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Abstract: In this study, we analyzed the impact due to discharges of waste water from 
coffee washing stations on aquatic macro-invertebrates. Sampling has been made during 

coffee processing period and no coffee processing period. This study show that the 
macro-invertebrates increase during the coffee processing period and Hemiptera and 
Diptera individuals are most represented. There is variation of Hemiptera individuals 
which are less represented during coffee processing period but individuals increase 
during no coffee processing period. In opposite, Diptera individuals increase during 
coffee processing period than no coffee processing period. The study found that Diptera 
especially individuals belong to the chiromidae family are very abondunce during the 
coffee processing period. In the non-coffee processing period, we noticed that this taxon 

is less represented. These results show that individuals of the family of Chironomidae are 
bio-indicator of the pollution due to discharges of wastewater from coffee washing 
stations. 
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1. INTRODUCTION 
In Africa, aquatic ecosystems are subject to the 

disturbances of various kinds [1]. Despite their 

economic, social and ecological importance, African 

streams are degrading at an alarming rate [2]. This 

degradation leads to the disappearance of the aquatic 

macro-invertebrates which are generally used as 

bioindicators to assess the ecological quality of rivers 

[3]. Many studies have shown that the distribution of 

these organisms is associated to the abiotic conditions 
like water temperature, its content of oxygen and 

dissolved substances [4]. 

 

In Burundi, aquatic macro-invertebrates are 

almost unknown. The few data available are those on 

Lake Tanganyika which has interested scientists since 

the colonial period [5]. Little researches have already 

been carried out on the macro-invertebrates of the 

streams of Burundi, a country called thousand hills 

which are separated by streams. These streams are 

subject to many disruptions linked in particular to 

human activities on the hills generally on slopes subject 
to torrential rains and erosion. Beside these human 

disturbances, the pollution due to the spillage of organic 

matter does not seem to be a concern matter for famers. 

This is the case for coffee processing activities in 

Burundian coffee-growing regions, particularly the 

Kagoma coffee washing and drying station where we 

carried out this study. 

 

This study investigates the effects of 

wastewater discharges from coffee washing and drying 

stations on aquatic macro-invertebrates. The main 
objective is to contribute to the protection of aquatic 

waters in Burundi by understanding the impact of 

organic pollution in the coffee processing chain on 

macro-invertebrates in streams. 

 

This study shows the taxonomic indicators 

groups for pollution of organic discharges from coffee. 

Our hypothesis is that aquatic macro-invertebrates, like 

any form of aquatic life, would be qualitatively and 

quantitatively affected by pollution from wastewater 

discharges from coffee washing and drying stations and 
can be good indicators of the ecological condition of 

stream.  

 

2. MATERIAL AND METHODS 
2.1. Study zone 

This study was carried out at the Kagoma 

coffee washing and drying station located in Ngozi 
Province, the north of Burundi. The wastewater from 

this station is discharged into a small stream called 

Samwe. This stream is surrounded by hills with coffee 

fields. In addition to using this water in the coffee 

processing, the water from this stream is also used by 

the local population for the irrigation of their rice fields. 

It is also used for an artisanal processed coffee or 
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domestic use at upstream or downstream of coffee 

washing and drying station. 

 

2.2. Sampling and identification 

The sampling was carried out in 2020 in a 

period without a coffee campaign, three times in 
February and three times in October 2020. During the 

coffee campaign when the stream receives wastewater 

from coffee treatment, sampling was care out twice in 

March, twice in April and twice in June. Three sites 

were sampled taking into account their location in 

relation to the wastewater discharge point: the middle 

site corresponding to the wastewater discharge point, 

the upstream site being at the height of the point of 

discharge of this station and downstream located at the 

bottom of the ne place of discharge of wastewater from 

coffee washing and drying station. 

 
The macro-invertebrates were identified using 

the keys of Leclercq and Michel-Marie S. [6], Moisan, 

J. [7]. The larvae and adults captured were determined 

to family level. 

 

2.3. Data analyzing 

In this study, we determined the relative 

abundance of each taxon (Pi = ni / N) where Pi is : 

relative abundance, ni: total number of individuals of 

the species, N: total number of individuals found in the 

site. The variability of taxonomic groups was 
determined by comparing the results obtained in the 

campaign period and outside the campaign. The 

evolution of the abundance of the most represented 

families was also determined using data for the months 

of February corresponding to the pre-campaign, March, 

April, June corresponding to the campaign and October 

where there is no activity related to the  coffee 

treatment. Statistical analyses were made using 

Repeated measures One way Anova (GraphPad Prism 

5). 

 

3. RESULTS 
3.1. Taxonomic richness 

At the end of the sampling, 1371 individuals of 

macro-invertebrates were captured. During the no 

coffee processing period, we found 142 individuals 

downstream, 112 individuals in the middle and 118 

upstream while during the coffee processing period, we 
found 492 individuals downstream, 279 individuals in 

the middle and 225 upstream. The comparative analysis 

of the three sites studied and the coffee period shows 

that there is significant difference between the no-

coffee processing period  and coffee processing period 

(Anova student-Newman-Keuls multiple comparisons 

test p< 0.05). 

 

Taxonomical analyze in the three sites sampled 

show that all individuals belong to the phylum 

Arthropods, Molluscs and Annelids. Among the 
arthropods we have four orders: Coleoptera, Diptera, 

Hemiptera and Odonata, two orders of mollusks, 

Heterocardiums, Monotocardes and the order of 

oligochaetes in annelids. The individuals found are 

grouped into nine families which are Gerridae, 

Gyrinidae, Nepidae, Lestidae, Cystiscidae, Epitoniidae, 

Chironomidae, orthyncobdellidae and Haplatoxidae 

(Table 1). 

 

Table-1: Abundance of macro-invertebrates identified by site and by period: letters a,b,c indicate differences by 

Dunn’s multiple comparisons tests following Kruskall wallis, same letters means there is no significant difference 

between the variables (ANOVA) 

Phylum Orders 

 

 

Family 

No  coffee processing period coffee processing period Total 

downstream middle upstream downstre

am 

middle upstream  

 
Arthropods 

Coleoptera, 
 

Gerridae 
 

Gyrinidae 

20 
 

19 

22 
 

11 

25 
28 

31 
 

42 

41 
52 
 

35 
63 
 

174 
 

215 

Diptera 
 

Hemiptera 

 
Odonata 

Chironomidae 
 

Nepidae 

Testidae 

29 
 

16 

 
15 

13 
 

30 

 
6 

6 
 

19 

 
16 

382 
 

20 

 
12 

147 
7 
20 

 
 

76 
15 
18 

 
 

653 
 

107 

 
87 

Annelids  
oligochaetes 

Orthyncobdellidae 
Haplatoxidae 

14 
13 

8 
6 

4 
2 

3 
 

2 

0 
1 
 

1 
0 
 

30 
 

24 

 
Molluscs 

Heterocardium 
Monotocarde 

Cystiscidae 
Epitoniidae 

9 
 

7 

11 
5 

12 
6 

0 
 

3 

4 
7 

 

7 
10 

 

43 
 

38 

Total 7 9 142
a
 112

a
 118

a
 495

b
 279

c
 225

c
 1371 

 

 

 

 

3.2. Variability of taxonomic groups 

 

3.2.1. Variability of relative abundance of main 

orders 
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The results show that the orders Hemiptera and 

Diptera are most represented compared to other orders 

(Figure 1). The relative abundance of Hemiptera is 

10.6% downstream during the coffee processing period, 

but it is high (34.5%) outside the coffee processing 

period. The results for the relative abundance of 
Hemiptera in the middle corresponding to the 

wastewater discharge point is 20.6% during the 

campaign period but remains relatively high (43%) 

outside the coffee processing campaign. The relative 

abundance is low 22% in the coffee campaign period at 

upstream compared to the no-campaign period where 

the relative abundance is 39% (Figure 1). Statistical 

analysis showed us that there is a significant difference 

between the two periods (Kruskall wallis test, 

KW=62.05; p<0.001). 

 

The results show that the relative abundance of 

Diptera is high during the period of coffee processing 

campaign compared to the period when there is no 

coffee processing at all sites studied. During the coffee 

processing campaign, the relative abundance of Diptera 

at downstream is 72.5% while it is 20.2% during no 
coffee processing period. In the middle corresponding 

to the wastewater used in the treatment of coffee, the 

relative abundance is 51.4% in the campaign period 

against 3.4% outside the campaign. Statistical analysis 

showed us that there is a significant difference between 

the two periods. Diptera in upstream, are abundant in 

the campaign period 33.7% compared to the period not 

corresponding to the coffee processing period 0.06%. 

Statistical analysis showed us that there is a significant 

difference between the two periods (Kruskall wallis 

test, KW=72.03; p<0.001) Figure 1.   

 

 
Fig-1: Relative abundance of orders 

 

3.2.2. Variability of relative abundance of main 

families 

The relative abundance of families shows that 

the Chironomidae family is more abundant during the 

coffee processing period with a raté of 79.6%  at 

downstream, 64.8% in the middle and 45%  at upstream 
from the coffee washing station. Relative abundance 

values remain low during no coffee processing period 

with relative abundance of 13.1% downstream, 2% in 

the middle, and 0.06% upstream of the coffee washing 

station (Figure 2). Statistical analysis showed us that 

there is a significant difference between the two periods 

(Kruskall wallis test, KW=54.75; p<0.001). 

 

The results show that the relative abundance of 

Gerridae family at upstream is 3% in the coffee 

processing period but increases to 24.8% during no 

coffee processing period. In the middle, the relative 

abundance of gerridae is 6.6% in the coffee season but 

increases to 31.5% during no coffee processing period. 
The similary results are observed at downstream; the 

relative abundance of gerridae is 9.4% in the coffee 

season and reaches 26.3% during no coffee processing 

period (Figure 2). 

 

By analyzing the relative abundance of the 

gyrinidae family, we observe the same trend where in 

the coffee season it is less abundant compared to the 

non-coffee season (Figure 2). 
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Fig-2: Relative abundance of Families 

 

3.3. Evolution of the Relative Abundance of the main 

families 
Two most represented families, Gerridae, and 

Chironomidae were followed outside the coffee 

processing period (February and October) and during 

coffee processing period (March, April May and June). 

 

3. 3.1. Evolution of the abundance of Gerridae 

Results show that individuals belonging to the 

Gerridae family at downstream of the coffee washing 

station, undergo a regressive evolution from February 

until April starting from 23.5% to 0%. From April, the 

individuals increase and their relative abundance 

increases from 0% to reach 43.1% in October (Figure 

3). 

 

The results of the middle corresponding to the 

discharge point of the water used in the treatment of 

coffee are similar to those found upstream. Indeed, the 

individuals of the Gerridae family undergo a regressive 

evolution from February to April, the relative 

abundance goes from 14.5% in February to reach 0%. 
We observed in April an increase in the number of 

individual until October (Figure 3). 

 

At upstream, individuals belonging to the 

Gerridae family decline from 27.2% in February to 

9.6% in April and then increase until October (24.1 %) 

(Figure 3). 

 

 
Fig-3: Evolution of the abundance of Gerridae 
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3.3.2. Evolution of the abundance of Chironomidae 

The results of the evolution of the 

chironomidae  at downstream begins to increase in 

February with a maximum in April to June (40.3%-45, 

3%). Thereafter, we observe a regressive evolution until 

October when there are no Chiromidae individuals. In 
the middle zone, the evolution of the Chiromidae family 

shows their increase from March with the maximum in 

April to June 47.3% -51.2%. Since June, the results 

show a regressive evolution in October, there are no 

Chiromidae individuals. 

 

At Upstream from the station, the evolutionary 

trend is observed with an increase in relative abundance 

observed from March to April (5.3%-28.1%). This 
evolution is followed by a decline in relative abundance 

from June (18.1%) to reach (0%) in October (Figure 4). 

 

 
Fig-4: Evolution of the abundance of Chironomidae 

 

4. DISCUSSION 
4.1. Taxonomic richness 

The purpose of this study was to analyze the 

impact of water used in the treatment of coffee on 

stream macro-invertebrates. We found that the relative 

abundance differs in the three sites studied; 

downstream, middle and upstream. The results show 

that the macro-invertebrates increase during the coffee 

processing period. These variations could be explained 

by some ecological factors of streams. Indeed, scientific 

researches have demonstrated that distribution of 

aquatic macro-invertebrates is influenced by a large 
number of environmental factors such as food 

availability [8]; hydrological conditions; Voelz et al. 

[9]; the composition of the substrate [10]; increased 

nutrient load; competition and predation [11]. In this 

case, nutrient load and food availability for macro-

invertebrates from coffee processing are the main 

factors. 

 

Hemiptera and Diptera individuals are most 

represented taxa in stream studied. Results show that 

Hemiptera individuals are less represented during 

coffee processing period but individuals increase during 
no coffee processing period.  In opposite, Diptera 

individuals increase during coffee processing period 

than no coffee processing period. We found a 

significant difference between the no-coffee processing 

period and coffee processing period. This variation 

means that wastewater from coffee processing led to the 

disappearance of taxa sensitive to pollution, Hemiptera 

in this case and the proliferation of taxa resistant. 

Indeed, we found that Diptera are very abundant 

specially individuals belong to the chiromidae family 

compared to other taxonomic groups during the coffee 

processing period. In the non-coffee processing period, 

we noticed that this taxon is less represented. These 

results show a disturbance due to the presence of the 
coffee washing station.  

 

4.2. Evolution of the Relative Abundance of families 

In analyzing the evolution of two main taxa, 

two evolutionary trends caught our attention. On  one 

hand, we observe that individuals of the Gerridae, and 

Chironomidae families increase with the coffee season, 

especially from April when the coffee activity is 

intense. The individuals belonging to these groups are 

therefore tolerant of the organic matter resulting from 

the processing of coffee. On other hand, we found that 
the Chiromidae individuals are less represented in 

February corresponding to no coffee processing period 

but undergo a gradual evolution during coffee 

processing period (March, April, May and June). 

Chiromidae individuals regress from this month and are 

no present in October. Several factors explain these 

results. Indeed, it has been demonstrated a strong 

correlation between the amount of organic matter and 

the number of individuals of Chiromidae [12]. For the 

Chiromidae, the organic matter resulting from the 

processing of coffee will serve as food, as Celeste 

Galizzi and her collaborators showed in 2012 [13]. 
From these results we can conclude that the 

Chironomidae family of the order Diptera is the 
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indicator taxon for the pollution of wastewater from 

coffee processing wastes. 
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