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Abstract
Coffee is globally the second largest most traded commodity after petroleum, and this has facilitated many countries to 
grow and produce coffee in commercial quantity. The production processes uses large volume of water which comes out 
as contaminated water. The presence of toxic chemicals like tannins, phenolic and alkaloids inhibits biological degrada-
tion. Microbial processes break down the organic substances released into water bodies slowly, using up the oxygen from 
the water (COD). As demand for oxygen needed to break down organic waste in a wastewater begins to exceed supply, 
a decrease in oxygen needed to combine with chemicals (COD) slowly creates anaerobic condition. The review looks at 
few of the current methods (physicochemical and biological) used in coffee wastewater management, their advantages and 
disadvantages including, high cost implication, complex operation and more time consumption among others; furthermore, 
the review suggests ion exchange technique as a better alternative based on its capacity to act as both an ion exchanger 
and absorber.
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Introduction

Coffee is a plant belonging to the family Rubiaceae, genus 
coffea. Its seeds are called coffee beans and can be pro-
cessed into drinks. Although coffee lifespan may extend up 
to 100 years, its most productive years are from 5 to 25 and 
can equally grow from 5 to 25 m tall [National Coffee Asso-
ciation (USDA 2018)].

Coffee originated from Ethiopia and then spread across 
to Egypt, Yemen and Italy and all over Europe. Coffee has 
continuously gained a place in the world. Globally, coffee is 
the second largest most traded commodity after petroleum. 
It is mostly produced in the tropics and consumed in the 
temperate region. Three species of coffee dominate the inter-
national market thus; Arabica (Coffea Arabica) 70% has the 
highest quality in terms of taste and aroma, Robusta (Coffea 
Canephora) 28% has the highest caffeine content and Coffea 
Liberica 2% (von Enden et al. 2002).

Problem statement

Coffee processing method can be either dry or wet. The wet 
processing system uses large volume of water and there-
fore generates high volume of polluted effluent which are 
traditionally discharged easily into the nearby stream or 
river. Coffee processing by-product includes pulp with 43%, 
mucilage 12% and parchment 6.1%. This effluent is generally 
made of high concentration of organic matter and suspended 
solid and is highly acidic (Navitha and Kousar 2018; Sahana 
et al. 2018). Another major problem associated with wet 
coffee processing is the high amount of water required for 
processing approximately 15–20 L to 1 kg of coffee bean; if 
there is no recycling of water, then the resources themselves 
are at stake (Dadi et al. 2018). According to Cardenas et al. 
(2009), there is need to treat the coffee effluent before dis-
charge because it was observed that the water pollution level 
of streams and rivers close to coffee processing plants is very 
high. Additionally, it has been observed that there has been 
minimal or no comprehensive review with regard to how 
coffee effluent is being managed in recent times.

Furthermore, the effluent produced by coffee process-
ing plants is colored containing different macromolecules 
such as polyphenols (e.g., melanoidins) and caffeine. The 
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coffee melanoidins consist of groups of ligand such as tan-
nins, polysaccharides and combinations of them (Cardenas 
et al. 2009). These macromolecules are tough to degrade 
using conventional biological treatment processes and are 
accountable for its dark brown color (Péerez et al. 2007). 
Consequently, the pollution resulting from the discharge of 
colored effluent is responsible for its opacity, high chemi-
cal and biological oxygen demand, causing eutrophication, 
blocking light and affecting photosynthesis (Takashina et al. 
2018; Tokumura et al. 2008; Péerez et al. 2007).

Although various physicochemical methods have been 
developed to remove the recalcitrant compound in CPWW, 
there is still need to explore other methods that can be cost 
effective as well. Pollutant removal techniques reported by 
studies include zero-valent iron treatment (Tomizawa et al. 
2016) ionizing radiation, adsorption, electrochemical oxida-
tion using steel electrodes, and, recently, chemical flocculation 
coupled with advanced oxidation processes (UV/H2O2, UV/
O3 and UV/H2O2/O3). There has so far not been any review on 
the current coffee processing wastewater treatment. Although 
Shanthakumar (2018) attempted a mini review on coffee pro-
cessing wastewater treatment (CPWW) methods, the review 
has failed to highlight the pros and cons of the methods men-
tioned, and other treatment methods were not also captured. 
This work hopes to fill in the gap by providing information 
on all current treatment techniques that has been adopted for 
CPWW, highlighting clearly the advantages and their disad-
vantages. Furthermore, this work suggests a viable and less 
explored method in the removal of recalcitrant compounds 
found in coffee processing wastewater.

Aim and objective

The aim of this paper is to present a review on the current 
methods of coffee effluent treatment with the sole objec-
tive of presenting the most appropriate and nascent technol-
ogy that takes into consideration all parameters of concern 
(effectiveness, availability, affordability and ecologically 
friendly) for effective coffee effluent treatment.

The anatomy of a coffee berry

To have a better understanding of managing coffee process-
ing effluent, it is very vital to understand how the organic 
pollution is generated.

The coffee berry outer skin is called the pericarp; beneath 
it there lies a thin layer of pulp (mesocarp) followed by a 
slimy layer called the pectin layer (parenchyma) (Tori Gay 
2018). The bean itself is covered in an endocarp commonly 
referred to as parchment; inside the bean there is another 
thin layer called the silver skin (epidermis) (Fig. 1).

Coffee processing

Due to the fact that the quality of coffee bean starts to 
degrade few hours after being picked from the farm, pro-
cessing is done immediately. This is why coffee process-
ing plants or areas should be located close to the coffee 
farm (Tori Gay 2018). Each technic and level of processing 
comes with its pollution potential (Fig. 2). Additionally, the 
robustness of the processing determines the quality of the 
end product (von Enden et al. 2002).

The dry method of coffee processing

The dry method is the simplest with minimum pollution 
potential. Coffee berries are left under the sun after pick-
ing until the moisture content reaches a minimum of 10%, 
removal of the outer skin and parchment follows suit. The 
dry method requires a large space for the sun drying and 
does not usually produce qualitative coffee; furthermore, 
the dry process can easily be hampered by raining season in 
many parts of the world (Lucy 2003).

The wet method

This method entails different stages of processing (Fig. 2) 
and requires high technical knowhow to ensure production 
of good quality coffee. The processing is preceded by sort-
ing, where coffee berries are immersed in water. The poorly 
developed, degraded or diseased floats and is removed, and 
other detritus such as twigs or leaves that may have been 
collected along with berries are also removed. This is fol-
lowed by depulping; it involves removing the outer layer of 
the coffee seed (exocarp, mesocarp), leaving a slimy coating 
of mucilage around the bean. This process generates high 
level of organic matter that makes it very difficult to degrade 
the mucilage layer of the coffee berries (Rattan et al. 2015). 
Next is fermentation of the mucilage whereby the mucilage 
is acted upon by microorganism in that way decomposing 
the layer, the coffee bean is again washed. Fermentation time 
is determining by the temperature of the given processing 

Fig. 1  The anatomy of coffee berry
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area. The simplest test for complete fermentation according 
to Por and Katzeff (2001) is by pushing one’s hand into the 
pile of coffee bean when it makes a hole and then it is com-
pletely fermented. Washing comes next after the fermenta-
tion is complete; the process involves immersing the bean in 
clean water, stirring and rinsing, and the process continues 
until it is devoid of any trace of mucilage, because having 
any residue of mucilage could affect the quality of the end 
product. After the bean has been freed from all pulpy resi-
due, it is subjected to drying either by solar energy or by the 
use of mechanical dryers that are powered either electrically 
or fueled by gas where the moisture content is reduced to 
10–12% by simply using a digital grain moisture meter for 
measurement (Kebede et al. 2010); the dryness of the coffee 
is very important because it increases the quality invariably 
increasing the value, and it also inhibits the growth of fungi 
on the seed.

Biological and physicochemical 
characteristics and effects of coffee 
processing wastewater

It has been reported by several studies that coffee wastewa-
ter is characterized by very high chemical oxygen demand 
(COD), biological oxygen demand (BOD), acidic content, 
odor and color (Tokumura et al. 2006; Chagas et al. 2015; 

Navitha and Kousar 2018; Gupta et al. 2009; Kebede et al. 
2010; von Enden et al. 2002; Padmapriya et al. 2013, 2015; 
Gerardi 2003; Woldesenbet et al. 2014).

It is paramount to note that the main environmental 
effect of organic pollution in water is the decrease or 
insufficiency of oxygen and opacity (Morales et al. 2005). 
The presence of toxic chemicals like tannins, phenolic and 
alkaloids inhibits biological degradation or organic materi-
als in water bodies where the effluent has been discharged. 
Microbial processes break down the organic substances 
released into water bodies slowly, using up the oxygen 
from the water. As demand for oxygen begins to exceed 
supply, decrease in oxygen content slowly creates anaero-
bic condition (Rattan et al. 2015; Tokumura et al. 2008).

This phenomenon results in very high amount of oxy-
gen needed to break down organic waste in a wastewa-
ter (BOD) and also a high amount of oxygen needed to 
combine with chemicals (COD). The anaerobic conditions 
created in wastewater are responsible for odor and could 
be very fatal to aquatic inhabitants; bacteria that seep 
into potable water sources can as well cause direct health 
implication on humans (Woldesenbet et al. 2014). Color is 
a significant factor for aquatic life in the manufacture food 
from sun rays. The photosynthetic activity decreases due 
to dark color. This in turn will affect other parameters like 
temperature, DO and BOD (Siddiqui and Waseem 2012)

Fig. 2  Schematic diagram of coffee processing. Source: Author



 Applied Water Science (2020) 10:11

1 3

11 Page 4 of 11

In general, the need for a sustainable wastewater man-
agement practices for industries is driven by many factors 
including legislation, disposal limits in sensitive water bod-
ies, protection from water-related risk, economic considera-
tion with regards to cost of water, corporation image, (as a 
form social corporate responsibility of company or even as 
part corporation obligation to the environment). Therefore, 
this review looks at the methods that have been in use so far 
and provide a not-to-common technology in the management 
coffee processing wastewater.

Current treatment technologies and their 
advantages and disadvantages

For any treatment to be ascertained as effective, the method 
must take into cognizance operational cost, environmental 
friendliness as well as the different demand for water quality 
in relation to water uses so as to optimize the reuse based 
on the water-fit-for-use principle. Wastewater must also be 
discharged based on predetermined discharge limits. Stabil-
ity and reliability of the management method should also be 
considered (Hubbe et al. 2016).

Having highlighted the severity of improper management 
of coffee effluent above, this section highlights various meth-
ods that have been applied in managing the coffee effluent 
with their cons and pros.

Physicochemical treatment

Physicochemical treatment methods of industrial wastewa-
ter have been preferred recently compared over biological 
treatment because of its ability to break complex compound 
in wastewater in relatively short period of time (e.g., few 
hours) in a controlled environment (Takashina et al. 2018; 
Rodrigues et al. 2014).

Zero‑valent iron (ZVI) treatment

Zero-valent iron (ZVI) particulates are non-toxic, abundant 
and low-cost material and easily recovered by magnetism; 
they have in recent times been used to treat both organic 
and inorganic pollutants in different wastewater (Fu et al. 
2014; Tomizawa et al. 2016). Their mechanism of pollution 
removal is reductive degradation, oxidative degradation, 
adsorption and precipitation. Despite their successes, spent 
ZVI particulates are not easily regenerated, which makes 
the process not economically viable as materials need to be 
replaced after treatment (Tomizawa et al. 2016).

Photo‑Fenton method

Recently, many OAP treatments of coffee effluent have 
been brought into the lime light such as photo-catalysis 

with  H2O2 and  Fe2+, with ZnO (Tokumura et al. 2008). 
This method uses the catalytic reaction between ferrous 
ions in solution and hydrogen peroxide producing hydroxyl 
(a specie with high oxidation potential) which is the key 
reagent in breaking down recalcitrant compound-related 
lignin (Hubbe et al. 2016). Tokumura et al. (2008) used 
varying doses of  H2O2 and UV light to decolorize cof-
fee effluent, 93% of coffee effluent color was removed in 
250 min (Kondo et al. 2010), by using combined biologi-
cal and chemical treatment with the anaerobic up-flow 
anaerobic sludge blanket (UASB) reactor and photo-Fenton 
to achieve 95% BOD removal at the optimal molar con-
centration of  H2O2 as 2.5 × 10−1 mol L−1 and that of  F2+ 
6.3 × 10−2 mol L−1.

Although the photo-Fenton reaction is very effective for 
decolorization of coffee eluent, the additional supply of 
hydrogen peroxide consumed in the process and the con-
trol of optimal pH at around 3.0 are drawbacks (Tokumura 
et al. 2006, 2008; Yamal-Turbay et al. 2012; Villanueva-
Rodríguez et al. 2014).

Ultraviolet radiation (UV) catalysis (with ozone)

Ozonation has been advocated to be a better option as com-
pared to photo-Fenton being a stronger oxidant of many 
organic compounds (Satori and Kawase 2014). Studies 
reported that the main shortcoming of ozonation is its low 
mineralization, but this is usually countered by UV or hydro-
gen peroxide (Hubbe et al. 2016). There were also claimed 
that UV application alone is less effective method of treat-
ment unless it is combined with other AOP which prove that 
large amount of organic compound loading, such as color 
and turbidity were removed effectively (Takashina et al. 
2018; Ashraf et al. 2016). Péerez et al. (2007) employed 
photo-oxidation technique using UV/H2O2 preceded by 
coagulation–flocculation to remove 87% COD in coffee 
wastewater.

Electro‑oxidation

According to Hubbe et al. (2016), electro-oxidation could 
be defined as a process where voltages and other factors in 
an electrode are optimized for in-situ generation of oxidiz-
ing and reactive species. In this method, electrolysis pro-
duces different oxidative radicals (e.g hydroxyl, chlorine,) 
as organic compounds directly degrade on the electrode. In 
this method, electrolysis produces different oxidative radi-
cals (e.g., hydroxyl, chlorine,) as organic compound directly 
degrade on the electrode.

Electro-oxidation has been studied by many researchers 
in the treatment of coffee processing wastewater (Ibarra-
Taquez et al. 2017). Cardenas et al. (2009) used a dimen-
sionally stable anode that is composed of titanium with a 
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film of ruthenium, cobalt oxide and iridium to reduce the 
level of pollutant after pretreatment with coagulation/chemi-
cal flocculation. Bejankiwar et al. (2003) studied the removal 
of COD and color after biological pretreatment showing 
that steal anode was effective in removing COD in coffee 
wastewater.

Membrane filtration It is a mechanical separation tech-
nique for removing micron-sized contaminants (Park et al. 
2015). The technique has been reportedly successful in the 
treatment of pulp and paper industrial wastewater (Hubbe 
et al. 2016; Puro et al. 2010; Pizzichini et al. 2005) and as 
co- treatment in many respect (Santhosh et al. 2016; Zheng 
et al. 2013). There are basically four classification of mem-
brane filtration: microfiltration with typical pore size of 
0.1–2 μm, ultrafiltration 2–100 nm, nano-filtration 1–5 nm 
and reverse osmosis <  1 nm (Barakat 2011; Hermosilla 
2016; Sójka-Ledakowicz et al. 1998).

Despite its wide usage, the main drawback of membrane 
filtration is that only it separates and does not change any 
components of the wastewater. Therefore, in the case of 
highly polluted wastewater such as coffee processing waste-
water additional treatment method is needed as reported by 
Tacias-Pascacio and Torrestiana-Sanchez (2019) whereby 
a combined system of anaerobic baffled bioreactors and 
membrane filtration was used to remove COD 81%, TS 72%, 
TSS 100%, TDS 61%; yet, its effectiveness in the removal of 
recalcitrant elements such as phenol that makes up the coffee 
color has not been reported.

Another very common issue encountered by this method 
is the clogging and fouling of membrane. Recent studies 
were tilted to finding solution to this problem factors like 
rate of pressure, pretreatment before subjection to mem-
brane filtration (Qu et al. 2012) and more recently electric 
treatment of the membrane; others include optimization of 
temperature and pH. A water treatment company operat-
ing in Malaysia developed an operator-friendly pressurized 
membrane system membrane bioreactor plant which will 
be used to treat and reuse wastewater from instant coffee 
processing company. Although the method will effectively 
remove COD and free oil and grease (Asia 2012), there is 
no mention of the removal of acidity and color which is the 
major issue with coffee processing wastewater

Biological methods

Various forms of filtration have been studied in connec-
tion with bioreactors to speed up biological decomposition 
(Hubbe et al. 2016) bearing in mind the health and environ-
mental effect of direct discharge of coffee effluent without 
treatment (Selvamurugan et al. 2010; Dinsdale et al. 1997; 
Rossmann et al. 2013; Fia et al. 2012). Biological treatment 
is widely practiced; one of the major objectives of biologi-
cal treatment is the removal of BOD, and such treatment 

has been found to be ineffective in the removal of color or 
other acidic components of the coffee wastewater and pro-
cesses require a long period (a few months) to completely 
degrade organic materials. Biological treatment includes but 
not restricted to aerobic/anaerobic treatment, spray irriga-
tion, activated sludge, immobilization, enzyme treatment, 
the use of bioreactors (Gupta et al. 2009; von Enden et al. 
2002; Navitha and Kousar 2018).

Expanded granular sludge bed (EGSB) bioreactor Sev-
eral anaerobic processes have been developed and studied 
to treat CPWW, such as studies on the flow pattern, toxic-
ity inhibition, start-up, optimization, kinetics and operation 
conditions. The hydraulic retention time (HRT) is one of the 
most important independent variables for the control of this 
kind of anaerobic bioreactor, because it directly influences 
the anaerobic digestion processes and the hydrogen trans-
fer and can produce the cell washing phenomenon (Cruz-
Salomón et al. 2017).

It has been established that this type of bioreactor is an 
excellent system for treating high organic load effluent, but 
its major drawback is it does not remove the nutrients (N 
and P). Another problems of the anaerobic biological deg-
radation are associated with the high content of fermentable 
organic matter in the effluent that causes a fast acidification 
of the wastewater resulting in a high production of VFA 
(Somasiri et al. 2008 and Buzzini et al. 2007).

Therefore, it is necessary to monitor the content of VFA 
for the good performance of the anaerobic bioreactor. 
Therefore, it is necessary to monitor the content of VFA 
for the good performance of the anaerobic bioreactor as 
well as Hydraulic retention time (HRT) because these fac-
tors affect EGSB bioreactor performance (Cruz-Salomón 
et al. 2017).

Chemical coagulation and flocculation is also reported 
to be efficient, easy to handle and cheap method of cof-
fee wastewater treatment. It does not require pretreatment 
(Novita et al. 2012). Studies reviewed showed that although 
color removal was effective, COD reduction was not effec-
tively achieved due to the fact that the process cannot break 
the complex binding of organic matter in coffee wastewater 
(Novita et al. 2012).

The settling down of solid particles in effluent as a result 
of gravity can be enhanced by electrochemical coagulation. 
Electrochemical coagulation method has been credited to 
be efficient in the removal of color, COD and SS in coffee 
wastewater (Novita et al. 2012; Panchangam and Janakira-
man 2015; Sahana et al. 2018). Removal of suspended solid 
and oxygen demand occurs when high charged cation agent 
such as aluminum sulfate coagulant is used to neutralize to 
neutralize negatively charged wastewater solid, followed by 
high-mass polyelectrolyte such as acrylamide (flocculants) 
(Hubbe et al. 2016).
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Electrochemical method consists of two conductive metal 
plates (anode and cathode) connected to an external power 
source where oxidation corrodes the anode material and the 
cathode is subjected to passivation (Sahana et al. 2018). In 
relation to other traditional methods of coffee processing 
wastewater treatment, electroplating has more advantages 
which include high ability to remove contaminants that 
are generally difficult to remove, cost effectiveness, envi-
ronmental compatibility, energy efficiency, safety (Sahana 
et al. 2018).

Downside is noted in the gradual reduction of the effec-
tiveness of the treatment by the passivation of cathode as 
current continues to flow through it. It also requires higher 
rate of energy supply in relation to most treatment technolo-
gies. Furthermore, the presence of tannins apparently causes 
a short circuit in the coagulation and the flocculation process 
(Novita et al. 2012).

Adsorption In the quest for cheaper and yet efficient tech-
nology for the removal of organic matter, several agricultural 
by-products such as corn stalk, rice husk, chitosan, chitin, 
peat, wood have been used as adsorbents (Devi et al. 2008). 
Due to their hydrophobicity, suitably high surface area and 
affinity, activated carbon products have been used in indus-
trial wastewater treatment. Activated carbon technology has 
shown great efficiency in the removal of contaminant with 
very cheap and readily available adsorbent than many con-
ventional methods of organic wastewater treatment method 
(Devi et al. 2008).

Although there are very few studies that adopted the 
adsorption technology in the management of coffee effluent, 
many studies have reported the use of coffee by-products as 
effective adsorbent in the removal of heavy metals (Anas-
topoulos et al. 2017; Jeguirim et al. 2017; Nitayaphat 2017; 
Utomo and Hunter 2006). However, Mahesh et al. (1999) 
reported the study of tannin removal by adsorption from 
coffee wastewater, and they discovered that the process 
effectiveness was highly dependent on pH (e.g., 3–5 using 
activated coconut shell and 5–6 for commercial activated 
carbon) even though the method has some disadvantages 
associated with additional cost in relation to high energy 
needed to activate the carbon (Shawwa et al. 2001).

Ionization irradiation

Aguilera and Consuegra (1998) studied the implication of 
ionizing radiation on coffee effluent organic substances that 
could not degrade by biological treatment alone. The method 
was preceded by chemical treatment. Although the method 
is safe, fast and effective and it does not generate any pol-
lution, its downside has the high cost associated with the 
treatment method.

Advantages and disadvantages of CPWW treatment techniques

Methods Advantages Disadvantages Application

Zero-
valent 
iron 
(ZVI)

Effective in 
removing 
color and 
TOC

Materials need replace-
ment after every 
treatment

Tomizawa 
et al. 
(2016)

Photo-
Fenton

Efficient in 
remov-
ing color 
in coffee 
wastewater

Additional supply of 
hydrogen peroxide is 
required. There is also 
a very low pH at which 
the process does not 
neutralize. It is also 
time-consuming

Tokumura 
et al. 
(2008)

Oxidation Relatively 
low cost, 
the highest 
treatment 
percentage 
obtained 
was 75.99% 
for caffeic 
acid

Short catalytic lifespan 
of the enzyme when the 
polymerization process 
is not active

Enzyme activity is depend-
ent on the temperature, 
which makes the process 
cumbersome

Torres et al. 
(2016) and 
Chagas 
et al. 
(2015)

Fungal 
species

Fungi have 
high potential 
of remov-
ing phys-
icochemical 
parameters

Takes longer time for the 
fungi to effect consider-
able result. Low toler-
ance for fungal species 
to changes in pH level

Navitha and 
Kousar 
(2018) 
and Hubbe 
et al. 
(2016)

Spray irri-
gation

Low cost and 
does not 
require spe-
cial skill

The process did not put 
into consideration the 
fact that ground water 
can be confined and 
unconfined. Additionally, 
it may take longer time 
for pollutant to leach into 
ground water. Further-
more, it could also result 
in anaerobiosis

Loehr et al. 
(1988), 
Gupta 
et al. 
2009 and 
Kebede 
et al. 
(2010)

Aerobic/
anaero-
bic 
digestion

It is the most 
popular 
treatment 
method

This process is time-
consuming as bacterial 
consortia responsible for 
the degradation process 
require time to adapt to 
the new environment 
before they start to 
consume organic mat-
ters to grow; in addition 
another disadvantage 
of this method is the 
fact that the volume and 
strength of the effluent 
may not be consistent 
and therefore inhibit the 
process and the required 
efficiency to treat the 
effluent. Finally, this 
method will require a 
further post-treatment to 
meet the environmental 
standard for disposal

Padmapriya 
et al. 
(2013, 
2015), 
von Enden 
et al. 
(2002) and 
Gerardi 
(2003)



Applied Water Science (2020) 10:11 

1 3

Page 7 of 11 11

Methods Advantages Disadvantages Application

Coagula-
tion

Achieved 
71.9% and 
97.8% of 
COD color 
removal, 
respec-
tively, with 
7.5 g/L of 
 FeCl3 at 
 pH5

The final result has 
a low pH which is 
another problem to 
disposal

Novita et al. 
(2012)

Activated 
carbon

Avocado 
removed 
98.2 and 
99.1 of 
COD and 
BOD, while 
commercial 
activated 
carbon 
99.02% and 
99.35%, 
respectively. 
The most 
effective 
method of 
removing 
COD and 
color

Requires huge amount 
of energy

Devi et al. 
(2008)

Membrane 
filtration

Very useful 
as a co 
treatment 
method

Clogging and fouling of 
membrane, as well as 
required pressure

Hermosilla 
(2016)

Electro-
chemical 
coagula-
tion

Very effec-
tive for the 
recovery 
and reuse of 
sludge

(64–85%) 
color 
removal @ 
pH 6 with 
ferrous 
sulfate

Requires high level of 
expertise, is not cost 
effective to small scale 
coffee manufacturers 
not efficient in color 
removal. Factors 
affecting this process 
include electrode 
material, characteris-
tics of wastewater

Panchangam 
and Jana-
kiraman 
(2015) and 
Sahana 
et al. 
(2018)

Using 
Gamma 
radiation

The method 
is safe, fast 
and effec-
tive and it 
does not 
generate 
any pollu-
tion

Irradiation is a high-cost 
treatment

Aguilera and 
Consuegra 
(1998)

Ion exchange

Color and organic matter removal from coffee and other 
colored effluents have been relatively successful; especially 
the physicochemical methods mentioned earlier, for these 
treatments to be generally considered effective, factors such 
as environmental friendliness demand for energy and cost of 
operation should also be considered. Ion exchange is the redis-
tribution of ions between two phases of diffusion. Ion exchang-
ers are solid materials that can take up charged ions from a 
solution and discharge a corresponding amount of the other 
ions into the solution (Kremer 1954). The ability to exchange 
ions is dependent on the property of the structure of the solid 
material (Lucy 2003; Inglezakis and Poulopoulos 2006).

Ion exchange resins are insoluble polymer that comprise 
basic or acidic functional groups and have the capacity to 
exchange counter ions within an aqueous solutions surround-
ing them. Ion exchange is an adsorption phenomenon where 
the mechanism is electrostatic. Electrostatic forces adsorb 
ions to charge functional groups of the ion exchange resin, 
and the adsorbed ion replaces the ions on the surface of the 
resin on a 1:1 charge ration basis (Bashir et al. 2010). The 
resins are fabricated from an organic polymer substrate back-
bone; they are usually white or yellowish available in the 
form of small beats (1–2 mm). The beats are generally porous 
providing a high surface area to maintain electro-neutrality. 
All ions exchangers have fixed ionic group that are balanced 
by the counter ion (Eq. 1) (Noble and Terry 2004):

One prominent importance of ion exchange material 
is the ability to use and reuse the material (Wheaton and 
Lefevre 1981). Ion exchange technology is utilized in many 
capacities such as agriculture, food processing, medical 
research and chemical synthesis and mostly used in water 
treatment processes. Their applicability to water softening, 
environmental remediation, wastewater treatment, hydro-
metallurgy, chromatography, biomolecular separations and 
catalysis has been highlighted in several publications (Alex-
andratos 2009; Silva et al. 2018). For the basis of this study, 
we shall be looking at their applicability in water treatment

Ion exchange techniques have been found to successfully 
remove heavy metals such as clinoptolite and heulandite 
to remove strontium (Chernjatskaja 1988); using hexacy-
anoferrate and phenolic resins to remove Cesium (Harjula 
et al. 1994; Samanta et al. 1992), using titanate exchangers 

(1)A
+ + (R−)B+

↔ B
+ + (R−)A+

.
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to treat nuclear waste (Dosch et al. 1993), using zeolite 
for thorium ions removal (Sinha et al. 1994). Successes 
with ion exchange technique have also been recorded in 
recent times with regard to the treatment of various kinds 
of contaminated water. For examples, Bashir et al. (2010) 
effectively employed ion exchange technology to success-
fully remove color COD and ammonia nitrate in a field lea-
chate and also for removal of ammonia from wastewater 
(Jorgensen and Weatherley 2003). Its advantage is seen in 
its capacity to remove all ionizable and ionic species from 
aqueous solution. It is highly efficient, and there is availabil-
ity of large variety of resins that can easily be reused and 
recycled. The disadvantage of ion exchange resin technique 
is that it requires pre-filtration process before it can be used.

Advocacy of ion exchange resins for the treatment of 
CPWW is due to the physicochemical characteristics of ion 
exchanger. Major color compounds are anionic (R‐COO‐H+) 
from degraded plant tissue. Their chemical structure is poly-
phenol structure with COOH residue with molecular weight 
of more than 10,000 (i.e., humic acid) which can be removed 
by strong base anion. Meanwhile, minor color compounds 
are cationic (RNH3+) which can be originated from organic 
compound with amine residue. The color compounds also 
can presence with COOH group (i.e., degraded protein) and 
therefore could be considered as both cationic and anionic in 
nature; depending on pH. This compound can be removed by 
strong acid cation. Mechanism of pollutant removal can be 
by both ion exchange and physical adsorption as illustrated 
below

.

The ion exchange process (polar attraction) Interaction 
between positively charged quaternary ammonium func-
tional group of resin and negatively charged carboxylic or 
sulfonic group of pollutant.

Physical adsorption (nonpolar attraction) Involves van 
der Waals interactions between the nonionic and the ion 
exchanger polystyrene matrix.

Conclusion

In conclusion, the coffee manufacturing industry plays 
a huge role in the world today both as a business venture 
and as a consumable commodity, yet the processing of a 
good quality coffee comes at a price. For adequate environ-
mental, resource management and sustainability, the use of 
ion exchange process in the removal or organic pollutant 
in wastewater is highly recommended bearing in mind the 
successes recorded in other field similar to coffee wastewa-
ter over the years. T now, there has not been any report on 
the use of ion exchangers in coffee processing wastewater 
management. It is therefore recommended that researchers 
should consider this treatment process for cheap, effective 
as well as environmentally friendliness.
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