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Abstract

Background: Cyanide is among the most harmful substances on Earth and it is harmful to humans and most
aquatic life even at low concentrations. Free, total cyanide levels and other physicochemical parameters were
determined in fish, cassava, cocoyam, dam and borehole water samples collected from Kenyasi, Ghana. A total of
sixteen (16) water samples, five (5) fish samples, twenty (20) cassava and cocoyam tubers were collected from the
study area. Free and total cyanide levels were determined using Skalar San*™ Automated Wet Chemistry Analyser
with Continuous Flow method.

Results: The mean free cyanide levels in fish, cassava, cocoyam, dam and borehole water samples were 63.09, 33.
26, 1544, 0.16 and 0.18 mg/L, respectively, while the mean total cyanide levels were 93.60, 43.47, 29.62, 21.70 and
25.09 mg/L in fish, cassava, cocoyam, dam and borehole water samples, respectively. The mean pH value in fish,
cassava, cocoyam, dam and borehole water samples were 6.90, 6.46, 6.82, 584 and 6.59, respectively. The mean
conductivity was 153.64, 156.83, 76.03, 207.39 and 205.99 in fish, cassava, cocoyam, dam and borehole water
samples, respectively. Results of two-way Analysis of Variance test showed that the variation in free cyanide levels
was significant (p < 0.05) in the fish, cassava, cocoyam, dam and borehole water samples. Moreover, the hazard
index results via ingestion and dermal contact with children are >1, including fish ingestion by an adult. This
signifies adverse non-carcinogenic risk. The persistent intake of cassava and cocoyam can probably induce adverse
health effects.

Conclusions: From the results, it can be concluded that fish, cassava and water samples at Dam 4, Dam 7 and BH!
were not safe for consumption since they recorded values higher than the set limits. Therefore, people are advised
not to feed on the cassava product, fish and consume water samples located close to Dam 4, Dam 7 and BH1.

Keywords: Total and free cyanide, Tuber crops, Water, Continuous flow analysis, Physicochemical parameters,
Kenyasi-Ghana

Background

Cyanide is among the most harmful substances on Earth
and it is harmful to humans and most aquatic life even at
low concentrations (Hosetti 2011). Unlike toxic metals,
cyanide is not an element but a compound, which tends
to react rapidly with several other chemical elements and
is well known to form hundreds of different compounds
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(Flynn and Haslem 1995). The in-depth chemistry of
cyanide, chemical behaviour in water bodies, as well as
toxicity is complex and controlled by numerous factors,
such as alkalinity and acidity (Moran 1998). United State
Department of Health and Human Services, according to
cyanide toxicological profile, regards cyanide as an envir-
onmental contaminant (USDHHS 2006).

Even though there are several natural sources of
cyanide, such as plants, fungi and bacteria that can be
synthesised and secrete it, the most significant sources
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in the environment are municipal wastewaters and in-
dustrial wastes (Ubalua 2010). There are three forms of
cyanide: free, simple and complex cyanides. Based on
temperature and pH of the environmental medium, free
cyanide exists in two forms, such as ionised cyanide
and hydrogen cyanide (HCN) (Doudoroff et al. 1966;
Mudder et al. 2001). According to the United States
Environmental Protection Agency (USEPA) (1984), free
cyanide is the most harmful and usage in laboratory
toxicity tests. In aqueous solutions, simple cyanide,
such as sodium cyanide usually dissociates into salts
and free cyanide. Moreover, complex cyanides exist in
several forms, however, cyanide-metal complexes, such
as nickel cyanide and iron cyanide are the dominant
forms in industrial wastewater (Latkowska and Figa
2007).

Human can be exposed to cyanide via drinking water,
contaminated food, breathing air and soil contaminated
with cyanide. Exposure can also occur by absorption via
the skin (dermal absorption), occupational exposure via
electroplating or metallurgy (OSHA 1998). Chronic ex-
posure to low concentration of cyanide is supposed to be
accountable for several thyrotoxic and neuropathic condi-
tions in humans (Dube and Hosetti 2010). Cyanide can
form a stable cytochrome oxidase complex, an enzyme
that facilitates electrons transfer within the mitochondria
cells through the fabrication of adenosine triphosphate
(Yen et al. 1995). Exposure to HCN causes bleeding,
dermatitis, scarlet rash, itching, nose irritations and pap-
ules (Nagasawa et al. 2007; Pritchard 2007).

Fish and aquatic invertebrates are sensitive to cyanide
exposure. Moreover, the sensitivity of aquatic organisms
to cyanide exposure is species-specific, which is influenced
by water oxygen content, temperature and pH, as well as
the condition and life stage of the organism (Hosetti
2011). Hydrological factors, such as temperature, total
dissolved solids (TDS), pH and conductivity can affect the
decomposition rate of cyanide-related compounds in
water resources (Sawaraba and Rao 2015). WHO has set
0.2 mg/L as the maximum limit for cyanide in water and
10 mg/kg in cassava (Wilson 1983). Research has shown
that cyanide affects individuals who have regular long-
term consumption of cassava (Flynn and Haslem 1995).
To the best of our knowledge, there has been no report
on the levels of cyanide in tuber crops, such as cassava
and cocoyam in Kenyasi, a Mining Community in the
Brong Ahafo Region of Ghana. Moreover, people living
around mining sites rely on these crops as the major
source of food consumption. However, since the plants
take up cyanide from soils polluted by organic salts with
cyanide ion from mining activities and industrial effluents,
their effects on consumers need to be addressed. There-
fore, the main aim this study was to evaluate the levels of
free and total cyanide in fish, water, cassava and cocoyam
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in Kenyasi, a mining community in the Brong-Ahafo re-
gion of Ghana.

Methods

Study area

Kenyasi is located in the Brong Ahafo Region of Ghana.
The Ahafo mine located at Kenyasi is in the tropical,
cocoa-growing region of mid-western Ghana, which is
about 290 km northwest of Accra and contributes about
8% of Newmont’s global equity gold sales (Newmont
Mining Corporation 2006). Kenyasi, where the Ahafo
mine is located produced approximately 446,000 equity
ounces of gold with about 9.7 million ounces of gold in
reserves, which is enough to actively mine for nearly
20 years (Newmont Mining Corporation 2006). Kenyasi
is the capital of the Asutifi district in the Brong Ahafo
region of Ghana. The Asutifi District is one of the
Nineteen (19) districts in Brong Ahafo located between
latitudes 6°40” and 7°15” North and Longitudes 2°15"
and 2°45” West sharing boundaries with Sunyani
District in the North, Tano South District to the North
East, Dormaa District to North West, Asunafo North
and South Districts in the South West and Ahafo Ano
South and North Districts (Ashanti Region) in the South
East (Government of Ghana 2009). The region lies in
the forest zone. Kenyasi is a major cocoa and timber
producing area. The northern part of the region lies in
the savannah zone with a major production of grain and
tuber. The total population of the region is approxi-
mately 1,815,408, representing 9.6% of the country’s
population. The main occupation in the region is agri-
culture, which employs about 68.6% of the economically
active population.

The Asutifi District is one of the smallest in the
Brong Ahafo Region with a total of 117 settlements and
land surface area of 1500 km? (sq.km) (Government of
Ghana 2009). Kenyasi is about 50 km from Sunyani, the
regional capital of Brong Ahafo (Government of Ghana
2009). The Asutifi District has abundant natural re-
sources including areas of forestry products, the soil of
high agronomic value, sand, clay and mineral deposits,
such as gold, bauxite and diamond (Government of
Ghana 2009). Topographically, Kenyasi lies within the
forest dissected plateau with an average height of about
700 ft above sea level and the highest point is a chain
of mountains, while the lowest part is along the river
basins (Government of Ghana 2009). Geologically, the
area is covered by rocks of Dahomeyan and formations,
which are known to be Bauxite, manganese and gold-
bearing rocks (Government of Ghana 2009). This ex-
plains why currently gold is being mined in Kenyasi.
Moreover, there are large areas of forest reserves, such
as the Desiri Forest Reserve, Bia Tam Forest Reserve,
Biaso Shelter Belt, Goa Forest Reserve and Asukese
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Forest Reserve, which together covered a total of about
475.63 sq.km (Government of Ghana 2009). The
current operation of gold mining activities by Newmont
Ghana Gold Limited has created severe anxiety about
the implications of the mining activities on the local
economy.

Sample collection

A total of sixteen (16) water samples was collected
from the study area of which seven (7) were from the
dam, two (2) from the surface water to serve as a
control for the dam and seven (7) from boreholes close
to the mining area during March 2017. The pH and
electrical conductivity (EC) of the water samples were
measured in situ using Yogokawa pH meter and Orion
Thermoscientific meter, respectively. A total of five (5)
fish samples were sampled from the dam with hook
and line into a black polyethene bag. They were then
kept in an ice-cooled container, transported to the la-
boratory and refrigerated prior to analysis. The Depart-
ment of Fisheries, Faculty of Renewable and Natural
Resources, Kwame Nkrumah University of Science and
Technology, Kumasi-Ghana, identified the fish samples.
The samples were found to belong to the Oreochromis
niloticus. Three Oreochromis niloticus were obtained
from a pond in Kumasi to serve as a control (Fish C). A
total of twenty (20) randomly selected cassava and
cocoyam tubers were harvested from local farms close
to the mining area. This was done by picking four
samples from four divided portions of a farm. In all,
four different farms were considered each for cassava
and cocoyam. Adhering soils were thoroughly washed
with distilled water. The cassava and cocoyam samples
were then labelled. Three samples, each of cassava and
cocoyam were collected from a non-mining area
(Hwidiem) treated the same way and labelled CvC for
cassava and CyC for cocoyam to serve as a control. The
cassava and cocoyam samples were wrapped in a black
polythene bag in an ice-cooled container and trans-
ported to the laboratory for further analysis.

Analysis

Determination of hydrogen cyanide

Total and free cyanide concentrations were determined in
the water, fish, cocoyam and cassava samples from
Kenyasi and Hwidiem. The solid samples were first dis-
tilled before the cyanide concentrations were determined.
The distillation method was adopted for the treatment of
the solid samples (fish, cassava and cocoyam) to bring into
solution the hydrogen cyanide for the continuous flow
analysis (ISO 14403). Approximately 40.0 g each fish,
cassava and cocoyam samples were blended with a
250 mL distilled water and the mixture was transferred to
a 500 mL round bottom flask. To each sample in the
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round bottom flask, a 12.5 mL conc. (98%) sulphuric acid
and 5 mL of 2.5 M magnesium chloride hexahydrate were
added. A 12.5 mL aliquot of 1.25 N sodium hydroxide
were put into the glass distillate collector and the delivery
tube was positioned such that the tip was in contact with
the sodium hydroxide solution to enable it to trap the
hydrogen cyanide released without any escape. The sam-
ple mixture in the round bottom flask was heated at a
temperature of 100 °C in a heating mantle for 1 h. The
heating mantle was then turned off, the distillate cooled
for 20 min, poured into a 250 mL volumetric flask and
diluted to the mark with distilled water. Blanks were pre-
pared with the same procedure without the sample. The
samples were kept in the freezer until the final determin-
ation using the Skalar San™" Automated Wet Chemistry
Analyser from Breda, Netherlands. The automated pro-
cedure for the determination of total cyanide involves the
decomposition of the complex bound cyanide in a con-
tinuously flowing stream at pH of 3.8 using UV light. A
UV-B light lamp (312 nm) and decomposition spiral of
borosilicate glass were used to filter out the UV light with
a wavelength < 290 nm to prevent the conversion of thio-
cyanate into cyanide. The hydrogen cyanide present at pH
of 3.8 is separated by the in-line distillation at 125 °C
under vacuum. The hydrogen cyanide produced react
with chloramine-T to form cyanogens chloride, which
then reacts with 4-pyridine carboxylic acid and 1,3-di-
methyl barbituric acid to give a red colour with a max-
imum absorbance at 600 nm. The determination was
repeated for each sample twice and their means were
taken. The instrument has a detection limit of 0.03.

Conductivity and pH measurement of the solid samples
About 20 g of each solid sample was ground into a
500 mL pyrex beaker, followed by the addition of a
100 mL distilled water and stirred for 10 min with a mag-
netic stirrer to ensure complete homogeneity. The
mixture was then filtered into a small sterilised plastic
container and the pH of the filtrate was determined by im-
mersing the pH electrode into the filtrates of the solid
samples. The pH measurements were taken using
Yogokawa pH meter from Musashino-shi, Tokyo. A
steady reading was recorded in each case. The electrodes
were washed thoroughly with distilled water after every
determination to avoid cross-contamination. For each
sample, the pH determinations were made in triplicate
and the mean taken to represent the pH of the sample.
The conductivity readings of both the solid samples were
also taken in the same manner using the Orion Thermo
Scientific meter from Fairland, Johannesburg.

Determination of moisture content of cassava and cocoyam
About 5 g of each cassava and cocoyam samples were
grated into a crucible and dried in an oven at a temperature
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of 105 °C for 72 h. The samples were then cooled in a
desiccator and then reweighed. The drying process was
repeated at the same temperature at time intervals of
1 h until a constant weight was recorded for each of
them.

Human health risk assessment

Non-carcinogenic health risk models presented by the
United States Environmental Protection Agency, have
been proven successful and are now adopted globally.
Humans can be exposed to cyanide through several path-
ways, as given in Table 1 (USEPA IRIS 2011).

The average daily dose (ADD) of cyanide via inges-
tion (ADDj,,) and dermal contact (ADDgye,rm) for both
adult and children are evaluated following Egs. (1),
(2) and (3):

Cx IngR x EF x ED
ADDing =~ B\ AT ()
CxSAx AFx ABFx EFx ED
ADDdermal = BW x AT (2)

The exposure factors and values utilised in the evalu-
ation of health risk evaluation are shown in Table 2.

The non-carcinogenic risk can be expressed as HQ
using Eq. (4).

ADD
HQ =222 @
where RfD is the estimated maximum permissible risk
imposed on humans via daily exposure. The RfD of
cyanide is 6.3 x 10™* mg kg™ day™' (USEPA IRIS 2011).
If HQ < 1, signifies no adverse effects, while HQ > 1,
represent adverse effects (USEPA IRIS 2011).

To estimate the human health risk from consuming
cyanide-contaminated fish, the target hazard quotient
(THQ) was calculated as follows (USEPA IRIS 2011):

C x IngR x EF x ED x Cf

THQ = =3\ x AT xRD

x107° (5)

where Cf is the conversion factor (0.208).

Table 1 Daily intake equation through several exposure routes

Medium Sources of cyanide  Exposure route  Calculation
formula
Water Cyanide in water Ingestion ADDing - water
Dermal contact  ADDgerm — water
Crops (Cassava  Cyanide in crops Ingestion ADDing — crops
and cocoyam)
Fish Cyanide in fish Ingestion ADDjng — fish
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Statistical analysis

The results recorded were analysed using Analysis of
variance (ANOVA) with the aid of MINI TAB. The
Tukey method, which is also known as the Tukey’s range
test was used to determine the least significant differ-
ence (LSD) at p < 0.05 between the mean values of the
measured parameters. The Tukey method is a single-
step multiple comparison statistical test (Morrison et
al. 2013). This method is applicable for pairwise com-
parisons. The Tukey method assumes independence of
the observations being tested, as well as equal variation
across observations. The Tukey method can be used on
raw data or in conjunction with a post-hoc analysis to
analyse data that are significantly different from each
other.

Results and discussion

Cyanide levels in the water samples

The analytical result of free and total cyanide level in the
seven borehole and dam water samples collected from
Kenyasi are shown in Table 3. Physicochemical parame-
ters, such as pH, temperature, EC and TDS in the water
samples are also presented in Table 3.

The free cyanide levels of the dam and borehole water
samples range from 0.11 + 0.01 to 0.22 + 0.02 mg/L and
0.15 + 0.01 to 0.23 + 0.02 mg/L, respectively (Table 1).
Moreover, the free cyanide levels of the borehole samples
appeared to be higher than those of the dam samples
because cyanide might leach into the subsurface ground-
water and hence, cause an increase in the cyanide concen-
tration. The free cyanide levels of the control dam water
samples were averagely greater compared to the borehole
control samples and fall below the acceptable level. More-
over, the free cyanide levels at almost all the sampling
sites, except at Dam 4, Dam 7 and BH1 were below the
maximum contaminant level of 0.2 mg L™" established by
USEPA (USEPA 2002) and the Ghana Environmental
Protection Agency (EPA). According to these guidelines,
the free cyanide concentrations were found to be in safe
levels owing to the low evaporation rates of cyanide in the
water resources. The free cyanide concentration recorded
in the present study was relatively lower than those found
in the surface water of Obuasi area (Ndur and Amegbey
2013) and Bogoso (Obiri et al. 2007), all in Ghana owing
to extreme gold mining activities in these areas. There
was a significant difference (p < 0.05) in free cyanide levels
between the dam and borehole water samples.

The total cyanide level of the dam samples ranged
from 20.52 + 0.09 to 22.30 + 0.27, whereas those of
the borehole samples were between 22.82 + 0.03 and
27.05 + 1.17 mg/L (Table 1). The total cyanide con-
centration in the dam and borehole water samples
were higher than the Ghana EPA permissible limit of
1.0 mg/L. Significantly, the total cyanide concentration
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Table 2 Exposure factors and reference value of parameters used for the human health risk evaluation of cyanide
Factor Definition Unit Value Reference

Children Adult
C cyanide concentration mg/kg, mg/L This study
IngR Ingestion rate mg/day 200 100 USEPA (2011)
EF Exposure frequency days/year 350 350 Environmental site assessment guideline (2009)
ED Exposure duration years 6 24 USEPA (2011)
BW Body weight kg 15 559 Environmental site assessment guideline (2009)
AT Average time days 365 x ED 365 x ED USEPA (1989)
SA Exposure skin surface area cm? 1600 4350 Environmental site assessment guideline (2009)
AF Skin adherence factor mg/cm day 02 0.7 USEPA (1993)
ABF Dermal absorption factor no unit 0.001 0.001 Chabukdhara and Nema (2013)

of the borehole water samples was higher than those
of the dam samples due to the complex nature of the
cyanide species in the borehole water samples. A sig-
nificant difference (p < 0.05) were also found between
the control samples of the dam samples and those of
the borehole samples.

Since the decomposition rate of cyanide-related com-
pounds in water is affected by TDS, pH, temperature
and conductivity, water samples polluted with cation hy-
drolysis of dissolved ions or acid mine drainage makes
the water acidic. The pH value of dam water samples
ranged from 3.98 + 0.02 to 6.21 + 0.01, which fall within
the acidic range. The control samples from Hwidiem,

SW1 and SW2 gave pH values of 6.96 + 0.02 and
6.99 + 0.01 respectively, which were almost neutral. The
pH of the control samples was more acidic compared to
that of the dam samples since the water was contained
and not properly mixed. An increase in acidity increases
the dissociation of cyanide compounds, which also
increases the free cyanide concentrations in the water
resources (Meeussen et al. 1994). This explains why
samples with the lowest pH values recorded the highest
free cyanide concentrations. The pH values of the bore-
hole samples ranged from 597 + 0.04 to 7.02 + 0.03.
The borehole water samples were less acidic compared
to the dam water samples, which might explain why the

Table 3 Analysis result of dam, borehole and the controls samples

Sample pH Cond. (uS/cm) Temp (°Q) TDS (mg/L) TSS (%) CN™ (mg/L) Total CN™ (mg/L)
Dam 1 5.88 £ 0.03 2227 £ 542 300+02 65+ 40 525+ 109 0.17 £ 0.02 2225+ 002
Dam 2 6.21 = 0.01 2142 £ 712 308 £ 0.1 63 + 2.1 611+ 154 011 +0.01 2213 £ 0.03
Dam 3 6.20 + 0.02 2100 = 542 302 £ 0.1 61 +40 571124 0.12 £ 0.02 2230 £ 0.27
Dam 4 411 £001 2747 + 6.00 305+02 69 + 30 634+ 157 021 £ 002 21.71 £ 003
Dam 5 6.02 = 0.01 1712612 30.1 £ 0.1 54 +£50 514+ 106 0.15 % 0.01 2147 £ 0.05
Dam 6 595+ 0.04 1115+ 7.10 303+03 52+ 30 504 + 124 0.14 £ 0.01 21.54 £ 0.04
Dam 7 398 + 0.02 3015 + 1041 305+ 0.1 70 +£50 617 £ 851 022 +0.02 20.52 + 0.09
SW 1 6.96 = 0.02 1195+ 570 227 £02 55+40 245 + 145 0.09 = 0.01 1238 £ 0.01
SW2 6.99 = 0.01 1189 + 842 221 £02 52+20 224 £ 87 0.10 £ 0.01 13.57 £ 0.02
Borehole
BH1 597 £ 0.04 2980 £ 106 269 £ 0.1 65 + 0.1 401 + 84 023 +£0.02 26.07 £ 0.02
BH2 631+ 0.06 2615 + 901 264 + 00 63 + 05 355+6.2 0.17 £ 0.02 2443 £ 098
BH3 6.38 + 0.02 2211 £102 26.7 £ 0.1 58 + 04 445 + 84 0.16 + 0.01 2705+ 1.17
BH4 6.80 = 0.02 170.2 £ 640 260 £ 0.0 51+£02 330 £ 46 0.16 £ 0.02 2557 £0.02
BH5 6.72 = 0.07 1720 + 500 263 £ 0.1 55+ 04 505+ 7.1 0.17 £ 0.01 2555 £ 040
BHE 6.93 £ 001 2023 £5.12 264 £ 0.1 60 + 05 321 £91 0.19 £ 001 2415+ 0.08
BH7 702 £ 0.03 116.8 + 841 268 £ 0.1 49+ 04 312+ 43 0.15 = 0.01 22.82 £ 0.03
Cw1 7.05 £ 0.01 109.0 + 5.10 262 + 0.2 24 +03 241 + 4.1 0.09 + 0.01 3.13 £ 0010
Cw2 721 £ 001 882 + 421 261 +0.1 26 + 0.1 235+50 0.09 + 0.00 296 + 0.020

Cond. - conductivity, Temp - Temperature, TDS - Total dissolved solids, TSS - Total suspended solids
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free cyanide concentrations were high for high pH water
samples. There was a significant difference (p < 0.05) be-
tween all the pH values for the dam and borehole water
samples.

The conductivity values for the dam samples
(111.5 + 7.10-301.5 + 10.41 pS/cm) were within a
wider range than those of the borehole samples
(116.8 + 8.41-298.0 + 10.6 pS/cm). Thus, the ions in
the dam samples move more freely than the borehole
samples. Moreover, the conductivity increase with in-
creasing concentrations of the cyanide ions present.
The conductivity values were significantly different
(p < 0.05).

The total dissolved solids concentration for the dam
and borehole water samples ranged from 52 + 3.0-
70 + 5.0 mg/L to 49 + 0.4-65 + 0.1 mg/L, respectively.
The TDS of the control samples of the dam (55 + 4.0 to
52 + 2.0 mg/L) were higher than the borehole samples
(24 + 0.3 to 26 + 0.1 mg/L). This indicates that the sur-
face water contains higher levels of TDS compared to
the groundwater because of its large area exposed to the
environment and the high dissociation probability owing
to high pH and temperature.

Cyanide levels in the fish samples

Among the aquatic organisms, fish is the most cyanide-
sensitive with high mortality rate due to the free cyanide
concentrations of >20 pg/L (Eisler and Wiemeyer 2004).
The toxicity of cyanide on aquatic organisms relies on
numerous factors, such as water pH and temperature.
The free and total cyanide levels in the fish samples are
displayed in Table 4.

The free and total cyanide levels ranged from
55.81 + 4.50 to 71.69 + 2.74 mg/kg and 84.31 + 2.12 to
110.56 + 4.00 mg/Kg, respectively (Table 4). Free cyan-
ide is acutely and instantaneously toxic to aquatic or-
ganisms and humans. The cyanide level in the fish
samples was above the 0.01-0.10 mg/L reported by
other studies (Govind 2013). These levels can kill some
sensitive animal’s species in the water systems (Govind
2013). Fish are almost one thousand times more sensi-
tive to cyanide compared to humans (Ikuta et al. 1999).
Exposure to sublethal concentrations of copper cyanide

Table 4 Analysis results of dam and control fish samples

Sample pH Cond. (uS/cm) CN™ (mg/kg) Total CN™ (mg/kg)
Fish 1 6.88 £ 001 201.2 £ 5.00 5981 £ 410 7944 +4.20
Fish2 687 +002 2158 +920 6150 £ 204 10344 +£5.12
Fish3 669+ 001 1174+ 464 7169 £ 274 11056 = 4.00
Fish4 714 +001 119.0+ 900 5581 £450 8431+ 212
Fish5 690+ 002 1148 +6.57 66.63 £ 324 9025 £ 3.11

Fish C 722+ 001 1110 + 541 <003 £ 001 <0.03 £ 001

Fish C-control fish sample
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caused a significant dose-dependent adjustment, as well as
carbohydrate metabolism in the tissues of C. catla
(Hosetti 2011). Exposure to high levels of cyanide might
lead to the mortality of fish (Vaz et al. 2012). The effect of
cyanide on fish relies on the cyanide concentration during
exposure, the length of time of the exposure and the size
of the species (Bruckner and Roberts 2008). There was a
significant difference (p < 0.05) between free and total
cyanide levels in the fish samples.

The pH values of the fish samples ranged from
6.69 + 0.01 to 7.14 + 0.01. Conversely, the control sam-
ple (fish C) with a pH of 7.22 + 0.01 had both free and
total cyanide levels below the detection limit. The sur-
rounding environment normally influences the pH of a
fish, thus when the pH is too low, it turns out to be
harmful to the fish (Ikuta et al. 1992). Subsequently, the
chloride cells within the gill tissue of the fish take up
hydrogen carbonate from the outside to neutralise the
H" ion flowing through the body (Ikuta 1999). Thus,
there is a higher possibility for the fish to take up CN™~
ions if the surroundings of the fish are contaminated
and predominated with CN™ rather than HCOj3. Under
typical conditions of natural waters with pH 6.0-8.5 and
temperature 4—-10 °C, more than 90% of cyanide nor-
mally exists as molecular HCN (APHA 1998). The pH
values for all the fish samples were significantly different
(p < 0.05).

The conductivity values increased from 114.8 + 6.57 to
215.8 £ 9.20 uS/cm (Table 4). The two major factors influ-
encing the composition of ions (bicarbonate, sulphate, cal-
cium, sodium, and silica) in water resources are geology
and precipitation/evaporation ratios (Weber-Scannell and
Duffy 2007). Changes in the composition of ions can
occur via several anthropogenic sources, such as industrial
waste and mining activities and this can increase conduct-
ivity (Fillo et al. 1992). There was also a significant differ-
ence (p < 0.05) between the levels of conductivity.

Cyanide levels in the cassava samples
The result of cassava samples in terms of pH, conductiv-
ity, moisture content, free cyanide concentration and
total cyanide concentration are presented in Table 5.
The free cyanide levels in the cassava samples ranged
from 5.25 + 0.02 to 93.88 + 5.14 mg/kg (Table 5) with 70%
of the cassava samples contain cyanide levels far above the
set limit of 10 mg/kg (Wilson 1983). This indicates that
the cassava samples with cyanide levels above the set limit
could pose serious effect to human health. Cassava con-
tains potentially toxic levels of cyanogenic glucosides,
made up of lotaustralin (5%) and linamarin (95% of total
cyanogen content). Linamarin exist in all cassava tissues
(Balagopalan et al. 1988) and is synthesised from the
amino acid valine. Cyanogenesis is initiated in physically
damaged cassava tissues since cyanogenic and cyanogens



Kwaansa-Ansah et al. International Journal of Food Contamination (2017) 4:16

Page 7 of 11

Table 5 Analysis results of cassava samples (CvC - control cassava sample)

Sample pH Cond. (uS/cm) Moisture content (%) CN™ (mg/kg) Total CN™ (mg/kg)
CvF1() 6.65 = 0.02 231.0 £ 843 53.90 = 0.80 16.63 + 0.68 1713 £ 0.07
CvF1(I) 6.11 = 0.04 2138 + 642 56.30 = 0.52 5044 + 3.14 5138 £4.17
CvF1(I1N) 6.88 £ 0.02 1135+ 524 5460 + 0.60 525+ 0.02 8.06 £ 0.01
CvF1(IV) 6.55 = 0.01 118.7 £ 500 53.30 = 045 1575+ 0.17 16.25 + 0.07
CvF2(l) 6.76 + 0.02 1182 + 624 55.90 + 0.60 9.19 £ 0.07 9.94 + 0.06
CvF2(11) 620 £ 0.01 1916 + 6.27 54.10 + 0.95 4456 + 0.85 49.00 £ 2.15
CvF2(I) 6.67 = 0.01 1994 + 7.20 5920 £ 1.52 1031 £ 0.12 10.63 + 0.07
CvF2(Iv) 6.77 £ 0.01 943 + 402 54.90 + 2.00 6.25 + 004 6.75 £ 003
CvF3() 633 £ 001 1209 + 7.07 52.80 + 0.95 3480 + 1.24 3581 +£1.20
CvF3(I) 6.05 = 0.03 1145 + 580 53.00 = 0.83 86.50 + 4.85 12363 £5.14
CvF3(ln 592 +0.02 1872+ 6.17 5340 + 0.74 93.88 + 5.14 165.56 + 6.89
CVF3(IV) 6.01 £ 0.02 1820 + 6.24 55.80 + 1.02 8838+ 523 12863 +8.12
CvF4() 596 + 0.03 1343 + 567 5550+ 1.10 93.56 + 4.20 13263 £ 10.1
CvFA4(Il) 6.14 = 0.02 2095 + 872 58.00 + 1.20 3731 £ 152 39.19 £ 4.24
CvFA(llN 6.84 + 0.01 2395 + 6.27 54.80 + 067 9.63 £ 0.03 1069 + 0.09
CvF4(IV) 6.89 = 0.01 1304 + 5.00 5120 £ 0.88 6.19 £ 0.04 6.56 £ 0.03
CvF5()) 6.72 = 0.01 1147 + 542 5540 + 1.24 11.06 + 0.05 1119+ 0.10
CvF5(1l) 6.86 + 0.02 164.9 + 7.87 54.30 + 0.65 9.75 £ 007 1025 + 0.04
CvF5(II 6.74 = 0.04 1328 £ 1041 5240+ 1.70 1169 £ 1.12 11.88 £ 0.08
CVF5(IV) 6.24 + 0.04 1253 + 8,07 5842 + 1.34 24.06 + 1.54 2431 £0.18
CvC 701 £ 0.02 1112+ 420 55.80 + 0.97 4.75 £ 002 494 + 003

Cond. - conductivity

enzymes are differently compartmentalised in the cell
(White et al. 1994). Therefore, after tissue maceration,
linamarin is released from vacuoles, which then broke
down to acetone cyanohydrin and glucose by linamarase
(White et al. 1994). Acetone cyanohydrin can spontan-
eously decompose into acetone and cyanide with pH and
temperatures above 4 and 30 °C, respectively (White et al.
1994). Linamarase present in the cassava roots has lower
catalytic efficiency than the cassava leaves. Particularly in
the leaves, acetone cyanohydrin decomposition can be cat-
alysed by hydroxynitrile lyase (White et al. 1994). Follow-
ing the volatilisation into the atmosphere or the extraction
with water, free cyanide can be removed from the dam-
aged cassava tissues (Tylleskdr et al. 1992). Therefore, if
cassava is damaged by direct ingestion without prior pro-
cessing, acetone cyanohydrin can rapidly decompose and
release cyanide. Rosling et al. (1992) and Lundquist et al.
(1985) revealed that the released cyanide can mainly bind
to methemoglobin until it becomes saturated. The un-
bound cyanide is converted to isothiocyanate by rhoda-
nese in the presence of sulphur-containing amino acids
methionine and cysteine (Osuntokun 1980; Schulz 1984;
Westley 1988) and subsequently excreted into urine.
Boiling, steaming, baking, frying, mechanical drying by
the oven, natural drying by the sun, fermentation, steam

distillation have been used in cyanide removal (Montagnac
et al. 2009). The total cyanide levels ranged from
6.56 + 0.03 to 165.56 + 6.89 mg/kg and these concentra-
tions were slightly lower than that of the total cyanide
levels since the total cyanide should comprise all forms of
cyanide including free cyanide. The control sample (CvC)
recorded lower values for both free and total cyanides.
Both free and total cyanide levels varied significantly
(p < 0.05) from each other.

The cassava samples appeared to be slightly acidic
with their pH values ranging from 5.92 + 0.02 to
6.89 £ 0.01 (Table 5). This pH value favours the hydroly-
sis of the cyanogenic glycosides as HCN catalysed by
endogenous linamarase (Fasuyi 2005), which increases
the free cyanide concentration in the cassava samples.
However, the pH of the control sample (CvC) was 7.01
signifying its neutrality. There was a significant differ-
ence (p < 0.05) between all the pH values in the cassava
samples.

The conductivity level of the cassava samples ranged
between 94.3 + 4.02 and 239.5 + 6.27 uS/cm (Table 5).
These values do not correlate with the concentration of
cyanide present in the samples probably because cyanide
might not be the only ions responsible for the conduct-
ivity levels as explained above for the water samples. A
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high moisture content ensures easy distribution and
movement of free cyanide within the cassava and the
surrounding soil. The moisture content also ranged from
51.20 + 0.88 to 59.20 + 1.52% (Table 5). The conductiv-
ity levels were found to be significant (p < 0.05) from
each other.

Cyanide levels in the cocoyam samples

The result of the cocoyam samples in terms of pH, con-
ductivity, moisture content, free and total cyanide concen-
trations are presented in Table 6.

The free and total cyanide concentrations ranged from
075 + 001 to 3456 + 073 and 11.13 + 061 to
59.00 + 0.57 mg/kg, respectively. The lethal dose of hydro-
gen cyanide in cocoyam was found to be 35.00 mg/kg
(Goesaert et al. 2005), which gives cocoyam a safe margin
compared to cassava. According to Anhwange et al
(2011), cocoyam recorded cyanide level of 34.10 mg/kg,
while Echendu et al. (2009) also reported 0.87 mg/kg as
cyanide level in cocoyam. Olajide et al. (2011) and
Abdulrashid and Agwunobi (2009) found a wide variation
(2.10 to 17.13 mg/100 g) of cyanide level in cocoyam. A
study reported by Uhegbu et al. (2012) showed higher
levels of cyanide (15.19 + 1.61 mg/kg) in cocoyam. Besides
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several reports on cyanides level in cassava, there has been
no established limit for cyanide in cocoyam.

The pH values of the cocoyam samples ranged from
6.50 + 0.06 to 7.21 + 0.04 (Table 6). The pH values re-
vealed a direct variation of cyanide concentrations in
the samples. Cocoyam like any cyanide-contained plant
accumulates cyanide in the form of cyanogenic glyco-
sides. The reactions of these glycosides were affected by
pH with some pH values fall within the optimum range
(2.2 to 9.0) (Nieto-Dominguez et al. 2015). There was a
significant difference (p < 0.05) between all the pH
values. The conductivity values ranged from 34.3 + 0.07
to 1259 + 6.14 pS/cm, while the moisture content
ranged from 43.10 £ 1.70 to 62.00 + 1.68%. A signifi-
cant difference (p < 0.05) were found between conduct-
ivity and moisture content.

Health risk assessment

Daily intake of cyanide in cassava and cocoyam

The daily intake of cyanide via the consumption of cassava
and cocoyam for adults and children in Kenyasi, a Mining
Community in the Brong Ahafo Region of Ghana are
shown in Table 7. The daily intake of cyanide was evalu-
ated according to the average concentration of cyanide in
each type of food and corresponding consumption rate.

Table 6 Analysis results of cocoyam samples (CyC - control cocoyam sample)

Sample pH Cond. (uS/cm) Moisture content (%) CN™ (mg/kg) Total CN™ (mg/kg)
CyF1() 6.64 = 0.01 1127 £ 324 49.70 £ 0.94 3456 = 0.73 4719 £ 0.85
CyF1(I) 6.52 = 0.01 643 + 1.14 46.50 + 0.56 1344 + 0.65 3369 £ 0.72
CyF1(11) 6.59 + 0.04 814 +420 4750 + 087 2538 £ 087 4838 £ 040
CyF1(IV) 6.71 £ 0.02 1013 £ 632 4430 + 1.50. 1813 £ 053 40.00 £ 0.23
CyF2(1) 6.99 + 0.02 982 +6.12 47.10 + 0.87 1275+ 0.24 2844 + 035
CyF2(11) 6.97 £ 007 782+ 3.12 4840 + 168 11.81 + 041 29.88 + 061
CyF2(I) 701 £ 0.04 1210 £ 412 50.20 = 040 450 £ 0.03 30.19 £ 045
CyF2(Iv) 6.88 £ 0.05 343 £ 007 46.60 + 0.60 16.25 + 0.06 2575 £ 0.74
CyF3()) 6.59 £ 0.03 64.6 £+ 3.00 4620 £ 135 2263 £ 0.85 3631 £0.12
CyF3(I) 6.66 = 0.04 776 £ 340 4840 + 135 3138 £ 1.12 59.00 £ 0.57
CyF3(lI) 6.50 £ 0.06 59.0 = 140 5230 = 090 2775+ 098 4363 £ 0.37
CyF3(Iv) 6.53 + 0.05 842 + 421 4710 + 142 2550 + 0.65 3944 + 042
CyF4() 7.21 £ 0.04 74.1 £ 240 4530 + 0.65 0.75 = 0.01 1113 £ 061
CyF4(IN) 7.03 £ 0.01 449 + 0.71 5637 = 0.74 10.63 + 0.07 14.63 £ 0.10
CyF4(l) 6.95 + 0.01 66.5 + 3.17 43.10 £ 1.70 1463 + 0.24 2463 + 042
CyF4(Iv) 6.85 = 0.03 792 £3.14 50.10 = 0.68 13.13 £ 045 1794 £ 035
CyF5(1) 6.91 £+ 0.01 1259 + 6.14 62.00 + 1.68 6.38 + 0.03 1863 + 0.71
CyF5(11) 6.95 + 0.04 479 £2.14 54.90 + 0.90 6.13 £ 0.03 1325+ 035
CyF5(lll) 6.93 = 0.06 558 =201 56.70 = 1.35 6.19 £ 0.03 14.06 £ 0.76
CyF5(IV) 6.89 + 0.02 494 + 045 53.70 = 0.64 6.88 + 0.04 1631 £ 045
CyC 6.99 + 0.04 509 + 154 59.10 + 0.50 050 £ 001 0.69 £ 001

Cond. - conductivity
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Table 7 Daily intake of cyanide and total cyanide (g/day) via
the consumption of cassava and cocoyam

Daily intake (g/day)® CN° TCN
Type of food Urban Rural Adult  Children Adult  Children
Cassava 112.20 196.10 5705 7457 42524 55583
Cocoyam 72.30 44.70 2649 5082 19741 37875
Total - - 8354 12539 62265 934.58
2 Whitby (1969)

The daily intake of cyanide from cassava was larger than
that from cocoyam. The daily intake of total cyanide for
both adult and children via cassava and cocoyam con-
sumption were considerably higher than the provisional
tolerable daily intake values. Therefore, the persistent in-
take of cassava and cocoyam can probably induce adverse
health effects. Children contributed the most cyanide and
total cyanide intake.

Non-carcinogenic risk assessment of cyanide in different
exposures

Based on the ADD and RfD of cyanide, the non-cancer
risks posed by cyanide from the different exposure
routes to both adult and children are given in Table 8.
The mean exposure route of cyanide for adult and chil-
dren increased according to the following order: inges-
tion > dermal contact. Moreover, the HI results via
ingestion and dermal contact with children are >1, in-
cluding fish ingestion by an adult. This signifies adverse
non-carcinogenic risk. The HI values in children were
observed to develop more non-carcinogenic risk com-
pared to an adult. This attributed to the fact children
tend to have significant contact with soil during their
outdoor activities and they are more likely to have a dir-
ect hand-to-mouth exposure of cyanide from the mining
activities. The data produced in Kenyasi clearly show
that cyanide poses significant risks to children via the
consumption of fish, cassava and cocoyam. With regard
to the water pathways, the highest non-carcinogenic risk
was from borehole water ingestion, followed by dam
water ingestion. The risk of cyanide by fish ingestion

Table 8 Non-carcinogenic risk of cyanide for both adult and

children
Type Pathway Adult Children
Dam water Ingestion 040 295
Dermal 034 142
Bore hole water Ingestion 043 318
Dermal 035 1.52
Cassava Ingestion 091 6.75
Cocoyam Ingestion 042 313
Fish Ingestion 147 7.21
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was the highest, followed by cassava, and cocoyam.
These results illustrate that the more toxic cyanide in
the integrated exposure pathway in the study area can
also explain the higher non-carcinogenic risks.

Conclusion

This study was carried out to evaluate the free and total
cyanide levels in water, fish, cassava and cocoyam samples,
which were collected from Kenyasi in the Brong Ahafo re-
gion, a mining community. Physical parameters, such as
pH, conductivity, TDS and TSS were determined. The free
cyanide levels found in most of the water samples, except
at Dam 4, Dam 7 and BH1 were below the acceptable
limit of 0.2 mg/L for drinking water, which indicates that
majority of the water samples were safe for drinking. The
results from the control samples were all generally lower
than those of all the samples. The total cyanide levels re-
corded from each determination were all higher than
levels recorded for the free cyanide. There was a linear re-
lationship between the pH values and the cyanide levels in
all the samples including the control samples. However,
there was no significant difference between the total dis-
solved solids, conductivity or total suspended solids and
the water samples. Among all the solid samples, cassava
recorded the highest cyanide level followed by fish and
cocoyam recording the least. From the results, it can be
concluded that fish, cassava and water samples at Dam 4,
Dam 7 and BH1 were not safe for consumption since they
recorded values higher than the set limits. The daily intake
of total cyanide for both adult and children via cassava
and cocoyam consumption were considerably higher than
the provisional tolerable daily intake values. Moreover, the
HI results via ingestion and dermal contact with children
are >1, including fish ingestion by an adult. This signifies
adverse non-carcinogenic risk. The persistent intake of
cassava and cocoyam can probably induce adverse health
effects. Therefore, people are advised not to feed on the
cassava product, fish and consume water samples located
close to the Dam 4, Dam 7 and BH1.
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