buildings
and machines in the factory in‘addition to natural occufrrence.

Generally the presence ‘of these metals’ especnally their salts
in the environment is risky since these’ salts*are po:sonmxs (13).
When discharged 'into water, the mietals’can enter the food chain,
become bmaccumulated in fish and later biotransferred to man, the
ultimate consumer of fish. By being differentially accumulated in the
sediments particularly in ATS!, QIR! and QIR? sites, these metals
could become a threat to aquatic lives particularly fishes which
happen to derive the bulk of their food from sediments. When fishes
and plants obtained from these sites are consumed by man, ailments
associated with these trace metals could be contracted. 0.29-mg/l1 of
Cd, 0.1 - 3 mg/l of Co, 0.5 - 5'mg/l Cu and 3 - 20 'mg/l of 'Pb are
toxic to plant (14). Similarly 3 - 330 mg/day-of Cd, 500 mg/day of
Co; 250 mg/day of Cu; 1mg/day of Pb'and 100mg/day of SbB are
'toxtc to man while 1.5 - 9g/day of Cd and 10g/day of Pb are lethal
to man. There have been documentations’ of the eﬂ'eqts of these
metals in man (15, 16 and 17). SR

The consumpuon of Pb-in high concentration could result in
the deadening of nerve receptors, impairment. of haeme, vitamin D |
and red blood nucleotide metabolism, perturbatmns of : calcium
hoinwstasls in the ' hepatocytes, bone * cells "and ‘brain  in
asymptomat:c children. Generally, .acute Ph poisoning causes
stomach pains, headaches, tiredness, lassitude, dizziness, anaemin,
tremor, irritability and in severe cases coma and death. Since the
effects of this metal are often cdmulative, the high levéls recorded
in the sediments could lead to any of the above ailments after
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continuously eonsummg lead-eentanunated “fish ¢ and!er plants
(Table 1). R o I :

Anumony eeqld present séneus pellutmn preblem when
available in-high concentration of up to 0.5 mgfl and apart from
beihg toxic to the heart and capable of eausmg sudden death in
laz;ge doses it also damages the kldneys (18)"

The accumulgtion of Cd in these sedn;nents is expeeted to
affect the fishes and plants in that water and’ when qonsumed by
man, several ailments. s,-’ueh Aas _severe k1dn and liver damage,
hyperglycaemia, protemuna, glucosuria, ‘amin aeld uria, brunclutls,f
prieumonitis, hypertensmn anaemia and emphysema result (19, 20).

Consumption of excess amount of Cg. could lead to heart
disease and. increased red blsod. cells. Cobalt. e/ould ‘also initiate or
promote carcinogenic activity in animals (2).- ‘Since-Co’ levels are
relg.twely high, plants growing on the sediments a.re;llkely to absorb
the metals and-subsequently get it transferred tp animals and finally
$6.man - who is‘ét-the end of the food chain (Table 1).:

. The high levels of Cu recorded in the samples’could be
abserbed -by_ plants and subsequently transferred to animals. and
man; and when taken—in-excess the n;eta,l could lead to mucosal
irritation, nausea, vermtmg, dmrrheea., 1ntestma.l cramps, severe
gastrointestinal irritation, widespread capillary’ damage, hepatic, or
renal damage and of course nervous system irritation followed by
depression. Possible neeretle changes in‘the liver. ancl kldneys could
- also occur (19 and 21.). ) :

CONCLUSION

All rnetai l:gvels except Cd were h1gher m ATS‘ sediments
than in ATS? sediments-indicating’ probable contribution of some
amount of these metals by anthropogenic sources to-the Qua Iboe
River tributary. Lead was found to be exceptionally high in ATS!
samples threugheut the seasons indicating the presence of large
amount of lead in the discharge effluent. Since ATS! was a site few
metres away from the discharge point, it also means that a good

989
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Table II: Mean seasonal levels of metals in the sediments (pgeg™1) and their
tion (in parenthesis).

dcgrees of accumula (in |

ATS BPD ATSI | QIRI | QIRZ
Lead (Pb) 40.37 160.00 | 740.80 | 400.15 178.55
(1.00) (3.97) (18.35) | (9.9 (4.42)
Anthmony (Sb) 0.91 0.31 1.40 0.54 0.38
(1.00) (0.34) (1.54) (0.55) (0.42)
Cadmium (Cd) 0.48 0.44 0.48 0.48 0.45
(1.00) 0.92) (1.00) 1.00) (0.94)
Cobalt (Co) 6.10 6.00 | 64.00 40.00 6.14
(1.00) (0.98) (10.49) | (6.56) (1.01)
Copper (Cu) 15.00 17.97 25.00 14.55 17.23
(1.00) (1.20) f(?-f'.'é‘}'] 5 --(0.97) ] (1.15)

Table IIL Comparison of mean metal values in sedument hetwee:a site palrs

usmg student's t-test.

Metal Site Pair Level of | Difference
Significance between sites
Lead (Pb) ATS “and BPD P < 0.001 BPD >ATS#
w o aTsl P < 0.001 ATS1>ATS2
ATS12 and QIR P <0.001. QIR > ATS2
Antimony (Sb) ATS?2 and BPD P <0.001 ATS2>BPD
< ATS?2 P <0.05 ‘ATS1>ATS2
" " QIR P <0.05 QIR > ATS2
Cadmium (Cd) " v BPD P < 0.001 ATS>BPD
w w aATSl P > 0.050-8 ATS2=ATSI
: " e QIR P > 0.050-S ATS2=QIR
Copper (Cu) " " BPD P < 0.001 BPD > ATS?
w v aTsl P < 0.001 ATSI>ATS2
= * OIR P > 0.050.8 ATS2=QIR
Cobalt (Co) w <% BPD P > 0.050-S ATSZ2=BPD
» & _APD P < 0.001 ATS1>ATS?
" " QIR P <0.001 QIR > ATS

991
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Fig. 1. Map of Qua Iboe river and Qrar::"':ﬁ't;-éﬂr'm slpomng sampling sites and
the sunshine batteries factory location. ATSIS! after point discharge of
Sactory effluent; ATS? = upstream; BPD = bqfar# point discharge of factory

effluent; QIR! = Qua Iboe river downstream; QIR?

upstream; SBL = Sunshine Batteries Ltd.
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Fig. 3. Mean seasonal coefficients
of variation of metals in the
sediments during (a) Dry season
and (b) Wet season
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