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VOCs IRATMEY T HEE . LB S NEE . DI S - TG AL (5977A-7890B Y ) |
IENEE, TH . ZFROER . SRS NEE . IE THE 2R 1- Wz (20 mL) , ZHERBHEA AR BF0Hr
AL -2- N . CFRIENTR . 2- CEIECRE. 4- H K-, ME204 BY, Hkedy - FCRIZ LR BRAE, 1
Fe - IR 1- LA 2- NEE . R ZERIE TR . mL, flERE L]

A (AR, |, X)) THZE KK, 2- LRI 1.3 Fik
ZHOTRER . ROE, T R S, % R R 1.3.1 A7k TAESRALH

. R —HfE, 7#[E Dr. Ehrenstorfer 23w, &AL IE 5 ik B S VOCs TRA PR T ARV L il 155
M ZCBRTTER, 25908, ikt R Ry B 1.
ARAF]
F1 258 VOCs RARETLIERR
Table 1 Standard solution solubility of 25 VOCs mg/L
4’5 Haeyy 1 %% 2% 3% 4% 5%
1 it 0.001 509 0.007 545 0.015 09 0.075 45 0.1509
2 i 0.009 997 0.049 983 0.099 97 0.499 83 0.9997
3 SN 0.001 499 0.007 497 0.014 99 0.074 97 0.1499
4 TR 0.001 517 0.007 587 0.01517 0.075 87 0.1517
5 1L 0.001 499 0.007 495 0.014 99 0.074 95 0.1499
6 TR 0.001 507 0.007 537 0.015 07 0.075 37 0.1507
7 LR 0.001 546 0.007 730 0.015 46 0.077 30 0.1546
8 LRSI 0.001 491 0.007 455 0.014 91 0.074 55 0.1491
9 IETEE 0.001 503 0.007 517 0.015 03 0.075 17 0.1503
10 ES 0.000 164 0.000 821 0.001 64 0.008 21 0.0164
11 1- FAEE -2- T 0.009 911 0.049 557 0.099 11 0.495 57 0.9911
12 ZERIE RS 0.009 906 0.049 532 0.099 06 0.495 32 0.9906
13 2- LEHE O 0.001 484 0.007 420 0.014 84 0.074 20 0.1484
14 4- HIEE -2- TR 0.001 486 0.007 430 0.014 86 0.074 30 0.1486
15 1- A 2- TNEE 0.009 952 0.049 762 0.099 52 0.497 62 0.9952
16 o 0.000 169 0.000 846 0.001 69 0.008 46 0.0169
17 ZFRIE T IR 0.001 503 0.007 517 0.015 03 0.075 17 0.1503
18 ZH 0.000 162 0.000 812 0.001 62 0.008 12 0.0162
19-1 (Ta], Xf) —HIZR 0.000 156 0.000 780 0.001 56 0.007 80 0.0156
19-2 A 0.000 150 0.000 749 0.001 50 0.007 49 0.0150
20 N 0.000 147 0.000 734 0.001 47 0.007 34 0.0147
21 2- LHIEC LR TE 0.001 479 0.007 397 0.014 79 0.073 97 0.1479
22 NN 0.001 501 0.007 507 0.015 01 0.075 07 0.1501
23 TR R 0.009 826 0.049 130 0.098 26 0.491 30 0.9826
24 I g 0.009 804 0.049 022 0.098 04 0.490 22 0.9804
25 2 R g 0.009 905 0.049 525 0.099 05 0.495 25 0.9905
132 HA#E& AT ACE (ERRITEN ) ZEA TS, IRl

FAVRHER ) TR AR FR VI A 10.0 cm x 15.5 cm, FAR IR 1 mL =R EImER, B85 0as .
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Tizs . AERCEETIREE, 80 °C; AR &L M7 [H],
45.0 min; FEARFR, 3.0 mL; FESVERIEEE, 160 C;
FE G EAF ], 0.05 min; R, 180 °C;
FESHUINEE 77, 138 kPa; fIJEEHE, 0.20 min; 76
AEFE], 0.20 ming FEAERTTE], 1.0 min,

i VOCs TR EMEH, 60 mx0.32 mm x
1.8 um; A, &SR, EHAE, A 2.0 mL/min;
HRECR B, 180 °C; 4riiith, 20:1; FJFFHE, ¥
AIRFE 40 °C, {4452 min, DL 4 °C /min i8R THE
%200 °C, f#4% 10 min.

i HEENEE IR, 220 C; BB, BT

ZiUR (electron impact, EI ) ; BFIREE, 230 C;
HLERETE, 70 eV; POARATIRLEE , 150 °C; dEHR 44,
RAESH0LE% 2,

2 HRS5HMH

21 BRAEGVEEFRE

Bl 1R TR 20 B & 8
R

HIFE 1 AT, AT DA b oy i R . T
M. Rl H2R% 25 i HAR VOCs.
22 HEME SRR

A @GS - FOSECT 25 # vOCs IR A

*2 WIEBTER

Table 2 Characteristic ion selection m/z
45 & EmET REEEE T G5 ey EmET WEErEs T
1 e 31 29 14 4- HIJE -2- S 43 58
2 I 31 45 15 1- Z5EHE -2- N 59 45
3 SN 45 43 16 HoR 91 92
4 PR 43 58 17 ZBRIE T R 43 56
5 IENEE 43 58 18 R 91 106
6 T 43 72 19-1 Cla], %) —H% 91 106
7 IR 43 61 19-2 4B 2K 91 106
8 LIRS N TR 43 61 20 KN 104 78
9 1E T 56 41 21 2- LRI I TR 43 59
10 ES 78 77 22 7N 55 98
11 1- FAR -2- TR 47 45 23 T R HEE 115 114
12 ZIRIE R 43 61 24 IR H R 100 129
13 2- LEFIEE 59 72 25 O R HE 114 143
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Fig. 1 [Isolation of 25 VOCs
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oM e ik ke th R, 2553 3 frn. h#&R 3
AL, HEMES PR TR R KT 0.9950, £
(EY Sy o
2.3 HEWHE

PERHRL S ENI 5 4E, 80 CRMLEE 2 h, BT T
PRI A SRR PR 1.3.2 W5 kil 6 2
FIREAS . FHES S JUR A bRl ARG W % 1/40 e g
HIPRIE, B 6 325 FIREA M AR T, B
o PATINE 2 9K, sk AR B ARG P ) U TE AR
B A0 H BR AL A 0B F G bR E i 22 (relative standard

deviation, RSD) U1 4 fr/n. M 4 AlHl, & Hbr
LA RSD 1 0%~15% Z 18], UiBIA iErEE
PEELT
2.4 [EUgE

6 fyzs AREA, S 5 IR G hn i TR
il 175, 1/20. 1/40 W& BEROARIR, 1 FHAS W A% 20 5
BB 1 mL bR THEAS, RS iil. RS T
WE 2 0, AR HPRE S Y89 B HT RSD,
A EANENSCRIAZE a2 5 R, & S alAl,
% AbRE &9 6 BISCRAE 75%~120% 22 6], RSD 7E
2%~15% ZI8], ULAHA i 2 AT

3 25MVOCs trifEph & B8 H IR
Table 3 Standard curves and detection limits of 25 VOCs

i E&w LR R Jr R /(mgm™)
1 FH »=5.802x10°x+1.235x10° 0.9987 0.005
2 L y=6.721x10°x+3.942x10’ 0.9986 0.031
3 SN y=2.722x10"x+6.634x10° 0.9978 0.004
4 TR y=2.853x10"x+1.061x10’ 0.9987 0.005
5 IE PR y=1.362x10"x-2.331x10° 0.9994 0.004
6 T y=3.144x10"x+3.422x10° 0.9969 0.004
7 LR TR y=3.455x10"x+4.149x10° 0.9993 0.008
8 RSN g y=3.357x10"x-4.408x10’ 0.9984 0.005
9 1E TR y=6.418x10"x-1.516x10° 0.9978 0.004
10 F y=8.308x10"x-1.956x10° 0.9998 0.001
11 1- FAEE -2- N »=2.033x10°x-5.033x10° 0.9955 0.088
12 ZRIE P ¥=9.808x10°x+6.296x10’ 0.9960 0.032
13 2- LA B y=4.198x10°x-5.602x10° 0.9981 0.180
14 4- F 3 2 TR y=1.724x10"x-2.566x10° 0.9996 0.003
15 1- C5SE -2- N y=3.827x10°x-8.618x10° 0.9965 0.047
16 FoR y=4.742x10"x~-1.326x10° 0.9962 0.001
17 ZMRIE T i y=1.709%10"x - 4.464x10° 0.9988 0.002
18 v y=3.769x10"x -1.467x10° 0.9982 0.001

19-1 (], %) ZHZE y=2.951x10"x-1.312x10°" 0.9993 0.001

19-2 A R y=1.736x10"x-6.091x10° 0.9993 0.001
20 Y y=1.357x10"x-6.242x10° 0.9989 0.001
21 2- LRI KRG y=2.349x10*x-1.179x10°" 0.9966 0.150
22 EZNwAL ] ¥=3.925x10%-1.721x10°" 0.9992 0.004
23 T TR g y=8.381x10°x-3.091x10°" 0.9973 0.190
24 SR R y=1.794x10°x-6.970x10° 0.9966 0.200
25 c TR T H R ¥=3.990x10"x-1.553x10° 0.9954 0.210
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Table 4 Precision of 25 VOCs

9i's k& RSD/% i & RSD/%
1 FH 6.93 14 4- HISE -2- T 10.32
2 L 1.65 15 1- LARHE -2- TN 1.47
3 ST 2.18 16 GBS 0
4 i 4.07 17 LBRIE T Wi 1.84
5 IE PR 7.64 18 L 0
6 T 3.31 19-1 (Ta], X ) —HR 0
7 LR TR 0 19-2 A8 % 0
8 RSN 2.31 20 K 0
9 1T 3.56 21 2- LRSI LRI 2.28
10 F:S 0 22 7NN 2.38
11 1- H AL -2- TN 1.81 23 TR R 2.70
12 LFRIENTR 4.20 24 TR g 4.45
13 2- LI 14.27 25 R 8.46

x5 25 VOCs ARMFRE REHMFEKREMBATFERE

Table 5 Recovery rates and relative standard deviations of 25 VOCs with different spiked mass concentrations

- oty U5 55 5 Goe i 120 45 5 ki 1/40 MRS 5 RUFE
RSD/% ISR 1% RSD/% [ /% RSD/% Bl /%
1 H R 2.55 85.51 4.84 87.31 6.29 92.45
2 LT 5.18 92.06 0.92 94.89 1.26 104.50
3 SN 3.48 94.61 1.88 87.91 0 97.20
4 P il 2.01 89.66 1.52 95.02 3.14 91.96
5 IEPY R 4.09 89.44 1.55 94.10 9.87 88.93
6 TR 3.06 95.14 4.44 90.51 0 102.85
7 LR 3.35 84.72 4.22 84.22 0 88.23
8 LIRS N TR 3.16 93.04 4.95 93.56 0 91.48
9 ETE 7.15 91.78 9.80 94.88 0 90.75
10 ES 3.63 92.15 0.71 85.06 0 75.61
11 1- HUACHE -2- T 5.75 96.18 0.45 98.84 2.80 95.09
12 ZBRIETT B 8.18 86.61 7.93 93.26 1.40 94.82
13 2- LRI 6.99 95.05 6.32 100.17 11.86 106.54
14 4- HJE -2 T 7.36 95.18 10.02 91.79 11.86 106.39
15 1- LS -2- T 7.23 91.42 0.72 92.05 0.86 102.79
16 HIZR 6.15 105.47 0 91.72 0 110.06
17 ZIRIE T His 4.04 108.28 7.93 92.81 3.14 92.81
18 ZH# 7.44 90.90 0 76.54 0 76.54
19-1 (], %) —HZ 3.63 96.88 0 79.49 0 79.49
19-2 A — 3.63 100.75 0 82.67 0 82.67
20 K 7.86 94.90 4.55 84.35 321 84.35
21 2- LRI IR 7.73 95.89 5.13 100.61 3.14 94.32
22 NN 4.64 94.49 531 99.13 3.29 88.81
23 TR R 3.05 96.89 9.35 107.42 0.49 91.18
24 IR g 9.49 101.34 9.49 101.34 3.18 98.34
25 o W R 10.92 97.14 10.88 101.72 8.43 94.52
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PO AS AR N R, FE IR 1.3.2 1l 45 3
ByREAS, U 5 GRS AR ME AR 1/20 M3
FIRRI, RS AR RS I 1 mL AR TAREA, &
i DS, SPATINRE 3 ke ARl HBRfE& P Y [l

KM RSD 25 WK 6. H3& 6 ol %1, FEf 4 Hin
BB WY EISCRAE 80%~105% 22 18], RSD 7E 0%~10%
ZIA], BEEHA D B MR ICR BT, e 2
INFEHFRHRRY VOCs Kl sk

6 25 VOCs FRIINHRER 8 7R EE 6 #R E W2 F0HE 3 45k 2=

Table 6 Recovery rates and relative standard deviations of 25 VOCs with different spiked mass concentrations

aEw RSD/% I /% ey RSD/% IRl /%
FH i 3.76 88.01 4- HI3E -2~ TR 4.49 95.19
B 3.34 98.84 1- L5 -2- N 1.22 87.54
SN 6.15 93.06 iFS 3.27 89.70
P i 4.80 93.79 ZIRIE T R 4.88 88.74
IE 3.45 95.95 R 0 86.57
T 4.89 90.82 (], X)) —HZ 0 82.54
LR 7.14 90.90 AR I 0.66 82.26
3 2?:.’ -L/l,: International Journal of Research, 2017, 3: 7-12.
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Determination of 25 Volatile Organic Compounds in Primary and Secondary School

Textbooks by Headspace-Gas Chromatography-Mass Spectrometry

( Published Products Quality Supervision and Inspection Center of CPC Hunan Provincial Committee Publicity Department,

Hunan Branch of Publicity Department of CPC Central Committee Publishing Quality Supervision and Inspection Center, Changsha

410200, China)

Abstract: In order to expand the scope of volatile organic compounds (VOCs) in primary and secondary school

textbooks, headspace-gas chromatography-mass spectrometry was used to detect the residual content of 25 kinds of

volatile organic compounds. The experimental results show that the method has good separation effect, the recovery

rate of 25 VOCs is good, and the relative standard deviation is less than 15%. The pretreatment was simple and the

detection time of single sample was less than 1 h. Compared with the existing VOCs detection methods for primary

and secondary school textbooks, more VOCs as much as 9 were detected, which provided the possibility of short-term

and more comprehensive detection for centralized batch printed textbooks, and provided strong support for the quality

control of primary and secondary school textbooks.

Keywords: primary and secondary school textbook; volatile organic compounds; headspace injection
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