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7.9.1 Baseline Conditions 
 

7.9.1.1 Surface Water 
 
During the initial characterisation of the environment, the analysis of surface water 
quality is used to assess the quality of the aquatic environments in the Study Area 
before the implementation of the Project. The results of the analysis of surface water 
samples were compared to environmental reference criteria applicable to industrial, 
domestic and rain run-off, and to the criteria for the protection of aquatic life, for 
leisure activities and for drinking water quality (Table 7.28, Appendix L7.9.1).  
 
The results for the Loémé River were treated independently from the other 
watercourses to highlight its characteristics, given that the Project’s water intake will 
be set up on this river. Generally speaking, the analyses show that the quality of the 
surface water is characterised by a high temperature, by the presence of 
microbiological contamination and, in some cases, the presence of heavy metals. 
 
Base Physico-Chemical Parameters 
 
In general, the nature of the soils and surface lithology, the climatic conditions, the 
relief and the plant cover of the catchment basin as well as the outcropping of the 
surface water table have an impact on the water’s physico-chemical parameters. 
They can explain in part the diversity of the organisms that are present in the lakes 
and watercourses.  
 
Most of the base physico-chemical parameters analysed meet the environmental 
reference criteria applicable to industrial, domestic and run-off, as well as the 
environmental reference criteria for the protection of aquatic life, for leisure activities 
and for drinking water quality. Only the temperature, pH, dissolved oxygen, turbidity 
and colour show some values that do not meet the aforementioned reference criteria 
(Table 7.28). 
 
The water in the streams and rivers is very acid, with a pH from 4.6 to 5.7; only Lake 
Cayo and the Loémé River have a neutral pH, varying between 7.1 and 7.8 
(Table 7.28). Low pH run off is typical of high humidity tropical environments and is a 
result of the rapid breakdown of vegetation in the watercourses. This demonstrates 
that the criteria cannot be applied indiscriminantly to all types of environment. 
 
The surface waters are warm; the temperature varying between 23.9 and 28.3 °C. 
The high temperature partly explains the low dissolved oxygen concentrations 
measured in the watercourses, which varies between 0.35 and 4.3 mg/l. Other 
factors can also explain these low dissolved oxygen rates. In fact, the altitude 
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differences in the Study Area are minor and continuous, and the watercourses that 
flow in shallow areas do not have any cascades or falls. Their substrate, consisting 
of fine sand and silt, and their bed widely occupied by dense aquatic vegetation, also 
contribute to the low rates of dissolved oxygen measured. The concentration of 
dissolved oxygen in the watercourses is therefore lower than the criteria for the 
protection of aquatic life, which should be between 5.5 and 9.5 mg/l. The low oxygen 
level as well as high temperatures are limiting factors for some aquatic organisms 
such as certain fish species. By contrast to the watercourses, Lake Cayo’s water 
contains a good level of oxygen, between 5.87 and 8.1 mg/l, which meets the 
reference criteria. 
 
For the stations situated in watercourses, the chemical oxygen demand is between 
11 and 47 mg/l, whereas it is lower than 15 mg/l for the sampling stations on Lake 
Cayo. For all the sampling stations, the chemical oxygen demand does not exceed 
the criteria applicable to industrial, domestic and rain run-off, which suggests that, 
when the sampling was carried out, the processes of organic matter decay were not 
excessively prominent in the oxygen usage balance. 
 
In general, water conductivity at 25 °C is higher in the watercourses than in the lakes 
of the Study Area (Table 7.28). In fact, in the Patra, Koulombo and Tienga rivers, it 
varies between 19.2 and 49.1 μS/cm, whereas in Lake Cayo it varies between 
11.4 and 12.7 μS/cm. It is however important to note the low conductivity recorded in 
the Loémé River, which is of 16.2 μS/cm. The higher conductivity at station no. 9, 
situated at the mouth of a tributary of the North Patra River (Map 7.14), can be 
explained by the greater turbidity that was measured at this site, probably due to rain 
during the sampling campaign. 
 
For all the stations, the measured turbidity exceeds the reference criterion for 
drinking water quality. For the stations in the watercourses, the turbidity varies 
between 0.73 and 16.4 NTU, while it reaches 21 NTU for the Loémé River and 
varies between 9.13 and 13.9 NTU for Lake Cayo. The high turbidity can be 
explained by the nature of the soils in the Study Area. They consist of fine sand that 
is rapidly saturated when it rains. The run-off is high and the rainwater quickly runs 
down the slopes and gathers in shallow areas where the vegetation slows it down. 
However, the organic soils in this area are not very thick and they quickly become 
saturated, which limits the capacity of the vegetation to absorb the floods during 
heavy rainfalls and to retain the sediment, which then collects in the watercourses. 
 
 



Table 7.28     Quality of Surface Freshwater Sampled in November 2006, August and September 2007.
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2 4 9 11 12 13 15 16 31 55 51 52 53
Base Physico-chemical Parameters

Temperature (air) °C 25.7 28.8 24.0 25.2 26.8 24.2 23.9 26.7 24.2 23.5 24.6

Temperature (water) °C ≤ 3[C] WBG
Narrative[I]; 
1.5[Q]; 21.5; 

10[R][S] 
Can-EU Narrative[W] Can ≤ 15[CC] Can 25.2 26.7 24.0 25.2 26.9 28.3 24.3 23.9 26.4 24.2 24.9 25.3

pH (in situ ) 6.0 - 9.0 WBG 6.5-9.0 Can 5-9[V] Can 6.5 - 8.5[CC] Can 4.6 5.1 5.7 5.0 5.0 5.1 5.0 5.4 5.3 7.5 7.8 7.6
pH (laboratory) 4.6 5.0 5.5 5.1 5.2 5.2 5.1 5.4 5.2 7.1 7.1 7.4 7.3

mg/l 5.5 - 9.5 Can 4.3 0.5 0.7 1.7 2.6 3.5 0.4 2.0 5.9 7.7 8.1
% 52.0 6.3 7.0 20.9 53.9 33.6 42.3 4.2 25.4 66.3 87.9 92.6

μS/cm 30.0 16.8 57.8 16.2 20.6 17.2 20.6 25.1 16.2 12.7 11.4 12.0
μS/cm at 25oC 31.9 19.2 49.1 20.5 35.7 21.2 27.4 31.7 31.8

Turbidity TNU Narrative[I] Can 50[X] Can 0.3; 1.0; 0.1[DD] Can 0.7 7.2 16.4 3.2 13.7 1.5 8.8 4.8 5.7 21.0 9.1 13.9 9.3
Colour (true) TCU Narrative[I] Can < 15[BB] Can 36 120 101 32 210 132 37 90 19 20 21 23 22
Total alkalinity (CaCO3) mg/l 16.0 18.0 101.0 19.0 32.0 17.0 21.0 3.0 17.0 3.0 2.1 1.8 1.9
Total dissolved solid mg/l ≤ 500[CC] Can 24 20 56 15 25 20 21 41 21 64 62 67
Total organic carbon (TOC) mg/l [HH] EU 4.4 3.5 14.0 1.7 4.0 2.4 3.5 9.4 4.1 5.0 4.0

Particulate matter - suspended sediment mg/l 35[E]; 35[D][F]; 
60[D][G] EU Narrative[I];  ≤25 Can-EU <2 3 14 2 20 <2 9 3 4 18 5 6 9

Chemical oxygen demand mg/l 125 WBG 11 11 40 11 15 16 15 47 19 < 10 12 15

CFU/100 ml 2 3 4 2 4 2 2 1 1
Number/100 ml 0[KK] EU 0 40 30 20

Thermoresistant coliforms Number/100 ml 0 30 25 20
Number/100 ml 0 EU [A] [A] [A] [A] [A] [A] [A] [A] [A] 30 [B]

CFU/100 ml 44 70 201 261 424 26 279 16 23
Major ions and nutrients

Chlorides (Cl-) mg/l ≤ 250[CC][GG] Can-EU 5.6 2.3 6.0 2.5 3.8 2.9 3.3 5.6 4.5 2.1 4.3
Ammonia nitrogen (N-NH3) mg/l <0.02 <0.02 0.04 <0.02 <0.02 <0.02 <0.02 <0.02 0.03 0.05 0.07 0.06
Ammoniac (NH3) and ammonium (NH4

+) mg/l ≤ 0.04[T] EU 0.45
Total cyanides mg/l 1 WBG[7] 0.005[J] Can 0.05 EU <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.01 <0.01 <0.01

Fluorides (F) mg/l 20 WBG[7] 0.12 Can 1.5 WHO-Can-
EU <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Nitrates (N-NO3
-) mg/l 13[K] Can 45 Can <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.01 0.29 0.28 0.26

Nitrites (NO2
-) mg/l ≤ 0.01 EU 0.2; 3[Z][AA] WHO 0.005 0.007 0.012 0.007 0.020 0.007 0.010 0.016 0.009 0.010

Total phosphorus mg/l 2 WBG [L] [U] Can- EU 0.01 0.03 0.03 0.02 0.01 <0.01 0.02 0.02 0.02 0.01 0.02 0.02
Sulphates (SO4) mg/l 250 EU 0.6 0.5 0.6 0.5 0.5 <0.1 0.9 0.7 0.6 9.1 5.3 7.0 8.6

Metals and metalloids
Cadmium (Cd) mg/l 0.05 WBG 0.000017[M] Can 0.003 WHO <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0020 <0.0010 <0.0010
Calcium (Ca) mg/l 0.9 <0.1 0.5 <0.1 <0.1 <0.1 <0.1 0.8 0.3 5.0 4.3 3.3 3.5
Copper (Cu) mg/l 0.3 WBG 0.002; 0.004[N] Can ≤ 1[BB][CC] Can <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
Iron (Fe) mg/l 2 WBG 0.3[J] Can 0.2 EU <0.1 2.2 12.0 0.8 2.3 0.2 1.2 2.2 1.8 0.7 1.2 1.2 0.9

Lead (Pb) mg/l 0.2 WBG 0.001; 0.007[J][P] Can 0.01[BB][II][JJ] WHO-Can-
EU <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.001

Manganese (Mn) mg/l ≤ 0.05[CC] Can-EU 0.020 0.012 0.056 0.047 0.010 0.023 0.039 0.042 0.014 0.000 0.017 0.040 0.015
Magnesium (Mg) mg/l 0.6 0.2 0.5 0.1 0.2 0.2 0.2 0.6 0.2 7.6 2.6 2.1 2.2
Potassium (K) mg/l <0.1 0.5 0.7 0.4 0.4 0.2 1.1 2.4 1.6 3.3 1.1 0.9 0.9
Mercury (Hg) mg/l 0.002 WBG 0.00003 Can 0.001 Can-EU <0.0001 0.0002 <0.0001 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Silicon (Si)
(HNO3 soluble) mg/l 4.3 3.9 2.8 2.4 2.6 2.3 3.2 4.1 3.6 6.0 5.9 5.6

Sodium (Na) mg/l ≤ 200[CC][EE] Can-EU 2.1 1.5 3.9 1.1 1.3 1.2 1.6 3.3 2.0 4.3 3.4 3.2 3.2
Silver (Ag) mg/l 0.5 WBG[7] 0.0001[J] Can <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0006 0.0006 0.0004
Zinc (Zn) mg/l 0.5 WBG 0.03 Can ≤ 5[BB][CC] Can 0.011 <0.003 0.015 <0.003 0.010 0.007 <0.003 0.041 0.015 0.004 0.003 <0.003

Total xylenes mg/l ≤0.3[CC] Can <0.001 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

1,4-Dichlorobenzene mg/l 0.026 Can 0.005[FF]; 
0.001[CC][FF] Can <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

1,2-Dichlorobenzene mg/l 0.0007 Can 0.2[FF]; 
0.003[CC][FF] Can <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Polycyclic aromatic hydrocarbons (PAHs)
Phenanthrene mg/l 0.0004 Can <0.0001 <0.0001 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Anthracene mg/l 0.000012 Can <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
Fluoranthene mg/l 0.00004 Can <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Pyrene mg/l 0.000025 Can <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
Benzo(a)anthracene mg/l 0.000018 Can <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Benzo(a)pyrene mg/l 0.001[H] WBG[7] 0.000015 Can 0.00001 Can-EU <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Phenolic compounds
2-Chlorophenol mg/l 0.0002 Can <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Pentachlorophenol mg/l 0.05[H] WBG[7] 0.0005[J] Can 0.009[Y][Z] WHO <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Criteria for 
Drinking Water 

Quality[5]
Source[6]

Stations

pH unit

Source[6]

Environmental Reference Criteria

Criteria for the 
Protection of 
Aquatic Life[3]

Source[6]
Criteria for 

Recreational 
Activities[4]

Dissolved oxygen (O2)

Analysed Parameters[1] Unit 

Criteria for 
Industrial 
Effluents, 
Domestic 

Sewage and 
Storm Water[2]

Source[6]

Conductivity

Volatile organic compounds (VOCs)

Microbiological Parameters

Total coliforms

Enterococci



 



25.2 : Result which exceeds the environmental reference criteria.

World Bank. 2007. General Environmental, Health and Safety Guidelines for Phosphate Fertilizer Manufacturing.
World Bank. 1998. Pollution Prevention and Abatement Handbook. General Environmental Guidelines.
World Bank. 2007. General Environmental, Health and Safety Guidelines: Environmental. Wastewater and Ambiant Water Quality.
European Union. Council directive of 21 May 1991 concerning urban waste water treatment (91/271/EEC) (last amended in 2003).
European Union. Council directive of 22 March 1982 in limit values and quality objectives for mercury discharges by the chlor-alkali electrolysis industry (82/176/ECC) (last amended in 1991).

[3]    Criteria for the Protection of
        Aquatic Life : 
[4]    Criteria for Recreational
        Activities :
[5]    Criteria for Drinking Water
        Quality :

[6]    Source: WBG = World Bank Group; WHO = World Health Organisation; Can = Canada; EU = European Union
[7]    Environmental Reference Criteria:

[E]    This requirement is optional.
[F]    For more than 10,000 population equivalent.
[G]    For 2,000 to 10,000 population equivalent.
[H]    Levels of these compounds in effluent discharges should not exceed either 100 times the WHO guidelines for drinking water or 0.05 mg/l.
[I]     Narrative: See Canadian Council of Ministers of the Environment (CCME), 1999. Canadian Environmental Quality Guidelines. Summary Table. Update: July 2006.

[L]    Canadian Trigger Ranges (for further narrative see factsheet). Total phosphorus (mg/l): ultra-oligotrophic <4;  oligotrophic 4 to 10;  mesotrophic 10 to 20;  meso-eutrophic 20 to 35;  eutrophic 35 to 100;  hyper-eutrophic >100.
[M]    Guideline for cadmium (ug/l) = 10 (0.86 [log hardness] - 3.2)

[O]    Nickel guideline=  25 µg/l at [CaCO3] = 0 to 60 mg/l; 65 µg/l at [CaCO3] = 60 to 120 mg/l; 110 µg/l at [CaCO3] = 120 to 180 mg/l; 150 µg/l at [CaCO3] > 180 mg/l
[P]    Lead guideline = 1 µg/l at[CaCO3] = 0 to 60 mg/l; 2 µg/l at [CaCO3] = 60 to 120 mg/l; 4 µg/l at [CaCO3] = 120 to 180 mg/l; 7 µg/l at [CaCO3] > 180 mg/l

L ≤ 10 Z/Tw (1+ÖTw) where : L = loading expressed as mg P per square metre lake surface in one year
Z = mean depth of lake in metres
Tw = theoretical renewal time of lake water in years

In other cases, limit values of 0.2 mg/l for salmonid waters and of 0.4 mg/l for cyprinid waters, expressed as PO4, may be regarded as indicative in order to reduce eutrophication.

[Z]    Provisional guideline value, as there is evidence of a hazard, but where the available information on health effects is limited.
[AA] 0.2 mg/l for long-term exposure and 3.0 mg/l for short-term exposure.
[BB] Faucets should be thoroughly flushed before water is taken for consumption or analysis.
[CC] This is an operational guidance value.
[DD] Based on conventional treatment; slow sand or diatomaceous earth filtration; membrane filtration.

[FF]  In cases where total dichlorobenzenes are measured and concentrations exceed the most stringent value, i.e . 0.005 mg/L, the concentrations of the individual isomers should be established.
[GG] The water should not be aggressive.
[HH]  No abnormal change. May not be measured for supplies of less than 10,000 m3 a day.

[KK] For water put into bottles or containers, the unit is number/250 ml.

[II]    The value applies to a sample of water intended for human consumption obtained by an adequate sampling method at the tap and taken so as to be representative of a weekly average value ingested by consumers. Member States must take account of the occurrence of peak levels that may cause adverse effects on human health.
[JJ]  The value must be met, at the latest, 15 calendar years after the entry into force of this Directive. The parametric value for lead from five years after the entry into force of this Directive until 15 years after its entry into force is 25 μg/l. Member States must ensure that all appropriate measures are taken to reduce the concentration of lead
        in water intended.

Canadian Council of Ministers of the Environment (CCME), 1999. Canadian Environmental Quality Guidelines. Summary Table. Update: July 2006.
European Union. Directive 2006/44/EC of the European Parliament and of the Council of 6 September 2006 on the quality of fresh waters needing protection or improvement in order to support fish life.  Overruled the directive 78/659/CEE.

[W]   The thermal characteristics of water should not cause an appreciable increase or decrease in the deep body temperature of bathers and swimmers.

Canadian Council of Ministers of the Environment (CCME), 1999. Canadian Environmental Quality Guidelines. Recreational Water Quality Guidelines and Aesthetics. Summary Table. Update: July 2004. (http://www.ccme.ca)
European Union. 2006. Directive 2006/7/EC of the European parliament and of the Council of 15 February 2006 concerning the management of bathing water quality and repealing Directive 76/160/EEC.
WHO, World Health Organisation, 2004. Guidelines for Drinking-Water Quality , First Addendum to Third Edition, Recommendations, Volume 1, Geneva, 2006.
Health Canada 2006. Guidelines for Canadian Drinking Water Quality in: CCME, 2006  (http://www.ccme.ca).
 European Union. 1998. Council directive 98/83/EC of 3 November 1998 on the quality of water for human consumption.

[B]    The enterococcus  concentration indicated for the Loémé River sample is a single concentration which was measured both for fecal streptococci  and for enterococci .
[C]    The effluent should result in a temperature increase of no more than 3°C at the edge of the zone where initial mixing and dilution take place. Where the zone is not defined, use 100 meters from the point of discharge.

[2]    Criteria for Industrial Effluents, Domestic Sewage and Storm Water: 

[1]    Analysed Parameters: The base physico-chemical parameters, the microbiologic parameters, the majors ions and nutrients, the metals and metalloids, the other organic compounds, the volatile organic compounds (VOC), the polycyclic aromatic hydrocarbon (PAH), the phenolic compounds and the herbicides whose measured
        concentrations are below the detection limit were removed for reasons of clarity. Complete analyses results are presented in Appendix L7.9.1.

These guidelines are no longer in use since April 30, 2007. The World Bank has replaced them by the Environmental, Health, and Safety Guidelines: Environmental, Wastewater and Ambient Water Quality. However, since there is no more limit for several parameters, whether it is from the World Bank, 
World Health Organization, Canada, or European Union, the 1998 limits of the World Bank have been kept when no other were available.

[A]    Although the enterococci  have been evaluated in terms of CFU/100 ml, i.e.  colony forming unit/100 ml, we can state that all the samples exceed the recommendation for drinking water quality, which is 0 individual /100 ml since several colonies were detected in each sample.

[D]    Value for urban waste water discharges to waters situated in high mountain regions, over 1 500 m above sea level.

[J]    No fact sheet created. For more information on this guideline, please refer to Canadian Water Quality Guidelines (CCREM 1987), available electronically on the accompanying CEQG CD.
[K]    For protection from direct toxic effects; the guidelines do not consider indirect effects due to eutrophication. These values are equivalent to 2 900 mg nitrate-nitrogen/l.

[N]    Based on hardness: 0.002 mg/l for hardness between 0-120 mg/l CaCO3; 0.003 mg/l for hardness between 120-180 mg/l CaCO3; 0.004 mg/l for hardness > 180 mg/l CaCO3.

[Q]   Temperature measured downstream of a point of thermal discharge, at the edge of the mixing zone, must not exceed the unaffected temperature by more than this value.

[EE]  It is recommended that sodium be included in routine monitoring programmes, as levels may be of interest to authorities who wish to prescribe sodium-restricted diets for their patients.

[R]    The 10 oC temperature limit applies only to breeding periods of species which need cold water for reproduction and only to waters which may contain such species.
[S]    Temperature limits may, be exceeded for 2 % of the time.
[T]    Values for non-ionized ammonia may be exceeded in the form of minor peaks in the daytime.
[U]    In the case of lakes of average depth between 18 and 300 m, the following formula could be applied: 

[V]    When the buffering capacity of the water is very low; range of 5.0 to 9.0 is acceptable.

[X]    A limit of 50 NTU is suggested.
[Y]    For substances that are considered to be carcinogenic, the guideline value is the concentration in drinking-water associated with an upper-bound excess lifetime cancer risk of 10 -5, i.e.  one additional cancer per 100 000 of the population ingesting drinking-water containing the substance at the guideline value for 70 years. Concentrations
        associated with upper-bond estimated excess lifetime cancer risk of 10 -4 and 10-6 can be calculated by multiplying and dividing, respectively, the guideline value by 10.
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The colour measured at all the sampling stations exceeds the reference criterion for 
drinking water quality, ≤ 15 TCU. The values are between 19 and 210 TCU for the 
watercourses. The water of the Loémé River has a value of 20 TCU and the values 
for Lake Cayo are between 21 and 23 TCU. The nature of the soils and the plant 
cover can have an impact on the colour of the water, which is above all an aesthetic 
consumption criterion. 
 
The total alkalinity, which is partly due to the nature of the soil and vegetation in the 
catchment basin, varies between 3 and 101 mg/l for the watercourses and between 
1.8 and 2.1 mg/l for Lake Cayo. 
 
The total organic carbon, which is also partly due to the nature of the soil, is between 
1.7 and 14 mg/l for the watercourses, excluding the Loémé River for which there was 
no result, and varies between 4 and 5 mg/l for Lake Cayo. 
 
The total dissolved solids vary between 15 and 56 mg/l in the watercourses, 
excluding the Loémé River, and between 62 and 67 mg/l in Lake Cayo. As for the 
concentrations of suspended solids, they are between < 2 and 20 mg/l in the 
watercourses, and between 5 and 9 mg/l for Lake Cayo. Thus, with regard to both 
the suspended solids and turbidity, the Loémé River shows the highest values. As 
for the concentrations of suspended solids recorded in the other watercourses and in 
Lake Cayo, their average is similar, though the data for Lake Cayo show less 
variability.  
 
Major Ions and Nutrients  
 
Several of the parameters analysed show concentrations that are lower than the 
detection limits (Appendix L7.9.1). These parameters are bromide, total cyanides 
and fluoride. Nitrates also show concentrations that are lower than the detection 
limits, with the exception of the samples taken in Lake Cayo.  
 
Amongst the parameters for which concentrations were detected (Table 7.28), all, 
apart from nitrites, ammonia (NH3) and ammonium (NH4

+), meet the reference 
criteria applicable to industrial, domestic and rain run-off, as well as the reference 
criteria for the protection of aquatic life and for drinking water quality.  
 
The nitrites concentrations exceed the reference criteria for the protection of aquatic 
life at the Patra River stations nos. 9 and 12, with values of 0.012 and 0.020 mg/l, 
and at the Koulombo River station no. 16 near its confluence with Lake Loufoualéba 
(Map 7.14), with a value of 0.016 mg/l. However, these concentrations are only 
slightly higher than the criterion of ≤ 0.01 mg/l. The 0.45 mg/l concentration for 
ammonia (NH3) and ammonium (NH4

+) measured for the Loémé River (Map 7.14) 
also exceeds the reference criterion for the protection of aquatic life, which is 
0.04 mg/l.  
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The concentration of sulphates in the Loémé River, 9.13 mg/l, is approximately nine 
times higher than in the other watercourses and is more comparable to that 
measured in Lake Cayo, of which it is the main tributary. 
 
Metals and Metalloids 
 
The concentrations of several metals and metalloids analysed, such as arsenic, 
barium, boron, chromium, copper, nickel, selenium and vanadium, are lower than the 
detection limits (Appendix L7.9.1). Amongst these parameters, the cadmium 
detection limit is 0.0002 mg/l in the watercourses, which is higher than the reference 
criterion for the protection of aquatic life, which is 0.000017 mg/l. It is therefore not 
possible to determine if the criterion set for this parameter was exceeded. However, 
a concentration of 0.002 mg/l, which exceeds 100 times the criterion, was measured 
at station no. 5, at Lake Cayo (Map 7.14). Coal, oil or natural gas fed power plants, 
as well as flares, are likely to produce cadmium-containing air emissions. Fossil fuels 
found underground, such as oil and natural gas, are also natural sources of 
cadmium. 
 
The reference criterion for the protection of aquatic life regarding copper and lead is 
related to hardness, but this parameter was not measured. However, the detection 
limit for copper is of the same order of magnitude as the criterion, since it is 
0.003 mg/l, whilst the criterion varies from 0.002 to 0.004 mg/l. Also, the detection 
limit for lead is lower than the criterion, and the only value detected is 0.002 mg/l for 
the Rouge River (Map 7.14), whilst the criterion varies between 0.001 and 
0.007 mg/l. Therefore, this suggests that the copper and lead concentrations do not 
exceed or do not exceed significantly the environmental reference criteria. 
 
Amongst the metals and metalloids that were detected, silver, iron, manganese, 
mercury and zinc at times exceed the reference criteria (Table 7.28). 
 
Silver concentrations exceed the reference criterion for the protection of aquatic life 
at the three stations of Lake Cayo. However, such concentrations can sometimes be 
observed in nature and are not necessarily of anthropogenic origin (HSDB, 2007). It 
is thus not possible to determine their origin. 
 
As for iron, the concentrations exceeded the reference criteria on several occasions 
(Table 7.28). The reference criteria for the protection of aquatic life and for drinking 
water quality are exceeded in eleven of the thirteen stations analysed, whereas the 
reference criterion for iron applicable to industrial, domestic and rain run-off was only 
exceeded at station no. 9, which is at the mouth of a tributary of the North Patra 
River (Map 7.14). These values are exceeded because of the soils' composition, 
containing a significant amount of iron (Section 7.6). In addition, during the soil 
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analysis in the villages and at lower slopes, it was observed that there was a greater 
quantity of iron in the villages, even though finer particles were being carried by 
leaching towards the lower slopes. As the lower slopes were subject to more intense 
and more regular leaching, iron could be leached from these areas towards the 
watercourses. In this case, it would be found dissolved in water, as can be observed 
in the results of the analysis. It is likely that the iron values exceed the environmental 
reference criterion for the protection of aquatic life due to natural causes, and not to 
any contamination of anthropogenic origin. 
 
With regard to manganese, only station no. 9 shows a concentration slightly higher 
than the reference criterion for drinking water quality. This criterion represents above 
all an aesthetic and taste criterion. In addition, given that the criterion is only 
moderately exceeded, this contamination is not significant. 
 
As for mercury, concentrations close to the detection limit and exceeding the 
reference criteria for the protection of aquatic life were measured in the samples 
from stations no. 4, i.e. in the Ntombo River below the village of NKoungou, and 
no. 11, i.e. in the Tienga River, west of the Mengo Plateau (Map 7.14). In the case of 
the Ntombo River, no potential contamination source was found. With regard to the 
Tienga River, the contamination could be due to the waste disposal site. 
 
As for zinc concentrations, it was observed that the reference criterion for the 
protection of aquatic life was exceeded in the sample taken at station no. 16 
downstream of the Koulombo River and upstream of Lake Loufoualéba. No potential 
contamination source has been determined. 
 
As for sulphates, calcium, magnesium, potassium and sodium concentrations are 
much higher in the Loémé River than in the other watercourses and are more 
comparable to the concentrations measured in Lake Cayo. The geochemical 
composition of the soils probably explains the concentrations measured. 
 
Organic Compounds 
 
Except for traces of phenanthrene measured at station no. 9 and of traces of xylene 
measured at station no. 4 (Map 7.14), the presence of other organic compounds was 
not detected in the nine samples of surface water analysed for organic compounds 
(Table 7.28, Appendix L7.9.1). 
 
For 1,2-Dichlorobenzene, the detection limit is not low enough to determine whether 
the reference criterion for the protection of aquatic life is exceeded. For all other 
VOCs, the concentrations are lower than the reference criteria applicable to 
industrial, domestic and rain run-off, as well as the reference criteria for the 
protection of aquatic life and for drinking water quality. 
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Amongst the PAHs analysed, the detection limits for anthracene, fluoranthene, 
pyrene, benzo(a)anthracene and benzo(a)pyrene are higher than the reference 
criteria for the protection of aquatic life or for drinking water quality. It is therefore not 
possible to determine if the reference criteria for these parameters are exceeded. It 
is however possible to conclude that no station showed a high concentration of 
PAHs. 
 
With regard to phenols, the detection limit for pentachlorophenol and 2-Chlorophenol 
is too high to determine if the concentrations exceed the reference criteria for the 
protection of aquatic life and for drinking water quality. It is however possible to 
conclude that no station showed a high concentration of phenols. 
 
Microbiological Parameters 
 
Total coliforms and enterococci were detected at all the stations sampled in the 
watercourses in 2006 (Table 7.28). The quantities of total coliforms in the 
watercourses varied between 1 and 4 CFU/100 ml and the quantities of enterococci 
varied between 16 and 424 CFU/100 ml.  
 
Although the reference criterion for drinking water quality with regard to total 
coliforms was exceeded in all the watercourses, this contamination is not necessarily 
of faecal origin as no Escherichia coli-type faecal coliforms were detected. In tropical 
environments, many coliform-type bacteria, having no sanitary origin, are found in 
nearly all untreated water sources. It is however unhealthy to drink untreated water 
from the Study Area’s watercourses. 
 
All the watercourses also exceed the reference criterion for drinking water quality 
with regard to enterococci, the limit being 0 specimen/100 ml. More specifically, the 
Patra River's three stations, as well as that of the Tienga River (Map 7.14), show 
much higher faecal enterococci than recommended. These concentrations are of the 
same magnitude as those measured in the contaminated groundwater stations 
(Table 7.29). In addition, a relatively high turbidity was measured in the Patra River's 
surface water stations. This turbidity is accompanied by a concentration of 
suspended solids higher than the measurements carried out in the other rivers. The 
source of enterococci could come from plant decay or be of faecal origin. As 
previously mentioned, it is unhealthy to drink untreated water from the Study Area’s 
watercourses. 
 



Table 7.29  Quality of the Groundwater Sampled in November 2006 as well as in June, September and October 2007.

Ntoto Siala 
Village Well

Hinda Village 
Well

Foyer de la 
Charité   Well

Liambou 
Village Well

 Marcel-Rigny 
Camp Well

 Mengo 
Village Well

Ngondji 
Village Well

Shallow Well in 
Pointe-Noire

Nalembé (Tié-Tié) 
Hospital Dug Well

Shallow Well in 
Pointe-Noire

SNDE 
Borehole

Loandjili 
Hospital Well

 Shallow Well in 
Pointe-Noire 

Station number 1 3 5 6 7 8 14 17 18 19 20 21 50 MW-3D[M] MW-1A MW-2A MW-3A MW-4A MW-6A MW-1D MW-1S
Sample number TW-1A(1) TW-1A(2) TW-1A(3) TW-1A(7)
Base physico-chimical parameters

Temperature (air) °C 25.7 27.5 29.4 27.3 30.1 29.6 30.3 29.0
Temperature (water) °C ≤15[E] Can 25.8 26.3 27.7 26.5 27.2 27.4 29.7 26.3 29.4 27.0 29.8 28.5
pH (in situ ) 6.5 - 8.5[E] Can 5.5 4.3 4.2 4.2 5.2 5.5 4.5 6.0 7.3 6.0 7.4 5.9
pH (laboratory) 5.4 4.4 4.3 4.4 5.3 5.7 4.6 6.1 7.3 6.3 7.7 5.9 3.9

mg/l 1.6 7.7
% 19.6 101.0

μS/cm 95 22 19 21 25 24 56 186 146 217 27 18.08 168 35.0 10.56 55.3 36.7 66.4 144.8 4.78 4.34 4.45 4.46
μS/cm at 25oC 60.0 30.6 20.8 26.2 34.1 27.8 33.2 62.8 385.0 350.0 455.0 35.8 660.0

Turbidity TNU 0.3; 1.0; 0.1[F] Can 4.5 1.3 15.9 6.4 0.7 1.5 1.9 3.8 0.7 20.8 0.6 0.7 6.7 1100 143 111 1100 39.0 21 47 8 1.0 0 0
Colour (true) T.C.U. <15[D] Can <5 71 22 31 <5 12 121 15 10 <5 21 <5 <5
Total alkalinity (CaCO3) mg/l 37 14 12 21 25 40 23 38 189 61 214 27 9 28.3 10.1 1.9 9.8 9.4 8.2 13.7 0.8 0.6 0.5 0.4
Total hardness mg/l 30.0 12.6 19.0 18.0 8.0 34.8 13.0 60.0 0.92 0.05 0.05 0.8
Total dissolved solid mg/l ≤500[E] Can 59 17 <10 <10 17 17 19 32 180 150 200 38 330
Total organic carbon (TOC) mg/l [I] EU 0.6 2.6 0.9 0.9 0.2 0.4 1.1 1.7 0.4 23.0 0.4 0.1 6.0

Particulate matter - suspended sediment mg/l 380 <2 28 12 5 4 9 2 <2 3 <2 <2 10 1067 68 257 794 193 21 61 4 4 1.0 0
Chemical oxygen demand mg/l <10 12 <10 <10 <10 <10 <10 <10 <10 110 <10 <10 35

Microbiological parameters
     Fecal coliforms (Escherichia coli) CFU/100 ml 0[H] WHO-EU 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total coliforms CFU/100 ml 0[L] EU 0 3 0 1 0 1 5 1 0 4 0 0 0 0 0 0
Enterococci CFU/100 ml 0 EU 0 211 0 127 0 5 381 59 0 318 0 0 0 0 0 0
Staphylococcus aureus CFU/100 ml 0 100 0

Major ions and nutrients
Ammonia nitrogen (N-NH3) mg/l <0.02 <0.02 <0.02 0.03 <0.02 <0.02 <0.02 0.34 <0.02 <0.02 <0.02 <0.02 0.10 0.47 0.63 0.29 0.61 0.93 0.43 0.51 0.19 0 0 0
Chlorides (Cl-) mg/l ≤250[E][H] Can-EU 4.8 2.7 1.3 2.0 3.8 2.2 3.6 2.0 3.9 27.0 2.5 1.9 58.0 19.53 50.41 152.65 11.36 16.33 5.68 29.82 10.3 7.81 7.81 7.15 8.88
Fluoride (F) mg/l 1.5[C] WHO-Can-EU 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1
Hydrogencarbonates (HCO3

-) mg/l 160 30 56.0 80.0 40.0 20 70 20 28.0 32.0 40.0
Nitrates (N-NO3

-) mg/l 45[G] Can 2.00 <0.02 0.40 0.06 0.35 0.14 <0.02 0.21 1.70 9.20 <0.02 0.59 44.00 0.32 0.52 0.62 1.4 1.12 1.37 1.82 1.34 1.51 1.71 1.51
Nitrites (NO2

-) mg/l 0.2; 3[A][B] WHO 0.013 0.006 0.007 0.008 0.010 0.008 0.026 0.009 0.011 0.017 0.006 0.005 0.004 0.5 0.02 0.05 0.01 0.01 0.03 0.6 0 0 0 0
Total phosphorus mg/l 0.83 <0.01 0.02 0.02 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 0.03 <0.01
Sulphates (SO4) mg/l 250 EU 0.7 0.6 0.9 1.0 1.0 0.6 1.1 2.1 8.0 9.3 12.0 0.8 2.7 4.41 50.45 4.78 9.82 30.96 3.42 46.68 44.58 0.50 3.38 3.90 4.44

Metals and metalloids
Barium (Ba) mg/l 0.7 WHO 0.04 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 0.04 <0.03 <0.03 0.29
Calcium (Ca) mg/l 4.8 0.1 <0.1 <0.1 0.1 <0.1 0.1 5.3 28.0 5.7 33.0 0.9 12.0 8.0 17.0 3.0 1.5 7.5 12.0 56.0 0.50 0 0 0.5
Copper (Cu) mg/l ≤1[D][E] Can <0.003 <0.003 0.120 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.001
Iron (Fe) mg/l 0.2 EU <0.1 0.3 <0.1 <0.1 0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 0.6 0.3 0.37 0.34 1.05 1.07 11.22 0.41 0.29 0.58 0.3 0.13 0.29
Magnesium (Mg) mg/l 2.5 0.2 <0.1 <0.1 0.2 0.1 0.1 1.2 18.0 2.9 20.0 0.7 7.7 6 4.6 2.0 15.0 6.5 27.3 1.0 4.0 0.42 0 0 0.3
Manganese (Mn) mg/l ≤0.05[E] Can-EU 0.011 0.007 0.004 <0.003 0.079 0.007 0.005 0.020 <0.003 0.006 0.016 <0.003 0.054 0.75 0 0 0 0 0 0 0 0 0 0 0
Mercury (Hg) mg/l 0.001 Can-EU <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0012
Nickel (Ni) mg/l 0.02[J] EU <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01
Lead (Pb) mg/l 0.01[D][J][K] WHO-Can-EU <0.001 <0.001 0.002 <0.001 0.010 0.005 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 0.001
Potassium (K) mg/l 1.8 <0.1 <0.1 <0.1 0.1 0.1 <0.1 0.7 2.6 0.6 6.4 2.9 24.0 37.25 5.75 4.5 2.5 4.5 3.0 3.25 6.5 3.25 2.94 3.18 3.19
Silicon (Si)(HNO3 soluble) mg/l 4.7 3.7 2.7 2.2 3.3 3.0 2.3 2.9 9.4 1.5 12.0 13.0 2.9
Sodium (Na) mg/l 4.6 1.6 0.7 0.7 2.1 0.9 1.3 1.8 1.7 32.0 1.1 0.7 46.0 525.5 162.5 37.5 57.5 7.5 37.5 55.0 33.75 1.5 1.25 1.50 1.19
Zinc (Zn) mg/l ≤5[D][E] Can 0.034 0.055 0.047 0.014 1.700 2.700 0.005 0.038 0.140 0.015 0.004 0.006 0.027

Volatile organic compounds (VOCs)
Toluene mg/l ≤0.024[E] Can <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Total xylenes mg/l ≤0.3[E] Can <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Polycyclic aromatic hydrocarbons (PAHs)
Naphtalene mg/l <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0003 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
Benzo(a)pyrene mg/l 0.00001 Can-EU <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

25.8 : Concentration which exceeds the environmental reference criteria.

World Health Organisation (WHO). 2004. Guidelines for Drinking-Water Quality.  First Addendum to Third Edition. Recommendations. Volume 1. Geneva, 2006.
Healt Canada 2006. Guidelines for Canadian drinking water  in:  CCME, 2006  (http://www.ccme.ca).
European Union. 1998. Council directive 98/83/EC of 3 November 1998 on the quality of water for human consumption.

[3]  WHO = World Health Organisation; Can = Canada; EU = European Union
[4]  Source : SNC-Lavalin, 2007.
[A]  Provisional guideline value, as there is evidence of a hazard, but where the available information on health effects is limited. 
[B]   0.2 mg/l for long-term exposure and 3.0 mg/l for short-term exposure.
[C]   Volume water consumed and intake from other sources should be considered when setting national standards.
[D]   Faucets should be thoroughly flushed before water is taken for consumption or analysis.
[E]   This is an operational guidance value.
[F]   Based on conventional treatment, slow sand or diatomaceous earth filtration; membrane filtration.
[G]  Equivalent to 10 mg/l as nitrate–nitrogen. Where nitrate and nitrite are determined separately, levels of nitrite should not exceed 3.2 mg/l.

[L]   For water put into bottles or containers, the unit is number/250 ml.
[M]  Some results of analyses for station no. MW-3D are missing. They will be integrated to the table when the certificates of analyses will be received.

[H]  The water should not be aggressive.
[I]    No abnormal change. May not be measured for supplies of less than 10,000 m3 a day.

Source[3]

Conductivity

Stations
Criteria for Drinking Water 

Quality[2]

Unit Environmental 
Reference 

Criteria

[K]   The value must be met, at the latest, 15 calendar years after the entry into force of this Directive. The parametric value for lead from five years after the entry into force of this Directive until 15 years after its entry into force is 25 μg/l. Member States must ensure that all appropriate measures are taken to reduce the concentration of lead in water intended.

Mengo Plateau

[2]  Criteria for drinking water 
      quality : 

[1]  Analysed Parameters : Base physico-chemical parameters, microbiological parameters, major ions and nutrients, metals and metalloids,  other organic compounds, volatile organic compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs), phenolic compounds, herbicides,  phytosanitary products, pesticides/herbicides, organochlorine pesticides and pesticide residues whose measured concentrations are
      below the detection limit were removed for reasons of clarity. Complete analyses results are presented in Appendix L7.9.2.

pH unit

[J]   The value applies to a sample of water intended for human consumption obtained by an adequate sampling method at the tap and taken so as to be representative of a weekly average value ingested by consumers. Member States must take account of the occurrence of peak levels that may 

Analysed Parameters[1]

Dissolved oxygen (O2)

TW-1A



 



 

GENIVAR Limited Partnership   page 7-179 

Q11662 PRELIMINARY ESIA_C7_EN-18_2009-04-30_CD.doc 

For Lake Cayo, total coliforms varying between 20 and 40 specimens/100 ml, as well 
as thermotolerant coliforms varying between 20 and 30 specimens/100 ml, were 
detected. The reference criterion for drinking water quality is therefore exceeded. 
Although faecal coliforms and the enterococci were not analysed, the presence of 
thermotolerant coliforms indicates a contamination of faecal origin. While the 
parasites were not analysed, villagers report a number of cases of bilharzia. 
Therefore, it is unhealthy to drink untreated water from Lake Cayo, yet, for most of 
the riparian villagers this may be their source of drinking water. 
 
With regard to the Loémé River, it is noted that there are no total coliforms, but there 
are faecal enterococci or streptococci at a density of 30 specimens/100 ml. This 
could exceed the reference criterion for enterococci in drinking water; however, the 
type of analysis carried out does not distinguish faecal enterococci and streptococci. 
In any case, the presence of faecal streptococci would indicate that the water has a 
poor sanitary quality. The presence of bilharzia is also reported. Therefore, it is 
unhealthy to drink untreated water from the Loémé River. 
 
The villages in the Study Area do not have sanitary wastewater collection and 
treatment installations, therefore, they represent a source of diffuse bacteriological 
contamination. In addition, the watercourses close to the villages are intensively 
used for all kinds of domestic activities, such as personal hygiene and laundry. The 
pasturage of farm animals near the watercourses could also have similar 
consequences for water quality.  
 
Quality of the Surface Water 
 
Generally speaking, the surface waters are warm, acid, turbid and deficient in 
dissolved oxygen, apart from Lake Cayo and the Loémé River, whose waters are 
neutral and, in the case of Lake Cayo, well oxygenated. 
 
The three main parameters that have an impact on the quality of surface water are 
temperature, microorganisms and heavy metals. 
 
For some parameters, the detection limit for the analyses is higher than the 
environmental reference criteria. It is therefore possible that some surface water 
analyses do not reveal the presence of an existing contamination. Each of these 
surface water analyses is however associated with sediment analyses for which the 
detection limit is equal or lower than the reference criterion. A comparison of the 
results for the sediment and for the surface water may thus reduce the uncertainty. 
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The main source of current contamination of the surface water is of bacteriological 
origin and applies to all the stations. This contamination would be natural in the case 
of the total coliforms, which are often detected in tropical watercourses. According to 
the European Council, the level of risk to human health caused by the presence of 
these bacteria should be assessed (CE, 1998). In the case of an enterococci 
contamination, the source can be of plant or faecal origin. It could therefore be 
natural, i.e. due to plant decay or be of faecal origin, i.e. due to the absence of 
sanitary wastewater collection and treatment installations in the villages, the overflow 
of latrines caused by rainfall, the intensive use of the watercourses for domestic 
activities, as well as the potential presence of livestock. 
 
A contamination of the water by some metals was also measured, specifically iron, 
mercury and silver. 
 
With regard to iron, the fact that the value exceeds the environmental reference 
criteria for the protection of aquatic life in almost all the sampled stations is not due 
to any anthropogenic source of contamination but rather to the natural presence of 
iron in the soil (Section 7.6). The presence of a potential source and a waste 
disposal site could explain the detected contaminations in mercury. Finally, the silver 
concentrations measured can be observed in nature and are not usually of 
anthropogenic origin.  
 
As for organic compounds, the low level of industrial activity likely to produce these 
compounds in the Study Area explains their absence.  
 
With regard to the environmental reference criteria for the protection of aquatic life, 
the water of the Study Area’s watercourses and lakes is, in general, of acceptable 
quality. However, several stations are contaminated with metals, at concentrations 
that can affect aquatic life. 
 
With regard to the environmental reference criteria for drinking water quality, the 
water of the Study Area’s watercourses and lakes is, in general, unfit for 
consumption when untreated. 
 

7.9.1.2 Groundwater 
 
The results of the groundwater samples analysis collected in the Study Area in 2006 
as well as on the Mengo Plateau in 2007 were compared to the environmental 
reference criteria for drinking water quality (Table 7.29, Appendix L7.9.2). These 
analyses show that there is a microbiological contamination and, in some cases, a 
contamination by heavy metals in the groundwater.  
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The groundwater samples collected on the Mengo Plateau in June, September and 
October 2007 indicate that the water quality is generally good (SNC-Lavalin, 2007a). 
Nitrites values are exceeded at two stations, manganese values are exceeded at 
one station whereas iron values are exceeded at most stations.  
 
Base Physico-Chemical Parameters 
 
Most of the base physico-chemical parameters analysed meet the reference criteria 
for drinking water quality, except for temperature, pH, turbidity and colour 
(Table 7.29).  
 
The temperature of the groundwater is between 25.8 and 29.8 °C. However, the 
temperature criterion developed for Canada is not relevant to tropical climates and is 
presented only for information purpose. The pH is very acid to neutral, being situated 
between 4.2 and 7.4. In ten of the stations sampled, the pH is lower than the 
6.5 - 8.5 range recommended for drinking water quality (Table 7.29). 
 
The turbidity values measured at all the sampling stations also exceed the reference 
criterion for drinking water quality; they vary between 0.57 and 1,100 NTU 
(Table 7.29). The high values measured at the recently drilled wells are probably due 
to an insufficient pumping of the wells before sampling. 
 
With regard to colour, the criterion for drinking water quality is exceeded in 5 of the 
13 stations sampled. The values measured are between < 5 and 121 TCU 
(Table 7.29). 
 
The results of the groundwater samples analysis reveal major differences in the 
physico-chemical composition between the stations of Pointe-Noire located in the 
coastal plain and the stations located in the villages situated further inland 
(Map 7.14). Although the samples were collected from the same aquifer, it can be 
seen that the stations located in Pointe-Noire show generaly higher pH, conductivity 
and alkalinity values. These differences could be partly explained by the nature of 
the soils of the sedimentary coastal basin and the possible influence of a salt-water 
intrusion in the aquifer, near the coast.  
 
Major Ions and Nutrients 
 
Except for nitrites measured at two monitoring wells on the Mengo Plateau, all the 
concentrations of major ions and nutrients meet the reference criteria for drinking 
water quality (Table 7.29). 
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For the surface wells of stations nos. 19 and 50 located in Pointe-Noire (Map 7.14), 
the conductivity measurements combined with the concentrations of chlorides 
suggest that the surface aquifer water is subject to a marine influence. This could be 
a sign that the surface water table is overexploited and that its drawdown below sea 
level results in salt-water intrusion. On the other hand, the deep boreholes at 
stations nos. 18 and 20 (Map 7.14), also located in Pointe-Noire, show 
characteristics of a sedimentary aquifer with an alkalinity of 189 and 214 mg/l and a 
slightly alkaline pH of 7.3 and 7.4. 
 
Metals and Metalloids 
 
Amongst the metals and metalloids analysed, some were not detected 
(Appendix L7.9.2). These parameters are: silver, arsenic, boron, cadmium, 
chromium and selenium. However, since the detection limits are lower than the 
reference criteria for drinking water quality, these parameters meet the criteria. 
 
As for the detected metals and metalloids, iron, manganese and mercury 
concentrations exceed the reference criteria for drinking water quality. 
 
The iron values are exceeded at two stations, i.e. station no. 3, the Hinda well, which 
is in fact a surface pond, and station no. 50, the Mpaka surface well in Pointe-Noire, 
which is not used as a source of drinking water (Map 7.14). The values measured 
were 0.3 and 0.6 mg/l respectively against a criterion of 0.2 mg/l. At Hinda, the 
nature of the surrounding, ferralitic-type soil, can explain this concentration, whereas 
in Pointe-Noire the contamination could be due to the metal wall of the well. Iron 
values are also exceeded in all monitoring wells of the Mengo Plateau (Table 7.29). 
 
The manganese values are also exceeded at three stations, i.e. station no. 7, the 
Marcel-Rigny Camp well, station no. 50, the Mpaka well in Pointe-Noire, and station 
no. MW-3D, a monitoring well on the Mengo Plateau (Map 7.14). The measured 
values were respectively of 0.079, 0.054 and 0.75 mg/l, whereas the reference 
criterion is equal to or lower than 0.05 mg/l (Table 7.29). The presence of 
manganese could be explained by its association with iron, which is naturally very 
abundant in the soils of the Study Area.  
 
Finally, mercury only exceeds the reference criterion at station no. 50 where the 
Mpaka well, in Pointe-Noire, is located. However, the measured value of 0.0012 mg/l 
only slightly exceeds the criterion of 0.001 mg/l (Table 7.29).  
 
The criteria set for iron, manganese and mercury are therefore exceeded at the 
Mpaka surface well in Pointe-Noire. According to the information collected in situ, the 
private well of Mpaka, used by many families, is not used as a source of drinking 
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water but only used for domestic purposes such as laundry. The criterion set for iron 
is also exceeded in all the monitoring wells of the Mengo Plateau. Although the 
reference criteria for iron and manganese are exceeded, the concentrations 
measured represent background levels no doubt due to the ferralitic nature of soils. 
At such levels, their effects are more related to water aesthetics and taste than to 
toxicity. As for the presence of mercury in the Mpaka well, this can be explained by 
anthropogenic activity carried out in this very urbanised area. The effects of mercury 
are toxic if consumed regularly, which would not be the case at Mpaka since the 
water is not used for cooking or drinking. 
 
Organic Compounds 
 
The majority of organic compounds analysed show concentrations that are lower 
than the detection limit (Appendix L7.9.2), i.e.: 

• Mineral oils and greases; 

• VOCs, except for toluene and total xylenes; 

• PAHs; 

• Phenols; 

• Chlorobenzenes; 

• Phytosanitary products; 

• Pesticides and herbicides; 

• PCBs. 

 
Total xylenes and toluene were measured in the well of the village of Mengo 
(Map 7.14) at a low concentration. However, they meet the reference criteria for 
drinking water quality.  
 
Amongst the PAHs analysed, the benzo(a)pyrene limit is however higher than the 
reference criterion for drinking water quality. It is therefore not possible to determine 
if the criterion for this parameter is exceeded. 
 
The presence of other organic compounds, of phytosanitary products and of PCBs 
was not detected in any of the 13 groundwater samples taken in 2006 in the Study 
Area.  
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Microbiological Parameters 
 
In tropical environments, many coliform and enterococcus-type bacteria, having no 
sanitary origin, are found in nearly all untreated water sources. However, these 
bacteria can also be of faecal origin. 
 
No Escherichia coli-type faecal coliforms were detected in the water samples 
analysed (Table 7.29). The microbiological parameters that exceed the 0/100 ml 
reference criterion for drinking water quality are total coliforms and enterococci, 
which were found at the same stations. These are in fact present in six stations 
sampled (Map 7.14) : 

• Three surface water points, i.e. stations nos. 3, 6 and 14, which are small ponds 
dug in the ground in which groundwater comes out in the villages of Hinda, 
Liambou and Ngondji; 

• Two surface wells in Pointe-Noire, i.e. stations nos. 17 and 19; 

• The station no. 8 borehole, in the village of Mengo. 
 
The amount of total coliforms was between 1 and 5 CFU/100 ml, and of enterococci, 
between 5 and 381 CFU/100 m. 
 
The three surface water points and the station no. 19 surface well in Pointe-Noire 
show much higher concentrations of enterococci than the other two stations. The 
presence of these bacteria in the water makes it unsafe for human consumption. 
Although there are no faecal coliforms, the enterococci can be of faecal origin. As 
there are no sanitary wastewater collection and treatment installations in the villages 
of the Study Area, they could be a source of diffused bacteriological contamination. 
Cattle pasturage close to the watercourses can also have similar consequences on 
water quality. 
 
More specifically, the well supplying the village of Mengo is in the village, at the side 
of the road. The presence of bacteria in the groundwater could be due to infiltration 
of run-off water in the well. The water points in the villages of Hinda, Liambou and 
Ngondji are ponds with little renewal of water, which can therefore be contaminated 
by run-off water and poor sanitary practices at the well. The station no. 19 surface 
well in Pointe-Noire could be contaminated by a number of anthropogenic activities, 
but it the water is not used for cooking or drinking.  
 
Finally, the bacteria Staphylococcus aureus was measured in one monitoring well of 
the Mengo Plateau, at station no. TW-1A. 
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Groundwater Quality 
 
The three main sets of parameters that have an impact on groundwater quality in the 
Study Area are microorganisms, physical chemistry and metals and metalloids. 
 
The groundwater in the Study Area can generally be qualified as being very 
aggressive, barely mineralised and with a very low alkalinity. This type of water is 
very likely to corrode the pipes and lines of the pumps and to dissolve the metals 
with which it comes into contact. These observations apply in particular to water from 
the wells of Ntoto Siala, of the Foyer de la Charité in Liambou, of the Marcel-Rigny 
Camp and of the Loandjili hospital (Map 7.14), where no bacteriological 
contamination was observed. A possible treatment would be to re-mineralise the 
water to reduce its aggressiveness and restore its lime-carbon dioxide balance.  
 
The stations situated in Pointe-Noire have higher pH, conductivity and alkalinity 
values than the stations located inland. In addition, the presence of chlorides in the 
surface wells in Pointe-Noire, located on the edge of the ocean, suggests that there 
could be an overexploitation of the surface water table and a salt-water intrusion. 
 
Although slightly turbid, the water from the Tié-Tié hospital and SNDE wells 
(Map 7.14) is of good quality, being more mineralised than that of other wells and 
being free from contamination.  
 
As for major ions and nutrients, except for nitrites measured at two monitoring wells 
on the Mengo Plateau, all the concentrations measured meet the criteria for drinking 
water quality (Table 7.29). 
 
With regard to the microbiological parameters, the Hinda, Liambou, Ngondji and 
Pointe-Noire surface water points, as well as the well in Mengo, are unfit for 
consumption if the water is consumed without being appropriately disinfected. The 
water from the station no. 19 surface well in Pointe-Noire is not used for 
consumption. Finally, the bacteria Staphylococcus aureus was measured in a 
monitoring well of the Mengo Plateau. 
 
The water from the private well at station no. 50 (Map 7.14), situated in the Mpaka 
area of Pointe-Noire, is contaminated with heavy metals; however, it is only used for 
domestic purposes such as laundry. 
 
The water from the Hinda surface pond and the Marcel-Rigny Camp surface well 
slightly exceeds the reference criteria for drinking water quality as regards iron and 
manganese, respectively. Iron values were also exceeded in all monitoring wells of 
the Mengo Plateau and one monitoring well had a manganese concentration 
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exceeding the reference criterion. However, these criteria concern mainly aesthetic 
and taste. In addition, given that the criteria are, in most cases, only moderately 
exceeded, this contamination does not represent a major health risk.  
 
With regard to organic compounds, only traces of xylene and of toluene, lower than 
the reference criteria for drinking water quality, were detected in the Mengo village 
well, but their origin is undetermined. No traces of phytosanitary products or of PCBs 
were found. This absence of phytosanitary products in the groundwater can be 
explained by the fact that phytosanitary products are little, if at all, used in the Study 
Area. As for organic compounds, their absence can be explained by the fact that 
there is little industrial activity generating such compounds in the Study Area.  
 
With regard to PAHs and pesticides, no traces were detected. However, the 
detection limit for benzo(a)pyrene did not allow us to determine if this parameter 
exceeded the environmental reference criterion.  
 

7.9.1.3 Sediment 
 
The results of the analyses carried out on the sediment samples were compared to 
environmental reference criteria based on recommendations for the protection of 
aquatic life, as well as on limit values and quality objectives for the discharge of 
hazardous substances.  
 
Generally speaking, the analyses show that the sediment in the Study Area is of 
good quality (Table 7.30, Appendix L7.9.3).  
 
Grain Size Distribution and Sedimentometry 
 
A grain size distribution analysis by sieving was carried out on the sediment of the 
13 samples taken from the watercourses and the surface ponds, and of the 
3 samples taken from Lake Cayo. A sedimentometry analysis was also carried out 
on the samples taken at stations nos. 2, 4, 51 and 53 (Map 7.14), comprising a 
larger proportion of fine particles. 
 
The grain size distribution analyses show that the sediment in the watercourses 
consist mainly of fine sands (Table 7.30). There is no gravel. The proportion of 
medium sand varies between 1 and 39 %, whereas the proportion of fine sand varies 
between 38 and 97 %. In the case of the Loémé River, the proportions of fine sand 
and medium sand are similar, i.e. 58 and 40 % respectively. Clay is only present in 
stations nos. 2 and 4, in respective proportions of 13 and 23 %. There is no clay in 
station no. 3, which is the town of Hinda surface pond, but there is however a 
significant proportion of fine particles, with 21 % silt. 



Table 7.30    Quality of the Freshwater Sediment Sampled in November and December 2006, as well as in August and November 2007.

Ntombo River, 
Downstream

Hinda Village 
Well

Ntombo River, 
Upstream

Liambou Village 
Well

North Patra 
River 

Tributary

Tienga 
River, 

Upstream
Patra River

Tienga River 
Downstream of 

the SNBI

Ngondji Village 
Well

Koulombo 
River, 

Upstream

Koulombo 
River, 

Downstream

Red River 
Catchment 

Basin Control 
Site

Loémé 
River, 
Water 

Pumping 
Station Site

Lake Cayo 
tributary

Lake Cayo 
Outflow Lake Cayo

2 3[A] 4[A] 6 9 11 12 13 14 15 16 31 55 51 52 53
Base physico-chimical parameters

Humidity % 44 53 82 18 15 18 15 18 16 21 16 15 76 84
Total organic carbon mg/kg 24 000 23 000 94 000 2 300 1 300 1 400 <500 4 800 1 200 5 400 7 900 600 14 000 67 000 78 000
pH pH unit 4.53 5.08 6.43 5.19 6.53 5.70 5.65 5.97 5.76 5.49 5.45 7.88 6.17

Grain size Distribution %
0 to 2 µm - clay 13 0 23 0 0 0 0 0 0 0 0 0 0 36 0 51
2 to 80 µm - silt 29 21 26 6 2 1 1 3 3 1 11 1 2 35 2 15
80 to 400 µm - fine sand 44 71 38 84 97 81 73 71 77 60 74 79 58 27 28 11
400 to 2000  µm -  medium sand 13 8 11 10 1 18 26 26 20 39 14 20 40 2 11 17
2000 to 4000 µm - coarse sand 1 0 2 0 0 0 0 0 0 0 1 0 0 0 10 5
> 4000 µm - gravel 0 0 0 0 0 0 0 0 0 0 0 0 0 0 49 1

Major ions and nutrients
Ammonia nitrogen (N-NH3) mg/kg <5 8 63 <5 <5 <5 <5 <5 <5 7 14 <5 9
Total phosphorus mg/kg 10 120 760 21 23 62 29 71 24 21 360 42 130 340 210
Sulphur (S) % 0.02 0.01 0.12 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02
Chlorides (Cl-) mg/kg 3.0 4.0 12.0 1.3 0.8 1.3 0.8 0.9 1.1 2,0 2.3 1.6 2.6
Nitrates (N-NO3-) mg/kg <0.2 <0.2 <0.2 <0.2 0.3 <0.2 <0.2 <0.2 <0.2 1.1 <0.2 <0.2 0.3
Sulfates (SO4) mg/kg <1.0 <1.0 4.0 <0.9 <1.0 <0.9 <1.0 <1.0 4.0 2.0 <1.0 13.0 3.8

Metals and metalloids
Arsenic  (As) [total] mg/kg 3 Can <0.5 <0.5 4.5 <0.5 <0.5 <0.5 <0.5 5.7 <0.5 <0.5 0.7 0.6 <3.0 <3.0 <3.0
Barium (Ba) [total] mg/kg <5 <5 15 <5 <5 <5 <5 <5 <5 <5 <5 <5 16 110 73
Boron (B) mg/kg <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Cadmium (Cd) [total] mg/kg 0.2 Can <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.3 0.2
Calcium (Ca) mg/kg 69 39 320 <30 67 <30 <30 42 <30 <30 170 200 270 1 500 2 000
Chromium (Cr) [total] mg/kg 37.3 Can <2 5 10 <2 <2 <2 <2 10 <2 <2 5 3 9 25 23
Copper (Cu) [total] mg/kg 28 Can <2 <2 3 <2 <2 <2 <2 10 <2 <2 5 <2 5 25 21
Iron (Fe) mg/kg 53 5 100 110 000 670 690 3 500 1 500 4 700 1 200 1 600 4 400 3 900 6 500 24 000 38 000
Magnesium (Mg) mg/kg 32 15 70 <10 <10 <10 <10 12 11 <10 57 31 200 870 960
Manganese (Mn) [total] mg/kg 1 4 20 1 <1 2 <1 7 2 7 5 4 56 56 300
Mercury (Hg) [total] mg/kg 0.05 Can <0.05 0.05 0.10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.11 0.12
Nickel (Ni) [total] mg/kg 35 Can <1 <1 2 <1 <1 <1 <1 <1 <1 <1 <1 <1 2 11 10
Lead (Pb) [total] mg/kg 23 Can <5 <5 5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 9 6
Potassium (K) mg/kg <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 150 <20 160 720 650
Silicon (Si)(HNO3 soluble) mg/kg 43 390 2 600 94 59 90 73 250 77 56 370 120 940 950
Sodium (Na) mg/kg <10 <10 17 <10 <10 <10 <10 <10 <10 <10 <10 <10 33 220 430
Vanadium (V) mg/kg <1 16 33 4 4 6 7 10 4 1 13 13 30 25
Zinc (Zn) [total] mg/kg 100 Can <10 <10 10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 43 40

Volatile organic compounds (VOCs)
    Toluene mg/kg <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.5 <0.2 <0.2

Total xylenes mg/kg <0.2 <0.2 <0.2 <0.2 0.7 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Polycyclic aromatic hydrocarbons (PAHs)

Acenaphtylene mg/kg 0.00587 Can <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Acenaphtene mg/kg 0.00671 Can <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Dibenzo(a,h)anthracene mg/kg 0.005 Can <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Perylene mg/kg 0.04

 Other organic substances
Oils and grease mg/kg <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 370 <100

4.5 : Concentration which exceeds the environmental reference criteria.

Environment Canada, 1992. Interim criteria for assessing the quality of St. Lawrence River sediment.
Canadian Council of Ministers of the Environment (CCME), 1999. Canadian Sediment Quality Guidelines : Protection of the Aquatic life. Last update : December 2003.

[3]   Source : Can = Canada

Source[3]

[A]  Stations nos. 3 and 4 were subjected to a second sampling on December 16, 2006, in order to have sufficient sediments to complete the analyses of the following parameters: phenols, mineral oils and greases, polycyclic aromatic hydrocarbons (PAH) and volatile organic compounds (VOC).

Analysed Parameters[1] Unit

Stations

[1]    Analysed Parameters : Base physico-chemical parameters, major ions and nutrients, metals and metalloids, volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs), polycyclic aromatic hydrocarbons (PAHs), phenolic compounds, other organics substances, polychlorinated biphenyl
        (PCBs), chlorobenzenes, phytosanitary products, pesticides/herbicides, organochlorine pesticides and pesticide residues and herbicides whose measured concentrations are below the detection limit were removed for reasons of clarity. Complete analyses results are presented in Appendix L7.9.3.
[2]   Environmental Reference Criteria: 

Environmental 
Reference Criteria 

[2]
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Stations nos. 2 and 4 are both located on the Ntombo River, which is situated north 
of the Study Area and drains into the plain beyond the Mayombe. They have a 
higher proportion of fine particles than the other stations, where there is practically 
no clay or silt. The specific characteristics of these two stations can partly explain 
this difference. In fact, stations nos. 2 and 4 are located in small ponds or marshes 
with dense aquatic vegetation and a very weak current, which is conducive to 
sedimentation and the accumulation of fine particles. 
 
At Lake Cayo, the grain size distribution indicates that the composition of the 
sediment varies according to the sedimentation conditions in the lake. Thus, fine 
sediment is found mainly in the deposit areas, i.e. at the centre of the lake and at the 
effluent, and gravel in the erosion area, i.e. at the tributary. 
 
Base Physico-Chemical Parameters 
 
The sediment analysed is slightly acid (Table 7.30). The measured pH values vary 
between 4.53 and 7.88. Only station no. 31, a control site in the Red River, has a pH 
value in excess of 7. 
 
The total organic carbon concentration in the sediment varies widely from sample to 
sample. It is between < 500 and 94,000 mg/kg in the rivers and wells. In the Loémé 
River, it is 14,000 mg/kg and, in Lake Cayo, the total organic carbon content in the 
two samples analysed is 67,000 and 78,000 mg/kg (Table 7.30). 
 
The chemical analyses of the sediment in the watercourses show a high total 
organic carbon concentration for the stations having a high proportion of fine 
particles, i.e. stations nos. 2, 3, 4, 51 and 53. The 94,000 mg/kg concentration at 
station no. 4 is of the same magnitude of that found in Lake Cayo. 
 
It should be highlighted that there is no environmental reference criteria for the 
physico-chemical parameters of the sediment. 
 
Major Ions and Nutrients 
 
Amongst the major ions and nutrients, several parameters have values that are 
lower than the detection limits, including total cyanides, fluoride, nitrites and bromide 
(Appendix L7.9.3).  
 
Concentrations were detected for ammonia nitrogen, total phosphorus, sulphur, 
chlorides, nitrates and sulphates. However, there are no environmental reference 
criteria for the major ions and nutrients of freshwater sediment (Table 7.30). 
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The station no. 4 sediment has concentrations of ammonia nitrogen, total 
phosphorus and chlorides that are much higher than those of other samples 
(Table 7.30). The use of basins set up upstream of the station for different domestic 
uses, such as laundry and the retting of manioc, can explain these concentrations. 
Station no. 16, situated at the mouth of the Koulombo River in Lake Loufoualéba, 
and station no. 51, situated at the mouth of the Loémé River in Lake Cayo, also have 
high concentrations of total phosphorus. These concentrations could be explained by 
the proximity of agricultural areas, as well as by fishing activities. 
 
Metals and Metalloids 
 
Amongst the metals and metalloids analysed, the concentrations of silver, boron and 
selenium were always found in lower concentrations than the detection limits 
(Appendix L7.9.3). 
 
The environmental reference criteria were only observed to be exceeded at times for 
arsenic, mercury and cadmium (Table 7.30). 
 
In the case of arsenic, the environmental reference criteria is 3 mg/kg. A 
concentration of 4.5 mg/kg was measured at station no. 4 situated in the Ntombo 
River. A concentration of 5.7 mg/kg was also measured at station no. 13, situated in 
the Tienga River, downstream from the Société nouvelle des bois imprégnés’ (SNBI) 
effluent outfall. No traces of arsenic were found in the surface water samples taken 
at those stations. Arsenic can be naturally present in the sediment in association 
with iron. The stations where concentrations of arsenic were detected have indeed 
higher concentrations of iron. The presence of arsenic in the sediment of station 
no. 4 could also be due to traditional charcoal production in the Ntombo River 
catchment basin. With regard to station no. 13, the presence of arsenic and of many 
other metals, in concentrations that are however lower than the environmental 
refence criteria, could also be due to neighbouring industrial activity.  
 
In the case of the mercury concentrations that exceeded the environmental 
reference criterion of 0.05 mg/kg, they were measured at station no. 3, which is 
located at the town of Hinda water well, station no. 4, as well as stations nos. 51B 
and 53 at Lake Cayo. The values were 0.05, 0.1, 0.11 and 0.12 mg/kg, respectively.  
 
As for cadmium, only one sample exceeded the environmental reference criterion of 
0.2 mg/kg, i.e. station no. 51B at Lake Cayo with a value of 0.3 mg/kg. 
 
In addition to exceeding the environmental reference criteria with regard to arsenic 
and mercury, station no. 4 also has an iron concentration of 110,000 mg/kg, which is 
twenty times higher than those of the other watercourses (Table 7.30). 
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Generally speaking, the metal concentrations in the sediment are higher in Lake 
Cayo, which can be partly explained by the fact that the two stations whose 
sediment were analysed are sedimentation areas with a high proportion of fine 
sediment, a higher content of organic carbon and, consequently, a higher possibility 
of accumulation of metals. 
 
Many metals were measured in a concentration lower than the environmental 
reference criteria (Table 7.30). Vanadium and chromium were measured in several 
sediment samples but were not detected in the surface water samples of the same 
stations.  
 
Just as in the surface water samples, magnesium, potassium and sodium 
concentrations are higher in the Loémé River than in the other watercourses, and 
are more comparable to the concentrations measured in Lake Cayo, of which it is 
the tributary. The geochemical composition of the soil could explain the measured 
concentrations. 
 
Organic Compounds 
 
The VOCs that were analysed in the river and well sediment have, for the most part, 
values that are lower than the detection limits, except for the toluene and total 
xylenes that were detected (Appendix L7.9.3; Table 7.30). In fact, a 0.5 mg/kg 
toluene concentration was detected in the sediment of station no. 16 situated 
downstream of the Koulombo River, and a 0.7 mg/kg xylene concentration was 
measured at station no. 9 situated in a tributary of the North Patra River. However, 
there is no environmental reference criteria for these parameters. The surface water 
at station no. 9 showed the presence of traces of phenanthrene. The toluene 
measured in the sediment of station no. 16 remains at trace levels and there is a low 
risk of dispersion into the water.  
 
With regard to the phenols that were analysed, their values are all lower than the 
detection limit, except for p-cresol, for which a concentration of 0.2 mg/kg was 
detected at station no. 16 situated downstream of the Koulombo River (Table 7.30). 
However, there is no environmental reference criterion with regard to this parameter. 
The measured traces could be due to industrial or forestry activities carried out in the 
catchment basin. 
 
The values of all the PAHs analysed are lower than the detection limits, except for 
perylene, for which a concentration of 0.04 mg/kg was measured in the sediment of 
the Loémé River (Appendix L7.9.3; Table 7.30). However, there is no reference 
riteria for perylene. For some parameters, such as acenaphthylene, acenaphthene 
 



page 7-192  GENIVAR Limited Partnership 

Q11662 PRELIMINARY ESIA_C7_EN-18_2009-04-30_CD.doc 

and dibenz(a,h)anthracene, the detection limit is higher than the environmental 
reference criteria. In this case, it is not possible to determine if the criteria are 
exceeded for these parameters. 
 
Except for the Loémé River, the concentrations of mineral oils and greases, as well 
as all the chlorobenzenes and phytosanitary products, were lower than the detection 
limits for all the samples analysed (Table 7.30). In fact, a concentration of 370 mg/kg 
for mineral oils and greases was measured in the sediment of the Loémé River. 
There are no environmental reference criteria with regard to these parameters. 
 
The PCB concentrations that were analysed are all lower than the detection limits 
(Appendix L7.9.3). The detection limit for the total PCBs is equal to the reference 
criteria, which is therefore not exceeded. 
 
The concentrations of most of the pesticides and herbicides analysed are also lower 
than the detection limits (Appendix L7.9.3). 
 
Sediment Quality 
 
Heavy metals were detected in the sediment at some stations: mercury, cadmium 
and arsenic in particular (Table 7.30). These are more specifically the stations of the 
Tienga and Ntombo Rivers, as well as of Lake Cayo. Industrial activities that are 
practiced and the production of charcoal, as well as the presence of naturally 
occurring arsenates and arseno-compounds in the Study Area, are potential sources 
of contamination. 
 
The sediment of the Ntombo River and of Lake Cayo are those that have the highest 
concentrations of metals and the environmental reference criteria for mercury is 
exceeded at the three stations, in addition to arsenic for the Ntombo River and to 
cadmium for Lake Cayo. These are also the only sediment that have a significant 
proportion of clay, and the highest concentration of organic carbon.  
 
For the organic compounds, only moderate concentrations, traces even, and in all 
cases, in a lower concentration than the environmental reference criteria, were 
measured at all the sampling stations for the sediment analysed. Only the sediment 
of the Loémé River have a measurable concentration of mineral oil and grease, 
albeit quite low. No traces of phytosanitary products or of PCBs were detected. The 
absence of phytosanitary products in the water and the sediment can be explained 
by the fact that there is little agricultural activity in the Study Area. As for organic 
compounds, their absence could be explained instead by the fact that there is little 
industrial activity in the Study Area.  
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With regard to PAHs and pesticides, no result has exceeded the detection limit for all 
the analyses carried out for these parameters, except for the perylene measured in 
the sediment of the Loémé River. 
 

7.9.2 Impacts and Mitigation Measures 
 
In consideration of the baseline conditions presented herein, an analysis of the 
interactions between the VEEs and the Project Components was conducted for each 
of the three Project phases, i.e. exploration, construction and operational (Tables 6.1 
to 6.3). 
 
Specifically for those VEEs which are potentially impacted during any phase of the 
Project, an impact assessment sheet was completed. When applicable, the impact 
assessment sheet is a self-sufficient document which lists the potential impacts, 
provides the necessary environmental and social backgrounds of the VEE, and 
assesses the degree of disturbance, extent, duration, probability of occurrence and 
overall magnitude of the impacts. Mitigation measures are then defined and residual 
impacts assessed. 
 
More specifically, it is expected that the water and freshwater sediment quality will 
be impacted during the exploration, construction and operational phases (Tables 6.1 
to 6.3). Therefore, the relevant impact assessment sheets for this VEE are 
presented hereinafter. 
 
Essentially, the most important potential impacts on the water and freshwater quality 
will consist of deterioration of water and sediment quality caused by: 

• Accidental discharge of reagents, chemicals, hydrocarbons, wastewater, brine, 
hypersaline water or potash, and any resulting contamination of run-off or 
surface water; 

• Devegetation, earth works, encroachment of machinery on the edge of the work 
areas, and resulting erosion and sedimentary transport by run-off; 

• Emissions of gases and particulates from the combustion of hydrocarbons, and 
the manufacture, handling and transport of the potash; 

• Earth works on the banks of the Tienga and Loémé Rivers, respectively to 
construct the pipe bridges and the pumping station. 

 
The mitigation measures will consist of: 

• Minimising encroachment on watercourses as far as possible, notably by 
maintaining a 20-m riparian strip of vegetation, installing temporary culverts and 
using set crossings; 
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• Implementing preventive and protective measures against accidental discharges, 
notably control systems for brine or hypersaline water leaks, and appropriate 
management of contaminated soil and waste; 

• Minimising devegetation and earth works, restricting the movement of machinery 
and vehicles to the work areas, reprofiling and revegetating temporary work 
areas, prohibiting any exploitation of vegetation on the Mengo Plateau, and 
implementing soil erosion control procedures; 

• Using clean air technologies and appropriate air filters; 

• Managing the plant site drainage water in a retention pond to maximise the 
settlement of suspended solids, before it is recycled to the plant for use in the 
process. Water will be discharged into the Tienga River only in the case of storm 
events greater than the 1:100 year 24 hour event; 

• Using the results from the effluents monitoring programme, as well as for the 
surface water, groundwater and freshwater sediment quality. 

 
There will be a limited reduction in water and sediment quality during the 
construction and operational phases, until the vegetation grows again. Therefore, the 
residual impact will be low. 
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SHEET 7.9.1     ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT SHEET – EXPLORATION PHASE 
 

VALUED ELEMENT OF THE ENVIRONMENT: Water and Freshwater Sediment Quality 
      
ENVIRONMENT:   physical  biological  human  
      
PROJECT COMPONENT: 1) Access roads and drilling platforms; 2) Drilling; 3) Reagents, chemicals and fuels; 

4) Waste management 
      
DESCRIPTION OF POTENTIAL IMPACTS:      
• The drilling of the 12 exploration wells to a depth of approximately 800 m has passed through the five aquifers identified in the Project Area, 

exposing them to potential contamination from the salts, bentonite, cement and diesel fuel used to make drilling mud;  
• Drill cuttings stored in mud pits may have contaminated the groundwater; 
• Accidental spillage of these products and of the hydrocarbons used for operating vehicles and power-driven equipment has exposed the 

groundwater, surface water and sediment to potential contamination;  
• The construction of the access roads and drilling platforms has required deforestation work, removal of vegetation and surface stripping of 

organic soil, as well as excavation, levelling and backfilling operations to be carried out. These activities may have reduced the quality of the 
surface soils, which, once eroded or leached by run-off, may have carried sediment into the Tienga and Patra Rivers, or contaminated their 
water and sediment;  

• Domestic waste generated at the Marcel-Rigny Camp, once leached by run-off, may have contaminated the surface water and sediment of the 
Tienga and Patra Rivers. 

 
ASSESSMENT OF IMPACTS Nature of impacts:  positive  negative  undetermined 
 
 Ecosystem Value  Social Value 
 
  high  medium  low  high  medium  low 
 
 
 Environmental Value Degree of disturbance 
 
  high  medium  low  high  medium  low  undetermined 
 
 
 Intensity 
 
  high  medium  low 
 
 
 Extent Duration Probability of occurrence 
 
  regional  local  limited  long  medium  short  high  medium  low 
 
 

Magnitude of the impacts 
 
  high  medium  low  very low  undetermined 
 

MITIGATION AND/OR OPTIMISATION MEASURES: 

 The salts, bentonite and hydrocarbons were stored undercover and handled responsibly; 

 The drill cuttings were stored in mud pits set up at every drilling platform and, where necessary, the diesel fuel was collected in a tank to be 
reused; 

 Two or three mud pits discharging in turn one into the other, on the one hand enabled the cuttings to settle out in the first mud pit, the walls of 
which were sealed with bentonite and, on the other hand, enabled clarified water to flow into the second mud pit and to be filtered by a 
process of slow seepage into the sand; 

 Surface soils contaminated by an accidental spillage of salts or hydrocarbons were recovered before the contaminants reached the first 
aquifer; 

 The deforestation work, removal of vegetation, surface stripping of organic soil, as well as excavation, levelling and backfilling operations have 
been limited to the minimum required surface area. They only affected a very small area of forest and no wetland. Furthermore, the riparian 
strip of vegetation was left intact over a width of 20 m, except in a spot where erosion appeared and where the riparian strip has been 
revegetated with bamboo. The erosion produced by drilling platform no. 8 was also controlled by revegetation with bamboo. 



page 7-196  GENIVAR Limited Partnership 

Q11662 PRELIMINARY ESIA_C7_EN-18_2009-04-30_CD.doc 

 

RESIDUAL IMPACTS: 

 Around the walls of the drilling wells, only small quantities of bentonite will remain, without any consequences; 

 In the mud pits, only small quantities of bentonite and salts have remained and have sealed the bottom of the mud pit, which has reduced 
percolation; 

 Only some surfaces cleared of vegetation for the wells which will be used in future operations, will not be revegeted. 
 

Magnitude of residual impacts 
 
  high  medium  low  very low  undetermined 
 

JUSTIFICATION: 
Ecosystem Value: The quality of the surface water and groundwater, as well as that of the freshwater sediment, is dependent on geochemical 
and physico-chemical factors that are characteristic of the environment, biological factors related to the vegetation cover and human factors 
associated with land use and anthropogenic activities in the catchment area. As a result, the quality of the surface water and groundwater, as 
well as that of the freshwater sediment, is more a reflection of the ecosystem they are part of than an influence on it. However, several countries 
and international bodies have set out water and sediment quality standards and criteria with regard to the protection of aquatic life and to their 
uses by people. As a result, the water and freshwater sediment quality has an interest, whose conservation and protection constitute a concern 
on the part of certain interest groups. The ecosystem value is medium. 
Social Value:. Surface and groundwater are essential to human activities, such as potable water and irrigation. There are clear links between the 
surface water and shallow aquifer; the groundwater is the subject of legal protection measures. The availability and the quality of water are the 
subject of high expectations in terms of improvement and major concerns in terms of deterioration, particularly with regard to its importance for 
the communities’ drinking water supply. The social value is high. 
Degree of disturbance: The impact has little effect on the quality, use or environmental integrity of the groundwater, surface water and sediment 
of the Tienga and Patra Rivers. Two erosion sites, located respectively downstream of drilling platform no. 8 and downstream of a hydraulic test 
pumping well, appeared soon after removal of the vegetation and their exposure to the heavy rains. A certain amount of fine sand was eroded 
and washed into the Tienga River. Diversion ditches were made, in order to direct the drainage waters towards the natural vegetation cover, and 
the eroded areas were replanted with bamboo shoots. There have been two overflows from the mud pits, when heavy rain caused the contents of 
the mud pits to spread into the vegetation adjacent to the platform. At the time of the overflow, the mud pits only contained approximately 100 m3 
of bentonite drill cuttings, a mineral substance which is non toxic for the environment. 
Extent: The impact on the water and sediment quality is only felt in a very limited area inside or close to the Project Area. 
Duration: The impact on the quality of the groundwater, surface water and sediment of the Tienga and Patra Rivers is only felt during the 
exploration phase. 
Probability of occurrence: The impact on the quality of the groundwater and the surface water and sediment of the Tienga and Patra Rivers is 
probable. 
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SHEET 7.9.2     ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT SHEET - CONSTRUCTION PHASE 
 

VALUED ELEMENT OF THE ENVIRONMENT: Water and Freshwater Sediment Quality 
      
ENVIRONMENT:   physical  biological  human  
      
PROJECT COMPONENT: 1) Surface infrastructure of the brine field; 2) Drilling and solution mining; 3) Potash plant 

and process; 4) Plant utility services; 5) Auxiliary plant infrastructure; 6) Reagents and 
chemicals; 7) Water supply and management; 8) Energy supply; 9) Transport; 10) Port 
infrastructure and activities; 11) Camp; 12) Waste management. 

      
DESCRIPTION OF POTENTIAL IMPACTS:      
 Deterioration of water and sediment quality by soil erosion and sedimentary transport caused by run-off ; 
 Deterioration of water and sediment quality of the Loémé River caused by excavation and dredging work on the banks, which is required for 

construction of the pumping station; 
 Deterioration of water and sediment quality of the Tienga River caused by construction work on the fresh water and brine effluent pipelines; 
 Deterioration of water and sediment quality by the accidental spillage of reagents, chemicals, hydrocarbons, wastewater, and by the 

contamination of run-off or surface water. 
 
ASSESSMENT OF IMPACTS Nature of impacts:  positive  negative  undetermined 
 
 Ecosystem Value Social Value 
 
  high  medium  low  high  medium  low 
 
 
 Environmental Value Degree of disturbance 
 
  high  medium  low  high  medium  low  undetermined 
 
 
 Intensity 
 
  high  medium  low 
 
 
 Extent Duration Probability of occurrence 
 
  regional  local  limited  long  medium  short  high  medium  low 
 
 

Magnitude of the impacts 
 
  high  medium  low  very low  undetermined 
 

MITIGATION AND/OR OPTIMISATION MEASURES: 
 Minimising deforestation, removing vegetation, surface stripping the soil, excavation, levelling and backfilling work; 
 Reprofiling temporary work areas to their original relief, spreading organic soil on the cleared areas and revegetation; 
 Restricting the movement of machinery and vehicles to the work areas; 
 Implementing soil erosion control, inspection and monitoring procedures on all the Project sites; 
 Crossing the watercourses at the planned location and use of temporary culverts to preserve the integrity of the banks; 
 Carrying out the work on the banks of the Loémé and Tienga Rivers during the dry season, so as to reduce sedimentary transport; 
 Transporting the hydromorphic soil excavated from the upper banks of the river and giving it to the villagers for use in their gardens; 
 Constructing pipe bridges to carry the brine and brine effluent pipelines at the crossings of the watercourses, particularly for the Tienga River, 

which will incorporate pedestrian footbridges; 
 Installation of the system for drainage water collection and the retention basin at the plant site as a priority, so as to minimise erosion and 

sedimentary transport; 
 Maintaining a riparian strip of vegetation with a width of 20 m along the watercourses and revegetation of temporary work areas after use; 
 Implementing preventive and protective measures against accidental discharges; 
 Recovery, transport to the waste management centre and appropriate management of waste. 
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RESIDUAL IMPACTS: 
 Limited and temporary reduction in water and sediment quality during the period of the work and for the first years of vegetation regrowth. 

 
Magnitude of residual impacts 

 
  high  medium  low  very low  undetermined 
 

JUSTIFICATION: 
Ecosystem Value: The quality of the surface water and groundwater, as well as that of the freshwater sediment, is dependent on geochemical 
and physico-chemical factors that are characteristic of the environment, biological factors related to the vegetation cover and human factors 
associated with land use and anthropogenic activities in the catchment area. As a result, the quality of the surface water and groundwater, as 
well as that of the freshwater sediment, is more a reflection of the ecosystem they are part of than an influence on it. However, several countries 
and international bodies have set out water and sediment quality standards and criteria with regard to the protection of aquatic life and to their 
uses by people. As a result, the water and freshwater sediment quality has an interest, whose conservation and protection constitute a concern 
on the part of certain interest groups. The ecosystem value is medium. 
Social Value: Surface and groundwater are essential to human activities, such as potable water and irrigation. There are clear links between the 
surface water and shallow aquifer; the groundwater is the subject of legal protection measures. The availability and the quality of water are the 
subject of high expectations in terms of improvement and major concerns in terms of deterioration, particularly with regard to its importance for 
the communities’ drinking water supply. The social value is high. 
Degree of disturbance: In the absence of criteria governing water and sediment quality in Congo, an international framework of standards and 
directives was used, in order to determine environmental reference criteria The sampling and laboratory analysis results show that the surface 
water and groundwater quality in the Study Area is generally good, with some exceptions. If they are compared to the Canadian standard for the 
protection of aquatic life, the surface waters are warm, acid, turbid, coloured and low in dissolved oxygen, apart from Lake Cayo and the Loémé 
River, whose waters are neutral and, in the case of Lake Cayo, well oxygenated. It was also observed that the reference criterion for iron 
concentration was exceeded several times and that mercury, silver and cadmium concentrations also exceeded the reference criteria at times. 
Total coliforms and enterococci were detected in all the watercourses sampled, making these inadequate for consumption. Compared to the 
drinking water reference criteria, water from aquifer AQ-2 in the Study Area is generally of a good quality, with some exceptions. This 
groundwater is warm, acid, turbid and coloured; that of Pointe-Noire showing a higher level of pH, conductivity and alkalinity, which may be due 
to the quality of the soils in the coastal plain and a degree of salt water intrusion into the aquifer. Metals and organic compounds were measured 
in concentrations that generally comply with the reference criteria. No faecal coliform was detected in water from the wells directly fed by aquifer 
AQ-2. On the other hand, the Hinda, Liambou and Ngondji drinking water ponds, the Mengo well, as well as the wells exploiting aquifer AQ-1 in 
Pointe-Noire, show a total coliform and enterococcus contamination, which makes the water unsuitable for consumption without treatment. The 
quality of the sediment in the Study Area is generally good, with some exceptions It was observed that the reference criteria for arsenic, mercury 
and cadmium were exceeded on occasions. Generally speaking, the VOCs, PAHs and pesticides concentrations in the sediment of the Study 
Area are lower than the environmental reference criteria or lower than the detection threshold of the analyses. 
During the construction phase, water and sediment contamination could mainly come from: i) soil erosion and sedimentary transport by run-off; 
ii) construction work on the banks at the pumping station and freshwater and brine effluent pipelines; iii) an accidental discharge of reagents, 
chemicals, hydrocarbons or wastewater; and iv) transport of gases and particulates emitted by combustion of hydrocarbons. 
The construction of the pumping station on the banks of the Loémé River will affect 0.1 ha of hydromorphic soils located in wetlands. The 
products used for drilling which could contaminate water and sediment if not properly managed, comprise mainly bentonite, salts, 
polysaccharides, cellulose compounds and diesel fuel. These products do not present any major risk to human health or the environment, if they 
are responsibly managed.  
Pumping 50 m3/h of water from aquifer AQ-3 for the needs of the workers and of the construction work will not affect the groundwater quality. The 
use of hydrocarbons will generate gaseous and particulate emissions, which could contaminate the water and sediment. Thus, the generating 
sets, drill rigs, heavy machinery, lorries, trains and all other types of power-driven vehicles will consume around 11.9 million of litres of diesel fuel 
and 5.1 million of litres of gas fuel, which will emit 44,380 t of CO2 into the ambient air during the construction phase. Finally, an accidental 
discharge of hydrocarbons could also contaminate the water and sediment.  
During construction, domestic wastewater from the plant and the workers' camp will be sent to a sanitary wastewater treatment system. The 
disposal of the treated effluent will depend on the method of treatment used and will be confirmed before CCC mobilise to site. From 18 months 
into construction, the effluent may be recycled into the cavern development process. The sludge will be either be composted or buried in the 
landfill. The Project will not use or discharge into the environment any metal, VOC, PAH or pesticide. The impact has little effect on water and 
sediment quality in the Project Area. The degree of disturbance is low. 
Extent: The impact will only be felt in a relatively limited area close to or a short distance from the Project Area. 
Duration: The impact will be felt during the construction period. 
Probability of occurrence: The impact on water and freshwater sediment quality is probable. 
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SHEET 7.9.3     ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT SHEET – OPERATIONAL PHASE 
 

VALUED ELEMENT OF THE ENVIRONMENT: Water and Freshwater Sediment Quality 
      
ENVIRONMENT:   physical  biological  human  
      
PROJECT COMPONENT: 1) Surface infrastructure of the brine field; 2) Drilling and solution mining; 3) Potash plant 

and process; 4) Plant utility services; 5) Auxiliary plant infrastructure; 6) Reagents and 
chemicals; 7) Water supply and management; 8) Energy supply; 9) Transport; 10) Port 
infrastructure and activities; 11) Camp; 12) Waste management. 

      
DESCRIPTION OF POTENTIAL IMPACTS:      
 Deterioration of water and sediment quality by soil erosion and sedimentary transport caused by run-off; 
 Deterioration of water and sediment quality by the accidental spillage of reagents, chemicals, hydrocarbons, wastewater, hypersaline water or 

potash, and by the contamination of run-off or surface water; 
 Deterioration of water and sediment quality by gaseous and particulate emissions caused by the combustion of hydrocarbons; 
 Deterioration of water and sediment quality by gaseous and particulate emissions caused by the manufacture, handling and transport of the 

potash. 
 
ASSESSMENT OF IMPACTS Nature of impacts:  positive  negative  undetermined 
 
 Ecosystem Value Social Value 
 
  high  medium  low  high  medium  low 
 
 
 Environmental Value Degree of disturbance 
 
  high  medium  low  high  medium  low  undetermined 
 
 
 Intensity 
 
  high  medium  low 
 
 
 Extent Duration Probability of occurrence 
 
  regional  local  limited  long  medium  short  high  medium  low 
 
 

Magnitude of the impacts 
 
  high  medium  low  very low  undetermined 
 

MITIGATION AND/OR OPTIMISATION MEASURES: 
 Minimising deforestation, removing vegetation, surface stripping the soil, excavation, levelling and backfilling work; 
 Reprofiling temporary work areas to their original relief, spreading organic soil on the cleared areas and revegetation; 
 Restricting the movement of machinery and vehicles to the work areas; 
 Implementing soil erosion control, inspection and monitoring procedures on all the Project sites; 
 Constructing pipe bridges to carry the brine and brine effluent pipelines at the crossings of the watercourses, particularly for the Tienga River, 

which will incorporate pedestrian footbridges; 
 Implementing pressure detection, visual inspection and control systems for brine effluent leaks; 
 Implementing preventive and protective measures against accidental discharges; 
 Recovery, transport to the waste management centre and appropriate management of waste; 
 Implementing a monitoring programme for the effluents of the Project, as well as for the surface water and groundwater and freshwater 

sediment quality in the environment. 
RESIDUAL IMPACTS: 
 The residual impacts on water and sediment quality will be low. 
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Magnitude of residual impacts 

 
  high  medium  low  very low  undetermined 
 
 

JUSTIFICATION: 
Ecosystem Value: The quality of the surface water and groundwater, as well as that of the freshwater sediment, is dependent on geochemical 
and physico-chemical factors that are characteristic of the environment, biological factors related to the vegetation cover and human factors 
associated with land use and anthropogenic activities in the catchment area. As a result, the quality of the surface water and groundwater, as well 
as that of the freshwater sediment, is more a reflection of the ecosystem they are part of than an influence on it. However, several countries and 
international bodies have set out water and sediment quality standards and criteria with regard to the protection of aquatic life and to their uses by 
people. As a result, the water and freshwater sediment quality has an interest, whose conservation and protection constitute a concern on the part 
of certain interest groups. The ecosystem value is medium. 
Social Value: Surface and groundwater are essential to human activities, such as potable water and irrigation. There are clear links between the 
surface water and shallow aquifer; the groundwater is the subject of legal protection measures. The availability and the quality of water are the 
subject of high expectations in terms of improvement and major concerns in terms of deterioration, particularly with regard to its importance for the 
communities’ drinking water supply. The social value is high. 
Degree of disturbance: In the absence of criteria governing water and sediment quality in Congo, an international framework of standards and 
directives was used, in order to determine environmental reference criteria. The sampling and laboratory analysis results show that the surface 
water and groundwater quality in the Study Area is generally good, with some exceptions. If they are compared to the Canadian standard for the 
protection of aquatic life, the surface waters are warm, acid, turbid, coloured and low in dissolved oxygen, apart from Lake Cayo and the Loémé 
River, whose waters are neutral and, in the case of Lake Cayo, well oxygenated. It was also observed that the reference criterion for iron 
concentration was exceeded several times and that mercury, silver and cadmium concentrations also exceeded the reference criteria at times. 
Total coliforms and enterococci were detected in all the watercourses sampled, making these unsuitable for consumption without further 
treatment. Compared to the drinking water quality standards, water from aquifer AQ-2 in the Study Area is generally of a good quality, with some 
exceptions. This groundwater is warm, acid, turbid and coloured; that of Pointe-Noire showing a higher level of pH, conductivity and alkalinity, 
which may be due to the quality of the soils in the coastal plain and a degree of salt water intrusion into the aquifer. Metals and organic 
compounds were measured in concentrations that generally comply with the reference criteria. No faecal coliform was detected in water from the 
wells directly fed by aquifer AQ-2. On the other hand, the Hinda, Liambou and Ngondji drinking water ponds, the Mengo well, as well as the wells 
exploiting aquifer AQ-1 in Pointe-Noire, show a total coliform and enterococcus contamination, which makes the water unsuitable for consumption 
without treatment. The quality of the sediment in the Study Area is generally good, with some exceptions It was observed that arsenic, mercury 
and cadmium concentrations exceeded the reference criteria on occasions. Generally speaking, the VOCs, PAHs and pesticides concentrations in 
the sediment of the Study Area are lower than the environmental reference criteria or lower than the detection threshold of the analyses. 
During the operational phase, water and sediment contamination could mainly come from: i) soil erosion and sedimentary transport by run-off, 
both in the brine field and on the other Project sites; ii) an accidental discharge of reagents, chemicals, hydrocarbons, wastewater, hypersaline 
water or potash; and iii) transport of gases and particulate emitted by combustion of hydrocarbons and by the manufacture, handling and transport 
of the potash. 
The products used for drilling which could contaminate water and sediment if not properly manages, comprise mainly bentonite, salts, 
polysaccharides, cellulose compounds and diesel fuel. The products used in the plant mainly comprise an amine-based anticaking agent, an 
oil-based dust inhibitor, iron oxide colours, a sodium hypochloride-based biocide, an amine-based corrosion inhibitor, a polymer-based scale 
inhibitor, bisulphites, and hydrocarbons. Less than 1 m3/a of caustic soda and hydrochloric acid will be used. In addition to caustic soda, 
hydrochloric acid and hydrocarbons which may present some risks in case of spillage or fire, all the other reagents or chemicals used do not 
present any major risk to human health or the environment, if they are responsibly managed. Drainage water from the various sites will be 
transported in ditches equipped with anti-erosion structures or surfaces; those from the main plant site will be sent to a retention basin, to be 
settled there for a few hours, then returned to the environment via a ditch equipped with anti-erosion structures.  
The use of hydrocarbons will generate gaseous and particulate emissions, which could contaminate the water and sediment. Thus, the generating 
sets, drills, heavy machinery, lorries, trains and all other types of power-driven vehicles will consume around 3,464,175 litres of diesel fuel 
annually, which will emit 9,512 t/a of CO2 into the ambient air. Moreover, the plant’s various burners will consume 263 MNm3/a of natural gas 
which will mainly discharge PMtot, PM10, PM2.5 NOx, benzene and benzo(a)pyrene into the atmosphere, whereas the three ventilation exhaust 
stacks of the potash bagging and storage buildings will generate potash particles in the atmosphere. Potash transport by rail could also generate 
potash dust and the accidental derailment of a convoy could spill potash into the Tienga or Koulombo Rivers. However, each wagon will be 
equipped with a latched cover, which will protect the potash from wind erosion and rain and will minimise the spread, if there is a spillage. Finally, 
an accidental discharge of hydrocarbons could also contaminate the water and sediment.  
During the operational phase, the domestic wastewater will be sent to a sanitary wastewater treatment system. The effluent will be recycled into 
the mining process, while the sludge will be either be composted or buried in the landfill. The Project will not use or discharge into the environment 
any metal, VOC, PAH or pesticide. The impact has little effect on the quality or environmental integrity of water and sediment in the Project Area. 
The degree of disturbance is low. 
Extent: The impact on water and freshwater sediment quality could depend on the influence of the dispersion plumes for the various gases and 
types of particles. The impact will therefore only be felt in a relatively limited area inside, close to or a short distance from the Project Area. The 
extent is therefore local. 
Duration: The impact on water and freshwater sediment quality will be felt throughout the lifetime of the Project. The duration is therefore long. 
Probability of occurrence: The impact on water and freshwater sediment quality is probable. 
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