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Study on the detection method of dechlorane plus residue in soil and rice

XIE Hui'?, CHANG Xiao—yun', MA Yu—han', WANG Yu-ying'

(1.College of Resources and Environment, Shandong Agricultural University, Key Laboratory of Agricultural Environment, Shandong
Tai’ an 271018; 2. National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources, College of Resources and
Environment, Shandong Agricultural University, Tai’an 271018, China)

Abstract: To explore the methodology of determination of high chlorinated flame retardant dechlorane plus (DP) with good selection and
high sensitivity, oscillation extraction and accelerated solvent extraction (ASE) were used to extract the residues of two isomers from soil
and rice. The DP in the extracted residue from soil and rice was analyzed and detected by TSQ 8000 triple quadrupole rod gas
chromatography—mass spectrometry (GC—MS)/mass spectrometry (MS). The results showed that the retention time of the syn—-DP and anti—
DP was suitable for the determination, with the linear range of 5.00x107°~4.02x10” g and 1.62x107°~1.30x10* g and the lowest detection
limit of 1.00x10™" g and 5.0x10™"*g. For syn—DP in soil samples, the recovery rates of oscillatory extraction and ASE method were 85.32%~
91.42% and 90.69%~95.63%, respectively, and the coefficients of variation were less than 4.64%. For anti—DP, the recovery rates of
oscillatory extraction and ASE method were 82.45%~90.16%, and 88.78%~98.23%, respectively, and the coefficients of variation were less
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than 4.96%. The recovery of ASE of syn—DP and anti—-DP in rice was 90.56%~98.56% and 90.36%~96.56%, respectively, the coefficient
of variation was less than 5.05%, and the recovery of oscillatory extraction was 86.47%~90.24% and 85.84%~89.61%, respectively, and

the coefficient of variation was less than 4.53%, meeting the requirements of trace syn—DP and anti-DP residue analysis. In this study, the

recovery rates of both ASE and oscillation extraction of two different pretreatment samples could meet the requirements of the trace residue

detection and analysis method of DP obtained from soil and rice samples, which is sensitive, accurate, and suitable for the residue detection

of DP obtained from soil and rice. It is important to establish a method for the determination of trace DP in soil and rice by GC-MS/MS.

Keywords: high chlorinated flame retardant; syn—DP; anti—-DP; accelerated solvent extraction; oscillation extraction; GC~=MS/MS; soil; rice

1= FACBELIA 45 72 % (Dechlorane plus, i F% DP,
CisHiC1yo) , RERUSEIR I 7)) PR b, Je—Fl g =
ALF RIS IR, LR R a4 AL K B
LR R )2 0 R SEORL I e g b, AR AR PR S A
43 5 A A5 5 e (syn—DP) A1 5 245 78 % (anti-DP)
(He 2y 1:3)M, DP HA T i g AL 4 e AR W) s
AR PEC SR M 5 i M A5 4 A1 AT MLTS L B (POPs) ¢
PES R IR A I e B 119 DP 5% BE L & A 0 4
KgsZm ™, DP R E R R ER), 4Bk
PR 0 3l A7 26, R e S A KA
JR L DP 5% BRIy s HA E B

T R S L R U I AT 8k DP B
G SR 1 G B , A DP 8 25 b IR 85 A 5 9 5 K
SR A TG E TAEMS LIJT A SEal . CA M
58 R FH A0 €233 — 17 Ak 2 L 88 3 75 (GC-NCI-
MS) K I PR35 DP 2875 Je g NCLiE B PR 3G,
Gy 3% HE TP s Xu S5R T 38t 790 2 B (ASE ) Y
X AR S P ) DP EA TR, RERG AT A A 4
GC-NCI-MS #EA7 % 5 Zhu 255 FROAH (2 3% - K<
JFE A2 L B — BRI 1 (LC— APCI-MS/MS) il 5 7K
H Y DP ;] g SR I O e — 58 B TR A OR)
R ICPE IR PRI, i 5% 28 e as vk 47, GC-MS (K i Bk
FH) 0 52 25 S H B9 DP; X1 3 SNy TR AR
0,33 — H I B ARG I DP K AR e Ak & W 7E 3R
iR . SRRV LR R, AR AR
F DP R B I vk (R T AR 9 DP sk
ARAK , A FH R AS [R] A $E O 2%, FF 256 ELES TR A
GC—MS/MS 1Y G0 i 46 I 5 246 0 45 0 A i v DP
B% BRI 7 O ik G E IR D

A 5% 2R FH 9 35 $ BRI in 3o 37 77 25 B (ASE )
R Ak BE 7k R ELES 7R A GC-MS/MS 1 — 9%
JE R A T3, ST T 3 RTROK R & DP ) GC-
MS/MS ()58 B3 52 5 %, REA R0 /0 36 5 4, 42
DP J3 A1 A6 5 1 0 2 B

1 MHETE

1.1 AR5l

DP Fr#fi i (46 100% , Accu Standard Inc 5] ) |
syn—DP FRFEFT anti—-DP #5-4E (Aceu Standard Ine A&,
FORBC ) L IF O e (i 4l , Kt gl fh 22 50 A
RS A]) A H e (i al, K gl b Al Ay
BN WD) TCK B AN (4l , R T L b2 )
HBRAT) FEME(180~280 H , SR /R AF]) .

1.2 UE5iE&

TSQ 8000 = UM FF GC-MS/MS (Thermo Fisher
Scientific) . ASE 150 (Dionex) . RE-52AA Jig % 25 & #%
( FF W oA A g8 ) (SHZ- T B A # Kk X £ &
25 LI ok T ) 2 —HmFo
K (K4 B, Mettler-Toledo Group) MBI .
SampliQ SPE-C s [HAHZE BUNME BB #5250
mL AR A QTR TR AR B A5 L
1.3 fik#t Rl

P HER T ILAR AR R KRB A 1, ok
FEVRIE ) 2~20 em, BUE 5 H3EF 5408 1 AR K
T, i 40 B4 & . ROKIE A AR BT 3, K i
ECLEE
1.4 DP &R B & HIBC &

T 43 2 —KFK 0.002 0 ¢ DP(syn—DP Al anti-
DP)FRAERE T 50 mL 25 50, A 1E O Beies fff e 25, i
753400 mg- L™ (1) DP R, P43 31 C ) 45 e A o o
W :16.8.4.1.6,0.8.0.4,0.16,0.04 mg- L™ F10.008
mg - L7, il i SMAR A T 1 3 o syn—DP il anti-
DP () BLBR VS W34 o0 B 2R BE ] 19 50 mg - L™ VA4
B, RFHIE C e B2 0.05 wg-mL ™, BEFTEPEMT
1.5 MK KA DPAIRBUSL 7%

P BRI < FRIBORUT 328 i 119 3 Oy 8 179 ROk
FE 5O BE R 25.00 g 3] 250 mL L, 7500 DP A5 i
W R BOE W e =R R 12 h 5 A
70 mL A IE Cbe/ ML (11, V) FEdR G o 4R
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VEEHCL hs R A s < 9dt 4, 30 mL IE 2 %
43 3 R P PR AR, B 10 mL, & I8
I TOKBRIR AN T8 )5 38 A 250 mL 19 F IS be ), ir
A BT RS 78 K #8 T 60 C P WA E 1~3 mL, 1t
RERAE E M. ZHrE N T B AR YOI A KR
FREH 20.00 g EALER (7.5% 275 ) 5.00 g Bt 18 (3% 5k
1% )3.00 g FJC/K B ER4M 20.00 g, FH 20.00 mL 1E %%
TR DE K R A% 2 )2 A, 100 mL GE
e/ A e (1 1, VIV)TR ARG , W AR 0 ik vk
W, B 28 R AW AR & 1~2 mL, ARG 57 2 10 mL
i, 1B O e E A, 0.22 wm A HLARBE AR €
B EHLRIN . o Ik B2 43 31 0.005.,0.05.,0.5.,2.5,
5.0 mg-kg " 5K F 45 FR AR S ISk
435124 0.001.,0.01.0.05.0.25.0.5 mg-kg ™ 5 KF-F
25 A ROKRR S R TR B8 B 2 0 B S8 i DP)
R PR E 5 A THE

ASE : ERf FRE A58 (KOK ) FE 4 10.00 g, ITA 3 ¢
B A A A HIGR] TR A 35T, 36 A ASE 150 # i it
rh A i P TR AR TG 3 % . — 2 e 2 4 o (5
Dionex 2 ) ), Bij 1k 338 AVt i + FH 2245 8% . U
DPARAEIR I 22— MR, Pl 7% 5, I 10 mL GE
foe/ — AW BE(1: 1, V/V) ,7E 100 C . 10.34 MPa F A HL
10 min, Z£BOR H 323 SampliQ SPE-C g [E A7 ZE B/ M
HAk B R R CE AR 10 mL PRI E . ARG
DP (A IR B[R] 4 9 B B
1.6 (BT &G

TSQ 8000 — T UM T GC-MS/MS : {2 1% k1 %
DB-5MS # (30 mx0.25 mm id, 55 0.25 wm) ; ¥ 1A 1R
J& K140 °C, %45 1 min, 15 °C-min™' J} % 285 C, {355
1 min, 60 °C - min™ F} & 325 °C, f#£4F 7 min; JEEE R
JE SR 280 °C., A% Hi 24 RN 5 1 U5 L 49 391 o4 280 C A
290 °C. S/ B K 1.0 mL-min™, R A A
PEFE T WL, ETHE B, B 15 (SIM) 14 7 1 70 A o
TEZ ST, syn—DP Fl anti-DP (14 {5 B8 B [8] 43 51 Ky
15.41 min 1 15.92 min,
1.7 3R IBEFN D 7

FE S B [T 2R FH SPSS 22.0 HEA T 5 25 M 2
K B £ 5 22438 (ANOVA) , i i P<0.05 (5 /)
b 3 22 55 (LSD) P A [] Ab 3L ] [l g 232 i) 25 e fb
R R I IV e R AT

ot e S HRE 57
IR R = R

2 HRE5HMH

21 ZEXRERYE

DP AR EMI 2 ULIE 1. F & 1 AT, syn—DP Fil
anti — DP [ 26 14 J7 8 24 y=9.585 9x +0.165 8 Fll y=
11.899x+1.305 6, & 22 50 r #4°4 0.999 5, £ M3 il 4
BIFE 5.00%107°~4.02% 107 g F1 1.62x1072~1.30% 107 g
ZIE) R R R, RV A Y . AE 1.6kl %
R4 B ERE R FE Y R 0.1 pg - LAY syn—DP 1 L All
anti—-DP FRUEVE TR 0.50 WL, 7EEME e Ry 3 B0 4544 F , il
7= syn—DP H1 anti—-DP & /Mg H H# 435108 1.00x 1078 g
F15.0x10™ g; + 3 syn—-DP Fl anti-DP J5 ¥ 4 fi
JINKS: R JE 2400 4.0%107 mg - kg™, KK H1 syn—DP Fil
anti-DP J7 75 I S/ R H VR FE X R 1.0X 10 mg kg ™'
22 DPHEBEFRE

K GC-MS/MS £l 3 47 , DP (5 4 FI7E 1 4%
5 IROKAF: il H I ) R 3 P A 2 B

W 2 R eI B e I 454, DP i
A SR syn—DP Fl anti—DP 445 B4 I 8] 43 51 A 15.41
min A1 15.92 min, anti—-DP 5 syn—-DP 1§73 & 5 RAR 47,

.
o
. 4r
2
ERER
o]
= 1=9.585 9x+0.168 5
£ 27 r=0.999 5
=19
= Ir
&
=
0¢
L
0 1.0 20 3.0 40 5.0
5 =5 5 % syn—DP/(pug-mL™")
18
16
o 14f
3 12t
E 10 -
=
£ 8y y=11.899x+1.305 6
K o6r r=0.999 5
=
2 -
°T
29 2 4 6 8 10 12 14

J2 2045 5EE anti-DP/(pug-mL™)

B 1 X155 b R IF e BRI AR A i 2
Figure 1 The standard curve of syn—DP and anti-DP
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Figure 2 Total ion chromatograms of DP

1M HETEARGT , ¥ o0 43k W, WA #i B A Ath AN [ 3
% 16K TSQ8000 — F PUM AT GC—MS/MS = Ji Bk
FRASCRS N T, A B8 I K A B AR S I e B2 7 DP 1) A8
B B A 2R SR AR /D WA B R R A A L D
AR50 SR FH AR Rl 4 35 65 43 B R 3R AR Hh DP
IFE R -
23 FEMAERENBEE
2.3.1 DPFE e s i3

L DP 7 =88 v (8 735 el g S5 fe iy o AR 3056 1
BIUERAJE , LAZE S R B(CV) Fn 7 L ks 36 1, 75
ANV EE T DP A B I EDCR I 1,

2% 1 AT, R IR i 2 BBURD ASE 9 AN [] O A
sl T AR B 3k Ak B SR B, DP R R S A A

syn—DP il anti—DP 7£ - 58 i (1% 95 0 [ 05 252 34 fig ik 3
BR VAR OT R BSK , ASE 5 125 SR I 2 TR 1548
WOy, 9F HASE Jy ik fai B (Pt . X T syn—DP, 7
IR E WS IR E T, 4R 9 B2 ORI ASE J7 325 1 m [
W45 51 85.32%~91.42% F190.69%~95.63% , % 5
ZBI/INT 4.64% ;% T anti-DP, 7E R K6 B 19 70
W TR, IR 3% 42 B ASE Dy 325 88 (] i R 43 1) ol
82.45%~90.16% #11 88.78%~98.23% , "% 5 Z K3 /N T
4.96%.
2.3.2 DPTESOKH s i 5

TAFAS [ BE R KK DP (R i ] g 23 435 SR AL
F2. MR 2FH, R AR 3 45 ORI ASE B9 P AS [R] (1)
FE b AL R A BRACKAE A, syn—DP Al anti—-DP £
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% 1 syn—DP Fl anti-DP 7 T 38 1 49355 hn Bl
Table 1 The recovery rate of syn—-DP and anti—=DP in the soil
P U g SRR Average recovery rate(X+S)/% A5 ZEUCVI%
Decgiiijfplus Added concentration/ FET5 I ASE PoT5 P ASE
(mg-kg™) Oscillation extraction  Accelerated solvent extraction  Oscillation extraction ~ Accelerated solvent extraction
syn—-DP 0.001 2 90.21+1.25b 95.63+3.89a 1.39 4.07
0.012 91.42+2.39h 94.23+2.78a 2.61 2.95
0.12 85.32+3.96b 92.36+3.65a 4.64 3.95
0.60 88.58+3.15a 90.69+3.69a 3.56 4.07
1.20 89.19+3.08a 92.25+3.08a 3.45 3.34
anti-DP 0.003 8 89.23+3.25b 98.23+3.25a 3.64 3.31
0.038 90.16+2.87a 92.46+4.29a 3.18 4.64
0.38 88.69+2.09b 95.25+3.62a 2.36 3.80
1.90 85.78+3.59%a 88.78+2.69a 4.19 3.03
3.80 82.45+4.09b 89.69+4.09a 4.96 4.56

T < X PR BRI 7 B ISR A 25 S 3k A, 3 R ) 25 0 28 S R I B B 35K F (P>0.05) , RN ) 25 308 28 5 O B VKA (P<

0.05). T,

Note: The same letter in each colum show no significance (P>0.05) ,on the contrary, having significance (P<0.05). The same below.

2 syn-DP F anti-DP Z£ X K A7 hn [51 4 28
Table 2 The recovery rate of syn—DP and anti—DP in the rice

P IHIRE -1l Ll&t}i Average recovery rate( X£S)/% A A5 RELCVI%

Dechlorane plus * 0ed concentration/ U3 RIY N ASE PRI ASE
(mg-kg™) Oscillation extraction Accelerated solvent extraction  Oscillation extraction Accelerated solvent extraction

syn-DP 0.000 24 90.24+3.69b 98.56x4.16a 4.09 4.22

0.002 4 89.16+3.78b 95.48+2.02a 4.24 2.12

0.0120 88.64+2.05a 92.36x1.02a 2.31 1.10

0.060 1 86.47+3.25a 90.56+1.28a 3.75 1.41

0.1202 87.05+3.68a 92.91:3.06a 4.23 3.29

anti-DP 0.000 76 89.61+4.06h 96.56+4.25a 4.53 4.40

0.007 6 87.05+3.57h 93.65£1.29a 4.10 1.38

0.037 98 86.29+2.79a 92.68+3.68a 3.23 3.97

0.189 9 85.84x2.56a 90.36+4.56a 2.98 5.05

0.379 8 86.46+3.05a 91.54x2.61a 3.53 2.85

K S T TR 4 i 8 2 5% B I A i KR
03 5 50 2 HASC PR A A 790 A v T T PR RIS
A A% BRI P S A O A R S, AT B BRI
1R R PR R BIL I AR A R O A Tl gy
124 90.56%~98.56% F190.36%~96.56% , 7% 5 Z Ky
INF 5.05% 3 1 T IR & syn—DP il anti-DP 5% B3 /3 #r
7RISR . R PR HOL N VE BB 2 8 DP 72+
b AL R R G 5 2 B /IN T ASE 5 IR 43
511K 86.47%~90.24% 1 85.84%~89.61% , 715 5 Z 54
INT4.53% ., % JH SPSS 22.0 X 1 Fh 42 B 7 5 1% [8] i
R 22 T W VE B, A5 R SR WIS I AR B Y
Qb PHELAG 2 25 5 TS I v R R A A BTG .
=5,

2.4 LBREERBINZE

TR AR S ST R i T Ak B 9 R R A
T AR ) R ROK P R AR R, R
syn—DP Fl anti—DP 5k B ¥ £ 53 51 4 0.58 mg - kg™ FI
1.76 mg kg™, Pl (4 K R W3R S5 I 52 KK HE syn—DP
Fl anti-DP 5% 83 7437147 0.28 ng-¢ ' F10.79 ng-g ',
3 iTig

FEFE S AT AR EE H, DP 5 H A SRR HLIL &9
W22 95 — KTk AN £ S 2KE (PCBs) 1Y )7 3 AN, , — i
AL FEFE R AT B RE S B VA R {7 50 #r 4
Ko AT DP R AR ZBRIHLIK (PUF) " Fl XAD-2
PR , 25 SR I 0L R FH A 9% fiber filter WCAE
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JKAER I XADP  PAD (R 20 Fl — Z 0 FE R 1 e 58
Y1) W R BT OB A S BEA o, # SE A R L T
BT AL A RE SR AT HA AR A AR LY R
UEH ) DP R Tenax BB i 5 35 FAR WAL i F
FH A ek FH R IR BOL PR TR 2 71 oy
PR S e IE L  F R R 2 Tk A AR
FE b 2B B AN ], AT R FH VR - 2 [ - A< B
FICAE A ASE 55 2 R0 A BUE AR o 28 HU7 77 7 22
Al — R P T B RE B sl AR R A B AR 2 )2
FNZ2 W B0 RE XA R, R BR AU i BE 2
FUH AR i, B2 15 i 1k (GPC)W R a5 i I
B, AL L RE R SR AR i . AR ARG A
HUAFIIE O b/ R BE(1: 1, VIV)$REL, KR4
ISR ASE PRI J5 12543 i $2 B, >R FH SPE ZINKE WAk, il
JE T RESLH DPBR BA A3 A K . AR SER T
PG PR 2L G RE A AT AL PR 7 , BARAE ShiHH
— e L AR R A IR R HL SR A, ASE SR i i AL B
B JE A, A B SR AR URCR = W 2 T Bk
S W

Hoh Z£2YH1 Zhu 2524 syn—DP # anti-DP [ERIXI4
ZHi R TR A B DP AR R R HERR A , T A 55 F1 ]
FH R FE il () AR syn—DP Fl anti-DP 4351 24 7 72 P 4
Bt , BE B HERfR AT 4B DP AR GC-ECNCI-MS
HEA RT3 A 20207 R R GE SR L, o T A e ik
P 2 BORE AT OR FH e B B 0 (SIMD) B i A 7%
PR AE (AT m/z 2 651.8 1 653.8) P A €6 135 it
HL F J AR AG 0 2% (GC-ECD) L BE G I DP, Kang 5512
R T o FRE AR T 0 8 43 BB (GC-HRMS)
HEATHREI , Zhou S5 R PR AH (8,318 — KR G HL 2 o
RS 1 40 M 1 fa A 36 i A GBI (£ 45 DP) o
AHFFEFH ETES F 5 A1 GC-MS/MS [ 25 S5 i 46
T3 A A3 A T - FEANKOKFE 5 vf DP A 5 il S 4
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