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Abstract: We studied the acute toxicity of a raw effluent from a battery manufacturing plant (Pilcam) in 
Douala, Cameroon, to a freshwater fish (Oreochromis niloticus), and subsequently evaluated its sub-acute 
effects on water quality and the biota in freshwater microscosms. The acute toxicity test was based on 96 hrs 
static renewal bioassays that resulted in 96-h LC50 and LC90 values of 16 and 20.7% (v/v), respectively. The 
sub-acute experiments were conducted by exposing several species of aquatic organisms (plankton, macro-
invertebrates and mollusks) to lower effluent concentrations [1.6%, 8.0%, 16% (v/v)] for six weeks, and 
monitoring their survival rates, as well as the physical and chemical characteristics of water. These 
concentrations were based on 10%, 50%, and 100% of the 96 h - median lethal concentrations (LC50) of the 
effluent to the freshwater fish, Oreochromis niloticus. Significant effects on functional parameters, such as, 
chlorophyll-a and total protein could not be demonstrated. However, the activity of alkaline phosphatase was 
significantly inhibited at all concentrations tested. Phytoplankton, zooplankton, macro-invertebrate 
communities and snails were negatively affected by the effluent application at concentrations ≥ 8% (v/v), 
with chlorophyta, ciliates, ostracoda, annelida, planaria and snails being the most sensitive groups. The snails 
were eliminated after 24 h exposure from microcosms treated with effluent at concentration ≥ 8% (v/v). 
Effluent exposure also caused significant effects on water quality parameters (DO, pH, hardness, 
conductivity, color, turbidity, ammonia) in general at concentrations ≥ 8% (v/v). Temperature and alkalinity 
were not significantly affected. Overall, data from this research indicate that a dilution of the Pilcam effluent 
down to 1.6% does not provide protection against chronic toxicity to aquatic organisms. Further studies are 
needed to determine the no observable adverse effect level (NOAEL), as well as a chronic reference 
concentration for this effluent. 
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Introduction 
 
Cameroon is located along the end of the West side 

of West African Coast of the Gulf of Guinea in the 
Atlantic Ocean. The portion of the Gulf of Guinea which 
is under Cameroon’s territorial waters has the most 
diverse and productive ecosystems. The country's 
coastline is 402 km long and extends from the Rio del 
Rey Estuary at the boundary with the Federal Republic 

of Nigeria, and to the Kribi coast along the boundaries 
with Equatorial Guinea and Gabon. It is the major sink 
for discharge of pesticides and persistent organic 
pollutants (POPs) by inland rivers that drain into the 
Atlantic Ocean. The region has the most industrialized 
areas of the country, high population density, as well as 
accounting for about 80% of the national annual GDP. A 
traditional meal in this area includes fish foods. About 
39% of the population in this zone has an annual average 
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consumption of 7.02 kg of fish harvested from the 
Atlantic Ocean. 

About 95% of Cameroon's industries including the 
battery production factory (Pilcam) lie along the coastal 
town of Douala, the economic capital and most populous 
town in Cameroon. Most of these industries discharge 
their liquid wastes (often without treatment) into the 
urban drainage network which in turn empties its content 
into the Atlantic Ocean. Of these industries, less than 
10% have on-site waste water treatment facilities, and 
those that own such facilities operate under different 
standards. The main contributors to environmental 
pollution from these industrial wastes include heavy 
metals, pesticides and polychlorinated biphenyls (PCBs) 
which are persistent and have high potential to bio-
accumulate in the food chain. 

The production of batteries in Pilcam generates very 
toxic liquid waste containing heavy metals such lead, 
cadmium, mercury, zinc, copper and chromium [1, 2]. 
Cadmium causes necrosis and chlorosis in aquatic 
organisms. It is lethal  to plankton at 2 µg/l. Aquatic  
invertebrates seem to resist more to the toxic effects of 
this element  than fish [3].The bio-accumulation of lead 
in crayfish Palaemon elegans induces a significant 
depletion of red blood cells [4]. Bacteria transform 
mercury into toxic and less biodegradable methyl 
mercury that bio-accumulates in the food chain [1, 5, 6, 
7]. Mercury interferes with the respiratory function in 
mollusks and crustaceans [8]. High levels of zinc in 
water suffocate fish, following the destruction of the gill 
epithelium [3,5]. In mollusks and crustaceans, lethal and 
sub-lethal levels of zinc have been reported to cause an 
internal development of hypoxia that blocks respiration 
[8]. Several studies have shown that there has been a 
steady increase in the destruction of marine life 
(decreasing fish and mangroves population, in 
particular), due to pollution from the sources cited above 
[9]. Microbial communities and aquatic organisms tested 
in laboratory microcosms have previously shown 
sensitivities to several toxic compounds at environmentally 
realistic levels [10-16].  

In this research, we evaluated the acute toxicity of a 
raw effluent from a battery manufacturing plant (Pilcam) 
in Douala, Cameroon, to a freshwater fish (Oreochromis 
niloticus), and subsequently studied its sub-acute effects 
on water quality and the biota in freshwater 
microscosms. Both taxonomic (phytoplankton and 
protozoan species richness and composition and macro-
invertebrates communities and snails) and non taxonomic 
(biomass, stored material and enzyme activity) responses 
were measured.  

  
Materials and Methods 

 
Juvenile Oreochromis niloticus measuring 5.33 ± 0.64 

cm and weighing 2.50 ± 1.10 g were collected from the 
Yaounde Municipal Lake. They were acclimatized to 
laboratory conditions in all-glass aquaria (150 cm x 70 cm 

x 60 cm) for four weeks prior to experimentation. The 
aquaria were supplied with aerated spring water 
(temperature 24.1 ± 0.2 °C; total hardness 62.0± 1 mg/l as 
CaCO3; pH 6.20± 0.02; alkalinity 75.0± 0.6 mg/l as 
CaCO3; NH3-N and total residual chlorine were below the 
detection limits of 20 µg/l and 5 µg/l, respectively). 

A composite sample of the raw chemical industrial 
effluent was collected from its discharge pipe in the 
urban drainage network and transported to the 
laboratory. This sample (60l in polyethylene cans) was 
obtained by mixing proportionally to their flow rates. 
Grab samples (mean flow rate 26 m³/d) were collected 
every 15 minutes for 6 hrs representing a working shift 
period at the factory. The physico-chemical properties of 
this raw effluent included temperature = 24.1 ± 0.2 °C; 
salinity = 0.70 ± 0.05% total hardness = 164.0 ± 0.5 mg/l 
as CaCO3; pH = 5.15 ± 0.02; conductivity =1926 ± 3 
µS/cm; and total suspended solids= 965± 2 mg/l. Its heavy 
metals content was not evaluated. 

The acute toxicity tests were conducted according to 
Standard Methods [17] and EPA methods for static-
renewal acute toxicity tests [18].  Five test concentrations 
(dilutions) of the effluent and a control were used. Each 
effluent concentration was tested in duplicate and the 
experiments were repeated once to evaluate variability and 
the average values of toxic end-points determined.  

The LC50 and LC90 were estimated using the U.S. EPA 
probit analysis computer program version 1.3 used for 
calculating effective concentrations written by C. Stephen 
of the Duluth U.S. Environmental Protection Agency's 
Environmental Research Laboratory.  

Sub-acute concentrations of the raw effluent [1.6%, 
8.0%, 16% (v/v)] were used in subsequent freshwater 
microcosms studies. These test concentrations were 
respectively 10%, 50% and 100% of the 96-h median 
lethal concentration (LC50) obtained from the test fish 
(Oreochromis niloticus). 

Laboratory microcosm’s experiments were conducted 
in glass microcosms (60 x 30 x 35 cm). Exposure medium 
was natural water collected from the pelagic zone of the 
Yaounde Municipal Lake, using a small ZODIAC boat 
model MR II GR. The average temperature, pH, dissolved 
oxygen, harness, alkalinity, conductivity and total 
dissolved solids (TDS) of the water were 24.07°C, 7.12, 
5.13 mg/l, 70 mg CaCO3/l, 245 µs/cm and 164.7 mg/l, 
respectively. A total of 40 l of medium were added to each 
of the 4 microcosms.  

The test organisms for these microcosms’ experiments 
included the natural microbial and benthic macro-
invertebrate communities obtained by filtering (< 64 µm 
plankton net) lake water from the pelagic and herbarium 
littoral zone, respectively. Five liters of filtrate were added 
to each microcosm. Snails of Lymnea, Bulinus, Physa, and 
Biomphalaria genera were also added to each microcosm.  
The microcosms thus constituted were allowed to 
acclimate to laboratory conditions for 3 weeks. The water 
loss by evaporation in microcosms was compensated by 
adding distilled water. The composition of these 
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microcosms in terms of organisms prior to the experiment 
is shown in Table 1. 

The experiment consisted of 6-weeks of exposure and 
monitoring. The microcosms were dosed with a single 
application of raw effluent at the nominal concentrations of 
0, 1.6, 8.0 and 16% (v/v). Sampling was done every 24 h 
for the first 4 days, the seventh day, and subsequently 
every 7 days until the end of the experiment. Microcosms 
were lighted with daylight-equivalent bulbs (Color 
Rendering Index >90; Durotest, Corp.) at an intensity of 
approximately 5000 lux on a 16h / 8h of light/dark 
photoperiod. Temperature was uncontrolled and fluctuated 
with ambient laboratory temperature (25-27°C). 

The physical and chemical conditions monitored 
included microcosms temperature, pH, alkalinity, color, 
total suspended solids, dissolved oxygen, turbidity, 
ammonia-N, total hardness, and conductivity. Microbial 
biomass accumulated in microcosms after each exposure 
period was estimated by measuring total protein. An 
aliquot of each sample was concentrated by gentle 
centrifugation (1000 rpm for 10 minutes). Aliquots of 
resulting residues were extracted using 0.5 N NaOH [19] 
and protein analyzed by the method of Bradford [20]. 
Aliquots of each sample residues were also analyzed for 
chlorophyll a [17] and alkaline phosphatase activity [21]. 

Protozoan and phytoplankton densities and species 
richness within the microbial communities were used as an 
indicator of community complexity, since it was not 
feasible to identify all microbial species present. The size 
and the number of protozoan species in each sample were 
determined within 6 h of collection by microscope 
examination [22]. Samples for phytoplankton density and 
species distribution were collected and preserved with acid 
Lugol's. Organisms were concentrated in settling chambers 
and counted using a Wild inverted microscope. 
Distribution changes of species were recorded from counts 
of one sample per microcosm at detection limits of 23 
organisms per ml [23]. 

Plankton species in each sample were assigned to a taxa 
group to identify any major compositional shifts (e.g the 
disappearance of taxa). Most protozoan species fell within 
four major groups (rotifer, ciliates, copepoda, and 
ostracoda), whereas phytoplankton species fell within three 
(cyanophyta, chromophyta and chlorophyta). Therefore, 
only these taxa groups were used in subsequent analyses. 

Benthic macro-invertebrates were also examined, and 
assigned to a taxonomic group to identify differences in 
sensitivity to the effluent. These benthic organisms were 
distributed in groups including annelids, planaria and 
nematodes. The number of living organisms in each taxa 
was recorded after each exposure period. 

 
Data Analysis 

 
Table 1 showed that the biota composition (density 

and specific richness) varied from one microcosm to 
another. Consequently, all results were expressed in 
terms of percent of the initial level [(level at t / level at 

to) x 100] and were presented in histograms using 
software Excel version 5.0. The mean values of water 
quality parameters of the untreated and treated 
microcosms were compared using the paired Student t-
test from the Systat software version 5.0 

 
Results and Discussion  
 
Effect of Pilcam Effluent on Fish 
 

The acute toxicity of the effluent to fish (Oreochromis 
niloticus) is shown in Table 2. The 48-h LC50 and 48-
hLC90 for Oreochromis niloticus were 20.8% (v/v) and 
26.6% (v/v) of effluent respectively, whereas the 96-h LC50 
and 96-h LC90 values were 16% (v/v) and 20.7% (v/v) 
respectively. These results show that Pilcam effluent exerts 
a high toxic effect on the freshwater fish Oreochromis 
niloticus.  When exposed for 48h and 96h to a 14% (v/v) 
diluted effluent, 0% and 30% fish kill were recorded 
respectively. When the percent dilution of the effluent was 
increased to 20%(v/v), fish mortalities of 40% and 90% 
were obtained after 48h and 96h of exposure respectively. 

As this effluent contains mostly heavy metals (Hg, Cd, 
Pb, and Zn) [1, 2], high levels of zinc in water were 
reported to suffocate fish by damaging the gill 
epithelium, thus blocking respiration [3, 5]. Mercury is 
probably the most serious metallic pollutant of the seas. 
In oxygenated marine sediments bacteria may convert 
the less toxic, inorganic form of the metal to the more 
toxic, organic form of methyl mercury. This chemical 
form is relatively mobile in the environment and tends to 
accumulate in fish. Some fish, such as tuna have 
naturally high levels which may approach or even 
exceed acceptable limits for human consumption in 
large, older specimens even without apparent adverse 
health effects in the fish [24]. 

 Histopathological damages in Oreochomis niloticus  
exposed to petroleum refinery effluent containing  Pb, 
Fe, Zn, Cd, Cu, Ni, and Hg have been reported [25]. This 
fish, collected from High Dam and Nasser lakes in Egypt  
has been shown to concentrate in its  dorsal fins and liver  
high levels of  lead, cadmium and zinc. Untreated 
industrial effluent from factories near Islamabad and 
containing Pb, Fe, Zn, Cd, Cu, Ni and Hg caused 100% 
mortality in carp fishes exposed for 24 hours [26]..  

 
Effect of Pilcam Effluent on Microcosm Water Quality 

 
The mean values of the studied water quality 

parameters are shown in Table 3. The variations of the 
temperature ranged from 98% to 106% of initial values in 
all microcosms during the study. The pH variations ranged 
between 80% and 130% of initial values with a significant 
increase in the 8.0 and 16.0 % (v/v) microcosms. Total 
alkalinity (as CaCO3) variations were in general small 
ranged between 96% and 108% of initial values in 
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Table 1: Initial biota composition in microcosms (t = 0 day; n=number)
MICROCOSM  
TAXA 
 Control 1.6% 

(v/v} 
8% 

(v/v} 
16% 
(v/v} 

 
PHYTOPLANCTON (Cells/ml ) 
CYANOPHYTA 
Oscillatoria  tenuis  
Oscillatoria putrida  
 
CHLOROPHYTA 
Monographidium contortum  
Monographidium griffithii  
Scenedesmus sp. 
 
CHROMOPHYTA 
Cyclotella meneghiniani  

 
 
 
105490 
308 
 
 
77 
154 
/ 
 
 
77 

 
 

 
7988 
50 
 
 
202 
/ 
/ 
 
 
10 

 
 
 
58242 
142 
 
 
/ 
77 
/ 
 
 
142 

 
 
 
83876 
98 
 
 
/ 
/ 
308 
 
 
308 

 

ZOOPLANCTON (Cells /100ml)  
CILIATES  
Strombidium gyrans  
Coleps hirtus  
Disematostoma sp.  
Uronema sp.  
Urocentrum turbo 
Prorodon ovalis  
Pleurotricha lanceolata  
Litonotus sp.  
Paramecium africanum  
Euplotes amieti  
Dileptus sp.  

 
 
 
5500 
725 
25 
125 
725 
150 
/ 
/ 
/ 
/ 
/ 

 
 
 
630 
256 
59 
98 
20 
20 
20 
/ 
20 
/ 
/ 

 
 
 
10588 
2751 
2497 
393 
259 
/ 
46 
/ 
/ 
139 
23 

 
 
 
12374 
595 
127 
64 
535 
/ 
/ 
/ 
/ 
/ 
/ 

 
ROTIFERS  
Dicranophorus caudatus  
Brachionus angularis  
Rotaria rotaria  
Anureopsis fissa  
Macrotrachella sp.  
Asplanchna sp.  
COPEPODA 
OSTRACODA 

 
 
25 
/ 
/ 
/ 
/ 
/ 
75 
100 

 
 
/ 
39 
39 
20 
/ 
/ 
/ 
/ 

 
 
23 
92 
23 
/ 
46 
/ 
/ 
46 

 
 
/ 
/ 
/ 
85 
21 
85 
85 
340 
 

BENTHIC MACRO-INVERTÉBRATES (n/100ml) 
PLANARIA 
NEMATODS  
 
ANNELIDS  
Tubifex sp1.
Tubifex sp2. 

 
25 
75 
 
 
350 
225 

 
/ 
25 
 
 
216 
59 

 
116 
116 
 
 
162 
92 

 
127 
20 
 
 
85 
/ 

 
SNAILS (n/ 40 liters ) 
Lymnea sp.  
Bulinus sp. 
Physa sp.  
Biomphalaria sp.  

 
 
84 
/ 
/ 
4 

 
 
69 
4 
/ 
/ 

 
 
77 
1 
2 
5 

 
 
98 
1 
9 
3 
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Amm
Chlor
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Alk p

 

 
 

Table 2: Experimental data from the acute toxicity test of Pilcam effluent on fish (Oreochromis 
niloticus)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

No. a of fish dead at 
 

 
Effluent concentration (%v/v) 

 
No. of fish exposed 

48h 96h 
 

20 
 

20 
 
8 

 
18 

18 20 4 16 
16 20 4 12 
17 20 2 8 
14 20 0 6 
0 20 0 0 

LC50 (%v/v) estimated by 
probit analysis. 

 20.8 
 

16.0 
 

95% Confidence limits  18.9 - 49.8 13.4 - 17.2 
LC90 (%v/v) estimated by 
probit analysis. 

 26.6 
 

20.7 
 

95% Confidence limits  21.9 - 237.2 18.6 - 34.3 
Slope of probit line  12 11 

 
a Average number of 2 replicates 

 

 

 
Effluent concentration (% v/v) 

 
eter Control 1.6 8.0 16.0 

erature ( oC)     24.24 ± 1.79 24.24 ± 1.79 24.23 ± 1.87 24.24 ± 1.79 

td Units)  7.68 ± 0.35 7.39 ± 0.48 7.25 ± 0.16* 6.93 ± 0.68* 

lved oxygen  (mg/L)     4.02 ± 1.26 3.86 ± 1.17 3.87 ± 1.49* 3.45± 1.23* 

ctivity  (µS/Cm) 221.6 ± 14.2 255.4 ± 9.7* 319.5 ± 27.7* 392.3 ± 60.2* 

g/L) 87.4 ± 50.6 4.7 ± 2.9 51.1 ± 32.3* 58.4± 36.9* 

dness (mg/L as CaCO3) 36.4 ± 15.3 30.9 ± 5.0 49.7 ± 12.2 61.5 ± 17.3 

. (mg/L as CaCO3)   69.5 ± 24.0 53.5 ± 10.6 70.5 ± 11.3 52.5 ± 20.5 

dity (FTU) 89.7 ± 43.9 11.5 ± 4.7 50.6 ± 29.6* 58.7 ± 36.0* 

r (PtCo) 415.5 ± 171.9 63.7 ± 22.1 271.0 ± 142.3* 299.6 ± 152.6* 

onia-N (mg/L) 0.56 ± 0.26 0.08 ± 0.03 0.33 ± 0.20* 0.41 ± 0.25* 
ophyll a (µg/mL) 128.5 ± 117.9 172.1 ± 176.0 202.5 ± 305.2 55.8 ± 136.9 

protein (µg/mL) 6.6 ± 3.0 4.3 ± 1.8 4.4 ± 2.6 1.8 ± 1.4 

hos. (µg PNP/mL/h)  0.1 ± 0.1 0.4 ± 1.0* 0.4 ± 1.3* 0.1 ± 0.1* 
 
 
 
 

TSS: Total suspended solids; Alk phos:  Alkaline phosphatase activity;  
T. hardness: Total hardness; T. alk: Total alkalinity.  
* Parameter with Effluent addition significantly different (p < 0.05) from no Effluent addition, using the paired 
 
 

Table 3: Mean values of water quality parameters studied of control and treated microcosms with 
various concentrations of the effluent during the study (6 weeks of exposure) 
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microcosms, whereas the total hardness (as CaCO3) 
variations were irregular and ranged between 50% and 
250% with a significant increase in 8% and 16% (v/v) 
treated microcosms. The water remained highly 
mineralized in effluent treated microcosms with 
conductivity fluctuations ranging from 110% to 180% of 
its initial value. The total suspended solids generally 
decreased in all microcosms. It varied from 10% to 115% 
of its initial value with significant decrease in the 8 and 
16% (v/v) microcosms. The values of the apparent color 
and turbidity decreased in all microcosms. The color and 
turbidity ranged from 18% to 125% and 18% and 105% 
respectively of their initial values with significant 
decreased in the 8 and 16% (v/v) microcosms.  

The significant decrease of total suspended solids, 
apparent color and turbidity could be due to sedimentation 
and the reduction in organic loading due to fish kill. 
Dissolved oxygen ranged from 1.72 to 6.84 mg/l in all 
microcosms. It generally decreased in all microcosms 
during the first three weeks of exposure, probably due to 
the death of organisms and fouling of water. This decrease 
was significant in the 8% and 16% (v/v) microcosms. This 
is in accordance with the findings that  showed that the 
increase in heavy metals contents of seven study sites in 
coastal areas in Kuwait  caused a depletion in dissolved 
oxygen [27]. Ammonia-N also significantly decreased (p < 
0.05) in  microcosms treated with 8% and 16% (v/v) of 
effluent. Ammonia-N being the final major product of the 
protein catabolism excreted by aquatic animals [28], its 
significantly low excretion could be ascribed to the 
decrease of the density of organisms in these microcosms.  
 
Effect of Pilcam Effluent on the Plankton Community 
Function 
 

Chlorophyll a measures the biomass of autotrophic 
organisms accumulated in the microcosms. The 
chlorophyll-a of phytoplankton communities in the 
microcosms increased steadily during the first 4 days of 
exposure in all microcosms with some stimulation in all 
treated microcosms (up 1150% of initial value), and 
declined rapidly and remained  low in all  microcosms after 
21 days of exposure. Based on the intrinsic variations of 
the chlorophyll-a content relative to initial value in  each 
microcosm, the inhibitive effect of effluent on the  
photosynthesis could not be demonstrated (Fig.1). 

Three days following the application of Pilcam effluent, 
microbial biomass (protein) in the 1.6% (v/v) microcosm 
was increased while it slightly decreased in the 16% (v/v) 
microcosm as illustrated in Fig. 1. After 4 days, the 
biomass generally tended to decrease with increasing 
effluent concentration and exposure time, but the effect 
was not significant (p > 0.05) over the entire exposure 
period. 

The activity of alkaline phosphatase enzyme 
measures the rate of cleavage of phosphorus organic 
compounds by the microbial community. One day 
following the application of the effluent, the alkaline 

phosphatase activity significantly decreased in all treated 
microcosms relative to the untreated microcosm (Fig. 1). 
Of the parameters analyzed for the plankton community 
function, this parameter seemed to be the most sensitive 
to Pilcam effluent-induced stress.   

 
Effect of Pilcam Effluent on the Phytoplankton Structure   

 
Cyanophyta were the most abundant taxa and showed a 

global decrease in density throughout the experimentation. 
This decrease seemed more pronounced in 8 and 16% (v/v) 
microcosms (Fig. 2). The density of chlorophyta was not 
regular with increasing exposure period. They disappeared 
completely from the 1.6% (v/v) microcosm after 28 days of 
exposure, and from the 8 and 16% (v/v) microcosms after 
3 and 14 days of exposure, respectively (Fig. 2). The 
density of chromophyta moderately varied during the first 
week of exposure with a significant decrease in the 1.6% 
(v/v) microcosm, and subsequently was eliminated from all 
microcosms as the fourteen day of exposure. In the control, 
an abrupt re-colonization of chromophyta was observed on 
the 42nd day (Fig. 2). The species present in all microcosms 
and occasionally abundant in the 1.6% (v/v) microcosm 
throughout the study were Planktothrix mougeotii and 
Oscillatoria putrida with putrida being more sensitive to 
the effluent toxicity than mougeotii. 

 The presence of cyanophyta in all microcosms 
throughout the study as compared to chlorophyta and 
chromophyta may indicate a probable resistance of this 
taxa to Pilcam effluent stress. This is consistent with 
reported  findings showing that cyanobacteria are 
qualitatively and  quantitatively  predominant  in the 
Godavari stream polluted by heavy metals [29]. This is 
also in accordance with the observation that cyanophyta 
are extremely opportunistic, and are able to bloom in  
disturbed  ecosystems [30]. Moreover, the dominance of 
cyanophyta in various microcosms  could also be 
attributed to  the production of toxins that inhibit the 
growth of other algae, therefore promoting their own 
proliferation  [31-32]. 

 
Effect of Pilcam Effluent on the Zooplankton Structure   

 
After one day of exposure in 8% and 16% (v/v) treated 
microcosms, protozoa density and species richness and 
composition significantly reduced relative to initial 
values and remained so for the remaining sampling 
periods (Fig. 3 and Fig. 4). The protozoan community 
structure in the 1.6% (v/v) microcosm was affected 
gradually with some recovery for the ciliates density. 
The inhibitory effects of  Pilcam effluent  on 
zooplankton density and species richness  in all treated 
microcosms at all sampling periods, were most obvious 
for ciliates and to some extent, rotifers  (< 28 days) 
whose biomass shifts followed a concentration-response 
pattern expected for single species tests. Dominant 
ciliates species present in untreated and 1.6% (v/v)  
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Figure 1: The effect of Pilcam effluent on the chlorophyll A, microbial biomass (protein) 
content and alkaline phosphatase activity of untreated and treated microcosms. Significant 
effluent levels can be found in table 3.
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Figure 2: The effect of Pilcam effluent on the phytoplancton density from 
untreated and treated microcosms
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 Figure 3: The effect of Pilcam effluent on the protozoan density from untreated and 

treated microcosms 
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Figure 4: The effect of Pilcam effluent on the protozoan species (A: Ciliates; and 
B: Rotifers) richness and composition from microcosms  
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Figure 5: The effect of Pilcam effluent on benthic macro-invertebrates density of 
untreated and treated microcosms 
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Figure 6: The effect of Pilcam effluent on aquatic snails’ density of untreated 
and treated microcosms 

microcosms and for short period of exposure in 8% and 
16% (v/v) microcosms were in order of decreasing 
sensitivity to the industrial effluent as follows: 
Strombidium gyrans → Disematostoma sp. → Coleps 
hirtus → Uronema sp. 

 
Effect of Pilcam Effluent on the Benthic Macro-
Invertebrates  
 

The population dynamic of benthic macro-
invertebrates under Pilcam effluent stress was similar to 
that of the protozoans. Their density in treated 
microcosms was in general reduced relative to the initial 
values after one day of exposure. The inhibitory effects 
of the industrial effluent at all sampling periods were 
most obvious for annelids whose biomass shifts followed 
a concentration-response pattern expected for single 
species tests and were significant in 8% and 16% (v/v) 
microcosms (Fig. 5).  These benthic organisms were 
eliminated from the 16% (v/v) microcosm after one day 
of exposure. Snails were very sensitive to Pilcam 
effluent as they were all killed in 16%  and 8% (v/v)  
microcosms after one and two days of exposure 
respectively (Fig. 6). These invertebrates’ organisms 
have been reported as being the first ones to be 
eliminated when the environment is saturated with heavy 
metals [3], especially with Hg and Zn that interfere with 
their respiratory function [8]. 

 
Conclusions 

 
The addition of Pilcam effluent adversely affected the 

water quality of test microcosms by causing a significant 
increase in conductivity, salinity, and total hardness. 
Industrial effluent concentrations of 8% and 16% (v/v) 
induced significant decreases in color, turbidity, total 
suspended solids, dissolved oxygen, and ammonia-N. All 
tested organisms, including fish, plankton, benthic 
macroinvertebrates and snails, were sensitive at various 

degrees to the industrial effluent, even at the lowest 
tested concentration of 1.6%. Further studies are needed 
to determine the no observable adverse effect level 
(NOAEL), as well as a chronic reference concentration 
for this effluent. 
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