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Background 

Persistent organic pollutants (POPs) such as Organochlorine pesticides (OCPs), and 

polychlorinated biphenyls (PCBs) have been produced and extensively used world-wide for 

various applications in industry and agriculture. POP have been banned or restricted globally 

under the Stockholm Convention due to their long-range transportation, high lipophilicity, long 

half-life (environmental persistence), and potential toxic biological effects, mutagenic, and 

carcinogenic characteristics to both humans and wildlife (Barakat et al., 2012, Dierking et al., 

2009). Sediments act as a sink for these POPs brought into the aquatic environment from direct 

discharges, surface runoff and atmospheric fallout. POPs and their residues can enter living 

organisms, via flux through the water phase, and eventually bioaccumulated in sediment-

dwelling organisms and edible fish. Most of the past studies on POPs in Kenya were mainly 

carried out in freshwater environments with the main focus being OCPs. For instance, Lalah et 

al. (2003) determined the concentrations of organochlorine pesticide (e. g., DDT, DDE, DDD, 

endrin, lindane, endosulfan) residues in fish, water and sediment samples from Tana and Sabaki 

rivers, while Everaarts et al. (1996) reported the presence of low concentrations of OCPs and 

PCBs residues in sediments and macroinvertebrates from some sites along the Indian ocean coast 

of Kenya. The objective of this study was to determine the distribution of persistent OCPs and 

PCBs in sediments from Sabaki and Tana river, with a view to identifying their possible sources 

and gauging their probable human health and environmental risks.  

Method 

Sediment samples were collected from selected locations in the Tana, and Sabaki river systems. 

Surface sediment samples of about 100-200 g were collected using a grab sampler, put in 

aluminum containers previously cleaned with hexane and stored in a cool box at a sufficiently 

low temperature (~4°C) to limit biological and chemical activities. In the laboratory sediment 

samples were dried in an oven at 105°C to constant weight for grain size, total organic matter 

and total organic carbon (TOC). The grain size analysis of samples was performed using the 

sieving technique while Total organic matter was analyzed by ashing method. TOC content was 

determined by oxidation. PCBs and OCP were analyzed as described by Thompson et al., 1999 

where wet sediment samples of about 50 g were weighed, put in clean pre-weighed aluminum 

containers and covered with clean aluminum sheets with holes, then freeze dried using freeze 
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dryer (Heto powerdry LL 3000). After freeze drying, the samples were weighed to obtain the dry 

weight, sieved through a 2 mm mesh sized metallic sieve to remove any coarse materials. The 

samples were then stored in Amber bottles to protect them from light awaiting analysis. Prior to 

extraction, about 3 g of each sample was put in the sample extraction vail and spiked with 

internal standard containing a mixture. internal standard was then added to quantify recovery of 

the total extraction procedure. The samples were extracted in START E microwave assisted 

extraction system. using dichloromethane solvent. The extracts were thereafter mechanically 

filtered into Amber glass vials through clean glass funnels stuffed with pre-cleaned glass wool. 

The filtered extracts were concentrated using Rapidvap LABCONCO. The concentrated samples 

were then subjected to clean-up process during which the lipids and sulfur were removed from 

the extracts using a micro-column containing acidified silica (Silica gel, 0.063 ± 0.2 mm) and 

activated copper (40 mesh). The POPs were then purified on the micro-column by eluting with a 

mixture of n-pentane and dichloromethane. The extracts were finally concentrated under nitrogen 

and 1 μL of the sample analysed using GC-MS. 

Results 

The POPs concentrations in Sabaki River ranged between 1.37-7.93 ng/g, dw whereas in Tana 

River the concentration ranged between 1.13-17.18 ng/g, dw. High levels of POPs,TOC, organic 

matter and % silt content was observed in Sabaki bridge. PCBs in Sabaki River could have 

originated from several activities in the river catchment including industries and human 

settlement that release effluent directly into the river. High levels of PCB in Tana River system 

could be attributed to the possible leakage or inadvertent disposal of materials used in 

transformers and capacitors along the Tana River channel as well as leakage from broken 

transformers and used electrical equipment.  The observed correlation between POPs and TOC in 

sediment confirms POPs high affinity to organic matter as reported elsewhere by Wu et al., 2015 

and Wu et al., 2016. The total OCP concentrations in surface sediment in Sabaki Rivers were in 

the range of 0.69-4.01 ng/g dw with a mean of 0.12 ng/g dw whereas it ranged between 0.47-

9.84 ng/g dw with a mean of 0.56 ng/g dw in Tana River. High levels of OCP were reported in 

Sabaki Bridge and Tana 4 with a concentration of 4.01 ng/g dw and 9.84 ng/g dw, respectively. 

This suggests that even though the use of OCPs use has been banned in Kenya, there might be 

illegal or minor application of OCPs for malaria and control. The ratio of DDD+DDE/DDT in 

Sabaki and Tana Rivers was 0.57 and 2.73, respectively, suggesting historical input of DDT in 

both the Rivers. With regards to ecotoxicological concern, threshold effect concentrations (TEC) 

and probable effect concentrations (PEC) for PCB, HCB, Heptachlor epoxide and Chlordane 

concentrations in sediments from Sabaki and Tana Rivers were below ER-M, ER-L, PEL and 

TEL values at all stations, suggesting rather low ecological risk of these compounds. DDT 

metabolites showed high values for TEL and ER-L in Sabaki and Tana rivers, indicative of 

possible adverse ecologicaleffect to sediment dwelling organisms. 

Conclusion 

The study has reported possible adverse ecological effects on sediment dwelling organisms from 

DDT and low potential ecological impacts PCB, HCB, Heptachlor epoxide and Chlordane. This 

calls for a close monitoring and identification contaminant source in order to protect both 

environmental and human health. 

 


