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General Information

Background Brief: The Nigerian Joumal of Technological Research (NJTR) 15 the ofhicial
joumal of the Federal University of Technology, Minna, Niger State, Nigeria. It was first
published in June 1989, 1t has since made giant strides in its effort o provide an avenue for
the dissemination of relevant modern up-to-date research information in the core areas of
discipline available in The University at inception; namely, Pure and Applied Sciences,
Engineering Technology, Environmental Technology and Agricultural Technology,

Philosophy: As a strictly scientific and technological journal, it tends to provide information

on problem solving technology to its immediate environment and the intemational
community,

Development: The journal being responsive to the dynamic nature of research and
development in the Federal University of Technology, Minna and its environs, has widen its
scope of information dissemination to include but not limited to Information Communication
Technology (ICT), Management Technology, Educational Technology and Entreprencurship.,
It has developed electronic communication procedures to ensure that, it has the capacity to
reach a larger community at a faster rate. It 15 the anticipation of the journal that scientific
data which will provide very current information to problem solving in the identified areas of
The University program will be found in it.

Management: The Nigerian Journal of Technological Research has a unique management
structure which enables it to carry out its functions promptly. This include; The Management
Board, Editorial Board, Editonial advisory Board, Regional editors, Associate editors and a
Business Manager. These groups bring to beer their vast knowledge which ensures the quality
and reputable academic output from the journal.

Finally, The Management Board and The Editorial Board of The Nigerian Journal of
Technological Research believe firmly in guality of information that will benefit mankind,

hence their commitment 10 ensurng productivity and quality of information dissemination.
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Editorial Comments.

The era of global change and technological advancement cannot be truncated by even the most vibrant
political leader. Rather, they will desire to further enhance the expansion and utilization of the gains
obtainable during the era. Recently, a scientist in the sub-saharan region advocated that the political
class should put more money in research and technological development than on the processes of
campaigning. Through this, it is believed that the citizenry will have a chance to improve their life

style. This is certainly not contesiable since technological research is all about improving the lifes of
the people.

However, it is important to now emphasize that the receptiveness and identities of these improved
technologies will require adequate education to galvanize them into acceptability, adaptability and
actual utilization. Often time the gap in knowledge transfer is responsible for this disparity. The
Nigerian Journal of Technological Reseaech in this edition is trying to bridge this gap in knowledge
acquisition and utilization by presenting articles dealing with some of these procedures. It is hoped
that readers will be able to comprehend the contents and apply the techniques.

In this vain, The Management of The Federal University of Technology, Minna and Tertiary
Education Trust Fund (TETFUND) as always have packaged a workshop on Knowledge
Managementt and Capacity Development, which is expected to bridge the gap in other relevant
acquisition for and allow both the researcher and beneficiary of knowledge optimize in a short time
frame acquired skills. The process might sound tedious but the results are usually very good.

It is the mandate of The Editorial Board to deliver quality and efficient manuscript which has the
potentioal to solve local and national identified problems. This will be continued more figorously
through the publication of well researched articles globaly.

Editorial Board.
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Kadunn relining aod petiochemival soimpany
(KRPC) Lhmdied, ds one of the  strateghe
isinons unbte (SOUTRY of the Niger i Natlonal
Patralenm Corporation (NNPC), The company
i engaged In erde ol refining nte vinlunhle
petrolenm  prodiots, et hiemienls il
snnootueing of e and drums o sales (o
cuRtomen, T onmrying ot (hese ks, various
goimponnds both o el bk i e
genermted o the reltning aetivities. These
compounds  nolude Arsenie, Muraury,
Codmlum, Cliesimbunm, Sulphates, Animonia,
Mhenols,  Cyanbide, o, Lewld,  Copper,
Hydrogen  Sulphides, Mercapiin, Flogienl
Coygen  Dorond — (HO1) - Chemienl
Onyien Diemand (COL (Odigare il Aalenlyi
002, Yol and  Osinbanjo,  2006),  The
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River Kaduna serves as the only source of
witer io Kaduna refinery. It is located 14
kilometers away from the refinery. The
velinery has three lift pumps charged with the
respunsibility of lifting water from the river o
the surface for pretreatment (Odigure et al.,
2002 Akpan e, al., 2008). After the water 15
weated and used, the waste water from the
refinery is ireated in waste water treatment
plant  and  the effluent is conveniently
discharged 1o Romi River. Rivers passing
through industrial and mining areas arc prone
o hazards and it remains one of the major
citises of environmental pollution around the
plobe, Romi River is not an exception since it
remiing  the final destination of KRPC
elMuent. Thus, the communities around the
fiver can be said to be in danger of water-
related discases. River Romi discharges into
the Kaduna River system and like other rivers
i Migeria, it has two distinct seasons which
wre the wet and dry season (Ahmad, 2014).
This paper is focused at investigating the
seasonal  varintion  of  physicochemical
properties of water and concentration of heavy
imetals in river Kaduna, KRPC effluent and
river Romi (upstream and downstream).

Muterials and Methods,
Witer samples were collected monthly over a

period ol one year, The water sources were
from Kaduna River, Kaduna refinery effluent,
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Abstract.

The comtimuous global guest for mamggement of the foorce waler resonrces o make averifafife Jo e Buman P"-"l_m"f""'-"-
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Petrockemical Company Limited where the reffnery wasee waler is disposed after treaiment, This steady !'J'rl-"?“rﬂ""“'l the
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Introduction.

Kaduna refining and petrochemical company
(ERPC) Limited, is one of the strategic
business units (SBUs) of the Nigerian National
Petroleum Corporation (WNPC). The company
is engaged in crude oil refining into valuable
petroleum  products, petrochemicals and
manufacturing of tins and drums for sales to
customers, [n cammying out these tasks, various
compounds both organic and inorganic are
generatéd from the refining . activities. These
compounds  include: Arsenic, Mercury,
Cadmium, Chromium, Sulphates, Ammonia,
Phenols, Cyanide, Iron, Lead, Copper,
Hydrogen Sulphides, Mercaptan, Biclogical
Oxygen Demand (BOD) and Chemical
Cxygen Demand (COD) (Odigure and Adeniyi
2002; Yusuf and Osinbanjo, 2006). The
inorganic compounds created in water effluent
are caused by the chemicals used for
production and the organic pollutants are dus
to reactions arising from production. Most of
these compounds could be toxie and faal if
they come in contact with human beings. Alsa
aquatic life suffers damage if the water is
discharged to the river untreated or partially
treated, However, water remains an important
utility in the crude oil refinery and s
importance cannot  be overemphasized. s
forms of usage include as dried steam, cooling

wWaler, dnnklng WRIET, Service water and fire
Waler,

River Kaduna serves as the only source of
water to Kaduna refinery. It is located 14
kilometers away from the refinery. The
refinery has three lift pumps charged with the
responsibility of lifting water from the river to
the surface for pretreatment (Odigure ef al.,
2002; Akpan er. al., 2008). After the water is
treated and used, the waste water from the
refinery is treated in waste waler treatment
plant and the effluent is conveniently
discharged to Romi River. Rivers passing
through industrial and mining areas are prone
to hazards and it remains one of the miajor
causes of environmental pollution around the
globe. Romi River is not an exceplion since it
remains  the final destination of KRPC
effluent. Thus, the communities around the
fver can be said to be in danger of water-
related diseases. River Romi discharges into
the H_.aduna River system and like other TIVers
in Nigeria, it has two distinet seasons which
are the wet and dry season (Ahmad, 2014),
This paper is focused at investigating the
mmngl varation  of physicochemical
properties of water and concentration of heavy
metals in river Kaduna, KRFC efflyent and
niver Romi (upstream and downstream),

Materials and Methods,
Water samples were call

period of ong year. Th
from Kaduna River, K

ected monthly over a
€ Wwater sources were
aduna refinery effluent,
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Romi River upstream and Romi  River
downstream. The water samples for Kaduna
River were taken from Kaduna refinery waler
intake unit while effluent samples were taken
from Kaduna refinery waste water treatment
plant. Samples of river Romi upstream were
taken 100 meters before the point of discharge
and downstream samples were taken 100
meters away from the discharge point
Samples were collected in two-litre plastic
bottles that have been previously soaked in
10% nitric acid and rinsed with de-ionized
water before sampling.. During sampling, the
sample bottles were ninsed thrnice with the
water to be sampled before sampling and then
the samples were collected by careful
immersion of the sampling bottles in the water
body. The samples were well-labeled; stating
the source and date of collection. The labeled
water samples were then faken to KRPC
laboratory for analvses. The collected samples
were analyzed for temperature T(°C), pH.
glectrical  conductivity EC  (msfem),
biochemical oxygen demand BOD (mg/'l),
chemical oxygen demand COD (mg/l),
dissolve oxygen DO (mg/), total hardness TH
(mg), alkalinity ALK (mg/l), total dissolve
solid TDS (mg/l), sulphate SO,” (mg/l),
chloride CI° (mgl), iron Fe'™ (mgl),
cadmium Cd*" (mg/l), lead Pb*" (mg/), zinc
Zn'" (mg/l), copper Cu’" (mg/l), vanadium V
(mg/l), nickel Ni-* (mg/l)

Results.

Federal Liniversin of r‘.' hﬂl'\rl'?]{_'l. Aurma .'l.l_ﬂ"'r Sraie ."i-'dhlqu 1

Evaluation of the Effect of Weather
Variation on  the  Physicochemical
Properties of Water Samples Analyzed.

Table | gives a summary of some marked
variation in the physicochemical parameters
measured for the four sampling points and the
seasons. The temperature results recorded
shows that there were little variation in the
four stations and seasons. It was observed that
the temperatures recorded in the month of
January were the lowest compared with the
other months. The lower temperature observed
could be attributed to dry season, in which the
temperature in the atmosphere is relatively
higher than those of the wet scasons due to
rainfall. Emeaso (2011) also reported a similar
observation in his study on pollution and self-
purification of river Romi. It was observed that
the temperature started reducing in the month
of April and the temperature drops further
from April to June. This drop in temperature
could be as a result of rainfall and storm. The
mean values of water characteristics during
dry (January-March) and wet (April-June)
seasons of the different water samples taken
from Kaduna River, Kaduna refinery effluent,
Romi River upstream and downstream were
evaluated and compared with United Nation
Environmental Programme (UNEP) standard
and Nigerian Drinking Water Standard
(NDWS).

Table 1+ Seasonal Variations of Physicochemical Parameters of Kaduna River, KRPC Effluent, Romi River Upstream and

Romi River Downsiream

Parameicrs Kaduna river KREC eMuent Rarmu river Romi river LINEP MNDWS
{upstreanm) (Diewnstrenm

- Wet Dy W Diry Wer Dy Wel Dy

T.("C) 2870 kI 28,80 29,590 27,80 29,20 28.00 20 10

h 7.3% (%11 LT 635 5 110 T80 T.05 6.0-9.5 6.5-8.5

EC (msfcm) 240 2H0 Ja4 400 180 210 210 250 180

BOD (mg) 15880 120 18D 230 105 A9 i25 100 35

COD (mgT) Z00LB0 130 A0 350 150 140 2 180 200

DO {mgT) 1150 VA1) 1.32 64 135 1210 1240 11.90 =10

TH  (mg) 250 280 1043 |15 210 X715 b I3 265 | 50

ALK {mgl) ] 108 51 1] L] 1340 116 125 20-61)

TDS (mul) 180,50 20080 230 2i8 164,50 17820 180 208 2000

S0, (rgeTh 42 50 145 250 s 35 48 5 500

C1 img'l) 30 43 R 120 22 2 33 52 20

Fe  {mg) 0.06 iz 1.30 1,52 .05 .08 030 044 [k}

Cd  {mg) .01 0002  00DF  0OI O 0.001 0,002 (1 R |

Pb (map o2 LI K15 013 016 (1] 0.0 0,04 .06 0.2 of

Zn  (mgl) 0.4 025 1.0% 1.26 014 030 040 0. ns 10

Cu (mg'ly 0,04 0,04 .70 0.75 0.03 0.04 .06 0,08 0ol

Vo mgl) 0.001 (.00 0.1 0.001 0.0 .00 (.001 0,00

i . () 0001 0,001 (.01 (.01 0,001 0,001 0001 0001

Values recorded for pH (Figure 1) over the
period under investigation shows that the pH
decreased with increase in temperature with

River Romi having the highest value and
KRPC effluent with the lowest. This suggests

the presence of acidic substance in the
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effluent. The values recorded of pH were
within the standard set by UNEP. However,
this could pose adverse effect on the receiving
water body as low pH can allow toxic
elements such' as heavy metals to become
mobile and available for uptake by aquatic
organisms (Yusuf and Osinbanjo, 2006;
Swammy ef. al., 2013; Ahmad, 2014).

Electrical conductivity was higher during the
dry season than the wet season (Figure 2).
Ibrahim et. al. (2009) also observed similar
trend for Kontagora reservoir in Niger State.
This increase in water levels may dilute the
mineral concentration of the water bodies.
Thus the mineral ions are more concentrated
during the dry season due to the reduced water
volume and high water temperature since
electrical conductivity increases with
temperature (Ibrahim et. al., 2009),

10 5 B 'Wet season M Dry season
E'
-
[ =%
Ef -
L]
il
—
= 4
T
:_l -
LV R o - 0 UMEP Migcnan
AT [} L) = -
Kshma River t’#ﬂm Upstresn  Dovwmnireas stzadard

Figure 1: pH of water samples at different sources
compared to UNEP standard and NDWS

B 'Wet scason B Dy season

|

5 250 o
£ 200 4 |
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Federal University of Tec

Kaduna KR Raims Reoamsi LINEF
River Effluent  LUpsircam Crownstream

1 . Electrical conductivity of water samples al
ﬂ:lgler-:ninturccs compared to UNEP

BOD values (Figure 3) recorded shows that it
was low in the dry season with the lowest
value recorded in the m:?nih of March and th_c
highest value recorded in the month of June,
The high value in the rainy season could be
due to rainfall as a result of washing o forganic
matter into the water bodies. The high 'I",Ehjlig
during the rainy season could affect aquatic
organisms present in water by reducing the

hnology, Minna, Niger State, Niperjq

amount of dissolve oxygen available to them
(Ahmad, 2014).
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e 3 Biological oxygen demand (BOD) of water
7 ompared to UNEP Standard

——
UNEP

Figu
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The value of COD (Figure 4) follows the same
trend with BOD. The high values recorded
hetween the month of April and June could
also be due to the presence of high organic
matter in the water bodies. Thus more oxygen
will be required to ch::mjcuti;; oxidize !]lg:n to
carbon dioxide and water. This would imit the
amount of oxygen in water u_nd which
otherwise might have negativeé impact on
aquatic organisms.
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Figure 4: Chemical oxygen demand (COD) of water
semples at different sources compared to UNEP standard

I¥iscussions.

The values of Dissolve oxygen were high
during the rainy season despite the high value
of BOD and COD. This contradicts the report
of Emeaso in 2011 on self-purification of river
Romi. This may be due to the fact that during
rainy season, oxygen in air tends to dissolve in
rain water as it falls. Also low temperature
could be responsible for higher dissolve
OXYgen concentration in the wet season
becaus-:l solubility of gas increases with
g;:i;efsmg lemperature (Swammy et. al.,
Generally, the values recorded for total

hn{dncss, total dissolve solid, Alkalinity,
sulphates and chlorides were high during the
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dry season (Table 1). This observation is
probably due to low water level in the dry
season with increase in concentration of ions
and salts in the water bodies. The result
recorded during the rainy season could be
attributed to dilution. The high level recorded
for alkalinity during dry season agrees with the
findings of Ufodike er. al. (2001) for Dokowa
mine Lake. Kolo and Oladimeji in 2004 made
similar  observation for Zana dam.
Furthermore, in Kaduna River the
concentrations of iron, cadmium, lead, zinc
and copper were high between January and
March and started decreasing in the month of
April. The lower values obtained between the
month of April to June could be due to dilution
of the water bodies as a result of rainfall. The
values recorded for vanadium and nickel were
congtant throughout the months iri the four
stations. Thus, rainfall may dilute and reduce
the effects of point source pollution like heavy
metals but it also increases the effect of non-
point pollution such as organic waste by land
runoff from farming activities.

Evaluation of Water Quality Parameters

and Comparison with Standards.

From Figures 1 to 4 and Table 1 the values
obtained for temperature, pH, electrcal
conductivity, chemical oxygen demand,
dissolve oxygen, sulphates, iron and zinc in
Kaduna River are within the standard set by
UNEP. Also, the values recorded for pH, iron
and zinc complies with the value of NDWS.
However, the result of Biological oxygen
demand is above the standard for UNEP. The
high wvalue could be as a result of the
indiscriminate domestic waste disposal into
the river along its course. Animals such as
cattle and birds also feed along the river and
their faeces could also increase the biological
oxygen demand of the river. The values
recorded during dry and wet season for total
hardness are above the NDWS of 150 mg/l.
This could be as a result of mining activities of
limestone near the river. The values of
alkalinity obtained for Kaduna River during
" the dry and wet season were also above the
UNEP standard. The presence of inorganic
salts could be responsible for the high value of
chlorides recorded in both dry and wet season.
Lead concentrations in both seasons were high
compared with Nigerian Drinking Water
Standard of 0.0lmg/l (Kolo and Oladimeji,
2004).
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Furthermore, the average concentration of
water parameters obtained for refinery effluent
during the rainy and the dry season were above
standard limit of UNEP and NDWS. The mean
values recorded for temperature and pH in
both seasons were within the acceptable limit
of UNEP. However, the average value
recorded during the dry season was not within
the acceptable standard of drinking water in
Nigeria. The low value of pH could be due to
the contamination of water with sulphuric and
hydrochloric acid in the process plant. Crude
oil i5 a composition of hydrocarbon, water,
inorganic salts, water soluble trace metals,
organic sediments and other impurities which
are often removed prior to the refining of
crude oil in other to prevent corrosion, catalyst
poisoning, plugging and fouling of equipment
(Odigure et. al., 2002).

The desalted water which is rich in organic
waste, inorganic salt, trace metals and other
waste water generated in the process of
refining crude o1l are sent to waste water
treatment plant for treatment prior to discharge
of the effluent into Romi River. This explains
the high concentrations recorded for electrical
conductivity, BOD, COD, chlorides, iron and
copper in both dry and wet season compared
with UNEP Standard. Low concentrations of
dissolve oxygen and alkalinity were recorded
in the effluent. This could be associated with
high BOD and COD level. Also the removal of
oxygen in boiler feed water could contribute as
well to this, since steam is employed in the
stripping process to remove impurities from
products. After stripping the steam rich in
impurities is sent for treatment in waste water
treatment plant. The wvalues recorded for
alkalinity in both seasons were lower than
UNEP. The values recorded in both seasons
for total dissolve solid, sulphates, cadmium,
lead, and zinc are within the desirable limit of
UNEP. The values obtained for total hardness
and zinc also agree with Nigerian drinking
water standard while the values obtain for lead
and iron are above the desirable limit. The
high concentration of lead and iron could be
associated with the presence of metallic salts
and heavy metals in crude oil (Akpan er al.,
2008; Odigure ef al., 2002).

There is a good agreement between upstream
parameters of river Romi  with UNEP
acceptable limits though the wvalue of
biological oxygen demand is higher than the
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acceptable limit. This could be attributed to
apricultural actvities such as animal rearing
and run off of organic waste into the river.
Also the wvalues recorded for chloride 1s
slightly above UNEP standard. Similar trend
was observed in the downstream of the river
but the value recorded for COD during the
rainy season and the value of zinc in the dry
season were above UNEP standard, Also the
value of iron is above the standard limt In
both seasons. This could be as a result of
refinery effluent contamination in river Romi
downstream.

Conclusions.

The results obtained from the analyzes of
some physicochemical properties of River
Romi (upstream and downstream) reveals the
values recorded for temperature, electrical
conductivity, BOD, COD, total dissolve solid,
sulphate, chloride, iron, cadmium, lead, zinc
and copper are higher in the downstream of the
river. Also, the values recorded for pH,
dissolve oxygen and alkalinity are higher in
the upstream. The values recorded for total
hardness vanadium and mercury are almost the
same. Thus the concentration of pollutants in
the downstream is a bit higher compare to the
concentration in the river upsiream. Even
though it does not constitute an immediate
harm when viewed from the value alone, but
not when viewed from the longtime of
exposure, Thus, the effluent from the refinery
is a major source of environmental pollution
on River Romi water system. The values
recorded for iron, zinc and copper during dry
season are above the limit set by regulatory
bodies. Though these elements are required in
minute quantity for metabolic activities in
living tissues but when present in high
concentrations it poses a great threat to the
environment, Greater care should be taken
with the effluent discharge into river Romi by
the refinery and other human activities around
the vicimty.
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