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Summary

The conventional methods of PCB analysis used for testing environmental samples and measuring all
PCB congeners are complicated in operation and sometimes insufficient to perform purification.

Therefore, we developed a simple and rapid purification method for the analysis of all PCB congeners
in environmental samples by improving upon the existing analysis method used for electrical insulating
oils. This existing method uses heated, multi-layer silica gel column/alumina column which cannot
recover low chlorinated PCB in which only one aromatic ring is substituted with chlorine and high
chlorinated tetra-ortho PCB.

At the outset, we prepared a column set that consisted of a purification column and a concentration
column. The purification column was filled with sulfuric acid silica gel for refining the sample. The
concentration column was filled with alumina and silver-modified alumina for facilitating selective
adsorption and elution of PCB. The recovery rate of high chlorinated tetra-ortho PCB was improved when
the column set was used under the non-heating cleanup condition. However, that of monochlorinated
biphenyl did not show any improvement. Afterwards, an additional amount of silica gel was stacked in
layers on the sulfuric acid silica gel to boost the purification column’s function. As a result, the loaded
sample was contained and degradation of low chlorinated PCB by sulfuric acid silica gel was prevented.
Thus, all PCB congeners were recovered using this improved column set.

Subsequently, the above column set was also used to purify the samples of sediment and fish tissues.
The effective cleanup was confirmed by the chromatogram of GC/ECD and GC/MS. Furthermore, the
performance of this method was evaluated by the certified reference materials. The result of the study
showed that the proposed method has satisfactory quantitative capability and repeatability.
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Hence, this method was found to be effective for analyzing the presence of all PCB congeners in
environmental samples.

Key words: all PCB congeners, environmental samples, silica gel, silver-modified alumina
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[EICEFEAGIZIE, 66 fifEHD PCB BMERDNEA ST AEHETA K (EC-5433/CIL #18Y), 209 f¥HD PCB 4=
FMERN 5 2 M BT AR HERE T (PCB Congener Mix1~5/Accu Standard #1-8) 24 B RS 100 ng/mL
F721% 200 ng/mL L7 BT, Sng F721F 10ng RIMLTEEA L7, GCMS HIEIZBITH2)—2 T v
ANATIZIE BC CTEEGRR LS 1~10 (L PCB 2NEA S TARAERR K (MBP-MXP/Wellington f1-H4) %45
PEARS 20 ng/mL L72 B FHZFHERIL, 2 ng WHIIL TERER L7z, SV P AL 71201 BC TR b7z 4 1k
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(I T AR £ R R NMIJ CRM 7404-a (ENZAFZEBA RS BN PEZEEINR AT GtERER et 2 —)
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3. oA
3.1. 5 EBIEICHES< PCB ZE IR BN RER 5k

A la], Tz 135 B BIEIORSIVTCWDALBL TN AT DR T AT HT 2% VTR 100 i
SfETHHI85 C, 1 Bifil 1%, 50 °C, 1 BRI JICZE T L, PCB HEERIK DRI AZTT>7-, FRolcZ D
VEJ7iEE R D,

Hafa il O & PCB ICB A S EiE~==7 /L (5 3 i) CERE 23 4E 5 A) J1OCid#ksntunain
LG VBTN AT T NIF AT RENCFESE, N 13 mm, iR 7.0 cm O T ARIOERFEIZ, Fhb
15 %REEEER-15 YlEERS V7V 1.4 g, 44 %liilE U H 7 3.8 g w FRIELT= 2@ U7 N T 8L, W
4.6 mm, && 10 cm OHTAEIIT NITF 0.6 g #FRELTNIFT BT L2 HNE LI, ZOZEIANT NV IT
LT PCB HEHEVRIG L) — 0 T P ARA 7 IRE U THRMNU T, IR RIS 1 mL LAIN &7
HIDNZUTe, WIZ, I V7N T1T7 MZEINUT- RS BB L Qb A —4 — Ty, 50 'CT 1 K
MIINENL 7%, VBTN AT LOMEED 40 CLL FIZRAETHRG LTz, ZL T, TAITHT LEk % gy
UBZ T 5 il EAEL, ~F3 20 mL 23788550 2.0 mL/min THL7=, £L T, TAITHTLEIL, K
HRSHETC 85 ‘CT 10 e sE7-%, MLml 0.6 mL 2L PCB 2R H LTz, 20X L THLNTZIR
HUER 0.3 mL ISV DAL T2 ML T GC/MS THIEL, [EIRZFEL7Z (Fig. 1 (A)).

3.2, FREEL U NIT N SREEF T VI T FEINEE Sl ik

S EREZICHLE 2 BEOITLERE L, £, RGBT 20T 5 (LLT, BRAT L) EL
T, W 13 mm, {5 7.0 cm OH T ABOIEHEIZ 44 %l V7L 38 g LI AT L&A B LT, ©
LT, PCB Z&IRICAE LT1%, D BEOWHIEEETIZRNET 207 5 (LLF, B 724) ELTHNE 4.6 mm,
25K 10 cm OHFTAE ST A7 0.6 g, SRR 7 L) 0.7 ¢ DIAF /A I fE@ L CHRELD
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FHHIRBEIZ U7z, WRITIERE DT 2R L, ~F P 20 mL Z3i# 1.7~2.0 mL/min THEL7-, LT, EHED
FTLEINL, KERSHET 85 ‘CT 10 I eStE721%, M= 1.2 mL %L PCB A L7-, ZoXHizL
TELNE AR 0.3 mL ICHEMELI% U DAL 22U, GC/MS TRIlEL TR RA TR L7~
OB, 55 ERIES L OB L TREAE IS NS0, FRERENK 1 RS-,
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(A) (B)

'Sample 'lqadlng on «— Clean up spike Sample loading on «— Clean up spike
multi-layer silica gel column the purification column

| |

| Heating (85 C or50°C, 60min) |

Connection of the concentration column

‘ Cooling (below 40 C) | l

Elution (Hexane 20 mL)
‘ Connection of alumina column l l

Remove and reverse of
the concentration column

[ Elution (Hexane 20 mL) ]

Remove and reverse of [

alumina column lDrying of the concen[tration column (85 C)|
l Drying of alumina column (85 ‘C) l l Elution (Toluene 1.2 mL) |
l~ Syringe spike
[ Elution (Toluene 600 pL) ] l Measurement (GC/ECD, GC/MS) |
I~ Syringe spike
‘ Measurement l

Fig. 1 Analysis scheme of PCB: (A) by heating multi-layer silica gel column/alumina column, (B) by non-heating
purification column/concentration column

3.3. SUBFIV-RREES U7 )V T VI F-§R$HFF Fig. 2 Schematic structure of the purification and
TS ﬂ‘#lfbl]%ﬁ*%;f'ﬁé& (A1) concentration columns for the non-heating clean-up
~ AN dt
32.0H T BESHIGL, HHHTAELT 4%
s VA7V 3.3 ¢ ZFE L LIZ, BRI BT L N
(KZf% 40~100 um)0.5 g ZFEBLIZ AT AL, 3.2.L[ ~ Sleasel @59

Alumina (0.6 g)

BR, IAMEA T LELTT AT 0.6 g, SRFFT LT 0.7 )
g ZAEE L CHRELI- T 25 HEfG LT (Fig. 2) . #EF

NI 3.2.LFEEDFIEEL (Fig. 1 (B)), 77, 3.1.~3.3. T
@1"7’%1/]5&\7_531%)% @ PCB ﬁﬁ@ﬁ%% ( (HE) ‘:/"_Xi:/y 44% Sulfuric acid Silvorunodiﬁod
) &2 e, silica gel (3.3 ) alumina (0.7 g)

TT
4. %%ﬁ*‘«{’@%ﬁjﬁYﬁ The purification column
4.1. EEDOHHHE preene

Eg%ﬂ*}ﬁx%@%tﬂpjf&g%}ﬁﬁﬁ{f (I'Zﬁz 24 QE 8 The concentration column
H BREE K- KRRKEER) | (LLT, #Ek1E) 01
6.4.1 DFNEICIESE 7720, £, BalEHY 10 g~20 g ZFF &L, 1.25 mol/L /KER{L VD L/ X ) — NARTR
50 mL 20z, WK T 1 BERIINB Y iR a1 T 72, INEE, 950 ‘CETHIAL, ~FHP2 50 mL &
ZIRVIRE T, ZORGRESOIZEIRETHAIL, I7 AfHEAHE (GA100/ADVANTEC £#H#Y) <5 Aita%
1To70 B, =& ) —)V/~F o (11 IBBTANR) 20 mL, ~3F4¥> 30 mL DNEFE TN I, 5| AHiEz,T
ST, BONIE AR Z SR E DY, K 50 mL 2012 7T 10 23S L, ~FH @ik ooy iss
7o ZOKIEIZA~FH L 50 mL 2002 THREE 10 2fIREOL, Boiz~F VU EIdbeD kiR FH o~
YU AT, ZOBIKIRO~F Y@K 100 mL T 3 [BIKBEL7-%, MEKFREE T RID L@l T
KUz, ZLTC, 0= —x /R — X2 —LZE RN AL T, & 0.5 mL 4 7-0ikk 1 g FRYBENE ENDH L
NG T2 O Z IR E LTz, 2, B FRRAEEM E DG EE, 7V —v T v T AL 5T VIV 5y
fRRTOREHITRINL Tl EAR T o 72,

BONZEE ML, 0.5 mL 243 B TARYE (3.3.) O FNEICHEVERIZTTH, $EkiETT6.4.1 1ITHESW)
U FOFNAIZ L > TR A T2 D, £, 0 BLU7HIHIR 0.5 mL 292 T 6 mL ([ZARU 7RI,
Wik 2 mL N2 TIREOL, §iEth, WilkiE AR5 T 28 EE~F I O an#E e s FTHRIRLT-, RIZ,
RN L NI AKEEHR 6 mL T 3 [BIKBELIZ1, ~F 8ika 4 3 mL £TRML, YU Tvra~vhs
TS TRIL 72, BRI, BT~ I EEEICHT AT — Vaghd, Bk VB 7L Chitk
63~210 um) 3 g, Fitf T RID L 6 g Z~F o TIRAFIEL %, ~F 2 200 mL % §ii#4 2.5 mL/min Tt
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L CHREMZPEGH LT, P b oToh, ~F R Z g TN o AE £ T N GRERERZ 228 UIL,
R REE T NI LB ET RS2, FD%, ~F P2 200 mL 23 #EA 1| mL/min Ti F S THEEHIKZ,
TR —Z— L RHFET AL ST 035 mL ETEMEL, MERIKEST,

4.2. RAIDGHT T IE

FAFREID PCB i IX[E=4Y TRt~ =27 )V IS ELL T O HIETITo72 Y, 3k 2.5~5.0 g #FF
L, ZHUZ 1 mol/L DKEAL AV /=X ) — VKR 50 mL 200 %, WK TR 1 BRI E - 13 =I5
T 300 tpm, 9 16 REREEL, TVDI G fREAT ST, RIS, D & ENT R A kRS-~ LT, 20
BE, FRIED T UK 50 mL CHaWZ A2 RS0 RN -~ Uiz, 2O MR SFOVRIE DDA~ H
% 3 AR LU=, ~F VO EIEL 60 mL, 40 mL, 40mL DONEIZITo72, ZOIAINIL THELNI-A~FT =
A, 2 % b R T AR 50 mL T 2 [BIKPTEL7-%, BKEREE T R T AT A~F U fgaml ik,
n—X)—T /R —H—LERE AL ST 0.5 mL FTEMLIELOZMEIERE LT, F72, B GEREE
EMBEDGEX, 2= T T AR 2T VTV 3R OREHIEINL THIH R EZAT 572, 2O A
A A T, R (3.3) OFMRICHEWIERIATT 72,

5, HEHSES Tablel Operating conditions of GC/ECD and GC/MS
PCB OD{EUﬁiﬂa:cig’\’/\?to;U _jji-L\ DB-5 (Agilent Instrument AgilSn(i ;gg}g GC Agiler(i(%HS\/Sl)iB GC

8 20 m x 0.18 mml.D., 0.18 pm) Z3EH L 7= Agilent 5977B MSD

GC/ECD (Agilent £-:% 7890A GC/ECD) %7-13 DB- GC conditions

5ms (Agilent #1582 30 m x 0.25 mmI.D., 0.25 um) %~ Column type DB-5 DB-5ms

L 72 GC/MS (Agilent 182 7890B GC/5977B o D gt

MSD) ZfE L7z, I EMER DRI ESA4% Table 1
IR,

6. fEREELE

100 °C (2 min)
—30 ‘C/min—170 °C (1 min)
—5 ‘C/min—290 °C (5min)

100 °C (1 min)
—40 ‘C/min—160 C
—15 ‘C/min—250 ‘C
—20 C/min—280 “C (1.4 min)

Oven temperature

6.1. 5 ERBCESRRIEICRITS e Lo Pty
PCB @W@@%@J@Zﬁ Flow rate 80 cm/s, 2.0 mL/min 40 cm/s, 1.2 mL/min

constant flow constant flow

£7, fliH EBIEOFIRIIHE, mFESDIT-

Injection port

7= 62 FEHOD PCB SMERINEASHIABUERR  temperature w0 w0 e
(BP-MS) DML B (Fig. 3 (ADE 9, AH,  jecponmoe o o
ﬁ& 75§//f?/)7b: 66 $$¥E® PCB ﬁlrﬁzﬁ:ﬁ§?§bé\éﬂf: Detector condition

REUEVAIR (EC-5433) DI GRERGE S (Fig. 3 (B) % Temperature 320 °C Interface : 280 C
R W7 T77 &b RUERHECHR EA 72 PCB D[l fon source :230 C
IMEL 2o TVNBZEB DB, THBIEHL, #12,  Make up gae Nitrogen Quadro pole 150 €
#38 5500 IOV EE D IR RSVt L Fow rate 30 mLmin

34.6 pA
70 eV

Tonization current

PCB (1~3 #ift. PCB) &, #155, #188, #202, #208,
#209 DA NN A THEFEBEIILSNIZT N4 L
VRO E RO mE AL PCB (6~10 Y5/t PCB) I3 FES VD, ZAVHDFRE RN, Frllod 7 FER O A4 34 B
SNTARHAL PCB I, 23+ IR DMRIET D& TRIEN B <5720, 50 CREOMETHLZ @Y h7
NHTBEORREAERNZE 3 iES0T<, BIEREMEL o Te B 2 bz, T, TR % FF
OEIEAL PCB 127 AR F 2O BEERNEEL, W SN, FIENMEL o To B 2672 19,

Electron energy

6.2. BREES VAT VT NI F SRR T VI FEMBUE RIEIZI1T D PCB BN RO ZE B
6.1.50, FNHEDEN 7= PCB DEINEREZLETHI=DIZ, 2@ VAT N7 LORDVIHEES V7
V38 g AFHLTAERA T AL, TARIT BT LIERHEFTVIF 0.7 g ZdE LI iBiE 7 22 YKL, Fig. 1
B)YDFINAZHENTV— 2T T AL 7 DENLRE G LTz, EOFER:, SEHRINZE HIZ T LE2 TR
HLTSAE, 2= Ty P 27D 1~10 HiAk PCB X TOEILRN B AT Th-o727%, 3EHAINS 10
SEHE LB T LAY U IRH LIS E1E, 1 Bk PCB DOEIEND TR TWAZENMERENT-
(Fig. 4 (A)) . ZhUZ, i 5 € &IEO MBS B D L9572 SOSIEEE TIEWa, JEMEBGE NIz W Th 7|l
DFHFFER O MG FE SN REAL PCB 1XHiEE VA 7V Tk 2 123 fESILDHT-91Z, 1 AL PCB DAY
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ENTRoTEZZ BN, — T, ThIA N {ETHS 10 Hfk PCB 1,7 AT A7 A TEMFIEL /2R
FE7 AT RO AES L, BN LT,

6.3. A¥EIZLD PCB D[RR O ZEENFLAM

6.2.50, FEMBGME FIZHWTYH, BEHRINZ ORREEEFIZES 1 #E L PCB ORIICGRIK N2t E T 57
DI, BRIV 3.8 g DHEFIELTIAEGH AT LORDIZ, Wil V7133 gD LIS VAT7 V05 g
EAERE LI WG 7 L& HEfF L C (Fig. 2), RIEROENGREREZAT 572, ZORER, SEHRINZ B ST L%~
IR UG AL, BRI 10 RIFRE L%, 17250 ~F P ARHLIEGEOWTIZE W T,
IV =0T T ANA7D 1~10 Ak PCB OEIERIL B4 Th -7 (Fig. 4 (B)) . 2L, IIEEI VA5 v
JETIRERSN, ~F VAR T D ETITREES U H 7 L E OB ZRET S NT- 281280, 1 H{k PCB M fES
NP EINERNE ELZ7-0 B LT,

FTo, KR T LR OV 7NV OF LD IR O R R B o i, f i iR E O TR L7, 3
BHIIT 42,0 FNAIZHEWVEIR ST L2 7V 5 g O EE AL, BROBRIZIV—2 T v 7 2L 71X
WNL7en o7z, PIEIEL GC/MS 1285 Scan JIEEAT -7, PIE THOLNIZN—2 VA4 7a~hTT L% Fig.
ST, BB VAT N O B TR U T-35-6Clk, (REFIRER] 34 (IS RER I H Y — 7 b i=A3 (Fig.
5(A), YIBTNVERELIEARIEOLGA T, ZOEE—/RBREIN TWDI LR LT (Fig. 5 (B) ., Z
L, YUB T NERE LW, BB YR 7 A K S U= 3Bk S~ R 7 2D Sy fig AL il o —
HSSRMEM L LU RSV, S UBF NV EREIB LT A1, DX MM E L7202 D~ M) 7 ARy 8
SUBTNVETITORESNTZO, BUEPEOLNTEB BN,

51T, RIEICEITD PCB LR ZEEV AT 572512, 209 FEFED PCB 2 EAMEKN 5 By MI3ITH
AUTREMEYS R (PCB Congener Mix1~5) Z W CREIGRERZTT o7, ZORE R, 209 O RFMERIZIBWNT
80 %Ll ED RN G (Fig. 6) , ZIHDFERNG, SV NVERREES V17 NV EiEE LT kST AL,
TR T LSRR T VT A RS LT IR T DA FE NG C W e AR LY, PCB A RPE RO I AS AT REZR
FIETHDHZED T RENT,

U e - = == = =
zsa
§ e
2
]
8
g
&40
20
0 | I I il i
A AR B 2 e R A E I TR 23858232828 AR0IRBRBRRBARREIECRSRLE 5183 A28 8IS
5 EEIFIETFTERER R R R R R R R R R R - G E EE R EE R - LS PR R R S al= = & Slaia R1a
e Qis g < 2 FUORCE FRTPFTIATIAIETRERE N P W NI S
= aiE & = & = = Sid Z a
- - 2 [ - -

Recovery [%]

TTTTRIRIRIIAY
5

#37
s

MI1CBs
D10CB
io#

S%#10, #4 is complex peak at DB-5ms
Fig. 3 Recovery rate of PCBs by the method of heating multi-layer silica gel column/alumina column: (A) in BP-
MS (heating temperature at 85 °C), (B) in EC-5433 (heating temperature at 50 °C)
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B0 min B10 min

( A) B0 min ®10 min (B)

Recovery [%]
2
Recovery [%]
2
3

N D D P N D
& @ @3: @,;, & %\\e
SR P

S SRS S I
G G

o 8 8§ T T o oF

)
R S >
& ;0«,0 & Q/OC% R
N OV o & B

SIS
Tig. 4 Different recovery rates between 0-min and 10-min holding time at the start of purification: (A) by using

the purification column filled with only sulfuric acid silica gel, and (B) by using the improved purification
column filled with silica gel and sulfuric acid silica gel as shown in Fig. 2

6.4. EEFREI~DE LM

EE R DATEO 1 AIREMEA TG 3572012 2 FEEHO SR (Sample 1: FREAR R 16.3 %, K& =
31.4 %, Sample 2: FREH A 3.9 %, K& 10.8 %) 2 W ikBra T o7, TIEEHIIL, 4.1.0 FIAICHE
WEE 20 g 27 VAV RIA~F U L TR RS 1 g Y AL, RIEERERIEIZE > TR
BL7HDEF T — 7 5 GC/ECD (28> GIEL T, K iREHIX L THELN- GC/ECD Zu~<hrJh%
Fig. 7 12”7, WTNOFEHI B W THIERIE TIEBR ETERD o2 EE — 7 BMEJS L, ZofERNG, K
TEIIERIE LR DL E ORI RN DD - ER MR CTETZ, F7, TERECIRERBRIEICK 6 FEE L=z
KL, RIETITEH ORI E 2 TR 1 R CEMENSE T L, B BRI KRS T,

(V) ®)

2 ssees

S— ST

eEEES o

— L 500000
K

000 500 Zol00 2500 5000 ET

5160 Py

000 7500 Zol00 2500 S0700 5500 2060

Fig. 5 Total ion chromatograms obtained by GC/MS scan mode: (A) a fish sample extract treated by the
purification column filled with only sulfuric acid silica gel, and (B) a fish sample extract treated by the improved
purification column filled with silica gel and sulfuric acid silica gel as shown in Fig. 2
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Fig. 6 Recovery rate of PCBs by the rapid analytical method for all PCB congeners using the column set as
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Sample 1 Sample 2

J (A) . (B) “4(C) J (D)

Fig. 7 GC/ECD chromatogram of each sample: (A), (C) by the conventional method for sediment analysis, (B),
(D) by the rapid analytical method for all PCB congeners

Table 1 Certified value and measured value by the rapid analytical method for all PCB congeners of the
sediment matrix CRM (JSAC 0432)

e hene e e VP @@y e

MICBs 1.31 0.29 0.84 44 -1.62 78 #3)
D2CBs 106 27 70 11 -1.34 87 (#9)
T3CBs 790 220 500 6.7 -1.34 99 (#298)
T4CBs 517 47 570 8.3 1.18 94 (#52
P5CBs 104.7 7.9 97 8.3 -0.98 97 #101)

110 #118)
H6CBs 36.4 4.6 37 7.2 0.03 107 (#153)

112 (#138)
H7CBs 11.5 1.5 12 8.1 0.18 96 (#180)
08CBs 2.72 0.3 2.6 5.6 -0.51 95 (#194)
N9CBs 0.344 0.018 0.36 6.8 0.59 57 #206)
D10CB 0.0904 0.0057 0.084 5.6 -1.21 25 #209)
Total 1530 190 1300 7.1 -1.21

Table 2 Certified value and measured value by the rapid analytical method for all PCB congeners of the fish
tissue CRM (NMIJ CRM 7404-a)

Recovery of 13Ci2

Certified Expanded Measured
PCB X value uncertainty value CV [%] labeled PCB [%]
congener [ng/kg] [ng/kel [ng/kel 13C;M1CB #3) 97
13C1D2CB #8, 5
CB28 473 0.58 4.8 2.1 " ) 9
13C;2°T3CB (#28) 98
CB70 5.7 0.6 6.1 1.2 150 T4CB (#52 91
CB105 2.62 0.27 2.6 4.6 13C1P5CB (#101) 91
13C;P5CB (#118) 93
CB153 14.0 0.5 14 2.0
13C,H6CB (#153) 95
CB170 1.05 0.06 1.0 1.5 13C;-H6CB (#138) 91
13C;H7CB #180) 90
13C;-08CB (#194) 89
13C1N9CB (#206) 42
13C1D10CB #209) 9
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