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Development of 2,3,3° ,4 4’ -Pentachlorobiphenyl (PCB 105) Solution
Reference Material
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Abstract; In order to meet the quality assurance requirements in the process of polychlorinated
biphenyls analysis in water environment, a certified reference material (CRM) of 2,3,3’ ,4,4°-
pentachlorobiphenyl (PCB 105) solution in isooctane was prepared in view of the lack of related CRM in
China. Purity of PCB 105 was analyzed by mass balance method, and impurities such as principal
component analogs, water, inorganic elements and volatile substances in pure raw materials were
detected. The analysis method of gas chromatography was optimized, the homogeneity and stability of the
samples were explored, uncertainty of the standard values was comprehensively evaluated, and the
formulated values were verified by gas chromatography-mass spectrometry. The purity of PCB 105 was

99.79% . Homogeneity of the reference material of PCB 105 solution in the prepared isooctane was good ,
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and the value was stable at room temperature for 22 months. The relative extended uncertainty of the
characteristic value of the reference material was 2% , and the certified value was consistent with those of

similar reference material. The prepared CRM can be used for the quality control and quality assurance

during analysis of PCB 105 in water environment.

Key words: polychlorinated biphenyls;
stability;  uncertainty
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e, R FAPREE — 25 45 57 be b PCB 105 i
PRAERE Al WESE T ARIERE Sl B3 S PEFIRR E 1, 4x 1
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1 MLk
1.1 EFEZX/HFSIKH

KR KOF (XP205, 5 f#: 0 ~ 220 g, K .
0.01 mg,Fi+ Mettler — Toledo /A H]) ; SAHE IS — &
HEAL(7890A -5975C, £ [H Agilent A F]) 3 AH A1

reference material ;

quality assurance; homogeneity ;

I (7890A, £ [ Agilent 243w ) 5 A S AL (Pyrisl ,
[ Perkin Elmer 23 w] ) 5 HBGHE & 55 85 714 — BTk
{X(ICAP Qc, £ [F Thermo 23 W) 5 25 i . #8 W
o R UAR A AN R A LY 5 rp R R
W BERE S, A BAWBRIN

PCB 105 ( 4}i & 99. 2% , 3% [E Accustandard 2%
A s seEbeh PCB 105 VbR HERE & (100 pwg/mL,
2 [E Accustandard A7) 3 B3R H PCB 169 A bR
HEFE AL (100 pg/mL, A= SR EEHARMERE S5 T ) 5
e 2 SRR 1L o3 A b dEAE L [ R PCB
105: (138 +4.7) pg/mL, PETHERABTLRE ] 5 5
e (ARHR D, 351 J. T. Baker 23] ) o
1.2 trEFEREIESSH

1.2.1 Fedbile
AL PCB 105 G FRAERE SR AR it - 20t

P

R B U TG A s VA i 11 L B R B 0 i 4 3
Pl (A R 25 -8 T 7 PCB 105 465 5 1 i 4. 7E 20
C A E N, ERFR L 0. 100 2 g ¥ PCB 105 4l T
BerRr SR el R o0 2555 2 1 000 mL 28
T, Z U VEReAR, — 5 AZ IR, 78 (20 +
1) CAEIRAS o S e e i E BRI FE 5. K
AR SR IR BT - 18 CTRIEL 1 h
J& , BB F 1.2 mL (3R &, JEE T 2 mL 45
YLD FES S, R B E T
FRFN 4 CER AT T IRAE
1.2.2  RESMT

HERf AL HL 0. 50 mL F=¢keH PCB 105 i brifE
T 50 mL 28 5, IF AN 0. 50 mL ¥k JiZ
100 pg/mL ) 52E4e H PCB 169 ik N ¥k, F 55
BEE 25T, 18 GC - ECD it
1.3 LB

AWFFER A A - B (GC - MS) i
afiih FERT , RS A TEE (GC — wECD) #1774
A 2 A P AR e T S T T
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1.3.1 GC-MS &4+ 2.1.3 THLICEME

HP - 5MS &34 (30 m x 0. 25 mm x 0. 25
wm) 5 HEAE TR :290 °C 5 AN HERE s SRR AR .1
L 7R . 100 C UL 20 C/min F+ % 200 C, 5L 2
C/minJ} % 250 C , FH{-LL 15 °C/min F} & 280 C ;&
TR FE 1230 °C; PUARAT IR BE : 150 °C; RAR A
SIM,

1.3.2  GC - wECD 4&f{fF

HP -5 {6344 (30 m x0.25 mm x0.25 pm) ;i
FEFREE :280 C 343k be, r i e oAy 20+ 15 FAE
PRFL 1 WL R 240 C L) 2 °C/min FHEE 270 °C;
o 00 g Ui 5 :290 °C
2 %R 5tk
2.1 @G ENE
2.1.1 Ak e 3 oy

R SCHik AR IE A1 PCBs 4li i il £ 1 F , PCBs 4
fh B BRI N PCB BRI 2 AR BT SR
GC - MS x4l it F o3 AT E o SR AR IH —
it g7 s, DA I E 6 IR g5 2R (99. 9%
99.78% 99.78% 99.79% 99.79% .99.79% ) gy
18 99. 79% {1 R A FEMAAE , Frif w224 0. 005%

W AT i ol FH 1) A 5% 9 S B vk 4 10 000
%, R GC - MS G TR, a3 & b A
PCB 105 27}, & W1iZ %50 7 1 T PCB 105 %5 bn
HERE Sh AL
2.1.2 K5 EI e

KA F v PCB 105 4fi i rh i & 7k 3%,
PO T R FR T B 30 C, 2L 30 °C/min Ff
£ 80 C ,{%#4F 3 min, A 30 C/min F} & 110 °C, %
3 min, F-24 30 °C/min J} £ 850 C, #FHS N, , ik
20 mL/min, Z5RILE 1, AL, #5100 C A2
F BT A A RE A oK Rk
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Fig. 1 Thermogravimetric diagram of pure PCB 105 (water)

PCB 105 rJCAIL2% Bl o >k FH L Bl 5 45 55 1
PRI 3E (ICP — MS) 4381, LA 2200 5 25 1 FE S T
e AL ) 3 A o O 225 (3SD) Fi ke i (9 AR T 3% ke
FEAE ARt B, DA SR A 25 11 9 Ve W AEL Y 10 4%
Frifi w2z (10SD ) % R 9 140 I G 28 Wk BEAE o
FRL o BEAE i o 25 Bk B2 R 1. 00 mg/mL /) 7Y T %5
W, SR 5 AR ICP — MS HEATRL N, H 2 T 30 Ff
THITTERE T &, Ao RMELE R IR 1, e s
P58k 4l TP LT R Y S, PCB 105 4085 i)
STEHITEZ A 0.209 pg/g.

*1 PCB10S dimip LA THRMELE R

Tab.1 Determination results of inorganic elements in pure
PCB 105 pg + mL™!
TTE e PIVE GRS
Li <5.104 x107° Cu <2.721 x107°
B <7.585x107* Zn <2.042 x107°
Na <2.924 x107° Ge <1.460x107*
Mg <6.422 x107° As <1.968 x10~°
Sc <7.674 x107° Se <3.780 x107*
Al 1.599 x10~* Sr <5.186 x107°
K 1.633 x107° Zr <7.159 x107’
Ti <4.195x107° Mo <2.777 x107°°
v <1.137x10°° Ag <1.571 x10°°
Pb 3.215x107° Cd <2.567 x107¢
Cr <1.070 x107* Sn <9.895 x107°
Mn <7.976 x107° Sb <4.091 x107¢
Fe <4.200 1077 Ba <8.029 x10°°
Co <5.056 x107° W <1.392x107°
Ni <1.545 %1077 Au <2.225x107¢

2.1.4 SR PRI E
K TN PCB 105 45 5 H 8 & A WL
PEATINE AT THEAR PR 2. 1.2 95, g5 LA 2,
AT UL FE AR E 80 C A2 A it AN AR WA A i 4%
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Fig.2 Thermogravimetric diagram of pure PCB 105 (VOC)
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2.1.5 PCB 105 4fi /i 5E {45 5%

K S A A B PCB 105
LA GC - MS I EHEANERK 7> TCHTR 5k
PEEHUI R ZE R, B : Pocios = Pocoys X (1 =% e —
P inorganic — % ) =99.79%
2.2 MR

VSRR RE S (0 25 500 S 27 B AR A 7RI 57
RS A8 B LA SR it 78 4386 2o 8 b S 00 4k 5
A

PR BRCPRUERE ity ARSI (3) AnifEREdh 2 (Y
—JRJFENFIZGE T J5 1) (GB/T 15000. 3—2008 ) (1%
KR53 2 BEALHIRE 7 ZERE S A0 2 T S
BB AL BORE 15 32, #0081, 3.2 54T ik,
X SRR A B S I 3 WK, DA IR R 5 26 40
ORI B AT ST AR AR TS B (v,
vy) BB EHIKT o, BARIGA F, (v, ,0) H, A5
TR F <F (v, ,0,) , TA SN 41 N FIZ (8] T B 2
2 FEA S

SeberH PCB 105 5 WROBR THERE & 0 1 S 10
SERANGE 2 PR, B 5T AR B B PN ST 45 R an 2k
3 iR

AL, Gt F < Fo s (14,30) I FHE , R BB
il 2 BEH PCB 105 YA RObR ERE S 3450 B AT

#2 PCB105 #iMtRER R AMENELR

Tab.2 Homogeneity determination results of PCB 105 solution

#&3 PCB10S RiktnERMSMEBHESRITER
Tab.3 Homogeneity test data and statistical results of PCB 105

solution reference material

Gritah R i) P
SEJF T SS/ (g - mL7h) 0.979 1.060
B MS/ (g » mL™") 0.069 9 0.035 3
A 14 30
F 55 1.98

2.3 REMMRR

X5 e PCB 105 bR A dh 1 R WA €
PESEA TS, W0 1) A s AR i I ) 58 18 199 24
AIAMA3ITA64MHI9NHA 12 4H I8 A
22 AH o BRRBEHUICE L 4 C e R AT 25 1F
IREARAS 3 S0, B SRERLFATINRE 3 UK, A 3 SRR
I S-S ELAE DA N 18] A RS E PR I A 2R o I 45
SRR R TR E

SEoElErf PCB 105 J bR v i Y (RS e 1
FAR LI 3, KRS E P I ST R 4 R WL 4.

110 ) N
= Fi -4 TR
7. 105
=
£
ﬁloo'W
i
® 95
90 : : : : : :
o 1 3 6 9 12 18 22
I ]/ A

relerence material b - ml” 3 PCB 105 AR AL AL G A TE BRI 25 4L S 38
=) HAE UKL B Fig.3  Variation trend of stability of PCB 105 solution
1 2 3 reference material with time

1 99.76 99. 81 99.61 99.73 k4 PCB105 Ak AR RET K ER

2 99. 61 99.81 99.44 99. 62 Tab.4  Stability test results of PCB 105 solution reference

3 99.35 99.65 99.55 99.52 material

4 99.99 99.76 99.95 99.9 P =5 e

5 99.55 99.35 99.59 99.50 b/ (pg - mL™") 99.88 100.0

6 99.48 99.52 99.92 99. 64 b,/(pg - mL™") -0.0135 -0.008 3

7 99. 86 99. 68 99. 44 99. 66 s(b)/(pg - mL™") 0.0337 0.039 4

8 99. 60 99.75 99. 88 99.74 fo.95.n-2 2.45 2.45

9 99.72 99.60 99.32 99.54 fo 95,02 X3(b,) 0.082 6 0.096 5

10 100. 00 99.75 99. 46 99. 74 M 3 0] 0L, FE R 4 C W i PR R AT S

11 100. 10 99.85 99.77 99.92 T, ke PCB 105 1 bR HEAE S 1) 4 1 12 {6 bifi

12 99.96 99.76 99. 62 99.78 B JCHA ARk . B ST T3R5 R mT i, 7E &R R

13 99.96 99. 68 100.2 99.93 4 CYeIR PR RAE S5, e S PCB 105 %5

14 99.36 99.41 99.65 99.47 FRUERE SRR b, LN T 1, 5 xs(b) o |E

b | »67 | %7 | #9400 | B SRR A8 22 A1 Wi 6] 9 , B0 57
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B PCB 105 VbR THERE St 72 2 4 C ¥R R 77
FAF T RE TR
2.4 EERETHEEITE

ASHIFTEHE WOARHERT: it R IFR B — 25 Rkl 4%,
R HIBCHIE A PR E(E, B 5224 PCB 105 ¥ Wb
HERE A AR IE(E N 100 pg/mLo 383 S3AT AR HERE iy
R (A B T R IR A5 AR B ST AR
FE AR I AN BT 32 A0 2 AN 0 i
Wopar JHLE LS SIPEANT RE BE O 8wy, M AR E PEAS
B E B it w, , BIVBR TR 0 ) 5 RN E S oo 1%
TR

Ucrm = v/ Wepee + Uy, + 1y,

2.4.1  PBCHAHRE RE i

B PREAE: ot T5C T AN B 7 B 2 B e R0 A 2 B2
R D A AR ) N B AL, A R v T
il AN E TR AR

(D

©  LlEAHERE u,

GC — MS 5t 40 B AN B ]l DU MG A
FANTR A By 25 2L 0 I 7 2 S5 0 A (45 R 5 T A
ANHAE B w, RIS BN 21 5 | A AN 28 B s
Mo w, FAZUKE R I 25 SR i b o 22 2, B
u; =0.005% , u, iy B RAHER, BT PCB 3
SRR FEZEY), 5 ESTE GC - MS 5 4%
PF T 19 RBUEEAS ], ) 32 B A3 200 B I o R Ay i 2
R B 50% , B u, =0. 11% . TR
GC - MSill5E PCB 180 i i 411 i 2 {H )7 W 58 3 72
H BT A (R RE Al SRR B TR MIS G T 45 P 4G DU £k 1 7
FEIN 8wy 2B, B B RS ORI o i)
138] GC — MS L4l E AT E N -

Uee ws = Ui +us =0.11%

K530 45 R Ry A A Y, AN B KT AR X
I i 40 5 ) AN B T T 2T
¥,u, =0,

PCB 105 4fi i Hh i B JE LT K & & 4 0. 209
ne/ g, Hof it 5 Ik b AR 43 BT S AR 22 3
B g, R, SICHLITER DU AN B 2 B2 AR R A3
PR 20 R 5| A BET S AT 2SR I
u,, =0,

SRR I 2 R R R A, AN R JEE K

S AR AT I 5 A0 R 5 | AN A BE 1T R 2N
ite Bt u,, =0,

A EAR DU > ASH E B o AR A AT S
Ji%, RS-0 AR AR 14 6 BUPR AN 2

u, = «/uéchS +ul +u, +ul, =0.11%

@ PR AE L u,

Pt Jot e ) AN R 4 KPR HE AR AN 7 S
I B B AR AE S 4 1, W w,, = /047 +0.1° =
0.41 mg,

@ RBEAHEE u,

SE PRGN 2 B T2 A0 46 2 i U v
FRIANTR 2 32 VA 70 25 1) AN B R 32 52 I )
WERE U w, = +/0.16° +0.07% +3.29 =3.30 mL,

@ BECHIAE B o

HRAE b3 45 BE A 0 B i, s uy,, =

0.001 1> +0.004 1° +0.003 3> x 100 = 0. 54
peg/mL,
2.4.2 )RS AN E )

F4E GB/T 15000. 3—2008 [ ¥FMr 77 1 Fn 4]
PERLIEE R, VA MObR TR it )RR 18] 2 5 M AN 1 7 B2
g3 uy HEARXWT

MS;, - MS,,
n

W w,, = 0.11 pg/mL,

2.4.3  KHITEE AN E BT 70

R A2 72 1 Mok 00 45 2R, WAl 79 5 5 e o PCB
105 VEWARERE S TE 2 IR 2510 T R A7 22 D H 2 AR
SEM L. AR GB/T 15000. 3—2008 , K- #i 4 M A
E Ao w, TR AT

u, =s(b,) xt

W u,, =0.033 7 x22 =0.75 pg/mL,
2.4.4  BIAHEE

A FRTHR R, e beh PCB 105 I WbR
HERE A RFVEIE O 5 AN 0 2 B2 0. 93 wg/mlL, 1R
95% EAG KT, B & B k=2, 0 S e
PCB 105 %5 W R HEFE & (9 AR X 47 J& AN W 2 B2
Ugion =k X (tteqn/%enn) X 100% =2 x (0.93/100) x
100% =2%

2.5 EEIENHAR

N T SRR RS VAR it (A TR, R B

il Y S e b PCB 105 YA PR HERE i 55 18 ) 2R

(3)

Uy, =

(4)
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HERE R AT BEEL LU RS o AARBIR O A hR R i
I ARAE , I 5E o [ TR A BT B AR 7 1Y [R) 26 bR
HERE AN, LA 3 YIS )P (R D 00 78 A, 00 45 2R
i AT PR
[%crm — I <k uiRM (5)
K x4 CRM B E(EL 5 .0, 0 CRMFR
TE I 3 1 s FIIEE 25 SR BOARUE R 22 5 & 1y AR KF
95% I )4 75 PR, 3l 2
TR % py = %o | <k

2
X meas +u meas

u’%JRM + urzlleas , 1 B %

BT T o 5 ) 2 b v T 1 — B R
U, 75— B R A

8P R R R T BB B S b 2 R
B B2 3 AT o v R AT R B X S AT, o
PCB 105 ¥/t (138 +4.7) pg/mL(k=2), X}
TEMEERNZE S Fis. 2S5 AT, lrgpy — % | <
b ey + W, » FEWIBFH B 55 PCB 105 H00
BRUERE b (15 1) Kb v R i LA B —
otk

#&5 PCB10S BiktrEHMEELILIER

Tab.5 Comparison results of PCB 105 solution reference material

pg - mL™!

FRUERE i e X meas Unneas Xcrum Ucrm 12 cra = % pyeas | k uéRM + ui,m
PCB 105 139,140,138 139 0.80 139 7.3 0.00 15
3 Z# 85,91 (in Chinese).
[4] TIANY J,NIE Z Q,HE J,et al. Seasonal variations in

RHIFRER - AL 1 5 beh PCB 105 %
WARVERE S, o T E PCB 105 40 5 o (35 4l
KT TCHLICER A S AEA LI R, R FH R i
Xl AEREBEATINGE o P SIPERIRRE PR TE A R AR
HA, S AR R S R PE(ER S 21 FE S IR AN 4 °C
VAT ZRIE T 22 DA NEA RIFIRGEN. =
e PCB 105 F bR ERE il AR B o (E 24 R FH P il
{EL, AN E JEE e P AN A2 E A SIPEAN I S RE TS
SIRGE PEANE R BE 0 5 10, AR AN 2
2% , HASRIZEARAMERE i 29 HAT R i {H — Eobk
o EK IR PCBs (73 Gl 42 44 1 S b
BEC
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