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The concentration of toluene in blood and hippuric

acid in urine of toluene-exposed workers

Jeong Sun Yang, Seong Kyu Kang, In Jeong Park, Ki Woong Kim,

Jong Seong Lee, Young Sook Cho, Se Min Oh, Ho Keun Chung

Industrial Health Research Institute, Korea Industrial Safety

Corporation, Kusan Dong 34-4, Puk Ku, Incheon, 403-120, Korea

Teluene in air and blood and hippuric acid in urine were checked for the 50
female workers who were exposed to toluene and had normal liver function in shoe
making factories, Toluene in air was sampled with charcecal by personal air
sampler at least 4 times and analyzed by gas chromatography. At the end of shift,
each worker’s blood was collected with a vacuum tube containing EDTA for detecting
toluene in blood and analyzed by gas chromatography equipped with headspace
sampler, Spot urine was also collected in a polyethylene bottle for determining
creatinine and hippuric acid concentration by high performance liquid
chromatography.

Means of toluene in air and blood was 35,64 ppm and 0,386 mg/l,
respectively. Mean of hippuric acid in urine corrected by creatinine was 1.78 g/ g

creatinine., Toluene in air showed a good correlation with toluene in blood (r =

#5_



0.6766) and hippuric acid in urine (r = 0,4603). Toluene in blood and hippuric
acid in urine corresponded to the exposure of 100 ppm toluene in air was 0.525

mg/1 and 2.312 g/ g creatinine, respectively,

Key words : Toluene in blood, headspace sampler, hippuric acid in urine, HPLC,

Biological monitoring of toluene
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A ZAEAE dEsta 2AHE Adalgtdot. #Aate NFEEE Al Z2RoiA A
ALANEEHIE AEAA BYUTE o[ &3l o 60-702 THHOZ 43 o] X3}
drh. A% 0.2 L/min2 st 2 A AF 339 /IS FA3 2 FFAR
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B g7]ol LEF3te] Y FelRoR dFYE 23t gA A RAsl] HdEHER
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3. Ao} g 717

Ao A8d EFA EFEN WREESUE AIEE olafels 3 F&gulR
A1 o] B3 ©aE Aldrichat AFE g3l AEY HAEZZ g ZAo
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71% BFA #3& A8 AU AR AL vsaxl B Agsigen gystue ¢
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Abgstedt. BvregRE EFIY ©aE #1¢ sample agitator: Supelcoi} A|E
& ¥t JlAIRulEdziEE HP 76734 automatic sampler?} %A Hewlett
PackardA} GC 5830 SeriesII & At&¥r}. HF EF4 ZAHE 93t Headspace sampler
= Hewlett PackardAl2] HP19395A model® APR31ch 718 HAAR 23 =
heparin®] 2] ¥ Bacton DickinsonA}®] Vacutainer FH e} d¥g Fal7|&E ol&35lgct.
2% tha} 252 BAL2 WatersAte] High Performance Liquid Chromatography model
600E solvent derivery system, ZH&7|= Waters model 4845 A}83ch WAl Ear&=
3 model MF550 €Eel7]E AHE¥rh.  RF creatinine & Rocherle] COBAS
MIRA 2}5 A ¥ 247§ AMS-¥cl

4. 713 EFAY £

R718AE Fstn gl BAVE lAIEniEel]§ ulo]de] &7 o|FFH
§ha 1 nlE 71312 agitatorol A 1A 2+5¢t &3t stgdch. Xy &4 1 ulE 7123
EotEdelulo] FYstdct. HA FE UL 903t JAHY ERAE BT R
of A FUst AlRet P YHLE Histe] 43t AT ZolETee]
By  zAL ey Pl #HYPLE Hewlett  PackardAb®]  HP-1 {100%
dimethylpolysiloxane gum, length 25 m x i.d. 0.32 mm x film thickness 0.3 um}& A}
23t on HAEI= Eio| 23 A&7 (Flame Ionization Detector)E A23}oict =
H 2RE 6% ¥, ARFURY F&7Y == A7 180, 20058 Fgch o]

A AaTtAE ARG oen] AR FHM split ratio= 100:10]Fcl
5. 83 57949 ¥4

2 3AYgFed ZTEAE YR {7184 B2 F 784 HU 2F S5ARE 6
A Atolell Bolg 23 3tdct. EYE Huisl AR 27 fre] vtojdde] Heof A ut
old R JlAjete] HHE A7) 413 90% o] &R syt UUME &A
A g gAeFL headspace vialol] #F}3l acidium citricum dextrose® 2} JEESF
E3 &8 isobutanol #%& 718 r}& gas-tighted septumd} aluminium cap®.Z pl7f&
stgdch. 58 St rotatorold T 410} ¥ Headspace samplero] Wil 60Eolx 204
ot 7l23lgdc) Sample loopS E&}e] HeadspaceZ]#] 1 mlE 7}AFEnE 2elu|o]

zostedvl, of 8 shraznoiEnely] 23 Wit §718Ao] FEHAUS control



Holo] Y B BAN UFEFEAS LU isobutanol& 713} standard
addition®Ho &]%} standard calibration curve® @gtl EF BFd B4 93t
Headspace sampler 4 ZlA3gnlEggluje] Ed ZAL i3k grl Headspace
sampler®] bath temperaturel= 60°C, valve/loop temperaturei= 65°CE 3d}oit}, HHL
10% Carbowax-20M (6ft length), H&7|= EFo|&3 ZHZF7] (Flame Ilonization
Detector)E AMgsiglon, AY 25k 60C &2, A& FURe A2/ 22& 7
7} 180°C, 200°CE sttt ol AATIAE Agstdor 42 30 wl/ninE 8

Ach

6. 23 cix 12e 2

AN £ AR Aol ol (Milli Q™ System}E 7Iste] 20 W) MY F

3000 rpmoflM 10E7F ¥ £2I3t] 45 9E thAl AHE W creatinine 4§ AER
stgith. Hippuric acid®] #4& % HPLCEZAL cth23 Zrh AdE2 Supelcortsd
C-18 Supelcosil 25cm X 4.6mm x S5um B EE2] pre-columS Al&3Fery ZHA o=
39 £8 syt B&7]E W detector® 225 mmol A ZAFPom o] FAL water :
methanol @ acetic acid = 90:10:0.25 (v/v) 8of2 2 K42 1 wl/nin® 3ttt &%
creatinine Jafferd& o¢]23}o] alkaline mediumofs sodium picrated 7}3j
creatinine-picrate complexE HAA)H 510 nmo A A st} Creatinined creatine
o] ®’epEolm AA ¥ ciate] HF =22 AT AL HIFolTh Creatinine 3
S Al oizhulel A YAHNZ AR FET AEs Wk E 20] A4
8] 8% creatininex| T FJE} A/ FEL] X8 HA Tl g/lnielE dolzl &4 gt
creatinine 1 g% g+ % B A5l FA] glth, Creatinine?] &4 a|€ 28 3o FA|

i,

7. A=A By

715 2 ¥8F 47184 vt =8 i) 4B HE& Logan W SASEAIAZ =
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1. 4uty 549

ZAL tiatabe 255 A2 AEYGH L o4 SERAEE ¥ EE2: 200 o5}
18 &, 30 vir} 159, 40 ©ir} 17 Holgich B 7712 39 olur} 137, 7'd o]
Li7t 207, 7'd olxto] 179 o|glrt MAl ZEx FolM FAA SFA= §ddrh £

A} oiAakAte] 54 3 3o viehich
2. AR 715 EFA 24 434

ZAb iy SEAEA AYE AR AHIIE AR LA ¥ F 13
60-702 3t 43 FA3le] 22t 8217 71F BAAE LIt ¥ 4o BAgto R
o|¥etAT YWAF 29 JAIRnEIYL A AL RPN L7420 B
Fd w27t §EEGTE o|BHBL Y WA 7S FFAY AP 3 HI 99.67%
Ak E 4] 71F 794 £ AE FeHch

443 NF 7Y 2= UFEEAERE (p=0.0001)E 3t iz FIFUS
35.64 ppm, 7|StEE HALE 227804t AIA ¥ HF BEE ArLZ} 46.37 ppm, BA}
7} 49.85 ppm, CARZ} 19.62 ppmojglion B 7|&2| 100pprd XH8l= TEAR= 2R
6502t A, B, C M9 xdAolM 7|F wxe st EEIRE 2zt 2.421,
1.843, 1.8212 Jetkich ZAg#FHo] 3 Hel=a] B € +5 s= £ 7|3t 2&H
A7 F7bshe o] dutAoe=, nm AN a9l A7 ¥AH  (American
Conference of Governmental Industrial Higienists, ACGIH)elA+& &3] E3e] 27 &
TE BXY FEHAIE 2.0& 23ASH 2 AIGAE B et AFHA| U= ARl
2t Rt gl ol#HE FAA KE ¢ AlgAe] AL 71E w52 7% & o
Zhz 2.4212 99 ZEx] HEEHA A AFE H JIe4el A ALeE Ui}

23 5off 37 At EFA J1F = 2EE Agch



3. 83F Eede 24 A3

HF EF9Y 7tA232ntE032 39 6o Ueldlth  1.2min - 1.9min A}o]gl
F 3 AdAteld EFA A AFREI 3l cyclohexane® 7|l R1iE2] ¥ oy
3.2vin2} 4. 3mino] 22t EFA2 WFEEELE HIH ola¥ENH=S] ¥AV £4F
drt. ¥F EF99 sEs UWTEEEA olARENs 339 Al HaHE BEFA
m]30] A u]22E standard addition ol &ste] T3Pt

E 50 ¥ EFU9 B4 Z24E F¥ch €% 57U 55 IFES
(p<0.0017)& 312 clgien HF HE&= 0 386mg/LolPdul, Ax} TEX}7} 0,487 mg/L,
BAF 222171 0.483 mg/L, CAF 22171 0,228 mg/LE UIEIWITE 2271 0.84 meg/Ly
Lm ACGIHE] WA 1 mg/LE 23P8te 22 ¢iddch

33 79 370 AR AN EF EFRA 5 EXE AL

4. 2% hippuric acide] ¥4 ZAz}

a8 8o 8% hippuric acid?] HPLC ABRolEI1#E Algr}l AHAH ZZAA
hippuric acid ¥|3Z+& 10,380 &5 2ct B39 w& ZEAE5Y creatininel® &
AR 22 At B2 4 X (p=0.0051)E st e HH =+ 1.78 g/g
creatinineo| 2 =dl AA} ZER}Z} 2.71 g/g creatinine, BA} ZBA}J} 2.44 g/g
creatinine, CA} 2 22}7} 0.91 g/g creatinine2® UElYIC], I 69 £ hippuric
acid2] 24 Z=E A e|y¥ct. ACGIHolA Uste 71E%|Q1 2.5 g/g creatinined &3}
3He SE2AHE 139 2.2 Lebkle}

a3 9o A, B, C 37} At AelA &% hippuric acid?] % EX 5 EA ¥},

4. 7]1% EFA €3 EFA 4 2F hippuric acide}e] #A

1% BN 5o E BTN SRS §S HBBA (r=0,6766, p=0.0001)F
Holx giglen 713 EFY S= 100 ppuo s ¥F EFU SEE 0.525 ng/l
drh. 713 BA vE9 83 FFY wusd HBES 1Y 100, 1F ERD 5
£9} 82 hippuric acid SE22] AYTE 23 116] EAIFCH 7]1F B2 50ppno]
S We FEolll 8% FEs} vad A e 2o A9 YL sEo] FRY viE

ZEARE niste] Aoz EFd o fsierl 2 Z22E Uehuth oA



A2 sxol SEEUiE 2z 1A AMHA Aelo] ot R3] Ed viat ¥ 2}
olof 2% oz, APl FAEHNY FT JledS AEY o J&Y AAVF
ofthyt 24 Azt Polulzt Ad H JEHH Rije{Ye] HEHUS VERIR olrh
715 BFY =x¢ 2% hippuric acid X818 A#AITE r=0,4603 (p=0.0008)=
71% EF49 %% 100 pprmof 3iWsl= 83 hippuric acid®] EEE= 2.312 g/ g
creatinine®itl. 2% hippuric acidi ACGIH®] BEI® 2.5 g/g creatinined} H]==%} 7L
& HAoL €F SFMe] Z$ ACGIHS] BEI Rru} W& ANE Rgr) of2& Az,
i AtgAo]l Al Azgez F2 FH APS 3t s T2AE vyoR wie
2 F=e Zgo] o]FolA e AgAe|BE TEFPo] JUFLE HJ| wEor A
g oz, X, HF EFA s 30228 Y AF AL ApHsfolshs
XA A oto 23t exte] 23t oz gzt et wield o] FES BF AUAE
tjdegst AJ7hE Hx BZol 2|3t pharmacokinetic dataZ} F7}E o] H AR ojof A
et}

E 700 A B F EFY s AEUH AR 52 I PHANE FAYCL



v, 4 &

A Az AR AN EFAE AME3IR e 2EA 08 iR AAYRF
4 g AE%3 RUEHYE B3t o3t 2 s EHrh

AR N1Fe=E ol FF BE (p<0.0001)E 3t dglon HF HE= 35.64
ppeol G2, EF 5 s FAEE (p=0.0017)E 3l dUded FF vE=
0,386 mg/Lojgit}. Creatinine T BAY 2F hippuric acide®s A X
p<0.0051 )8 313 qlelem BT BTt 1.78 g/g creatinineo| ¢t}

71% BEFY =9 €% E5F9 $E= r=0.6766 (p<0,0001)8 A#dEg Liepd
o 713 EFY %X 100 ppool 3FsHs §F EFY s=& 0.525 mg/LACt  71F
EF49 =52} creatinine2 @ EAY 2F hippuric acid X+ r=0.4603 (p<0.0008)
o] ARHE UelWien 715 EFY HXE 100 pprof 33 &% hippuric acids®

L= 2 312 g/g creatinineo]g¢lcl.

- 16 -



1. Zielhuis, R, L., Approaches in the development of biological monitoring
method, pp.373-385, A, Aitio, V. Riihimaki and H. Vaino, Eds,Hemsphere,
Washington D, C,, 1984

2, Droz, P, 0., Biological sampling strategies. Proceedings of the
international workshop on exposure assessment for epidemiology and hazard
control, MA., 1988

3. Rappaport, S. M., Smoothing of exposure variability at the receptor,
Implications for health standards., Ann. Occup. Hyg. 29, 201, 1985

4, wvan Hemmen, J. J., de Mik, G., Biological monitoring of solvents, No panacea
in, biological monitoring of exposure to chemicals, organic compounds, vol 1
pp 3-84, M. H. Ho and H. K. Dillon Eds., John Willey & Sons, New York, 1987

5. Fiserova-Bergerova, V., Ed., Modeling of inhalation exposure to vapors,
uptake, distriburion and elimination, vol.l and II., CRC Press., Boca Raton,
FL., 1983

6. Fiserova-Bergerova, V., Suimulation model as a tool for adjustment of
biological exposure indices to exposure conditions, In, Biological monitoring
of exposure to chemicals, vol.I, pp 93-124 M, H. Ho and H. K., Dillon Eds.,
John Willey & Sons New York, 1987

7. =FH, AU & 34, =55, 1992

8. Droz, P.0., The use of simulation models for setting BEIs for organic
compounds., Ann. Conf. Govn. Ind. Hyg,, 12, 339, 1985

9. Fiserova-Bergerova (Themas), V., Development of biological exposure indices
{BEls) and their implementation, Appl. Ind. Hyg., 2, 87, 1987

10. Apostoli, P, F. and Brugnone, L. P., Biological monitoring of occupational
toluene exposure, Int, Arch. Occup. Environ, Health, 50, 153, 1982

11, Ghitteri, S., Imbriani, M., Pezzagno, G., The urinary concentration of
solvents as a biological indicator of exposure, Proposal for the nine
solvents, Am, Ind, Hyg. Asscc, J., 48, 786-790, 1987

—_— 17 —



12. Brugnone F., Perbellini L., Faccini 6. B., Pasini F., Maranelli G.,Romeo L.,
Gobbi M., and Zedde A., Breath and blood levels of benzene, toluene, cumene and
styrene in occupational exposure, Int, Arch., Occup, Environ Health, 61,
303-311, 1989

13. ZAANHY 2ALEA S, A2 AL B, A&, 1990

14, Cohr, K, J, and Stockholm J., Toluene, a toxicological review., J. Work

Environ. Health, 2, 71, 1979



Table I. Sources of parmacokinetic variability

Absorption

Distribution

Metabolism

Route

Physical form

Solubility

Physical Workload

Exposure Concentration

Exposure duration

Skin Characteristics

Body size

Body composition

Protein binding

Physical Workload

Genetic factors

Age and sex

Environment

(Pollution, diet)

Chemical intake

{Alcohol, medication)

Exposure Concentration Physical activity

Exposure duration

(pulmonary ventilation, blood flow)

Protein binding

Life style(smoking)




Table II. Levels of reference parameters in urine of adults (mean and range)

Volume(L/day) 1.2%0.6 - 2.5)
Solids(g/day) 50(30 - 70)
Specific gravity 1.020 (1.003 - 1.030)
Creatinine(g/day) 1.0 - 1.6

(g/L) 1.0(0.3 - 3.4)
PH 6.0(4.6 - 8.0)

% This value corresponds to an average urine output of 0,050 L/hr,



Table 1I1I. General characteristics of toluene exposed workers

Value Worker Percent
Factory A 18 36
B 15 30
C 17 34
Sex male 0
female 50 100
Age - 30 17 34
31 - 40 14 28
41 - 19 38
Working - 36 13 26
duration 37 - 84 20 40
{months ) 85 - 17 34
Total 50 100




Table IV. The concentration of toluene in air of 3 factories’ workers

Factory M * G.S5.D (Range)
A 46,37%2 42(15.9-189.9)
B 49,8511 84(14.1-130.8)
C 19.62+1.82(3.7-56.6)
Total 35,64+2.13(3.7-189.9)
P value 0. 0001

_22#



Table V. The concentration of toluene in blood of 3 factories’ workers

Factory Mean = §.D (Range)
A 0. 587£0, 90(0, 380-0. 650)
B 0.43810,119(0, 340-0, 720)
C 0.22810,073(0. 144-0. 444)
Total 0.360%0.156(0.144-0, 720)
P value 0.0017




Table VI. The concentration of hippuric acid in urine of 3 factories' workers

Factory Mean £ S.D {Range)
A 2.71£0.938(0.79-4. 39)
B 2.44x0.779(1.44-3.62)
c 0.91%0,485(0,37-1.84)
Total 1.78+1,108(0.37-4.39)
P value 0. 0051




Table VII. 2Qi#7F &4 w= AEHH AT 5= HH UAEY

Z4 W 3] WA r 718 B34 100 ppmoi]

Agste

d5 EF74 Y

1%

0.241 + 0,002844 X 0.6766 0.525 mg/1

1

hippuric acid Y =1.139 + 0.011727 X 0. 4603 2.312 g/g creatinine
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Fig. 1. Relationships between workplace air monitoring, biologicai monitoring
and target organ concentration.
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Fig. 2. Metabolic pathway of toluene.
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Fig. 4. Gas chromatogram of toluene in carbon disulfide desorbed
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Fig. 5. The concentraticn of toluene in air of the workers in each factory.
1=factory A, 2=*factory B, 3=factory C.
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Fig., 6. Gas chromatogram of headspace sample for blood of a toluene

exposed worker.
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Fig. 7. The concentration of toluene in blood of the workers in each factory.
1 =factory A, 2=factory B, 3=factory C.
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Fig.9. The conczantration of hippuric acid in urine of the workers in each factory.
1=factory A, 2=fagtory E, 3=factory C.
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Fig.10. Correlation of the concentraton of toluene in air and toluene in blood
of 50 workers ogcupationally exposed to toluene.
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Fig.11. Correlation of the concentration of toluene in air and hippuric acid in urine
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