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Abstract 
This paper aimed to demonstrate the detailed relationship between the surface temperature of urban heat islands 
(UHI) and spatial patterns of urban green spaces, an issue that has been much debated in recent years. Tehran 
city, as the case study has faced the impacts of uneven built development and changes in spatial patterns of green 
spaces, and at the same time experiencing the increase of average temperature.  The method of research is based 
on classification of Local Climate Zone (LCZ), correlation and partial correlation. The results of the analysis of 
the spatial composition of these classes showed that tree canopy greenspaces in both cases of high / low density  
with low plants has a reducing effect on temperature. This is also true for dense tree areas with low plants, 
because of the mean patch size. The result for the low-density grasslands and scattered shrubs with soil cover 
showed that there is a positive and significant relationship with temperature in relation to their surface area and 
edge density metrics. Thus, paying attention to spatial patterns of urban green space, through determining the 
type, composition, and configuration effect on the reduction of surface temperature and will help to decrease 
urban heat island impacts.  
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Expanded Abstract 
Introduction 
The development of countries and the accelerated industrialization has many advantages however they 
have many problems including the discharge of pollutants into water bodies. therefore the study of 
quantity and quality of water resources especially groundwater resources which are the main source of 
drinking water supply worldwide can help us to solve water resources problem. 
Problems of water resources pollution in Iran like other developing countries due to growth of 
population and the accelerated industrialization are increasing. Among water source pollutants, heavy 
metals cause serious environmental problems  Heavy metals are important because of their properties 
such as high toxicity, carcinogenicity, non-degradability and mutagenicity. The density of heavy 
metals is 5 times higher than water. They accumulate in living tissues and eventually enter the human 
food chain. Due to the bioaccumulation of heavy metals, their release into the environment, even in 
low concentrations, is a serious threat to plants, animals and humans. 
Heavy metals enter the human body through different ways, including food chain, water, skin contact, 
and inhalation of smoke and particles. Neurological disorders, types of cancer, respiratory disorders, 
cardiovascular disorders, damage to the liver, kidneys and brain, Hormone imbalance, abortion, 
arthritis, osteoporosis and death are the effects of entering heavy metal to the human body. 
Therefore, due to the toxic effects of heavy metals on the human body, risk assessment of exposure to 
these compounds is important. Health risk assessment is an important tool for assessing potential 
adverse health effects of being exposed to contaminated water. Health risk assessment consists of 4 
basic steps 1) hazard identification 2) dose response assessment 3) exposure assessment 4) risk 
characterization 
The quality of surface and groundwater resources in Varamin plain is threatened due to the reduction 
of high quality surface water resources such as Jajrud River in the Varamin plain, using the effluent of 
the wastewater treatment plant in the south of Tehran to irrigate agricultural lands and population 
growth as a result of increasing urbanization as well as the development of agriculture and industry. In 
this study, cancer and non-cancer risk assessment of heavy metals, which had been measured in 
groundwater resources of Varamin plain before, has been performed for both age groups of children 
and adults. 
 
Materials and methods 
The concentration of heavy metals in groundwater in Varamin plain has been measured for two wet 
and dry seasons by Nejati Jahromi et al. Here, carcinogenic and non-carcinogenic human health risk 
assessment of heavy metals in groundwater for both age groups of children and adults were 
investigated. 
Equation (1) was used for non-cancer risk analysis via oral and dermal exposure. Total non-cancerous 
risk was calculated by summing the non-cancer risk of oral and dermal exposure. Reference dose 
(RfD) value of cadmium (Cd), lead (Pb), chromium (Cr), manganese (Mn), zinc (Zn), iron (Fe) and 
copper (Cu) were taken 0.0005,0.0035, 0.003, 0.14, 0.3, 0.7 and 0.04 respectively as per EPA 
guideline. For dermal risk analysis, RfDdermal were calculated by IRIS formula, where ABSGI for 
cadmium (Cd), lead (Pb), chromium (Cr), manganese (Mn), Zinc (Zn), iron (Fe) and copper (Cu) were 
taken 0.05, 0.15, 0.025, 0.04, 0.2, 0.2, and 0.57 respectively as per EPA guideline 

CDI
HQ

RFD
  (1)
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Cancer and non-cancer risk were calculated by evaluating chronic daily intake (CDI) in mg/kg/days 
according to equation (2) and (3), Where C is the concentration of heavy metal in mg/L, IR is the daily 
ingestion rate in L/d,EF is exposure frequency in day/years, ED is exposure duration in year, BW is 
the body weight in kg, SA is  
exposed skin area in cm2, Kp is dermal permeability coefficient in cm/h, ET is exposure time in hour 
and AT is the average time in days. 

 

 
(2) 

 
(3) 

 

To calculate cancer risk via oral and dermal exposure, chronic daily intake (CDI) in mg/kg/days was 
multiplied by the carcinogenic slope factor(CSF) of hexavalent chromium, where CSForal value of 
hexavalent chromium was taken 0.19 as per EPA guideline. For dermal risk analysis, CSFdermal were 
calculated by IRIS formula. Moreover; cancer cases was calculated by multiplying the risk in the 
target population. 
 
Discussion of Results 
Comparison of the concentrations of heavy metals, which are measured by Nejati Jahromi et al. and 

higher than the standard values which are 
results of the non-cancer risk assessment demonstrated that the hazard index (HI) for cadmium due to 
the lower RFD value of cadmium is higher than other heavy metals (table 1). According to EPA 
guideline if Hazard Index (HI) is more than 1,it may result in adverse effects on human health. In this 
investigation, the HQoral and HQdermal values of heavy metals for both age groups were less than 1. 
However the HI of Cadmium for children age group was found 1.024 that is higher than the threshold 
limit. According to EPA guideline, the cancer risk less than 10-6 and the cancer risk between 10-6 and 
10-4 -4 was 
classif
estimated to be 1.07×10-5 and 4.5×106 
EPA. The cancer cases in this area with a population of 990447 people were estimated 15 people. 
 

Table 1 non-cancer risk of heavy metals for children and adults age group 

Heavy metals Cd Pb Cr Zn Mn Fe Cu 

All 

heavy 

metals

children 

oralHQ 

dermalHQ 

HI 

0.904 0.172 0.103 0.0019 0.0033 0.0068 0.0063 1.198 

0.119 0.03 0.054 5-3.95×10 0.00054 0.00026 5-7.3×10 0.205 

1.024 0.203 0.157 0.002 0.004 0.007 0.006 1.4 

adults 

oralHQ 

dermalHQ 

HI 

0.387 0.0739 0.044 0.00085 0.0014 0.0029 0.0027 0.513 

0.04 0.01 0.018 5-1.34×10 0.000188 5-7.67×10 5-2.47×10 0.069 

0.428 0.084 0.0625 0.00086 0.00162 0.003 0.0027 0.583 

( / . )oral

C IR EF ED
CDI mg kg d

BW AT

3

1

1000( / . )
p

dermal

L
C SA K ET EF ED

cmCDI mg kg d
BW AT
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Conclusion 
Comparison of the concentration of heavy metals and standard values demonstrated that the 
concentration of cadmium (Cd) and lead (Pb) is higher than standard values. However the 
concentrations below the standard cannot guarantee the absence of risk. Therefore, risk assessment is 
essential. The results revealed that the cancer and non-cancer risks for oral exposure of heavy metals 
are higher than dermal exposure due to the lower exposure time of dermal. The results of carcinogenic 
risk assessment of chromium demonstrated that its cancer risk is acceptable as per EPA guideline. The 
results of the non-cancer risk assessment of heavy metals demonstrated that the total hazard index 
(HItotal) of heavy metals for children age group is higher than threshold limit, therefore it is necessary 
to use preventive methods to restrict the entry of these heavy metals into the groundwater source or 
use a suitable treatment method to remove them. 
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  چكيده 
از مضرترين آلاينده  و قابليت تجمع در بافت زنده  . تحقيق باشندي مهاي موجود در منابع آب  فلزات سنگين به علت ثبات شيميايي 

تعيين ريسك   با هدف  براي دو گروه سني   زاييسرطان حاضر  ورامين  آب زيرزميني دشت  منابع  در  فلزات سنگين  غيرسرطانزايي  و 
و   غير سرطاني فلزات كادميوم،    بزرگسالكودك  ارزيابي ريسك  از  نتايج حاصل  انجام شده است  پوستي  از دو مسير بلع و مواجهه 

كادميوم بيش از ساير فلزات است مقدار آن براي  براي فلز    ) HI(  سرب، كروم، منگنز، روي، مس و آهن نشان داد كه شاخص خطر 
بوده است. بنابراين شاخص خطر فلز كادميوم براي گروه سني كودك    ٠٢/١و براي گروه سني كودك،    ٤٢٨/٠،  بزرگسالگروه سني  

براي دو  )totalHI( خواهد شد. همچنين شاخص خطر براي تمامي فلزات سنگين زاييسرطانبوده كه سبب بروز اثرات غير   ١بالاتر از 
  به دست آمده است كه براي گروه سني كودك بالاتر از حد آستانه است.  ٥٨٣/٠و  ٤/١به ترتيب برابر با  بزرگسالگروه سني كودك و 

حاصل از مجموع ريسك ناشي از    )totalELCR(  حاصل از ارزيابي ريسك سرطاني فلز كروم نشان داد كه ريسك مازاد سرطان  يجنتا
قرار گرفته   قبولقابل  زاييسرطان شده است كه در محدوده ريسك    ٥٢٨/١×١٠- ٥برابر با    اي اين فلزبلع و ريسك مواجهه پوستي بر

  است.
  

  كليد واژه 
  ، فلزات سنگين ، آب زيرزمينيزاييسرطان، غير زاييسرطان ارزيابي ريسك،  

  

  سرآغاز
و صنعت در جهان و توسعه كشورها،    يفناّورپيشرفت  

اما    شماري يبمزاياي    اگرچه دارد  همراه  به  خود  با  را 

و   داشت  خواهد  دنبال  به  نيز  را  خود  خاص  مشكلات 

كرده مسائ ايجاد  را  آب  آلودگي  گسترده  بنابراين    است.  ل 

منابع آب   يژهوبهبررسي و كنترل كميت و كيفيت منابع آب،  

كه   اصلي    عنوانبهزيرزميني  در    ينتأممنبع  شرب  آب 

ر رويارويي با  وامع را داين ج  توانديم،  سرتاسر جهان است 

ياري   آب  مشكلات    .)Baynes et al., 2010(كند  بحران 

به   مانند ديگر كشورهاي در حال توسعه،  ايران  آلودگي در 

افزايش   و  جمعيت  رشد  به    هاييت فعالدليل  روز  انساني، 

. در اين ميان آلودگي به فلزات سنگين  يابديافزايش مروز  

دارد.   محيطييست زمشكلات   دنبال  به  را    فلزات  جدي 

و    زاييسرطان  سميت زياد،  ازجملهسنگين به دليل خواصي  

جهشغير و  تجزيه  بسيار  قابل  بودن  هستند.    يت بااهمزا 

برابر آب دارند، عناصر پايداري بوده و    ٥انسيته اي حدود  د

نمي بدن قادر به تجزيه آن  باشد لذا در بافت زنده تجمع  ها 

 Demir et(  شودوارد زنجيره غذايي انسان مي  يتاًنهايافته و  

al., 2015(. از دو  آلودگي منابع آب به فلزات سنگين أ ـمنش  
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