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Abstract: In order to study the emission characteristics of volatile organic compounds ( VOCs) and their health risks in the edible
vegetable oil processing industry in Shandong Province, one soybean oil processing enterprise ( A) and one peony seed oil
processing enterprise (B) were selected in Shandong Province, with a total of nine sampling sites, to analyze the mass concentration
of VOCs, the characteristics of the components, the ozone formation potential (OFP) , and the human health risk of the production
workshops was also evaluated. The results showed that the highest mass concentration of VOCs (178.98 mg/m’®) was found in the
evaporation off-gas from the leaching process section of the A enterprise. The VOCs components were all dominated by alkanes,
with n-hexane and its isomers (2, 3-dimethylbutane, 3-methylpentane, etc.) as the dominant species in the A enterprise and

n-butane and isobutane in the B enterprise. The OFP values of the two enterprises were 166.40 mg/m’ and 2.72 mg/m’,
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respectively, where the component contributing most to OFP in the A enterprise was oxygenated VOCs ( OVOCs), and the

component contributing most to OFP in the B enterprise was alkanes, followed by OVOCs. There was a non-carcinogenic risk of

VOCs mass concentration in raw material storage, extraction workshop, and packaging workshop of the B enterprise. In the

evaluation of carcinogenic risk, there was a definite risk of trichloromethane to human carcinogenicity in the finished product

warehouse of the B enterprise, and there was a high probability of carcinogenicity risk of trichloromethane in the extraction

workshop. There was a high probability of formaldehyde carcinogenicity risk to human carcinogenicity in the leaching workshop of

the A enterprise, the finished product warehouse, and the packaging workshop of the B enterprise, and there was a small probability

of formaldehyde carcinogenicity risk to human carcinogenicity in the rest of the workshops.
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Fig.1 Production process flow chart and VOCs emission link of soybean oil and peony
seed oil processing enterprises
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Table 1 Typical process flow chart and sewage link for edible vegetable oil processing
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Table 2 Specific information of sampling
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Table 3 Levels of VOCs mass concentration at sampling
points of two enterprises
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Fig.2 VOCs component category proportion at
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Table 4 Mass fraction of main VOCs at each sample
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Table 5 VOCs component spectrum and OFP of the two enterprises By, (mg/m’)
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1 1IE T 3.08 3.55 1.49 1.71

2 R Tk 0.14 0.17 0.11 0.14

3 1E e 14.09 18.46 0.03 0.04
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21 1E Bk — — — —
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26 1R — — _ _
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30 X -2-T — 0 0 0.04
31 o 0.83 7.44 0 0.04
32 i 0.17 2.01 0 0
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34 1- T4 0.60 5.87 — —
35 T — — — —
36 M -2- T 4 — — — —
37 -3 1.07 7.71 — —
38 R R-2- 11 0.03 0.30 — —
39 M- 2- 13 I 0.22 2.28 — —
40 -2 — — — —
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43 % 0 0.01 0 0.02
44 pS — — — —
45 L 0 0.01 — —
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e
KEHIN T AN FEPHFRIN Al
75 Yy C Po, C o
94 s 13.41 87.72 0.02 0.16
95 FH A A 1R P — 0 0.01 0.12
96 FH 0.01 0.08 0.01 0.10
97 DY S — — 0.02 0.07
98 N 0.19 1.37 0.01 0.06
99 (S 0.01 0.03 0.01 0.04
100 . T 0.01 0.01 0.01 0.02
101 1E 0 0.02 0 0.01
102 LR TR — — 0.02 0.01
103 S 1.82 1.11 0.02 0.01
104 2-F A k- F BT o — — 0.01 0.01
105 [ 1 0 0 0 0
106 LT A T 0 0.01 0 0
107 P 0.16 0.06 0.01 0
108 LR LI TR — — — —
109 1,4- W — — — —
110 4-H HE-2- I i 0.04 0.14 — —
111 2-CL il 0.16 0.50 — —
112 T — — — —
113 T 0 0 — —
114 Ko — — 0
115 7 0 0
116 Ak 0.10 0.02 0.01
117 FH A 0.20 — —
118 FH it ik 0.34 — —
119 T TR 0.02 — —

T FR AR

F 2% 5 Al KN T Al VOCs A2 HE
ST 10 FIFAERIRN R Zde  IE ke LB P ke L OF
TR IECKE S B 5 T - 2, 2- 2
BT, BN 0.94~15.34 mg/m’, SR HiAt:
B WF T A R A& AR N T ATk VOCs $51iE
PRy iE Ot S L R 43 AR AR X B B[R] — 47l AN
[ 4l VOCs B4 A T 22 5, (H 2R IE ) Pl A
A, 90 VOCs B4 EHESIRT 10 414y, 4EPHFF
T AL VOCs i HES T 10 B AE D) Fh ok
IETgE 5T ke IEE  F 8t e L A e
S IECBE PR | S, BTV B 0.02 ~
1.49 mg/m’ , & R Y0 I A7) VOCs = ZHEjik
DRI AR BAE 0 P o Tl R el FH A
BHEFAIE T8, X 54k VOCs B4 i HEE
WRh—3, R4 VOCs W71 S FL & W Fh i M, Ak
B REIM I T AN Py M 166.40 mg/m® 4 FHFF
TN TANE Py iy 2.72 mg/m’, 2 KAk VOCs Ji

R N S OFP stk F Al an &l 3 prs .,

A [P NCA LR
FHVOCs ¢|~}~+§=rmmu I
L)
ovoes| [ —
Ve d
W !
s
________________ e —
JE A
S i R
I e ‘
100 80 60 40 20 0 20 40 60 80 100
VOCsfiw ik (5 b/% OFPTT#k & He/%

K3 2 ZA4lk VOCs Bk 5t 55 OFP ikl i
Fig.3 Contribution of VOCs mass concentration and
OFP for two enterprises

H 3 AT &, RS T4l vOCs 414328
JIX%T OFP Bt ik £ K [ #) F & OVOCs, i Lt ik |
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22.84% ,i% 5 CHR[ 20 ] BB SR 45 R AN — B, JE A A]
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W B fe AR KRR BYE T VOCs Jisri, 4t
FFHIN T4k VOCs 4143 28 5% OFP 5 ik e K 119
PIFh R HK & OVOCs, 5 HL4r 5k 72.33% il
22.20% , 1E T %t . 5% T bt OFP EZ kY fh, 2
FAN K OVOCs X OFP [ 5Tk i b5 i1 ik
JE o HORH A e e (R e e A i AR A T R

%, X F B IS OVOCs 45 W 0 M 487
PelE M AR A M, 3%, D5 IR BB VOCs
ARt F T R 5 HeAR/N, T DU AR B
2.4 (ERREITEMR

ZAEEXT 2 A AR T Ak 3 6 A~4[A]
TC 2 VOCs J5t f: e X A A 11 e o JRURS: 15 47 38
fr, 5 K 6.7 iR,

F6 A REAEBUE K TEN
Table 6 Assessment of non-carcinogenic risk of each workshop in the enterprises
VOCs Ml a, as b, b, b, b,
H, H, H, H, H, H, H, H, H, H, H, H,
HOR 0 0 7.46x107* 0 5.89x107* 6.41x107
N%sH 7.76x107 0.01 5.27x107° 9.52x107° 3.25x107°
ECkE 0.46 0.09 0.02 1.46x107 4.21x107 0
W 0 0 0 0 3.17x107° 0
L 0.15 0.11 0.13 0.73 0.9 0.77
“Hi bk 0 0 6.58x107° 0 5.09x107* 0
1,4- 5 0 0.63 0 0.22 2.37x10™* 0.23 0 1.18 0 2.71 0 1.07
“ER g 0 0 0.02 3.44x107° 0.01 4.71x10°°
FH 3 2, S 2.26x107° 1.12x10°° 1.03x10™* 1.14x10™ 1.94x10™ 1.66x107*
FH LT 1% R Y 0 0 4.34x107 0 0 5.73x107
%8 0 0 0 0 1.48 0
N 0.02 0.01 0.04 0.44 0.31 0.29
DU & K TR 0 0 7.24x107* 5.94x107 8.90x107* 5.25x107°
7 A EE KT
Table 7 Carcinogenic risk of each workshop in the enterprises
VOCs ¥l R
; as as b, b, b, b,

T 0 0 3.59x1077 7.08x107 2.55%1077 9.69x107
A H e 0 0 1.12x107° 0 7.02x10°° 0
FH g 0.12x107* 7.11x10°° 0.23x107* 8.37x107° 6.48x107° 0.16x10™

B0 WS TEAN H, 4E PRI T Al J5oRE PR
(b,) FEHUER] (by) RN (b,) ZH5AHIEY
FhAEBUE XS B E 23 51 1.14x107* ~0.44 3.17%
107°~1.48 .6.41x107* ~0.77, B fa EIEE 05 R
1.18.2.71 ,1.07 , ¥yl ad T 32 B [E KA R b 2k
I S E 1.00, VLB b, b, b, 1S 5381 1)
VOCs A AEIEEum X . RS 51N 3 4>
la) G E IR R B 0.63.0.22.0.23, ¥/ TF
1.00, BEWIIX 3 %[0 2 54019 VOCs 2 73 A Ff
FEAE S0 XU

g WS PR, S BETE 6 A 45 1] Y BUR
U435 0.,0.3.59%1077 . 7.08x 107 2.55x 107",
9.69x 107, #4/NTF 35 [ [ Z IR R br HEEE R Bl A
fH 1.00x107°, A S e e 6 I A 7R 3L
FE AR s — S0 H Jo 7 4 RF il T A ol B
(b)) GEBCEE] ( by ) WU XS 435128 1.12x107°

7.02x107°, JIT L = G BEAE B 22 (b, ) XoF A AR 350
BIFELERE XU, 7625 B4R 8] ( by ) XF R BUE FEAE
TS, Hodx 4 A ZE 18] B9 B0 KBS 48 0, ANAF
TE B0 WU ; F AR RSN T AL 3= 4218 (ay)
FHFHAF N T A 5 (b)) A EET (b,) 1Y
FUR X3 34 0.12x107,0.23% 107 .0.16x 107,
VA 3 A~ 25 ] H Sk A AR S8008 A7 A2 RS XU
FRREETE R S b I T A 3R DX (ag ) AV PRRF 0D T
AV JFBHE (b,) FEERZEH] (b)) W B0 KRS 53501 A
7.11x107° 8.37x107° .6.48x107° , i HHX 3 %4 (] FY
P T NAR SIS A AE /MR XU

3 i

PEMCIL R4S 2 & A i in T4l , 4350k
KGN TA A PRHFE O T A, A i 9 4>
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20 A AR B AN TAT . VOCs HEBURFAE I35 52 1 K A e XU PP 135

SRAE R W IE H VOCs HE BT 5k | 21 70 44 Bl B
OFP, 43 #riZ A7 Ml VOCs TG 2H £ HE ikt Joi & vk JiE %ot
AR XU, A5 S 458

(1) IR 5 R S0 T Al A 4L 20 HE il 5
VOCs i} 1.22 ~ 178.98 mg/m’ , -3 i &
WA 64.50 mg/m*, Horf VOCs Jo it ik i A 151 A
AR T 228 B R ACHE O 5 & TR i T4l
JCH 4 HE ik S 7 VOCs i i W BE Ol 0,35 ~
4.86 mg/m’ ,F-H T EHRE N 1.84 mg/m’,

(2) B RPN T4k vOCs HEB R L
bele 3, S AR 65.34% ~97.36% 1 41.45% ~
97.22% , B ) 2 A3 5 8 F N Tl 7 rh i
APERA &, KEMm TAERR H T 278
JR I SORAE R A FLA R A 7 LR R I 2 53 I
O ot S LR 43 SR AR (2, 3- T 3 T e 3-F 3K
Bt 2-H B NGRE 55 ) |, AT ATk VOCs HEBUREE
P, B T 228 MR SORFE i EE N VOCs 4
SR HEIE R S, 5 H AR 25.71% |
23.57% .21.95% . HEPHFFHIN T A b RAE S b b
B WALy R IE T B AL S T 8, ol /B iz A7k
VOCs HERUFFE D Rl , LA, 1% 2 (8] OVOCs 1Y 5T
BRIFIFEZE Y

(3) KA TAT A (3B %) VOCs F#AE )
RIEC e S R 5y SR A, Pop R 166.40 mg/m’, Xt
OFP ifikfix K445 OVOCs, i b ik # 54.73%,
HW Rl a1z, b7 He 43k 22.08% Fil 22.84%
YR HE IR AR TR BRI A LU A I e R LA R A%
T HAI ] O, Az s 41 PHAF I I T AT Mk (I I S T
T Z0) VOCs FRAEP Bl R 1E T e FL5E T8, Py
H2.72 mg/m’, XF OFP 5t ik e K (9 240 40 S e ke, 3L
KJ& OVOCs, fi tb il o8 72.33% 11 22.20% , 1E T
Be ST Bk OFP EE 5Tk,

(4) X 2 R AREDm I T Al 3 6 A~ 22 [ I8
ZHZY VOCs [ i e T e AR {g B XU PE A, RS
SRS IEA T, PR T 0 T Al SR | 2 A
1] A6 210 2 5 0 A1 25 PR 9 G A 48 55003 il ok
1.18.2.71 ,1.07 , ¥ 3t 7 52 B EH Z AR R brifEZ K
(Il AHE 1.00, FEEES0E IR ; AR S 51701 3
AN 8] G FEHR B /N T 1,00, TLAESUE KU . 5
T UG PR T, 6 A2 1] — 580 P Joe 300 IRURS: 2417
I FHE 1.00x 107", SAIAS A7 B0 KBS 5 41 FHFF 0
AV AR i J2E H = G e X AR SO Y A7 TR
JRUBS: , ZEHUGET8] ( by ) H = G e A7 7F MR B0 X
W, oA 4 A2 = G R e SRR B0 AR s K
TN T AV IR 2 TR A0 0 T Al 3 2

A2 A ) P R AR BUI A7 A8 R R XU, A 4
[ PP X A A B0 A7/ MR XS
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