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Heavy Metal Pollution of the Environment by Dumpsies: A Case of Kadhodeki Dumpsite

Joan M. Njadi', Daniel N. Akungd Martin M. Njagf, Mathew P. Ngudi Eliud M.N. Njagf
'Department of Environmental and Population He&tmyatta University, P.O Box 43844-00100, Nairdtenya
“Department of Biochemistry and Biotechnology, Kety&niversity, P.O Box 43844-00100, Nairobi, Kenya

ABSTRACT - Dumpsites exist throughout the developing coestpresent a threat to human health for the nextrake
years; this is because most of these countriemfdlhe practice of open dumping of solid wastesstvf these dumping
sites are uncontrolled and years old, having grawer time from small dumps to large, unmanaged evastes.
Municipal waste, which is the most common sourtéhe waste which ends up at the dumpsites, has seewn to
contain heavy metals which are leached out fromsttes into the soil and water. This constitutesoss health and
environmental concerns because of the effects@hdbkt soils, crops, animal and human health. fEsisarch determined
the level of heavy metals in the soil and waterpgamcollected around Kadhodeki dumpsite. Heaviahdetermination
from samples collected was carried out using X-fhagrescence (XRF) analytical technique. The deda subjected to
statistical tests of significance using ANOVA armsphoc analysis by Tukeys test (P<0.05). Thearebefound that V,
Mn, Cu, Co, Ni, Hg concentrations in the soil whigher than maximum allowable levels (MAL) for agyitural soils
while Fe, Zn levels were within the limits. The wematvas contaminated by higher levels of Mn (366-8%8) and Fe
(5132-12402 ug/l) than allowed in drinking waterilehthe level of Zn (40-336 pg/l) was below the \ldoHealth
Organization limits. Since subsistence farming waserved in the study area, then the study recomsnémat the
farmers growing edible crops around the site shbelddvised to stop doing so and instead be engedit® grow other
crops that can provide some income and at the sameeeclaim the land.
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INTRODUCTION

The last three decades have seen a worldwide cooger Very many old landfills and dumpsites exist throogh
the health effects caused by contamination ancdbtutipn developing countries, most them uncontrolled having
of the environment. This is seen as result of tleeeiase in grown over time from small dumps to large, unmadage
diseases burden all over the world. Most of theeaies waste sites, with significant environmental andlthedsks.
that are as a result of environmental contaminagiennot F*!

easily diagnosed and are detected later iniife. Poor waste management strategies are a threat toetith

of those living in the cities, especially thoseidaw) near
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vegetation and food contamination. Pollutionwafter
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living systems as a result of indiscriminate durgpiof

refuse. 68

heavy metals which end up in soils and water ag #ne

leached out of the dumpsite. This may have pakn

health implications on human and animal life due
phytotoxicity of these metals to plarfts

Most of the heavy metals are extremely toxic beeanfs
their solubility in water; they are known to accuata in
living organisms, and even at low levels they casult in
long term cumulative health effects which are amumg
leading health concerns all over the wotfd™® This is

] Studies have shown municipal waste conta

I“o
meil

Fig 1: Map showing the study area
The coordinates for the study area are’1@31.58"S,
36°43'52.95"E (the red patch shows the area occupigdthe

because heavy metals are non-biodegradable in enatdampsite; all units are in square meters).

have long biological half-lives and have potential
accumulate in different body parts since there @

effective mechanism for their elimination from thedy.

This research was analytical in nature involvinge th
environmental media, sample collection, preparatowl
laboratory work. This involved the analysis of mésavy

Dumping of waste at Kadhodeki dumpsite locatedhat tmetal concentrations in soil samples collected od a

fringes of Nairobi county started in 1986 as a wéfilling
up the large gaping holes that had been left often gua-

rrying activities in the construction of Nairobi/¥aki

around the dumpsite. The first site was the obrdite
which was at a point of 300m upstream along thehyea
Nairobi River from where the dumpsite was locatid

highway. Land owners of the dumping area use tbecond site was next to the dumpsite and the third

dumpsite and soils around for farming and watemfithe
nearby Nairobi River is either used for irrigatiaor
domestic purposes without regard to the risk oictoxetal
pollution by the waste.

It is therefore in this understanding, that thisdgtwas un-
dertaken. The study sought to address part ofpttaiblem
by determining the concentration of these heavyalsen
soil and the water source found around the site.
MATERIALS AND METHODS

Study Location

This study was carried out in Waithaka sub -logatidnich
is in Dagoretti South Sub County, Nairobi Countwindbi
County hosts the capital city of Kenya. It liesaataltitude
of 1,670 meters above sea level and occupies a6
km?. The dumping activities have resulted in pollotiof
the soils and the nearby fresh water source shawthe

map below as a blue line.
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collection point was 300m downstream from where the
dumpsite was located.

Soil sample collection and preparation

Four samples of the top soil at a depth of 15 crmewe
collected along each of the transect line upstream,
midstream and downstreaf’ They were then air dried,
crushed, passed through a sieve, put in clean hsslgt
bags and stored at room temperature for laboratory
analysis.

Water sample collection and preparation

Water samples were collected from 3 different sitkmg

the river course using depth integrated water siagpl
method at 10 cm, 20 cm and 30 cm depths, mixedhege

to produce a composite sample. From this a 500 ml
representative sample was then collected in whstip
bottles according to standard procedures.
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Heavy metal concentration determination

Heavy metal concentration determination was camwigdusing X- ray fluorescence spectroscopy (XRB)em where the
following elements were quantified; V, Mn, Fe, @b, Cu, Zn, Hg and Ph. The results were expressediilligrams per
kilogram (mg/kg) of the dry mattém soils and as micro grams per liter (ug/l) inevat

Data Management and Analysis

The data was analyzed using Microsoft excel tatlyeimean and standard error of the mean whicheas t subjected
to statistical tests of significance using ANOVA(O5). The results that were found to be stasiljidifferent were sub-
jected to a Tukeys post hoc analysis test.

RESULTS

Mean heavy metal concentrations in soils at the sgrted sites

Table 1 below shows that the concentrations of diama, manganese, iron, and nickel and mercury \veupstream.
The levels increased to maximum in the soils ctdi@émext to the dumpsite. The heavy metal contégtitly lowered as
indicated by the concentrations of the metals énsihil samples collected downstream.

Copper concentrations in the soil increased froomean of 143.02 +29.69 mg/kg upstream, to a high nmefa
2089.61+67.44 mg/kg at the dumpsite; a distanaanbf 300m. However, further downstream this conegitn slightly

declined to 1665.89 +53.79 mg/kg implying that theenpsite is heavily contaminated owing to the washe concentra-

tions of zinc, cobalt and lead levels remained tammtsacross the three study sites.

Table 1: Mean heavy metal concentrations in soils obtained ghe sampled sites

Element Upstream Midstream Downstream
mg/kg

v 337.05:77.3¢ 5077.95:208.97 4402.15:45.8¢

Mn 5490.60:1371.72 14419.10254.72 13835.41+253.2

Fe 22.0147.9C° 525.50:33.5¢ 338.48:60.27

Cu 143.02+29.69 2089.61+67.4% 1665.89+53.79

Zn 128.11:21.54 289.27:31.5¢ 217.32:30.34

Co 2767.91:766.22 6003.90:121.0¢ 5974.57:236.1°

Ni 5250.62:1439.42 11968.76:255.8%° 10954.29:124.6(°

Hg 7.4341.4P 436.70:67.8¢ 171.24:35.1%°

Pt 19.7945.7¢% 60.22415.56 56.64416.1¢

Results are expressed as Means + standard errtteofmean (SEM) for four determinations. Within romgans with different alpha-
bets are statistically different at p<0.05 by ANOa##d Tukeys’test.

Mean heavy metal concentrations in water at the increase in mean heavy metal concentrations of avesg,
sampled sites iron, cobalt and zinc in the water samples colékdtem

Samples of water were collected and analyzed tcsunea UPstream to the samples collected midstream. The
the impact of the dumpsite on water and the ditugfiect. concentrations were then seen to decrease as \be ri
The results were compared with those of World Heaiowed downstream away from the dumpsite (Table 2).
Organization and European Union drinking water

standard§®®” The results show that there was a general
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Table 2: Mean heavy metal levels in water samples collect&ém the study site

Element Upstream Midstream Downstream WHO EU
g/l

Mn 366 + 33 856 + 93 496 + & 400 50

Fe 51321259 12402 + 1789 8906+1044 3000 200

Co 56+ 3 125 + 1P 102 + 32 NG

Cu BDL BDL BDL 2000 2000

Zn 40+ 7 262+ 8 336 + 18 3000

Pb BDL BDL BDL 10 10

Hg BDL BDL BDL 1 1

Vv BDL BDL BDL

Results are expressed as Means + standard errtdreomean (SEM).
Within rows, means with different alphabets ardisti@ally different at p<0.05 by ANOVA and Tuketgst.
BDL- Below detectable leveldlG- No guideline available

DISCUSSION sites were below the 3000 pg/l recommended by World
In this study the mean metal concentrations of irothe Health OrganizatioH” Reported zinc levels similar to
soils ranged between 22.01 mg/kg to 525.50 mg/kichv those of this study with values ranging between 2060

is within the ranges reported ! Other workers have g/l while ! recorded zinc levels lower than those of this
reported higher values than those of this stliélyieported study.

values between 1100 to 10,920 mg/kg wifleecorded a The mean metal concentration of copper in the siithis
mean concentration of up to 57100 mg/kg ostudy ranged between 143.02 and 2089.61 mg/kg jpard a
uncontaminated soil. from soils collected on the control site the othafues
On the other hand iron levels in all water samplese Were above those reported in literature for uncoirtated
higher than the 200 pg/l recommended®Yin drinking soils * reported soils with the higher limits of 100 mg/kg
water. The works df¥ revealed iron levels that were muckor copper in uncontaminated soils whifé recorded even
lower than those of this study with values betwdéf - higher levels of copper from 95 to 6726 mg/kg freails
610 pg/l. In contrast, the studies®t recorded higher iron collected from several dumpsites.

values ranging between 11 -21675 ugl/l. The permissible range for the concentration of raaege
The natural range of zinc in soils according @ is in soils is 200 - 9,000 mg/k§™ The soils analyzed in this
between 10 — 300 mg/kg, and as shown in the reshs study had a mean metal concentration ranging fré805
zinc concentration of soil in this study was withirese 14419 mg/kg. Studies carried out H§*?" reported
natural ranges. These results also compare witbetlup manganese values within the ranges similar to tbbseis
several studies done by different workers, who mepo study. However, other works have recorded loweelkev
values of zinc in different countries of betwe8 Ing/kg than those of this stud§?*%®

to 300 mg/kg, for uncontaminated séfl&?®! #reported The levels of manganese in the water samples tetieat
zinc levels in soils higher than those of this gtuanging the control site were within the recommended 400 jng
between 350-3052 mg/kg. drinking water by, but they were above the European

Zinc levels in the water samples collected from tinee Union recommendation of 50 pgf® recorded values in a
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similar range whilé®? reported lower values of manganesehen gasoline contained ledd’ found high levels of lead
in water samples. in both soil and couch grass grown along the rodddr es
The mean metal concentration of cobalt recordech fiee Salaam. Lead is released into the air during bgroinoil,
soils in this study was high compared with valugsorted or waste, it is then removed from the air by raimd doy
in literature. Though international standards fobalt in particles falling to land or into surface water.c@rit falls
drinking water are not available, other works heaeorded onto soil, it sticks strongly to soil particles aramains in
values of cobalt in drinking water close to thoearfd in the upper layer of sofi®!

this study. >

recorded levels of cobalt in drinking water iMercury levels in the soils analyzed for this studnged
the ranges of 2.6 - 1Qwy/I while ® reported cobalt levels from 7.43 - 436.70 mg/kg. Similar results wereorded
higher than those of this study with values randimgn by ' who reported mercury levels of between 18.6 t@ 46.
370 - 530 ug/l. mg/kg in the studied soils.

The high levels of cobalt in the soil of this stuclyuld be CONCLUSION

attributed to indiscriminate disposal of cobalt @oning The soils samples studied were found to have hilgivels
wastes on the dumpsite as cobalt enters the awudhr of vanadium, copper, cobalt, nickel, mercury, maege
burning of oil and cobalt containing compounds used and lead than is permissible for agricultural sads the
industries, trace element additives in agriculttaed other hand, the soils were found to be deficieritdn and
medicine. ®**Y After it enters the air, cobalt is thervinc whose levels were lower than the permissiblels
associated with particles which will eventuallytieeto the for agricultural soils. Analysis of water sample/ealed
ground within few days. that copper, vanadium, lead and mercury metals Wwere
Mean soil concentrations of vanadium found in tbéssof  |ow the detection limits while iron metal levelsai water
this study ranged from 337 to 5077 mg/k§! reported samples were higher than the recommended values in
vanadium concentrations lower than those of thislysin drinking water. Manganese levels from the contrité s
India while on the other han?’ reported values as high asvere within the recommended values World Healtha@+g
5340 mg/kg in South Africa. ization but they were above the EU recommendations.
Lead is one of the more persistent metals andtisi@®ed While international standards for cobalt in drinkiwater
to have a soil retention time of 150 to 5000 y&4ksThis are not available, other works have recorded vatfies-
study reported a mean concentration level rangiog f19 balt in drinking water close to those found in tsisidy.

to 60 mg/kg which is within ranges in soils studBs®®™  Zinc levels in all the sites were below the recomdagions
who recorded a range of 15 to 311 mg/kg. Howes’r by World Health Organization.

reported very high levels of lead from soils cdiéetfrom |t was found that the dumpsite indeed directly dbated
various dumpsites ranging between 3500-6860 mghiew to the pollution of soils and the nearby fresh watsurce,
% reported values of lead in soil at Ibadan randign pecause the metal concentrations from the soil ksmyas
1340 - 1693 mg/kg. shown to increases at the dumpsite and decreasefawa
The lead levels in soils could be attributed to dbenpsite the dumpsite. Likewise, the water samples collestemivn
and the busy Uthiru / Kawangare Road. This is b®ean a similar pattern of increase of heavy metal cotre¢ion at

the past lead was used in gasoline and hence ar m@je dumpsite and a decrease downstream away frem th

contributor to lead in soil, and automotive exhaarsitted dumpsite.
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