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— Abstract —

Urinary Hippuric Acid and trans,trans-Muconic Acid Levels According to
Commuting M ode and Duration, Residential Environment, and I ntake of
Preservative-Added Foods and Beveragesin University Students

Kyoung-Mee Kim*?, Sang-Yong Eom®, Dong-Hyuk Yim®, Sun-In Moon®, Yong-Dae Kim®, Heon Kim?

Department of Preventive Medicine, College of Medicine and Medical Research Institute, Chungbuk National University,
Cheongju, Korea, Health Clinic Center, Hankyong National University, Anseong, Korea?

Objective: Automobile exhaust gases contain benzene and toluene, which are excreted in human urine
as trans,trans-muconic acid and hippuric acid, respectively. Sorbic acid and benzoic acid, used as food
preservatives, are also metabolized into trans,trans-muconic acid and hippuric acid in the human body.
The purpose of this study is to estimate the level of benzene and toluene exposure according to the com-
muting mode and duration, residential environment, and preservative-added foods intake in university
students who are not occupationally exposed to benzene or toluene.

Methods: Spot urine samples were collected from 211 university students who had no occupational
exposure to volatile organic compounds. Information about their smoking history, residence type, traffic
environments, commuting mode and duration, and their intake of bottled or canned food or beverages
was gathered through a self-administered questionnaire. Urinary concentrations of trans,trans-muconic
acid and hippuric acid were measured and statistically correlated to the individual’ s life style factors.

Results: There was no significant difference in the urinary concentrations of trans,trans-muconic acid
or hippuric acid according to the smoking history. Mean urinary concentration of hippuric acid in females
was higher than that found in males. Subjects living in districts with a population density of 1,000~4,999
people/km? showed the highest urinary hippuric acid level; individuals living in cities of 5,000~9,999
people/km? population density were next. The mean urinary trans,trans-muconic acid concentration was
higher in students who were living where traffic jams are common compared to those who did not, and in
subjects whose residence were within 149 m from a 4-lane road compared to those whose residence was
not. However, neither mode nor duration of the commute showed any effect on the urinary trans,trans-
muconic acid or hippuric acid concentrations of the students. Urinary hippuric acid levels increased when
consuming canned fruit or canned coffee, and urinary trans,trans-muconic acid levels increased when
consuming fruit juices or pickled radishes.

Conclusions: The inhalation of vehicle exhaust and the ingestion of canned or pickled food may
increase urinary hippuric acid and trans,trans-muconic acid levelsin individuals who are not occupation-
ally exposed to benzene or toluene.

Key Words: Benzene, Toluene, trans,trans-Muconic acid, Hippuric acid, Residential environment,
Preservatives
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ANNGA ARAE olgste] FAAR, FA wE
Hd, T 2 ReAR HT AHT AERe] R
o & Sl distel A AT ol2g g5 o
& Aeede Agger Hof glon, ot A4&sd
AHFE A4S AR VIdetES it

a8 RS AL A 24 3 ARE2A A7
A HHT de 2T 24 Y Aes 38 A
BAAS Bolo] BEAR PPNl 22 HAE AL
she Ao Hud g /A wel 2gA71E L 3kl
o o] FEcdle AdERA (BTl INE, FE=
Zed ), BAERHEFA, £ %ﬁ% T). DA,
283 3 Az, wepkd, e, A AY, s,
Ze}, Aot AFERE, A7, u% R A
718 AL, DA Aopt 2gE] AT
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ATEES 71% 2 EFR3AS @, 10,000 /km’] ¢

63



istxidetdolstsx| w24 # H 1= 20124

AL 51%(24.5%), 5,000~9,999% /km”® *] <& 48
(23.1%). 1,000~4,999%/km* #1992 139 (6.25%).
1,000 /km” v%F 2]<jo] 967 (46.2%) ]9 tHTable 1).
Aol 87 mtadt Fxo 7|sk el 100.48
mmol/mol creatinine®® 64.72 mmol/mol creati-
nine?! FAET FAACE FolsHA A HEAEHJA

131.63 mmol/mol creatinine®.2 7F¢ =90y f9
& 2ol Tt 8F FEAE AFAGe] JAFEE
1,000 =/km A5kl A9} FAFE L dEov 29
28 ol 4¢ Z+z 259.82 #mol/mol creatinine,
424.11 pmol/mol creatinine®2 7174 =7 eyt
(Table 3).

THp-value=0.0078), &% HFZ4he Awd ulg} Aol

9
g Holx ggith Y oARo] WelE 83 vhedt ¥ TR APPUL NAPFL 64 oY wEH
% 8

o} it wxe Hato] Atol7h giitH(Table 2). AZZ E4 oo WE F= 2Jo]E ¥ud 43 2F

8 vaite] TR, dAl AFAGe] JIFER ikl e W2 ARLEVE e A5 85.90
1,000~4,9997 /km*e] =A1Q1 7% 109.95 mmol/mol mmol/mol creatinine®® WMAAFA7} g A5
creatinine® = 7P =7 YEgom FARCR {9 71.64 mmol/mol creatinined] ¥]mate] & Ho|]
3t al(p-value=0.0438), FAYE7t 71&HAK] 45 o BAACE frofsiAE @skon, AFA TR w

Table 1. Demographic characteristics of the study subjects

Variables Males Females Total p-value*
Number (%) 120 (56.9) 91 (43.1) 211 (100.0)
Age (yrs), Mean+SD 24.6+14.2 23.4+14.2 24.1+14.2 0.5394
Age group, N (%) <0.001
<20 31 (25.8) 27 (29.7) 58 (27.5)
20~22 24 (20.0) 46 (50.6) 70 (33.2)
23~25 38 (31.7) 11(12.1) 49 (23.2)
>25 27 (22.5) 7(77) 34(16.1)
Height (cm), Mean+ SD 1747+ 5.6 159.4+18.1 168.1+14.7 <0.001
Weight (kg), Mean+SD 69.3+10.9 56.3+13.3 63.7+13.6 <0.001
Smoking status', N (%) <0.001
Non-smokers 81 (68.6) 88 (96.7) 169 (80.9)
Current-smokers 37 (31.4) 3(33 40 (19.1)
Population density of the subjects living district®, N (%) 0.0757
> 10,000 people/km? 34 (28.6) 17 (19.1) 51 (24.5)
5,000~9,999 people/km? 20 (16.8) 28 (31.5) 48 (23.1)
1,000~4,999 people/km? 8( 6.7) 5( 5.6) 13( 6.3)
< 1,000 people/km? 57 (47.9) 39 (43.8) 96 (46.2)
Type of theresidence, N (%) 0.4204
Detached houses 43 (35.8) 27 (29.7) 70(33.2)
Apartments 48 (40.0) 47 (51.7) 95 (45.0)
Residential-commercial buildings 5(4.2) 3(33 8( 3.8
Studio apartments 17 (14.2) 12 (13.2) 29 (13.7)
Dormitory 7(5.8) 2(22 9( 4.3
Commuting method, N (%) 0.9971
On foot 33(27.5) 26 (28.6) 59 (28.0)
By bus 56 (46.7) 42 (46.2) 98 (46.5)
By car 6( 5.0) 4( 4.9 10( 4.7)
By subway 12 (10.0) 10(11.0) 22 (10.4)
By bus and subway 13 (10.8) 9( 9.9 22 (10.4)
Commuting time to school, N (%) 0.9202
<10 min 28(23.3) 20 (22.0) 48 (22.8)
10~29 min 13(10.8) 10 (11.0) 23(10.9)
30~59 min 11( 9.2 11 (12.1) 22 (10.4)
>60min 68 (56.7) 50 (55.0) 118 (55.9)

*p-value for comparison between gender, *there are missings for smoking status (N=2) and population density of the subjects’ living
district (N=3), SD: standard deviation, N: number.
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Table 2. Levels of urinary hippuric acid and trans,trans-muconic acid according to gender and smoking status

Variables (Unit) N AM+ASD GM (GSD) Median (Min, Max)
Urinary hippuric acid (mmol/mol creatinine)
Total 211 119.95+92.29 78.26 (3.35) 98.96 (1.03, 571.96)
Gender
Males 120 97.81+72.47 64.72 (3.29) 81.63 (1.38, 416.63)
Females 91 149.15* +106.83  100.48* (3.29) 120.18 (1.03, 571.96)
Smoking status
Non-smokers 169 122.13+93.58 79.84 (3.35) 101.04 (1.03, 571.96)
Smokers 40 114.52+87.89 75.19 (3.19) 90.59 (1.76, 416.63)
Urinary trans, trans-muconic acid (#mol/mol creatinine)
Total 211 620.06+751.47 214.86 (6.42)  350.81 (3.88, 3462.01)
Gender
Males 120 606.52+745.11 210.61 (6.49) 351.01(3.88, 3320.56)
Females 91 637.92+763.55 223.63(6.49) 350.81 (5.24, 3462.01)
Smoking status
Non-smokers 169 585.90+724.51 212,72 (6.11)  346.25 (4.62, 3462.01)
Smokers 40 783.96+859.37 232.76 (8.58)  467.09 (3.88, 3320.56)

*p<0.05 compared with males by t-test, AM: arithmetic mean, ASD: arithmetic standard deviation, GM: geometic mean, GSD: geo-
metric standard deviation, Min: minimum, Max: maximum.

Table 3. Geometric means and geometric standard deviations of urinary hippuric acid and trans,trans-muconic acid levels according
to population density of the subjects’ living district and type of the residence

Urinary

Urinary hippuric acid trans, trans-muconic acid

Variables N (mmol/mol creatinine) (#mol/mol creatinine)
GM (GSD) Adjusted GM* GM (GSD)  Adjusted GM*
Population density of the subjects
living district (people/km?)

> 10,000 51 56.83 (4.18) 60.75 169.02 (7.69) 169.75
5,000~9,999 48 104.58 (2.83)* 101.28 212.72 (7.77) 211.56
1,000~4,999 13 109.95 (2.03) 114.79 125.21 (6.96) 125.72
< 1,000 96 75.19 (3.29)* 78.10 259.82 (5.37) 261.78
p-value' 0.0438 0.1282 0.5568 0.4072

Type of the residence
Detached houses 70 62.18 (4.31) 65.30 164.02 (7.17) 164.92
Apartments 95 85.63 (3.19) 85.91 219.20 (5.58) 219.68
Residential-commercial buildings 8 102.51 (2.27) 107.97 383.75 (8.08) 387.09
Studio apartments 29 79.84 (2.08) 82.63 424.11 (5.75) 425.19
Dormitory 9 131.63 (2.10) 149.49 99.48 (10.18) 100.60
p-value' 0.1763 0.2496 0.0604 0.1086

*adjusted for gender, *compared by Kruskal-Wallis test or ANCOVA, #: Duncan grouping, GM: geometric mean, GSD: geometric
standard deviation.

B4 =271 d= 459 Hi %= 98.91 mmol/mol AFA G =29 THE W2 2F rHEY ¥
creatinine® AFA| FH wEFA =27} e A¢ TE v 23 220, 430 =27 149 m O]IHOH
91 76.82 mmol/mol creatinine®] B3] =3kout £A S 2F At Bl 22 ATS HYoy E74]
A Fode slth. 8% TRk AFA FHd 1% o2 o= ¥skth(Table 5). ©]dl Blg|A 4314 %
A =27F JE %71 386.10 #mol/mol creatinine 29 ZHA = W} o] 8F FEA FEE Hlwgt
2 258 A =271 gl A%< 199.42 pmol/mol A3, 4=z A-7F 149 m oWl 9 &5 F
creatinined vl3l] =A JElgn AAA feless B 2k 5271 150 m oAkl ool vlE) EAF R f3)t
A tH(p-value=0.0707) (Table 4). A=A Yebt o (p-value=0.0107), &g 4k A
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Table 4. Geometric means and geometric standard deviations of urinary hippuric acid and trans,trans-muconic acid levels according
to the sources of benzene exposure within 150 m of the residence

. ) . Urinary

. Urinary hlppurlg a_C'd trans, trans-muconic acid

Variables N (mmol/mol creatinine) (#mol/mol creatinine)
GM (GSD) Adjusted GM* GM (GSD)  Adjusted GM*

Gas station

Yes 36 56.78 (3.81) 62.21 269.05 (7.67) 274.75

No 175 83.44 (3.22) 84.72 206.13 (6.23) 206.85

p-value' 0.0811 0.1602 0.4363 0.4125
Automobile service center

Yes 35 65.11 (4.07) 68.04 286.46 (6.20) 288.50

No 176 81.02 (3.20) 83.28 203.89 (6.50) 204.80

p-value' 0.3285 0.3595 0.3256 0.3231
Bus stop

Yes 126 85.90 (3.17) 87.27 200.44 (6.96) 200.58

No 82 71.64 (3.38) 74.48 264.20 (5.48) 264.65

p-value' 0.279 0.3396 0.2939 0.2941
Traffic jam area

Yes 30 98.91 (2.71) 103.12 386.10 (5.95) 388.01

No 180 76.82 (3.33) 78.81 199.42 (6.39) 200.02

p-value' 0.2769 0.2412 0.0707 0.0714

*adjusted for gender, compared by t-test or ANCOVA, GM: geometric mean, GSD: geometric standard deviation.

Table 5. Geometric means and geometric standard deviations of urinary hippuric acid and trans,trans-muconic acid levels according
to distance from the residence to carriageway

. ) — Urinary

. Urinary hlppurlg a:cld trans, trans-muconic acid

Variables N (mmol/mol creatinine) (#mol/mol creatinine)
GM (GSD) Adjusted GM* GM (GSD)  Adjusted GM*

Two-lane road

<19m 46 79.04 (2.83) 78.59 314.19 (5.87) 314.87

20~149m 95 82.27 (3.19) 85.11 194.42 (6.62) 195.31

=150 m 68 70.81 (4.01) 71.27 192.48 (6.69) 192.42

p-value' 0.7255 0.6824 0.3028 0.3049
Four-lane road

<149m 80 90.33 (2.56) 97.05 326.88 (5.15) 334.02

=150 m 130 71.23 (3.83) 72.02 166.47 (7.09) 167.02

p-value' 0.1341 0.0803 0.0107 0.0094
Six-lane road or wider

<149m 38 73.60 (3.38) 80.60 292.31 (6.68) 297.32

=150 m 171 78.40 (3.35) 79.90 199.10 (6.43) 199.81

p-value' 0.773 0.9679 0.2531 0.2419

*adjusted for gender, fcompared by ANOVA or t-test or ANCOVA, GM: geometric mean, GSD: geometric standard deviation.

Hol s Byl FU3ItHTable 5). A oo e 8% VOCs AHHE =5 ¥wsty
TATHER, W A7HE, Ak, waeh A5k o 8% vk e B BxH AAT H4FH Al
)Y T 28FE AR wet 8F nhibe 72 o frefatAl =2 Fow AN, 8T FEAN ¥
A FEEE vaEdt 8F dAREEY] Susgdt ARt EE RLFAE AT AFdd felsA %o (p-
o M ztol= HEEA] F3UtHTable 6). value=0.0278), &FA & HE Aol AAA fo &7
HEAZE A7t e #3Y 28, 2AA], AL § o2 & Aoz #AHIH(p-value=0.0705) (Table
z4, JdF2 AFLR, WA, 9F 2F GFA 7)
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Table 6. Geometric means and geometric standard deviations of urinary hippuric acid and trans,trans-muconic acid levels according

to the transportation mode

Urinary hippuric acid

Urinary
trans, trans-muconic acid

Variables N (mmol/mol creatinine) (#mol/mol creatinine)
GM (GSD) Adjusted GM* GM (GSD)  Adjusted GM*
Commuting mode
On foot 59 75.94 (3.00) 77.78 247.15 (5.75) 248.76
By bus 98 76.71 (3.42) 79.31 228.15 (6.23) 229.75
By car 10 53.52 (5.05) 55.63 174.16 (5.05) 175.40
By subway 22 123.97 (1.82) 126.41 208.51 (8.41) 208.50
By bus and subway 22 68.72 (4.76) 71.18 130.32 (8.94) 131.21
p-value' 0.3854 0.3519 0.8362 0.7136
Commuting time to school
<10 min 48 69.41 (3.22) 71.78 232.76 (5.70) 234.27
10~29 min 23 57.40 (3.90) 58.91 267.74 (6.11) 267.68
30~59 min 22 80.64 (3.56) 80.53 317.35 (4.53) 318.85
>60min 118 86.49 (3.25) 89.75 186.79 (7.24) 187.12
p-value' 0.4053 0.3903 0.5601 0.5666
On foot
<10 min 75 77.04 (3.28) 78.88 231.94 (6.41) 228.82
>10min 35 82.69 (2.84) 86.99 179.83 (8.00) 174.67
p-value' 0.6746 0.5208 0.4979
By bus
<30 min 31 79.60 (3.35) 81.06 305.03 (6.88) 302.93
>30min 116 83.58 (3.37) 83.18 197.28 (6.76) 195.36
p-valuet 0.8425 0.9141 0.2622 0.2605
By car
<30 min 12 61.63 (4.73) 69.91 242.43 (6.91) 248.15
>30min 9 79.83 (2.53) 102.73 309.88 (3.88) 324.67
p-valuet 0.9717 0.4436 0.8036 0.7333
By subway
<30 min 17 50.10 (4.58) 52.22 151.91 (8.05) 115.50
>30min 55 89.62 (3.33) 92.78 183.08 (8.90) 174.65
p-valuet 0.1068 0.1069 0.7569 0.4920

*adjusted for gender, *compared by ANOVA or kruskal-wallis test or ANCOVA, *compared by t-test or wilcoxon rank sum test or
ANCOVA, GM: geometric mean, GSD: geometric standard deviation.
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Table 7. Geometric means and geometric standard deviations of urinary hippuric acid and trans,trans-muconic acid levels according

to the intake of preservative-added foods and beverages

Urinary hippuric acid

Urinary
trans, trans-muconic acid

Variables N (mmol/mol creatinine) (#mol/mol creatinine)
GM (GSD) Adjusted GM* GM (GSD)  Adjusted GM*

Canned fruits

Yes 20 123.67 (2.34) 129.37 240.01 (7.53) 241.59

No 191 74.46 (3.42) 76.69 213.32 (6.38) 214.23

p-value' 0.0222 0.0611 0.7886 0.7851
Sausage

Yes 10 53.22 (6.42) 53.23 227.88 (5.62) 227.88

No 201 79.64 (3.21) 82.27 215.12 (6.52) 216.11

p-value' 0.9134 0.2593 0.9683 0.9305
Canned fishs

Yes 21 60.36 (3.29) 67.53 247.08 (7.53) 252.12

No 190 80.40 (3.34) 82.05 21251 (6.37) 213.28

p-value' 0.3023 0.4812 0.7463 0.7004
Fruit juices

Yes 74 79.64 (4.34) 94.19 315.73 (6.12) 318.32

No 137 63.31 (5.04) 74.10 175.60 (6.46) 176.42

p-value' 0.1625 0.0278 0.0284
Alcohol-free beverages

Yes 110 78.48 (2.90) 84.28 253.05 (6.15) 258.15

No 101 77.76 (3.85) 76.87 181.29 (6.75) 180.71

p-value' 0.9553 0.5819 0.1960 0.1737
Canned coffee

Yes 60 101.85 (2.49) 110.59 226.22 (8.05) 228.98

No 151 70.32 (3.64) 71.36 211.69 (5.91) 212.14

p-value' 0.0438 0.0162 0.8283 0.7910
Beer

Yes 30 88.64 (2.14) 102.41 267.76 (7.37) 276.05

No 181 76.52 (3.54) 77.64 208.12 (6.33) 208.77

p-value' 0.3846 0.2468 0.5218 0.4578
Soju

Yes 37 59.49 (3.41) 66.83 274.98 (4.91) 284.02

No 174 82.80 (3.31) 83.58 204.85 (6.81) 205.40

p-value' 0.1303 0.3094 0.3291 0.3492
Japanese pickled radish

Yes 84 86.52 (3.09) 89.31 286.52 (6.17) 287.87

No 127 73.04 (3.51) 75.25 178.79 (6.53) 179.59

p-value' 0.3191 0.3063 0.0705 0.0725

*adjusted for gender, *compared by t-test or wilcoxon rank sum test or ANCOVA, GM: geometric mean, GSD: geometric standard

deviation.
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