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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 [7,8]. Guyana water need 
continual monitoring to assess the concentration of toxic elements8. 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.

Surface water is usually rainwater 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 
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Abstract
Guyana’s surface and domestic water needs constant monitoring to assess the concentration of 

toxic anions and cations. The status of surface water at five selected areas: Blairmont, Bath, Bushlot, 
Belladrum and Mahaicony surface water was assessed in terms of the parameters discussed. In all cases, 
the concentration of cations and anions were below the WHO standard. Only at Mahaicony surface water, 
the concentration of Cl¯ was above the WHO standards. The adsorbents (coconut fibres) was selective 
in its removal of Pb2+ at Bushlot, Mahaicony and Belladrum surface water. Also, it showed selectivity for 
removal of Fe3+ at all cases, whilst the concentration of Mn2+ remained the same for treated and untreated 
water. For example, the concentration of Fe2+ in the surface water at Bath for treated and untreated water 
was (7.31 ± 0.44mg/L) and (6.88 ± 0.51mg/l) respectively. It was also shown to reduce the turbidity in all 

cases, whilst elevating the pH. 
Keywords: Guyana’s surface water; WHO standards;Cations;Anions;Selective areas;Concentration
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can come from industrial sources or from certain older sewer 
systems that overflow during wet weather. Storm water runoff 
becomes contaminated when rainwater comes into contact with 
contaminated soil and either dissolves the contamination or carries 
contaminated soil particles. Surface water can also be contaminated 
when contaminated groundwater reaches the surface through a 
spring, or when contaminants in 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].

Subsequently, all levels of an ecosystem will be negatively 
impacted due to contamination of surface water. This is due to the 
fact that there will be a great change in the water chemistry. It can 
impact the health of lower food chain organisms and, consequently, 
the availability of the food supply up through the food chain. It 
can also impact the health of wetlands and impair their ability to 
support healthy ecosystems, control flooding, and filter pollutants 
from storm water runoff. Contaminated surface water can also 
affect the health of animals and humans when they drink or bathe 
in contaminated water or, for aquatic organisms, when they ingest 
contaminated sediments. One of the major concerns associated 
with contaminated surface water is the ability of aquatic organisms, 
like fish, to accumulate and concentrate contaminants in their 
bodies. When other animals or humans ingest these organisms, 
they receive a much higher dose of contamination than they would 
have if they had been directly exposed to the original source of the 
contamination.

The most effective approach for cleaning up contaminated 
surface water is to prevent further discharges from contaminated 
sources and enable natural biological, chemical, and physical 
processes to break down the existing contamination. In some surface 
water bodies where natural processes are not enough to break down 
the contaminants, other cleanup approaches such as ion exchange, 
reverse osmosis, precipitation, solvent extraction, membrane 
technologies, electrochemical treatment, sorption, etc. The latter 
is by far the most versatile and widely used, and activated carbon 
is the most commonly used sorbent. However, the use of activated 
carbon is expensive, so there has been considerable interest in the 
use of other sorbent materials, particularly biosorbents [13]. So the 
technique used is this study was biosorption. A pulverized plant 
material (coconut fibre from the plant Cocos nucifera) was used 
to aid in the removal of toxic metal ions from the surface water of 
selected areas or Mahaica- Berbice administrative region. Mahaica-
Berbice was chosen as the study site, since it is well known for its 
large scale agricultural and industrial activities, which are major 
sources of surface water, and also due to the fact that surface water 
to be evaluated have not been previously analyzed.

According to literature, coconut fiber is rich in lignin (35-45%) 
and cellulose (23-43%), providing greater application potential 
in the treatment of aqueous solutions for the removal of heavy 
metals. Coconut fibres contain cellulose, hemi-cellulose and lignin 
as major composition. These compositions affect the different 

properties of coconut fibres. The pre-treatment of fibres changes 
the composition and ultimately changes not only its properties, 
but also the properties of composites. Sometimes it improves the 
behaviour of fibres, but sometimes its effect is not favourable [14].

Literature review reports that aquatic macrophytes, potential 
for the simultaneous removal of heavy metals such as Fe, Cu, Zn, Mn, 
Cr and Pb have been reported [15]. High metal removal percentages 
were reported for all metals. The removal of toxic metals: zinc, 
copper, mercury, cadmium or lead, from aqueous solutions by 
fungal biomass of Agaricus macrosporus has been reported16. The 
highest percentage uptake being of cadmium (96%).

The evaluation of a low-cost adsorbent in sugar cane residue 
or bagasse for the removal of toxic metal ions such as Cu2+, Ni2+ 
and Zn2+ from wastewater of an electroplating factory has been 
reported. The removal percentage being 95.5%, 96.3% and 97.1% 
[16,17]. The removal of ten metals (Se, Zn, Fe, Ni, Co, Pb, Mn, Hg, 
Cr and Cu) and the metalloid Arsenic, As by plant biomass for the 
detoxification of industrial effluents for environmental protection 
has been noted.18 

The Aim and Objectives of this research were to examine the 
water quality of selected areas of region 5, Mahaica-Berbice of 
coastal Guyana and to evaluate the concentration of toxic metal 
cation and anion before and after the addition of pulverized coconut 
fibre. 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 [18,19], Figure 1 & 2 is a map of two of the selected areas 
of coastal Guyana.

Methodology
This project was conducted in Guyana’s fifth administrative 

region: Mahaica Berbice. Selected areas being: surface water 
under Mahicony Bridge, Bushlot, Beladrum, Blairmont and Bath 
Settlement. These sites were selected based on a random sampling 
method where the names of the villages were placed in a bag and 
the first five were selected as the sampling sites. It so happened 
that each site had his own uniqueness i.e Blairmont has a Sugar 
Estate, Bushlot has a Rice Mill, Bath Settlement and Belladrum has 
lots of agriculture, and Mahaicony Bridge has fishing and a mode of 
transportation for farmers. Two photographs of one of the sampling 
sites are placed below.

Methods

Sample collection
The water samples were collected between 18:30hrs-19:30hrs 

on April 07, 2016, from the five sites previously described. The 
samples were collected (in triplicates) in plastic containers and 
stored on ice in a cooler. The samples were then submitted the next 
day for analysis at the Institute of Applied Science and Technology 
(IAST) laboratory.
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Analysis of water samples
The surface water from selected areas of coastal Guyana was 

analysed according to standard procedure [20,21].

Turbidity: A representative sample was collected in a clean 
container. A sample cell was filled to the line (about 15mL), taking 
care to handle the sample cell by the top. The cell was capped. 
and wiped with a soft, lint-free cloth to remove water spots and 
fingerprints. A thin film of silicone oil was applied and wiped with 
a soft cloth to obtain an even film over the entire surface. The 
instrument was placed on a flat, sturdy surface. The sample cell 
was inserted in the instrument cell compartment so the diamond or 
orientation mark aligns with the raised orientation mark in front of 
the cell compartment. The lid was closed. The Manual or Automatic 
RANGE key was selected. Signal averaging mode was selected by 
pressing the SIGNAL AVERAGE key. The READ was pressed. The 
display showed ---NTU, then the turbidity in NTU. The turbidity was 
recorded after the lamp symbol turned off [22].

Determination of pH: After a successful calibration, the electrode 
was rinsed in deionized water. The electrode was then placed in the 
sample. The READ button was pressed. The sample temperature 
and the pH reading appeared. These values fluctuated until the 
system became stable. The pH was recorded. The electrode from 
the sample was rinsed with deionized water and placed in the next 
sample. Steps 2-4 were repeated for each sample. When finished, 
the meter was turned off. The electrode was rinsed with deionized 
water and blot dry. The protective cap on the electrode was replaced 
in the electrode holder.

Digestion of the samples: 100mL of sample was transferred 
to a 250mL conical flask and the volume was reduced on 
heat to approximately 50mL. It was then cooled, 10mL of 
concentrated nitric acid was added and samples further digested 
to approximately 5mL. Dark samples were cleared up by adding 
30% hydrogen peroxide dropwise. 100mL of a blank sample was 
prepared and digested in the same manner. 100mL of each of the 
reference solutions were prepared and digested using the same 
procedure. The samples, blank and reference solutions were 
cooled and transferred quantitatively to a 100mL volumetric flask 
using Whatman #541 (7cm) filter paper to remove any residual 
precipitate. It was then diluted to the mark using distilled water 
and mixed well. The US-Vis Spectrophotometer was switched on 
and allowed to warm up for at least 15 minutes. A 10mL aliquot of 
each of the samples, blank, reference solution and standards were 
transferred to separate 50mL volumetric flasks. 20mL of distilled 
water, 1mL of 6M hydrochloric acid, 1mL of gum acacia and 0.5g 
of barium chloride dihydride were added to each of the samples, 
blank, reference solutions and standards. It was ensured that all 
solids dissolved, then diluted to the 50mL mark using distilled 
water. It was then shaken vigorously to mix. The absorbance was 
measured at 420nm.

Total Kjeldhal Nitrogen: 100mL of sample was transferred to a 
250mL Erlenmeyer flask. 50mL of digestive reagent was added and 

samples heated on a hotplate to digest to ~50mL. Dark samples 
were cleared up by adding 30% hydrogen peroxide dropwise. 
100mL of the control (TKN reference solution or Nutrients 
wastewater standard) was digested and a blank, using the same 
procedure. Samples, blank and reference solution were further 
digested to 5mL, then cool and transfer quantitatively to 100mL 
volumetric flask using 7cm Whatman #541 filter paper. It was then 
diluted to the mark with distilled water and mixed well. When 
samples crystallized after cooling, a minimum amount of distilled 
water was added, it was then shaken to dissolve crystals and 
reheated for about 15 minutes. 5mL each of the sample, blank and 
reference solutions were transferrred to separate 50 mL volumetric 
flasks. A piece of litmus paper (litmus turns pink) was added to 
each and neutralized with 10% NaOH (litmus paper turns blue). 
The spectrophotometer was switched on and allowed to warm up 
for at least 15min. A 100mg/L nitrogen standard was prepared 
by transferring 10mL of 1000mg/L stock standard to a 100mL 
volumetric flask, then diluting to the mark with distilled water and 
mixing thoroughly [23,24].

10mL of this solution was transferred to 100mL volumetric 
flaks and diluted with distilled water to give a 10mg/L nitrogen 
standard. It was mixed thoroughly. 1, 2 and 3mL each of the 10mg/L 
nitrogen standard was pipetted into 50mL volumetric flasks, 20mL 
of distilled water and 1mL of 10% NaOH were added and diluted to 
the mark. These volumes gave standards of 0.2, 0.45, and 0.6mg/L 
nitrogen. 1mL of Na2OSiO2 was added, followed by 2mL Nessler’s 
reagent to the sample, blank and reference solutions as well as to 
the standards from the previous step. It was then diluted to the 
mark with distilled water, shaken vigorously and absorbances at 
420nm was measured using the UV-Vis Spectrophotometer. 

Chloride- mohr argentometric method using phenolphthalein: 
50mL of sample was transferred to an Erlenmeyer flask. 3 drops 
of phenolphthalein indicator solution was added, followed by 3 
drops of sodium hydroxide solution. The solution developed a 
deep pink color. Six drops or more of acetic acid were added for 
neutralization. The solution became clear and colourless. Six drops 
of potassium chromate indicator solution were added. The sample 
was titrated against 0.1M AgNO3, until a permanent reddishbrown 
color appeared. Recorded titer as A. Quality control - determined the 
chloride concentration of the reference solution (10mL) described 
using the same procedure. A blank titration was performed using 
50mL of distilled water. The titre was recorded as B. The AgNO3 
solution was periodically standardarised with 0.1M NaCl solution.

Phosphates: Stannous Chloride Molybdate Colorimetric 
method: 100mL of sample was transferred to a 250mL conical 
flask. 10mL of 10% H2SO4 were added and digested to 50mL. The 
solution was cooled, then 10 mL of conc. HNO3 were added and 
samples further digested to 5mL. Dark samples were cleared up 
by adding 30% H2O2 dropwise. A sample blank and reference were 
prepared by digesting 100mL of water and reference solution using 
the same procedure. The solutions were transferred quantitatively 
to 100mL volumetric flasks using the Whatman #541, 11.0cm filter 
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paper. It was then diluted to mark with distilled water and mixed 
well. A small piece of blue litmus paper was added to each aliquot. 
The paper turned red. NH3 solution (1:3 v/v) was added, until the 
red litmus paper changed to blue, then 10% H2SO4 was added until 
the blue litmus paper changed back to red. A 100mg/L phosphorous 
standard was prepared by transferring 10mL of 1000mg/L stock 
standard to a 100mL volumetric flask, then diluted to the mark 
with distilled water and mixed thoroughly. 5mL of this solution was 
transferred to a 100mL volumetric flask and diluted with distilled 
water to give a 5mg/L phosphorous standard. It was then mixed 
thoroughly. 1, 2, 3, 4 and 5mL each of the 5mg/L phosphorous 
standard was pipetted into 50mL volumetric flasks. Approximately 
20mL of distilled water, 2mL of molybdate solution and 4 drops of 
stannous chloride solution were added to the sample, blank and 
reference solutions. The solutions were diluted to the mark with 
distilled water, shaken vigorously and absorbances measured at 
660nm, using the UV-VIS Spectrophotometer.

Total metals: The standards were prepared by diluting the 
necessary volume of stock solution with distilled water in 
volumetric flasks. The sample was gently agitated to homogenicity, 

then 100mL was measured into a 250ml glass beaker. 5mL of 
concentrated nitric acid were added and the beaker was placed 
on the hot plate to allow the sample to digest. The volume was 
evaporated to about 4-5mL and transferred to a 25mL measuring 
cylinder. The solution was made up to 20mL with distilled water 
and transferred to a 20mL test tube. It was then covered with a 
stopper or a piece of plastic wrap and shaken well. Three blanks 
with distilled water were prepared using the above procedure. The 
AAS readings of these were averaged to obtain a more accurate 
blank concentration. The AAS was calibrated, using the prepared 
standards and the correct hollow cathode lamp. The samples were 
read on a calibrated AAS. Absorbance was measured at 420nm. It 
was ensured that the concentration of the sample falls within the 
calibrated range of the standard. If it did not, the concentration 
(either up or down) of the sample or the standards was adjusted. 
After the first laboratory tests of the methods listed above, 5g of the 
absorbent (coconut fiber) were added to 800mL of the remaining 
surface water samples and bottles underwent, an intermittent 
swirling motion for two hours. The water was then filtered, and 
the methods explained above were repeated on the filtrate. Results 
were noted and recorded.

Result

Table 1: Table showing the mean with standard deviation, variance and confidence limit values of the parameter’s pH 

and turbidity before and after the treatment with absorbent.

Sample Locations
Before (Untreated) After (Treated)

  pH Turbidity (NTU)   pH Turbidity (NTU)

Blairmont (A)

Mean with S. D 4.04±0.03 204.00±29.51 Mean with S.D. 6.58±0.09 102.53±33.27

Variance 0.001 871 Variance 0.008 1107.05

C.L. 4.04±0.03 204±33.40 C.L. 6.58±0.10 102.53±37.65

Bath Settlement (B)

Mean with S.D. 5.84±0.03 173.67±9.81 Mean with S.D. 6.51±0.14 134.33±7.02

Variance 0.001 96.33 Variance 0.019 49.33

C.L. 5.84±0.03 173.67±11.11 C.L. 6.51±0.15 134.33±7.95

Bushlot (C)

Mean with S.D. 5.66±0.01 172.33±40.72 Mean with S.D. 6.46±0.07 92.37±10.91

Variance 0.0001 1658.33 Variance 0.005 119.1

C.L. 5.66±0.01 172.33±46.08 C.L. 6.46±0.08 92.37±12.35

Mahaicony Bridge (D) 

Mean with S.D. 7.16±0.03 265.00±91.65 Mean with S.D. 6.91±0.23 10.33±4.14

Variance 0.001 8400 Variance 0.055 17.14

C.L. 7.16±0.03 265±103.71 C.L. 6.91±0.26 10.33±4.69

Belladrum (E)

Mean with S.D. 6.93±0.20 99.43±21.19 Mean with S.D. 6.82±0.19 56.93±10.98

Variance 0.041 449.06 Variance 0.035 120.56

C.L. 6.93±0.23 99.43±23.98 C.L. 6.82±0.21 56.93±12.43
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Table 2: Table showing the mean, standard deviation, variance and confidence limit values of the anions before and 

after the treatment with absorbent.

Sample Locations
Before Treatments

  Cl¯ (mg/L) PO4
3¯ (mg/L) SO4

2¯ (mg/L)

Blairmont (A)

Mean with S.D. 7.09 ± 12.28 0.33 ± 0.01 -

Variance 150.8 0.0001 -

C.L. 7.09±13.90 0.33±0.01 -

Bath Settlement (B) 

Mean with S.D. 70.90 ± 0 0.09 ± 0.01 -

Variance 0 0.0001 -

C.L. 70.9±0 0.09±0.01 -

Bushlot (C)

Mean with S.D. 75.79 ± 91.72 0.06 ± 0.02 -

Variance 8412.16 0.001 -

C.L. 75.79±103.79 0.06±0.03 -

Mahaicony Bridge (D) 

Mean with S.D. 20,070.00 ± 3,724.83 0.03 ± 0.01 0.05±0.00

Variance 13,874,391.00 0.00003 0

C.L. 20,070±4,215.05 0.03±0.01 0.05±0

Belladrum (E)

Mean with S.D. 4.46 ± 7.72 0.05 ± 0.02 -

Variance 59.67 0.0002 -

C.L. 4.46±8.74 0.05±0.02 -

WHO Standard   250 5 200

Table 3: Table showing the mean, standard deviation, variance and confidence limit values of the anions before and 
after the treatment with absorbent.

Sample Locations

After Treatments

Cl¯ PO4
3¯ SO4

2¯

Blairmont (A)

Mean with S.D. 446.00 ± 715.34 0.40 ± 0.13 0.003 ± 0.006

Variance 511711.41 0.02 0.00003

C.L. 446±809.48 0.40 ± 0.15 0.003±0.01

Bath Settlement (B)

Mean with S.D. 2,620.07 ± 1,187.82 0.15 ± 0.05 -

Variance 1,410,913.85 0.003 -

C.L. 2,620.07±1,344.14 0.15 ± 0.06 -

Bushlot (C)

Mean with S.D. 1059.05 ± 1635.74 0.12 ± 0.06 -

Variance 2675657.26 0.004 -

C.L. 1059.05±1851.02 0.12 ±0.07 -

Mahaicony Bridge (D)

Mean with S.D. 9,889.98 ± 1,573.25 0.14 ± 0.05 0.07 ± 0.07

Variance 2,475,115.48 0.002 0.003

C.L. 9,889.98±1,780.30 0.14 ±0.05 0.07±0.07

Belladrum (E)

Mean with S.D. - 0.23 ± 0.06 0.01 ± 0.02

Variance - 0.003 0.0002

C.L. - 0.23 ± 0.07 0.01±0.02
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Table 4: Table showing the mean, standard deviation, variance and confidence limit values of the cations and total ni-

trogen before and after the treatment with absorbent.

Before (Untreated) (mg/L)

    Pb2+ Cd2+ Zn2+ Fe2+ Mn2+ Cu2+ Total N

Blairmont (A)

Mean with S.D. - - 0.01±0.006 7.09±0.03 0.87±0.03 - 0.33±0.41

Variance - - 0.00003 0.001 0.001 - 0.17

C.L. - - 0.01±0.01 7.09±0.04 0.87± 0.04 - 0.33± 0.47

Bath Settlement (B)

Mean with S.D. 0.003±0.01   0.003±0.01 7.31±0.44 0.49±0.02 - 0.04±0.01

Variance 0.00003 - 0.00003 0.2 0.001 - 0.0001

C.L. 0.003± 0.01 - 0.003±0.01 7.31±0.50 0.49±0.03 - 0.04± 0.01

Bushlot (C)

Mean with S.D. 0.01±0.01 - 0.01±0.01 5.96±0.33 0.26±0.10 - 0.03±0.00

Variance 0.00003 - 0.0001 0.11 0.01 - 0

C.L. 0.01±0.01 - 0.01±0.01 5.96±0.38 0.26± 0.12 - 0.03±0

Mahaicony Bridge (D)

Mean with S.D. 0.01±0.01 - 0.01±0.01 5.21±0.24 0.74±0.02 - 0.03±0.01

Variance 0.000`03   0.0001 0.06 0.0003 - 0.00003

C.L. 0.01±0.01 - 0.01±0.01 5.21±0.27 0.74± 0.02 - 0.03± 0.01

Belladrum (E) 

Mean with S.D. 0.01±0.00 - 0.02±0.02 5.07±0.39 0.36±0.06 - 0.02±0.01

Variance 0 - 0.0004 0.15 0.003 - 0.00003

C.L. 0.01±0 - 0.02±0.02 5.07±0.45 0.36± 0.07 - 0.02± 0.01

WHO Standard (mg/L)   0.1 0.05 3 0.3   1  

Table 5: Table showing the mean, standard deviation, variance and confidence limit values of the cations and total ni-

trogen before and after the treatment with absorbent.

After (Treated) (mg/l)

  Pb2+ Cd2+ Zn2+ Fe2+ Mn2+ Cu2+ Total N

Blairmont (A)

0.01±0 - 0.29±0.02 6.40±0.31 0.87±0.03 - 4.16±0.73

0 - 0.0003 0.09 0.001 - 0.54

0.01±0 - 0.29± 0.02 6.40±0.35 0.87± 0.04 - 4.16±0.83

Bath Settlement (B) 

0.01±0.01 - 0.22±0.03 6.88±0.51 0.49±0.02 - 1.63±1.42

0.00003 - 0.0007 0.26 0.001 - 2.01

0.01± 0.01 - 0.22± 0.03 6.88±0.57 0.49± 0.03 - 1.63±1.60

Bushlot (C)

0.003±0.01 - 0.13±0.02 3.63±3.11 0.26±0.10 0.02±0.03 2.60±1.98

0.00003 - 0.001 9.7 0.01 0.001 3.94

0.003± 0.01 - 0.13± 0.03 3.63±3.52 0.26±0.12 0.02±0.04 2.6± 2.25

Mahaicony Bridge (D) 

0.003±0.01 - 0.15±0.04 2.97±2.56 0.74±0.02 - 3.00±1.70

0.00003 - 0.002 6.53 0.0003 - 2.89

0.003± 0.01 - 0.15± 0.05 2.97±2.89 0.74± 0.02 - 3± 1.92

Belladrum (E)

0.003±0.01 - 0.15±0.05 1.87±2.29 0.36±0.06 0.003±0.01 2.37±1.45

0.00003 - 0.002 5.23 0.003 0.00003 2.1

0.003± 0.01 - 0.15± 0.05 1.87± 2.59 0.36± 0.07 0.003± 0.01 2.37±1.64
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Table 6: Table showing the results for the Analysis of Vari-
ance (ANOVA) test of the parameters tested at the sample 

locations before treatment.

Parameters F P-value F crit

pH and Turbidity 1.0867 0.3277 5.3177

pH, Turbidity and Total Nitrogen 1.0882 0.3679 3.8853

Anions 1.0202 0.3987 4.2565

Cations 159.42 1.35 x 10-17 2.6207

Table 7: Showing the results for the Analyses of Variance 
(ANOVA) test of the parameters tested at sample locations 
after treatment.

Parameters F P-value F critical

pH and Turbidity 11.7313 0.009 5.3177

pH, Turbidity and Total Nitrogen 12.3909 0.0012 3.8853

Anions 2.3553 0.1371 3.8853

Cations 18.4184 1.61 x 10-7 2.6207

Table 8: Data for the determination of the cations: copper, 
zinc, cadmium, manganese, iron and lead content of the 
standard samples at varying concentration versus absor-
bance.

Cations Concentration (PPM) Absorbance

Copper

0 0

0.2 0.032

0.4 0.063

0.6 0.099

Zinc

0 0

0.2 0.108

0.4 0.217

0.6 0.326

Cadmium

0 0

0.2 0.071

0.4 0.136

0.6 0.198

Manganese

0 0

0.2 0.009

0.4 0.019

0.6 0.03

Iron

0.2 0.021

0.4 0.049

0.6 0.071

Lead

0.2 0.008

0.4 0.018

0.6 0.029

Table 9: Data for the determination of Total Nitrogen and 
the anions: sulphate and phosphate content of the stan-

dard samples at varying concentration versus absorbance.

Anions and Total Nitro-
gen Concentration (PPM) Absorbance

Sulphate

1 0.085

2 0.091

6 0.127

12 0.21

20 0.361

Phosphate

0.1 0.159

0.2 0.237

0.3 0.331

0.4 0.389

0.5 0.493

Total Nitrogen

0.2 0.149

0.4 0.179

0.6 0.219

0.8 0.317

Figure 1: Map of Guyana.
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Figure 2: Map of two of the selected areas of Coastal Guyana.

Figure 3: Surface water from one of the selected areas.

Figure 4: Collection of surface water from one of the selected areas.
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Figure 5(a): Line Graph showing a plot of the absorbance vs concentration of the copper standard at concentra-
tion of 0, 0.2, 0.4 and 0.6 ppm copper; Graph. 5(b): Line Graph showing a plot of the absorbance vs concentra-
tion of the zinc standard at concentration of 0, 0.2, 0.4 and 0.6 ppm zinc.

Figure 6(a): Line Graph showing a plot of the absorbance vs concentration of the cadmium standard at con-
centration of 0, 0.2, 0.4 and 0.6 ppm cadmium; Graph. 6(b): Line Graph showing a plot of the absorbance vs 
concentration of the manganese standard at concentration of 0, 0.2, 0.4 and 0.6 ppm manganese.

Figure 7(a): Line Graph showing a plot of the absorbance vs concentration of the iron standard at concentration 
of 0.2, 0.4 and 0.6 ppm iron. 7(b): Line Graph showing a plot of the absorbance vs concentration of the lead 
standard at concentration of 0.2, 0.4 and 0.6 ppm lead.
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Figure 8(a): Line Graph showing a plot of the absorbance vs concentration of the sulphate standard at concen-
tration of 1, 2, 6, 12 and 20ppm sulphate; Graph. 8(b): Line Graph showing a plot of the absorbance vs concen-
tration of the phosphate standard at concentration of 0.1, 0.2, 0.3, 0.4 and 0.5ppm phosphate.

Figure 9: Line Graph showing a plot of the absorbance vs concentration of the total nitrogen standard at con-
centration of 0.2, 0.4, 0.6, 0.8 and 1.0ppm total nitrogen.

Figure 10: Bar Graph showing the mean pH levels at the various sample sites before and after the addition of 
the absorbent.
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Figure 11: Bar Graph showing the mean turbidity levels at the various sample sites before and after the addition 
of the absorbent.

Figure 12: Bar Graph showing the mean concentration of iron at various sample sites before and after the ad-
dition of the absorbent.

Figure 13: Bar Graph showing the mean concentration of lead at the various sample sites before and after the 
addition of the absorbent.
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Discussion
The status of surface water was measured at five selected areas 

of Blairmont, Bath, Bushlot, Belladrum and Mahaicony. The physical 
parameters tested for were pH and Turbidity. First the status of the 
surface water before treatments needs to be discussed: Consider 
the anions, Table 2, PO4

3¯ ion concentration range from (0.06 ± 
0.02mg/L) to (0.33 ± 0.01mg/L). The highest concentration of PO4

3¯ 
(0.33 ± 0.1mg/L), was detected at Blairmont surface water. The 
concentration of PO4

3¯ was less than the WHO standard of 5.0mg/L 
for all the selected areas For Cl¯ anion, the highest concentration of 
(20, 070 ± 3.72mg/L) was detected at Mahaicony surface water and 
this was exceedingly above the WHO Standard of 250mg/L. The Cl¯ 
ion concentration for the other areas range from (4.46 ± 7.72mg/L 
to 75.79 ± 91.72mg/L) and these values are below the WHO 
Standard value of 250mg/L. SO4

2¯ was undetected for all the areas, 
with the exception of Mahaicony surface water, which registered a 
value of (0.05 ± 0.00mg/L) which was less than the WHO Standard 
of 200mg/L.

With respective to cations, Pb2+ concentration range from 
(0.003 ± 0.01mg/L to 0.01 ± 0.0mg/L). These values are below the 
WHO Standard of 0.1mg/L. There was no detection for Cd2+. Zn2+ 
concentration range from (0.003 ± 0.0mg/L to 0.01 ± 0.0mg/L) 
and these values are below the WHO standard of 3mg/L. Fe2+ 
concentration range from (5.07 ± 0.39mg/L) to (7.09 ± 0.03mg/L). 
These values are above the WHO standard of 0.3mg/L. Mn2+ 
concentration range from (0.26 ± 0.12mg/L to 0.87 ± 0.03mg/L). 
These values are below the WHO standard of -----. There wasn’t any 
detection for Cu2+.

The surface water was tested for pH and turbidity before and 
after treatment with the adsorbent, Table 1. It was noticeable that 
after treatment with the adsorbent, the turbidity decrease in all 
cases, whereas the pH was elevated for Blairmont, Bath settlement 
and Bushlot surface water but decrease for Mahaicony and 
Belladrum surface water. For example, for Blairmont and Bush Lot 
surface water, the turbidity decreases from (204.00 ± 29.5NTU), 
(172.33 ± 40.72NTU) to (102.53 ± 33.27NTU), (92.37 ± 10.91NTU) 
respectively after treatment. At Bath and Mahaicony, the pH was 
(5.84 ± 0.03mg/L), (7.16 ± 0.03mg/L) before treatment and after 
treatment, the pH was (6.51 ± 0.14), (6.91 ± 0.23). Graphs shows 
the variation of physical parameters such as pH and Turbidity 
verses selected areas. The pH was elevated for Blairmont, Bath 
settlement and Bushlot surface water, but decrease for Mahaicony 
and Belladrum surface water. For example, for Blairmont surface 
water, the pH was (4.04 ± 0.03mg/L) and (6.58 ± 0.09mg/dl) 
before and after treatment with coconut fibre. For Mahaicony and 
Belladrum surface water, there was a decrease in pH. For example, 
for Belladrum surface water, the pH decrease from (6.093 ± 
0.20mg/L) to (6.82 ± 0.19mg/l). Figure 6 & 7 show the variation of 
the mean pH and Turbidity before and after treatments.

The surface water was tested for the following anions: Cl¯, PO4
3¯, 

SO4
2¯ before and after treatments. For Blairmont, Bath settlements 

and Bushlot surface water, there was a significant increase in the Cl¯ 
concentrations. For the Mahaicony surface and Belladrum surface 
water, there was a significant decrease in the Cl¯ concentrations. 
With regards to the PO4

3¯ concentrations, there was an increase 
after treatments. For example, the PO4

3¯ concentration at Blairmont 
and Bushlot surface water before treatment was (0.33 ± 0.01mg/L) 
and (0.06 ± 0.02mg/L) and after treatment was (0.40 ± 0.13mg/L) 
and (0.12 ± 0.06mg/L) respectively. The coconut fibres wasn’t 
effective in removing PO4

3¯ ions. Negligible SO4
2¯ was detected for 

Blairmont, Bath Settlement, Bushlot and Belladrum surface water, 
before treatment. However, Mahaicony surface water showed a 
concentration of (0.05 ± 0.00mg/L). After treatment, with adsorbent, 
the SO4

2¯ seems to be present for Blairmont (0.003 ± 0.006 mg/L) 
and Belladrum (0.01 ± 0.02 mg/L) surface water. Figure 12 & 13, 
graphs shows the variation of the mean concentration of anions 
before and after treatment with the adsorbent, coconut fibres.

The status of the surface water for the presence of Pb2+, Cd2+, 
Zn2+, Fe2+, Mn2+ and Cu2+ before and after treatments was also 
determined. It was noticeable at Bushlot, Mahaicony and Belladrum 
surface water, there was a decrease in the concentration of Pb2+. The 
coconut adsorbent was effective in removing Pb2+ cations at these 
three locations. For example, at Bushlot and Belladrum surface 
water, the concentration of Pb2+ was (0.01 ± 0.01mg/L) and (0.01 
± 0.00mg/L) respectively before treatments and after treatments 
was (0.003 ± 0.01mg/L) and (0.003 ± 0.01mg/L) respectively. For 
Blairmont & Bath surface water, the opposite was noted. There 
was an increase in Pb2+ ion concentration. Before treatment, Pb2+ 
concentration was found to be (0.00 ± 0.0mg/L) and (0.003 ± 
0.01mg/L) respectively. After treatment, the concentration of Pb2+ 
was found to be (0.01 ± 0.0mg/L) and (0.01 ± 0.01mg/L). For Cd2+, 
there was no detection for untreated & treated H2O. For Zn2+, there 
was an increase in concentration for treated water. The adsorbent 
wasn’t effective in removing Zn2+.

At Bath and Belladrum surface water, the concentration of 
Zn2+ before and after treatment was (0.003 ± 0.01 mg/L), (0.02 ± 
0.0mg/L) and (0.22 ± 0.03mg/L), (0.15 ± 0.05mg/L) respectively. 
For Fe3+, there seems to be a decrease in concentration after 
treatment with the adsorbents for all regions. For example, the 
concentration, of Fe2+ at Blairmont and Bath Settlement was (7.09 
± 0.03mg/L), (7.31 ± 0.44mg/L) and (6.40 ± 0.31mg/L), (6.88 ± 
0.51mg/L) before and after treatments respectively. This again 
shows that the adsorbent was effective in removing Fe2+ ions. With 
regards to Mn2+, the concentration of Mn2+ was the same for the 
surface water water at all five locations, before and after water 
treatments. There wasn’t any detection for Cu2+ in the untreated 
water. However, for the treated water, the concentration of Cu2+ was 
the same, with the exception for Bushlot (0.02 ± 0.03mg/L) and 
Belladrum (0.003 ± 0.01mg/L) surface water, indicating that Cu2+ 
has been leached out of the coconut fibres.

There was also an increase in the total nitrogen content of the 
treated water as compared to the untreated water for all selected 
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areas. For example, the total nitrogen content for the Mahaicony 
surface water and Belladrum surface water before treatment was 
(0.03 ± 0.01mg/L), (0.02 ± 0.01mg/L) respectively for the same 
water subjected to treatment with adsorbents. Values registered 
were (3.00 ± 1.70mg/L) and (2.37 ± 1.45mg/L) respectively. Figure 
8 & 11 shows the variation in the mean concentration of cations 
verses selected areas for untreated and treated water. Figure 1 
to Figure 5a are line graphs, showing a plot of the absorption vs. 
concentration of various cations and anions tested for the standard 
samples. Anova factor with two replication was used to assess 
whether there is a significant difference in physical parameters such 
as pH, Turbidity, cation and anion concentration for the untreated 
and treated water. Table 6 indicates that for untreated water, there 
wasn’t any significance difference between pH & Turbidity, the 
p value, 0.3277 is greater than 0.05 and the F value (1.0867) < F 
critical (5.3177). There was also no significant difference between 
pH, Turbidity and the total nitrogen content, as the p-value (0.3679) 
is greater than 0.05 and F value (1.0869) < F critical (3.8853). There 
was also no significant difference between the concentration of the 
anions as P-value (0.3987) is greater than 0.05 and F value (1.0202) 
< F critical (4.2565). However, for cations, there was significance 
differences in the concentration as P (1.35 x 10-17) < 0.05 and F 
value (159. 42) > F critical (2.6207). Table 7 shows the Anova 
results for the physical parameters (pH and Turbidity) and cation 
and anion concentration after the water was treated. For (pH and 

Turbidity) and (pH, Turbidity and Total nitrogen), there seems to 
be a significant differences as the individual P-values are less than 
0.05. For anions, no significant differences, P(0.1371) > 0.05 and 
F (2.3553) < F critical (3.8853). For cations, P (1.61 x 10-7) < 0.05, 
indicating significance differences.

Conclusion

The status of surface water at the five selected areas: Blairmont, 
Bath, Bushlot, Belladrum and Mahaicony of coastal Guyana was 
assessed in terms of the parameters discussed. In all cases, the 
concentration of cations and anions were below the WHO standard. 
Only at Mahaicony surface water, the concentration of Cl¯ was above 
the WHO standards. Also, the Fe2+ concentration of the untreated 
water was above the WHO standards in all cases. The adsorbents 
was selective in its removal of Pb2+ at Bushlot, Mahaicony and 
Belladrum surface water. Also, it showed selectivity for removal 
of Fe3+ at all cases. The concentration of Mn2+ remained the same 
for untreated and treated water in all cases. It was also shown to 
reduce the turbidity for all selected surface water, whilst elevating 
the pH. In some cases, the adsorbent was effective in removing a 
particular metal cation from some surface water after treatment, 
whereas the same metal ion concentration, increased in other 
areas. Thus, coconut fibres should be an excellent candidate for 
the removal of Pb2+ and Fe3+ ions from contaminated water and to 
induce a decrease in turbidity Figure 13-17.

Figure 14: Bar Graph showing the mean concentration of zinc at the various sample sites before and after the 
addition of the absorbent.
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Figure 15: Bar Graph showing the mean concentration of manganese at the various sample sites before and 
after the addition of the absorbent.

Figure 16: Bar Graph showing the mean concentration of chloride at the various sample sites before and after 
the addition of the absorbent.

Figure 17: Bar Graph showing the mean concentration of phosphate at the various sample sites before and after 
the addition of the absorbent.
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