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Abstract 
Water is under a tremendous pressure caused by the increasing pollution of this 
valuable source. Many pollutants are present in water both organic and inorganic and 
one of the most important pollutants is heavy metals. Among these heavy metals lead 
pb is ubiquitous and is consider toxic even at low concentration, many methods are 
being used to remove this pollutant and adsorption is consider as one efficient 
alternative technique to remove heavy metals. This research was carried out to acquire 
a new, cost-effective, accessible, and biodegradable adsorbent to remove this pollutant 
from aqueous solutions. The proposed adsorbent in this study was Carb fish scales, four 
experiment was used to test the ability of this new adsorbent to remove Pb, at first the 
best contact time was investigated and it was 90 minutes with Removal Efficiency R% 
81.65, and it was found the adsorption Pb increase with the increase of both Adsorbent 
wight and initial Pb concentration, the study found that the best pH value to remove Pb 
was 9(alkaline) with R% of 91.2. In general, the proposed adsorbent shows a good 
ability in removing Pb from aqueous solutions.    
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INTRODUCTION 
In present time, the problem of environmental pollution including water pollution is a 
growing problem that invading the whole globe. And water pollution is one of the main 
issues since that water is crucial for all disciplines of life. The increase in human 
population is accompanied with huge amount pollutants that enter the environment 
(Afroz et al., 2014) Many pollutants can enter the water receivers and polluted it. These 
pollutants can be diseases causing agent, fertilizers, oil and radioactive wastes, as well 
as heavy metal (Nathanson, 2022). general water pollution sources are: agricultural, 
Industrial and household waste. Polluted water must be treated before released to the 
environment( Haseena et al., 2017).   

 The foremost urgent problems in water pollution is the presence of heavy metals  
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in water (Nasir et al., 2021). Some heavy metals such as lead, arsenic and mercury are 
toxic to humans. When these metals are taken by humans, they have the ability to 
accumulate in the human body and damage many parts of the body include brain, liver, 
kidney and bones as well as the immunological problems (Akinnifesi et al., 2020). Lead 
is present in nature, in air, water and soil and it can cause a variety of health illness in 
humans’ bodies, whereas children are the most susceptible to lead pollution (EPA, 
2021) It can be toxic to the neuro-system, effecting brain and blood, interfering with 
calcium in bones and causing many health issues in children (Lu et al., 2022) 
Many methods of treating water pollutants are being used. Among these methods 
adsorption take a great attention since it has the ability to remove both organic and 
inorganic pollutants, cost effective, doesn’t require large space for operation and the 
pollutants are adsorbed on the surface of the adsorbent and subsequently reduce the 
pollutants in the solution (Al-Muttairi et al., 2022). 
Fish a major food source around the world and being used extensively, therefore, an 
enormous amount fish waste is being disposed of including skin, bones and scales (Rouf 
et al., 2021) and these wastes are used as fertilizer, aquaculture feeding, and parts are 
just disposed of (Coppola et al.,2021). In this study fish scales are being used as 
proposed novel, cost effective and eco-friendly adsorbent to get rid of Pb. 
Many researches have been carried out to deal with the removal of lead using a variety 
of adsorbent with different degree of success. Wang et al. (2021) study the ability of 
blast furnace slag to remove pb ions with removal ability up to 99.9 %. While (Ankrah et 
al., 2022) investigate the ability of NaP1 to remove Zinc and lead, copper. On the other 
hand, (Yirga et al., 2022) Used the orange waste peel for the adsorption of Cu and Cd in 
contaminated water. 
 

Material and Methods 
The experimental works carried out throughout this study was according to (Salman et 
al.,2017) and (Al-Muttairi et al. 2018) 
 
Metal solution preparation 
Preparation of the standard solution of lead (1000 ppm) by dissolving PbSo4 in D.W. 
and then the required concentration was prepared by using the following equation  
N1V1= N2V2  
Where N1 the initial concentration, V1 volume of initial concentration needed to 
prepare the required concentration, N2 the required concentration, V2 the required 
volume. 
 
Adsorbent Preparation  
The adsorbent used in this study was Carp fish scales. The fresh fish scale was collected 
and then were air dried for a week and then grinded to fluffy flecks of the scales and the 
cut down to the smallest possible size as shown in Fig.1. 
 

 

 

 

 

 

 

 

Fig.1: Grinded Carb fish Scales 
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Experimental Work 
The key aspects that can affect the adsorption process include time of contact, initial 

metal concentration, adsorbent weight and solution pH value. 

The contact time was determined by using a series of contact time (30, 60, 90, 120 and 

150 minutes), sample volume was 50ml, with initial Pb concentration of 20 ppm. 

The outcome of changing the adsorbent weight was tested through a series of adsorbent 

weight (0.25, 0.5, 0.75, 1 and 1.25 gm), sample volume was 50 ml, initial Pb 

concentration was 20 ppm, and retention time was 90minutes. 

The effect of initial Pb concentration was determine be testing a series of Pb 

concentration (10, 20, 30, 40 and 50 ppm), sample volume 50 ml, adsorbent weight 

was 0.5 gm and contact time was 90 minutes. 

The final experiment was to investigate how the solution pH can affects the adsorption 

process. three pH value were tested, pH=5 (acidic), pH=7 (neutral), pH=9 (alkaline). 

with sample size of 50ml, initial Pb concentration was 20 ppm, adsorbent weight 

0.5gmand the contact time was for 90 minutes.  

 
Measurements  
All the samples from the forementioned experiments were then transfer to the 
centrifuge for 5 minutes at 5000 RPM and the supernatant was taken. The 
concentration of lead was measured in the centrifuged samples by using flame atomic 
spectrometer. 
 
Results and Discussion 
At first the best contact time was tested and the results are illustrated in Fig.2. the 

adsorption was fast at the beginning of the experiment up to 90 minutes which give the 

utmost retention time with removal efficiency R% of 81.65% and after that the 

adsorption reach an equilibrium. This can be accredited to the presence of large amount 

of adsorption site at the beginning of the adsorption process and as the site stat to filled 

up the repulsion increase due to the presence of adsorped metal ions and the difficulty 

of reaching the left vacant site (Alghamdi et al., 2019). The results are similar to the 

findings of (Cherono et al., 2021) which study the ability of waste tire rubber for the 

adsorption of Pb, Cd and Ni which find the adsorption rate was high at the first stages 

of the adsorption and then it reaches an equilibrium sate.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2: detecting the best contact time for the adsorption of Pb ions 
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Changing the adsorbent weight affect the adsorption process of Pb ions. The results 
depicted in Fig.3 show that the increase in the adsorbent weight from 0.25gm to 1.25 
gm cause an elevation in the R% from 55.26% to 86% respectively. This can be easily 
explained be knowing that the raise in the adsorbent weight cause an elevation in the 
adsorption sites number available for the adsorbate to attach to them (Gerçel et al., 
2007). this is similar to finding of (Musumba et al., 2020) which stated That the 
adsorption of both lead and copper increased as the amount of bio-char (adsorbent) 
increase.  
 
 

 

 

 

 

 

 

 

 

 

 

 

Fig.3: the outcomes of increasing the adsorbent weight on the adsorption process 
 

The effects of primary concentration metal on the adsorption of Pb ions were 
investigated and the results illustrated in Fig.3. show with the elevation in Pb initial 
concentration from 10 to 50 ppm an increase in R% from 67.2 to 89.8% respectively 
was observed. And that could be due to that the increase in the initial metal 
concentrations increase the driving force of the adsorption and subsequently increase 
the removal efficiency (Salman et al., 2017). The results agree with findings of 
(Sidhaarth and Jeyanthi, 2013) which found the adsorption of Pb increased as the 
initial pb concentration raised from 10 to 100 mg/L. 
 
 

 

 

 

 

 

 

 

 

 

 

 

Fig.4: The effect of Pb concentration on the adsorption process 
 

The fourth and final experiment was carried out to find the effect of pH value on the 
removal of Pb. The results show that the adsorption process increase as the pH value 
increase and the highest was at pH 9. That can be explained by the fact that at lower 
pH the H+ is high in the solution and compete with the metal ions for the      British 
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adsorption site which lowers the adsorption process (Sha et al., 2016) and at the higher 
pH value this competition is decrease as the H+ decrease which increase the adsorption 
of Pb (Onwordi et al., 2019).  
 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: The effect of the pH value on the adsorption process. 
 

 
References 

1. Afroz, R.; Masud, M. M.; Akhtar, R.; Duasa, J. B. Water pollution: challenges and 

future direction for water resource management policies in Malaysia. Environment 

and Urbanization Asia. 2014. Vol.5, No.1, 63–81. doi:10.1177/0975425314521544 

2. Akinnifesi, O.; Adesina, F.; Ogunwole, G. and  Abiya, S. Occurrence and Impact of 

heavy metals on some water, land, flora and fauna resources across Southwestern 

Nigeria. In: M. K. Nazal, & H. Zhao (Eds.). Heavy metals - their environmental 

impacts and mitigation. Intech Open. 2020. 

https://doi.org/10.5772/intechopen.94982 

3. Alghamdi, A. A.; Al-Odayni, A.B.; Saeed, W.S.; Al-Kahtani, A.; Alharthi, F. A.  and 
Aouak, T. Efficient adsorption of lead (ii) from aqueous phase solutions using 
polypyrrole-based activated carbon. Materials (Basel). 2019.Vol.12, No.12. 
doi:10.3390/ma12122020.  

4. Al-Muttairi, A. K.; Al Easaw, N. A. R. and Mustafa, S. A. Using Adsorption as 

Means to Treat Water Pollution. Journal of Biotechnology Research Center. Vol.16 

No.1. 2022. :37-47. DOI:https://doi.org/10.24126/jobrc.2022.16.1.627  

5. Al-Muttairi, A. K.; Mustafa, S. A. and Salman, J. M. A Comparative Efficiency 

Study of Two Adsorbent Materials to Remove Eosin Y Dye from Aqueous 

Solutions. Baghdad Science Journal. 2018. Vol.15, No. 4: 387 -391.Grauman, J. V., 

(1976). Orders of magnitude of the World’s Urban Population in History, 

Population 

6. Ankrah, A.F., Tokay, B. and Snape, C.E. Heavy Metal Removal from Aqueous Solutions 

Using Fly-Ash Derived Zeolite NaP1. Int J Environ Res. 2022. Vol.16, No.17.  

https://doi.org/10.1007/s41742-022-00395-9 

7. Cherono, F.; Mburu, N. and Kakoi, B. Adsorption of lead, copper and zinc in a multi-metal 

aqueous solution by waste rubber tires for the design of single batch adsorber. Heliyon 7.  

2021, e08254. 

86

87

88

89

90

91

92

5 7 9

R
em

o
va

l E
ff

ec
ie

n
cy

pH Value 

https://doi.org/10.5772/intechopen.94982
https://doi.org/10.1007/s41742-022-00395-9


 

47 
 

8. Coppola, D.; Lauritano, C.; Palma Esposito, F.; Riccio, G.; Rizzo, C. and de Pascale, 

D. Fish Waste: From Problem to Valuable Resource. Mar. Drugs. 2021. Vol.19, 

No.116. https:// doi.org/10.3390/md19020116  

9. EPA. 2021 Lead Bulletin: Office of Enforcement Compliance Assurance. 2021. EPA 

publishing. 2021 Lead Bulletin (epa.gov) 

10. Gerçel, Ö.  and Gerçel, H. F. Adsorption of lead(II) ions from aqueous solutions by 

activated carbon prepared from biomass plant material of Euphorbia rigida.2007. 

Vol.132(1-3): 289–297. doi:10.1016/j.cej.2007.01.010 

11. Haseena, M.; Malik, M. F.; Arshad,A. J. S.;  Asif, N.; Zulfiqar, S. and Hanif, J. 

Water pollution and human health. Environ Risk Assess Remediat. 2017. Vol. 1. 

No.3:16-19. 

12. Lu, W.; Levin, R. and Schwartz, J. Lead contamination of public drinking water 

and academic achievements among children in Massachusetts: a panel study. BMC 

Public Health. 2022. Vol.22:107 https://doi.org/10.1186/s12889-021-12474-1 .  

13. Musumba, G. , Nakiguli, C. , Lubanga, C. , Mukasa, P. and Ntambi, E. Adsorption 

of Lead (II) and Copper (II) Ions from Mono Synthetic Aqueous Solutions Using 

Bio-Char from Ficus natalensis Fruits. Journal of Encapsulation and Adsorption 

Sciences. 2020. Vol.10: 71-84. 

14. Nathanson, J. A. water pollution.  Encyclopedia Britannica. 3. March.2022. 
https://www.britannica.com/science/water-pollution  

15. Nasir, M.; Muchlisin, Z. A.; Saiful, S., Suhendrayatna, S.; Munira, M.; 

Iqhrammullah, M. Heavy Metals in the Water, Sediment, and Fish Harvested from 

the Krueng Sabee River Aceh Province, Indonesia. Journal of Ecological 

Engineering. 2021, Vol. 22, No.9: 224–231. 

16. Onwordi, C. T.; Uche, C. C.; Ameh, A. E. and Petrik, L. F. Comparative study of the 

adsorption capacity of lead (II) ions onto bean husk and fish scale from aqueous 

solution. Journal of Water Reuse and Desalination. 2019. Vol.9, No.3: 249–262. 

doi: https://doi.org/10.2166/wrd.2019.061. 

17. Rouf, M.A.; Golder, M. R.; Kana, N. A.; Debnath, S.; Rahman, M.M.; Mathew, R.T. 

and Alrashada, Y. N. Production, trading and potential utilization of fish scale in 

Khulna, Bangladesh. Adv. Anim. Vet. Sci. 2021. Vol.9, No.12: 2194-2200. 

18. Salman. J.M, Al-Muttarri.A. K, Abd-Hussian. N. A, Mustafa.S.A, The use of 

grinded white kidney beans to remove the congo-red dye from aqueous solutions 

by adsorption Mesop. Environ. j., 2017, Vol. 3, No.2, pp. 35-39. 

19. Salman, J. M.; Al-Muttarri, A. K.; Mustafa, S. A. and Abd-Hussian, N. A. 

Biosorption of Sifranin-O dye from aqueous solutions by using the shells of 

Carbicula flumina. Mesopo. Environ. J. 2017.Vol:3, No:3: 25-29. 

20. Sha, L.; Nan, Y.; Yuchen, H.; Yafei, S.; Wei, Z.; Wenbo, Y.; Xu, W.; Jiakuan, Y. Lead 

adsorption from aqueous solutions by a granular adsorbent prepared from phoenix 

tree leaves. RSC Adv., 2016. Vol.6, No.30: 25393–25400. 

doi:10.1039/C6RA03258C 

21. Sidhaarth, K. R. A.  and Jeyanthi, J. Adsorption of Lead from Aqueous Solution by 

Manganese Ferrite Nanoparticles. Asian Journal of Chemistry. 2013. Vol. 25, No. 

17: 9920-9926. 

22. Wang, Y.; Li, H.; Cui, S. and Wei, Q. Adsorption Behavior of Lead Ions from 

https://www.epa.gov/system/files/documents/2021-11/leadbulletin2021.pdf
https://doi.org/10.1186/s12889-021-12474-1
https://www.britannica.com/science/water-pollution
https://doi.org/10.2166/wrd.2019.061


 

48 
 

Wastewater on Pristine and Aminopropyl-Modified Blast Furnace Slag. Water. 

2021. Vol.13, 2735. https:// doi.org/10.3390/w13192735 

23. Yirga, A.; Yadav, O. P. and Dey, T. Waste orange peel adsorbent for heavy metal 

removal from water. Pollution. 2022. Vol.8, No. 2: 553-566 DOI: 

10.22059/POLL.2021.331156.1193. 
 
 

 


