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Abstract 

A human health risk assessment study was conducted in the Tamale Metropolis to ascertain the risk of trace metal contamination via 

drinking packaged sachet water. A total of 102 PSW brands sold and produced within the Tamale Metropolis was collected between 

February 2014 and December 2015. Chemical analyses were performed according to the procedures outlined in the Standard Methods 

for the Examination of Water and Wastewater, 2000.Monte Carlo simulation based on @RISK software was used to assess health 

risk indicators, i.e., Chronic Dietary Intake CDI, Hazard Quotient and Hazard Index. Chronic daily intake (CDI) of the trace metals 

were 3.8,0.06,28.18,0.59,8.26,0.01,0.08,0.10,0.01,0.00,0.01 µg/kg/day for NO3¯, NO2¯, SO4,Fl, Cl, Pb, Fe, Mn, Zn, AS 

respectively. The HQ (Hazard Quotient) values for each trace metal and the HI (Hazard Index) value for all eleven trace metals were 

below one (0.235), indicating no non-carcinogenic risks from consumption of PSW by inhabitants in the Tamale metropolis. 
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Introduction 
Safe drinking water is a developmental agenda for many 

developing countries around the world. Although water supply 

models exist in the developed countries, the social and technical 

cost together with the political will power to implement these 

systems makes it a daunting task to adopt most of these models 

as a means for delivering safe drinking water (Doodo et al. 

2006). 

Packaged sachet water (PSW) which refers to water packaged in 

plastic sachets for consumption has become an alternate source 

of water in most developing nations where public drinking water 

is endemic (Edema et al. 2004) [3]. However, chemical 

contaminants present in water poses a public health threat to its 

consumers. Human exposure to trace chemical contaminants 

from water may cause acute or chronic health (Richardson et al. 

2007. Funari et al. 2008) [4, 5]. The risk posed by these chemicals 

vary and depends on the precise chemical and may confer either 

chronic or acute toxicity and in some instances both. Humans 

become exposed to trace metals through direct ingestion, 

inhalation and dermal exposures (USEPA, 2004)  

The health risk posed by most toxic chemicals in water are 

chronic i.e. due to cumulative exposure to the said chemical in 

small doses over an extended period. Human health risk 

assessment is vital because although most of these chemicals 

present in drinking water are essential for some body functions 

at specific doses above certain levels, it becomes toxic to the 

body and may lead to adverse health effects (Zoni et al. 2013) 
[23].  

However, high doses of chemicals found in drinking water has 

been associated with Neurotoxic potential producing mental 

diseases such as Alzheimer’s and Manganism due to high copper 

and manganese levels (Dieter et al. 2005) [6]. Demyelinating 

diseases in humans caused by high zinc intakes (Zatta et al. 

2003). Acute myocardial infarction and rectal cancer resulting 

from high calcium levels (Yang et al. 2006) [8]. Trace metals like 

arsenic and lead have significant biological toxicity and are 

harmful to human health (Ab Razak et al. 2015) [24]. Exposure to 

inorganic arsenic via drinking water poses a broad range of 

health effects ranging from skin lesions, cancers, diabetes and 

cardiovascular diseases (Smith et al. 2009; Anetor et al. 2007; 

Abernathy et al. 2003) [20, 21, 22]. 

The contamination levels of the studied trace metals in PSW sold 

in the Tamale metropolis is needed to assess noncarcinogenic 

health risk for residents exposed to these trace metals via 

consumption of PSW. 

The objectives of this paper are to assess the dietary intake of 

NO3¯, NO2¯, SO4,Fl, Cl,Pb,Fe,Mn,Zn,AS in other to estimate 

the health risks resulting from exposure to the chemicals via 

drinking of packaged sachet water in the Tamale Metropolis. 

 

Methods 

Experimental Sites 

A total of 102 packaged sachet water samples was collected 

from 102 production facilities around the Tamale metropolis 

between October 2014 and December 2015. At each sampling 

site a bag (containing 30 pieces of a sachet’s) of sachet water 

were taken. The samples were transported in bags and sent to the 

Ghana Water Research Institute (WRI) in Tamale for chemical 

analysis. 
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Fig 1: Map of Study Area 

 

Average body weight and estimation of PSW intake 

A questionnaire-based on average PSW consumption survey 

was conducted in the Tamale metropolis in November 2015. A 

total of 331 participated in the face to face survey. The selection 

of participants was made randomly. Demographic 

characteristics (Age, gender and body weight) was recorded. 

Weight was calculated using a scale calibrated by the Ghana 

Standards Authority (GSA). Photographic method (a two-way 

dimensional picture) was used in estimating the amount of PSW 

drunk in a day. 

 

 Laboratory Analyses 
The chemical analyses were performed according to procedures 

outlined in the Standard Methods for the Examination of Water 

and Wastewater (APHA, 2000). A description of the methods 

used is shown below in Table 1. 

 
Table 1: Summary of laboratory methods of analyses 

 

Parameters Method of Determination 

Nitrate—N 

Hydrazine reduction followed by 

diazotisation and colour intensity 

measurement at an absorbance of 520 nm 

Nitrite—N Diazotisation 

Sulphate 
Reaction with barium chloride and 

measurement at an absorbance of 420 nm 

Fluoride SPADNS method 

Cations and Anions Titrimetric method 

Chloride Argentometric method using silver nitrate 

Trace Metals Atomic absorption spectrophotometer 

 

Exposure and risk assessment 

The daily intake or dose from ingestion of water is estimated by 

the following equation: 
 

 𝐶𝐷𝐼 =  
𝐶𝑊 𝑥 𝐼𝑅 𝑥 𝐸𝐹 𝑥 𝐸𝐷

𝐵𝑊 𝑥 𝐴𝑇
  

 

CW = Concentration in water (mg/L) 

IR = Ingestion rate (2 L/day) 

EF = Exposure frequency (350 days/year) 

ED = Exposure duration (30 years) 

BW = Body weight (70 kg) 

AT = Averaging time for non-carcinogens (365 days/year × ED) 

To estimate noncarcinogenic risk as expressed in terms of a 

hazard quotient (HQ) for a single substance The HQ is a ratio 

that compares the estimated exposure dose or intake (I) to the 

RfD as follows: 

Where 

HQ = hazard quotient (unitless), 

𝐻𝑄 =  
𝐼

𝑅𝑓𝐷
 

I = estimated intake or dose (mg kg–1 day–1), 

RfD = reference dose (mg kg–1 day–1). 

HQ values of less than 1 indicate an unlikely potential for 

adverse health effects, whereas HQ values greater than 1 

indicate a concern for adverse health effects or the need for 

further study. 

Unlike a carcinogen, the toxicity is significant only during the 

time of exposure, which may be one day, a few days, or years. 

The HQ has been defined so that if it is less than 1.0, there should 

be no significant risk or systemic toxicity. Ratios above 1.0 

could represent a potential risk, but there is no way to establish 

that risk with any certainty.When exposure involves more than 

one chemical, the sum of the individual hazard quotients for each 

chemical is used as a measure of the potential for harm. This sum 

is called the hazard index (HI): 

HI = Sum of hazard quotients 

 

Statistical analysis 

To accommodate the uncertainties associated with the 

calculation process, the health risks for the local population due 

to exposure to the chemicals were evaluated using Monte Carlo 

simulation technique based on @RISK software (Palisade, US) 

and considering 10,000 iterations. Before this process, 

distribution characteristics of each exposure parameter were 

tested according to the exposure results. A probabilistic 

distribution of the exposure dose was then obtained as a 

simulation result. 

The use of Monte Carlo simulations in risk assessment provides 

an understanding of the degree of uncertainty and variability 

around a risk estimate that single-point estimates of risk cannot 

provide (EPA 1994b).The reference dose, or RfD, of each metal, 

which is the intake or dose of the metal per unit body weight per 

day (mg/ kg/ day) that is likely to pose no appreciable risk to 

human populations, including such sensitive groups as children 

is shown in Table 2. 
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Table 2: Trace Metal reference doses (RFD) 
 

Trace Metals NO3¯ NO2¯ SO4 Fl Cl Pb Fe Mn zn As Cn 

RfD(mg/kg/d) 1.61 0.12 3 0.0064 5 1.4 E-046 7 0.148 0.39 0.0000310 0.000611 

1, 2, 4, 6, 8, 9, 10, 11 RfD from Integrated Risk Information System, US. EPA 
5, 7 secondary maximum contaminant level (SMCL) from Integrated Risk Information System US. EPA 
3 maximum contaminant level (MCL) from Integrated Risk Information System US. EPA 

 

Results and Discussion  

Trace metal concentrations 

Table 1, shows descriptive statistics of the trace metal 

concentrations along with the Parameter values of the fitted 

probability distributions, Akaike (AIC), Bayesian (BIC), Chi-Sq 

Statistic, K-S Statistic, A-D Statistic and their ranking in Table2. 

The metal concentration was found in the order SO4 > CL> 

NO3¯> Fl > Mn> Fe > Zn > Pb > Cn> NO2¯> As 

All metal concentrations studied were below their permissible 

limits as compared to Ghana Standards Authority (GSA) and 

WHO guideline values (WHO,2008), while the Mn and Fl 

concentrations exceeded the allowable limits by 23% and 1% of 

the water samples respectively, with mean concentrations of 

(3359.71±13249.02). (2.46± + ∞), (24299.16±12258.74), 

(505.53±1822.32), (7124.63±3681.43), (5.00±1.47), 

(72.67±135.45), (84.60±246.48), (8.88± 12.94), (1.00±0.05), 

(5.05±1.03)µg/l for NO3¯, NO2¯, SO4, Fl, Cl, Pb, Fe, Mn, Zn, 

AS and Cn respectively. 

The mean values of the metal concentration were within range  

concentrations as reported by other literature Divrikli and Elci, 

2002 [11] Sofuoglu et al. 2003 [12] Tamasi and Cini, 2004 [13] 

Gulbahar and Elhatip, 2005 [14] Xu et al. 2006, Kavcar et al. 2009 
[15]. The mean concentration of Pb in our study was 

5.05±1.03µg/l higher than Fakhri et al. 2015 [16, 19] (3.46±0.47 

μg/l and Ghaderpoor et al. 2009. Miranzadeh et al. 2011 

recorded a higher mean concentration of 10.5±0.12 μg/l greater 

than the average of our study. Arsenic (As) mean level 

(1.00±0.05) μg/l was below and five times lower than WHO and 

EPA standard of 10.1 μg/l. The mean was also lower than 

Fakhri1 et al. 2015 [16, 19] (5.67±0.73) μg/l. 

Table 1 shows that the trace elements order SO4, CL, NO3¯, Fl, 

Mn, Fe, Zn, Cn, and NO2¯ occur at very low concentrations, 

mostly below detection limits in the studied PSW samples. 

Drinking water contaminated with heavy metals and other 

chemicals are associated with a multiplicity of human health 

risks (Nguyen et al. 2009).The Tamale metropolis and its 

environs heavily rely on PSW as the source of their drinking 

water. 

 
Table 3: Trace metal concentration in PSW 

 

 NO3¯ NO2¯ S04 FL Cl Pb Fe Mn Zn As Cn 

Minimum -16.27 -0.19 -5163.83 -3.87 609.90 -Infinity -1.66 0.08 -0.21 1.00 -1.32 

Maximum +Infinity +Infinity 54861.32 +Infinity +Infinity +Infinity +Infinity +Infinity +Infinity +Infinity +Infinity 

Mean 3359.71 +Infinity 24299.16 505.53 7124.63 5.00 72.67 84.60 8.88 1.05 5.05 

Mode 34.56 0.63 23200.00 9.39 5624.34 5.00 5.73 3.39 4.34 1.00 4.87 

Median 817.33 2.46 24035.39 70.21 6398.90 5.00 27.46 17.26 6.44 1.03 4.97 

Std. Deviation 13249.02 +Infinity 12258.74 1822.32 3681.43 1.47 135.45 246.48 12.94 0.05 1.03 

Skewness 72.22 +Infinity 0.05 10.73 5.27 0.00 5.47 8.75 +Infinity 2.34 0.81 

Kurtosis 81997.64 +Infinity 2.40 194.97 +Infinity 6.00 52.81 130.58 +Infinity 12.07 5.88 

90% 7093.27 20.62 41075.54 992.54 10967.70 6.68 178.70 186.25 16.61 1.12 6.30 

95% 13037.46 46.12 45113.30 2212.55 13233.73 7.40 295.25 375.05 22.85 1.16 6.82 

N=10000 
 

Table 4: Fitted distribution, Distribution parameters AD** Rank 

 

 Fitted distribution Akaike (AIC) Bayesian (BIC) Chi-Sq Statistic K-S Statistic A-D Statistic 
Rank 

AIC BIC Chi-Sq K-S A-D 

NO3¯ RiskLognorm 7093.27 13037.46 48.76 0.19 3.12 1ST 1ST 4TH 7TH 3TH 

NO2¯ RiskPareto 551.15 558.55 268.00 0.31 8.65 1 1 5 TIE 2  

S04 RiskTriang 2188.77 2196.37 24.36 0.09 1.12 1 1 7 2 5 

Fl RiskInvgauss 1371.68 1379.31 68.82 0.22 6.25 1 1 2 2 3 

Cl RiskLoglogistic 1911.70 1919.33 55.67 0.13 1.50 1 1 5TIE 5 1 

Pb RiskLoglogistic 337.05 342.05 777.35 0.48 * 1 1 7 TIE 1 6 

Fe RiskInvgauss 976.91 984.34 240.65 0.32 8.09 1 1 3 8 3 

Mn RiskInvgauss 992.49 999.96 104.97 0.21 5.63 1 1 2 4 4 

Zn RiskPareto 527.48 534.31 366.00 0.38 13.13 1 1 6 6 TIE * 

As RiskPareto -380.27 -375.23 916.02 0.97 * 1 1 1 TIE 7 TIE * 

Cn RiskLoglogistic 329.37 336.77 804.11 0.46 30.29 1 1 3 TIE 1 6 

 

The fit statistic could not be calculated because it diverged. This 

does not necessarily mean the fit is wrong, but the statistic 

should not be used to make a judgment 

Three hundred (300) food frequency questionnaires (FFQ) based 

packaged sachet water consumption were used to estimate the 

daily and weekly consumption thus determine the dietary intake 

and exposure to the trace metals from drinking sachet water. 

These FFO‘s were distributed to different categories of the 

populace comprising school children, pregnant women, lactating 

mothers, adult men and adult women across the study sites.  

The number of standard packaged sachet water (500 ml) drunk 

per day converted into litres to calculate individual Daily Intake 
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(DI). Additional information on demographic characteristics for 

each respondent was also given in the questionnaire. The body 

weight of the subjects was taken and recorded accordingly using 

a calibrated scale. 

The fitted probability distribution for daily intake of PSW was 

RiskHistogram. The average mean consumption was 2.4l/d with 

a standard deviation of 0.23. Maximum and minimum 

consumption per day were 2.9l/d and 1.5l/d respectively. The 

mean value was higher than the USEPA Value of 2L/day used 

by Khan et al. 2013.Other studies had found that the daily intake 

rate of water was different across various regions and countries 

due to a different climate (Lim et al. 2012).A Korean study 

found daily intake of water was 2.56L/day (Ji et al. 2009) 

The high consumption level in this study may be attributable to 

the climate as Tamale lies within the savanna belt with high 

temperatures with mean daytime temperatures range from 28 

(December and mid-April) to 43 (March, early April) degrees 

Celsius 

Bodyweight data assumed a RiskHistogram distribution with a 

mean body weight (kg) of 69.6 kg and a standard deviation of 

7.8. The values for respondents’ weight were found less than the 

value used by USEPA (70 kg) and employed in many studies 

(Williams et al. 2002; Lee et al. 2004) [1]. 

The use of probability distribution for Daily Intake and 

bodyweight instead of point estimates as suggested by Tokmak 

et al. 2004 and Uyak, 2006 eliminates the possibility of over or 

under estimation and risk. 

The risk to health in this study was assessed probabilistically 

using Montecarlo simulation. The mean exposure concentration 

of the trace metals was used together with exposed population 

variables, and the assessment determined variables to estimate 

contaminant intake associated with the consumption of PSW in  

the Tamale Metropolis. 

Table 3 shows a summary of the distribution of chronic daily 

intake (CDI) of the trace metals. The result indicate a CDI of 

3.8,0.06,28.18,0.59,8.26,0.01,0.08,0.10,0.01,0.00 ,0.01 

µg/kg/day for NO3¯, NO2¯, SO4,Fl, Cl,Pb,Fe,Mn,Zn,AS 

respectively. The mean CDI of NO3¯, Fl, Cn, As and Pb was 

greater and exceeded their respective reference dose (Rfd) 

values as seen in table 2 whiles the other trace metals NO2¯, 

SO4, Cl, and Zn were within their respective RfD limit set by 

the United States Environmental Protection Agency (US EPA, 

2005). 

 

Probabilistic estimation of health risks 

Hazard index and hazard quotient 

We estimated the probabilistic exposure distribution to the trace 

metals via PSW by considering the consumption rate of PSW, 

metal concentration in PSW and body weight. Table 4 

summarises derived non-carcinogenic risks for residents in the 

Tamale Metropolis. The mean Hazard Quotient (HQ) values 

were 0.00241, 0.000328, 0.19692, 0.00981, 0.001156, 7.02E-05, 

0.00945, 0.00069, 3.45E-05, 0.004062, 0.009743 for NO3¯, 

NO2¯, S04, Fl, Cl, Pb, Fe, Mn, Zn, As, and Cn respectively. An 

HQ of less than 0.2 is often considered acceptable (Health 

Canada 2004). The HQ values for all trace metals studied was 

less than 0.2 except SO4 with an HQ = 0.2. 

The hazard Index (HI) which is a measure of the potential harm 

and a summation of the individual Hazard Quotients (Khan et 

al., 2012) for each trace metal in the PSW was imputed since the 

exposure involved more than two trace metals. The HI value of 

0.235 of all trace metals studied in the PSW was less than one 

(1) indicating no significant risk or systemic toxicity through 

consumption of PSW in the Tamale Metropolis. 

 
Table 5: Probabilistic estimation of exposure to trace metals due to consumption of PSW (μg/kg/day). 

 

 NO3¯ NO2¯ S04 FL Cl Pb Fe Mn Zn As Cn 

Minimum -0.02 0.00 -6.43 0.00 0.97 0.00 0.00 0.00 0.00 0.00 0.00 

Maximum 526.23 331.38 105.55 62.64 107.35 0.02 3.00 5.81 0.54 0.00 0.02 

Mean 3.88 0.06 28.18 0.59 8.26 0.01 0.08 0.10 0.01 0.00 0.01 

Mode 0.11 0.00 24.08 0.01 6.72 0.01 0.01 0.00 0.00 0.00 0.01 

Median 0.93 0.00 27.18 0.08 7.33 0.01 0.03 0.02 0.01 0.00 0.01 

Std. Deviation 13.52 3.35 15.20 2.13 4.52 0.00 0.16 0.28 0.01 0.00 0.00 

Skewness 17.02 96.99 0.38 10.73 3.69 0.36 5.64 8.12 12.58 0.74 0.94 

Kurtosis 480.28 9584.05 2.99 182.25 41.10 5.11 54.05 102.17 355.76 4.80 5.48 

90% 8.05 0.02 48.63 1.13 13.19 0.01 0.21 0.21 0.02 0.00 0.01 

95% 15.00 0.05 54.78 2.54 15.94 0.01 0.34 0.44 0.03 0.00 0.01 

N=10000 

 
Table 6: Probabilistic estimation of HQ values for all trace metals due to consumption of PSW. 

 

 NO3¯ NO2¯ S04 FL Cl Pb Fe Mn Zn As Cn 

Minimum -1.59E-05 4.23E-06 -0.04547 -2.46E-05 0.000141 2.18E-05 0.000434 2.64E-06 1.12E-05 0.002122 0.002883 

Maximum 0.30978 1.8688 0.73724 1.1607 0.013977 0.000262 0.59337 0.051134 0.001612 0.009657 0.027396 

Mean 0.00241 0.000328 0.19692 0.00981 0.001156 7.02E-05 0.00945 0.00069 3.45E-05 0.004062 0.009743 

Mode 3.57E-05 8.52E-06 0.15722 0.000155 0.000806 6.54E-05 0.00107 2.40E-05 2.22E-05 0.003878 0.009592 

Median 0.000585 1.60E-05 0.19059 0.00135 0.001023 6.81E-05 0.00272 0.000139 2.65E-05 0.00397 0.009464 

Std. Deviation 0.00822 0.0189 0.10576 0.0365 0.000632 1.70E-05 0.02336 0.002048 3.43E-05 0.000691 0.002545 

Skewness 16.2749 96.9895 0.3603 11.2317 3.7881 1.0307 7.9599 8.8849 16.0975 0.8157 0.8737 

Kurtosis 435.5883 9,577.93 2.9715 202.2004 40.7657 6.5892 105.3758 125.6086 544.4446 5.2791 4.8072 

90% 0.00512 0.0001 0.34027 0.0187 0.001817 9.20E-05 0.0212 0.001511 5.43E-05 0.004932 0.012935 

95% 0.00932 0.000213 0.37865 0.042 0.002228 0.000101 0.03956 0.003086 7.38E-05 0.005298 0.014441 

N=10000 
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Conclusion 

The concentration of all trace metals was in conformity with 

Ghana and WHO standards, results of the probabilistic 

estimation of non-carcinogenic risk in the population were not 

significant for any of the trace metals evaluated. 

However, several studies have shown that people are also 

exposed to these trace metals through foodstuffs and dermal 

exposures (Zheng et al. 2007; Lee et al. 2006). It is important to 

note that the exposure from these other sources must be added 

to estimate total risk for each trace metal. 
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