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Human Health Risk Assessment of BTEX from Daesan
Petrochemical Industrial Complex

Jihyeong Lee*** - Yong-Chul Jang* - Kwangsoo Cheon** - Bora Kim**

Department of Environment Engineering, Chungnam National University™*
Ministry of Environment™*

Q0oF: H o Lof| A= Al A8-38k AR th] o) A vl|& %= BTEX (benzene toluene, ethylbenzene, and
xylene)®] = W R 54 2Aksto] 21d3alo] tigh A2 flai 8-S mtetablet, AbehA] Q1 4]
RIS Thakst UHZﬂ(*ﬂ B, E3] 3715 Foll sfetede] =5 4 ok, o] A= AAE
2 g SE24 P8 Bt % @% B ARgste] Fell o3t oAl A H1dls Brlskgle) AE
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Abstract: In this study, the concentration and distribution characteristics of BTEX (benzene toluene,
ethylbenzene, and xylene) emitted from Daesan Petrochemical Industrial Complex were examined
to determine their potential hazards to local residents. Residents living nearby the complex areas
may be exposed to the chemicals through various media (air, water, and soil), especially by air. This
study evaluated human health risks by inhalation using both deterministic and probabilistic risk
assessment approaches. As a result of the deterministic risk assessment, the non-cancer risk was
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much lower than the regulation limit of hazard index (HI 1.0) for all the points. However, in case

of cancer risk evaluation, it was found that the risk of excess cancer for benzene at point A located

in the industrial complex was 2.28x10*, which slightly exceeded the standard regulatory limit of

1.0x10%. In addition, the probabilistic risk assessment revealed that the percentile exceeding the

standard of 1.0x10* was found to be 45.3%. The sensitivity analysis showed that exposure time (ET)

had the greatest impact on the results. Based on the risk assessment study, it implied that

ethylbenzene, toluene, and xylene had little adverse effects on potential human exposure, but

benzene often exceeded the cancer risk standard (1.0x10°). Further studies on extensive VOCs

monitoring are needed to evaluate the potential risks of industrial complex areas.

Keywords : BTEX, Petrochemical Industrial complex, Deterministic Risk Assessment, Probabilistic
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Figure 1. BTEX measurement point near Daesan petrochemical mdustrlal complex
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Table 1. Air emission annual rates of BTEX from Daesan
petrochemical industrial complex

(unit: kg/yr)
BTEX 2018 2019 2020
Benzene 35,925 42811 47,255
Toluene 18,798 19,017 19,300
Ethylbenzene 5,471 5914 4,111
Xylene 27,476 64,719 42,505

%] oFS- A|9J3t BTEX Hl&% A EE Table 190 AA|
SFATHNICS 2018~2020).
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2 #asto] AAshA.0n, Table 30 AIAFATH
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(US EPA 1997; NIER 2019). & o17-9] tjA} 4k
@2 9] 79- BTEXS] W& 2 3 tiH-&o] ti7] HH
Zo|n, ojof wl o] By F TFof 9ot i S

- V(ZSni(szlc—)EX) - Inhalation

Figure 2. Human exposure scenario at Daesan petrochemical industrial complex.
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Table 2. Exposure equations by the atmospheric exposure scenario in this study

Inhalation ADD =

Caxr X [Rinh X EF X ET X ED % ABSatr—mh
BW x AT % 365

ADD: average daily dose (mg/kg/day), Cair: concentration in air (ug/m?), IRinh: inhalation rate (m*/day), EF: exposure frequency
(day/yr), ET: exposure time (hr/day), ED: exposure duration (year), ABS.i-inn: absorption factor by inhalation (unitless), BW: body

weight (kg), AT: average time (year)

Table 3. Exposure factors and distributions in this study

E;f;zlge Unit CTED Value ) Distribution Reference
EF day/yr 350 365 Triangular (min: 180, max: 365, likeliest: 350) This study
ET hr/day 2.18 6.09 Lognormal (m=2.18, s=2.01) NIER 2019
ED yaer 30 Normal (mean=25, s=8.25) NIER 2019
BW kg 64.5 ‘ 84.8 Lognormal m=64.5 s=12.65 NIER 2019
ATc year 82.7 Point estimate NIER 2019

ATxe year 30 Point estimate NIER 2019
IRinn m¥/day 14.62 ‘ 18.97 Lognormal (mean: 14.62, SD: 3.19) NIER 2019
ABSir-inh unitless 1 Point estimate US EPA 1997

DCTE (Central Tendency Exposure), » RME (Reasonable Maximum Exposure)

=

APS u ghole] Bt Aojshy w3 A7
3to] & AZHET)E 2.18A17F0.& 39t
E3}, =2 7|7HED) 304 0.2 AAste] worels]
T AR A] AdEkA 0 & AFesls 77 Aeslelnt

2 v

K

7Hd, st AR Foll A S 4 ol AW
° 9|5 3l7] A7bo] Zhtutct a3, Ay 3
gk S lolE| 7k S E A oFol A LJskeict,

3) 71&7] A %

Aol A= BETXY $8i= 274 (Risk
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Table 4. Slope factor and Reference dose
unit: (mg/kg-day)!

Slope Factor Reference Dose
Benzene 0.0273 0.0068
Toluene NA 1.1333
Ethylbenzene NA 0.2267
Xylene NA 0.0227

NA=Not applicable
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Table 5. Concentration distributions of BTEX from Daesan petrochemical industrial complex by four different sites

(unit: pg/m?)

it v " Average 95% UCL (upper confidence level)
ite ear | n
Benzene | Toluene | Ethyl-benzene | Xylene | Benzene | Toluene | Ethyl-benzene | Xylene
2018 14 9.91 5.97 1.92 7.68 20.78 11.30 329 15.94
A 2019 | 41 18.13 15.30 5.99 27.18 48.15 33.52 15.38 54.84
2020 | 34 7.01 11.50 3.04 16.83 20.36 25.15 6.79 43.97
2018 14 3.79 449 0.85 1.71 8.49 9.44 1.83 2.54
B 2019 | 47 5.44 6.58 3.08 833 18.74 15.90 10.62 20.75
2020 | 30 237 5.38 1.59 298 6.22 15.81 3.84 7.66
2018 14 1.73 3.12 0.76 0.99 4.66 7.80 1.26 1.82
C 2019 | 50 3.83 7.58 1.57 245 11.48 21.18 3.84 5.68
2020 | 28 1.86 5.98 131 3.94 3.94 16.98 3.04 9.36
2018 - - - - - - - - -
D 2019 | 27 3.05 6.02 1.21 3.50 7.24 13.97 242 7.53
2020 6 238 0.83 0.40 0.28 3.85 1.71 0.70 0.57
=number of Samples
9) WiZekat mU e An} AnaA sho FEO0 2 FopA St 9l sM o Qs 34 BH
. s S _ A3 A7t Holdes 54 =7 Hole 4
H o EQ]— EH7]‘§_}- (¢} E]’]Iﬂ Ej”]"é‘ H]ﬂo]' oz I&E}E]%E]'
7] 93] & A H 3l BTEX 247}e] x4 & _ = =
| sl 2 A o SHUS AEEE ) e et e 34 et W uo)
= =) =ZF AHE [ il - - _
o simsh QRS BIEK HISE B8 Flawe B gt 2ol 174 21 3 AAAT R4 2o
AA A =
4ol AxTErs. veRt L, LA BaEe] 49 el e 1y
W71 s S A SRS ‘ ORI AT x ops mgir), o B Aol ARG ST 2
gaem F2 sAgel fe AR YO A yRes} A% A ZAT Ao ofy7] wie
A AEHeR GAE D Zl §2 FREFONE VOCse] 54 uhet AW 714z Ad et 9%
A0® slEdnh NEY AY B4 RS o] valE Aow perEy, Alde] Ao 27|30l
= o, viokel 7k A AL o] 9= A 25C0] A1 6.65~8.80 mmHg= & =dE(HA
W SO BEEe, o] 2 o3 o] 22 Pol ) 948 mmHg, ER4 28,4 mmHg, o 2HA 9.6
200 70000 8710
po/m 10.37 ke/yr
100 - 60,000
§ a0 g 0000 ani 42,505
§ 6.01 m 40,000 35,825
g v £ 30,000
é = 20,000 187 9“ = 171 >
118 I vvvvv 5471 ::1-_ 11
Benzene Toluene Ethylbenzene Xylene Renzene Toluene Ethylbenzene Xylene
Substance Substance

m2018 m2019 m2020

Figure 3. Average BTEX concentration in air from Daesan
petrochemical industrial complex.

H2018 ®2019 m2020

Figure 4. BTEX released to air from Daesan petrochemical
industrial complex.
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E24 94 97} A3} EEZ Table 80 e,
SEEA YUYl FU 1.12x10°°, HAgk
2 1.70x107°2 AAt=|oich 2424 $sle 44
oAl =% CTE %1} RME 3+ 22} 2.28%10°°,
1.67x107°% SE24 el Auf £ro)A 78,2%,
99.9%° 125kt SEEA 948 H7F At
H4A 7)129] 1.0x10°%8 231}38l= Percentile
45.3%% UEPT SHEEA a4 B7F dtol o
3 WiZtE B Ak w2 A7HET), =27]7HED),
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Table 6. Non-carcinogenic risk of BTEX at each point

A B © D
s CTE 0.0339 (69%) 0.0112 (74%) 0.0072 (75%) 0.0079 (82%)
€nzene
RME 0.2484 (71%) 0.0931 (77%) 0.0559 (78%) 0.0463 (81%)
CTE 0.0002  (0%) 0.0001  (1%) 0.0001  (1%) 0.0001  (1%)
Toluene
RME 0.0012  (0%) 0.0007 (1%) 0.0008  (1%) 0.0004  (1%)
CTE 0.0003  (1%) 0.0002  (1%) 0.0001  (1%) 0.0001  (1%)
Ethyl-benzene RME 0.0021 (1%) 0.0014  (1%) 0.0007  (1%) 0.0004  (1%)
. 0 . 0 . (] . (]
CTE 0.0150 (30%) 0.0038 (25%) 0.0021 (22%) 0.0016 (17%)
Xylene
RME 0.0958 (28%) 0.0258 (21%) 0.0141 (20%) 0.0102 (18%)
Hazard Index CTE 0.0494 (100%) 0.0153 (100%) 0.0095 (100%) 0.0097 (100%)
(HL: sum of HQ) RME 0.3475 (100%) 0.1210 (100%) 0.0714 (100%) 0.0572 (100%)
Table 7. Carcinogenic risk of BTEX at each point
Near Average (CTE) 95% UCL (RME)
A B © A B © D
2018 1.94E-06 742E-07 3.38E-07 1.17E-05 4.78E-06 2.62E-06
2019 3.54E-06 1.06E-06 7.48E-07 5.96E-07 2.71E-05 1.05E-05 6.46E-06 4.07E-06
2020 1.37E-06 4.63E-07 3.64E-07 4.66E-07 1.14E-05 3.50E-06 2.22E-06 2.16E-06
average 2.28E-06 7.56E-07 4.83E-07 5.31E-07 1.67E-05 6.27E-06 3.76E-06 3.11E-06
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Figure 5. Results of probabilistic risk assessment at A site.

Table 8. Distribution of PRA results

Percentile Site A
CTE 2.28E-06
DRA
RME 1.67E-05
Min <1.00E-07
5% 2.30E-07
10% 3.31E-07
20% 5.07E-07
30% 6.84E-07
40% 8.81E-07
PRA Median 1.11E-06
60% 1.42E-06
70% 1.81E-06
80% 2.41E-06
90% 3.58E-06
95% 4.97E-06
Max 4.45E-05
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Table 9. Comparison of BTEX concentration in other studies

(unit : pg/m?)

Jangetal. | Bezad el | i gy
Benzene 0.39 1,847 6.11
Toluene - 3,570 7.85
Ethyl-benzene - 758 243
Xylene - 560 8.66

Table 10. Comparison of benzene excess carcinogenic
risk from other studies

Jangetal. | Behzad et al. .
011) o7y | Thisstudy
ECR 2143106 | 6.00x10° | 2.28x10°
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