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ABSTRACT 
 

Adsorption process has been proven to be one of the best water treatment technologies globally 
and activated carbon is undoubtedly considered a universal adsorbent for the removal of a variety 
of pollutants from water. However, widespread use of commercial activated carbon is often times 
restricted due to its higher costs. Attempts have been made to develop inexpensive adsorbents 
utilizing numerous agro-industrial and municipal waste materials. Use of waste materials as low-
cost adsorbents is attractive due to their contribution in the reduction of costs or waste disposal, 
therefore, contributing to environmental protection. In this article was investigated the adsorption 
behavior of coffee waste when exposed to both single and binary metal component solutions under 
varying initial concentrations (1000, 500, and 250 ppm) and contact time (3 and 24 hrs.) It is 
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evident from the literature that various low-cost adsorbents have shown good potential for the 
removal of various pollutants. However, there are few issues and drawbacks on the use of low-cost 
adsorbents in water treatment that have been discussed in this paper. Additionally, more research 
is needed to find the practical utility of low-cost adsorbents such as waste coffee on a commercial 
scale. After the exposure times, the residual concentrations of each heavy metal was determined 
by Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES), using EPA Method 
6010. Results suggest that the percentage of adsorption of Cu and Zn decreases as the initial 
metal concentration increases. The coffee waste also has a higher affinity for Cu than Zn ion. The 
percentages for metal ion removal from the single metal solution are 250 ppm (73.47%), 500 ppm 
(46.45%), 1000 ppm (27.69%) for copper and 250 ppm (55.08%), 500 ppm (32.78%), and 1000 
ppm (21.22%) for zinc. For the competitive metal removal from the binary Cu-Zn solutions, the 
percentages are 125 ppm (85.67%), 250 ppm (68.93%), and 500 ppm (46.62%) for copper and 125 
ppm (49.67%), 250 ppm (7.73%), and 500 ppm (4.59%) for zinc, respectively. 
 

 
Keywords: Competitive adsorption; heavy metal; coffee waste; metal adsorption; remediation; waste 

water. 
 
1. INTRODUCTION 
 
Pollution of water sources by heavy metals such 
as copper and zinc has been recognized as a 
global public health problem [1]. They are not 
biodegradable and persist in the environment for 
a long time. Thus, their uptake, transport, 
accumulation, and propagation by plants and 
animals into the food chain exacerbate their toxic 
health effects. Copper and zinc pose very 
harmful and serious problems to human health 
and the fauna and flora of these bodies of water 
[2]. Although zinc and copper are essential 
elements that the body needs and can regulate 
their levels, in large doses, they can have 
harmful and fatal effects for human health [3-4].  
Zinc and copper like other heavy metals, gain 
entry into the human body through inhalation, 
skin absorption, and ingestion [5]. They are 
among the most common metals discharged into 
wastewater from textile, dying, metal fishing, 
electroplating, mining, tanning, and smelting 
industries [6]. Excessive exposure to zinc may 
initiate oxidative damage, brain cell death, 
respiratory disorder, gastrointestinal tract 
problems, and elevated risk of prostate cancer 
[2,5-10]. Chronic and acute exposure to copper 
results in its accumulation and toxicity in the 
body including liver cirrhosis, neurological, and 
brain disorders as well as skin, pancreatic, 
hepatic, renal, and heart diseases, including 
death [5-7,11-12]. Not only does exposure to 
excessive copper and zinc pose serious human 
health risk, they also have deleterious effect on 
fish, wildlife, and invertebrates [13-14].  
Consequently, there is a need to mitigate zinc 
and copper concentrations in water and waste 
water below exposure limit. A wide range of 
methods exist for the removal of heavy metal 

ions from aqueous solutions, waste water, and 
industrial effluents. These methods include 
chemical precipitation [15-17], electro-chemical 
treatment [18], ion exchange, adsorption using 
activated carbon [19-20], and modified 
biomaterials [21-22]. Unfortunately, some of 
these processes are either expensive or may 
introduce potential secondary impacts such as 
introduction of toxic chemical reagents or 
transformation products, that may need 
additional remediation. The response to the ever 
growing need for cheap, safe, and effective 
techniques for water clean-up has led to the 
emergence of a number of alternative processes.  
  
In recent years, a wide range of agricultural or 
biological materials have been used as sorbents 
for the removal of heavy metals from 
contaminated water [23-29]. Coffee waste has 
been used for the removal of copper [30-31] and 
zinc [32-33] from single-component metal waste 
water. Limited studies have examined the 
removal of metals from binary and ternary 
component metal solutions by biomaterials at 
lower concentrations [32-33]. Thus, this study 
examined the selectivity in copper and zinc 
adsorption onto coffee waste from a binary metal 
(Cu-Zn) aqueous solution at high concentration 
(1000 ppm).   
 

2. MATERIALS AND METHODS 
 
2.1 Preparation of Coffee Waste 

Adsorbent 
 
The coffee waste was collected from a local PJ's 
Classic Roast Coffee shop in New Orleans.  The 
coffee waste was stored in a plastic bag and 
brought to the laboratory. The coffee waste was 
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washed three times with deionized water and it 
was dried in a laboratory Oven Model 40 GC for 
24 hr at 125°C. The dried coffee waste was 
pulverized using a blender followed by sieving 
using a 500 µm sieve. Nine sets of triplicate 
samples of 2 g. coffee waste samples were 
weighed into separate labeled reaction tubes for 
treatment with 250, 500, and 1000 ppm solutions 
of each metal. The tubes for copper, zinc, and 
copper/zinc mixture were labeled as follows: 
 

For single ion system: 
 

Cu250, Cu500, Cu1000; Zn250, Zn500, and 
Zn1000 

 
For the binary metal (Cu/Zn) system:  
 

Cu-Zn125, Cu-Zn250, and Cu-Zn 500, Cu-
Zn1000 
 

The corresponding tubes for the controls for 
copper, zinc and copper-zinc solution samples 
for 250, 500, and 1000 ppm were also labelled 
as: 
 

Cu250-control, Cu500-control, Cu1000-
control, Zn250-control, Zn500-control, 
Zn1000-control, Cu-Zn125-control, Cu-Zn250-
control, and Cu-Zn 500-control, Cu-Zn1000 
control 

 

2.2 Preparation of Copper Nitrate (1000 
ppm of Cu 2+) Solution 

 
The 1000 ppm copper (II)ion solution was 
prepared by dissolving 3.73 g of Cu (NO3)2·2.5 
H2O from Fisher Scientific (Lot 143404), 98.8% 
purity, with deionized water in a 500-mL 
beaker. The mixture was transferred into a 
1000 ml volumetric flask and diluted with water 
to get a 1000 ml solution. A magnetic stirring 
bar was slowly lowered into the flask and the 
mixture was stirred to thoroughly mix. The 500-
125 ppm solutions were prepared by dilution. 
 
2.3 Preparation of the 500, 250, 125 ppm 

of Zinc Nitrate (Zn 2+ion) Solutions 
 
Following the procedure used to prepare the 
Copper (II) ion solutions, the 1000 ppm zinc ion 
solution was diluted serially to prepare the 
desired concentration. 
 

2.4 Preparation of Mixed Metal Solution 
of Cu 2+and Zn 2+ (1:1) Solution 

 
A 1:1 v/v of zinc and copper solutions for each 
concentration were mixed to give the 

corresponding Cu (II)-Zn(II) ion solutions. For 
example, 250 mL of 500 ppm of copper (II) ion 
solution was mixed with 250 mL of 500 ppm of 
zinc(II) ion solution in a volumetric flask and 
stirred well to give the corresponding binary 
Cu2+-Zn2+ ion solution of about 250 ppm of 
Cu(II) ion and 250 ppm of Zn(II) ion. 
 

2.5 Treatment of the Single Metal 
Solutions with the Adsorbent 

 
To each respective set of triplicate labeled 
tubes containing the coffee waste, 40 mL of 
1000, 500, 250 ppm of copper and zinc ion 
solutions prepared above was added. The 
corresponding 40 mL solutions for each metal 
solution for each concentration were 
respectively placed into empty labelled control 
tubes without the waste coffee adsorbent. Each 
tube and its content were hand shaken, 
vortexed, placed in a shaker and agitated for 3 
hr at room temperature. One set of 
experimental tubes was allowed to agitate for 
24 hours. 
 

2.6 Treatment of the Binary Metal 
(Copper-Zinc) Solutions with the 
Adsorbent 

 
For each concentration, 20 Ml of copper and 20 
mL of zinc solutions were poured into the 
respective triplicate labelled sample tubes. The 
appropriate and corresponding controls were 
also prepared in a similar manner.  Each tube 
was hand shaken, vortexed, and placed on a 
shaker and agitated for 3 hours. 
 

2.7 Sample Preparation and Analysis 
 
After the 3 hours of agitation, the shaker was 
stopped, and the tubes with their content               
were centrifuged for 10 minutes at 3000 rpm. 
The supernatants were transferred into other 
labeled tubes. The samples were sent to                   
a commercial analytical laboratory, PACE 
Analytical Services, Inc. for copper and               
zinc ion analysis using EPA Method 6010 
(Inductively Coupled Plasma-Atomic Emission 
Spectrometry (ICP-AES)).  
 

3. RESULTS AND DISCUSSION 
 

3.1 Residual Cu(II) and Zn(II)  after 
Treatment with Coffee Waste 

 
Table 1 and Fig. 1 illustrate the residual copper 
and zinc in their respective single metal solution 
after treatment with coffee waste compared to 



control. At the end of the experiment, the residual 
Cu ion concentrations were 69, 284 and 771 
for 250, 500, and 1000 ppm
 

Table 1. Residual [Cu] and [Zn] after 

Concentration of Cu and Zn ions in PPM
  

250 ppm  500 ppm
Control 261 530
Coffee waste 
treated  

69 284

STDev 73.47 47
 

Fig. 1. Copper removal by coffee waste compared to control 
 

Fig. 2. Zinc removal by coffee waste compared to control 
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control. At the end of the experiment, the residual 
Cu ion concentrations were 69, 284 and 771 ppm 
for 250, 500, and 1000 ppm solutions, 

respectively. Residual zinc concentrations were 
117, 378, and 861 ppm for 250, 500, and 1000 
ppm solutions, respectively. 

Table 1. Residual [Cu] and [Zn] after treatment with coffee waste in single metal solutio ns
 

Concentration of Cu and Zn ions in PPM  
Copper   Zinc  

500 ppm  1000 ppm    250 ppm  500 ppm  
530 1067  261 562 
284 771  117 378 

47 27.69   55.08 32.78 

 
removal by coffee waste compared to control - single metal solution

 
removal by coffee waste compared to control - single metal solution

Cu 250 Cu 500 Cu 1000

530

1067

69

284

771

Cu Control Residual Cu

Zn 250 Zn 500 Zn 1000

562

1093

117

378

861

Zn Control Residual Zinc
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respectively. Residual zinc concentrations were 
117, 378, and 861 ppm for 250, 500, and 1000 

treatment with coffee waste in single metal solutio ns  

1000 ppm  
1093 
861 

21.22 

 

single metal solution  

 

single metal solution  



Fig. 2 illustrates the residual concentration of 
zinc in solutions after treatment with coffee waste 
compared to control (zinc solution without coffee 
waste) for single metal solutions. In all 
concentrations the coffee waste was able to 
adsorb Zn ions. 
 

3.2 Percent Cu and Zn Ions Adsorbed 
from Single and Binary Metal 
Solutions 

 
Table 2 and Fig. 3 show the percentage of 
adsorption of Cu and Zn by coffee waste from 
single metal solutions. For copper ion, the 
percentages of adsorption were 73%,
28% from 250 ppm, 500 ppm, and 1000 ppm 
solutions, respectively while for zinc ion, the 
percentages of adsorption are 55%, 33%, and 
21% from 250 ppm, 500 ppm, and 1000 ppm, 
respectively. 
 

The adsorption of Cu and Zn ions decreased as 
the initial metal concentration was increased.  At 
all metal ion concentrations, more copper was 
adsorbed than zinc. 
 

Table 3 and Fig. 4 showed that copper has a 
higher tendency to adsorb to the adsorbent 
 

Table 2. % Cu(II) and Zn (II) Ions 
 

 Cu(II) Cu(II)
250 ppm  500 ppm

Average % 73 47 
STDev 1.57 0.53

 

Fig. 3. Percent copper and zinc removed by coffee waste 
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2 illustrates the residual concentration of 
zinc in solutions after treatment with coffee waste 
compared to control (zinc solution without coffee 
waste) for single metal solutions. In all 
concentrations the coffee waste was able to 

Percent Cu and Zn Ions Adsorbed 
from Single and Binary Metal 

3 show the percentage of 
adsorption of Cu and Zn by coffee waste from 
single metal solutions. For copper ion, the 
percentages of adsorption were 73%, 47%, and 

250 ppm, 500 ppm, and 1000 ppm 
solutions, respectively while for zinc ion, the 

adsorption are 55%, 33%, and 
from 250 ppm, 500 ppm, and 1000 ppm, 

The adsorption of Cu and Zn ions decreased as 
n was increased.  At 

all metal ion concentrations, more copper was 

4 showed that copper has a 
higher tendency to adsorb to the adsorbent 

across all metal concentrations used.  It is worthy 
to note that the percent of copper ion adsorbed 
from the single Cu and the binary Cu
solutions were very close: For the 250 ppm metal 
ion concentration, 73% of copper was removed 
from copper solution while 69% of copper was 
removed from Cu-Zn solution. Similarly, for the 
500 ppm metal solution, 47% of copper was 
removed from both the 500 ppm single copper 
and the 1000 ppm binary Cu
However, this was not the case with zinc. The 
adsorption of zinc decreased drastically from 
single to binary solutions.  For example, at the 
250 ppm metal concentration, zinc adsorption 
went from 55% from the single metal solution to 
8% from the binary solution. Similar observation 
has been reported by Tan [34]. 
work reported here clearly shows that the 
adsorption of zinc is repressed by the presence 
of copper. 
 
Probably, the electron configuration of the two 
ions could be playing a role in their adsorption 
whether it is the surface adsorption or int
particle diffusion. At constant adsorbent dose, 
metal adsorption decreased for both copper and 
zinc as metal ion concentration increased.

% Cu(II) and Zn (II) Ions adsorbed from single metal solutions by coffee wast e

Cu(II) Cu(II)  Zn(II) Zn(II) 
500 ppm  1000 ppm   250 ppm  500 ppm  

 28  55 33 
0.53 0.64  2.92 1.84 

 
copper and zinc removed by coffee waste - single metal solution
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across all metal concentrations used.  It is worthy 
to note that the percent of copper ion adsorbed 
from the single Cu and the binary Cu-Zn 
solutions were very close: For the 250 ppm metal 
ion concentration, 73% of copper was removed 

hile 69% of copper was 
Zn solution. Similarly, for the 

500 ppm metal solution, 47% of copper was 
removed from both the 500 ppm single copper 
and the 1000 ppm binary Cu-Zn solutions.  
However, this was not the case with zinc. The 

of zinc decreased drastically from 
single to binary solutions.  For example, at the 
250 ppm metal concentration, zinc adsorption 
went from 55% from the single metal solution to 
8% from the binary solution. Similar observation 

 However, the 
work reported here clearly shows that the 
adsorption of zinc is repressed by the presence 

Probably, the electron configuration of the two 
ions could be playing a role in their adsorption 
whether it is the surface adsorption or intra 
particle diffusion. At constant adsorbent dose, 
metal adsorption decreased for both copper and 
zinc as metal ion concentration increased. 

adsorbed from single metal solutions by coffee wast e 

Zn(II) 
1000 ppm  
21 
2.6 

 

single metal solution  
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Table 3. % Cu(II) and Zn (II) ions adsorbed by coff ee waste from binary metal solutions 
 

Samples  CuZn 
250 ppm 

CuZn 
500 ppm 

CuZn 
1000 ppm 

ZnCu 
250 ppm 

ZnCu 
500 ppm 

ZnCu 
1000 ppm 

Average % 86 69 47 49 8 5 
STDev 0.58 4.1 4.7 4.0 0.58 1.5 

 

 
 

Fig. 4. Comparison of percent copper and zinc remove d from single and binary metal solutions 
 

3.3 Effect of Exposure Time on Copper 
and Zinc Adsorption by Coffee Waste 

 
Separate but similar reactions were carried out 
with 500 ppm of (a) single metal component 
copper ion solution (b) single metal component 
zinc ion solution, and (c) binary metal component 
(copper-zinc ion) solution. Each solution was 
agitated with coffee waste for 24 hr. The results 
were compared with those with 3hr contact time 
as shown in Fig. 5. Increasing the contact times 
from 3 to 24 hours, the percent adsorption from 
single metal solutions increased1.1 and 1.2 times 
for copper and zinc, respectively while for binary 
metal solutions, the adsorption increased 1.2 and 
7.3 times for Cu and Zn, respectively. 
 
3.4 Selective or Competitive Site 

Adsorption 
 
The percent copper adsorption by coffee waste 
from single metal solution mirrors that from 

binary metal solution for any given metal 
concentration.   
 

For an example, copper adsorptions from 250 
ppm of single and binary metal solutions are 73% 
and 69%, respectively while at 500 ppm metal 
concentrations, 47% adsorption was observed 
from both single and binary metal solutions.  
However, for zinc, the adsorption from 250 ppm 
of single and binary metal solutions are 55% and 
8% while for the 500 ppm solutions, 33% and 5% 
adsorption were observed. The fact that the 
percent adsorption ratio between single and 
binary solutions for copper is near unity at all 
concentrations suggests that (a) copper is not 
competing for its adsorption site with zinc, (b) 
coffee waste may have a specific high affinity site 
for copper compared to the affinity it has for zinc 
at another site. On the other hand, the drastic 
seven fold decline in zinc adsorption from the 
binary metal solution may suggest that copper 
acts as a competitor for zinc’s adsorption site 
across all concentrations studied. Thus, it could 
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Fig. 5. Effect of contact time and  metal typeon th e adsorption of Cu and Zn by coffee waste 
 
be that the adsorption of a metal by an adsorbent 
may depend on several factors such as (a) metal 
types (b) ability of a metal to participate in intra-
particle diffusion into the pores of the adsorbent 
(c) initial metal concentration, (d) the type/s of 
functional groups at the adsorbent sites/s (e) the 
affinity of these groups to bind to a specific metal 
and (f) contact time, etc. [17,35-36].  
 
4. CONCLUSIONS 
 
The results of this project unequivocally 
demonstrated that coffee waste has a higher 
specific binding affinity site for copper than zinc. 
This could be that the zinc acts as an impurity in 
the copper-zinc solution as reported by Sdiri [37] 
that impure limestone adsorbed more metals 
than pure limestone. Although copper and zinc 
ions have the same charge, however, the nature 
and mode of their interactions with the adsorbent 
differed greatly as the data suggested. Our 
results showed that the adsorption of zinc 
decreased in the binary-metal system than in the 
single metal system while the adsorption of 
copper remained fairly steady in both binary and 
single metal solutions. This is in agreement with 
the findings reported by Sdiri [38] and 
Agwaramgbo [39]. These results suggest that the 
nature and mechanism of the adsorption of a 
specific metal ion from a binary metal solution 
may change or may be different from that of the 
single metal system. 
 
Finally, this paper provides a fundamental but 
important information that must be considered 

when developing techniques for the cleanup of 
multi-metal contaminated water sources. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Davila-Guzman N, Cerino-Cordova F, 

Rangel-Mendez J, Diaz-Flores P. Biosorp-
tion of lead by spent coffee grounds and 
coffee silver skin. Food and Bioprocess 
Technol.  2011;7:3493-3503. 

2. Plum LM, Rink L, Haase, HL. The essential 
toxin: Impact of zinc on human health. Int. 
J. Environ Res Public Health. 2010;7(4): 
1342-1365.   
DOI: 10:3390/ijerph7041342 

3. Martin S, Griswold W. Human health 
effects of heavy metals. Environ Sci and 
Technol, Briefs for Citizens. 2009;15:1-6. 

4. Singh R, Guatam N, Mishra A, Gupta R. 
Heavy metals and living systems: An 
overview. Indian J. Pharmacology. 2011; 
43:246–253. 

5. Cummings JE, Kovacic JP. The ubiquitous 
role of zinc in health and disease. J. Vet 
Emergen. Crit. Care. 2009;19:215-240. 

6. Turan G, Mesci B. Adsorption of copper (II) 
and zinc (II) Ions by various agricultural  
by-products. Experimental Studies and 
Modelling. Environ Eng. 2011;37(4):143-
161. 

47

33

53

39

0

10

20

30

40

50

60

Cu 500 

ppm

Zn 500 

ppm

Cu 500 

ppm

Zn 500 

ppm

3hr 24hr 

%
 C

u
(I

I)
 &

 Z
n

(I
I)

 i
o

n
 A

d
so

rb
e

d

Contact Time

Single Metal (Cu & Zn) Solutions 

69

8

86

59

0

10

20

30

40

50

60

70

80

90

100

Cu 500 

ppm

Zn 500 

ppm

Cu 500 

ppm

Zn 500 

ppm

3hr 24hr 

%
 C

u
(I

I)
 &

 Z
n

(I
I)

  
io

n
 a

d
so

rb
e

d

Contact Time

Binary Metal (Cu-Zn) Solutions



 
 
 
 

Agwaramgbo et al.; BJAST, 19(4): 1-9, 2017; Article no.BJAST.31336 
 
 

 
8 
 

7. Truong-Tran AQ, Carter J, Ruffin RE, 
Zalewski PD. The role of zinc in caspase 
activation and apoptotic cell death. 
Biometals. 2001;14:315-330. 

8. Uriu-Adams JY, Keen CL. Copper 
oxidative stress, and human health. 
Molecular Aspects of Medicine. 2005; 
26(4-5):268-298. 

9. Wu T, Sempos C, Freudenheim JL, Muti P, 
Smith E. Serium iron, copper and zinc 
concentrations and risk of cancer mortality 
in US adults. Annals of Epidemiol. 2004; 
14(3):195-201. 

10. Kucharzewski M, Braziewicz J, Majewska 
U. Selenium, copper, and zinc 
concentrations in intestinal cancer tissue 
and in colon and rectum polyps. Biological 
Trace Element Research. 2003;92(1):1-10. 
DOI: 10.1385/BTER:92:1:1 

11. Pandit A, Bhave S. Present interpretation 
of the role of copper in indian childhood 
cirrhosis. Am. J. Clin Nutr. 1996;63(5): 
830S-835S. 

12. Gupta U, Gupta S. Trace element toxicity 
relationship to crop production and 
livestock and human health: Implication for 
management. Commun Soil Sci and Plant 
Anal. 1998;29(11-14):1491-1522. 

13. Brewer G. Risks of copper and iron toxicity 
during aging in humans. Chem. Res. 
Toxicol. 2010;23(2):310-326. 

14. Gaetker LM, Chow CK. Copper toxicity, 
oxidative stress, and antioxidant nutrients.  
Toxicology. 2003;189(1-2):147-163. 

15. Agwaramgbo L, Magee N, Nunez S, Mitt K. 
Biosorption and chemical  precipitation of 
lead using biomaterials, molecular sieves, 
and chlorides, carbonates, and sulfates of 
Na & Ca. J. Environ Protection. 2013; 
4:1251-1257. 

16. Harper TR, Kinham NW. Removal of 
arsenic from wastewater using chemical 
precipitation methods. Water Environ Res. 
1992;64(3):200-203. 

17. Pandey P, Sambi SS, Sharma SK, Singh 
S. Batch adsorption studies for the removal 
of Cu (II) Ions by Zeolite-NaX from 
aqueous stream. Proceedings of the World 
Congress on Engineering; 2009. 

18. Armstrong RD, Todd M, Atkinson JW, 
Scott K. Selective electro-deposition of 
metals from simulated waste solutions. J. 
Applied Electrochemistry. 1996;26(4):379-
384.  
DOI: 0.1007/BF00251322 

19. Agwaramgbo L, Lathan N, Edwards, S., 
Nunez, S. Assessing lead removal from 

contaminated water using solid bio-
materials: Charcoal, coffee, tea, Fishbone, 
and caffeine. J. Environ Protection. 2013; 
4(7):741-745. 

20. Agwaramgbo L, Agwaramgbo E, Mercadel 
C, Edwards S, Buckles E. Lead 
remediation of contaminated water by 
charcoal, LA red clay, spinach and 
mustard green. J. Environ Protection. 
2011;2(9):1240-1244. 

21. Venkatesan G, Senthilnathan U. Adsorption 
batch studies on the removal of cadmium 
using wood of Derris indica based Activated 
carbon. Res. J. Chem. Environ. 2013;17(5): 
19-24. 

22. Igwe JC, Abia AA, Ibeh CA. Adsorption 
kenetics and intraparticulate diffusivities of 
Hg, As and Pb Ions on Un-Modified and 
Thiolated Coconut Fibre. Int. J. Environ. 
Sci. Tech. 2008;5(1):83-92. 

23. Hegazi HA. Removal of heavy metals from 
wastewater using agricultural and 
industrial wastes as adsorbents. HBRC 
Journal. 2013;9:276–282. 

24. Barakat MA. New trends in removing 
heavy metals from industrial wastewater. 
Arabian Journal of Chemistry. 2011;4: 
361–377.  

25. Gunatilake SK. Methods of removing 
heavy metal from industrial wastewater.           
J. Multidisciplinary Engineering Science 
Studies.  2015;1(1):12-18.  

26. Janvasuthiwong S, Phri SM, Kijjanapanich 
P, Rene ER, Esposito G, Lens PN. 
Copper, lead, and zinc removal from 
metal-contaminated wastewater by 
adsorption onto agricultural wastes. 
Environ Technol. 2015;36(24):3071-3083. 
DOI: 10.1080/09593330.2015.1053537 

27. Tripathi A, Ranjan MR. Heavy metal 
removal from wastewater using low cost 
adsorbents. J. Bioremed. Biodeg. 2015; 
6(6):315.  
DOI: 10.4172/2155.6199.1000315  

28. Dhir B. Potential of biological materials for 
removing heavy metals from wastewater. 
Environ Sci. Pollut. Res. 2014;21:1614-
1627. 

29. Kazemipoura M. Removal of lead, 
cadmium, zinc, and copper from industrial 
wastewater by carbon developed from 
walnut, hazelnut, almond, pistachio shell, 
and apricot stone. J. Hazard Mater. 2008; 
150(2):322-327. 

30. Bulut Y, Tez Z. Removal of heavy metals 
from aqueous solution by sawdust 



 
 
 
 

Agwaramgbo et al.; BJAST, 19(4): 1-9, 2017; Article no.BJAST.31336 
 
 

 
9 
 

adsorption. J. Environ Sci. 2007;19:160- 
166. 

31. Kyzas GZ. Commercial coffee waste as 
materials for adsorption of heavy metals 
from aqueous solutions. Materials. 2012; 
5:1826-1840.   
DOI: 10.3390/ma5101826 

32. Utomo HD, Hunter KA. Adsorption of 
divalent copper, zinc, cadmium and lead 
Ions from aqueous solution by waste tea 
and coffee adsorbents. Environ. Technol.  
2010;27(1):25-32. 

33. Sdiri A, Higashi T, Jamoussi F. Adsorption 
of copper and zinc onto natural clayin 
single and binary systems. Int. J. Environ. 
Sci. Technol. 2014;11:1081–1092.  
DOI: 10.1007/s13762-013-0305-1 

34. Tan WT. Copper(II) adsorption by tea 
leaves and coffee powder. Pertanika. 
1985;8(2):223-230. 

35. Abuh MA, Akpomie GK, Nwagbara NK, 
Abia-Bassey N, Ape DI, Ayabie BU. Kinetic 
rate equations application on the removal 
of copper (II) and zinc (II) by unmodified 

lignocellulosic fibrous layer of palm tree 
trunk- single component system studies. 
International Journal of Basic and Applied 
Science. 2013;1(4):800-80. 

36. Allen SJ, Mckay G, Khader KY. 
Intraparticle diffusion of basic dye during 
adsorption onto sphagnum peat. J. Environ 
Pollut. 1989;50:39-50. 

37. Sdiri A, Higashi T, Jamousssi F, Bouaziz 
S. Effect of impurities on the removal of 
heavy metals by natural limestones in 
aqueous systems. J. Environ. Manage 
2011;93:245-253.  
DOI: 10.1016/jenvman.2011.08.002J 

38. Sdiri A, Higashi T, Chaabouni R, Jamoussi 
F. Competitive removal of metals  from 
aqueous solutions by montmorillonitic and 
calcareous clays. Water, Air, Soil Pollut. 
2012;223:1194-1204. 

39. Agwaramgbo LOE, Cardoso RF, Matos 
TS. Copper and zinc removal from 
contaminated water using coffee waste. 
Journal of Scientific Research and 
Reports. 2016;12(6):1-9. 

_________________________________________________________________________________ 
© 2017 Agwaramgbo et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/18267 


