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Abstract: In the present study, a reference material of kepone in dichloromethane was developed.
The qualitative analysis of the raw material of kepone was conducted by gas chromatography coupled
with mass spectrometry( GC - MS), as well as infrared spectroscopy (IR), and its purity was charac-
terized to be 99. 9% by multi-lab certification with gas chromatography equipped with fire ionization
detector(GC/FID). In (20 + 4) °C, the solution of kepone in dichloromethane was prepared by
weight capacity method, and then followed by the assessment of homogeneity, stability, quantity val-
ue. The uncertainties caused in the whole producing processes of the reference material were analyzed
and evaluated.
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HEBIREYIF . AR T ERE IR R AR N 47 B e B EOEE, RS RH%E
Btk ATERMEMBEY:, DIREREENERS LA, 300+ 88 - 8 R RE iR R
WEHIT TR, MHREHT THEREME, SFNHB&LBIINNRPERERIT T — S iEE,

1 XWHsS

1.1 EE5RA

SHREE - BUBEC AL (7890/5975C GC - MS) . M40 (B KB FIh il 28, 7890 GC/
FID) ¥4 HE Agilent A7 ;=85 ; &7 H 23S BALSMEIEAY ( Spectrum Two FTIR, %[ PerkinElmer 24 8)) ;
IRAEIRZETL 3R b (AAF 11718, FEE Carbolite 23 F]) ; R E/K4MY (831 KF Coulometer, B+ J5@4 F)); ;
S AE: HP - 5MSD, (5% - Phenyl) — methylpolysiloxan, 30 m x 320 wm x 0.1 pm; HP -5,
(5% —-Phenyl) — methylpolysiloxane, 30 m x320 pum x0.25 um, +&EaEGER (AiEAT 9% , £EH
Cerilliant) , &0 W 4e(HPLC 2%, 4HRF >99% , f&[E CNW),
1.2 EREESH

H GC - MS XA RLAITEHERE, dFEETH, FEN AR PR FRNARRTE
BIEH BT (m/2234.8, 271.8, 354.8, 454.7) 5+ MNREFRIEE—R(RE 1); FE8, HRash
KREE AL E YN S — K, SRERFROLCINEESHE S+ ERRELsMNEEEEY
F(RE2), B, BARESFEWAR, %N+ 8.

KRB 4R EIE T2 IR THR 2 mL BB, S 0.5 ¢, FHEFT 4 Cokih,
IET, BUHEHET FRES, FEEZREHFA,

o1 5 2720
2
N5
= 235. 3550
1 59095014{0‘770 ﬂ BOB.O” 13920 45304920
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Fig. 1 MS spectra of kepone material( A) and kepone standard(B)
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Fig.2 Infrared spectra of kepone material(A) and kepone standard(B)

1.3 E8NHSEIH |

TREFR R B, 6 &SRRy R iR RIE R M5, B+aEs FENPE
W, HTEKPERME R, BT SPREENERMN, R baRELay™, AEFHRP+8
RRJH) 5347 S B P AR B9 B, TSR AR AR AL (GC/FID) AT 44T XSS RMF: SRR 1.0
pl, Aorif; BaEES(99.998% ), HHE 1.0 mL/min; A HE 30 mL/min, F 125 S & 300
ml/min; PEHECHREE 230 C, KW2SEKE 290 C; HFABEF: MARBE 40 T, FHS min, 5 T/
min F+E 280 C, fRHKF 30 min, FiBFTHIE 83 min, #R4E (IIG 1006 - 1994 H R —EIREYFRERM
) BVESR, FORHSHESPTE 1S ASFAE, BRI 15 MREES 1.0 mg/mL 89+ 88 - M F RS
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WRERIEHITANT, RIHEEN A, SMERE3 KRBT, RBHANAHE, NEEREFK
B, B F=1.94, NFRERE Foooen =2-04, REEASKEERTHEER, HEHEEEKHY
SR, A EHES INB AT E B B oA 45 REVERIPRAE IR Z R F /R (B ug =0.02% ),
1.4 ERAKGEITHFERBSHH

AEEAKMUERBABRE) BEFBFKDEER, 10 KEHTFRERN0.04% . FRE3.5¢
TEmasmEE, FipERERN /RN, BEEKARED IS, RERA600 C, #FF2 h, &
HEBURHIR, ZETREPFERZER, REHERZE0.0l mg), HETIHHMNF0.5h, BH.,
H, EERKKRENEREARTRE, HEBHKS &R EFREHLLE 0.001% ,
1.5 RE/EESH

AGFEPFERSNEESRER T ECREAEA TS, IXERMAER 99% ML ERKE
Y1, RAB—EENEIEAFEEERN B L, EEIERE (JIG1006 - 1994 EH R —Kinnk
YRBARME) HERFAENIT. TEHRASRLRERSEBEN L, M7 %% GC/FID, 4
T REBESHRAEMSN, BRIBREWR 7 MES, FRIE 1, FEERATEENRTR
B, BR¥E, T REREORUEEHATHEENAEEETE, SRERERSEMELERNOF
BEIER “1.47 FRSATARKREE, BETRROIABELERN 9.91% , BLH499.9% ,

#£1 TEFRRESEREMIER

Table 1 Multi-lab certification results of kepone

Itern Lab 1 Lab 2 Lab 3 Lab 4 Lab 5 Lab 6 Lab 7
sample 1 99. 99% 99.97% 99. 85% 99. 98% 99. 94% 99. 96% 99. 96%
sample 2 99. 98% 99. 96% 99. 86% 100. 00% 99.92% 99. 98% 99, 97%
sample 3 100. 00% 99. 98% 99. 87% 99. 97% 99.93% 99.93% 99.97%
sample 4 100. 00% 99. 96% 99. 84% 99. 98% 99.93% 99. 94% 99. 98%
sample 5 99.97% 99. 98% 99. 83% 99. 99% 99. 92% 99. 95% 99. 96%
sample 6 99. 98% 99.97% 99. 88% 99. 98% 99. 94% 99. 96% 99. 95%
sample 7 99. 97% 99.95% 99. 89% 99. 94% 99. 95% 99.95% 99. 94%
Average 99. 98% 99.97% 99. 86% 99. 98% 99.93% 99. 95% 99. 96%

RSD 0.013% 0.011% 0. 022% 0. 019% 0.011% 0. 016% 0.013%

C 0.279 2
C.01,7,6) 0.434 7

I A E C<Cioo 76y, FEYHELINTE KV T 0T BEGE
RSD 0. 042%

1.6 88 - —ERRAERAENRNG &

I+ R EsE e, AP ENEREBRAREY R, FRFFHRE 25.03 mg + @AM ( KPR
0.0l mg), IEE - FRIERHIHKER 100. 0 mg/L 89+ - R 5K 250 mL, BCHITREE(20
+4) C, WHWRHZE -20 C/g, 42¥3 1 mL HREAD, BH, WHRE, £4 CTHRHERE,
#wH.

1.7 BRERENMRNHSEEREESSH

B BRSO EFMERAREY IR 15 4, MURESSERR; S M3 KEITHS
I, SURABSHRE, SMERE FRE, B F=1.68, NF Fieqn =2.04, ZHEHNSHEE
HaEXREEEER, BRMHSERIT. BOERREROENRERZE s, =0.06%

REEST: AEEHREEMKHEEE. FN, SKIEBEEESWETA GC - MS #iTair, &
BRSEREEERNERN, REAFOMER. SHREHSITEE: © SR 2 MR, K
ESE2 ANERNEEEL. BMERST2 KR, BOFSENSITER; O Bl -18, 4, 25 C3 4
BERTHERARERE, ZRERNERECERETEREENZEL, Bor s Rk B2 %)
BAE, RARERAMLE, FiZthEARNBEEHEREY RN S, BSOSk, 2
HRER, 2 AN, EEREYFRPIFARFAER; iESRERNERBEELHMNE D, =0.003 5,
toosa-z *s(by) =0.0239, Bl b, <tyq5,, + s(b), RPTEE - _ERREBRHEHREERT. K
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IR PEENTE 4 CHIRAERMET, T 1 ERtEMN, HE®ERNOFEN, SH57EE1, 2, 4, 7, 12 Al
R R R, SRS MESR, BRI 2 K, BS MR A M 4G
R, SRERER, 761 ERERN, BRREY TP THORTER; B8 57k BEE R EIRB R
#E b, =0.0026, t0.95.n-2 +s(b,) =0.0192, W b, <lgosn-z* s(b,), FBHTE LERHE]A, 100.0 mg/
L+ - —E Rk BEIEERE, REBRBEROMIRERER s, =0.07% ,
1.8 BltENRNEEZE

+5E - R E R R E R - ARIENRSEE P RELE SR, EHEH—Ht 100. 0 mg/
L +5E - SRS, LUBTE Hl MV bR, B GC/FID 3N RSN T RIS, Bk
2k BEHINTAREIR R 0. 24%

2 BRIEVREEBNAHEETE
B 3 BT, 4 ~ R AT R A A R R ER B T RO S R
RS . ERIREROE SRRSO, REt . RENRSINNTHEE.

2.1 +HHEREELIESINNIREE zi;tﬁﬁiéﬂiifﬁ\\zw“ﬁﬁiﬁﬁﬁé\

SRIMTHRATMARTOIPEEREE W GER

BAIHA(RNED), RFFRu, Mu, YRAKE RS TRty IR
EHEGR(EL), WA RXRHEETE; Wi BER /// )V/ ///

FAREHERE GC/FID HAUMNTER T oA 0 R B o T
WiE “LS” My, TEMOAEEEELER S 9 e 0 T 0 B SR PR

99.91% , BOZefR& &% 100% -99.91% =0.09% , Fig. 3 Pl(.)t of uncenain.ty s?urces for reference
H T AR 2 B 7E 4 6 ) B 2 F I R R material of kepone in dichloromethane

G, IRIEEER RS IRE, FTI B ORMIREMITH 0% o FF5IN KA IREAS T E BT A
0.09% x50% =0.045% , fEEEMEIEFHT, ETRWR (0.001% ) By R RABAT, W u, =
0.045% . LA LRFHERE > B RFRHG S INKATEE ue( “1.37 #45), +REIEEZEES

NEAERTAREARTEE R u, = /ul +ul + 1l +u = +/0.042% * +0.022% > +0. 045% > +0.02% > =0. 07%

2 BRAEMEIBOATEEFE

Table 2 Uncertainty evaluation of multi-lab certification

Uncertainty Components Relative Standard Uncertainty
(PHREESR]) (AR ERHET B E BE )
O A EEEMFPIEE—EFRNIERER, BZAKENEIREREEATRERTFEZ — () 0. 042%
QAEEEMFEELE, MERXEHEERTRAOHENRERER (1,) 0.022%
QA e AT AR RN GC — FID g iyni i7 B F 7= M AT BE (1) 0. 045%

2.2 BRMEYREEIERINNIABERE

2.2.1 XERBSIANNTIMER XFHREBHEBAKE, SINGATHEEQR: © XFPaEshtE.
B R PR EIE BATMEASNMER 0. 1 mg, BBCAEEAA, M uyy =0. 1 mg/y3 =0.058 mg; Hdh
BEAFRRBIBETS, SRFBIDBIIRIEER, B o = /2 X gy = v2x0.058 =
0.082(mg); @ RFMBAARE: HRXFHRESIERTMERAAZERN + 0.2 mg, BRENERLIA,
M g xpm =0.2 mg/y3 =0. 115 mg; IR, BESSBEANFRKRERENRS, 8- KKRER ML
G5B, W topsna = V2 X Uigrge = V2 x0. 1157 =0.163 (mg) ; O SMLI, T HRBEHE Tt
17, BHKEREERT, Eit, hXPHRBASSINKESERERTEE tue = Vg + Lnxes
= /0.082% +0.163% =0. 183(mg) , HISHHRERFEEE uupg =0. 183 mg/25.03 mg x 100% =0.732% ,

2.2.2 FREBRATSIANNTIREE HHRENTERU_ERRERIFEST 250 ml FREP. &F

BHAFEINOAEEERA 3 MRIE: OFBRBERSINKGARER. I8 IIC 196 -2006 (% H
BB RIENR) BAE, 250 mL A RERBFEHBRALER = 0.15 ul, BREA=ZHELH, B
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B R MPRERTE R uyy =0. 15 mL//6 =0.061 2 mL; QAR A BIMZELRSINNRHEE,
AT E E U A RHEAR EE AR, 10 KUBARERZERO0.5 oL, Bl ugyy =0.5 mL;
QREMRIA, RESINNATEEXEAEREMENELREIRE20 = 4) CTFHFREL, WmEF
FAREKERTHRBSRE, Bit, TEXR_FPRAOGEEK, P ROBKREN
1.37 x107°C ', {BEEB|RNETA A, 250 mL x (24 -20) € x1.37 x107°C "' =1.37 mL, i%{H
BT BT 5, WARERTIRZEE ugy =1.37 mL//3 =0.791 mL; 3 MARSFBEHEBIRER
BATE BE upp = A/ Uie + U + Uy = v/0.06122 +0.5% +0.791% =0.938 (mL), #HXH bR ¥E R 9 E B
U g = 0. 938 mL/250 mL x 100% =0.375% ,

SEXPHREBENAFEHMESSINGATEE, +8E - Z@F RFREHZETIN SRR R
THHELE u,, = /U + U = V0. 732% % +0.375% % =0. 822%
2.3 BEFEAYRHNBIESHEESSINNARERE

B “1.77 PR, T80 - 8BRS SESINNATEEE uy =54 =0.06% , TREMS]
NOARBRELE u, =5,=0.07% , T80 - _SFFREBREELYE, ZRIBEREH, EaoR. &
HEIRWRFERNELFESIMESANATER R, EXEIBRELMELWME, Bk, ¥
REESINNAREEELY K, R, =k-u,, k=2, By, =0.14%,
2.4 BEHREDRBERRBSIANNAHEE

g “1.8”7 PR, T8 - —ERRERSRMAXRERZN 0.24% , BIBREZRIIAKAS
BRERE u,, =0.24% ,
2.5 BREEEVMREHNESEAHEE

& - —E RIS RAEY U B R & B ERREE v B ERRTREEST B S
T :

u=/ul +ul, +uy +ul, +ul, =/0.07%° +0.822% > +0.06% > +0. 14% * +0.24% * =0.87% ,

N BAREE U=k - u=2x0.87% =1.74% , B#452% , k=2,

ik, +8 - SR RERREY BRI AR 100.0 mg/L, U=2% (k=2),
2.6 L3t aHT

BRI AREY R B E R ATt . ATRERBIEYE, HEE Fluka 2 78+ RERHE
UGS EBEAER, BHIRR 100. 0 mg/L MR, SAMRHIEH TS - — SR R minEy e
ST SIEER: | Wy - Wy | =0.04, /Uy + Uy =0.19, Hi Wy, 8 (Fluka) - & Bk
ERAIIREEE; Wy ASPIRH S8 - S FIRERANERE; Uy M U2 304D R &1
FH Fluka PRESEL I 6+ 88 - —S2PREBRNT BABEE, WERBER| Wy - Wey | <

U + Uy BNESR, RETBFH IS BAREY A R B HIA S BIRE,

3 & it

XAt EEAT 99% M+ SRR BUEMA S F RO E SR SITE, TR THLRRK
SEBNIE, FRESRERESEEMHE. BEIHREEN + a6 &80 - — P RER
EYR, SMEBTHOERIBEESE. BREZR, F5ESMREY RTINS 6, XERRE
Y ) BAEBHT AT E EIEE . SRR R SRR A RBRRIE, BERHITR, THE T
AR A TR E . B arERbREY S 8% (COMAR) FIE MY FZE ) F & R
RETEEREY RNEE, PRRHEN a8 - 80 rEinEy iR E e,
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