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Rapid Screening and Analysis of 12 Volatile Organic Compounds in Student Stationery

LIU Chunhong', HAN Zhifeng', HE Xiangke', HU Yanlong®, GAO Cuiling', ZHANG Zhili'
(1. Shandong Institute for Product Quality Inspection, Ji'nan 250102, China; 2. Shandong Ludong
Environmental Protection Technology Co. , Ltd. , Ji'nan 250100, China)

Abstract:

volatile organic compounds (VOCs) in stationery. The samples were introduced using headspace injection, separated on a

The study established a headspace/gas chromatography-mass spectrometry (HS/GC-MS) method for 12

DB-624 capillary column, and detected in selected ion monitoring (SIM) mode with internal standard quantification. The
optimization of the chromatographic column and headspace conditions was also carried out. The results showed that the 12
VOCs in stationery were separated and detected within 20 minutes, with good peak symmetry. The 12 VOCs exhibited
good linear relationships within the range of the prepared standard solution series (the correlation coefficient was larger
than 0.995 0), and the method detection limits were 0.02~0.15 mg/kg. The spike recoveries of the 12 VOCs at three
different spiking levels ranged from 85.0% to 113.0%, with relative standard deviations of 4.2%~9.3%. The method 1s
simple in sample preparation, highly sensitive, and reproducible, making it suitable for the rapid screening, confirmation,
and qualitative and quantitative analysis of the 12 VOC:s in stationery.

Key words: Stationery; Volatile organic compounds; HS/GC-MS
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R SCH = 12 PR R P WL T BRGNS
B AEBERETE R AT AL B, BT R, IR T
TR RE Sl AT 7 i RS P R R R TEE U A
AT REFEREES . AR s S 2% & 1%
AL AT e AT T, A SCH R TE L
BRI AR 2%

1 SLIGER4y

1.1 E5EH

AR RS I0E S, Agilent 7890B-5977A , ZE [ %
S 7] 5 Wi B RE 3%, HS40, £ [H PE 44 7) ;40 M KOF
ME204, ¥5% 0.1 mg, i +- METTLER TOLEDO 27,

PIBRBRUETZIR : H S - d8 BRI, 2 000 mg/L;
HHEE b 6 FlOR RPIRARCR  HIOR (LR 40- W (ja)-—
B2 - H ), 2 000 mg/L; B S =S H ke @bk
O bR e S, 1 000 mg/L s B R = S8 LR bR i
1 000 mg/L; S 1,1, 1- =50 L BebnifE b, 1 000 mg/L; HI
EEp IR R IE S L 1 000 me/L; HI v B BE 3R O bmife
fitr, 1000 mg/L., LA FFRifESH I T b i 2o Hbnifid
RIRFGSAR AR WEE, filkal kg2 Bt brife A
MR& AR
1.2 tET/ERTREEH

12 Fpd & PEA L IR S PRifE it 25 1 (100 mg/L) - i 1
FEHGE SARES T 10 mL 7580 HHREE B 220,

12 R AR WL RS PR TAEAI(20 me/L) . HETR
Fo L2 mL R S FRUERE £ 10 mL 252040k, 0 WSS
FEEARZE BN .

N ERBRIERE 759 (200 mg/L) : ERMFSER 1 mL PARFRIfE
VT 10 mL B, MR R e R 2201 .

I hRbRHE TR (20 mg/L): {EMRASEL 1 mL N F5bR
fEfE & 10 mL A2 BB e R 2 218, 3L
BCELH .

1.3 HERBTAbE

HETRFRER 0.5 g(FETRE 0.1 me)HES =20t TR e s
(20 mL TR #ERE H , Vs BRI 25 uL NPRPRIfE T
LB tas AR 1)a o e ) i TR U P i [ e SR
1.4 MESH
1.4.1  TiZs dEkeRs St

IRl i 3 - 80 °C 5 HURE BT « 80 °C s A% 4 2k ik
£ 1 105 °C 5 AP ] : 40 min; SEEEPEAL: 1.0 mL,

142  SAHERESCRAE

DB-624 B4l (60 m=0.25 mmx 1.4 pm); JERE DG
£ :250 °C; FHEFEF : 40 °CPR4F2 min, L4 8 °C/min ) H
FHEZE 120 °C, #4572 min, FFLL 15 °C/min B)EEEFHR £
230 °CPAFF | min, B AU BEFRRGA AN IRERE A
TR (E A : 1.0 mL/min,

143 RS
B W S ED U, & IR 230 °C L 4%

26

TR < 280 °C, PUARAFFIELEE : 150 °C, B THLAE R : 70 eV,
FHER IR T (SIM) . RIER : 5 min,
2 ZER5iTe
2.1 BiEERERE

RSB H] DB-624 AN AL EE 60 m, 4£0.25 mm,
JELJE 1.4 um) Al DB-SMS & 41 & A (FE K 30 m, N 42
0.25 mm & 0.25 pm)., DB-5MS FEAHEH: L 25 L J]
st PR AT SR PR R IR S IR A L
S Bt g o S ACR AN I FIHE R B | 1T DB-624 B41
BRI L, AHE R YA ALY 2 B ORI, i
TEUF  REAZSEHL H brRi i) i 14 8 ST .
2.2 TM=EHEMERMTL

ZRMF S SR A7 P R A T of 068 1T FR
B SEINT . A it ) DDA T 8 i) A SR 23 T R B
I AT R 45 A 60,70 ,80,90,100 °C., &1 4
AP BRI TR A S0 . AAIE 1 o] LU Y B T
B FH W I BUZETE R 2 INPIEL R R i 80 °C e, & B
90,100 °C H Frigyii il FAEE A TR AR, MR DGR B i 5
HRE S5 B T0 S BEREIH I B PR R L B A I P T
A4 ) , AAH I K O B ST i, S A AT 1 A
five PRI, SRS APl B 4 80 °C.

B /10° mAU

60 70 80 90 100

e
B 1 Ao iR A P B A Fa
Fig.1 Effect of heating equilibrium temperature on peak area

Ty TNl N R R 2 s s N VT 9 |
ARG B . BOE MNP EE SR 80 °C, ITAART )
S A20,30,40,50 .60 min., [l 2 A A et R
sEM . DA 2 W] LU B T e m) A 8 e B A
IHfr 3 K, T TS} 1) 40 min 5 352 A AR, 50,60 min IS
FRASIEANHE AL . Pk, 60 DTERA - gt 18] 47 40 min,,

WEHTB /10" mAU

/
46 |

L -

L PO
20 30 10 50 60
1) /min

B2 Aedhond ) s & AR 69 3w
Fig.2 Effect of heating time on peak area
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RTINS, B Sk H bR e T E i TR R
i) BEETGE S, AR TRGU TR T, B304
12 FHEA A EA AU T GRS S TR i

801
70+
ol

z
= 50
é wl i " 10|
# 30+ 12,01, 8
il
20+ ) .
il ﬁwu'h
o ,I.H.| ,“ L l il J |‘\ ;
4 6 8 10 12 14 16 18 20 22
B8] /min
T =S5 2- 1,11 - =R b 3-FR O s A- DU SUARHR; 545
6— =AM - IR bt s 8- A —dB I BRA ) s 9- 14K
10— 55 L1=[R)/ A = 124
B3 RAFELRAISAAEE-RELEETREER

Fig.3 Total ion chromatogram of 12 volatile organic compounds

by gas chromatography-mass spectrometry

F

Btk

2.3 AEFWIE
231 TARhEZE AR S E SRR

YRR bR TARIRWE 2.5.25.50.,100, 125,250 uL
F 20 mL WA, BE IR 2 554 0.04.0.10,0.50 ,1.00,
2.00,2.50.,5.00 pg BIFRAES R, BE4 B 25 pL PR
bt TARR, ST RN 3 A TSN B 3 2 kA 2
o, DT 80 °C , T 40 min J5 E N ASUAH €615 - it
I RS, L&A1y 0 ot i A Al T B R N AL el
FERTE TR O REMR L (IN=3) T F AR R . 1R
12 MHE AR E U 26 5 Re Ao BB AT R -

M T LA, 12 MR L A A R R
1T A8 R EI R T 0.995 0, 12 Fh H AR08 HBR 75 0.02~
0.15 mg/kg 22 18], REMEIH ML SLPRAr i A .

232 EERIRE S

FEBIPERE S A IR A bl TR, A6 3 FRAS
FRACE T IR b T A €003 - 0 SR AR i
ACEEE T 6 RS, BOL-FXEBE TR IRt 6 ik
AT E AR FRE R FE(RSD) . 262 25 FARES IIFRII

12 P 3B H M AT LA 0 250 7 AZ AR R BB IR

Tab.1 Linear equations, correlation coefficients and detection limits of 12 volatile organic compounds

FERNYEATH PRI )/mn ESE TR HARE RS R kiR MXRE R/ (mgkg!)
= b 10.654 83 85.47 ¥=0.517 9x+0.075 6 0.998 9 0.06
11, 1- =8l 10.966 97 99,61 y=0.466 5x+0.009 0 0.997 2 0.04
ZNER 11.356 56 84,41 y=0.797 5x-0.048 9 0.996 8 0.02
USRS 11.863 117 119,121 y=0.887 6x-0.009 9 0.997 5 0.15
B 12.155 78 77,51 1=0.800 3x+0.026 5 0.999 5 0.03
) 12.825 130 95,132 1=0.4153x+0.010 5 0.996 § 0.02
B SZ VR 14.433 83 55,98 y=1.107 8x-0.006 1 0.998 2 0.03
LEF7S 15.220 91 92,89 y=1.062 5x+0.015 2 0.998 7 0.02
H 18.201 91 106,51 1y=1.045 8x-0.017 6 0.996 2 0.02
a)/t-— HI3E 18.407 106 91,105 y=1.174 5x-0.023 8 0.997 2 0.02
A HIE 19.178 106 91,105 y=1.234 5x-0.032 1 0.999 1 0.02
£2 EaKiiReDk R R E A
Tab.2 Spike recovery and precision of blank sample
AT FHIE/ (mgkg ") (i}l rezs9l RSD/%
1 mg/kg 5 mg/kg 10 mg/kg 1 mg/kg 5 mglkg 10 mg/kg 1 mg/kg 5 mg/kg 10 mg/kg
=E 1.12 477 9.65 112.0 95.4 96.5 48 5.2 5.5
L1 1- =55 0.87 4.26 9.72 87.0 85.2 972 75 6.9 5.6
AN 1.02 4.89 11.29 102.0 97.8 113.0 8.5 7.8 6.8
Iy S Ab i 0.92 5.01 8.97 92.0 100.0 89.7 7.2 6.7 7.0
F:S 0.93 4.65 9.49 93.0 93.0 94.9 5.6 6.5 6.3
i 0.95 5.09 10.07 95.0 102.0 101.0 6.2 5.8 6.1
B 57 Ry 1.07 5.21 9.21 107.0 104.0 92.1 49 5.8 4.2
WA 0.97 443 10.22 97.0 88.6 102.0 7.9 7.2 6.0
LR 0.90 4.52 9.89 90.0 90.4 98.9 9.3 8.6 7.5
i)/ - —H A 0.85 4.87 9.87 85.0 97.4 98.7 8.7 8.1 7.1
Ap- L 0.92 5.11 10.36 92.0 102.0 104.0 9.1 7.8 7.2
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M2 WTLIE W 3 RIS IK T T, 1260 B bR
[H] SR FE N 85.0%~113.0%, RSD 2y 4.2%~9.3%, ¥ /N F
10% , B PRI, R v, vl FE A D 225K

2.4 ELEEESNE
e I iR 15 HER SCHAEE R R AT AL
Yk AT . 223 A SCE PR AT IR ST

A3 A PR A BN A

Tab.3 Summary of volatile organic compounds detection data in stationery

A% mg/kg

B

Y

55 =4 1,1,1- . Y&,
vl H
A B Wk O g

ECTN N s
o ok S

—

ik — — 10.10 =
i - — _ -
ik — = — 091
4l 5RE — s — —
il 5rE — — 3.52 =
[ sRE — — — —
IR = =2
KT — — — —
fEIEMT — 1.25 - —
10 fEIE T - — — —
11 B TR 0.08 —
12 S W — — — —
13 IR — — = —
14 fEIEWR - 1.02 6.83 531
15 B IEHL 031 —

ol S B - RV OV N S )

— — 4.56 — — — —
0.31 — — — — — —

5.60 — — = 0.22 0.35 —

— — 5.89 — — 0.63 0.92

" AR

MW LR W, 8 R A L3 A A REEE ARG
o CHPRH rI Ak  HE R HER], Lk
ik EHERY  EF b Y F AR A EY .
Hop =5 b e K88 0.31 me/ke, PO AR ER B KA
531 mg/keg, # 5 K {H M 5.60 mgke, 2K m K {EH N
18.50 mg/kg, LAFRAE R 2.10 mg/kg,
3 SFig

AT N T S O - Tl i, R SR T A5 5
FEHI DB-624 EANEAE /-8, IR e, Wbsike
o TR HAT AT R R O A A i R AT
al W T A S S 12 R R A A AL b ek i A
BRIIE, AT Ay SCHE P S I B PR AR AR S
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