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Determination of 10 Preservatives in Wooden Children's Products
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Abstract: Ten kinds of wood preservatives of chlorophenols and pyrethroids in wooden chil-
dren’s products were determined simultaneously using solid phase extraction coupled with
gas chromatography-tandem mass spectrometry (SPE-GC-MS/MS). The sample was ultra-
sonically extracted with methanol, The extract was evaporated and then derivatised with

acetic anhydride. Finally the solution was purified using Oasis HLB SPE column. The sepa-
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rations were performed on an Agilent HP-5MS column (30 mX0. 25 mm X 0. 25 ym), then
were determined by MS/MS and quantified by internal standard method. Procedures for ex-
traction and purification were carefully optimized. The method was proved to be linear over
a wide range of concentrations for all analytes with the correlation coefficients greater than
0.999 3. Limits of detection (1.LODs) and limits of quantification (LOQs) are in the range of
0. 001—0. 05 mg/kg and 0. 002 5—0. 2 mg/kg, respectively. Average recoveries of target
compounds (spiked at three concentration levels) are in the range of 85.2%—100.1%. In-
traday and interday repeatability (RSD, n=6) of the proposed method are vary of 0. 6% —
9.1% and 2.3%—7. 2%, respectively. The proposed method was used to monitor preserv-
atives in commercial wooden toys, and some preservatives were found.

Key words: gas chromatography-tandem mass spectrometry; wood preservatives; solid

phase extraction; wooden children's products

ABHREROARIILERRAAFHIKE A 1 B/
HWIILERESE., YWRE] REKRE™H 44X 1.1 {UF5KHF
RIBEARFE” IRREIIRETR"F AR E— 7890A K M G £ H Agilent 24 7 7=
FRERAGRMEN SR, RMEAR BB HAE B ;Quattro Micro = H PUMAT R IEL . 25 H Wa-
TR AR AR B T — MR & 2 B ters A7 i Bl E1 IR ; EAHZK RS & . 2 E Su-
FEALER, T A EAMEREREBNEN, pelco AR = NVC-2000 B2 & 0. HA
WMEAMBAEY BB EYE XEYHESE  Eyela AT 5 P300H WA KB . f£H El-
EILEE DL R PSSR TR SR A% A ma 2 & 7= 5 SM2000 # 4] ] BF BB Y. 1 F
BAMRN, S EREREARHEE. TS Retsch A 8] 7= & ; B O #HL: H 2 Hitachi AR 7=
BB M W RSN, MARTRY KN i 3 Oasis HLB [ 6 25 BUHE (6 mL/200 mg) . 3
L0 PP AMBEH, KBEAGR B ARE E Waters AT 5.
EN71-9,10, 1P ZIR (KR & A 1 mg/kg. 2,4,5- ZE KM . 2,4,6 = EEM.2,3,4=

R X RB K IR RRRA NG SEm.2,3,4,6-WEEH AT EREME. R
MITEEREBIRE, B R HFEERSY . G RS (4 =>98%) S i & - W
E7 % = TGN A/ E AR (RO N H % Accustandard A Hl; HEEm.2,4- &
A B AR S W 3R GE ) 4, R P R KWy (A E>=99%) . Wy B #8E Dr. Ehrenstorfer
BEERAMAEEGC/ECDP ARG N[, G50 (GE=98%) I B £ Fluka 2
WP R (GC/MS)IH KT, R IR &, P, AR A8 SE. AEaSEI N
SEIRRARMAERIHEE FIEERNE WERNESY. SBHEKNZ Milli-Q %k Z
RUEEGHRBELRBE. MBRFERAT SHEANEBFGER.ER4EFEH KT
RS MRS AR AR EE BT TN 99.900% B 2.2 ML A N, 45
IR B4 TR AT B S AT BEIECbE (B4 . 1 H % E J. T. Baker 24

ATAERUCR B AR OIS RBKE w5 S0 o B i E b330 3 g 4 Wi 4
13k (SPE-GC-MS/MS) illj 58 A il JL 2 FH & 1.2 FRAEBRESR
10 FlAKT By I . 38 ad XF A B RE 5 AT AL B A AR 04 B L R BRI 1O Fh B S 300 AT o 5 &
AT, FUEREHLESEIERNE 50meg T 50 mLAZGASH T JH VZE) :
WA, FFHEAT I UE B SEBR AR SR L AR VOKEER) =09 ¢ 1 (M A B VR B N
TR AFAMAES FHERALTFEEN 1000 mg/L AR, P BA5 055 W B 4
THE. WER 50 mg/LERMHER. BREBEEFE,H
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V(2B : VOKEEBR) =9 : 1 B BHBENR
TWER R TAERH .

PIARY I EF BRI 50 mg 2, 3, 4-=&HK
T 100 mL 2 @AM, H V(ZED : VK
BEER) =9 : 1 MIEAE AN ES, MK iR &
W R 500 mg/L NIRtER W AR HBRERE
WP 5 mg/L Wb TAEH W
1.3 PR A EE

2 AR ML & AT (O 8 /D 72 mm
BIAR A BREBGE B A 8 T B2 RSB 7 —
BERPMAEESBERERR, PR MEEH
REAR B, IR UEFR RS ST 0 5 VR BB (B IS O PN BB
EHABELR. HEIKERE THEREY 2 h
FHELR, URBRG BRI TTEEEAMA
¥, SRIGTE 35 °C.170 hPa(FFE At 300 hPa, &
Wil W B 170 hPa, DUE S 35 MR AR B T I8, 1
BRREBERZET. ¥iETHARBH T8
ERWUFMICHBREKATM E, HERHEH 2L
& BVS 2 PHAERE .

1.4 HmAmETaE

W FE o B EE AUOB 8 8N F 2 mm (AR,
WETAFRIL 2 g BE 50 T 50 mL HLZERE o, B
AR 2 K, IR 20 mL, 2 15 min, 38
FEFWHBELET,MA 1 mL Wis TIEE

WLTE 4 °C.13 000 r/min 4 F &[> 5 min, £
0.45 ym PTFE (R M 2 %) U8 i U8 /5 # %%
EXLWEAF, F 35 CL170 hpa THER KRS =
2mlAR., MikgGw P A 40 mL 0.1 mol/L
BREREE W, BAEIMA 1 mL ZBREFHEFT 1G4
b R B R L BAES 1 min J5 . B TR
¥ 10 min, ¥WAEMLE LB FRKTPEHBERS
5 mL FEEEAL .5 mL £ B F/KFEH Oasis HLB
A ZE I .5 mL K8 FRMEE I B RIG
KA. & J5 10 mL 218 Z0 B8 UE M, i 5 e i
W IMAERIE KRN T, WiE 30 s G, b
B E .
1.5 @if-RigsEy

Agilent HP-5 MS f%3%4+ (30 m < 0. 25 mm
X0.25 pm); dEAE DR BE 280 C; B WM HE
1.0 mL/min; AWM FHERE 2 pL; BIF A
R WHBIEEE 60 °C, L 20 'C/min F} & 200 C,
RIFPL 10 °C/min F+ & 280 C (f+F 8 min) ; 1A
FIAEIR 5 min; &£ B 250 C; 8 FIREE
180 C;EITHE A=, HERRE 70 eV Z i
P (MRM) 77 3 % .

3RS ETT & I 5 B R BB B (R) R AE B
TXESHINTFEL

#1 FUWERE CAS S &HEEE  RENERRESH

Table 1 CAS registry numbers, linear ranges, retention times and MS/MS parameters of analytes

ERETN m/z

W EWEFXN m/z

KM/

W k&t CAS tR /min HERE
B CBEfi A /eV) (BESE R/ eV) (mg/kg)
1 2, - EEB 120-83-2 6.02 162.1 > 98.1 (16) 162.1>126.1 (12)  0.0025~10  0.999 4
2 2, 4, 6-=RE® 88-06-2 6.68 196.1 > 97.1 (23) 196.1 > 132.1 (15)  0.0025~10  0.999 9
3 2, 4, 5-ZREB 95-95-4 7.08 196.1 > 97.1 (23) 196.1 > 132.1 (15)  0.0025~10  0.999 9
ISTD 2, 3, 4-=& %% 15 950-66-0 7.35 196.1 > 97.1 (24) 196.1 > 132.1 (16)
4 2,3,4, -NEER 58-90-2 7.91 232.0 > 131.1 (30)  232.0 > 168.1(22) 0.0025~10  0.999 6
5 biea 58-89-9 8. 87 183.0 > 147.0 (12) 218.9 > 183.0 (5)  0.025~10  0.999 7
6 HARB 87-86-5 9,20 266.0 > 167.1 (30) 266.0 > 202.1 (15)  0.01~10 0.999 6
7 ST 52 645-53-1 15,78, 15,92 183.1>153.1(12)  183.1>115.1 (19  0.025~10  0.999 3
16.47, 16.58,
8 RAEN 68 359-37-5 163.1 > 127.1 () 206.1 > 151.2 (18)  0.05~10 0.999 6
16.70, 16,71
16.90, 17.02,
9 55 52 315-07-8 163.1 > 127.1 () 163.1 > 91.1 (1D 0.05~10 0.999 7
17.14, 17.19
10 e 52 918-63-5 19. 80 253.0 > 174.1 (7) 253.0 > 93.1 (15) 0.2~25 0.999 6

X T AW YR WM E T X R Z AR WEIENE T MARER RN Y AR M
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2.1 SiEBE-BERE(GC-MS/MS) # il

76 1.5 B AT, 10 B AR M B g 00 A
AR R B AR 4F 1 5> B, B A W1 SR BB FE 21 min
WNBR . 10 MY R A CE > EERT
EI

100+ 1 10

ISTD

Intensity /%

wn
<

5 7 9 11 13 15 '
t/min

Wl 2,4-"EFEE; 2. 2.4.6- = KB
3. 2.4,5- =8 K®; ISTD. 2,3,4- =4 KB
4. 2,3,4,6- @A/ ; 5. MSt; 6. HEAKD;
7. WHVE; 8. WEARHM; 9. HEHMW; 10. WHEHEH
1 10 FhoRHr RS
AR RE MRM &% HE (2 mg/L)
Fig.1 MRM chromatogram for standard solution

of 10 wood preservatives (2 mg/L)

BRI kA TS RES B
SHEMBEXT W ZEY AT EE, AHEE /2
40~400, P& {5 5 558 H HA B m B L i3S
FEAEETF. Re . RAFEFAMHESHEST
TR ST R TR AT A B T e
BEE M ENET. BRI ESEHE 6
AR R RS 43 98 3 55 Tk S 40 4 R B B R R
W48 SRR B A B X8 EE
KRB K

R P =3 AR A 35 1Y Scan &0 (2
D L SIM R GEFEE 7 H#E ) A1 MRM
B2 (2 B B W DA =) 43 390 0 B — OR
i o EL A i O 00 52 B R B Rer e ) PR
RFFTEATIRUE W BN BRI, Z ] R T
Bl 2, M Scan # 3T 5% B AT UL, K 4 #E 4
WIRS AT B 2. 2R AR SIM A,
o, ae Al B A SR s E SR ()
MEATHEOMRZBNER THE W, —FH

AREIRAL ROk M, RECEM N FTRE S
“MRBAPE”ECE L E &7, 5 — F A RR R
HEREE I REEE . MR MRM A, 20T
BRI ks, B RES, F8
EM ERE R, AR EE BRI E.
2.2 BUAMEESMEIMEME
2.2.1 REEFIEE  DLEIBCR RIS, 4F
BT HE.VZED  VOKEEB) =9+ 1 8
W CBRCERCTE 4 T3R8 BUR X A B 1 54
HIERBOE . A 4 PREEEUE XS 2 ¢ B 10
A A Bl 65 300 4 R 4% BH M AR & (5 mg/kg, 1 24
T EHRIE 1 mg/L) AR MR &4T
HEATUR G A EAHZE IR K B , S5 AR v
WA X A B W e Z R TH 3, 458 %
LA FEEFIMIRERACRAEFBREEZT, Kb L
BR 2. T B $2 B SR B 25 ([l e R <C65 %0) s ZHE
V(LB + VOKBEIR) =9 ¢+ 1 BRI IAUR
JE T s PR A 4 BRRUR B A (e B > 74 90, T
HESMW WM& GF (RSD<12. 4%, n=4),
PR b 3 5 P A Sy A S 30 Y 4R BRUES 51
2.2.2 [FEMERZEMEE SHREHTTH
TAERY, BB Waters Oasis HLB [E 48 2 BUR: %
ARG VR P Y 10 Rl I 34T A ZE R,

PR H AL S8 5 R4S, R T B AW
EC . EF MR CER 5 FhA R 6B 5
%} Oasis HLB B A BUH: 10 55 )& 51 19 38
BRBCR . B 2 mL BB, Ve 7 K, Wi
VRSB, AL R, B A9 B0 R &% v B it £
B, LRGPV A R B AE, HIRBHZE J 10
mL, FTARIE 10 R FRIEIR S8 4. W 5 FhdEi
FIARFRYS S 10 mL B A 3k B S80R 47 X, 1|
Wit 8 g vy e 5 IS e ) 0 D BR R Dl 100 9%, H At
Pk F0 7 370 i) 0 T AR S LA L SR XY E A b, 4
RARTHE 4. E 4 W0, P EAFEX 10 F#
Yy R A Ve B BE ST 8 2 L IE . e XoF 3 i 2K ) o Uk
REIE 2, L BR & W5 W 8 JIH 80 R AR W B 47
I, ¥EHE 10 mL PR Z R AE VeI A 5
2.2.3 Wi FMEEE REEHMZE S
ARAB 43R LT 10,15,20,25,30,35,40,45,
50 mL f2E LA (0. 1 mol/L SRR A ) , 3
e H R, e AR BN A 40 mL 0. 1 mol/L
Tk BRSPS VR

SrB5%20.2,0.4,0.6.0.8.1. 0 mL. Z 1%
P 1 A i A AR L 3 b A CH iR, e B
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Fig.2 Comparison of a wooden toy sample using Scan mode, SIM mode and MRM mode

& 0.6 mL LA BAF, [ W83 5 B B3 b, e
¥ R ERTRE R 1.0 mL, B3 & B Z BRI
A PRAEA B 259 B 8 o A AL .
2.3 FHEWIE

H AT, T 8 & AR e B 2 0 KRR
N7 s i S R /N NI 2/ NI 7 NI 37 NN
SEE AR, SR 10 3 4 B b BT I R i B B AR
s AT R S B . S RARMAEMTEAR

TR R 2 S AR T 440, % Hinfk
YR TH B M, RAEEH P —FR
T B O T 1 HLAS &5 150 0 40 1 R R A SR 28 FL R
atn o JE T BR PR B 1 1 B [ e o8 B 0 52

FE 25 HAR BT AR S R BOR H A . B 2 A
R RMETEE A R TR 1,

KRR Y b ERE B RA V(B ¢
VOKEEER) =9 * 1 ¥ W H B £ 0. 001 ~50
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8. MAEHOE; 9. B 10. LEAHm
B3 FEBEH 10 #ARM G EFRRARE WL

Fig. 3 Comparison of extraction effects of 10 wood preservatives with different solvents
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Fig. 4 Comparison of elution effects

of 10 wood preservatives with different solvents

mg/ L, DLZS AR R i R 25 5, AT IS0 KT
F N AR S B, A5 B &4 BT R A I BR (LOD, S/N
>3 H5EERLOQ, S/N>10)414lK 0. 001~
0.05 mg/kg #1 0. 002 5~0. 2 mg/kg., FILLE
LR &Y R B BRI AR T R I % 4 dR
HEENTL-9 Rl EMRE (2, 4+ZE XM,

2,4,6- Z A A MKW E AN 5 mgke,
2, 3, 4, 6-IUEEM R EN 1 mg/kg, AR
My MFHBR = H 2 mg/kg,2, 4, 5= KW,
AEE MG A F N AR RS 3G R Y BR &
4 10 mg/kg) .

TR AEZS [ AL & R X 4 R B R R ) Bl iR
i B 3 AN TRES K SF L 45 2 4% A [l i
RIE 85.2% ~100. 1% 2z [8], H ] 45 % B (RSD,
n=6)/NTF 9. 1%, ¥{HK 3. 1%0; H B % &
(RSD,n=6)7E 2. 3% ~7. 2% Z Al , BAK ¥ 42 7))
T 2, & HHEREIINRER (2 mg/kg) B
MRM 3% 7R T 5.

2.4 EERESRBAIE

N R A 7 ik X i R AR B 12 R Be B
BERPEATIE., S5REW. 77T KA PE
R 1 AR B A 4 KBRS
B 3 MR, A S KB RAR . A
T 9 5 AR BE R U, SE R T 9 PR B R R
Hp@QF 0 AR AREHERTE 7 K3
B JLPERA R, o LU, BN EE AT
ARl Bo L 7= 5 0 B AR B, BLIRE BLA Tk 3.
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F2 10MPBEFAOCKEEUR.EERUERESEHE
Table 2 Recoveries, LOD, LOQ, intraday and interday repeatabilities of 10 preservatives

5] 3 2
o BWRLOD), FRRWLOQ,  FWE/% (HWHHE, n=0) e
(mg/kg) (mg/kg)

Rk & YR B RWRE 2 mg/kg
2, &-"E KM 0. 001 0.002 5 92.0(2.3) 96.1(1.5) 97.2(1.5) 6.8
2, 4, 6-=F&XE 0.001 0.002 5 90. 2(6. 1) 98.8(1.7) 93.0(2.7) 2.3
2, 4, 5-=HKEB 0. 001 0.002 5 94. 6(4.5) 95.3(1.0) 100.1(0. 6) 2.6
2, 3, 4, 6-PUEEDH 0.001 0.002 5 96.5(2.8) 98. 8(4.7) 97.6(1. 1) 6.0
ST 0.01 0. 025 96.7(1.6) 93.3(4. 6) 99.1¢2. 0 2.7
HEAFE B 0.002 5 0.01 92.5(2.3) 96.8(2.2) 99.9¢1.7) 3.5
T 0.01 0.025 90.3(2.8) 99. 8(3.3) 91.5(3.2) 7.2
WARM 0. 02 0. 05 95.3(1. 9 86.6(2.6) 94, 7¢7.7) 6.2
- 0.02 0. 05 90.7(3.2) 85.2(4.0) 91.9¢9. D 6.2
HE 0.05 0.2 97.8(1. 4) 97.7(3.8) 90. 8(4. 8) 4.8

L ARWREE 0. 01, 0.01, 0.01, 0.01, 0,05, 0.01, 0.05, 0.1, 0.1, 0.2 mg/kg;
hyRE.2.5, 2.5, 5, 0.5, 1, 1, 5, 5, 5, 5 mg/ke;
EWE:S5, 5, 10, 1, 2, 2, 10, 10, 10, 10 mg/kg

R3 ERAFHTEERPGNLES R

Table 3 Contents of preservatives in different wooden toys

A BB BLFE &/ (mg/ke)
e
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10  Sl1 S12
2, 4-"& R
2, 4, 6-=8EH 0.112
2, 4, 5-=REH 0.039
2, 3, 4, 6-PUEER 0. 050
A 0.157
HAFEEH 0.157
gl 0. 650 0.215
RESHE 0. 081 0.191 0.330 1.275 0.143 0.899 0.225
AF 0.078 0. 202 0.327 1.249 0.147 0.870 0.234
REA R 0.557 1.313 1.154 0.378
3 5 78
100 - 100k 1ISTDg 5 iy 10 b
a
" °
L T ”‘M
z 50 f g s0r 1,
g E 3
0 T T T v T v T T T 0 g v F ey 7 v
s 7 9 11 13 15 17 19 21 23 s 7 9 11 13 15 17 19 21 23
i/min t/min

E 5 ZA#EmA(a)fmiaeEm (b)) MRM & i &
Fig.5 MRM chromatogram of blank sample(a) and spiked sample (b)
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