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Abstract

Untreated discharges from industrial, domestic, and storm waters, agricultural runoff, and other sources

significantly affect the quality of irrigation water both on short- and long-term basis. The present study deals

with the assessment of heavy metals in irrigation wastewater, soils, and wheat grains irrigated with contami-

nated water from municipal sources in Abbottabad, Pakistan. The concentrations of most of the metals were

found above the threshold limits for irrigation water and food set by international regulations. The concentra-

tions of metals in wheat grains showed a decreasing order of Zn>Fe>Mn>Cu>Pb>Cd>Ni>Cr in samples col-

lected from areas irrigated with municipal wastewater. Grains were found to accumulate in Cr, Ni, and Fe met-

als, which were beyond recommended dietary limits. It is recommended that treatment facility must be

installed to reduce heavy metals and turbidity of the wastewater being used for downstream irrigation.
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Introduction

The growing dearth of water has threatened profitable
development, quality of the environment, sustainable
human livelihood, and a multitude of other public goals in
many developing Asian and African regions. Unchecked
growth of the urban population, particularly in developing
countries, places an enormous pressure on water and land
resources. Wastewater is increasingly being used for agri-
cultural irrigation in urban and peri-urban areas. It also is
used in distant rural areas downstream of very large cities.
It drives significant economic activity, particularly those of
farmers, and largely changes the hydrology and water qual-
ity of natural water bodies. There are serious drawbacks of
using wastewater without ample safeguards for human
health and the environment [1].

Globally, around 20 million ha of land are irrigated with
municipal wastewater (raw, diluted, or treated). This figure
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is likely to increase noticeably over the next few decades in
response to growing levels of water stress in inhabited
catchments. Wastewater irrigation is relevant to major glob-
al development objectives, most notably Goal 7 of the pri-
ority targets of the United Nations Millennium
Development Goals (UNMDG). Sustainable and safe
wastewater use can support the achievement of these goals
by preserving valuable freshwater. Furthermore, reclama-
tion and reuse leads to reduced discharge of wastewater to
the ambient environment, particularly to sensitive coastal
ecosystems [2].

Many industrial plants in developing countries operate
without any, or a nominal wastewater treatment and rou-
tinely discharge their waste into drains that either contami-
nate rivers and streams or add to the contaminant load of
sewage sludge [3]. Contaminants from industrial, urban,
and agricultural sources may enter the food chain in addi-
tion to the low water quality of the area [4]. The heavy met-
als contamination of agricultural soils and crops is causing
concerns due to the probable effects on food production and
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human health in affected areas. Heavy metals are ubiqui-
tous in the environment as a result of both natural and
anthropogenic behavior, and humans are exposed to them
through various pathways [5]. Solid waste disposal, waste-
water irrigation, sludge applications, and industrial actions
are the major sources of soil heavy metals pollution, and an
increased metal uptake by food crops grown on such cont-
aminated soils is not uncommon [6]. In general, wastewater
use provides substantial amounts of potentially toxic heavy
metals, which are creating problems for agricultural pro-
duction [7]. Extreme accumulation of heavy metals in agri-
cultural soils through wastewater irrigation may not only
result in soil contamination but also lead to elevated heavy
metal up-take by crops, threatening food quality and safety
[8]. The dietary toxicity of heavy metals in vegetables and
food crops were reviewed by Islam et al. [9]. Wastewater
irrigation is a widespread practice around the globe [10-13].
Especially for vegetables cultivated in wastewater, irrigated
soils take up heavy metals in large quantities, causing
potential health risks to consumers [9, 14, 15].

Wheat (Triticum aestivum L.) is the most important
crop worldwide, followed by coarse grains and rice. In
Pakistan, wheat is a staple grown across some 8,069,000
ha. According to the Pakistan Agricultural Research
Council (PARC), per capita wheat consumption of the
country is 120 kg per year — among the highest in the world
[16]. The aim of the present study was the assessment of
heavy metals in irrigation wastewater, soil, and wheat
grown under the influence of that contaminated wastewater.

Materials and Methods
Study Area

The Abbottabad district is spread over an area of about
5,094 km? and is located in the Khyber Pakhtun Khwa
(KPK) province of Pakistan. Abbottabad is situated in the
Orash Valley, lying between 34°09'N latitude and 73°13'E
longitude at an altitude of 4,120 feet. Abbottabad is bor-
dered by Mansehra District to the north, Muzaffarabad
District to the east, Rawalpindi District to the south, and the
Haripur District to the west.

Streams of Abbottabad

The most important streams of the Abbottabad District
are Harno and Daur. The Daur River has numerous tribu-
taries including the perennial streams flowing year-round,
these are called kathas locally and the seasonal ones are
called Kassies [17]. Mandroch stream is one of the major
tributaries of the Daur River, which drains most of the
Abbottabad city area.

Drainage System of Abbottabad

Untreated discharge of pollutants from domestic sew-
ers, storm water discharges, industrial sources, and agricul-

tural runoff to water resources exert significant short- and
long-term harmful effects on the quality of irrigation water
and the subsequent food produced. It is a common practice
for people living along the river catchments in Pakistan to
discharge their wastewater into streams/rivers. The Sarhad
Provincial Conservation Strategy (SPCS) requires proper
sewage networks, drainage systems, and wastewater treat-
ment facilities, which are completely lacking in KPK cities
[18]. Rural areas are even more poorly equipped to deal with
wastewater and solid waste disposal. In urban areas of
Abbottabad, the problem of municipal waste is critical.
Households, hospitals, hotels, restaurants, and small busi-
ness in Abbottabad discharge wastewater into open drains
that run through residential areas and thus create a serious
threat to sustainability. The wastewater disposal infrastruc-
ture is no longer able to cope with this pressure, and most of
the untreated wastewater enters the streams/rivers used for
irrigation and other purposes. Illegal townships that have
sprung up as a result of urbanization put additional pressure
on already fragile municipal services.

Sampling of Irrigation Water, Soil,
and Wheat Grains

The present study was conducted in the Mandroach and
Daur streams, which originate from Mandroach village,
passing through Dhamtor, Takia camp Abbottabad; later
they join with Thandiani Nullah at Hronoi point, leading
toward Havelian Bridge, extending toward Serai Saleh, and
finally terminating in Tarbela Lake (a water reservoir on the
Indus River). Wastewater samples used for irrigation were
collected at six random places from the study area during
the months of September to March (period of wheat crop
sowing and irrigation). Three grab water samples at a mutu-
al distance of about 1 km, collected from each sampling
point. Water samples were collected in acidified HDPE bot-
tles, pre-cleaned with HCI (10% v/v), and transferred to the
laboratory for heavy metal analysis. Soil samples (0-20 cm
depth) were collected randomly from the agricultural land
irrigated with mixed wastewater and packed into polythene
bags and brought to the laboratory for further analysis.

For soil sampling, three random wheat fields were
selected and six random soil samples at a mutual distance
of about 10 feet were collected from the surface for the
same time period when water samples were collected.
Three random sub-surface soil samples were collected from
each sampling point. The soil samples were oven dried
overnight at 105°C, gently ground and sieved to 2 mm mesh
size, homogenized, and used for heavy metal analyses. At
harvest time, 10 wheat grain samples were randomly col-
lected from each field and washed with distilled water to
eliminate the adhered soil and other contaminants. The
wheat grain samples were oven dried for 48 h at 70°C and
then ground to pass a 1.0 mm sieve for determination of
heavy metal contents. The results of various analyses were
presented as means of all samples. The rain events were
avoided and sampling was not done until three days after
the rain.
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Water Physico-Chemical Parameters

Wastewater samples were filtered before final analysis
to remove any solid particles and were analyzed according
to standard methods of water and wastewater analysis [19].
A5 g (dry weight) sample of wheat grains was crushed in a
mortar and ashed in a muffle furnace at 450°C for 6 h. After
the samples turned to white ash, all the samples were digest-
ed completely with 5.0 mL of concentrated HNO;, filtered,
transferred into a 25 mL container, and brought to volume
with ultra-pure water. Analytical blank samples also were
prepared in the same way without any sample contents.

Soil Characteristics

The dried and sieved soil samples also were digested in
a mixture of HNO;:H,0, in the same manner (USEPA).
Soil samples were analyzed according to Moreno et al. [20]
and Bollen et al. [21].

Plant Analysis

Wheat grains were ground sieved (< 2 mm) and stored
in polythene zipper bags for later analysis. Wheat grains
were analyzed according to [22]. All the samples (water,
soil, wheat grains) were measured in a Perkin-Elmer
AAnalyst 700 graphite furnace atomic absorption spec-
trophotometer for heavy metal determination.

Quality Assurance

At least one laboratory blank was analyzed with each set
of five environmental samples. In general, environmental
concentrations within twice the values observed in the asso-
ciated laboratory reagent blanks were reported as less than
the reporting level. A field quality-assurance protocol was
used to determine the effect, if any, of field equipment and
procedures on the concentrations of contaminants in water
samples. Field blanks were subject to the same sample pro-
cessing, handling, and equipment as the stream samples.
The quality was further assured by randomization, replica-
tion, and comparison with international standard values.

Results and Discussion

Physico-Chemical Characteristics of Wastewater
and Heavy Metal Contents

The contaminated water used for irrigation was ana-
lyzed for temperature, turbidity, chemical oxygen demand
(COD), dissolved oxygen (DO), pH, electrical conductivity
(EC), total dissolved solids (TDS), anions (NO;, SO;, CI),
and heavy metals (Cr, Cu, Cd, Fe, Mn, Ni, Pb and Zn). The
results revealed that COD, NO;, SO}, Cr, Zn, Ni, Cd, and
Pb were found higher than the permissible limits given by
the National Standards for Drinking Water Quality,
Pakistan (NSDWQ-Pak), the EU, and irrigation water by

the US [23] (Table 1). The results of a few similar studies
are reported in Table 2 [24, 25].

Soil Heavy Metal Concentrations

After comparison with various standard values, it was
evident that all soil samples were contaminated with vari-
ous heavy metals (Table 3). Moreover, the EC values of
various soil samples were found to be in the range of
447~492 nS/cm. These findings can be explained by the
fact that water at these sites contained heavy metals above
permissible limits. These sites have been receiving polluted
wastewater from Abbottabad city. The most prevalent
heavy metals found in soil being irrigated were found to be
zinc, copper, manganese, and lead (Table 3).

Elemental Concentration in Wheat Grains

Table 3 reports the results of heavy metals in wheat
grains/flour; moreover, reference results of similar previ-
ous studies also have been reported from various regions
where crops were irrigated with fresh water, wastewater,
and or amendments with sewage sludge or solid waste.
The reference values from international regulations (EC,
FAO/WHO) also are reported in Table 3.

Copper (Cu)

Copper is an essential trace element in plants and ani-
mals [26]. The human body contains Cu at a level of about
1.4 to 2.1 mg per kg of body mass. The recommended
dietary allowance (RDA) of Cu in normal healthy adults is
quoted as 0.97 to 3.0 mg/day. Cu is absorbed in the gut,
which facilitates iron uptake. Its deficiency can produce ane-
mia-like symptoms, neutropenia, bone abnormalities,
increased incidence of infections, and abnormalities in glu-
cose and cholesterol metabolism [26]. The maximum
admissible concentration of Cu should be 3 mg/kg (DW) in
wheat set by the EC and FAO/WHO. In the present study the
concentration of Cu in wheat grains was found to be in the
range of 3.1-5.1 mg/kg (DW) with mean value of 4.1 mg/Kg
(DW). Average value was higher than the permissible limit
and it was also higher than the value reported (0.42 mg/kg)
by Hussain et al. [26] from the same region, but quite lower
than the values given by Jamali et al. [24] (11.8 mg/kg). Cu
is the most reported element in elemental analysis of wheat
grains [24]. Most of the studies reported higher Cu content
in wheat grains, ranging from 4.21-23.73 mg/kg (DW)
(Table 3) in soils that received a high metal load through the
application of contaminated sewage sludge/wastewater/
pond sediments, etc. [24]. Diverse values for Cu concentra-
tion also have been reported in wheat flour, ranging from
0.002 to 3.87 mg/kg (DW) of different countries, the lowest
in Nigeria and the highest in Pakistan [24].

Iron (Fe)

Iron is a necessary element found in nearly all living
organisms considered at the border between macro and
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Table 1. Average values of water quality parameters of irrigation water, along with standard limits of drinking water by NSDWQ-Pak
and the EU, and irrigation water by the US [23].

S. No. Parameters Present study (Mean) | NSDWQ Pak EU drinking water standards US irrigation water quality
1. Temp (°C) 18+0.50 - - -
2. pH 7.240.10 6.5-8.5 6.5-8.5 6.5-8.4
3. EC (us/cm) 71949.13 - 2500 <700
4. DO (mg/L) 5.6+0.12 - 5.0 4.0-6.0
5. TDS (mg/L 577.8+15.1 <1000 - <450
6. Turbidity (NTU) 41.7£5.22 <5 - -
7. COD (mg/L) 116+2.31 - - -
8. Nitrate (mg/L) 55.34+0.52 50 50 -
9. Sulfate (mg/L) 265.7+9.3 - 250 -
10. | Chloride (mg/L) 196.5+11.1 <250 250 <140
11. | Cr(mg/L) 0.1£0.01 0.05 0.05 0.1
12. | Cu(mgL) 0.5+.0.01 2 2 02
13. | Fe (mg/L) 1.1£0.01 - 0.2 5.0
14. | Ni (mg/L) 0.05+0.01 0.02 - 0.2
15. | Cd(mgL) 0.030.01 0.01 0.005 0.01
16. | Pb (mg/L) 0.25+0.01 0.05 0.01 5.0
17. | Zn (mg/L) 7.240.11 5 - 2
18. | Mn (mg/L) 0.5+0.11 >0.5 - 0.2

Table 2. Heavy metal concentrations in soil irrigated with contaminated water (mg/kg dried weight basis) and the maximum admissi-

ble concentrations of toxic metals in soils from the US, UK, and EU.

HM This study (range)/mean | Previous studies (Pakistan) [24] | Previous studies (India) [25] USA UK EU
Cd (0.5-3.5)12.8 2.4+0.18 10£0.76 20 3 1-3
Cr (0.2-5.8)/4.2 2.9+0.33 313+10.1 1500 400 100-150
Cu (1.5-39)/28 39.242.1 40.83+2.3 750 135 50-140
Ni 0.8-12.5)/7.5 36.0+1.2 4224433 210 75 30-75
Pb (10.5-25.2)/15.6 75.5+4.3 30.81+2.2 150 300 50-300
Zn (25-175) /135 23547.2 143+4.2 1400 300 150-300
Mn (2.5-31.5)25.5 - 1352£10 - - -

Fe (25-315)/270 - 1392412 - - -

micro-elements of living organisms. Iron-containing
enzymes and proteins often contain heme prosthetic groups
that participate in many biological oxidations and in trans-
port. Fe is a less studied element in wheat grain analysis.
Average Fe content in current studies was found to be 28.5
mg/kg — lower than most studies but higher than the value
reported [26] from the same region, as well as the permis-
sible limit of 20 mg/kg. The variation in Fe content ranged
from 7.28 to 93.6 mg/kg, the highest of all cases [24] being
found in Uttar Pradesh, India (Table 3). From the same

location [25] the reported Fe content of 90.16 mg/kg was
consequent to industrial effluent as the main cause of high-
er Fe concentration in soil (1,392 mg/kg, Table 2), which
ultimately resulted in high metal content in wheat grains.
Higher Fe value (47.7 mg/kg) also was found in wheat
grain where no soil amendments were made; however, the
soil was affected by urbanization and industrialization of
Cordoba, Argentina [28]. Similar results for Fe (30.04-47.7
mg/kg) were reported [29] from Serbia for different vari-
eties of wheat grains.
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Zinc (Zn)

Like copper, Zn is the most studied element in wheat
grains, and it ranges from a few milligrams to hundreds of
milligrams/kg. In the current study, the value of Zn was
found to be 35.3 mg/kg, which was higher than the values
reported from the same region (3.01 mg/kg) [26] and far
lower than the values given by Jamali et al. [24] (133
mg/kg). The variation in the values is possibly due to the
input of these metals into the soil by different routes.
Higher values have been reported [30] during assessment
of the potential health risk for inhabitants in a sewage-irri-
gated area from Beijing, China, i.e. 52.38 mg/kg of Zn in
wheat grown on swage irrigated soil. Excessive higher
value of 132.3 mg/kg has been reported [31] from Durum
wheat grown in a greenhouse in sewage irrigated soil in
Italy. It was concluded that the organically bound metals in
biosolids are less available than more mobile metal salts
found in commercial fertilizers. It is evident from Table 3
that despite the heavy metal load contributed by effect-
ed/amended soils (wastewater/sludge, etc.), the concentra-
tion of Zn was almost the same comparatively with soil
without amendments.

Manganese (Mn)

Mn is a component of the antioxidant enzyme superox-
ide dismutase (SOD) which helps fight free radicals [32].
Mn compounds are less toxic than those of other common
metals such as nickel and copper. However, exposure to
manganese dusts and fumes should not exceed the ceiling
value of 5 mg/m’, even for short periods because of its tox-
icity level. Manganese poisoning has been linked to
impaired motor skills and cognitive disorders [32]. The
concentration value of 4.9 mg/kg Mn was found in current
studies in wheat grains similar to those reported earlier by
Hussain et al. [26] from the same region (4.15 mg/kg).
However, this value is lower than 18.43 mg/kg, which was
previously reported [25]. It was further postulated as the
plant uptake ratio (the ratio of metals between soil and
plants) for wheat plants was found <1, the wheat plants
should not be considered as metal accumulators [26]. Most
of the Mn concentration values in wheat grains (Table 3)
were quite a bit higher than either of the values cited above.
The concentration of Mn in wheat flour from Sweden was
lower (6.2 mg/kg) than the value reported from Pakistan (i.e
38.1 mg/kg) [26].

Nickel (Ni)

There is not much available information on the effects
of nickel upon organisms other than humans. Wheat and
wheat products and many vegetables contain intermediate
levels of Ni (0.2-2.0 pg/g dry basis) [33]. According to
FAO/WHO, the Ni tolerance limit in wheat grains is 1.6
mg/kg. Our current finding of Ni in wheat grain is 0.2
mg/kg, which is under the permissible limit; however, this
value is far lower than the 6.2 mg/kg in previous reports
[24] from the same country. A very high value of 9.92

mg/kg Ni has been reported from Konya, Turkey by Karatas
et al. [34], in which the soil has been irrigated by the waste-
water. Similar results were reported [25, 27] from the same
region of Uttar Pradesh, India. However, the Ni values (4.2
and 4.12 mg/kg) were lower than Konya, Turkey, but still
higher than rest of results shown in Table 3.

Chromium (Cr)

Chromium has no verified biological role and has been
classified as not essential for mammals [35]. In the United
States the dietary guidelines for daily Cr uptake have been
lowered from 50-200 pg for an adult to 35 pg (adult male)
and 25 pg (adult female) [36]. The bioavailability of min-
eral nutrients is primarily determined by the efficiency of
absorption from the gut into the blood [37]. Factors that
may influence the uptake of metals such as Cr from ingest-
ed food include the chemical form of the mineral in food,
its interaction with food ligands, the redox activity of food
components, interaction with other minerals, the physiolog-
ical status of the consumer, and the composition of the food
or meal [37].

The Cr content in wheat grains was found to be higher
than the permissible limit of 0.02 mg/kg in almost all cases
reported in Table 3. Higher values have been reported [25,
27] from Uttar Pradesh (8.16 and 8.0 mg/kg). The results of
the present study were in accordance with the previous
reports [30, 31, 34]. The Cr concentration in wheat grain
(0.05 mg/kg) as determined in the present study is similar
to that of Chandra et al., [25] in which soil contained high-
er content of Cr than the wheat grain. However, Cr content
in the present study was far lower in both soil (4.2 mg/kg)
and wheat grain. Zarcinas et al. [4] pointed out that the nat-
ural levels of As, Cr, and Ni in many Southeast Asian soils
is significantly higher than European soils, and therefore
exceeds soil contamination guideline values in many
European countries. This highlights the dilemma in extrap-
olating data across regions and emphasizes the need to
establish metal contamination guideline values for individ-
ual regions.

Cadmium (Cd)

Cadmium is taken up through the roots of plants to edi-
ble leaves, fruits, and seeds. It accumulates in animal milk
and fatty tissues [38]. Cadmium, usually added to the soil
as an impurity of phosphatic fertilizer, is the heavy metal of
most concern. Its transfer from soil to the edible portions of
agricultural food crops is significantly greater than for other
contaminant elements [39]. Cadmium also may be detri-
mental to soil microbial populations [40]; the cumulative
addition of Cd via phosphatic fertilizers and especially
industrial wastes may have a detrimental effect on soil
microorganisms. The toxic effects of heavy metals (espe-
cially Cd) of wheat indicate that heavy metals inhibit root
and shoot growth and also induce oxidative stress and lipid
peroxidation [41]. Bermudez et al. [28] pointed out that the
concentration of Cd in wheat grain was dependent on soil
pH being one of the major factors controlling Cd mobiliza-
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tion and uptake by plants. A higher concentration than the
international regulations of Cd has been reported [24, 25,
42] (0.89 mg/kg). The Cd concentration of 0.28 mg/kg
found in the present study was similar to the mean reported
value (0.23 mg/kg) [47], and both were slightly above the
regulation of 0.2 mg/kg. Similar results were shown by ear-
lier reports [27, 43, 44]. In all these cases, the soils were
either irrigated by wastewater or amended by sludge.
However, the value of Cd concentration in wheat grains is
under the regulation where soil is not amended with sludge
or wastewater [28, 45, 46]. The Cd concentration in wheat
flour from Sweden and Nigeria was found be lower than the
regulations; whereas, the flour from Pakistan contained
higher concentrations of 0.66 mg/kg [48].

Lead (Pb)

The bans on leaded gasoline and paint have reduced its
exposure [49]. Pb dietary exposure ranges from 0.36 to
1.24, up to 2.43 pg/kg body weight/day in average adult
consumers in Europe. High Pb concentrations reduce the
growth, biomass and total chlorophyll content of plants
[50]. Consumption of Grains as part of a diet may con-
tribute to increased blood Pb levels with increased risk of
anemia and neurological disorders [51].

The Pb concentration in wheat grains reported by most
authors is high, ranging from 0.015 to 22.6 mg/kg (Table 3).
The concentration value of Pb in our current study was
found to be 0.35 mg/kg, unlike the reported values [24, 48]
but similar to Hussain et al. [26] from the same country
(22.6 and 0.12 mg/kg, respectively). A higher concentration
of lead (>1 mg/kg) in wheat grain also was reported [25, 27,
31, 42, 47], where soil was irrigated by wastewater or
amended by sludge (Table 3). Despite the higher Pb con-
centration in soil (15.6 mg/kg) in current findings; the value
of Pb in grains seemed to be low, indicating its lower bio-
availability in soils. Gupta and Gupta [51] concluded that
the increment of total soil heavy metals contents (Cd, Pb,
Zn, Cu) could enhance grain Cd accumulation and the incre-
ment of total soil Zn content may lower Pb accumulation in

grain.
Conclusions

The present study involved an analysis of heavy metal
concentrations in wheat grains grown in soils irrigated with
municipal wastewater. Most of the metals found in wheat
grains were higher than the international regulations. There
are no established tolerable or safe limits available for heavy
metals in irrigation water, soil, and food crops in Pakistan.
Zn, Cu, and Cd in irrigation water in the current study were
found above the US irrigation water quality, whereas Cr, Fe,
Ni, Pb, and Mn were under the safe limits. Regular moni-
toring of these toxic heavy metals from industrial and
domestic effluents, irrigation waters, and in crops is essen-
tial to preventing their excessive accumulation in the food
chain. It is recommended that municipal wastewater treat-
ment must be carried out prior to irrigating crops like wheat
to avoid soil and dietary toxicity of heavy metals.
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