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Abstract: China is the world’ s largest producer of coke, and the industry ’ s emissions of volatile organic compounds rank
second. The waste gas contains a large number of toxic and harmful substances, which are harmful to human health and have
great pressure on unorganized emission control. Analyzing the sources of unorganized waste gas pollutants and conducting
health assessments can provide strong basis for air pollution prevention and control. Therefore, the typical coking enterprises

in North China were selected as the research object, 128 groups of unorganized emission samples were collected, and the

(RERZSHEARYFHEEER : (ML )http://fijks.chinajournal.net.cn (1% ) 027-87643502 (HL F{5 4 ) hjkxyjs @vip.126.com

Y5 B H : 2024-07-12; 15 [1] 2024—09-23

HETH : B R E A0 &1 (2022YFC3702001 , 2022 YFC3702002)

PEE B : it (1988—) , Lo, S TR, M-, 5 B2 TR LY oA U 7 T & 5 15 Y R 3 ek 5%, (R 7-{5 4 ) sabrina_meng @126.com;; *3i@ i,
PR, 55, TR, i, 2 A SRS ST, (AL (547 ) jby286@163.com,



180 IRERTS R A

inorganic and organic components were determined by using orbitrap exploris high—resolution mass spectrometry, ion chro-
matography and ion mobility spectrometry. The ozone generation potential and secondary organic aerosol generation poten-
tial of the industry process were analyzed. The US EPA health risk assessment model was applied to calculate the health
risks of substance toxicology indicators to human. The odor intensity analysis, odor concentration determination and Weber—
Fisher law were used to evaluate the odor pollution level of unorganized emission, and establish the odor profile and intensity
concentration relationship curve. The theoretical odor concentration and SPSS correlation were used to obtain the main odor
components. The results show that the total concentration range of emissions from the investigated enterprises was 0.351~
73.376 mg/m’, and the pollutants mainly include aromatic compounds, halogenates, alkenes and sulfides, and ammonia and
hydrogen sulfide were important inorganic substances. The potential range of ozone formation was 14.72~20.09 mg/m’, and
the potential range of secondary organic aerosol formation was 4.92~10.74 mg/m’, and aromatic compounds, alkenes and al-
dehydes were main contributions. Carcinogenic and non carcinogenic risks were high, and there were unacceptable for the
non carcinogenic risks, including naphthalene, methyl bromide, benzene, acetaldehyde, tetrachloroethylene, 1,3—butadiene
and acetonitrile, while benzene, dichloromethane and vinyl chloride were the main factors causing carcinogenic risks. The
odor words in the odor profile of the process section include tar odor, rotten egg odor, rotten cabbage odor, burning odor,
burnt odor, gas odor and rubber odor. The rank of odor concentration was 12~724, the fitting curve between odor intensity
and odor concentration was established for unorganized pollution, and the quantitative index value of “no obvious odor in
the plant” were determined as not more than 70 for odor concentration value. The main odor components include hydrogen
sulfide, isobutyraldehyde, methylnaphthalene, benzoisothiazole, methyl acetate, furan and chloropicrin. In summary, unor-
ganized pollution emission of coking enterprises was serious, obvious odor, and great impact on the environment and
health. To protect the atmospheric environment and human health, priority must be given to controlling the coke pushing
process and pipeline leakage.
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Table 1 Basic situation of the coking plants
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Table 2 Hydrogen sulfide and ammonia concentration level in coking plants

k1 2 1l 3 Al 4 k5
5 1A W BBy W BhbarBu Wl BsyBu wREE BuiesrBu W B
(mg-m™) % (mg-m™) % (mg-m™) % (mg-m™) % (mg-m™) %
ks 0.042 4.40 0.053 15.55 0.023 5.63 0.042 22.87 0.063 16.69
beiia 0.013 1.62 0.062 23.36 0.012 7.57 0.016 11.95 0.019 4.75
Ji i 0.006 5.04 0.047 27.70 0.018 3.12 0.017 16.74 0.010 1.47
e Tk - - 0.058 31.81 0.008 2.10 0.019 9.51 0.012 8.47
HHE 0.001 1.47 0.056 27.14 N.D. N.D. 0.011 12.81 N.D. N.D.
MijES N.D. N.D. 0.033 23.21 0.021 8.69 0.019 13.03 0.034 19.15
15K 0.003 2.18 0.039 2.93 0.023 8.92 0.018 7.74 0.019 8.51
] 0.004 1.02 0.048 22.56 0.008 3.41 0.028 16.49 0.043 13.78
s 0.496 5.22 0.135 39.58 0.092 22.63 0.103 55.29 0.209 55.20
%l 0.303 3.82 N.D. N.D. 0.037 24.30 0.077 58.68 0.324 82.32
i 0.260 2.08 N.D. N.D. 0.062 10.78 0.047 46.92 0.254 35.95
- fin ki - - N.D. N.D. 0.083 21.30 0.127 63.40 0.110 77.21
= K 0.201 2.56 N.D. N.D. 0.089 37.63 0.037 43.54 0.143 88.66
R N.D. N.D. N.D. N.D. 0.046 18.73 0.078 53.99 0.137 76.36
y57K 0.283 2.81 0.148 11.26 0.076 29.26 0.119 50.79 0.165 75.62
R N.D. N.D. N.D. N.D. 0.068 29.38 0.097 56.15 0.262 84.46
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Table 3 Species and rates of VOCs detected in coking enterprises

e VOCs Py (K i)
ZEFHEE100%), I BE97.5%) , = =IO KE95%) , A BE95%) , TR — I L 92.5%) , —
. SV L BE(70.0%) , B E(65.0%) , AT (50.0%) , S BE(32.5%) , T U e (27.5%) , DU AL (25%)
Ele] PUSEZH5(22.5%) , LI R0%) , ~ IR HE(12.5%) , IRAE IR LIE(T.59%) , VIR —SLZH(5.0%),1,1- 58
LI (5.0%) , — A —RHBER.5%), 1,2- " H LLE(2.5%)
JRE(3T.5%) , I I (27.5%) , 7 T 56(25.0%) , 2-HIFE T HE(22.5%),2,3- 3L T HE(20.0%) , 57 1 45(20.0%),
Jedile 1EEHE(7.5%), THE(12.5%), F(10.0%), i-2-T45(10.0%), + —%8(7.5%), 1= T 1#5(2.5%) , 1,3— T —J#5(2.5%),
1-304%(2.5%) , 2— H FE NG HE(2.5%) , 2,2,4— = B BRI BE(2.5%) , BEGE(2.5%) , 1,415 M5 (2.5%) , 1 00 (2.5%)
ZR(100%), F2K(95.0%) , Z5(75.0%) , 0] - FF 2K(47.5%) , % 4K(42.5%) , 48 K (37.5%) , LAR(30%) , 75 LM
(10.0%), 1-F HEZ%(27.5%) , 2— 1 L 25(22.5%) , 4— R HE 2 5(20.0%) , XF 2L 2K(17.5%) , — &AL (17.5%),
N AR (12.5%) ,2- 24 25(10%) , 1,2,4,5-PU B BL 28 (10%) , 1,3,5— = H BE28(7.5%), 1,5— — 5L 24(7.5%), 2,3—- —H
TIEEY HEZE(7.5%) , [ S L HE(7.5%) , SR HE(.0%) , 1,2,4— = FHEHE(5.0%) , 1,2,3— = FFHEH(5.0%) , 1,2,3,5- P !
I (5.0%) , ZBSF N FEH HE(5.0%) , 18 (5.0%) , 4B L FEH 7K(2.5%) , 1,4- . LIEIK(2.5%), 1,2— - HI FEZE(5.0%)
1,3— R (2.5%), 1,4- —HIELZ(2.5%),1,7-— FIHE25(2.5%) ,1,8— —HIEEZ5(2.5%) , 1-TFEEE(2.5%),, Bl (2.5%)
ik L (AT.5%) , S TR E(25.0%) , T EE(2.5%) , 2— 1 3 -2 - [I%(2.5%)
[ESTES HNHi(75.0%) , ZIE(A5%) , ST B (42.5%) , 461 (15.0%) , TN (2.5%) , K HTE (2.5%) , IR (2.5%)
Mgk ZIRHTR(12.5%) , LR LAFIR(T.5%) , LR NTR(2.5%) , LIRS T TiE(2.5%)
RS WRIH(10.0%) , 7— B SEZE IR (7.5%) , ZR I TR (2.5%)
ALY THRARHR (60.0%) , BRI (25.0%) , I [CITEWN(15.0%) , WEMN(10.0%) , 4 - ST BEME(15.0%) , K FFIEMN(2.5%)
o 2— IR T HEWN(2.5%) , 2- ZHEFE T [b]HEWH(2.5%)
ALY F LSRG (27.5%) , AL (20%) , L5 (17.5%)

Hifth LIRTF(17.5%), — H IEAERE(12.5%) , DU BERERE(10%)
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Table 4 Main OFP and SOAFP substances

Ja¥ina OFP iij 3 44 (BT#kH) SOAFP i 3 £ (5T#k%)

fafe [8] —H2K(16.71%) , K (11.88%) , S/ 5 (11.35%) F2(35.25% ), [0] —HIZR (17.57%) , A 2065 (12.70%)
39 ] = H 28 (16.62% ) , XF —HI2R (16.02%) , HH4%(9.36%) H2(27.00%) , [0 —H14(16.99%) , %8 (16.99%)

Ji A HZE(9.77%) , N (8.66%) , S I (7.74%) FH2R(33.40%) , 2-F EE28(22.95% ) , %%(19.70%)

fiid B —H S (15%) , 25 (13.37%) , Z#E(12.89%) 25(36.70%) , I 2(29.22%) , 6] —FH 5(16.96%)

R ] —H A (11.08% ) , 1,2,3— = H 278(9.64%) , H1 7K (9.50%) FH 2 (42.99% ) , 8] —HIZE(17.77%) ,1,2,3— = H 5:7K(9.68% )
i SR (10.96%) , 25(9.66%) , 0] - H1 2£(9.19% ) FH2£(19.47%) , £.75(18.98%) , 25(18.13%)

57K ST (20.13%) A8 HR(7.72%) , 4 CFEH R (6.71%) K (24.69%) , A (24.17%) , 25 (17.80%)

2.3 ARSI

US EPA J¢ T80 XU LA KR B0 KU AR T
PRUERRAEL o XT38 U , S EE/ N T 1071, XU 7E
A LAESZ RGN 5 S8BT T 107°~107 Z ], R W1 A7
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Table 5 Carcinogenic risk assessment

BIAARR LCR>10"f94j5 LCR
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FALFEZE W bE OB R WU OH 1,3-T ZIR5F
FFEAEY) B ), £ DAL RIS 25 5. PR

£ B TME 5K T B 2R AR S0 RS DTk
&L AR 34.16% . 57.31% .62.66% F141.05% ., TR
PR S AR T B R SR S EE Y . 45 L
JITIR , 74 s A AR R s A B0 A AR 0 UK,
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Table 6 Non-carcinogenic risk assessment
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PrfE 25(34.16%) , ¥ (29.44%) , IR HIBE(13.91%) , 7K (6.41% ) , U L0 (6.16%) 10.42
Bk TRHLE(46.50%) , %5 (28.08% ) , LI (12.98%) , DU LM (3.88%) 20.97
JI B TLFHE(34.18%) ,1,3- T —HM5(26.82%) , 25(21.66% ) , DU L5 (4.54%) , T8 (4.24% ) 25.66
LinkEs 25(57.31%) , IR BE(22.34% ) , ZIE(9.70% ) , ZK(3.34%) 19.34
HIR 25(32.76%) , T BE(21.63%) , LI (17.25%) , 2K(10.83%) , VUG L5 (3.72%) , — S PHE(2.27%) 46— 4 (1.75%) 7.26
S 2£(62.66%) , TRH K (11.23% ) , DU 25 (9.26% ) , LI (5.54%) , 7 (4.99% ) 14.61
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Fig.3 Odor profiles for inorganization sites in coking enterprises
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Fig.6 Heatmap depicting the correlation between flavor attributes and characteristic compounds of coking plants
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