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Composition characteristics of organic matter and identification of
odorous substances in organophosphorus pesticide-contaminated land
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Abstract The odor pollution in pesticide contaminated sites is prominent, and the accurate
identification of odorants provides important scientific basis for site remediation. In the study, a
comprehensive scoring method was established and applied to screen odorants in the light of
olfactory threshold, concentration, detection rate, and volatility based on the analysis results of
volatile and semi volatile organic compounds by headspace-gas chromatography high resolution
mass spectrometry in organophosphorus pesticide contaminated sites. The optimal odorants
controlled of organophosphorus pesticide contaminated sites were proposed combined with the odor
safety grade. A total of 354 organic pollutants were detected in organophosphorus pesticide

contaminated sites, among which alkanes, alkenes, aromatic compounds, halogenated compounds,
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oxygenated compounds, and sulfur compounds were the main pollutants (the sum of which accounted
for more than 90%). 47 potential odorants were screened by the comprehensive scoring method,
including 10 oxygenated compounds, 9 sulfur compounds, 16 aromatic compounds, 9 halogenated
compounds, 2 nitrogen compounds and 1 other compound (O,O,0-Triethylphosphorothioate).
According to the results of odor safety grade evaluation of 47 potential odorants, 8 odorants with
odor safety grade A (ethanethiol, trimethylamine, pentalaldehyde, tetrahydrofuran, acetaldehyde,
methanthiol, isopropylbenzene and dimethyl sulfide) were listed as priority control odorants in
organophosphorus pesticide contaminated sites.

Keywords  organophosphorus pesticides, contaminated site, organic pollutants, odorous

substances screening.
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Table 1 Main products and raw materials of different venues
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Scientific), SR AR 5 {15499 S5 1) 7o % SRS D TEU0).
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TR 60—90 °C, A7 H] 50—90 min. B 100—200 mL 25 b 7 S5 HEAT ¥4 B 19 e 44 b 1.

SR T i 4 WA PERERAR 100—200 mL, A {434 DB-SMS(60 mx0.32 mmx1.0 um); %
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2 25 5418 (Results and discussion)
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Fig.1 Comparison of pollutant types in organophosphorus pesticide plots
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Table 2 Substance olfactory threshold division
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Table 3 Top 20 substances with detection rates

Yy Kt /% Y K2R /%

Substance Detection rate Substance Detection rate
GiFS 88.89 =R 60.00
AR 84.44 14-— 5K 60.00
AR 82.22 B IR 57.78
A 82.22 Wi 2 FHE 2K 57.78
Xt 2 80.00 0,0,0-= Z BB RHER I 57.78
L 77.78 TR E R 55.56
=EH b 75.56 L12- = =R Ok 55.56
s T 75.56 12- 258 L% 53.33
S 71.11 AR 48.89
&) = H 2 64.44 ZHETH 48.89

2.3 LAY ERY) T

A T AN 2 T5 Y bR A SR IR B () I, 22N A LB | IS | K. X 2t
Yy A © A AR 24 3 M 75 SRR AT S o S AT 0, (H A2 A 2 75 Y o e S R ASP 8 5 20 T R R TE )
[t AR (B R, 2 0 i MR R (B AE 107 mg-m™ JKF, B W1 fE 10°—107* mg-m™ /K-F, >34
JAE 107 mg m ™ KV, MR EAR AR, 24 b3 v 10 33 2649 OB 21 25 A0, 7 A SR T G B XUR: P R
IR BE K-, 3 S 4 B2 2 S R, R B S e O SR — Lk . A RO, AR L AR A
ot RIS T 50%, HAMY) BT AR AN R, 32 D DR R 3k S o n] RE SR IR T AN [ AT AL A 2
sty (T B9 JEURRDRE | v ] 7y e At 7, e 2 ) o R IR T AT BB 247 i (T B9 SRR, o =
OV 2 i W R R TS 7 it ) SRR s = Y g e R VRl R A 8 7 o 4 Dt AT LR A ) 2 2 ok
25 LR TP A SR 1, R B PR A LS P RIS, 22 75 b et AR 24 B 2555 07 T —
CHETRUR AR Corp R EA, ZRREE R T T A 24 04 v (B A BESR M o nT RESR IR T
SR UL A BB A 1)

&4 IAVRY R
Table 4 Typical odor substances

N e RO i/ | Uk R/

B (mgm) Kbk K W (mgm) R, POTRE

L7y . (mgkg") s . (mgkg")

Olfactory Detection . Olfactory Detection .

Substance Maximum Substance Maximum
threshold rate R threshold rate .

concentration concentration
PRI 1.48x10™" 57.78 0.0035 WEW} 1.90x1073 17.78 0.0004
FH i e 1.50x10™* 17.78 0.0005 I 2.95x107 4222 0.0150
F G ik 8.32x107 33.33 0.0009 IE TR 2.16x107° 6.67 0.0003
LI 1.00x107* 20.00 0.0590 praics 1.40x1073 6.67 0.0002
LA 2.41x107° 6.67 0.0002 IEC 1.10x107 4.44 0.0010
ZimAbhi 7.14x10™" 48.89 0.0581 ST 1.13x10° 15.56 0.0012
B 7} 9.25x107 44.44 3.9049 7 F i 8.50x1072 22.22 0.0006
F 3L 2 A 2.20x1072 15.56 0.0040 FA 4.85x107 4.44 0.0053
2B 948 St 7} 6.20x1072 28.89 0.1462 — 8.44x10°5 6.67 0.3060
TLHETH 1.09x107? 48.89 49110 =% 5.40x10°7 4.44 0.0040
TR 7.30x107 17.78 0.0295 WER} 1.90x1073 17.78 0.0004
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Table 5 Scoring criteria for screening indicators

IHHE W&/ (mg-m™) " WK/ (mgkg™) T th /% R PE/kPa®
Score Olfactory threshold" Concentration level Detection rate Volatility*

1 >100 0—0.1 0—20 <10

2 1—100 0.1—1 20—40 10°—1

3 10°—1 1.0—10 40—60 1—10

4 10°—107 10—100 60—380 10—100

5 <10 >100 80—100 >100

1) W B {E B Y- 275 AT SE (9223 i fh 27 49y B 30 (L K5 = 0 R A 5 W L i BT 2 ). 2) 438 R A e U AR BT R
25 CTFZESEERRIE LMD, AriffChemicalBook . I R0 45: Pt LA B4 . ChemBlink £ it Kodli e A5 FH S K 2.

1) Source of olfactory threshold data: Refer to the olfactory threshold data table of 223 chemical substances measured in Japan ™ and the
“Compilations of odour threshold values in air, water and other media”®". .2) Volatility data source: This study used vapor pressure values at
25 “C to represent the magnitude of volatility. The data was obtained from websites such as ChemicalBook and Chemsrc, as well as related
databases such as ChemiSpider database and ChemBlink chemical database.

IR TR BR RS S R ) 1) E AR AN (], 4 R bR 22 ) R TR R MR R > B R >4
PESHG 38, SR IR 2 U 23 B i (AHP 25 B 2% 168 Fn I AL B R B, IR 2R 8P i, WX (1), 18
AL S e Z55 4558, SRR S E I/ N B A T HE P

Yigs = 0.38 X ruggps +0.33 X rygpr + 0.18 X iy + 0.1 X e (1
o, r TG R A T RE AR B 0 EL, JHE AR 5 A I Yoy NSRRI SRS 1507, 1300 B, RN %
Wy T T A S AR XU, R
242 kSR

L5153 HFTERT 50 A W BT ANk 6 s, (4505 A 4 16 F, S aiAb G4 10 Fh, & EA L 9 Fh,
i ARAE O B, ek 3 Fh, E AL G 2 Fh, HAD 1 A v e Ja ML (R Ak TR R A X [B], AN B 7 A
Wk, T H E A B R WS e ORI T IR Y Y, BT RUE YR i B R s P A
HH B e s W 24T R, 38R AR B TTER 7 R P, SR 2 A I B G R, W T RIR O
2-HEC BRI T 8¢ 3 Rhbe e HEBR, Iy 47 Rl A A DLBEAC 25 37 b v e S IR o, 4245 16 Fh
ARG o B . 9 S ALY o R U 2 F S A AL SN 1 ALY (0,0,0- =4
FEOACHEIRMR ). 1X 47 W B A 16 TP (9 Fh i AR 7 FhOF 1LY S GB36600 HL 1 ¥4 i,
TR . & ALY AP 31 Fi AL S bR ) B A TERR B I B, X A 5
—ANEEANFE. HPFSEN XS B HLBE AR ML 25 52 G Y5 Y M G T AR I 25 2R s T Bk . — 1
B H R =5 S i M e i) T2 B S R 5. T S R A LB 2 75 Y b e R T Y e A 5 2R
W7, MR P2 RS B i A D B SRR O I e, R AR O S DR
TR LA EOR. ARSI Y 47 PP TE SR IR B a1 RS BR P R =AY
A W BT, Ul A AT i e 45 SR B — e AR, BB A AL AR 2475 Y R S DR I6 B 53 IR ) o
PUN PR AERLRI R 2% | RN IR 2, B TE S IR BT 44 s e B T 6 DA LB A 24 e 22 Fhefe
2577 i A ARAS Y, 1R S SE T b s ik — 2D B IE AR FE.
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Table 6 Top 50 substances with comprehensive scores

He44 Y 1534y He44 Yyt (Ein He# Wik 455
NO. Substance Scores NO. Substance Scores NO. Substance Scores

1 TR 3.51 18 2- TP 2.54 35 1,2,4-=H% 2.18
2 a3 3.43 19 L4- R 2.53 36 ] 2 HHIZR 2.15
3 Z Wik 3.21 20 KPS 2.49 37 0,0,0- = ZH:Ai AR BR 2.13
4 Xof R 3.17 21 LIPSy 2.47 38 2-HEC ke 2.12
5 LHH 3.03 22 A 2.46 39 =W 2.09
6 FH Bt gk 3.01 23 LB 2.44 40 1,2- R 2.08
7 S T 3.00 24 ZEx 2.43 41 (N 2.07
8 Ji] —FH 2 2.96 25 LRI 2.43 42 xR 2.06
9 R Abak 2.89 26 [ S 2.42 43 STk 2.05
10 TRIEAR 2.83 27 2- 71 2.41 44 A+ 2.05
11 A e 2.71 28 ZIRW g 2.37 45 WEWY 2.00
12 ) 2.65 29 DU L 2.36 46 R Bt 1.98
13 Hix 2.64 30 B SZ Y 2.30 47 1,2- 52 Jt* 1.95
14 % Sy 2.63 31 R 2.29 48 I 1.95
15 P S Ak 2.62 32 1,3,5-=H% 2.25 49 IR 1.93
16 Xif 2 HEH K 2.56 33 12,3 4-00F3LE 202

50 RNAE 1.90
17 e St 1} 2.55 34 1B VA St 2.20

T *FRIRGB36600 - HLAE A XU A5 45 ) . Note: * indicates the risk control substance specified in GB36600.

243 SRLEFH G ERY

S R ) ST 14 L 15 30 R T R DX L, BT 280 B ) AR I AN — 7 2 o AR 3 s
F ARG 2 F G TR E M R T e, fE—E R LRI T 5y B A A S R XU, IR
LA SRR TR L 4 R B/ NEAT RS 78, TR 2 4 R R 5 05k LA K (2)

UREE A A EL = WD i R DR BRI/ 0 J5 R R (2)

RZE AR AR5 5 B, a3 7 7R, A W BT (e B B BRAELVR B 1 23 %t s B ) S IR
i M0 B 20 oA A B B BBV B LT 2 JC IR A Ry SR iE AN [ 400 T P o 7 S AR XU, X 2% 6 T i ot
HEAT TR A AR o3, W TS G s BB S A AR S R ) B A e Tk 8 I, T LR AT 30 A
JRABOSTHIA R % 42 AR, alad SRR o3, Hoh 8 R o TR L 2 F R PP By A 9, TER 774
fl HE XU Z A, g il 1T W p S okin gy, NI, SR =Wk, G . DU R . O AR
W, S N A R RS 8 Bl S DA ALK 24575 Yt HL 5 BT ST A IR S R o

x71 AKRLEEH
Table 7 Odor safety level™!

ARE AR ARE R TR
Odor safety level Odor safety factor Note
>550 I 90% AU AY N REAS B e B2 W) o 1 BB BE T <k
B 26—550 50%—90% A FBURR I A RERS Bnt 2132 40) J5  FR {2 1 A <BR
C 1—26 DT 50% N EUR A  BEAS RRE 211200 BT B FRAE e B2 R A<k
D 0.18—1 10%—50% %A A HENS R0 B2 5 B IR VR B2 1 19 0B
E <0.18 DT 10% UM A RERS IS0 2% ) o I BRABVR B T Ay Uk
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Table 8 Comparison of odor safety levels of superior controlled substances

e )i M/ (mgm™®) XS/ (mgm™) RIRL A FREL RIRL R

No. Substance Olfactory threshold Health risk value Odor safety factor Odor safety level
1 Vi 2.41x10°° 300 12431419.08 A
2 = 8.44x107 24 284360.19 A
3 R 1.40x10° 192.24 137314.29 A
4 SR 2.40x107 300 125000.00 A
5 LI 2.95x10° 45 15254.35 A
6 R 1.50x10°* 1 6651.77 A
7 SRR 4.51x107 268.29 5952.48 A
8 FH it ik 8.32x10° 28 3364.77 A
9 [ — 1.94x10" 50 257.31 B
10 1,3,5- =% 9.12x10"! 228.07 250.02 B
11 2-THE 7.28x10"! 165.45 227.27 B
12 ZH = 9.25x10° 2 216.18 B
13 2-T fiid 1.42 300 211.81 B
14 X R 2.75x107" 50 181.89 B
15 LK 8.06x10™ 100 124.11 B
16 14- 250K 7.30x10" 30 41.10 B
17 LIPS 1.36 50 36.84 B
18 IR i 5.62 200 35.57 B
19 MR 5.70 200 35.08 B
20 AP 1.80 50 27.76 B
21 1,2- — 50 4.20 50 11.90 C
22 ERS 4.50 50 11.11 C
23 ZhRAbaR 7.14x10™" 5 7.00 C
24 i 23.8 30 1.26 C
25 =AML 203 20 0.99 D
26 S 9.42 6 0.64 D
27 LA 31.6 15 0.47 D
28 A 157 60 0.38 D
29 AW 607 200 0.33 D
30 1,2- 8% 25.0 7 0.28 D

T (R B (5% GBZ2.1—20 1906 S HE A, AR vE P s 19, 275 36 W BUT Tl T 22 (ACGIH) & Aii F R R XU 1
FRAE.

Note: The health threshold refers to GBZ2.1—2019 occupational hazard exposure values. If not included in this standard, the health risk
threshold limit values published by the American Association of Government Industrial Hygiene (ACGIH ) should be referred to.

3 %58 (Conclusion)

(DA BLBEAC 2575 R B ILAG ) 354 FloA LTS 0L W), WITRAUSSZ AR, Wi 1 el 22218 . it
ke, SRANY . ALY . SR EYEZRYB B B TRk IR A R
TE 80% LA L, AR 2y 15 e M Bl A7 A A LTS Je ), & SCA ML . A PLBLAL Y A& AL & g it g
TERA, 7= A S R 5 e iy KU 5K

(2) LAWRERE W BEAKF | A R R3S 0 e A, 57 £ P 0 AR, AT ML 75 %l A
IR A ALY S e AT AL PPAL, T et 47 Bl e SR M B, 045 10 Mol & AP 9 M i A il
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3

44 %

Yoo 16 MOFEAL S, 9 Rl AU, 2 Mg ZAL S PIAT 1 MOABY 5 (0,0,0-= Z 3G AUHERRR ).
(3)%F 47 Rl 53 R W R E AT R 2 A SR o8, B IR 255 R0 A P LwilE . =W L 1%
WL DU . S . HREE . SRR AR IR S 8 Fh ) SS9 A LB TS e b B O S 2 ) S DR W) o
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