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Figure 1. Location of the study area
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Table 2. Rank of aquifer feeding parameters by Piscopo method (29)
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Table 3. Relative weight of DRASTIC method parameters
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Figure 2. Map of parameters (variables) used in both Drastic and SI methods
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Table 5. Results of scoring different classes of wells in Sari plain
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Figure 4. Net feed weight of operating wells in Sari plain using drastic method
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Table 6. Results of aquifer environment classification for drastic model in Sari plain area
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Table 8. Results of scoring parameter of Sari plain slope based on drastic model

(%) colus (ha) colus b bl 03 e by Szl o il iz,
INZAd AVY-Y Ve Ve =Y \
VAIYY YAYYA/A a a Y-5 Y
V¥/aa YYYYY/Y A b S=\Y Y
YIA AAATAN Y Y \WY-YA ¥
y/av ¥..0/5f \ \ WA < b

hcobie (FV8) dmop cnpieS () g S g adilate (gl gl o8 adlaio el (23059 @l (V) Joi
Sgbge Jold  Kiw dwle 4uY 45 Lo e 55 |, DRASTIC Jua
Cols 31 (BAYY) doyd oyt () 9 S b gl

DRASTIC gy (bl 32 5yl cadd glidl o8 dilaio o)y (23jlitel gl =4 Joio
Table 9. Results of scoring parameter of unsaturated area of Sari plain based on Drastik method
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Table 10. Results of scoring parameter of hydraulic conductivity of Sari plain for drastic model
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Figure 5. Aquifer feeding map using Piscopo weighting method in Sari plain for SI model
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Table 13. Results of scoring parameter of Sari plain slope based on SI model
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Table 16. Results of the relationship between the quality parameter of nitrate by DRASTIC and SI methods
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Table 17. Results of overlap and area of drastic and SI methods with nitrate variable in Sari plain
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Figure 8. Outcomes of Vulnerability Overlap of Drastic and SI Methods with Nitrate Zoning Map

59138 s LS oS Bos DRASTIC (29, g 5 &y
Sen g )logi Cusl dilaio Gas oS szl 435 5
o LS (6l DRASTIC ig, a5 a0l Lis (YY)
U e bLa) a1 i 3 5 i)
O 2 i 9 405 (e Ll 9 3l @l
hgy 4 b ot 3 (¥) GhlSen L)l 35850 (5 sl
S s Olyais b o0l Stuan DRASTIC
(F) ohiar 5 pato gyl 2> pojj ol (Sogll b
SINTACS DRASTIC g, aw b Jus)l cudd e
8 DRASRIC g, 45 15305 5l 5 53,8 byl Sl
SI gy 2 ddlaie (g plpcaml Cundg il 3 (2L
13 sl it g yzaly bl I DRASTIC bg, b a8
O 53 oo (i (S LS (bgy o
by L )l cud df-"w‘ Camdg )15 (5 gl
b bwgio gpincuwl did colue & ol L SI
ol ddbaie Coliwe |5 5l aod YA/OF bl Colue
slaJlo o as ob gl ol jaie b Jae opl bl
(P=0.05) s s ;5 Lyps byl s L ¥R 4 y¥ay
il SE gy 5l eslawl b (YY) o)) Ken g gl .3l
L Jie (omiacono 5 39)I5 b losel (s s
DS oYL Sued Jdo a5 0o lis @l s adss
L SE Jae cslio (Sagon 51 (F) ohlSan 5 pade syl
Nsod 35 (VF) )5 g (Bgpme 21> Sl iipn aids
(YF) oylSan g guiobo s ol |y iz b I g, sV
5 S1 ooy L Ol caslio lbgran 5 Lisd )l gbolio ;o
() ohlSan 5 0305 23> ddlaie 3 osis &l sla Jro S0

sl gy il oolaiwl b (o)l cubd Ob}’uj d):J.:w»T

o3lial U I gy oxiasly ol 5 oy S 5 DRASTIC
slaJlu e sb Lis DRASTIC g, gl i
O 2 (el BB 935 9 Bes slatel)l 215 392
I S Sy Gblis 4 (55l (2l 5l o)l ol Bg
adllas )50 03940 > (iwojpj Of @lie 15 Jelge
P G a5 Sldgren 4 il 4y dngi b bl Llgi o
s (2155 53 bogia b oS (o by sl iy e
sos Yl losd gfly itd ol (55)5liS 58 (55 &S
N Epideh g ddhte 13 SB g pludl o] g
Sotiersgis Sy gLy e o 355 5 45
ol (oo )3 Wl e (pull (28 4085 el
sl ool il sl 4d8 Cunsg 4 456 b lgsol
Y oloul el dilhio S g9 g 3,S0e Wl cov
Ohey @l 4 4y Lol pdncen] colus oy
o yielly 58,8 5, bl 1o Y2/VD DRASTIC
Bl yide adlaie 1> SIS g9 g (2] ()8 Bes
olie igron 45,5 5 s ol 5 iy


https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.2.4.5
http://drnl.sanru.ac.ir/article-1-154-fa.html

[ Downloaded from drnl.sanru.ac.ir on 2026-05-09 ]

[ DOR: 20.1001.1.27174425.1399.1.2.4.5]

g

Gl Ble 5 oo adlle o ¢, 55 acbls

YU g bwgio (¢ v (gl )lo cuds Jlai Sy
e olgi 3 48 313 s S gy les 4 Lol
o ang Loy sgag 3 o8 il Sy b 2l
o S0P 9 Spipdel (s p)S Bl I dilaie consy
L i > 5553 M6 sl DRASTIC 25, Jol
Sl cdd  cplpl e o lis adlate j> S o,
oo 55 sy (s yige 3,5 DRASTIC s,

Dyl sy lesal (6wl

Sl > anjnj ol @lie (Sl (gl b))

P9y g Jled 3 el 4l ) o oy s
L @Y (S Sl g DRASTIC SINTACS
Wyl sl s
b b (dblie )3 yuda ()lo <dd ()b po o (sloly
CJI9 6394 %0 ‘;‘LQ_M) u_>|9_§ » Laols p_{ Bes g ol
Oly':ﬂ & °59ﬂ Blo g pden Lol LYo 5l (S leas
e w 3—s ylls 39 DRASTIC isy uls ywlwl

&l

1. Ahmadifar, R., S.M. Mousavi and M. Rahimzadegan. 2017. Pollution risk zoning. Journal of Soil and
Water Conservation Research, 24(3): 1-20 (In Persian).

2. Aller, L., J.H. Lehr, R. Petty and T. Bennett. 1987. DRASTIC: a Standardized System to Evaluate
Groundwater Pollution Potential Usina Hydrogeologic Settings. Natl. Water Well Assoc,
Worthington, Ohio, United States Am: 115.

3. Arva, S., T. Subramani, G. Vennila and P.D. Roy. 2020. Groundwater vulnerability to pollution in the
semi-arid Vattamalaikarai River Basin of south India thorough DRASTIC index evaluation.
Geochemistry: 125635.

4. AsghariMoghadam, A., M. Gharakhani, A. Nediry, M. Kurd and E. Fijani. 2017. Evaluation of
aquifer vulnerability in Ardebil Plain using drastic, sintacs and SI methods. Geography and Planning
Scientific Journal, 21(61): 57-77 (In Persian).

5. El Ayni. F.S., A. Cherif and M. Jrad Trabelsi-Ayadi. 2012. A New Approach for the Assessment of
Groundwater Quality and Its Suitability for Irrigation: A Case Study of the Korba Coastal Aquifer
(Tunisia, Africa). Water Environ. Res, 84 (8):673-681.

6. Famiglietti, J.S. 2014. The global groundwater crisis. Nat. Clim, Change, 4 (11): 945-948.

7. GanjikhorramDel, N. and M. Shams. 2018. Vulnerability assessment of nitrate contamination to
Aleshtar plain aquifer using drastic and sintacs models. Scientific Journal of Water and Irrigation,
9(2): 50-64 (In Persian).

8. Giordano, M. 2009. Global groundwater? Issues and solutions. Annu. Rev. Environ. Resour, 34: 153—
178. https://doi.org/10.1146/annurev.environ.030308.100251.

9. Hamza, M.H., A. Added, A. Frances and R. Rodriguez. 2007. Validite del’application des methods de
vulnerabilite DRASTIC, SINTACS et SI A 1’ etude de la pollution par les nitrates dans la nappe
phreatique de Metalline-Ras Jebel-Raf(Nord- East Tunisien) C. R. Gesci, 339: 493-505

10.Hassan, 1., R.M. Kalin, CH. White and J.A. Aladejana. 2019. Hydrostratigraphy and Hydraulic
Characterisation of Shallow Coastal Aquifers, Niger Delta Basin: A Strategy for Groundwater
Resource Management. Geosciences, 9(11): 470-480.

11. Hassanzadeh Nafouti, M., Z. Ebrahimi Khosfi and A. Jamali .2017. Efficiency of Vulnerability
Assessment Models. Journal of Desert Ecosystem Engineering Research, 6(14): 59-68 (In Persian).
12.HeiB, L., L. Bouchaou, S. Tadoumant and B. Reichert. 2019. Index-based groundwater vulnerability
and water quality assessment in the arid region of Tata city (Morocco). Groundwater for Sustainable

Development, 10: 100344.

13.Hua, S.H., H. Jing, Y. Yao, Zh. Guo and D.N. Lerner. 2020. Andrews Charles B, Zheng Ch. Can
groundwater be protected from the pressure of china's urban growth? Environment International, 143:
105911.

14.Huang, Z.Y. 2015. Subregional-scale groundwater depletion detected by GRACE for both shallow
and deep aquifers in North China Plain. Geophys. Res. Lett, 42(6): 1791-1799.

15. Jabbari, P., M.R. Ghnapoor and A.R. Ashbeh. 2009. Evaluation and determination of groundwater
balance of Sari-Neka plain free aquifer. Fifth National Conference on Watershed Management
Science and Engineering of Iran, Karaj. Iranian Watershed Management Association:16 (In Persian).

16. Jafari, K., N. Hafezi Moghaddas. A.R. Mazloumi and A. Ghazi. 2019. Determination of vulnerability
of aquifer Ardebil using DRASTIC method in GIS. Iran. J. Health & Environ, 12(3): 117-125 (In
Persian).

17.Jamshidzadeh, Z. and S.A. Mirbagheri. 2011. Evaluation of groundwater quantity and quality in the
Kashan Basin, Central Iran. Desalination, 270 (1-3): 23-30(In Persian).

18.Kardan Moghaddam, H., S. Javadi and Z. Rahimzadeh Kivi. 2020. Evaluation of Aquifer
Vulnerability Assessment Methods for Alluvial and Coastal Aquifers, Case Study in Astaneh-
Koochesfahan Aquifer, Guilan, Iran. Journal of Water and Irrigation management (J. of Agriculture).
10(2): 203-220 (In Persian).


https://www.sciencedirect.com/science/article/pii/S0009281919301308#!
https://www.sciencedirect.com/science/article/pii/S0009281919301308#!
https://www.sciencedirect.com/science/article/pii/S0009281919301308#!
https://www.sciencedirect.com/science/article/pii/S0009281919301308#!
https://www.sciencedirect.com/science/journal/00092819
https://doi.org/10.1146/annurev.environ.030308.100251
https://www.sciencedirect.com/science/article/pii/S2352801X19302383#!
https://www.sciencedirect.com/science/article/pii/S2352801X19302383#!
https://www.sciencedirect.com/science/article/pii/S2352801X19302383#!
https://www.sciencedirect.com/science/article/pii/S2352801X19302383#!
https://www.sciencedirect.com/science/article/pii/S0160412020318663#!
https://www.sciencedirect.com/science/article/pii/S0160412020318663#!
https://www.sciencedirect.com/science/article/pii/S0160412020318663#!
https://www.sciencedirect.com/science/article/pii/S0160412020318663#!
https://www.sciencedirect.com/science/article/pii/S0160412020318663#!
https://www.sciencedirect.com/science/article/pii/S0160412020318663#!
https://www.sciencedirect.com/science/article/pii/S0160412020318663#!
https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.2.4.5
http://drnl.sanru.ac.ir/article-1-154-fa.html

[ Downloaded from drnl.sanru.ac.ir on 2026-05-09 ]

[ DOR: 20.1001.1.27174425.1399.1.2.4.5]

Gl Byl 5 oo adlle o ¢S5 acbls
% WAL olias; g b /Y ojbous /sl Jlo /snbs s8l)) slisl 5 g 55

19. Kazakis, N. and K.S. Voudouris. 2015. Groundwater vulnerability and pollution risk assessment of
porous 411 aquifers to nitrate: Modifying the DRASTIC method using quantitative parameters. J.
Hydrol, 525: 13-25.

20. Kolahdozan, A., Y. Dinpazho, D. Abbaspoor and M. Ghorbaniyan. 2015. Investigation of the trend of
groundwater quality changes in Miandoab plain using Mann-Kendall method. Water and Soil
Knowledge (Agricultural Knowledge), 2(25): 221-235 (In Persian).

21. Libutti, A. and M. Monteleone. 2017 Soil vs. groundwater: The quality dilemma. Managing nitrogen
leaching and salinity control under irrigated agriculture in Mediterranean conditions. Agric. Water
Manage, 186: 40-50.

22.Llamas, M.R and P. Martinez-Santos .2005. Intensive groundwater use: silent revolution and potential
source of social conflicts. J. Water Resour. Plan. Manag, 131(5): 337-341.

23. Marufi, H., S. Soleimani, M.H. Ghobadi Rahimi and P. Famous .2012. Vulnerability Assessment of
Malayer Plain Aquifer Using SINTACS and SI Models, DRASTIC. Journal of Soil and Water
Conservation Research, 19(3): 141 (In Persian).

24.Mencio, A., J. Mas-Pla, N. Otero, O. Regas, M. Boy-Roura, R. Puig, J. Bach, C. Domenech, M.
Zamorano and D. Brusi. 2017. Nitrate pollution of groundwater; all right ..., but nothing else? Sci.
Total Environ, 539: 241-251.

25.Nazemi, A. and H.S. Wheater. 2015. On inclusion of water resource management in Earth system
models—part 1: problem definition and representation of water demand. Hydrol. Earth Syst. Sci, 19
(2): 33-61.

26. Nohkostinrohi, M., M.H. Rezaei Moghadam and T. Rahimpoor. 2015. Groundwater Vulnerability
Zoning Using DRASTIC and SI Models in GIS Environment (Case Study: Ajabshir Plain). Echo
Hydrology, 4(2): 587-599 (In Persian).

27.Nouri Imamzadeh, M.R. and Z. Ahmadimoghadam. 2018. Investigation of temperature parameter
chanaes in Shahrekord station. Newar Scientific-Extension Journal, 99-98: 73-82 (In Persian).

28.Ouedraogo, I., P. Defourny and M. Vanclooster .2016. Mapping the groundwater vulnerability for
pollution at the pan African scale. Sci. Total Environ, 544: 939-953.

29.Piscopo, G. 2001. Groundwater vulnerability map, explanatory notes, Castlereagh Catchment, NSW.
Departmant of Land and Water Conservation, Australia: 122.

30. Rasool, A., A. Faroogi, S. Masood and K. Hussain. 2016. Arsenic in groundwater and its health risk
assessment in drinking water of Mailsi, Punjab Pakistan. Hum. Ecol. Risk Assess, 22(1): 187-202.
31.Sabbagh, S.A., M. Morovati, A. Saberi and M. Panahande. 2019. Zoning map of Dasht-risk
vulnerabilities Nekarood model SI. 14™ National Conference on Watershed Management Science and

Engineering: 22.

32.Teng, Y.G., R. Zuo, Y. Xion, J. Wu, Y. Zh and J. Zhai Su.2019. Risk assessment framework for
nitrate contamination in groundwater for regional management. Science of the Total Environment,
697: 134102.

33.Tomer, T., D. Katyal and V. Varun. 2019. Vulnerability using DRASTIC method: A case study of
National Capital Territory, Delhi, India. Groundwater for Sustainable Development, 9: 100271.

34.Vu, H.M., M. Shanafield, T.T. Nhat, D. Partington and O. Batelaan. 2020. Mapping catchment-scale
unmonitored groundwater abstractions: Approaches based on soft data. Journal of Hydrology:
Regional Studies, 20: 100695.

35.Wada, Y., L.P. Van Beek, C.M. Van Kempen, J.W. Reckman, S. Vasak and M.F. Bierkens. 2010.
Global depletion of groundwater resources. Geophys. Res. Lett, 37(20): L20402.

36. Yazdani, V. and V.H. Mansouriyan. 2019. Assessing the vulnerability of Qazvin plain aquifer and
analyzing the sensitivity of parameter removal using GIS. Scientific Journal of Water and Irrigation,
10(2): 128-146 (In Persian).

37.Yousefia, H., A. Haghizadehb, Y. Yarahmadia, P. Hasanpourb and P. Noormohamadi. 2018.
Groundwater pollution potential evaluation in Khorramabad-Lorestan Plain, western Iran. Journal of
African Earth Sciences, 147: 647-656.

38.Zahedi, S, A. Azarnivand and N. Chitsaz. 2017. Groundwater quality classification derivation using
Multi-Criteria-Decision-Making techniques. Ecological Indicators, 78: 243-252.


https://www.sciencedirect.com/science/article/pii/S2352801X18300833#!
https://www.sciencedirect.com/science/article/pii/S2352801X18300833#!
https://www.sciencedirect.com/science/journal/2352801X
https://www.sciencedirect.com/science/journal/2352801X/9/supp/C
https://www.sciencedirect.com/science/article/pii/S2214581820301695#!
https://www.sciencedirect.com/science/article/pii/S2214581820301695#!
https://www.sciencedirect.com/science/article/pii/S2214581820301695#!
https://www.sciencedirect.com/science/article/pii/S2214581820301695#!
https://www.sciencedirect.com/science/article/pii/S2214581820301695#!
https://www.sciencedirect.com/science/article/abs/pii/S1470160X17301231#!
https://www.sciencedirect.com/science/article/abs/pii/S1470160X17301231#!
https://www.sciencedirect.com/science/article/abs/pii/S1470160X17301231#!
https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.2.4.5
http://drnl.sanru.ac.ir/article-1-154-fa.html

[ Downloaded from drnl.sanru.ac.ir on 2026-05-09 ]

[ DOR: 20.1001.1.27174425.1399.1.2.4.5]

Degradation and Rehabilitation of Natural Land Vol. 1, No 2, Autumn and Winter 2021 .............ccccovevieieceeniivieee e eveeneeenennn. D8

Assessment of Nitrate Pollution of Groundwater Resources in Sari Plain

Fatemeh Shokrian®, Seyedeh Allameh Sabbagh® and Aref Saberi®

1- Assistant Professor of Watershed Management Science and Engineering, Sari University of Agricultural Sciences
and Natural Resources, (Corresponding author: f.shokrian@sanru.ac.ir)
2- Graduate of Environmental-Land Assessment and Planning, Ardakan University
3- PhD student in Watershed Management Science and Engineering, Sari University of Agricultural Sciences and
Natural Resources
Received: October 24, 2020 Accepted: February 22, 2021

Abstract

One of the factors changing the quality and pollution of groundwater resources in plain areas
is the presence of nitrate ions. Sari plain is also prone to vulnerability due to the existence of
various agricultural, residential, industrial and proximity to the sea. Groundwater quality
assessment is costly; But it is possible to save money by using methods to assess the
vulnerability of the aquifer. Vulnerability assessment is a low-cost method in identifying areas
prone to pollution that plays a key role in water resources management. Therefore, in the
present study, two methods, DRASTIC and Sl, have been used due to the existence of land use
parameter in the SI model and its comparison with the DRASTIC model and the use of the final
map to determine the vulnerability of the Sari plain aquifer. For this purpose, first the amounts
of nitrate during the years 1393-1397 were zoned and mapped. Then the parameters of both
models such as depth to water table, net nutrition, aquifer constituents, soil type, topography,
unsaturated zone constituents, hydraulic guidance and land use, which were prepared as a layer
in ArcGIS software and weighted and rated Classification and integration of these layers, the
final map of paternal damage to contamination was prepared. Based on the results, the two
methods were classified into four groups: very low, low, medium and high risk. Medium
vulnerability class in DRASTIC and SI methods with 39.75 and 39.56, respectively, have the
highest percentage of area in the northern and plain areas with agricultural use. According to the
obtained results, the two models showed the same results in terms of vulnerability in the region,
but the percentage of area with very low risk in the SI method is higher than DRASTIC.
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