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Analysis on PCDD/Fs and PCBs in industrial grade 2 ,5-dichlorophenol
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Abstract: A method using high resolution gas chromatography-high resolution mass spectrometry method is
established for the analysis of polychlorinated dibenzo-p-dioxins and dibenzofurans ( PCDD/Fs) and polychlorinated
biphenyls (PCBs) in industrial grade 2,5-dichlorophenol.The sample is pretreated through direct dissolution in toluene
and dissolution in 0. 15 mol+L™" NaOH aqueous solution followed by liquid-liquid extraction with n-hexane , respectively.
The chromatographic peaks and recoveries of PCDD/Fs and PCBs are compared.No obvious differences are found in the
recoveries of PCDD/Fs and PCBs in the quality blank samples.As for actual samples,the method of dissolution in 0. 15
mol/L. NaOH aqueous solution followed by liquid-liquid extraction with n-hexane achieves higher recoveries. The
recoveries of all PCDD/Fs and PCBs homologous except PCB169 exceed 80% , which meet the quality control
requirements of environmental standard methods HJ 77. 3—2008 and EPA1668C (2010).The detection limits by this
method are 0. 005 0-0. 044 ng-kg™' for PCDD/Fs and 0.016-0. 12 ng-kg ' for PCBs.This method is used to detect
PCDD/Fs and PCBs in two kinds of industrial grade 2, 5-dichlorophenol products, indicating that the toxic equivalent
quantity concentrations of PCDD/Fs are 100 ¢ TEQ/g and 135 ng TEQ/g, respectively, and that of PCBs are 6.5 and
21 ng TEQ/ g, respectively.
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KIL, A (PCP) 78 KA BE K kA= 1) A2
A A A B NS AR TBE S (OCDD) J2 B
OCDD e R E . Bright %5 &3 T A M
I 5 7510 1 o S e o R o i ) SR
—o BRERII PCP FIEALTE (CNP) B, 2B H
AR FIETUR Y T —ESE R PCBs A9 R A, HaE bk
MRS 4.2~76 F10.09~7.4 pg/g T,
WA h PCDD/Fs B EE Rz — ) &
1 (DCP ) 1 Ay [ 55590 4 v ] 4% 1 A 1 LAt oA 24 1)
JERE TE AR TG IR B F H AR IR B &) 12 77
TE. Green 25195 [ Esthwaite 111 —MEDE [F7 50 51,
T IR A BT, 45 R R W, BRI 1) PCDD/
Fs 5 2,4-DCP Wy AHSG, o 2%, 38 E R B 1k i
W Hps 4F 7 T G B 44 ( PCP —Na) 35 7 i, JH T KT
O R DT AT IR T B, A R
AU AL T K B S A T

i T 0, S Tk i) PCDD/Fs Al
PCBs /TR RAME, T 7 22450 45 1 Gy S
BER = S PCDD/Fs IRE S T ik, Xt FR 1 T
b T GE B K H AN ER Y PCDD/Fs JEAT 04 22
AR SCLAHT IR 7 o0 BE Rl | XA i Ak B 7 vk R AT AR
b, 857 2,5-DCP Tl & PCDD/Fs 1 PCBs —
WA BTN E 77 1%, 3R AS FL A A vk B S R R 4
Sy43 A, AT TR T d i PCDD/Fs fil PCBs (143
B RE

1 LIEEH

1.1 iF MRS

S T A LI 00 A0 AT O o R R
B RAR 5% (J&T Baker, S ) , Jo/KBRARHH (X5
g&,Sigma—Aldrich,%)ﬁiﬁﬁﬁﬁﬁﬁﬁﬂﬁ?&?&ﬁﬁ
TR 2 I FRARIE R TI5 T 300C F T4 2 h, B
P AL 45 (ICN Biomedical Alumina B—Super I, f5 [ )
J 63~100 wm 3G LA (Sunchrom , 18 F ) {8 F i 7
L drreh 600°C Y46 12 h, 44%TRACHENCH 78.5 ¢
VBRI N E] 100 g WS ALEER P, ZEPR AL 1
IR RS TEE . 10% SRR R i 28 mL il
FRER VA (0. 4 g/mL) ZEME] 100 g WGILRERL
TGRS ETENERE 22 Z AL LK 1 h R, 2%
A IS Y 40 mL AL BRYA TR (0. 05 g/mL) 1%
JNE 100 g WEALRERS b, I35 HE ) R TElER: 78 AN
WK 1 h G4 M. Fra SR BT R R
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Isotope Laboratories Inc., 3 [E ), $#2H AR EDF -
8999 fH 15 Fh “C 51y 2,3,7,8-TeCDD 1,2,
3,7,8-PeCDD.1,2,3,4,7,8-HxCDD.1,2,3,6,7,
8-HxCDD.1,2,3,4,6,7,8-HpCDD ,0CDD .2,3,7,
8-TeCDF.1,2,3,7,8-PeCDF.2,3,4,7,8-PeCDF,
1,2,3,4,7,8-HxCDF .1,2,3,6,7,8—-HxCDF .1,2,3,
7,8,9-HxCDF 2,3,4,6,7,8-HxCDF .1,2,3,4,6,7,
8—HpCDF . 1,2,3,4,7,8,9-HpCDF, [ i & P} H5
EDF-5999 fu “C ##ic i) 1,2,3,4-TeCDD Fl
1,2,3,7,8,9-HxCDD,

PC, LR AR D 1) 2 E IR bR IE i P48 - M -
ES P48 - W —ES K P48 —RS Iy [ &l 5 1 52 46 =8
( Wellington Laboratories Inc., INEEK) , 6 Fifg
PCBs(indicator—PCBs ) #ZHU N F5N P48-M-ES, i &
B¢ #RICHY PCB 28 .PCB 52 .PCB 101 .PCB 153 PCB
138 .PCB 180, 12 Fft WHO #LiE (3L P i 45+ PCBs
(DL-PCBs) #£ B 5 P48-W-ES, {75 “C #ric iy
PCB 81 .PCB 77.PCB 123 .PCB 118 .PCB 114 PCB
105.PCB 126 . PCB 167, PCB 156, PCB 157, PCB
169 .PCB 189, [FISCR RN P48-RS, 17 “C 15
it PCB 70 .PCB 111 .PCB 170,

PEEER AP R E = Tolk 2,5-DCP 77 i,
HAl #4350k 98. 57%F1 99. 12%

15 3 PESH 6 3% ( HRGC, Trace1310, Thermo
Fisher Scientific, 38 [¥ ) — & 43 HF XS £5 # 7 3%
(HRMS, DFS, Thermo Fisher Scientific, 3¢ [ ) ; g%
KA (R-215, Buchi, #ii 1) ; B K AL (FlexiVap,
Wiggens , &[] ) .
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(1) H M LA BRI — & 2 B oK R
2,5-DCP i, I AW 28 B2 58 2% 5 A
10 pL. EDF-8999 $HX PR, #7455~ 10 min, HEFE 78
KB TAE AR B BOR, R

(2) AT BBV VR A T PR E — o it
AR 2,5-DCP B, % T 0. 15 mol/L i NaOH /K%
Wb 7N 10 WL EDF-8999 HEHUM bR, #4218 1 L /K
WA 100 mL 1E & B¢ r9 b il I IE B4 T W
W ERE 3 W, FEBORE I IR BRI K
e 78 K 230 TAE AR S SR IO, Ak

Z IR E HJ 77. 3—2008 FrifE' ') | 3 EH R
EPA Method 1668C(2010) "' J5 i , X BE iR FH 2 4%
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Eidib, AR A T ERKEA 10 ¢
TOKBRFREN.0.9 ¢ TEALEENL .3 ¢ 2% B P i Jic
0.9 g IEALRENE 4.5 g 44%BRILEERS 0.9 g WhifbEE
.3 g AHRRARREIS .6 ¢ TC/KBRAREN, F 40 mL IEC
B UM S R s B AR AR AT B T AR IR A
5.4 ¢ TTKBLFREM . 10.25 g SAfLER (11 g ToK B R
B9,/ 20 mL IECBEBUKYE S TR .

FERRBUR B e 2 B A REI L, RS R
FH 120 mL IE CREHATERME AR BRI . VB i ik
5% 2 mL 24T, TRt A AL AR A e fe b B,
100 mL IF 2t/ & %E (98 2 ARF L ) A T M
WCEE LA 2 DE R, A iE i PCBs 4143 ; H 150 mL
IECkE S BE (11 RBUE ) SEAT VR, ISR I
TR LR, ARic A PCDD/Fs 4147,

# PCDD/Fs 2143 & PCBs 4H 43 e 46 )5 FH &<
AT, 43N 10 L BC, FRig ) EDF-5999 |
10 pL P48-RS MR NIRES , B E F G IR A Fr
AT
1.2.2 LB

O RER K Rix—5MS (60 mx0. 25 mmx0. 25 pm,
Restek, & [F ) , 2k H JC 73 Ui ifF AR ABE X0, A 10 0L B2
280°C , HFFEIRFR 1 wL fEHZIREE 270°C , 2R
4 50, aE M 1. 0 mL/min,,

PCDD/Fs M3 FHRFRIT MGG IR B 120°C , f/
¥ 1 min, DA 43°C/min T3] 220°C , f££F 15 min, 2k
JG LA 2.3%C/min _FF+5) 250°C , L4 0. 9°C/min | |5
260°C , LA 20°C/min EF-F] 310C , f-4F 20 min,

PCBs [ 8385 FHR AR Y W46 IR BE 90°C , PR 47
2 min, LA 20°C/min - F+#] 180°C , f&%F 15 min,RJ5
L 2.5C/min | FF 3| 300°C , L 30°C/min T3
320°C , £i4F 10 min,

Jis AT S5 R L 22 R (ED) B B
TALHLE R 45 eV, B TALH N 1 mA, i f Rl
5 kV, B FIRIRE 260°C , BTiEJE i 9% > 10 000,
ik R 4 7 O B B AL, K2 PCDD/Fs &
PCBs Jrf ) M AT M+2) "5 (M+2) " FlI(M+4)*
F14) o i 0 3 0 B X o7 174 [) 37 2% Jo e i
1.2.3 R=#&4

Fp— PRI B AR AR R AR P C R 2R
P, 8 H AR RRAE 2 4 0 0 o | R BA I ) A
Xof R B I [] R ] 437 3 5 B2 be e PR A E B I E Y
2,5-DCP #£ 5 PCDD/Fs B4 HFR & 0. 005 0~
0. 044 ng/kg,PCBs KL FRA 0.016~0. 12 ng/kg,

25 FRE R T 5 S PR A R A ] 3] B

55 40 B18TY

B A P AR A R R Ak AR A BIT | PR
B, HRBR 1. 2.1 Bk 2 Rl kb B 73k, 58 ELEE
FE AL RS FRE AL (QAL) FIIR IR 2 BULE B 28 1
FEA(QA2)
1.2.4 ¥ H A Ik

PCDD/Fs J¢ PCBs it ¥R B 1T E 4442 Target
Quan 3. 1 ( Thermofisher, USA) , PCDD/Fs Fll PCBs
B2 8 (TEQ) THA A LA 2,3,7, 84 AR —nE
HEARAN 12 B DL-PCBs A 52009 J3E [R) 51 24
(K ( WHO-TEF-2005 ) AH3fe , 46 5845 21| AH L S 44 4
FME Y INAUS A R A R Y RO R
TR SRS BRI 45 SR 172 B BRI 5

K H B9 S8 1 o A S i B R Origin 8.5
(OriginLab Inc.,USA)

2 #EREHSWH

2.1 HERETREFIELRR

K FH AR AR 25 FURE i, 5 58 4R
FEFI i T 0805 YR AR B R R Rk X
PCDD/Fs 1 PCBs (Y [EICE . X+ PCDD/Fs 2K i,
PIRR 5 35 0 Il 0 3 4 22 8 K, 43 il ol 77.3% ~
134. 6% F1 32. 4% ~ 86. 9% , 754 HJ 77.3—2008
4y ] Wi o s SR 2 PCBs 25 A RE i o 8 [ g
FALHEE W 1L EPA1668C (2010) fi4 [ 1 2 Jo 45 %
sk A3k 45, 2% ~ 117%F1 31. 6% ~94. 9%

K HISEBRAE ahiE AT %5 58, 430 B4 AR
AR TR R AR UL AT A B 5 28 1. 2.1
W T AL ) 1.2, 2 ffid HRGC-HRMS J7
W, ISR A EE R ILER 1,

Fz1 FHERIEAERKREE %
98.57% 99. 12%
ZEERES
2,5-DCP 2,5-DCP
FEMAH
HE O WK HE WK
ot R Vol s Al QA2
EARE FEERGE bR ZEHGE
2,3,7,8-TeCDD 270 976 257 0.1 102.6 43.5
1,2,3,7,8-PeCDD 283 115 3L2 10L6 119.9 56.8

1,2,3,47,8-HlxCDD 268 965 21.6 9.1 134.6 62.8
1,2,3,6,7,8-HxCDD  27.3  100.2  23.2 10L2 100.0 67.2

1,2,3,4,6,7,8- 3.5 872 248 9.4 90.7 60.9
HpCDD

0CDD 209 952 247 103.1 1049 70.5
2,3,7,8-TeCDF 3.9 10L6 228 8.4 110.1 76.3
1,2,3,7,8-PeCDF 39.6 116 352 1040 1124 76.6
2,3,4,7,8-PeCDF 4.5 129.0 343 1154 1062 8.9
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Yk JEARE HI 77. 3—2008 F1 EPA1668C (2010) Y 5T 4%
98. 57% 9. 12% — BOR,
2o asoe 2.2 Ti2,5-DCP HEDBERSAHES
B 4P .
A WO fEE W o EillE

R FEGE BRER FEHOR

1,2,3,4,7,8-HxCDF ~ 31.8 103.8 23.4 146 77.3 32.4

1,2,3,6,7,8-FxCDF ~ 33.2  109.1 21.2 108.6 101.6 52.0
1,2,3,7,8,9-FkCDF ~ 33.2  113.7 257 1057 84.6 60.2
2,3,4,6,7,8-HxCDF  40.2  124.4 342 1183 952 6.5
1,2,3,4,6,7,8-HpCDF 353 113.1 282 1167 81 715

1,2,3,4,7,8,9-HpCDF 37.6 109.1 29.3 1186 952 73.2

PCB 28 <2.8 80.1 0.0 69.5 452 323
PCB 52 <L.9 79.3 0.0 8l.6 47.0 31.6
PCB 101 <4.1 100.3 <6.2 111.6 68.7 56.1
PCB 138 <3.5 %4 <39 1133 759 56.8
PCB 153 <3.9 8.0 <6.5 103.5 546 56.4
PCB 180 <4.9 1048 <16 1127 8.2 62.6
PCB 81 <3.4 83.9 0.0 84.9 109.2 63.2
PCB 77 <3.2 9.7 <3.8 95.4 100.1 73.6
PCB 126 <10.4 92.2 <l14.4 89.4 954 718
PCB 169 <10.8 4.0 <4.0 50.5 97.9 821
PCB 123 <12.6 91.9 5.8 8.1 8.8 8L5
PCB 118 <7.5 .4 <11.3 93.4 51 91.8
PCB 105 0.0 9.6 <5.4 92.8 104.7 93.8
PCB 114 0.0 91.1 1.8 87.6 113.8 8.5
PCB 167 0.0 73.9 0.0 91.5 112.4 87.6
PCB 156 <3.8 77.2  <2.6 86.1 117.4 94.9
PCB 157 <3.6 81.7 <4.3 95.2 9.3 922
PCB 189 0.0 79.0 <19 84.7 108.9 92.6

SEILFW I TS5 B b i AR AL v
T ISC% 22 S A R, EL4E ERE 3 b 3R o O v Ak
J&,BC FRICHY 15 Bl PCDD/Fs 42 BN A [ R Ky
21.2%~40.2%, 1 “C HRICHY 18 F PCBs $& MM HR
M <20% , H A5 R 58, TR, HENA]
AE SRRV R I E T 2 2 R R v L B 5 B A &
A5 G, PRV AL RTKS H R 40 45 E e, mT L
53 2,5-DCP B IITENTH

SR P T 0085 RO AE LT AL B, 2 %
JERERCRE AL S, FE S T PCDD/Fs A1 PCBs 1) BTk
R FERE, 9N 80.1% ~ 129% Hl 49% ~
113. 8%, B% PCB 169 IR Ky 49% 41, HAth fir 5
PCDD/Fs 1 PCBs 2143 1) IR AR K T 80% , 3477

SR P it T B0 VRV A BT A B 1 A T

v 2,5-DCP # i, G B MR BT dEPE Y Uk

KAy A W3 2, 98.57% 2,5-DCP K&, 17 Ff

2,3,7,8-PCDD/Fs 1 J5t & & & Ju [l iy N. D. ~ 337

ng/g, — Wk 3L B ME Y &K E Y 100 ng TEQ/g,

99. 12%1) 2,5-DCP #£5hH,17 #12,3,7,8-PCDD/
%2 DCP#fmH PCDD/Fs THiRESFULERE

98.57% 9. 12%
2,5-DCP 2,5-DCP
sk e S HHE SN Eik
WEE/ Mk WKEE Mkl
(ng- (ng TEQ- (ng- (ng TEQ-
g gH g gh
PCDDs
2,3,7,8-TeCDD 1 ND2? 476 ND. 500
<9.5 <5.0
1,2,3,7,8-PeCDD 1 20.5 205 255 255

1,2,3,4,7,8-HxCDD 0.1 N.D. 0.405 N.D. 0.630
<8.1 <6.3

1,2,3,6,7,8-HxCDD 0.1 839 8.39 60.5 6.05

1,2,3,7,8,9-HxCDD 0.1 N.D. 0.380 20.0 2.00
<7.6

1,2,3,4,6,7,8-HpCDD 0.01 134 1.34 128 1.28

OCDD 0.003 337 1.01 159 0.477
PCDFs
2,3,7,8-TeCDF 0.1 N.D. 2.20 N.D. 2.80
<44 <28
1,2,3,7,8-PeCDF 0.03 86 2.58 24.2 0.726
2,3,4,7,8-PeCDF 0.3 8.7 254 13.8 414

1,2,3,4,7,8-HxCDF 0.1 189 189 597  59.7
1,2,3,6,7,8-HxCDF 0.1 8.8 818 115  1L5

1,2,3,78,0-lkCDF 0.1 N.D. 034 ND. 870
<6.7 <87

2,3,4,6,78-HxCDF 0.1 413 413 21 2.10

1,2,3,4,6,7,8-HpCDF 0.0l 146 146 2715 275

1,2,3,4,7,8,9-HpCDF  0.01 423  0.423 121 1.21

OCDF 0.0003 66.8 0.0200 N.D. 0.00480
<16

T R Y 100 135

4 @ WHO - TEF - 2005 # MM & HF; @Q KK, <
R,
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Fs JFERVEBENEE S N. D. ~597 ng/g, —WESLFEE Y
RN 135 ng TEQ/g, I FREMESH S T L4
PR E ™ PCP—Na (B EE N N. D. ~3 094 ng/g,
FEME YRR E N 162 ng/g' ') M2 2,4-DCP
() W e ok FE K- (BT s W E A N.D. ~ 11 073.3
ng/g, B Y RKIE N 78 ~2 598 ng/g'™)

Wil 2,5-DCP Tl #E S PCBs Ik B 5
PSR RE KA N3 3 fras, 98.57% 2,5-DCP
W, 6 FF indicator — PCBs Jit &8 ¥k B Y5 Bl N
0.503~18. 4 ng/g,12 Fl DL-PCBs 1) Ji 1 ¢ J& 1 [l
9 N. D.~2. 67 ng/g, FMESHHKEN 21 ng TEQ/g,
99. 12% 2,5-DCP 1,6 it indicator—PCBs Jii &
eI K 0. 312~ 14.9 ng/g, DL-PCBs (1) i & 1k
JEJLRE N N.D.~0.774 ng/g, Bt S B E N 6.5
ng TEQ/g.

%3 DCP S PCBs LR E S S Y BRE

98.57% 2,5-DCP

99.12% 2,5-DCP

ZH TEF Se EEMEME, SN mHEME
eoR 394 (ng- e pE/ (ng-

(ng-g™) TEQg™') (ng-g™) TEQg™)
PCB 28 — 18.4 — 14.9 —
PCB 52 — 10.9 — 5.55 —
PCB 101 — 1.65 — 0.952 —
PCB 138 — 0. 869 — 0.702 —
PCB 153 — 1.08 — 0. 566 —
PCB 180 — 0. 503 — 0.312 —

$8R 1k PCBs MR 33 23

PCB 77  0.0001 2.67 0. 267 0.494  0.0494
PCB 81 0.0003  0.114  0.0341  0.0488  0.0146
PCB 126 0.1 0.194 19. 4 0. 0554 5.54

PCB 169  0.03  <0.0759 1.14  <0.0567  0.851

PCB 105 0.00003 0.444  0.0133 0.287  0.00861
PCB 114  0.00003 <0.0676 0.00100 <0.0419 0.000629
PCB 118  0.00003  1.16 0. 0347 0.774  0.0232
PCB 123 0.00003  0.253  0.00760  0.0672  0.00202
PCB 156 0.00003  0.327  0.00981  0.0891  0.00267
PCB 157  0.00003 <0.0667 0.00100 <0.0444 0.000666
PCB 167  0.00003 <0.0623 0.000935 <0.0390 0. 000585
PCB 189  0.00003 <0.0621 0.000932 <0.0707 0.00106
DL-PCBs SEgt it 21 6.5

2.3 2,5-DCPHRP_IEERSSBEERBERY
S%
W4~ 2,5-DCP AEfL 17 #h 2,3, 7, 8- Huft 5=

55 40 HI1ZT

PR I 0 e B 5 B X vk B A = an &1 1
e P TOl & PCDD/Fs ¥ DL E 548 PCDD/Fs
K3 ,98.57% 2,5-DCP £ H PCDF/PCDD {H K
1.13,99. 12% 2,5-DCP #£ 5 ' PCDF/PCDD {8}
2.91, f£98.57% 2,5-DCP £ 71, 0CDD Jfi i ¥
B fern 2 5 MR 25% , HkE 1,2,3,4,7,8-
HxCDF; 8 4 4 i 5Tk R e = 002 2, 3,4,7,8-
PeCDF 1 1,2,3,7,8-PeCDD , H# 1 24 & TTBk R 4
WK 25% F 20% . 1E 99.12% 2,5-DCP k& &,
1,2,3,4,7,8—HxCDF Ji ¥k & 5 i, 2905 Bk B 1Y
40% , 35 2 DT ERCR AL R K, R 48% 5 HR 2
1,2,3,7,8-PeCDD, B 4 i 51k %N 20%

50+ [198.57% 2,5-DP
40 [199.12% 2,5-DP

L 30F

[ 98.57% 2,5-DP

3 99.12% 2,5-DP
® 40
R 30t
3; 20f H m
10t
$& &

(b) B S H
K1 2,5-DCP B 17 #2,3,7,8-BK 7
BHREREEEELYERESAER

2,5-DCP ¥ b PCBs BB IR E 5 [ 2905
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