[ Downloaded from hsr.mui.ac.ir on 2025-07-07 ]

[ DOI: 10.22122/jhsr.v13i2.2745 ]

DOI: 10.22122/jhsr.v13i2.2745 Vesnu Publications

S paiged 30 (HS-SDME) 5B gd (5Lad 39 0 yhad U Z1 g5kl g 350 (99 3 (o & 33315 (oriuw g SKo!
IU buzxo s1gd 40 wiulle

¥ Cs . L . v . LY. . Vo - .
S 5030 Jms d ¢ leyy g Ldyusaa 59,88 L) Glipsilanas ) 9 gaue ¢ (I 445 o gaals dsac

LR
03 53 (6305 S (bl en g 0 5l 1y Saotu T oy g 1 (K 0T Commn 5 (S5 STom 5wl 53 03,28 eslinal Cle 4 A5l 3 140k
GBS lab 53 ol 6K gl gl S ) e 3l (0Kl Oun LSl walllas il skl sy 4 S pl GIUT By s Sl
(GC , Gas chromatography) s & sles S 58 L 50T Cgmr wsulle b (5l (sl sod (6 5LeesleT 5 (HS-SDME | Head space-Single drop microextraction)
A& plnil

(NIOSH) National Institute for Occupational Safety and Health-yo:+ :,, b 158 las sa ws S plrl abaie &5 S o5 adle ol 5 il gy
56T 5,50 GC s HS-SDME 5, b K5 ;b s NIOSH-Y+ + 5 lsblaal (o5, b 5L &S5 gy 3590 o g ..\,_;)fd)ﬂ@,,&.ﬂﬂ oS g oS 5 e
.,\:Nw«u..ru,d:,)pﬁa.\.:y.ut,u.\;.uu,s\;.wﬁu“q@ﬁ}a;)\;

NIOSH 5y, pslie I S (ylsgme sk 4 (I dwe rf;ﬁ:ﬁ VYY) HS-SDME s, 4 il s chile ke Paired t o7 olul , dbyasl
20555 ¥=0) b5 5 (e 055,80 1Y) Lo e Calé b (sladi goi 53 HS-SDME gy 55 polie ool (P < v/00)) T s 4 (I oo 2 .55 850 Y/TY)
Ll sy S HS-SDME i3, 55 a5l 5 cble uziul.:»,g G 5 r;})g:» *N=Y) Vf bl s 5, NIOSH 55, 5 oal Cows 4 palie | S (e
AP = /FY ) 545 5l sae ChalE 03 e oyl 53 (65bT Blod 5 yslas ol oM
.g;..:v\é.,\.h\}édbh)}kﬂ}hdh%}bbrjydbgb\Lv\.f»l;.u‘:6;}JJ:JKVSGLAMLI.A;V\JLA)&6\.&4}}.@;6‘)&401‘13.,\5‘}3‘5:HS'SDME Q;JJ:‘S}.’.?W

s 595 /S| National Institute for Occupational Safety and Health (US) ¢ 6 5 (slas 53 ¢ 15 &S5 1 szl Son ol g (slas gos ct3lle 5 26 ™ (S051g

slad 40 o,hd ST gl Suily S (igy (gl 3 p1yl5 (S Kol Ly b S oehe disylen Slojys duj (8598 dgmas laslom ) cuons a5 elgol tgls

YOR-VEE oY) W VAP ool pllas oliaios oo + )5 dausmo (glgd 53 wdillo 8 (5,15 diged jd (HS-SDME) Jlig3

AARAZARVAS S|P JUNY

lmasito o il clacdle olaas » waalse jl 6,50 £
ladigei b ol )d polie ol 4y a5 245 oo odaliie (S (sbrolSiiylos]
(¥ Q) e 2500 5 005 clablone Sofolom

Shob e (255 38lle b llges g plasl 3 S anlgd polul 5
el o] 5 (S «So3elamesn] Slallas y3 3¢90 (B dnlgds sl Slus]
i 5 it e ) 28k e Sl ol e aaless &S
ol g 3 4 39y Jlod 4 (sages Codl (gl SIS S asalleys
(V0) cosl @B 31,3 angi 3)50

S olgis @ odle (pl ()l Caans g 3380l y8 5l 00 iuS edlaiwl cle o
e 3 3l LSS g s 4l lse claoa VT oy ke Sl
() ol 020l 3939 4 S 5 oyl 3BT gy €5 g sl

VWAF/) /Y alie 3L s

doude

B G S 4 3Bl sles )3 o8l yolsbs 5 JT S5 o asallejp
S s 48 gy o slads 4 pe riuo (olewds 0dlo S A5Wle 3 .(V-0)
P odle opl (F) 2)l 2,8 St g cans ¢y Mgy &S Canl o £
9 e 35 Jole o ol & Sl 5 Sl sladiges 2o
Lo Slig Mg ) cpuizmad g (6ysliS ) O.Suﬁ’l S ‘eril)] oY gz

(B ) 298 o0 ookl Sg >
S iy 9 did iy slaile (2l g () glee S8
2 0diS Sede Lb 5 00yl SS lads 4 oliowd dlae W)ei g Sy
{3 A) 55 5 ole lle b gy ok 5 (655 2l i L] 500

Ol oletul ¢ loduol (S pole oKl cuibligg 0aSisly ((gldd > Cubligy (qwdins 09,5 § (ool Clados dieS i)l (w8 (gl -
Oyl el ool (Sbs pole oSl ccadligs 0aSily ((gldd o Cubligy (wdizs 09,5 ¢ Lokl =Y
Oyl eoladeal ool (S5 pale oSl ccudiligg 0aSisly are Cublagy awdige 09,5 ¢ )babisl -V

Email: rismanchian@hlth.mui.ac.ir

Oyl (oluol ¢ laduol olKisly pole 0uSLly ¢ gands 09,5 ¢ )laliwl —F
Olzslons s gmmne 1 gguud okiums o3

Yod

WAF il /Y 05laas N Jlo /codhus pllss il aloxo

WWW.Mmui.ac.ir


http://dx.doi.org/10.22122/jhsr.v13i2.2745
mailto:n_hasheminejad@kmu.ac.ir1-استادیار%20گروه%20بهداشت%20حرفه%20ای،%20دانشکده%20بهداشت،%20دانشگاه
mailto:n_hasheminejad@kmu.ac.ir1-استادیار%20گروه%20بهداشت%20حرفه%20ای،%20دانشکده%20بهداشت،%20دانشگاه
mailto:n_hasheminejad@kmu.ac.ir1-استادیار%20گروه%20بهداشت%20حرفه%20ای،%20دانشکده%20بهداشت،%20دانشگاه
mailto:rismanchian@hlth.mui.ac.ir
http://dx.doi.org/10.22122/jhsr.v13i2.2745
http://hsr.mui.ac.ir/article-1-927-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-07 ]

[ DOI: 10.22122/jhsr.v13i2.2745 ]

08 &S5 ol ity Sn B8y (Slebee 3,8

GC Microsynnge

o
L8, ?
‘oeds ‘ [
Organk ¢ : l Headspace
:;’C»;‘n

Aqueous sample

HS-SDME (4, <uitads slad .\ Jsib
(Head space-Single drop microextraction)

Aly 5L 2l sy Ko Mo 5l 5 HS-SDME i,
9 45905 olaanls 1l (SPME | Solid phase microextraction)
e Sl g Cosl JMo G912 (53992 B g (3l 9 @ 85 1y b 055
3 s 36T gl (gdane lalllas (VA Y+) 1S o oalizl (glosles sl
(VYY) oS oolizl gy ol 5l Sl 5

(S5 3o g gl > lle 03,58 wlitd 4y s b 58]
s S5 ) T gy 53 (oo S b IS e S5 5 ol s
ilwodlsl ;3 HS-SDME j3g, (Slie 5,5 omiwwylSel s b yusl>
NIOSH 55, Ly dlio 13 GC L 50U cas sgidlejp cols cadiges
5 plogl

15 gilepal ald sl o)sS o)l I S ity 45l 4 295 L
bl doe plois 4 Jpame (ol oS M5 a8 )b 5l (S 09 0
20,8 Gl ghb

Lagdisy
5 )b ymasged slabyy (mw)lis] Jodllygiod oll  addlas ol 23k
Gl 65 dbges i Yo ol oyl 5 (YY) 5 o995 NIOSH )ﬁJb’l
0d-d g (g (sladiged 391 Sl 3y90 dinej ) b9y S 3 Shes (o))
NIOSH-Y8« - g, Ly 5 i Jitto slfitylefl o 4 ol o (5o ]
sy L i g 13,5 o3lal HS-SDME 4 5jluibial 39, lgie &

28,5 3138 51 5)90 MS g jagibg S
Sl eSS ANAlAr eS8y 5) Cudlg s paduw I 3ai5 plosl g1y
g (el Merck) modw Sy, o (lodl Merck) 5y
(OLOJT ‘Merck) KV | PYC IS { WS Kvl v IRV 7390 BV K| PSR S WS Kol oo
siillep Sl Jolome it b5 00 NIOSH-Ya - g, 3o
TV il ooyl on YINY (390 385 b (i 5 o5 ke V)
3 bl (£,,L8 (sl Jgdme g 5 4t 059 ol 5V L do s

(B (el g Culing (o dunshe bawgi oA duogi (o) (5 el
L, National Institute for Occupational Safety and Health)
ao LB S col Y0+ 5kl Gigy gilley s sl (NIOSH
Sl egy el ) o(VV) aliee +/N PPM jee 4y (b gghans (55503l
e Ol g llojd Jslos 1oy 8F S pilus duasl i)\ Sy igeg S
oslisl 25 (obigel slaglianslon )3 181lejd (om0 50 LS agzlse
9 S ks 05dlls (glosle 3l oalitul ¢ jig) ol odas Cins alads .(\Y’) L3905
Joe (375 S dciails 48 A3 oo Lalé (S0 ol ol 4 05,55
clapdbl o o 5l eslil 35 0 el g cowl Jlu plos K 3 Jools
V%) 28 iz 2 Jgano

5 b madised Byo UL Gloj JS a0y £l St e Jgene ysb 4
S 5T caddgo (o35 2990 b ool S g 295 0 Wigad (53luonle]
S Gl 3 M lplis a8 (o e |y odmn S le
(V8) cl 0t gy slasdy) (uiRile g Sl slag sl
Jslos 51 (slosgiome 58,5 JLas )3 dinjls ccanlin ]Sl g,y S Sl
adpjp g s (Saom diged Slej STidl lpd plasy Joli
(18) Canl 518 03930 g 0 oslil ST Mo jlade o jbg) dawss

als 55 g mlbo 56 2l seil wsle diges (siluoslel Jolite (slacSuss
5 aigei dLaj pale aiojls 5 0)h Sty 5 oazmn s Joddlyg
2yl Juol (oSS o 4yl Olidss K9y Aitun JI cla M
ol 4_.\.9) odlawl D)9 Lrﬂ dL&aJM& )JJl_QA MU 9 é.:l_a *é)l_a
(LPME L Liquid phase microextraction) gle ;Lé gl,sculy See
I 52y Sam aiz 1 o 3 o oo gad (iloodlel g, o9
(18) 33,5 oo oolisl Ciliseo (sladiges j eyl s ol

L, Single drop microextraction) o, s <5 gl 5 wly,See
el ajs polol 2 4 cadl LPME illas o5, o yioske (SDME
ol 1 Sy Sy San S Si 3 il SOl o by Sn S
5 (HS L, Head space) sLsgs Las (DI L, Direct immersion)
L, Constant flow microextraction) coli (oo b ob > ¢!l S
(V) Wl dewgs caliseo d)JLI sl y,ls 4l (CFME

(HS-SDME) L3 (sLuas ;3 0, kad S5 gl sy Sun by
8 P> 5l sl Sm 058 Sy i (3lao Sl oolitl | o JUT e
plorl aiges L8 (glab 3 00 aly SpuogSo Sy Sl o ]
2 29bee il (ure sl ploj sly diged Jobre (slod o 3,5 (0
258 ok 5 lBgh (sl ol wiged B aus oo > Ul 2l
e 0l |y oy cal Sled ok N USSL(VY) 93,5 e

UL (el 5 25 50 02088 Spos 515 4y 0 by S0 gl il | g
L, Gas Chromatography) ;LS (3l,5g5leg,S (omen (ololSiws 4
S5 55leg,S 5 (MS Ly, Mass Spectroscopy) > giwcab (GC
L, High efficiency liquid chromatography) YU !, b xle
(W) 25 0 3,5 (HPLC

WAF il /Y 05lass Y Jlos /oMo pllss il dloeo

WWW.Mmui.ac.ir


http://dx.doi.org/10.22122/jhsr.v13i2.2745
http://hsr.mui.ac.ir/article-1-927-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-07 ]

[ DOI: 10.22122/jhsr.v13i2.2745 ]

Qb&h}@\j@ ol 5315 o

o yp cdale olul ol g 243,588 anls diged il ) yegl OA-
855 )8 dloxs 3)90 Jorome (sladiges )

b9y ol L dbiges El)""‘;“" 9 L;)‘L»a.\ln’l [Ty HS-SDME U"’f)
bl it it (2l o Vo Jlby S 4 w3 s 2 Lo 0
JLg o a0 ol (gl gidio 1ojls GC L WU cga 15y o
s 5k ) Gl Sy sl gt S 2l o 0
a9 Ll (Y0) Copwluss d9 S mades 28 Sd )5 <10 5 3 e
L (PTFE) Polytetrafluoroethylene iss)s <L Jbg wyd s yus
OHal381 Ly g Conlad alS (lyy ol s UT b oSme pagrizegl psis
4o )t o GC 3T o (il it tiajls o3l 55T ol
(V) abi o S22l Jbl slacSy 5 Wgd e jigesly Sy wsiloggiie

plos (49,0 datdy £+ Gde 4 Jbg yo (gjlo il Jolpe JreST Cas
G990 4B Y ko ) Ly g 8,5 51,8 315 o an 3 S0 slod b p )5
2 a@B Yo Gie dy dged ¢pdid Dy g «olps )d g b ailiS WSSy
A5 ool 15 olusslesl (clos
©gmo dny okl JM 5l g Sen ¥ S purg)Se G jloolatl L g cé)S
4 g0l Jodome JLBgs (gluad > diged (VU yio il V 2gus 0yl
5 e 5 3lae (3,5 5l x> ¥o=¥) olSiulojl clod ,> 4iB> VO @ike
GC ol 4 g b 03iS Ko purg,Suo S50 4 0ha8 izl Sl oloj b
235 G0y3 MS )55 &y jeme

Yo ase Wi SPSS iy 5 pdea ol co v a L nods
A Julos 9 4355 (version 20, IBM Corporation, Armonk, NY))

Ladasls

olis dadiges LT 51 e HS-SDME iy, (i lSal (g >
G3la glo pyr anly 3 asilloyd £, 55)S0e cans  aSilleyb clals
NIOSH i) s asalleys colale (:Silie and (3155 ()l diges
5 HS-SDME 35, 4y gyt Lo 5y pySo,Sue Y/¥Y £ \/$5
cbale (S0lee aglio g gyl (o 0 p)55)See VYV E </
P < /ooy &S ws eolinul Paired t ygesl 5l oo, 93 ya 0 asalleyd
NIOSH g, am a53leyd clale (ko P jlade 4 dogi b el s
Sisod (6 gl 59 HS-SDME ) I ey g)bsime 5k 4
HS-SDME ¢ NIOSH i) 93 5l Jeols polie &5 sls Lz Pearson
clale Sl (P = /o0 d = +[5VF) 82l s lad abal) o b

ol 0dds GV Jgds 10 sy 90 yo y0 calise glacdale (o a5ule,s

V Sy g mae b Sl Jolore 1 slio (lise (3909 (345, b 4l 3
15,5 o3l (ldl Merck) s s

(LT MErck) woys V SugyigegS suwl dadiges (gjlwodlel caga
SigMa) (ol S gyt o 5ha9)5b8lsy (Lall MeTCK) 15"
28,5 1,8 ealiul 3590 ()T MeETCK) (4b15 9 (0pl5

55 Sl e S 3 o (oxie s 5 aiges ol OB sl
GC o> jl odliiwl Ly 55 GC 3T a5 onliul yogils DA
(YAR- A Jse GC 5 03Y0 C Jao MS) MS 4 jaome (K501 Agilent)
L85 Oy

Uigyd—S u’l—'ﬁj 5 NIOSH-r%- J)/.UL"_»U/‘)&’/
B b 0y00 o] (6pB)lS5 5 omianylite] g 395 oo gume lgn (sladiges
ARl (i )3 85 )5 gy nl sliee 32, elul (W) canl 485
Olsze 4 NIOSH=YD- - 39y cadalle g b)) s slo g, il sy
LV AY YY) Conl osds wid )5 45 55 Lo g 3 lasliul

L35 slmadg Uy o1 ol gefl st (sl 2 3llop ke angone
)‘ u—i’ dl)l) d)u oli,_.wal)_&s 2 O .,\_’b)f MJ..JJJ[A)S P —ae
NIOSH-Yd«+ 59, b diges b ¥ aagiblle b 3bj 5 bawgio (o8 slacble
s 20l dgas Ve dale o 10 0 (g)b pdiges degezre (gljl 4 i d);léa.}
e Vo (s poxienl 93 dlnsg 4 olial 2 )3 (g0 pdiges 43S s
P L8 b aise oy o & Jate 103 ) Sl g s Jybre
5 ool Ly iy s diged Sy 85 plosl amo (glo 5l 4id> 5 2 )
GC L 4 gl HS-SDME 34, 3l elize b ;50 43905 ¢ NIOSH 34,
A5 dumlie o b ) 93 om (algs 3 g 23,5 U

09> o8ilel s Js] car izl o Slyime (s o pdised S| o
gl S 4y el o Jsloe @ltlofl )3 0 4ty bl Ly g b
sdoee 52§ s § 5 bl Jsl et 5 S5 6 oo Y
O oAb Ay glaind (heyd gyl p ) Lo YO L S g0
Joore 9 8Ll Ly 4 ao )3 ) Sy igesS sl Jolore i e +/
o el s Bale Sl sl 1 e 5 00,5 bgls ol 4 Juol>
o 9 G5 )8 0l,E il 4340 Glod b p)S Ul ples 55 B> V0 e
ol iS5l L 03,5 03lel 81,8 g olKtnlojl (lad y3 5 Dy ]
O 29mm5 oS 5 5 30 Ll Sl 3 05l dpog) b gty S
zo— Job y» "j o g b AlSyy GgsS (9,0 diged «(63,l8 3kl £ L

gy 99 A Ho Alids glacBBIE Hu usialle § GlBIE (1Kilis N Jgua

: < 9,510) HS-SDME : < 9,530) NIOSH

Lo ‘11: e o i’;‘,’i’;ﬂm (alolin 2 p S5 50) GLE 53520

< J¥Y- /00 % +/f- JOAE - /¥4 PSR
offo o \/¥4 £ /oY AARYE =YL (s 50) V=Y
YRR V/AA £ < VA Y/AY £ /04 (sb3) ¥-0

NIOSH: National Institute for Occupational Safety and Health; HS-SDME: Head space-Single drop microextraction

Y&

WAF il /Y 05laas N Jlo /codhus pllss il aloxo

WWW.Mmui.ac.ir


http://dx.doi.org/10.22122/jhsr.v13i2.2745
http://hsr.mui.ac.ir/article-1-927-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-07 ]

[ DOI: 10.22122/jhsr.v13i2.2745 ]

08 &S5 ol ity Sn B8y (Slebee 3,8

(VA) 295 08 pol oy jlaan Juids IS 65 &
slaco)ly b o laor ¥ s sl HS-SDME iy,
S g 0y oligS Gy sladwl (V) yud ol sloadiges Gl
(M) ole s 13 6595 o Jite u—ﬂ 6 o9 9 (Vo) odmy Syl

Cowl o.\g..b)f odlaswl

S ySaaild
23 aiilles bale Sl S ol Lt il clacale 5 gl sy
53 odal Cuwd 4y yolie I jieS wlalé 2dgae dw y» 3 HS-SDME 59,
P eine M 5] S e ke 5 Ll sl NIOSH s,
CaBlag dg3g

oS soelils 3 HS-SDME g, 48 sy a5 4 ol ol 2
6 a5y ohl ol g lwgie laclale (o Lol sl atily (5550 58
5 9909 O Celll (il oy 4 atuly gl 023l gl ey S
O ) (S Ul clale 4y (ilobis a5 Sl o] 5l oxipdy 56
ol (1Y) sl o ]yl oslo LolS e j1 conl (sScom Aig05 ylaie
(e (=l 45 3905 A g (e Ol 1y o8 Gl e3gae )3 S50 )8
530 oy o e S ile )3 1) a5illed (ume e gl el (Ul
Dy 3lelix () cnl bawgs 15lleyd (Sl polie i

a8 g S
g ot b TV 0o b o o 1 8,50 531 alln
o oledol (S pole oS (gygld g Simag Chglas | (Bt s
plosl 3 a8 (b <858 (U il amen 5 b (ol Jl cules car
sl Jos ()08 5 S5 idgal (g)Sem 23l gy

References

HS- gy b asillo b clale (Sile Palired T gel ol & 4295
35S s ime yob ol 5 bwgie clile b sladises > SDME
9P =/oeh sy a) 39 NIOSH g, 5l ossl cwd 4y polin
by P Slled e ble (WSl e 3 S S c bl (P =2/
039 e ol y3 (oylol blod 5l polie ol B Lol s 28 HS-SDME
AP = IEV ) 2 s xe clale

==

L 4y HS-SDME 3, 3l oslisasl sy Sel G |y s adlllne
45903 Yo NIOSH Joslly g 3l .4 plosl NIOSH-Ya- 39,
B I8 (o 390 3L g Lawgie oS ClalS e39a50 A )3 ()5

cble (W Sle Paired t 9ol P <o/ee) Jidedanang b
3l e NIOSH 5l 268 (g5 sme yobo 4 HS-SDME g, ;5 3530ke,8
(S gk &g ) Slyen wa b g 93 & 8T a Gl m ecnlple
iy o i WSl 3 15l b gl sl )3 HS-SDME 39,
0diS’ Cyol 438 comsd (go0,)S (gl (gilw Bie Sl a5 Phe Jopd )
Joas WU 0l JSs 4 e Ul S5 o ol 51 ool (gl copiomon ol
Gl ite K05 Ban wlll jageds g o bl D9y 0 S & s
A8 wil e losg bl aialy (g3l isite b ol b 239 00 oguine
95 Slosily e @yl 5 wil gllaol gl auls el ol Ko
o slosloggiin byl Sings 1S5 gyl (1Y) 28l et
25 0 dvog glpel 1018 59y 2 ol Sl g

5 2Bl oLl cas 365 Limgh 5 Stalikas § Fiamegos
Ul lgie 4 250lejb 5l ok 15 (5l giia g HS-SDME (555 3L
9 ¥ ¥ abwg an (T oyhad )3 gl gide G ol 5D 53505 o3l Jio

1. Fagnani E, Melios CB, Pezza L, Pezza HR. Chromotropic acid-formaldehyde reaction in strongly acidic media. The role of
dissolved oxygen and replacement of concentrated sulphuric acid. Talanta 2003; 60(1): 171-6.

2. Zhang L, Steinmaus C, Eastmond DA, Xin XK, Smith MT. Formaldehyde exposure and leukemia: A new meta-analysis and

potential mechanisms. Mutat Res 2009; 681(2-3): 150-68.

3. Li Q, Sritharathikhun P, Motomizu S. Development of novel reagent for Hantzsch reaction for the determination of
formaldehyde by spectrophotometry and fluorometry. Anal Sci 2007; 23(4): 413-7.

4. Duhayon S, Hoet P, Van Maele-Fabry G, Lison D. Carcinogenic potential of formaldehyde in occupational settings: A critical
assessment and possible impact on occupational exposure levels. Int Arch Occup Environ Health 2008; 81(6): 695-710.

5. Hope CK, Griffiths DA, Prior DM. Finding an alternative to formalin for sterilization of extracted teeth for teaching purposes.
J Dent Educ 2013; 77(1): 68-71.

6. Coggon D, Harris EC, Poole J, Palmer KT. Extended follow-up of a cohort of British chemical workers exposed to
formaldehyde. J Natl Cancer Inst 2003; 95(21): 1608-15.

7. Neghab M, Soltanzadeh A, Choobineh A. Respiratory morbidity induced by occupational inhalation exposure to
formaldehyde. Ind Health 2011; 49(1): 89-94.

8. Cogliano VJ, Grosse Y, Baan RA, Straif K, Secretan MB, El Ghissassi F. Meeting report: summary of IARC monographs on
formaldehyde, 2-butoxyethanol, and 1-tert-butoxy-2-propanol. Environ Health Perspect 2005; 113(9): 1205-8.

9. Bosetti C, McLaughlin JK, Tarone RE, Pira E, La Vecchia C. Formaldehyde and cancer risk: A quantitative review of cohort
studies through 2006. Ann Oncol 2008; 19(1): 29-43.

10. Tang X, Bai Y, Duong A, Smith MT, Li L, Zhang L. Formaldehyde in China: Production, consumption, exposure levels, and
health effects. Environ Int 2009; 35(8): 1210-24.

11. National Institute for Occupational Safety and Health. NIOSH Manual of Analytical Methods (NMAM). 4™ ed. Washington, DC: US
Department Health, Education, and Welfare; 1994.

12.

Dar A, Shafique U, Anwar J, Waheed uZ, Naseer A. A simple spot test quantification method to determine formaldehyde in

WAF il /Y 05lass Y Jlos /oMo pllss il dloeo Yoy

WWW.Mmui.ac.ir


http://dx.doi.org/10.22122/jhsr.v13i2.2745
http://hsr.mui.ac.ir/article-1-927-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-07 ]

[ DOI: 10.22122/jhsr.v13i2.2745 ]

Qb&h}@\j@' ol 5315 o

aqueous samples. J Saudi Chem Soc 2016; 20: S352-S356.

13. Ghasemkhani M, Jahanpeyma F, Azam K. Formaldehyde exposure in some educational hospitals of Tehran. Ind Health 2005;
43(4): 703-7.

14. Gasparini F, Weinert PL, Lima LS, Pezza L, Pezza HR. A simple and green analytical method for the determination of
formaldehyde. J Braz Chem Soc 2008; 19(8): 1531-7.

15. Hyotylainen T, Riekkola ML. Sorbent- and liquid-phase microextraction techniques and membrane-assisted extraction in
combination with gas chromatographic analysis: A review. Anal Chim Acta 2008; 614(1): 27-37.

16. Sarafraz-Yazdi A, Amiri A. Liquid-phase microextraction. Trends Analyt Chem 2010; 29(1): 1-14.

17. Han D, Row KH. Trends in liquid-phase microextraction, and its application to environmental and biological samples.
Mikrochim Acta 2012; 176(1-2): 1-22.

18. Xu L, Basheer C, Lee HK. Developments in single-drop microextraction. J Chromatogr A 2007; 1152(1): 184-92.

19. Dadfarnia S, Haji Shabani AM. Recent development in liquid phase microextraction for determination of trace level
concentration of metals-a review. Anal Chim Acta 2010; 658(2): 107-19.

20. Saraji M, Bakhshi M. Determination of phenols in water samples by single-drop microextraction followed by in-syringe
derivatization and gas chromatography-mass spectrometric detection. J Chromatogr A 2005; 1098(1-2): 30-6.

21. Vidal L, Psillakis E, Domini CE, Grane N, Marken F, Canals A. An ionic liquid as a solvent for headspace single drop
microextraction of chlorobenzenes from water samples. Anal Chim Acta 2007; 584(1): 189-95.

22. Przyjazny A, Kokosa JM. Analytical characteristics of the determination of benzene, toluene, ethylbenzene and xylenes in
water by headspace solvent microextraction. J Chromatogr A 2002; 977(2): 143-53.

23. Kennedy ER, Fischbach TJ, Song R, Eller PM, Shulman SA. Development and evaluation of methods. In: Eller PM,
Cassinelli ME, Editors. NIOSH Manual of Analytical Methods. Collingdale, PA: DIANE Publishing; 1994.

24. Gigante AC, Gotardo MA, Tognolli JO, Pezza L, Pezza HR. Spectrophotometric determination of formaldehyde with
chromotropic acid in phosphoric acid medium assisted by microwave oven. Microchem J 2004; 77(1): 47-51.

25. Cancho B, Ventura F, Galceran MT. Determination of aldehydes in drinking water using pentafluorobenzylhydroxylamine
derivatization and solid-phase microextraction. J Chromatogr A 2002; 943(1): 1-13.

26. Nuhu AA, Basheer C, Saad B. Liquid-phase and dispersive liquid-liquid microextraction techniques with derivatization:
Recent applications in bioanalysis. J Chromatogr B Analyt Technol Biomed Life Sci 2011; 879(17-18): 1180-8.

27. Xu L, Basheer C, Lee HK. Chemical reactions in liquid-phase microextraction. J Chromatogr A 2009; 1216(4): 701-7.

28. Fiamegos YC, Stalikas CD. Theoretical analysis and experimental evaluation of headspace in-drop derivatisation single-drop
microextraction using aldehydes as model analytes. Anal Chim Acta 2007; 599(1): 76-83.

29. Merib J, Dias AN, Simao V, Carasek E. Simultaneous Determination of Environmental Contaminants with Different
Volatilities in Tap Water Samples Using a New Approach to Single-Drop Microextraction Procedure. J Braz Chem Soc 2015;
26(8): 1674-83.

30. Chen 'Y, Li Y, Xiong Y, Fang C, Wang X. An effective pre-treatment method for the determination of short-chain fatty acids in a
complex matrix by derivatization coupled with headspace single-drop microextraction. J Chromatogr A 2014; 1325: 49-55.

31. Sarica DY, Tirker AR. Speciation and Determination of Inorganic Mercury and Methylmercury by Headspace Single Drop
Microextraction and Electrothermal Atomic Absorption Spectrometry in Water and Fish. Clean (Weinh) 2012; 40(5): 523-30.

32. Stalikas CD, Fiamegos YC. Microextraction combined with derivatization. Trends Analyt Chem 2008; 27(6): 533-42.

Yoy W& uLMb/V c.)l‘:..,is/\‘\‘M JL.; oM PU&.‘. u.:Lc.:.@uAbm

WWW.Mmui.ac.ir


http://dx.doi.org/10.22122/jhsr.v13i2.2745
http://hsr.mui.ac.ir/article-1-927-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-07 ]

[ DOI: 10.22122/jhsr.v13i2.2745 ]

DOI: 10.22122/jhsr.v13i2.2745 Vesnu Publications

Journal of Health System Research Received: 10.01.2016

Vol. 13, No. 2, Summer 2017 Accepted: 16.03.2016

Feasibility Study of the Field Application of Headspace-Single Drop Microextraction in
Formaldehyde Sampling of Workplace Air

Somayeh Dadkhah-Tehrani', Masoud Rismanchian? Ziba Norouzi®,
Hamid Reza Pourzamani®, Fariborz Momenbeik®*

Original Article
Abstract

Background: Formaldehyde is considered as one of the most important air pollutants due to both its high toxicity,
and the vast application in industries and medical centers. Many concerns have emerged, therefore, on the sensitivity
and the accuracy of analysis methods for this compound. This study was carried out to evaluate the feasibility of the
field application of headspace single-drop microextraction (HS-SDME) in preparation of formaldehyde-contained
samples for gas chromatography analysis.

Methods: In this experimental and cross sectional study, air samples were collected from a rock wool manufacturing
company using National Institute for Occupational Safety and Health (NIOSH) 3500 method. The samples were
analyzed once using the standard method of NIOSH 3500 and the other time using HS-SDME and gas
chromatography. Finally, the values of formaldehyde concentration calculated in the two methods were compared.

Findings: Paired t-test indicated that formaldehyde average concentration in HS-SDME (1.27 pg/ml) was
significantly lower than that in NIOSH method (2.31 pg/ml) (P < 0.001). In moderate (1-3 pg/ml) and high (3-5
pg/ml) concentrations, the average formaldehyde concentration in HS-SDME was significantly lower than that in
NIOSH method. In addition, in low concentrations (0.1-1 pg/ml), formaldehyde average concentration in HS-SDME
was lower, but the difference between the values was not statistically significant (P = 0.420).

Conclusion: According to the results, HS-SDME method is possible to be efficiently applicable in the extraction
of formaldehyde samples with low concentrations. However, it would not be accurately feasible in moderate and
high concentrations.

Keywords: Formaldehyde, Air samples, Headspace single-drop micro extraction (HS-SDME), National Institute for
Occupational Safety and Health (US), Spectrophotometry
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