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Abstract

Wet coffee processing leads to the generation of large volumes of wastewater,
whose discharge to the environment leads to pollution of freshwater bodies.
Kayanza is a major coffee growing area in Burundi with more than 40 wet
coffee processing factories (WCPF) that discharge effluents directly to re-
ceiving water bodies without treatment. This study was carried out to assess
the effect of coffee wastewater on the physicochemical properties of receiving
waterbodies in Kayanza coffee growing ecological zone. Currently, no study
has been done to analyze the effluent from the WCPF and assess the level of
pollution. This study will therefore provide valuable data on the water pollu-
tion from coffee processing plants. Ten (10) rivers in the Kayanza coffee
growing zone were studied during the months of April and June, 2020. Water
samples were collected upstream (U) and downstream (D) of the effluent
discharge points in triplicate. Samples were analyzed for pH, Chemical Oxy-
gen Demand (COD), Biochemical Oxygen Demand (BOD;), Temperature,
Salinity, Electrical Conductivity (EC), Total Dissolved Solids (TDS), Dis-
solved Oxygen (DO), Total Suspended Solids (TSS), Nitrates, Nitrites, Lead
(Pb), Copper (Cu), Chlorides and Ammonium ions using standard methods.
Physical parameters were analyzed in situ whereas chemical parameters were
analyzed in the laboratories in Burundi Institute of Agricultural Sciences
(ISABU) and University of Burundi. Data were analyzed using R-studio-1.0.153,
GenStat 64-bit Release 14.1 and SSPS. Results on the physicochemical para-
meters indicated that coffee factory effluent has a polluting potential during
coffee processing peak. The concentrations of the physicochemical parame-
ters were significantly (p < 0.05) higher downstream (D) compared to up-
stream (U) of the river water sampling points. All downstream sites had
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COD, BOD;, TSS and pH values above allowable limits set by WHO and Bu-
rundi. The polluting impact of public wet coffee processing factories was sig-
nificantly higher than that of private and cooperatives owned factories (p <
0.05). Measures should be taken in order to protect water bodies.
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1. Introduction

In developing countries, scarcity and water pollution constitute a primary chal-
lenge for sustainable water resources management. Coffee effluent’s impact on
water quality is of great concern. This is because it has been observed that the
quality of water has a great effect on human health, exposing the environment to
several hazards [1]. It becomes pertinent to carry out Environmental Impact As-
sessment (EIA) for any proposed wet coffee processing plants and Environmen-
tal Audits for existing factories. Inefficient use of water, contaminated water sources
and use of polluted water in the wet processing of coffee cherries are all major
issues in Burundi and other coffee producing countries [2] [3]. Currently, none
of the wet coffee processing factories in Kayanza, has installed appropriate waste-
water treatment technologies to improve the quality of the coffee wastewater to
meet the set discharge standards.

By 2020, Kayanza had more than 40 wet coffee processing (WCP) plants (18
Publicly, 12 Privately and 9 Cooperatively owned functional wet coffee processing
factories). Only Private and Cooperative owned factories had begun to operate
the coffee wastewater treatment systems. The common wet coffee processing
method used in Kayanza zone produces a significant amount of wastewater with
a high pollution load because wet coffee processing factories are one of the sig-
nificant consumers of water and produces a large amount of wastewater. This
wastewater is later discharged into the river system polluting the water and ne-
gatively impacting the natural ecosystem and health of the local communities.
Coffee wastewater contains high concentrations of organic matter, suspended
matter and is highly acidic [4]. Organic load is measured in terms of COD
(Chemical Oxygen Demand) and BOD; (Biological Oxygen demand during five
days), while acidity in terms of pH, and suspended matter in terms of total sus-
pended solids (TSS). Considering the volume generated and the pollutants from
the coffee wastewater, the wet coffee processing plant represents one of the main
contributors to severe pollution problems. It was reported that all public wet
coffee processing factories, even those with wastewater treatment plants do not
treat the wastewater appropriately and discharge untreated, colored and acidic
effluent into the nearby water bodies, streams and open land [4] [5]. This can

have a serious negative impact on both the health of the surrounding population
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as well as the quality of water used to irrigate the crops. Finally, the use of pol-
luted water sources for washing coffee can result in bacterial diseases of coffee
lots, leading to their rejection on the international market due to failure to
comply with sanitary and phyto-sanitary (SPS) standards.

Furthermore, the perfection of water management in coffee supply is progres-
sively being discussed as an important factor for market access. A number of
certifications, including Rainforest Alliance and Fair Trade, as well as buyer
programs such as Starbuck’s C.A.F.E. program have begun to integrate and audit
water management practices throughout their supply chain, and it is likely to
become an important factor for reaching and keeping certification in the future
[1] [6]. In addition to certification programs, the incorporation of appropriate
water management techniques is also being considered by the Specialty Coftee
Association of America (SCAA) as a new requirement for coffee to receive “spe-
cialty” certification [1] [7]. The failure to implement better water management
practices in Burundi could thus have serious implications in terms of achieving
the necessary upgrading into the specialty coffee segment.

No studies have investigated this issue in Burundi to assess the extent of the
water pollution and suggest solutions and recommendations. This research was
therefore important to evaluate the effect of wet coffee processing factories’ ef-
fluents on physicochemical properties of receiving water bodies in Kayanza, Bu-

rundi.

2. Materials and Methods
2.1. Study Area

The study was conducted in Kayanza Province, one of the coffee growing eco-
logical zone in Burundi. Kayanza province is located North of Burundi (Figure 1 &
Figure 2) and lying between latitude of 2.9235° South and longitude of 29.6278"
East. The area ranges from 1500 to 1850 meters above sea level with a tempera-
ture range of 15°C to 17°C. The area receives rainfall between 1200 to 1400 mm

annually.

2.2. Water Sampling and Preservation

Samples were collected during peak seasons of April/Wet season and June/Dry
season. Ten (10) rivers were selected in Kayanza coffee growing ecological zone
according to Mugenda and Mugenda approach [8]. In order to assess the effect
of the wastewater from the factories on the physicochemical properties of the
receiving water bodies in Kayanza province, water samples were taken from riv-
ers/streams that receive wastewater from the wet coffee processing factories at
upstream and downstream of the discharge points (Table 1 & Figure 3).

The samples were collected using sampling procedures described in APHA,
1995 [9]. Onsite pretreatment was done for all parameters analyzed in the labor-
atory except water samples for the analysis for TSS, Chlorides and BOD;. All
samples were collected using pre-cleaned plastic bottles.
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Figure 2. Map of Kayanza province indicating sampling sites.
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Table 1. Samples collection sites.

Sampling point Wet‘ coffee Location ir.1

processing owners Kayanza Province
Nyakagezi (A) River Public Muhanga Commune

Ruvubu2 (B) River Public Gatara Commune
Gisiza (C) River Public Gahombo Commune
Nyandibika (D) River Public Muhanga Commune

Ruvubu (E) River Private Gatara Commune
Nantangaro (F) River Private Kayanza Commune
Ntampanda (G) River Private Kayanza Commune
Nabadandi (H) River Cooperative Kayanza Commune
Nakagogo (I) River Cooperative Matongo Commune
Kurugomero (J) River Cooperative Kabarore Commune

2.3. Experimental Design

Samples were analyzed in triplicates. Physical and chemical analyses were car-
ried out in order to assess the effect of coffee processing wastewater being dis-

charged without adequate treatment.

2.4. Analytical Procedures

Samples were analyzed onsite for pH, Temperature (T"), salinity, Electrical Con-
ductivity (EC), total dissolved solids (TDS) and dissolved oxygen (DO) using
Trace2o Hydrocheck HC1000 multi-parameter Electrochemical Meter kit T20-
AN-P270. Whereas samples for analysis of chloride (ClI7), Nitrite ( NO; ), Nitrate
(NO;), Ammonium ( NH; ), Phosphate ( PO?{ ), Lead (Pb), Copper (Cu), Total
Suspended Solids (TSS), Chemical Oxygen Demand (COD) and Biochemical
Oxygen Demand (BOD;) were transported to the laboratory of Burundi Institute
of Agricultural Sciences (ISABU) and University of Burundi for analysis. The
methods of analysis used were those described by APHA, 2005 [9]. Phosphates,
nitrites and nitrates were analyzed by UV-vis spectrophotometer (BK-UV 1800PC
Biobase) with 1 cm matched quartz cells in the Laboratory (LASPA) according
to the standard methods [9] [12]. COD Was analyzed using colorimetric method
NOVA 60 according to the standards methods and BOD; [9] by manometric
method using amber colored bottles topped with an “OXYTOP®” head.

TSS was determined by filtration (Filtered with whatman N°41) of a volume of
water (1liter) and dried at 105°C in an oven WT-Binder 7200 Tuttling/Germany
during 24 h. TSS was given by the following formula [12]:
(M, —M,;)x100

V,

sample

TSS(mg/l) = (1)

where M, = Mass of the filter before use (mg/1); M, = Mass of the filter after use

(mg/1); Vemye = Volume of water used (in ml).
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Figure 3. Map showing flow diagram of coffee factory and river water sampling points [13].

Ammonium ions were analyzed in an alkaline environment, ammonia was
displaced, entrained by water vapor and then carried out on the distillate by vo-
lumetric method. The ammonium content expressed in milligrams per liter was

given by the following relationship [12]:

(V; =V, )x0.05x18x100
V,

sample

(2

NH; (mg/I) =

where

V, = Volume of titrant used for titration of sample; V, = Volume of sample
and V, = Volume of titrant used for titration of blank.

The wastewater samples were analyzed for dissolved heavy metal concentra-
tions using Flame Atomic Absorption Spectrophotometer Perkin-Elmer Analyst
400 (Hi-tech Detection systems) directly after filtration with a Whatman N° 41
filter paper. The concentrations of chloride were determined by titrimetric me-
thod, the equipment’s used were conical flask, pipette and Burette. The chloride

was determined using [9].

X x0.01x35.45%x1000
Cl(mg/I)= . \>/< . (3)

sample

where X = Volume of titrant used for titration of sample; V, = Volume of

sample

sample.

2.5. Data Processing and Analysis

The data were statistically analyzed using MS-Excel 2016, R-studio-1.0.153, GenS-
tat 64-bit Release 14.1 and SPSS. This was subjected to statistical tests of signi-
ficance where paired t-test to establish whether there was any significant differ-
ence between concentration levels during the dry and wet seasons at the differ-
ent sampling sites. Analysis of variance was used to compare the mean values of
observation based on sites. All statistical tests were done at 95% confidence level
(p < 0.05).
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3. Results and Discussions

The comparison of the value of water quality parameters using box and whisker
plot are presented (Figure 4) and the overall assessment and classification of
stagnant and running surface water according to their river water quality have
been given in Table 2 to compare the pollution level of wastewater generated
from the coffee processing plant and for the nearby waterbodies receiving this
wastewater.

Higher concentration of the various physicochemical paremeters was obtained
at downstream (D) sites than upstream (U) according to the values presented in
Figure 4. However, higher pH values were obtained upstream and lower pH val-
ues were found at downstream locations for most of the rivers/streams sampled.

pH was in the range of 6.0 - 6.8 with a mean of 6.48 + 0.10 upstream and 4.5 -
6.6 with a mean of 5.75 * 0.81 during wet season (Month of April) while during
dry season (Month of June), pH varied from 6.1 - 6.8 with a mean of 6.50 £ 0.22
and from 5.2 - 6.0 with a mean of 5.70 + 0.49 respectively for the upstream and
downstream. High pH values (6.48 - 6.50) were observed in the upstream and
low values (5.2 - 5.75) in down streams sites, these indicated clearly the negative
impact of wet coffee processing factories in Kayanza coffee growing ecological
zones in Burundi. This low pH at downstream locations was probably due to the
discharge from wet coffee processing factories. The pH of the water samples
from the upstream and downstream sites generally showed that there was signif-
icant difference (p < 0.05). This difference could be attributed to the agricultural
runoff and to the coffee waste water discharged without treatment. The pH val-
ues did not differ significantly (p < 0.05) within the seasons. The pH levels

were below the permissible limit at all downstream sampling sites. Low pH is

Table 2. Overall assessment and classification of stagnant and running surface water
according to their river water quality [10] [11].

N°® Parameters 1A 1B 2 3
1 Temperature ("C) <20 20-22 22-25 25-30
2 pH 6.5-8.5 6.8-8.5 6-9 8.5-95
3 TSS (mg/1) <30 <30 <30 30-70
4 Nitrates (mg/1) - - <44 44 -100
5 Phosphates (mg/1) <0.1 0.1-0.3 0.3-0.5 0.5-3
6 COD (mg/1) <20 20-25 25-40 40 - 80
7 BOD (mg/1) (5 days at 20°C) <3 3-5 5-10 10 - 25
8 EC <400 400 - 750 750 - 1500 1500 - 3000
9 DO (mg/l) >7 5.7 3-5 <3
10 NH; (mg/l) <0.1 0.1-0.5 05-2 2-8

1A: no polluted water; 1B: good water quality; 2: fair water quality; 3: poor water quality.
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Figure 4. Box and whisker plot of water quality variables of the at upstream
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especially harmful to immature fish and insects. Acidic water also speeds the
leaching of heavy metals harmful to fish [14]. This finding is in consistent with
similar study done in Jimma zone by Dejen Yemane Tekle et al, 2015 [15], re-
ported that high pH was observed at upstream sites than downstream sites. Un-
like the other parameters, the amount of pH was found high in the upstream site
(7.11) and reduced pH values at downstream locations of most rivers.

The temperature at downstream of the rivers during the wet and dry seasons
was found to be within the range of 20.8°C - 24.2°C with a mean of 22.7°C £
1.38°C and 20.5°C - 23.5°C with a mean of 21.8°C + 1.24°C respectively. This
displayed wide variations among sampling locations and did not change signifi-
cantly (p < 0.05) during seasons. The temperature in the upstream rivers ranged
from 19.2°C - 23.9°C with a mean of 22.5°C £ 1.76°C in wet season as compared
to the results recorded in dry season which ranged from 19.2°C - 22.5°C with a
mean of 21.8°C * 1.54°C varied from one river to another in Kayanza agro eco-
logical Zones in Burundi and were below 25°C, which is the set limit for no risk
as per the WHO, FAO quality guidelines for discharging effluent to natural sur-
face water bodies. These results are in agreement with preceding work underta-
ken by Hadis and Devi (2007) in Jimma zone in which the water temperature
downstream of receiving waterbodies after receiving coffee effluents was reported
as 22°C. Based on the findings and on the guidelines, the temperature of the ef-
fluent did not pose any threat to the water ecosystem of the receiving water bo-
dies [10] [11]. There was no significant difference in temperature values between
the two seasons at 95% confidence interval.

The EC of the water reflects of quantity of dissolved ionic constituents. The
EC profile of the upstream and downstream water bodies varied significantly (p <
0.05) and ranged from 41.9 - 114.5 pS/cm with a mean of 77.5 + 19.73 uS/cm
and from 47.6 - 184.1 uS/cm with a mean of 85.6 + 18.62 uS/cm respectively up
stream’s results recorded in wet and dry seasons. While the down stream’s re-
sults recorded in wet and dry seasons ranged respectively from 42.6 - 277.7
uS/cm with a mean of 104.1 + 34.25 puS/cm and from 54.6 to 360.3 uS/cm with a
mean of 206.5 = 102.13 uS/cm. These values were low all long the sampling
points as compared to the provisional river water quality limit [10] [11]. The high
EC downstream can be attributed to the high mucilage from wet coffee processing
effluents. A sudden increase or decrease in conductivity in body of water can in-
dicate pollution Agricultural runoff or sewage could increase EC due to the ad-
ditional of chlorides, phosphates, Nitrates. In this case the additional of dis-
solved solids will have a negative impact on water quality.

The mean concentration of TDS was found to be in the range of 20.6 - 57.4
mg/1 with a mean of 37.0 + 7.58 mg/l and 23.8 to 92.3 mg/] with a mean of 45.2 +
13.02 mg/l respectively for up stream’s results recorded in Wet and Dry seasons
while the down stream’s results recorded in Wet and Dry seasons varied respec-
tively from 21.3 - 137.7 mg/l with a mean of 67.8 + 31.87 mg/l and from 27.7 to
186.9 mg/1 with a mean of 124.1 + 48.6 mg/l. The TDS of the water samples gen-
erally varied significantly (p < 0.05) through the study period. High TDS (67.8 -
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124.1 mg/l) were found at the downstream sites of the discharged points. The
relatively higher amount of TDS at the downstream sites might be attributed by
the high mucilage from coffee processing effluents. The results show that the re-
sults of the current study agree with the findings reported by Tadesse M. E. &
Haddis A., 2016 and Dejen Yemane Tekle et al, 2015 [15]. However, the efflu-
ents quality did appear to be compliant with the regulations of TDS [4]. Thus the
parameter indicated that the water was suitable for direct domestic use [10] [11].
The high values of TDS can be toxic to flesh water animals causing osmotic
stress and can give increase to obnoxious odors from the decay of organic matter
and vulgar smell [15].

The DO levels in the upstream of the rivers water were found within the range
of 3.47 - 7.13 mg/l with a mean of 5.70 + 1.24 mg/l and from 3.40 to 7.10 mg/l
with a mean of 6.22 + 1.03 mg/1 for the results recorded respectively in wet and
Dry seasons and changed significantly during the seasons. DO concentrations in
the downstream of the rivers water ranged from 3.58 to 11.2 mg/l with a mean of
6.42 + 2.17 mg/l and from 3.58 to 7.81 mg/l with a mean of 6.55 = 1.17 mg/l re-
spectively for the results recorded in April and June and these express wide vari-
ations between samples from different sites. These results changed significantly
(p < 0.05). Low oxygen conditions can cause a variety of water quality problems
and suffocation of fish and other aquatic animals and a DO level that is too high
or too law can harm aquatic life and affect water quality. Based on the guideline,
DO of water river at all the sampling sites in Kayanza coffee growing ecological
zone does not appear to pose any treat to the homeostatic of water bodies.

Generally high values were recorded at downstream whether in wet and dry
seasons as compared to upstream sites. The mean TSS values in the upstream
locations of river water during wet and dry seasons were found within range of
8.05 - 467.7 mg/l with a mean of 131.49 + 92.98 mg/I and 10.5 - 501.4 mg/l with
a mean of 106.1 * 76.92 mg/l respectively and changed significantly (p < 0.05)
due to the seasons in Kayanza agro ecological zones in Burundi. This change
could be to the various organic material came to the rivers by runoff during wet
season. At downstream sites, the TSS was in the range of 48.6 - 1524.3 mg/l with
a mean of 771.5 + 504.75 mg/l and from 59.0 - 917.7 mg/] with a mean of 457.4 +
321.31 mg/l in wet and dry seasons respectively with wide variations between
sites. These values were in the agreement with the data reported by Dejen Ye-
mane Tekle et al, 2015 [15]. There was significant difference in overall TSS be-
tween the two seasons at 95% confidence level. The difference is attributable to
coffee solids waste during coffee processing. Based on the WHO [16] standard
and the overall assessment criteria for river water quality [10], the TSS concen-
trations along all down streams locations/sites were almost above than the ac-
ceptable limit, which indicated the pollution of the rivers. Based on the standard
limit values, TSS in all sampling points (rivers) should adversely affect the use of
water for various purposes [17]. High TSS can cause turbidity in the river and

may change the habitat of aquatic microorganisms.
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During wet season, the concentration of salinity in the upstream was in the
range of 30 - 60.2 mg/l with a mean 48.5 * 8.52 mg/l and river water down-
stream the concentrations were in the range of 40.9 - 130.0 mg/l with a mean of
68.8 = 17.12 mg/l and varied widely between sites. The highest salinity values
were observed at downstream sites whether in wet and dry seasons. The concen-
trations of salinity in upstream and downstream samples varied widely respec-
tively from 30.0 - 90.2 mg/l with a mean of 45.5 + 10.28 mg/l and from 50.0 to
180.0 mg/l with a mean of 100.0 + 47.05 mg/l. At downstream, there was signifi-
cant difference between the two seasons (p < 0.05). This difference might be due
the coffee effluents discharged to the water receiving bodies without any treat-
ment. High salinity can decrease plant growth and water quality and degraded
stock of water supplies.

The COD concentration in the downstream of rivers water was found within
range of 59.8 - 1700.6 mg/l with a mean of 776.5 + 651.58 mg/l and 60.7 - 1250.1
mg/l with a mean of 693.7 + 583.83 mg/I respectively for the results recorded in
wet and dry seasons with wide variations between sites and locations. The high-
est average mean values of COD and BOD were observed at the upstream sites
whether in wet and dry (45.1 + 0.71) at Nyakagezi river, (75.3 £ 0.58 mg/l) at
Kagogo river, (60.3 £ 0.58 mg/l) at Ruvubu2, (65.3 = 0.58 mg/l) at Nyandibika,
(120.3 £ 0.15 mg/l) at Nantangaro river and (45.3 = 0.58 mg/l) at Kurugomero
river, this indicated heavy load of organic and inorganic pollution that require
more oxygen to oxidize under increased thermal conditions [18]. The high mean
concentrations COD (693.70 - 776.5 mg/l) observed at downstream sites as
compared to the upstream sites, respectively indicated the pollution strength of
the receiving water bodies. There was also significant difference between the two
seasons at 95% confidence interval. This difference was caused by the various
large amount of chemical and biological demanding substances released from
the wet coffee processing factories into the rivers without any treatment in Kayanza
coffee growing ecological zones in Burundi. Based on the WHO standards, the
COD concentration along downstream sites were higher than the acceptable
limit which indicated the pollution of the river [10] [16]. Our findings are in
agreement with what was reported by Devi, 2019; Dejen Yemane Tekle et al,
2015 [15] and Ejeta, T. M., & Haddis, A. (2016) [1].

BOD; was in the range of 3.00 - 53.0 mg/l with a mean of 24.0 + 17.65 mg/l
and 2.10 - 46.0 mg/l with a mean of 15.52 + 10.46 mg/l upstream respectively in
wet and dry seasons whereas BOD; was at downstream in the range of 35.07 -
1040.3 mg/l with a mean of 433.3 + 360.88 mg/l and 47.0 - 1020.4 mg/l with a
mean of 399.8 + 637.36 mg/l respectively in wet and wry seasons (Months of
April & June). The effluent discharged from the wet coffee processing factories
in Kayanza, may have increased the COD and BOD; concentrations of the re-
ceiving water bodies. The downstream rivers water COD and BOD; were high
than 40 mg/l and 10 mg/l respectively recommended by WHO [16], overall as-

sessment and classification of stagnant and running surface water according to
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their river water quality [10]. The values are in the agreement with what was re-
ported by the others researchers such as Devi, 2019; Dejen Yemane Tekle et al,
2015 [15] and Ejeta, T. M., & Haddis, A. (2016) [1]. Water with high concentra-
tions of BOD; can be worming sign of an algal bloom, however, in which cir-
cumstance, high oxygen concentration during the day are likely to be followed
by low oxygen concentration at night and very low concentrations when the
broom breakdowns. There was significant difference between the two seasons at
p < 0.05, the difference could be attributed to the dilution effect during wet sea-
son.

The range of phosphates concentrations varied widely from 0.09 - 1.10 mg/l
with a mean of 0.40 + 0.17 mg/l and from 0.03 - 1.94 mg/l with a mean of 0.41 +
0.34 mg/l respectively along upstream of rivers water in wet and dry seasons
with wide variations between sites. Whereas the phosphates were in the range of
0.39 - 4.60 mg/1 with a mean of 0.82 + 0.30 mg/ and 0.10 - 4.26 mg/l with a mean
of 0.78 + 0.34 mg/l downstream in wet and dry seasons with wide variations be-
tween sites respectively in wet and dry seasons. The phosphates concentration
changed significantly (p < 0.05) due the seasons. Comparison of the result ob-
tained in this present study from the receiving water bodies, e.g. Hadis and Devi
(2007) (4.1 mg/l) showed high phosphate concentrations than that obtained in
this study (0.78 - 0.82 mg/l). According to Bliefert and ANNON N [10], phos-
phates concentrations are within the standard limit, therefore this parameter did
not cause change or pollution to the receiving water bodies. The presence of
PO} in water increases eutrophication and similarly promotes the growth of
algae. The difference in PO}  observed in downstream sites could be to differ-
ent effluent quantities discharged into the receiving water bodies from wet coffee
processing factories in major coffee growing ecological zones in Burundi.

The chlorides concentrations at the upstream and downstream sites were in
the range of 15.7 - 36.9 mg/l with a mean of 27.7 + 7.96 mg/l and 28.9 - 45.8 mg/1
with a mean of 35.1 + 5.54 mg/l respectively during wet season whereas varied
from 17.0 - 46.1 mg/l with a mean of 29.4 + 7.99 mg/l and 28.1 - 55.2 mg/l with a
mean of 37.1 + 8.84 mg/l downstream during wet and dry seasons. High CI~
concentrations found at downstream of the discharged points could be due to
wet coffee effluents discharged without any treatment. However, the effluents
qualities appeared to be compliant with the standards. Thus, the chloride para-
meter indicated that water was appropriate for direct use [19].

The nitrate concentrations were in the range of downstream of rivers water
were in the range of 3.94 - 21.3 mg/l with a mean of 10.3 + 4.15 mg/l and 1.21 -
16.7 mg with a mean of 4.23 + 2.26 mg/l respectively during wet and dry seasons.
The results show that the results of the current study agree with findings re-
ported by Haddis A. & Devi R., 2008 [1]. These values show wide variations be-
tween samples from different sites and differed significantly (p < 0.05). Whereas
at upstream Nitrate concentrations were in the range of 0.17 - 11.3 mg/l with a
mean of 6.28 + 4.04 mg/l and 0.38 - 3.16 mg/l with a mean of 1.45 + 0.91 mg/l
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respectively during the months of April and June. Based on the WHO (1995)
standard, the nitrates concentrations along downstream sites were in conformity
with the acceptable river water quality [10] [11] [16], which indicated that the
wet coffee processing factories effluents did not contribute to the pollution of the
receiving water bodies. The low nitrates concentrations at downstream sites for
the results recorded in dry seasons as compared to wet season may be due the
decreasing of the use of fertilizers in the surrounding fields by famous which
came to rivers water by runoff [4].

The ammonium concentrations were in the range of 2.92 - 9.54 mg/l with a
mean of 5.55 + 2.23 mg/l and 1.62 - 3.96 mg/l with a mean of 2.90 + 0.77 mg/l
downstream sites respectively during wet and dry seasons. The results show that
the results of the current study agree with findings reported by Dejen Yemane-
Tekle et al, 2015 [15] and Ejeta, T. M., & Haddis, A. (2016) [19]. In the up-
stream sites, ammonium concentrations were in the range 1.08 - 8.10 mg/l with
a mean of 4.15 + 2.06 mg/l and 0.72 - 2.88 mg/l with a mean of 1.55 + 0.78 mg/1
respectively in wet and dry seasons. There was significant difference in NH;
recorded in both periods (April and June seasons). The general trend observed
was increasing in Ammonium concentrations in downstream sites and this might
be due to coffee wastewater effluents released from wet coffee processing facto-
ries in major coffee growing ecological zones in Burundi without any treatment
[4].

NO, concentrations were in the range of 0.05 - 0.39 mg/l with a mean of
0.18 + 0.13 mg/l and 0.01 - 0.08 mg/l with a mean of 0.03 + 0.02 mg/l down-
stream sites respectively during the months of April and June coffee processing
times whereas at the upstream, Nitrites concentrations were almost below the
limit of detection. The increase in NO, concentrations at downstream sites
during wet and dry seasons was due to the concentrations from wet coffee
processing factories effluents in Kayanza coffee growing ecological zones in Bu-
rundi. The nitrites values of the samples from all the sites were below the rec-
ommended WHO standards and overall assessment and classification of stag-
nant and running surface water according to their quality of river water [4].
There was no significant difference in nitrite recorded in both seasons (wet and
dry seasons).

In Kayanza growing ecological zones, the copper values for all the samples in
kayanza during dry season did not exceed the limit of detection of AAS. In this
case, the coffee effluents from all locations did not contribute to water pollution
in studied areas [4]. The concentrations of Cu were within the permissible limit
standards and o overall assessment and classification of stagnant and running
surface water according to their quality of river water [10] [11].

Copper is acutely toxic to most of forms of aquatic life at relatively low con-
centrations. Increased quantities of copper make water distasteful to drink. The
copper values for all the samples in Kayanza during sampling periods did not

exceed the limit of detection of AAS. Lead is a toxic element that accumulates in
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the skeletal structures. The toxic effects of Pb to fish decrease with increasing

water hardness and dissolved oxygen [20] [21].

4. Conclusion

Wet coffee processing factories in Kayanza coffee growing ecological zone con-
tain large amounts of organic and nutrient load. This huge untreated wastewater
is discharged directly into the nearby pits that are intended to serve as waste sta-
bilization ponds but are neither appropriately constructed to accommodate the
generated waste during peak processing time and some wet coffee factories dis-
charged directly their coffee effluent into nearby water bodies. This leads to
overflow of raw effluents into natural watercourses and damages the surface wa-
ters and aquatic life. The findings show that coffee wastewater discharged with-
out any treatment contributes to the pollution of receiving water bodies. There-
fore, the coffee wastewater generated around the rivers was found to have a great
negative impact on the receiving water bodies” quality, hence extra care has to be
taken in order to protect the receiving water bodies from being polluted. Laws
and policies should be enforced to ensure the parameters of the wastewater are

within the set standards in order to safeguard the environment.
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