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%o RFRDBEAERATE GB2762-2022 (R HEAERRERD P FTEHRE) , RAWMNEAER P
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(PCB118) . 2,2°,3,44°,5-~ &% K (PCB138) . 2,2°,44°,5,5-5 &I K (PCBIS3) 4= 2,2°3,44° 55 -6 HIER
(PCB180) EAnit" 89 % A IR A2, RBE RN E"AAMNIRE, EHELLAFERNZEL, S0 A P
SHERHHRGTHTENE, FHITIPT, PR, REEeAFES T S ABFERGME LR A 149.1 pgke, st
FRERHEE Ur=2.9%, k=2, RAEE KA : MEE LM 70.8%. HFHRE 0.025%. mANPNIFER 1.8%. #
o B T A B AR IR B AL Z A2 27.3%.
KEER: &, % ABR, RAE R, A Gk, MRk
FES2KS:TS254.1 SCHERFRIRAS: A XEH5S:1002-0306(2024)06-0289-08
DOI: 10.13386/j.issn11002-0306.2023050185

Uncertainty Evaluation of Indicative Polychlorinated Biphenyls in Fish
by Gas Chromatography

YANG Ranran, ZUO Huijun, WANG Zhongyi, DU Yun, BAO Zhicheng, ZHOU Yannan, WANG Kaiyu"
(Yantai Testing Center for Food and Drug, Yantai 264000, China)

Abstract: In order to ensure the accuracy of laboratory test results, the uncertainty of the determination of indicative
polychlorinated biphenyls in fish by gas chromatography was evaluated. According to the national Food Safety standard,
National Food Safety Standard Maximum Levels of Contaminants in Foods (GB 2762-2022), the content of PCB2S,
PCB52, PCB101, PCB118, PCB138, PCB153 and PCB180) in the "measured" samples was determined as the total content
of PCBs. Then, the polychlorinated biphenyls (PCBs) measurement model was re-established according to the "measured"”
and detection standard, and then the weight of uncertainty affected by the measurement model on test results were analyzed
and evaluated. After evaluation, the measurement result of PCBs in quality control fish samples was 149.1 pg/kg, and the
relative extended uncertainty was Ur=2.9%, k=2. The contribution of uncertainty was measurement repeatability 70.8%,

sample weight 0.025%, internal standard volume 1.8%, sum of concentration ratios of each target in sample solution 27.3%.

Key words: fish; polychlorinated biphenyls; uncertainty; gas chromatography; internal standard method
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T SR . AN S SRS R R B S
B, ST I s TR B O B MR, S TR
o2 S EAT T i B AT B, XA 22 BE P RE 32 2145
RN A OE SR

H AT, A — Lo PPz 22 SIS I A 5 BE s
TSI ABAFEAE LA AN B AR BB IE AR H < gieim]
B, APFRE 2 R ks I AN B, 1T
ANTEAR S T 7 B 2 G Sy e 2 N AN B
BE; BRI H IEAM Y “ gl =, B AR BEAR PRI s v
AT IR PP AR AR, A 53 T E 7 AP oy s
IR N B, SRIERE 7 b4 B AN A2 R TR
PGl ARFE FENARAE B 7 YRR R, AR BRIESA ST
PRSI e A AR 52 S 0

LA A PR ST R A 8, AR PN AR R R T IRI
S, $2 IR JIF 1059.1-2012 QAN 2 BE T2 53
JR P2 E T AT 22 GHIB AR AR R, PV e 22 IR
£ (L) PCB28. PCB52. PCB101., PCB118. PCB138.
PCB153 1 PCB180 S A1) BB AN E R .
1 MR5E*®
1.1 MRS

10 PRUTHEAR S (PIUEIR) WS F T MRS F
IECkE. B BE  ARFRZ, Honeywell 2 Fl; WRERIR

e ati, RFTTRHE R AT B2 75 e 4

AR AR AR O BRYIGE A5 A 3 AR AT BRA w5
PCBs IR & bR #E S (10 ng/mL)  CATO 2\ 7l ; PCB
198 FRUES (99 ng/mL)  BePure 23F] o

S AR ETE (B H T3 PRI 25 &2 Open LAB
CDS s b M R &5 ) £ H ZHE S\ 7] ; SHA-
HI/C BIKEEIR #  dbat Il & A TR
Al; SF-FDL-550 #UELOAHL  HIEFEA IR OATHER A
BN 7] Multi Reax B ZAv il R g PR vz v 71
heidolph 2\ F]; R300 ABUjesL 28 AN L SLie =ik

55 (_FiE) AR N-EVAP112(8125) U4 K

{¢ 22 Organomation 2\ ]; BSA223S-CW %I, F
KV FEEFRRAGR b ABRAF] .
1.2 LWHE

HAETTEE GB 5009.190-2014 £ 22 4> [H 2 bR
HEE S P FE s P 2 IR I a2 Y P A iR S A
5P RS IN A PCB198 NAR, 7K
JINFIRZIRBUS , RN R | (s 2T,
SR A O3 - AR SRR DU B8 2 0 . AR YR GB
2762-2022 & & A E AR E B S IS YL R i),
LIS L)L PCB28. PCB52, PCB101., PCB118.,
PCB138., PCB153 Il PCB180 &A1l

1.2.1 FruEEwR e
1.2.1.1 ZEWORIESEPRIR  MEFEZEL 1.0 mL
AR S PR UES T 25 mL &5, IEC ks

B, BT E N 400 pg/L B2 @BKIR S
HEHR (A o
1.2.1.2 Z& B NI (PCB198) W Al F2 HL
1.0 mL PCB198 #r#EfF 25 mL i, 1IEC K
SERTZE, S 396 ng/L 28BN IR
[F9 o
1.2.1.3 ZGEBRIREGIRMERR RS Sl %
B 12.5. 50, 100, 250, 500 pL 4 BCER-SFRME
(B FAHBERS P, A 100 uL ¥R 396 pg/L
iy PCB198 AR EIVE, IIE S ke#b 2= 1 mL, 15,
HP45 PCBs #4514 5. 20, 40, 100, 200 pg/L,
FRUEE N 39.6 pg/L 1Y R YIBRAESIK -
1.2.2 FERALEE  MEFRFREX 5.0 g 3UFE, IA 100 puL
PIARE MR, A 30 mL 48 4%+ IE 4% (50+50)
WERPRTE, THERAIS RGP IR o 250 H I
W, FRIE NN 3x10 mL FYIE CV ke, PR35 5 B OB L TE
Wo BT FIFWR THOBH, B ZE kR 2in T, Kk
AR ERL Z 10 mL 3058, Y 5 mL IR A%
VRIEARTEHE 3~4 IR, VR AMGET T, IE OB E SRR
Z= 10 mL, I 1 mL A8, J&3E 1 min, L4 3000 1/
min FHFHESC 5 min, IRR)ZE S EY2 58, =
EEE, HE DEEWETCM, 15 mL 1IECBEFksE
Bt S AR FAHZE I . O FISWREERE 2/MT |, 24
YT 9 ZE DGR AR R M Z B, In A 30 mL IE 2 k¢ (3
10 mL) i I 5 24 v 1T & 28 TG /K W iR 4 )2 B,
25 mL &P Le+1E 2 e (5+95) 4 = IR ¥EM . eI
W ZE R i T o B DR iPEE G % =30k
FEf, A RIE COBEBERIE R 3~4 IR, PRI Ak
FEHP, EAZE 1 mL, 1% GC 5347,
1.2.3 ZEPoR EPLME s Agilent HP-
5(30 mx0.320 mm, 0.25 um); FHEFEF: 120 C, 1%
F 3 min; 15 °C/min F}Z& 160 °C, £#4F 5 min; 2.5 °C/
min F}Z 220 °C, 4% 1 min; 20 °C/min |- % 270 °C,
PAFRE 5 ming PERER: 1 pl; B OR300 BERE TR
JE. 280 °C; KMIFHIEE: 300 °C; Fii#: 1.5 mL/min.,

SAEIEREE, IR G RHER R R IR ST
WHEREAGI, B0y VSRR 1 IR PREFBSTRIETE, N
Tr—PRiEHER TR B .
2 BEREHH
2.1 H@MUELER

FE SRR AR e B Rk AR HE T & — N bRik 2
., FHZEEIE Open LAB CDS A4 43 M i 5 ¥,
WA ZEHOR RIWWRMERUE B bk 5 S N,
FAAR Y B B4 A0 Py b g i ARG I s A A9 B
TR FE RN PIARAC BE H BT EARHE 2R i AR
YR PIBRHR L, SRR A S s T BRI 5 A P e
WeBE, FAbRAE & B Ea A R SRR B ARk
BE, HARYH I 45 R 0L 1. RPN . =(2)
TR P 2R EL, 45 R LR 1 .
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Table 1 Results of sample measurement
PCB28 PCB52 PCBI101 PCB118 PCBI153 PCB138 PCBI180 EZ00°S
jE2=) FUEE A Reah WA RER TUBOR RRE DI RER WUBDR RRS DKM RER TUBDR RES R
(@) v aW wE SR OWRE SR WRE AR WRE SR WE SR RE g ( l/|k )
(n/L) (nghkg) (ngL) (pgkg) (ng/l) (ughkg) (uglL) (nghkg) (ng/l) (ngkg) (ngL) (ngkg) (ugl) (ngkg) HE™E
1 4926 92.63 18.80 94.53  19.19 97.30 19.75 103.66 21.04 118.82 24.12 109.26 22.18 11556 23.46 148.5
2 4868 91.70 18.84 101.89 20.93 90.90 18.67 98.77 20.29 10493 21.56 105.51 21.67 11847 2434 146.3
3 4.643 8284 17.84 95.28 20.52  100.72 21.69 97.87 21.08 11096 2390 102.02 2197 121.66 26.20 153.2
4 4786 89.24 18.65 97.35 20.34 96.25 20.11 96.17 20.09 10293 21.51 98.01 2048 110.37 23.06 144.2
5 4812 87.87 18.26 103.51 21.51 91.52  19.02 96.05 1996 101.58 21.11 110.89 23.04 113.97 23.68 146.6
6 4725 89.86 19.02 106.34 22.51 103.64 2193 102.66 21.73 108.27 2291 111.27 2355 11480 2430 156.0
TFIME 4793 89.02  18.57 99.82  20.83 96.72  20.20 99.20 20.70 107.92 22.52 106.16 22.15 11581 24.17 149.1
RSD(%) 2.10 3.91 2.36 4.81 5.40 5.18 6.71 3.28 3.35 5.89 5.81 5.02 4.87 3.35 4.59 3.04
XV . . St P b Dy
Xj=—— X (D 0 (4) £ K (L PCB28, PCB52, PCB
101, PCB118, PCB138., PCB153, PCB180 & &2
Xecn = 3 X, D ) A

P, o ARSI P A — A HARPIMR L, ug
/L; V SRR S AL B 28R BL, mL; m SRR S TR, g;
X, RS RS H ARSI, ne/kgs Xpeps FR
LR 2 E BN S H, pg /keo
2.2 MERBFITHEE ST
2.2.1 #EszEEYE N R IFFAREZ K
(A PCB28. PCB52. PCB101. PCB118. PCB138.
PCB153 #11 PCB180 & 2 Fit) iyl A5, NgE
PP 2 S S AN

AR PR By R, RSV B AR .

CrXC XV
¢ =cpxc, MX=2"""" D)
FRAZ(2)15:
XPCBS:CIRXC‘XV+CZRXQXV+ ...... CrXC XV
m m m
i fbAs
XV XV
Xpeps = —— X(Cg+Copp+--0-- +cpr) = X ZC.iR
m
X @

AP o FERIR IR T NPRICE, ng/Ls cjp: BRI
WP B AR 5 PIBRT BE EUARL, JC A, AR AR
HHERAEIE ;s 3 o : BESHIEIOT 7 Fh AR L LB
1, TCEAA o
2.2.2 MEEAEE ST ARYE AR E R, R
BUBRAE AR S A DA R —153 PIdR AR TRITR, A i)
AR SRS E ATV JGSE; 5 AR E R e
TCR, AB S AR S A B9 AR R AR vV, A5G, W)
ANBf R B AR Sy

U (Xpeps) = % X chk = % X(Cr+Copp+--rrrr +Cpr)
X (5
A, 2 Con gy I AR 4y <7 g R AR A
T, B 7 Fh B AR A AN R A AR E
T BE HUAE iR B AR AR HES AN 2 BE AR E pl
IUEATIEET A ARYE PIPRIEAS IE B, thbrvE
VRN 5 ANAS E W SR MR W e AR I
PIAR R TR R R TG, O HOARHf 2 B, (HZ 1
SESNAPIFR P Ia RT3 . F2/8 JJF 1059.1-

» X

][]
%[

— == = B

K1

Causal graph of uncertainty in the measurement of the sum of PCBS

Fig.1
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2012 AT 2 FEVERE 5 o YR, fa A p 245
DS A e BE PRI AR L DL 1
23 METHEEITE

AR P AT 2 (4) B 2 EAR TR (5), A2
ARYEFRAERRZR | AL LI W 0 T AR FLAE T R AR A i
W BARYU S S AR BE Y EUE . AR A%
BHFr¥1-5 IR EE 2 FELE DL 2. ARHE=C(4) 1T
tn P 2 GO B, MAH SRBREYME, 1125 5L 0L
*£2,

2.3.1 MEEEEPEAHIERE PG A AN
R 2 RS P E B AR N 22, SR A ZETFRE, A

A JEFRUEATHE LY . ARG 2, 6 YU i A vfiE
P22

_ > (x,—X)? B > (x;—149.1) _
s = o 1 =4.536 pg/kg
A BEBRUEAAE
S 4.536
Uy, =s8; = — = —— = 1.852 pug/kg
YTV
A FEFHXSHR A
u, 1852
U = ? = T9l =0.0124
2.3.2 FERBTEAERE  FEABTE m=4.793 g, {fi

H0.001 g TR RAFRE A%, e UE o
KR HIR2ZE E=3 mg, M my=2 mg K-V
Hd=1 mg. FTEPREHK, BBTEEN, B A e
BEAL R R EEZPES AP, AlYE 1IG 1036-2008<H,
TIRAAE MR )P, AP E I 6 YA RE PR BT
AN ZE, IR ZESRAG I AR R 22, 6 Ui 22
FA C=2.53, WIFREF R m AAEE:

_u(m) 2mg _
(m)=——==>— X V2=1.12mg
FEXT AN 2
w(my= 2 _LI2me 0005

m 4793 %1000

2.3.3 FEARPIIAPARFEATBAARR Vv, BUASHE

RS AR PN TR — 0y AR R TR, [R]— 7%
WA AR EAFR 100 pL, AR TR AARFRAS 6 12
JE i RGN B E A MRS A, SRR A e 200

Koo SEEGEIRIEALE 22~23 C, IRER NFRE, 7T ZmE
Tk BE P S| AN A 8 B . AR AR S 2 UE S,
100 pL 8 842 P 0.2%, 7] 3251 H, u (V)=
u, (V,)=0.2%=0.002.
2.3.4 FESEWT 7 B H BRI EE AR 2 FLE Cr Y
AHAESE Y cp MCHTRBU AR (4) | (5)h—AH
5, T E R HAHXE AT SR . Y e SRR
7 B B AR 5 AR RS LU AE 14 S B F E
T 5 LUAB AN R B i E AR b s AN 2
FFRAEIN R G A E T LA
2.3.4.1 ZHWEPEIK (cg p=400 ng/L) AT E
B EHR 1.00 mL 2 5B ERS W, IE O REE R T
25 mL, HIFFHE Sl 400 pg/L 1 2 EIEARIR A bnifi
AN . AN 2 B A AT . S U | AR AR
5l Ao

a A AR UE S IE 575 PCBs RS FRAES AR X 2
ANHRE B £3%(k=2) , FEXT AN/ 2 12 A

U, (Cop) = % =0.015

b W H S SR AT 25 AR TR

1 mL A ZRPARRIN R4S 25 1 .25 °5+0.007 mLP7),
= fA5045 k N e, MEAFAHE R N:

007
Uy (Cp) = % =0.00286 mL

FRERE SR 20 °C ZERR, 1R eIk 5%
S =1.14x107P), SEEGZ IR BETE 22~23 °C, 225
PURRAHL 3 °C i, #2349 5) 3 A, k= /3, WHGRES |
AT RE N -
1.14x107°%x3 C

x 1 mL =0.00197 mL
V3

Uy (Cy) =

FIA

Vuy (cp) +un (cq)’  V0.00286°+0.00197°
1.00 - 1.00 -

U, () =
0.00347

CERT ALK 2 S mLEBM, R LEN

+0.03 mL, % = 5340 k I g TIEAFAEXT AN
0.03

V6 x25

Uy (Cop) = =0.00049

K2 R T FARYIR LS AR B LA S 22 SR 5 B TR 45
Table 2 Ratio of target concentration to internal standard concentration and the calculation of PCBS content in sample test solution
PCB28 PCB52 PCB101 PCB118 PCB153 PCB138 PCB180 EZ IS S
5 FiR(e)  RkEE DM DAREE  DARORIE WLk DRI e el
el el 4[] EA(EN Hefl LefH LefH (ug/kg)
1 4.926 2.339 2.387 2.457 2.618 3.001 2.759 2918 148.5
2 4.868 2316 2.573 2.295 2.494 2.650 2.664 2.992 146.3
3 4.643 2.092 2.406 2.544 2472 2.802 2.576 3.072 153.2
4 4.786 2.254 2.458 2431 2.429 2.599 2.475 2.787 144.2
5 4.812 2.219 2.614 2.311 2.425 2.565 2.800 2.878 146.6
6 4.725 2.269 2.685 2.617 2.592 2.734 2.810 2.899 156.0
S 4.793 2.248 2.521 2.443 2.505 2.725 2.681 2.924 149.1
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d. B s 2 AR T [E) M (Cg ,.=400pg/L) i AH
XA

u, (Csﬂ“) = \/qu (Cs’f‘) + ufz (Csﬂ") + u?} (Csﬂ") =

V0.015 +0.00347* +0.00049° = 0.0154

2.3.42 ZEBILR G IR EE R RIS E &
ZF AR B PR R AL iR 2 SRR b
) Y8 R W BSUAART, PRI i e V3 A% T SR R L R s A
FRCRE o AN 22 GUBRPR I v (] v R B S
AR . WO AR T TRIRAARTR S |, 55 58 2R RN
Fr TR AR TE G
a. G BUAF AT 100 nL/500 nL FLAHG, (AR FA A
REPER FL2ZE MRS A . B EUE AT, BT
12.5 uL B E 250 0.9%, WIBUATT 50 pl B 40E:
FFEHN 0.6%, WHUATE 100 pL B 454 2224 0.3%,
W B R 200 pL B9 25 38 25 4 0.3%, W B4R R
500 pL BF254d 7225 9+0.2%,, FIE 53 Aa b 3 Ry 45
HEFC2E AN S
YR ZE
V3
TR AN E B, B RIARER W R 5 S5 EC ] A (aE]
YRR FEASAH R, W8R8 A b B AR AR AR =
B 5] AGARAUTT:
Byx3 _ 0.00045%3
V3o V3
B AT BUAFRV AT 5

u (V) = i (V) +u3 (V) = (D
b HNAR AR B RARFRASH E B, ] 2.3.3,

u, (Vy) =0.002
. BRI 1 BE FUARL AR R A 202
u, (V) =u,(Vy) = yYu2 (o) +uz (V) +uz (V) 7 (8)
HEARAL BAOAG 2 5 A FAARL, 14545 W B
AR AN 2 S A T B AR AR AT <2 B, 4%
J[—LIJ%% 3 o
A FRAEG W 2R B AT A A2 JBE D451 J2E AR AR
S A E I AR 37

¥

u, (V) = = (6)

u (V) = =0.00078

u, (Csk) = M _

\/0.01642 +0.0159° +0.0156° +0.0156” +0.0156"
5 =

0.0158
7 FhZ G H AR B FUAE B AR X AN 5
AR

®3 RBTMERIIER AT E B EE

Table 3 Uncertainty of mixed standard series solution

N WA IR
v EPIB?‘YTQ N s W?F/Trﬁlﬂﬂﬁl %hkﬁﬁf
e W B u(V,) AR NI
u, (Cyp) u, (V) w (V)
u, (V) uy(Vy)
1#0.1263 0.00520 0.0164
2#0.5051 0.00346 0.0159
3#1.0101 0.0154 0.00173  0.00078 0.002 0.0156
4#2.5253 0.00173 0.0156
5#5.0505 0.00115 0.0156

2.3.4.3 FRUEIMERAUG TIARIARGERE  prifEihL
AUER B w224 R LA 4, 170N

2[A; —(ac; +b)?

Sg = Mn—2 Z—Et 9
LRI G5 | ABASERE L

s [T, e
U (e = —° \/P+N+er"_",(cj—c_s)2 A (10)

P Spr FRUERNZR A5 B2 22 5 a: A v i 42
A A3 255 P RE it T VL B N YK, P=15 N AR vV
VO S D e KB, N=5%1=5; Cpo: W FEF U A V- 44 {8,
Ca=1.8435; Y™ (¢;— €)' s A5 WK HUAK S HIME 22 197 I
I, Y™ (c;~C)'=16.184.

LA PCB28 “Mfil: Cr,rg=2.248, fRAZ(10)75:

03358 \N1757 7 16184
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Table 4 Standard solution series measurement data

B B B Cp(PCB28)  Cpy(PCB52)  Cpy(PCB101)  Cyy(PCB118)  Cys(PCB138)  Cpo(PCB153)  Cy,(PCB180)
PRI CsT WRBELLIA PRI o o rr— rr— = rr— prr—
() CRE BRI g VIR VRITEL S R T WL T R

5 0.1263 14988 723.91 0.0483 531.4 0.03546 831.91 0.05551 808.79 0.05396 1088.1 0.0726 1005.2 0.06707 1276.1 0.08514

20 0.5051 14265 27543 0.1931 19404 0.136 27357 0.1918 3120 0.2187 4107.9 0.288 3449.3 0.2418 5040.3 0.3533

40 1.0101 15082 5479.4 0.3633 3702.6 0.2455 5321.5 0.3528 6291.1 0.4171 8217.3 0.5448 6855.6 0.4546 10447 0.6927
100 2.5253 14449 12564 0.8695 8211.4 0.5683 12169 0.8422 15205 1.0523 19767 1.3681 15924 1.1021 25533 1.7671
200 5.0505 14472 24753 1.7104 15754 1.0886 23484 1.6227 30400 2.1006 39526 2.7312 31462 2.174 52135 3.6025
st A ETGT ARG ARG ATGERGT AvpRRar ARG A

FR2ES 0.00893 0.0120 0.0118 0.00472 0.00656 0.00611 0.0173
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Table 5 Uncertainty of concentration ratio of each target in
sample solution

AR PCB28 PCB52 PCB101 PCB118 PCB153 PCB138 PCB180
WREME 2248 2521 2443 2505 2725 2681 2.924
FRUERR AR5 0.0355 0.0398 0.0386 0.0396 0.0431 0.0424 0.0462
FRAERMZINE 0.0293 0.0627 0.0411 0.0126 0.0136 0.0160 0.0273

W L ME
R

0.0460 0.0743 0.0564 0.0396 0.0451 0.0453 0.0537

2.3.5 PEEFESR WD 7 B B AR R ELAE 22 R
Y ¢ FIANEf ZE

2.3.5.1 BRSSP B AR TS HUE AN 2
FPRE TR RNV R BLG- G , DLFe 5. HodbriE
WS FR NG ARSNGB AR SR v T 45 B ARa ik
JE HUAB - ShRAE R AR AN E BE AR TS .

2.3.5.2 PFEREMEER T 7 Fh B AR E LbiE 2
AN E B

u(Zer) = YXuier) =

V0.0460° +0.0743 +0.05647+0.0396” +0.04517+0.0453” +0.0537 =

0.139
FHXF AN RE
_u(Xer) 0139
() on)= e = 18047 =0.00770

24 [EIREHIHEE

TE 95% B A5 X [E FAE&FKHF ki 2, & T=
I(1-R)/ugl < k, W S BR [EI 2 5 1 2 a] TG i 3 Pk 24
S, 8 T=I(1-R)ue|> k, WISZERIEIR S 1 Z [[A

2P A 7 AAS RS TR 2T InAR RS
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ARYE T 1oL R AT 0, 0 E A M | AR S YRR
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U, (Xpcg,) = J qu +u? (m) + u’ (V) + u? [Z CJR] =

v0.0124 +0.0002332 +0.0022 + 0.00770* =

2.6 FBAREERRS

B & K7 k=2, AT R A EEE Ur=kxu=
2x0.0147=0.0294~2.9%

10 P R 224005 (L PCB28. PCB52., PCB101 .
PCB118. PCB138. PCB153 #1 PCB180 i Flit) ik
4. 149.1(1£2.9%) ng/kg, k=2, X IE 7555 095k
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0.0147
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Table 6 Major components and contributions of various
relative uncertainties

AN 2 B Bl AHXSAHE R BTk (%)
M EE (AR 1.852 pg/kg 0.0124 70.8

HURE T4t (m) 4793 g 0.000233 0.025
IMAPRFRAFA(V,) 100 uL 0.002 1.8

FESR 25 B bR e
W2 15 i 18.275 0.00770 273
A 100
3 &g

PARIE SRR —E LR R 2i) i ?E%JV\]?F??JH@J—
HPIATIR G, AR RN ARI &

&ﬁ*ﬁﬂj%ﬂ@ﬁixﬁf tl:?léfr%%ﬂi{ﬂﬂﬁtéﬂﬁj\ﬁﬁ o,
] RUA S R i T 8RR A R i i AR 1 SE g6 iR
FE00, WA BE IO %5 FE I OE TAMR LR ARV E R
1], ARHE PIPRIE AR RS, B PR IR TR B2 L A
TIA PRI B9 7E FAFREES LA BB E L, (S
AWFMAFHE S PRSI E B . 7 T A 35 pR
HERNZ—NPRIZIE Z4> A = 1 H@Kﬁfﬁzﬁ&ﬂt
EMIIITITEE, HARREE B, 5 TIFE RS

FEPEE AT, AR GB 5009.190-2014 £/ ﬁ%l—lzﬁ
PRUE B 3R 2R 22 SR I E B vk S A
TEED bt PR S PR R P 2 SRR Y B, AN AE
JEE = AT o A PR A SR A H AR
FE U EZ A, e VUSRS b, O 743 2 DR
AIERVEEIR, IAZHRAE AT 22 1 e IR AR (Y
(A AR R EBATRIRES, B PAT BERE R L S A5
Bk R o RS i BRI SRR

S 3Lk

(1] EAew, F4 AA8EF- G ENTRT S RBRG 7 5B
E [J]. 7 M 4hl,2022(20): 151-155,162. [ WANG Jiaguan, LI
Hua. Validation of gas chromatography-mass spectrometry method
for determination of polychlorinated biphenyls in water[J]. Guang-
zhou Chemical Industry, 2022(20): 151-155,162. ]
[2] B4, B Bm, v A, 5. S A0E - RiE kB ab R 2 1 F
KA 9 % AR [J]. AL F 5473+ %,2022(10):30-34. [LU
Tingting, SHI Yongli, QU Yahui, et al. Simultaneous determination
of nine polychlorinated biphenyls in groundwater by gas chromatog-
raphy-mass spectrometry[J].
2022(10): 30-34. ]
[3] LI Yanan, LI Jing, SHAO Zhiwei, et al. Quantitative analysis
of 209 polychlorinated biphenyl (PCB) congeners in sediments of
the Raritan River estuary, USA[J]. Water Supply, 2020, 20(6):
2400-2414.
[4] ¥, Hkdz AR T § RIORA 5 BB K 8 AL
46 [J]. A il B o FF 3, 2023,31(1): 135-142. [ ZHANG Wei,
YANG Yongtan. Analysis of polychlorinated biphenyls and poly-

Chemical Analysis and Meterage,

brominated biphenyl ethers in rice and their risk assessment[J]. Sci-
ence and Technology of Cereals, Oil and Foods, 2023, 31(1): 135—
142. ]

[5] YUML, GUO Y L, HSU C C, et al. Menstruation and repro-


https://doi.org/10.2166/ws.2020.130

%458 % o

Wit 4, UM I I 0 P Hh R 2 SR A A e P - 295 -

duction in women with polychlorinated biphenyl (PCB) poisoning:
long- term follow-up interviews of the women from the Taiwan
Yucheng cohort[J]. International Journal of Epidemiology, 2000,
29(4): 672-677.

[6] CRINNION W J. Polychlorinated biphenyls: persistent pollu-
tants with immunological, neurological, and endocrinological conse-
quences[J]. Alternative Medicine Review, 2011, 16(1): 5-13.

[7] BATANG Z B, ALIKUNHI N, GOCHFELD M, et al. Con-
gener-specific levels and patterns of polychlorinated biphenyls in ed-
ible fish tissue from the central Red Sea coast of Saudi ArabialJ].
Science of the Total Environment, 2016, 572: 915-925.

[8] MmAL, mTH, i, F. 5 ABOK A DR 5 409
QSAR AA[J]. AR5 5 A, 2022, 34(5): 1001-1007. [ YANG
Jieyuan, YANG Xueying, YANG Peiyan, et al. QSAR models of
rate constant for biodegradation for polychlorinated biphcnyls[J].
Chemical Research and Application, 2022, 34(5): 1001-1007. ]

[9] PHARLEFARBREAZELEN A, BXRTHEE TR
%Ay GB 27622017 & 5% % 4 B F AR f R & 7 7 kG RE[S].
b7 P B AR A B AR, 2017: 11. [ National Health Commission
of the People's Republic of China, State Administration for Market
Regulation. GB 2762-2017 National food safety standard maximum
levels of contaminants in foods[S]. Beijing: Standards Press of Chi-
na, 2017: 11. ]

[10] PHEARKES REAMRER A, BRTHHEEER
%R, GB 2762-2022 £ & % 4 B RAF AR & P 5 F R F[S].
L P B AR B AR, 2022: 11-12. [ National Health Commis-
sion of the People's Republic of China, State Administration for
Market Regulation. GB 2762-2022 National food safety standard
maximum levels of contaminants in foods[S]. Beijing: Standards
Press of China, 11-12. ]

[11] #aedd, 8FF, T8, 5. MR AR L P 5
A E & [J]. & & A5, 2021, 42(5): 314-320. [ ZHAI Hong-
wen, FAN Sufang, WANG Juan, et al. Recent progress in measure-
ment uncertainty and its application in food inspection and detec-
tion[J]. Food Science, 2021, 42(5): 314-320. ]

[ 12 ] DEMEKE T, DOBNIK D. Critical assessment of digital PCR
for the detection and quantification of genetically modified organ-
isms[J]. Analytical and Bioanalytical Chemistry, 2018, 410: 4039—
4050.

[13] &4, KB, A0, 5. 8 S20RA0 E - B BR %%
B2 A ERIAT ARG ZORAEERET]. R,
2019,40(10): 292-297. [ LI Jing, ZHANG Juzhou, YU Xiaojuan,
et al. Evaluation of uncertainty in determination of plant growth reg-
ulator residues in bean sprouts by ultra performance liquid chro-
matography-tandem mass spectrometry[J]. Food Science, 2019,
40(10): 292-297. ]

[ 14 ] NAIK R H, PALLAVI M S, KUMAR K P, et al. Determina-
tion of 72 chemical pesticides and estimation of measurement of un-
certainty in rice using LC-MS/MS and GC-MS/MS[J]. Food Ana-
lytical Methods, 2021, 14: 1788—1805.

[15] 2, fkm, HARR, ¥. A48 E R E RSt 4 FA7
PUBE R 2R B F R T E 4 4T (D). A & Tk A3, 2023,
44(1):323-331. [ LIU Tengfei, ZHANG Li, YANG Daifeng, et al.
Evaluation of uncertainty in determination of four organophospho-
rus pesticide residues in fresh tea leaves by gas chromatography [J].
Science and Technology of Food Industry, 2023, 44(1): 323-331. ]
[16] ZoeF, BARAM, MTRE, F. 48K RN E - Bk E
T G B S e oS A ek A 69 R A R R (D], B E , 2023,
50(2): 118-123. [ WANG Xiaoyu, NIE Shengxiang, He Cuirong,

et al. Evaluation of uncertainty for determination of six sweeteners
added to baijiu by ultra high performance liquid chromatography-
tandem mass spectrometry[J]. Niang Jiu, 2023, 50(2): 118—123. ]
[17] W&, KT KNG RXBZ AT ERH LS
# (D). AR E My B K, 2022, 58(2): 23-26. [ LAO Xianhao,
ZHU Yinfang. Uncertainty analysis of gas flow measurement in gas
turbine rig test[J]. Aviation Precision Manufacturing Technology,
2022, 58(2): 23-26. ]
[18] 22, E, ALK, F AME#HNEMNTEAT SR
BEOR R A 8RR [T]. RS A E AR F IR, 2019, 10(17):
5597-5603. [ WANG Wenlan, GUO Jun, ZHAO Quandong, et al.
Uncertainty analysis for the determination of polychorinated biph-
enyls in fish by gas chromatography with internal standard quantifi-
cation[J]. Food Safety and Quality Detection Technology, 2019, 10
(17): 5597-5603. ]
[19] w2 A&, 2R&, F BOERAEEHFAMEHE-T
RN M S P SRR RA R[] WAXFFR
(22 % 38 ), 2013, 48(5): 34-38. [ SHEN Zhonglan, YUAN Dong,
WANG Maosen, et al. Uncertainty estimation in determination of
polychlorinated biphenyls in tuna by stable isotope dilution gas chro-
matography-mass spectrometry[J]. Journal of Shandong Universi-
ty(Natural Science), 2013, 48(5): 34-38. ]
[20] MR, k& FIEEA#H A4 & 3% A% A (GC-MS) Al £
BF 3T S AR 6 R AR [T]. T EF AR A,
2016, 32(9): 984-988. [ CHEN Lan, ZHANG Lei. An evaluation
of uncertainty in determination of indicator polychlorinated bip-
henyls( PCBs) in fish tissue by gas chromatography and mass spec-
trometry [J]. Journal of Preventive Medicine Information, 2016, 32
(9): 984-988. ]
[21] #bRA, 22k, X, . AABEHENTTE Y 2K
K E e R B H ] A E,2011,32(16): 334-337.
[ ZHENG Huaidong, LIU Xueguang, GUAN Li, et al. Uncertainty
analysis for the determination of polychorinated biphenyls in river
crab by GC[J]. Food Science, 2011, 32(16): 334-337. |
[22] BRAEEEAABRAAEL A, JIF1059.1-2012 0 2 R 4 2
JEP R 5 AR [S]. b B A kAL, 2013: 4-24. [ Admin-
istration of Quality Supervision, Inspection and Quarantine. JJF 1059.
1-2012 Evaluation and expression of measurement uncertainty [S].
Beijing: China Quality Inspection Press, 2013: 4—24. ]
[23] FHRARES F A AR A F & R 4. GB5009.
1902014 B H Z A B RAFAEART R PR TR S AFER 0 T
[S].3b . P B 47/ & #r 4. [ National Health and Family Plan-
ning Commission of PRC. GB5009.190-2014 National standard for
food safety determination of indicative polychlorinated biphenyls in
food [S].Beijing: Standards Press of China. |
[24] FE&#FEEFTIATE R 4. CNAS-GLO5-2011 & R
R TR F I [S]. LR P EARE E AR, 2011: 2-7.
[ China National Accreditation Service for Conformity Assessment.
CNAS-GL05-2011 Guidance on the application of the requirements
for measurement uncertainty [S]. Beijing: Standards Press of China,
2011:2-7. ]
[25] 2 F, KEA, 254, 5. O TR FHRERZORAEE
W#E U] F BB WA AR E S R E,2019,39(18): 40-42.
[ WANG Kaiyu, ZHANG luyue, WANG Xuemei, et al. Uncertain-
ty evaluation of electronic balance weighing quality[J]. China
Petroleum and Chemical Standard and Quality, 2019, 39(18): 40—
42.]
[26] BFEMREHEEALAIE LR TG 1036-2008 & F R -F4
MAZ[S]Ab 7 b B & deAt, 2008. [ General Administration of


https://doi.org/10.1093/ije/29.4.672
https://doi.org/10.1016/j.scitotenv.2016.07.207
https://doi.org/10.1007/s00216-018-1010-1
https://doi.org/10.1007/s12161-021-02000-9
https://doi.org/10.1007/s12161-021-02000-9
https://doi.org/10.1007/s12161-021-02000-9

- 296 - £ Tl B4

2024 4 3 A

Quality Supervision, Inspection and Quarantine of the People ’s Re-
public of China. JJG 1036-2008 Verification regulation for electron-
ic balance[S]. Beijing: China Metrology Press, 2008. ]

[27] BRRFHEFLLAAIE LR, JIG 196-2006 F A 535 %
#EAAR[S]. AT P Bt & & p4k, 2007. [ General Adminis-
tration of Quality Supervision, Inspection and Quarantine of the Peo-
ple’s Republic of China. JJG 196-2006 Working glass container
[S]. Beijing: China Metrology Press, 2007. ]

[28] B RAZ R BB L. JIG 646-2006 ik FAb A
#2[S]. b P B+ F B4k, 2007: 1-13. [ General Administra-
tion of Quality Supervision, Inspection and Quarantine of the Peo-
ple’s Republic of China. JIG 646-2006 Locomotive pipette[S]. Bei-
jing: China Metrology Press, 2007: 1-13. ]

[29] %R, 7 A1, 241, 5. defTiRE @ Fm B4 R RA T

(J]. P EnlX, 2015, 41(S1): 82—84. [ LIU Qing, WAN Li, WANG
Xinping, et al. How to evaluate measurement uncertainty of recov-
ery ratio[J]. China Measurement& Test, 2015, 41(S1): 82—-84. ]
[30] A, 28edn, BT, . MAREMN SR SH AN LBEEH
ey 5 (1] 2 R A F,2022,13(20):21-23. [FU Yu,
WANG Xiaojing, LIAO Xue, et al. Establishment of ethanol con-
tent in the liquid disinfectant by internal standard method[J]. Hei-
longjiang Science, 2022, 13(20): 21-23. ]

[31] ®AeH, RA2, hFHK, F. AAFEE IMFEMNE R A PHEL
A AL & 4 [T]. 4o T 3R 4%, 2019, 39(3): 331-336. [ ZHAO
Qiyue, SONG Cheng, SHEN Xiue, et al. Comparison of internal and
external standard method used for determination of VOCs in waste
gas[J]. Environmental Protection of Chemical Industry, 2019,
39(3):331-336. ]



	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 标准溶液配制
	1.2.1.1 多氯联苯混合标准中间液
	1.2.1.2 多氯联苯内标（PCB198）中间液
	1.2.1.3 多氯联苯混合标准溶液系列

	1.2.2 样品处理
	1.2.3 多氯联苯的上机测定


	2 结果与分析
	2.1 样品测量结果
	2.2 测量模型和不确定度分析
	2.2.1 建立测量数据
	2.2.2 测量不确定度分析

	2.3 测量不确定度评定
	2.3.1 测量重复性不确定度
	2.3.2 样品质量不确定度
	2.3.3 样品中加入内标使用液体积Vi的不确定度
	2.3.4 样品溶液中7种目标物浓度比值之和$ \sum {\mathrm{c}}_{\mathrm{j}\mathrm{R}} $的不确定度
	2.3.4.1 多氯联苯中间液（cS中=400 μg/L）的不确定度
	2.3.4.2 多氯联苯混合标准溶液系列的不确定度
	2.3.4.3 标准曲线拟合引入的不确定度

	2.3.5 评定样品溶液中7种目标物浓度比值之和$ \sum {\mathrm{c}}_{{\rm{jR}}} $的不确定度
	2.3.5.1 样品溶液中各目标物浓度比值不确定度
	2.3.5.2 评定样品溶液中7种目标物浓度比值之和的不确定度


	2.4 回收率的不确定度
	2.5 合成标准不确定度
	2.6 扩展不确定度及报告

	3 结论
	参考文献

