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Evaluation of Uncertainty in Determining Styrene in Workplace Air by Gas Chromatography XU Yan,
GU Zhu-lin, SUN Yu-feng, WANG Jing, LI Yan-ming ( Institute of Industrial Health, Anshan Iron and Steel

Group Corporation, Anshan, Liaoning 114044, China )

Abstract:

[ Objective | To identify the key factors influencing the quality of determination through analyzing the uncertainty

of styrene concentration in workplace air by Gas Chromatography ( GC ). [ Methods ] Through establishing the mathematical model

for styrene determination by GC, origins of uncertainty of various parameters influencing styrene concentration measured by GC were

listed, evaluated and quantified. [ Results | The extended uncertainty of styrene determination was 1.2 mg/m’*( k=2 ). [ Conclusion |

The study showed the choice of standard solutions, the plotting of standard curves and the repeated measurements were key factors

influencing the reliability of results from determination of styrene concentration in workplace air.

Key Words: styrene; gas chromatography; uncertainty

— DI 2 AR AN W] sl G bt E AT AN S B AN E R
FAE A FH M T T B I P 23 B, R S MRS SR AR R 1 =
B DA S B R D AR AR AR, TR 2 s Y
ISR o ARSI MR AR R, AN E B R i TR R
A TE R BB REREI E AR EE , ST 1 S5 50T (5 R
AR o AP 1 T AR B s PR AR 25 2R AN
FEJE BRI, W02 S 2R B AN 5 BE A TIEAY , R, 42
PR RSN o i E LN R A S s R A, R
SRR SRR

1 5%
L1 BEL 250

AL, W E I E RIS (FID ): 3£ Agilent
3 ), S Agilent 6890N; 7R Z ;1000 pg/mLbr #fE 75 W,
FIRBE AR A ey A fEAE O BIESE BT, diE 5 GSB 07-1203-2000
430504; “ifbf: DL, KERHE A=A RA F),
520070608,
12 &itdt

LVEPE B ( 5 Agilent 24 F] , 15 HP-INNOWAX ),
FER 30m, NAR0.32mm, MBI 0.25 pmo 433 20 2 15 i
FERREE : 200°C; #ER: 9145 40°C, £-4F 3 min, L 10°C /min

[EFEEN MRE(1973-), &, %L, TR B0 . B
E-mail: xuyan0412@163.com
[ VEE B 1IN BRI A 558 TLEDIST, 107" #2il 114044

PYFEEETE 2 140°C, FFORHF I min; RIEHRE: 250C; A
NAA W 2.0mL/ming SR : 40mL/min; S
450 mL/min; M AE: 45 mL/min.
1.3 mE7k

AT GBZIT 160.42—2007( TAES 2 A R4 3ol
E HERIAE ) AP AR CRANEE SR, 1mL
TRACERARL , 2R R, AR AR I R R,
W TR R it , ARAERAEAR BT AR s b R MR
W

2 FR
2.1 EIHFHR
FRPGEI T3, 258 SR M v B B T h o 2
s A BE | AR AR R SRARIRER | IR L) R AR R
I BARHERFER R S R, S s P R LR vk
BER BB (1) 2.
C=(exv)I(VxDxfy) (1)
Arp: =P ROIHEIRIE, mg/m’s — TSR K
IR OIS, ng/mL; v— IR AR, mL; V—RERK
TRC=RAEW R x RAEE] ), Ly D—f#RACE, %; fir—RFE
PRFRI SR B TR AR 4058 IR 7
22 A JERIR
221 AFEERIRA E AR A BRI i s A
IR TR E WA R TR, LA 1



FREF S BE2 2010 45 7 H 55 27 %55 73 T Environ Occup Med, Jul. 2010 Vol.27 No.7 . 423 -

YO ik 1O
_—

bRt
?%%Eﬁﬁ\\

e —
N=i
T ,

u(V) u(D) u(f,)
[EJEF: w(C)HBAPRLGRENTHEE; ulc) HllFHF#
R LIRS R s (v ) A AR RO AR B T
u( V)R AR R 2L u( D) A R FE A2 u( )
o RAE AR M S BT R AR B M B T o R
E1 ZSHEZHENRENTIBEENERXR

u(©)
R

KA I

222 AHE AR E NN
2221 fERIE IR LR EE T AR AN E

TR P S A T R 3 e ) R Y P AR 0 ) e T
O SAT o FHRRMEV IR EC v 2 43012 10, 50, 100, 500,
1000 pg/mL (1 5 BRI, B4 A7 3k, JH
FE (10 U8 TRT AR 1 B (DG B2 EA T A LG, 45 DA 5 R A A
HE(a)=1.0305, #K(b)=1.0771, HEZREEK(r)=09991,
PSS T R HERE S R BT A TN E 6 9, U TR (MR )
433174 10.138 56 ( 10.4 peg/ml. ), 10.067 89( 10.3 pg/ml. ). 9.776 69
(10.0 pg/mL ), 9.99438 ( 10.2 pe/mL ), 10.007 57 ( 10.2 pg/mL ).
10.05321( 10.3 pg/mL ), F{EH 10.006 38 ( 10.2 pg/mL. ), fEIK K
FRE 2R BE AN S B R B 3L ARTEIA TR AR Y
ANHRERE . B AR UE 2RI SR AR RO R ST BE T A A
FE FE VA B R 0 S AT SR AN 2 B

CUBRUER O™ HE AN E BE o 2R CHHRERL 1000 pg/mL,
UEAS 25 AR bR EAS T 2 BE (U ) 2%, %0098 i, (55 N
M3, BRI A AR AT E B FH u( e ) R, HiA
S ARAEASTE BEFH 10 (1 ) 2o, W (e, )=(1000 x 0.02)/+/3 =
11.5ug/mL; ¢ =1000 pug/mL, W (¢ )=u(c,)/ei=11.5/1000=
0.0115,

(2) BAmHE AU G SRR T 2R TR B 7 AR AN
BE o T u(ex ) 2R AR UE M2 A5 R A MR T HH oA M J3E 7 A
POARUEAST 2 B, AR AR MEAS T E T w2 ) FTR, u(cr)
A (2)P BR A

u( e )=(Se/b) x \/1/P+1/H+(5—50)2/;(%—50)2 (2)

A S IR ERRMER 2 b—BIH T REIIREE; p—
Rty B B DB RG B HEVE WA I SR B (=3 % 5)
=15 c—HERLIEIR 6 U AE B9 3MH , ¢=10.2 pg/mL; ce—Im]
U 2R A% s B USRI ME, ng/mLs co— R hRIER IR L

ng/mle 3 Si= (3[4, —(a+be, -2y, U0 Aol 26

R PRIETH AR o S I 7 PR AREE , 0=1.0305; b R [EIH
FRRRER, b=1.0771; n WFRHERR IS SREL, n=15; ¥
BAEACA, 15 Sp=1.096. FKf Sp=1.096 . P=6. ¢=10.2 pg/mL.. co=
332 pg/mL A A(2) 2, 15 u( ¢,)=0.6263 pug/ml, ¢=10.2 pg/mL,
W 24,0 (2 )=u( ¢2 ) 1c2=0.6263/10.2=0.061 4.,

(3SR EE A AR MIATEE . FEALZAHRI S48 F
TS TE SR 6 Y , I 45 S A hR A B 0
PRUEIR2ERAE, 1 DLIE/R AR SRAS, IS5 5 52 MR bt
At u( oy ) 3R, HAARAEA 2 B 10 ( 03 )R, W

u(c3)=s(x)=4 /Zl( X, =X Y/(n-1)=0.1256 pg/mL, c:=102pg/mL,

D 24,01( 3 )=u( ¢3 )/e3=0.1256/10.2=0.0123,

E AR AT 2B R AR Th AR LR B LA S 4
R H S = A0 BB R R R IR B R e B,
AHXSARAEA A B e ( € )R 6

Wan ()= \/urzel (c))+ uiz (c;)+ urzel (c3) =0.0637,

2222 FEMRIARF ANH E R

FERRAE IR T 1 mL B8 L mL R Akt Tt
FEULH 1 mL RSV R AN 58 B A 4G DU AN SR TR RSV A
TR VS R AN A8 B L 0 T VAR R A8 Sl P DI AN 8 B
TR 5 R AN 2 LA B N B3 B8 e R R B

1) BETRAE ARUR ety S AN A2 B o IR R 20 Hh 1 mL A%
AT v=( 1.00 +0.01 )mL, $HETESM 0, 05 H T H3, W
M E R HE IR A BE FH w (v )FR, W u( vy )= 0.01/
4/3=0.0058mL.

(2) FET AR A S AT R AN B A2 B o 30 el R e i 2%
A HE R FBOFR VR 2515 1 1 mL B B0 FE T R E R0
Z B A7 B8 0,000 8 mL, T 76 35 AR AR A4 725 Bl 1k B bR vE R
FEEH u(v,))FR, u(v,)=0.0098mL,

(3RS AR R ot ARSI 2 28 R4 R
TE20°C, 1550 PR % VR RN T 2 I 30 AR [ 53 | A 11 A i
Al ZBEATT

(4) N GBSO SR AN 2 2 o ol 20 B IR B AR AN
WIRE B, 4% = oA, & E T A6, WA B R AT
SEEH u( vy ), Wuvs)= A/ N2 14]6 =0.01/ /6 =
0.004 1 mL

H1 1 mL BRSNS TS IR B HE R A
JE . SR IARTR A AR Sl AN 2 FE LA BN AR AN o B =
Aoy aa R, TR AR PR AT E B u (v ) 3R, HEARXT
PRHEAIE T () FR0 W)= 2 @)+ 0)) 40 () =
0.0116 mL, v=1mL, M, (v)=u(v)»=0.0116/1=0.0116.
2223 SRR E B

TAE s S PR 2 M2 LA 100 mL/min A9 303 R4E 15 min
25, REEME = iid x W], B V=F x ¢=0.100 L/min x 15 min=
1.5 Lo SRAFZRIR A E Y A E N 1.5% (k=2), & HF
R 2, WILAHXIBR AN AE B e ( F)=0.015/2=0.007 5; HFE
BPREIE < + 1%, HAEE 0010, A8 1 /3, DU AR X b ofe
ANH5E B t0(£)=0.01/4/3=0.005 83 WU SRALPRFL AR X e
AN 7 B PR A O AN B S RS [ B R S B A A AR
) ZR, Wan(v)= [, (F)+u?, () =0.0095.

2224 fERUESCEIIAE B

AR W SR RE 7 W, 6 UK R W B R DR IR N

79.96% . 78.46% . 77.68% . 76.20% . 76.49% . 719.44%; V- ¥ fi#




- 424 - SNV BESE 2010 45 7 H 55 27 855 78] J Environ Occup Med, Jul. 2010 Vol.27 No.7

3% D=78.04 %, W up=S/~/n, S, i1 I 2E/RAKRTG 8=

> (x; — X)) (n=1)=1.40%, n=6, W up=0.57%, W} fift Wt 0% 14
i=1

E

A FREATE FE 140( D )=up/D=0.57/78.04=0.007 3,
2225 PRBURISEE F AT E

TAEG Tz A T PRI E , SR RA AR bR
WERAE R RN, PR FR A R 7 £= [293/(273+T) ] x (P/101.3 ),
MRFR S R 1 I S 2 B A O TR TR RS | A A Bl
FERZS &R 7RG AR BE o 278 SRR i R PRI L 7=
25.5°C, KAJEJ1 P=101.3kPa, NI f,=0.9816, ¥ &5 AM
AN AR TR e dne/ Vo BEAE R 0.1°C, HETE A0 A, A%
T M3, HARMEAHE M u( T)FR, HASAREARHE
B e T) 2675, W T)=0.1/4/3=0.0577C, ta( T)=u( T)/
7=0.0577/25.2=0.0023; %5 &K H1 251 AMIASHN & BE ARG 45 &
JE D205/ Ny BE(E A 0.1 kPa, FAETE /A , A5 R T-h43, 3
FRUEASTE B u(P) R, A AR AT E B v ( P) 3
7R, M u( P)=0.1/4/3 =0.057 7kPa, HABMFREAHE L 10( P )=
u( P)/P=0.0577/101.3=0.0006.,

PR RS R 1 O A A o B Pl IR 3R AN 8 A S R
NFEIATEERAN T RE R, Hua(f) Fn R H T
BYFHXT BRI E R, W st (fr ) = fu?, (T)+ 12, (P) =0.0024
23 HRFA L

23R SR B AN 8 B R TR A IS I3 1

R1 FHEERESEILE
R TR R A [
ﬁ??ﬁ?ﬁﬂf/ﬂ%& FRUE IR A AN 2 0.0115
IRHIERIRI e e BRI P2 2BV A RHTE 00614 0.0637

TR

R
SIS e RN e 0.0123
ﬁ@wi@wﬁﬂ@ RO VR BRI R M A B 0.0058
AEE B SR R oo
RS A i 5 1 ST
NG BEHCHE SH AN E 0.0041
SRAFARFRIIAR SRAF R S B AT 2 15 0.0075
e [N 0.0095
SRAF S [R)HE SFe 1 AN 2 0.0058

g AN &SR e 0.0073 0.0073

S i s PN R ey 00023 .
MARIRERE o oo el AR 00006

2R OB 5 AR E BE T u( C)FoR, Mu(C)

=Cx Jul () ul, )+ ul, V) +ul (D) +u,(fy)

AP ChHE TR PR CIHHSE, C=(cxv)/(VxDx
S )y PEIARAE 5 A U R VR B ¢=10.2 pg/mlL, fif IR A4
Hlv=1mL, REEARBLV=15L, @WK D=78.04 %, KA
AR R PR TR B K ¥ £,=0.981 6, K &MEMATS C =
8.9mg/m’, ] u( C)=1/0.06377+0.0116>+0.009 5+0.007 3>+0.002 4>
=0.59 mg/m’,
24 FRERHZILUCC)
U(C)=kxu( C)=2x0.59=1.2 mg/m*( & 151X 95%, WA

THTF k=2),
2.5 RHEEEERBAE

THEG PR OHmMWRIE C=C+U(C)=(89=
1.2 )mg/m®,

3 it

TE LA i s SR SR SR ETENE e F b, D ah
RN 2 BEREAT 57T s 0 A MR o LA AT R
FARH E L AR AN JE L RAR IR B AT 2 B
SRR SR I AN E B L RS R A R A8 B o ST JEE
S A3 B R AR T LR H I 7 A RO R M T R IR
A 5 9 DRI K, LA 4 /7 X85 SR AN e B 15 i A
XN, RHAE AR il s b 28 SR SO 5 e 13 12
rh, SBEAE EE RON AA R HH AR CMRR PE IE  TTfigOR P R
QU U D 7 P AN o B SR T T fe P b VA VR P A A
FETE | FBRUERN AP 5 R AR W 2R 9 R ) Al o B LA
o R HR A i vt P T A D N o B 3 TR R .
I, Ao AR P S B A AR AR T R | AR 2
23 R L R 5 R 1 i O S DGR A LA, T
KA RE AR META VR, O R bR 2, DRAFI AR TR
Fi v (R A R, T ot ST 5 i A i 5 R At A
AT BT AR, % R S A = 2R

S0k
[1 ]2, 1B 2, XA, JIFI059—1999 5 ASHf o BEPE 2 5 R
[M ] dest: e AR, 1999.
[ 2 e A R ALAIE .GBZ/T 160.42—2007 TAES 28 SH 29 G &
FERRIALAE LS | dbnt: AR TA R, 2008.
[3 )22, TR, I A s s s A s e LM ] st
A= Tl iR, 2008 280-286.
(s BHEA: 2010-03-29)
(G REEEL; Sl SRR B )



