
1

Status of Surface Water from Selected Areas of Coastal Guyana and the
Removal of Toxic Contaminants, using a Suitable Adsorbent

Introduction
Water is a universal solvent that sustains all life forms. Much 
of the current concern with regards to environmental quality 
is focused on water, because of its importance in maintaining 
the human health and health of the ecosystem. Surface water 
is water on the surface of the planet, such as in a stream, river, 
lake, wetland, or ocean. It can be contrasted with groundwater 
and atmospheric water [1-7]. Providing sufficient quantities 
of high quality water to satisfy our domestic, industrial and 
agricultural needs is an ongoing global problem. Increasing 
population size, climate change and pollution will only 
exacerbate the global status. There is no physical shortage of 
water on the planet earth as it covers 70% of the globe. However, 
97% of the world water is saline and is thus non-drinkable, 2% 
is locked in glaciers and polar ice caps, resulting in 1% to meet 
humanity needs. Guyana water need continual monitoring to 
assess the concentration of toxic elements [7,8]. Surface water 
plays a very vital role in economics and the functioning of 
ecosystems [9]. In Guyana, surface water is primarily used for 
agricultural, industrial and commercial purposes. Pollution of 
surface water, due to industrial effluents and municipal waste 
in water bodies is a major concern in Georgetown, Linden and 
many other regions in Guyana.
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Abstract
This study was done, to compare the status of surface water taken from two different locations within the coastal 
areas of Guyana, before and after treatment with a peanut biomass adsorbent. The water samples were collected 
from Parika Bushy Park and Vreed En Hoop and stored in water bottles. It was then submitted for physical and 
chemical analyses using versatile standard methods. These include test for heavy metals cations (Pb, Fe, Zn, 
Cd, and Al), test for anions (chlorides, sulphates, phosphates) along with the physical parameters (turbidity and 
conductivity). There was no detection for the toxic lead and cadmium cations at either surface water. The adsorbent 
was effective in removing Fe2+ at both surface water as there was a decrease in concentration. For example, at 
Vreed En Hoop surface water, the concentration of Fe2+ decrease from (8.42 ± 2.14 mg/L) to (5.56± 3.42 mg/L), 
33.96% reduction, after treatment with the adsorbent. For the Al3+ cation, there was a decrease in the concentration 
of Al3+ from (5.97 ± 0.67mg/L) to (4.20 ± 1.90 mg/L ), 29.65%. For the SO4

2- and Cl- anions, there was a decrease in 
concentration at the Vreed En Hoop surface water, after treatment with the adsorbent. With SO4

2-, the concentration 
decrease from 346 ± 3.15 mg/L to 293 ± 1.77 mg/L, 15.31%, whilst that for chloride, Cl-, decrease from 116 ± 
1.75 mg/L to 102 ± 1.70 mg/L, 12.07% reduction. Thus, the peanut shell should find application in the removal of 
selective cations and anions from surface water.
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Surface water is usually rain water that collects in surface 
water bodies, like oceans, lakes, or streams. Another source 
of surface water is groundwater that discharges to the surface 
from springs. Guyana has abundant surface and ground water 
supplies near all populated centers. Both surface and ground 
water resources are relied upon for water supply requirements. 
Heavy amounts of precipitation provide high amounts of 
surface runoff and ground water recharge. Most of the domestic 
water supply comes from ground water resources, while most 
of the water supply for agriculture (such as, sugarcane and 
rice) and industry comes from surface water.

Surface water pollution occurs when hazardous substances 
come into contact and either dissolve or physically mix with 
the water [10-11]. Contamination of surface water can occur 
when hazardous substances are discharged directly from an 
outfall pipe or channel or when they receive contaminated 
storm water runoff. On the other hand, direct discharges can 
come from industrial sources or from certain older sewer 
systems that overflow during wet weather. Surface water 
can also be contaminated when contaminated groundwater 
reaches the surface through a spring, or when contaminants in 
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the air are deposited on the surface water. Contaminated soil 
particles carried by storm water runoff or contaminants from 
the air can sink to the bottom of a surface water body, mix 
with the sediment, and remain [12]. Contamination takes place 
largely in proximity to manufacturing areas, along main rivers, 
canals and creeks. Pollutants in surface water can be untreated 
sewage, anthropogenic activities, industrial effluents and agro-
chemical (fertilisers and pesticides) run-off. Excess fertilisers, 
when applied to crops are washed downstream and finds its 
way to water ways causing eutrophication. The same may be 
said of pesticides, which are detrimental to marine life. Others 
include organic compounds, heavy metals, bacteria, fungi, and 
petroleum products, hazardous material, sewage, leakage from 
landfills, heavy metals such as mercury from gold mining, lead 
and cadmium from anthropegenic activities. These pollutants 
found in the water ways, make it harmful to human health and 
causing a number of short and or long term illnesses. These 
illnesses can range from; cancers of the bladder, kidney, skin, 
liver, neurologic and neurobehavioral disorders, cholera, 
hepatitis, typhoid, and diarrhea [13]. Thus, the levels of 
concentration of cations/ anions must be controlled in our 
water bodies [14-16]. Other toxic metal cations and anions in 
water include cadmium, mercury and lead [14-16]. These toxic 
metal ions must be below the international accepted threshold 
values. Heavy metals and ions enter into the water from the 
various sources. But while some of these metals are important 
as micronutrients, having them in very high concentrations in 
the food chain can cause toxicity and can further impact the 
environment where aquatic ecosystems and their users can 
become endanger [17-18].

There is minimal purification of water via filtration and 
chlorination, which occurs inconveniently in Georgetown, 
Guyana, only when supplies are available and operational. 
To combat these issues in Guyana, the Guyana Water Inc. 
(GWI) was established with the task of delivering safe 
water for improved public health and sustainable economic 
development. Water pollution continues to be an emergent 
concern in Guyana and subsequent action is needed to help 
reduce and further resolve the problem. Thus, by improving 
the water treatment systems, Guyana can reduce and eliminate 
these issues [19].

Due to the contamination of these water ways with cations 
and anions, a proposed adsorbent of peanut shells will be 
intended to use as an alternative in the removal of these toxic 
contaminants. The peanut shell is choosen as an adsorbent for 
the treatment of the selected water from Guyana for several 
reasons. These include its low cost, its high porosity, pore 
size (micro-pores volume in the range 0.3–0.44 nm) and high 
adsorptive capacities, Fig. 1.0. This can significantly improve 
Guyana‟s water quality and further help the Caribbean 
and even expand internationally. This alternative will aid in 
reducing the concerns over high operating and capital costs, 
efficiency and the need for secondary treatment [20]. Another, 
equally important point is that the raw materials (peanuts) 
are grown and cultivated locally in Guyana and across the 
Caribbean, which makes it even more accessible and a good 

choice as an adsorbent. The peanut plant grows best in loose 
sandy soil under warm-weather conditions. This leguminous 
crop requires adequate moisture for good yield. Depending on 
the variety, it grows from 6 to 30 inches in height. Some plants 
grow upright while others spread (NAREI Communications 
Unit, 2016) [21]. The process of transference of mass where 
one or more substances (adsorbate) present in a gaseous or 
liquid stream is transferred in a selective way to the surface of 
a porous solid (adsorbent) is known as the adsorption method. 
This method is widely used in the treatment of water, being 
an eco-friendly and economically viable technology to remove 
organic pollutants with proven efficiency of 99.9% from 
several studies. Adsorbents can be of two types; natural and 
synthetic adsorbents [22]. The peanut shell is expected to not 
only remove dangerous heavy metals and ions but also be a 
cheaper ecofriendly approach.

 Figure 1.0 : Image showing the blended peanut shells

There are a few reports on the removal of metal ions using 
peanut shells as adsorbent. For example, the biosorption of 
Cr (VI) ions from aqueous solution by peanut shell (PNS) 
biosorbent. A pseudo-second order equation best described 
adsorption kinetics. Maximum adsorption was achieved at 
pH 2.0 and 3.0. There was favorable adsorption of Cr (VI) on 
PNS adsorbent. The adsorption capacity was found to be 4.32 
mg/g at 313 K. The process has been found to be endothermic, 
non spontaneous and entropy driven [23]. The efficiency 
of chemically modified peanut shell (CMPS) on adsorbing 
cadmium ions was evaluated using a batch system mode. The 
kinetic, isothermal and thermodynamic models were applied to 
study adsorption properties. The pH, adsorption time and initial 
concentrations were followed. Under the indoor temperature 
(25oC), when pH was 8 and adsorption time was 40min, the 
adsorption capacity reached the maximum, 40.10mg/g. The 
kinetic adsorption was better described by pseudo-second-
order rate model. The theoretical maximum adsorption 
capacity calculated by Langmuir equation were 95.24, 105.26, 
109.89mg/g at 283K, 298K and 308K respectively [24]. The 
use of natural adsorbents to remove heavy metal ions from 
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water, have been finding increasing applications [25-26].

Guyana is a sovereign state on the northern mainland of South 
America and is also part of the Caribbean region. Guyana 
(83,000 square miles) is bordered by the Atlantic Ocean to the 
north, Brazil to the south and southwest, Suriname to the east 
and Venezuela to the west, Fig 1.0. Fig 2.0 is a map of two of 
the selected areas of coastal Guyana. Its an Amerindian word, 
meaning land of many waters [19].

 Figure 2.0 : Map of Guyana. www.worldatlas.com/webimage/
countrys/samerica/gy.htm

Thus, the general objective of the research is to identify and 
evaluate the status of surface water from selected areas of 
coastal Guyana (Vreed En Hoop stelling and Bushy Park) and 
to remove toxic contaminants using peanut shells as a cheaper 
ecofriendly adsorbent alternative. Also, to identify the optimal 
percentage level of heavy metals, cations & anions, along with 
the turbidity and conductivity within the water samples.

Methodology
Acquiring materials
The testing process took placed in chronological order. Firstly, 
special plastic bottles to store the water samples taken from 
Vreed en hoop, and Bushy Park Parika, Guyana were purchased. 
These samples were sent to Guyana Sugar Cooperation INC 
(GUYSUCO) central laboratory for physical and chemical 
analyses using versatile standard procedures/methods. 

Storage of Materials
The water samples from the two different locations were stored 
in eighteen (18) separate plastic bottles. Six bottles for each 
site and another three bottles for the filtrate of the treated 
water (3 for treated water and 3 for untreated water along 
with another three to collect the filtrate). The samples were 
labeled and stored in a secure cool environment away from any 
other foreign body of water so as to avoid any external cross 
contamination.

Testing 
•	 The testing of the water samples were done at the Guyana 
Sugar Cooperation INC (GUYSUCO) central laboratory in 
triplicates for each parameter. The tests will include; 
Test for heavy metals (Pb, Fe, Zn, Cd, Al) [Nitric Acid digestion 
by F-AAS]
Test for anions (SO4

2, PO4: Acid digestion by Spectrophotometry 
(UV-VIS)
Test for Chlorides: Mohr Argentometric- titrimetry 

Method
A total of 3 (3 x 3 = 27) bottles were required for this project. 
The water samples were collected in triplicates of two (2) from 
the two selected areas of Guyana’s Coastland, six bottles for 
each site, plus another three bottles for the filtrate of the treated 
water (3 for treated water and 3 for untreated water and another 
three to collect the filtrate). The samples were labeled and 
stored in a cool environment. The samples were then submitted 
immediately for analyses at GUYSCO. One of the Triplicates 
set of water was treated with the adsorbent and filtered. For the 
untreated and treated water, the water samples were filtered, 
using a pore diameter membrane filter. After filtration, the 
filtrate was transferred to a beaker. 5ml of Conc. H2SO4 and 
several boiling chips was added. The contents of the beaker 
was brought to a slow boil and evaporated onto a hot plate 
to the lowest volume (10ml) to initiate precipitation. Heating 
continued with concomitant addition of HNO3 until digestion 
was completed. Drying of the sample was avoided. The flask 
was then washed with water and contents filtered. The filtrate 
was transferred to a 100ml volumetric flask and made up to the 
mark. Portions of the solution were then taken for metal ion 
determinations using Flame Atomic Spectroscopy. For each 
metal analyzed, appropriate standard solution of known metal 
concentration in the water with a matrix similar to the sample 
was prepared.

Data Analysis
From the results collected from each test, comparisons and 
calculations was done to identify trends and possible patterns. 
The data was placed into tables and graphs to be represented 
and analyzed. Recommendations were made based on the data 
gathered from each of these tests.

Statistical Analysis
Analysis of variance (ANOVA) One way without replication 
was done. This is a statistical technique used to find out if the 
means of two or more groups are significantly different from 
each other. ANOVA checks the impact of one or more factors 
by comparing the means of different samples. It splits an 
observed aggregate variability found inside a data set into two 
parts: systematic factors and random factors. The systematic 
factors have a statistical influence on the given data set, while 
the random factors do not. Analysts use the ANOVA test to 
determine the influence that independent variables have on the 
dependent variable in a regression study (Kenton, 2019).
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Results
Parameter
[Metals]

Untreated
[Parika Bushy Park]
Ave (mg/L)

Treated
[Parika Bushy Park]
Ave(mg/L)

Treated
[Parika Bushy Park]
Ave(mg/L)

Treated
[Vreed En Hoop]
Ave (mg/L)

Pb Nd Nd Nd Nd
Fe 4.21 ± 0.95 3.82 ± 0.52 8.42 ± 2.14 5.56 ± 3.42
Al 3.63 ± 0.55 4.25 ± 0.71 5.97 ± 0.67 4.20 ± 1.90
Cd Nd Nd Nd Nd
Zn Nd Nd Nd Nd

Table 1.0: Shows the concentration of the metal cations for the two selected areas in the untreated and treated water with the 
adsorbent.

Parameter
[Anions]

Untreated
[Parika Bushy Park]
Ave (mg/L)

Treated
[Parika Bushy Park]
Ave (mg/L)

Untreated
[Vreed En Hoop]
Ave (mg/L)

Treated
[Vreed En Hoop]
Ave (mg/L)

SO4
- 5.00 ± 3.80 6.62 ± 3.93 346 ± 3.15 293 ± 1.77

PO4 0.38 ± 1.84 1.43 ± 2.80 0.80 ± 0.75 2.33 ± 1.72
Cl- 3.55 Nil 116 ± 1.75 102 ± 1.70

ECW 0.19 0.18 ± 3.21 6.47 ± 0.09 6.30 ± 1.08
Table 2.0: Shows the concentration of the metal anions for the two selected areas in the untreated and treated water with the 

adsorbent
Cations and Anions Health based guideline by the WHO (mg/l)

Al 0.1-0.2

Fe 3

Pb 1.0 x 10-2

Cd 3.0 x 10-3

Zn 3

PO3-
4 5

SO2-
4 250

Cl 250

ECw 256
Table 3.0: showing the health based guideline by the World Health Organization for cations and anions within surface water

Parameter 
[metal cations; Fe, Al, Pb, Cd, Zn]

P value F value F Crit Significance

Conc. Between the two areas
Parika Bushy Park vs Vreed En Hoop 0.217576 1.75769192 5.117355029 No significance
Untreated vs Treated 1.92 x 10-5 26.728966 3.178893104 Significant
Conc. for Vreed En Hoop

Untreated vs Treated 0.008482002 33.01378914 9.276628153 Significant
Conc. for Parika, Bushy Park
Untreated vs Treated 0.012146 81.32969292 19 Significant

Table 4.0: Showing the two Factor ANOVA without replication Analyses results for the metal cations; Fe, Al, Pb, Cd, Zn
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Parameter: [PO3-
4, SO2-

4 and Cl- anions] P value F value F Crit Significance
Conc. Between the two areas
Parika Bushy Park vs Vreed En Hoop 0.261385177 1.602044704 5.050329058 No significance
untreated vs treated 2.1617 x 10-5 143.1408508 5.050329058 Significant
Conc. for Parika, Bushy Park
Untreated vs Treated 0.769781 0.14308129 161.4476388 No significance
Conc. for Vreed En Hoop
Untreated vs Treated 0.045933 191.429408 161.4476388 Significant

Table 5.0: showing the two Factor ANOVA Analyses without replication results for the anions; PO3-
4, SO2-

4-, and Cl-

Graph 1: Column graph showing the comparative results in mg/L of the untreated samples versus the treated samples from 
Parika, Bushy Park and Vreed En Hoop with the adsorbent in the removal of selective metals within the water.

Graph 2.0: Column graph showing the comparative results in mg/L of the untreated samples versus the treated samples from 
Parika, Bushy Park and Vreed En Hoop with the adsorbent in the removal of selective anions and cations within the water
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Discussion 
Table 1.0 shows the concentration of the metal cation for the 
two selected areas in the untreated and treated H2O, with the 
peanut shell adsorbent. It was noticeable that there was no 
detection for Pb, Cd and Zn. Pd & Cd are noteworthy toxic. 
However, there was detection for Fe for untreated and treated 
water in all instances. For Fe, this range from (3.82 ± 0.52 
mg/L) to (8.42 ± 2.14 mg/L). For Al, this range from (3.63 
± 0.55 mg/L) to 5.97 ± 0.67 mg/L). It was noticeable that for 
the Parika Bushy Park and Vreeden Hoop water, there was a 
decrease in the concentration of the Fe2+ cation. For Al3+, it was 
noticeable that there was an increase in the concentration of 
Al3+ for treated H2O, compared with untreated H2O, at Parika 
Bushy Park. However, for Vreed En Hoop untreated H2O, there 
was a decrease in the concentration of the Al3+ cation from 
5.97 ± 0.67 mg/L to 4.20 ± 1.90 mg/L, after treatment with the 
adsorbent.

Table 2.0 shows the concentration of anions for the two selected 
areas in the untreated and treated water, with the adsorbent. 
SO4

2-, PO4
2-, Cl-. It was noticeable that there was a decrease in 

the concentration of SO4
2- and Cl- at Vreed En Hoop untreated 

water, after treatment with the adsorbent. For the Parika Bushy 
Park, there was an increase in concentration of the sulphate 
and phosphate anions. The increase in phosphate anions 
concentration is probably due to some form of leaching from 
the adsorbent. Table 3.0 shows the two factor ANOVA without 
replication Analysis results for concentration of cations for Fe, 
Al, Pb, Cd and Zn.

It was found that the P-value was greater than 0.217, 
indicating that there wasn’t any significant differences in the 
concentration of cations and anions between the two selected 
areas. When the concentration of the cations and anions were 
compared for untreated vs. treated water of Parika Bushy Park 
vs. Vreed en Hoop, it was found that the P-value (1.92 x 10-

5) is significantly < 0.05, indicating significant differences. In 
addition, the F-value (26.75) is significantly greater than F 
critical, indicating significant differences in the concentration 
of the cations. When the concentration of cations and anions 
was compared for Parika vs. Bushy Park, it was found that the 
P-value is < 0.05.

Conclusion
The status of the surface water from two different locations, 
Parika Bushy Park and Vreed En Hoop within the coastal 
areas of Guyana before and after treatment with a peanut 
shell adsorbent has been analysed. Analyses were done for 
Pb, Fe, Zn, Cd and Al and for anions: chlorides, sulphates 
and phosphates. In addition, physical parameters (turbidity 
and conductivity) were analysed. There was no detection for 
the toxic lead and cadmium cations at either surface water. 
The adsorbent was effective in removing Fe2+ at both surface 
water as there was a decrease in concentration. For the Al3+ 
cation, there was a decrease in the concentration of Al3+. For 
the SO4

2- and Cl- anions, there was a decrease in concentration 
at the Vreed En Hoop surface water, after treatment with the 
adsorbent. Thus, the peanut shell should find application in the 

removal of selective cations and anions from surface water.
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