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Abstract

We conducted human risk assessment for exposure to inhalation of chemical substances
emitted from the storage tanks of petroleum refineries. To assess human risk, this study
calculated chemical emissions from the external floating roofs on storage tank at petroleum
refineries, as well as concentrations thereof in the ambient air using the K-SCREEN model, and
then determined risk in accordance with the Reference Concentration (RfC) values and
Inhalation Unit Risk criteria developed by the US Environmental Protection Agency. The
results indicated that non-carcinogenic chemicals have a hazard quotient of less than 1,
meaning they have an insignificant effect on human health for residential areas near the storage
tanks. Among the known carcinogens, the hazard risk for benzene slightly exceeded 10°®,
indicating the need for corrective reduction measures.

The methodology for health impact assessment devised herein provides findings useful in
decision making for policy makers and the general public with respect to construction of
industrial complexes. However, the methodology proposed herein does have limitations,
including discrepancy in results induced by use of U.S. data (due to the lack of usable domestic
data). More systematic studies from related researchers will be needed to address these issues
and produce more reliable outcomes.
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Mechanical shoe seal
Primary only(¥ z}) 5.8 0.3 2.1
Shoe-mounted(©] Z}) 1.6 03 1.6
Rim-mounted(©] Z}) 0.6 0.4 1
Liquid-mounted seal
Primary only( %} 1.6 03 15
Weather shield 0.7 0.3 1.2
Rim-mounted(©] x}) 0.3 0.6 0.3
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Primary only(22}) 6.7 0.2 3
Weather Shield 3.3 0.1 3
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EEE!
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H 8. deck fitting HiEQIX}, KFa, KFb, m
Fitting &€l AA|3E L% KFa | KFb m
Bolted Cover, Gasketed 1.6 0 0
Access Hatch (24-in. Diameter well) | Unbolted Cover, Gasketed 31 5.2 13
Unbolted Cover, Ungasketed 36 5.9 12
Built-Up Col., Gasketed Sliding Cover 33 0 0
Fixed Roof Support Column Well Built-Up Col., Ungasketed Sliding Cover 47 0 0
(24-in. Diameter well) Round Pipe Col., Flexible Fabric Sleeve Seal 10 0 0
Round Pipe Col., Gasketed Sliding Cover 25 0 0
Round Pipe Col., Ungasketed Sliding Cover 31 0 0
Ungasketed Sliding Cover 31 150 14
Unslotted Guide-Pole Well Gasketed Sliding Cover 25 13 2.2
(24-in. Diameter unslotted pole, Ungasketed Sliding Cover w/pole Sleeve 25 22 21
21-inch diameter welD) Gasketed Sliding Cover w/pole Sleeve 8.6 12 0.81
Gasketed sliding Cover w/pole Wiper 14 3.7 0.78
Ungasket. Sliding Cover, with Float 31 36 2
Ungasketed Sliding Cover 43 270 1.4
N ) Gasketed Sliding Cover, with Float 31 36 2
Slqtted Qulde—Pole/Sample Well Gasketed Slidini Cover, with Pole Wiper 41 48 1.4
(8-in. Diameter slotted pole, — -
21-inch diameter well) Gasketed Sliding Cover, with Pole Sleeve 11 46 14
Gasketed Sliding Cover, with Float and pole Wiper 21 7.9 1.8
Gasketed Sliding Cover, with Float, Pole Sleeve, and Wiper 11 9.9 0.89
Gasketed Sliding Cover, with Pole Sleeve and Pole Wiper | 8.3 44 1.6
Bolted Cover, Gasketed 2.8 0 0
Float Well (Automatic Gauge) Unbolted Cover, Gasketed 43 17 0.38
Unbolted Cover, Ungasketed 14 5.4 1.1
Roof Leg or Hanger Well Adjustable 79 0 0
Fixed 0 0 0
Sample Pipe or Well Slotted Pipe-Sliding Cover, Gasked 43 0 0
(24-in. Diameter) Slotted Pipe-Sliding Cover, Ungasked 43 0 0
Slit Fabric Seal 10% Open 12 0 0
Stub Drain (1-in. Diameter) 1.1 0 0
Vacuum Breaker (10-in. Diameter) Weighted Mechanical Actuation, Gasked 6.2 12 0.94
Weighted Mechanical Actuation, Ungasked 7.8 0.01 4
Gauge-Hatch/Sample Well Weighted Mechanical Actuation, Gasked 047 | 002 | 097
(8-in. Diameter) Weighted Mechanical Actuation, Ungasked 23 0 0
Slit Fabric Seal, 10% Open Area 12
) ) ) Open 15 0.21 1.7
Deck Drain (3-in. Diameter) 90% Closed 18 014 11
Adjustable, internal floating deck 7.9
Adjustable, Pontoon Area, Ungasketed 2 0.37 0.91
Adjustable, Center Area, Ungasketed 082 | 053 | 0.14
Adjustable, Double-Deck Roofs 082 | 053 | 0.14
Deck Leg (3-in. Diameter) Fixed 0 0 0
Adjustable, Pontoon Area, Gasketed 13 0.08 | 0.65
Adjustable, Pontoon Area, Sock 1.2 0.14 0.65
Adjustable, Center Area, Gasketed 0.53 0.11 0.13
Adjustable, Center Area, Sock 049 | 016 | 0.14
Rim Vent (6-in. Diametes) Weighted Mechanical Actuation, Gasked 0.71 0.1 1
Weighted Mechanical Actuation, Ungasked 0.68 1.8 1
o Sliding Cover, Ungasketed 76 0 0
Ladder Well(36-in. Diam.) Sliding Cover, Gasketed 56 0 0
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v=RFEWES kmh (WEFAEAYE U B
%
bt )3 Al 2 v
I, Al710] AEL o]lQ AR & A AFE] o
= 0]-2-3 S %
=deckﬁtting‘:£/\§%‘=,kg/yr _ ‘07]‘/] =2a ]Oo]—o% ot i [e] Oﬂoﬂ ‘1‘/]
P*, My, Kc= 9oF #|0] %] 9] A o] & u} & ﬂ“]’%ég t‘l—l'}‘g%k% O]'EHQ”] #9 g‘l sk 1031]‘ Zzh:]'
Fr = %% deck fitting vl & 212} H O KMEEATOIAO IS
7] A, Rim Seal | Withdrawal |Deck Fitting| A vi&3F
NFi %;ﬁ EH—‘] deck ﬁttmg_—] _’_(1_0’1,2 ﬁf) HHE‘ ] (Ll") HHE 6] (LWd) HHE‘ ] (Lf) (Lt)
B 14778.284 349.619 5.645 1833.548
Kgi=EA &)< fittingo]] o 3t deck fitting vl <21
20,1 2.0, FARI0IMC SlaiETe| 5=
n = fitting &7 2 4=, F- 24
EEREES
K = Ky + K KyV)™
o171 Hkod £42 54, g, m-Addl
7| X
’ n-8ak A|Z&sle] fs) K-SCREEN R2&-&
Kgi = E4 & e <] fitting o]l g} deck fitting vl &<1A} ’ 12 o = ==
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H 10. R0 &RE StetEX EH
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_Il—‘j ) ZA (%
HEEER S Lr Lwd Lf Lt Ltx69
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HAl 0.60 15.391 2.098 0.059 17.548 105.288
o] 48 %k 0.10 0.024 0.350 0.000 0.374 2.244
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of el Al 0.40 0.968 1.398 0.004 2.370 14.220
m-24# 1.40 2.962 4.895 0.011 7.868 47.208
oAz HlAl 0.10 0.112 0.350 0.000 0.462 2.172
1,2,4-Egu gzl 0.33 0.172 1.154 0.001 1.327 7.962
Az Ak 0.70 18.877 2.447 0.072 21.396 128.376
H 11. K-SCREEN 22! AsizZu{H|wet SE)
AT olAAYm) | EFNg/m’) | MDA ug/m?) | m-AL&ug/m’)| n-iHug/m?) AEZ3Hug/m’)
FAX O 670 0.3814 0.0823 0.2730 0.6319 0.7425
FAA @ 1,290 0.2165 0.0467 0.1550 0.3587 0.4215
FAA G 1,380 0.2058 0.0444 0.1473 0.3409 0.4006
FAA @ 1,700 0.1761 0.0380 0.1261 0.2918 0.3428
FAA G 1,350 0.2092 0.0451 0.1497 0.3466 0.4073
AR S P s 446 0.5457 0.1177 0.3905 0.9039 1.0620
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A A O] AA g (m WA (ug/m?)
FAA @ 670 0.6090
=77 @ 1,290 0.8457
EX e 1,380 0.3286
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