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Abstract.: With the increasing use of chlorine-containing pesticides, hypochlorous acid disin-

fection water as well as aquatic product insecticides and fungicides are widely used in the culti-
vation of fish. This has led to the contamination of fish by chlorophenol compounds. However,
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currently, there is no standard method for the simultaneous determination of 19 chlorophenol
compounds in fish.

In this study, the optimum chromatography and mass spectrometry conditions were deter-
mined by investigating the instrument parameters. The 19 chlorophenol compounds were well
separated using the DB-5MS capillary chromatographic column (30 mx0.25 mmx0.25 pm)
with a carrier gas flow rate of 1 mL/min. Under this condition, the chromatographic peak was
sharp and symmetric. An analytical method was developed for the simultaneous determination
of the 19 chlorophenol compounds in fish using gas chromatography-mass spectrometry coupled
with QUEChERS pretreatment. The improved QUEChERS method was used in sample prepara-
tion. The 19 chlorophenol compounds were extracted with organic solvents and purified with
purifying agents. During the experiment, the effect of the kinds and volumes of the extraction
solvent, as well as the types and dosages of the purifying agent, on the recoveries of the 19
chlorophenol compounds were investigated. Moreover, the temperature and time of derivatiza-
tion, as well as the dosage of the derivatization agent, were optimized. All aforementioned ana-
lyses were conducted with the aim of determining the optimal pretreatment method. Finally, the
optimized gas chromatography-mass spectrometry conditions were employed for the quantita-
tive determination of 19 chlorophenol compounds in fish samples. Based on the experimental
results, the best extraction method was determined to be the one where the extraction agent
(10 mL ethyl acetate) was added to 3 g sodium chloride and 5 g anhydrous magnesium sulfate
in the test tube, followed by ultrasonication for 15 min. The sample was centrifuged at 4 500
r/min for 5 min, and 500 mg C,; was selected as the purifying agent to purify the supernatant.
The purified supernatant was blown with nitrogen to less than 1 mL at 45 C, and then redis-
solved with ethyl acetate to 1 mL. Subsequently, the sample solution was passed through a 0. 22
pm organic filter membrane, following which 50 wL bis ( trimethylsilyl ) trifluoroacetamide was
added for derivatization at 45 C for 30 min. Lastly, the 19 chlorophenol compounds were deter-
mined by gas chromatography-mass spectrometry with an electrospray ionization source and
selecting ion monitoring mode. The 19 chlorophenol compounds were then quantitatively ana-
lyzed by the external standard method. The compounds showed good linearity in the concentra-
tion range of 0. 4-10 wg/L, with correlation coefficients (R*) greater than 0. 998. The limits of
detection and limits of quantification were 0. 01-0. 05 ng/kg and 0. 04-0. 16 wg/kg, respective-
ly. Moreover, the average recoveries of the 19 chlorophenol compounds were in the range of
70. 6%—-115. 0% at three spiked levels, and the relative standard deviations were in the range of
2.6%—-10. 5%. The established method in this study was applied to detect and analyze chloro-
phenol compounds in actual samples. The experimental results showed that various levels of
chlorophenol compounds could be detected in different fishes. Among them, the total amount
of chlorophenol compounds detected in the Corvina was 8. 74 png/kg, followed by the Crucian
carp at 7. 59 pg/kg, and the minimum detected amount in rice fish (1. 59 wg/kg). With its sim-
ple operation, high sensitivity, and good repeatability, the established method simplifies the
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pre-treatment of fish samples. It can also meet the requirements for the high-throughput detec-

tion of 19 chlorophenol compounds in fish, thereby significantly improving the detection effi-

ciency of chlorophenols. Moreover, the method provides crucial technical support and a theo-

retical basis for the establishment of feasible detection standards for chlorophenols in China, as

well as for the control of residue levels of chlorophenol compounds in fish. The findings have

important practical significance to implement management measures during fish breeding and

transportation.

Key words: gas chromatography-mass spectrometry ( GC-MS); QuEChERS; chlorophenols;

fish
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F1 197 CPs WRERE . EE.EHEEF
Table 1 Retention times, quantitation ions and identification ions of the 19 chlorophenols ( CPs)

CPs &4k {7 T B PS5, AH T B0

Chlorophenol Retention time/min Quantitation ion (m/z) Identification ions (m/z)

2-Chlorophenol (2-CP) 8.04 185 185, 187, 200
3-Chlorophenol (3-CP) 8.29 185 185, 187, 200
4-Chlorophenol (4-CP) 8.16 185 185, 187, 200
2,5-Dichlorophenol (2,5-DCP) 10.50 219 93, 219, 234
2,6-Dichlorophenol (2,6-DCP) 10.54 219 93, 219, 234
3,5-Dichlorophenol (3,5-DCP) 10.55 219 93, 219, 234
2 ,4-Dichlorophenol (2,4-DCP) 10.80 219 93, 219, 234
2,3-Dichlorophenol (2,3-DCP) 11.21 219 93, 219, 234
3,4-Dichlorophenol (3,4-DCP) 11.39 219 93, 219, 234
2,4 ,6-Trichlorophenol (2,4 ,6-TrCP) 12.75 253 253, 255, 268
2,3,5-Trichlorophenol (2,3,5-TrCP) 13.05 253 253, 255, 268
2,4 ,5-Trichlorophenol (2,4,5-TrCP) 13.16 253 253, 255, 268
2,3,6-Trichlorophenol (2,3,6-TrCP) 13.34 253 253, 255, 268
3,4,5-Trichlorophenol (3,4,5-TrCP) 13.80 253 253, 255, 268
2,3,4-Trichlorophenol (2,3,4-TrCP) 14.18 253 253, 255, 268
2,3,5,6-Tetrachlorophenol (2,3,5,6-TeCP) 16.10 289 287, 289, 304
2,3,4,6-Tetrachlorophenol (2,3,4,6-TeCP) 16.32 289 287, 289, 304
2,3,4,5-Tetrachlorophenol (2,3,4,5-TeCP) 16.83 289 287, 289, 304
Pentachlorophenol ( PCP) 20.62 323 321, 323, 325, 338
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i 1 A%, 2,6/3,5-DCP WK WAR I 143 85, (H 2%
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Fig. 1 Total ion chromatogram of the 19 CPs
1. 2-CP; 2. 3-CP; 3. 4-CP; 4. 2,5-DCP; 5-6. 2,6-DCP+3,5-
DCP; 7. 2,4-DCP; 8. 2,3-DCP; 9. 3,4-DCP; 10. 2,4, 6-TrCP;
11. 2,3,5-TrCP; 12. 2,4,5-TrCP; 13. 2,3,6-TrCP; 14. 3,4,5-
TrCP; 15. 2,3,4-TrCP; 16. 2,3,5,6-TeCP; 17. 2,3,4,6-TeCP;
18. 2,3,4,5-TeCP; 19. PCP.
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Fig. 2 Effect of different extraction agents on the recoveries of the 19 CPs (n=6)
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60. 5% ~103. 0% £l 69. 8% ~ 108. 0% , {Hfifi F§ PSA B}
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(64.3% ,68. 9% F160.5%) , fii ] C (i HA PCP iy
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Table 2 Effect of different purifying agents on the
recoveries of the 19 CPs (n=6)

Average recoveries/%

Chlorophenol

AL-N PSA Cis GCB
2-CP 98.7 81.6 92.5 85.7
3-CP 106.0 101.0 102.0 102.0
4-CP 87.2 79.8 82.8 71.3
2,5-DCP 76.4 82.5 89.4 68.2
2,6-DCP+3,5-DCP 76.4 76.9 99.8 68.2
2,4-DCP 98.7 101.0 108.0 109.7
2,3-DCP 66.2 93.4 86.7 69.3
3,4-DCP 101.3 83.4 89.0 92.4
2,4,6-TrCP 56.8 64.3 83.5 58.7
2,3,5-TrCP 53.7 81.4 89.4 83.3
2,4,5-TrCP 64.3 82.7 82.0 51.3
2,3,6-TrCP 96.3 72.1 90.2 101.0
3,4,5-TrCP 95.3 101.0 103.5 89.2
2,3,4-TrCP 94.2 68.9 99.3 90.2
2,3,5,6-TeCP 101.9 103.0 106.7 94.4
2,3,4,6-TeCP 91.4 71.1 86.0 88.4
2,3,4,5-TeCP 112.0 87.4 107.9 110.0
PCP 58.0 60.5 69.8 57.8

AL-N: alumina-N; PSA: primary secondary amine; Cq:
octadecylsilane chemically bonded silica; GCB: graphitized
carbon black.

i ST RS R 8, I, 3 C
Yk 19 F' CPs HyEHLF)
ARSI — 5T A C o & (100,300,
500,700 mg) %} 19 Ff CPs [ K, K 3
ATLAF Y, C o 500 mg A, H AR A9 DR A
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KFaE N 76. 0% ~ 114. 0% , H 46 2250 H AR 5]
W% HR A AE 89.2% ~ 114.0% 2 6], A It % K
A,

110
100 -
90 2
s
2 80
g 804
> 4
(=1 i
153 ]
& 70
S ! —v—3,4-DCP
60{ ——246-TrCP ——2,3,5-TrCP
] 7= 2-CP —2—3.CP —4-245TiICP —<—2,3,6-TiCP
50 ] ——4.CP —0—2,5-DCP —»—3,4,5-TrCP ——2,3,4-TrCP
1 —A—2,6-DCP+3,5-DCP —%—2,3,5,6-TeCP —0— 2,3,4,6-TeCP
40 ] —2—2,4-DCP —*—2.3,4,5-TeCP —*— PCP
e oAt S o SN
100 200 300 400 500 600 700

m/ mg

3 FE C, B 19 5 CPs EKEHIE M (n=6)
Fig. 3 Effect of different dosages of C; on the

recoveries of the 19 CPs (n=6)

223 frAEKEHREAL

LT AR B S R U PR R SR L 5 T
VL BT RE LS L Y . CPs Mt 7 &k
FFRE TG, NG T B ERE . RS R AT
WIS | 75 %o B U A T A0 A A AL B R I AR S 615 1
BSTFA #A7fEReAAT A . %58 T A A A7 AR AR
XF 19 Fi CPs IR 520 (L3 3) . CPs Y [EliK
Rt A7 A 00 0 B 3 TN, 243K F] 50 pL
B, AR 05 B AR SO 8 SRR Dk 1) d5
A RN TG By 68. 9% ~ 115. 0% ; 2445 AE 7143 I
4 60 L B, ISR IEAGE A 5] 70 WL BFig
AR, ISCRIEE N 67. 6% ~109. 0%, [H I A 52
I REREAT A R R 50 wL,

Bifi J5 o 437 4F TR (35,40 .45 .50 C) #E47 71k
b, SEgR A5 SR K PR, Bifi 6 A0 A T BE 0 B T TR A
Wi ETHEaR k3 45 CRHE TP, 1E 45 CHY
SR AN A B e, g 94. 6% , BT LA 523616 AT
AEREER 45 T,

fE 45 CF, A 50 pL fiA 5, 4304 4 20,
30.40 .50 min, %55 & M, 7E 20 min B 77216 50
AGEA, HARY) ) B FEAE 49. 0% ~ 110. 0% Z [
£ 30 min A ATAE fb N 52 42, 19 i CPs 19 [E150R
TE 74. 0% ~112. 0% 2 [1] ; £ 40 min F1 50 min A}, H:
IR AR IR 22 S R K, T DAAS S 36 18 PR A3 A= 30
min DU SATAERCE,

F 3 AETEFERT 19 # CPs EIEMZM(n=6)
Table 3 Effect of different volumes of derivative agent on
the recoveries of the 19 CPs (n=6)

Average recoveries/%

Chlorophenol
30l 40pL S0pL 60 pL 70 pL
2-CP 80.7 87.1 86.5 87.0 85.0
3-CP 92.2 100.7 101.0 99.5 97.8
4-CP 72.4 82.6 81.5 82.0 80.0
2,6-DCP+3,5-DCP 84.5 91.4 90.3 89.0 86.5
2,5-DCP 89.7 101.0 102.0 101.0 98.6
2,4-DCP 99.1 102.0 103.0 101.0 98.4
2,3-DCP 89.3 98.6 115.0 112.0 109.0
3,4-DCP 83.7 96.4 112.0 109.0 105.0
2,6-DCP 76.0 93.2 98.4 98.5 97.2
2,4,6-TrCP 79.0 87.1 95.4 96.0 93.0
2,3,5-TrCP 86.5 98.4 101.0 99.6 98.7
2,4,5-TrCP 76.0 88.4 97.8 98.0 87.6
2,3,6-TrCP 85.2 98.6 106.0 104.0 101.0
3,4,5-TrCP 83.7 89.8 96.7 97.0 92.4
2,3,4-TrCP 89.5 96.8 108.0 107.0 105.0
2,3,5,6-TeCP 84.3 96.8 99.6 97.7 96.2
2,3,4,6-TeCP 99.8 100.4 106.0 104.0 101.0
2,3,4,5-TeCP 78.8 87.4 93.6 94.0 92.1
PCP 62.3 65.4 68.9 68.7 67.6

2.3 FEREEHM
231 AEEES T ENRER

DA P15 o B O A VS ), L) 19 F CPs TR
BRI, TR AL i 45 1 SE AR, LS
By G VIR BT R (20, pg/L) 9B AR AR | e 1T AR
(y) PP, iRt 4 TR R IH 25
M3z 4 Frx, 19 F CPs MAH X 28 R* KT
0.998,7£ 0.4~ 10 pg/L U BN X R R L, [F
I FERARIRANACE R, LA 3 A5 (5 0 e 25 4 i B A1
b A9 AG H FR (limit of detection, LOD) |, LA
10 %515 M8 LU 2 77 vk 0 2 PR (limit of quantifica-
tion, LOQ) .
232 EHREERETE

PLZS FHORE R L0, 43 B AR b & 3 AN
[EARKFE(0.16.0.32 1. 6 pg/kg) BIR-A brifE s
T, AR 5 H LA A it i A B R A T 5 e
A3 AR (L P AF R A v O 22 , B A K A7
WISE 6 UK, PEAGIZ 7 i B HERR P RS 2 38, 45 SR 18 L
5, 45 U5 W OF AR n S 70. 6% ~
115. 0% K5 %5 (RSD) 4 2. 6% ~10. 5% (n=6) ,
233 AN

ARSI i F AT A AR A P R
TR BC ] TR A PRIV -5 1E O Be BC il TR B A
TR ARk ok TE Ay JE 5t 3% 1 ( matrix effect , ME )
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Table 4 Linear ranges, linear equations, correlation coefficients (R?), limits of detection and
limits of quantification of the 19 CPs
Chlorophenol Linear range/ ( ng/L) Linear equation R? LOD/ (png/kg) LOQ/ (png/kg)
2-CP 0.4-10 y=7.758x10*x+1.023x10* 0.9990 0.02 0.07
3-CP 0.4-10 y=1.549x10°x+2.241x10* 0.9990 0.05 0.15
4-CP 0.4-10 y=1.427x10°2-9.968x10° 0.9995 0.03 0.10
2,5-DCP 0.4-10 y=5.411x10*x-6.486x10? 0.9997 0.01 0.04
2,6-DCP+3,5-DCP 0.4-10 y=1.719x10°2+3.156x10* 0.9983 0.01 0.04
2,4-DCP 0.4-10 y=5.162x10*x-2.254x10° 0.9997 0.02 0.06
2,3-DCP 0.4-10 ¥=5.653x10*x-4.791x10? 0.9993 0.02 0.08
3,4-DCP 0.4-10 y=7.47x10*2-3.027x10* 0.9997 0.01 0.04
2,4,6-TrCP 0.4-10 y=3.203x10*2-2.479x10? 0.9996 0.04 0.14
2,3,5-TrCP 0.4-10 y=4.044x10*2-4.319x10° 0.9990 0.03 0.12
2,4,5-TrCP 0.4-10 y=3.232x10*2+1.416x10° 0.9992 0.04 0.14
2,3,6-TrCP 0.4-10 ¥=3.974x10*2-3.531x10° 0.9993 0.03 0.10
3,4,5-TrCP 0.4-10 y=4.474x10*2-1.513x10° 0.9998 0.01 0.04
2,3,4-TrCP 0.4-10 y=3.388x10*1-4.986x 10> 0.9996 0.05 0.16
2,3,5,6-TeCP 0.4-10 y=2.850x10*2-1.921x10° 0.9993 0.04 0.12
2,3,4,6-TeCP 0.4-10 y=2.732x10*2-2.681x10° 0.9991 0.02 0.07
2,3,4,5-TeCP 0.4-10 y=2.845x10*x-2.113x10° 0.9992 0.04 0.15
PCP 0.4-10 y=1.361x10*x-7.501x10% 0.9991 0.05 0.16

y: peak area; x: mass concentration, pg/L.

F 5 19 # CPs KymerE K E MBI R ERE (n=6)
Table 5 Spiked recoveries and RSDs of the 19 CPs (n=6)

Low level (0.16 pg/kg)

Medium level (0.32 pg/kg)

High level (1.6 pg/kg)

Chlorophenol
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
2-CP 76.5 8.7 78.7 6.8 75.0 7.5
3-CP 94.0 8.9 96.5 7.6 86.4 6.8
4-CP 82.0 7.6 86.4 6.2 82.7 4.3
2,5-DCP 93.0 6.8 97.0 5.7 107.0 7.6
2,6-DCP+3,5-DCP 98.5 6.5 102.0 7.4 114.0 8.2
2,4-DCP 109.0 9.4 103.0 10.5 97.0 7.3
2,3-DCP 76.0 10.5 79.4 7.1 82.0 6.2
3,4-DCP 102.0 5.5 96.0 4.2 98.5 4.7
2,4,6-TrCP 79.0 7.5 82.0 3.5 83.0 5.6
2,3,5-TrCP 96.5 3.5 98.0 6.2 95.0 5.2
2,4,5-TrCP 97.2 3.6 94.6 4.5 103.8 4.3
2,3,6-TrCP 80.4 2.6 88.7 2.8 94.2 7.4
3,4,5-TrCP 93.6 6.2 95.7 3.6 102.0 34
2,3,4-TrCP 96.5 8.3 84.2 3.2 88.7 4.6
2,3,5,6-TeCP 79.6 5.4 76.5 4.3 86.0 6.6
2,3,4,6-TeCP 89.6 4.2 87.5 5.4 95.1 6.1
2,3,4,5-TeCP 102.0 7.1 103.0 7.3 115.0 2.9
PCP 74.9 9.5 70.6 3.7 73.5 5.7

THAA N  ME = [ (F 5 UG B AR o 1 22 845/ 7
PRI ) - 1]x100% , ME A 6t {8 75 77 78 Sk
JEAMHIRLN , I AE 27 47 76 JE T s ak 0, A4
X AE SR K W AR i, A 6 (R R ) 3 B AL N A
SR M IME| <20% , k553 RN, AT 2088 5 24
20% < IME | <50%, > 11 4556 B 35 U0 5 24 | ME |
>500% , MsREL AN ) RN 6 R A A

HiR 2,5-DCP F3 ko 3 i 3G s s n , oAb &5 4
47y 55 A6 i R R TR 5 AR R 2,3-DCP
2,3,5,6-TeCP #12,3,4,6-TeCP 23 Jy 5 3 i 1)
T ARORNE , At 37 Sy 583 8 r S5 00 B R B 5 e A7
PRy 55 B AN 5 AF B BTN, R, AR T VAR
FHHE T DE FCAR T W AT A O, DATH B 56 B0 K Y
AU
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Table 6 tl\f[a}::nx effects of the 19 CPs in different g S9gTsans E; § g g 8
1sh samples aa 2 [ S e =
Matrix effects/% &= | = g
Chlorophenol — - . B
Hairtail Corvina Cyprinoid ?D % %
2-CP 16.8 -5.7 7.4 flomwoo coo g
3-CP -7.5 -6.3 1.7 glegesgi888
4-CP -11.9 -13.2 -75 %’ ;! i é é ﬁ 2‘ i é :g A A
2,5-DCP 73.0 17.6 16.9 gIF ® ® & ® ®n® é Z Z
2,6-DCP+3,5-DCP 34.8 -21.2 1.8
2,4-DCP 13.8 -16.4 19.8 >
— = Q D
2,3-DCP 26.4 -70.0 345 E1 - g |z =z
3,4-DCP 21.2 17.3 33.2 » 1z, S 3
HT T s s an T8
2,4,6-TrCP 9.2 -21.7 17.4 Jlg s Z a =
2,3,5-TiCP 1.0 -24.1 1.1 g|s S < $ile g
59, . . . @) =R
2,4,5-TrCP 9.7 -12.5 19.3 =
2,3,6-TrCP 14.0 -28.0 38.0 ol -
2| e S
z,:,i-il‘cp =52 :13.0 5.5 % ﬁg % é % %
,3,4-TrCP 14.3 20.0 26.4 2B, nnw o S o g
2.3,5,6-TeCP 15.7 -80.0 3.4 =|EZ==2=29=2 2| ©
2,3,4,6-TeCP -20.9 -73.0 -13.8 *f:; % RN = R Sls=laa
2,3,4,5-TeCP 11.0 -40.7 20.0 ) ol & 2|z Z
- =
PCP -27.3 -37.6 -28.4 & g|< iﬁ ;; :
234 MK LS 232 EEREE
P N N y \ 5 RN = b=l %) n 3 2@ 2
WA TSRO AR CPs 0 B 3Bl e 0 Be Do n] g T 2
SRR TR (LR T AnE e 2| E 5| o
e . . g3 K S| E
T 4E i 75 A% B (ultrasonic extraction, UE) 4% m E|& g % s 22
y N I3 =
£ GC-MS 7k 7= i th 10 F CPs 97 AR 1L, 7T i s 5 &3 R
\ (=} Pozant L § =)
LASZHE 19 F CPs (RGN, UE HHRAE R 8, 5 Eg 3 g %E £ |2
2 N N S - @ [
WLRSES, BRI A BRI, e N ES 1B Tgl B |F2
> N = el =}
BRRKHLSE T BT I PR 20 pg/kg, S w g7 T T T T C Sy wE
A = . . . . ’ o 2
a1 g R A0 [ W 2 R ( Tiquid-liquid g 2 E‘ 2 g 128
. 3y RN 4;1 = — -
extraction, LLE) 254 GC-MS J7 ik b, BA wij kb S|< 3 2 ©
PRFATAE JHAEA D RIS m S . A AR N B % - a
213
(solid phase extraction, SPE) EAE LR R4 R E é ” g g%~
- . . <5 2
WO TR S AT, LA P PR T2 |- P ——— ;
L S g s s BB D g
[y QUEChERS J7 i 45 4 i 41, ik 62 T SPE J7 ik % 2% S | BEE
5] E —
WARTE A A RV RN GE B S R A Bk i z E! &
S 4 N N NN N =¥ o
AL, 455 GC-MS JEATKMN, 7 — 204 i 1 A6 g .
B ) SR
2 SR B N R AU Slggegtaggls £ |7
Qo o
of AR 73k 43 ks £ Py f0 BiEAn A AR © g g@ - A
N S 4— S — N - = i3] o0
S5 15 ANREREAT RGN, £ SR AN 8 TR, 1 T EE ER § £5%°
fit o [ i A 1 2,4-DCP | 3,4-DCP 2,3, 4-TrCP, 5 £ )
n - = i 2 —
2a3,455_TeCP9;H\:EP§-i/J\1:ﬁHj{Ej‘7 0.04 p.‘g/kg,ﬁ-i é é :%: :é.‘ % %
= = S, £
KBS 4.8 pg/kg. 15 ASERE R AL 1Y 2 Eg s 3 RS
Q - S [ N B = (S
CPs f i d K, o 8.74 pg/kg, Hk Hifa 7. 59 ~Ezszz5. <8 = |°
[} < [}
ng/ke, KA R 1.59 pe/ke. E<S SEFE S
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( Continued)

EX

Table 8

(1ng/kg)
Grass

Black Stfl‘:;a Cyprinoid }élsclf Saury  Hairtail Pangasius
0.09
ND
ND
23

lotus fish

Blanquillo

Corvina

Snakehead Croaker Grouper

Crucian

Huang
Sang fish

Chlorophenol

ND
ND
0.04
1.32
ND
0.19
ND
ND
ND
ND
ND
0.08
ND
ND
0.36
0.55

ND
ND
ND
2.29

ND
ND
0.11
0.61

ND
ND

ND
0.04
0.12
0.36

ND
0.16

ND

4.8

ND

0.11

ND
ND
0.45
1.13

0.22
0.52

2.81

ND

2.27

ND

ND
ND
2.29
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND

ND
0.34
ND
2.92
0.52
0.06
0.61
ND
ND
ND
0.05
0.05
ND
ND

4-CP

ND
0.22

ND
1.44

ND

2,5-DCP

ND
0.24
ND
0.22
ND
ND
ND
ND
ND
ND
ND
ND

ND

1.21
ND
ND

ND

2,6-DCP+3,5-DCP

2,4-DCP
2,3-DCP
3,4-DCP

1.04
ND
0.08

ND
ND

2.32

ND
ND

1.66

ND

ND
0.41

ND
0.34

ND
0.20

ND
0.64

ND

0.2

2.40
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND

1.92

ND

1.73

ND

0.64
ND

ND
ND
ND
ND
ND
0.72

ND
ND
ND
0.04

ND

0.17

ND
0.04

ND
ND
ND
ND
ND

1.97

2.,4,6-TrCP
2.,3,5-TrCP
2,4,5-TrCP
2,3,6-TrCP
3,4,5-TrCP

2,3,4-TrCP
2,3,5,6-TeCP

2,3,4,6-TeCP
2,3,4,5-TeCP

PCP

ND

ND

ND

ND

ND

ND
ND
ND
ND
ND
ND
ND
0.08

ND
ND
ND
ND
ND
ND

0.88

ND
ND
ND
0.04
ND
ND
ND
ND

ND

ND

ND

0.04
ND

ND

ND

0.7

ND
0.06

ND

ND
ND
ND

ND

0.06
ND
ND

1.14
ND

3.87
0.72
ND

ND
ND
0.32

ND
ND
0.29

ND
0.87

1.16

ND

1.87

ND

ND

1.12

ND

1.44
ND

ND
ND

ND

02
0.09

1.

ND

ND

ND

ND

ND

ND

ND

ND: not detected.
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JrER R 9 0. 01~0. 05 wg/kg, WA I H:ik4T
SRR AN AN [R] £ R AR R A R [ R B A
My2eis Jepkar ity I 06 fo R £ 35 YL iR M
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