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Odour VOC:s pollution characteristics and identification of key odorant
in an organophosphorus pesticide site

LI Jiayin'? LI Weifang* ™ NING Xiaoyu® MENG Jie'?  XIAO Xiande'?
SHANG Xibin"? CUI Huanwen'? Z0U Kehua®
(1. Tianjin Sinodour Environmental Technology Co., Ltd, Tianjin, 300191, China; 2. Tianjin Academy of Ecological and

Environmental Science, State Environmental Protection Key Laboratory of Odour Pollution Control, Tianjin, 300191, China)

Abstract In order to understand the characteristics and causes of odor pollution during pesticide
site remediation, a systematic site survey was carried out on an organophosphorus pesticide site. This
investigation includes odor sensory evaluation in different functional areas, analysis of the
differences of odorous VOCs components in each area, identification of the main odorous VOCs
substances, and determining the key odorants of each area. Results showed that odor pollution of the
production area and auxiliary area were the most serious. And the odor concentration, odor intensity
and TVOCs concentration level were higher than other areas. The public area and sensitive point had
the least odor pollution. The main odor VOCs components of the site were chlorinated hydrocarbons
and benzene and benzene series, of which chlorobenzene, benzene, diphenyl ether and carbon

tetrachloride were higher in content. The main components of odor VOCs at sensitive points were
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alkanes and aldehydes, of which isopentane, methyl tert-butyl ether, n-pentane and chloroform had a
higher content. The key odorants of each area were different. The key odorants of the production area
were octyl aldehyde and acetaldehyde, the auxiliary area were acetaldehyde and ethanol, the public
area was sec-butyl acetate, the plant boundary was octyl aldehyde, and the sensitive point was
dimethyl sulfide.

Keywords organic phosphorus pesticide sites, odour VOCs, pollution characteristics, sensory

evaluation, key odorant.

T B AT HLBARAC 28 A 77 R U, i 24 T AR 25 B R 1 50%—60% . A LA 25 1y £ 77—
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FROBRT A PRI (]
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FHOG AT T 5 2 I 28 7 M A B KU DAY A B A8 S BRI A 2 5 T 1, A S S RIS e A IE 58 FE AR 3R
Z, A M S R R PR LA R SR IR 1 1 AN W, A8 52 LA R 36 B T ARk D A X R g B i 5 5 e B
HIEAR S AT LA HLIBEAR 25 3 o B ST XE R, JF e bR e 23 U I5 Gl A, B PP A Sk 15 e 1
O, TR A S A A S R AL 0435 e o A AL | RO B EUR W 3, D i RS e 3 M ) A K
15236 B K5 T R FH 245 kA

1 MBS (Materials and methods)

1.1 373 HEs

PTG AN 25 ) 1B, b =P O B PR . SRR . A T RS DU A Rl
fh. BETAF e T, B T B S AR 46 7 m2, Hi vk KO RS e b AL 2 30 T m
M F B0 R 3 A X3k AR = IX (LG AR 25 48 7= 6 B2 B) L B B 42 1R B v ) A A 7= 2 a) 45 ) | B IX ()
FEE X | JFUBMEAE X S A ST AT ) SN e X (IR I RIS R IT A5 ) . T R
AY CALPUFF 1 =5l HE F1AR s A0 (452 TR ) S0 i KB R AT A0, 000 7 de AN R UG 25000 T e Ko
Wi 345 25 A 2.5 km, Horp b K —A R XU S
1.2 A SRR

A 257 92 5% FH 3 DX AR 5 Rl e AR 285 5 1
J7 %, A S UAS T 1SR B 20 mx20 m, A X 3k
(AR DX AR 3 DRI S AR S5 ) AT 38 Y 2D SR
(%5 B, A A% SR 40 mx40 m, I8 4 7 1%
M T, BN A (P AR ] D B IR e AT R0 A ) |
PRI e K6 (G 3R 3% PID/FID. XRF K6 ) 25 F- By,
X} RAEAR s BT R A AR, s AR BN 1 .

1—3#TAb X 380 A 721X, 4—o6# R il Bh D REIX,
T—8#HN N ILIX . ARPE Y KA %M, TV Aab
BEE AN 5L 9—10#. BRILZ A6, A HIWr i) X i
2R, ARG (R R X BB 1A 114
BT 45 RS B tedlar SREEASTE & A AT R 1140
FE, RAEE IR B I 2y 1.5 m, SRAESEEL ), #E%iE Bl 1 SRRSO
[A] 5L 862, 24 h NIIAE. Fig.1 Map of sampling site
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1.3 JRE T
P S R T e A4 A 2 B0 ROCR R b i) O R R SRR R LT R R A R N
SR R R (DL 1) B0, LA BB (0 52 R ] GBY/T 14675-1993 (a8 A b R A — okt i o A%
ke,
R1 ARNYOREERE
Table 1 The 6 point odor intensity scale

g WL 7
Level Olfactory sensation
0 Jeh
1 P e R AR ) SR < (A M D)
2 s Y R, B RERE 2 - AR RS (AR (ED
3 REAZ ] R 3 RS
4 HHGIRA R
5 FER AL, HATRIE R RS

1.4 FEREIN T
R SRR M SR AT ALY ) A TR I R, AR T 2 AR gy ik, e g i E [ E A
R 53 BE A DL S XA LR | A AL A B R S R A R A R 1, gk 2 . m RO
ARG R R R R FR g 90 R Bk DI fig, nAE S 405 G5 st N ER OIS & 1 S R o, A6 1 40
MrBUR Y o T 454, Re8 3 rAEw ULy« B RS ERO0 B SRk ) T, ARG e A S e B i 5t
A2 b B R Y 0, Ry -4 3 b S R T G pl PR A 4 TV A A ) B A
F2 BRI T

Table 2 The detection method of environmental air sample

2 e H oRlIWIRFS AR I LU

Category Detection item Detection method Detection reference Instrument

- A ThermoFisher QEGC
W TR IR I AP
o PTBEB- SR (R T HJ 734-2014 Agilent7890A/5975C
R ) IR D X
e N o e 9 Agilent7890A/5975C
FRMANIGRY BRI Bk HJ 759-2015 R R Y
T B R 3 Agilent7890A/5975C
Ay USR-S S RS HJ 1078-2019 R Y
5 R ORI (3 HJ 683-2014 ﬁéﬁ;;?;gﬁﬁ "

= H

" T e N R . Agilent7890A

HHUm AR IR [ R 2 ey

pup e e ‘3 N N Agilent7890A

FHL: AR ISR (i FER Pt

H
" I #-NCDk TE T Pt
H

b s s e ke 0 RN Agilent7890A/5975C
([N SN WERAE- U B TG EER0V:4 T

1.5 SREEEURY) TR 7k

SR TS RS Z A SR AR G Y, — R 4524 70 SR 5 JE {H (Odor Activity Value, OAV)
R /N A [ 2 0 6 S A 35 G ) TR R 2, T 0 e 6 1 35 v ) SR B SRR P . RT3 BE {E
W) A S e 5 ) SR R LAY LU AL, 3B T

C
AV, = ——
OAV; OT,

N, OAV - i R SRR B0 SRS BE(EL, JCH 45 C-5 @ Al bR S A9 Bk 2, il il ied AR 35 55
I AAS FEA TN OT-25 & Bl S R S A WU ML, A5 32225 | T H AR BRI Hh o A A ) I (L 501 ),
BEXSARTR T AP, oh R IR OR AP0 S T e 1 T A 206 % 1 A0 3K P, S U el ol el o DA
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Il B2, IR iy BAT IR 515 A Ll A B3, SRS HARERSE pCoAR 1] B8 07 32 (= i He Ak
RAR) SE .

2 R 54508 (Results and discussion)

2.1 JREIEAS

%5 M IR 36 5 B0 RPEOE AU, 3% 3 45 i A SR S S AR I S R i SR T A R X
AR i, L rh 3#aS A BRI b 4.5 G, SRR 30505 FLA AN S ARl 4 9%, R
SHREE SR 310 1424 5 1891, i By IX BL 00 FE WS ARG, 2978 3—4 94, SLRRIE Sl 422—1358. A 3EIX
SRV G R, AR N 29, R 41—58. | FAL R R 39, RAWKELE
309—647 Z [b], MR 453K E GB14554-93 5L i5 YW HEBbR e ) hol e, — 2 IX T ALK BEAE N /N T
20090, 5 SRz b ) A B MR R R G b o R . RS A RSBRIE A 2 B, RUROREE N 32, AR
GUNRRENS S

RIS SRR

Table 3 The odor intensity and odor concentration of each point

AL JRAE DX 3 R R
Point Region Odor intensity Odor concentration
1# 4 1424
2# HEX 4 1891
3# 4.5 3050
4# 4 1385
S# hEEhIX 4 1020
6# 3 422
TH# 2 58
ANAEX
8t 2 41
9 3 309
54k
10# 3 647
11# T 2 32

2.2 SEBE VOCs 4153 H51E

2 AR S SR TVOCs Y B K F-5 FLd] Rk #h 18] 2 ml T, S A8 23 <rf ik vOCs 4
JSL e P KT 5 T T DX A 7 T Bl R B B A A AR R A G T SRk TVOCs e KT, AR X DL R
B X B By, P AR 7R IXFE 0.4385—0.6397 mg m® 22 i, 4 B X 7F 0.3418—0.4783 mg'm” 2
) 3 b AR 7 R XU B T AL, B A Rl 0.3522—0.4409 mgem?, AR T A = SETIX; AR X N
0.2112—0.2477 mg-m?, £ 4 4 77 X TVOCs % &£ 7K - 1) 33% —50%; 5% S ) i & (K, 400
0.0747 mg-m?, {X K 42 72 X TVOCs ¥ B (19 12%—17%. e a] UL, A 7= X 5 5 B X 3R 85 23 S0 5 R
VOCs 15 41 Bl 5 R 7™ 5 . 3k S i T AR ™ X 32 A rh 46 Flopn = sl 90 roial 26 8] DA B i 24 A= 77 2 ) 4
B X A v FURME B L R B DL A AR A A, ARG AR AE L LR D S GE i B AR D
B X IR A T, 5% 22 s> 2 A FE 35 % 53 8 B4 1) 8, 0 1 S 50 7 X5 0 B IX ) S VO Cs 5 121
15 YL

KT I Y A, A2 X BB X T R LA I I AEACR A R R R A, G ]
K F] 65%—80%. X ULHHIZ 2 I 5 VOCs 15 YW W BRIE LU BE R R Y, X EE 5% &
7RI S A AR O, TR A P R e ) SR A SR RS WO R AU S S AR
PLROR BORZRZY). 5 2 OB, B A HLY o7 LU AR, 45 SRR i B R RS T & 10 10%. AR 5Tk}
SIBTARCTE A, J& TR S B0 A LY, oAb 2E AR, — A AR EE R R AR L KRS I
VL, A — BT BB R 5 3R A A - g rp o), DRI A s AR P R B A D OB R W I 4 A At Y
A XIA B RN, EZ UG SN 3, o5 LR 70%, 45612 5 I AL BR B HE v] A2 5/
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DRSS 4 59 R LA B/ X R A8 Dl AR A G pa AR LR B R R & B b, o HEAR 3 10%,
FEARRZF I B

TR0l .
. iRl
% § § § \% § & § \g % T;E B & Chlorinated hydrocarbons
%EP 60 _ § § § § § =it % H 0.4 § ;z;:zj:iide:ter
g % \\ = § lé 0 KetfifeAlkanes
% 40 — E _ § 0 43R 4L & PiHeterocyclic
s g BEFA Aldehydes
- 02 g B & HLPhosphorous organics
L ”””" T eTvOCs
0 0

E 7 8 9 10 11
— = 7 Y
PRO AUX PUB PLA SEN
B2 IR A VOCs ¥ BE 7K S 21 Uik
PRO: 477X ; AUX: fililli IX; PUB: 245X ; PLA: |~ t4b; SEN: figs
Fig.2 Group patterns and concentration level of odour VOCs from different points
PRO: Production area; AUX: Auxiliary area; PUB: Public area; PLA: Plant boundary; SEN: Sensitive point.

2.3 FEEFR VOCs ¥
3 AN [R] X sk 4 o 7 e HE44 1 10 B9 £ B 5F 5k VOCs.

Mass percentage/% Mass percentage/%
0 5 10 15 20 25 0 10 20 30 40 50
Chlorobenzene ‘ Chlorobenzene ] I
Diphenylether ] SIS P/0 T —

Benzene ] Xylene————

Xylene————— Dichlorodifluoromethane——
Tetrachloromethane————— Ethylbenzene[—
Phenol————— Trichloromethane™
Dichloroethene———— Ethanol 3
Octyl aldehyde———— Naphthaline[—
0.0.0-Trimethylm ercéﬁigﬁzgﬁz ? (a) Production area Diphe r@?‘:&ﬁ i (b) Auxiliary area
Mass percentage/% Mass percentage/%
0 5 10 15 20 0 5 10 15 20
Butyl acetate 1 ‘ Chloroform ] !
Trichloromethane ] Xylene ]
Trichloroethene ) Chlorobenzene ———————————————
Benzene———————— Benzene
Oxolane ——————— Trichloromethane —————
Dichloromethane ————————— Dichloromethane ————
Ethylbenzene ———— 1,4-Dichlorobenzene ————
Xylene — Acetophenone ———
M ethi/lll(lz(})ft:(l)glel{cliiz g (c) Public area Butyl acetate (d) Plant boundary

Dichlorodifluoromethane ——

Mass percentage/%
20 40 60 80
Isopentane ]
Methy! tert-butyl ether——
N-pentane[
Trichloromethane D
Benzene D
Toluene
Acetylene
1,3- Butadienep
Acetaldehydep (e) Sensitive point
Dimethy! disulfidepy

(=3

B3 £ X FEZEFHK VOCs

Fig.3 The major odorous VOCs in each region
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A XK W BT 67 i, Forh & fE iR R SR, R 20.85%, HIRJE TORTE, R THIRAER
AW, &R 15.24%, 14.75% LA K 10.12%. BL4h, PO Ak . K . & 2 Sl - X
VOCs W) FEZ 5 YY), 5477 XM L, % B DR H 9 om0, it 55, JL i 2 4 4 &8, i
LIk 3 40.21%, 20 0 HAEA 72 X L v i 2 4. 8(20.21%) 5 Z HI 2R (12.34%) /9 o Lo i s 742 7
X, T 2Rk ) L] (1.4% ) B AL T4 = XL BRI Z Ah, 3 @ ke 48 =S e 2 HEA mr
10 PR s FL DR 45 FhyJot, J2 880 Gy 55 40 7= DR B IX 25 Sk, — 26 5 AR & i ) i o F
WA AE AR 72 X5 5 B RG0Sk, He T 2R T TR (17.45%) LA M = S U BE (16.32%) 5 I3 S A — o) i
AR AE AR 72 DX B DA R, Y LG22 SRR, BN = 4 &0 A B DO SR IR, FE 28 L X E A3l
h15.12% LT 10.01%, 74 7= DX DL R0 Bl DA HH AN A2 1%, [ FEAb A6 Y 49 Ry I, 32 XUl S50 (1)
S, W) PSS A e X E A B — Bk, LR HEAZ T 10 W B, 2R (16.12%) . R
(15.23%) . A (10.77%) . #(10.23%) . = H BE(6.15%) LU K 5 L0 (5.25%) 6 Fpy i b & A= 7= X
(1) F2 B Je ). BUB S LR 5 30 B, B TR 5 RIS, oM 32 R0k VOCs ¥ 5, F%
Rt o7 A X6 ) 32 T A, L SIS 60.42%, HLUR A HERUT SE R, 7 EL 200N 10.11%, HAW i R
i 5%. AHIEFIE R B, S5 A0 be i VI & 1 LR R R 0 T, R RGBT Sk i R i YR S e (Y —
F A iR, B I BURK X VOCs 15 4 EZOR R IR E R A, XA A K.

24 SCHEEEUR YR G

T AR 25710 5 0k VOCs FP 285 2, A ] BEET ) 4 — Tl 49 ot ol A 0L 19 3 B 8, DY Wb i o 13 5
IR DT R 8 i R O BUR W AR M AR e I 4, RERETEA BRI T . W) 1 NI 03 AR A58y il 2 1
NEPLl i

BE B YR, 6T T, RIS BE(E AR IR T R R VR B, SRR TR T S O R SR T R
B AR B . X TR A AR, ARG R T 1B, ORI 25 AR M B ), H AR
JEE AR, HL S R Bk et R, X AR A ML SRt B . 2% 4 D AN TR) IS RS R T 1 )
J. Hov, Az XSRS SO SO BE (A R, I HEA 5 I T, BRI 2 Ah, S T BRI SR
Bl = A T — s AR I, RS 52 m B/, B X O B SRS R, CBRIR ., B | N
DL K R SR /IN. | B A S I SO E BB R K, R . SR TR DA R TR SR/, BRI AT, AR X
B DX DA B ) S A e S R ok U S SR S IO, T 2 B R AL T AT UL A AR, 2 H A R ] R
TibnifE CGRLBG 17 ) BB — 2K Z Y. AL IX 2R R T TR A SR IE BE(E B K, 19 i — R
RV T, — P VR A MLt 2 P 2SR 400 Ik e 48 T 24 2% Hh ) g 790 01, 0 st Ak YA ok 1) S5 A 346 0 G,
P Tk 2 LR (1 S R 75 g I, th 2 TR [ GB14554-93 G L V5 Y Wi HE AR E Y P 8 FhaZ 5 it =2 —.

T I RO B R B RN, W A ML R 25 T A 7 IR S B R W o S S L E, B B
X RS O, ANEX R TR PT R, | Bk Ry, BSOS . X 5 2B R VOCs 15 444
i 1E 25 S I AN — 0, U TR B 5 A 4 53, R R GBI W . X R A — S g M A i A2 A
Hh (ORI SR A A A TR L, (FRAR SR AN REARAS AP RIOCR 1) 2R A AR A s PR i 52
IR () B0, AN ) 5 e, S B2 T 40 B N ) SO A AR i o AR B, RV R i A R/

R4 A DO R ) BT H S R R
Table 4 The key odorants and its OAV of each area

[X 1, Region KA R Y (FIRTE B R 50 Key odorant(OAV)
AFEIX FWE(654) , LWE(125), T-HE(32) . IR M (2) . PEE(2) . HKip(2)
X ZIWE(387), ZWE(8S), PEmE(21), TRRE(18), CLEE(15) . JME(8)  DUSH LM (2)
AR T TR (24) . FIUEE(8)
T RAL FWEQ211), B (12) ZRRTHE(8) . TRE3) ., NEE(1)

RS FFREE(20) . ZHiEE(12) . —H —HiE(5) . ZEE(2)
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3 2515 (Conclusion)

(1) BB S 5 TVOCs e B2 /K F- W 75 THD0S 37 M 5 R 75 G A DL R AT 974l , 45 3R BoAy — 2otk A=
X5 B X R SRR i e, TVOCs W JEE KT i, SR 15 A 0 fie /™ B 28 36 X5 M0
SRR E 5 RS F Ik, TVOCs W BEKP- e K, 570K 15 S Dl fRcies | S A S R 15 e 19 D 52 L) 2%
PERYFEE , AR | R BE fe i TVOCs e AR T A 7 XS R B IX, BRSO B [E K
ML BRAEL.

()7 X NI T AL LR IR 23 X VOCs LR AR R R W) o0, . 508 &, K
Pl A% D AR A, 5 T A e A e P B SRR AR S SRR VOCs 4 RS HAR DY A DX A
BORBIA, FZ LI e SR 20 3, S icke . FHORUCT Belk | 1E ke DL R =S8 B S5 ) B e iz X
Sl B i LR, SRR OR 2 BN Y5 Y, B SR IR RO IR R A

(3) AR X 4 S SEBCR WY A TR, A DX Al Bl DXL B S Ak vy S ok D8 R BEZR W o, Hevp
AR XORSEECRY T  EE 5 LR, MBI X O S5 L, AR ZFRAT T B, |5 Ad S i, U
SN TR TE . S R RO AN B B R B R, BT 2R TR (X — R I R
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