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ABSTRACT. In Qassim Region of Saudi Arabia, the groundwater water has been
affected due to presence of naturally occurring salts, radionuclides, and heavy metals.
Municipalities are providing safe water to the community after efficient treatment
processes in urban settings. While in villages and farms outside the cities’ boundaries,
the population is using untreated water supplies for drinking and bathing drawn from
private wells, thus is exposed to possible health risks. In present research, health risk
assessment has been carried out for possible non-carcinogenic and carcinogenic
hazards of naturally occurring heavy metals in groundwater. Quantitative risk
assessment is performed for the population living outside the boundary of Buraydah’s
water supply system. Data of thirty-seven groundwater samples, analyzed for eighteen
heavy metals, was obtained from the municipality. In 8% of the samples, Manganese
(Mn) concentration was higher than WHO drinking water quality guidelines while the
levels of remaining metals were found lower than the guideline values. In few
samples, Sh, Cu, Mo, Se, Ag, and TI, were found in very low concentrations which
shows that these metals are not the elements of importance. Study results show that
the population is exposed to ‘medium’ level of non-carcinogenic risk (i.e., Hling > 1.0)
through oral ingestion. Mn, V, Cr, and Ar are the main contributors to non-
carcinogenic risk and should be given importance in subsequent investigations for
health risk assessment in the study area. Non-carcinogenic risk due to dermal exposure
is found to be ‘low’ with Hlpgr < 1.0.

Key Words: Human health risk assessment; Non-carcinogenic risk; Heavy metals;
Iron and Manganese; Groundwater; Water quality in Saudi Arabia.
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1. Introduction

Municipalities and Water Directorates around the Kingdom of Saudi Arabia
(KSA) are facing challenges due to population growth and associated increase in
residential, industrial, agricultural water demands [1]. Around 81% of the total water
supply is being utilized to meet agricultural requirements in the country [2]. Limited
available groundwater has been affected with naturally occurring total dissolved
solids (TDS), radionuclides, and heavy metals [3]. Municipalities are spending
extensive resources for supplying safe drinking water to the citizens by removing
these natural occurring pollutants through modern treatment processes [4].

Extracted water has been adequately treated to meet Saudi Arabian drinking
water quality standards. The extracted water is being treated through sand filtration or
ultra-filtration for removal of primarily Iron (Fe) and Manganese (Mn), Reverse
Osmosis (RO) to reduce TDS, followed by chlorination practice to ensure safe
bacteriological quality up till the consumer end. According to the World Health
Organization (WHO), TDS levels less than 600mg/L represents good water quality
and if these levels exceed 1000 mg/L, the water is considered to be unpalatable [5].
Irrespective of taste, there are no health based guidelines reported by the WHO. On
average the TDS levels varies between 600 mg/L and 1000 mg/L in the groundwater
of Buraydah, Qassim, KSA [1, 4]. Municipalities provide safe drinking water to urban
population while the people living in farms and small villages located in the proximity
of the city are exposed to untreated water for drinking and bathing. Consequently, the
population in these areas is exposed to these salts and heavy metals through oral and
dermal routes.

Some of these metals are essential to maintain human health [5]. However,
chronic health hazard assessment is required to ensure that the population has not been
adversely affected by the long-term exposure to heavy metals present in source water.
In Saudi Arabia, studies have been conducted in the past to monitor the presence of
heavy metals in groundwater due to natural and anthropogenic activities [6,7]. Zabin
et al. (2008) performed non-cancer risk assessment due to presence of manganese,
chromium and zinc in ground water of Al-Baha region, Saudi Arabia. They identified
chronic (non-carcinogenic) adverse impacts on human health through oral and dermal
routes to the population exposed to direct consumption of well water in the area [8].
However, no such study has been performed in Qassim Region, so far. Therefore, the
primary objective of this research is to conduct non-carcinogenic risk assessment of
heavy metals present in groundwater of Qassim Region, Saudi Arabia. A case of the
city of Buraydah is investigated in present study.
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2. Methods

2.1 Study Area

The study area, shown in Figure (1), is the city of Buraydah in Qassim Province
of Saudi Arabia. The municipality of Buraydah extracts groundwater to meet
residential, commercial, and industrial requirements of the city’s residents (see
boundaries of urban setting in Figure (1)). The main source of water in the study area
is Sag aquifer where the groundwater is entrapped in Paleozoic and Mesozoic
sedimentary rock formations [9]. Groundwater is contaminated due to presence of
naturally occurring high total dissolved solids (TDS), radionuclides, and heavy metals
(HMs) in sub-surface hydrogeology [1,10]. Qassim region is famous due to its fertile
soil and large agricultural land. Consequently, around the city of Buraydah, there are
several rural setting where untreated water is being used for domestic and agricultural
uses. The population living in green area (see outside urban boundaries in Figure (1))
uses untreated water extracted through private wells in their lands. Non-carcinogenic
risk assessment is performed for the population living in this green area.

Possible population 3 -
avnncad tn diract raws City boundary

\ \ writh traatad

Fig. (1). Study area showing boundaries of City of Buraydah and green area
showing human settlements with population exposed to heavy metals

2.2 Groundwater Quality Monitoring

The groundwater quality data of thirty-seven (37) samples obtained from
groundwater wells was collected from the Municipality of Buraydah. The samples
were collected, stored and transported according to the standard methods. Later, the
samples were analyzed for eighteen (18) heavy metals using Inductively Coupled
Plasma - Optical Emission Spectrometry (ICP-OES) in the laboratory. All of these 18
metals were defined as metals of primary interest by the United States Environmental
Protection Agency (USEPA) [11]. Each of these heavy metals in concentrations
higher than the given standards in drinking water supplies may cause health related
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issues. Heavy metals along with their health-based guideline values and a brief
toxicological review, as per WHO [5], are presented in Table (1).

2.3 Human Health Risk Assessment
Human health risk assessment is primarily categorized into cancer risk
assessment and non-cancer risk assessment. Concentrations of naturally existing
heavy metals in groundwater vary geographically based on type of sub-surface
hydrogeology [11]. Human health risk assessment process, shown in Figure (2),
consists of four main steps, including, i) hazard identification — determine if the
chemical under study associated to a specific health effect, ii) dose - response
assessment — determine the relationships between exposure duration and the specific
health impact’s probability of occurrence, iii) exposure assessment — estimate the total
exposure (i.e., concentration in environmental groundwater) based on body’s uptake
of the chemical of concern through oral, inhalation, and dermal routes, and iv) risk
characterization — the information of the first three steps is interpreted through
quantitatively comparing exposure concentrations with the health based guidelines to
assess the magnitude of human health risk. Here, only the necessary information is
provided. Details can be seen in USEPA’s Risk Characterization Handbook [12].

In Figure (2), the first step for human health risk assessment is hazard
identification. Hazard identification is the process to determine whether an exposure
to a chemical can increase the probability of a particular health effect. This step has
been essentially carried out in the last column of Table (1). It can be seen in Table (1)
and the references provided, that all of the metals of primary interest have some
potential to effect human health if exist in concentrations higher than the permissible
levels.

Table (1). Summary of heavy metals, guideline values, and toxicology [5]

Guideline
Symbol |_Values (ppb)
WHO | KSA?Y

Heavy

S Toxicological review / Health
Z | Metal

impacts

Hyper- and hypopigmentation,
peripheral neuropathy, skin
cancer, bladder and lung

1 | Arsenic Ar 10 50 | cancers, and peripheral vascular
disease.

Effected cardiovascular system
of children.

Limited evidence for the
carcinogenicity of certain
compounds through inhalation.
No indication for
carcinogenicity through oral
route.

2 | Antimony Sb 20 10
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No.

Heavy
Metal

Symbol

Guideline
values (ppb)

WHO

KSAS

Toxicological review / Health
impacts

Barium

Ba

700

700

No evidence for carcinogenicity
or mutagenicity.

Some potential to cause
hypertension in humans.

Beryllium

Be

Unlikely to occur in drinking-
water

Boron

2400

500

Boron compounds (boric acid
and borax) are not genotoxic.
Long-term animal studies
revealed no evidence of tumour
growth.

Cadmium

Cd

Carcinogenic through inhalation
route. Carcinogenicity through
oral route and genotoxicity is
non evident. Kidney has been
identified as the main target
organ.

Chromium

Cr

50

50

Only Cr (V1) has been
classified in Group 1- human
carcinogen.

Cr (111) has been classified in
Group 3- non-carcinogen to
humans.

Copper

Cu

2000

1000

Effects on the gastrointestinal
tract. Long-term effects of
copper on sensitive populations,
e.g., carriers of the gene for
Wilson disease, are uncertain to
date.

Iron

Fe

2000?

1000

Animal studies revealed that
toxic doses of Fe may lead to
depression, rapid and shallow
respiration, coma, convulsions,
respiratory failure, and cardiac
arrest.

For humans, minimum daily
requirement for Fe range
between 10 and 50 mg/day.
This range depends on age, sex,
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No.

Heavy
Metal

Symbol

Guideline
values (ppb)

WHO

KSAS

Toxicological review / Health
impacts

physiological status, and iron
bioavailability.

10

Lithium

Li

Li might reduce the risk of
suicide in men. ©

11

Manganese

Mn

400°

100

Neurological effects from
inhalation. Extended exposure
to very high levels of Mn may
lead to adverse neurological
effects. However, several
studies showed absence of
adverse effects on human health
from drinking water.

12

Molybdenum

Mo

702

70

Estimated requirement for
adults is 0.1-0.3 mg/day.
Carcinogenicity of Mo through
oral route has not be reported so
far.

13

Selenium

Se

40

10

No evidence of clinical or
biochemical toxicity of Se has
been reported.

14

Silver

Ag

102

100

Effect of overdose, more than
10 g in lifetime, of Ag can
cause Argyria, i.e.,
discoloration of skin and hair.

15

Strontium

Sr

Although, Sr is not highly toxic,
concentration higher than 1500
ppb can affect bone formation. ¢

16

Thallium

Tl

Health effects due to exposure
to smaller amounts of TI even
for longer periods have not
been reported. ®

17

Vanadium

Naturally present V in water is not
harmful to human health. Large
amounts of V reported minor
stomach cramps.

18

Zinc

Zn

3000

5000

No risk of cancer or cardiovascular
diseases. Consuming higher than
500 mg of Zn may lead to acute
toxicity, i.e., vomiting.
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2 health based guidelines based on upper range values of intakes assuming 2L/ day
consumption by a 60 kg adult [5]

b WHO [20] ¢ Liaugaudaite et al. [21] ¢ Water Technology [22] ¢ ATSDR
[23]

fHawaii State Department of Health [24] 9 Regional guidelines obtained from
water directorate of Buraydah

Hazard Identification

What health problems are
caused by the pollutant?

Exposure Assessment
Dose-Response Assessment How much of the pollutant are
What are the health problems at people exposed to during a

different exposures? specific time period? How many
nannla are aynncean?

\ 4
Risk Characterization

What is the extra risk of health
problems in the exposed

Fig. (2). Human health risk assessment framework [12]

Second step is dose-response assessment where the response increases with an
increase in dose. At a certain dose, the responses can be observed either in a small
fraction of the population or at a low probability rate. Both of these factors vary with
certain influencing factors, such as type of pollutants, individuals, and the routes of
exposure, etc. [12]. Reference dose is an outcome of dose-response assessment.

In third step, exposure assessment establishes the relationship between
exposure’s magnitude and the possibility of the concerned health effects [11].
Exposure assessment was done to assess the duration, frequency, pathways, routes of
exposure, and possible consequences of the 18 selected heavy metals.

Heavy metals can enter into the bodies of exposed population through oral
ingestion and dermal contact [13]. Therefore, Chronic Daily Intake (CDI) of
groundwater, with naturally occurring heavy metals, is calculated with the help of the
following equation 1 [14]:

cD] = SMwxIr (D
Bw

where CDI is calculates in terms of 0g/Kg.day, C,y is the monitored heavy metals’
concentration in groundwater; I is the rate of water ingestion per day, and By, is the
average body weight in Kg.
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Exposure due to oral ingestion was calculated using the following formulae (equation
2) developed by the USEPA [15]:

CwaterXIR XEF XED

EprNG = W (2)

where EXpING is the exposure dose of heavy metals through ingestion
(Og/kg.day), Cwater is the concentration of heavy metals in groundwater (Og/L), IR
is the rate of ingestion L/d), EF is the exposure frequency (days/year), ED is the
exposure duration over average life time (years), BW is the average body weight (kg),
and AT is the average time during average 70 years of life time (days).

Exposure due to dermal contact was calculate using the following (equation 3)
relationship USEPA [15]:

CwaterXSA X Kp X ET X EF X ED XCF
BW XAT

Expperm = E))

where SA is the area of skin exposed to groundwater containing heavy metals
(cm2), Kp is the coefficient of dermal permeability (cm/h), ET is the time of dermal
exposure (hrs/day), and CF is unit conversion factor (L/cm2). Standard values of all
the risk factors, to calculate ExpING and ExpDERM, recommended by USEPA for
non-cancer risk assessment are listed in Table (2). Permeability coefficients and
reference doses for all the heavy metals are provided in Table (3). Reference doses
for Lithium have not be reported Integrated Risk Information System (IRIS) and
hence was excluded from risk assessment in present study USEPA [16].

Reference doses, expressed as mg/kg/day, are estimated in terms of “daily
exposure to the human population that is likely to be without an appreciable risk of
deleterious effects during a lifetime” [16]. Hazard Quotient (HQ) for oral exposure
(HQING) was calculated for non-carcinogenic health risk of selected metals using the
following relationship (equation 4a) USEPA [17,18]:

Exping
HQING = m (43)

where HQING is a unit less number while RDING is the corresponding reference
dose of the heavy metal (O g/kg.day).

Similarly, the hazard quotient for dermal exposure (HQDERM) was calculated
for non-carcinogenic health risk of selected metals using the following relationship
(equation 4b) USEPA [17]:

E
HQpgrm = % (4b)

where HQDERM is a unit-less number while RDDERM is the corresponding
reference dose for dermal exposure to the heavy metal (C0g/kg.day).
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Table (2). Values of risk parameters for non-cancer risk assessment of heavy metals
(Source: USEPA 2004)

Risk Abbreviation | Units Recommended value
parameter

Average

exposure AT hours/day | 10,950
time!

Body weight | BW kg 70
Dermal

permeability | Kp cm/hour | 0.2
coefficient

Exposure

dugﬁon ED year 30
Exposure EF day/year | 365
requency

Exposure

time during ET hours/day | 0.58
bathing

Exposed skin SA om? 28,000
area

Ingestion rate | IR Liter/day | 2.2
Unit

conversion CF L/cm?® 0.001
factor
IAT=EF XED

Subsequently, hazard indices can be calculated (using equations 5a and 5b) by
aggregating the estimated values of HQING and HQDERM for all the heavy metals
in groundwater being investigated USEPA [17].

Hlng = Xi=1(HQing)n ... (52)
Hlpprm = Zi21(HQperm)n ... (5b)

where HIING and HIDERM are the hazard indices for oral ingestion and dermal
exposures and n is the number of heavy metals.

Finally, risk characterization is carried out by integrating the information
obtained from above steps of risk assessment to make an overall conclusion for
establishing the need for further studies and for facilitating the decision-making
process [12].
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Table (3). Permeability coefficients, reference doses, and slope factors (Source: IRIS [16])

K RDinG RDper
No. | Heavy metal | Symbol (cpl)”n/hour) (Da/kg.day) (Da/kg.day)
1 | Arsenic Ar 1.0x10°% 0.3 0.285
2 | Antimony Sh - 0.4 0.00006
3 | Barium Ba - 200 -
4 | Berylium Be - 2 -
5 | Boron B - 200 -
6 | Cadmium Cd 1.0x10°% 0.5 0.025
7 | Chromium Cr 2.0x10° 3 0.075
8 | Copper Cu 1.0x 107 40 8
Table (3). continued
K RDinG RDper
No. | Heavy metal | Symbol (cF:n/hour) (Dg/kg.day) (Dg/kg.day)
9 | Iron Fe 1.0x10°% 700 140
10 | Lithium Li 1.0x10°% - -
11 | Manganese Mn 1.0x 107 24 0.96
12 | Molybdenum | Mo - 5 -
13 | Selenium Se 1.0x10°% 5 2.75
14 | Silver Ag - 5 -
15 | Strontium Sr - 600 -
16 | Thallium TI - 0.8 -
17 | Vanadium \% - 9 -
18 | Zinc Zn 6.0 x 10* 300 60
Note: Unavailable values are due to inadequate studies or insufficient evidence of

non-carcinogenicity, and non-carcinogenic effect.

3. Results and Discussions

The results of laboratory analysis showing minimum, mean, maximum, standard
deviation, and coefficient of variations for all the heavy metals are presented in Table
(4). It can be seen in the table that the mean values for all the heavy metals are less
than both the WHO guidelines and regional water quality standards obtained from the
Water Directorate of Buraydah (WDoB). Manganese (Mn) is an exception with the
maximum value of 534 ppb which is higher than the WHO guideline value of 400
ppb. However, the whisker plot for Mn shown in Figure (2.a) reveals that almost 75%
(third quartile) of the values were found less than 400 ppb. It can also be observed
that Mn concentration was found to be higher than regional guidelines value of 100
ppb for most the cases. Regional guidelines were established based on the possible
impacts of Mn on sanitary ware, laundry, and subsequent treatment processes [4,5].
The whisker plot for Strontium (Sr) is shown separately in Figure (2.b) due to larger
observed values than the remaining metals. Table (1) shows that no health based
guidelines were recommend either in WHO guidelines or the KSA drinking water
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quality standards. USEPA [19] recommends a lifetime health advisory of 4000 ppb
for Sr in drinking water. This value was based on some evidence that higher
concentration of Sr can increase the density of bones in human body.
Non-carcinogenic human health risk assessment (based on average
concentrations of heavy metals) was carried out using equations (1) to (4) and the
summary of results is presented in Table (5). Reference doses (RD) recommended by
IRIS (2019) were used for estimating HQING and HQDER. Other risk factors in the
equations, including AT, BW, Kp, ED, EF, ET, SA, IR, and CF, listed in Table (2)
were used in risk assessment. For estimating average exposure time (AT = ED x 365),
ED value of 30 was used for calculating RDING for non-carcinogenic risk.
Subsequently, HIING and HIDER, estimated using equation (5), were found to be
1.27 and 0.31. As per USEPA (1989), values of hazard quotients and hazard indices
higher than 1.0 direct towards a potential human health risk associated to non-
carcinogenic elements. Heavy metals can be ordered in descending order based on the
calculated values of HQING as: Manganese (Mn)> Vanadium (V) > Chromium (Cr) >
Arsenic (Ar) > Strontium (Sr) > Boron (B) > Barium (Ba) > Cadmium (Cd) >
Selenium (Se) > Zinc (Zn) > Antimony (Sb) > Beryllium (Be) > Thallium (T1) > Silver
(Ag) > Copper (Cu) > Molybdenum (Mo) > Iron (Fe). HQING values of heavy metals
in lower order, after Ar, are less than 0.1 and thus show negligible contribution to the
overall HIING.
Table (4). Summary of heavy metals concentrations (ppb) in the groundwater of

study area

Guideline 5 =
5 | values (ppb) | E £ c | =2 | 23
No | Heawy £ E E g |85 | 85
Metal > S 3 S =S EB
%) WHQO?2 | KSA | S s &S gt
[ (@) S

o
1 | Arsenic Ar 10 50 0 4.18 1.326 1494 | 1.126
2 | Antimony Sh 20 10 0 065 | 0.018 0.108 | 6.000
3 | Barium Ba 700 700 | 48.71 | 308.16 | 155.7 86.83 | 0.558
4 | Berylium Be - 1 0 0.7 0.070 0.139 | 1.990
5 | Boron B 2400 500 | 34.95 | 287.57 | 174.25 | 51.414 | 0.295
6 | Cadmium Cd 3 5 0 051 | 0.201 0.179 | 0.890
7 | Chromium Cr 50 50 3.18 | 35.87 | 27.22 5.619 | 0.206
8 | Copper Cu 2000 1000 0 156 | 0910 | 3304 | 3.632
9 | lron Fe 2000 1000 0 58.7 7.89 16.205 | 2.053
10 | Lithium Li - - 0.32 | 114.05 | 46.32 | 29.045 | 0.627
11 | Manganese Mn 400 100 0 534.17 | 277.81 | 131.638 | 0.474
12 | Molybdenum Mo 70 70 0 097 | 0.103 0.232 | 2.247
13 | Selenium Se 40 10 0 5.19 1.094 1724 | 1575
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Guideline a5 e
5 | values(ppb) | £ £ c | =2 | 3
No | Heaw |2 E| E| 8§ |28 |z¢
Metal s £ 3 S T 8 EE
7 WHO? | KSA | S S »s o=
g |°3
14 | Silver Ag 10 100 0 338 | 0140 | 0620 | 4.436
15 | Strontium Sr - - 506 | 3369.3 | 1084.8 | 5855 | 0.540
16 | Thallium Tl - - 0 047 | 0026 | 0.109 | 4.182
17 | Vanadium \Y; - - 3253 | 188.74 | 97.84 | 30.478 | 0.312
18 | Zinc Zn 3000 5000 0 299.05 | 59.94 | 54.619 | 0.911
@ World health Organization (WHO) [5]
600 4000
500 -
S 3000
¥ 400
c
S
® 300 T 2000
: T
[
g 200
]
S T 1000 [i]
100
L \ i ! |
0 _— _ _ J. T l — = | 0
Ar Sb Ba Be B Cd Cr Cu Fe Li MnMo Se Ag Tl V Zn Sr
(a H
eavy Metals
(b)

Fig. (2). Whisker plots showing minimum, median, maximum, 25% quartile and
75% quartile values for all the metals, a) all other heavy metals, b) Strontium
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Table (5) Non-carcinogenic human health risk assessment results

Cunter Kp Expi | Expo | RD | RDi
NG ER ING NG
N | Heavy | Sym o~ > > > > | HQ | HQo
0 | Metal bol 3 © © T T ING ER
o jppm | £ 1 2 2| 2| 2
E|l S| > | 5|
) [ [ [ [
0.00 | 0.0 | 0.04 | 0.000 028 | 01 | 0.00
1 |Arsenic | A |13 1 | o1 | 17 | 308 | %3 | 5 |389| 11
Antimo 0.00 | 0.0 | 0.00 | 0.000 0.00 | 0.0 | 0.06
2 | ny Sb 10021 6505 | 01 | 06 | ooa | %% | 006 | 014 | 982
155. | 0.15 2.89 0.0
3 Bariom | B8 | 66 | 6 | ~ | 23 | ° |20 - || -
Beryliu 0.00 0.00 0.0
4| m Be 10070 o0 | - | 22| - | 2] " |omm| -
174, | 047 5.47 0.0
5 | Boron B 25 4 ) 64 ) 200 ) 274 )
Cadmiu 0.00 | 0.0 | 0.00 | 0.000 0.02 | 0.0 | 0.00
6 | m Cd 1020 05" | o1 | 63 | 047 | 9| 5 | 126 182
Chromi | ., | 272 | 0.02 | 0.0 | 0.85 | 0.012 | , | 007 | 02 | 0.16
7 | um 2 | 7 | 02| 55 | 631 5 | 852 | 841
0.00 | 0.0 | 0.02 | 0.000 00 | 2.64
8 | copper | Y | %% 1 | o1 | 8 | 211 | | 8 | o007 E05
0.00 | 0.0 | 024 | 0.001 00 | 131
9 | Iron Fe | 7891 "o | o1 | 81 | 831 | 99| 140 | o0a | E-05
L [ Lithum | . | 463 | 004 [ 00 | 145 [ 0010 _ | _ | _ ]
01 2 | 6 | 01| 59 | 747
1 | Mangan 277. | 0.27 | 0.0 | 8.73 | 0.064 0.3 | 0.06
1| ese Mool g | 8 | o1 | 11 | 452 | 2| 0% | 638 | 714
1 | Molybd 0.00 0.00 0.0
2 lenum | MO |00 5 | - s | 0 | S| 7 fooe|
1| Seleniu 0.00 | 0.0 [ 0.03 | 0.000 00 | 923
3| m Se L0919l 01 | aa | 284 | 0 | 270 069 | E-05
1 0.00 0.00 0.0
alsiver | A9 |01 o0 | o aa | 0 | S ] 7 Jooe| -
1 | Strontiu 108 | 1.08 34.0 0.0
5 m St lago| 5 | " |ass | T [990] - |seg| -
1 [ Thalliu 0.00 0.00 0.0
6| m T | 0.08 003 ] 08 ) 0.8 ) 010 )
L [Vanadi | | 978|009 | _ 807 | _ | 4 | . |03 .
7 | um 4 | s 49 417
1 50.9 | 0.06 | 00 | 1.88 | 0.008 0.0 | 0.00
8 | zinc 0174 o |oos | 37 | 343 | 390 60 | os3 | 014

reference doses are not available
Manganese (Mn) was found the highest-order contributor to non-carcinogenic
health impacts with the highest HQING value of 0.364. IRIS (2019) reported
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‘Medium’ confidence on reported value of RDING. Average concentration of Mn was
found to be around 0.28 mg/L which is less than the WHO health-based guideline
value of 0.4 mg/L. However, in 8 % of the thirty seven samples, Mn was found in
concentrations higher than 0.4 mg/L. The heavy metal ordered at second place is
Vanadium, IRIS (2019) has reported ‘Low’ confidence on its RDING presented in
Table (5). As per the toxicological review presented in Table (2), naturally occurring
Vanadium (V) is not harmful to human health in low doses (as monitored in the study
area, i.e.,, 0.1 mg/L). IRIS also documented ‘Low’ confidence on RDING of
Chromium which is the third highly contributing metal to HIING. Although, health
impacts of Cr have been reported in literature (IRIS 2019, WHO 2011), also see Table
(1), its concentration is less than the health-based standards of 50 ppb in the study
area. Arsenic is the fourth highly contributing metal in Table (5) with an average
concentration of 1.33 ppb. The highest concentration of Ar in the thirst seven
groundwater samples was found to be 4.18 ppb (data not shown) which is much lower
than the health-based guideline value of 10 ppb as recommend by the WHO. However,
a total value of HIING > 1.0 indicates that the ground water needs to be further
investigated to establish non-carcinogenic exposure in the study area.

The estimated hazard quotients for dermal exposure (HQDER) are also listed in
Table (5) for different heavy metals. Non-carcinogenic health risk through dermal
exposure was calculated only for the metals with reported dermal permeability
coefficients (Kp) and reference doses (RDDERM). Heavy metals are ordered in
descending order based on the calculated values of HQDER as: Chromium (Cr) >
Antimony (Sb) > Manganese (Mn) > Cadmium (Cd) > Arsenic (Ar) > Zinc (Zn) >
Selenium (Se) > Copper (Cu) > Iron (Fe). It can be observed from the last column of
Table (5) that HQDER for all the heavy metals are very low, i.e., less than 0.1,
excluding Cu. Moreover, the total calculated value of HIDER was found to be 0.31
(i.e., sum of last column), which is less than 1.0, shows that there are no significant
health impacts due to dermal exposure in the study area. However, these results
contain different types of uncertainties associated to limited data, measurement errors,
human errors, and exposure durations. Future studies are recommended for detailed
human health risk assessment in Qassim Region for effective decision-making.

4. Conclusions and Recommendations

Thirty seven samples obtained from groundwater in Buraydah City (Qassim,
KSA) were analyzed for heavy metals. Only in 8% of the samples, Manganese (Mn)
concentration was found to be higher than WHO drinking water quality guidelines.
The concentrations of all the remaining (17) heavy metals were found to be less than
WHO guidelines.

Chronic health hazard assessment is recommended for water sources
contaminated with naturally occurring heavy metals. Very low concentrations of some
of the heavy metals, including Antimony (Sb), Copper (Cu), Molybdenum (Mo),
Selenium (Se), Silver (Ag), and Thallium (TI) were found in very few samples.
Therefore, these are not the elements of higher importance.
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Based on the human health risk assessment results, it can be stated that the
population in the study using untreated water is exposed to ‘medium’ level of non-
carcinogenic risk (i.e., HIING > 1.0) through oral ingestion. Primary contributors to
Hazard Index for ingestion (HIING) are Manganese (Mn), Vanadium (V), Chromium
(Cr), and Arsenic (Ar), thus should be given importance in subsequent investigations
for human health risk assessment in Qassim Region. However, non-carcinogenic risk
due to dermal exposure is ‘low’, i.e., HQDER < 1.0.

The results of the present study are based on limited number of groundwater
samples, it is recommend that further investigations should be conducted for detailed
human health risk assessment. Future studies should include careful identification of
exposed population and type of people exposed, e.g., males, females, and children.
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