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Abstract: This work investigated the heavy metal pollution effluents from three food industries within On#sin
Anambra State, Nigeria. The wastewater samples amakyzed for heavy metals using Atomic Absorpmpectrophotometer.
Results showed that the mean levels of all the yheaatals were above the limit allowed by the Nigdfederal Ministry of
Environment in industrial effluent. Concentratiasfsheavy metals obtained were higher in the drs@edhan in the rainy
season. Hg in the effluents were in the order éé4Golden<Savanna (rainy season) against the valoisned in the dry
season of Life<Savanna<Golden. Two sample paitegttshowed that the mean levels of Pb, Cr, Asaftl Zn were not
significant (p>0.05) between rainy and dry seagoralysis of variance showed that apart from arsethie concentrations of
Hg, Fe, Pb, Cr, Cd were not significant (p>0.05ewhhe effluents were compared to each other. Nesless, the pollution
index of the heavy metals showed significant paluby these toxicants.
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1. Introducti environmental focus especially during the last desa
- Introauction Heavy metals including both essential and non-égden

The untreated industrial and municipal wastes havé&léments have a significance in ecotoxicology, esithey are
created multiple environmental hazards for mankindighly persistent and all have the potential totbec to
Effluent discharges from the industries are worliday VNG organisms (Storelli et al, 2005). Heavy nistsuch as
sources of potential pollution (Ajao, 1985). In i, the COPPer, iron, chromium and Nickel are essentialafsetince
major sources of heavy metal pollution are indastri hey Play an important role in biological systemsjereas
effluents discharged from various processing imiestThis ~ cadmium and lead are non-essential metals, asarieetpxic,
increases the influx of metals, which can be trartgpl by ~ €Ven in trace amounts (Canli and Atli, 2003).
wind, and water, thus become available to plantsammals. ~ Heavy metal pollution is a problem associated wiftb
These heavy metals attain a higher concentratiom a ar€as of intensive industrial activities (Kolodyask010),
accumulate in dangerous quantity in different péapart and ~ T0mM where untreated effluents are introduced ithe
finally pose serious health hazard to human beargs the ~€nvironment. The effluents usually contain toxictaie like
animals through biomagnifications (Ray, 1990). cadmium, mercury, silver, lead and others like zitwpper

Among the environmental pollutants, metals are ofand Nickel which are toxic at elevated concentrati(Sunda
particular concern, due to their potential toxideef and ~and Huntsman, 1998; Chojnacka et al., 2004), wileey
ability to bioaccumulate in aquatic ecosystem (Censal., ~ Percolate into the ground water, cultivated crops pose a
2006). Studies on heavy metals in rivers, lakesh fand significant threat to human health and ecologicadtems

sediments (Ozmen et al,, 2005; Fernandes et €8;ote  (Najafia etal., 2011).
et al, 2008; Praveena et al., 2008) have been jarma Industrialization, no doubt, develops the world anakes

life better through creation of wealth and emplopine
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opportunities. Ironically, human lives are beingntad by the  stock — solution was prepared 1,2,3,4 and 5 ppeacii metal
huge volume of wastes emanating from these indhsstri for calibration study. Concentration of the workingnges
especially when they are discharged into the enmient were obtained by diluting an appropriate volumehef stock
without proper treatment. Local impacts are paldidy  solution. The concentrations of the metals wererd@hed in
obvious because these wastes are generally getherat@n air acetylene flame using Atomic Absorption
throughout the year giving no room for the envireminto  Spectrophotometer (AAS) UNICAN Sp 1900. The equipme
recover. Many of these food industries dischargeirth was previously standardized and corrected for backgl
wastewaters directly into rivers, streams or inp@ro gutters  metal impurities using a blank determination.
causing serious environmental problems. The bassaei )
according to Chukwu, (2008) is how industrial depehent  2-3- Analysisof Data
can actually take place without necessarily desigpyhe
environment. This is the import of evaluating the
environmental impact of effluents from industries.

Ideally, citing of industries should strive a balan

Means of triplicate readings obtained in this waevkre
subjected to statistical analysis using statistjtkage for
social science (SPSS version 20 computer softwarsge if
! - | A there were significant difference in the mean Isvel the
between socio-economic and environmental considesat heavy metals between the two seasons and to ez iiean
but here in Nigeria , this is not the case asgithindustries . ncentrations of the heavy metals varied amongthree

is determined by various criteria, some of whicte ar itterent effluents monitored. Significance was emted at
environmentally unacceptable, thereby posing sertbeeat 1o p<p 05 Jevel.

to public health. It was against this backgroundt tthis
work was initiated, to assess the heavy metal potiuof 3 R It
effluents from three food processing industriesOnitsha, - RESUILS

Anambra State, Nigeria. The result of the mean concentrations of the heastals

in the effluent samples from the three food prooess
2. Materialsand Method industries within Onitsha area of Anambra Statedth rainy
and dry seasons compared with the Federal Minisfry
Environment effluent limitation guidelines are prated in

Wastewater samples are collected from three differe 12ble 1. Again, figures 1.1-1.10 represent the mewels of
food industries within Onitsha area of Anambra &tat the heavy metals by season and location.
Effluents were collected at one month interval frdme-
September 2010 (rainy season) and October 201@uada Zinc
2011 (dry season). Four months rainy season and fou
months dry season for easy comparison. A total ighite

sampling trips were made in each of the food inikest The

wastewater samples were collected at three diffespots o

along the effluent pathways from the point of dage (R) ‘ R

to 60 meters away from the point of dischargg. (P ‘ mowisson
The first sample was collected from the point afctiarge .

(Py) of the effluent, another, at 30 meters away friira :

point of discharge (), finally, 60 meters away from the 0
point of discharge (f, making a total of three sampling
spots per food industry per month. Effluent samplese
also collected along the Savanna effluent pathwayha Fig. 1.1. Zinc level by season and locations
point of discharge only, (P before Life Breweries effluent
and Savanna effluent coalesced at a point. Lead
Samples were collected using a 2-litre plastic ametr

with a screw cap. The container was initially wakhéth *
detergent, rinsed with distilled water and at th@np of :
collection, it was rinsed three times with the skaripefore 3
collection. :
W Rainy Season
2.2. Determination of Heavy Metal ) . T

2.1. Sample Collection

Conc mg/l

Conc mgfl

Each wastewater sample was wet digested with a 2:1 o
mixture of nitric acid and perchloric acid. The @ted sample 0
was evaporated to almost dryness and then madz 1@0Om|
with distilled water. 50ml of standard solution different
metals were prepared from their respective saltsmFeach Fig. 1.2. Lead level by season and locations
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4. Discussion

Table 1 showed that copper and Nickel were nototkden
the dry season in the three effluents monitored, vere
detected in the rainy season. This could be atétbto the
fact that these heavy metals were concentratechenafr
around the food industries as sprays or dropletaglthe dry
season, and with the arrival of rain, they werehgdsdown
through precipitation and mixed with the effluedégding to
increase in the concentrations of these heavy satathe
rainy season. This was in line with the findingsSafigare et
al., (2011) who reported that Nickel is releasdd the air by
power plants and trash incinerators and will settiethe
ground or fall down after it reacts with precipitais.

Values obtained for these two heavy metals in #ieyr
season were within the limit set by FMENV, (199%¢ept in
Life Breweries effluent (copper) and Savanna efftue
(Nickel). Arsenic appeared in the concentratiorat tivere
within the effluent limit while Zn, Pb, Hg and Feaurred at
concentrations higher than the effluent limitatiguidelines
recommended by the Federal Ministry of Environniarl|
the effluent samples monitored in both seasons.

season) was higher than Pb values (0.034mg/l) texgbdoy
Oguzie, (1999) for lkpoba river. Vasudevan and uenari,
(2000) reported that Pb inhibits red blood cellyane systems,
and can displace calcium in bone to form softersdesports
which according to Underwood, (2002) activates aipst
containing enzymes, allowing more internal toxidilgm free
radical chemicals and other heavy metals.

Cadmium levels were highest in effluent sample from
Savanna (dry season), followed by Golden efflueatng
season).The least mean value of Cd was obtain&biden
effluent (Dry season), which was within the alloveab
limited (FMENV, 1991). (Table 1). This was in lingth the
findings of Oguzie and Okhagbuzo, (2010), who regabr
low Cd levels in effluents discharges of IkpobaerivThis
not withstanding, statistical analysis showed thatre was
no significant difference (p>0.05) in the levelstobis heavy
metal between rainy and dry season. Cadmium adyerse
affects several important enzymes. It can causafydai
osteomalacia (bone disease), destruction of reddbkell
and kidney damage (Odo and Kolawole, 2011).

The total mean levels of arsenic were observed €o b
higher in the dry season than rainy season inefflsamples

Mean concentrations of Hg, Fe, Cr, and Zn (excepfom Life and Golden, though it appeared in coneitns

Savanna effluent) were lower in the rainy seasan th the
dry season in all the effluents monitored. Thislddwe as a
result of dilution through precipitation or leachimway of
the metals by flood into the receiving water bodies
Figure 1.1 showed that Zn recorded values that \wigjie
in the three effluent samples monitored in botlssaa when

that were within the limit recommended by the Fatler
Ministry of Environment (FMENV, (1991) in industtia
effluents to be discharged into the environmentbl@al).
Two sample paired t-test showed that there was no
significant difference (p>0.05) in the total meawédls of this
heavy metal in the effluent samples between ramy @ry

compared to the values recommended by the Federglagon, nvestigation showed that a severe poigaronld

Ministry of Environment (FMENV), (1991) in indushi
effluent (Table 1). Highest value of Zinc was obtal in
Savanna effluent (rainy season) while Golden efflugad
the least mean concentration of Zn in both seasdmang
all the heavy metals, Zn is the least toxic andeetssl
element in human diet as it is required to maintdia
functioning of the immune systems. Zinc deficiency,
according to Ladipo and Doherty, (2011), in thet dimy be
highly detrimental to human health than too muchiZthe
diet. Again, Kola et al., (2009) reported that Zrone of the

arise from ingestion of a little as 100mg of arseas a result
of pollution from weed Kkillers and pesticides canitag
arsenical compounds.

The concentrations of Hg (Fig. 1.5) were also highehe
dry season than in rainy season in all the efflimples
monitored. Concentrations of Hg in the dry seaseerehsed
in the order Golden >Savanna>Life but in the raegson,
the trend was Savanna>Golden>Life. Hence, Lifeuefit
had the least value of Hg in both seasons. Valdeklgp
obtained in this work were higher than maximum \adble

essential elements for human health and metabolisnnmit of 0.05mg/l prescribed by the Federal Minjstof

However, statistical analysis showed that there was
significant different (P<0.05) in the mean level§ Zn
between the two seasons but was significant antomghtee
effluents especially between Life and Golden (R+gd.03).
Apart from Golden effluent, the concentrations of (Fig

1.2) were higher in the rainy season than thatrpfsgason
(Table 1). Highest concentration of Pb was obtaing@olden
effluent (Dry season) which also had the least evatu the
rainy season. The trend in the concentration ofirPlthe
effluents were Golden> Life> Savanna (Dry seasom) a

Environment (FMENV), (1991) for industrial effluent
limitation. This was confirmed by the statisticahadysis
which showed that Hg levels were highly significgmt0.05)
between rainy and dry season. The danger of theepce of
Hg in seafood were demonstrated by the appearanteei
1950s and 60s of a crippling neurological disoataong the
inhabitants of a town in Southern Japan where Patelr
Michael, (2005) reported that victims were poisoned
eating fish and shell fish that had concentrated Hg
discharged at sea by a chemical plant.

Life>Savanna> Golden (Rainy season). Though thenmea Figure 1.6 showed that the levels of Fe in theuefit

levels of Pb in the effluents were higher in thimyaseason
(Apart from Golden effluent), statistical analysisowed that
there was no significant difference (p>0.05) in tbeels of
this metal between rainy and dry season (f-val&&. p-
value 0.111). Lead values obtained in Golden eaffiU®ry

samples monitored were higher in the dry seasam vhaes
obtained in the rainy season. Highest value waairmdd in
Golden effluent (4.139:706mg/l), while Savanna effluent
was the least (2.35Q+223mg/l)in the same season (Table 1).
Values obtained for this metal in the three efftsamere above
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the maximum permissible limit in industrial efflter_ow
concentration of iron in the rainy season coulédbea result of
dilution through precipitation. Two sample pairededt
confirmed that there was significant differenceQ®$) in the
levels of this heavy metal between the two seasbosgh
there were no significant difference (p>0.05) amahe
different effluent sample as regards the conceotraff iron.
Chromium levels in the three effluents were higinethe
dry season than values obtained in the rainy seasaept
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while Golden effluent recorded the least value athlzopper
and nickel. Values obtained for these two heavyamadapart
from copper in Life effluent and nickel in Savarefduent)
were within the limit recommended by the Federahistry
of Environment (FMENV), (1991) in industrial efflots.

Toxic metals may be absorbed by crops through aéver
processes and finally enter the food chain at high
concentrations capable of causing a serious heelkhto
consumers. Their toxicity, according to Charlealgt(2011)

Savanna effluent where reverse was the case. Highesan damage or reduce central nervous function,lewergy

chromium level was obtained in Life effluent (Drgason)
and the least level of this metal was obtained avaBa
effluent in the same season. With the exceptionLiéé
effluent (both seasons) and Golden effluent (drgisea),
other effluents gave chromium values that were iwithe
effluent limitation guideline.

Chromium levels obtained in this work were higheart
the value (0.079mg/l) reported by Oguzie and Okhagb
(2010) for effluent discharges downstream of Ikpdlsar in
Benin city, but no significant difference (p>0.0%)as
observed in the concentration of this heavy metdivben
rainy and dry season.

Apart from Golden effluent, the total mean concatign of
cobalt (Fig. 1. 8) was higher in the rainy seasmmtin the dry
season. Golden effluent recorded the highest meesl bf
cobalt (dry season). The trend of cobalt in théuefits (dry
season) was Golden >Savanna>Life while that ofyra@gason
was Life>Savanna>Golden. However, there was nafsignt
difference (p>0.05) in the concentration of thistahbetween
rainy and dry seasons (f-value 2.782; p-value (.109

Copper and Nickel were not detected in the thrflaesit
samples (dry season), but were detected in thg smason.
Highest concentration of copper was obtained adifluent,

levels and damage to blood compoasition, lungs, dydn
liver and other vital organs.

Table 2 showed the pollution index of the heavyaisein
the three effluent samples investigated. Pollutiotgex is
expressed as a function of the concentration oiviedal
heavy metal against the baseline standard. Geperall
pollution index of more than one (Pi>1.000) showleat the
average heavy metal concentrations were above the
permissible limit, while values less than one (P0OD)
showed no pollution.

However, pollution index values obtained in thisrlkwo
showed that the three industries monitored wertuteal by
these heavy metals since the index values were thare
one (Pi>1.000). Pollution in these food industriasked in
decreasing order of Savanna> Life>Golden showirgt th
Savanna effluent was the most polluted in termgoafc
heavy metals while Golden effluents was the leadiufed
(Table 2). Thus, these effluents need to be prgpeshted
before they are discharged into the environmenavert
serious health challenges they might pose to hureargs.

5. Conclusion and Recommendations

Table 1. Mean concentration values (mg/l) of the heavy metalsin the effluents

Rainy Season Dry Season
. Savanna Golden ail . Savanna Golden ail FMENV (1991)

Heavy metals (mg/l) Life effluents effluent effluent Life effluent effluent effluent Limit

Zinc 13.373+ 16.00+ 4.00+ 14.636+ 10.293+ 8.170+ <1.000
3.406 5.899 3.06 1.966 3.406 1.703 '

Lead 2.835+ 2.495+ 2.220+ 2.813+ 2.225+ 3.533+ <1.000
0.719 1.246 0.719 0.719 1.246 0.719

Cadmium 0.632+ 0.930+ 1.523+ 1.283+ 2.007+ 0.604+ 1.000
0.471 0.816 0.471 0.385 0.666 0.385

Arsenic 0.492+ 0.405+ 0.335+ 0.749+ 0.205+ 0.456+ 1.000
0.547 0.948 0.547 0.387 0.670 0.387

Mercury 1.638+ 1.985+ 1.935+ 2.655+ 2.783+ 2.865+ <0.05
0.497 0.860 0.497 0.497 0.860 0.497

Iron 1.449+ 1.830+ 1.808+ 3.427+ 2.350+ 4,139+ 1.000
0.817 1.412 0.815 0.706 1.223 0.706

Chromium 1.577+ 0.810+ 0.937+ 2.946+ 0.635+ 1.415+ 1.000
0.571 0.988 0.571 0.494 0.856 0.494 ’

Cobalt 0.577+ 0.550+ 0.197+ 0.220+ 0.340+ 1.347+ NA
0.225 0.389 0.225 0.225 0.389 0.225

Copper éggjj 8233 82331 BDL BDL BDL <1.000

. 0.938+ 1.053+ 0.899+
Nickel 0.234 0.406 0234 BDL BDL BDL <1.000

Values are means of triplicate readingSE
Significant difference at P<0.05
BDL — Below Detection Limit
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of 13.3378.
Pollution by heavy metals in the food processing
industries studied was in the order: Savanna>Lifagén.
of This implied that continued discharge of these uefikts
without proper treatment could lead to further awcalation

This study showed that the concentrations of Zn,&h
Hg, Fe and Cr were high in the effluent samples itoced.
Their levels were higher than the allowable limdat
guidelines documented by the Federal Ministry
Environment in industrial effluents. The mean concaions

of these heavy metals were higher in the dry se#sam in
the rainy season (except copper and Nickel) in ttivee
effluent samples monitored. However, result of theo
sample paired t-test showed that the mean contientraf

of these toxicants in aquatic organisms, crops lamtan
beings leading to different kinds of health chadies.

It is therefore recommended that these industtiesld be
made to install a treatment plant in their varidastories.

all the heavy metals (except Hg and Fe) were nolncentives should be given to industries that moy install a

significantly different (P>0.05) between rainy ainy season.

Pollution index profile of the heavy metals showeidh
degree of pollution especially in Savanna efflugith index

treatment plant, but also treat their wastewateperly. This
might encourage other industries to comply to #ieé tlown
rules.

Table 2. Pollution Index of the heavy meals

Hg Fe Cr Pb Cd Zn As Pi
Life 2.6650 3.4267 2.9458 2.8125 1.2833 14.6356 0.7491 11.279
Savana 3.7825 2.3500 0.6350 2.2250 2.0067 10.2933 0.2050 13.3378
Golden 2.8650 4.1392 1.4150 3.4533 0.6044 8.1700 0.4559 10.8054
saliens from Es moriz-paramos lagoon, Portugal. rémv
Monit. Assess, 136, 267-275. 2008.
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