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B3 T AR E MRS #-F 048 &3 % ( MSPD-HPLC )| & 2,4-= & X & ( 2,4-DCP ) #=
2-FHRA-F KM 4-C2-MP)E3 A RR XA LIEFERB S oM ik, LIEM AN L
J& AN 2.0 mL AMARAE L K E,BENENAE, AR FIREM, GA&RFTMA05 mL =
BF MR G A- % 1.0 mL,HPLC M, £R AW : £ 0.01 ~2.5 mg/kg HAmK-FT,3 A L3
B B ARSI A 6 T ) I E A 90% ~ 118% Z 1], #B 3T AT 4k £( RSD )42 0. 1% ~8. 5% Z 18] ; 4]
FR( LOD )4 2 ~3 pg/kg Z 18], 2 FR( LOQ)¥ 4 0.01 mg/kg, 5 %364 B -k F I %( SLE )48
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Determination of 2,4-dichlorophenol and 4-chloro-2-methylphenol
residues in soil by matrix solid-phase dispersion and
high performance liquid chromatography

Guo Yaping'?, Zhang Ling’, Zhang Zhichao "
(1. School of Basic Medical Science of Sanquan College, Xinxiang Medical University, Xinxiang 453003, He'nan
Province, China; 2. State Key Laboratory of Element-Organic Chemistry, Nankai University, Tianjin 300071, China )

Abstract: Matrix solid-phase dispersion and high performance liquid chromatography( MSPD-HPLC )
was ultilized to determine 2 ,4-dichlorophenol( 2,4-DCP ) and 4-chloro-2-methylphenol( 4-C-2-MP )
residues in three different types of soil. Soil sample and silica gel were manually blended together,
followed by addition of 2. 0 mL distilled water. Samples were introduced into glass column, and eluted
with dichloromethane. Then 0.5 mL ethylene glycol was added into the extract. The solution was
concentrated and diluted to 1.0 mL. Samples were analyzed by HPLC-DAD. The recoveries of two
analytes in three different soils ranged from 90% to 118% , with relative standard deviation( RSD )
from 0. 1% to 8.5% at spiked level ranged from 0.01 to 2.5 mg/kg. Limits of quantifications
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( LOQs ) of this method were 0. 01 mg/kg. Limits of detections( LODs ) reached 2 -3 wg/kg. The
recovery tests of MSPD method and classical SLE method showed that with MSPD high recovery could
be achieved. This MSPD-HPLC-DAD method was also applied to analytes recoveries of soils at

different aging times. In conslusion, this method is characterized by simple, analysis time saving, less

solvent consumption and is suitable for residues analysis of 2,4-DCP and 4-C-2-MP in soils.

Keywords : matrix solid-phase dispersion( MSPD ); high performance liquid chromatogrphy( HPLC );
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R,
1 MREFE
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2,4- " E AWy AR E i ( 2, 4-dichlorophenol , DA
fAIFR 2,4-DCP, 4l &£ 95% ), W [ Alfa Aesar /A 7l ;
2-FA R4S K W AR 1 & ( 4-chloro-2-methylphenol , A
TRIFR 4-C2-MP, 41 97% ) FIIC/KBRER M 43Hr4t,
FHRETT600 C k54 h), W B KEETAE ) KB A=K
FI o BERECO.15 ~0.25 mm, AT T 600 CHL4%
4 ), AESERCTT 4] B PRkl 2l
85% ), s tagiat ), HoAav i 14 R oM, T4
HARLH

Agilent 1100 R0 AR (354X ( & [H Agilent 2
A ), AT G1315A ZHCAEREN RGN & , i AE L 20 pLs
Agilent Ci( 250 mm x 4.6 mm i d. ) {3 FE
Agilent C (( 12.5 mm x4. 6 mm i. d. ) {44 B2
¥IR5 ume
1.2 #hiXtiEESs

- AL Sy ) A SR A | RN B A R WL
L), AT KT 5 DHES 2RiA2 /T 0. 85 mm.

1.1

F1 ML TEAER

Table 1 The properties of three kinds of soil
ke RS AOLBTEE WREE ORGSR FREE FroK i
Kinds z; soil Collection pH Organic Sand Silt Clay Water
areas content/%  content/%  content/%  content/%  content/%
HEJ5i + Loamy soil KR Wuging, Tianjin 8.1 1.9 16 68 16 1.0
I Yellow soil WG 7P Changsha, Huwnan province 7.8 0.9 14 28 58 3.0
HEHRE Yellow brown soil  WiR§ K> Changsha, Huwnan province 6.1 3.1 24 46 30 1.1

1.3 FRAERTRE T R AR & A T

HERAFRER 0. 05 g( A5 E 0.000 1 g ) 2,4-DCP
F14-C-2-MP F5 #E fi, 43 ) FH B 235 O 8 45 &2
50 mL,Bc A% 1 000 mg/L %5 MERE K 5 55 P EL—
43 FH PR R J5C A0 1 000 mg/L bR HERER . Vv

( pH A 4 MIBERRKIRE ): VO B IR ) =44: 56 BITRG
TR AR R 22 o 2 VK B2 43 1) R 100,50 .10, 1
F10.2 mg/L WG PRIEE W, 7F HPLC &, LA
UEE TR B R PN AR R | AF IO 1 BT 5 VA 3 Sy A A e 222 1l B
HERhZE 5 IEE .
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1.4 H@ETAEF XL
1.4.1 it B A8 2 48 3 MPSD ) 7 B R B
20.0 g &5 I HSERES TAFE P, A 1.0 mL
10 mg/L i) 2,4-DCP Fl 4-C-2-MP I & b5 4 1
TR RN 6.0 g R AN 2.0 mL ZE48K , ff
HI 0T  WHES A 5) s 76 )2 MTAE T v A B A, SR I
WRIKIEA 5.0 g TEKBRIREN . LR e Sl -RERCIE &
2.0 g AEfb, FHBHEMSE; 35,0 mL & H1 e
WRGEE MRS WA VR 5 Il BERG NI 0. 50 mL
LR, TR T EZEWw S 281, 2.0 mL HEE
HREZIEEN, AARE 1.0 mL DUF, k&
TKEAZ 1.0 mL; A0 2 min /541 0.2 pm
JEMR, 22 HPLC Kl .
1.4.2 [E-#EHB(SLE) HEFMHAREL20.0 g SH L
HERE S TSR, N A 1.0 mL 10 mg/L AY 2,4-
DCP Fl 4-C-2-MP 1 & 5 #E 3 W, TR 215 in A
20 mL CH,CL, , & %5 9% 30 min, fil1g, £
25 mL S HBEST 3 R PR AR AhUE s SR
HINAZY 2.0 g Jo/K B R A 15 28 B VTR VR, K DB R
%% 250 mL B AT, 1] 20 mL — S ke 53
3 WUE AR , A IR I W A 0. 50 mL
OB, TERTIEZRRY 2 1 mL A£47, H 10 mL
HEE o 3 YO R 220N, AR A 1.0 mL
IS, R GEIB/KEARZ 1.0 mL; A 4P 2 min
Jaid 0.2 pm JEAR, 28 HPLC Ml%E .
1.5 B®if&k

AR VO pH =4 (BERR/K IR ): VO B ) =
44:56 A 1.0 mL/min; &0 K 4 228 nm; ¥F
FEARFLUR 20 pL;HEIR 20 C.
1.6 FRMMEWKKLE

] 3 Fas 1 b AR S e A3 S 0. 01.,0. 05 .
0.5 F12.5 mg/kg 4 1~/KF-1) 2,4-DCP F14-C-2-MP
RA MR, B /KBRS W TR E ik
AR AR E R 25 RSD )
1.7 ELHERKUE

S3 SRR 3 Ff A HERE 5 4% 500 ¢, iInA 1 mL H
PIEABCHI A 1 000 pe/mL By 4b4 9 09I & bR
WERFR IR 21 G BT 4 CUKEE NS BHREAE, 00 T
0.15.30 7180 d HUREI 5 [RT AT 58 FAH X B 1 At 22 o

2 HR5ITE

2.1 MSPD ZENE&EHMTAL
2.1.1 WAl EAERFENEE FHETRE . B
BB FRTEE AL I A LR AR AN

FEBE T 6 Fh 3 EORI X [ SRR RCR 52 e . 45
W] REEE IR HLRE 1 B AR AR R
PEAEAGERAE S AR 43 BRI B, 193 2546 5 W 1 [l i e
PAPRSARG 5 1 SR PRk e R P S AL B IR SR ey, DA
R fchf o PR ERERE EVE ) MSPD 1943

AT 4.0.6.0.8.0,10.0.12.0 F115.0 g
RER AL RIOCRC W3 2 ).t 3R 2 0 240 i
HIEE 6.0 g I, MICRESS, HIm T, kst
ST e 2 (RS 3 5 JC W) Sl 14, 8 s ek A
wH6.0 g,

®2 AEERAE2,4-DCP f4-C-2-MP 14
B R R A AR AR E RN 0 =5)
Table 2  Average recoveries and RSD of 2,4-DCP and
4-C-2-MP using different amount of silica( n =5 )

sy R EMCR
Analytes Arr.lt.)unt Average RSD/ %
of silica/g recovery/ %
2,4-DCP 4.0 113 2.3
6.0 98 3.5
8.0 95 3.4
10.0 106 2.1
12.0 101 0.4
15.0 96 2.9
4-C-2-MP 4.0 110 0.5
6.0 102 1.7
8.0 99 3.0
10.0 106 3.2
12.0 103 1.9
15.0 99 0.9
2.1.2 BEMEMEBRRENEE 2T 45

ANTaI R L L B 50« 1E 2 be . U be L A AN
LR CTRGEIE AR . Hod M e /N TF O e vk
J5E & A /N, X} 4-C-2-MP 2, 4-DCP ()[BT R AL N
4.8% 1 25% , [PIWSCRRAR , AS BETH 2 43 BT A 223K .
Tl R MR R ) — U H e . = S H e R 2 1R i
i, B2 & W i nCR AR 4. {H R T 2,4-DCP
H14-C2-MP 4% %2 PEAR 3, PR I 30 158 T2 1) ¥R 4 TR
M T G BRI Sk 40 TR T BRI K 4
SAFIRFN, Wy AL A Wi R B g/, 3 3 A B 57
3 el O RN ¥ R (L B NSl st = S N LR S )
VRMEA R o FE IR Fiie TR R S B Xt
H bR SR AR, Q136 3 TR, S B AR R

30. 0 mL A, 2k 2238 i gk Ji 590 FH 4, 10 e 3245 AL AN
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B2 S Y 3 0, % AR A TP e 48
EH R AR S 2R T RNN R, g
AW Be R 30.0 mL.,

R3 RATAER-KRRERS 2,4-DCP 1
4-C-2-MP W H R KA IRERZENRIE( 1 =5)
Table 3  Average recoveries and RSD of 2,4-DCP and
4-C-2-MP using different volume dichloromethane

to elute (n=5)

i ORI o
Analytes Volume of Average RSD/ %
dichloromethane/mL  recovery/%
2,4-DCP 25.0 80 3.2
30.0 92 3.8
35.0 100 3.8
40.0 98 0.2
45.0 97 1.4
50.0 98 4.9
4-C-2-MP 25.0 68 3.4
30.0 89 2.5
35.0 98 4.1
40.0 98 2.0
45.0 98 2.3
50.0 103 3.7

2. 2 MSPD R4 EHRITHL

T IR A B e, B TR )
PRI AS BT 5 SR FH B A e A800RR £ i il o AR )
IR, I 165 2 ¥ T 7K Lk A AR 285 v A 3 51
TR A5 SRR A (H S S P N B
WA RE 0T B 2 B R WM . 456 Kot-
Wasik 250 (045 5, %88 T W B bp. 65 C ). LB
(bp. 78.3 C).ZHE(bp. 82 T )AL —EE( bp.
189 °C )4 Fofr ey b sV 51

S0 4 )R LIS S & R R
PR LA 0 IRl 3 A vy, R G 4% & B4R
SR AR S I X GRS d A K. 4
TN 2 0.5 mL i ,4-C2-MP F12,4-DCP
Y RIS 5351 R 99. 1% F1 97. 7% , 4 25 356 i H
S, VIR ME B AH 3G N, T E AR A ) [R1OR A
AR WO L BER S INE R 0.5 mL.
2. 3 MSPD 5 SLE 2B £t %

%5 W LLE Y : MSPD X} 2,4-DCP F1 4-C-2-
MP 2 H NSRS B 25 F SLE (19, 1X 5 Teixeira
ERNE T S

*4 FEFHSAFIX2,4-DCP #14-C-2-MP
B E YRR A AR A RENRW( 2 =5)
Table 4 Average recoveries and RSD of 2,4-DCP and
4-C-2-MP at different high boiling point solvents( n =5 )

2,4-DCP 4-C-2-MP
) VR AR PR
solvent Average  #fEfRZE  Average .
recovery/% RSD/% recovery/% ?
F I methanol 43 0.8 63 0.7
£, ethanol 53 0.9 63 2.0
NI acetonitrile 52 0.3 67 0.8
£, ¥ ethylene glycol 98 2.3 99 3.0

%5 MSPD 5 SLE BHRE 75 %3t 2,4-DCP
70 4-C-2-MP 9 £ [0 4 22 R AR 2
RAERENRI( 1 =5)

Table 5 Average recoveries and RSD of 2,4-DCP and
4-C-2-MP by MSPD method and SLE method( n=5)

2,4-DCP 4-C-2-MP
SHT 7k - -
Analysis R 11Tl xS VO E T 3 |1 <SR ED O 7
method Average A 22 Average e 22
recovery/ % RSD/ % recovery/ % RSD/ %
MSPD 99 0.1 96 1.2
SLE 46 3.3 19 1.4

2. 4 FHEITEH

241 SLMHEEEEAMEK F0.02 ~2.5 mg/kg
LN, PR 2 AT 4 1) 0T ok S A T R R 2 R
W LPER R, R* =0.999, 4-C2-MP i K5 il B
(LOD )} 2 we/kg( S/N=3),2,4-DCP [ LOD K
3 ueg/kg( /N =3); HHEMERER(LOQ)E H
0.01 mg/kg( S/N>10).

2042 BMEEREE SSR(WEK6 MK )R
W 7£0.01.0.05.0.5 F12.5 mg/kg 4 PERHNKF
T3 P s AU A B ep R AR DU A 1) 7 34 Tl R A
90% ~118% =z [a],RSD 1£ 0. 1% ~8.5% Z 8] , 54
PATFRER ST K

2,43 EHfERNEER  FIREEFEME D
I B AR AR AR RN C 1 b SR BRI E 1Y,
F bR 5 e 5T 2 [a] A FH IR a) 22, T 52 B ot 2
FENL 2 — 2 B )5 A AT AE o O T 8 G M A4 51
bine e ST RY) (NS R 7 7/ R o=t ¥ = il $iiibed
AT T AL i HARY) S T iz a5t oA H
DA IE B 37 1 MSPD 7, Z52R( W3R 7 )R . 1
JoT A R AT AR b A S Ak B W 1 RS R R AT A B
. Bringmann % TV BFSY & B, + g HL & B
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fEEHﬂ‘ A R EAE B R ILFAZ AR BRI, 8 0.9% s R £ A LR & B, N
A2 (YA U & N E 1. 6% B, 5018 1 9% s s b A ML & S e, o 3. 1% o A DF
%E’JEH&IK@%EF@E& AP, WA PLR S SEAPRYS Crespin SEFFE4 AV EH—EL.

F6 Z=FLiERFM2,4-DCP 1 4-C-2-MP ) FH B EREIRAERE(n=5)
Table 6 Average recoveries and RSD of 2,4-DCP and 4-C-2-MP from three types of soil spiked at different levels( n =5 )

A AT 24D Ml
Type of soil Spiked level/( mg/kg ) S22y [ ARXTHR AR 22 - Il ARXTBR AR 22
Average recovery/ % RSD/ % Average recovery/ % RSD/ %
15 + Loamy soil 0.01 103 1.5 118 0.5
0.05 90 2.9 104 3.9
0.5 101 1.2 102 2.2
2.5 95 3.7 95 1.1
#1 Yellow soil 0.01 97 5.9 118 2.3
0.05 92 1.7 91 3.5
0.5 103 1.8 95 0.7
2.5 94 4.3 90 0.7
#7#1% Yellow brown soil 0.01 96 4.1 114 8.4
0.05 94 2.0 94 0.2
0.5 98 0.3 95 1.2
2.5 91 0.1 92 0.3

®7 =F1EARREZALHE 2,4-DCP #4-C-2-MP KA FH B R RAAX AR AR ZERRI( n=5)
Table 7 Relative average recoveries and RSD of 2,4-DCP and 4-C-2-MP at different aged time from three types of soill n=5)

Es = 24kl 2.4DeP e MP
Type of soil Aged time/d HIXE PR R IR i 22 HIXHFH iR HIX b 2
Relative average recovery/ % RSD/ % Relative average recovery/ % RSD/ %
e+ Loamy soil 0 100 0.1 100 2.7
15 103 2.1 102 1.5
30 98 0.3 95 1.8
80 76 3.5 72 3.4
HHE Yellow soil 0 100 4.2 100 0.3
15 101 1.8 100 0.8
30 96 3.3 97 2.3
80 85 3.2 78 2.9
T H4E Yellow brown soil 0 100 5.0 100 3.0
15 99 0.9 96 1.1
30 96 1.2 93 3.7
80 70 2.9 66 2.7

TE: A0 d B IISCRE N 100% , LLR B URIURE AT 15 I 405 5 PO AT S i o s ) AR G 24 i
Note: The recovery of soil aged 0 d was regarded as 100% , the ratio of the recovery of the second, third or fourth experimental recovery and the
first experimental recovery was considered as the relative recovery.

RORAR LRI 2 + 53 b By AL S W BTk kR

P il B BRI 1Al — 20 52 B, AR A B B35 29 70
AW T BT [E AR 23 18 MSPD ) S M ey W Ta] 5 diied o) BRI PA I v s VAR iR T IR

3 ZEig
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0 25 50 75 100 12.515.0 17.5 20.0 22.5 min

4-C-2-MP b
30 2,4-DCP

4-C-2-MP e

0 25 50 75 100 12.5 150 175 20.0 22.5 min

a. 25 L R IERE S s b, PIRMERZE AL S AR HEC 10 mg/L )se. LIER
SRR 0.5 mg/kg )

a. blank soil sample;b. 10 mg/L standard solution of two kinds of
phenolic compounds;c. spiked soil sample( 0. 5 mg/kg ).

E1 |REZFA.FRMEFRYE 2,4-DCP,
4-C-2-MP tRE A R BIEE
Fig.1 HPLC chromatograms of blank, spiked loamy soil
samples and standard solution of 2,4-DCP,4-C-2-MP

YA E M AR AR D 5 B 1 A 5 R S R Tk
E RS T PR R S I S A AR SR B R 20 g
- R S BRIBORI e 4 o AR U B 35 mL Y5, ¥ 7
. ARFSE A3 BORI 2R T I o e K it ok
I 700 S R A5 O T AR T SO 5 S OR
ZAL AP ISR X i W s, V5 70 11 2 A R R
AT T Ak

52 L ) ] 0 25 B ( SLE ) AR HE , A WF 5T il 28t
7% MSPD J7 %%} 2,4-DCP H1 4-C-2-MP %) [ i 3%
SRR, ELAGI B A PR AR, HLA R R T o

YRR b sk T) 26 | v B e A A & A T
T3 2,4-DCP il 4-C-2-MP 5% B8 B (6
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