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Accumulation Property in Human Body of Benzene Derived
from Groundwater According to Exposure Pathway
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ABSTRACT

The contamination pattern of indoor air was simulated when groundwater dissolving benzene was used for household
activities. Indoor exposure scenario consisted of inhalation, ingestion, and dermal absorption. Physiologically based
pharmacokinetic (PBPK) model was used to analyze how benzene exposed to human body was distributed in internal
organs. Main exposure pathways contributing total internal dose were inhalation and ingestion while the contribution of
dermal absorption was very small. Man showed higher exposure rate than woman due to his higher breath rate. For a
short-term exposure, benzene concentration in venous blood of SPT, RPT and liver changed rapidly while slowly did in
venous blood of adipose tissue at a low concentration. For a long-term exposure, woman accumulated about 2.1 times
higher than man. Most of benzene exposed to human body was removed by exhalation and metabolism at lung and liver,
respectively. For inhalation and ingestion, the benzene removals by exhalation were 69.8 and 48.4%, respectively. Relative
importance of removal mechanism was different according to the inflow displacement of benzene. The results obtained
from this study would help understand exposure, distribution, and removal phenomena and make plans for the reduction
of the health risk associated with the contaminated groundwater by various organic compounds.
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Fig. 1. A two-compartment model for simulating the transfer of benzene from groundwater to indoor air
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Table 1. Summary of parameters used to calculate indoor-air concentration of benzene attributable to water use by a family of four”'®
description representative value
Vi volume of shower room 18,900 L
R, residence time of air in shower room 30 min
Vi volume of remaining house 248,000 L
R, residence time of air in household 120 min
fo fraction of air leaving bathroom exhausted outdoors 0.1
I water used in shower 2271 L
A water used in toilet 205 L
1 water used in cleaning 242 L
I water used in face washing 732 L
I water used in laundry 79.6 L
I water used in kitchen & sinks 1272 L
D, transfer efficiency from shower water to air 0.49
b, transfer efficiency from toilet water to air 0.23
D, transfer efficiency from cleaning water to air 0.70
@ transfer efficiency from face washing water to air 0.70
b transfer efficiency from laundry water to air 0.70
D, transfer efficiency from kitchen & sinks water to air 023
707, * time interval when shower water is used 7, 8; 19, 20
70 1% time interval when toilet water is used 0, 24
PR A time interval when cleaning water is used 14, 15
‘[f”, T+ time interval when face washing water is used 7:30, 81:32;0’121:32’013230;
o n* time interval when laundry water is used 10:00, 11:30
A time interval when kitchen and sinks water is used 7, 8 12, 13; 18, 19
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surface area exposed, cm’
parameter vapor phase benzene benzene dissolved in groundwater
man woman man woman
toilet 5,120 5,401 N.E. N.E.
showers 19,400 16,900 19,400 16,900
face washing 3,140 2,821 3,160 2,986
laundary 3,140 2,821 N.E. N.E.
kitchen & sinks 3,140 2,821 N.E. 1,886
cleaning 3,140 2,821 N.E. 1,886
permeability constant (cm/hr) 0.08 0.021

Journal of KoSSGE Vol 9, No. 1, pp. 12~27, 2004



i

16 WeE - o)ds -

M - ol - HER - A9

Table 3. Skin surface areas of body parts for adult and exposed body parts with water consumption by category of use”!?

body part head trunk  |upper arms| forearms hands thighs | lower legs feet total
surface area, m’ 0.118, 0.569, 0.143, 0.114, 0.084, 0.198, 0.207, 0.112, 1.94,
(man, woman) 0.110 0.542 - - 0.0746 0238 0.194 0.0975 1.69
toilet \% \" \" \Y
showers VD VD VD VD VD VD VD VD
face washing VD D VD \%
laundary \% A" \Y%
kitchen & sinks \" D VD v
cleaning \Y% D VD v

*V: vaporized benzene, D: dissolved benzene.

*Man has no exposure of dissolved benzene for cleaning and kitchen & sinks.
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Fig. 2. Conceptual representation of the physiologically based
pharmacokinetic model for BTEX (f: adipose tissue, s: slowly
perfused tissues, r: rapidly perfused tissues, and I: liver).
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Table 4. Physiological parameters used in PBPK model for
benzene®

Parameters Values

Alveolar ventilation rate (L/min) active inactive

Man (65.42 kg) 796.2 442.8

Woman (54.66 kg) 529.2 330.6
Cardiac output (L/hr) 390
Blood flow rate (fraction of cardiac output)

Fat 0.05

Slowly perfused tissues 0.25

Richly perfused tissues 0.44

Liver 0.26
Volume (fraction of body weight)

Fat 0.19

Slowly perfused tissues 0.62

Richly perfused tissues 0.05

Liver 0.026
Partition coefficient

Blood:air 74

Fat:air 406.0

SPT:air 15.0

RPT:air 11.0

Liver:air 11.0
Metabolic constant

Vi (mg/hvkg) 17.1

K (mg/L) 0.35




Table 5. Compartment and parameter definitions for PBPK

model
Abbre- ..
R Definition
viation
C, Concentration in air inhaled

C, | Concentration in alveolar air

C,» | Measured concentration in expired breath
0, | Alveolar ventilation rate

0O, | Cardiac output

P, | Blood/air partition coefficient

B, Arterial blood concentration

B Venous blood concentration

A, | Amount metabolized in liver

Q; | Blood flow rate to compartment i

V; | Volume of compartment i

C; | Concentration in compartment i

B; | Concentration in venous blood leaving compartment i

A; Amount in compartment i

P; | Tissue/blood partition coefficient for compartment i

Voo | Maximum metabolic rate

K,, | Michaelis constant
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Table 6. 24-hr estimated distribution of benzene according to exposure pathways

Conc. of benzene in venous stream Amount of benzene accumulated
Compartment of each organ (ng/L) in each organ (ng/kg)
fat SpPT RPT liver Tat SPT RPT liver
. M 0.292 1.074 0.869 0.585 199.1 88.29 4.226 1.479
Inhalation "
w 0.617 1.025 0.868 0.618 351.5 70.38 3.528 1.306
. M 0.101 0.257 0.134 0.0851 68.98 21.16 0.652 0.215
Ingestion -
w 0.469 0419 0.268 0.189 267.1 28.75 1.088 0.400
Dermal absorption of M 1.20x107* | 9.97x107 | 4.78x10* | 3.22x10* || 0.0819 0.0820 | 2.32x107° | 8.14x107*
vaporized benzene w 3.01x107* | 1.03107 | 5.6410* | 401107 0.171 0.0711 229x107° | 8.48x107*
Dermal absorption of M 00161 | 7.27x107 | 496107 | 3.32x107° || 10.99 0.589 0.0241 | 839107
dissolved benzene w 0.0396 0.0148 0.0117 | 833x107° 22.57 1.016 0.0477 0.0176
Total exposure M 0.4006 1.339 1.006 0.682 277.1 110.1 4.892 1.725
pathways w 1.120 1.458 1.147 0.817 638.2 100.1 4.659 1.726
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Table 7. 12-day estimated distribution of benzene according to exposure pathways

Conc. of benzene in venous stream Amount of benzene accumulated
Compartment of each organ (ng/L) in each organ (ng/kg)
fat SPT RPT liver fat SPT RPT liver
. M 0.767 0.664 0.386 0472 523.3 54.60 3.247 1.142
Inhalation
W 1.434 1.271 1.298 0.927 817.3 87.34 5.174 1.921
. M 0.252 0.211 0.123 7.19 171.8 17.32 0.596 18.21
Ingestion
w 1.057 0917 0.584 25.0 602.1 62.98 2374 52.61
Dermal absorption of M | 350x107* | 4.89x107* | 2.38x107* | 2.00x107* ||  0.239 0.0557 | 116107 | 5.07x107
vaporized benzene w 742x107* | 1.29x107% | 6.52x107* | 4.64x1074|| 0.423 0.0886 | 2.65x107° | 9.81x107*
Dermal absorption of M 0.0471 0.0815 0.0399 0.0119 32.15 8.503 0.194 0.0471
dissolved benzene w 0.0915 0.172 0.0843 0.0602 52.74 11.84 0.342 0.127
Total exposure M 1.058 0.960 0.821 7.484 721.8 78.95 3.992 18.81
pathways w 2.584 2.360 1.937 25.90 1472 162.1 7.870 54.23
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Table 8. Removal characteristics of benzene according to exposure pathways and exposure periods

25

Exposure pathway

24-hr exposure, ng (ratio to dose, %)

12-day exposure, ng (ratio to dose, %)

metaboilism exhalation metaboilism exhalation
Inhalation M 427.6 (21.2) 1242.0 (61.7) 5,995.0 (24.8) 16,885.0 (69.8)
w 724.7 (25.4) 1,700.6 (59.7) 10,130.0 (29.6) 23,210.0 (67.9)
Ingestion M 464.0 (45.0) 445.0 (43.2) 5,835.3 (47.2) 5,981.6 (48.4)
w 1,396.2 (46.5) 1,306.4 (43.5) 17,748.0 (49.3) 17,664.0 (49.1)

Dermal absorption of M 0.186 (20.3) 0.528 (57.6) 2.747 (25.0) 7454 (67.7)
vaporized benzene W 0.360 (24.7) 0.835 (574) 5.242 (30.0) 11.801 (67.6)
Dermal absorption of M 27.32 (19.7) 88.89 (64.0) 384.3 (23.0) 1,226.7 (73.6)
dissolved benzene w 50.29 (25.8) 123.2 (63.1) 668.1 (28.5) 1,605.0 (68.5)
M 913.9 (28.7) 1,759.5 (55.2) 12,172.0 (31.8) 23,963.0 (62.7)

w

Total exposure pathways

2,164.0 (35.8)

3,1124 (51.5)

28,555.0 (39.4)

42,498.0 (58.6)
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Fig. 8. Total amount of benzene removed by metabolism and exhalation for 288-hr exposure.
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