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ABSTRACT

‘he effect of Nigerian National Petroleum Corporation (INPC)
#aduna refinery effluent on the physico-chemical characteristic:
and biota of Romi Stream, Kaduna was studjed for 12 months, from
lovember, 1987 to October, 1988. The biological parameters
m~asured were the abundance and diversity of the surfacewater
«nd benthic macroinvertebrates, zocoplankton and phytoplankton.
he physico-chemical characteristice of the stream measured were
the water temperature, optical density, surfacewater and sediment

pil; metals, concentration of oil in water, H,S & RSH, Phenol,

2

surfactant, NO,-N, POL-P. Chlorophyll 'a’', 02, 80?, BCD, COD,

3
alkalinity, water hardness, conductivity, dissclved and suspende:

#2lid and Cl ioms.

“hree groups of surfacewater macroinvertebrates, 2 of btenthic
z2croinvertebrates, 2 of zooplankton and 3 of phytoplankton,

with 6, 4y 3 and 1) genera were recorded respectively.

iydrogen sulphide and mercaptan, oil, phenol, POh-P, chlorophyll 'a‘,
50Dy Cl, suspended sclid, alkaline~earth metals, Fe; Ca in sediment,
Cuy, Mn, Nij; surfacewater macrcinvertebrates, phytoplankton and
zooplankton density exhibited significant variation between

.tations (P< 0,05).

lignificant seasonal variation in concentrations of surfactant,
20,y surfacewater Cr and benthic macroinvertebrates was recorded

{(P<0.05). The CCD, hardness, alkalinity, conductivity, O?



gaturation, pediment pH and Mg alsc varied from Btat;qn to
station (P<0,05). Significant positive correlafiogzﬁash
observed hetween surfacewater and sediment K. Ca, Pb, Cu, Mn,
Cr, and Ni (P<0,05), while the correlation between Mg, Na, Fe
and Cd in bﬁth surfacewater and sediment was insignificant

(P>0,05). |

The density of surfacewater macroinvertebrates was inversely
proportional to the levels of ¢il, phenol, surfactant, water snd
hardness.  pH was observed to have corresponding decrease ir
surfacewvater macroinvertebrate density. Increasing amount of
HZS & RSH, oil, phenol and surfactant were obsegved‘to cause

significant drop in zooplankton density,

Decrease in benthic macroinvertebrates with increasing
concentration of st & ®SH, oil, phencl and sediment Pb was

recorded, while the phytoplankton population was less

susceptible to changlng physjco-chemical characteristics (P<0.05).
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CHAPTER OKE

1.5,0 _ INTRODUCTION

water has from time i1mmemorial heen crne of the most important
critexrias for human settlements. The early man looked for a regular
su;.ply of treshwater porbaps more than any other factor. Thus humar
settlements were sited where water was available.

Angient civilimation has therefore revolved around water bodi.s.
Barliest cities are thought to have originated on the alluvial plains
- of the Tigris and Euphates valleys in Mesopotamia (Iraq). Growth 2nd
civilization of Egyptian cities have been closely associated with
fiver Nile. According to Whynne-Hammond (1979), Linceln, a

cathedral city (U.K.) grew mést rapidly during the middle ages
dating back to 11th century across river Whittom. Today Lincoeln i«

both a tourist and an important engineering centre in the United
Kirgpdome Along the East ccast of BEngland and Scetland numerous
trading and fishing settlements developed. (ntil recently, Grimsly
was the world's greatest fishing port. Early account suggests that
at one time the Thames estuary was an excellent Salman river teoo.

Similarly, the growth and development of some Nigerian towns
éuch as Jebba, Lokoja and Makurdi are traced to thelr proximity tc
rivers Niger and Benue respectively. The siting ot Kaduna town with
ity major industries near Kaduna river 1s another example of hum;n
= préference to settle near water bodies in both his residential, comrereis?
and industrial activities.

Clogely associated with the contribution of water to the growth
and'dqvelopment of human settlements and industries, is also the
problem of waste—dispeosal into the water bodies. The most common
method of disposing industrial and domestic wastes is by dumping
intn the water bodies, most often untreated. This practice renders

- -

- A
>
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most of our inland waters grossly polluted and disrupts the balance
of nature. Prominent among such wasies discharged inte the water
bodies is o0il and effluents from oil refineries,

The most remarkable incidents invelving ¢il pollution cccurred
in the marine environment due to the fact that over H0 per cent
ﬁf world oil is transported by sea. A survey of incidents involving
il pollution in Fngland and Wales between April 1968 1o Mareh 1969
reveals a total of 483 incidents, 3 of which involved pcllution from
boats on inland water (Whitton, 1975). The wreckage of an oil.
vegssel (Torrey Canyon) in 1967, involving the logs of 120,000 tornes
of oil to sea; that of 'Amaco Cadize' in 1978 spilling 220,000 tonnes
'of 0il into Brittany Coast and the Buzzards Bay disagster, Massachussets
(UuBed) in 1969 with the loss of 600-700 tonnes have been reporied by
Laws (1981). | : |

The incidents of oil pollution in Nigeria tend to be confined
to the exploration and production phages, and in particular, to
spillages ard leakages of crude oil, with cccasional incidence in
connectio| with etfluent dispesal. Major examples involve the 13532
system 201 Warri=Kaduna crude oil pipeline leakage at Owa=-Abudu,
Bendel State, with the loss of 18,818 barrels {2,992 m3) of oil to
tarmland with gross pollution of Umeku Stream {Orubims., 1983).
On 29th October, 1983, the Daily Times reported that many rivers
and lagoons in oiil explorestion areas of Nigeria were so grossly
polluted with oil to the extent that fish and other forme of

|
aguatic life no longer inhabit them.
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Other reports on oil spillage in Nigeria indicate that 78l oil

.spill incidents occurred within the period 1976 to 1980, mostly in
Bendel, Cross River, Hivers and Ondoc States {(Nwanko and Ifeadi, 1983)
In Bendel State, the settlements of Uzere and Oyakama were polluted

“ with 0il in 1980 as a result of flow and pipeline leskages, with
considerable damage to fish ponds, lakes, creeks, rivers and the

sea {Adsniyi et al.,1983). In 1985, extensive oil spillage at
Kaduna rafinery extending to Kaduna river with considerable fiab

kill has been reported (Sunday New Nigeria, 3rd November, 1985).
Similar spill was reported in August 1988, involving wide deatruction
of farmland in Chukudu Roml and Ride villages including Romi stream
(The Reporter, 26, August, 1988).

1601 XADUNA TOWN

Kaduna town is located at an elevation of 634 meters above
sea 1§vel. It ia positioned %etwaen Latitude 10o and 30°N; and
longitude 7° and 21°E (Fullard, 1980). It has maximum temperature
of 35.2°C and average rainfall of 36.7m, falling mostly during the
months of April to October. ' %'

Dividing Kaduna town {now caﬁital of Kaduna State).is river
Keduna, from which the town and state derived their namea. Kaduna
bas presently attained the status of being administrative, commercial
and highly industrial centre, in which are located the 3rd Nigerian
National Petroleum Corporation (NNPC) refinery, Kaduna Federal

Super~phosphate industry, various textile mills, peugeot Automobile

Assembly Plant of Nigeria (PAN), Dagazau Carpet industry, various

1
I
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broweries, modern ab uttoirs, and a population of over 50,000
peoples As a result of the numerous industries, increasing
population and the traditional waste disposal practice of both
industrial and residential sourcesvia effluents, Kaduna river
becomes a potential recipient of pollutants of both industrial and

residential origin.

1.0+3 KADUNA RIVER

Kaduna river is a tributary of river Niger. It divides Kadun
town into largely residential section on the Northern bank and mo-*ly
industrial area on the southern bank. It is the major source of
water for irrigation, drinking, and highly used by the industries
for processing and cool ing, among other uses. Despite the variou:
beneficial use the water is put to, the river is frequently used
az a dump for a variety of wastes, the most notable being indusgtri:l
and domestic wastes. The major contributors to such wastes dumping
include the Kaduna abbatoir drain, the effluents from Tudun-Wada,
Tudun-Nufawa residential areas and Kaduna Textile Limited. The
contribution of tributaries such as Rafin-Bazamfare with its year-
round high turbidity and oil from mechanical workshops and servicin-
stations located at Tudun-Wada, Tudun-Nufawa, and Doka residential
arcasy as well as the Rigasa tributary which enters into Kaduna river
from Rigasa residential area, L4 military hospital, Karmin-mashi =rd
new Panteka market (Hassan, 1983). Romi stream is another tributar,
¢f Kaduna river which carries along wastes from NNPC Kaduna refines

an® Dagazau carpet industry.
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1.044 ROMI STREAM

Romi gtream is a tributary of Kaduna river, in the Couthern
part of Kaduna. It is characterized, for most parts of the year
by high concentration of salt, low current velocity and low
water level, particularly during the later part of the dry season
(iolomari, 1983). It is a major source of drinking water for the
irhabitants of Romi, Rido-chuduku and Rido~hausa settlements.

In addition, these settlements depend cn the stream for small~
ccale fishing, dry seagon irrigation and ags a source of drinking
water for their animals.

Beside;;the possible danger of enriching the stream with
excegsive nutrients from agricultural activities that tzke place
along its banks, Romi stream recelves the effluent from liigerian
National Petroleum Corporations Refinery Kaduna.

Since the commissicning of the Refinery in 1980 ihere have
becvn notable c¢hanges in the physical and chemical qualities of the
stream, which has been suspected to cause a corresponding decline
in fisheries and agricultural potentials of the area. In 1986 the
inhabitants called the attention of the refinery to the rapid
dcterioration of the physi¢o-chemical quality of the stream in
porticular, and to a greater extent the notable destruction of the
gurrounding habitat by . effluent from the refinery.

The waste-~water treatment plant of the refinery serves to
remove some toxic and obnoxious components of the refinery wastecs
discharge via effluent before diselerging it into Romi stream; thus
conserving the environment. Inspite of such treatment, zmall

quantities of contaminants such as cil, phenol, hydrogen sulfide,

;xg
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surfactant, various metals, dipsolved and suspended solids, and
wany others are still contained in the effluent discharge into tne
stream and pose a threat to both the aquatic fauna and flora
:nhabiting the stream. Lolomari {1983) indicated that living
crganisms, including humans, natural resources, the atmosphere

and recreational facilities are all subject to the harmful effects
of petrochemical pollution.

1,045 JUSTIFICATION :L':‘.

u

Althcugh there has been no ;ﬂequate environmental lmpact
assessment of the area, all fingers tend to point at the refinery
{NNPC Kaduns refinery) as being responsible for the degradation of
the quality of the surroundings through its operations. It is
therefore important to pay attention to the assesasment of the
environmental quality of the stream in particular, considering its
role ag the recipient of effluent discharge from the refinery.

The- area surrounding the wefinery has been reported to be
threatened by oil spilliage from cracked ¢il pipeline of the refinery
for a period of about 10 years {The Reporter, August 26, 1988).
The situation becomes increasingly devastating duringthe last 4
vears 1o the extent that 2 boreholes were sunk in October 1987
to serve the villages as alternative source of drinking water.

4% Romi, wmaize and millet farms were reported to have been covered
with thick black soot, and a thin layer of brown oil forme slirl
on the gtream water, which has been reported to become aflamed

with loud explosions when ignited {Ibid.).
| !

v +
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The stream is thus reported to be subjected %o rapid
duoradation in both quality and its potential in fisheriecs,
agriculture and domestic use.

The term pollution has been defined as the introduction of
gutstances to environment which change the natural composition of
such environment by accumulation beyond physiological level.

Al:y as the unfavourable alteration of surroundings either wholly
or largely as a result of man's action in terms of radiation
levels, chemical activities or change in the physical constituent
of an area (Cyuse, 1982). 1In view of this, it therefore becomes
necessary to maintain a biologically approved balance between
:ndustrialization, urbanization and our natural surroundings, of
which one of the most critical to life sustaipance is the
aquatic envircoment, otherwise, the balance of existence would on

the long run become distorted.

1.0.6 RESEARCH OBJECTIVES:

Thie research was designed to fulfil the following:

1« To assess the effect of the NNPC Kaduna refinery
effluent discharge on the physic.-chemical properties
of the water and sediment of Romi-stream, Kaduna.

2. To assess the variation awu mode of distribution of the
pollutant from point-source downstream.

3« To investigate how the prevajiling physico =chemical
properties affect the relative abundance and distribution

of the biota of the stream.
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4. To evaluate thc effectiveness of the waste-water

treatment plant of the refinery.

1.047 WORKING HYPQTHESES:

As guide in the formulation of a working design, the
following Null hypotheses were proposed:
i. The physico-chemical properties of the stream is not
influenced by the effluent discharge from the refinery.
ii. The distribution of pollutants from point-source
downetream is Nomogencus.
iii. The abundance and distribution of the biota are not
affected by the physico—chemical properties of the water.
iva The nature of substratum and its physico—chemical
characteriatics is independent of the physico-chemieal
properties of the surface water.
V. The effluent discharge falls within the allowable limit

set by the Intermational Standards for Effluent discharge.



CHAPTER TWQ

2.0, L LITERATURE REVIEW

2, 1 CHEMICAL COMPONENTS OF REFINERY EFFLUENT

Review on the chemical compenents of Canadian petroleum refinery
effluents has been made by Cote (1976). Detectable substances include
0il and grease, phenolics, sulfides, ammonia, suspended solids,
various nitrogenous compounds, biochemical oxygen demand (BOD),
chemical oxygen demand (COD) chlorides and often associated with
high temperature. Varicus metalic constituents such ae Cr ', Cu °,
Pv , Zn , Fe , Ni , Mn , and C4d have been reporited ag usual
components of petroleum refinery effluents by several workers,
particularly Mckee and Wolf (1963}, Huber (1976}, lLolomari (1983).

The interactions between these contaminants further result in
the occurrence of nigh concentrations of other substances such as

carbondioxide, hydrogen sulfide and a number of abnoxicus substances.

2. 2 0il: The presence of oil in refinery effluents is traceable
to the refining processes and occasional spills from either pipeiine
leakage or during off-loading and on-lecading of crude and refine&
products. Six major spills involving over LOC litres of oll were
reported at refinery sites in Canada in 1974 by the Enviromnmental
Prot.ction gervice (Cote, 1976). Appreciable amount of oil is usually
introduced 40 refinery effluent from the process and cooling water

as well as ballast and storm water {Ibid.). 0il concentration

of OJ3ppm hasg been reported gmong the possible pollutants from Linear
Alkyl-benzene {LAB) plant of the Kaduna refinery effluent (lolomari,
1983),
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2 +3 Phenols: TFhenolic compounds are produced and made available

to refinery effluents through thermal and catalytic eracking of
crude oil in the distillation process (Cote, 1976). Field and
laboratory studies conducted by Zoulalian et al. {1974) on the
level of phenclice in Saint Lawrence river below an oil refinery
effluent outfall indicated the presence of these substances beyond
3000 meters from the outfall downsiream, desplte their being
bicdegradable. 4 range of pollutants discharged from petroleum
refinery effluents indicates pherolicg and parafins tc be the major

components of the waste based hydrocarbon (Keith, 137L).

2 &4 Sulphides: Sulfidesg origivate from the desalting distillation
hydrotreatment (DDTH) and hydrocracking of c¢rude oil of sulphur
constituent {Cote, 1976). Effluent specification of 0.20mg.L '

has been reported by lolomari (1983) from the LaB-—plant of the

Kaduna refinery. In the study of toxiclty of treated effluent from

NNPC Kaduna refinery to Tilapia milotica (1), a range of sulfide

from 0,00=20,50ppm has been detected by Onwumere (1986). The
conversion of sulphur tc abnexious H28 in agquatic enviromnment has been

reported by Hynes (196Q), Korting (1970), Swith and Oseida {1972).

2. S Ammonia, chlorides and surfactant: The presence of ammonia

in refinery effluent has been reported by Cote {1976) to criginate
primarily from crude oil diastillation, hydrocracking and hydro-
treating processeg.

Chlorides have been listed awong the minor contaminants of

refinery effluent. According to Glaze and Henderson (1975), Cotie
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(19?6), éhloride in refinery effluents may originste from chlorination
of cooling water or from plant where chloride is used for disinfection,
In addition to effluent concentration, workers including Gorham (1961),
Gibba (1970, 19?2) attributed higher chloride enrichment to water
bodies through atmospheric precipitation.

Surfactants, otherwise known as dispersants originate from
refinery cooling water. It has been reported by Cote {1976) that
the addition of surfactant to cooling water becomes necessary when
its oil content elevgtea to 10-100ppm. This added dispersant
(surfactant) finde its way to refinery effluent as a component of the
waste water. Lolomari (1983) indicated that 1.Omg.L-1 Ammonia is

expected to be present in Kaduna ILAB-effluent,

2 +6 Suspended solids, dissolved solids and conductivity:

Suspended solids in refinery effluents have been reported to
originate from innert materials such as sand, in storm runoff water,
from salts in erude 0il, from metallic matter from blowdown boilers,
corrogion products, bioxidation processes and related sources
(PACE, 1974}« Soluble substances in refinery effluent mainly cof
metallic origin, as well as few cth?r non-metallic substances such as
chlorides, phosphates, nitrates, and organjic salts often disscociate to
cause higher ionic enrichment resulting in increased elecirical
conductivity of refinery wastes and the receiving water body.
According to Golterman (1975), comductivity of water body has been

found to be proportional to the concentration of its dissolved elements,
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¢ +7 Biochemical oxyzen demand and Chemical oxygen demand:

Oxygen depleting stress lmponed by effluent on receiving
water body is expressed in terms of either chemie¢al, biochemical
oxygen demand or both. In refinery wastes water, the pollutants
exerting oxygen demand have been found to be organics, ammonium
salts, sulfides and ferrous salts (CONCAWE,1979). €.0.D. loading
from the discharges from Canadian refiﬁéries were found to range
from 8 to 5810kg per day (PACE, 197hk). Organic residues form a
characteristic component of petrochemical effluents, usually ir
form of complex organic compounds in solution and suspension, which
are readily oxidizable and so use up the dissolved oxygen in water
{Yynes, 1960). Meynell {1973) in hydrobiclogical survey of Ric Cj:ile
river (Spain) reported that pollution by a refinery effluent had
reduced the dissolved oxygen level to 1|ng..L‘—1 by forming surface
to sliks prevent water-air interphase recxygenation and addition

of oxygen demand upon the water bodye.

¢ .8 Carbondioxide, Alkalinity and Hardnass: High level of
]

caleium carbﬁnate content of about '_%’()':Zlmg.l,-"1 has been reported to
be associated with a desired effiuent quality of Kaduma refinery
(iolomari, 1983}. Alkalinity within the range of 0.00-222,01ppm
has been detected in pre-discharged effluent of the refinery by
Onwvumere (1987). Sprague gt al. {1978} reported a range of
0.50=96.50ppm in some Canadian refinery effluents. Alkalinity, as
defined by lind (1379) represents the buffering capacity of water.
Close relationship between alkalinity of waler hardness, pH and
carbondioxide contents of freshwater hasg been established (Ibid).
High 002 may result from bicdegradation of organics, which in turn

innreases water acidity {decreases pfl). hile increase Ln alkalinl ty
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usually shifts the pH to alkaline side of neutrality. In studying
the effects of 0il and oil dispersant on an Enclosed Marine
BEcosystem, Linden et al. (1987) associated high Co, production to
increased respiration by invertebrates, phytoplankton photosynthesis
and anaerobic bacteria with a relative decrease in hydrogen ion
concentration as a net effect, with the major buffer being the

carbonate content of the medium.

2 +9 Nitrate-nitrogen and Phosphate-phosphoruss The presence of

ni trates, sulfides and sulPhites have heen reported in refinery
efi'luents by Gofe {1979) and lolomari {1983) in Canadian refineries
arnd Kaduna refinery respectively. However, high snrichment of
intang waters studied, particularly by Kemdirin (1987} on some
reservoirs in Plateau State {Nigeria), and Beardly (1988) on
Chusapeake Bay Water (USA) indicated nutrients enrichment especially
rhesphates and nitrates to be atiributable to surface runoff from

agricultural land, sewage-plant outflow and autochthonocus sources.

2.7 0 Metals: The prezence of heavy metale in refinery effluents
hac been reported by several workers: Heavy metals which include
Pb ", Cd *Cr‘, Fe .Cu ,Mn , N ,Hg , and Zn have been
detected in treated effluents from the biotreaters of seven
refineries in Canada (Huter, 1976). The effluent of NNPC Kaduna
Lat~plant has been reported to contain a normsl quality range of
eleven heavy metals from D.OD‘Img.L"1 to 5.0mg.Lﬁ1 (Lolomari, 1982).
wWhile alkaline-earth Metals are usually natural exchangeable
ions in natural waters. Bigh concentrations of sodium, calelium,

potassium, and magnessium due to surface runoff, nature of
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bedrock and increased precipitation has been reported in inlard
waters by Kemdirim (1987), and in pre~discharged effluent of

Kaduna refinery by Onumere (1987).

2«1 1. DELETERICUS EFFECTS OF REFINERY EFFLUENT ON THE PHYSICAL *

CHEMICAL PARAMETERS

The effects of components of refinery effluents have been t-ih
physical and physiological. The oil content has in most instance:s
been reported to create oil sliks on the water surface, thereby
blocking ajr-water reoxygenation with a consequent oxygen depletion,
increased biological and chemical oxygen demand (PACE, 19743
Concawe, 1979; Cote, 1979). Soot has been reported to cling to
plants and substratum during heavy oil contamination from Kaduna
refinery (Anon., 1988). In addition to the oxygen demand associ-‘ed
with the biodegradation of such effluents, other reducing agent-
such as sulfides, sulfites, nitrates, phenols and other hydrocart nn
have been reported by Meynell (1973) and Cote (1979) tc create
additional deoxygenation. It has been reported by Davis (1975)
that severe reduction of oxygen below Jppm could result in
a.phyxiation of fiBheS.zd marked effect on many physiological and
Liochemical processes also results.

Taste and odour threshold for phenol in water has been
reported to be as low as 0.1ng.1f4(USEPA.1973) while concentrations
of h0l5.5_1 bas been reported to have caused threshold toxic effects
on Scenedegmug (Mckee and Wolf, 1963).

Carcinogenic influvence of refinery effluents have been
reported by several authors: Hueper and Ruchhoft (195L) found

that ertracts from receivine watera nolluted with ail refinsrv
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ef fluent caused skin cancer in mice. Heueper (1963’ emphasi zed
that some petrochemical compounds are among the most potent
carcinogeng. Blumer (1972) stated that carcinogenic compounds of
0il include 1,2-benzanthracene, alkylbenzonthracene and 3,L~benzo-
pyrene. There have beenIZ?ug;ports on growth and structural
abnormalities in a wide range of organlisms exposed to petrochemical
pollutants, which include tumorous skin, alcerations, cancerous
lesions, candal fin defects and lip cancer in fish (Finkelstein,
1960; Young, 1964; Deys, 1969).

Regort on the Buzzards Bay Oil spill in Massachusetts {USA)
in 1969 indicated oil to have penetrated into benthic sediments with
a resultant massive killing of marine organisms including worms,
crabs, snails, clams, lobsters and other vertebrates (Elumer, et . 1971
Abnormal development of crab and barnace larvae at 011 concentrations
of 10=100ppb and toxicity of ¢il at conceniration of 1ppb te
juvénile copepcds has been reported by Nelson—-Smith (1972).
According to Baker (19?3) the lethal threshold of phenol to Daphnia
mzgna, in a refinery effluent is 28.9ppm. Reports on the persistence
of 0il fractions in water (Blumer et al., 1971; Krebs and Burns, 1977)
indicates that 0il pellution damage could persist for a longer
duration due to the low degradation rate of the constituent
hydreecarbons that are adsorbed into the sediment. 0il and cil
fractions toxieity tc phytoplankton has been reported by Nelson-
soith (1977). Accordingly, crude oil bas generally been found to
be toxic to aquatic planis on the conceniration order of 50-200ppb,

with a general depression of growth rate even at concentration of

about 1ppb.
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Reduction in phytoplankton productivity up to 5-ford and
a decrease in gooplankton density in pools contaminated with oil
and dispersants has been reported by Linden et al. (1987).
Pollution of Bayou d'Inde estuary in Louisiana (USA) by petro-
chemical wastes from a large petrochemical complex has been found
to cause drasitic reduciion in the general species density of

Nekton assamblages and crustaceaus (Felley, 1988).



CHAPTER THREE

140 MATERIALS AND METHODS

‘«1 Sampling:
Monthly samples were taken from five different

itations from effluent outfall down stream. These :‘ations
were marked Rs 1, Rs 2, Re 3, Re l4 and Rs S respectively.
‘tation 1 was the effluent outfally station 2 about 300
vetres from the outfall; station 3,500 metres from station 2,
station L4 about 1000 metres from station 3, station 5, 700
setres from station L. The period of sampling covered 12
ronthe (November, 1987 to October, 1988). Dry season samples
include November to April, while rainy season samples were

those of the months of May to October.

1.2 Physico-Chemical Parameters:

12+ ¥Water pH: Water pH was determined on the spot, using
portable pH meter. The electrode was irmersed into the
water for a few seconds to chbtain stable readings on the

nH scale.,

3+2.2 Sediment pH: GSediment pH was determiped using 1.1
sediment to water ratio (Black, 1966), 20g of air—dried
sediment was passed into S50ml beaker through 2mm sieve, and
/Oml distilled water was added. The content was stirred
several times for 30 minutes with a glass rod. This was
allowed to stand for about 30 minutes for the suspencded

clay to settle out from the suspension.
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The pH meter was standardixed using L.0, 7.0 and
9.0 buffer sclutions. The electrode was inserted into
the partly settled suspension without touching the bottom

of the beaker, to obtain the sediment pH without agitation.

3+2.3 Temperature: This was measured on the spot using
mercury thermometer calibrated to measure from -10°C to
11000. The thermometer was immersed into the water for

S minutes, after which the water temperature was recorded.

Air temperature was also obtained with the mercury thermometer.

3.2.4 Optical Density of the Water: This wae determined

by spectrophotometry, using Model S101 spectrophotometer.

The percentage transmittance of each sample was obtained using

icm
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cuvette against distilled water (blank) by setting the wave-
lengthe at 750mON
The optical density (0D} was thus calculated as:

;
0 = 108 FFranemittance (Lee, 197g).

3. +» Suspended golid: One hundred ml of water sample was added
to a clean, dry preweigh#d evaporating dish. Reweighing and
evaporation followed. After evaporation to drymess, the dish

and content were further dried to constant weight at 103°C

for 2 hours, cooled in a desiccator for 90 minutes. The dish

was rewelghed and the amount of suppended solid (SS) thus

calculated as total suspended solid om drying at 103°C (Tss, 103%).

W, - W, x_ 1000 (mgL ')
nl. of sample

mss, 103°C =

(14nd, 1979)
where, 32 = Final weight of dish and content
U1 = Initial weight of dish and content.

3+ s Dissolved Solid: 100ml of water sample was filtered

through O.45 um filter paper and placed into an already weighed
evaporating dish. This was evaporated to dryness in an oven
for 2 hours at 103°C. The dish was cooled briefly in air and
af terwards placed into a desiccator to further cool down for
90 minutes.

Dissolved solid on drying at 103°C (DS, 103°C) was caleulated

asi

HQ -W1 x 1000

-1
ml. of sample (mg.1 )

(1ind, 1979}
where Hz and H1 represent the final and injtial weight

of dish respectively.
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3. . Electrical Conductivity:s This was determined on the spot

using EBA/10 portable conductivity meter. The electrolytic
conductivity cell (K = 0.1} of the meter was rinsed with water
sample. This was followed by the introduction of water sample
into the cell. The temperature of the meter wae adjusted to
read the corresponding water temperature.

Conductivity (in Micro mhos /cn3) wag recorded from the

meter calibrations.

3. + Water Hardness: 25ml of water sample was diluted to S0ml

using distilled water. This was followed by the addition of 1ml

NHhon (wffer); 2 drops of Erichrome-black-m-indicator were added

and titrated against 0.01M EDTA till a light blue colouration was

observed.
Water Hardness (ppm cacob) |
= 'Vol. of EDmA(Titrani) x 100
Vol. of sample (25ml) -
(aPHA, 1980)

3. DISSOLVED CARBONDIOXIDE

100ml of water sample waz carefully drawn into Nesler's
flask without agitation. This was followed by the addition of
10 drops of Phenolphthalein indicator and titrated against N/hhL
NaOH to end point (faint pink colouration).

Dissolved €O, {ppm)} = Vol. of titrant x 10

' (APRA, 1980).

6hloride Ion Concentration: 100ml of water sample was transferred

into an Elemeyer flask. 2 drops of Potassium Chromate solution
wvere added (indicator). Titration against 0.01N Silver Nitrate
golution was follewed till an end-point was obtained.

Chloride ion (ppm)
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3. +1 Dissolved Oxygen (DO): Dissolved Oxygen was determimed by

the modified Winkler method (lind, 1979). Water sample was
collected from the marked sampling station in 250ml amber sampling
bottles, filled up to neck. Twenty ml standard MnSO; solution and
2ml alkaline iodide~azide golutions were added on the szpot and
the content was shaken for 10 seconds. Two ml concentratad HaSOI+
was added to the sample and the stopper replaced immediately,
to avoid alr being trapped. The bottle was again shaken for s
few seconds till precipitate dissolved,

qugiboratory, 100:1 of the content was transferred into
260ml cornieal flask and titrated against standardized 0.2
0.0124N, Sodium ’Ihiosu1phate(ua25203). As the colour changed to
pale yellow, 2el starch indicator was added and further titrated
to end-point (the appearance of colourless solution).

The dissolved oxygen (mg L‘1) waa thus obtained using 131
0.0125K Na,5,0, to mgl”" oxygen (Lind, 1979).

Percentage saturation of Oxygen (%):

= O, concentration x 100

- w7

solubility of 05

*expected solubility st the temperature and altitude,

{Golterman, 1970)

3. .2 Water Alkalinity: To 100ml of water sample | drops of

phenolphthalein indicator were added, followed by titration
against 0.02KN. H2SOh to end-point. Titre value {vol. of aoid)
multiplied by 10 represents phenolphthalein alkalinity (a).

For methyl orange alkalinity, ihe above procedure was
repeated except that the phenolphthalein indicator was

substituted with methyl orange (b).



Total alkalinity was thus calewlated ass

(a) + (b) D
(APHA, 1980)

3. 3 Biochemical Oxygen Demand (BOD): The initial DO

of samples of the water determined by modified Winkler Methed, -
wag incubated in 250ml BOD bottles at 20°C for 5 days.
BOD (ng.L”1) wag calculated as:
20, - Mg (mg.1”V)
where D01 = Dissolved oxygen concentration prior to
incubation.
DO5 = Dissolved oxygen concentration after 5 days
of imcubation,
(APHA, 1980)

3. 4 CHEMICAL OXYGEN DEMAND (COD)s

The water sample was filtered through glass fibre and 10ml
transferred into 250ml conical flask. To this, L4Oml distilled
water was added, followed by the addition of 5ml 0.1N Potasaiwm
permanganate(ﬂyhﬂi) and covered with a beaker., The flask was
placed in a water bath at 80°c for 60 ninutes, cooled for 10
minutes, and Sml potassium iodide, (KI) 10wl LN. HZSOh were
af terwards added. Titration againet 0.18 Na25203 followed till
pale yellow coloration appeared. One ml 1% starch indicator was
added and the content was further fitrated to end point the
disappearance of colourless sclution.

3 blanke (50ml dlstilled water, Sal O.1N KmnO,

Sml 1% KI and Sml LN, stoh) vere prepared

and titrated as the foimer. The average value was determined
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anl designated {(a).
CoD (mg.L™') was thus calculated ast

(a-b) x ¥ x 1000 el
vol. of sample (10ml) ™&¢

(Golterman, 1970)
vhere a = vol, of Na28203 for blank
P = wol. of Na25203 for sample

N = Normality of titrant used.

3.2.15. Kitrate-Nitrogen Content: One hundred ml water sample wae

evaporated to drynees and coocled. Two ml Phenol-disulphonic aeid
was added to the residue, followed by the addition of 10ml
distilled water and Sml strong ammconia solution. 4
Setting the apecthphotometer at the wavelength L10mu,
absorbance of the treated sample (above) was obtained from the
scale against distilled water (blank)., Nitrate-nitrogen
copcentration was obtained from a calibration curve in ppm
(APHA, 19?0).

5+2.16, Phomphate~Phosphorus: To 100ml of water sample, 1ml

Anmonium molybdate snd 5 dreps of stanocus chloride were added,
and allowed to stand for 10 minutes. Asorbance was taken at 690ml,
using spectrophotometer. 'Thus Poh-P conceniration was ohtained

from a callbration curve in ppm (APHA, 1980).

5.2.717. Determimation of Chlorephyll *a's Five hundred.ml -water samle

wag filtered through glass fibre filter paper with the ald of a
vaccum pump. Near the end of filtration iml of 1% agueous
snapension of Magnessium carbonate was added, fellowed by the
addition of 2%ml 90% acetone., This was kept in darkness for 2L

hours, after which grinding and gravity separation using centrifuge
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sore carried out.

Absorbance of light by the supernmatant containing
chlorophyll 'a' was deterwined on spectrophotometer using
lca cuvette at 665mu and 750mu. Chlorophyll ‘a'
concentration (in ug.l._1) wag calculated using the equation
of Talling and Driver (1963) and weber (1973).

Thuss Ug. chl. 'a's L' = 11.9 (°D665 - OD?SO) x -;- x %02

wWhere:
03665 = absorbance at 665mU
ODTSD = absorbance at 750mU
v = Volume of acetone used in the extraction
L = lengt of cuvette (in cm)
S = Original volume of sample (in ml)
11.9 = Conversion factor for chlorophyll 'a' in acetone.

i+2410 Determination of Metale: puo nunired mi.

vater -3 - Wi collec

collected using polythene container previoualy washed with
acide Thie was followed by the digestion of S0ml in 10ml
concentrated Nitric acid and concentrated Hydrochloric acid
in ratio 123 in a water bath at 0%¢ for 60 minutes. Alkaline
farth metale (Na, K, Ca, and Mg) were determined using a flame
i otometer while their concentrations (ppm) were chtained
using standard curves.

Heavy metals were determined by using Atomic Absorption
. rectrophotometer (AAS), Model 180-80. Corresponding
concentrations were ottained from standard curves. Metal
~cncentrations in sediwent samples were determined by

codiment digestion method (M'Fu, 1980). GSediment gemple was
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oven dried at 60°c for 2l honrs. 1 aliavet was weiphed
out. This was followed by the addition of a mixture of 1Uml
concentrated nitric and Fydrochloric aride (113 ratio). This
was placed in water bath at 920°C for 69 minutes. Filtration
followed using Li5Um filter prper, after which the filtrate was

diluted to 50ml using distilled water,

3.5404 Detemination of other Parameters: Concentration of
oil in water, hydrogen sulphide and mercaptan surfactant and
phenol content were determined by the water laboratory of the
Nigerian National Petroleum Corporation (NNPC), Kaduna.

Values were expressed in ppm, wt, %, ppm and ug.L"1 respectively.

COLLICTION, PRECERVATION, IDENTIFICATION AND

.504-0s
NUIRITIONAL COUNT OF THE BIOTA:

Phytoplarkton samples were collected using plankton net
of 70 neshes/cm2 and radius of 25cm. This was dragged just
below the water surface for a distance of 3 meters. The
collected volume of water was concentrated in S0ml collection
bottle attached to the net. The contert of the bottle was
presexved in luygol solution. '

Zooplankton samples were rcllected by the same methed
(above) over the same dimtance, and preserved in )% formalin
(WEO, 1963 and APFA, 1980).

Macroinvertebrates in surface water were collected using

a sweep net with mesh gize 70 meshes/cmz and a diameter of 20cm

over 2 metres distance,
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Benthic macroinvertebrates were collected using Himan's gra®
of area 1S5cm by 20cm (300(:!2]. Three collections were made per
sampling station. Collected sample was washed through a "60"
mesh gize sieve, and the organisms recovered were preserved in
L formalin.

Identification of recovered organisms was made with the aid
of reference texts: (Edmondsen, 1957 (ed); Hutchinson, 1967 (ed);
Pennack, 1978 (ed); Whitton, 1975 (ed); Hynes, 1963 (ed);

Needham and Needham, 1975 (ed)). Organisms were identified to

generic level.

7 Differential Count of Plankton: This involved the

counting and recording of identified phytoplankton and zooplanktcn
communities of each kind quantitatively ( WHO, 1963).
By means of mechanical stage, the entire content of 1ml concentrate
sample placed on the counting cell was moved past low power
objective of a microscope for enumeration.
The number of organisms per litre was thus calculated as:
N = n::f%:%) x 1000
where,
N = Number of organisms per litre
Nx = Number of organisms recorded in the 1000
fields of standard sedgwick-Rafter cell (1mm deep)
i.es. from 1ml concentrate sample.
a = Number of fields in the counting cell (1000)
b = Number of fields counted (1000)
¢ = ml. of concentrate sample (50ml)

d = ml. of original sample vol. (7T er)_
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3. Differential Count of Benthic Macroinvertebrates:

For individual genus, the number of organisms found per
square meter was calculated ast

%— x 1000 (organiems/nz)
where HNx = Number of organisms recovered in the 3 samples
collected per station.

4 = The area covered by the 3 sampling per station
E £ ,300m°
3 x 300cm

3. Differential Count of Macroinvertebrates in Surface Water:

For individual genus, the number per litre was thus calculated:

i %l x 1000 (organisms/Litre).
wheret
Ny = Number of organisms recovered in the sample
i ¥V = Volume of water covered by sampling (szzd)-
3. . Helative Abundance: The relative abundance of each

genus was determined on individual basis by caleulating its
monthly percentage composition.

Number of a genus in a month . 100
Total number of all the genera in a menth 1

(expressed as percentage).

3 STATISTICAL ANALYGIG:

Two-way analysis of variance was carried out to determine
.significant differences in all parameters with seasons, station
by season, hetween stations and months, at 0,01 (1%) and 0.05 (5%)

levels of significance using computetr.

LR TR
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Rank correlation analysis was used to determine the relaticnsbip
between parameters as they affecteeach other, using 0.05 (5%)

confidence limit, two-tailed and 4+ 2157k critical value.



- CHAFTER FOUR

Lo o RESULTS

Analysis of results based on 2-way analysis of variance,
Rank correlation ooefficient and graphic representation indicate
wide fluctuations in physjico-~chemical and hiological

characteriestics of Romi stream.

L.1 WATER TEMPERATURE:

Water temperature ranged from 19.70°C to 35°C (Fig. 16).
Mean geasonal temperatuxe (Table 1a) indicates a relatively
lower temperature during the dry season (20,91°C) as compared
to the rainy season mean of 26.17%.

A two-way analysis of variance (Table 1b) shows highly
significant difference in water temperature between seasons,
station by seasons, and batween months, with lower tempersture
during the dry season (P< 0.01). No significant dif ference was
chserved between statione {P>0,05).

Correlation coefficient analysis (Table 1c) indicates
i‘ncrease in water temperature te have corresponding increase 1in
the amount of suspended solid, dismolved solid, alkalinity, HZS’
0il, Phenol, 2n, Mn, concentration of both surfacewater and
sediment; Ki and Cd contents of gediment (P <0.05). No
éignificant correlation was observed between water temperature,
and Cl-, POh-P content, surfacewater Ph, Fe, Cu, Cr, Cd;
sediment Pb, Fe and Mn (P> 0.05). The cor;'relation between water
temper."aturo and the mumerical abundance of zooplankton,
phytoplankton and benthic macroinvertebrates m-a.lao fo und

notrf.o be significant (P> 0.05).
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Table 1z

vartartos TN VATIR TEMPiRATURE (C) .. s

STATIONS

1 > 3 .
General Station x 26,96 T3k 27.63 1 27.71 <7
Dry Season % 28N
Rainy Season X 26617
S.E.D. X between months .........p.%'Z???.E).":... testsbrsternavus
5.E.D. X between stations SR ¥ 1L 34 PO

0,78R954

R AY B PN AT GRS AR VAR P FARR SRR B

S8.E.D. x betyean seasons

5.h.D. x between season by station <.ee. 3.‘1@5‘:1.6......................

T

g 1 2 3 L g

Station by Seasons X3

Dry Seagon . 30,50 | 27,75 30,60 |2643% PG, T

Rainy Season. 23,42 | 28,93 |ah,65 [20.07  }an.
- ibe .
ANALYSIS OF VARIANCE For WATER.TEMEERATURE . ... ......... orricoson cene.
Scurce of variation: df. 88. Ms. J Sa
lieplication (6). 5 240,829 { 45,1658} 5,157 vy
Stations (s). 4 14,9826 | 3.987%A 10,401 N3
Seasons (2). : 1 112,34 {11234 {112,032 ] =~
Station by Seasons. & 232,832 1 58,20%316,234 ¥
Months  (12). 11 803,852 | 73.0776}21,577 | xx
Hesidual, | | 34 1%0.8636 4,43,71
Total. 59 [1555.704p

*

*» lighly Significant {P<0.01).
*  Significant {(P< 0.05).
NS. Not Significant (P>0.05).






D OBl TR BT RO e

(w1 )

LBy
=-.20

=515
=.086
-+055
-1
01k
=.213
-.32
-« 149
-.208
L01
=057
6
+325
=145
=135
=011
=01k

TABLE Ic

2 3
(v2 ) (v3 )
1
-.118 1
o 278
058 -.09
289 017
038 =022
«269 =077
=221 003
-.096 023
+2Lé <035
=01k +18
-.162 =23
=197 008
-.091 =,05
-.179 ~-.082
-«187 =.018
v1h$ --1&7
-0‘!5 =301
069  -.07
=015 «,1L2
008 «259
163 =009
2l =19
-.025 013
AT =0k
-.2:1 J:Sb
=415 -.:3
396 5
2 3
(v ) (v3)
29l «
09 -3
. =097
~.ib6  -.065
063 a2
.12 091
-.072 =-.065
=077 078
-.267 018
- 183 -.22
-+268 -,003
=« 147 061
218 -amt
=217 -.259
051 075
<003 019
=036 -2l
=106 =177
=03  ~-.025
-1 268

=145
<0L8

=02

=21

"0315
«0}

6
(v6 )

526
=013

=.258
-1

=a0l1
=03
-a12
-.2&
-.109
=247
<393

211
238

-.09

=251

=196

0lé
=051
=061
063
-.067
«193

(v8 )

332

8
(v8

-LE8

«282
"-0“

A1k
-,021
".2“
-4093
~oly1ly

S .362

~a 19k
112
<001

=138

=33

S o

(v )

'!035

=078
=179
-.02l
=005

075

-O?ﬂ

10
(v10 )

10
(w10 )

=354
=353
"oh)g
-e 212
-.182
-.212
-o2h5
066
=-.252
=06
-e)52
"0068
=23
- ‘93
-.2115
-.2U2
252
209
119
47

1

-.287
016
=207
LTl
005

049
«119
-.20L8
-.186
=-22L
=-.23
223
263
L003
«331
-0l
171
018
L16

"
(v11 )

l‘“‘
149
L7
=09
089
297
«203
-.098
=+208
=395
-.0L9
-.2&

-+253
<051
-073
«157

e 1"5
<059

=i 3

12

12
(v2)

-.208
o"
"'01“
01’

ot

(13 )

-.218

1 3 W
(v11) (w12 ) (v13 ) (v1 ) (v

L0

«192
o126
- 162
-]
-y Wi5
-, 110
L1206
O
- 01
=073
D14

1k
(el )

-1t
=-D1r
=10
D6
o llil
127
~al19
=4134
-a298
-« 15/,
=29
=e 11

- 165
- 104
-o208
b2
212
L0k
MR

34

<«
)
05
Lk
13
=8



L6
LT
L8
L9

16
lvi‘ )

182

-.078

-.038

-.037
022
<Ol

.19

- 102
.251
15
425
122
133
.18
012

-+ 141

-.0T1

-.057

-.027

- 102

-.07

-.053

- .08l
<145
L1
093

n
(v21)

.207
.386
-2
«162
.38
« 151
=08
=« 17
- 38
- 03
-+195
515
- 175
+158
279
.161
-.089
« 1t
-.279

Lo
(w6 )

-.J35
028
008

=178

TABLE le

1 18 19
(v17) (v18) (»19)

1
<513
-.155
-.388
—-)96
-.253
463
«392
»223
«127
474
<139
=148
-o22h
W08

005
« 19
o266
=179
236
k33
=-+108
023
- 327
=11
=ola 33
~263
—.3?9
-l
028
«169
10"
- 145

32
(v2)

1
«597
42

217
278
Lod

“01?2
0295
-.015
198
0132
«253
0}61
091
076
-0‘{5
£72
=037

L7
(w7 )

567
566
<143

=095

conr’o

1
634
698
223
=229
=188
".2}2
-.26l
=157

-.218
=29}
-7

-.0]

=013
=226
=h15
- ‘2k
=043

o122
«153
<037
=176
093
-, 109
=13
- 19
“-2?
"'-213
--NS

1 3
(v33)  (v34)

1
356
<156
323
t?B

-.175
77

-112
«196
015
«J55
152
26
0
«19}
051
074

-o 209

LB
(vl )

Lkg
216

115
k9
268
=086
2084
-075

011
=203

«153

018
o

-062
-.1?
-.076

49
(vh3 )

«234

21 22
(vao } (v21 ) (w22 )

=62 =29h -.187

23
(v23 )

38
(v38 )

<128
246
-=193
167
=l32
“voal
L6

-a2ly
<162

=095

252

24

(v2h )

758
643
=oli21
6
-.280
. 185

=145
118
- L8
L1813
<391
-?IJS

=192
0?2‘
=393
.13
137
- 13
=177
o1
<396

2k
-027

39
(v39 )

1
hz?
606
1)
bt '2;
307
.3115
186
-lp‘
=21k
-.225
=213

* Values above criticel E?-tail.

Values below oritical

2-tail,

25
{ves )

«538
-e257
#5731
-a 165
o113
<06
=171
=019
~e?li8
30
278
175
4495
-.0%
#2196

+OTh
~-.218
=-o2k9
~ed29
L0685
<171
<381
#168
-, 066

o222
o112
"'.25&
+509
=048
«236
=432
«171
«11
=071

26 27
(v26 ) (v27)
1
- 383 1
L2170 085
-.308 «T13
-2‘3‘ - 1!5
l’“ "-05.
-035  .632
2 .Hﬂ
-Im O‘n
<18, -.0m
u& 02
5 =042
-.039 -.307
-.086 312
-0?‘ bl 1“‘
e ”h 'I'I'i’2
-.Ns - .01’1
9 006
bl 1“ eel ”
g 1“ 42“
-055 =s1 13
367  -.09k
202 =113
-3 "00”
=036 .07
b1 L2
(vb1 ) (ek2)
1
£385 1
024 =221
22 .38
:& 37
.1’
«=313 029
-39 +085
273 -161
Itm - W'I

3%

2€ 2%
(v2b ) (w
1
« 1117 1
o1 -l
JLh5 -1
«253 i !
o Vi )
il of
297 ~a
»20 o
«387 -glt
LI
=119 %!
S & [
-, 052 .
AN -4
-1t -l
=07 .
— 3
(V] -
e 14 -l
231 -l
- -l
—edd -
L3 uk

(I"o} ) (el )

«29 1
'!‘l' ) [
o)1 .
K1F SOt
-o0 ! -
o1t - )

-1) 0.1

«0,05) & ,2157h significant
«0,05) + 21574 not significunt



36

L.2 WATER pH:
Mean geascnal water pH was found to be fairly stable during

both dry and rainy seasons, Mean pH values of 7.00 and 7.08
were recorded for dry and rainy seasons respectively.

The highest pH value (8.0) was recorded in station 4 in
March, and the lowest pH of 6.3 was recorded in station 1 in
August {Pig. 2). Analysis of variance (Table 2b) indicates a
highly significant difference in mean surfacewater pH between
months (P <0.01). The differences between stations, cecasons and
gtations by seasons were insignificant (P>0.05).

Significant positive correlation was observed between
sur_fwevater pE and sediment pH, surfactant, phytoplankton,
Zn; and concentration of K in the sediment. The correlation
between surfacewater pH and Cl1, 325, Fe and Cr content in
sediments masroinvertebrates in surfacewater was signiﬁca.nﬂy

negative (P< 0.05).

4.3 SEDIMENT pH:
Highest sediment pH {8.90) was recorded in station 1 in

-

"

1,

4
1
!
i

N

Kovember, and the lowest {3.80) recorded in station 2 in
September, November and December (Fig. 2). Mean zeasonal pH
of 6.03 and 6.34 were recorded during the dry and rainy seasons
respectively. | E
| Analyais of variarnce for seaiment pH (Table 3b) revesls
& highly significant difference between stations and station

by seasops (P< 0,01}, The difference between seasone and months

was however found t9o be insignificant.
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VARIATION JIN.WATER RH.veeaen

General Station x

CEE LI N B A

STATIONS

-
a %]
ot

7.30 |7.083 | 7.0 6451
Drv Season x 700
i : | r
Hainy Season x /(U8B
S.B.D. ; bet‘u’een mcnth:i .-..Q::l.j.;/.‘.‘?:;-.....-..-..-..-....-...--
- 56 3¢
3eEsDs X bat“efn'l stations .c10(3201.)-(.'-64?00--aa-ooc.--..-........c.
jeleDe ; bet‘deen seasons a--o?‘?f{1-???-::.9:;oao-..a.o.-o.a.--..o
S.B.D. 3 between season by station Q:;Eitl?F..........................
™
1 2 1 L
Station by Seasons X1
Dry Season . 7 o 40 7.07 Nk 6,
Rainy Season. o 710 718 7o
Tetle 2bg
5]
J‘-I._I.:-&:-;;IS OF YRRIAPICE P(‘H ...wf\:l:e?:}.?.‘.....’.-......'..‘.‘...-...‘. * 8 &0 *a v

Source of variation:

df.

ieplication (6).
{5).
(2).
Station by Seasonso.
. (12).

Hesidual,

svations

Seasons

Months

l'o f,al -

A

« Significant
N5. Net Significant

\r

1 104185 | .,1C!1 1
{-‘ .r. —'.“;J. .A; ‘I‘ o
11 ,,n~1,:— _‘.- ..."" 7 ) o

36 P.651565],01163¢
. 76583

Highly Significant (P <0.01).

(P<0.05).
(E" '.:-0.0;) -

4 M,26167 14315617 ) 2,149
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STATIONS

1 2
Ceneral Station  x 6,79 6, o8
Dry Season v 6,20 ! '
Rainy Season x 64 b ' !

5.5.D. X between months
S.0.D. x between stations 0,20527p
5.E.Ds X between seasons 041¢57%8

s b 4
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Rainy Season. 2¢83 (5,93 J 5475 7,00 P, 4%

TaLle 3b, SEDIMENT PH

i‘L'H?IS OF "IT&RIA.NCE I'UH 48 e s B AE R AR AR A A Te e R B e s R e bR A e

Source of variation: df. S8. Ms. F.

ieplication (6). 2 0 488 nCTE€ e 3E0
; i

statious  (8). 4 3042327 | 7.55817|29.¢

Scasons {2 1 266665 ,2C266% 1,0

57 aticn by Seasons. “ C0.8867 | 12,7217]150, %

Monthg (12). 11 % .21045
Residaal. 34 « 161485
Total. sc g3 _ 246
*» Highly Significant (P<0.01).

Significant
N5. Not Significant

(p<0,05).
(P>0.05).
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Positive significant correlation between gediment pH
and percentage saturation of oxygen, BOD, Phencl, and
surfactant ag well as phytoplankton abundance was observed..
A Bignificant but negative correlation vetween sediment pBE
and alkalinity, Cl, COD, POh-P, surfacewater X, Ca, Mn, RNa,
Pey Cu, Cr, Ni; sediment Mg, Pb, Pe, Cu, Cr, and ¢d was

recorded. S
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4.k HYDROGERN SULPHIDE ARD MERCAPTARN:
with the exception of station 5 where the concentration

waz below detection level, a range of 0.01 to L.60 wt. % was
recorded in stations  and in January and August respectively.
Mean seasonal values for dry and rainy seasons {Table La)

were 072 ard 0.26 wte % respectively.

The congentrations of st and RSH were observed to show
significant difference between stations and between montha, but
no slgnificant difference was observed with station by seasons
(P>0.05).

Water temperature, oil, phencl and surfactant were fomnd

to exhibit significant positive correlation with H.S and RSH

2
content (P<0.,05), while water temperature, alkalinity, surface-
water X, Mg, Na, Zn, Mn, sediment K, Ca and zooplankton population

showed significant negative correlation.

4eS OIL IN WATER:

041 concentration within the range of 0.27ppm %o 10.L2ppm
wag recorded. The lowest councentration (0.27ppm) was recorded
in station L in October and the highest (10.42ppm) in station 1
in Avgust (Pige. 3:).

During the dry season a mean of 0.63ppe was obtained,
vhile the ralny s eason mean was found to be lower (0.01ppm).
Highly significant difference in o1l concentration between
stations and geasons {P<0.01), with significant difference
between ptation by seasons {P<0.05) was observed, while the

monthly variation was insignificant (P>0.05).
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Tat_e 4a

pay, (Wt %) 2

vARTAZTON FNHYDROGEN SULPHIDE AND, RSH. N

STATIONS

1 2 3 L
Ceneral Station x 0,47 1.0 Q.36 0,F
Drv Season x 0,72 ! |
Rainy Season x 0.76 : !

S5.0.D- x between months

5.0.U. X between stations

5.1.De x between seasons

25LOD4 E
O'.O.llIO*.I#.]FJ"QI.0"'00.0'....90.'.

PRSPPI ¢ o). - - (S DU S

PPN I £ 5= IS

S.EDe. ;bem@n Seaaon by station sesna ‘é%?"l‘j...ogatnlbtltaonﬁo...

Station by Seasons X1
Dry Season . : 0,450 1.5% . 0,37 14! 74
Rainy Season. |U.M¢ Lo,m; 04 3¢ 0,0 1,00

Tatle 4b
ANALYSIS OF VARIANCE FOR

.E;IYDH(TGEN SULPHIDE AND RGH

B P S A B PP AT R RAR S SRR S RS A SR AR e s

L BN RN

“ource of variation: af. 88. Ms. F. 5.
Replication (6). 2 7639859 | 14,67972] 3,4°

(5).
(2).
izawtion by Seasons.

(12).

olvions

Sonzons

Monthg
Hesidual.

Total .

(P
(¢

* Significant
NS. Net Significant

| !

A 5.,26041 | 1,%1235| 2,6

1 5,1236 | 3,1276 | 6,71

4 2,51956 | J870689| 1,971
11 6,5563 | 1.50511] 4,0’

3 |6,68234 | 0,15653b4

59 |39.9062

Highly Significant (P<0.01).

< 0.05).
>0.0§).
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* Significant

NS. Mot Significant (P

(P< 0.05).

>0.05).

yaszamIon . OTb, CONGENTRATION, TN VATER  (7FY) “
STATIONS
! 2 3 H 5
General Station x 3,81 Ly 34 2435 2 ¢3¢ 1,47
Dry Seagon x 4,67 |
Rainy Season x 0,04 l
5.E.D. ¥ between months venneen 8020002 i,
S.B.D. X between stations cerennea 20283 e,
5.01.D. X betwsen seasons SRR =15 -1 S
§.5.D. i between season by station ..... DY 5
1 2 3 L 5
Station by Seasons x4
Dry Season Le71  + 7456 L,00 4,72 "
Rainy Season. 2.1 1 ;1 z Q.67 0,00 O,
Tatle 4d o
ANALYSIS OF VARIANCE FoR LQIL .CONCENMTRATION IV WATIR, . .eon...... ceaan-
Source of varlationi df. 98. Ms. F. 5
Replication {6). 5 8,68308 | 1,73662| (927 M
seations  (5). 4 78,1881 19,547 |10,378 X¥
SeAS OIS (). 1 Z0B,2LE 208,246 §40,507
§4%21ion by Seasons. 4 43,050 N0,7648 2e71% X
Months (12). 14 35,4579 | 3,22344) 1,654
Resicual, 34 10,29999 1. b11999T6
Total. 59 422,934
»* lighly Significant (P<0.01}.
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A Bignificant positiive correlation was established
between oil and water temperature, HQS and RSH, Phencl
surfactant and surfaﬁewater Cu (P<0.05). The relationship
with POM—P, Chlorophyll t'a', surfacewater K, Ca, Mg, Na, Pe,
Mn, sediment Ca, zooplankton and benthie macroinvertebrates

wag negative and significant.

lie6 PHENOL:

Concentration of phenol in gtations I and 5 was below
detection level. A range of 0.02ugsl | to L.Obug.l ' was
recorded in other stations, the lowest and the highest being
in station 3 in October and station {1 in August respectively.

Highly significant difference between stations, seasons
and station by seasons (P< 0.01) was obtained, with dry season

mean of 0.63ug.L_1euﬁ rainy season wean of O.O‘lug.l.m1 (Table 5a}.

Sigrificant positive correlation was egtablished between
phenol anmd oil cencentration, water temperature, sediment pH,

H.S and R5H and surfactant (P<:0.05). The correlation with

2
conductivity, alkalinity, COD, POh-P, Chlorophyll 'a'; smface~
water X, Ca, Mg, Na, Fe, Mn, Ki; gediment Ca, macroinvertebrates
in surfacewater and zooplankton population was significant, but

negative.

L7 SURFACTANT:

Mean seasonal varistion in surfactant concentration (Table 6a)
iﬁﬂiéatea high dry season value as compared to rainy season.
The loweat concentration was recorded in stations 2 and 3 (Fig. 3 ).

The highest concentration was r2oorded in station t in Angust.
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vaRTATION . AN, PHENOL CONTENT (use L°)

STATIONS

1 2 3 L

GCeneral Station X 0,54 0486 G4 Q47
Dry Season ¥ (0,63
i |
iain X
Rainy Season x 0,01
- c
L;Ii‘u-D. x betﬂeen monthﬂ !...I.lCltoqg3:§1.§‘c..Olll...l..!l - »
:J.;.:.Dc ; bet“eEn St{‘.tiona ot.-IatQ‘cr0q1.!.8.£t:lfnot0.0l..l...'-cv.-
- bt | S
:;-i';-D- X between Seasons R .‘1.‘.1:.'.‘.‘3..-.o.......n-....
— ol = B §a
S.k.D. x between season by station .......-'.‘.:'.‘-).r.,?............. ......

1
.

Station by Seasons

Dry Season . 10,62 Y 1.73 0, 2" | 0 !

o <9

Rainy Season. 0,07 0,00 D.C0 Q.0
Tatle 5b

a_il_..‘.m:ls OF VJ‘HL‘HCE I'Oh :..;:;.oic.;.;n‘n-ono.-.-q---oo.o--co--ooova--

Source of variation: | df. S8. Ms. F.

Replication (6). ‘ 2 1.69169),378339 | 1,7
stations  (S). L4 4,94519{1,2363 | 6,4
Sensons  (2). 1 5 .6795515,67953 | 29,7
Station by Seasons. 4 4,95723 11425431 6.
Months (12). 11 2488315 253014 1.

Hesiduale jl,‘ / .';"1{‘_.“'1 JT_-.1 4pEE

. &0 Y T
T p L 3 .
At'.r.rllu e, ’ Malall

** Highly Significant (P<0.01).
Significant (P< 0.05).
5. Not Significant (P>0.05),
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VARIATION .

Cenaral Station x

Dry Season ¥y 0,51

Rainy Season x V01

S.E.D. X between months

S.0.D. x hetween statiions

U.E.De X between seasons

S5.E:D. x between season by station

]
¥

Station by Seasons X3
Dry Season .

Rainy Season.

IN SUREFASTANT CONTENT

19786

.IQII..."‘I'I

...l.'...g.llll

279816

.«l..’.

4b
(Wt (PPM)
SPATTONS
| 2 3 L |
0.7 Jo0,20 0,05 cooe7 oo,

5?‘..........'.6.'0‘.‘..

LA BN I IR R R BRI R I A N

1 2
0400 ' 0,49
0.03 0,00

J.11

Q.00

h
RE .
Q.01 Ol

Tuble 6b
ANALYEIS OF VARIANCE FOR

SURFALTANT CCONTENT

L N N N N N R LR A R L R L RN

R EREENERE

Source_of variation: daf. 53, Ms., F. .
feplication (6). 5 1.96833. 0 0OBBET 1,0 :
Stations (5). 4 1 .6&‘»061&i LO20161 1,700
Scasons  (2). 1 0 2923311.39233 | S.c08 | =
Statien by Seasons. 4 1.456191 364047 1.7 !
Months (12). 11 2., 71LB9]246R08 1 1.1
Rosidual, o4 T ERD22 0.?3105%
Total. 59 16,3677

»*  Highly Significant (P <0.01),

" Significant @cOJS}

NG. Not Significant  (P>0.05).



The diffcrence between seasons was significant (P< 0.05),
while that between stations, station by seasons, and months
was insignificant (P> 0.05).

Surfactant content and phenol, water pH, se.'d‘iment B,
H,S and RSH and oil were positively correlated (P< 0.05),
while conductivity, alkalinity, Cl, POh—P, chlorophyll 'a'
surfacewater K, Ca, Na, Fe, Cd; sediment Ca, Na, and
macroinvertebrates on surfacewater showed negative, but

sigpificant correlation {P< 0.09).
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Le8 NITRATE-NITROGEN:

The lowest concentration of H03-N recorded was 1.70ppm
in station in April, while the highest value of 7.70ppm was
recorded in stations 2 and 3 in November (Fig. 4 ). Means of
3.93ppm and 2.59ppm were obtained for the dry and rainy
seasons respectively. Analysis of variance (Table 7b) indicates
that there was no significant difference with stations, seasons,
station by seasons and months (P> 0,05).

Significant positive correlation was observed between
NO3-l concentration and surfacewater Cr, Cd, and zooplankton
population (P<0,05), without significant correlation with

phytoplankton abundance.

L4.+.9 PHOSPHATE-FHOSPHORUS:

POh-P ranged between L,95ppm to 16,.32ppm, recorded in
station 3 in November and the month of July respectively.
Means dry season value of 0.09ppm and rainy seasonal value
of 1.19ppm were recorded (Table 8a), with highly significant
difference between stations, seasons, station by season and
months (P< 0.01).

Sigmificant positive correlation between PO, -P and

ly
conductivity, DO, hardness, Cl, COD, chlorophyll 'a', surface-
vater K, Mg and Na was observed (P<0.05). The correlation
with water temperature, sediment pH, o0il, phenol, surfactant,
surfacevwater Mn, Cu in sediment, Mn and Ni was noted to be

negative (P<0.05).
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FT AR

STATIONS
1 2 3 L 5
Cencral Station X 3.534 bat1 Ly2d by St 52
Drv Season x 3,93 ! I '
Rainy Season x 23259 i
5.5.D. X between months 10 . (412 RN
3.i.D¢ X between stations B L
S.0i.D. x datween secasona B e s O
S.HeDe o Detweer 5ca.on by 5Lation HCedi i i e tasestecnanrieanerssans
| L 2 3 ) 5
8tzticn by Seasons Xt
Dry Season . 15409 3679 L3R5 4y36 L.
] Rainy Season. !5097 if"h? e 8h he7. 0.
Tatle 7b
ANALYSIS OF VARIANCE FoR .. NATRATE = NITROGEN .. ... cviiieiiiiresnees
Sovres of variation: :[ af. S5 Ms. F. S.
lieplication (6). | 5 ]2?500,9 S500 .18 1,004
Sinvions  (5). L4 2257647 594,18 1,01
Seasons (2). 1 97GE,55 57496059 4,056
Sv-tion by Seasons. g?é 2163021 SLCT7 .50 L9877
Mo.aths (i2). 11 €0500,7 | 5500.06 1,004
Rosi @ 2al. 34 105006,9 547,56
Totaie 59 323852

L
L 4

Signiflcant
NE. Not Significant

tiighly Significant (P<0.01).

(P< 0.,0%8),
(P>0.05).
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seasssen ey s
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Ta_le 8b

l"t"‘lLYS'IS OF VARIANCE FOH AL E LR L AR I RN :: AR LR NN
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Source of variation:

dfo S8S8e

Ms,

livplication (6).
Siavious (5).
(2).
$*tation by Seasons.

(12).

Seasons

Months
Kosidual.
TC?JEO

L

* Significant
Mot Significant

14

36247

o — e c—

1 131,394
132,193
11
34

200,078
159,464

7 . Q04

Highly Significant (P<¢ 0.01).
(P<0.05).
(P >0.05),

6495

= .

1121,528

20,3819
1 51
33,0483
26,3707
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L4410 CHLOROPHYLL 'a':

The concentration of chlorophyll 'a' was found to vary
vith & range of Ou1Sug.L”' to 1h.9%ug.l”! in station 1 in
~ April and statlon 4 in August respectively (Fige 5 ). The
- mean chlorophyll 'af concentration in dry season (3.05ug.L‘1)
wag observed to he lower than that of rainy season (T.Qﬁug.L—1).
Highly eignificant difference in chlorophyll fa' content was
observed hetween stations, seasons and months {P< 0.01).
However, the difference with respeset to station by seaéon
was found {o be inaignificant (P>0.05).

Pogitive correlation between chlorophyll 'a' and
conductivity, dissolved s01id, DO and percentage saturation,
¢1l, COD, surfacewater, Mg, Fe, K3 both sediment and surface-
~ water Ca, Na; and benthie macroinvertebrates (P< 0.,05). |
The relationship was however found to be significantly nesaiive
| with 002, oil, phencl, surfactant, surfacewater Pb, Cu, Cr, Cd;

" gediment Pb, Cu, Cr and N1 (P< 0.05).
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Tatle Qa

vantarzoy .IN SHLOROPHYLL 8% (uzo L. 700 .. o
STATIONS
1 2 3 L
General Station  x 4,08 3,96 6415 b4l 7.
Drs Season ¥ 3,05 _ | .
Rainy Season X 7 8 P8 ; I
S.1.D. X between months ............p.!g.Bp.gl:?..................
S.E.D. X between staticns P I =1 K 1
5.5.Da X between seasona R £ 1 <1 3 Lo o PR
S.1.D. % between sezaon by Station cevveves h@¥ PR NG i vieinavenararans
f 1 2 3 ! 5
Station by Seasons X
Dry Season . N4 94 t 1407 hal 2,50 .
Rainy Season. 7.2z |6.85 | &.00 6,41 7.

Table Gh
ANALYEIS OF VARIANCE FOR

-~

F
LN

)

H1L.ORCPHYLL

IR N AN I R RN LR E L I Y )

LI LN

Souvres of variations: df. s8. Ms. F, S
Replication {6). 5 1224539 24,5077 | 3,64 *
stasions  (5). 4 984972924L,7432 | 3,675 -
Seasons (2). 1 268,817 {268,817 | 39.550 | »x
Statinn by Seasons. 4 £a6,02031 11,5051 1,702 NG
Months (12). 11 2817464 21,0759 4,712 | v
Residuale 34 £1,2504 1,017p
Total, 59 8394355
¥*  lighly Significant {P <0.01).
*  Significant (P<0.05).

(P >0.05),

NS. Not Significant



4e11 DISSOLVED OXYGEN:

The lowest amount of oxygen (1.3mg.L_1) was recorded in
atation 2 in Maxrch, while the highest (h.émg.L_1) was recorded
in station l in November (Fige 8§ j. Mean DO for dry and rainy
8easons were 3.02mg.L-1 and h.62ng.L-1 respectively.

The differences in DO with respect to stations, ssasons,
station by season and months were not significant {F>0,05).

Highly significant variation in percentage saturation wae
however recorded between s tatlons, and station Wy seasen
(P<0,01), with gignificant variation between monthg (P< 0.05).

On seascnal comparison, §2.58% saturation value of 02 was
recorded in rainy season compared Yo 37.35% otserved during tne
dry sesson {Table 10c). Station 2 was observed %o have the
lowest saturation of 18,59 in Pebruary, while the highest
(61.00%) was obtained in station 4 in November. DO was
poeltively correlated to oxygen saturation value, Poh-P.
surfacewater Mg, Ni; Na in sediment and chlorophyll 'at
(P<0,05). The correlation was however found to be significantly
negative with air temperature, surfacewater Cr, Ni; and Na
concentration in sediment,

Saturation value of 0, was alsc found to correlate
poeitively with zooplankton, phytoplankton, macroinvertebrates

in aurfacewater (P< 0.05).

Li+12 DISSOLVED CARBONDIOXIDE:

There were highly gignificant varfations in dissclved 002
with peamsons, station by seasons and months {P< 0.01). The

variation between seasons was insignificant (P> 0.05).
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Table 108 . . -

VARIATION .iN DISSOLV:D OXYGEN

-
LI
. "u'
*a,

L N B N BN N I B B B B B R I

4
-

(PPM)

B N IR A ]

STATIONS
1 2 3 L 5
General Station x 3,60 312 5.56 2.98 3,70
Drv Season ¥ 3,00 ‘ |
Rainy Season b 62 ‘ |
5.E.D. X between months 3 e 4 L
§.E.D. x between stations SR S 45215 =
S.k.l. % between soasons ..............1.‘.'.:‘-5.?..................
S.K.D. = between seacon by station .........al...."’.' ressssunessata e s
f L 2 3 l 5
Station by Seasong X3
Dry Seastn . 3,60 ' 3,02 1470 2,95 AR
Rainy Season. 5260 5.?? G, b 3400 PN
Tablae 10b, _
ANALYSIS OF VARIANCE FOR_ L RISOOLVED OXYGEN . Lu o seieearaorssansarssesass
Bouree of variations df. 98. Ms, P. S,
Feplication (6). 5 10€.623| 21,7244 1,007 | N
$ontions (s). 4 51,5223, 12,3381 8093 1 N
Seasons (2). 1 38,2402} 3842404 1.70 N
St-tien bty Seasons. 4 140,528 1 35,4520 1,607 | Fo
Mon tha (12). 11 PE1, 354 | 23,7504 1.1
Hoot dials 34 [713,1025{ 20,7529
Total. 59 231 %,29 "y

*x  ighly Significant (P<0.01).

* Bignificant
N5. Not Significant

(P<0.05).
(P=N.05),
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] p 3 L
;eneral Station x 45.6h86 40,51 32 ¢ G0 5 .
Iry Season ¥ 2724
L]
T | |

itainy Season x 12488
. ™ oo ke
..,.E.D. X bEt\'eQn months -atooo.o....ﬁ‘ov’j.-:-l.......o-.-to--.

- - . z &4
e el e xbetﬂeen stations sr b s s sssn s Il B E s sttt s R RB BB R
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Station by Seasons X3

Dry Season . 81.33 ! 00,67 64,0

Rainy Season. 7507 5% 332§ 00,87 87323 ,

Tavle 10d

T o b ] !-‘r“ﬁ ._;“rnrr' -Tv CF -‘ 1'{-:{__
:;.f -.\LYSIS OFVIIRIJ\“CE FUH ..j..g:-.-::‘-.‘{'l:’:‘;.-a..-.“-..r{:.'::........‘E....-...'..‘.'.-.
Jource of varjation: { daf. £8. Ms. F.

I 4 2 Ry E T
heplication (6). | > 7942,61 [1568,52 | &4,

Civivus (5)- &4 "",'-’1?0{.”{.-' 14C4L, 79 o o
Scasons (2). 1 AL RGOSR IEL,EP58 | L1
i by Seascns. b 5664,92 |1416,23 | 3,

Months (12) N } 11 1 il(la‘ 5a11 :18' 4y e
E“l’hi‘dlal. ‘f\f‘ 1-_ ‘I*,"'f"o{-‘-]: f'l' L " ".fT

Tc Lll -

** Highly Significant (P< 0.01).
* Significant (P< 0.,05).
NG. Not Significant (P>0.05).
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The mean seagonal variation (Table 11a) indicates a
considerable difference zltBhT.hOmg.L—1 for dry seacon and
27.97::5.1.-1 for rainy season. The lowest amount (h.OOmg.L"1)
wag recorded in station S in March, while the highest
(T1.00ng.L-1) was in gtation 2 in February.

The correlation of dissolved 002 with the

amount of asuspended solid, alkalinity, surfacewater 2n, Mn,

was positive
Ni; sediment W(P«:0.0S). The correlation was hawever negative
with B0, BROD, chloraphyll 'a', sediment Na, Pe, Zn;

zooplankton and phytoplankton abundance (P< Q.05).

4«13 BIOCHEMICAL OXYGEN DEMAND:

The variation in BOD is repreerented in Fige § , with
a range of 0.10mg. to L.lOmg.L | recorded in stations 2 and b
in November respectively. The mean seasonal values (Table 12a)
ind{cates a low value of 1.55&5.13—1 for dry season as\compared
0 2.16ug.L”' recording during the ralny season. \

Anglyais of variance (Table 12b) shows highly signiffeant
difference between astations, and seasons (P<0.01), with
significant difference with station by seasons (P< 0.05), while
xonthly difference was found to be inaignificant (P> 0.05).

BOD was ncoted to have poaitive correlation with sediment pH,
digsolved solid, oxygen saturation, macroinveriebrates in
surfacewater, benthic macroinvertebrates and phytoplankton

abundance (P<0.,05), with negative correlation heiween BOD and

canductivity, suspendad sclid, 002, Cl; sediment Pb and Zn
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he1li CHEMICAL OXYGEN DEMAND:

A range of 2LL to 520!:3..1:-1 COD was observed (Pig. 6 ).
The lowest amount (22hmg.l.‘1) was recorded in station 5 and
the lowest ( 5201:5.1.“1) in station 2, all in December.

Means of 31;1.93mg.L_1 and 358.2?mg.L-1 were obtained for dry
and rainy seasons respectively (Table 13a).

The relationship between COD and conductiviiy, suspended
solid, alkalinity, C1, POh-P. surfacewater K, Mg, Ca, Ha, Pe,
Zn, Mo, Cr, NRi; sediment K, Ca, Mg, Na and Cd was observed
to show positive correlation (P<0.,05). Significant negative
correlation was however recorded with sediment pH, orygen
saturation, phenol and phytoplankton abundance (P< 0.05),

The COD differences between monthg, statlon by seasons, and
between stations were highly significant (P<0.01), with
significant difference between months {p< 0.05). The difference

between seasong was however ingignificant (P> 0.05).
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le15 ALRKALINITY:

Alkalinity was found to show bighly significant difference
between stations, station by season and months (P< 0.01)
with no significant difference between seasons (P> 0,05). ot
A range of 21.00 tc 187.00ppm was resorded. The lowest value
{21.00ppm) was recorded in statior 1 in January and the highest
{187.00ppm) in station 5 in October (Fig.7 ).

Mean seasonal values of TL.37ppm and 71.20ppm were
observed for the dry and rainy seasons respectively (Table 1ha).
Correlation analysis {Table 1c) reveals positive correlation .
between alkalinity and air temperature, suspended solid,
conductivity, 002, COD, gurfacewater K, Ca, Na, IZn, Mn, Ni;
sediment Ca and Mg (P<0.05). Significant negative correlation
was obgerved with sediment pH, DO, sediment Zn, Fe, Cr, phyto-

plankton asbundance, hardness, H

»5) phenol and surfactant {P< 0.05).

li+16 HARDNESS:

Yariation in water hardnesa was found to be within the
range of 12.00 to 116.00ppm. The lowest value {12.00ppm)} was
recorded in station L in November, while the highest (116.00ppﬂ)
was reoorded in stationg 1,3 and 4 in March and August. Mean
seasonal values of 69.87ppm and 71.95ppm for dry and rainy
seasons were recorded (Table|Sa).

Highly significant variation between gtations, station
by seasons and months was observed {P<0.01). The difference

between seasons was insignificant (P>0.05).
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Water hardness was observed to have positive correlatio:
with conductivity, C1, POL-P. surfacewater Fe, X and Na
(P<0405), with significant negative correlation between

hardness and surfacewater macroinvertebrates (P> 0.05).

L+17 CHIORIDE:

Variation in chloride ion concentration is shown in
Fige 7 « A range of L41.00 to 161.00ppm was recorded, with
the lowest value (L,1.00ppm) observed in station 1 in August
and the highest (161.00ppm) in station 3 in July. Mean
seasonal Cl concentrations (Table 16a) indicates variations
between seasons. The dry and rainy seasons means were
88.57 and 103.10ppm respectively. The difference between
seasons, stations, station by seasons and months were highly
significant (P<0.01).

The correlation between Cl and conductivity, hardness,
coD, POh-P. surfacewater Ca, Mg, Fe; sediment Mg, Na and Fe
contents was positive (P< 0,05). Negative correlatioa with water
temperature, pH, dissolved solid, surfactant, surfacewater 7n,
Mn; sediment Mn content N{ and photoplankton density was

obgerved (P<0,05).
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L.18 ELECTRICAL CONDUCTIVITY:

Mean seasonal conductivity of 3.88 x 10° Pmhoe for dry
season and 3.98 x 103 for rainy season were recorded.
The highest conductivity value (8.10 x 103) was obtained in
station 2 in Auguct, while the lowest (0.0k x 10°) was recorded
in station 5 in December (Fige 8.). Analysis of variance
(Table 17b) reveals highly significant difference in electrical
conductivity between stations, station by seasons and between
monthe (P<0.01), but no significant difference between
seagons (P> 0.05).
| Correlation between conductivity, alkalinity, nardness,
¢1, cop, PO,-P, chlorophyll 'a’, K, Na, Ca, Mg, Pe, Ni
contenle:urfaceuater was significant and positive (P<0,05).
$imilarly, the relationship was found to be positive with
gsediment Ca, K, Mg,Na concentrations, as well as the
phytoplankton abundance. The correlation between conductivity

and sediment pH, BOD, phenol and surfactant was negative

(P<0405).

4«19 SUSPENDED SOLID:

The variation in amount of suspended solid ranged from
52400 to ‘I?B.Ovi)ng,.l.'-1 (Fig 8 )» Mean seasonal amount of
suspended solid of 105.'{?11@;.1.“1 for dry season and f;}.??mg.f1
for rainy season were observed. The highest amount was
recorded in station 2 in March and the lowegt in gtation § in

October.
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The difference between atations, station by seasons and
months was highly significant (P<0.01), with significant
difference between seascns (P<0.05), Suspended solid
ghowed a pogitlve correlation with water temperature, air
temperature, 002, COD, alkalinity, surfacewater Zn, Mnj
- sediment Cd and Mn (P<0.05). The correlation was however
found to be negative with 02 saturation, hardness, BOD,
surfacewater Cd; spdiment Fe, Zn and zooplankton abundance

(P<0.05).

.20 DISSOLVED SOLID:

The quantity of dissolved s0lid varied greatly and was
between 511,00 and 9940,00mg.L” ', with the lowest value in
station 5 in October and the highest in station 3 in March. 2
high value of 1281.00mg.L”' wae recorded as the seasonal
mean and 7&9,10111;;.'[.-1 for the rainy season {Tatle 1%a).

Difference between station by seasons wae significent
(P<0.05) while the difference in dissolved sclid vetween
stationsa, seasons and months was insignificant (P> 0.05).
Correlation hetween digsolved solid and water temperature,

BOD; and surfacewater Mn was positive (P<0405).

Veriation in optical density {(OD) of the surfoce water

(Pig. B86) indicates a peak in OD during the onset of rainy scascn.
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4+20.0 METALS

Metal concentrations in both surfacewater and sediment
samples were atudied. The values fer, the analysis and the
relationships of four alkaline~earth metals (K, Ca, Na, Mg)
and eight trioce elements (Pb, Fe, Cu, Zn, ¥n, Cr, Ui and Cd)
in surface water and sediment are presented cn Tables 20-23%, The
- means for the dry and rainy seasons are presented in TableIZBq.

1402041 ALKALINE-RARTH METALS IN SURPACEWATER:

Alkaline—earth metals in gurfacewater wera found to

show small variations throughout the year (Pig. O ).

L,s204142 POTASSIIM:

The monthly variations in the concentrations of X ia

presented in Pig. 9. , while Table 20a reveals dry seasonal

mean of J.13ppm and rainy seascn mean of h.15ppm. Highly
gignificant difference was recorded between stations, seasons,
months (P‘50.01) with significant dlfference with respect to
station by season (P< 0,05). |

Positive correlation between surfacewater K and
conductivity, alkalinity, POh-P, chlorophyll 'a*, surfacewster
Ca, Mg, Na, Pe, Zn, Mn; sediment kK, Ca, Mg, Na, Fe, 2Zn, Cd,
macroinvertebrates in surfacewater, and zooplankton density
was obeerved (P<0,05). The relaitionship was however negative
with pediment pH, C1, HQS. 0il, phenecl, surfactant, surfacewater

Pb, Cu, Cd; sediment Cu and phytoplankton abundance.
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ha20e1.3 CALCITM:

The concentration of Ca was higher during the ralny
peason than in dry season {Table 20c). Highly significant |
difference between stations, seasons, station by season
and months was recorded (P<0.01), The relationship with
conductivity, alkalinity, C1, COD, POy=F, chlorophyll ‘a‘,
surfacewater K, Mg, Na, Fe, Mn; sediment Ca, Mg, Na, Pe;
macrolnvertebrates in surfacewater, zooplankton and benthic
macroinvertebrates was positive (P< 0.05). FNegative
correlation was obgerved between Ca concentration in
surfacewater and sediment pH, o0il, phencl, surfactant,
surfacewater Pb, Cu, Cd; sediment Cu, and phytoplankton

density‘

L .20.1.h MAGNESIUM:

Yariation in surfacewater ¥g (Fig. 9 ) indicates &
concentration range of 1.08 to h.Li2ppm. The mean dry seagon
concentration (2.69ppm) was found to be relatively lower than
rainy season (3.46ppm). Highly significant difference was
obgerved between stations, seaesong, station by seasons and
months (P< 0.01).

Negative correlation between surfacewater Mg and
sediment 1H, H2S, oil, phenol, surfacewater Pb, Cd; sediment
Cuy Cr and Ni was cbserved {(P< 0405), with significant positive
correlation with conductivity, DO, C1, COD, Poh—P, chlorophyll ‘a‘,
gurfacewater X, Ca, Wa, Fe; sediment X, Ca, Na, and zoecplankton

density (P<0.05).
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Station by Seasons X3
Dry Season . De13 2,815 | 8,59 561 et
Rainy Season. 1,76 o g L 9¢15 b 200y . 2ol

Table 204
ANALYSIS OF VARIANCE FOR .SURFACE WATER CALCIUM o evensvnsnees

source of variation: df. SS. MS. P s
lieplication (6). 5 Ge38977 | 1.687795] 5,642
Stitions (5). b 20,6888 | 5,17221 15,537
Seasons (2). 1 13,566 13,566 40,755
Station by Seasons. 4 14,4721 | 3.61803]10,8!

Months (12). 11 16,0371 | 1,L5792] 5,743
Hesidual., 3k 1.05797] 03111€

Total. 59 75.2117ﬂ

** Highly Significant (P<0.01).
* Significant (P<0.05).
NS. Not Significant (P> 0.05).



Table 20e a7

VARTATION ..IN.CGNCENLR4TIONS. OF .SURFACE. WATER MAGNESIUM (iPM)

STATIONS B
1 2 3 L
teneral Station x 2697 2,50 3, 3, 5 |
Dry Season x 7. F9
Hainy Season x 3,46
5.0.0 X between months I ... S ‘
S.b.De X between stations TN Ty ) | 1) PSR
5.1'.De X between seasons cssessesesese J.é???.zt.................
S.1.De T between Season by E1ation «eeseceee 8o 2P0 i reeennsenasasersns
1 2 3 by
Station by Seasons X3
Dry Season . 292 1,83 2,74 3637 Dl
Rainy Seamcn. 3081 317 3484 3,073 5o 04

Tatle 20f

ANALYSIS OF VARIANCE For . SURFACE WATER MAGNESTIN

source_of variation: df. S8, Ms. F. e
Heplication (6). 5 L,L543 | JB9086 | 3,317 X
Stations (5). 4 6.36034 | 1.55008] 5,914 (X
Seasons (2). 1 8.90891 | 8,90891| 33,144 | xv
Station by Seasons. 4 4,,75979] 1.18795] L4,

Months (12). 11 11,952 | 1,08655| b,

Hesiduals 54 4,89915 | 0,1440G

Total. 59 36,5747

liighly Significant (P<0.01).

* Gignificant (P<0.05).
NS. ::oT;igniﬁcmt (P>0.05).
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4s20.1.5 SODIUMs

T™he relationship between surfacewater Ha and conductivify,
alkalinity, surfacewater Mg, Zn, Mnj; COD, PDh-P, chlerophyll 'a!
surfacewater K, Ca, Fe; sediment X, Ca and Mg was obhaserved to
be positive, with significant negative correlation between
eediment pH, H2S, Qil, phenol, surfactant, surfacewater Cu,

Cd and sediment Cu {P< 0.05).

The relationship waa also found to be posltive between
surfacewater Na concentration and zooplankton, macroinvertebrates
in surfacewater and benthic mecroinvertebrates {P< 0,05).
Highly aignificant difference between gtations, =eascna and
months was recorded {P< 0.,01), with significant difference with

station by seasons (P<0.0%).



Tacle 20g

B

IN CONCENTRATIONS OF SURFACE WATER SODIUM (PPM)
VARIATION .lll.'.'.l..l.-.-.C.-....llco..cl0-...-0‘

_STATIONS

! 2 3 L
General Station x 3611 ée96 3654 3673 o
Dry Season x 3.11 | |
Rainy Season x J3.68 |
$.1.D. X between months .............f?:%%%i;:.................
5.5.D. x between stations .............f??i%?...................
$.1..D. X between seasons .............:Effiti?............ ......

S.1.D. % between season by Station eeieesese®s IR0 e ccssecascnnsnns
1 2 3 L
Station by Seasons X1
Dry Season . 2487 2,16 3el3 3
Rainy Season. 335 3’076 Ij":'b D¢ 3t Je

Table 20h
ANALYSIS OF VARIANCE FOR

SURFACE WATER SCDIUM

L N N N N N N N R N

Source of variation: df. BS. Ms. F. 5.
Replication (6). 2 S.405 1.8812 De7lA
stations  (5). 4 558702{1.38175 ) 4,2:
Sensons (2). 1 4,811 bo811 14,607
5tatinn by Seasons. 4 4,18489]1,0L622] 3.1 X
Months (12). 1" 1551 y (S Se
Hesidual. 3h 0.7814110,072%¢

Total. 59 LO,2203F

** Highly Significant (P<0.01).

* Significant P<0.05).

NS. Not Significant P>0.05).

AT ER RN
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44204240 ALKALINE-EARTH METALS IN SEDIMENT:

Gradual increase in concentrations of K and Na with
increasing period of drought was recorded, with maxima attained
at the early part of ralny season. The concentrations of Ca
and Mg were however noted to show little varimtion throughout

the year {Fig- 10) .

4420.,2,1 POTASSIUM:

Highly significant variation in the level of sedimernt
X was observed between montba (P<0.01). The differences
between gtatlons, seagone and station by gegsons were
insignificant (P>0.05). A range of 9.100 to 595.00ppm was
recorded, with dry season mean of 339.A7ppm and rainy sesson
mean of 385.10ppm (Table 21a).

Positive correlation was recorded between K concentration
in sediment and water pH, conductivity, hardness, COD, POh-P,
surfacevater K, Mg, Pe, Zn, Cr; sediment Ca, Mg, Na, Zn, and
Pb (P<0s05). The relationship with H,S, surfactant; sediment
Mn, Cr, and macroinvértebrates in surfacewater was negative

(p< 0.05).

4420.2.2 CALCIUM:

Concentration of Ca concentration in sediment s .
between 206.00ppm and 601.00ppm. Mean seasonal concentrations
of 383.47ppm for dry season and LL8.00ppm for rainy season
were recorded (Table 21c), Correlation between Ca in sediment

and conductivity, alkalinity, CQD, POL-P; surfacewater Ca, K,
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Tatle 21&

vanzarron .1V CONCENTRATIONS, OF POTACSIUN IN SEDIMENT (pr)

IR I A T S Y

87"

STATIONS
1 2
General Station x 327,75 | 526,17
Dry Season X339, 47
Rainy Season X 385,10
S.E.D. x between months ............j§2191

between stations

IR

3

L

4n3,33 | 358,57

9

LA RENEENEEENEEXENNNENNEEN]

LU B B R B R A )

$.1.D. X between seasons ............gizt??gg%..................
S.E«De x between season by station ;.......??%%%?f%t..................
3
I ‘ 1 2 3 b g
Station by Seasons Xt -
Dry Season . 247,50 (323,50 | 372,50 [403.33 | 350,
Rainy Season. 508,00 |328.83 | 434.17 |314.00 | 4uo,

Table 29b

ANALYSIS OF VARIANCE FOR L PO LA oS M, I S DI N, L o ieieeirennneirennnens

¢
Source of variation: daf. 85. Ms. ¥ P
Heplication (6). 2 249778 | 49959,7| 3.1%2 X
Utations (). 4 63581,3 1 15875,5) 1.01¢
Sensons (2). 1 34236 | 31236 10996 NE
Station by Seasons. 4 105780 26LL4L, 91 1,60 NG
Montns  (12). 11 969877 | 88170.6{ 40,622 | »x
Hesidual, 34 265662, 7815.64
Total. ' £g 1685914
%% lighly Significant (F<0.01).
%  Significant (P<0.,05).
NG. Mot Significant (P>0.08).,

¥

&



Tab]

VARIATION

e 21¢
CONCENTRATIONS QOF CA

88

LCIM 1N, SEDIMENT (ppM)

CR R )

STATIONS
1 2 3 L
Geroral Station x
- 364,4 391,00 420,08 | Lt1b + 2
Drv Season x J63, 44 l
Hainy Season bt 448,00

Sti’;-D.

SIEL‘D.

S.i‘;tD.

x
x

between months

between stations

between seasons

S5.1.D. x between geason by station

Station by Seasons

Dry Season .

Rainy Season.

X

23,8646

4 20 8% 58 S8 P80 A8 badg bR e

i
sessi s e

~Q

-...-.-.-.o02&37%-.-.-.--0.-.-0-...
t...cilc.n.tJﬁA?BJ?’\...QO...C...-.t--.

Fasssnbosasase e nn

Teble 29d
AJALYSIS OF VARIANCE FOR

338,50

y 299433

L2 A3

Source of variation: af. 88. Ms. F. g
lieplication (6). : p) 54893,9 | 10C7€,8] 2.1
Stations (5). ! & 86629,6 | 22L07,.41 4,7
Seasons (2). 1 624L68,3 | 624L28,5]112,.0¢

Station by Seasons.

Months

He: !duﬂ.lo

'--ll.

(12)

* Significant
NE. Not Significant

E

Highly Significant (P<0.,01).

P<0.05).
P>0.05),

1
34
59

(Yololel: o
299¢ Fog
1'}1:";:"(;':)

52460,3

459970
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¥g, Na, Pe, Zn, Mn, Cr, Ki, macroinvertetrates in surfacewater, ,
zooplankton and benthic macroinvertebrate population wag found
Lo be pogitive (P<0.0%), with negative correlation between
H:,S, oil, phencl, surfactanit and sediment Cu cancentrations.
A highly significant difference between sgeasone, gtations and
months was obmerved (P<0.01). Station by seasonal difference

wvas significant (P<0.05).

L42042.3 MAGNESTIUMS
Means of EO.TBppm’a.nd 51.92ppm were reccrded for the
dry and rainy seasons respectively. Analysis of variance
(Table 21e) shows highly significant difference between
stations, seasons ané months (P<0.01). The difference was
.' also found to be significant with respect to station by seasons
(r<0.05). "
The coxrelation with conduetivity, C1, COD, POL‘—P;
surfacewyater K, Ca, Na, Cr, Ni, Cd; sediment K was positive

(P<0.05). Negative correletion between sediment Mg, sediment

pi, DO, and phytoplankton density was recorded (P« 0.0%).

1.20.2.) SODIUM:

The mean concentrations of Na in sediment were 36.69 angd
LO.5Bppwe for the dry and rainy seasons respectively. The mean
concentrations vary significantly between months (P <C.01), but
.thero was no significant difference between stations, seascns

and station by seasons (P <0.05),



Table 21e
VARIATION ..aess

IN CONCENTRATIONS OF “MAZNESIM IN JpMwieky (PPM)

LE E LN BEERNEEINRBEENRELNEEEEE-R-ENNERRENNWNENNYSEN]

50

_STATIONS

1 2
General Station P 48,99 48.68
Dry Season x 20,78
Rainy Season X 51,52 _
S.BE.D. X between months  ...... ...1.':??.2.3.5.’.

3
r:5057

L

54,05

57.

LERNERENN SN NEERNNENRJSNNENN]

5.E.D. x between stations vreeraesa@028  iuiiioiiiananinnnians.
$.k.D. X betwean seasons PR, G~ <1< 11 JR R
S.E.D. x between season by 8tation .icetaB28)ciiiciiiaiicncaiiaciaan
4 1 2 3 l

Station by Seasons X1

Dry Season 44,84 V47,44 55,22 55492 By,

Rainy Season. 53,15 (49,92 | 51.92 |52.15 [52.4
Table 21%
AMALYSIS OF VARIANCE For MAGNESTUM IN SEDIMENT @ i ieiiiciieiees
Source of variation: af. 59, Mz, F. 5.
Replication (6). 5 60,5462 | 12,1092} 503 NG5
Stationa  {S). 4 200,168 | 74.7919] 3,105 ¥
Seasons {2}, 1 18,7112 1 19,.71121 8217 Ne
Station by Seasans. & 292,294 1 73,07351 5,037 X
Months (12). 11 273,141 | 1094,041 1,18 N3
Hesiduals 34 1809.6694 23.9138
Totale 29 1754,53

- % Qighly Significant (P <0.01).
- % significant §P<0.05).
NS. Not Significant P >0,0%).




Table 21g | | 91.
varTATION 1N, SONCENTRATICNS QF,5QRIUM, IN, SEDIMENT (PPM)

L N | »* 4 d & » -

STATIONS
1 2 3 L 5
Ceneral Station X 3347 31.57 45 406G 40,50 LR,
Dry Seeson % 36,69 '
Rainy Season X 40,79
S.E.D. X between months .............%:??.:ﬁ?..................
S.E.D. X between stations .............6.'.?3.8.-3.?..................
5.E.D. X between seasons NP 1R - 073 Y S
S.E.D. x between season by station sesacosed 23329 eunn. enevsnsuny
/ 1 2 3 L 5
Station by Seasons X1
Dry Season . 26,73 |31.33 (43,02 46,05 |36,77
Rainy Season. 40,20 31 ..80 47,10 35405 48,7 "
Table 21h
ANALYSTS OF VARIANCE For  SQRIVM N, SERTMENT. .. ............. eaeecscesissns
Source of varlation af. 88, Ms. F. 8.
Replicatien (6). 5 312,39 | A2 478| 24864
Stations  (5). i 1543,6 [610,901 [1.891 NS
Seasons  (2). 1 26,204 26,204 1,061 | wo
Station by Seasons. & 1196,16 | 299,039 4.374 Me
Months  {12). 11 12034, 4 | 1094,04] 21,319 | xx
Residuale 34 2254,754 66,3112
Total. 59 2046935
% Highly Significant (P <0.01).

*
* gignificant (P<0.05).

NS. Not Significant (p>0.05),



Significant positive correlation was established betwee:
sediment Na concentration and sediment pH, DO, hardness, Cl,
CcOD, POh—P, chlorophyll *a', surfactant, surfacewater K, Ca,
Mg, Fe; sediment Fe and Cd concentrations. The relationship
was negative with 002, Mn in sediment,macroinvertebrates in

surfacevater and phytoplankton density (P< 0.05).
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h.2043.0 HEAVY METALS IN SURFACEWATER:

The surfacewater ¥e maintained gradual increase towards
the period of rainy seascn with a peak in the later part of
ralny season {Fig. 11}). Concentrations of Zn and Mn were
however on the increase with dry season and attained maxima at
later part of dry season, followed by a gradual decline at late
rainy season. Pb, Cu, and KNi showed gradual decline as dry
prason progreesed with minima in the later period of rainy
season. The concentration of Cd remaired fairly stable
througheut the perdicd ¢f dry season, with a peak in late rainy

season (Pig. 11).

L.20.3.4  LEAD:

The lowegt comeentration of surfacewater Pb recorded was
0.09ppm in station 3 in November, and the highest (1.33ppm) in
station 4 in September. Mean dry season congentration of
0.98ppm and 0.92ppm for rainy seascn were recorded (Table 22a).

Analysis of variance (Table 22b) shows highly eignificant
variation in mesn level of surfacewater Pb between months
(P<0,01), while the differences between siations, seascns and
station by seascns were not significant (P >0.0%). "

Correlation between Pp and Cu, Cr, Ni, Cd in surfacewater
sediment Pb, Cu, and N1 was significant and positive (P <0.05),
wi th negative correlation beiwsen water temperaturxe, 02

saturation, chlerophyll *a', surfacewater K, Ca, Mg, Na and

surfacewater Pb.
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Talle 22a

VAHRIATION .IN CONCENTH}"\T[Q 3

LI B B B A
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QF. SURFACE WATER LEAD (PPM)

STATIONS

1 2
General Station x 0,98 0,90
Dry Season x 0.92
Hainy Season x 0,92

S.0.D. x between months

S.5.D. X between stations
5.1.D. X between seasons

5.7.D. % between season by

station

sesnsensannsnslens

6 066I§3.£.1‘lelbﬂl

ERMEESPAPTIREE > 1., 1 |- SR,
severassnse s 8020300E S02... ...
TP 1 0§ !

1 2 3 L

Station by Seasons X3 1.04 0.91 111 1.0 0,
Dry Season 0,94 10,9 0,03 0,.f 0.804
Rainy Season. B

Tatle 22b

TTAn st A B i1 v b, T Ty

Source of variation: df. 88. Ms, F. 5

Feplication (6). 3.06131] 612263 | 5,64

Stations {5). i LU568244 1142061 1,0

Seasons (2). 1 00564271 ,0564L427 | 0,°

Station by Seasons. 4 10056 |,025139] O,

Months (12). 11 h.92799] 62822 | 22,

Residual. 34 2.0L804] ,060 6

Total. 59 12,6511

** Highly Significant (P<0.01).

Significant
NE. Not Significant

(P<0.05).
(p>0.09).
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4420.3.2 IRON:

Surfacewater Fe showed highly significant difference
between stations, seasons, station by season and months
(P<0.01). The highest concentration of 0.84ppm was recorded
in January in station 2, and the lowest value of 0.,06ppm
in station 1 in October. The mean dry season concentration
(0.36ppm) was slightly lower than for the rainy season (0.57ym).

Surfacewater Fe showed a significant positive correlation
with conductivity hardnees, Cl, COD, Poh—P. chlorophyll ‘*a’,
sediment and surfacewater X, Ca, Mg, Na; surfacewater Cr;
zooplankton density (P<0.05). 4 negative correlation was
obtained with water temperature, sediment pH, H?S. phenol,

surfactant, and phytoplankton density (P<0.05).

Le20+343 COPPER:

No significant difference in mean Cu concentration in
surfacewater was observed between stations, seasons, and station by
season (P>0,05). The difference was however highly signific-nt
between months (P<0.01). Mean seasonal variation (Tadle 20¢) revea -
fairly uniform concentrations for both dry and rainy seasons, with
highest concentration (0.81ppm) at station 3 in October.

Significant positive correlation with surfacewater Pb,

Mn, Ni; sediment Pb, Cu and FPe was recorded (P<0.,05). The
relationship wi th water temperature, sediment pEH, L? saturati
chlorophyll ‘a‘', surfacewater X, Ca, Na, Zn and phytoplankton

density was found to be negative (P<0.05).



Teole 22¢

varIaTION LN, CONCENT=A

General Station x

1

Dry Season

=1

Rainy Season

S.E.De X

®1

Zj.i-I-D.

i).l':oD' b 4

5.1.D. % between season by station

0,56

between months
between stations

between seasons
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TIONG OF, QURFAGE,  MATER IRON,.(PHY)
STATIONS
1 l 3 L
DeId Ce 30 0 e 1o Ot -

L R I I I B I O

LA N E R RN N R RN NN

L

LoROLBTE - 02

4,7748E - 02

Je0196LE ~ 02

IR N RN NN NN R EE R RN NN NN

6,75213E - 02

S dan by bedas EdaSAdEe e re b

1 2 3 L
Station by Seasons x1
Dry Season . 012 0.097 o L6 0.7
Rainy Season. 0,58 Ceo1 0,68 Q.49 ) e

THLL- 22d

AN..LYSIS OF VARIANCE FOR SVRFAGE, WATER, TRON.........o0eees....

Source of varlationg af. 88. Ms. F.
keplication (6). 5 « 3163351 ,003267 | h,62¢
stations (5). b e8370607] 0206352 15,30
Sensons (2). 1 0655215) ,655215 |47, & Y
Station by Seasons. 4 8767271 6213122 16,0

Moriths (12). 11 e 720365] 06549 | 4,7
Residual. 34 « 104879 ,0C3035

Total, 29 3491092

.

* Significant
NS. Not Significant

Highly Significant (P<0.01).

(P<0.05).
(P>0.05).




Table 22e

L I I I I R I B I I e

:eneral Station x

Dry Season x 0,06

Hainy Season x 0,05

5.7.D. X between months

J.;'..D. ;

between stations

5.1.De X between seasons

S.0.D. % between season by

-8
VARIATION ..iN CONCENTHATIONS OF SURFACE WATER COPPER (F&17)

STATIONS

1 2

0,0F

ORI - (¥ 4~ (4] R MY

consaia A IR T N avanianisn
POPOPRSRERs - 15 o e 2 (SRS

LR B L ‘193-7.0.1 ..“..Q?.....t--o.l

station

Piveune

L

1 2 3 b
Station by Seasons X1
Dry Season 0,05 0,06 0.06 0 40¢ 0,
Rainy Season. 0,06 0,05 0,05 0405 OaC
Tavle 22f
ANALYSIS OF VARIANCE ForR SURFAGE, WATER, CORPER & o .. ... ..oceeeniieren....
Source of variation: daf. f8. Ms. F. 8,
teplication (6). 5 001563 | 4002132 | 2437
Stations (s). 4 «C02584] 4000646 | 4652
seasons  (2). 1 .000799] 4000729 | ,807
Station by Seasons. b +D0341 2] 4000835 | o842
Months  (12). 11 .038868| 400353 | 7.6: XX
Recidual, 34 «001628] ,000048
Total. 59 «06285

* Gignificant
NG. lot Significant

Highly Significant (P <0.01).
(P<0.05).
(P>0.05).
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Le20.3.4  ZINC:

~ Seasonal means of 0,76ppm for dry season and 0.66ppm
for rainy season were recorded. Highly significant difference
between months was chserved {P< 0.01), without significant
difference between stations, seasons and station by season
{P>0.05). rositive correlation was established between
surfacewater 2n and water temperature, water pH suspended
solid, COE, COD, alkalinity; surfacewater K, Na, Mn; sedlment
K and Ca (P<0.05). Negative correlationship with 0, saturation,

Cl, E, 8, surfacewater Cu, Cd; sediment Fe and Cr was recorded

2
(P<0,09)

[4e2043.5 MANGANESE:

The lowest level of O.OLppm was recorded in gstation
in August, while the highest (0.92ppm) was recorded in station 2
in Maren (Fig.1t }. Mean seasonal concentrations were 0.L3ppm
for dry season and 0.38ppm for the rainy season {Table 22i).
Analysis of variance (Table 22)) indicates highly significant
difference in mean concentratiions of Mn bhetween montha, station
by seasen (P<0.01), with significant difference beiween stations
{(P<0405)s The difference between seasons was insignificant
(P >0,05).

Significant posltive correlation wae egtablished betwsen
water temperature, sugpended solid, dissolved solid, 802,
COD, alkalinity; surfacewater X, Ca, Na, Zn, Cr, ¥i; sediment
Ca, Mn, Ni, Cd and Mn concentration in surfacewater {P< 0.,05),
with negative correlation between 02 gaturation, bhardness,
cl, POh—P, HQS, oil, phenol; surfacewater Cd; sediment Fe, and

phytoplankton density (P<0.08).



Table 228

vARIATION IN.CONC

General Station
Drv Seagon

Rainy Season
S.E.D. X
S.BeDe X

S.lieDe x

-

-

-y

=1

X

0,76

0,66

between months
between stations

between seacons

S.H.D. % between season by

Sitation by Seasons

Dry Season .

ggi;_:x Seascn.

X

----- TR

100

.

ATER ZINC (PPM)

STATIONS

I 2
0,58 0,76

3
O, TR

9¢11205E ~ N2

R RN N R R N L R NN R

o 247845

LA R R A NN SRR L NN RN R

156751

A R R N N R NN RN N

station

250505

-'.‘-"-‘.....l..l‘............l‘Ol‘

L
07

i 0.72 ".51
0,43 1,02

1.01
o3

Dot
1,04

Tatle 22h

:‘l:""-LYsIS OF VARIANCE mR (N N N T I T T S T T e

SURGACE WATER ZINC

l :

sonree of variations daf. 88. Ms. F.
feplication (6). i 2 oUB19771 | 408395 | S2¢
Qv bionus (5) e 4 +D9389 o 4RLT2] J4C
einors (2). 1 147907 | L147907| 401
*i{:m by Seasons. * B 2.98676 | 4746689 2,0:
tha (12). i 11 18.157% 1 1, Je
Hecidaals | 34 145726 | 0,04525

Total.

L

* Significant
NS.

Not Significant

59

Highly Significant (P< 0.01).

(P<0.05).
(P>0.05%).

03,87889




Table 22 1 o1
VARTATION CONL ENTRATTIONS CG‘ CURFACE WATER MANGANESE (F°F

e ity -

—~—STATIONS

1 2 3 l

Jeneral Station X 0425 D443 0. 47 0,46
Dry Season x olb3
Hainy Season X 0 38
5.E.D. X between months — - - 121
S.E.D. X between stations sasspssasis ARG T s anaons T
5.E.D. X between seasons APPSR, 1.~ { 4 " S

S.E.D. % between season by station .........’3093“‘.@39&3.@‘5...... see

1 2 3 s
Station by Seasons X1
Dry Season . J,30 0,21 0.7 0.
— ___Rainy Season. 0420 0,64 0,22 0,64
Toble 22 J

ANALYSIS OF VARIANCE FOR SVRFACE WATER MANGANESE .00~

Source of variation: af. SS. Ms. F.
Replication (6). 3 206823 | ,81365 JUf
Stations (s). ‘! ¢ 3893071109733 | 3.-
Seasons (2). 1 03456 | 03456 | 141
Station by Seasones. 4 2430497 | J576243 19,4
Months (12). 11 2,97274 | 270249]15,64
Hesidual. 34 1,638403] 4048135}
Total, 59 740345

** Highly Significant (P<0.01).
* Significant P<0.05).
NS. Not Significant P>0.05).
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The highest concentration of 0.,02ppm was obtained. The mean:
for both dry and rainy season were 0.0lppm. Highly significan:
difference was established between months (P<0,01), while the
difference between stations, seasons and station by season

was insignificant (P> 0.05). Positive correlation was observe!
between surfacewater Cr concentration and COD, N(}}-H,
surfacewater Pb, Fe, Cu, Mg, Ni, Cd; sediment K, Ca, Mg, Pb,
Cuy, Mn and ¥i {P<0.05). The relationship with water
temperature, sediment pH, 02 and chlorophyll 'a' was negativ:

(P<0405).

4+204347 NICKEL:

The lowest concentration of 0.01ppm was recorded in
stations 1 and 5 in August and July respectively. The highect
(0.10ppm) was recorded instation?2 in September (Fig.1l ).
Dry and rainy seasons means of O.OLppm were recorded., Highly
significant difference between months, and station by season
was obgerved (P<0.,01), while the difference between stations
and seasons was insignificant (P> 0.05).

Correlation was positive with conductivity, 002, alkalinity,

c0D, NO_.-N, surfacewater Pb, Cu, Mn, Cr, Cd; sediment K, Cd, Mg,

3
Mn and Ni (P<0.05). The correlation was however negative witn

sediment pH, DO and phenol (P<0,05).

h020n3¢8 CADMIUM:

r

Positive correlation was observed between surfacewater Cd

and water pH, suspended solid, Cl, NO.-N; surfacewater Pb, Cu,

3
Cr; sediment Mg, Pb and Cu concentrations (P<04,05), with

gignificant negative correlation with air temperature,



Table 22 k

vanimon 11 SOISERATIONS 0F sumpice ke olfnran (erv
STATIONS .
1 2 3 '
neral Station x «006 . 00R «011 . '
lry Season ;.»')()8
fainy Season X 009
S.E.Ds X between months erreeneee s  A(TLE S 04,
5.2 X between stations SASLIIIETTIPRL AT E SR 30 o)
S.k.De X between seasons srecrecccnns . ABYITAE. 20 SR EA G &
S.E.D. ;between 8eason by station .........R.EQP.QZE. ok S
1 2 3 L
Station by Seasons x1
Dry Season . +005 «N06 011 o 01 o
Rainy Season. 2008 «01 ‘ 01 Nolels 000 ¢

Table 22L . ;
SURFACE WATER CHROMIUOS
J!P\J.'-IJYSIS OF VARIANCE mﬁ clo--na.-...-ooo--o.n.o-..-.coc-

Source of variation: df. S8. _Ms. F. 8.
lieplication (6). 5 0.375804 1,27580k 8,776 XX
Stations (), 4 1.099E | 2,748E [1,89: NS
Seasons (2). 1 SBKE~06 | 5,4E-06| 372 NS
Station by Seasons. 4 8526E-09 2,131E [1,467 NS
Months (12). 1 1.046E 9¢515E | 15,9; XX
Hesidual, 34 -?62281:: 16;55. E

PO 59 1-002E

-03

"7 llighly Significant (P<0.01).
Y Uignificant (P <0.05).
NS. lot Significant (P>0.05),
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VARTABTOR' vsormeii s civaaons OF SURFAGR WATER NICKEL: LPPY)
STATIONS :
1 2 3 L

General Station X o022 Ny NV U s

Dry Season x +041

Rainy Season x o042

-1 21 U S 5) ek R,

5.0.D. x between months

5.0.Ds X between stations RPN 1. 1211 L T T o - SO
Si.Ds ; bﬂtmn seasons I ) 034.7-5687550',"05.0... ..... -
5.0.D. % between season by station .........1.05.36?5.‘..92...........

1 2 3 L 5
Station by Seasons x1
Dry Season . 0e031 |[0C,021 [0,06 0,052 |0,
Raim §mon. 0.033 0.05"4 0.0:7 O.C,r‘, 0,(
ANALYSIS OF VARIANCE FOR SURFACE WATER NICKER | . .. . ieeusreerinernnens.
Source of variation: daf . S8. Ms. F. s
lieplication (6)- 5 26§O1E ‘).;’“E.—Gﬂ] 1 .E N
5tations  (S). b 3,177E=|7.94E-0f 2,341
03
Seasons (2), 1 3.27E-Q¢ 83”65‘ .01
1 tion by Seasma- l‘ :, ;11EE 2‘]:-)”“:3 jo.-
Non th 2). 11 h.oueE | 1.0¢E | 3,
v 02 03
teriduale 34 . 19E-03| 1.23B-34
Total. 59 ;.’68—02
** Highly Significant (P<0.01).
* Significant (P{0.0SZ.
5. Not Significant (P>0.05).
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CONCEN 'RAT JRFACE WATER CADNIUM(FiM)
aaerzon 1N CONCER RATIONS OF SURFACE WATER CADNTUM

STATIONS

1 2 3 L
‘eneral Station x « 001 «0M N0 .
Dry Season x ,001
iiainy Season x .00

S:B.Ds X between months

resas -.......3.??.2(--"{,:'\."5‘}9............

5.EJDe X between stations iissiienerniad et eEn Qicineernians
SeEdDe ; bstwean seasons ..-a..--o-.ucé ?p.tt“o'}o&}-‘oooa?vaoopnnaa-.

74B3545E = Ok

S5.EDe x between season by BLation .eeesceseeiiiiecsenssrossscene

1 2 3 b l

‘tation by Seasons x1 |

Dry Season . Q «001 001 il :
Rainy Season. 2001 2001 2002 2001 l il

Table 22 P,
ofrr A ol A AT
ANALYSIS OF VARIANCE FOR —oiFACE WATER CADNIIM o covescsie

Source of variation df. Sd. Ms. F.
lieplication (6). 5 (16023E-0p 94 25E~| 5471
Stations  (S). 4 >, 76E-06 E%”11E- 37
Seasons (2). 1 ¢ .31 PE= | 1.215E] f
Station by Seasons. 4 " ;?‘fgauos 3.7‘%%- 241
Montha  (12). 11 p.o7e-04| 9.73E~[11,
Residuals 36 p,24E-0b4] 7 ;ta—

Totals 59  N.95E-05p

** Highly Significant fpf-o.m).
* Significant P<0.05).
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bl

e¢hlorophyll *a', surfacewater X, Ca, Mg, Na, Mn, and Ni
(P< 0.05).

Highly significant difference between months was recorded
(P<0.01). The difference between stations, seasons and
station by seasons was insigmificant (F>0,05). Cd level was

generally observed to be very low in surfacewater {Fig.) ).




L.20.}4.0 EHEAVY METALS IN SEDIMENT:

Concentration of heavy metals in sediment showed widé
variations. The concentration of Mn was noted to show a
gradual decrease to late rainy meason. Gradual increase in
Mn level was however recorded afterwards. Cr level remains
fairly stable throughout the year following the observed initial
decline with increasing period of dropught. €64, Ri, Pe, Zn,
and Cu attained maxima with the onget of rainy season, while
Pb concentraticn was obmerved to attain a peak rise at the

later part of the rainy season {Figs. 12 ).

420441 LEAD:

The lowest concentration of 80.70ppm was recorded in
station 4 in February, and the higheet (242.00ppm)} in atation 2
in September. Mean seasonal concentration indicates 158.06ppm
for dry season and 136.37ppm for rainy season (Table 23a).
Highly significant differences were observed between seasong,
station by season and between months (P<0.01).

Correlation analysis indlcates positive correlation between
sediment Pb concentiration and POh-P, HZS' oils surfacewater Pu,
Cu, Cr, Cd; sediment X, Fe, Cu, Zn, Cr and Ni (P<0.05). Negative
correlation was observed with sediment pH, O, saturation, BOD,
chlorophyll 'a', macroinvertebrates in surfacewater, Venthic

macroinvertebrates and phytoplankiton population (P< 0.05).

L1.20.442 IRON:
Seasonal variation in concentration of Fe in sediment
is represented in Fig. 10a. Mean seasonal concentration of

" 68.69ppm was recorded for dry season and Th.81ppm for rainy

[
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Table 23 a

109

varzaTION ,IN CONCENTRATIONS OF LEAD IN SEDIMENT (FPM)

LR RN N N N

teneral Station x
Dry Season X 158,06
Hainy Season X1 36,37

S.5.D. x between months

x

S.EdD. between stations

S.E.D. X between seasons

5.0.D. x between season by station

Station by Seasons

Dry Season .

L I I B I IO I R B )

_ __STATIONS
! < 3 L
149,83 352,03 153.™ | 16
10,9449

(B E R RSB RN AN R AN A N R RN

@B Ss N sg S e P BEedtetatastsansassrtas

...l.....‘..l..l'.-....‘..‘......

11,3376
76417055
16,0338

bbasg basanasbaassabbossnsnns

------

1 2 3 L
X1 141,67 | 149,25 |164,2C 197, 4374
141,67 | 149425 |164,20 197,97 | 137.°
157,98 | 124,82 143,62 [122,7¢ [132.

Rai Season.
Table 2 ;g

LEAD IN SEDIMENT

ANALYSIS OF VARIANCE FOR

LA R RN I R N R N N NN

Source of variation: df. 88, Ms. F. 5.
keplication (6). 5 19689,7 [3937.94 | 5,10¢ XX
stations (). 4 5615,48 | 1405,87] 1.8 NS
Seasons {2). 1 7061 .,18 | 7061 ,1°] 9.,1%° X
Station by Seasons. L 13631,2 | 3407.71] 4,.4° b
Months (12). 1 28861,1 | 2623,74] 3,65 %
Hesidual. 34 5845,24 171, 30p

Total. 52 8N7035.9

"

Highly Significant (P<0.01).

* Significant EP< 0.05).

NS. Not Significant

P>0.,05).
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IN CONCENTRATIONS OF TRON IN SEDIMENT (PPM)

VARIATION (ieeedetedatenesnnsasseeroasancsscsasarsasse
STATIONS B
1 2 3 L
General Station  x 67.97 EB,08 | 76,45 73,0 7
Dry Season X 68,69
Hainy Season X 7Th,R4
5.2.Ds X between months ...............'.Q??J............. ......
S.E.Ds X between stations .............?.’.1?9?.3............ ......
5.1.D. X between seasons PRS0 0. | [
S.0.D. % between season by station .........7#-3.??7.6..................
1 2 3 L
Station by Seasons x1
Dry Season . 51,00 71.45 70,60 84,3 66
Raimy Sesson. 84,93 | 64,70 |82.37 }62,57 o
Taole 234
ANALYSIS OF VanIANcE yor JRON IN SEDMENT @ o .ececsecosncsss Py
Source of variation: df. S5 Ms. F. §.
leplication (6). ) 7911.64 } 15582,.33]9,7%° A X
Stations (9). 4 649,632 | 162,408 99> IS
Seasons (2). 1 562,428 | 562,4781 3,461
Station by Seasons. L 53GhH, s el 5 |
Months (12). 11 16747,6 | 1527.511 21,
Residual. 34 435,22 | 277,596
Total. 59 LD702,74
“» )e

*

Significant P<0.05

Highly Significant gp <0.01
NS. Not Significant P >0.0%

;:
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seagon (Table 23c). Analysis of variance (Table. 23d)
indicates highly significant difference between months and
station by seasons (P<0.01). Ingignificant difference Qﬁé
observed between stations and seasoms (P> 0,05).

A positive correlation existed between sediment Pe and
€Cl, surfgcewater K, Ca, Na, Pb, Zn, Cr and C4. Fe wvas
however found to correlate negatively with water temperature,
water pE, sediment pH, suspended solid, 002, alkalindty,
surfacewater Zn, Mn; snd sediment Mn content (P<0.05),
h.20.h..3 COPPER:

Sediment Cu level did not differ significantly with seasons,
station, station by seasons and months (P> 0.05). Dry season
mean concentration of 50.33ppm and rainy season concentration
of L1.18ppm were recorded. Significant positive correlation
with sediment ¥Ni, Zn, Fe, Pb as well as surfacewater Pbv, Cu,Cr,
Cd and oil concentrations was established (P<0.05). The

relationship with sediment pH, DO, 30D, PO, =P, chlorophyll 'a’,

L

surfacewater K, Ca, Mg, Na; sediment Ca, macroinveriebrates in

surfacewater, zooplaﬁkton, phytoplankton and benthic macro-

invertebrates abundance was observed (P< 0.05).

R b

he20.Laly ZINCs
The concentration of Zn in sediment was observed to correclate

positively with surfacewater K; sediment Pb, Fe, Cu, Cr, K

{P< 0.05), with negative correlation between sediment Zn and

the amount of suspended solid, 002. alkalinity and sediment

Mn (P<0405). Mean concentrations of 34.13 and 37.66ppm were



Tabie 23e

vansamion N GONGEY RATIONS OF COUPER TN SEDIME

LR O N N B B B B RN O N B R

R AT

2

NT (PPM)

STATIONS

1 2
General Station x 53,56 54 70
Dry Season X 58,53
Rainy Season x 41,18
S.E.D. ¥ he'.!;.ween months I

S.E.D. X
S.k.D. X

S.E.D. X

Station by Seasons
Dry Season .

Rainy Secason.

between stations
between seasons

between season by station

xb

3
49,98

4, 728501

IE R NEERNERLENENLENE NN

D, 31084

I F N RN NN NEFNNEEENNENENNEREESERNNNNN FENNNNEN

' 3,55887

[ EE R RN ERENNYENEENFENEEFEREENNFENNEN N NN ENEN]

7 ¢ 51066

e sy by N AR AT A RSP RNy

e by By o

L
Sl 7

37

1 2
48.33 |65.68
58.78 140,71

62,12

37483

7187
3747

44
34

Tav.no 23F,

ANALYSIS OF VARIANCE FOR ...

COPPER IN SEDIMENT

R R LI E R E R E RN SN

IEXREERERE N I EE S NI EEEEEE N IR

H

4]

Source of véria.tion: df . SE. Mg Fe
Replication (6). 5 7923,50 P 1UR4,T7 | 9. 3640 v
Stations  (5). 4 230148 | 575,371| 3.4 X
Seasons (2). L LS1T 07 | 517,07 26,692 | x>
Station by Seasons. 4 3551.,32 | 887,956| 5.247 | x>
Months (12). 11 11173,5 | 1015,78] 7,094 | x»
Residuals : 34 3558.15 | 104,651

Total. 53 |3302%,5

*%  ighly Significant (P <0.01).

*  Significant B< 0.05).

NS. Not Significant

P> 0.05),
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VARTATION IV, SGUCFNIZATICYS. OF . ZINC. IN. SEDIMENT (PPM)

STATIONS

1 2 3 b ,
General Station x 34412 | 3€,.51 395462 | 38,54 34
Dry Season x 34,13
Rainy Season x 37.66
S.E.D. X between months ST 1) 7. SN
$.E.D. X between stations I T« 32 1= U
8.k.D. X between seasons PP 15> s € R

S.E.D. T between season by station eeieeeesen@l @l eceavcncenscerace

"_,_ ) ’ 3 i
Station by Seasons X3
. Dry Season . 24,73 [37.20 | 30,75 |45.13 |32
| Rainy Season. 43,50 35_;8?’ 40,48 131,95  [36
Tatie 23h .
ANALYSIS OF VARIANCE For ZING . IN SEDIMENT .......... SISO
Source of variations 4af. S8. Ms . F,
Replication (6). 5 6192,.66 | 1238,931143,40¢ | &
stations  (S). 4 144,828 56,207 ] <383 | N
Seasons (2}, 1 180,914 136,914 | 1,978 N
Station by Seasons. 4 172245 {430,611 | 4,556 ¥
Months (12). | 11 8633, 24 784,84 | 10,247
Residual. 3y L2a9n, 3944 28, 8350|
Total. _ 59 21260 .48

**» lighly Significant EP <0,01).
* Sigmificant P<0.05).
NS. Hot Significant (P>0.08),
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recorded for dry and rainy seasons respectively. The
difference was highly significant with station by seasons
(P<0.01), but insignificant between statione and seasona

(P>0.05).

Le20.he5 MANGANESE:

The monthly variation in sediment Mn is shown in Pig., 12 .
The concentraticon was observed to exhibit highly siznificant
difference with station by seagons, seasons and months (P< 0.01),
without significant difference between stations (P> 0.05).
The correlation with temperature, suspended solid, 002,
alkalinity, surfacewater Mn; sediment Cr, Ni, Cd, and macro-
invertebrateos was positive (P<0.05). Significant negative

correlation with DO, hardness, Cl, POh—P, Mg in surfacewater;

gediment K, Na, Fe, and Zn was established.

L.20 -'4. 6 CHR T

- Significant poaitivé correlation between sediment Cr
concentration and surfacewater Cu, Cr, sediment Ph, Fe,
Cu, 2n, Mn and Ni, with negative correlation between sediment
Cr, K, air temperature, sediment pH, water pH, alkalinity,
POh—P, chlorophyll 'a’', surfacewater Mg, and Zn was recorded
(p<0405). Mean seasonal concentration of 14.25ppm for dry
gseason and 12.18ppm for rainy season was recorded {Table 23k).
Highly significant difference between months (P<0.01) was

observed. The difference between seasons was . significant (P« C.0%)

while those between staticns and station by season were

insignificantv(r’>0.05).



Tatle 23,1

5

vinzanon 1Y, CONCENTRATIONS, OF MANGANESS TN, SEDININT (PPM)
STATIONS
1 2 3 by
Ceneral Station x 27407 31,94 32,98 34,93 57,
Dry Season | x 37,07 |
Rainy Season X 2845C
S.E.D. x between months .............;3.‘.3?.5.1.7..................
S.E.D. X between stations RN L1t 20 SR
$.E.D. X between seasons .............fiﬁ?@?g?i............ .....
S.E.D. T between season by station .......-.?ﬁ:&é.ggt.-...............
1 2 3 L
Station by Seasons X3
Dry Season . 39,15 119,33 50,93 | 20,19 oy
Rainy Season. 14,98 |48 .5-5 15,03 49,7 17,
Takle 23 J
ANALYSIS OF VARIANCE FOR . homce Sl TN S T e iiesiezeieinss.
source of variation: af., Bg. Ms. Fe. &
Replication (6). 5 13_359. 374 .846] 4,657 | -
stations  (5). s |€72.085 | 168.024| 2,106 | -
Seasons (2). 1 1101.67 11101,67[13.796 | xx
Station by Seasons. 4 16670.3 | M157,72]|52.192 | xx
Months (12). 11 20299,9 | 1845 ,44)28, 36 ¥
Residual, A4 16706, 40 491,36
Total. 59 27310,13
s
x%

N. tot Significant

Highly Significant {(P<0.01).
* Significant P<0.05).
P> 0.0';

-
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Tat .« 23 K
IN

CONCENTRATIVUNS C
VARIERLTION LR N :El“i - :E{ﬁarnﬂot\ I‘ Nb OF

R N6
CROMIUM IN SEDIMENT (PPM)

LI I I BC B N B U B B B B I I A I I B

STATIONS
. 1 2 3 L
General Station x 13,87 11,68 14,48 13,98 1;
Dry Season X 14,25
Rainy Season x 12,18
5.E.D. X between months ...........’.?é%j.GZ?....................
8.E.D. X between stations P T AT St SRR
S.E.D. X between seasons L L LU
S.E.D. % between season by station ..... .2.“.1:?1?.%.....................
1 2 2 b
Station by Seamons X3 o
Dry Season . 13.72 { 11,10 16,68 15,50 14
Rainy Seasoh. 13,03 |12.25 [gz.28 ho.47  lac

Tatle 23 L

i’ IP&LYSIS OF VARLENCE mﬂ AL EE RN AN N E RN .

CROMIUM IN SEDIMEWT

I R ARl LR NN A N

[

Source of variationt daf. 88. M . F. .
Replication (6). 5 629,11 125,822 6,868 | x>
Stations  (5). 4 (0,1674115,0M18 ) 821 )1
Seasons (@}. 1 €4,2725164,2735 | 3,505 {x
Station by Seasons. L 60, P07 15,2127 W82 i
Months {12). 14 1225,981112,. 365 } 19,45 § x>
Re'sidual, 34 511.521812,10357

Totale 59 2u€1, 02

** [ighly Significant (P<0.01}.

* Significant P< 0.05).

NS. Not Significant

P>0.05).
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4,420,447 NICKEL:

Highly significant difference between geasons, station
by seasons and months was observed (P< 0.01). The differehce
was significant between stations (P< 0.05). The mean dry
season concentration of 11.05ppm and rainy season mean of
8.39ppe were recorded. Seasonal variation (Fig. 12 )
indicates a concenfration range between L.8 to 19.Lppm.
Significant pomitive correlation between sediment Ni, and
vater temperature, Pb, Mn, Cr, Ni, sediment Pb, Cu, Mn, Cr
and Cp was recorded (P<0.05). fMhe correlation with oxygen
saturation, Cl, PohﬂP, chloropbyll 'a' and surfacewater Mg

 was however negative.

he20,4e8  CADMIDM:
Mean seasonal concentrations of 0,22 and C.1Sppm were
recorded for dry and rainy seasons respectivély. Station 2
shows the highest concentration of 0.61ppm in April, while the
loweet concentration of Cu01ppm was recorded in gtation 1 in
October. Highly significant difference between months and
station by season was observed (P<0.,01). The difference
between stations, and seasons was however not signifieant
(P>0405). .
Positive correlation was established between cadmium
concentration in sediment and water temperature, suspended solid,
COD, surfacewater X, Mn, sediment Na, Pe, Mg, Cr and Wi {P< 0.05).
Negative correlation was however noted to exist with sediment

pH and DO (p<0.05)4
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IN CONTEMPATIONS OF NICKEL IK SEDIMENT (FPM)

vARIATION LR NI LI R RN B

a4 P s gapw v Fubadg s

[

STATIONS
1 2 3 4
General Station x 10,08 8,92 10,81 916 N
Dry Season x 11,05
Rainy Season X 8,39
$.E.D. X between months .............9????2??..................
5.E.D. X between stations vrenarennnass?S20307 s
$.E.D. X between seasons .............?9?5?29?..................
S.E.Ds % between season by station ..eeees ..??.213.?. cesaspesrerncesens
1 2 3 b

Station by Seasons x

Pry Season . 12,68 7.5 (13,83 [9.53 [14

Rajny Season. 767 |10,%7 {7.78 8,85 N
Tevie 23 N
aNALYSIS OF VARIANCE For NICKEL TN REDIMKNT, ... . eeen i
Source of varigﬁion: af. S5 Ms., F.
Replication (6). 5 oy, 7621 48,9524 19,51
Stations  (5). 4 26,6603 1€,67483 | 2,621
Seasons (2). 1 105,667 {106,667 | 41,865
Station by Seasons. 4 10%,.663140.9158 K 6,06F.
Monthg (12). 14 475,785 43,2532 1S, 97>
Residual. 34 364 ,120}10, 62299
Total. 59 127%.7546
"

»*

Significant
NS, Lot Significant

Highly Significant (P<0.01).

(P<0.05).
(P>0.05),




Table 23, 0

IN CONCENTRA

LR LB R N NN ]

VARIATION

General Station x

Dry Season x 0,27

* 0619

between months

Rainy Season

S.E.D. %

S.5.D. X between stations

S,k x between seasons

S.E.D. ;.between season by station

'_ 19
TICNS OF CADMIUNM IN SEDIMENT  (ppM)
L a* v
STATIONS
1 2 3 L
Y 0.17 (0,28 0,20 0.0
4,029 4E-02

(IR E S ENEFENEER NN NNENENNEENFENENNNERRNNERNNEWN]

5 a 08‘!‘31 E-Uz

(X R E RN BN IE N R AR RN RN NN RN NN NN

\-:".-j}”" - 6
L] - L

sesrnEReb vy [ EEEENSFREENNE N NI

A ESE FA Pat LB NN NN N NN NN NN NN

i 1 2 3 4

Station by Seasons x1

Dry Season . 0,20 0,08 .38 019 N’

Rainy Season. 0,45 |o.25 jo.18 0,24 |o.-
Tatle 23, T
ANALYSIS OF VARLANCE FOR itk md, 1N SEDI N B o ttetienreerass
Scurce of variationi df. 8. Ms. F. &
Replication (6). 5 oA50HO5] 0319791 2,060 M,
Stations (S)« 4 JACC1TT|2.50E-04 1,61 |
Seasons (2). 1 7 O3E~C5]7.73E-04 51! ¥
Station by Seasons. 4 2026327 |15, 718=09 5,87 v
Montha {12). 11 LO2R%0E | 2,.05E=04
Residual. 5% D, 0598 991
Total. - 9 ,10229
#* Highly Significant (P< 0.01).

* Gignificant P<0,05).

NS. tot Significant (P>0.05).
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Table23q: Seasonal variations and the relationship of
. surfacewater metals to sediment metal
concentrations (ppm).

Metalg Surfacewater Sediment Correlation
D R D R | Coefficient | Relationshic
K 3.1 ket5 | 339.47) 585.10 Loo Positive
Ca be22 5+17 | 383.47 ] L48.00 397 Positive
Mg 2.69 3.6 50.78 | 51.92 .175 NS

Na 3.1 3.68 | 36.65| 40.58 | -.039 NS
Pb 0.98 0.92 | 155.06 1 136.37 <312 Positive
Fe 036 0.57 68.69 | TL.81 «116 NS
tu 0458 0e51 58.53 1 L1.18 «381 Positive
Zn 0.76 0466 .13 37.66 -.018 N3
Mn O3 0e38 | 37.07| 28450 618 Positive
Cr 0.01 0.+01 14%.25 | 12.18 -253 Positive
Ni 0.0k 040k 11.05 | 8439 246 Positive
ed 0.001 04001 0.22 1 0419 | =140 Ng

D = Dry season meag

H = Rainy seagon mean

N3

1t

insignificant correlation

1}

Values above critical (2-tail, 0.05) + +21574 significant

0405) + »2157L insignificant

Valueg below critical (2-tail,
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s 045.,0 BIOLOGICAL CHARACTERISTICS:

Four major groups of organisms namely: Macroinvertebrates
in surfacewatey, zooplankton, phytoplankton and benthiz macro—
invertebrates were studied on seasonal, monthly and individual

group variations per station.

44704541 MACROINVERTEERATES IN SURPACEWATER:

Three groups of macroinvertebrates were recorded. The
Hamipterans made up 56.55% of the surfacewater macroinvertebrates,
while Coleopteras (23.45¥) and Dipterane constitute 20,00%
re-pectively (Pig. 15). Station 5 was found to contain L3.9%
of the total surfacewater macroinvertebrates, while stations 2,

3 and 4 were found to contain L.12%, 17487% and 3L.02% respective.:
St.tion 1 was found to contain none (Fig. 13).

Higher density was recorded in rainy season, with a mean
of 5 organisms per litre as compared to that of dry season
(1.30) recorded. Analysis of variance (Table 24b) shows highly
simmificant difference between stations, seasons and station by
se.sons (P<0.01), while the difference between monthe was found
not to be significant (P>0.0%).

Correlation coefficient analysis indicates that the
relaitionship between macroinvertebrates in surfacewater and DO,
500, chlorophyll ‘a‘', surfacewater K, Ca, Mg, Fe; sediment Ca,
¥r, zooplankton and benthic macroinvertebrates was positive
(P<0.,05). Significant negative correlation was however observed
with water pi, hardness, oil, phenol, surfactant; sediment K, Na,

P and Cu concentrations.
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vARIATION . CF MACRCINVERTEIRATES IN SURI-/F wATER (ORGANI. . 1,

IE R B NN ENFFEENEEFFEERRENNENENFNEFREENENEN.ENE:LS)

—
STATIONS
‘ | 1 2 3 4
General Station x < oUB 6,00 2.7 700 c.
Dty Season X 1450
Rainy Season x 8,37 .
S.E.D. x between months .............‘!.'.;’.3.3.%?..................
S.E.D. x between stations .............1.f?.q6..??..................
S.E.D. X between seasons .......u....(?:??.ﬁ.??..................
212113

S.E.D. ;bBtWEEﬂ geason by Station mertlgaprpanuniagng ittt bnanadtioinnan

‘ 1 2 3 b
3tation by Seasons x4
Dry Season . 0 0 1,00 1,00
Ré..im; Segso;x. 412 12,00 4,50 13,00

r.r.‘ai;.. :'J :le b‘

ANALYSIS OF VARIANCE For PACROINYERTERPRATTS, N, IRFACE WAT: D .. ...

Source of wvariations : daf. CE Ms. Fd
iieplication (6). o) GBS 19&1067 1.4
Stations (5). ' & 242,55 |60.,625 | 4,40
Seasons (2). 1 748,067 |749,067 | 54,97/
Station by Seasons. b {2641 161,025 | 4,470
Months (12). 11 LG5,533136.8667 | 2,991
Residusl, 36 |207,596] 6.19574

Total. , 99 198, %5

#* Highly Significant (P<0.01),
* Significant (P <0.0%).
¥S. Not Significant (P >0.0%
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PLATE 1. Notonecta sp.

PLATE 2. Hydro,qhi_fgg D,
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PLATE 3. Ranatra sp.

PLATE 4 {-r:fccc:)fre-oh_e_g sp-
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Decrease in Uemipterans was observed as dry season progrezsed.
However, gradual rise in abundance was observed with the onset of
rainy season. The dipierans were however found 1o be more abundant
during the dry season but diminished as rainy season gset in, with
the highest relative abundance of LL.0% at station 5 {Fig. 15).

The various taxa were represented by Notonecta 5p.» {Plate 1)
(Plate 2), Eydrophilus sp. (Plate 2), Chironomus sp., Gerris sp.

Ranatra sp. (Plate 3) and Laccotrephes sp. (Plate L).

L1e2045.2 ZOOPLANKTON:
| Crustaceans were found to constitute the only sooplankton
groups. The 3 genera recorded, 1 belongs to the Cladocera group,
which include Daphnia sp. (55.6080). The copepods were made up of
Cxclogs sps {10.60%) and Diaptomus sp. (23.80%). A decline in
aburdance was cobserved ac dry seamnn progressed.

Variation in seanonal composition of zooplankteon was obhserved
to te higner during the rainy seasen witb a mean 116.00 orgenisms
per litre as compared with the dry season mean of 10.00 (Table 2Lc).
The lowest number of zooplankton recorded was 50 organisms per litrs
in «tation 3 (in Auguet and October), and station L (in Cctober).
The highest was 500 organisms per litre in station 5 in November.
Statlons 1 and 2 were mostly found 12 be devoid of zooplankton species.

Analysis of variance (Table 24d) shows highly significant
di fference in zooplankton dennity hetween stations, seasons, arnd
station by seasons (P<0.01), while the difference between months
was found %o be insigniticant (P> 0.0%).

Signiticant positive correlation was observed Letween z00plankton

snd DO, BOD, NO_-N, chlorophyll 'a', surfucewater K, Ca, Mg, Na, Fe:

3

rediment Ca, macroinvertebrates in surfacewater snd the density of
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VARIATION TN ZQUPIANKTON.GOMPQSITION, (ORGANISM, 1) '
STATIONS
1 2 3 L
General Station  x 12,50 41,067 62,00 }F11E. L
Dry Season x 10,00

Rainy Season X 151.67

S.t.Da ; between montha ocq-c00000000206’&4{‘?009'oo....ninoovc'
SelieDa -x. between Btﬂ.tionﬂ ilocualctu-oo‘?.’oc'l;encc.soa.c-cdoo PR
5.1 X 16,2485
S.L.D. x between seasons I S A NI I I Y
5.%.D. % between season by station “"_"“{“,.,_??.8“""_"_"”"__
! 1 2 3 A S
. . - = I \.r
Station by Seasons x4 0 © i © 20
Dry Season . i . s
25,00 {85,752 125,00 |233.,4% {23
Rainy Season.

Pl

LK ) CN
ANALYSIS OF VARIANCE FOR .. ZOOPLANKTON COMPOSITI

A0 & P ER R BN SR A P g RS A g PR AR RS ARy TR

IR AT RN

Source of variation: df. S8 Ms. F. S,
Replication (6). 5 202083 | L4h1,67( LBIC N
Statiens  (5). 4 191083 | 47770.8f Q4295 iE
Seasons (2) . 14 201042 1301042 B0 Lt . vy
Stntinn by Seasons. L 107083 V2B77M0,2 } 5,377 ¥y
Montns  (12). 14 |sossa, 2|76, 20 | 4,75
Residuals 34 143583 .4 4273,04

Total, 59 8L5458

»*  Highly Significant Epr-,c 0.01).

*» Significant P<0.05).

NS. Not Significant (P>0.05), )
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PLATE 5 Daphnia sp,

| y

PLATE 6 Digpformus sp.

PLATE 7 Cyclops sp.



R ot

benthic mecroinvertebrates (P< 0405). Significant negative
correlation was observed with the amount of suspenced and
disnolved;solida, 002, HES’ 0il, phenol, surfactant, and
sedinent éu concentrations {P< 0,05).

i
4+20.5.3 PHYTOPLANKTON

The groups of phytoplankton identifled were meswbers of
the family Chlorophyceae, Cyanophyceae and Bacillariophyceae.
Monthly variations in phytoplankton denslty is represented in
Pig. 11ce

The relative abundance of phytoplankton groups (Fig. 15)
indicates Chlorophytes to constitute 38.95%, Cyanophytes
28.49% and Bacillariophyies 32.50% of the total Phytoplankton
density. The various genera were Spirogyra sp., Clogteriume sp.,
Ulotrix s8p., Zyguema sps., Buderina sp., Selanastirum sp., Nivacula
Spe, Phormidiue sp., Usclllatoria sp., Nostoc sp., Gyrosigma sp.,
Cymbella sp. and Pinnularia sp.

Phytoplankton density wam chgerved to be high during the xrainy
seagon with a seasonal mean of 70 | organisms per litre as compared to
relatively lower mean of L8 crganigms per litre obgerved in
dry season. The highest population of Phytoplankton wag recorded
in stations 1 and ¢ with a general station mean of 7§ organisms
per litre (Table 2Le).

Pogitive correlation between phytoplankton dengity and
water pH, sediment pH, DO, BOD, zooplankton and benthic
mpacroinvertebrates was observed {P< 0.05), with significant

negative correlation between conductivity, 002, alkalinity, CIl,
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IN PHYTOPIS

MY TN
.|} |1‘|.

Gercral Station  x
Dry Season x 4e ,c0
Rainy Season x 6G, A7
5.:.D. x between months

between stations

=1

.ID-

S5.0.0. x between seasons

5.7.0. % between season by

COMPOSTTION,

AORTT R -1
W\fIn\TION .It..l..o.ol-.o.t.-‘lc.tl'.o.l.-l.l-I(QBE‘;HJ:J'”\‘. L )

_STATIONS _

75,83

1

72483

2

8,48126
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8,4637G

e d S asts taastantessdilsassilrassRtaass s aad

5435297
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station

S8 8 8s s By e

11,0606
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Station by Seasons X1

Dry Season .

98,35

23633

75.0C

76,67

1"

-3
F
L]

85,00

_____j§§¥£iaﬁpon-
TalLle 2

PHYTOPLANKTON COMPOSITTCN

ANALYSIS OF VARIANCE FOR

LN N N N R N N R N

Source of variation: daf, 88. Ms. F. 5.
lieplication (6). 5 550.833{110.147 | 25,€3
Stations (s). L] 1251,0 |[312,75 72,76
Sessons (2). 1 704,167 704 A7 | 163.°
t ‘ion by Seasons. 1 Lt 671P1C 17| 14
Mori ths (12). 1 921 ,83%] 83.£03] 19.41
Hesidual, 34 N012,327] 22.774
Total. 959 |bc'.':~1 «83

** llighly Significant §P< 0.01).

* Significant P<:0.05;.
NE. Not Significant (P> 0.05).
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C0D, gurfacewater X, Ca, Fe, Cu, Mn, Na, Pb, and phytoplankton.
Highly significant difference between etations, seasons, station

by seasons and months was recorded (P< 0.01).

L4e20.5.4 BENTHIC MACROINVERTEBRATES:

The population of benthic macroinvertebrates compriged
of L40.14% Oligochetes, 33.33% Dipterans, 2.04% Gastropods, and
varfous developmental atages of Odonatans, Nemstodes and tadpoles
that are collectively referred to as 'others', which congtitute
2hal9%. The genera include Lumbricus sp., Chironomus gp.,

Gyranlus gp., and Planorbis sp.

Benthic macrvinvertebrateg were found to be absent throughout
the year from stations 1 and 2; scanty in stations 3 and 4.

Station 5 was however noted to contain benthic macroinvertebrates
throughout the year {Fig., 13 ).

Mean seascnal values of (Table 2he) indicates higher density
during the rainy season. The difference between seasons was
observed to be highly significant (P< 0.01), while the difference
vetween stations, etation by seagon and between monthe was
significant (P<0.05). Positive correlation between BOD,
gurfacevataer Ca, Na; sediment Cu, macreinvertebrates in surfacewater,
zooplanktons and benthic macroinvertebrates was observed (P< 0.05).
4 decrease in density waw however recorded with increasing

concentrations of H,S, oil, phenol, and sediment Pb (P<0.05).

N
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VARIATION .. .70, 0ot i, NARAQITVENCIEVITEA L (CRGANT M, Hz)

STATIONS
1 2 3 kL S
Ceneral Station  x 075 4,32 1.33 233 3,00
Dry Season x .30
Rainy Season x 4.40
- o5
S.E.D. x bet“eﬂn monthﬂ- - 8 g "8 o .....I!..-jl..:f‘....'..........‘..
- : 1.2080%
stE.D. X b@tﬂeen Btﬂ.tions sssssssatsesbhisensnvensnsrnnsssenasnsna
= o SUB AN
S«.E.De X between seasons P R PR TR S s R G e PP
S.E.D. x between season by station FIP Ty P2 S5 | o S TP
1 2 3 L S
Station by Seasons X1
Dry Season . 0 0 ) 1639
(S ¢ P
Rainy_iieason. 1-.30 9.67 ?067 !'067 4, )0
Table 24 n

ANALYSIS OF VARIANCE FOR .

BENTHIC MACCOINVIRTEBRATES

LR R AR R R R I R R R R R

Source of variation: af. 88. Ms. F. Se
Replication (6). 5 28.15 5,63 oH2 Ns
Stations  (5). I 95,4 27,85 |2,722 NS
Seasons  (2). 1 252,15 | 252,45 |23.773 | x
Station by Seasons. 4 QT 6 234 2.67 NS
Months (12). 11 3,09 7.600p (752 Ng
Residual. 34 310,35 9.1264

Total. 29 863.65

** Highly Significant

* Significant
NS. Not Significant

P>0.05

gpco.m).
P< 0.05;.







CHAPTER FIVE

5 0 DISCUSSION

This.feseafch wag carried out to determine the extent to
which the distribution and abumdance of gzooplankton, phytoplankten,
benthic macreoinvertebrates, surface-water macroinvertebrates,
phy. ico=chemical parameters and productivity of Romi siream
(Kaduna) are affected by the effluent discharge from the Nigerian
National Petroleum Corporation (NNPC) Kaduna refinery.

The relative abundance and diversity of the biota may be
regurded as indication of the stream potential in terms of fisheries
ané *he degree of pollution that it iv subjected to as a result of

the refinery effiuvent discharge.

5. .1 PHEYSICO-CHEMICAL PARAMETERS

5 .1.1 WATER TEMPERATURE:

Temperature ¢f the surfacewater wag observed to be fairly
stable with gtations 1 and 2 relatively higher than other stations
(3, 4 and 5), This could be due to the inflow of effluent with a
higher temperature than the stream water. Being a lotic habitat,
the water 1s constantly agitated and as such temperature fluctuation
waz winimal all year-round. According to Cote {1976), cooling
watcr system of petro-—chemiczl refineries may create problems
assnziated with the discharge of thermal effluents. The extent of
the vroblem is however dependent upon the volume of the discharge as
a function of the capacity of the receiving water bvody. The
rel.tively low temperatures recorded away from the outfall -
(stations 3, 4 and S) could be due to dilution, heat loss to the
atmouphere and to the substratum. Hynes (1960) reported that

wat- r temperature declineus as distance is increased downstream fron

ot
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Fe'nt of discharge of heated effluents, partly due to dilution,,

'é lois to the atmosphere and river bed, in which turbulance, wind A

" gr~ed and temperature difference between water and its surroundings

 plry significant ruies.

Rain'y season temperature was observed to be slightly lower
than that of dry =eason. This could be attributed to hign dilution

and increased turbulance.

5 «1.2 WATER AND SEDIMENT pH:

Water pE remains fairly stablé throughout the sampling period
ranging from weak acidity to weak alkalinity (6 to 8). This may be
dve to the hardness of the body of water receiving the effluvent.
dynes (1963) observed that hard waters are alkaline and their pH
dcrs not change readily. As a result, any addition ot acid may be
nevtralizeds Slight shift to alkalirne pH was however observed
duoring the rainy season. A similar circumneutral pH condition with
slight increase in pH during the rainy season was reported by o
(* © . . Kemdirim {1987) in some water bodies in Plateaun State,
Nigeria. They attributed the slight fluctuation in pH to the good
buffering capacity of the water, which is related tc the nature of
the bedrock. Increased carbondioxide production as a result of |
vecetation decay, allocthonous and autochthonous organic matter
could nave contributed to the lowering of pH ohserved during the
drv/ SeasCn.

The acidic pH of the sediment observed at all the stations
could be due to increaged microbial activity and carbondioxide
vroduction. Kemdirim (1987} reported a similar decrease in pH due

tc high alochthonous input of organic maiter in Shendam reservoir,
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Pl teau State {Nigeria). This phenomenon may be responsible for

. the acidic pH observed in sediments of the stream.

5 1.3 HYDROGEN SULPHIDE AND MERCAPTAN (RSH): -

; WaS
] Level of st and HS%‘above the reflnery effluent guality
- t

sprcification, set at 0.2Dmg.L-1 (lolomari, 1983), with the

excupbion of station © where the level was below detection.

" The presence of sulphides in refinery effluents has been reported

by n number of workers: Cote (1976) indicates that sulphides

' originate from the desalting distillation hydrotreatment and

hyirocracking of crude ©i1l. Concentration of sulphides of

¢. 0mg.L 1 has been reported by Lolomari {1983} to be the desired

~ efluent concentration from the Linear-Alkyl-benzene plant of the

- WNve Kaduna refinery. ilowever, anhalycis of predischarged effluent

of the refinery conducted by Omwumere (1987) revealed the highest
obe 2080 . : _

concentration ot HBS and HSﬁA;. while L4+60 wt. % was at station 1,

iniicating effluent enricnhment ana occasional spills to contribute

to zueh high enrichment, particularly as crude oil has been reported

tuv contain sulphur {0.19%¢ to 2,500}, which could be converted to

H,. by the action of microbes (Dean, 196H). Further increase in

tr.. level of sulphides could he due to water—-borne H,S, as similarly

2
rerorted by Korting (1970).

5 1.4 SURFACTAKT (Dispersant):

The highest concentration of surfactant recorded (C.60ppm) was
n ctation 1. It has been reported that surfactants in refinery
ef“luent originate from cooling water system (Cote, 1976). In an

anslysis of predischarged eftliuent of the refinery (Onwumere, 1987,

.

B 7 . S0
. i
h R . i Lo
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lavels up to UJUppmn was vecordeds This indicatec that the
rredischarged et{luent contaings low level of surfactant as
compared to values recorded in tnis work. The disparity could
be due to the occasional addition of surfactant during the period
of spills to disperse oil slicks, as well as accumulation
(adsorption) by sediments over a long period following such
nddition. The sediment may subsequently serve as reservoir of

cocaslonal surfactant desorption to the surfacewater.

©  «145 PHENOL:

The presence of phenclic compounds in refinery effluent is
traceable to thermal and catalytic cracking of crude cil. Field
and laboratory studies undertaken by 7oulalian et al. (197h)
un the levels of phenclic compounds - below an oil refinery
cutfall indicated the presence of phenclic substances beyond 300
meters downstream. At Romi stream, phenol was detectel N
ctations 1 to 3, and non-detectable iy stations L and 5. The
absence of phenol iy these stations (4 and 5) could be due to
excegsive dilution, and biophysico-chemical degradation.
voulalian et al. (197L) demonstrated that biodegradation of
phenols by 10% occurred within 200 minutes after discharge into
it. Lawrence river (Ontario, Canada), and noted dilution to have
s major influence on the decreasing concentration of phenol.
it has also been reported (Laws, 1981) that phenols in aquatic
cystem waere degraded by combination of biologieal, physiecal and

chemical processess
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on Shendam and Pankshin reservoirs, Nigefia (Kemdirih, 1987);
¥aduna river {(Awanda, 1987); Chesa Peake Bay, U.S.A. (Beardly,
1988) attributed nutrient enrichment to surface input mainly

from agricultural land, and desorption from bottom sediments.

S 1.8 CHLOROPHYLL 'a's

4 peak in chlorophyll 'a' concentration was observed
during the later part of rainy season. This could be related to
the high phosphates and nitrate enrichment period. Similar
incresse 1n chlorophyll 'a' concentration with corresponding
increase in phosphate—phosphorug and nitrate-nitrogen has been
veported by several workers. Hecky and Kling (1980), Kemdirim
(1987), Awanda (1987) observed covariation in chlorophyll ‘a’

concentration, phosphate-phosphorus and nitrate-nitrogen maxima.

% a149 DISSCLVED OXYGEN:

Station 2 was obgerved to contain very low level of oxygen
throughout the dry season period with a steady re-oxygenation as
rainy saasbn progressed. Both dissolved oxygen and percentage
snturation were observed 1o be higher during the rainy season.
'he oxygen content was observed tc be on the increase with
increasing chlorophyll 'a' concentration, phytoplankton and
»ooplankton abundance. Increased turbulance during the rainy
seagon ¢ould be responsible for water-air-reoxygenation and low
oxygen during the dry season may be due to reduction in water
level during this period with a consequent reduction in water
velocity and mixing. According to Maitland (1978), dissolved

oxygen in water depends on the extent of water—air contact, water
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veloeity and mixing. Biswa%s (1966) and Adeniji (1973) reported
a ~imilar increase in oxygen concentration in two water bodies,
(Vvelta lake, Chana and Lake Kainji, Nigeria respectively) and
_ attribufed such increase to increaged phytoplankton activities,
which was observed to coihcide with the period of phytoplankton
bloom.

The general low oxygen Eontent of the stream could e due to
hi.’1 oxygen demand of the water body associated with the blodegradation
of organics and a variety of reductants assoclated with refinery
wo o 'es.  Similar observaticn was made with respect to Canadiap
relinery effluents {Cote, 1976). Meynell (1973) in hydrological
survey of Rio Ojaile river (Spain) reported that pollution by a
refinery effluent had reduced DO level to 1mg.b“1, howeveT, ne
observed that downstream reoxygenation had increased the level to
dm;.L_1 at 1k distance, and 'i:ng.L-1 at Bhkm distance downstrean
from point-sﬁurce. Such reduction in oxygen content with a more
proncunced effect during the dry season following reductioﬁ in

water level, flow rate and turbhulence wag recorded in Pomi stream.

S+1+ 10 CARBONDIOXIDE:

Increase in 002 concentration as dry season progresszed was
obsarved, Thie could be due to decreased water level, reduction in
oxyen concentration during the dry season, slight increase ih?water
temperature and microbial degradation of organics. Xemdirim {1987]
reported similar increase in 002 concentraticn in Shendam reserveir
(Nigeria) during the dry scason, and attributed the extent of organic
decompogition to account for sueh increase. according to USEPA (1979},
differences in CO2 concentrations with season is related to differences
ir anaerobic decomposition of organics and the uptake of 002 by

-

phytoplankton for phytosynthesis.
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©+'«11 BIOCHEMICAL OXYGEN DEMAND:

Mean seasonal BOD values were observed to be high during
the rainy season as compared to dry season. This could be
related to high impact of oxygen demanding chemicals as a result
of occasional oil spills, surface run off during the rainy season,
efluent discharge and the corresponding increase in aguatic fauna.
According to Cote (1976) refinery effluents have average BOD of
over 94kg from every 1000 barrels of crude oil processed. High
8CT discharge might therefore be asgociated with Kaduna refinery
ef{ luent which processes crude oil beyond 100,000 barrels per

dav (m'f 1989).

5.'.12 CHEMICAL OXYGEN DEMAND:

Seasonal variations in COD appears to exhibit similar trend
ob. erved in DOD. The COD loading for every 1000 barrels of crude
oi! processed has been reported to exceed 1,300kg (Wilber, 1969).

Allocthonous input of inorganic reducing agents could be

ancther reason for the observed high COD.

5.1.13  ALKALINITY:

Alkalinity was observed to be high during the dry season
with a gradual decline as rainy season progressed. This could

be attributed to low water level and soil type. Decrease in
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. .alinity during the rainy season was similarly reporied by
Awanida (1987) in Kaduna river to be related to dilution effect
rain. Soil taking up the bicarbonate ion resulting in a
corresponding decrease in alkalinity was reported by Lprenger
¢t ale (1987) in studies of some selected elements concentrationc

i some acidic lakes.

“«le b4 HARDNESS:

The water has been noted to remain fairly hard throughout the
yuare The high levels of Caz+, M82+ and other alkaline earth
.-tals recorded in surfacewater and sediment samples might play =
.lgnificant role in maintaining fairly high level of hardness
t roughout the year. Jop and Wojtan (198! ) asscciated low hardne:

¢ low levels of Ca2+ and Mgz+.

~«le }5 CHLORIDE IOL:
The high level of chloride ion observed during the rainy

. agon dould be related to chloride enrichment by rains. Gorhan
\ 1958, 1961) measured the influence of atmospheric precipitation

the supply of ions to natural waters in English Lake District,
.4 assgclated the supply of chloride to rain, with a range of ansoct
C.lugel”' (Minnesota) and 8.9mg.L”' in Newfoundland. Gidvds (1970,
1272) reported that the chloride of the Rio Tefe (a tributary of tuc

ri:zon) has the rain as its major source.

Z«1« 16 ELECTRICAL CONDUCTIVITY:

Gradual rise in conductivity was recorded as dry season
vrogressede Similar increase was reported in some water bodies,

Jouz, Nigeria, (Kemdirim, 1987) and the increase was attributed
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to higher content of bivalent cations (Ca2+

and Mg2+), and high |
sodiment PboY, According to Green (1960), Biswas (1966a) and -
.movbare (1970} low conductivity of water bodies during the

raing could be due to d;lution effect. Significant drop In
conductivity was observed in station 1« This could be due to the
Loture of the bottom (rocky) coupled with increased slope which
lead to Increase in water speed and dd not provide soft underlaying

vubstratum for accumulation of ions.

“+1. 17 SUSPENDED LCLID:

| The decline in amount of suspended solid following the
commencement of rains, with the gradual“decraase with increasing
iistance from the refinery effluemt outfall could be due %o
increased water volume and speed noticed during the rainy season
«nd the settling out of the suspended material with increase in
¢istance. Similar decrease in suspended matter was reported by
iyneg (1960) and it was atiributed to increased rate of settling

level
cut, high wateg:gnd microbial decomposition.

541418 DISSOLVED SOLID:

The rainy season was characterised by low concentration of
dissolved solid. Jn.crease in water level might have accounted for
this. The significant positive correlation observed between the
amount of dissolved zolid and water temperature seems to suggest
that the solubility of substances is influenced by temperature,
witich was observed to be higher during the dry season.

The low conductivitiy recorded during the rainy season seemc

to indicate that the contributicn of raing %o increase in
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Ct.xnductivity was insignificant. According to Hynes (1560),

, conductivity is related to the amount of dissolved solid, which
Iin turn is influenced by effluent discharge, leachling and |

autochthonous contributions.

5.2.0.  METALS: _
Metal enrichment of the water body could be attribﬁted largely
- to surface input, effluent discharge and occasional spills.
'iThe nature of sediment and organic decay could contribute to such
enrichment. There was a marked digperity, with higher concentration
¢! metals in sediment as compared with that of surfacewater.
The role of sediments as natural sinks for most metallic species
has been studied by Groot €al. . :x.uw (1973) who observed
srdiments t¢ bear large amount of heavy metals. Reimer and Krent
(1973) studied the gorption phenomenon of organics of bottom
sediments and reported that such sorption, is dependent on a number
of factors among which low pH is important. The low sediment pH
otserved year round could be reaponsible for the sediment sorption
of metals and the consequent higher metal concenirations in gediment
th.roughout the year as compared to the surfacewater concentrations.
The slight elevation of alkaline-earth metals at the beginning
of rainy season and the heavy metals maxima observed during the same
period {with the exception of Mn  and Zn ) could be related to
surface flow imput. According to Sprenger et al. (1987), soil type and
surface flow could have influence on trace-elements, while Caldwell
(1975) suggested that certain heavy metale of plant origin may occur
in natural w;ters. Rainwater could also account for metals

enrichment of water bodies. Skoczen (1982) reported increased
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_ :1a4d loads at time of great ﬁrecipitation in Viétula ;iver'(Eoland}.
'5.3. 0 BIOWGICAL CHARACTERISTICS:
: Iiterature on oll pollution and its 1mpa§t on freshwater has
bcen scanty. However, the fate of oil and its effects on the biota
have been widely studied with respect to marine environments,
possibly due to concern about oil spills which occour mostly in the
marine environment, In a number of laboratory studies, the effécts
of ©il have been studied, of recent being the work of Lindemet al.
(1187) on the effect of North sea oil and oil dispersant.
Despite the limited literature on freshwater-related studies,
0il impact can be assgessed in inland waters using the available
li terature on marine-related studies, particularly as the toxicity
o oil has been reported'by several workers including Blumer (1969),
Nclgon=Smith (1972) and Laws (1981), to be largely dependent on

the nature of oil, concentration and the nature of organisms.

€ o341 MACROINVERTEBRATES IN SURFACEWATER:

Hemipterans and Chironomus sp. constitute the surfacewater
mzcroinvertebrates of Bomi siream. GConsiderable reduction in
abundance, particularly with regard to the Hemipterans was obaerved
during the dry season. This might be due to the recorded increasing
cil, phenol and surfactant concentrations with increasing peried of
dry season. Increase in surfacewater macroinvertebrates with
ircreasing dietance from the refinery outfall downstrean was
recorded, with maxima at station 5. Report by Kerr {1977) om the
study of clircumstances controlling oil impact in ocean, attributed

distance from point-saugce to diminish in both quantity and effect.
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Review of toxicity studies by Laws (1981) indicates that most

- awatic communities are adversely affected by oil concentration

above 10ppm. Similar effect was reported by Linden et al. (1987)
on studies of oil effect on littoral ecosystem of Baltic ses,

suggesting clear inhibitory effect of cil on the growth of

microfauna. No surfacewater macrolnvertebrates was recorded at

station |1 throughout the year. Only L.12% recorded at stationg,

P owile station 5 was found to contain over L40% of the invertebrate

population. The disappearance of surfacewater macroinvertebrates
' station 1 could be atiributed to high levels of effluent
cunponents particwlarly oil, phenol and surfactant. The same
roason may account for the great reduction in the abundance at
station 2, The higher abundance recorded at station 5 might be

due to slgnificant recovery of the stream, particularly as no

hydrogen sulphide, oil, phenol, surfactant was detected at station 5.

T1ie presence of oil components in water as it affectis surfacewater
crganisme hag been illucidated by Kerr (1977). Acecordingly, mest
cooponents of oil being less dense than water, usually tend fo

fioat on the water surface thus come in contact with surfacewater

c¢rganisme t0 exert deleterous effect, particularly in period of
i
1.3s turbulence. °

1.
5 e3e2 ZOOPLANKTON:
The density of zooplankton was observed to be higher during

the rainy season with ~ ... :.- Daphnia sp., Diaptomus sp. and

Cylops. sp. tbeing domimant. High water level, upasurge in
ilytoplankton denpity, decrease in oil and its related componento

coupled with increased re-oxygenation rate due to high tubulence
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-gculd account for this. A few field stﬁdies in conmection with _

0il spills have indicated similar effects. The work of :iliillanf
et al. (1976) on 0il spill in Marine, Thomas {1978) on 'Arrow!'
srill at Chedabucta Bay, Nova Scotia (Canada) show reduction in -
plnkton communities and the growth of many other components pf

, the blota following the spills.

5 2343 PHYTOPLANKTON:

.F The phytoplankton dominated by chlorophytes, cyanophytes and
_ Beillariophytes, were more abundant during the rainy season

arl recorded in high number all year round. Toleraznce of algae

to pollution effect could account for this to certain degree. '

indy carried out by Scott and Glooschenka (1984) indicates no

d: cernible short— or long-term effects on phytoplankton in ponﬁs

¢ posed to erude oil., Blue-green algae (Cyanophytes) have been

rinorted by Nelson~Smith {1972) to show apparent resistance to oil

poilution from both refinery effluent and trackling filters designed

to remeve oil from the effluent. Similar report on Phytoplankton
:'?tolerance te oil pollutien bas been made avallable by Sauthward and
“outhward (1§78) following "Torey Caryon" spill, El@bren et al.
{1780) and ?;rgﬁ (1982) using model system 2xposed to number 2 cil,
anell and Miller (1980) on phytotoxic efrects of petroleum hydrocarbon.

€ 3.4 BENTHIC MACROINVERTEBRATES:

-

; " No benthic macroinvertebrates was recorded in. station 1
tr~oughout the yesr. Possible reason could be the concrate
nture of the effluent basin. According to Dicks {1983) benthic

ernpunitles in water bodies polluted with oil tend to be influenced



150
sediment nature, Thus soft sediments tend to support a wider
r.nge of community types.

The year round absence of benthic macroinvertebrates
in station 2 might be due to high levels of contaminants,

rticularly the subsediment layer of oil covering the

diment. Similar observation was made when oil was found to
renetrate into sediment, killing virtually all benthic communities,
f.1lowing Buzzards Bay 0il spill case study (Blumer et al., 1971).
Further studies by Krebs and Burns (1977) revealed that toxic
components such as napthalene from oil persists in sediment
for years following the spill,

According to Laws (1981), low molecular weight hydrocarbons
cr7idently find their way into sediments and persist te kill organiasms
for several months after spill incidence. This indicates the
rossibility that a single oil spill from the Kaduna refinery, as
cne evident in August, 1988, which was reported to persist for some
vears (Anon., 1988) could account for detrimental effects on

+ natic communities for years to follow.



CHAPTER SIX

6.0 SUMMARY a3
. The physico-chemical characteristies, distribution,

: ébundance, seasconal variation of surfacewater and benthic
mocroinvertebrates; zcoplankton and phytoplankton groups of

" Rzl stream (Kaduns) were studied monthly for a period of

~ twelve months (from November, 1987 to October, 1988).

| Ii Water samples were collected in 1 litre capacity acid-waﬁhed

i pﬁastic bottles from S statlons downstream from XNPC Kaduna refinexry

~effluent outfall, Methéds of Lind (1979) and AFHA (1980) were used.

P Water temperature, pH, conductivity were measured on the

ﬂ éﬁot using mercury thermometer, portable pH and conductivity

" mcters respectively. Cediment pH was determined using 121

' sediment-water ratio of Black (1966). Optical density of the

' woter was measured by Spectrophotometric method of lee (1978)3
dissolved and suspended solids by method of Lind (1974),

- Hurdness, C€0,, Cl, titration {APHA, 1980). DO by modified

- Winker's azide method, O, saturation was calculated using the

© frrmula of Golterman (1970), Alkalinity and BOD by Methylorange-

 phenolphthalien and BOD-S day methods respectively (ATHA, 1980).

COD by titratien (Golterman, 1970), N03-N and POh—P contents

wiore determined by spectrophotometry using Deniges and chenol-

disulphonic acid methods {APHA, 1980). Chlorophyll 'a' was by

the pethed of Talling and Driver (1963) using 90% acetone as

ertraction medium. Metal analysis Ly APHA (1980) methods

rcpectively. Alkaline-earth metals by {lame photometry (WXO,

1263) and APHA (1980).

+
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i i Concentrations of oil in water, H2S and R3H, surfactant
arl phenol were determined by the NNPC Kaduna Water labhoratory.

Plankton samples were collected using 25cm radius and
70 meshes/cm2 plankton net. Zcoplankton was preserved ir Y96
fcrmaldn and phytoplankton in Lugel sclution (WRO, 1963) and
APUA (1980). Macroinvertebrates in surfacewater were collected h
ut ing the sweep net, and benthic macroinvertebrates and sediment
samples by using Ekman's grab of 300cm3 area.

The velationship between parameters was determined by
correlation analysis and 2-way analysis of variance using
ccaputer at 0.05, and 0.01, 0.05 levels of significance
respectively. R

Significant seascnal variations were observed in water
tezperature, H,S and RSH, 0il, Phenol, surfactant, POh"P,
chlorophyll ta’, €0,

mctals;in surfacewater, Fe; sediment Ca, Ph, Cu, Mn, Cr and Ni.

BOD, €1, sugpended solid, alkaline-ecarth

Highlyﬁiignificant gifference in seasonal ccmposition of surface-
water and benthic macroinvertebrates, phytoplankton and zooplankton
density {(P<0.01) was observed.

Significant difference between stations in terums of
surfacewater macroinvertebrates, phytoplankton and zcoplankton
gr:ups was recorded. Llkaline-earth metals iIn surfacewater,

Nr. and Pe concentrations; sediment Ni, Cu, Mg ané Oz alsc varied
simnificantly between stations. Similar difference was observed

i;. amount of suspended solid, conductivity, Cl, hardness,
alkalinity, ohlorcphyll ‘a‘', COD, BOD, O, saturation, Poh—?, _

pre=nol, oil, HQS and RSH, and gediment pH.
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Pogitive correlation was observed between surfacevater and
sediment concentrations of K, Ca, Pb, Cu, Mn, Cr and Ni (P< 0.05}.
Tha correlation between surfacewater Mg, Na, Fe, cq and sediment
concentrations was Insignificant (P> 0.05). )

The surfacewater macroinvertebrates were composed of

f’.emiptera {56.55%), Coleoptera {(23.45%), and Diptera (20.00%).

ﬁé Relative abundance was highest in station 5, with station 1"

cevoid of amy. The genera recorded were Notonects opes

isccotrephes ep., Gerris sp., Ranatra sp., Hydrophilus sp.,

‘and Chironomus sp.

Incresse in oil, phenol, surfactant, water hardness and

1’ was observed to have corresponding decrease in surfacewater

r.croinvertebrates density, while DO, surfacewater K, Ca, Mg,
~ lorophyll 'a'’, and zooplankton showed positive correlation
(< 0.05).

The Crustaceans were found to constitnte the zooplankton

" ¢necles. 2 groups consisting of 3 genera were recorded.

e Copepads made up of 66,20% and Cladocerans 33.80%,

comprising of the following genera: Daphnia sp. (55.60%), L

% Cyclops sp. (10.60%) and Diaptomus gp. {33.80%) respectively.

Decline in zooplankton density was observed as dry season
progressed, with highly significant difference between stations
and seagons (P 0.01)s Stations 1 and 2 were mostly devoid of

vooplankton species, while station § contained the highest

.. +voplankton density.

Pogltive correlation was observed beiween zooplankton
znd DO, BrOD, NOBvN, alkaline-carth metals in surfacewater,

«ile inérease in H,S and RSH, 0il, Phencl and surfactant
L i
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wl;’.s% observed to cause significant drop in zooplankton density

| (r<0.08). |

; | The warious taxa of phytoplankicon recorded were represented

: 5; the Chlorophytes (30.9%%), Cyanophytes (28.9L%) and
»:cillariophytes (32.50%). The various genera were Spirogyra sp.,

C.osterium sp., Ulotrix sp., Zygnema gp., Euderina sp., S

{-lapastirum gp., Nivacula sp., Gyrosigma sp., Cymbella spe,
Pionularia sp., Phormidium sp., Osciliatoria sp., and Nostoc sp

w'th station 1 containing the highest density.

| Phytoplankton density was obgerved to be higher during

the dry season with highly significant difference between ssasons,
station by season and months (P<0.01).

:  Benthic macroinvertebrates comprised of Oligochaeteg
(L0«1k80), Dipterans (33.3%%), Gastropods (2.04%) and various
_drvelopmental stages of Odonatans, Nematndes and tadpoles
w(”.hS%D. The recorded genera were limbricus sp., Chironomus sp.,
G, raulus sp., and Planorbis sp.

Stations 1 and 2 were found to be comﬁletely devoid of
b nthie macroinverteb?ates, with year round high abuddance

in station K. I
i
Higher denslity w@s obgerved during the rainy season,
with significant différence between stations and months
(: ©0.05). A decrease in benthic macroinvertebrates with

ir sreasing concentrations of st and RSH, 0il, Phenol and

sudiment Pb was observed (P «0.05),
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.1 CONCLUSION

The distribution und relative abundance of surf.cewater
nd benthic macroinvertebrates, zocoplankton and phytoplankton
mounities of Romi stream, Kaduna, are influenced by the
smbined effectc of seasons and physico-chemical characteristic:
“ the stream. Chemical juality of the stream is influenced
rgely by the input of ¢il and related components intoc the
ter body via occacicnel spille and pipeline leakagwz nd %o
lesser extent by the effluent discharge.

High oxygen demand of the stream drastically reduces the
:_'(gq.n concentration of the water to levels too low to
:3tain high aquatic fauns, resulting in high 3-2 satur:tion
lue at low 02 concentration.

HBigh phytoplankton density ie due to tolerance ol aquatic
'-nic, particularly slgae to pollution load. The luw density
aquatic fauns, low CO- content, coupled with high orgunies,

's8qlved and sucperied solid, less species diversit)

aracterized the ztream to be unproductive.
i
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AIR TEepERATURE (°C)

SITE Nov. | Dec. Jan, Feb, | March | April | May June | July | Aug, | Sept. | Oct,
Re 1 27.5 311 28.9 31,0 | 29.7 30,1 32.4 | 2k | 29.0 | 28.1 23.4 22,8
Rs 2 23.1 | 32.0 | 30.0 | 30.7 | 30.2 | 29.9 | 30.7 | 27.0 | 27.2 | 32.0 | 23.4 | 21.5
Re 3 26,0 | 29.7 | 31.3 | 28.3 | 27.9 | 31.0 | 29.3 | 23.6 | 24.8 | 27.0 | 22.7 | 23.0
Rs 4 23.2 30.2 29.6 28.8 31.0 29.5 30,1 28.1 21.9 3340 2361 22.9
Rs S 21.5 31.3 28.4 30.1 29.8 0.3 31k 27.5 22.3 34.8 22.9 25.7




Nove. Dec. Jan. Feb. March| April| May June July Avz., Sept. Qct.
SITE
Rs 1 31.5 | 29.0 | 30.1 | 29.8 | 34,0 | 28.6 | 31.2 | 29.2 | 27.8 | 33.0 | 21.6 | 23.7
Rs 2 31.8 | 27.0 | 31.3 | 3.2 | 33.2 | 30.1 | 28.0 | 27.8 | 2.k | 35.0 | 20.4 | 22.5
Rs 3 31.5 2L4.0 2846 30.0 34.0 27.9 30.7 22.6 23.1 2h.2 19.7 20.4
Rs hﬂ UO-A 22.1 s.o UJ oﬂ MW-W u._ L.— 8-.— Mmud N“ao Nﬁou 20.1 21 UU
Bs 5 30.3 22.0 311 29.9 32.1 29.0 29.7 22.7 25.3 28.0 21.3 21.7




VATER pH

SITE ov. | Dec. | Jan. | Ped. | March | April | May | June | July | Aug. | Sept. Oct.
Rs 1 7.90 | 6.80 | 7.20 | 7.0 | 7.2 7.90 | 7.30 | 7.10 | 7.2 6.3 Tet 7440
Rs 2 7.00 6.80 6.90 6.T0 6.90 6.70 6.60 7.3 6.80 6.40 7.0 6.6
Rs 3 6.70 | 6.00 | 7.00 | 6.9 |7.00 |7.30 |7.90 |7.90 |7.00 |6.80 |7.30 }7.%0
Rs b 640 | 6.7 |7.10¢ | 7.0 [8.00 |7.10 |7.50 |7.70 |7.00 | 6,50 |T.10 |70
Rs S 6.30 | 6.70 7.30 7.10 7.70 Te1 6.80 7.10 7.60 6.30 6.80 6.80




SEDIMENT pH

SITE ove | Dec. | Jam. | Peb. | March April | May june | July | Aug. | Sept.} Octs
Rs 1 8.9 7.3 7o 7.6 71 7.9 8.1 8.4 8.3 8.5 24 B
Rs 2 3.8 3.8 349 L9 5.2 6.0 5e3 5a 3.9 L1 3.8 k0
Rs 3 6.0 5.8 6.5 6.8 6.7 5.9 6.0 5¢9 ST 5.8 6.0 S.6
Rs U 5.5 5.8 6.0 6.6 5.9 5.8 5.8 549 5.6 5.6 5.9 57
Rs S 7o 6.9 6.9 7.2 7.0 6.9 T 7.3 7.4 6.9 71 7.3




HYDROGEN SULFIDE (WT.%)

N D J ¥ .| A X J J A S 0
RBs 0.72 | 0.83 | 0.19 | o.h6 | 0.32 | 0.8 | 2.56 0.43 | 0.36 ]| L.60 | Ol49 | 0.72
Rs 0.33 0.52 0.17 0.19 0.37 0.36 1.32 0.25 0.30 3.h9 Ol 0.50
Rs 0.29 | 0.30 | 0.10 | 0.12 | 0,20 } 0.25 | 0.30 | 010 0.26 | t.16 | 0.36 | 0.8
Rs 0.20 0.17 0.10 0.16 0.21 0.12 0.30 0.21 0.11 1.1 0.29 0.30

Rs




OIL IN WATER (PPM)

N D J F d A M J J A S 0
Rs 1 L4.50 3.81 6.00 7.10 5.49 6.35 9.69 8.72 7.01 10.42 | 5.50 4.00
Rs 2 3.93 3.29 3.08 6.k 2.36 5.04 3.72 314 3.00 9.33 4.92 L.4O
Rs 3 1.87 1.82 2.11 2.00 1.81 14410 2.08 1.41 2.73 3.85 3.98 3.42
Rs L 0.91 1.00 1.36 | 0.L9 1.43 1.51 1.03 | 0.61 0.71 1.06 0.32 0.27

Rs S




PHENOL CONTENT (Ug.L™')

| p J 4 N A 4 J J A S 0_
R 0.9 |0.79 ]0.53 | 0.5k 0.6 | 0.L8 1.20 2,66 0.52 .06 1.10 | 0.81
Ra 0.27 |0.35 |0.23 |0.h8 |®.22 0.17 |o0.29 |0.23 |o.08 |1.13 0.2 0.62
Rs 0.05 0.10 0.05 0.09 0.17 0.10 0.05 0.10 0.05 0.16 0.04 0.02
.13 - - - - - - - - - - - -
s - - - - - - - - - - - -

Rifis




SURFACTANT (PPM)

N D J ¥ M A ¥ J J A S 0
Rs 1 0.LO | 0.20 |0.30 | 0.k 0.20 0430 O.42 |0.30 [0.30 0.60 040 | 0u42
Rs 2 0.20 |0.10 |0.20 |0.03 |0.10 [0.01 |0.10 |0.06 [0.,04 |0.51 0.03 | 0401
Rs 3 0.03 |0.02 |0.02 - 0.02 - - 0,02 (0.02 |0.13 |0.,01 0.01
Rs L - - - - ~ - - - - - - -

Rs §




£

DISSOLVED OXYGEN (M:.L™')

W

SITE Nov. | Dec, | Jan. | Pedb. | Mareh | April | May June | July | aug. | Sept, | Oct,
Rs 1 3.6 3. 3.8 ko0 3.7 3.1 2.8 3.7 3.b 3.1 241 3.0
Rs 2 1.7 1.6 1.4 144 143 2.8 2.9 3.5 3.1 3. 2.0 2.8
Rs 3 2.3 3.2 3.0 3.2 3.6 2.7 2.5 h.0 3.7 3.8 3.4 b.2
Rs 4 L6 3.2 3.3 3.1 3.1 2,0 2.6 3.8 3.7 ot 3.1 349
Rs § 3.8 2.9 31 2.8 2.6 2.8 2.9 L0 3.9 Li.3 3.7 L3




% SATURATION OF OXYGEN

SITR Nov. | Dec. | Jan., | Peb. | March } April | May June { July ! Aug. | Sept. | Oct.

Bs 1 4918 | LL,50 | 5046 | 53.12 | 51.99 | k0.58 | 37.7h4 | b8.L3 | k.50 | h2.9k | 24.62 | 36.36
Rs 2 23.22 | 20.36 | 18.97 § 18.59 | 18.91 | 37.10 | 37.40 | bS.16 | 37.58 | 48.29 | 22.62 | 33.41
Rs 3 3.2 | 38,70 | 30.17 § h2.k9 | Shol9 | 34.93 | 33.59 | 47.73 | k.15 | 46.96 | 3B.k6 | L47.51
Rs 4 61.00 { 37.51 {43.19 | h2.34 | 40.58 [ 26,95 | 34k.52 | 46.86 | 45.62 {51.31 | 35.07 | 4k.93
Rs 5 50.46 | 33.99 | W1.77 |37.18 | 35.52 [ 36.55 |38.51 |147.73 |U4B.00 |55.40 |42.63 | 50.h1




DISSOLVED CARBODIOXIDE (Mg. L~ ')

SITE Nove | Dec. | Jan., | Feb. { March| april| Msy June | July | Aug. | Sept.i Oct.
Re 1 26 56 47 62 22 28 23 28 3 30 20 23
Rs 2 37 6c 60 71 L8 39 31 47 0 28 26 21
Re 3 26 3l L9 50 38 L1 37 2l 26 th 41 19
Re L 19 53 38 L8 18 38 33 19 29 14 37 22
Rs 5 17 30 bk 39 k 25 30 21 25 13 0 32 -




DISSOLYED CARBONDIOXIDE (Mg L) -

SITE §ov. | pec. | Jan., | Feb, | March] April May June | Juiy | aug. | Sept.] Oct.
Rs 1 26 56 47 62 22 28 23 28 31 30 20 23
Rs 2 37 €0 &0 71 ‘48 39 31 47 0 28 26 21
Rs 3 2€ 3L 49 50 38 L1 37 2h 26 i h b1 19
Ra b 19 53 38 48 18 38 33 19 29 1k 37 22
ke 5 17 30 ks 39 h 25 30 21 25 13 30 32




.|
BIOCHEMICAL OXYGEN DEMAND (B.0.D.) mgl

SITE Nov. Dec. Jan. Feb. March| April| May June July Aug. Sept.| Oct.
Rs 1 1.0 1.8 2.0 1.8 2.7 2.1 1.8 149 2.4 2.7 1.3 1.9
Rs 2 0.1 0.2 0.3 0.1 0ot 0.5 0.3 0.8 1.6 1.9 1.6 2.0
Rs 3 1.6 1.6 2.7 3.1 3.4 1.1 1.9 1.6 2.0 2.0 2.4 2.3
Rs L by 3e1 2.6 2.6 3.3 1.8 2.0 1.5 2.0 2.0 2.0 2.1
Rs § 3.1 0.4 2.6 2.0 2.0 1.2 2.0 1.9 1.9 1.8 2.3 2.1




CHEMICAL OXYGEN DEMAND (C.0.D.) x 10~

?j@.ﬁr.

i
-

SITE Nov. | Dec. | Jan. | Feb. | March| April| May June | July | Aug. | Sept.| Oct.
Rs 1 312 136 240 22l 240 320 296 2Lo 336 296 320 232
Rs 2 392 520 L6l 384 L48 L80 388 Lok Lo8 392 408 280
Rs 3 360 200 320 26l 360 328 312 296 376 376 376 264
Rs L 384 392 392 L16 L16 456 360 328 392 388 392 376
Rs § 376 224 376 312 LO8 336 320 312 392 30L 376 320




NITRATE-NITROGEN (PPM)

SITE | Nov. | Dec. | Jan. | Peb. | March| aprii| May | June | July | aug. | sept.| oes.
Re 1 5495 | L4.20 | 2,02 | 2.45 } 2.09 | 1.75 | 2.27 | 2.45 | 5.95 [ S.25 | 3.68 | 3.1%
Ra 2 T.70 | 192 1 3.32 1 3.68 } 3.68 | 2.79 [ 3.b5 | 3.32 | S.b3 | 5.78 | Lu20 | h.o0
Rs 3 7.70 | 3.32 | 3.68 | b.20 | 5.25 | 3.32 | 3.68 | 2.97 | 5.25 { L.38 | L.03 | 3.50
Rs be90 | 2,79 | L4.55 | L.55 | h.90 | 3.85 | L.55 | Le20 | L4.5S | k.90 | 5.25 | L.37
Rs S 700 | 345 | 403 | Uo55 | 5.08 | L.38 | L.SS5 | 3.85 | L.99 | 5.25 | 5,78 | L.SS




PHOSPHATE-PHOSPEOROUS IN WATER (PPM)

SITE Nov. | Dec. | Jan. | Feb. | March| April| May | Jume | July | Aug. | Sept, | Oct,

Re 1 69.58] 62.99| 82.95| 96.34| 82.95| 56.21| 56.21| 62.99| S6.21| 56.21| 56.21| T6.26
Rs 2 82.95] 76.26| 96.34| 123.05| 109.68 | 82.95] 76.26 | 109.68 | 136.42 | 149.79 | 136.42 | 102.99
Rs 3 49.52] 109.68] 69.58) 116.37] 136.42 | 96.3L4 | 109.68 | 129.7h | 163.16 | 116.37 | 149.79 | 123.05
Re 4 82.95| 89.63| 76.26| 149.79( 102.99| 69.58 | 109.68 | 129.74 | 149.79 | 156.48 | 149.79 | 143.11
Rs 5 56.21| 82.95| 76.26| 149.79| 102.99 | 76.26 | 96.3L | 129.7h [ 143.11 | 156.48 | 149.79 | 143.11




CRIOROPHYLL 'a' IN WATER (PPM)

SITE Nove | Dec. | Jan. | Feb. | March| April]| May | June | July | aug. | Sept.| Oct.
Rs 1 0.952 1.190 0.952 1190 1.190 0.152 0.952 1.190 1.190 1.428 0.952 0.7k
Rs 2 3.570| 8.330| L4.522| 3.570] 2.856] 2.380| 3.332| 3.570| 2.856( 3.808| 0.476| 0.952
Re 3 3.570| 7.140| S.u7h| 8.568| 9.520| 5.236| 6.426| 7.140)] 10.948 | 12.614 | 2.886| 3.332
Re L 9.520 | 6.188| L.522| 9.0uy| 9.0Lk| L.760| 6.426| 8.330 | 11.662 | 14.994 | 3.332| 3.808
Rs S 6.902 | L.ok6| 2.618| 9.o0uk| 9.282 | 8.568| 6.188| 7.854 | 1142k | 1s.756 | 2.856 | L.oLé




CONDUCTIVITY (X douv K=0.1

SITE Nov. Dec. Jan. Feb. ~March| April | May June July Aug. Sept. | Oct.
Rs 1 1.00 1.00 1.30 1.9 1.12 1.90 1.40 1.30 1.10 1.35 1.01 1.20
Rs 2 3.45 | L.35 6.80 6.20 Ly .60 7.70 6.50 7.10 6.80 8.10 6.70 6.15
Rs 3 2.45 2.65 6.00 5.80 k.60 4.8 2.80 5.30 5.40 6.20 6.25 2.00
Rs L 0.8 3.00 3.40 k.10 5.00 2.40 2.70 550 5.90 6.25 5.25 2.55
Re § 0.89 | 0.l0 3.10 | 5.30 | 6.00 | 2.70 { 2.10 | L4.20 | 5.70 6.80 | L.80 1.50




-1
SUSPENDED SOLID (Mg. L )

SITE Nov. _Dec, Jan. Feb. March | April | May June July Aug. Septe. | Oect.
Rs 1 101 160 109 172 162 86 L7 92 125 113 97 63
Re 2 137 142 140 163 178 121 98 93 E) 85 72 €1
Rs 3 90 8s 97 108 110 113 100 87 81 81 73 58
Rs L 122 127 133 11 148 132 121 99 93 95 81 78
Rs S 82 87 90 91 90 83 7 8o 13 1 65 52




DISSOLVED SOLID (Mg. L)

SITE Nov. { Dec, | Jan. | Feb. | March| April| May Jure | July | Aug. | Sept.] Oct.
Re 1 692 680 792 68 597 620 572 650 662 627 613 591
Rs 2 784 920 933 | 1,021 | 1,009 | 1,31k 922 8o2 790 648 620 523
Re 3 630 827 896 9,003 | 9,940 ) 1,277 916 720 601 625 613 519
Re L 981 953 978 | 1,101 | 1,162 961 940 787 692 673 663 c21
Rs S 8] 723 | 737 | 83 | 80 | mu | 638 | sS90 ] 576 | s20 | 56k | 51




ALKEALINITY (PPM)

SITE Nov. | Dec. | Jan. | Peb. | March| April| May | June | July | Aug. | Sept.| Oct.
Ra 1 18 33 21 61 47 52 L6 Lo L3 38 72 29
Rs 2 103 183 163 187 68 6l 121 63 72 Lk 68 27
Rs 3 75 101 101 126 90 55 81 49 81 26 73 29
Re b b3 79 112 174 133 59 L2 61 79 28 T 23
Rs § L8 9k 164 130 120 L3 46 57 73 23 75 21




WATER HARDNESS (Ca Coq pom}

SI1TE Nov. Dec. Jan. Feb. Mareh{ Aprii]| May June July Aug, Sept.| 0Oot.
Rs 1 60 60 68 92 116 92 112 L 36 52 K2 68
Ra 2 | 60 52 56 12 76 oY ¥y 12 | 52 72 72 8},
Ra 3 | 60 Lo 72 52 116 80 &l 96 8o 92 84 92
Rs 4 12 52 gL 68 88 76 76 8 €8 116 92 108
Rs S 36 L8 Lo 36 72 52 84 80 80 68 108 100




CHIORIDE ION (PPM)

SITE Nov. Dec. Jan. Feb. March| April| May June July Aug. Sept. | Oct.
Re 1 55 53 L7 61 L9 67 L3 61 T2 k1 b3 53
Rs 2 103 117 120 107 99 132 107 147 153 110 1041 127
Rs 3 70 85 86 52 60 96 69 139 161 128 126 13
Rs 4 70 104 23 13 91 81 T4 112 110 146 19 99
Rs S 70 102 93 60 82 8o 70 120 131 143 119 97




ALKALINE-EARTH METALS IN SURFACE-WATER (PPM)

SITE Nov. | Dec. | Jan. [ Feb. | March | April | May June | July | Aug. | Sept. | Oct.
Rs 1 2441 2.00 |1.79 | 2.1 2.1 | 1.90 | 2.62 1.88 1.32 1.83 | 2.00 2.11
Rs 2 4.97 | 3.84 | 3.3¢ JL.OO |L.6O0 | 3.61 3.70 | 3.90 | Le61 | kT 3.43 | 3.60
Rs 3 3.47 3.40 3.61 3.22 4.97 .11 k.66 L.70 k.60 L.58 3.01 3.21
Rs L 3.l 3.42 | 3.51 3.47 5.20 | L.97 | L.69 L.80 L.72 L.76 3.45 3.50
Rs S 3.48 | 3.97 [3.50 |[3.50 [L.97 |L.82 |L.B2 |5.22 | k.72 | L.82 | 3.42 | 3.50




CALCIUM

SITE Nov. | Dec. | Jan. | Peb. | March| April| May June | July | Aug. | Sept.| Oct.
Rs 1 3.60 | 3.7 | 3.42 | 2.43 | 2.61 | 3.00 | 3.93 | 2.91 | 2.83 | 2.71 | 2.32 | 2.19
Rs 2 L.00 | L.43 5.21 5.20 .00 LeT1 5.20 5.73 6.32 6.03 3.61 3.63
Re 3 5.60 | 5.30 | 6.00 | 4.70 | 5.50 | 5.62 | 5.23 | 5.38 | L.92 | 5.1k | L.oOo | 3.88
Rs L 5.50 5.00 5.50 k.81 5e21 6.04 521 5.80 5.67 6.12 3.86 L.12
Rs 5 5.00 | L.72 | 5.73 | 5.70 | L.50 | 5.20 | 5.80 | 5.20 | 6.10 | 6.15 | L84 | L.50




MAGNESIUM

SITE Nove | Dec. | Jan. | Feb. | March| April| May June | July | Aug. | Sept.] Oct.
Rs 1 2.90 | 2.01 | 3.12 | 2.1 | 2.37 | 2.60 | 2.11 | 2.01 1.93 | 1.08 | 1.87 | 1.9%
Rs 2 2.08 | 1.82 3.30 3.30 2.54 | 3.1 3.46 3.60 k.02 L.30 2.36 2.L9
Re 3 2.50 | 2.07 | 3.55 | 3.43 | 3.12 | 3.33 | 3.61 | 3.81 3.81 3480 | 3.14 | 2.28
Ra L 3.37 2.27 3.89 3.76 2.92 3.78 3.82 L4.00 L.31 Ll2 3.32 3.17
Re S 3.50 2.09 3.77 2.86 3.00 3.82 3.80 3.93 L.28 L4.38 3.3 332




SODITM

SITE Nov. | Dec. | Jan. | Peb. | March| April| May June | July | Aug. | Sept.| Oct.
Re 1 2.1 2.17 3.91 3.00 3.13 2.88 1.96 2.00 2.73 2.38 1.89 2.00
Rs 2 3.01 3.53 5.28 2.8, 3.00 2.92 he21 431 3.66 3.90 2.96 2.82
Rs 3 3.91 3.00 | L.62 3.28 | 2.87 | 2.90 | 430 | L.70 | 3.48 | 2.82 | 2.14 | 2.63
Rs L 3.80 k.01 L7 L35 2.10 3.10 L.36 h.72 3.59 3.41 2.80 2.98
Rs § 3.59 3.99 4.30 Lols1 3.10 3.1 L.35 k.81 3.L3 3.38 3.43 3.61




ALXALINE EARTH METALS IN SEDIMENT (PPM)

POTASSIUM IN WATER

SITE Nov. | Dec, | Jan. | Peb. | March| April| May June | July | Aug. | Sept.| Oct.
Rs 1 910 203 201 216 430 3L4 430 450 201 220 340 300
Rs 2 109 Loo 360 380 L7 539 L96 586 270 280 Lky7 3k
Rs 3 143 21 255 L92 510 492 536 588 300 273 L30 261
Rs L 121 276 290 300 490 1190 610 580 300 301 492 322
Rs 5 m 230 263 298 492 490 595 560 340 308 500 340




W

CAICTUM

W

SITE Nov, Dec, Jan, Feb, March|{ April| May June July § Aug. | Sept.] Oct.
Rs 1 206 a7 297 388 326 kL5 397 263 312 260 390 310
Ry 2 217 363 310 182 1,82 518 ko 310 326 263 186 360
Rs 3 543 355 601 517 482 516 517 355 375 263 L62 370
Rs L 360 413 516 Ly S 516 519 560 414 .rmm Lg0 Lho k50
ks § 373 L7 Lis 510 512 512 560 400 488 360 510 180




MAGNESIUM

SITE Nov, | Dec. | Jan. | Feb. | March| April| May | June | July | Aug. | Sept.| Oct.
Rs 1 48.5 | 38.5 | k1.3 | k0.t | L6.7T | 53.9 | 40.1 | 53.5 | 53.0 | 50.9 | 47.0 | LO.1
Rs 2 55¢5 | 5243 | 57.2 | 57«2 | Shket | 55.0 | 52.9 | 60.h | She7 | S4.7 | 56.8 | 56.0
Rs 3 She7 | L6.O | 5SL.8 | L2.6 | 52.4 | S52.4 | 53.8 | 56.8 | 0.9 | S55.2 | 51.3 | 50.9
Rs L LB.1 | 55.2 | 50.s | Shet | 51.6 | L40.1 | 58.1 | 52.4 | LO.1 | 50.3 | 56.6 | 5L.0
Rs S 50.0 | L9.7 [ 5L.O | Shet | Shok | 50.9 | 53.8 | 57.4 | 40.9 | S0.k | 57.k | SkL.8




SODIUM

SITE Nov. | Dec. | Jan. | Peb. | March| April| May | Jume | Juiy | Aug. | sept.| Oct.
Rs 1 16.1 21.5 15.7 21.8 3143 S0 18.1 38.1 k1.7 33.8 30.6 25.7
Rs 2 30.0 26.9 30.6 30.0 64.0 82.0 L6 .7 Lo.1 60.0 60.5 39.0 30.0
Rs 3 29.3 21.k 12.8 31.3 58.0 6l .8 28.1 40.0 53.2 51.7 40.1 28.1
Rs 4 21.k 1.4 13.6 344 54.0 56 .0 31.3 50.9 69.0 She3 37.0 LO.1
Rs 5 264l | 14e9 | 28.8 | 38.1 54,2 | 50.9 | 30.0 | 50.8 | 70.9 | 52.7 | 40.0 | LB.O




HEAVY METALS IN SURFACE WATER (PPM)

LEAD
SITE Nov. Dec. Jan. Peb, March | April | May June July Aug. Sept. Oct.
Rs 1 1147 | 1.073 | 1.10 1.07 0.93 0.90 0.82 0.63 0.43 0.36 1+62 1.57
Es 2 1.150 | 1,101 | 1.26 1.12 | 0.88 1.14 | 0.77 | 0.61 0.69 |0.72 1.8 1.72
Rs 3 0.09 }0.988 | 0.9 0.93 0.81 0.92 0.73 0.52 0.53 0.53 1.71 1.61
Rs L 0.913 | 0,860 | 0.89 0.91 0.83 0.97 0.68 0.55 0.68 0.67 1.83 1.79
Rs 5 0.902 | 0.820 | 0.89 0.90 0.78 0,93 0.57 0.52 0.7 0.68 1.51 1.05




IRON

SITE Nov. Dec. Jans Feb. March April May June July Aug. Sept. Qct.
Rs 1 0.11 0.13 | 0410 | 0417 | 0.13 | 0.11 0.10 | 0413 | 0.09 | 0612 | 0,08 | 0.06
Rs 2 0.35 0.40 0.84 0.06 0.81 0.32 0.72 0.8 0.66 0.69 0.71 0.69
Rs 3 0427 | 0438 | 0451 | Ou47 | 0462 | 0.29 | 043 | Ok8 | 0.71 | 0452 | 0.63 | 0.60
Rs 4 0.39 | O.46 | 0.60 | 0.49 0.69 0.41 0,52 | 0.55 | 0.73 | 0.69 0.74 | 0466
Rs S 0.34 | O.uk | 0.52 | 0.52 | 0.7 0.38 | 0.52 | 0.57 | 0.73 | 0.71 0.70 | 0.63




COPPRX

SITE Nov. Dec, Jan. Feb. March | April | May June July Aug. Sept. |} Oct.
Rs 1 0.066 | 0.063} 0.052] 0.058]| 0.036] 0.033 | 0.026 | 0.019 | 0.011 | 0.013 ] 0.16 0,10
Rs 2 0.057| 0,052 | 0.066| 04061 | 04050 | 0,045 | 04029 | 04023 | 04058 |0.052 |0.19 |o0.15
Rs 3 0,053 | 04051 | 0.057| 0.057| 04039} 0.024 {0,018 | 0.021 |0.058 |0.053 |0.12 | 0.081
Rs 4 0,060 | 0,056| 0,066 | 0.056] 0.045| 0,039 |0.013 {0.033 |0.056 |0.055 | 0,080 |0.052
Re 5 0.056 | 0.047| 0.061| 0.050}] 0.O041| 0,035 {0.026 |0.031 | 0.061 | 0,052 | 0,050 | 0.050




W

ZINC

et L e e

SITE Nov. Dec. Jan, Fab. March | April | May June July Aug. Sept.] Oct.

Rs 1 0.0391 0.33 1.02 0.96 1.00 0.99 1.30 130 010 0,08 Qi3 o.M

Rs 2 0.0R8] 0.52 1.17 1.70 1.60 123 1.70 1.80 0.19 0.16 Q.26 0.2)

Rs 3 C.039] 0.30 0.96 1.00 1.L0 1601 130 0.40 0.13 C.10 0.21 0,20

Be 4 0.0421 0.39 1.33 1.31 1.30 1.72 0,90 Q.93 0.17 0.09 0.23 G,.23

Es § 0.045¢1 0.31 1420 1.30 1.30 1.60 0.80 0.90 C.16 c.c8 0.23 0,20
st st TR S L g ST a5 R e T AR o2 P . o S T R nntlo i WA =




MANGANESE

SITE Nov., Dec. Jan. Feb. Marchi{ April | May June July Aug, Sept. | Oct.
Rs 1 0.52 { 0.38 | 0.32 | 0.29 | 0.17 0.13 1 0.32 | 0433 § 0.13 | 0.11 C.19 | 0.16
Re 2 0.51 0 elily 0.90 0.73 0.92 0.89 0.48 | 0.51 0.19 0.08 0.20 0.19
Rs 3 0.39 | 0.32 | 0.87{ 0.71 Oe71 | 0471 | 0,30 [ 0u41 | 0.13 | 0.05 0.17 | 0.1
Rs 4 0.40 | Ot | 0.90 | 0.80 | 0.69 | 0.6 0.32 | 0.38 | 0.17 | 0.06 | 0.23 0413
ks § 0.41 Ouly 0.91 0.80 0.70 0.62 0.32 0.35 0.16 0.04 0.20 o.ﬁx_(

.....n_u...t..nf.t..hswﬂ...n.' T




CROMIUM

SITE Nov. Dec, J&Iis Feb. March | April ! May June July Aug. Sept., | Cdeot.

Rs 9 0.007] 0.,005] 0,004 { 0.00L ! 0.003 | 0.006! 0,007 0.004 [ 0.003 | 0.004 ] 0,010 { 0.009
Rs 2 0.013 ] 0.009] 0.012] 0.01C ] 0.011 ) 0.013 ] 0.009 | C.O11 - 0.001 | 0.018 ] 0.016
Rs 3 0.009 | 0.006 | 0.009 ] 0.009 | 0.009 | 0.008 [ 0.006 | 0.00% - - 0.016 { 0.013
Bs &k | 0.011| 0,008 ] 0.006 | 0.008 ] 0.10 | 0.007 | 0.012 | 0.008 0.001 - 0.019 | 0.018
Rs & 0.008 | 0.006 ] 0.008 ) 0.008 | 0.008 [ 0.007 | 0.007 | 0.008 - - 0.018 | G.016




NICKEL

SITE Nov. Dec, Jan, Feb. Mar, Apr. May June July Aug, Sept, | Oct.

Rs 1 10.039 10.030 |0.,029 ]0.031 0.025 10.033 | 0.039 {0.028 |0.012 |0.010 0.038 | 0.017
Rs 2 0.021 {0.074 [0.068 {0.070 |0.061 C.06L | 04051 | 040Uk | 0,021 | ge02Y 0.099 | 0,031
Rs 3 [0.050 |0.052 [0.052 |0.051 |o.0u 0.042 |0.032 {0.032 }0.013 |c.011 |0.068 0.040
Bs 4 0,059 |0.052 {0.056 |0.053 0.051 [ 0.053 | 0,036 | 0.0kt | 0.011 | 0.016 | 0.066 0.053
Res 5 0.054 | 0.045 |0.051 | 0.050 { 0.036 0.041 10.010 [0.013 |0.066 | 0.036

0.057 | 0,049




CADMIUM

SITE Nov. Dec. Jan. Feb. March | April | May J une July Aug. Sept. | Oct.

Rs 1 «00031] .00027f .00027] .00031} .00030 | .00041 | .00028 | 0006 | .0026 | .0019 | .0016 | .0013
Rs 2 +00073] .00066} .00069] .00066 | .00071 | 00059 | 00036 | .0012 - - 0063 | .0049
Rs 3 +00059] .00052} .000LkL| 00042 | .00052 | .00038 - +0003 - - 0041 | .0026
Rs 4 .00065] .00060} .00051] 00051 | 00048 | .CO0LO - - - - .0072 | .0019
Rs 5 00059} .000L41} .0008Y4| .000BL | .00039 | .00036 - - - - 0061 | .0008




HEAVY METALS IN SEDIMENT (PPM)

LEAD

SITE Nov. Dec. Jan. Feb. March | April | May June July Augs Sept. ] Oct.

—_—

Re 1 128.6 | 100.1 | 121.2 | 182.8 | 151.2 | 166.1 | 1hh.3 | 133.0 | 123.1 | 111.0| 201.7| 182.4

Rs 2 172.0 | 181.2 | 190.0 92,7 | 167.0 | 182.3 | 216.1 | 198.2 | 177.5 | 162.3 | 242.0 | 191.0

Re 3 135.4 | 127.8 | 121.3 21.3 | 181.2 | 179.1 | 107.5 | 167.3 | 146.3 | 156.7 | 198.5| 171.6

Rs 4 162.1 | 111.9 | 124.0 80.7 | 10L.7 | 166.0 | 179.8 | 162.0 | 112.4 | 101.0 | 172.0 | 134.5

Rs 5 171.0 | 121.0 | 101.5 82.1 | 111.2 | 119.9 | 181.4 | 159.0 |119.1 |100.2 | 1L8.3 | 127.8




IRON

SITE | Nov. | Dec. | Jan. | Peb. | Mar. Apr. | May June | July | Aug. Sept. | Oct.
Re 1 662. L8.o 32.7 37.8 39.1 82,2 71.8 68.3 62.4 62.1 86.6 77.5
Rs 2 b6 | 78.7 | L45.3 | s52.1 6143 91.6 | 96.3 82.1 91.6 87.3 79.3 79.2
Rs 3 81.3 76.2 51.0 48.8 56.9 82.3 101.1 | 88.5 87.1 88.1 63.5 81.8
Rs L 94.5 91.1 39.8 30.1 51.0 81.7 99.7 89.2 82.3 82.5 61.0 79.5
Rs § 87.3 86.6 LO.1 32.2 L9.7 79.6 96.3 79.9 79.5 80.0 61.0 80.1




COPPER

SITE | Nov. | Dec. | Jan, | Feb. | March| Aprid| May June | July | Aug. | Sept. | Oct.
Rs 1 5744 55.1 58.4 23.9 3. 61.1 8.6 57.1 37.7 LO.1 96.3 82.3
Rs 2 76.7 69.6 69,0 30.3 59.8 67.3 | 116.2 82.3 36.3 37.3 70.1 89.0
Rs 3 } L5.0 | L7.5 } 52.3 | 32.1 51.3 39.7 | 64.9 | b6.2 | 37.1 35.8 | 87.3 81.4
Rs L 56.6 36.6 30.7 32.6 h2.5 L5.3 36.5 32.6 26.8 20.8 5L40 56.3
Re 5 | 54.2 { 33.9 | 27.9 33.0 37.0 38.8 h1.3 21.1 2h.6 21,1 bty | 37.0




SITE Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.| Oct.
Rs 1 31.9 22.7 12.3 9.1 31.4 1.0 L7.8 k1.9 23.3 22.1 1.2 36.9
Rs 2 | 42.3 30.0 21.7 10.8 | 39.8 L7.9 61.5 | 57.8 3L.8 | 33.6 | L43.0 40.1
Es 3 39.8 L2.1 8.9 8.3 39.3 58.6 L2.1 533 36.0 38.9 L8.2 k2.5
Bs L4 | L9.2 43.5 | 20.1 5.7 | 39.k4 57.0 | 66.5 | S1.6 | 29.1 3Lk 31.3 30.0
Rs § g5.0 46.3 29.3 15.1 36.7 11.3 58.0 42.8 30.5 25.0 33.0 30.0







NIiCKEL

SITE Rov. Dec. Jan. Feb. March| April]l May June July Aug. Sapt. | Oct.
Rs 1 13.8 8.7 11.6 9.5 16.2 151 7.3 5.3 6.9 Sl 9.3 111
Rs 2 14.0 10,1 1342 9.7 19.4 16..6 9.6 71 8.2 3.8 11.9 11.6
Rs 3 13.3 3.6 9.8 7.7 17.7 | 13.4 9.1 6.6 6.0 6.9 8.4 9.0
Rs L 12.7 8.8 10,1 4.8 15.9 3.9 8.7 643 6.0 £.3 8.6 9.8
Rs S 12.0 8.3 10.1 Sa 8.3 9.3 8.7 Ce9 5.7 6.1 8.4 8.8




CADMIUM

SITE Nov. Dec. Jan, Feb, March | April | May June July lAugust | Sept. | gct.
Rs 1 0,06 0.10 0.15 0.11 0.2 0.54 0.06 0.08 0.15 0.12 0.06 0.01
Rs 2 Oely1 0.18 0.19 O.14 0.33 0.61 0.14 0.18 0.23 0.18 0.19 0.21
Rs 3 0.31 0.10 0.13 0.19 0.26 0.30 0.15 0.14 0.24 0.19 0.10 0.07
Rs 4 | 0.28 0.13 0.20 | 0417 0.21 0.43 0.35 | 0.18 | 0.21 0.17 0.17 | 0.10
Rs 5 | 0.22 0.16 0.18 | 0417 | 0.20 0.35 [ 0.24 | 0.19 | 0.19 | 0.17 0.11 0.12




CPTICAL DINSITY OF SURFACIVATER

ML s oa il afadliad ha s ~

SiTe nove | Dec. | Ja.. | Feboe [ HMareh | april | May sune |July |aug. [Zepts |} Oct.
Rs 1 .01 01 W0z .09 .09 «10 .15 .08 L7 L2 .03 <03
Rs 2 02 03 «03 08 «10 A 17 09 07 «0L 08 «15

Bs 3 42 .38 .35 L8 | W66 69 .22 <09 1l .09 LAl .12

Rs L 24 26 .28 L0 «59 «6L 68 21 22 « 10 «10 2L

mm m ‘x_m -.“m ) -Juw .Wm lmm -mM imm.u CNM OA-H OL_.O ..._N .Mm




Netonecta sp.

Hychrophilus sp.

Laccotrephes sp.
Chironomus sp.

Gerris sp.
Ranatra sp.

Lumbricus sp.
Chiranonus spe.
Gyraulus sp.
Planaorbis sp.
* Others

RELATIVE ABUNDANCE OF MACROINVERTEBRATES IN SURFACEWATEE (%)

D J F M A M J J A ) 0
38.75 25,00 18,90 52.94 29.41 51.55 18,75 86.67 38.h6 22.50 L2.86 63.64
2449 15.90 28.89 5.88 11,76 18.18 L43.75 0.00 23.08 L5.00 38,09 18.18
6.12 0.23 2.22 0,00 0.00 9,09 B8.25 6467 15.38 0.00 0.00 0.00
26453  52.27 17.78 17.65 35.29 0,00 31.25 ©0.00 0.00 0,00 0.00 0.00
k.08 L.5S4  2.22 5B8.82 58.82 9.09 0.00 6.67 23.08 1.00 14.29 18.18
0.00 0.00 0.00 0.00 17.65 5.88 0.00 0.00 0.00 0.00 0.00 0.00

RELATIVE ABUNDANCE OF BENTHIC MACROINVERTEBRATES

D J F ¥ A X J J A S 0
18.75 0.00 100.00 83.33 27.27  T«ih  LLJ4ly 100.00 100.00  0.00 80.00 33.33
68.75 86,96 0.00 0.00 0.00 64.28 33.33 0.00 0.00 100.00 0.00 0.00
0.00 0.00 0.00 0400 0.0 0.00 5.55 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 18.18 0.00 0.00 0.00 0.00 0.00 0,00 0.00
25,00 13.04 0.00 16.67 5Sh.Sk 28.57 16.67 0,00 0.00 0.00 20.00 66.67

Ot a
vilers:

Uevelopa

A .

al Stages of Qa

nta )}

snatan's hematodes and sovme tadpoles



ZOOPLANKTON

Daphaia sp.
Diaptomus sp.
Cycleps

PHYTOPLANKTON

Chlorophyceae
Cyanophyceae

Bacillariophyceae

SURFACEWATER

SURFACEWATER

Hemiptera
Coleoptera
Diptera
Total

Benthic

Oligochaeta

N ot i

Gastropoda
*Others

RELATIVE ABUNDANCE OF ZOOPLANKTON AND PHYTOPLANKTON (%)

N D J F M A M J J A s 0
k.28  100.00 30.00 100.00 62.40 69.66 35.75 72.00 54.85 95.00 19.00 38.66
51.43 0.00 70.00 0.00 57,60 13433 S0.00 25.00 26.57 0400 7he33 L2400
21.442 0.00 0400 0.00 0.00 17.00 14.25 3.00 18.57 5.00 6.66 19.33
30.83 32,22 42,08 51.07 L7.50 U45.55 61.42 38437  Shotk  LL.21  59.00 43.33
36.66 25.55 16.66 21.78 18.57 23.70 31.78 31.08 20.3L 31.05 22.08 33.07
W72 LS.33 37.08 27.14 33.93 30.7k 8.00 25.94 24.82 25.00 19.58 28.58
MONTHLY VARIATIONS OF SURPACEWATER AND BENTHIC MACROINVERTEBRATES GROUPS

N D J F M A M J J A S 0
2l 14 2k 13 9 9 L 15 10 11 13 18
12 17 13 1 2 2 7 0 3 9 8 L
13 23 8 3 6 0 5 0 0 0 0 0
L9 Ll k5 17 17 11 16 15 13 20 21 22

3 0 7 15 3 1 8 6 8 0 L L
11 20 : J 0 3 0 0 3 0 0
0 0 0 0 2 0 1 0 0 0 0 0
2 3 é L 9 0 0 0 1 8



MONTHLY VARIATIONS OF PHYTOPLANKTON AND ZOOPLANKTON POPULATIONS

PEYTOPLANKTON N D J F M A M J J A S Q
Chlorophyceae 1M 87 101 L3 133 123 172 149 157 84 120 169
Cyanophyceae 132 69 50 61 52 6k 89 115 59 59 53 129
Bacillariophyceae 125 114 89 76 95 83 119 96 72 57 L7 92
Total 360 270 2o 280 280 270 370 290 190 240 390
ZOOPLANKTON

Daphnia sp. 2L0 250 60 150 156 418 143 288 192 570 114 116
Diaptamus sp. 360 0 140 0 9k 80 200 100 93 0 L6 126
Cyclops sp. 150 0 0 0 0 102 57 12 65 30 Lo 58
Total 700 250 200 150 250 600 Loo 400 350 600 600 300

MONTHLY TOTAL OF SURPACEWATER AND BENTHIC MACROINVERTEERATES PER STATION

N D J F M A M J J A S 0
Surfacewater
Station 1 0 0 0 0 0 0 0 0 0 0 0 0
Station 2 L 2 0 0 0 0 L 0 2 0 0 0
Station 3 g 1 6 1 3 1 - 1 L 8 L 3
Station 4 19 18 19 6 8 2 3 [ 3 S € L
Station S 21 13 20 10 6 8 L 8 3 L 11 15
Benthie
Station 1 0 0 0 0 0 0 0 0 0 0 0 0
Station 2 0 0 0 0 0 0 0 0 0 0 0 0
Station 3 C 0 < S 2 L Q 0 ¥ g
Station 4 6 20 L 8 L 10 10 ) Q 0 0 0
Station S 10 3 3 8 2 2 L 0 8 3 5 7



N » J F M a A hj J A Q 0

Nocmwmbﬁwab
Station 1 0 0 0 0 0 0 0 0 0 0 & 0
Station 2 0 0 0 0 o} 0 0 0 0 0 0 0
&Station 3 150 0 0 o 0 150 50 0 0 50 0 - 50
Station 4 100 150 0 0 150 100 150 100 100 200 150 <0
Station 5 500 100 200 150 100 350 200 300 250 350 450 200
Phytoplankton
Station 1 80 120 100 70 120 100 90 100 100 60 20 90
54abtion 2 O 0 10 20 20 0 30 10 20 20 20 20
Station 3 50 30 Lo Lo 20 30 50 60 80 20 10 70
Station 4 110 70 50 80 % 70 90 110 50 50 s 130

100 50 Lo 70 ) 70 120 9% L0 40 %) 80

Station S

MONTELY TQTAL OF ZOOPIANKTON AND PEYTOPLANKTON M.Hw STATION




