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B XS 45 5, 0P iZ R AR G RIS AL T sk AT TR ik tiAl . REBME T RN PR ELBER TARES
B, AT A AL AEAT A ARCR AT AT WA T SR AT ik 45 A AT A AL S AR B9 ARAL | 55 TR A SR ] 25
REFTENESHL, AL THRELRHES IO RBEFTEN(LF2,4,6 - ZFKmH2,4,5 - =5 K8,
B 2,3,4,5-WAB®mA2,3,5,6-w@AE, A LEs S meitit ) eirAatEE - Righn ik,
T kR A AR R B, AR TR - WER (AL 10 1) 32 BAE S R BUR 2R % A6, M B R F A
RATAA, AAR B IS - RIEBE AN T, Z kA AR EDKFE A 73.3% ~107.0% 4B R A 0.67 ~3.95
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BRI L, vk BT 5 R 2 v 7 DB R
FET= 0 SRR S Y R R W R A
XK PR TS Y, & R KR Y A R E R TS
eI Bk 2 " eV Tk AT
WRA faAl Hih A48 AT Al B
25 RZG M T HE S B B K TR S B AL
“ht

AR AL A P PET , 7T SR P €388 L WA
i SO - BRI IR 4 - R
AR (HI/T 32—1999) %ot Hik 470
o o M B R B A 10 ~ 60
e/ ke, R €35 =7 [ 7 G FR 10 ~ 50
we/ ke, A A1 — TR Oy B R R A
9.60 ~480pg/ kg, T UL, T H G2 AR PR A v L
J R BT, ML SRR R A T . BB
TE SR RGN 28 25T 38 L 1wy 107 {1 P ARG, o 5
ARG 0 A e B, T SR T A AR A B 5 vk HE AT
SE L ELBIRT AR A  BARA A, Z R L
T TRBT % ZRRBTAE A At > > s b s Al
PE R A TG L TR (PFB)
Bk ot AL AT A, B R B ) S = F O R
(TMS) =21 Ak B R, R J R 45 14F F KBr -
KBrO, B AT A AR o & A7 #R n] L
A T 1 (3 AL, ) E 25 Bl a5, 0 = T
I IATASE 5 20 s TR AL T84k SR AT AR 0
TR 053 FOAU TS SR A IR, AR
07 B HURE S LB 2 TR R 22 i b 3 R 5
S R RE RIS ek 7 B AT AL
R 2855 e G ) e G R 25 90 LA FE R 2
S R ST AT AR S AT A OB R HE AL
SAFAAL SEBRRE S E 7 ThT, ST TR B b ke
ARG YR A AL SRR 3 — A v o

1 SEUSRsy
L1 @RI :00

ASE350 AT A< B ( 2£ [E ThermoFisher 2y
) C 24 ALASIRRE AN S AR IO

TRACE2000 DSQ < AH 3% - 57 % A% ( & [
ThermoFisher 7y F] ). Bc @ 3% A ( K 30m, N 1%
0.25mm , [ & AR 0. 25 um , [E] EAH Ny 5%
HEE - WA SRR o

B2 Ak G W) 1R & b THE VA W : W B2 Dy 1000mg/L.
(Z£E 02si smart solutions 2\ A ) o B W Ir A
W PR ARIR B R HET R, R B2 A 1000me/ L( 36

— 240 —

02si smart solutions /A& ) . HNFR:JE —d,y, WE
> 1000mg/L( 32 [E 02si smart solutions 2y ] )

AT AR TR AR (G, H, BreFs ), BLAS
52,98% (Alfa Aesar A ¥F] )., p =0.05g/mL, FRHL
0. ST A, I8 TN, O E 4578 10. OmL 5 &
JHEH,4°C T REER L, T

BRIR PPV (p =0. Lg/mL) : FRIX 1g BRIRAR (TN
B LT I AT ) WK R E 48 2210, OmlL,
.

ToKBRBREA RCARAESE 1 . B T o pr b 450°C
HE 4 BRI PR AT

EC KSR 5 H e 55 2 R 603l (36 [
J. T. Baker/A#]) o
1.2 SGHEN

B THFEM R ARG RT XWER 1
Mo SREEHLER S0em DR R/ T 0. 425mm 11 1
HERES
1.3 5855k
1.3.1  FESHETAL £

RIS 7 BRI Sg T HERE S IIA BRI
W, T A AR L AR, B TR RIS ]
T, TR BRI AR A 120mL 1E 2 4% -~ PR
(ARFREL 1 1D IRA R, SR 16 ~ 18, [a] ik B 45
HITERE/ NG 4 ~ 6 U, WU .

AP PRI T BRI S AR AL AR
Pyfd I, s m 30mL IE e - INER (12 1) IR G
N, B ARSI B ZE L b, B RS SR I 1S min,
HE SO A B WO, B YA I 30mL iE & 4 -
PR (L s 1) R A0, B A S B 15min, SR 5 T A
20mL IECE - N (1 D) IRSEMBER I &
FHERIBUK

IR AL R Sg +3ERE &L T 34mL
A, AR A 5 I, I AR FE A CRLAR £
) 5T (TOKBRBREN) o AEIE R ik 2 ke

- NER (1 1) IRA W, IREE 100°C, s /) 1500psi,
S AL IBUR ] Smin, 3570 MR BE ARy 60% AR TR,
PEER 2 Y, KA E] 60s , ARSI o

T 28 e i < 45 25 BOBUEG N\ A5 3 AR ) TR i
B, e 2 2mL Aoy B SR OB, T IE C e ia Uk
3 WIEI NI , W W e 7% B4 8 5 0F . BRIV
RSS2 3 ~SmL, A1k

RIS - 26 OB 5 N e 4 48 b, T )R Ak
4, RGP R 28R S R A RE IR O
BRI 2Rk Wedi 2 3 ~Sml, FEfiiE Ak
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BN A T TR R - ORI e B B R T 19 RS TS )

540 &

AL AR MR A P A 100l o 3 SE IR
W (p =0.05g/mL) FI 100pL f& R HH W (p = 0. 1
g/mL) JEA]. INANERf Z k5] 8mL 247, B T
60°C KV H, PREF 60min , R HI BRI, IRZE ARk
a5 IMA BRI, 452 1. OmL, £,

VA s ANAE IO ek B AR R, W5 B Ak
AR /N A BRI R S A 12mL
10% 1EC %t - A Leik ek BREE/ME (1g/6mlL) |
PR 12mL 1E C Rk BE , 7RI I 2R AT , B 25 ORI
WAR G B A, A E O e ik 4
VR — 5688 B i bR | (iR N IR AR F5 R
R , A 12mL 10% 1F &kt — — &
VELRE &, g Tl
1.3.2  SAHEE - Bkt a0

B4 {6 3% FE HP — 5MS, 30m x 0. 25mm X
0.25pum, A 35 S5 A 1R 260°C ; 30K
KA, W 1. OmL/ming AN 43 i i FF, A
1.OpL, FHRFEF: ¥4 E EE 55°C, f- 4§ Imin, LA
6°C/min FHE % 230°C , {445 5min.,

JB i 25 < 45 LR 250°C 5 27T R EE 250°C
ML A B R B (B i B RE &t 706V

#1 HAHRANTR EEE TS5 T
Table 1

Retention time, quantitative ions and auxiliary ions of

each component

N PREEmE EREET
S feid) (min) T
1 2 - KBy - PFB(#:ft4) 16.19 181,292
2 JW - PFB 16.61 181/274
3 JE = dyo (HIFR) 16.83 162/164
4 (] - [} - PFB 17.89 181/288
5 4B — H i - PFB 18.35 181,288
6 X - i - PFB 18.50 181,288
7 2 - S %EM) - PFB 19.65 308
8 2,4 - — Il - PFB 19.65 121
9 2,6 - —4ili - PFB 21.57 181/342
10 4 - G -3 - W - PFB 21.98 181/322
11 2,4 - — &M - PFB 22.62 181/342
12 2 - fil43LE - PFB 23. 64 181/319
2.,4,6 - =5l - PFB/
13 2.4.5 - —SUEH) - PFB 23.79 181/376
14 2,4 - —fiFkEy - PFB 25.19 181/161
15 4 — T3/ - PFB 25.61 181/319
16 2,3,4,6 - JU4 Ay - PFB 26.76 181/412
2,3,4,5 - U4l - PFB/
17 35 —I%EIIZEL%} o 26.91 181/412
18 2,3,5,6 - PU&fH - PFB 28.34 181/161
19 2,4,6 - =JHZER - PFB(E:4C4)  28.47 181/431
20 TLE ) - PFB 29.70 181/446

VS FIAEIR 15min; BEHE B+ (SIM) B

FALE Y Y 5 R B W 1 5
(Hrp2,4,6 - =& 2,4,5 - =8/, L&
2.,3,4,5 - UEAEFN2,3,5,6 - DUGE, RG340 B
AR ARrERE I 2,
1.3.3  JREEsH

JIE 05 FH B AL IR0 2 L Tk 46 )5 AT 4 R A
(A BB o A o o v e VR i A BT 7 ), 1)
23 I 25 2R v H AR W ok B AR T O vk R BR .
FHAC PRI A e AL A, 5 SEBRAE A R 25 40T o
I 25 S v B AR W e B N AS B A 5 i R BR .
OFEAINARAE Fro AR 8] RS B R AE 70% ~
130% Z [8] . FEAFESAERREUZ G A HE 22 jip&R b fin
A—E A, A B A LR AE 70% ~
130% Z 8], QEE KA. WIS EE 5 AF 25 R
ZENL<20% ART I BRI A T

2 giRkbie
2.1 HibPRTT ik ik
A Ao o = Ff i A B i 5 AR BRI E T
B i [ Wi 9 B, DA R 4% D7 IR TE S PR A vh
(e A T T FE AR, i 0 ) B 5 A RTAR B i
3R R ECHR B 7 A B sk 778 79 2 B
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wg/ ke ), o AR = B0 0705 BT A e BOR e 48 , 2
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9
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16 18 2;) 22 2;1 2L6 28
o} [ (min)
TR : 1—2 — BRI (4 1) 5 2—K B 3—J - dp (16.83) 5
4—I0] - F s S—48 - Wl 6—XF - Hly; 7—2 - A% ; 2,4 -
T 82,6 - 5 M; 9—4 - 5 -3 - WM 10—2,4 -
A 112 - BB 12—2,4,6 - ZHERI2,4,5 - A%
Br; 13—2,4 - T AH2ENY; 14—4 - THEBY; 15—2,3,4,6 - TUEH
M2,3,4,5 - PUGM; 16—2,3,5,6 - POGME; 17—2 - % -4,6 -
TR 18—2,4,6 - SR (F 2) 5 19— KR
P APt s i
Fig. 1 Total particle flow diagram of phenolic compounds

derivatives
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Table 2 Calibration curves of phenolic compounds
&Y MEFEY bl £k HERE?)
2 - GEm (1) 2 - S KRy - PFB y= —0.0144696 +0.00229139x 0.9972
P Hy - PFB y = —0.0378798 +0. 00276533« 0.9981
i) — B i) — B i} - PFB y = —0.0360363 +0. 00218262« 0.9989
455 — 4% — i - PFB y = —0.0670299 +0.00232614x 0.9977
XF - Xf - HE - PFB y = —0.0572942 +0.0022358x 0.9974
2 - R 2 - 57K - PFB = —0. 102385 +0.00450636x 0.9954
2,4 - W 2,4 - — Wiy - PFB s = —0.105425 +0.00450302x 0.9962
2,6 - & 2,6 - — & - PFB y= —0.0143943 +0.00231734x 0.9977
4 -5 -3 - PR 4 -4 -3 - FILIER) - PFB y = —0.10396 +0.00239979x 0.9969
2,4 - &S 2,4 - — & - PFB y= —0.138599 +0.00289315x 0.9970
2 - fi 2 - [l - PFB y = —0.0677484 +0.00135676x 0.9961
A7 T e
2,4,6 - Z5KEY/ 2,4,6 - =GR - PFB/ y= —0.147103 +0.0029088x 0.9966
2,4,5 - Z@XRW 2,4,5 - =KW - PFB
2,4 - fiHmy 2,4 - Zfifi 5l - PFB y = —0.0550873 +0. 00259657 x 0.9984
4 — g 4 - I - PFB y = —0.0800387 +0.00145206x 0.9956
2,3,4,6 - UAE 2,3.,4,6 - PU% Ry - PFB y=—0.141921 +0.00277173x 0.9957
2,3,4,5 - AT/ 2,3,4,5 - YR - PFB/
y = —0.127976 +0.00369817x 0.9954
2,3,5,6 - PUSEE 2,3,5,6 - DU Ry - PFB
2 - B3 -4 6 - KL 2 - B3 4.6 - fi§LE - PFB y = —0.160452 +0. 00301742« 0.9945
2,4,6 - ZIRRM (B 2) 2,4,6 - —{RFEMW - PFB y= —0.144911 +0.00221011x 0.9982
HEE A HE M - PFB y = —0.145926 +0.00302867x 0.9981

MR/ VAL, IR IR EA T R AR A AR PR, B i e 246 5
AWERIE AR Z TmL, I E H R B2 AL S PR J7
IR IR S IE PR (23) o HH ASE J7 & i
FRER G, A6t FRIE /N SRR T BEJE: ASE 42 HK
IR RA S A AT, BEA ST, B
TR AR B SIS, B A AL B A 22 5 AR fi /N

173 SRR R IA —E = B 2R G AR
HEAR SR . BB WL O 40ng kg FRILSg
Fih, 73R FH 28 FR R A I F B T e 7 77 A
PO b AT ATAR BE, R FP T IEE AL 6 I, HEBINR
R SERAR R (R 3) o =MALBITT ik RE
FRIRIEOR , 54 OB 7 15 NG 6 B 5 IO
ASE G- B R CR By, RSD fie/), FE B fic ki, [l i
Rip. RIREPURZ A R PUR 2. AR
PGS IUFERT fi I, THAETA R e 22, DI L E % ASE Oy
AERTAEHT %

3 SRRIRUT BRI IR SR % SR O

2.2 firAe AR A AR LE

SR ETE B U 3 - BB TR e &
Yy AEATT NS DL T , B R 1 _E i I E AL
%, 25 4 e B (g ey ) 22 BEAR K o TR s v T 2
AR — M 1 ~Smg/L, G245 415 B H R
AMBAR, 22 AR K, T BOK H IRVE B AR 583z , B
BEMHZE—DBERLL b AT 53R,
e gy BEE X 4 (PRT 1), G S BIR Vi BT B O 45 B

AR SCHR -5 A SR i 5 530 28, ARAT AR AR AT
M AL 5 WAL H BR— IBEAE 10 ~ 80 pg/kg HYTEFIZ
WMo BN, (o 35 YR TEA AR i oo A
AT IEEABLRE ) S A T v 42 2 B 2640 45 P
HiBR A 20 ~ 80pg/ ke A HH AT %0 R 74 i 4
PO A E 3 21 AL a4, K R
10 ~ 60/ kgo A SCHE M 134Tk, >R ] ASE 4k
B 92 ERE dh IR EE 7093 2 200 pe/ke |

Table 3 Detection limit, determination lower limit, precision and recovery of the three extraction methods

SR J5 kA PR RE TR T [ g% [l g SR B FEAS A v G 22
(ng/ke) (pg/'ks) (%) (%) FHIE (% )
FICHEE 0.97 ~4.36 3.88~17.4 73.3~102.0 88.9 4.9
R PRI 0.78 ~5.06 3.11~20.2 71.4~97.3 82.4 5.4
i3k s 70 B T 0.67 ~3.95 2.68 ~15.8 75.4 ~107.0 91.0 4.4
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540 &

10pg/kg) o FTE 7 W, WEH7HHE Ty i m H B, 15
FHET A B R G WA R BRY 12.5 ~51. 0pg/kg,
AR FR 2 0. 67 ~ 3. 95ug/kg, HiEALZ S,
SESRIEIN T 43 M5 B, R 5 1 R H B L BN %% 8
BTN A T
2.3 firkteriikiite
2.3.1 Ak ny e

M 254k & W AT A AL SRR A e Ak R A
B AL S H AT AR A TRE R =
FHBEREDE  DUSHAR AR S5 . #5285 AE AR &5
A4 (EERRETE LM ESR . CA BT T &,
IR A ) B IS e 4 R R L ) T
& SATEPERR AT S0 o (H = AT AR P RK R
AFE , Gy o1, 45 2 WA O K 452 Ak
I ORISR ARAR T, AEA P AR S B i A
TR o TEFEAATAE AN A B, H AT A 1)
Ry AR, o SR AT A WA o rh BRI R —
AFNITEME. 350, TURCR BRI A Bk 271200, XF
R G2 A R AT B A ko ey, OGRS 3
TRATT A W 1 e s 2 B ik ke, 4 VR IS ] DR AR i T
£ P HEIEERAE R HT. L85 8T, =Rk
BAEMS 25 200 R M S gk i 75 A 55y T,
Ay 3% P R AR AT A AR
2.3.2  fiiAALIREE AL (PR

Ay IEE 35°C . 40°C 45 50°C ,55°C 60°C I fiF
AT AR SN, B AR AE The F P RREAR
YRR AR R R (B 2) o 2553k,
A I WSO B LB e T3 I WL B ) 55°C b
RS AR O A B TR R T, IFH, &
BT I % (91% Fi1 93% ) a1k 2 A6 I B2 | i
T A 60°C ZE ORI & Wk 1H , T B0 B R A P
SR ARV 5 v SO A T Ay PRI ME , AT U I
JEVEAE 55 ~60°C Z [A] BRI, Jo it i TRGH
2.3.3  fiid At p R E

HERT T A IBRFE AL A TR B, T 4% EaR Ty vkt
AT o MBS 10min FFoRMk e b BE , IF 158
KPR (E 3) o 25 R, B I R s ]
e hn AT, BN s ) A S0min J5, PR L4 0]
R R 89% K5 87% , B2 vT LA JEAG I 25K, 1y
i [ER 3 60min Fi7AE 2 0 AR 52 B, AL H LT
AR, PR, 77 A A ) 2 24 60min,
2.3.4  fiiAAka 0y

KT AR IR SR M &, F2% &
) D I 2 A e VAR P L BB L 58 4 SN, A S AT

100
—— B2
80 |
70 |

60

B L (%)

50 |
40 |

30

35 40 45 50 55 60
SR BE(C)

Pl2 Al R A Aem AR 1k

Fig. 2 Changes in the recovery of substitutes derived at

different temperature
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Fig.3 Effect of derivation time on the recovery of substitutes

T T R SEBRAE i o T RRIR AR A4 2 THFE I
oA A IR A A R R HEA T, PR B R A A
At f BT 3, i i 10 15 A2
ARG, T, KT A AR E A
100 L ( 7 960 56 98 ¥k B S0mg/mL, fik 2 B ik B
100mg/mlL.) ,
2.4 JiiBRHER GRS IRICE Sk

K FH ASE KbFEIARIG 1925 AR IRk 5
10pg/kg) ,F 7 Yl 153 W 26 & 0 i 0 ik
R B, A5 2 1) 7 A BN 0. 67 ~3.95 g/ kg, il
SE NFRY 2.68 ~15. 8peg/kg (K 4) o TLHRAEIRAT
AT AR IR I A A s N T R Ay iR A
BI TR R e v, W T RS e A, S
“ G - 75 YR B TR B AR S T R
Wi #i %7 | Helaleh 2™ F 57 45 # (10 ~ 80
pe/kg) FH Eb 58 B AIG T A HH B o

Xof 52 BE A HRE S R AT B [ R A, —
AR e BE 73 551 8 40 g/ kg 100 g/ kg . 200pg/ kg
FAWERRELZOR, T4 R EKS ] LLE
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Table 4  Detection limits of phenolic compounds by derivativation method
wot MEME (pe/ke) AXFRER 2 AR W E R R
1 2 3 4 5 6 7 (%) (pe'ke) (pe'ke)
2 - GERY (1) 7.05  7.44  9.32 9.40 8.39  9.33  7.68 1.0 3.13 12.5
JET 8.02 7.76  9.27  9.44 9.05 9.89  8.40 0.8 2.47 9.88
&) — P 8.38 8.41 7.45 8.14 7.8  7.91  8.27 0.3 1.08 4.32
&5 — 1y 9.44 7.74 9.32 898 9.66 8.40 9.0l 0.7 2.09 8.35
X — iy 8.17 837 9.04 855 9.15 8.8  9.39 0.4 1.39 5.56
2 - EOR W 8.75 8.47 8.80 8.8 8.8 899 9.16 0.2 0.67 2.68
2,4 - —HI 8.72 864 835 811 840 8.19  7.85 0.3 0.96 3.83
2,6 - "B 8.63 8.86 7.93 8.08 8.43 7.85 8.70 0.4 1.25 5.02
4 -5 -3 - PR 9.43  10.3  8.86 10.5  9.21 9.63  9.96 0.6 1.85 7.42
2,4 - —H 8.62 9.13 9.73 9.98 8.8 851 8.74 0.6 1.80 7.19
2 - gL 9.89 9.80 9.03  9.28  8.87 10.0  9.96 0.5 1.50 5.99
i{i{f;i_zgigfizgs 16.1 16.3 16.0 16.3 16.1 15.4  15.1 0.5 1.46 5.85
2,4 - THIEm 1.0 10.6  10.3 10.5 1.2 9.97 11.1 0.5 1.47 5.89
4 — Ry HLT 10.3 10.3  7.72 10.6  8.11 9.11 10.9 1.3 3.95 15.8
2,3,4,6 - MU 8.58 9.24 8.5l 8.12  8.71 8.31  9.26 0.4 1.37 5.47
22’?3’2’:56:@2% 16.9 16.0  16.3 16.6  18.1 16.5 16.5 0.7 2.12 8.49
2-H-4.6- hY%EE 8.93 825  7.73  7.65 8.04 8.78  9.02 0.6 1.78 7.13
2,4,6 - =R (B 2) 7.99 8.08 8.64  7.33 7.21 7.87  1.71 0.5 1.50 6.01
HAEm 10.5 10.9  10.3  9.65 11.1 10.8 10.9 0.5 1.54 6.16
25 I YIERIRIBCR TR %
Table 5 Spiked recovery and precision tests of phenolic compounds
TRk B 40 ng/kg JbRHe E 100w/ kg JINFRHREE 200 wg/ kg
ety
RSD(% ) [l (% ) RSD(% ) B (% ) RSD(% ) B (% )
2 - GER (F 1) 6.6 89.2 9.5 80.8 5.9 86.3
HET 6.1 94.4 3.6 85.3 8.1 75.3
] — P 6.7 86.8 2.1 73.3 8.1 74.2
4 — HI 5.9 87.5 3.3 79.5 4.5 87.1
Xf - H i 5.5 104.0 4.8 82.1 9.6 83.6
2 - ER 5.9 103.0 5.3 81.2 6.3 83.4
2,4 - —HIfi} 5.9 84.5 2.9 82.6 7.0 79.9
2,6 - — &l 6.2 86.1 6.7 80.8 7.2 88.6
4 -5 -3 - FEEm 5.0 107.0 1.8 85.0 9.1 92.6
2.4 - —H 5.4 90.7 8.6 77.4 3.5 86.2
2 - g 5.5 106.0 4.5 88.5 4.6 83.5
?:;:giéﬁg 3.8 75.4 6.0 74.7 7.0 81.1
2,4 - THEAEm 6.2 91.2 8.3 76.7 3. 80.3
4 — R HLTR 5.1 101.0 1.7 83.1 5.5 102.0
2,3,4,6 - US 3.7 103.0 5.3 83.2 5.8 82.1
22”33’2’;56:@2%}; 5.9 78.3 8.2 83.5 8.0 103.0
2 - H3E - 4.6 - R4S 5.5 82.1 6.4 80.8 2.1 73.6
2,4,6 - ZIRFEH(FE2) 4.6 81.7 6.2 73.3 8. 82.8
HAEm 4.1 105.0 2.4 82.8 8.7 78.4
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H, mHRE [EICRIE L g 73. 6% ~103. 0% , A X5
e 22 (RSD) 2 2.1% ~9. 6% 5 P[] B LSRG
FEl o 73.3% ~88.5% ,RSD N 1.7% ~9.5% ; {ikifk
B [RISCRYE R R 75.4% ~107.0% ,RSD 4 3.7% ~
6.6% o FHLRFZM], ASE $REOTIEX =
ol BE 1) B TR A il B9 [l Wi R AR AE 70. 0% ~
130.0% ZZ[a], 3% H RSD #/NF 10% , 25 Bl &
2.5 SZR L HbSBRRERIS b A RIS DL

R RARAL R BT IR R A BRI & R i X AT B
TR LI IEPAAE ST 08 o B U R AR AURE D
BAT RCRE o B, F R R AR /N T 0. 425mm {75
OFo PRI Sg e, A PIRE A BRIE R B
100pg/ kg, FEA Sg JOKBREREH , B A , TR
e L T A Bt HR IR ASE FEHCR AR AT 4R B
SR J5 FHRERR B/ IMEHHAL , ¥ AL 5 BT I 1
AR 28 3mL Ze Ay N E 7 2 8mL, & MRIEIL)R
I EEAT T Al . ARG W4 2 TmL LU A
PRPIE A A T, FPSRI @35 - B , 45281 W
%6,

66 EmEDTIXEE R AR A A A IS R
Table 6  Analytical results of phenolic compounds in dreclaimed

land samples from metal mining areas

Eht(pgke) AT REARRE Kok R

ML) Tkl Fake2 | ME(%) |(pgke)
2 - SR (B 1) 109 96.2 6.2 3.13
Kl - - - 2.47
i) — F Ty - - - 1.08
45 - H iy <LOD  <1OD - 2.09
Xt — H 25.6 31.6 10 1.39
2 - FEAR <LOD  <1OD - 0.67
2.4 - —HIE <LOD  <LOD - 0.96
2,6 - 4B - - - 1.25
4 -5 -3 - FIESR W - - - 1.85
2.4 - & 2.43 2.32 2.3 1.80
2 - 4 122 138 6.2 1.50

2,4,6 - =AM/

2 4.5 - — R 31.0 27.5 6.0 0.74

2,4 - "4 7.84 6.87 6.6 1.47

4 - ff L - - - 3.95

2,3,4,6 - UG EY - - - 1.37

2,3.,4,5 - PUGlE/ B B B L6
2,3.,5,6 - UGl

2 - WKL -4.6 - “RYHEEY 0 - - - 1.78

2.,4,6 - ZHIHEE(EE2)| 87.6 93.7 3.4 1.50

HAER 83.1 78.9 2.6 1.54

TE: ="K LOD R R

P A0 A [ e R Syl it 102% ,90. 6% 5
87.6% 93. 7% , B K ¥ fih B9 A %) I 22 (2. 3% ~
10% ) #2/NF 20% , I HARHZ Ao 25 RS 0E , X
IE S5 R, DEWIZ 7 1208 T 2 B L e i 1
S5 G ARG o

3 4k

ARSCEE R AT A B i () A R B 29
PN R TR, SR FHATT AR Al — “UAH 3% o i vk
FTRE o HEXHOi e fh 2 O ¥k, A8 2 T 1T
ARG 5 A E S S8, IUE T P Tk . 1%
I Z AT HE AR T A A Y FREEAER, A 2R 4 €31 )
JOLELSR i , A5 ey g T R (e gy ) SEE R Ao i
P PR TP 5 T ) 438 8 1 0 A, B
HEGRZR TG AL BT SEBAE dh R 20 B 2 24
T 120 HEE TR B M DL R A 2 A IR A o
T A A i B4R R S e AGE

AT A A 105 3 14 B B0 I, #R AR
B AT AT R BATRT S . % T ani ik
— AT A AR, R TR B RIS
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Determination of 19 Phenolic Pollutants in Reclaimed Land Samples by
Derivation Gas Chromatography — Mass Spectrometry

LI Zhong — yu, LI Yan - guang, LI Wei - liang, WANG Shuang — shuang , ZHAO Jiang — hua”
(Xi’ an Center of Geological Survey, China Geological Survey, Xi’an 710054, China)

HIGHLIGHTS

(1) When phenolic compounds in reclaimed land were directly detected, the chromatographic response value was
low and the detection limit was high.

(2) The ASE method was more effective in treating reclaimed land samples, with lower detection limit and higher
recovery.

(3) The pentafluorobenzyl bromide derivative method can significantly reduce the detection limit of phenolic

pollutants in reclaimed land samples.

ABSTRACT

BACKGROUND: In recent years, more attention has been paid to the protection of the environment in China.
More damaged or polluted land needs to be reclaimed. When evaluating the effect, it is necessary to detect several
pollutant indexes for phenolic pollutants. In the direct determination of phenolic compounds by gas chromatography
(GC) and gas chromatography — mass spectrometry ( GC —MS) , there are challenges such as low chromatographic
response, poor stability and high detection limit.

OBJECTIVES: To establish a method to determine 19 phenolic pollutants in reclaimed land.

METHODS; Based on the characteristics of complex matrix, multiple interference factors, and difficult pre —
processing of reclaimed land samples, the extraction and purification methods of this type of sample were screened
and optimized. The extraction and purification methods were determined by comparing the effects of derivatization
and non — derivatization, combined with comprehensive research on the optimization of derivatization conditions and
the measurement results of actual samples. A derivatized gas chromatography — mass spectrometry method for
detecting 19 phenolic pollutants in reclaimed land samples was established ( Among them, 2,4 ,6 — trichlorophenol
and 2,45 - trichlorophenol, 2,3,4,5 — tetrachlorophenol and 2,3,5,6 — tetrachlorophenol were combined
because of could not be separated). The samples were exiracted with n —hexane and acetone (1 : 1, V/V) by
ASE. The extract was concentrated, purified and derivatized by pentafluorobenzyl bromide. Finally, it was
determined by GC — MS internal standard method.

RESULTS: The standard — addition recoveries were 73.3% —107.0% . The method detection limits of phenolic
compounds in soil were 0. 67 — 3. 95ug/kg, which was significantly lower than nonderivative method (10 - 80
pg/ke). The derivatives had better stability and higher chromatographic response, the groups were more even in
peak height (area) on the chromatogram. The derivatization method had better reproducibility and the results of low
— concentration samples were more accurate.

CONCLUSIONS ; This method can be used effectively to avoid matrix interference and provide reference for trace

determination of phenolic pollutants in soil samples with complex matrix.

KEY WORDS:: reclamation of land; phenolic compounds; derivation; gas chromatography — mass spectrometry ;

accelatored solvent extraction; pentafluorobenzyl bromide
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