DOI: 10.22100/jkh.v9i1.354 % WA g 1 ol by 6yl 5 il

o 4 39 ale @Ln); é.wu@; Sl 5 SS }kblf_‘;;i;
g Alio ;<.~ ¢

30k g 330905 g poaodls Chle (i y

Y w e Y - Ve .
Sr9erd dlow (5 y905 W) )10 Lo
9ok cudling (518> semiily = slole 05,8 = slolo 5 (g5l 0aSiils =gy ¢yl yg dolg (oMl .\‘)T olKasl -
O 9 .,\.u’))l uu]w»)lf — oo b9)§*44~l{, P}L& OMIJ*‘H*W‘)g »‘9 L;oylw‘ )‘)1 oKl —Y
A3 e A )l iy S (gaiild — conid 095 — by pole 0aSisly — ylaaly o Kils - Y
VWAV « : by g, O YVEITA 1l ) e,

oS
T i oo ciliio oo polic 4yl Sogll 5 0,0 (15055 iiligy sl ele St bdolipy y0 10 |y Cuslyl o Vb o 15055 45 st
Pl Geolis et 50 Olhole e 10 29,5 5 paedlS K Sl CBE (i Sua b p Sl adlllae )5 sl o 6055 Sedles o 5lbol
o,
sloolllo,o oSz lpo jolo )0 )0 o pgeadlS 5 29,5 Glies Sl (G )0 . 28,5 plond (oalado &y gody dllhs (ol B LDg ) 9 Olg0
LSS S g0 350 5 0T (Sl (slileds ol e miw hilo 3, b Glari T ey 4ide AL F L0 ol g e 0 0l Sl
s o gy gl g K TV UGIMD foleo 5,5 pelacs 5 0% £/3 UGIMI 0l 1 0 pmadls pelacs (ylono SSlymitt) e Cloo i L
09 35 s Olie et ol 0030yl T s 40 pspeols e 039y xS o b 55 4 S0 il (S o 45 (59,8 0l
g Y (o (S po b BT 4 SO0 p S 5 (ee ol Srmo ( T iy S puaots g S Spmo 350 0 jolo s
1 5 G E9 o bt K (SN o S (irio JS 0 by w5 S5y alo 1 Joloe (F g S52m5 Ll p Sl allla gy A
Vo y0 polie oul zsbw j1 Yl aellbe ul )0 Sliole jond 5,5 5 poodlS b ol Gl jolo 1ol )0 5,5 5 p3e0dlS o Ly (S0
o ] Sl o canlio drol> Cuodl Saigy Sy o polic ol LialS Cy ole (Sl 6, S B4 [V g gz o Juliw] g oiis oy
rolie (i 9555 Slie o ity g0 (e ] 5 G E5 penat Gt Ko ( S o i inio 55 0 by 5 2pg alo 1 Lo
Daed Sz b ools LialS |, jole pds 0 a5 de yolic o Slhga 605,054 b Sl o saiil azils ;56 olo s o

.rﬁg; "u%.o\)ls ‘)QLA).S.A:):‘S%IS LSL@O}‘)

Email: nazarpoursima@yah00 COM.« Y A=YV« #AY :opdli ¢ olole g (5l 00Siils dlgutn — cyaslyg aly oDl ol5T oKl gumno 0 un g3*

ya

A


mailto:nazarpoursima@yahoo.com

\yay )l.@_: Al a)w A 092

s Jiﬂ: PICSA

Gl ol b 4y poyindS JolS fod )y atin ¥ iagh
Ll 0305

P olely ol bl 4 argl ol Liagh » dsel e
2 odpd el Slaslpe dlixd g jSde biwyead (sl b lows
g olSlay 4 plosli Jl o i U p)lee (sladidn (s 0394
b (55 eges 0D (s 585 Ve gl b (Sloj 0390 5
oy 4 OB (gl pyime Ciglee Sl camy acli Byme 1)
shy bl Jojlel cans 5 olSleys 5 (yaalyg oy 9 Cudligy S
slassly 4 (S Clxesg Sl 5509 Ghagh 3)9 0 4 39y
Calo) gyl iogh Cuenl g (55) 390 33 gk 2590
€9 3 cotmel il P pSuse hyy S bl lp W]
4 dlenly GoolSleys Jl uwppd danl &5 s cud g lades
Ol o Ol e 3 g el b pley g Cudline 4
0 dus iy Gde 5 Cpanlye dlwd bawgie 4 d gl g LoKSLe
008 Cbsl L olas Gypody sley ¥ ooliad (s pSdises
On odiSanle adlas 4 39y b dely hagh basly
D 03> &858 (pyp > Oladls o w5 p ey soatin

b Cuwd ol (gt | g 3 35 Lawgi lodiges (6 pglae>
plsl ool iz J) eyt (59> b bawg b g (eded (b,
090 &S Log Yo ml dgus oo b oodd odded (slayd a0 S
(LB axdl 5 Csbye Mgl bawgi 08 Jojtul) Glogni s B9k
035 Jitte SRl dx)> Ve 58 4 Aol g oad a)
5 Bab ooy Jaml oilejl 4 odd 3 Ojgod BAges
po)S 5 poredS (S Sl i (alilof] (sla g, Ll

doyo 3235 ploslalbspo ¥ 0 S he (sladiges g9y Liloj]
g oAD AB) yiy 9y b Sladiges I Yeml dadiges (gilwodle]
I8 ol Sl > 3 Ve lod o (ghle (o (5) g Cel ¥ Cle &
23,5 s adiges Ol 3 (gylaie g Wb LialS diges poe U cé)S
wan dls yo () B35 cdn dlsyo 3y 0 o3kl (gladiges
o S el i S Sl GaelinS] dated; dadiges
slodsle 5 Oyl ol b ogbpe man gy Sl ey
T ot S ealil &3St Ol g SIS sl oS il
9 o005 adlul Lade (G psal Sl ons odbe] (cladiges 4 o
B el V Ot 4 3Kl and Ve clod b oyl 90
@ Sp g Wbl Rl jlw baiges oo dlsje cpl 5SS
28 S @Ml pan (S dpl oo (SIS Al ye
Woldl 3005 o o> (55,05 Gl Tons Jole g 00y pbol Iy
) A e g e glod 4 B odges B ol 5l ]y Wdiges

Yy

douddo

P 2 JolSS g a3y > (ol el (Sl b (g
Sl > 2 e mie S Jgane oty 3lo o (5 9 0)
Sl ol d 1) (bolig le (lajls b a5 cadl (S5 4yl
3905 oS (e Sloj S 1y oblig sl JolSS g ) (V)
ool 1y r9ps polis ploi Jf Jlinyge sloclile bl wis o
by pre glpadls j (S glasa plo jpd codle L ules
03] s 5 50 oMl b paniens bl 5 o3g cuiliyy |
Dy drol>

Cel oy g poredls ofigar s slaosiV i Sy e
ool oo B Jlozol Gl 381 a0 5 (M8 0500285 41 3939 Jiten
hond Blge S b (A) S0 Sl 5 Gl 5
el (Y) Wb Jatio plo b 4y o g o 2B 5 Wlg e
5391 el 3y ) oo polie J] slaoly ) LS opple b a5
adly S35 aby g sbobs b Slge (JSb m o4 plo s
s g 03905 039l 1) plo ps Ll Alg5 o e oS I8 Ll
5 by o a5 ol (Ve 9 ) Wl as 4y 1) 59 oMo
9 Lo > @y Sl (hg5ind g 039 JalSS Jb > ollsS e
dgo o BT oS (ome 3 s it )i slaplul 558
(SVj gl Jole 3 358 pizmen (V) BpS(o0 JE (aleend
P Jlegcdgw YL (e Gpmer (Kidnid slhdasuie )
rae B atens gplieanl (LBl col o Wil coldl
o ol Kl a8 ooy ol b pwyp 20,5 0 (olowss dlgo
o BT gl dlgo ol (Bl g 41dls sy (s)908 32l ol
(WY 5 V) asl e

Al god pasuia joib polis ailig) wllae Clld oyl L
ks BB jeba pole clale a5 cul odb ol pa) cligss
6 5 & ool paie JWSH g Mbice i (2330d 0)90 Jobo
(W 5 W) ik il LB

Clilh e s Gun b il ddlbs oSie 3se obely
235 el (lyg ;e (85 ple b 33 g3 g poredls (pKiw

b9y 9 olge

ploi Jolis g lol dnols g 039 (abile g5 jl pil lmgh
Cudligg 4 & dnly (loolSlod 4y oaiiS axn o 03,0l (slails
bl lodly S e ol g el latin (b opely lop g
o dy Loy poyinls b5 a5 391 ol (Sloj 0y9 cul Sl e
@ @l i din ¥ b 0 g wbiee bl play Jlax o) 0
g (Ppoles cax lply (10) 398 s ol i



OLen 5 55,k Lo

);uxﬁjgr}:ﬂzlfj(};;.]élﬁf)ﬁ

alsl Yy ml jlade Yeppm cdale b pg )8 5 ikl I C1VI=C2V2
Vo0 S walyp Yppm clale b oo Veml coles o b o290
YOV/ANM zge Job o (2w b1 oiislojl )3 00 odlel aiges
P B e flame by a5 cul S5 @ pY 5 cali
LS|l G Adl o /Y=Y pPM dgds > pg S clale i
oo e GBLE 4 jlainye Joore ey g 2l (3ges
35 Al Gl (ke g €S Al o dw (b digei p Gl
o] oy (syglean p2ls gy 0 o cudd 55 & o
3 om S de dolidusy 08 pbl ladiged lawss doliduy JroSS
A ol Olops il oolawl 5§ CYlde ine mle (S dalllas
iy ol ] (st ity (Y 3 A W F) 5
5 bl 5,8V oglad Bk S elil g sl ()
Cap S Gy o pall ol colo e can gl
Pl 5305 Y+ 3las5 b gbly adle S colinyy (bl e
@dllas ol 5 ool Cumsas gl ubae FligyS Wl Cops g 135
oliduy (obb iy oph g dmbre /A Elsg ST ST oy
(S i) s ol 5 PSSy oslinal | gl
Ot (Newred (gwyn ) (bl 5 (e Sl 5 (ke
JB JdoSgtps 90 (i Cljls clale b Lasye (slapate
5 g Saed Sl bysle o daily qwyn Cap S
lggel plod 0 foiine ghaw 38 oolitl (a3 igS)
WPVEI S ETRSNRY R
gl sy (duw (pSle O (Ui Sl Siagh b
ladigas (5 AQ) 7% 399 VO-FF (b1 o atehy ¢ Jlo YS/VED/Y
ploting olaaly maw > SMuass )b (Ko Y0) Y0 4 hasls
ol 00005 Bl Y Jado 0 (5y05b 5 Sl S 500 Clasuiio
B N ST LS VARE
Gl 5 diges jl ao )y ZYVY Sdg o))k ey 9 )b
Jie 2 6% 3% brdiged 30 VoIV )3 5 W3 (68 oo
Sl g ol e > adigel | oy VIV s i dgn
bal )l 4 Sonp bdiaas Jl aopn WY ki 5 858 0 SN
S5 baiges I dwp MY ki a8 o (SN sxie S
YIY iy 295 g CogSw oo (S35 0 oMol JUIS L alsa,,
N e @335 el Sid b | plo o 2 oMo badiges Sl Aoy
2 09Me o ygoly b 5l o) YYIY 3 kis g 005 o odlaiwl 345
P ol g9 il baiges dod WIY s b e odlatul plo yui

Sy 0l Bpan lagyly A8 o ooliwl 25 23yl lyed

Yy

lod b gl s Boaome g 03,8 ablal &St O ) Lo ¥
! dlsyo 0 05 00l )8 adBd e Cte 4 3 Kl dn > Voo
o> 4 (s 9 ol adiged S g5l g S e b
G ogl P g wS Al e Sy al Y Ml ol a4 e
Wb pl a8 Gl as s boazdy VO ok
as o bl sdimd s &S 05 e Jobs (S5 0y Blad Jobre
ko | Sy aS cwl S5 @ pY aull il o diges pin
ol oS Wl o (VL b (2 Mo > S
35 S0 ol oy JS gy S8 sloes) e
Y+ 9 YA NF) B S GBls yeily 28 L pgeiils

sl e O grfem3 J&s gy ojlubil el S ljls
S5 Sy Soaps S sea o5 clile p Ll Gl e &
a3ld ew Jolo lgeds jbre s ) b Jlde o Lol il e
Bl o WalS IG5 ol S e 2 B g Bgdise
P aS Bk e /0 =Yg 250 sl b D pgedls Lls e
w2l Yo U oo ol osn¥T 5l ooliul 5)lge )3 5 o3l 3l
Ll hgy il eolatwl b pils imeh o L(Ve) Wb il
clle b opoadlS Jojlpd a4 paredls asuie skl g0l
e G p e S eald Qadsle Vel ppm
wlolulinl coles 5 ans Veppm skl CIVI=C2V2
ad dged Voo aldl 5035 ans ol 510 g ¥ Y O /oppm
Jye)B )‘ oalal b L o..\iLw) a mi P> A piged u] L:.wy 04
Yml e ppm cdale b paadls pme 3 jlikial 51 C1IVI=C2V2
cale b ol s coles o U a8 adlsl bdiges 4 9 aily
5 0 s (glad bl plie  badiged (s 335 wal,8 Y ppm
9o Jsb 2 (S0l g Sosts dsl g Ol (ggls) SO 3
JBC AA 932 Ji» Atomic absorption oSiwd lawg YYY/A nm
bwyg Flame iy, b 8% sbjdoe wls 08 cdli
L flame gy 0 &S Coul S5 & 3V b oliles il Gla oltwd
Sl 3 paredls clale  horiw o Gy lie Sedl Gla oBlwd
Jsbore yhumsy g 3 kil 3903 48l 5 g ccl +/VO-Y/F ppm
18 Al jo dw (b diged o Ol (e (kS @ a0 y00
A3 S dle Cla (1:Ske

e 2 pg)S o i &5 Wdged ol Slalllas g S diej
D50 s luilinl aps (gly (YY) dbly o +/Y — +/+0 mglit 290>
e G 5 o0lizal) e+ -ppm e b pss8 Jyiias J pS s
sl Jusliwl coles 3 .05,8 w2l Veppm 5 litil C1VI=C2V2
Wged Voo a4 Coles NS ans ol 10 g VWYY /0ppm
Jy)é(_}:.‘o.AJo.\JL»)c\m| o> d.;.)’,g%.bn,j hwy'dfo.\.i’: PUP-S S



Y4y )L@;' Al ﬂ)‘w.:v A )92

w).u_gjﬂédqu

P iy (P</0) Yl o g peedl ol m
(P<eloN) s )93 ol ((P<e/20) byl (g pSeiges
Spas o g (P</4)) (i [0 b 4B 4 S35 (S5
Wl gy Ghire 5 Cute (Siwwen (P<H/1) ®ip
S Bpan b (b dne g Cute (Sued pg)S Olaipined
e » 3 by e Gpae (P</o)) s bawg
gy (P<elen)) o S50 b ALK 4 S35 (S (P<e/))
ity [P/ ) Bpao N g5 5 (P<o14)) bpme 5

P8 e ol Y ek e (S g S) @l
o3 xio e b S5 4 S Ll (Swj S 8 (o0)3)
w0 ¥ Jste gy @l ol 5YL ple b pgedls aw
Bpas cpuad lwg Kow Bpas d)ge » & cwl o] ) Sk
B b Sl @ S35 (S8j g Fhre ol Bpae (bl
sl 5VL plo b )3 po S v iee ixio

IS ol Wy Jol olo il (b ol g JolST olie b
g ) ol 00l S5 e Slse g ebizg (on iz
waly ol glie cpl & JolS psboas 0j93 cnl 3 (s b JolSS
9 SS9 9 )90 dge (gpp LI Jl plo e qwyp W
9 poS claleadl o Coonl Pl b Slig A3y 5 Jolse
9 )Pl Bge wimen 9 SdS i g el ople b 3 popedls
b)) 290 st slaginghy » loie ol (b o
Voo b posadS g po)S (lise pol oS > sl 4B S )3
I8 sop 290 oy & Gledlj ey i ALY b
b5

95 6xSoilul ly eouate (SIS | cilise slaqwyp 2
Ohomaw dyg0 yd &S Cawl 0 odlaiwl puSiiw Sl e o
i el ol 02lazul 3)00 oSl (i odes peedS 5 po)S
Flame atomic absorbtion spectrometry (FAAS) (glales o3 Cls
05y L eas cas & i v cab ((YF g YY)
Gsally SSS (V) Inductively coupled argon plasma - emission
Differentil pulse anodic stripping  gbys  Ludlin o8l (ke
S sdbcas (g9 i i b V) voltammetric
Udg, {Y#) Inductively coupled plasma optical emission
Flow injection spectrometric methods diwgw by (el
Atomic fluorescence spedtrometry o3l uilwygld  orw cals (YY)
(Y& 4 A) Stripping potentiometry g5l bye (6 ogmsli 5 (YA)
Sllad o3l ol (oxiw il g | pols S > aldl e
plo b p35 gl (fone Hpdl 2) 5Sils 5 205 oslind
Canddy pdlae 0 ¥ & YVOMI Joleo o/e+¥ £ +/+oYY mg/ml

Y¥

diges dop YFIY 5 dlale oty bdiges dop YF/) (St
I bdiges jl oy VIV bis 5 035 0 oolatwl Lol jl sl jebas
Y oams Job 3 (o FA/D) ladiges 2S1.00)5 o5 ookl 2l
9 Syl @y ) baisel xop 0VF WS o oolinl @yl Cog
90 s 3l ladiaes dopd IV s 5 S)ls g5y | diaes duoyd FV/)
g S Y Ol oy AL ladiges ST .05, o odlitnl @y g9
Ol oolil g 155,5 o odliil Same Ul ) ladiges I oy ) LS
e w5y bdsel Mo ¥ ksl Dy diged p» ol
o)Ll o] s chnis il 4 ladiged o> ¥ S 5 il
w390 Sy eyl il adiged doyd YVY 0 ki g Ndges
b jao om plo b pg)S ghaw o5 dmd o Gl gl (slaally
) Sle 5 05 Cglite biges > e 3 pS e /N0
Yoml Joleo o/+-¥YY £o/--¥SAL mgml o] (Jhxe Gl
P S XA U an p plo b poedlS e LASL e
(ke Sl £) 5:Sle 5 03 Sglite bosises > 2l o

Al o OgMI Jolas +/++OSAF E+/+-5aVSY mgml

OaRgR Basly (695l 9 SWdl,F g0 Clasuie - ) Jgdo

JE Ol b yusito
b+ Y&IVE o
v/ V/AD RRSRIE
AN VOAJAY a8
¥/04 YV/0A BMI
AWV SEINY Gl B i
WYY FA/VE Plo (65 dig03 plSin (139
VY £l Nb pes Gy

BaY/f- PYVEA. Jped g5 ol (g
Yar/¥A FAYY/+A Ao s 58S L
Yo OF/AA N a8
Y-y YIS P55y y93 0l

Pl g 050005 (0 b ad o Jolgs s (ygmw )5 ) dawlome =T Joi

>,:1i: 00t 3k oyl
<=

PVt t > Jut E
DR ¥y~ TAY — A b
XYY AN-A S eee e Vg g oy
JEY VD ee5A / £.a¢ Jsd s 595 s
PR N L2y Jeerafeey by o 193 05
SeeY YA —efeNe oY oS nio £l S 4 S5 LS
Ao AEYE s / e St Byas fzee




OLen 5 55,k Lo

);uxﬁjgr}:ﬂzlfj(};;.]élﬁf)ﬁ

standard reference ) 5,lubusl x>y odle p pgedls clale
PLas (V) col a5 S5 +/YVA mg/g (material (BCR150)
SSen g oy (poip g SpSofN] ey > Colis (85 s
5 +/V+A MYY) ol 03905 o)liS (6 Soilul waly 50 ululy &
alllas p dwelyy lple i pacadls lie V/FFEV/YY pgll
Wil o D)kl liee i ol

Jme a5 (ool yal > &S ol J I S b iagh sasl
2 posadls maw 03 xio S, b al S 4 Koy gl Sw;
¢ preld L:.u:y )sz) ;9)4\40 .))‘90 » ol 0dg )JYL Ol).)ln ),wu
bl 4 S5 (S g Sime o Bpas (I)ly gy Bpas
sl 5V olo b 3 o9 S aw (iee x5 e

5 P95 Olipe 9 Pl o Om B daly ol Bidos
3 pacedls’ jaie dyse 2 (eddaie GlidsY el Cawddy paredls
by e 0 polie (nldgyg (e o W3 (L5 alis pl (Y
D8 ple
o) AT &S sl S5 pY els comdey plo b pg)S g poredls
g bas sy e a4 abie cplpls 000 Jeld wlsls )8
P9 0> (bl (gwp 390 sladised 3T g bl
SoasS 3 VU) JfSad 5ty S5 (5 Pl o g5
clie @lo 35 (Vee0) lyglule g lggisys (VAV) ollSen
&S Gl dis oyl L ases cpl (FY 5 Vo ) W40 )5S
S e & polie (nl 3909 Oline 59y 6B P Able
)9 30 290 ool Pl b 3 pgedls ASle (S s Sy
K395 (5 (pyp 390 Sakiges | plS Eun (BS I qwyp
o dels a5 e 23l plo g jees by K Bpan
Pl b pgS Ol (i jued bawg R Bpae dge
JWI 04 Pl?o‘ dd=xilo d‘.lbw))g U"’L"’])"W| 0dg ).»YL:
2 P39S G g peedlS Clie S5y ke 9 s 5B Lol
odlgls > S JKw able 4o &S Woged o 35 (slo oy

Yo

08 (ool ls oxwial by, 5l edlitul b paie oyl jl ol
wls  siw b 4 Graphite-furnace atomic absorption 8l
Ol (MY 5 YY) Ve AWngml cguibies g o0l o6
OBy (YY) YE /Y ngml oWl 65 (YF) </Yngiml < gqusl s
055 (Y) VelA ngml (Wl b5 (YA) /A ngiml e ol
(89 15\:)41 » Lg)ip axlllzo P e .(\"Q) S b.\.g.b)f
st e Ol Gleali Sl e oy YV B Ay ooy S ol
Clwyy b (Y)W S )YV ngml o dewgie
calye She gljle bug dlise clbygisS » odel Josa
(YR 5 YY) ol o 515 VIV —AAGN plo yud posS e
odol Jos 4 sloguyy (b iy Sl plojlo (IS ol
oy 0dal Candds pg)S lime Sl duslie g (YY) Conl o0
Jube Sl Sl glojle ol (BIF (e s pob

il o

pole 095 ooy s ol s g e~ € Jgan

lubiolcups  odds 3kl culys

P.vV t & )bl glas B

<0 MY -¥ SR oYY <ol lade

<[-FA -¥/-e0  —-/Y¥Q /ey —eeey e b g 5w B s

-/vsa —IYAF  —/eYF of+) oo e Sl pls by S G pae

By A NS Sl i A he
JEEP

e YIYVY o eIYoY ofeee R Grae gy &9

<ef-eN =Y/AYE —e/YAY ey —fee¥ Shyas o gy

g Sladige 3 poredlS o S0k b payp 2

el Conday 0% £/A pg/ml b ply FAAS gy 5l odliwl b (aw)y
posl 0303 plo YA (59) &S (ulyS y9iS » (laddlae

addlae ;3 (V+) dol cawday V/OFE V/OY g/l poedls lie 135
anle a0 oed 05 Ve 5 ol 03 V0 Gy ol 598 ]
2 OWIYE A gl ol b poedlS slalie (235 ol
Oiee (Fe) 29 sy o5 0 V¥/FE VIV pgl 5 (olbiws, ob;
S FY) VAY pgll cpli adlles o olpleyd poedls
(g Jlye > () YV opgll gl (YY) /FYigL
gL g b dY) SEEL Slagkad > (M) VV¥ugL
P opimed Gl 0038 )15 (FA) VA pgll 4S5 4 (¥F)
o pocadlS line 03,05 o FF g9y ol o oud plocl dslllas
Slolie cppcglize (V) sel canas YFFE VY pgl ol
Vsl Cilisen (glo gy 3 posadlS 5 posS pais 53 ool Cundey
2 Sy il Jalge 156 5 Skl e oty e,

Coas] )DLo )-A-AA) LY )a.oL.C L)”‘ 3959



Y4y )L@;. Al ﬂ)'w..il A )92

EBE ) Jiﬂ: PICSA

ol el cae olo)lSaly (65 oy dy50 lple el
ol & axgl g Wbl o cuvlis dmols G Doy Gy polie
Joe S35 o She b AB K Sy dex | prie Sy
2 g Bpas O 9 B &P med 2 (SN
L olge sl anih 85U ol jd p polie cul 3959 oljee
Gl el bpate (pl Bl b S cue Sl o584
35 b 3 )55 de polic

Sl g9y Ll MG 5 Jlwo b o fgen Lo (slid
Conl dpol )l BaoS oly (gen @ S S p Fl (L
P g glapiegy pbsl caa 2liSal) (iagh onl sl
5 ol gl & degl A8l ol ped Mo g A5, b ala,
Cax w5 e Lhmgk pbul e okl clups
1035 o Doy (xS iR}

0938 Bble plo  plo b pg)S g poredS (e (oyn
Plo g Slils (lie gy plo b S Sl plo )y
Jelse opp (pKilojl sl bay plo b pg)S 5 posedls’ dles ]
Slolsdl 35 oy olo yed > ilisee (S S f3en 2 5
O SIS gy eplo o (S I3l i (2R > il
S e b

SH10yu8 g Sid

il Cigle Cgae dagh b Job ol iagh
Alowgply bl o ot — ey dnly oDl Sl oKzl
5 03905 jlpl Coglee ol 1) 385 (G13)8 5 S5 iy ((Erins
9 omely oley g culliny aSS LS g odges 8
9 03505 Sy yigly cpl 0 S Sl adS g diwly ol
SPy5 g S5 Wledges o)l Ty Sutimgh o Gl ol
Ailed o

References

1. Tripathi RM, Raghunath R, Sastry VN, Krishnamoorthy T M. Daily
intake of heavy metals by infants through milkand milk products.
The Science of the Total Environment 1999;227:229-235.

2. Ursinyova M, MasanovaV. Cadmium, lead and mercury in human
milk from Slovakia. Food Addit Contam 2005;22(6):579-589.

3. Wappelhorst O, Kuhn I, Heidenreich H, Markert B. Transfer of
selected elements from food into human milk. Nutrition
2002;18(4):316-322.

4. Koizumi N, Murata K, Hayashi C, Nishio H, Goji J. High cadmium
accumulation among humans and primates: comparison across
mammalian species-A study from Japan. Biol Trace Elem Res
2008;121(3):205-214.

5. Gundacker C, Pietschnig B, Wittmann KJ, Lischka A, Salzer H,
Hohenauer L, Schuster E. Lead and mercury in breast milk.
Pediatrics 2002;110:873-878.

Y#

5 (aree Ko 39> (e 3 b )l (hed 3 edS Rew)
FF ) )b dgmg b me alasly plo pud 3 poredls clale ul30l
loglols 5 lggeismyn 9 (V++0) (llSed 5 (udsiensod (V2 5 YA
Y Il (blig oS a8l 5 plaeyy > (V140)
b poradlS (o pme (St Glple blig 3l gt 7Y
ZYA 9 Z\V ‘XA L,u.s).s‘b u.la.ow )li....w 290 9 )N u,\,.,..S )K.n.w
aS ol s 0 (Verd) LilKen 5 souny 0 i il
‘_5)1.)‘_53:.9 u»)bﬁl ..\:WUA )Kﬁm ‘_5.3]).)'.@ ey P%ﬁblf clbale
(Mg Y) o)

252 9 g peedl Qo e &5 0l (L5 Sl BudoS
0 xio e b G 4 S5 bl (Su) Je o8 (o33
e G 35 (¥+0) S 5 (posn dllan 2l Y1
(V) o s 1) e () (simino allaie 1 lo pud D poredls

» aodlgls i » Lol clalic iz Bpae o5 bl )
Sy by gyl ong 4 @n S orn Wl
@ YL Gy @r Spae dlee Pl b g Gl
W R ¥

(Voo¥) ke g et g (V2oF) ylKen g L6gn (o
clale iy @iybjl paedls (Vb Gpas b U5 0 & ol lis
B+ 5 ¥Y) Canl 039 5V Jdl gy 3 paie oyl

oo 3 plo e poS il lie A Ui pob
ASen 5 ool g (V) Sen 5 shy (VWD) o)Sen
g dlge g bt 5391 b olen posedls 45 Wb lis (VAU)
S boten 5 935 oo odlizul S U} lawiges ST sl
Plo i D pg)S e game Ol S Gpas  wd S o)l
@ a2l yb yp il Jolbs @l &5 cul S5 4 pY g sy
sin slaingh 335 o0 Sy i S pierend e 1005
235 plosl il (3blio )3 g july d5905 oo L

O i gy o bl ol gl claatly (bl
SxS 4 g pae e Sl (i 2b5) G Sl g e
ORBgR Bl Fhe S8 cawlie JolSS My g e b Cdl
poredlS g pg)S polis (e PVl 4 dagl &5 O plis ol



OLen 5 55,k Lo

);uxﬁjgr}:ﬂzlfj(};;.]élﬁf)ﬁ

6. Abballe A, Ballard TJ, Dellatte E, Domenico A, Ferri F, Fulgenzi
AR, et al. Persistent environmental contaminants in human milk:
Concentrations and time trends in Italy. Chemosphere
2008;73:5220-S227.

7. Prohaska T, KoEllensperger G, Krachler M, De WinneK, Stingecera
G, Moens L. Determination of trace elements in human milk by
inductively coupled plasmasector eld mass spectrometry. J Anal
At Spectrom 2000;15:335-340.

8. Birghila S, Dobrinas S, Stanciu G, Soceanu A. Determination of
major and minor elements in milk through ICP-AES.
Environmental Engineering and Management Journal
2008;7(6):805-808.

9. Burtis CA, Ashwood ER, Bruns D. Tietz Text Book of Clinical
Chemistry and Molecular Diagnostics. 4th ed. St. Louis, MO:
Elsevier Saunders;2006.

10. WHO. Environmental health criteria, inorganic lead, organic lead,
Geneva;1995.p.165.

11. Patriarca M, Menditto A, Rossi B, Lyon TDB, Fell GS.
Environmental exposure to metals of newborns, infantsand young
children. Microchemical Journal 2000;67:351-361.

12. Wertz W. Health evaluation ofheavy metals in infant formula and
junior food. Berlin; E. Schmidt and A. Hildebrand, Springer
1983:47.

13. Krachler M, Shi Li F, Rossipal E, Irgolic KJ. Changes in the
concentrations of trace elements in humanmilk during lactation. J
Trace Elem Med Biol 1998;12:159.

14. Krachler M, Rossipal E, Micetic-Turk D. Trace element transfer
from the mother to the newborn: investigations on triplets of
colostrum, maternal and umbilical cord sera. Eur J Clin Nutr
1999;53(6):486-494.

15. Cunningham FG, Leveno KJ, Bloom SL, Hauth JC, Rouse DJ,
SpongCY. Williams Obstetrics: 23rd ed. McGraw-Hill.2010.

16. Rahimi E, Hashemi M, Torki Baghbadorani Z. Determination of
cadmium and lead in human milk. Int J Environ Sci Tech
2009;6(4):671-676.

17. Kippler M, Lonnerdal B, Goessler W, Ekstrom EC, Arifeen Sh E,
Vahter M. Cadmium interacts with the transport of essential
micronutrients in the mammary gland- A study in rural
Bangladeshi women. T oxicology 2009;257:64—-69.

18. Al-salehl, Shinwari N, Mashhour A. Heavy metal concentrationsin
the breast Milk of saudi women. Biological Trace Element
Research 2003;96:21-37.

19. Leotsinidis M, Alexopoulos A, Kostopoulou-Farri E. Toxic and
essential trace elements in human milk from Greek lactating
women: Association with dietary habits and other factors.
Chemosphere 2005;61(2):238-247.

20. Frkovic A, Kras M, Alebic-Juretic A. Lead and cadmium content in
human milk from the Northern Adriatic area of Croatia. Bull
Environ Contam Toxicol 1997;58(1):16-21.

21.Florea T, OrbanHuszti S, Costin M. Heavy metal contaminats in
milk and cheese. T he Annals of the University Dunarea de Jos of
Galti-2006;Fascicle VI- Food Tecnology:26-32.

22. WHO/IAEA. World Health Organizationand International Atomic
Energy Organization, Minor and trace elements in breast milk.
1989. (Geneva: WHO).

23. Kondyli E, Katsiari MC, Voutsinas LP. Variation of vitamin and
mineral contents in nawgoat milk of the indigenous Greek breed
during lactation. Food chemistry 2007;100:226-230.

24.Phol P, Prusisz B. Determination of Ca, Mg, Fe, Cd, Cr and Zn
pantitioningin UHT cowmilks by two-columnion exchange and
flam atomic absorbtion spectrometry determination. Talanta
2007;71:715-721.

Yv

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Park YW. Comparison of mineral and Cholestrol composition of
different commercial goat milk products manufactured in USA.
Small Ruminant Research 2000;37:115-124.

Kina CS, Maihana VA. Determination of majorand minor element
in dainr products through inductively coupted plasma optical
emission spectrometry after wet partial digestion and neutron
activation analysis. Food chemistry 2007;100:390-395.

Nogueira Rita de Araujo A, Mockiuti F, Batista de Souza G,
Primavesi O. Flow injection spectrophotometric catalytic
determination of iodine in milk. Analytical Sciencis 1998;14:559.

Cava-Montesinos P, Rddenas-Torralba E, Morales-Rubio A,
CerveraM L, de la Guardia M. Cold vapour atomic fluorescence
determination of mercury in milk by slurry sampling using
multicommutation. Analytica Chimica Acta 2004;506:145-153.

Munoz E, Palmero S. Determination of heavy metals in milk by
potentiometric stripping analysis using a home-made flow cell.
Food Control 2004;15:635-641.

Medvedeva VI. Doklady akademii nauk belorusskaya 1966. SSR
10, 98-100. Cited: Chemical Abstracts 203 16.

Carter JP, Katab A, Abd-El-Hadi K, Davis JT, El Gholmy A,
Patwardhan VN. American Journal of Clinical Nutrition
1968;21:195-202.

Hambidge KM. In newer trace elements in nutrition 1971. New
York: Marcel Dekker.p.169-194.

Casey CE. Proceedings of the University of Otago Medical School
1976;54:7-8.

Kumpulainend T, Vuori E, Makinen S, Kara R. British Journal of
Nutrition 1980;44:257-263.

Casey CE, Hambidge KM. Chromium in human milk from
American mothers. British Journal of Nutrition 1984;52:13-71.

Casey CE, Hambidge KM, Neville MC. Studies in human lactation:
zinc, copper, manganese and chromiumin humanmilkin the first
month of lactation. The American Journal of Clinical Nutrition 41:
JUNE 1985:1193-1200.

Krachler M, Prohaska T, Koellensperger G, Rossipal E, Stingeder
G. Concentrations of selected trace elements in humanmilkand in
infant formulas determined by magnetic sector field inductively
coupled plasma-mass spectrometry. Biological Trace Element
Research 2000;76:97-102.

Rivero FA, Fernandez ML, Sanz-Medel A. The potential of double
focusing-1CP-MSfor studying elemental distribution patterns in
whole milk, skimmed milk and milk whey of different milks.
Analytica Chimica Acta 2001;442:191- 200.

Sola-Larrafiaga C, Navarro-Blasco I. Chromium content in different
kinds of spanish infant formulae and estimation of dietary intake
by infantsfed on reconstituted powder formulae. Food Additives
and Contaminants 2006;23(11):1157-1168.

Sternowsky HJ, Wessolowski R. Lead and cadmium in breast milk.
Higher levelsin urban vsrural mothers during the first 3 months of
lactation. Arch Toxicol 1985;57(1):41-45.

Honda R, Tawara K, Nishijo M, Nakagawa H, Tanebe K, Saito S.
Cadmium exposure and trace elements in human breast milk.
Toxicology 2003;186:255-259.

Rydzewska A, Krol I. Content of zinc, copperand cadmium in milk
in mild of women living in Poznan. Ginekol Pol 1996;67(3):125-
128.

Sikorski R, Paszkowski T, Radomanski Jr T, Szkoda J. Cadmium
contamination of early human milk. Gynecol Obster Inves
1989;27(2):91-93.



Y4y )L@;. Al ﬂ)'w..il A )92

EBE ) Jiﬂ: PICSA

44,

45.

46.

47.

48.

Hallen IP, Jorhem L, Lagerkvist BJ, Oskarson A. Lead and
cadmium levelsin human milkandblood. Sci T otal Environ 1995;
166(1-3):149-155.

TuranS, Saygi S, Kilic Z, Orhan A. Determination ofheavy metal
contents in human colostrum samples by electrothermal atomic
absorption spectrophotometry. Journal of Tropical Pediatrics
2001;47(2):81-85.

Younes B, Al-Meshari AA, Al-Hakeem A, Al-Saleh S, Al-Zamel F,
Al-Shammari F, Alwarthan A. Lead concentration in breast milk of
nursing mothers living in Riyadh. Ann. Saudi Med 1995;15(3);
249-251.

Drasch G, Aigner S, Roider G, Staiger F, Lipowsky G. Mercury in
human colostrums and early breast milk. Its dependence on dental
amalgam and other factors. J Trace Elem Med Biol 1998;12(1):
23-27.

Radisch B, Luck W, NauH. Cadmium concentrations in milk and
blood of smoking mothers. Toxicol Lett 1987;36:147-152.

YA

49.

50.

51.

52.

53.

EynonGR, McKenzie-Parnell JIM, Robinson MF. Cadmium in non-
smoking New Zealand women immediately following child birth.
Proceedings of the University of Otego Medical School 1985;63:
38-40.

Nishijo M, Satarug S, Honda R, Tsuritani I, Aoshima K. The
gender differences in health effects of environmental cadmium
exposure and potential mechanisms. Mol Cell Biochem
2004;255:87-92.

Elinder CG. Cadmium: uses, occurrence, and intake. In: Friberg L,
Elinder CG, Kjellstrom T, Nordberg GF, editors. Cadmium and
Health: A Toxicological and Epidemiological Appraisal -
Exposure, Dose and Metabolism. Cleveland: CRC Press, 1985:23-
64.

Willers S, Attewell R, Bensryd I, Schutz A, Skarping G, Vahter M.
Exposure toenvironmental tobacco smoke in the household and
urinary cotinine excretion, heavy metals retention, and lung
function. Arch Environ Health 1992;47(5):357-363.

Jarup L, Berglund M, Elinder CG, Nordberg G, Vahter M. Health
effects of cadmiumexposure: a reviewof the literature and a risk
estimate. Scand J Work Environ Health 1998;24:1-51.



@ DOI1:10.22100/jkh.v9i1.354
Journal of Knowledge & Health 2015; Vol 9, No 1 o )
Shahroud University of Medical Sciences Original Article

Cadmium and Chrome Concentrations in Human Milk

Sima Nazarpour (M.Sc.)*", Leila Teimoori (M.Sc.)?, Samaneh Teimoori (M.Sc.)?
1- Dept. of Midwifery, School of Midwifery and Nursing, Islamic Azad University, Varamin-Pishva Branch, Tehran, Iran.
2- Dept. of Biochemistry, School of Basic Sciences, Islamic Azad University, Varamin-Pishva Branch, Tehran, Iran.
3-. Dept. of Chemistry, School of Basic Sciences, Damghan University, Damghan, Iran.

Received: 18 July 2012, Accepted: 11 August 2013

Abstract:

Introduction: Nutrition of children has the highest priority in any program aimed at children's health care.
Milk contaminated with various toxic elements can have adverse effects on children's health. This study aimed
to determine the concentration of heavy metals including cadmium(Cd) and chromium (Cr) of breast feeding
women’s milk in Varamin.

Methods: This is a cross sectional study. In the present study, chromium and cadmium levels in milk of 100
mothers attending clinics in the city of Varamin were measured in four to eight weeks after delivery, using
atomic absorption spectrometry.

Results: The mean values (xSD) of Cd and Cr in human milk were 5+6.9 ug/ml and 3£2.7 ug/ml respectively.
Result of Linear regression showed that cadmium levels were higher in breast milk of people living close to the
factory orindustrial center. Also, the chromium levels were higher in the breast milk of women in cases of:
Smoking by spouses, consumption of imported rice, consumption of mineral water, and living close to the
factory or an industrial center.

Conclusion: This study showed that the relationship of some factors such as living near a factory or an
industrial center, smoking by spouse, the type of consumed rice and water, with the level of cadmium and
chromium. Cadmium and chromium levels of breast milk in this study were higher than the levels of these
elements mentioned in the reviewed articles and international standard. Because some variables, such as living
near a factory or an industrial center, smoking by spouse, the type of consumed rice and water can affect the
amount of entering elements in breast milk. Actions can be taken to reduce or eliminate these variables in order
to decrease the mentioned elements in human milk.
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