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Abstract 
 

Rainwater samples were collected in Jengka, Pahang Malaysia. Temperature, pH, TDS, EC, Al, Cu, Mn, and Zn were measured. The 

concentrations of heavy metals (Al, Cu, Mn and Zn) in thirty-eight samples were analysed using inductively coupled plasma-mass spec-

trometry (ICP-MS). Statistical analysis results indicate that pH, TDS, and EC showed significant differences between wet and dry sea-

sons. However, no significant difference was observed seasonally for heavy metals (HMs). All parameters, except pH, were below the 

Malaysian Drinking Water Guidelines (MDWG) value and the health risk assessment for HMs indicates the safe levels. Principal com-

ponent analysis (PCA) suggests that HMs in rainwater in Jengka, Pahang were originated from natural and anthropogenic sources. 
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1. Introduction 

Development and human activities generate a various type of pol-

lutant loads. Among the various pollutants, chemical pollutants 

such as heavy metals (HMs) has been a concerning issue over 

decades because of their toxicity for animal, plant and human 

beings (1). The assessment of HMs in rainwater attracts great 

attention as HMs could pose serious health risks to the human 

population and contribute to surface water pollution.  Rainwater 

could be collected for potable and non-potable usage and there is a 

risk of the exposure of HMs in rainwater through the oral intake 

and dermal contact. 

Risk assessment proposed by United States Environmental Protec-

tion Agency (USEPA) has proved successful in determining the 

water safety level and has been adopted worldwide (2). There are 

two types of the environmental risk assessment which are a health-

based risk and ecological risk assessments.  The presence of HMs 

in rainwater could lead to non-carcinogenic and carcinogenic 

health effects on a human that in contact with rainwater. Some 

HMs could give significant adverse health effects.  For example, 

Cu and Zn are known as essential metals for the human body. 

However, an excessive intake of Cu and Zn results in vomiting, 

nausea and can contribute to organs damage (3). The accumulation 

of Al in the human body can damage the nervous systems (4-5). 

Hazard index (HI) is commonly used in calculating the risk posed 

by HMs in water. Although HI does not provide an indication of 

the cancer effects from rainwater exposure, it does provide an 

indication of the risk level to an individual that exposed to rainwa-

ter. HI has commonly been used in recent environmental studies 

[6–8] and has been shown to be valid and useful. HI generally 

increases with the increase of rainwater pollutants. The contami-

nation of rainwater is likely related to human activities. For exam-

ple, a comparative study of rainwater quality in the rural and urban 

area shows that the level of rainwater contamination in an urban 

area is much higher than in a rural area, in which the level of 

rainwater contamination is related to human activities (9). There-

fore, it is important to identify the pollutant sources and to ensure 

the concentrations of HMs in rainwater were within the water 

safety levels. This study aims to assess the health risk posed by 

HMs in rainwater. The seasonal variation and source of pollutants 

that influenced HMs in rainwater and HI were assessed. 

2. Methodology 

2.1. Sampling and Analysis 

A total of thirty-eight rainwater samples were collected in Univer-

siti Teknologi MARA (UiTM) Cawangan Pahang, Jengka Campus, 

Pahang Malaysia. The sampling area located in a suburban area in 

the middle east region of Pahang, Malaysia. There is a wood fac-

tory as well as construction activity within the university area. 

Therefore, this study was done to investigate whether human ac-

tivities affect the rainwater quality and subsequently assess the 

health risk assessment for individual adults that in contact with 

rainwater.  

The sampling activities were carried out in wet and dry seasons to 

monitor the quality of rainwater and changes caused by the season. 

The wet season is related to Northeast Monsoon which occurs in 

between November to February. The dry season takes place during 

Southwest Monsoon which is from March to August. The samples 

were collected using pre-wash polyethylene container to avoid 

unpredicted dissolved heavy metals from the sampling container. 

The collected rainwater was directly transported to the laboratory 

for physicochemical analysis, namely: temperature, pH, total dis-

solved solids (TDS), and electroconductivity (EC). The physico-

chemical parameters were measured using YSI 600. The concen-

trations of heavy metals (Al, Mn, Cu, and Zn) were analysed using 

Inductively coupled plasma-mass spectrometry (ICP-MS).  
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2.2. Statistical Analyses 

All statistical analysis for rainwater pollution assessment was 

carried out in Statistical Package for the Social Sciences (SPSS 

21). T-test analysis with significance level set at p<0.05 was used 

to calculate the average of HMs in each season and to distinguish 

the significant difference between wet and dry seasons.  Principal 

component analysis (PCA) with varimax rotation with Kaiser 

Normalization was performed to assess the possible sources of 

HMs in rainwater. A maximum variance and a pattern of loadings 

for each factor can be obtained through the applied method. 

2.3. Health Risk Assessment 

Exposure assessment involves an assessment of the exposure of 

HMs in rainwater to human which are through the oral intake and 

dermal contact. Oral intake is separated into two which are water 

ingestion as drinking water and incidental ingest water while 

swimming (2). For this study, water ingestion as drinking water 

and dermal contact was considered for the exposure assessment. 

The chronic daily intake for individual adult ingestion of rainwater 

as drinking water and dermal contact were calculated based on 

equation (1) and (2), respectively.  

CDwi = C x IRw x EF x ED 

BW x 365 DAYS/YEAR x AT                                (1) 

CDDc = C x SA x PC x ETD x EFD x EF x ED x CF 

BW x 365 DAYS/YEAR x AT                                (2) 

Definition 2.1: Where C is the HMs concentration in rainwater 

(µg/L), IR is water ingestion rate (2 L/day), EF is the exposure 

frequency (365 days/year), ED is the exposure duration (30 

years), SA is skin surface area available for contact (1800 cm2), 

PC are chemical-specific dermal permeability constant (0.7 

cm/hour), ETD (2.6 hours/event) and EFD (7 events/year) are ex-

posure time and exposure frequency for swimming, respectively.  

CF is a volumetric conversion of water (1L /1000 cm3), BW is 

body weight (70 kg) and AT is averaging time during exposure to 

drinking water (70 years). 

Al, Cu, Mn and Zn in this study were identified as non-

carcinogenic HMs. Therefore, the reference dose (RfD) of each 

HMs through rainwater ingestion as drinking water and dermal 

contact was obtained from the Integrated Risk Information System 

(IRIS) database by USEPA [10].  The RfD for the selected HMs is 

presented in Table 1.  

Table 1: Reference dose (RfD) of each HMs through rainwater ingestion 
as drinking water and dermal contact 

HMs RfDingestion [(µg/kg.day)-1] RfDdermal [(µg/kg.day)-1] 

Al 1000 100 

Cu 40 12 

Mn 20 1.84 

Zn 300 60 

The risk for a corresponding HMs on human health can be ac-

cessed through hazard quotient (HQ). HQ for water ingestion and 

dermal contact were calculated using equation (3) and (4), respec-

tively (2).  

HQWi = CDIWi / RfDWi           (3) 

HQDc = CDIDc / RfDDc           (4) 

Definition 2.2: HQWi and HQDc are hazard quotient for heavy 

metal through water ingestion and dermal contact, respectively 

(unitless).  CDIWi and CDIDc are chronic daily intake by an indi-

vidual adult through water ingestion and dermal contact, respec-

tively (µg/kg. day).  RfDWi and RfDDc are reference dose for water 

ingestion and dermal contact, respectively (µg/kg.day). CDIWi and 

CDIDc were obtained from exposure assessment. 

In the case where the hazard quotient is less than unity (HQ<1), it 

indicates that no concern of adverse health effect for an individual 

that expose to the corresponding HMs in rainwater during their 

lifetime. HMs would have potential to affect human health if the 

hazard quotient greater than unity (HQ>1) (2,4,5).  

Hazard index (HI) was used to determine the overall potential for 

non-carcinogenic effects caused by more than one HMs. HI can be 

generated by summation of hazard quotient (HQ). Therefore, HI 

was calculated using equation (5). 

HI = ΣHQWi + ΣHQDc           (5) 

Similar to HQ, HI that less than unity (HI<1) indicates no concern 

of adverse health effect for an individual that expose to the corre-

sponding HMs in rainwater during their lifetime. The hazard risk 

greater than unity (HI>1) indicates that HMs would have potential 

non-carcinogenic effect to human health (4,5,10). 

The sum of HI (∑HI) for each season was then calculated to eval-

uate the combined risks for multiple HMs through various expo-

sure pathways in each season. The calculation for ∑HI was based 

on the Equation (6).  

ΣHI = [(HI)Al + (HI)Cu + (HI)Mn + (HI)Zn]          (6) 

3. Results and Discussion 

3.1. Heavy Metals in Rainwater 

The composition of HMs in Jengka Pahang Malaysia was charac-

terized by using 38 collected rainwater samples. Table 2 presents 

the average physicochemical and HMs concentrations in wet and 

dry seasons in Jengka. The temperatures of rainwater in wet and 

dry seasons were 25.23 and 26.69, respectively. Statistical analysis 

results indicate that there were no significant differences in rain-

water temperature between the seasons. Therefore, the effect of 

the temperature on the rainwater pollution will not be further elab-

orated in this study due to the no apparent trend on the effect of 

the rainwater temperature between the seasons. 

Besides temperature, pH value is known as another factor that 

affects the quality of rainwater as the pH value governs the solu-

bility and biological accessibility of nutrients and HMs in the 

rainwater. Statistical analysis results indicate that there were sig-

nificant differences in pH of rainwater between the seasons. The 

measured rainwater pH in this study was slightly higher in the dry 

season (6.72) compared to the wet season (6.39). Consequently, 

rainwater in this study area might have the ability to dissolve HMs 

when the rainfall in contact with the surface such as roof, road or 

ground due to the rainwater that has pH value less than pH7 tends 

to be corrosive (11).  

Total dissolved solids (TDS) and the electrical conductivity (EC) 

is generally linearly related, the overall quantity of dissolved ions 

in the water can be estimated by referring to conductivity value.  

High EC value indicates high dissolved solid content in water (12). 

In the dry season, total dissolved solids (TDS) and the electrical 

conductivity (EC) values were 7.6 mg/L and 0.014 mS/cm, respec-

tively. In wet seasons, TDS and EC values drop to 3.07 mg/L and 

0.003 mS/cm, respectively. Based on T-test output, TDS and EC 

vary significantly between the seasons with a p-value less than 

0.05.   

All HMs in terms of seasonal variation showed no significant 

difference between the seasons. It is noted of Al and Mn more 

concentrated in dry season compared to the wet season, while the 

concentration of Cu and Zn in rainwater were vice versa.  The 

evaluated concentration of Cu and Zn in the wet season might be 

linked with the use of copper sulphate/chloride and zinc sul-

phate/chloride in wood industry as one of the wood preservatives 

and fungi-killing chemical (14-15).   

Table 2: Summary of basic statistic of rainwater pollutant. SD is referring 

to standard deviation and p-value, p<0.05 

Parameter Statistics Wet season Dry season 

(n = 18) (n = 18) 

Temperature Mean 25.23 25.69 

(℃) SD 1.41 1.61 
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 p-value 0.41  

pH Mean 6.39 6.72 

 SD 0.44 0.31 

 p-value 0.02  

TDS Mean 3.07 7.60 

(mg/L) SD 2.27 6.81 

 p-value 0.02  

EC Mean 0.003 0.014 

(mS/cm) SD 0.002 0.011 

 p-value 0.01  

Al Mean 10.97 11.29 

(µg/L) SD 7.21 7.21 

 p-value 0.90  

Cu Mean 2.73 1.22 

(µg/L) SD 2.24 0.71 

 p-value 0.18  

Mn Mean 1.53 3.50 

(µg/L) SD 0.98 3.05 

 p-value 0.07  

Zn Mean 14.61 8.57 

(µg/L) SD 10.95 7.18 

 p-value 0.22  

 

Malaysian Drinking Water Guidelines (MDWG) by Malaysian 

Ministry of Health (MMOH) (15) were used to determine whether 

the collected rainwater in this study was safe to be used as a drink-

ing water or vice versa. Table 3 shows that TDS and all HMs were 

within the recommended values. Only pH value in wet season was 

slightly below the MDWG value. Even though the pH value in the 

wet season (6.4) was below the minimum recommended pH value 

(6.5), the collected rainwater was considered safe to be consumed 

because only pH value of drinking water that are less than four 

(pH<4) or that greater than eleven (pH>11) can give harmful ef-

fect on the consumer (17-18).  

Although the pH value in this study has no direct effect on con-

sumer health, low pH value generally increases the dissolution of 

elemental constituents in rainwater and increase the potential of 

leaching process when the rainwater in contact with the possible 

leaching surfaces. Therefore, there is a possibility contamination 

of nutrients and HMs in rainwater. 

Table 3: Comparison rainwater parameter with MMOH guidelines for 

drinking water quality 

Parameter 
This Study 

(MMOH, 2010) 
Wet season Dry season 

Temperature 

 
25.23 25.69 NA 

pH 6.39 6.72 6.5-9.0 

TDS (mg/L) 3.07 7.60 1000 

EC(mS/cm) 0.003 0.014 NA 

Al (µg/L) 10.97 11.29 200 

Cu (µg/L) 2.73 1.22 2000 

Mn (µg/L) 1.53 3.50 100 

Zn (µg/L) 14.61 10.95 3000 

3.2. Source Identification of Heavy Metals 

Principal components analysis (PCA) is a variable reduction tech-

nique which is very useful to identify the origin of pollutants in 

rainwater samples. Table 4 shows eigenvalues greater than one 

and PCA extracts two principal components from spatial rainwater 

data (38x4) and explain over 75% of the total variance. The first 

component (PC1) accounted about 49% of the total variance and 

has strong positive loadings on Cu (0.84) and Zn (0.78) as seen in 

Table 4. Dissolved Cu and Zn concentrations in rainwater possibly 

originate from wood industry because of wood preservative and 

fungi-killing chemical generally use copper sulphate/chloride and 

zinc sulphate/chloride (14-15). The second component (PC2) 

accounted about 26% of the total variance and showed strong 

positive loading for Mn (0.77) and Al (0.91). The presence of Mn 

and Al in rainwater indicating that PC2 was originated from the 

natural soil as Al and Mn were naturally present in soil (14). The 

construction activity for residential college development within 

the sampling site perhaps influenced the Al and Mn concentration 

as well. 

Table 4: Principal component analysis of heavy metals. Bold values show 

a strong positive loading 

HMs PC1 PC2 

Al 0.45 0.77 

Cu 0.84 -0.05 

Mn -0.07 0.91 

Zn 0.78 0.27 

Initial eigenvalue 1.95 1.06 

% of Variance 48.80 26.42 
Cumulative % 48.80 75.22 

Potential source Wood industry Natural soils and construction 
activities 

3.3. Heavy Metals Health Risk Assessment 

The human health risk posed by heavy metals (Al, Cu, Mn and Zn) 

in the collected rainwater from Jengka, Pahang through water 

ingestion and dermal contact were evaluated. Results for individu-

al HMs in rainwater from wet and dry seasons showed that the HQ 

values for adults via ingestion and dermal contact were lower than 

unity (HQ < 1), indicating that there was no adverse health effect 

(Table 5). HQ values for adults via ingestion for Al, Cu, Mn and 

Zn in wet season were 0.0003, 0.0022 and 0.0024, while for dry 

season were 0.0004, 0.0010, 0.0055 and 0.0011, respectively. HQ 

values of each HMs in both seasons for adults via ingestion de-

crease in the order of Mn>Zn>Cu>Al. Subsequently, the HQ val-

ues for adults via dermal contact for Al, Cu, Mn and Zn were 

0.0026, 0.0031, 0.0200, 0.0058 for the wet season, while that was 

0.0027, 0.0035, 0.0456 and 0.0044 for dry season, respectively. 

HQ values of each HMs in both seasons for adults via dermal 

contact decrease in the following order: Mn>Zn>Cu>Al. Although 

the HQ values of the corresponding HM in the respective seasons 

in this study were lower than one, the results show that the HQ 

value increase linearly with HMs content in rainwater. Therefore, 

the presence of HMs in rainwater need to be continuously moni-

tored to ensure the rainwater safety level.  

Hazard index (HI) for a corresponding heavy metal and the com-

bined risk for all heavy metals (∑HI) from wet and dry seasons 

were determined and shown in Table 5. An individual adult that 

expose to the rainwater in Jengka, Pahang pose a higher risk in the 

dry season (0.0642) compared to wet season (0.0380). However, 

the combined hazard risk was lower than unity (∑HI < 1), indicat-

ing that there were no adverse non-carcinogenic risks for an indi-

vidual that expose to the rainwater in the study area regardless the 

seasons. 

 

 

Table 5: Health risk assessment

HMs CDI ingestion 

(µg/kg/day) 

CDI dermal 

(µg/kg/day) 

RfD ingestiona 

(µg/kg/day) 

RfD dermalb 

(µg/kg/day) 

HQ ingestion HQ dermal HI 

 

∑HI 

 

a) wet season 

Al 0.3453 0.2632 1000 100 3.45 x 10-4 2.63 x 10-3 2.98 x 10-3 3.80 x 10-2 

Cu 0.0861 0.0370 40 12 2.15 x 10-3 3.08 x 10-3 5.23 x 10-3 

Mn 0.0482 0.0367 20 1.84 2.41 x 10-3 2.00 x 10-2 2.24 x 10-2 

Zn 0.4600 0.3506 300 60 1.53 x 10-3 5.84 x 10-3 7.38 x 10-3 

b) dry season 

Al 0.3555 0.2710 1000 100 3.56 x 10-4 2.71 x 10-3 3.07 x 10-3 6.42 x 10-2 
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Cu 0.0383 0.0420 40 12 9.57 x 10-4 3.50 x 10-3 4.46 x 10-3 

Mn 0.1101 0.0839 20 1.84 5.51 x 10-3 4.56 x 10-2 5.11 x 10-2 

Zn 0.3450 0.2629 300 60 1.15 x 10-3 4.38 x 10-3 5.53 x 10-3 

4. Conclusion 

All parameters concentration was lower in wet season compared 

to those in dry season except Cu and Zn. In terms of seasonal vari-

ation, all parameters except HMs and temperature were signifi-

cantly different. HMs was originated from the natural soil as well 

as wood industry and construction activities as discovered by 

PCA. Human health risk assessment revealed that the HQ and HI 

values of HMs in rainwater were lower than one and therefore 

does not pose any health risk to human population. Subsequently, 

based on drinking water guidelines, all HMs contents in the col-

lected rainwater in Jengka, Pahang were within the recommended 

values by MMOH. This means the rainwater can be used for a 

portable use. The results of this study provide insight into health 

risk assessment and the level of rainwater pollution in Jengka. 

Nevertheless, further studies on the toxic HMs such as Pb, Cd, and 

Se are recommended to enhance the knowledge needed to safe-

guard the rainwater quality level.  
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