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2 o & A3E Hr|ERAHART T
o|#I'd(PCBs) A=¥e] dx /M8 AF=dS 2
o1t} PCBsgH+- 2 A9 PCBs7} $HrEA] &S -(PCB free oil)oll PCBs XS #7lsle] Z
A FFEHAE PCBsol| et SHAER7HE FFEHDS AT PCBs 7Y A7t ogh #4s)
=5 AES A3}, Arochlor 1254 (6 ppm)3+ Arochlor 1254:1260(1:1) (5 ppm)S & 7Fek ¢ o] 60
Arochlor 1260 (3.5 ppm)y& A7kt A% o] 90de] Avtel gAstE= Ag 1T 5 Uk Axd
RTEEEE 103 o) ¥ 5 273t A3}, PCBs AlZx BEFEES JUETHA 3.51-5.01%2 +240]
AT Ao, AR H (one way ANOVAYN wel #2 =5 #7138 A3 2 E Al87) &
At A Tk Zﬂ zd ZE=de FASR 1009 st 247 2A4E JEies Ads)
som, Sgaga Azl o7 =S 0.26~0492 A,
Abstract: This study was carried out to produce Reference Materials (RMs) for Proficiency Testing (PT) of PCBs
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in waste analytical laboratories. Two RMs were prepared from used transformer oil samples and PCB free transformer
oil by spiking PCBs standard solutions. The spiked PCB RMs were homogenized by mixing and settling up to
90 days. Homogenized concentration of PCBs with Arochlor 1254 (6 ppm), 1254:1260 (1:1) (5 ppm) were observed
in 60 days stationary phase but Arochlor 1260 (3.5 mg/L) were observed in 90 days stationary phase. One-way
ANOVA test were carried out and showed that the RMs were suitably homogenized, which can be used for
proficiency testing. The Relative Standard Deviations (RSDs) of analytical results were 3.51~5.01% for the PCBs
RMs in 10 replicates. The expanded uncertainty of PCBs analytical procedure were 0.26~0.49.
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| Sample ‘

| Alkali Treatment ‘

spiking deca-PCBs 100ng

| H2S0O4 Treatment ‘

|

| Silica gel column cleanup ‘

| Concentration (1 mL) ‘

|

| GC-ECD ‘

Fig. 1. Flow chart for PCBs analysis.
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Table 1. Homogeneity between-bottle and within-bottle (mg/L)
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AR 52 AHgHE Al EAFPCBs free
oil) 200 mLE Q7o g & PCBs ET& Y
Arochlor 1254, 12602 1:12 £33l 5 mg/LE®
A7 sk Al 59 Arochlor 12602 3.5 mg/l 552 3
7t 7 R ZEEES ARG FAYENE
712 T8d] et 3vME F A X sl g st
=, 4 mL vlo]gol 3 mLA &3 3te] WY, d&-3)
4 °CoA B3
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32 EEEE H3Y W}

321 #EE Tt

Az FZFEF 4 A B Hate] zHz 1071S F
Zh = AAste] W7k 2= s BAsta 2 5 200
A&+ PCBs3H+ A AH(A-1, A-2)$} PCBs7| $H5

A-1 B-1 B-2

Test 1 Test 2 Average Test 1 Test 2 Average Test 1

Average 1.25 1.22 1.24 3.53 3.49 3.51 5.21
SD 0.08 0.05 0.06 0.11 0.16 0.13 0.18
RSD(%) 6.14 3.89 5.01 2.98 4.50 3.51 3.54
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Fig. 2. Concentration of between-bottle for PCBs RMs.

(PCB free oil)] PCBs %S 3718}
AB-1, B2)Z A3l ¥y #d=
A%k éaql— Table 1, Fig. 29} 7¥o] VtElstT).
S B 124 mg/L (1.16~1.45
HARZEe] 501%0] L, A2 EFER
2.71 mg/L (2.53~2.95 mg/L), *3t)
4%= LFEFRT
B-1 E%aé o] S HFZ 3.51 mg/L (3.31~3.76
mg/L), N FFHA o] 3.51%°] 3, B29] Bdgh
521 mg/L (4.87~5.52 mg/L), SNEZHAZ-E 3.54%
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Table 2. Analysis of variance for PCBs
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o= A &3 Ao} ISO Guide 355 FZ 3l
A A EAHEA (one way ANOVA) W} 42 =& 3
HiRa= ‘é%“’\““f@l A} Table 23+ 7Fo] A-1 Al
Z ZFEZY A 95% A= F7ol A FH|(FHT
7F B Ha ‘—H Ehke] vlg e HE HE o)
Ak W "] v&-g o)yt 0.7382 F71Z4X|(Y 7%]

X FRHHT A3, B-1A 8] A% 95% A E T
wﬁfwﬂwmwiFﬂqﬂiqzm}wigﬁﬁ%
o] @A AT

r\l

Factor level Observation Sum Average Variance
Column 1 10 12.46 1.246 0.005649
Column 2 10 12.22 1.222 0.002151
Analysis of variance
A-1 Source of Sum of Degree of Critical F
.. Mean squares F-value P-value
variation squares freedom values
Treatment 0.00288 1 0.00288 0.738462 0.401454 4.413873
Residual 0.0702 18 0.0039
Total 0.07308 19
Factor level Observation Sum Average Variance
Column 1 10 35.32 3.532 0.010996
Column 2 10 34.88 3.488 0.024907
Analysis of variance
B-1 Source of Sum of Degree of Critical F
.. Mean squares F-value P-value
variation squares freedom values
Treatment 0.00968 1 0.00968 0.539242 0.472205 4.413873
Residual 0.32312 18 0.017951
Total 0.3328 19
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Fig. 3. Comparisons with short-term stability (3 months).
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So7HA] LAk AA 27t ZEJEA AR5 HHs)
= AR 103 SH 3 A HF 0884, EFHUX
0.0312 A-f= oduf 348 3= 2HEs9
. 0.031

bt

g3 BY5 [y(V)|= —= =0.010
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Table 3. Uncertainty factors in analysis
Step Factor Evaluation method Type

Sampling Pipet Repetition A

S L treatment Deca PCBs Standard Certification B

ample pre-treatmen Deca PCBs Recovery Repetition A

Inst tal A . Standard Certification B

pstrumental Anaysis Calibration curve Linearity A
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Table 4. Measurement of calibration curve

Standard solution Measurement result

concentration

Concentration
(mg/L, Mj) Pealk area (mg/L, Cj)
0.1 2,864.2 0.0945
0.5 14,349.9 0.5098
1.0 27,783.8 0.9956

Table 5. Measured sample value and final concentration of
PCBs calibration curve

Measurement No.

step

p=1 p=2 p=3 Average
0.3574 0.3660 0.3517 0.3584
3.574 3.660 3.517 3.584

Measured sample value
Final concentration

Table 6. Factor level value of uncertainty using the least
square method

Factor level Value Factor level Value
B, 27,655 Caverage 0.533
Bo 250.07 Co 0.3584
r 0.9996 Sk 0.6147
n 3 s 114,402.15
P 3 s 338.23

B; : slope, B, : intercept, r : regression coefficient, n: number of
measurements for the calibration, p: number of measurements to
determine conc, Co : determined concentration

3 BEHE[u(Ch] = J[u(V)] +[u(Cis)])

0.010°+0.003> = 0.010

Ag9 F= ALk A4 AHFAE o8-8k
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ZAFsw)el o =g =5 A

AL Table 4~Table 63+ 72T},
ARIZHe g 218 73t
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EEE RS
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n o HARFAE el s AAE A 258
Ao ZA35

Coz: AFAE Fa7] sl ol ST H
e Rk

G ARFAE Fe] S o EgeEA A
FEg] N ZHFE

M ARFAE ] s AT FEEe
MEEE

2
338.23J%+%+(0.35840.533)

u(Cal) = 57655 0eiar 00103
047]}\1, 27]’1] ?lx]_% ?:IL/S]_S]'@
4 BIE[(GC)] = J[1(Cvs)]*+ [u(Cal)]

0.0033+0.01032 =0.0107

2 ezl 28eE st SA%ke] 4
A

S CUREIRE
d Cl GC
0.001)?, (0.010)*_ (0.0107\*
T ) +( 100) +(0.3584) = 00299
AxE ANE F 20 EFELDS R 7 A8
F 10705 AA 3t 234 ‘:'*4??} SAE WEA
A= ol A Aol o3 FA VIS ol &3ste] WU
(with-in bottle, Swb) ¥ W7} 2 % (between-bottle,
Sbbyell ot FF EI=E AHF 3t Table 791 A
3ttt
PCBs AIZA 89 B E= 24514 2 7k F

=
AroX o] FERFELEE WA A 95% A= G
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Table 7. Standard uncertainty of homogeneity with-in and between bottle
Source of variation
Between Standard uncertaint;
Average. (sum of squares) bottle analysis Y
Sample  concentration A of variance . Between
(mg/L) Type Type B Residual g2 With-in
(row) (column) (89 (Sr) Sbb U*bb
A-1 1.23 0.0511 0.0029 0.0191 0.0145 0.0469 0.1206 -
B-1 3.51 0.1086 0.0093 0.2169 -0.0588 0.1504 - 0.0711
Table 8. Expanded uncertainty of PCBs sample
i Expanded uncertaint; i
Sample Concentration p: y u(Cs) Expande(i uncertainty
(mg/L) Measurement Between (k=2.31)
A-1 1.24 0.0508 0.1206 0.1309 0.3024
A-2 2.71 0.1111 - 0.1111 0.2566
B-1 3.50 0.1435 0.0711 0.1601 0.3698
B-2 5.21 0.2136 - 0.2136 0.4934
u(Cs) : combined standard uncertainty
oM o] EAARKKYE w3t Table 8 A|ATSHATE. A#e] FrE 95t FY5tL e J=de 4
H7= o == N 135} A o AP
Q‘%%;E@:kxu(cs) EJ7]’ ’l’]?‘l’ fLIEZEE 7HHEE '—12(‘1»—»%— E'ZEAO,
P Fol Bud SUER/LG ATRAY B8
A7,k ERRIA 2 Hris) 9@ A7e £ A% e e
uCs) : Y HE BHE =25 43l
SlABAQ T2EZ sur 1l ALY 3]3S
ZPAAURE FRARE v ol E-3fe] Fat, o S TR ST Y S R
c &5 AL, SRR A EXRAE fske] 1SO
(“(C:)) Guide 35, 43, 13528 & =W - 9] 2= Alx ¥ %
= RS BN PCBs SUEYHE EEELS 2
L 4 Zsh PCBs % LARE AHEE A po) BEE
oY A(A-1)S FF7E0] 124 (1.16~1.45 mg/L), A EF
H z}7}o 0, EZ‘DZ] 7)ol = 7]'*8? .
o714, uCy): T T B el S0 MEEEE-2S WRUE 271
Cs Z=Axw (2.53~2.95 mg/L), FHEFZHAFL 4.54%F YEIS
S LS00 = -
1o orlo oo ;
5 o 7 PO S G FAH6CH foe o)
2t Q1] 2hg PCBs & H7lete] 2A8 2E=42Q FT=4
Vi . il - . — = =
] - B-1)2] HFZ 3.51 (3.31-3.76 mg/L), FNFEFH2} 3
(0.14 4 o] 351%, FFEE (B-2)°] FHHS 521(4.87-5.52
_ 3.584 g3 mg/L), FHEFZHAA} gho] 3.54%= LERsiTt.
(0.001)4 (0.010)4 (0.0103)4 ' 2. BEEA Az T BELY Ztl 93 &
1 100/  \03584 Ases A A3} PCByE BHEA She AAf
9 9 2 (PCB free oil)°ll Arochlor 1254 (6 ppm)3Z} Arochlor
FEARE VgZh 822 k 3He t £E ®olA 231 1254:1260(1:1) (5 ppm)= M 7Fe 4% FHol 604,
o]t} Arochlor 1260 (3.5 ppm)2 78 7% ) 90 ©]
Aupol FAsEE 2L AT 5 Ak
4.4 B 3. AlzE BE=dd] Wate] 10803 vk S4 %
A3} PCBs Alx FEE29 A5 3.51-5.01%%= o4&
2 Aqe d7|EEAdE73e] AFY de 7Y dol Johar AE R0, dAFAHEA Y (one way
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