AL

OrAZ2 HMZx Al&2 SEZIUIIRMHESE LB AL

AR, o] 38, 2AZ, AR L, FHd, °1BF, FEF, oW

QHRASZ AT A3+

NiS)
e
Ay
(R
M
X

A Study on Management of specific air pollutants from Ascon plants.

Jae-Won Shin*, Sang-Hyun Lee, Sung-Geun Cho, Kyeong-Yeol Kim, Hae-Won Yang, Young-Ju Lee,
Wan-Jong Chu, Choong-Dae Lee, Wan-Soon Kwak, Moon-Ju Kwon

Division of Industry Environment, Incheon Research Institute of Public Health and Environment

Abstract

This study investigated the effluent quality standard of polycyclic aromatic
hydrocarbons(PAHs), emission factors, odors, and total hydrocarbon concentrations using
samples from stacks of the Ascon plants. Based on the survey conducted from 2018 to 2021,
The PAHs concentration was measured as 197.685 ug/ Sm®. It was satisfied with Effluent
quality standard of benzo(a)pyrene. The emission factors of PAHs was calculated 795.627
ng/ton, the substances with three or less benzene rings accounted for more than 98% of the
substances emitted from the Ascon plants. There was inappropriated complex ordors about
33 %. Because of the concentration of shipping facilities, it need to prevent counterplans.
There was no link between aggregate use and THC concentrations. As a result of the
modeling, PAHs may affect nearby areas depending on weather conditions, so periodic

inspections of air pollutant discharge facilities are required.

Key words : Polycyclic Aromatic Hydrocarbons(PAHs), Ascon plants, Ordor, Emission factors
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Table 1. Analytical Condition for PAHs by GCMS

1) GC operation condition

Column DB-5MS Ul (30m=0.25mm IDx0.25um)
Oven Temp. 40 C/min 10 C/min 5 C/min
40 C(Imin) — 120 C(2 min) — 250 C(5 min) — 310 C
Injection Method Split(10:1) - Injection Volume 1 uL
Injector Temp. 280 C
Carrier Gas He, 1 mL/min
Transfer line Temp 280 C

2) Mass spectrometric condition

Ionization Mode Source
Ionization Source Temp. 250 C
Quad. Mass Temp. 150 C

EI Positive ion (32 eV ~ 36 eV)

Table 2. Surrogate Standards and Internal Standards for PAHs

Target(PAHs 16) Laboratory Surrogate STD Field Surrogate STD

Internal STD

Naphthalene d8-Naphthalene

Acenaphthylene

Acenaphthene d10-Acenaphthene

Fluorene

d10-Fluoranthene

Phenanthrene
Anthracene
Fluoranthene
Pyrene

d10-Phenanthrene

d10-Fluorene

Benz(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(k)fluoranthene

d12-Chrysene

d12-Benzo(a)pyrene

Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenz(a,h)anthracene

Benzo(g,h,i)perylene

d12-Perylene

d10-Pyrene




Table 3. Recovery Ratio of Laboratory and Field Surrogate Standards

Recovery Ratio(%)
QAQC Average of Samples

dg-Naphthalene 73.1 59.3

Laboratory dio-Acenaphthene 89.5 84.2

Surrogate dio-Phenanthrene 84.9 97.2

STD di-Chrysene 923 98.6

dip-Perylene 109.7 125.5

Field djo-Fluoranthene 824 88.5
Surrogate

STD di-Benzo(a)pyrene 93.8 78.3
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Table 4. Concentration of PAHs in 2018 ~ 2019(unit : ngSm’, A~M : Ascon Plants, 1* and 2°¢ : The number of analysis)

2018 2019

A-1st B-1% C-1 D-1° E-1% F-1% G H-1% I-1% J-1%
Nap 94895 154900 | 207.760 | 175.618 | 103.382 72.115 34.762 | 520.085 95.572 |  646.570
Acy 0.218 0.110 0.737 1.038 0.191 0.096 0.257 0.594 1.386 0.214
Ace 1.085 0.240 1.745 0.342 0.239 0.262 0.615 0.563 0.655 0.343
Flu 1.386 0.412 2.492 0.641 1.388 0.634 1.189 1.037 1.130 1.082
Phe 6.418 2.962 7.258 3.025 4.649 2.615 4.465 2410 3.213 3.280
Anthr 0.409 0.074 0.602 0.204 0.406 0.232 0.501 0.449 0.313 0.586
Flt 0.828 0.647 1.101 0.797 0.782 0.951 0.759 0.558 0.302 0.955
Pyr 1.225 1.730 1.135 1.705 1.060 1.176 1.789 0.542 2.318 0.955
BaA 0.061 0.000 0.000 0.000 0.125 0.097 0.242 0.031 0.161 0.185
Chry 0.066 0.084 0.053 0.013 0.197 0.127 0.221 0.063 0.256 0.166
BbF 0.039 0.025 0.043 0.014 0.103 0.088 0.032 0.000 0.000 0.149
BKF 0.026 0.013 0.048 0.009 0.139 0.196 0.073 0.000 0.000 0.000
BaP 0.031 0.026 0.069 0.005 0.111 0.097 0.041 0.003 0.005 0.041
Ind 0.034 0.017 0.044 0.013 0.164 0.157 0.017 0.000 0.000 0.140
DBahA 0.033 0.014 0.059 0.018 0.192 0.118 0.013 0.000 0.000 0.124
BghiP 0.040 0.023 0.049 0.020 0.189 0.159 0.052 0.025 0.021 0.134
PAHs 106.793 161.278 | 223.196 183.461 113.316 79.119 45.028 | 526.360 105.334 654.923

#* Naphthalene(Nap), Acenaphthylene(Acy), Acenaphthene(Ace), Fluorene(Flu), Phenanthrene(Phe), Anthracene(Anthr), Fluoranthene(Flt), Pyrene(Pyr),
Benz(a)anthracene(BaA), Chrysene(Chry), Benzo(b)fluoranthene(BbF), Benzo(K)fluoranthene(BkF), Benzo(a)pyrene(BaP), Indeno(1,2,3-cd)pyrene(Ind),
Dibenz(a,h)anthracene(DBahA), Benzo(gh,i)perylene(BghiP)



Table 5. Concentration of PAHs in 2020 ~ 2021(unit : ugSm>, A~M : Ascon Plants, 1% and 2™ : The number of analysis)

2020 2021

K L A-2™ M E-2"d [-2m D-2™ J-2nd B-2"d c-2m H-2"d F-2m
Nap | 4450320 | 79.3951 | 10.7719 | 4.1384 | 4.9793 | 37.669 | 125.831 | 18.692 | 75.764 | 213.107 | 250.974 | 372.958
Acy 67.7113 | 19.4698 | 0.9945 | 1.9677 | 0.0354 0.118 5.704 0.080 0.000 2.691 | 10.111 | 131.458
Ace 10.3578 | 4.3000 | 0.2340 | 0.0718 | 0.0524 0.428 1.106 0.103 0.637 0.771 1.766 9.360
Flu 6.4333 | 11.7273 | 0.8549 | 0.2674 | 0.3042 1.050 3.233 0.451 2.038 1.479 3.708 | 17.483
Phe 15.0538 | 27.5387 | 2.6102 | 0.5693 | 1.4999 4611 | 14.161 1.566 4818 3.874 4723 | 33.545
Anthr 73672 | 63450 | 0.6058 | 0.1990 | 0.2393 1.072 1.590 1.414 2.482 6.447 6.006 8.005
Flt 24947 | 19408  0.4137 | 0.0450 | 0.0756 0.079 0.593 0.086 0.237 0.400 0.116 2.571
Pyr 29777 | 6.3069 | 0.1866 | 0.0472 | 0.0744 0.171 0.670 0.130 0.215 0.299 0.135 2.848
BaA 0.0203 | 1.8782 | 0.0214 | 0.0194 | 0.0064 0.013 0.015 0.008 0.021 0.023 0.011 0.143
Chry 0.0724 29827 | 0.0984 | 0.0120| 0.0184 0.012 0.052 0.079 0.105 0.036 0.007 0.245
BbF 51410 | 0.2140 | 0.0000 | 0.0000 | 0.0000 0.000 0.000 0.000 0.009 0.014 0.002 0.023
BKF 0.0729 | 0.3797 | 0.0000 | 0.0707 | 0.0574 0.000 0.000 0.000 0.003 0.005 0.000 0.000
BaP 0.0933 | 0.2127 | 0.0527 | 0.0320 | 0.0110 0.024 0.056 0.031 0.029 0.070 0.000 0.008
Ind 0.0000 | 0.0000 | 0.0000| 0.0000| 0.0150 0.006 0.014 0.005 0.023 0.064 0.006 0.028
DBahA 0.0000 | 0.0000 | 0.0422 | 0.0000 | 0.0000 0.000 0.000 0.000 0.028 0.045 0.002 0.009
BghiP 0.0000 | 0.0684 | 0.0066 | 0.0000| 0.0019 0.002 0.007 0.004 0.005 0.013 0.005 0.037
PAHs | 562.828 | 162.759 | 16.893 7.440 7371 | 45255 | 153.032 | 22.648 | 86.414 | 229.338 | 277.572 | 578.722

¥ Naphthalene(Nap), Acenaphthylene(Acy), Acenaphthene(Ace), Fluorene(Flu), Phenanthrene(Phe), Anthracene(Anthr), Fluoranthene(Flt), Pyrene(Pyr),
Benz(a)anthracene(BaA), Chrysene(Chry), Benzo(b)fluoranthene(BbF), Benzo(K)fluoranthene(BkF), Benzo(a)pyrene(BaP), Indeno(1,2,3-cd)pyrene(Ind),
Dibenz(a,h)anthracene(DBahA), Benzo(gh,i)perylene(BghiP)
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EF= M %< 10°
m

C = 3= erssa B 5 (ug/Smd)

2

2 16,682 ~ atﬁ 3427431 ng/tono. 2 W7
795.627 ng/ton ©|om, W& & 7|F

1 Wix@)Ae] A9 HT 0192 ng/tonS =
Al 4= S th(Table 7, 8).

Avzel £oz gol wjEH A

B Aol nFAE ARSAIE T
RPF(Refuse Plastic Fuel), SRF(Solid Refuse Fuel),
BIO-SRF(Biomass-SRF)¢] #|Z&+¢ PAHs Hl
A7 A &S Aoz ol ATelA
AT wEATY g vl Ekti(Table 8).
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At WEAlTE B AelA ARE
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ez HWiEATE ATl =3
FolE YehE g9ow dAddd. wahA,
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Zavt Ut
Table 8. Comparison of emission factor with
other factories
Emission Factors

it : gton ;éu;m'l
RFA | R¥B | RFC | SRF | BSF | Tsdady
Nap | 2.248 | 5.672 | 15932 - - 0.689
Acy | 0.068 | 0.011 | 0.009 - - | 0.041
Ace | 0.051 | 0.024 | 0.011 - - | 0.006
Flu | 0.073 | 0.060 | 0.021 - - | 0.011
Phe | 0.245 | 0.095 | 0.050 - - 0.028
Anhr | 0.010 | 0.006 | 0.003 - - | 0.008
Fit | 0.019 | 0.017 | 0.028 - - | 0.003
Pyr | 0.012 | 0.007 | 0.006 - - | 0.006
BaA | 0.001 | 0.001 | 0.002 - -1 0.001
Chry 0 | 0.002 | 0.006 - -1 0.001
BbF | 0.019 | 0.002 | 0.007 - - | 0.001
BKF 0 | 0.001 | 0.001 - - | 0.000
BaP | 6.662 | 0.001 | 0.005 - - | 0.000
Ind | 0.002 | 0.001 | 0.006 - - | 0.000
EA | 0.002 | 0.001 | 0.004 - - | 0.000
BghP 0| 0.001 | 0.004 - - | 0.000
PAEE | 9411 | 5.899 | 160% | 1.631 | 1.852 | 0.796
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Table 6. Emission factor of PAHs in 2018 ~ 2019(unit : ngton, A~M : Ascon Plants, 1* and 2™ : The number of analysis)

2018 2019

A-1st B-1% Cc-1* D-1% E-1° F-1¢ G H-1% -1 J-1%
Nap 481.401 682.952 480.698 755.332 352.374 259.171 120.409 | 2015.328 834.233 | 3383.715
Acy 1.105 0.484 1.705 4.464 0.651 0.344 0.891 2.301 12.100 1.119
Ace 5.503 1.059 4.039 1.472 0.815 0.940 2132 2182 5.720 1.796
Flu 7.033 1.817 5.766 2.756 4.730 2.277 4.120 4.018 9.864 5.665
Phe 32.559 13.060 16.792 13.009 15.847 9.399 15.465 9.340 28.050 17.165
Anthr 2.076 0.328 1.394 0.875 1.384 0.833 1.737 1.741 2.734 3.066
Flt 4.201 2.854 2.548 3.430 2.664 3.417 2.629 2.162 2.637 4.996
Pyr 6.214 7.627 2.626 7.331 3.613 4.226 6.198 2.100 20.235 5.000
BaA 0.310 0.000 0.000 0.000 0.427 0.349 0.837 0.120 1.406 0.967
Chry 0.336 0.372 0.123 0.056 0.671 0.455 0.765 0.245 2.236 0.871
BbF 0.195 0.112 0.099 0.059 0.352 0.316 0.110 0.000 0.000 0.779
BkF 0.130 0.059 0.112 0.039 0.473 0.706 0.254 0.000 0.000 0.000
BaP 0.158 0.113 0.159 0.020 0.377 0.349 0.141 0.012 0.044 0.214
Ind 0.172 0.074 0.102 0.058 0.558 0.565 0.059 0.000 0.000 0.731
DBahA 0.167 0.061 0.136 0.077 0.655 0.423 0.043 0.000 0.000 0.647
BghiP 0.201 0.102 0.113 0.088 0.643 0.570 0.181 0.096 0.186 0.701
PAHs 541.762 711.075 516.411 789.065 386.233 284.341 155.968 | 2039.645 919.444 | 3427.431

#* Naphthalene(Nap), Acenaphthylene(Acy), Acenaphthene(Ace), Fluorene(Flu), Phenanthrene(Phe), Anthracene(Anthr), Fluoranthene(Flt),
Pyrene(Pyr), Benz(a)anthracene(BaA), Chrysene(Chry), Benzo(b)fluoranthene(BbF), Benzo(K)fluoranthene(BkF), Benzo(a)pyrene(BaP),
Indeno(1,2,3-cd)pyrene(Ind), Dibenz(a,h)anthracene(DBahA), Benzo(gh,i)perylene(BghiP)
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Table 7. Emission factor of PAHs in 2020 ~ 2021(unit : ngton, A~M : Ascon Plants, 1 and 2™ : The number of analysis)

2020 2021

K L A-2™ M E-2 -2 D-2" J-2nd B-2™ c-2m H-2" F-2m
Nap 2162.399 | 449.799 30.321 16.950 11.270 | 109.766 | 485.777 | 84.098 99.890 | 579.651 | 719.181 | 1046.058
Acy 329.008 | 110.303 2.799 8.059 0.080 0.345 22.021 0.361 0.000 7.320 28.974 | 368.708
Ace 50.328 | 24.361 0.659 0.294 0.119 1.248 4.272 0.462 0.840 2.097 5.062 | 26.253
Flu 31.259 |  66.439 2.406 1.095 0.688 3.059 | 12.480 2.028 2.687 4.024 | 10.627 | 49.035
Phe 73.146 | 156.016 7.347 2.332 3.395 13.438 54.671 7.047 6.352 10.538 13.533 94.086
Anthr 35.797 | 35.946 1.705 0.815 0.542 3.123 6.137 6.360 3.272 17.537 17.209 22.453
Flt 12.122 10.996 1.165 0.184 0.171 0.229 2.289 0.385 0.313 1.087 0.332 7.210
Pyr 14.469 35.731 0.525 0.193 0.168 0.499 2.586 0.583 0.283 0.812 0.388 7.989
BaA 0.098 10.641 0.060 0.079 0.014 0.037 0.056 0.037 0.028 0.064 0.030 0.402
Chry 0.352 | 16.898 0.277 0.049 0.042 0.034 0.202 0.355 0.139 0.099 0.021 0.687
BbF 24.980 1.213 0.000 0.000 0.000 0.000 0.000 0.000 0.012 0.038 0.006 0.066
BKkF 0.354 2.151 0.000 0.289 0.130 0.000 0.000 0.000 0.004 0.014 0.000 0.000
BaP 0.453 1.205 0.148 0.131 0.025 0.069 0.215 0.139 0.038 0.189 0.000 0.024
Ind 0.000 0.000 0.000 0.000 0.034 0.019 0.054 0.024 0.031 0.174 0.016 0.078
DBahA 0.000 0.000 0.119 0.000 0.000 0.000 0.000 0.000 0.037 0.122 0.005 0.026
BghiP 0.000 0.388 0.019 0.000 0.004 0.006 0.028 0.016 0.007 0.034 0.013 0.103
PAHs | 2734.765 | 922.086 47.550 30.472 16.682 | 131.873 | 590.788 | 101.896 | 113.931 | 623.801 | 795.397 | 1623.177

% Naphthalene(Nap), Acenaphthylene(Acy), Acenaphthene(Ace), Fluorene(Flu), Phenanthrene(Phe), Anthracene(Anthr), Fluoranthene(Flt),

Pyrene(Pyr), Benz(a)anthracene(BaA), Chrysene(Chry), Benzo(b)fluoranthene(BbF), Benzo(K)fluoranthene(BkF), Benzo(a)pyrene(BaP),
Indeno(1,2,3-cd)pyrene(Ind), Dibenz(a,h)anthracene(DBahA), Benzo(gh,i)perylene(BghiP)
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Fig. 10. Ascon plant Shipment facility with preventive facilities

Table 9. Complex odor on the Ascon plant (unit : dilution value)

Sample ID | Samples sta‘j;clilalzds d‘i};llicén Results Shipment fadlity | Border Ag}ggsgais
1 300 appropriate - - Recycled
2 144 appropriate - - Recycled
A 3 100 appropriate - - General
4 100 appropriate 208 3 Recycled
1 100 appropriate - - Recycled
B 2 100 appropriate - - Recycled
3 300 appropriate 144 3 Recycled
1 100 appropriate - - General
¢ 2 448 appropriate 100 3 Recycled
- 1 3000 | inappropriate - - General
2 3000 inappropriate 300 3 Recycled
. 1 =00 1442 | inappropriate - - Recycled
2 1442 | inappropriate - - General
1 1000 inappropriate - - Recycled
F 2 448 appropriate - - Recycled
3 1442 | inappropriate 100 3 Recycled
G 1 100 appropriate - - General
1 100 appropriate - - General
H 2 1000 inappropriate - - General
3 100 appropriate 144 3 General
I 1 1000 | inappropriate - - Recycled
1 100 appropriate - - General
J 2 144 appropriate 208 3 Recycled
K 1 100 appropriate 100 3 Recycled
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Table 10. Result of measured and investigated values from Ascon plants

I D ] B C H F
PAHs(ug/Sm’) 45255 | 153.032| 22648 | 86414 | 229338 | 277572 | 578722
THC(ppm) 1043 4239 416 23 342 156.4 1496.0
NOXx(ppm) 15.0 14.0 20 6.0 10.0 10.0 19.0
SOy(ppm) N.D. 37.0 N.D N.D N.D 22.0 78.0
percentage of 30.0 100.0 0.0 435 375 30.0 100.0
recycled aggregates(%)
Type of Fuels LNG LNG LNG LNG LNG LNG LNG
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Table 11. Analysis result of TEQs

j1g/Sm’ TEFs TEQs
Nap 0.001 0.170
Acy 0.001 0.011
Ace 0.001 0.002
Flu 0.001 0.003
Phe 0.001 0.007
Anthr 0.01 0.021
Flt 0.001 0.001
Pyr 0.001 0.001
BaA 0.1 0.014
Chry 0.01 0.002
BbF 0.1 0.027
BkF 0.1 0.005
BaP 1 0.048
Ind 0.1 0.003
DBahA 1 0.032
BghiP 0.01 0.000
PAHs 0.346
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Fig. 11 ¥ Fig. 120 o}~ Ax Aldad
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2020-10-20~
2020-10-21

Hour Avg. Max:
PAHs(ug/m3)

1.5903
1.4313
12722
1.1132
0.95418
0.79515
0.63612
0.47709
0.31806
0.15903

2020-10-14~
2020-10-15

Hour Avg. Max_
PAHs (ug/m3)

0.00673
0.00606
0.00539
0.00471
0.00404
0.00337
0.00269
0.00202
0.00135

Fig. 12. Model results in Geomdan industry complex
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