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main source of drinking water supply, can help these communities in the face
Keywords of the water crisis which will plague mankind in the near future. In this
ERI Index survey, first, 22 wells were selected from Birjand plain aquifer. Then the
Groundwater Resources aquifer was studied using the Groundwater Chemical Pollution Index (PIG)
PERG Index and ecological hazard index (ERI) of heavy metals using zoning maps and
PIG Index final maps of PIG and ERI indices were prepared. According to PIG, 56.74%

of the aquifer has a lot of Pollution, and according to ERI, 0.91% of the

*Corresponding author: aquifer has a lot of Pollution. Then, na ew index of Pollution and
nafise.izadil375@birjand.ac.ir Environmental Risk of Groundwater (PERG) was introduced according to
Erg! & both PIG and heavy metals Environmental Risk Index. PERG detects

I chemical pollution and heavy metals in the aquifer and leads to better
summarization and decision-making in order to collect water from
groundwater aquifers. In terms of PERG, aquifer pollution is 1.755% of the
total area.
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management and quality are of great importance.
Groundwater is a volatile and valuable natural
resource due to its good quality, which is the
main source of drinking water in the world. Due
to the invisibility of groundwater, many people
do not have enough information about its
importance and its harmful effects on the
environment. One of the indicators that evaluate

Introduction

Expensive use of existing water resources and
successive droughts occur in the following years
so irrigation water resources are severely
adversely changed not only quantitatively but
also qualitatively. Water quality is one of the
most important determining factors in order to
use it in different water uses. Water resources
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groundwater in terms of evaluation is the PIG
index. This index was proposed by Suba Rao
(2012) and is used to assess the relative impact of
each of the chemical parameters on the overall
quality of groundwater. Suba Rao found that
TDS, Mg, Na, K, HCOs", Cl, SO4*, pH, and Ca
are considered effective factors in assessing
groundwater quality. The PIG index quantifies
the measured concentration according to drinking
water quality standards. Heavy metals are a
group of elements known as pollutants in
concentrations above environmental standards.
Heavy metals are among the most harmful
pollutants in drinking water sources that can
cause serious damage to the metabolic,
physiological and structural system of the body
and through the leakage of factory wastewater to
surface water. Or due to improper transportation
and disposal of industrial waste and finally their
entry into the soil and groundwater, which causes
pollution of groundwater aquifers.

Materials and Methods

Birjand plain is in the watershed of Lut desert
and by considering the zones where geophysical
research has been done, two alluvial aquifers
have been identified. Birjand plain aquifer is the
largest watershed in the province and the average
rainfall is 170 mm/yr. 138.8 million cubic meters
of water is extracted annually from groundwater
sources in this area. Of this amount, 87.5% is
used for agricultural purposes, 11% for drinking,
and 1.5% for industrial use. Groundwater level
measurements show that there is an annual drop
of about 35 cm in the aquifer. In areas where
groundwater is used for drinking, it is important
to assess the quality of this water. In assessing
groundwater quality, the use of appropriate tools
and techniques for processing quality data is very
effective, because it is difficult to assess water
quality despite the large volume of data. One of
the indicators used to assess water quality in
terms of chemical elements is the Groundwater
Pollution Index (PIG). The PIG index quantifies
the measured concentration according to drinking
water quality standards. Also, one of the
indicators that examine the environmental risk of
groundwater in terms of heavy metals is the ERI
index. Elements Cd, Cu, Ni, Pb, Fe, Cr, and Mn
are among the heavy metals affecting the
ecological pollution of groundwater. According
to this issue, PIG and ERI indices on Birjand
plain aquifer have been calculated and zoning
maps of each element have been drawn by GIS
software. Then PIG and ERI calculations were
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performed in Arc GIS software and the final map
of groundwater pollution index and heavy metal
environmental hazard index was drawn.
Pollution of aquifer areas is then classified using
final maps. Using the final maps of groundwater
pollution index and environmental risk index of
heavy metals, a new PERG index was
introduced, and finally, using a new index, plain
aquifer areas were surveyed and classification
areas and areas with Contamination were
determined.

Results

Given the importance of groundwater resources
and the water shortage crisis in Iran, much
attention should be paid to these resources. One
of the challenges in this regard is the pollution of
these resources, so with proper studies, the areas
affected by pollution should be identified and
necessary measures should be taken to eliminate
pollution. In many cases, groundwater
contamination is detected after the contamination
of drinking water wells. In order to draw the final
map of PIG and ERI indices, it is necessary to
first draw the zoning map for all parameters in
GIS software, and from the total of zoning maps,
the final map of PIG and ERI is obtained. The
two maps are then combined using the Raster
Calculator tool and the final PERG map is
drawn. The PERG map is very similar to the ERI
index zoning map, because the ERI index is
much more effective than the PIG index in
calculating the PERG. Even 0.0001 mg / 1 of
heavy metals has a very high effect on
groundwater pollution. Therefore, very little
change in the level of heavy metals in the water
can contaminate the groundwater source, but the
range of changes in quality parameters is wider.
Therefore, the effect of heavy metals on
chemical parameters is greater than the new
index.

Conclusions

According to the PIG map, it is better not to
use the 2 wells that are located in the high
and very polluted area for drinking, and
according to the ERI map, the aquifer is in
the low environmental risk area, and it is
better than the 3 wells in the more polluted
areas. Do not wuse for drinking and
agriculture. The final PERG map showed
that in the north of the aquifer near the
wastewater treatment plant, there is an
accumulation of heavy metals and chemical
parameters and it has caused very severe
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pollution of the aquifer in this area.
Therefore, due to the high PERG index
around the treatment plant and severe
chemical pollution, especially heavy metals,
it is not recommended to take water from
wells around the municipal wastewater
treatment plant for human, animal, and
agricultural drinking. The present study
shows the use of the new PERG index is a
simple, accurate, and fast method in
preparing maps and calculations and is a
suitable method for interpreting groundwater
quality for drinking purposes. Moreover, the
climate of the region and the lack of proper
spatial imbalance of rainfall in the plain has
caused an increase in the use of groundwater
in the region for drinking purposes has
increased, which has caused an increase in
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pollutants in the aquifer of Birjand plain.
Preventing the bankruptcy of water resources
in the region requires proper management for
the sustainability of semi-arid regions.
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Table 4 Average of heavy metals concentration (mg/l) in groundwater of Birjand plain and WHO standard

Heavy Metals Pb Cd Cu Ni Fe Mn Cr
Average 0.0004 0.0005 0.5 0.002 0.78 0.02 0.27
WHO 0.01 0.003 2 0.002 0.3 0.5 0.05
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