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EXECUTIVE SUMMARY 

Pollution is the introduction of contaminants into the natural environment that cause adverse 

change. It is a point source pollution when contaminants from a specific source enter a water 

body and non-point pollution when the contaminants come from diffuse sources. Pollution 

reduces water quality affecting health and diversity of aquatic organisms including fish. Lake 

Turkana found in the north west of Kenya is endorheic. It has a surface area of 7,500 km2 

making it the largest lake in Kenya, the world's largest permanent desert lake and the world's 

fourth-largest salt lake. Ferguson’s Gulf, which is the focus of this study, is connected to Lake 

Turkana through the mouth of the gulf. The intermittent River Kalotum and numerous 

ephemerals also provide inflows. It the one of the most productive areas of the lake with high 

fish landings and high human population. Six sites at Ferguson’s Gulf with varying degrees of 

pollution were identified and their coordinates marked using Raymarine Dragonfly-7 Pro 

Sonar/GPS. Water quality measurements were taken in situ using YSI Professional Plus 

handheld multiparameter meter while fish samples were collected using monofilament gill nets 

of variable mesh sizes. Questionnaires were administered to fisheries stakeholders including 

fishermen. Data was analysed using Microsoft Excel 2013. Results indicate high levels of faecal 

and plastic pollution in the gulf. A total of 135 fish representing 12 species were recorded in the 

Gulf. There was no major overlap between fish species found in Ferguson’s Gulf and the open 

lake. Environmental parameters, namely, dissolved oxygen, water temperature, and pH seemed 

to have no significant difference within the Gulf hence their influence on diversity and 

abundance was negligible. Most of the interviewed fishermen (62%) were aware of the proper 

disposal methods for oil, plastic and fish waste but the main challenge they are facing is lack of 

designated disposal areas. They listed Longech as the most polluted area (39%) followed by 

Natirae (22%). It can be concluded that faecal, plastic and engine oil wastes are the main 

contributors to pollution at Ferguson’s Gulf but are yet to have any major impact on water 

quality, and diversity and abundance of fish in the Gulf.  In-depth analysis on microplastics on 



iv 
 

fish and effects of plastics on feeding and reproduction by demersal fish is highly 

recommended.   

Keywords: Pollution; point sources; Ferguson’s Gulf, Lake Turkana.
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INTRODUCTION 

Pollution is defined as the introduction of contaminants into the natural environment 

that cause adverse change or simply to make something impure —in this case, the waters in the 

lotic and lentic systems. Pollution therefore affects water quality in lakes and other aquatic 

ecosystems around the globe. It can take many forms from industrial, agricultural, or municipal 

sources; a few common examples include pesticides, herbicides, sewage, and litter. The 

pollution of water restricts its use for some human need or a natural function in the ecosystem. 

Lentic systems often contain high pollution levels relative to the surrounding landscapes and 

environment. Rivers and streams drain pollutants from the landscape where they concentrate 

in lakes and other water bodies. Some pollutants don’t readily dissolve and dilute in water and 

are instead taken up into some aquatic organisms such as fish leading to bioaccumulation. 

Some species of aquatic organisms are particularly sensitive to pollution; they are used as 

indicators of pollution and are called bioindicators. Because lakes drain a large surrounding 

landscape, they reflect the processes and actions that operate around them. When chemicals 

are spilled, they can drain into nearby streams and be transported downstream into lakes.  

Pollution is generally categorized by how it enters a water body. When contaminants 

that enter a water body can be traced back to a specific source or location, it is referred to as a 

point source pollution while non-point pollution is when the contaminants come from diffuse 

sources and often enter the water body in small amounts but get concentrated after some 

period. Point source pollution is generally easier to manage compared to non-point source 

pollution. Examples of point source pollution include dumping of industrial waste, effluent from 

sewage treatment facilities, illegal dumping of garbage, and other hazardous chemical 

deposition. Non-point source pollution includes agricultural runoff (pesticides, fertilizers, 

manure), acid rain, nitrate deposition, and leaching from septic tanks. Without an identifiable 

source, this type of pollution is often difficult to manage; it is harder to estimate how much 

pollution is actually occurring and what sort of impacts it is having. Non-point source pollution 

accounts for most of the contamination in water systems.  
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Regardless of the source, pollution can disrupt aquatic life in many ways. In general, 

pollution reduces water quality. It can also reduce the diversity of wildlife, especially sensitive 

species. When nutrients wash into waterways through storm runoff, they deplete oxygen in the 

water that fish need to survive. Nitrogen and phosphorus typically enter streams and lakes 

from fertilizers, animal waste, and other sources. Over time, these nutrients build up in the 

water and promote algae and water plant growth, and as they decay, they lower oxygen levels 

in the water. Algal blooms can be harmful to fish as they feed upon algae, toxins accumulate 

within the fish, and when a predator fish consumes that fish, they too are consuming higher 

toxin levels. Pesticides and heavy metals that enter waterways can also harm or kill fish. 

Synthetic pesticides used for weed and bug control are toxic in even small amounts. Heavy 

metals created when fossil fuels are burned enter the atmosphere or through industrial runoff, 

eventually making their way into bodies of water. Exposure to heavy metals can impair a fish’s 

ability to smell, disrupting its ability to locate food and protect itself from predatory animals 

and fish. Heavy metals can also find their way into the food chain of fish causing illness or death 

to fish or their predators including humans. Sediment washed away from construction activities 

and urban or agricultural activity enter lakes, reducing water clarity and water quality, and can 

be lethal to aquatic organisms by becoming trapped in gills. Finally, atmospheric pollutants — 

from car exhaust pipes or industrial power generation can enter lakes as acid rain or other 

forms of acidic precipitation. 

Plastic pollution has become one of the most pressing environmental issues, as rapidly 

increasing production of disposable plastic products overwhelms the world’s ability to deal with 

them. Once in the lake, sunlight, wind and wave action break down plastic waste into small 

particles. These microplastics are spread throughout the water column. Microplastics are 

breaking down further into smaller and smaller pieces. Plastic microfibers, meanwhile, have 

been found in municipal drinking water systems and drifting through the air. Ingested 

microplastic particles can physically damage organs and leach hazardous chemicals—from the 

hormone-disrupting bisphenol A (BPA) to pesticides—that can compromise immune function 

and stymie growth and reproduction. Both microplastics and these chemicals may accumulate 
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up the food chain, potentially impacting whole ecosystems, including the health of fish which 

are consumed by humans. 

 

During the last two decades, significant achievements have been made nationally in the 

protection and enhancement of water quality in Kenya’s lotic and lentic systems. Much of this 

progress, however, has resulted from controlling point sources of pollution mainly from urban 

populations bordering water bodies. Pollutant loads from nonpoint sources continue to present 

problems for achieving water quality goals and maintaining designated uses in many parts of 

the country.  Lake Turkana has a geologically special character of being endorheic, it has inflow 

from rivers but no outflow. It also has coarse ground under the lake basin making the lake 

water seep easily into the underground. This is reason enough to maintain the ecological 

integrity of the lake water for a more productive ecosystem.  

This study seeks to map the major point sources of pollution at Ferguson’s Gulf in Lake 

Turkana and to assess effects on fish ecology. The study is crucial since Ferguson’s Gulf is one of 

the most productive areas of the lake with high fish landings and also has the highest 

population along the lake. 
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MATERIALS AND METHODS 

2.1 Study Area 

Lake Turkana is Kenya’s northernmost lake lying within the Great Rift Valley. It is an 

endorheic lake meaning it occurs in a closed basin with no visible outlet. Having a surface area 

of 7,500 km2 makes it the largest lake in Kenya, the world's largest permanent desert lake and 

the world's fourth-largest salt lake. The lake is 250 km long, has an elevation of 360 m above 

sea level and has a maximum depth of 120 m making it the longest, lowest lying and deepest 

lake in Kenya. The Omo, a perennial river, flows southwards from the Ethiopian Highlands for a 

distance of about 2,000 km into Lake Turkana. Omo River provides over 90% of the water for 

the lake while the rest is from rivers Turkwel, Kerio, fresh water springs and seasonal rivers.  

Despite its large size, Lake Turkana is a highly pulsed, variable system as a result of its closed-

basin nature, arid surroundings, and its strong dependence on one river for the majority of its 

inflow (Ojwang et al). The reported yields of Lake Turkana's fisheries have fluctuated greatly 

over the years. Annual yields from 1993 to 2016 ranged from approximately 900 to 11,000 

metric tons, averaging close to 5,000 metric tons (Gownaris et al., 2017).  

 

Ferguson’s Gulf, which is the focus of this study, has its source from the main Lake 

Turkana through the mouth of the gulf, the intermittent River Kalotum and numerous 

ephemerals. Its water has a pea soup green colour due to the high density of phytoplankton 

dominated by cyanophyta and bacilliophyta. Zooplankton is dominated by the carnivorous 

Cyclopoid copepod (Mesocyclops ogunnus). The gulf is the most important tilapia habitat in 

Lake Turkana, especially for the indigenous tilapia species Oreochromis niloticus. The Gulf 

generally experiences annual water level fluctuations of 0.5–1.5 m, but has also dried up 

completely three times in the last 25 years. The Gulf, which is approximately midway down the 

lake’s western shoreline east of Kalokol market, is protected from the open lake’s wave action 

and direct mixing by the Longech/Namukuse spit. The relatively calm waters of the Gulf support 
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a different phytoplankton community from the rest of the lake, with primary production rates 

up to three orders of magnitude higher than in the open lake (Källqvist et al. 1988). Intensive 

fishing activities conducted using small mesh beach seine, set gillnets, and purse seines are 

rampant in the area. 

The fishery is characterized by boom and bust cycles that are largely dependent on the 

Omo River’s floods. The invasive shrub, P. juliflora, heavily covers the shores of the Gulf. Its 

thick interlocking thorny canopy blocks access to previously important fishing grounds and 

certain landing beaches.   

2.2 Data Collection and Analyses 

Six sites at Ferguson’s Gulf with varying degrees of pollution were identified and their 

GPS locations marked using the Raymarine Dragonfly-7 Pro Sonar/GPS. They are; mouth of the 

gulf, Natirae, Longech, Impressa docking site, middle of the gulf and Kalotum River Mouth. 

Water quality measurements were taken in situ using the YSI Professional Plus handheld 

multiparameter meter in the dry season (December) and wet season (May). Fish samples were 

collected using monofilament gill nets of variable mesh sizes (1-10 inches) from 3 sites. The nets 

were set and then hauled after 2 hours. Immediately after retrieving the nets, each fish caught 

was weighed in grams using an electronic weighing scale. The total length of each fish was 

measured to the nearest centimeter using a measuring board. The composition and diversity of 

the fish was recorded for each sampling site.  

Structured interviews were conducted to learn about the perceived challenges in the 

region according to each stakeholder institution and also to fishermen in Kalokol and Longech. 

One interview was conducted for each institution and each fisherman. Stakeholders were 

interviewed about the sources, effects and challenges in reducing pollution, and mitigation of 

the challenges. Interviews can provide a rich description of participant perspectives regarding 

specific challenges and the drivers of these challenges. Data was analyzed using Microsoft excel 

2013. 
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RESULTS AND DISCUSSION 

3.1 Water Quality  

Table 1: Water quality parameters at selected areas in the Gulf in the dry season 

Location Impressa Mouth of Gulf Longech Middle of Gulf Natirae

GPS N: 3 32'52.1" N: 3 33'07.9" N: 3 33'02.7" N: 3 32'13.5" N: 3 31'44.3"

E: 35 53'11.1" E: 35 54'32.6" E: 35 55'04.7" E: 35 54'58.5" E: 35 53'32."

Temperature (°C) 30.1 29.1 29.5 31.6 32.8

Dissolved oxygen (mg/L) 3.63 2.20 4.33 5.16 5.03

Conductivity (µS/cm) 4045 3354 3389 3560 3998

TDS (ppt) 2392 2021 2028 2080 2255.5

Salinity 1.92 1.61 1.62 1.66 1.8

PH 9.75 9.43 9.93 9.58 10.39

ORP (mV) -86.7 -84.6 -81.2 -82.7 -94.8  

Monitoring physico-chemical parameters is very important for studying the influence of 

these parameters on the distribution of various fish species in aquatic systems. Water quality is 

influenced by geological, hydrological, climatic and anthropogenic factors such as pollution. All 

water parameters measured showed no major variations from one site to the other except 

Oxidation Reduction Potential (ORP) at Natirae which were lower compared to the other five 

sites. ORP is an important parameter to observe in pollution since it measures the ability of the 

lake to cleanse itself or break down waste products, such as contaminants and dead plants and 

animals. It can provide additional information of the water quality and degree of pollution. 

When the ORP value is high, oxygen present in the water is also in high amount. This means 

that bacteria that decompose dead tissue and contaminants can work more efficiently. In 

general, the higher the ORP value, the healthier the lake or river is. In healthy freshwater lakes 

and rivers, ORP should be relatively between 300-500 mV. However at Ferguson’s Gulf it ranged 

between -81.2 and -94.8 in the dry season and, -68.2 and -91.1 in the wet season. This markedly 

low levels of ORP could be due to dead and decaying material in the water that cannot be 

cleared or decomposed.  
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The situation is exacerbated by the closed nature of the gulf which slows down the 

process of mixing with the fresher waters of the main lake and the dense human population at 

Natirae and Longech. The low ORP levels at the gulf could influence the form and persistence of 

certain contaminants, which affects their toxicity to aquatic life. These conditions can 

negatively impact fish and other aquatic organisms. Only organisms such as the blue green 

algae which can tolerate such conditions are thriving in the gulf. 

Table 2: Water quality parameters at selected areas in the Gulf in the wet season 

Mouth of Gulf Natirae End of Gulf

Depth 5.3M 3.4M 2.5M

GPS N:03°33`.031`` N:03°31`.678 N:03°29`.876

E:035°54`577 E:035°54`.171 E:035°54`608

Surface Middle Bottom Surface Middle Bottom Surface Middle Bottom

Temperature (°C) 30.1 29.7 29.1 29.7 29.6 29.6 30.3 30.1 30.1

Dissolved oxygen (mg/L) 4.87 4.56 3.94 5.86 5.18 4.82 6.83 6.25 6.03

Conductivity (µS/cm) 3444 3432 3449 3556 3354 3380 3572 3560 3558

TDS (ppt) 2041 2047.5 2080 2119 2002 1976 2112.5 2106 2106

Salinity 1.62 1.63 1.66 1.69 1.59 1.57 1.68 1.68 1.68

PH 10.24 10.26 10.28 10.35 10.26 10.06 10.45 10.42 10.37

ORP (mV) -68.8 -68.2 -70.2 -87.1 -88.7 -91.1 -80.2 -81.8 -87.5  

ORP is often measured in addition to dissolved oxygen which is one of the key 

parameters that determine life in water. Dissolved oxygen was lowest at the mouth of the gulf 

(2.20) and highest in the middle of the gulf (5.16) during the dry season. The highest values in 

the wet season were at the surface waters at the end of the gulf (6.83), followed by Natirae 

(5.86). Mouth of the gulf had the lowest levels at 4.87. Dissolved oxygen concentrations were 

found to be higher during the wet season, as compared to the dry season. This is probably due 

to the increased volume of water during the wet season hence high aeration due to turbulence 

brought about by storm water and wind action.  
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Figure 1: A graph showing water quality parameters at in the gulf during the dry season 

 

The pH values obtained in this study in the dry season ranged from 9.43 to 10.39 which 

are similar to earlier studies in the gulf (Gownaris et al, 2015; Malala et al, 2019). High pH 

values recorded at Natirae may be attributed to faecal waste from the Natirae village. A similar 

range was also recorded in the wet season. The trend for Total Dissolved Solids (TDS) values 

was similar to that observed for electrical conductivity. This is expected, since most dissolved 

solids in water are ionic species which tend to increase electrical conductivity. Therefore, TDS 

values predictably increase with increase in electrical conductivity. TDS and conductivity values 

were similar to findings by Malala et al (2019).  

    

Figure 2: Unplanned settlement at Natirae and Longech aiding in pollution in Ferguson’s Gulf 
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3.2 Faecal and Plastic Pollution 

Rampant open defecation is still being practiced in Kalokol and Longech area. The 

residents of the two areas do so either because they do not have a toilet readily accessible or 

due to traditional cultural practices. Open defecation is the human practice of defecating in the 

open rather than into a toilet. The practice is common where sanitation infrastructure and 

services are not available. Sometimes, the infrastructure may be present but not being utilized. 

Behavior change efforts may still be needed to promote the use of toilets. Ending open 

defecation is an indicator being used to measure progress towards the Sustainable 

Development Goal Number 6 (Clean water and sanitation for all). The open defecation the area 

especially next to the Ferguson’s Gulf has led to a polluted environment with a foul smell in the 

air. This can cause health problems and diseases such as cholera to the residents. It can also 

affect the fish directly or indirectly through increased algal blooms in the Gulf.  

  

Figure 3: Indiscriminate waste dumping and faecal pollution at Longech 

The prevalence of open defecation is strongly related to poverty and exclusion 

particularly in rural areas and informal urban settlements as in the case of Kalokol and Longech. 

Open defecation can lead to water pollution when rain flushes feces that are dispersed in the 

environment into surface water. 

Plastic pollution is most visible in Kalokol and Longech area where garbage collection 

systems are inefficient. All the plastic trash in Lake Turkana flows from land either through 

rivers, seasonal streams and wind action.  Once in the Lake, much of the plastic trash remains at 

Ferguson’s Gulf but once caught up in the underwater currents in the lake, it can be 
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transported to other areas. These plastics may end up settling at the bottom of the lake and 

take a very long period to decompose. The microplastics from the decomposition can be 

ingested by fish and end up being harmful to human beings through bioaccumulation. Plastic at 

the bottom of the lake especially in the inshore areas may end up choking the nesting grounds 

for fish leading to depressed fish population in the lake.  

3.3 Fish Abundance and Diversity 

Lake Turkana contains more than 50 described fish species among which 12 are 

endemic to the lake. The lake has received relatively less human impact compared to other 

African lakes. The lake, however, still remains vulnerable to pollution and there are currently 

few efforts being made to conserve its biodiversity. During the study, a total of 135 fish 

representing 12 species were recorded in the Gulf. There was no major overlap between fish 

species found in Ferguson’s Gulf and the open lake, corroborated by a study by Olilo et al 

(2020). Generally, dominant fish species included Synodontis schall (22.2%), Chrysichthys 

auratus (16.3%), Brycinus nurse (14.1%) and Oreochromis niloticus (12.6%). The fish species are 

not tolerant to polluted waters. The least dominant were Schilbe uranoscopus (0.7%), 

Sarotherodon galileus (2.2%) and Labeo horie (2.2%). Environmental parameters, namely, 

dissolved oxygen, water temperature, and pH seemed to have no significant difference within 

the Gulf hence their influence on diversity and abundance was negligible. This could ascertain 

the fact that the variation in the fish abundance and diversity did not depend on the water 

quality parameters (level of pollution), but probably due to mainly other factors such as 

location of the sites. 
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Figure 4: Fish diversity and relative abundance in numbers at Ferguson’s Gulf 

3.4 Perception of Key Stakeholders on Pollution in Ferguson’s Gulf 

Knowing the perceptions of local stakeholders regarding the most significant sources of 

pollution in Lake Turkana allows policymakers to align their policy or adapt information 

provisions accordingly. This not only ensures a recommendation or policy is widely supported, 

but also opens the door for policymaker–stakeholder collaborations to more effectively address 

the challenges in reducing pollution of the lake. 

In this study, individual fishermen and representatives of the following regulatory and 

resource management institutions were interviewed; 

1. Turkana County Government, Directorate of Fisheries  

2. Turkana County Government, Directorate  of Public Health  

3. National Environmental Management Authority (NEMA) 

4. Kenya Fisheries Service (KeFS) 

These institutions are tasked to manage or monitor a certain sector of the environment 

which includes Lake Turkana. All of them noted that the Ferguson’s Gulf is highly polluted by 

faecal and plastic wastes mainly due to the indiscriminate dumping and open defecation. Use of 

the prohibited plastic bags is still rampant and NEMA is facing enforcement challenges brought 

about by political interference. There exists no infrastructure for solid and liquid waste 
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management around the gulf leading to all wastes being dumped near the lake. The problem is 

exacerbated by the strong winds in the area which blows the plastic into the gulf.  High levels of 

illiteracy in the area is also a big factor hindering proper waste disposal. Public awareness is key 

in helping to change mindsets. Another aspect is that human settlements around the gulf are 

among the most populated in Turkana County with some even occupying riparian land. It is 

therefore important for relevant authorities to take up the matter and demarcate riparian land 

to deter encroachers and reduce settlements. 

Most of the interviewed fishermen (62%) were aware of the proper disposal methods for 

oil, plastic and fish waste (Figure 5) but the main challenge they are facing is lack of proper 

designated disposal areas. Longech was listed as the most polluted area (39%) followed by 

Natirae (22%) (Figure 6). They suggested that such facilities should be availed to them and an 

awareness campaign on proper disposal of waste conducted.  

 
 

 

 

 

 

 

Figure 5: Awareness on proper waste disposal 
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Figure 6: Status of pollution in the Gulf 

Fishermen owning engine propelled boats dispose oil waste either in shallow pits near 

the shore or simply pouring it in the lake. The disposal rate varies from one fishermen to 

another with most doing it on a daily basis (75%). Heavy metals in oil and lubricants may end up 

destroying fish habitats and also bio-accumulating in the flesh of fish. Those interviewed said 

that most of the landing beaches are indeed polluted by plastic, oil, fish waste or faecal matter. 

 

Figure 7: Rate of waste disposal into the Gulf 
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CONCLUSION AND RECOMMENDATIONS 

It can be concluded that faecal, plastic and engine oil wastes are the main contributors 

to pollution at Ferguson’s Gulf but are yet to have any major impact on water quality, and 

diversity and abundance of fish in the Gulf.  These wastes get to the lake mainly through strong 

winds, flowing water during the rainy season, and during repairs of boat engines. Turkana being 

one of the counties with high poverty indices in the country coupled with extreme climatic 

conditions lacks industries or major agricultural practices around the gulf making fertilizers and 

toxic industrial waste matters of no concern. This study recommends in-depth analysis on 

microplastics and effects of plastics on feeding and reproduction by demersal fish.  

Collaboration between Government and communities to embark on sensitization and 

promotions in proper waste disposal and consistent use of toilets as way of abolishing open 

defecation is one of the key strategies in checking the levels of pollution in the Gulf. 
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http://www.waterencyclopedia.com/Oc-Po/Pollution-of-Lakes-and-Streams.html#ixzz6u03POwUL
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APPENDICES 

Appendix 1: Dissemination letter to Turkana County Government, Directorate of Fisheries 
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Appendix 2: Dissemination letter to Kenya Fisheries Service 
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Appendix 3: Dissemination letter to Lake Turkana BMU Network 
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Appendix 4: Fact sheet 
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Appendix 5: Forwarding letter by Director FWS to Director General 
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Appendix 6: Forwarding letter by Station Coordinator to Director FWS 
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Appendix 7: Memo for facilitation of fieldwork 
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Appendix 8: Pollution perception questionnaire 
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