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Abstract The sugar industries and ethanol distilleries have

been rapidly expanding globally since bioethanol emerged

as a renewable bioenergy source. However, these industries

generate large volumes of wastewater with high levels of

organic matter, nutrients, and metal contents, which are

discharged into the nearby environment without adequate

treatment. This industrial pollution may have an adverse

effect on aquatic and terrestrial ecosystems. Hence, this

study aimed at investigating the physicochemical proper-

ties and metal constituents of sugar industry and ethanol

distillery wastewater and its adverse effect on the envi-

ronment. The study also assessed the legal framework of

industrial wastewater management in the sugar–ethanol

industry. The wastewater samples were collected from

Metahara sugar factory and ethanol distillery using time-

composite sampling techniques. The laboratory analyses of

physicochemical parameters and metal constituents of the

wastewater were performed using standard methods.

Results show that the physicochemical properties of the

sugar industry’s wastewater (mg/L) were pH 7.6 ± 0.5,

total solids (TS): 3050 ± 628, 5 days biochemical oxygen

demand (BOD5): 1052 ± 560, chemical oxygen demand

(COD): 1752 ± 433.0, NO3
- N: 0.4 ± 0.3, PO4

-3:

3.5 ± 1.5, SO4
-2: 30 ± 9.0 and Cl-: 45 ± 10.4, whereas

the ethanol distillery parameters (mg/L) were pH

3.9 ± 0.1, TS: 150,300 ± 9200, BOD5: 40,271 ± 3014,

COD: 132,445 ± 6655, NO3
- N: 3.2 ± 1.0, PO4

-3:

21.2 ± 2.7, SO4
-2: 4502 ± 69 and Cl-: 6722 ± 873. The

metal constituents of the sugar industry and ethanol dis-

tillery wastewater were, respectively: Na: 61.1–113.4,

207.6–263.0 mg/L; K: 87–161, 1143.9–2987.0 mg/L; Mg:

274.2–341.0, 816.3–927.6 mg/L; Ca: 376.9–468,

1787.4–3389.8 mg/L; Cr: 0.01–0.06, 0.8–2.3 mg/L; Cu:

0.2–0.7, 1.1–1.5 mg/L; Zn: 1.3–3.5, 1.4–2.8 mg/L; Fe:

3.2–4.3, 13.8–19.6 mg/L; Ni: not detected, 0.13–2.7 mg/L

and Mn: 1–1.5, 1.5–6.6 mg/L. All except one bivariate

correlation between concentrations of the metals were

strong (r[ 0.5). The BOD5/COD (biodegradability index)

of the sugar industry was 0.60, whereas the ethanol dis-

tillery was 0.25. Analysis of variance showed the concen-

trations of metals in the two industries were statistically

significant (p\ 0.05). Most of the parameters in this study

were beyond the maximum permissible discharging limits,

possibly interfering with physicochemical and biological

processes in the natural environment. Hence, for the ben-

efits of the environmental safeguards and sustainable water

use of the sector, we recommend that the two wastewaters

be treated using integrated approaches through blending

using the biological method.
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Introduction

The global environmental crisis, particularly environmental

pollution, is a growing concern. For instance, the quality of

freshwater is deteriorating and the quantity is being

depleted as a result of industrialization (Latif et al. 2011).

On other the hand, industrialization is the foundation that

contributes significantly to economic growth and human

welfare (Poddar and Sahu 2017). However, in many

developing countries, industrial wastes are not properly

managed, resulting in their disposal in the ambient envi-

ronment (Nath et al. 2007). For instance, only 8% of all the

wastewater generated in low-income countries is treated

and over 80% of the wastewater generated worldwide is

discharged without adequate treatment (UN-Water 2017).

Industrial wastewater management is one of the greatest

challenges worldwide because industrial processes create a

variety of pollutants that are difficult and expensive to treat

(Kadam and Upadhyay 2012). Furthermore, the industrial

demand for water and the generation of wastewater are

increasing at an alarming rate and the huge volume of

effluent is difficult to treat and dispose of with available

resources, especially in developing countries (Kumar and

Chopra 2012).

Sugarcane production is increasing exponentially to

satisfy the growing demand for sugar and bioethanol. The

sugar industry is one of the most important agricultural-

based industries, making a significant contribution to

national economies of many developing countries, includ-

ing Ethiopia. In tropical and subtropical developing coun-

tries, sugarcane is a source of cost-effective renewable

bioenergy obtained through ethanol production (Martinelli

et al. 2013). Additionally, one of the universal features of

sugar production is the need for large amounts of water for

different unit operations. The sugar industry generates

about 1000 L of wastewater for every ton of sugarcane

crushed (Hampannavar and Shivayogimath 2010). Fur-

thermore, sugar factories annexed with ethanol distilleries

produce, on average, 155 L spent wash (wastewater),

250 kg bagasse, 95 kg sugar and 12 L ethanol from one ton

of sugarcane (Siddiqui and Waseem 2012). Many studies

reported large amounts of pollutants in sugar industry

wastewater, such as 5 days biochemical oxygen demand,

(BOD5 1090 mg/L), chemical oxygen demand (COD

3682 mg/L), total solids (1287 mg/L) chloride (377 mg/L),

sulfate (430 mg/L), nitrogen (1300 mg/L), calcium

(393 mg/L) and magnesium (299 mg/L) (Wei and Jin

2004; Saranraj and Stella 2012; Sahu 2017). Usually, sugar

industry wastewater contains large amounts of organic and

particulate matters which are above environmental dis-

charge standards.

Globally, the number of molasses-based ethanol distil-

leries is rapidly increasing in order to satisfy the growing

demand for sustainable and renewable biofuel, particularly

bioethanol (David et al. 2015). The amount of global

demand for bioethanol in 2020 is estimated to increase

above 1.2 9 1011 L (Arimi et al. 2015). However, dis-

tillery waste accounts for 88–95% of the total volume, and

ethanol for only 5–12% of the raw materials (Pant and

Adholeya 2007). The ever-increasing generation of

molasses spent wash, an unwanted residual liquid waste,

poses a serious threat to the water quality and soil prop-

erties in several areas worldwide (Mohana et al. 2009). On

average, 10–15 L of spent wash is generated for every liter

of ethanol produced (Christofoletti et al. 2013). Further-

more, distillery spent wash is classified as ‘‘Red Category’’

due to its polluting properties (Basu et al. 2015). The dark

brown color-causing pigments of molasses spent wash

were reported to contain COD of 110,000–190,000 mg/L,

BOD5 50,000–60,000 mg/L, dissolved solids

90,000–150,000 mg/L, temperature 70–80 �C, and low

acidity (pH 3.0–4.5) (Mohana et al. 2009; Kazemi et al.

2015). Spent wash is a very complex and eco-toxic agro-

industrial wastewater, rendering its disposal into the envi-

ronments unsafe. Thus, the removal of the pollutants from

distillery spent wash using different treatment technologies

is urgently needed prior to discharge (Nure et al. 2017).

Metals and their compounds play indispensable and

extensive roles in the industrial and agricultural develop-

ment of many nations (Akpomie et al. 2015). Currently,

industrial wastewater containing various metals, including

Cr, Cd, Cu, Ni, Fe, Hg, Mn, Pb, and Zn, is being discharged

into the environment in developing countries (Salehzadeh

2013; Renu et al. 2017). These unsafe disposals cause the

accumulation of heavy metals in water bodies, soils, food

webs and living organisms. The noxious effects of the

metals are of growing public health concerns (Mirbagheri

et al. 2014). Metals are a group of environmental chemicals

that are ubiquitous and non-biodegradable. Some of them

are suspected to cause cancer, birth and immune system

defects, mental retardation, behavioral abnormalities,

immunotoxicity, low fertility, altered sex hormone balance,

and altered metabolism (Wu et al. 2016). Many research

reports show the presence of high metal concentrations in

sugar industry wastewater, particularly in ethanol distillery

spent wash (Srivastava and Jain 2010; Damodharan and

Reddy 2012; Perovano Filho et al. 2016; Poddar and Sahu

2017). When these heavy metals are released into water

bodies, they will be hydrated and become highly toxic,

disrupting the normal enzymatic functions of biota (flora

and fauna) and enhance the absorption process of biota

(Barakat 2011; Carolin et al. 2017). Industrial metals pol-

lution is a serious threat to the survival of terrestrial and

aquatic life also because toxic metals act slowly and persist
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for long periods in biotic systems due to their non-

biodegradability (Salehzadeh 2013). Generally, due to their

potentially hazardous effects, biomagnification, bioaccu-

mulation, and toxicity, the remediation of heavy metals is

challenging for the scientific community. The toxicity of

metals in different environments depends on several fac-

tors, including the dose, route of exposure, and chemical

species, as well as the age, gender, genetics, and nutritional

status of exposed individuals.

Notable achievements have been made in combating

severe pollution during the period of high economic growth

following the environmental principles set forth by the

Basel Convention, the ‘‘polluter pays’’ principle, and the

‘‘precautionary’’ principle taken in consideration in

national legislation, proclamations, policies, and regula-

tions governing waste management. In Ethiopia, the

development of environmental policy and its legal mani-

festation can be traced back to three core policy discourses

which have been dominant in the Ethiopian policy debate

over recent decades. These are the Green Revolution dis-

course to overcome food shortage, the environmental

rehabilitation discourse to ameliorate degradation of natu-

ral resources, and a participatory natural resource man-

agement discourse (Ruffeis et al. 2010). Additionally, in

many developing countries, environmental protection is

generally underdeveloped, largely because nations are

facing numerous other socioeconomic and environmental

issues. Hence, environmental protection in these countries

is lagging behind the rapidly increasing volume of pollu-

tant emissions. However, the increasing awareness of the

need for environmental protection has encouraged the

development of new treatment technologies for wastewater

that will work efficiently and economically (Mohana et al.

2009). Thus, sugar industry and ethanol distillery

wastewater have to be treated prior to discharge into the

natural environment to prevent water pollution and eco-

logical impacts. Normally, the wastewater characteristics

and the levels of pollutants vary significantly from industry

to industry and change over time which impedes the

selection of appropriate technologies and treatment meth-

ods. Therefore, the selection of a particular wastewater

treatment technique depends on a variety of factors such as

wastewater type and pollutant concentrations (Rajasu-

lochana and Preethy 2016). In line with this, in wastewater

management practice, the measurement of physical,

chemical, and biological characteristics of the wastewater

will be a crucial part of identifying any existing pollution

problem or to estimate any emerged environmental prob-

lem in the future.

Among physicochemical treatment methods, biological

treatment has emerged as an alternative and more attractive

option than the existing physicochemical technologies for

treating industrial wastewater containing high organic

materials (Gopi Kiran et al. 2017). Additionally, biological

treatment is advocating because of the major drawbacks in

chemical treatment processes (Akpor et al. 2014). These

biological treatment processes are employed for the

removal of pollutants from various industrial wastewaters

to safeguard the health of living organisms and for envi-

ronmental sustainability. The mechanism of biochemical

reactions and detoxification of the heavy metals by

microbial degradation is a complex process but the appli-

cation of the bioremediation for industrial wastewater

management fluctuates over time. Particularly, the major

mechanisms of the removal of heavy metals, such as

intracellular accumulation, extracellular precipitation and

chemical transformations by microbial enzymatic actions

such as oxidation and reduction are increasingly being

applied (Kulbat et al. 2003). However, biological

wastewater treatment is a complex process which does not

only depend on biochemical reactions, but also on the

wastewater quality status (Chipasa 2003). Even though,

this technology is very is easy and not complex but the

biochemical reaction that takes place in bioreactor using

microorganisms for wastewater treatment is complex

because the biological process is very sensitive and com-

plicated process to understand and controlled like the

chemical and physical processes. The investigation of

proper physicochemical properties of the wastewater and

the quality status are fundamental to estimating environ-

mental wastewater pollution burden and the implementa-

tion of wastewater management practice through the

selection of proper treatment technologies for sustainable

water uses. Furthermore, the sugar industry and ethanol

distillery wastewater treatments are mainly focused on

either the removal of organic matter or the nutrient con-

stituents but many studies also found large metal concen-

trations, especially in ethanol distillery spent wash

(Perovano Filho et al. 2016). Therefore, the aim of this

study is to investigate the physicochemical properties and

metal constituents of sugar industry wastewater and etha-

nol distillery spent wash and adverse effects of the pollu-

tant loads on the environment. The study also focuses on

the role of the environmental legal framework for industrial

wastewater management, particularly for the sugar and

ethanol industries.

Materials and Methods

Description of the Sampling Sites

Metahara sugar factory and ethanol distillery are located on

the Awash River floodplains in the Rift Valley, about

200 km east of Addis Ababa, in Oromiya Regional State, at

the geographical coordinates 8�540000N and 39�550000E
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(Fig. 1). The area has a semi-arid climate, with mean

maximum and minimum temperatures of 32.8 �C and

17.5 �C, respectively. The factory is at an altitude of 940 m

and has an average annual rainfall of about 600 mm. The

average relative humidity, sunshine hours, and wind speed

of the area are 77.4%, 8:46 h, 4.12 m/s, respectively

(Degefa et al. 2016). In 2016, Metahara farm had 10,230

hectares of land planted with sugarcane and reported an

average annual sugar production of 825,000 tons, but the

average production capacity is 136,692 tons of sugar per

year the bioethanol production capacity is 12,500 m3/year

(Fito et al. 2017a, b).

Wastewater Sampling and Characterization

Wastewater samples were collected from the Metahara

sugar factory and the ethanol distillery. Wastewater sam-

pling was carried out monthly throughout the study period

of 2 months excluding the preliminary tests for both

physicochemical parameters and metal constituents of the

sugar industry and ethanol distillery wastewater using a

time-composite sampling technique. In all cases, the

wastewater samples were collected at the effluent exit point

of each factory while the wastewater was discharging into

the environment (Fig. 2). A time-composite sampling

technique was applied for physicochemical parameters,

including TS, COD, BOD5 phosphates, nitrates, sulfate,

and chloride which were measured in the laboratory. A

grab-sampling technique was used to measure physico-

chemical parameters (temperature and pH) on sites. Time-

composite sampling usually refers to the collection of

numerous individual discrete wastewater samples taken at

regular intervals over a period of hours. In all cases, the

wastewater samples were collected in pre-cleaned, acid-

washed plastic bottles and stored in a refrigerator at 4 �C
until used for analyses. Finally, the laboratory analyses of

the wastewater samples were performed according to the

standard methods (Zhang 2007).

Among the physicochemical parameters of the sugar

industry and ethanol distillery wastewater, pH was mea-

sured immediately on site while the other physicochemical

parameters such as total solids (TS) (APHA 2540 B, total

solid dried at 103–105 �C), nitrate (APHA 4500-NO3
- B,

ultraviolet spectrophotometric screening methods), phos-

phate (APHA 4500-PC, vanadomolybdophosphoric acid),

COD (APHA 5220 B, open reflex method), BOD5 (APHA

5210 B, 5-days BOD test), chloride (APHA 4500-Cl-B,

argentometric), and sulfate (APHA 3030E, turbidmetric

Fig. 1 Location of Metahara sugarcane farm and sugar industry (Fito et al. 2017a, b)
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method) were measured using standard methods (APHA

1998). For metal analyses, the wastewater samples were

digested to extract the metals of interest and make them

free in the form of ions that could be easily measured to

avoid organic matter interference with the metal concen-

tration measurements. Concentrated nitric acid was used

for digestion of the wastewater using a microwave digester

of the closed-vessel system with a maximum temperature

of 250 �C for 15 min. Then, the digested samples were

diluted, centrifuged, and filtered through a 0.45-lm-pore

diameter membrane filter. Finally, the prepared samples

were aspirated through a nebulizer into an inductively

coupled plasma optical emission spectrometer (ICP-OES,

Agilent 700 series ICP OES, USA), which has low detec-

tion limits for metal determination. The analyzed metals

were Na, K, Mg, Ca, Cr, Cu, Ni, Zn, Mn, and Fe. The

advantage of using a multi-element analyzer (ICP-OES) is

the reduction of time for sample analysis and chemical

consumption. All measurements of the metals were taken

in the laboratory by considering the instrumental detection

limit of each metal. Generally, the analyses of these metals

were performed as per the standard methods set by inter-

national organizations (ISO 11885, 2007). In all cases, the

measurements were taken in a duplicate manner.

Statistical Analysis

Descriptive statistical analysis and one-way analysis of

variance (ANOVA) tests were used for data analyses at

95% confidence level. The ANOVA test was done for

comparing metal concentration mean values of the summer

and winter seasons for both sugar industry and ethanol

distillery wastewater. The relationship between the metal

constituents of the sugar industry and ethanol distillery

wastewater was determined using two-tailed correlation

analyses.

Results and Discussion

Physicochemical Properties of Wastewater

In this study, physicochemical properties of sugar industry

and ethanol distillery wastewater were analyzed and the

results were compared with the Ethiopian industrial efflu-

ent discharging limits shown in Table 1. Total solids

3050 ± 628.0 mg/L and 150,300 ± 9200 mg/L, and pH

7.6 ± 0.5 and 3.9 ± 0.1 of sugar industry and ethanol

distillery wastewater, which are beyond the Ethiopian

industrial effluent discharging limits 50 mg/L and 6–9,

respectively, were recorded. The high concentrations of

total solids were attributed to carbonates, chlorides, sul-

fates, nitrates, metal constituents, organic matter, silts, and

other particle matters in the effluent, whereas alkalinity of

the sugar industry wastewater was associated with the

utilization of the of Ca(OH)2 for bleaching and pH

adjustment in sugar production processes. Cleaning of heat

exchangers and evaporators with NaOH to removes the

scales on the tube surface also contributes to alkalinity

levels. However, the strong acidic property of the distillery

Fig. 2 The discharging of the wastewater from sugar industry (left) and ethanol distillery (right)
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spent wash is directly associated with the use of sulfuric

acid in the fermentation process and sometimes the use of

phosphoric acid. These high amounts of particulate matter

can cause rapid depletion of available oxygen, endangering

fish and other aquatic life in the water bodies that receive

the effluent, whereas the acidity of the spent wash causes

the dissolution of metals in the water bodies, which creates

unfavorable environmental conditions for aquatic life

(Dahiya et al. 2001). Furthermore, the lower pH (acidic)

value of the effluent can affect the rate of biochemical

reaction and survival of various microorganisms in the

ecosystem.

The comparison of organic matters in sugar industry

wastewater with ethanol distillery spent wash in terms of

BOD5 1052 ± 560, 40,271 ± 3014 mg/L and COD

1752 ± 433, 132,445 ± 6655 mg/L were found, respec-

tively. These results indicate that organic matters are the

major pollutants in both types of industrial wastewaters,

which are beyond the Ethiopian effluent discharging limits

of COD and BOD5 60 and 250 mg/L, respectively. Poddar

and Sahlu (2017) reported BOD5 970 mg/L and COD 3,

682 mg/L in sugar industry wastewater and Mohana et al.

(2009) and Kazemi et al. (2015) reported COD

110,000–190,000 mg/L, BOD 50,000–60,000 mg/L in

ethanol distillery spent wash. Analysis of the organic

matter with the intention of BOD5 and COD conjugation is

also helpful in indicating toxic conditions and the presence

of biological resistance (Poddar and Sahu 2017). The dis-

charge of untreated wastewater into the water bodies can

reduce photosynthetic activities and oxygen concentration

that inhibit the survival of aquatic life in addition to the soil

alkalinity reduction (Dahiya et al. 2001). The BOD/COD

ratio, the biodegradability index (BI), has been used as

criteria for biodegradability measurement. Furthermore,

the BI is used to provide basic information for the selection

of appropriate biological treatment technology. Usually,

for fairly degradable and effective biological treatment,

BOD/COD[ 0.6 is expected, and BI values between 0.3

and 0.6, seeding of acclimatized microorganisms is

required. For BOD/COD\ 0.3, biologically treatment

becomes difficult since biodegradation will not proceed

(Zaher and Hammam 2014). The BI of the sugar industry

wastewater in this study was 0.6 and the ethanol distillery

spent wash was 0.30, indicating that for spent wash bio-

logical treatment is difficult to carry out. Blending of the

two wastewaters may be considered as an possible solution

to this problem.

In nutrient analyses of the Metahara sugar industry and

ethanol distillery wastewater (mg/L), nitrates (0.4 ± 0.3,

3.2 ± 1.0), phosphates (3.5 ± 1.5, 21.2 ± 2.7), and sul-

fates (30 ± 9, 4502 ± 69) were obtained, respectively. In

all cases, the nutrient concentrations of the ethanol dis-

tillery spent wash were higher than those of the sugar

industry parameters. The disposal of these inadequately

treated effluents into the water bodies may result in severe

eutrophication since nutrients (phosphate and nitrate) are

the potential contributors to this phenomenon (Khairnar

et al. 2013). These high nutrient concentrations are attrib-

uted to the amount of urea [CO(NH2)2], diammonium

phosphate [(NH4)2HPO4] and sulfuric acid (H2SO4) used in

the distillery fermentation process for the propagation of

yeast (Saccharomyces cerevisiae) and pH adjustment of the

broth, respectively. In line with this, the application rates

fertilizers, urea 1.81 kg and DAP 0.63 kg for every 1kL of

ethanol production in Metahara ethanol distillery were

reported (Fito et al. 2017a, b). However, for biological

wastewater treatment, the nitrate and phosphate contents

are really low compared to the COD concentration in both

industrial wastewater which might require to supplement

additional nutrients.

Light Metals Constituent of Sugar and Ethanol

Industry Wastewater

Light metals analyses of the sugar industry and ethanol

distillery wastewater were performed, and the results of the

study are presented in Table 2. Two different samples were

collected in summer and winter, and the results of the metal

compositions were described in the form of their ranges.

Normally, the wastewater of the sugar industry is generated

in different units, including the mill house, process house,

and boiler house with variable qualities and quantities.

However, we applied the time-composite wastewater

sampling technique to analyze metals composition. Simi-

larly, the wastewater of the ethanol distillery is generated at

different units of operation, resulting in three types of the

wastewater, namely spent wash, fermenter sludge and spent

lees. Spent wash is the dominant wastewater in terms of the

Table 1 Physicochemical properties of sugar industry wastewater

and distillery spent wash (mg/L)

Parameter Sugar industry

wastewater

Distillery spent

wash

EIWDS

pH 7.6 ± 0.5 3.9 ± 0.1 6–9

Total

solids

3050 ± 628.0 150,300 ± 9200 50

BOD5 1052 ± 560 40,271 ± 3014 60

COD 1752 ± 433 132,445 ± 6655 250

BOD/COD 0.6 0.30

NO3
- 0.4 ± 0.3 3.2 ± 1.0 _

PO4
-3 3.5 ± 1.5 21.2 ± 2.7 _

SO4
-2 30 ± 9 4502 ± 69 _

Cl- 45 ± 10.4 6722 ± 873 _

The results displayed as mean value ± standard deviation at n = 4

EIWDS Ethiopian industrial wastewater discharging standards
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quantities produced and its qualities in terms of its com-

plexity, recalcitrant nature, eco-toxicity, and highly acidic

levels. The sugar industry’s wastewater metals concentra-

tions of Na (61.1–113.4 mg/L, K 87–161 mg/L), Mg

(274.2–341 mg/L), and Ca (376.9–468 mg/L) were lower

than the light metal concentrations of the distillery spent

wash, such as Na (207.6–263 mg/L), K (1143.9–2987 mg/

L), Mg (816.3–927.6 mg/L), and Ca (1787.4–3389.8 mg/

L), respectively. These large amounts of Ca, Mg, Na, and K

in sugar mill and ethanol distillery effluents might be

attributed to the production processes of the factories and

the uptake of metals from the soil by sugarcane plants.

Other studies of the metal constituents of sugar industry

wastewater reported comparable results. For example,

Poddar and Sahu (2017) reported concentrations of K

113 mg/L, Mg 268 mg/L and Ca 361 mg/L in sugar

industry wastewater and Rajeshwari et al. (2000) found Na

concentrations of 150–200 mg/L and K concentrations of

5000–12,000 mg/L distillery wastewater.

Statistically significant variation of metals concentra-

tions between the two seasons was recorded at p\ 0.05.

Hence, the discussion of this study is considering the sea-

sonal variation of metal concentrations in the wastewater of

the sugar industry and ethanol distillery is important. The

concentrations of metals during the two seasons were

averaged for each industry and presented in Fig. 3. In all

cases, the concentration of metals in ethanol distillery spent

wash was higher than in sugar industry’s wastewater except

the concentrations of Na, which were nearly the same.

Probably, this attributed to the same source, but the pro-

duction process of the sugar industry and ethanol distillery

is quite different. Hence, the concentration level of the

sodium ion might be associated with the soil sources which

could be taken up by the sugarcane. Furthermore, high

concentration differences of light metals within and across

the two industries were observed. For instance, the maxi-

mum concentration of Ca was 2584 mg/L in spent wash,

whereas the minimum value of the light was recorded for

Na (61.10 mg/L) in sugar industry’s wastewater.

Furthermore, analysis of variance of the mean concentra-

tion of light metals in both the sugar industry and distillery

wastewater showed significant differences (p\ 0.05). This

high concentration of metals in ethanol distillery spent

wash may be attributed metal compositions of molasses

which have already been confirmed by the high metal

contents. Although the spent wash is the residue of

molasses fermentation, the wastewater generated by the

sugar industry at the different houses is mainly from

washing the floor and apparatus, which does not directly

contact with the sugar production process in the factory.

Generally, the error bars of the metal concentrations of the

Table 2 Light metal concentrations (mg/L) of the sugar industry and ethanol distillery wastewater (n = 4)

Metals Na K Mg Ca

SIWT1* 72.20 ± 15.70 98.60 ± 16.40 279.70 ± 7.78 404.40 ± 38.89

SIWT2* 107.90 ± 7.85 155.50 ± 7.78 331.00 ± 14.14 459.50 ± 12.02

Ranges 61.10–113.40 87.00–161.00 274.20–341.00 376.90–468.00

EDW1# 210.30 ± 3.75 1189.50 ± 64.42 919.20 ± 11.88 3346.10 ± 61.87

EDW2# 256.50 ± 9.19 2926.40 ± 85.77 836.50 ± 28.57 1821.90 ± 48.72

Ranges 207.60–263.00 1143.90–2987.00 816.30–927.60 1787.40–3389.80

*1 and *2 are the winter and summer sugar industry wastewater tests, the 1# and 2# are the winter and summer ethanol distillery spent wash tests,

respectively

Fig. 3 The average winter (a), summer (b) metals concentration in

wastewater of the sugar and ethanol distillery
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wastewater from both industries during the winter and

summer did not overlap, which indicates significant dif-

ferences between the metal concentrations of the sugar

industry to ethanol distillery. This variation of the metal

concentrations between the two the industries can be con-

sidered as an opportunity for anaerobic biological treat-

ment by blending the two wastewaters to homogenize them

in a concentration zone suitable for microbial populations.

Heavy Metals Constituent of Sugar and Ethanol

Industry Wastewater

Samples were collected during summer and winter at the

factory closing and opening, respectively. The characteri-

zation of the sugar industry and ethanol distillery

wastewater was performed in terms of metal composition

(Table 3). These results are expressed as mean values,

standard deviations and the concentration ranges for both

sets of seasonal samples.

The concentrations of Cr and Cu in sugar industry

wastewater and ethanol distillery spent wash were

0.01–0.06; 0.8–2.3 mg/L and 0.2–0.7; 1.1–1.5 mg/L,

respectively. These results show higher concentrations of

Cr and Cu in ethanol distillery spent wash than in sugar

industry wastewater. The Zn concentrations of ethanol

distillery were also higher (1.4–2.8 vs. 1.3–3.5 mg/L), as

where the Fe concentrations of ethanol distillery spent

wash (13.8–19.6 vs. 3.2–4.3 mg/L) and Mn (1.5–6.6 vs.

1–1.5 mg/L). The concentration of Ni in sugar industry

wastewater could not be detected but was in the range of

0.13–2.7 mg/L in distillery spent wash. Likewise, both Cd

and Pb were not detected in both industrial wastewater and

therefore, they were not discussed.

The high concentration of heavy metals in sugar mill

and ethanol distillery effluents may be due to the produc-

tion processes of sugarcane in the sugar factory and

molasses in the ethanol distillery. Srivastava and Jain

(2010) reported concentrations of the heavy metals Cd

(0.025), Zn (4.01), Cr (0.172), Ni (0.863), Cu (2.66), Fe

(68.5), and Mn (3 mg/L). Amare et al. (2017b), in his dry

weight analysis of sugarcane molasses for heavy metal

concentrations, confirmed the presence of high concentra-

tions of Fe (302.7), Mn (23.9), and Zn (6.4 mg kg-1). In

another study of sugar industry wastewater, high amount of

calcium (393 mg/L), magnesium (299 mg/L), sodium

(106 mg/L), potassium (125 mg/L), and the heavy metals

Fe2? 17.00 mg/L, Zn2? 0.79 mg/L, Pb2? 0.52 mg/L, Cu2?

0.346 mg/L, and Mn2? 0.095 mg/L were recorded

(Saranraj and Stella 2012).

Similar to the concentration of light metals, the average

value of each heavy metal of the sugar industry and ethanol

distillery wastewater was calculated and the results are

presented in Fig. 4. The average concentrations of Cu and

Zn in both the sugar industry and ethanol distillery

wastewater are almost the same (Fig. 4). However, the

average values of all other heavy metals concentrations in

ethanol distillery spent wash were higher than those in the

Table 3 Heavy metals concentration (mg/L) of the sugar industry and ethanol distillery wastewater (n = 4)

Test types Cr Cu Zn Fe Mn Ni

SIWT1* 0.02 ± 0.01 1.00 ± 0.28 1.55 ± 0.35 3.35 ± 0.21 1.10 ± 0.14 ND

SIWT2* 0.06 ± 0.01 2.05 ± 0.35 3.35 ± 0.21 4.23 ± 0.11 1.45 ± 0.07 ND

Concentration range 0.01–0.06 0.80–2.3 1.30–3.50 3.20–4.30 1.00–1.50 –

DST1# 0.25 ± 0.07 1.40 ± 0.21 1.70 ± 0.42 14.40 ± 0.85 1.80 ± 0.42 0.14 ± 0.01

DST2# 0.55 ± 0.21 1.1 ± ?0.0 2.65 ± 0.21 18.95 ± 0.92 6.45 ± 0.21 2.50 ± 0.28

Concentration range 0.20–0.70 1.10–1.50 1.40–2.80 13.80–19.60 1.50–6.60 0.13–2.70

*1 and *2 are the winter and summer sugar industry wastewater tests, 1# and 2# are the winter and summer ethanol distillery spent wash tests,

respectively

Fig. 4 The average concentration of heavy metals in sugar and

ethanol distillery wastewater
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sugar industry’s wastewater. The average concentration of

Ni in all sugar industry wastewater samples could not be

detected. Large concentration discrepancies among the

heavy metals were observed in the wastewater of both

industries, confirming that the maximum average concen-

tration of Mn was nearly 16 mg/L, whereas the minimum

for Ni could not be detected. Analysis of variance of the

mean concentration of heavy metals showed significant

differences between sugar industry and distillery wastew-

ater (p\ 0.05). Generally, the error bars of the heavy

metal concentrations of the winter and summer of both

industries did not overlap, indicating significant differences

between the metal concentrations of the sugar industry and

the ethanol distillery. The analyses of sugar and ethanol

industry wastewater indicate that spent wash might be the

main contributor to the adverse environmental effect of

heavy metals due to the waste generated from the sector

and a challenge for biological wastewater treatment tech-

nology. Therefore, in sugar–ethanol industry wastewater

management, the main attention should be given to ethanol

distillery spent wash because of the high concentration of

the pollutants (mainly organic matters, nutrients, and

metals), recalcitrant nature and huge volume of spent wash

generated.

Correlation of Metal Concentration in Sugar

Industry Wastewater

Sugar industry wastewater was characterized in terms of

the metal constituents and correlation among the metal

concentrations. The results of the bivariate two-tailed

correlation analysis are presented in Table 4. The correla-

tion coefficients are used as the measure of the association

between metal concentration of the wastewaters. Correla-

tion coefficients of r\ 0.50 were considered to be weak

and above r[ 0.50 as strong. The strongest relationships

were between Na and Zn (r = 1.0), Fe and Cr, Fe and Mg,

(both with r = 0.99), Fe and Na, Mn and Cu, and Ca and

Na (all with r = 0.99). In general, all the relationships

among metal concentrations in this analysis were strong

and positive, with r[ 0.80, except for the relationship

between Zn and Ca (r = 0.70). Although strong correla-

tions between metals were observed any change in the

concentration of one metal may not affect the metal con-

centrations of the others. Furthermore, although the cor-

relations of metal concentrations give good information on

the magnitude and direction of the associations, it does not

show cause and effect relations. Although a strong corre-

lation between the parameters does not necessarily imply

that a change in the concentration of one parameter

resulted in changes in the concentrations of the others, it

indicates the magnitude and direction of the associations

(Fito et al. 2018).

Correlation of Metal Concentrations in Ethanol

Distillery Wastewater

The relations between metal concentrations were analyzed

for ethanol distillery spent wash. Correlation analyses were

performed and the correlation coefficient (r) was used to

judge the relations between individual metals as either

negative, neutral or positive. Bivariate two-tailed correla-

tion tests showed the strongest correlations between Ni and

K (r = 1.0) and between Ni and Ca, Ni and Na, Ca and K,

Mn and K, and Mn with Ca (all with r = 0.99), and the

weakest relationship between Cr and Cu (r = 0.49)

(Table 5. The associations among metal concentrations

were strong overall, at r C 0.54, except for Cr and Cu

(r = 0.49). However, many metal concentrations in ethanol

distillery spent wash were strongly negatively associated.

The strongly positive or negative parameters are beneficial,

inactive indicators.

The Suitability of the Metals Constituent

for Anaerobic Treatment

Anaerobic wastewater treatment involves a large number

of chemical, biochemical and microbiological reaction

Table 4 Correlation coefficients of bivariate analysis of metal concentrations of sugar industry’s wastewater (n = 4)

Na K Mg Ca Cr Cu Zn Fe Mn

Na 1

K 0.94 1.00

Mg 0.96 0.91 1.00

Ca 0.98 0.90 0.90 1.00

Cr 1.00 0.95 0.97 0.97 1.00

Cu 0.86 0.98 0.83 0.82 0.87 1.00

Zn 0.82 0.86 0.93 0.70 0.84 0.81 1.00

Fe 0.98 0.97 0.99 0.93 0.99 0.91 0.91 1.00

Mn 0.93 0.99 0.87 0.91 0.93 0.98 0.80 0.94 1.00
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processes. The microbial reactions and degradation of

organic matter and nutrients for physiology, nutritional

needs, and growth kinetics are vital for the building of new

microbial cells. The concentration of metals in industrial

wastewaters can have synergistic or antagonistic effects on

anaerobic digestion. However, the presence of metals such

as Na, K, Mg, and Ca enhances the treatment process under

normal concentrations because these metals are essential

for optimal growth, development of microorganisms, and

proper function of the treatment system. The stimulating

concentration ranges of the light metals K 200–400 mg/L,

Mg 75–150 mg/L, Ca 100–200 mg/L were reported. In this

study, all the metal concentrations of the sugar industry

wastewater are within these stimulating ranges, whereas

the metal concentrations of the distillery spent wash are

beyond the ranges. Despite the advantages of normal

concentrations ranges, some limitations, such as inhibiting

microbial degradation processes, are expected at higher

concentration ranges. Moderately inhibitory concentrations

of Na 3500–5500 mg/L, K 2500–4500 mg/L, Mg

2500–4000 mg/L, and Ca 1000–1500 mg/L were reported

by Appels et al. (2008). Higher concentrations can disrupt

the treatment system and can also cause bacterial cell

dehydration because of the osmotic pressure difference.

Normally, the toxicity of the metals in anaerobic treatment

is related to their bioavailability, which can be determined

by many factors, including the presence of other toxicants

that may cause synergism or antagonism. Factors such as

pH and temperature can affect chemical or biological

reactions (Wu et al. 2016).

Minimal amounts of the trace metals (heavy metals) are

essential for many microbial enzymes and co-enzymes

activation processes and activities (Appels et al. 2008).

Particularly heavy metals such as Cr, Cu, Zn, Fe, Mn, and

Ni are essential for normal function of enzymatic catalysts,

nutrient transportation, protein structure, charge neutral-

ization, and control of osmotic pressure (Rajendran et al.

2003), at high concentrations; however, they are toxic and

inhibit anaerobic wastewater treatment. Some investiga-

tions reported that the presence of heavy metals in the

anaerobic digester which packed by the municipal sludge

decreased the efficiency of the digestion process (Abdel-

Shafy and Mansour 2014). The toxic effect of heavy metals

can also disrupt enzyme function and structure by binding

the metals with thiol and other groups on protein molecules

or by replacing naturally occurring metals with enzyme

prosthetic groups (Gómez 2011). The severity of metal

inhibition depends upon factors like metal concentration in

a soluble, ionic form in the solution, type of metal species,

and the amount and distribution of biomass in the digester.

However, inhibitory and toxicity level of Cu 1–10 mg/L,

Zn 5–40 mg/L, Fe2? 4.0–8.5 mmol/L, and Cd2? at

0.53–3.0 mmol/L were reported by Demirel and Yenigün

(2002) and Kumar and Mudhoo (2013). Certain other

heavy metal ions, such as Cu and Cr, can inhibit the growth

of bacteria and inactivate the enzymatic functions and thus

affect the anaerobic digester treatment system, which may

lead to system failure. In this study, the concentration of

heavy metals in sugar industry wastewater appears to be

suitable for microbial remediation, whereas the concen-

trations of the metals in the distillery spent wash are above

the maximum permissible limits. Severe inhibition and

toxicity of microbial actions will result in the reduction of

treatment efficiency and may lead to treatment system

failure.

Anaerobic digestion is a state of an art in terms of

efficiency with the environmentally friendly approach and

suitable for high strength sugar industry wastewater treat-

ment, but the spent wash is a challenge for this treatment

technology. However, high rate anaerobic reactors can

minimize overcome many constraints. Among the mecha-

nisms of bioremediation of heavy metals, biosorption is a

metabolism-independent binding of heavy metals to living

cells, non-living biomass or microbial extracellular poly-

mers (Chipasa 2003). To overcome metal concentration

discrepancies between sugar industry and ethanol distillery

Table 5 Correlation coefficients of the metals concentration of ethanol distillery spent wash’s wastewater (n = 4)

Na K Mg Ca Cr Cu Zn Fe Mn Ni

Na 1.00

K 0.98 1.00

Mg - 0.86 - 0.91 1.00

Ca - 0.97 - 0.99 0.95 1.00

Cr 0.88 0.84 - 0.54 - 0.77 1.00

Cu - 0.80 - 0.74 0.80 0.79 - 0.49 1.00

Zn 0.95 0.89 - 0.83 - 0.90 0.76 - 0.94 1.00

Fe 0.97 0.98 - 0.82 - 0.95 0.92 - 0.62 0.83 1.00

Mn 0.96 0.99 - 0.93 - 0.99 0.79 - 0.70 0.84 0.97 1.00

Ni 0.99 1.00 - 0.89 - 0.99 0.86 - 0.76 0.91 0.98 0.98 1.00
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wastewaters, it is advisable to blend the two wastewaters to

reduce the concentration of metals to normal ranges to

create fertile conditions for microbial communities. This

has two additional advantages. First, it can minimize or

avoid the injection of purchased metal ions into the treat-

ment system for the health of microbial growth and proper

function of wastewater treatment system and second, it can

reduce the inhibiting effect and toxicity of high metal

concentrations.

Legal Framework for Industrial Wastewater

Management

The Ethiopian government is currently emphasizing eco-

nomic development and job creation as primary policy

objectives but is also attempting to achieve sustainable

development goals, which are to be finalized by 2030

(Pahlow et al. 2015). During the UN Conference on

Environment and Development in Rio 1992, the compati-

bility concept of the environment and development was

developed and has been accepted by nearly all nations.

Ethiopia has made a promising start in environmental

protection, including industrial wastewater management,

since the environmental protection legal framework was

formulated and incorporated into the country’s constitu-

tion, proclamations, policies and regulations. The issue of

environmental protection in Ethiopia is elaborated in detail

in Proclamation No. 1/1995 of the constitution (Constitu-

tion 1995). According to Proclamation No. 299/2002

(Proclamation 2002b), the environmental impacts of any

development related project must be assessed and moni-

tored through environmental impact assessment proce-

dures. These safeguards are strengthened by Environmental

Pollution Control Proclamation No. 300/2002 (Proclama-

tion 2002), which was formulated with the intention of

safeguarding public health and protecting the environment

from ecological upsets caused by anthropogenic activities.

Article 20 of the Environmental Pollution Control Procla-

mation No. 300/2002 was formulated to guide the regula-

tion of industrial pollution prevention. The Prevention of

Industrial Pollution Council of Ministers Regulation No.

159/2008 states that any factory subjected to this regula-

tion, including the sugarcane mills and ethanol distilleries,

must minimize the generation of pollutants to levels that do

not exceed the standard limits set by for former national

Environmental Protection Agency (EPA 2003). However,

these regulations have not been enforced. The majority of

the industries in the country, including the sugar industry,

are discharging their wastewater into nearby water bodies

and open land without any form of the treatment.

On the other hand, the government has given special

attention to the development of sugarcane farms and sugar-

bioethanol distilleries with the vision to make Ethiopia a

leader of sugar and bioethanol producer in Africa. As part

of this effort, sugarcane farms and bioethanol distilleries

are being expanded and the blending of bioethanol and

benzene has been started to provide the alternative,

affordable and sustainable bioenergy for the transportation

sector. While these activities augment and are in harmony

with economic development overall, waste management of

the sugar industry and bioethanol distillery have not been

adequately addressed. Existing industrial effluent dis-

charging limits by the EPA for the sugar industry and

ethanol distillery cover only organic compounds, not

metals (Table 6), which were found in high concentrations

on Metahara sugarcane farm. Other studies in Ethiopia

confirmed the presence of high concentrations of metals in

wastewater emitted by this industry, particularly ethanol

distillery wastewater. The existing wastewater treatment

facilities were not designed to remove heavy metals

(Amare et al. 2017a). Our study points to the need for these

metal parameters to be incorporated into the effluent dis-

charging limits for sugar producers and ethanol distilleries.

Conclusion

Most physicochemical properties of ethanol distillery

effluents, such as nutrients (nitrate and phosphate), organic

matters (COD, BOD5), acidity (pH), and total solids, were

higher than those of the corresponding sugar industry’s

parameters. The concentrations of these parameters were

higher than the discharging limits set by the Ethiopian

Environmental Protection Agency. Similarly, high con-

centrations of metals were found in sugar and ethanol

production wastewater in Metahara sugar cane farm. The

maximum concentration was recorded for Ca (3389.8 mg/

L), followed by K (2987 mg/L) in ethanol distillery spent

wash. In both the sugar industry and ethanol distillery

wastewater, the order of metal concentrations was Ca[

Table 6 Sugar industry and ethanol distillery effluent limit values for

wastewater discharges into natural water bodies

Parameters Parameter limit value

Temperature 40 �C
pH 6–9

BOD5 at 20 �C 90% removal or 60 mg/L

COD 90% removal or 250 mg/L

Suspended solids 50 mg/L

Ammonia (as N) 20 mg/L

Total nitrogen (as N) 80% removal or 40 mg/L

Total phosphorus (as P) 80% removal or 5 mg/L

Oils, fats, and grease 15 mg/L

Mineral oils at the oil trap or interceptor 20 mg/L
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K[Mg[Na[ Fe[Mn[Zn[Cr[Cu[Ni. Some

concentrations of metals in ethanol distillery spent wash

were above the suitability level in biological treatment

systems, which may affect both the microbial actions and

treatment performance. These properties indicate that if the

effluents are not properly treated before being discharged

into the environment, they may have adverse effects on

aquatic and terrestrial ecosystems. Therefore, we recom-

mended biological wastewater treatment method, particu-

larly anaerobic high rate reactor followed by aerobic

processes, since the analysis of the biodegradability index

indicated that this treatment technology is a promising

option in developing countries. We also recommend that

discharging limits be set by the Ethiopian environmental

pollution prevention legal framework for individual metals

emitted by sugar and ethanol producers and that metals be

monitored by these industries.
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