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Abstract

In many rapidly urbanising regions of sub-Saharan Africa, slaughterhouse effluent is discharged into
peri-urban farmland with little or no treatment, yet the downstream consequences for soil microbial
communities remain largely unquantified. This research characterised the physicochemical quality of
untreated wastewater from three small-scale slaughterhouses on the outskirts of Nairobi and measured its
effect on soil microbiology at three distances (0, 50, and 200 m) from the discharge point during both wet
and dry seasons. Wastewater biochemical oxygen demand (BODS5) ranged from 1 840 to 2 620 mg/L and
chemical oxygen demand (COD) from 3 410 to 4 870 mg/L, exceeding Kenyan discharge standards by 6-
to 10-fold. Total bacterial counts in soil at the discharge point were 2.7-fold higher than at 200 m
(p<0.001), while total coliform counts were 4.1-fold higher (p<0.001). Shannon-Wiener diversity index
(H') increased significantly with distance from the discharge (1.42+0.14 at 0 m vs. 2.34+0.18 at 200 m;
p<0.001), indicating that wastewater irrigation selects for a less diverse, coliform-dominated community.
Seasonal variation was significant for BOD5 and coliform loading but not for diversity index.

Keywords: Slaughterhouse wastewater, soil microbiology, Shannon-Wiener diversity, coliform,
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1. Introduction

While controlled land-application of organic waste can enhance soil fertility and microbial
biomass, uncontrolled discharge of high-strength slaughterhouse effluent onto agricultural
soils produces the opposite effect: a nutrient overload that shifts the microbial community
toward faecal-indicator organisms and suppresses the diversity of indigenous soil flora I 2,
This contrast between beneficial recycling and harmful pollution is especially stark in sub-
Saharan Africa, where small-scale slaughterhouses process an estimated 60% of all red meat
but rarely operate any form of effluent treatment [,

Kenya’s meat industry has grown rapidly alongside urbanisation, with peri-urban
slaughterhouses proliferating to serve the protein demands of cities such as Nairobi, Mombasa,
and Kisumu . The National Environment Management Authority (NEMA) sets discharge
limits for BOD5 (30 mg/L), COD (50 mg/L), total suspended solids (30 mg/L), and faecal
coliforms (1 000 CFU/100 mL), but compliance monitoring is infrequent and enforcement
capacity is limited [, Untreated or partially treated wastewater therefore flows directly onto
adjacent farmland, where smallholder farmers may irrigate vegetable crops with the same
water.

Soil microbiology is both a receptor of and a mediator for the environmental effects of
wastewater discharge. Soil bacteria drive nutrient cycling, organic-matter decomposition, and
pathogen suppression; changes in community composition and diversity can therefore
propagate through the food web and affect crop health, groundwater quality, and human
exposure to enteric pathogens & 71, Despite this, no published research has combined a
physicochemical characterisation of Kenyan slaughterhouse effluent with a distance-gradient
analysis of soil microbial diversity across seasons.
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This research addressed that gap by sampling wastewater and
soil at three slaughterhouses in peri-urban Nairobi during both
the wet (March-May) and dry (July-September) seasons,
quantifying physicochemical parameters and microbial
indicators at 0, 50, and 200 m from the discharge point, and
testing the hypothesis that microbial diversity decreases with
proximity to the discharge and during the wet season, when
runoff is highest.

Material and Methods

Study Area Description

The three slaughterhouses were located in the Dagoretti,
Kangemi, and Kawangware areas of western Nairobi, at
elevations between 1 680 and 1 740 m above sea level. Mean
annual rainfall is approximately 900 mm, distributed
bimodally with long rains in March-May and short rains in
October-November. Soils are classified as humic nitisols
(FAO system) with a clay-loam texture and pH range of 5.8-
6.4. Each facility slaughters 15-40 cattle and 20-60 small
ruminants per day, generating an estimated 3-8 m3 of
wastewater daily. None of the three facilities had an
operational effluent treatment system at the time of sampling;
wastewater was discharged via open channels into the nearest
drainage furrow, from which it flowed across adjacent
farmland.

Soil and Water Quality Analysis

Wastewater was collected as 24-hour composite samples (four
500 mL grabs at 6-hour intervals, pooled) from the main
discharge channel of each facility. Soil samples were
collected at three distances from the discharge point (0, 50,
and 200 m) along the drainage gradient, using a 5 cm
diameter auger to a depth of 15 cm, with three replicate cores
at each distance point composited into a single sample. All
samples were collected during the wet season (April 2023)
and dry season (August 2023). Physicochemical parameters
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(pH, electrical conductivity, BOD5, COD, total Kjeldahl
nitrogen, total phosphorus, total suspended solids) were
determined according to APHA Standard Methods 8. Total
bacterial count (TBC) was determined by pour-plate method
on nutrient agar (37°C, 24 h), total coliform count by
membrane filtration on MacConkey agar (37°C, 24 h), and
fungal count on potato dextrose agar (25°C, 5 d). Shannon-
Wiener diversity index (H') was calculated from colony
morphotype counts on nutrient agar plates.

Material

All sampling equipment (autoclavable polypropylene bottles,
sterile swabs, soil augers) was procured from KEMRI (Kenya
Medical Research Institute) stores. Culture media were
sourced from Oxoid (Basingstoke, UK). Reagents for BOD5,
COD, and nutrient analyses were analytical grade (Sigma-
Aldrich, Nairobi distributor). Deionised water for dilution
series was produced in-house using a Milli-Q system (Merck
Millipore).

Methods

The experimental design was a 3 x 3 x 2 factorial: three
slaughterhouses, three distances, and two seasons. Each
distance-season combination yielded one composite soil
sample per site, giving 18 soil samples per season and 36
total. Wastewater was sampled once per season per site (6
wastewater samples total). Statistical analysis used two-way
ANOVA with distance and season as fixed factors and
slaughterhouse as a blocking variable, followed by Tukey’s
HSD for pairwise comparisons. Pearson correlations were
computed between wastewater parameters and soil microbial
counts. All analyses were performed in R v4.3.1 at a. = 0.05.
The research was approved by the Research Ethics Committee
of the Nairobi Research Center for Environmental Sciences
(Ref. NRCES-REC/2023-014, approved 12 January 2023).

Results

Table 1: Wastewater physicochemical parameters ranked by exceedance of Kenyan discharge standards

Parameter Mean+SD NEMA Limit Exceedance Priority Rank
COD (mg/L) 4 140£730 50 82.8x 1 - Critical
BOD5 (mg/L) 2 230£390 30 74.3% 2 - Critical
TSS (mg/L) 1 420+310 30 47.3x 3 - High
TKN (mg/L) 286154 100 2.9% 4 - Moderate

Total P (mg/L) 42+11 30 1.4x 5-Low
pH 7.2+0.4 6.5-8.5 Within range 6 - Compliant

38.5%

Organic matter

(BOD/COD)
Suspended
solids
Nitrogen
compounds
Fats/oils/
grease
Pathogens
& other

Fig 1: Proportional composition of major pollutant categories in untreated slaughterhouse wastewater, averaged across three facilities and two
seasons. Organic matter (BOD/COD) constitutes the largest fraction.
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Physicochemical
Analysis
(pH, EC, BOD, COD,
TKN, TP)

Site Selection
(3 slaughterhouses x 3 distances:
0 m, 50 m, 200 m from discharge)

Wastewater Sampling
({Composite grab samples,
wet & dry season)

Impact Assessment
(Comparison against national
and WHO soilfwater guidelines)

Recommendations
(Buffer zones, treatment options,
monitoring frequency)

Microbiological
Analysis
(TBC, coliform, fungi,
Shannon-Wiener H')

Fig 2: Flowchart of the sampling and analytical methodology from site selection through physicochemical and microbiological analysis to
impact assessment and recommendations.

Wastewater quality was uniformly poor across all three
facilities, with COD exceeding the NEMA discharge limit by
68- to 97-fold and BOD5 by 61- to 87-fold. The organic load
was dominated by blood, gut contents, and fat residues,

consistent with the absence of primary screening or grease
traps. Seasonal variation was significant for BOD5 (p =
0.024, higher in dry season due to lower dilution) but not for
COD (p=0.112).

Table 2: Soil microbial parameters at 0 m versus 200 m from discharge point (both seasons combined)

Soil Parameter 0 m (n=6) 200 m (n=6) p-value
TBC (x10° CFU/g) 8.41+1.87 3.12+0.64 <0.001
Total coliform (x10* CFU/g) 14.7+3.8 3.6+0.9 <0.001
Fungal count (x10* CFU/g) 2.34+0.71 4.18+0.92 0.003
Shannon-Wiener H' 1.42+0.14 2.34+0.18 <0.001
Soil pH 7.4£0.3 6.1+0.2 <0.001
EC (dS/m) 1.84+0.42 0.61+0.14 <0.001
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Fig 3: Shannon-Wiener diversity index (H') plotted against distance from the wastewater discharge point for wet and dry seasons. Trend lines
show a positive linear relationship between distance and microbial diversity in both seasons.
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Discussion

The magnitude of regulatory exceedance documented in this
research COD exceeding the NEMA limit by up to 97-fold
places Kenyan small-scale slaughterhouse effluent among the
most polluting agro-industrial discharges in East Africa,
comparable to values reported for unregulated abattoirs in
Nigeria (COD 3 200-5 100 mg/L) and Ethiopia (BOD5 1 900-
3 400 mg/L) © 01 The organic load is driven primarily by
blood, which alone can contribute a BOD5 of 150 000-200
000 mg/L in undiluted form % and by ruminal contents and
fat trimmings that pass unscreened through the rudimentary
drainage channels common to these facilities.

The 2.7-fold elevation in total bacterial counts and the
reciprocal depression of Shannon-Wiener diversity at the
discharge point (H' = 1.42 vs. 2.34 at 200 m) together paint a
picture of a microbial community that is numerically inflated
but taxonomically impoverished. The dominance of coliform
organisms which accounted for an estimated 17.5% of total
colony counts at 0 m versus 1.2% at 200 m suggests that the
soil microbiome near the discharge is being colonised by
enteric organisms introduced with the wastewater, at the
expense of native soil bacteria and fungi 12 131,

From a public-health perspective, the persistence of high
coliform densities at 50 m from the discharge (7.9 x 10*
CFU/g, roughly 2.2 times the 200 m value) implies that a
buffer zone considerably wider than 50 m would be needed to
protect crops grown for direct human consumption. WHO
guidelines for the safe use of wastewater in agriculture
recommend a 100 m buffer for unrestricted irrigation with
untreated wastewater [*41, a threshold that is clearly not met by
any of the three facilities examined here.

Conclusion

Untreated slaughterhouse wastewater discharged onto peri-
urban farmland near Nairobi massively exceeds Kenyan
regulatory limits for organic load and faecal indicators and
produces a measurable shift in soil microbial community
structure within a 50-metre radius of the discharge point. The
direction of that shift toward higher total bacterial abundance
but lower taxonomic diversity and higher coliform dominance
is consistent with the replacement of indigenous soil flora by
enteric organisms introduced with the effluent. This finding
has direct implications for food safety, given that many of the
affected farms grow leafy vegetables for sale in Nairobi’s
informal markets. Immediate priorities for intervention
include the installation of primary screening and anaerobic
treatment at source, enforcement of existing NEMA discharge
standards, and the establishment of crop-free buffer zones of
at least 100 m around active discharge points 5 16 17,18, 19, 20]
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