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Study of five years nitrite and nitrate content trends of Zanjan groundwater
resources using GIS from 2006 to 2010
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ABSTRACT

Background and Aims: Nitrite and nitrate ions are considered part of the natural cycle of nitrogen.
Concentrations over the standards endanger human health, therefore determination of groundwater nitrite and
nitrate contamination, using a new technology is necessary. The purpose of this study was to compile, map,
and evaluate patterns of nitrite and nitrate occurrence in Zanjan groundwater during 2006 to 2010.
Materials and Methods: This cross-sectional study was investigated on Zanjan drinking water wells.
Groundwater samples were taken directly from 72 wells. Nitrite and nitrate content of samples identified.
Geographic information systems, ArcGIS and IDRISI, were used to map and evaluate the data and also
analysis the nitrite and nitrate content trends.

Results: The results of this study showed that only a well had nitrate concentration above the standard and
other wells were acceptable in nitrite and nitrate concentrations. The data showed falling and rising trend in
nitrite and nitrate concentrations, respectively.

Conclusion: Whereas the sewer system and wastewater treatment plant in Zanjan is not yet fully implemented,
and traditional method of wastewater disposal is using absorption wells, hence, it can be contamination
sources in the water.

Key words: Nitrite, Nitrate, Groundwater, GIS, Zanjan

*Corresponding Author:

School of health Shahid Beheshti University of medical sciences, Tehran, Iran
Tel: +982122432040-41

Email: ghadimi566@yahoo.com

Received: 7 Jan. 2013
Accepted: 17 Apr. 2013



oo 5 Cblag aldal
Coblig odSils o by deged S5 p ke oKl
LG Sl AYAY Sl o) ojled ) o0

e 310U U (93 ) 9 o 3 59 T Q8o S yind 9. yied SIS AWlow 53 oY ki i g 3 w0 3 39
IWARGITAD Jlo 31 Ll o> Sl
"*"d“..xs L g‘da)&..el ,:Sl

LSZ":"E Jw.@.& s}'i';'fi f}k e@\: cCM::L,\.é,: S ISESs c.]aﬁm CM::U.@,: gf“")“é" ej; )Libl.“wu‘ !
g g (S psle ol el 2 dSCils cdame il wilige A ) Wl S (gl

oA

o T Sl 31 iy CBE e s D3350 e 45 ) i sy M0 Al 5 i
oled o Sl e (o3l 5l 65 o bl 5 Co i e s sl (Sal L) e s ] et 4 1 Ll
A B AS Jlo 310y b swe 3 ;.j): Sl 5 S i ek bl gla S bl 5 Gt Gt Gaos ol 5l s
R

Sl Bl 8 8 s Oy et Gelil O el g5 2 rbie = o 5 hs 4 GeioS cnl ety g ol
3 ArcGIS (L3l 5 Qb%\éuwjl.uwﬁuﬁﬁg\ﬁ;}qﬁ%.m oy ol VY 51 Leiiens e 5
A eslaiad C)‘J'J.:.o E) Q‘.LJ'L;; cble BE C)‘J:.:zj Loy J:.Jbl B (aosls Jli))\ (Sl 6‘)” JDRISI

CBLE Lasls s 3 5 axdls syl 51518 Sl g il Lol 51 S e o sl OLE Gk ol 31 ol gl el
.J.l:\.»QWQ(%;Q%Q@&ﬁ&Ué\jJ:&SQ\MJd))gf,gjj@Lfo;\:.xsﬁjleu»);c)\ﬁgjg;ﬁj:g
S5 55k o (503 e JolS sk Ol et BB Gl adal 5 OMSL (651 e St 4l 4 a5 b 1g S oS
J.@,JZ PoBES) g_)T CLA ‘_;/Jjﬂ C«a Ju‘j}da E3) U{‘ )‘ ¢J~J~:LL;0 L;o.).>- LS[A@\?: “ C:‘BJ g_Jl:e D23 e S A &.JWL‘B C‘D
Al Ol

Ubu) GIS PR uT cs:)‘f“?i c&L.iJJ.:J a ojb .J.:JS

J LN I LY J‘J:FE
TTASTYEYY b il bl edSils gy A (S o she o251 patils Slshm STk 0Ll - Somdsm Oaz o S5 0l

Email: ghadimi566@yahoo.com
WAV A e 23l )3

AYAYN/YA s b pdy Gyl



A0 g Dl

S Gk 3 i ol S OLes 5 el
o B S s s o S L bLI s
Qbﬁf\blwﬁjjk{unbw}qﬁ [A] Lles S
5 Jel ol s plol bl gla s, 5 ol ae
35 s ol Sl (Sl us,e Ll s O Kes
L8 0+ ] dlazsls L

Job s ol clle s Ll Wy, KLl glaesls
Sl p3 s Sld YU slackle sl olis Ol
ol ok S s 2l wdss Gble 5 s3ysliS
ssl 5 s 0 mg/l VL ol o chle o SV
ol 0 3ol LalSl 5 Yy (655 Ly e b o
AATYAT LUl a b s 0l g canllas 3 g0 dilaie
Comar b5 6 1100 L)l X 60 i (5 e
AS Ly (V) S350 [V ] Al e S Ervvy )8
3 oo 0313 OLAS axlllae 5 g0 adkaie 5 Ol

Study area

allan 50 il g Doy e pnd e ) IS

e By, g 5lse
Sl slaolr 55y ki — oS o) 4 G gl
Srits Pl S 35 e Dl gt Sl
B A wals 55 el Gos i Codls ool VY 51 Ligiine
chle b o st 5 Ve B8 o Ll sl 5 2o Y
sslad 5 Camdge A S o badsel Olad s o i
u_}lia Sledb! el ol el OLES (Y) JK.& 53 Lol
S 5 Ol S, 5 bl gy gy ¢l SL s
53 Ol S Ul w b e Sledbl s dsl Ol
Ol Ol Codligs 55 50 o s&aulesT 5IA B A gLl
e 3 Sl aged ol YO SIA Jle 53 5 s S 4y

\YAY Hle O oyl

RORY
ol 1 nlal O gn e S e s
bk mle Gk 5l s ol Al Ol g2 s
Co o V] L ea ] Sl e g3date Sludl glac e
L;-’jﬂ aS .UhJL;a olis ﬂ;-‘ Oldles ..U)\) ey Qjﬁj:':’
s by iS5 ol L3 Sl 4 iy &b
ol O 55 Ol 733 5 05l 25 45 plaails
V] ssd o Ol o as oo 5 ol uf;jﬂ ol el
A S e Ve S Sl O s ol xS
yh i s e S e 00 5 N OT slie oS (B s
I¥] b e shalal OF 0w 0 ol 2o 55,5 ol =
;_ﬂ uf.gﬂ NIV IV TS ;_j RN Q‘J@u Ol
ORIBl s S L) @ a5 L DS kg e
ol s ol VU glachle s Cllasl zilig
el pedd atls 5l &S col odd 518 Sdwlsl
sdes Ol o (Methemoglobinemia) L 38 sague
(Non-Hodgkin’s lymphoma) .S 58 6 p5id
il Olesle slustial bl Jsd LB chle Sl
b s Ol sl ISIRD) 0 ) e sl 5 Sler
oy o gartyr Aibie ad 2 e S e g0 LS
adaly Ll o 5 Sl el

CNitrite + CNitrite <1

GvNitrite GvNitrite

Lo-V] AL 13

SP Olgs 4 1l (GIS) Llilir bl i
S bl e 5 a5 o e Gl Al A8
5 s o S sy lopmian e o
ok il Sy 4 S35 sle b SIS bl sl
sbredls oslpar ¢l 2Ll 3 Sl e
oslatul e S slasdudy Osls OLAS (¢l S g5
S bosls glaa¥ Sligan o 5 4o G S
WCamdgr 3 gy 4 S el il els G o
[£] el ods 1 b chsls Sl gan



Ol s e s ol e DI 5 o

EO/YY B /Y o Ll s Sl as el oS il o 4
23 eiie 5 0008 e

BYsls BVYols Yook BEYols

Y [ T

M Ml Ao Jl

Y Bl Ol i b g 5 0953 slaelr 5o o 8 chlE Y ISS
VWAO-AV-AY slglu s

BYolols BYYolol BYTolels EIACL

012
01 %
008 %

3

006 }j

004 ¢
a

0

M o Wl 20 gl

S b (Sl = S13) (6 050 laolr o oy i e ¢ S
\FYAO-AV-AQ 6L€JL~ BL LYLﬂ w

AV Jla 53 Y o5l sl s ol g cale (0) S ullas
el 3l 15 Gl 53 05 s £0/FY) il oy 2ty

BAds BVl

50
7 .
wy 40 f‘
7 %5
7 3
7 oA
A i, 5 .1’
7 v/
i i, 0y
i W
- 7/, 15
7 7 >
iy i, 10 b
7 /7, 2
i 7 5
i v/ - ;
M M Jlo M Jlo Mo Ao Jlo

A chle Ol i b g s 0950 glaelr jo O chale -0 S
\YAQ G AFAO (glgllu s

4o e 5 Cblag aelilad/vyY

SoSell e syl 800+ aay by oKlesT s

Y] s
+ + + ’ '
Jutti
»  Sampling Wells
Amand :l
Pamfkoch .
e + [ zanjan city
Chog@rabthinnbad 0 15 3 k]

Hasahmed i
Gusetangh
+ Hjfish +
B
Parbejoogh k-]
e T e Rafiso i
i - Bi6
Ealmanion Hassnabdai DISE}“J . a
B Es
Noghiean . B4
+ + + %‘:ghmsw +
(706 L5 BIS
o BIP " By
. B
.,
o
+ + + + i

0 dd ()l K03 Slaslr osled 5 Cond e Y JSS
C_,;de}:.awjﬁjjkw@.[\V—\O]Ma;@\hosb&lij)l
A o3lital O g g ol S SBT3l 2 5 oz il
o eSS (Gl O gt 5l s 2 pey 405 [E]
Rt Qu&ubl{&tﬁju‘.ﬁﬁmﬁmswg
/Y SN 5@/ B/ Ve /N B a co o sledals
Q\ﬂd)bqrdyﬁﬂ‘)‘fjfﬁ)M}Ma:u@‘
Rt QL&M\;Q&&JM‘LMMMJMQ
oslazad (0% 31 VL) 500 LY Yo U vy ol i sleidals
LA B A0 Jl 3l oo 5 o s clale s ol puid gy s

A5 S 2 ie IDRISILS aals s 3l eslinad

aasl
))fduelaﬁd)\ﬁ;}%ﬁw@\maﬁwwwb‘f
o)w 6@0[}; ‘J_}‘ cj; LMM@}ﬁ)L@?M&LAJT
el o o clale &S dsl e (g6 055 £V 510 Y Y
IS Gills 5y saze 1l s prL:n AR VIRVECER R
&waAQJLAJJVo)Meb;):QQﬁW(Y’)
w‘ul}b(ﬁj)brﬁ&:ﬂ'/\‘(v)

JSL:) 6;@,\»: Q)J_.v \/\}\-\ A\ A b)LQ«z 6[.&“}.: ‘fﬁ o)J§
NG eV LT s oo s sl oS il s (Gl -
2> Sy Bl (8) JS5 Gilles 3 e 1 53 p S e
oS e MY ke o i A L s ol ) ol el
QJJJY-\_}/\e)w&LAe[;;‘cFo};.CMu‘4.';;(:\)()1.:))5



SN G e Sl s sl dle SOl
i Olany Joad 55 a5 035 1 55 0 5 e VIV
Sl e o i Okl Juad 5o 5 g chle
g o odalie

O patd Ly Sl 0l 03l OLES (V) s 3 a5 skilan
Ol b kaaldl OF (glasly 52 Sl s 5 oy ol
Bl s LAl Wy o g 4 A B A gladle b s
el atsls
Wﬁwbg‘,ﬁmﬁq)lﬁjqﬁg@&@jj
oslizol L Universal Transverse Mercator (UTM) . 525
Sl JK5) A (gduag ArcMap 9.3 wil ;s SIS LT
QOYLy

»  Sampling Wells
Nitrite Conc. 1385

B o001
[ ]oot01 @
[ BN

0 15 3 6
[ == mw
Kilometers

WYAO o 55 i il (5o angy) S1Se s -V IS

e Sampling Wells
Nitrite Conc. 1387

[ 0-0.01
[ ]oot04 @
o

0 15 3 6
N TN

Kilometers

VWAV dlo 5 oy o cdale (g ag) S cg;—/\d;.z

\YAY Hle O oyl

St 03 WA 51T AT 0T sl slaslr cpsler 05,5
GoNE o T s Ol chle o il o (Ol = S15)

EPTRRUELI R ISY rjfdl.:a'\\‘/‘\\‘
o 53 Clu 0 o ke ol 53 ol zo chle (V) S 3las
el a3l 1 G 5o p 8 L VAT Clile oy nin A

BYolsls Doclol BIYOlol EVT0kols BIACLL

70

o
3

o
=

S
3

~
=3

5
(5 53 @55 (o) 1, Cdale

—
S

R |

M o Mo Wl M 1o Juo

HR
i)
=

o

Sl b (Sl S13) 648 Oy 0 slaely 5o Ol 2 clale A o
\YAQ B A¥AO slghle s VU il

o
8 oot ol Jai oS das o OLES 3o ol 5 Jols ol
asls (WY/AY mg/L) sylibeal 51 515 ol 2o cble (ol
Lo sl Ay Sl i s Co S cble el a5
Coed faoms) Sler Cle Olsle (atld romes
o (Ll slilead polis 4 wgad o i 5 ol s chle
S dlg ) Sl e (U VYO M Jle 55 Ol 0 o jlads ol

\YAO sl@le b 5o Ol 2 g o i e Ol s K, =Y g
i 5l Cow Coles ulul 5 WAL G

A4 G AY INAEY (mg/L)cdals
SR
hals als
Sl ks Coe /e
Al als VY =
als Sl DA
Ol s
Al il
Sl ol “ Yo
Sl Sl Yo -0+
AlA oAIA 0l




Ol b s o e OIS 5 o 5

o Sampling Wells
Nitrate Conc.1389

s
[ ]>%0 @
[ R

0 15 3 6

[ = mm
Kilometers

WA Jlo o Ol Bl (g ) S s VY IS0

Sl chle oS Lol olas 0L 5 @b Khe (g in
s dawl 4 by cble i g andls 1 Wy,
D] sl o a8

Chle ke — Loy s S 65 e b AL
IS QPR TS RS S N O PCH JE
j\%b&m}&aﬁﬁal}@w&ﬁlﬁﬁﬁsbdw
D] b e s Jguad

L;,}ch_ S gy oS Kl OlE s s elixs
das gals 1y ol s chle ws Y U wilg e L
Dl 32 M S 3 LIyl (5595 1 als anlllas 53 [VV]
Gos s ol s bl e gy oS Sl ol esls LS
DAT 5515 5455 ol

Z 03

1SS Ao

Slradal 5 OSL (goslaer 4l Sl 4 g L
S5 o 5h e SUl3p e e JAS sk Olnis ed LS
ool 4 wds LB o 5 e Dope 4 ONSL S0
Ll ol e s (Sl 05 55 cnl 3l
Sy e O

Ol G gs0s, adlaie gloolr 51 S ST Yz
Al 0T BLBI (65,5158 lagmes 5 mlos 3525 il 5 o
3550 e 3 Gher L Ol e 5o o 20 5 Ol 20 i
Sk IR ed S s 2,8 5 ey
18 s e e
MJ‘&\S&)‘JJJOJ@)J@JMJLMLBGLD4;47’-};L’
Dy s o s BB wlradal 5 (6l

4o o 5 Cblag alilal/ve

o Sampling Wells
Nitrite Conc. 1389
B o001
[ Jooto1
Bl 01

0 15 3 6
T
Kilometers

o Sampling Wells
Nitrate Conc. 1385

B o5
[ ]>%0 @
| K

0 15 3 6

[ == =)
Kilometers

«  Sampling Wells
Nitrate Conc.1387

B o5
Wl @
B

0 15 3 6

Kilometers

WAV Jlu s ol ol (g ) Sl s -V S0



¥o/0l,Ken 5 oDl ATl o) ojled

QY)—MMJB-Q;“‘QJJ\Jbﬁ)C,ﬂ;.MfJ&}Ua} LSJ\J".’\ Q\_,,'&su.ﬁ‘ﬂ}‘ u-.'.l'f"j*} QL&)’\L‘W.&QJA
sl o LKy aoes S 5 S bl Wl e e s Ll ccasd sl

o s & g5y 2l b o3l @}T@? Sl

:‘5”)).).3} ’gﬁb.

g:,..:-".\.@; AM‘) )3 &)’Lﬂ\ JZ’SJ &M\)Mw.\é L.SJ'é" W\)%ﬂ@‘.\.@a L;.A.L..é.a J\.,.::)‘ JALM;)S ojjﬁ Jdl}- ‘\ju.d U'l‘
&S 0l Ol el S o Ol oliylesl J gts (6 e o BT 51 OBty 39 A3l o i el Sy she oSS
J.::Luy u.':\b).\} .\.':‘oéjxu. LSJKAA szjﬂij&j}du{‘ c\;ﬁ‘)b

REFERENCES
1. Nas B, Berktay A. Groundwater quality mapping in urban groundwater using GIS. Environmental
Monitoring Assessment 2010;160:215-227.

2. Nanbakhsh H. Study of nitrate and nitrite in Urmia drinking water wells in years 2001.Urmia Medical
Journal 2003; 14(2):98-103. (In Persian)

3. Lalezari R, Tabatabaee H, Yarali N. Study of monthly nitrate changes in Shahrkord and zoning with GIS.
Journal of Iran water research 2009; 3(4): 9-17. (In Persian)

4. Babiker 1.S, Mohamed M.A.A, Terao H, Kato K, Ohta K. Assessment of groundwater contamination by
nitrate leaching from intensive vegetable cultivation using geographical information system. Environment
International 2004; 29:1009- 1017.

5. Institute of Standards and Industrial Research of Iran. Drinking water-Physical and chemical specifications.
ISIRI: 1053. 5th revision 2009; P:7.

6. World Health Organization (WHO). Guidelines for Drinking Water Quality. 3rd ed. Geneva: World Health
Organization 2004; P:417-18.

7. Nabizadeh R, Faezi D. Guidelines for drinking water quality. 2nd ed. Tehran: Nas press 1996; P: 61-62.
(In Persian)

8. Levallois P, Thériault M, Rouffignat J, Tessier S, Landry R, Ayotte P, et al. Groundwater contamination
by nitrates associated with intensive potato culture in Québec. The Science of the Total Environment 1998;
217: 91-101.

9. Strebel O, Duynisveld W.H.M, Bottcher J. Nitrate pollution of groundwater in Western Europe. Agriculture,
Ecosystems and Environment 1989; 26:189-214.

10. Fried J.J. Nitrates and their control in the EEC aquatic environment. NATO ASI Serial G: Ecological
Sciences 1991; 30:3-11.

11. Mohammadian M, Sadeghi G. Study of Zanjan drinking water supply resources pollution during
2000-2001. Journal of Zanjan University of medical sciences 2003; 43:49-54. (In Persian)

12. APHA, AWWA, WEF.Standard Methods for the Examination of Water and Wastewater. 20th ed. 1999;
P: 4/120-4/121.

13. ESRI (Environmental Systems Research Institute). Using ArcGIS Spatial Analyst. McCoy 2002;
P:135-148.

14. Motiei H. Knowing ArcView-GIS and extensions Tehran: University of water and power industry press
2008; P: 16, 313.

15. Shamsi U.M. GIS application for water, wastewater and stormwater systems. CRC press 2005; P:140, 164.




Ol 48 Swe)p) EJT @u‘ Sl s 5 o a5 5 Cublig anbliad/v

16. Jafari molkabadi A, Afyouni M, Mousavi F, Khosravi A. Study of nitrate in Isfahan province groundwater.
Journal of science and technology of agriculture and natural resources 2004;8(3):69-82. (In Persian)

17. Ehteshami M, Sharifi A. Modeling and assessment of Rey’s groundwater quality. Journal of Environmental
Sciences and Technology 2006;8(4):1-10.(In Persian)

18. White D.E... Summary of hydrologic information of the El Paso, Texas area, with emphasis on ground-
water studies, 1903-80. Texas Water Development Board Report 1987; 300:1-75.

19. Hashemi S. GIS Spatial analysis with ArcGIS Spatial analyst. Mashhad: Payame movaffaghiat press
2007; P: 70-77. (In Persian)

20. Maanavi M, Maaghol N, Shirzadi K. Precedent and prediction of changes trend Isfahan using GIS. Journal
of water and environment 2005; 62:27-34. (In Persian)

21. Makhdoum M, Darvishsefat A.A, Jafarzadeh H, Makhdoum A.R. Environmental evaluation and planning
by Geographic Information System. Tehran: University of Tehran press 2009; P:74-83. (In Persian)

22. Sanjari S, Saadatyar O. Applied projects of GIS. Tehran: Abed press 2009; P: 77-83. (In Persian)





