[ Downloaded from hsr.mui.ac.ir on 2026-06-07 ]

O 9 ST b T Gitag O it g SwolidT T 48 O i 9 (539 30
ol 30 oT Sl w

V""“J.L}“‘A i crd&d dalaw ‘YgJAP EYMEY) ‘\odljol":u Slaase

IRE
ol s ol wxils (o St I (555lST b > e sast 4 I a5 M Ol G 05 55 (b 5o
3525 OT e o g 8 s 55055 (GulsT OT o Ol Sl 035 YU JSKe b Ol 53 g Olgr blE 31 ()b
4 ogdT O O pae il () ) ST posas & T mle & (oxie 5 60 SLOMSE 5 5)5liS slaslls,
Chle 48 ol Cul L s 313 8 0L 4 Sl as 6L e 55,5 el L5 o VU Sl 20 (G gme I8 3lsn Lol jan (Dl 25
Chlis lue p ShelaT OT 55 Ol s glaslblial o> 5 355 0 08358 55 by o8 gage (gl Eeb ST 53 Sl 25 VL
50 sl (il o C 3y 50 Oldioes o ] u;.ug.JggrPL;\«JLm Ll s w5 ole p) ol p 53 0838
e b1 e 5 5,5 cotme Ol o dile O o #1516 et Solalllas I (65l 457 505k 4 il o SalsT DT > Dol s
5 Olllae mmls yp 4 aig pl 53 LSSl 1 Aty opl Slllas (S Jl ol b isls B, GualsT OT Ol 23
w.gﬁ@auﬁ;)T&\;;,LbﬂW\,zjg.u_..uTJu,;gng:,\uﬁﬂ},;o%cb,;m;(,w@@bg
b Lo e e 51 S5 0Ll O 53 Ol e i (15 S gmn (2B 55 Al S IS b Lo e frlee S5 3550 )3
ST 53 Sl U8 s55m 55 IS5 8005 Sulg 03 s sy (e Olys SN 5 Laty IS sagie (ol im Dl

.::sta alyl u_}.,\:»u.T

ot 8 e (50U e st (D GaltT OT 1SS (So 39

g0 ilio £oi
AN e AN Allie ES5L
59y OS5 gamelianST Jl anb jobo 4 g 1515 392y douls

buwg 1S mlie o g SB ol )3 gl )y Suo Lawgs
(1 F) 5350 5 Gt s 40y 5l (S o
(F) 2dlise oy lams 3 b s 2 b 03
9 M8 (o s Ol ) (598 s S b2 cpl
B 58S M 335 i SbLS buy Sl

Ot il dw g (3o ol Sl UStite (S
o Jb S e b Uy 4 sl Bld l &8 Wil o
L b oS5 sk 5l b 3 g Wb (gl (S5
S ) 25 Jas 5l o g gl
g bamo 3 sl Sy & Bas oy b olyon

(Ushwe 02imy3) ol (Uil el (Kb pls olKetils ciling 0aSils elagea ciligy i 05,5 kil =)

Email: miranmn@yahoo.com

Oyl ool (lerol (i pole oKl g j baore Gliidod 3550 e Cllligy (owdize (68 gzl =Y
Oyl il Lals (S5 pole oSl cudlipgg 0aSiily e cubligy cwdine Ayl (wlid)lS (goomiily -V

VAR el o3 9/ ot Jlo/ Sl o3 Dl alese

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-193-en.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-07 ]

e A ASTE L OT (mbl D515 s T DT 53 S 2 (090

Mg plp |y Saweldl Gl yo el jis jloe Jlade gl 5 kil
do 3 edosie SYLI 3 g cunl 485 ka5 5 ¢ NO4/L
Cawl 045 259 YO MG N-NOY/L L V- mg N/L 5 sl
d 58 oyl mee Gladss g o )lulinl dwwde (T Y)
s 50 8- mg N-NOJL 1) saelsl T s el s jloxe
Ctlie Sl glojl d9einy Coleg 3 (VY) Cunl wd)S
d- Mg N-NOJL Liswlsl o 3 &z el (WHO)
Ol b pladl wled lie @ bl addllas ] 45 (VW) cul
2350 3 9 29 g0 4By Saeldl Ol g olie dlse alox
@ bl alyis sew Sl el 0 50 Ol g gilio
Sge Slallas 51 5500 bl 2 ol il pegas
s & ol 2 g 2580 Con Bl bl abS
aslyy oaelsl O ol mbw S 4 paie

g g0

il pa5y g9 &l i
Mo a5 335 oo g5 pludl e 3 Slyis b b &
e ¢ e 15y Lol (VF) Wb e £Y mg/daysgs >
ailjgy ol 3o bl o ludl (o 4 Sy 299 e
() 25 0 o 3ly 3ok cpl 5l wls Yo=Y+ mg
O Loy oy ol dlae jldle o b b 4 b il
Ol pimen 20,5 o adlsl olie dlae a4y S5g38l leis
el O 4 OMols asle calisee 5k 5 lyis 399
Copt 9 Olis b pludl oled cplpls (10 A7) 2,05 392
Wl juw ogad 4 ol blge Bpas jl b Laes
23 Slge maaw (F OV A AY) wib e 039 Ol g oS
Spas ol 4 (2ol ok 4 il gy Ol e
Ol ol clale 5 Gbuiw ogas 4 ol g
Loyl g odoxio YU 3 .l dtuly dilate ja  Siueli]
<yns V=Y mmol ailjg, Wb 3y ya a8 cul osd 3440
Ll o w5 b o doyd Ae &S WS o B puas
w5 i sawelal OT s alps clale 31L(F A 0Q)

e (p e 2l Cpgo pl il 1) > p S e -

VAR aal e}‘)/v.ifh Jl/ s (3\.12 Oldiase dloes

olitl (pgp My Caa Sl S (0 Bpas lS
& (b 90 4 Cllges b o deng0 il S o
Corb @ Clls 030 S8l (09)Sie @i 5 goble
poisel (g 4 ) s A0l oo S )lg S0 335 o
2 g oo )3 oa (Sl (pl AEST b S 4 e
Sham aed o &y Sllges 300 g sl i)l6S oSiwd o
S (lal) laoee > oy @ Sl 2bySt s
) 2350 JolS 03t & ot oAb s b o
i el ol sl slacalls 3] o g0 b
Mo Gl cage g cunl 0ad (oS Sl JSuw
Gk il sl (B &) ol 0ads o odos isu il
Lol g 21 dlgo Crme yogas 4 oo p Cilisw
Lol 3,5 0 gl 5 d)lg odle pl 5 Cunl wles > lyis
Ve o b &l S on 4 9y Sl IS Ll
@ pSike IV Gm oS e B) Cunlioe &liy) pSolS
sdas Jolgs j (S (Y=R) 23l b G pSHS 2
oaiS sl lis 4y ol o) a5 iz Sl
5 ©lyis 48 S &S Heb len (V) Cunl (6poliS S5
2 sl 4y glome gy bme o (150 3 Co i
b lly alss b (Sl (b g M e ¢S s
o 4 wlge Mk ogas 4 ol el )
(V) 3l oy (mejp o] 4 cuts )b ) g (o
Sl pepad 4 ol glalame > Sz ke oyl
O s n et 4l o dbioe we slllae Sl
e 4l il i ito atl 5 6bsS egus
ooy oiag &5 w2 » 3l botnglS gorie (g Lo Sl &
@ gl p ol Gl gren lue 3 V1) 35 o)
ST & cwl ligglSsenio gyl dbul  ogad
el cble (gl s laypdS g laglojl
e G e polol ol 2 (F) W28 @dy el
ilie Sldlae g Bl sbul et ol > Sl e
e 1ol e Ol o lyis clale pdaw a5 ol LS
(1) 33b e V+ MG NIL g1 (NOAEL) ol 5

Ve OA

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-193-en.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-07 ]

OHSs 5031300 o j3bieses

(beols] O
O s Clle 8 o b A5 4GS & b e
st ol sl 1) 3 p S ke 00 s il Lty el
clale 51 Jy (1 0) Bl Clus & Sl Ol pe
Slyis doyd YY) L sl jlre b py Saels] O el
(A &) sgbie Saelal Ol @ bgse 1 4 (999
w3k 039l lyis a4 a8 able ) b Saseldl Ol opl o
Al awbly bl b 4 Glyis 29y )0 sdes il WilgT o
i i Sl i o 5 5 ol ames I 1Y)
2 peyad & e Mg dine; )3 (ngh slasby, l eslinl 4,
5 oolatwl oSy cpl 5l (SO ol onds (65,0liST icu
@ sl (65ygliS i (alewd 0uiS ol (sladyS
Mo )3 whew (yidin (2lond (S3gS 090l &5 (b
ol (7 IF) )b e gaw 3 1)y el G55
Silas 1 olerd (adgS Bras 5 Mg HlEl ol
Jolse cnpnte 3 ol g ST 515 & o] Sgis g g)5is
i Sl Bo0iers Sy 4 ol gl (Sodl
3 Gy lame 4 ko 5 el GaEASE 4SS0
2 ok & el Sl o plie (Sog)l S0 e
3 g Mt J1ay55 5 NS (gl ge s | &S rely>
sl odlid lipag oMb s car Wil ol
o1 plo] lallan abol (YD ¥5) 350 dnlite s
»ajl oSy J clle lpl b oMSB )
o5 e Fr YD sk > 05 4kl (s (s
5 J il Oygo a ol aopd ¥ e opl 5l 1
2 Sbigel &3l il (Sligel &l Sygo 4 o doyd S
g Jeb 1 Ml elaaliains 5 syl (sladSad
(V) sy S 5 g & i Sl VL
LS g S olyas 4 ST claasY > LS 3
CLSy omlapis b Jl &5 e cuw
Jids Sl 4 e g Syt 4 bl > 1 ooy
2 GespS ooy ales I laols O (Y YA ) K
chale (oyme ;> Wb Cumex b 3blie ) b (gjpliS 3ble

ARYAR

Sl B 51 Jy 47 sl oo & Sl
ov o olis Ole J5 el e s gaselsl O
Qo VY il g ogee 4 bgpe o doyd Ve Ll
sloodyghd 4 bgje dop Ay Saeldl Ol 4 by

(2 hi g
b 4 g ol (5yeld S g Gl d Ldes lys
oled (V) o) 23y g 5 o CYsame » o
i S 3 osee g 135 55 UB o b
Cuyis g Ol (¥ A XY il o Oloogw 5 Ol jaw
9 ..\Mul.)uo olﬁf Jawy X u» 0)9)“"’ po.]y‘wo uYy.aDr.o
9 WMy had igS & dtuly Glou w53 dlge opl clale
V) diwd ol clale YL b gpre g (WS
MO/KY) il YU s slaclale & gyob 4 (3 YO
OB e slayedS 3> Sy o Slmjew (VO
4)L> ch;))., 49.%15 4p.l§ G)LJ 44\1.J.¢.2.w culDU) c(_si))ﬁb).)
B sodglp 3 e g weicuw (SjhdnsS
SYA X0+ FYA SVY SYA XVY YASD ciy 4 oldol
Ois pSokS s 3 pS ke VIE 5 WY OF e AW
Joeslatel Gl boL(YY) sl ead 5155 Gebye
L;La:o,:.n)' 59 u‘"?“" 395 9 U’L"“’ L;l.bao.\;.;f}ﬁ:id..ob
4 g) SIS & S Slom a3 s clalé ((g)5liS
Vgame (6ygl 8 b coys 9 ol el il
Bl slge cpl @ saScbles lye 4 iz b
Aly ¢ ubsS OY quate 1> Gy pdaw [TV FY) 29 o0
olen (V) cul CbS (5918 (b o o 208 e &,
baiye 5 4y (39)9 Clyis do > A dgas 0 4l &S b

INDY) 3580 255 (sloosgl

VAR el o3 9/ ot Jlo/ Sl o3 Dl ales

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-193-en.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-07 ]

e A ASTE L OT (mbl D515 s T DT 53 S 2 (090

e yiwd ol 4 ogill g bgyl g 16yl oaie YL
clale pSojlul b alaly 45 (Y0) sl 5V ssoxie YL
Slagiog loyplS gliuag) 5 s b ol o o s
ol> ;| e P S S URSue g Cuol 0ads pll (g3b;
cdale 3)500 g pedlS (lhod il (STl ) dles ]
Bble 55 i b ) g Cannl 3kl w3l 518 il
2 (F500) Casl 52 )3 05 e ONE B Y/ED oy i
L @iy S olpg cdale 81 55 LBl e
Sl gdgae dlas o 3l o K 0 (Jg cunl 5l
o) & peb 4wl wdl ilil clps cbale ol
45 BAD )l ©pd Bilae i gylose el laol
(S g ol plerd > orzmen 5 LA slalig,
Fe DY) Conl djlubil o > mje aSl o wls clale
ool lallus gaselisl O 3 @lyis pdaw IS gl 4 (VA
Ol Blgoe ol e 235 0 Sty Gloj g0 4 &S
o) 2 s o sl ol gl Codpiome 5 Cumer
S 35 IS Lol dawg Jbo 3 s S o o
b B 5 Sl Mo > I shassie (5o
A gy Ngy Jb a4 bl wuns oyl 51518 ol
9 Wl g5 Gie GRSy laee )3 (g Sk IS
Al o) Ko losns] 3 iy clly W o adall

(OY) ab salgs jlu IS

O 99 &l i sl gl
g osdie 05> O @l 2l @) 2 deee Sl
Ly (VF) 22,50 s gle b 2)ly Bl 222 oo
SBed olKiwd  Cl jlam lusl o > Gl ws ) YO
b Jld sk 4 Gl 3 g Sgdie (Sl 248 2y ()5
o jo sl g 38L Sl oy 13 .050,5 o Ladss ply Ve
Sl gl g 1) Sl ol Sod gdaw ) 2

VAR aal e}‘)/v.ifh Jl/ s (3\.12 Oldiase dloes

O &1 Ol clale 31 Vgane 5l )5 iy Y
Ol s 3959 Sygo opl il il 3 pS e ¥
Sl gedld b by o col b L I 5l
2 L;’L.«.w LngJ,f J)g)lf 9 Lhu)’tols 44.170 05D
Slge I Slis dgmg (Y8 ) cunl ) Lo
S Sogl 3985 4 o Ol ol (gplical I gl
5 sl Wlg o Of elpis g YU g g b 55,500
clle Koo Y &P X)) w5b 55 29,5 S dg3g
dos I meinj st 5 bes o o @lyzs YU
ol wi S & b plen el plae bels
Sl (Sl & G Gres ool & Cond GosgS
s 2 wlio 4 K35 (glaely g Byndy ol
SIS glaiie) 9 5)5lS slage; Wilo Sl 5 (lierd
Jo el b (V) )b )3 (Sagl s ity (om0
USie bt g bailisg, dlas I oxdaw o] > @l
Bl S5 5 A X F) 05 e Gl bcls 5 blS
23 03yt 453955 OS5 &y g0 ol 4 Sl 29
3 s (1) 355 08l 35 ool 5 lics L Iyn
o ol ejpi g e slacl b plee slais
2990 > Slesdig Clllae (1S (FY) st 929 Ol
Spss Sl gy (ply 3 ol ol ol ¥V (g,
JB mlejl 3y50 claols dop> A0 @l 1l
2 Ols pdaw g (/e MO/L i clale) dg asis
(FY) 590 Ve MO/L i 5kl 51 51,8 ol o y> VOIY
oS 2l o 51 3 p S e B0 BND (y 0j g Saeli]
aalllas ol ol o 3l i OB 5 O Jldo it
aibaie uojp; ool > Slol Glms a5 1S asuie
g 5 e 358 Mol ol (oMb (oSl
Cuma Ao p YUY Job Jb 0 (FF) Wil o (souas

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-193-en.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-07 ]

OHSs 5031300 o j3bieses

Lld jl a8 (¥ V) il o N-NItroso ol s g <o i
Sl g st Jib ISl oSl b Soiges
Py sl ) Slis pogad 4 g g SluS i L lasye
@ Oy 9)9 (IS yobo & (VF) M oS5 93 (ul dge
2 ©e sily 5 oS Sl wlgiee ol Cdlie bl 5 o
o2 9959 5l (b b3l oy Ske 4 bl o Al atsh o
O e fl g betuglSgarie (Glon (g b @ S5
Sy P Spdate jb 4 ol g dgdee by

Dgde cou oS 5 ol @l

baiyplSpagi
Sl sy b by bl et I S
"l S5 s b LetnslSgente slen el
o3yl kil 45 gyob 4 (5 Ve XYY XD FF D) Wi
dy90 53 odoio WYL G basre cbslas lojlw ¢ L)l
Py g8 cblis ol p ol > Slis jlxe paw
o) Sl Jale gBly 5 (YF 54) 505 g3y slon
@ $29p9 Sy bl Sl 3 o8 a3l oy G S)lew
oy om Jesl cop ol Qe g 2050 g o
Oloa F SV FY) 29800 sl gen (SlyjensST b b
P e ) 55 3 ki low pl 18 4 oS b
@ b sy 4 (699)8 @lyd aoyd B dgds &L ol 3l
& S a5 e 258 2 o8 Jlo > 05800 i
Copis (V1) 2iliee 2oy Ve 93 g plp 93 Cuts
Sz S5 & |y 58] ) omslSgen Jloy JS5
S B pmelSosie @ ) (WS Je b
el (V0) 395 oS5 (a1 L Slgisad mglS garcte
fole ¥ 5 058 (1) 23 1y 3] Jan I
ol s beinglSgarie st sl (> pai>
NADH-cytochrome b5 o3l cdlé s
WS o b wslsen 4 1y wdlSsepse a5 reductase
oS cul oo 3 o] o)lgS ol PH .l ol jlws
01 oealy i S lol (glodg, sl iS5 Ltulél sl
9 e OmslSgen oyt 503 (29wl 9o Loyt 4

s Lol (V) 805 00 Lol ot 4 s SL oyl g
0l odealy Cu i D45 0 Cygeo iyleS oKiwd o iy
P& oy D5 e lal NO & oase giuwl basre )
Ol i 3y Slgie sl plyd sl il b
Sl .l Gl sl 5 o 0 of bl 35 (5
s bewdly )0 Coyis dl i)l glacdale woly lis
JUSt ol o giilas ) odlil 9 clpis oy &5
Cuxdg cpl o el 1) Lewdl coypws Galiél e
Copis & Ol b Gl slag Sl cueal Sl
") e S Jb cpl b (0F 0) cul
Sl e S C8L g S 3 Ca i Wy
bl 1 ol 005 g3 55 0,5 Lauwgs 1y 35
Sy & Ol el 4 B ol cllses gla sl
90y Sl S am ol oaSlel mpl buwg
g @y 5 o5 Cups gazs (0F) s (XOR)

(0¥-0Y) Wil o NO WJg

Oledd) y3 &l yias ol yi
ly aelsl O el sl sl sgw ol
OB > iyl odalio Jlam (logS lawgi )l gl
Sl gy p oldlas ST clog o 51 as 5155 1g] 5
Srie 35 9y p Seslsl O 3 Sl il
@08 o polas (398 dawpe S 4 o S
aS ol lis (oob; Slaass (¥ FY) s Slps (5)les
Lol s SUjlas bl cos (gl 395 (o095 4 iy
3 oxSlol closSL g2y b 4 43 43S o 3 lon
s )3 cuslio PH 2529 (ied 5 (85 s
Bt oy St 5 aailal o 4 My S
dacpel b Sl o 50 Coyis (F OF A8 XY DA) 2,5
N- by JSis g 998 oSy gl gial 5 bl
(Ol wlgy Gl 5 Sbylesd p08 pluly e Nitroso

VAR el o3 9/ ot Jlo/ Sl o3 Dl ales

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-193-en.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-07 ]

e A ASTE L OT (mbl D515 s T DT 53 S 2 (090

B 33145 ol 55 4 23 YY) 523 o Uil i
5l eS8 w095 (ol 33 %)leS olKiwd PH &S ol U &
h.)‘).u.) odSLs| L;Lmd);’fl.g Cullad 6|)3 Ja»l).w 9 ..\..»LL;O ¥

e g

O dgmge clis pl ajge > aBS el Cldllhs
lllas im 3509, 90 oo g o 2 Saeld]
Oge Siglsetal Sllas 5 Sllss g9y 2 b))
N-NItroso 5 o s «lpns &5 wmbl s ldie S
(PR V) S (i 2 9 035y 02 o)l I Al oo
3 lagie dlod (llgs (55, p 2Bl Sl
biw g Saelsl Ol )3 dgng0 coyis g Ol pdaw ol
o 4 Jlaz) JBUsS 0)93 13 Sye g (FV FA VO) (>
390 30 Sjgdamednl Clalllas (FY) wdls al)l 1y (Ao ]
O el b led J b bl s gw il
die cpl 0 Sl oS 4l g ditn oaiS1y nald]
» o b Gl badl Sy Jo ol b sl
5 laadllae (FY) Loy olis 1y el s 4 o039l O b Sl
Clle b oo Gy 45 ol lis o6l saseia U]
Osa bt 3)lge dlaxi i) 3 008 Lo YA BV il
(FY) ol oals Lalsal |,

ol
Slow g8y S B e a4 ob ey Jueld]
390 3 ojgyel 4wl g cul 58 o LatuslS garie
Wb o mre Sielsl Ol el il ol bbe
28 S Gle @ cwl ol Qligb s coy
L) o] 035 g LaiarglSgaio iy o oS358 cbilis
et 505§ it sl S 5l 039 50 i
w8)55 5158 adlllas 3)00 (S pobo &y oy wiile Siblagg

VAR aal e}‘)/v.ifh Jl/ s (3\.12 Oldiase dloes

UL RERV THRE IRV SN RSN S
OmslSsatie adsl sladlis jI (YO & EY) WS o b
wnS o Dy (3Pl QMBS 4 plyie
o A b S~ 5 s (K5 Byl Jlg
ol bl 5 s dacd () ot GLbl a5 5,
5 540 4 ool el WIS (Silom cpl 0 ad Sl 308
4 e feSt i b (Sa s 4 cole
(V+) 255 Sy
5 bnialSgorie g5 3190 13 (535 Sllas 55T
U San ol 5 Sppo e e Sy
 olew ol 2l ) Gaelsl Ol ) wlizs (Y cdale
dy90 Yoo NP U VAYA o Jlo oo o bbb o ol
S ab B Geio sloypiS 3 LeinglSgerie (5)lon
P &S Wg gl Ol Bras b iy 3)lge opl yida
{FE) 2l )8 ol ool (650l slagye; (Seo5
Golow 350 Yooo 51 iy VAV U VAYD gl Sl (s pd
P i & A5 SIS e gl 3 LeinglSgercte
b el ST b e 5 a3 ssalie oo ¥ 5 lS558
S0 @ Koyl 3 29 il 3 p)S e Voo Vb Sz
Sly gy gl Gl a8 ablie ) betwslSsegio (55low
P el oAE IS o i) 3 S ke YO 5l i
Syse VAo DAY B VAV oo o 0 o ol bre
¥ 25 255 203 AF &S S (515 LadnglS gorie (6o
Sl Gt 3)lee doyd AV  wlig clale yuisan WAdgs ol
Voo U o onladl doyd A 3 g i 0 p)8 Juo Ve e
oS ol oyl dngr LB dlas (FO-V+) 91 y2) 13 p )5 o
olo s 25 58 029 4 JUibl (gl ol Sy g Y
VB) ol s sl LotnglS gorcte (6)low Jla3 jlole (5 L
O > Solew o oy b dlatly 3 (o3l Jb ol b )
P ol ol ()55 55 Glujew Bpas Bl 5L
Hd Gl i Bpas jl dn dale V=IY S8 Vil
&Sl ol 5155 e 0 (V) Bad LednslS gepsio
Sl & Sbmjes Spae jlam ol £ 1 i IS

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-193-en.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-07 ]

OHSs 5031300 o j3bieses

0fsS Aoz 1 B iz 3 yee98 bl el 5 il s
b 905 el BNOC & Canl o odnlio g o
ot sl &S Canl dums g B985 0 inlojl 3590 g 43S
2 Sisratgl adllas Aty Jbo cul b (5+) 2,55 )13 40
Pl ooy 5 iaali] Gl > 0l dlay s 55
B s 0dse by (59) g Slalllas () 148 conl 485
sleodls L(AY) Wb ol ) ke mls 4 by
Slobol 33 SujglssT adlan ) sl 390000 (y5leS (o pus
9 el Ol Clis o (e dally & 035 jasule
Slllas Jlo cpl b AY) 25 3529 olgS” olboyw i
S ol o e, @ 8 B8 BF 55
Ol > Jio ysb 4 )35 3529 (5lsST (lbyus g (el
S o dlasi 59y 2 g0ld — (9390 e Sy (b
5 Voo 5088 o lo by oglsS by 5 b
ot )bsime abl) S ol s daw L ol bl
il Susdss) llllas (VF) A5 il pite g
odne ooy o Cute b3l bl g Lilewl (slay9utS
ol bsssly ol 1y aselal Ol el clale o9 YU 4
bls,l ¢ Wl g Nebraskays caalis — (6390 Sllllas b
ol |y VLS 350 53 sae by g (el ST Sl

e O o By Jlod 3 odne lbp VL gged
3 SatoMigs Olypuss g Sawelsl O pBd Slys oY
Oladss omen (AD) 13,5 cél (g)b sxe byl sase
Olyis o s bl as" Lol lis Syladly > polie
2 M) 35 393 oame by g Saelsl T )3 3490
Oliee o b plsl (Slalwl pa Trnava yice ) oS )y p
ol 05 (S ais b)) o pus glel IS 3w 5
Oy 1 (86 o g Spe &5 4D dagle o (o lindS]
S 30 ga90 (pl «unl a8y YL WOIKSOP y4i 5> oz
(5o aalllas ool Y 0 ol o Sl lgime oS Cal

o il @by s S s ped 4 (VY V) cl
By 3l g 3l dgzg die cpl 2 sl Cedls g il
2 ol @liglyw b daly ) (Jolite ke Lis > )50
Sldlae p31 Jlo Yo byl o @l gaselal O
w3y Sl om daly (Bl e @b (Kideel
T sl 43,8 sl )eS olfis b 5 ol
On Cude dlayly YAAL Llgl 9 VAV+ daad o ladidl, Sy &S
ey gud gn el Slallas Ll i3, b 1) 95 o)
O 3by cas  pobs adlas (VY VA) 100,55 oanliv
Ol b by (ele ol )y 5 Con g gpse
il e
@ gl o & Sls dg)9 b WS &5 Hob ples
O 4399l e i AL s Cuenl b 2o
9 Syt 4 Jad (H)leS olkid (09)See slaculld bawys
D o (NOCY N-Nitroso wloS'y 4 i coles ,
s gy ol 4 el NOC
Ol )90 ) (Jue Sydo gn Jb cnl b (V1) 035 o
Glp e ol gl dlge Ole o Wlg e Sl oS
D)5 292y S o p Sl o > degeljo s S
Oleibo Gy gl aaliyy 3 Cypis g Olyi nlpl
D 65,5 ) (USEPA) oo eV s bame clilis
Wb B S cwl ead gandib
ogein) Gl )l ey edlo (ul sy "2l
g BBL aleMbl" 09,5 )3 o3le ol EPA by 1>
ol (Ve) 29 sl " ol Jamiliy (5]
Y g bwg ol dbul Cas b 0 bl 3959
&8 Ol GRIBI L i Vb gla Y @l
s odmlie ¢ (VA) 3l bL3yl l,5l > N-nitrosoproline
g3k & aeldl Gl b ) o 4 3995 s &
ogMe L(A+) o)l dlaly £5800 > NOC S clale b puiiine
g odne c5yo ooy (Vb gged e b slacumen cpl
&8> 395 3| N-nitrosoproline (Y zslaw uSS,l3g56
s > 8 @iy dlse LNOC L(AY) LS e

VAR el o3 9/ ot Jlo/ Sl o3 Dl ales

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-193-en.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-07 ]

e A ASTE L OT (mbl D515 s T DT 53 S 2 (090

non- lew 9 o Sl on bl ol 2 egdle
-AV) cwl oad asls (NHL) Hodgkins Lymphoma
EVL] 3 S5 4 & gladdllas 5 (Y AT AS AV Q)
b oled o 45 13,5 ke Cal odd plogl odoio
Jb cpl bl sgmg alaly NHL g Sawelsl T py el
el @la plie GRlBIL & a8 03y (g adlas (pl
(V) b Gl NHL jls  olie @) 35k
olEl g 0 ooy o Bl 3j5e ) (oS )
Cll yite 9 opl o sy @ ol i cble
oy by o bl Sl 5 8BS 5 Jlo ol b 103,55
Ve slie ylb s 3590 50 ol odiwy il 4 ol lys g
&8 )l g o Shgd 35k 5l h 4 (639)9 Sy Aoy
Y guae dilie H> Nitrosation il gl > g Wgd
P olSy ol Gl & WS e My (b
P b e cwl sty clil 4 2Kkl llge
Lol 5 3L dlosr 3] ilizeo (sl oS )3 cldllae L5
53wl odanw g ST 4 dilte oy g O s oy bl
SMlas Ygoas s ligloye 51 & bgye clados
S3eleS] e & Cos gty (55)] salS — (6390
Ol oliob o 385 e 42 ,ST.(A &+ QA=Y+ ) 5
s oled (Jg bl oaomy sl pladl b 4 (6299
oSty £oby ond wls Lol s A 4uS S
Cuold &S cwl NOCs wluS' 5 algs o Nitrosation
od) Sl & Bl Cllge o ol ol
S s dady ol g cilie slaygsl ol
5 it NOCS 1y s (68w 3l 3 o5 ) ales
C omluy &5 @l iomen Cunl (8w e 313
)3 3 syt st oy ) S (0 Bpae (6 keS
DRl eS gySsl Sy lye 4 C by 1
$9% Slae lalie el Jhe clis oliplb e I
e b el Gl g oy Sl L ol
Slosin lee 4 GlS 5 ol &S wss el g ol
S Slie Gpae cplply ] e wlus 4 NOCs

VAR aal e}‘)/v.ifh Jl/ s (3\.12 Oldiase dloes

b (bl g b pbol GladSS I s pamy gblie > oS
Ol il 5y 50 gloinl VOY 3 0l lis 5)50 opl 5o
|y ke 5 odmo oy 5 il smo g Spe b ol
Gy 3 Lgy Y5 55 lbopwr jop 3y90 cptiz 1 oly s
Sl Tl e b gy ooy b LIS
by ) o e 5 5y buadly bl s ol L L)
S sl byl Saelsl Ol clis 4 sdxe g Sliwgy
23l Oy edle ol clale b b5yl ailis g 03g) ol puo
9> 2 Siggmetnl Sllllae S job 4, (V+ AV AV-1Y)
lllae (S (dn wien (ABle odne Gloyw Eond
YL v b glaglfe 3 1) odne ooy goud Gil38l
153,55 20 |y LU o) 1503 oy Lol ekingS i lsS ol
0¥)

bl (5 51,8 )l ¥e il e g9y 485 plox] adlllas
ol clale g Y o ie bliyl &5 o olis Jowa
S ddlaio ol ) wlio Gl o0 ks 5 Gaald] Ol o
Ob5 5l 58 YVAYY (go) p yaneS adllas o (VF) )0
S5 Jle Vel i cde gl &S Towa cdb) sl
9 Vb e bl w8 e oolitnl gaselsl O xue
Sl a Ay b s g Sawelsl Ol o ol s clale
Sox Ol &5 3 Gl 098 (nl g9y p adllas e
Sl Ol 5l e canl U5 51 i plp YA slie ol peo
Cape jpui p Clalllas (YA) 255,5 oo oolitul yiaS @l b
5t oy o bl angalule Ul > &, cod
B3l s 1y gawelsl O )b 5l o 4 (63959 oy
A AY)

s ol ol e on (blo)) Cliios Sy 48]
P& (SidesT Cladllas o Lol wid )6 cdly 20 oyl
e (51259095 j9 0 ial Bl Blad S plosl (LSl Jlod
sl odd IS (VLS )i 3 jae 5 5 Slas
S5 il ol s Gl ees
Slallae 55 ¢ gawelsl Ol o @l dgng b dilie 9 Sliwgy
o o1 otnlie ailaie gl o b5 plodl Su5elsS]

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-193-en.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-07 ]

OHSs 5031300 o j3bieses

ol (IX) 0 Gaes (Seigdem sty Jold
ot el 55 3 (ED) 3oy (RO) (g
Sope & Jol 390 Sl lagdey ol o S1(V) A4Y)
sty WHO sus ads 5 & Ll ol
Ol Bl lp |y o 0R99 9 (SFslon CogmelSuds o>
s slbsbgy EPA L (1+¥) sl 03,8 sloitay o
1 1) Sl 03,5 s |, sy S0 3 osn s
ol Gls slsly Sl wid 3 Oy Slallas ol
WV gSae joul o3 A0 (g2 g9 bawgs Jga> LB
Ve cilons Ol s s 0 syl
—VeA) Wl dopd Ve (Sgdsm melSie D 9 Aoy
T (e e 4 dady gl L5 5 1) 25
abas 5 dm lalil g oniledl dlge Cupte ol CudsS
i bl wles Lials cas S0 0,505, (V1) Adb e
Gylan sl ol e ) o el gute WL ol
635 uiSele s i L Ol gl 05 g5 oy

.(\p' cAV)

-

S ysSdad
Clld pogad 4 banld (B bug (b sk @ Ol
Lol 08 90 (b 3 bl g Wy SB s a8
ORI Bk ol e slepdS o A3 4 @y
O 3 pepad & Ol op)S g W Glie wumes
oAb (Jato g S SN 5 (55)5LaS slally) 4
399 Jleisl dally, oyl Chrs Cupie jgo ) g
3 Ohis ol poegde b o il o gl 4 ol
s 4 oagll O 5l ISize olie wa3y cplpls 23y dgng

M il jld (5 3 1) 38 ¢ alS slalis 4 o
(Y5 ¥ 50 A=) AA Q%) and e 8 NOCS &LS
Ol | (ide 4 ki wdy ool » S b 4

Pl (aald —(63)50 5 Safddmetnl o (SeislsS]
s g eldl Ol cBle e bl g9, 0 43,5
Flsl 505 5 alte w35 wtes by Ao §f Loyl glsd
peitns dbaly 3929 Clllas (Bp (gm0 B
33,5 Aol 1y by 595 9 o Olyis paw o o sme
e & Bl (o) pite 93 cpl o S0 (S U
Caclh g ol Clps bl gedge b oauly 0 b
s 9 508 5 ol g sed (obab g @y o] (il
Cond S5 4 p3Y 25 3925 die) (al ) laddy 5 S
Pl 390 cpl 3 laddlae S5z (ST Glpl &

2 ol ol Jisl g ailge clls 4 ag b
Dges JyiS Cige yob 4 Ol plie 1) o cbale b oo
Saelsl O ) Gljss sdes guie A5 aiiS oS b e
il ol plie & ML 5 (g5)sliS (slacbly, 9
B 5 Snglanr Sloptuss ol izman 5 G5l ol
ohleel jauass gk | bl o byed » M
e Gl ) sl > e 5 oulel o o8] o3
oly Gl Jb pl b p 0jlailin] dgas 4 &g pdaw
5 ilwasd olisl wle adal ol slaasly lawg
M (glul el pl cle ] (San i ygmol il
Gl b plojen cams i sl ol o8 Jemily 9 Sz YL
5500 lagdeiSs gy opl 5l (VY) ol Ol xdaw

VAR el o3 9/ ot Jlo/ Sl o3 Dl ales

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-193-en.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-07 ]

e A ASTE L OT (mbl D515 s T DT 53 S 2 (090

593,820 1y ol 3 oo ys glgl sy 5 el O
bl Jb 4 .00)8 5 1) dusyd opl ladss (S adl
Slios pilie Gl i > Sl ligloyw Jeilsy
alag d Sawelsl Ol > il S8 cas il o (6t
2938 xSt (ol e & o] 3909 ) Celie e
waweldl Gl ele ol e )l i il Oyee
A9 2lie ol asle wd iy (lasby) Canl e
29 N9 485 S 4 o Blo Car srlSebs 255 5 O

4 e 9 998 pludl o 4 odle pl jl sloxe gae 5l 1,8
oo anls 3l SO 08 sl o bglral S
2 beindBaagie (Hlow Sl il ol ol
Sl el cladylibil o gk a4 wsb o H8eS
@09 Slen ol Ay 2 QS bl lul el
a3kl oagis U andl g e dlue Jbo ol b loss
Jedly el @) > dpge GlEs )l 29

Slllas 5l gyl & g @ Wb ol liplb

23,5 g O el mie el g0 Ol paw oy dlaly ol Gilise blE > 48,5 @0

References

1. Argonne National Laboratory, EVS. Human Health Fact Sheet: Nitrate and Nitrite. 2005 [cited 2011 4 May];
Available from: www.ead.anl.gov/pub/doc/nitrate-ite.pdf.

2. World Health Organization. Nitrate and Nitrite in Drinking-water; Background Document for Development of
WHO Guidelines for Drinking-water Quality. 2007 [cited 2011 5 Feb]; Available from:
http://www.who.int/water_sanitation_health/dwg/chemicals/nitratenitrite2ndadd. pdf.

3. Santamaria P. Nitrate in vegetables: toxicity, content, intake and EC regulation. J Sci Food Agric. 2006; 86(1):

10-7.

Gilchrist M, Winyard PG, Benjamin N. Dietary nitrate--good or bad? Nitric Oxide. 2010; 22(2): 104-9.

Galloway JN, Cowling EB. Reactive nitrogen and the world: 200 years of change. Ambio. 2002; 31(2): 64-71.

Camargo JA, Alonso A, Salamanca A. Nitrate toxicity to aquatic animals: a review with new data for freshwater

invertebrates. Chemosphere. 2005; 58(9): 1255-67.

7. Van Grinsven HJ, Rabl A, de Kok TM. Estimation of incidence and social cost of colon cancer due to nitrate in
drinking water in the EU: a tentative cost-benefit assessment. Environ Health. 2010; 9: 58.

8. Coss A, Cantor KP, Reif JS, Lynch CF, Ward MH. Pancreatic cancer and drinking water and dietary sources of
nitrate and nitrite. Am J Epidemiol. 2004; 159(7): 693-701.

9. Brody JG, Aschengrau A, McKelvey W, Swartz CH, Kennedy T, Rudel RA. Breast cancer risk and drinking
water contaminated by wastewater: a case control study. Environ Health. 2006; 5: 28.

10. New Hampshire Department of Environmental Services. Nitrate and Nitrite: Health Information Summary. 2006
[cited 2011 13 May]; Available from:
http://www.des.state.nh.us/organization/commissioner/pip/factsheets/ard/documents/ard-ehp-16.pdf.

11. Office of Environmental Health Hazard Assessment. Public Health Goals for Nitrate and Nitrite in Drinking
Water. 1997 [cited 2011 20 Feb]; Available from: http://oehha.ca.gov/water/phg/pdf/nit2_c.pdf.

12. Institute of Standards & Industrial Research of Iran. Drinking water: Physical and chemical specifications: ISIRI
1053- 5th.revision. 2009 [cited 2011 30 Mar]; Available from: http://std.isiri.org/std/1053.PDF. [In Persian].

13.World Health Organization. Guidelines for drinking-water quality, third edition, incorporating first and second
addenda. 2008 [cited 2011 23 May]; Available from:
http://www.who.int/entity/water_sanitation_health/dwg/fulltext.pdf.

14.Mitsui T, Kondo T. Assessing nitrate metabolism in the intestinal tract by measuring breath nitric oxide and
nitrous oxide, and its clinical significance. Clin Chim Acta. 2002; 319(1): 57-62.

15. Thomson BM, Nokes CJ, Cressey PJ. Intake and risk assessment of nitrate and nitrite from New Zealand foods
and drinking water. Food Addit Contam. 2007; 24(2): 113-21.

16. Gangolli SD, van den Brandt PA, Feron VJ, Janzowsky C, Koeman JH, Speijers GJ, et al. Nitrate, nitrite and N-
nitroso compounds. Eur J Pharmacol. 1994; 292(1): 1-38.

17.Cockburn A, Brambilla G, Fernandez ML, Arcella D, Bordajandi LR, Cottrill B, et al. Nitrite in feed: From
Animal health to human health. Toxicol Appl Pharmacol. 2010.

o gk

VAR el oy 5/ i S/ oDl s Sl e V55

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-193-en.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-07 ]

OLan 5 031300 oo Bbdemes

18. European Chemical Industry Ecology and Toxicology Centre. Nitrate and drinking water. Brussels: ECETOC,;
1988.

19.Bonnell A. Nitrate concentrations in vegetables: Epidemiological studies in humans. Proceedings of the
International Workshop on Health aspects of nitrate and its metabolites (particularly nitrite); Strasbourg; 1995.

20. Morales-Suarez-Varela MM, Llopis-Gonzalez A, Tejerizo-Perez ML. Impact of nitrates in drinking water on
cancer mortality in Valencia, Spain. Eur J Epidemiol. 1995; 11(1): 15-21.

21.Gupta SK, Gupta RC, Chhabra SK, Eskiocak S, Gupta AB, Gupta R. Health issues related to N pollution in water
and air. Curr Sci. 2008; 94(11): 1469-77.

22.Stagnari F, Di Bitetto V, Pisante M. Effects of N fertilizers and rates on yield, safety and nutrients in processing
spinach genotypes. Scientia Horticulturae. 2007; 114(4): 225-33.

23.Merusi C, Corradini C, Cavazza A, Borromei C, Salvadeo P. Determination of nitrates, nitrites and oxalates in
food products by capillary electrophoresis with pH-dependent electroosmotic flow reversal. Food Chem. 2010;
120(2): 615-20.

24.European Food Safety Authority. Nitrate in vegetables - Scientific Opinion of the Panel on Contaminants in the
Food chain. EFSA Journal. 2008; 689: 1-79.

25.Chan TY. Vegetable-borne nitrate and nitrite and the risk of methaemoglobinaemia. Toxicol Lett. 2011; 200(1-2):
107-8.

26.Weyer P. Nitrate in drinking water and human health. lowa City. [cited 2010 11 Feb]; Available from:
http://www.agsafetyandhealthnet.org/Nitrate.PDF.

27.Ayaz A, Topco A, Yuttagul M. Survey of Nitrate Level of Fresh Vegetables in Turkey. Journal of Food
Technology. 2007; 5(2): 177-9.

28.Weyer PJ, Cerhan JR, Kross BC, Hallberg GR, Kantamneni J, Breuer G, et al. Municipal drinking water nitrate
level and cancer risk in older women: the lowa Women's Health Study. Epidemiology. 2001; 12(3): 327-38.

29.Rahmani HR. Investigation of Nitrate pollution in the Soil, Water and Plants in Some Agricultural Fields in
Baraan (Esfahan). Environmental Science. 2006; 11: 23-34. [In Persian].

30.Du ST, Jin CW, Zhang YS. Current situations and research progress of nitrate pollution in vegetables and their
regulating strategies. Sci Agric Sin. 2010; 43: 3580-9.

31. Sobhan-e-Ardakani S, Shayesteh K, Afiuni M, and Mahbubi Sufiani NA. Nitrate concentration in some vegetable
products in Isfahan, Iran. Journal of Environment. 2005; 37: 69-76. [In Persian].

32.Pennington JAT. Dietary exposure models for nitrates and nitrites. Food Control. 1998; 9(6): 385-95.

33.Fields S. Global nitrogen: cycling out of control. Environ Health Perspect. 2004; 112(10): A556-63.

34.Yang CY, Wu DC, Chang CC. Nitrate in drinking water and risk of death from colon cancer in Taiwan. Environ
Int. 2007; 33(5): 649-53.

35.Moghaddasi MS, Alavi-Moghaddam SMR, Maknon R, Moghaddasi AR. A Survey on People Awareness
Regarding Nitrate Pollution of Drinking Water in Arak City. Environmental Science. 2007; 4(2): 13-20. [In
Persian].

36. Tirado R. Nitrates in drinking water in the Philippines and Thailand. 2007 [cited 2010 13 Dec]; Available from:
http://lwww.greenpeace.to/publications/Nitrates_Philippines_Thailand.pdf.

37.Miranzadeh MB, Mahvi AH, Mesdaghinia AR, Nasseri S, Vaezi F. Efficiency study for integrated stabilization
pond (ISP) in municipal wastewater treatment. Feyz. 2000; 4(13): 43-54. [In Persian].

38. Miranzadeh MB, Jalali M, AminiM, Ahmadpoor A, [Research report: Survey of microbial and chemical qulity of
drinking water in AranBidgol and Nooshabad provinces during 2001] Kashan medical science university Iran.
2001.

39.Benjamin N. Nitrates in the human diet - good or bad? Ann Zootech (Paris). 2000; 49(3): 207-16.

40. Miranzadeh MB, Mostafaii GR, Jalali Kashani A. A study to determine the Nitrate of water wells and distribution
network in Kashan during 2004-2005. Feyz. 2006; 10(2): 39-45. [In Persian].

41.Manassaram DM, Backer LC, Moll DM. A review of nitrates in drinking water: maternal exposure and adverse
reproductive and developmental outcomes. Ciencia & saude coletiva. 2007; 12(1): 153-63.

42. Shrimali M, Singh KP. New methods of nitrate removal from water. Environ Pollut. 2001; 112(3): 351-9.

43. Gelberg KH, Church L, Casey G, London M, Roerig DS, Boyd J, et al. Nitrate levels in drinking water in rural
New York State. Environ Res. 1999; 80(1): 34-40.

44. Shomar B, Osenbruck K, Yahya A. Elevated nitrate levels in the groundwater of the Gaza Strip: distribution and
sources. Sci Total Environ. 2008; 398(1-3): 164-74.

\R¥4Y% YYAQ uUe};/H&db/u%€%Q@>ﬁ@

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-193-en.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-07 ]

e DA AT L OT (sl Sy GlsT OT s D15 s

45. Powlson DS, Addiscott TM, Benjamin N, Cassman KG, de Kok TM, van Grinsven H, et al. When does nitrate
become a risk for humans? J Environ Qual. 2008; 37(2): 291-5.

46.Mogadasi MS, Allavimogadam SMR, maknoon R, Mogadasi A. The comparison of drinking water Nitrate
concentration at different areas in Arak. 9th environmental health national congress; Isfahan; 2006. [In Persian].

47.Noroozi H, Shahbazi A, Ranjbar M, Zafar mirmohammadi A. Survey of Nitrate and Nitrite amount at
groundwater resources of Hamedan. 10th environmental health national congress; Hamedan; 2007. [In Persian].

48.Paseban A, Amani J, Chatr-simab M. Survey of Nitrate Concentration in Wells Supplying Drinking Water of
Bojnord in 2007. 12th environmental health national congress; Tehran; 2009. [In Persian].

49. Shokrzadeh M, Bahari N. The measurement of Nitrite and nitratr amount in sampled scallion and spinach from
central cities of Mazandaran. 12th environmental health national congress; Tehran; 2009. [In Persian].

50. Yazdanbakhsh AR, Mohammadi H, Sheykhmohammadi A, Bonyadinejad R, Qanbari Q. Investigation of Nitrite
and Nitrate Concentration in Drinking Water of Tehran in covered areas of Shahid Beheshti University of
Medical sciences. 12th environmental health national congress; Tehran2009. [In Persian].

51. Miranzadeh MB, Mesdaghinia AR. Survey of microbial and chemical quality in Kashan province villages during
2007 [Research report]: Kashan University of Medical Sciences; 2007. [In Persian].

52.Umezawa Y, Hosono T, Onodera S, Siringan F, Buapeng S, Delinom R, et al. Sources of nitrate and ammonium
contamination in groundwater under developing Asian megacities. Sci Total Environ. 2008; 404(2-3): 361-76.

53.Lundberg JO, Govoni M. Inorganic nitrate is a possible source for systemic generation of nitric oxide. Free Radic
Biol Med. 2004; 37(3): 395-400.

54.Sobko T, Marcus C, Govoni M, Kamiya S. Dietary nitrate in Japanese traditional foods lowers diastolic blood
pressure in healthy volunteers. Nitric Oxide. 2010; 22(2): 136-40.

55.Govoni M, Jansson EA, Weitzberg E, Lundberg JO. The increase in plasma nitrite after a dietary nitrate load is
markedly attenuated by an antibacterial mouthwash. Nitric Oxide. 2008; 19(4): 333-7.

56.Jansson EA, Huang L, Malkey R, Govoni M, Nihlen C, Olsson A, et al. A mammalian functional nitrate
reductase that regulates nitrite and nitric oxide homeostasis. Nat Chem Biol. 2008; 4(7): 411-7.

57.Larsen FJ, Ekblom B, Sahlin K, Lundberg JO, Weitzberg E. Effects of dietary nitrate on blood pressure in healthy
volunteers. N Engl J Med. 2006; 355(26): 2792-3.

58.Avery AA. Infantile methemoglobinemia: reexamining the role of drinking water nitrates. Environ Health
Perspect. 1999; 107(7): 583-6.

59.Greer FR, Shannon M. Infant methemoglobinemia: the role of dietary nitrate in food and water. Pediatrics. 2005;
116(3): 784-6.

60.Ward MH, deKok TM, Levallois P, Brender J, Gulis G, Nolan BT, et al. Workgroup report: Drinking-water
nitrate and health--recent findings and research needs. Environ Health Perspect. 2005; 113(11): 1607-14.

61.Scott G, Crunkilton RL. Acute and chronic toxicity of nitrate to fathead minnows (Pimephales promelas),
ceriodaphnia dubia, and Daphnia magna. Environ Toxicol Chem. 2000; 19(12): 2918-22.

62.Cheng SY, Chen JC. Study on the oxyhemocyanin, deoxyhemocyanin, oxygen affinity and acid-base balance of
Marsupenaeus japonicus following exposure to combined elevated nitrite and nitrate. Aquat Toxicol. 2002; 61(3-
4): 181-93.

63.Savino F, Maccario S, Guidi C, Castagno E, Farinasso D, Cresi F, et al. Methemoglobinemia caused by the
ingestion of courgette soup given in order to resolve constipation in two formula-fed infants. Ann Nutr Metab.
2006; 50(4): 368-71.

64. Galaviz-Villa I, Landeros-Sanchez C, Castafieda-Chavez MdR, Martinez-Davila JP, Pérez-Vazquez A, Nikolskii-
Gavrilov |, et al. Agricultural Contamination of Subterranean Water with Nitrates and Nitrites: An Environmental
and Public Health Problem. J Agric Sci. 2010; 2(2): 17-30.

65. Health Canada. Nitrate/Nitrite: Technical document-Chemical/Physical Parameters. 1987 [cited 2010 15 Dec];
Available from: http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/nitrate_nitrite/index-eng.php.

66.Bouchard, D C, Williams, M K, Surampalli, R Y. Nitrate contamination of groundwater: sources and potential
health effects. J - Am Water Works Assoc. 1992; 84(9): 85-90.

67.Carlson DJ, Shapiro FL. Methemoglobinemia from well water nitrates: a complication of home dialysis. Ann
Intern Med. 1970; 73(5): 757-9.

68.Fan AM, Willhite CC, Book SA. Evaluation of the nitrate drinking water standard with reference to infant
methemoglobinemia and potential reproductive toxicity. Regul Toxicol Pharmacol. 1987; 7(2): 135-48.

\rA%MLck)/vJJJLﬂ/LAW(%%Q@:JM Ve PA

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-193-en.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-07 ]

OLan 5 031300 oo Bbdemes

69. Meyer M. How common is methemoglobinemia from nitrate contaminated wells? A South Dakota perspective.
39th Annual Midwest Ground Water Conference; Bismark; 1994.

70.Johnson CJ, Bonrud PA, Dosch TL, Kilness AW, Senger KA, Busch DC, et al. Fatal outcome of
methemoglobinemia in an infant. JAMA. 1987; 257(20): 2796-7.

71.Sanchez-Echaniz J, Benito-Fernandez J, Mintegui-Raso S. Methemoglobinemia and consumption of vegetables
in infants. Pediatrics. 2001; 107(5): 1024-8.

72.Zhang L, Zhou T, Fu SM, Liu YL. Clinical analysis of 22 cases of methemoglobinemia in children. J.
Jinggangshan Univ. (Nat. Sci. Ed.) 2009; 30: 92-94. [In Chinese].

73. Salvato JA, Nemerow NL, Agardy FJ. Environmental engineering. 5th ed. New York: Wiley; 2003.

74.Bruning-Fann CS, Kaneene JB. The effects of nitrate, nitrite and N-nitroso compounds on human health: a
review. Vet Hum Toxicol. 1993; 35(6): 521-38.

75.Fan AM, Steinberg VE. Health implications of nitrate and nitrite in drinking water: an update on
methemoglobinemia occurrence and reproductive and developmental toxicity. Regul Toxicol Pharmacol. 1996;
23(1 Pt 1): 35-43.

76.De Roos AJ, Ward MH, Lynch CF, Cantor KP. Nitrate in public water supplies and the risk of colon and rectum
cancers. Epidemiology. 2003; 14(6): 640-9.

77.McKnight GM, Duncan CW, Leifert C, Golden MH. Dietary nitrate in man: friend or foe? Br J Nutr. 1999; 81(5):
349-58.

78.Petersson J. Nitrate, Nitrite and Nitric Oxide in Gastric Mucosal Defense [dissertation]: Upsaliensis Uppsala;
2008.

79.Mirvish SS, Grandjean AC, Moller H, Fike S, Maynard T, Jones L, et al. N-nitrosoproline excretion by rural
Nebraskans drinking water of varied nitrate content. Cancer Epidemiol Biomarkers Prev. 1992; 1(6): 455-61.

80.Rowland IR, Granli T, Bockman OC, Key PE, Massey RC. Endogenous N-nitrosation in man assessed by
measurement of apparent total N-nitroso compounds in faeces. Carcinogenesis. 1991; 12(8): 1395-401.

81.Yi Z, Ohshima H, Bouvier G, Roy P, Zhong J, Li B, et al. Urinary excretion of nitrosamino acids and nitrate by
inhabitants of high- and low-risk areas for nasopharyngeal carcinoma in southern China. Cancer Epidemiol
Biomarkers Prev. 1993; 2(3): 195-200.

82. Cantor KP. Drinking water and cancer. Cancer Causes Control. 1997; 8(3): 292-308.

83.Gulis G, Czompolyova M, Cerhan JR. An ecologic study of nitrate in municipal drinking water and cancer
incidence in Trnava District, Slovakia. Environ Res. 2002; 88(3): 182-7.

84.Juhasz L, Hill MJ, Nagy G. Possible relationship between nitrate in drinking water and incidence of stomach
cancer. IARC Sci Publ. 1980; (31): 619-23.

85.Xu G, Song P, Reed PI. The relationship between gastric mucosal changes and nitrate intake via drinking water in
a high-risk population for gastric cancer in Moping County, China. Eur J Cancer Prev. 1992; 1(6): 437-43.

86. Moller H, Landt J, Pedersen E, Jensen P, Autrup H, Jensen OM. Endogenous nitrosation in relation to nitrate
exposure from drinking water and diet in a Danish rural population. Cancer Res. 1989; 49(11): 3117-21.

87.Cohen B, Wiles R. Nitrate Contamination of Drinking Water. 1996 [cited 2010 10 Oct]; Available from:
http://lwww.ewg.org/reports/nitrate.

88 S al.,.';..'bl 6)“:6 a)l.c...f;

89.Sirmasan C, Daghici S, Daina L. Identification, communication and management of risks relating to drinking
water pollution in Bihor county. Environmental Engineering and Management Journal. 2008; 7(6): 769-74.

90.Alemda S, Kahraman T, Agaoglu S, Alisarli M. INitrate and Nitrite Levels of Drinking Water in Bitlis Province,
Turkey. J Anim Vet Adv. 2009; 8(10): 1886-92.

91. Fewtrell L. Drinking-water nitrate, methemoglobinemia, and global burden of disease: a discussion. Environ
Health Perspect. 2004; 112(14): 1371-4.

91- Risch HA, Jain M, Choi NW, Fodor JG, Pfeiffer CJ, Howe GR, et al. Dietary factors and the incidence of cancer

of the stomach. Am J Epidemiol. 1985; 122(6): 947¢8% ol A\ L 55 cusl ey (5,135 o,Le)

92.van Maanen JM, van Dijk A, Mulder K, de Baets MH, Menheere PC, van der Heide D, et al. Consumption of
drinking water with high nitrate levels causes hypertrophy of the thyroid. Toxicol Lett. 1994; 72(1-3): 365-74.

93. Westin JB. Ingestion of carcinogenic N-nitrosamines by infants and children. Arch Environ Health. 1990; 45(6):
359-63.

94. Morris RD. Drinking water and cancer. Environ Health Perspect. 1995; 103 Suppl 8: 225-31.

V94 1Y¥AQ uUe}u/r:.i:dLﬂ/s;ﬁwqakﬁioL&:bJ@

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-193-en.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-07 ]

e A ASTE L OT (mbl D515 s T DT 53 S 2 (090

95.Hartman PE. Review: putative mutagens and carcinogens in foods. I. Nitrate/nitrite ingestion and gastric cancer
mortality. Environ Mutagen. 1983; 5(1): 111-21.

96. Hill MJ, Hawksworth G, Tattersall G. Bacteria, nitrosamines and cancer of the stomach. Br J Cancer. 1973;
28(6): 562-7.

97.Mirvish SS. The significance for human health of nitrate, nitrite, and n-nitroso compounds. In: Bogardi I,
Kuzelka RD, Ennenga WG, editors. Nitrate contamination: exposure, consequence, and control. New York:
Springer; 1991.

98.Rico-Garcia E, Casanova-Villareal VE, Mercado-Luna A, Soto-Zarazua GM, Guevara-Gonzalez RG, Herrera-
Ruiz G, et al. Nitrate content on summer lettuce production using fish culture water. Trends in Agricultural
Economics. 2009; 2(1): 1-9.

99. Abd El Rahiem AS, El-Aziz 1A, Al-Agha M, Kerrit AA. Effect Of Oral Administration Of Nitrate On Serum
Glucose, Some Lipids, And Non-protein Nitrogen Constituents. Islamic University Journal. 1999; 7(1): 1-13.

100. van Maanen JM, Welle IJ, Hageman G, Dallinga JW, Mertens PL, Kleinjans JC. Nitrate contamination of
drinking water: relationship with HPRT variant frequency in lymphocyte DNA and urinary excretion of N-
nitrosamines. Environ Health Perspect. 1996; 104(5): 522-8.

101. Luk GK, Au-Yeung WC. Experimental investigation on the chemical reduction of nitrate from
groundwater. Advances in environmental research. 2002; 6(4): 441-53.

102. Samatya S, Kabay N, Yiksel U, Arda M, Yiiksel M. Removal of nitrate from aqueous solution by nitrate
selective ion exchange resins. Reactive and Functional Polymers. 2006; 66(11): 1206-14.

103. World Health Organization. Revisions of the WHO Guidelines for Drinking-Water Quality- Report on a
WHO consultation. 1992 [cited 2008 24 Nov]; Available from: http://whglibdoc.who.int/euro/-
1993/EUR_ICP_CWS_025(A).pdf.

104. U.S. Environmental Protection Agency (USEPA). National Primary Drinking Water Regulations:
Maximum Contaminant Levels for Inorganic Contaminants. 2004 [cited 2009 10 Dec]; Available from:
http://ecfr.gpoaccess.gov/cgi/t/text/textidx?c=ecfr&sid=0d0866aaccld6d42b766c66452587084&rgn=div8&view
=text&node=40:22.0.1.1.3.7.16.3&idno=40.

105. Ruppenthal S. Manager to Manager--Nitrate Removal Solutions for Drinking Water: How a Flexible
Approach Can Deliver Reliable Results. Journal American Water Works Association. 2007; 99(6): 28-30.

106. Bellona C, Drewes JE, Oelker G, Luna J, Filteau G, Amy G. Comparing nanofiltration and reverse
osmosis for drinking water augmentation. J Am Water Works Assoc. 2008; 100(9): 102-16.

107. Nataraj SK, Hosamani KM, Aminabhavi TM. Electrodialytic removal of nitrates and hardness from
simulated mixtures using ion exchange membranes. J Appl Polym Sci. 2006; 99(4): 1788-94.

108. Yang GCC, Lee HL. Chemical reduction of nitrate by nanosized iron: kinetics and pathways. Water Res.
2005; 39(5): 884-94.

109. Aslan S, Tuerkman A, Ozturk I. Biological denitrification of drinking water using various natural organic
solid substrates. Water Sci Technol. 2003; 48(11): 489-95.

110. Shams S. Assessing Innovative Technologies for Nitrate Removal from Drinking Water [dissertation]:
University of Waterloo, Canada; 2010.

VAR el oy 5/ i S/ oDl s Sl e \ove

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-193-en.html

[ Downloaded from hsr.mui.ac.ir on 2026-06-07 ]

LS 5030300 100 Bldases

An overview of nitratein drinking water and its health effect with
emphasison its carcinogenic risk in human

Mohammad Bagher Miranzadeh'; Mohsen Heidari?, Samaneh Dehghan?;
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Abstract

During the past two centuries, production and consumption of Nitrate, especially in agricultural field, have
been increased considerably. Currently many countries in the world including Iran encounter to a high
Nitrate level in drinking water. The main reason is the seepage of agricultural runoff and municipal and
industrial wastewater to water resources, particularly groundwater. From the old days, it has been
demonstrated that high Nitrate levels in drinking water can cause methemoglobinema in infants, and even
standard limits for the Nitrate level in water is established on the basis of infant preservation from this
disease.

However, the important issue that has been a controversial subject between researchers for decades is
carcinigenity potential of Nitrate in drinking water that many studies have related high prevalence of
variety of cancers such as stomach, thyroid and bladder to high Nitrate levels in drinking water.
Nevertheless, some researches didn’t confirm this hypothesis.

In this study the findings of the related researches on the subject “cancer risk related to Nitrate in water” is
reviewed. Also some other issues related to Nitrate including dietary Nitrate, Nitrate metabolism in human
body, other significance adverse effects of Nitrate like methemoglobinemia and its reproductive and
developmental effects are reviewed. Finally, general procedure to Nitrate control in drinking water is
discussed.

Key words: Drinking Water, Nitrate, Carcinogenic Risk, Methemoglobinema
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