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NAG Activity and Urinary Excretion of Hippurie Acid
Among Workers Exposed to Aromatic Organic Solvents

Jung Chul Kim, Kwang Jong Kim

Institute for Environmental Health, Korea University

Kwang Mook Lee

Department of Preventive Medicine, College of Medicine Catholic University

In order to investingate the renal dysfunction in workers exposed to aromatic organic

solvents, 105 male exposed workers and 109 controls were participated in this study.

This study was conducted to examine the correlation among the concentration of aromatic

organic solvents in air, worker’s urinary NAG activity and urinary hippuric acid.

The results were as follows:

1. The exposure level of aromatic organic solvent mixture caculated by the equation

proposed by ACGIH was ranged from 0.27 to 054 and toluene concentration was

ranged from 18.3ppm to 48.3ppm.

2. NAG activity in the urine of control and exposed group were 36.1 £ 14 2nmol MU/mg

creatinine and 52.4126.1nmolMU/mg creatinine, respectively. Hippuric acid concen-

tration in the urine of control and exposed group were 191.1+194.2mg/g creatinine

and 789.31784.1mg/g creatinine, respectively.

3. Correlation coefficent between the exposure level of aromatic organic solvent mixture
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was significantly related to urinary NAG activity(r=0.542) and urinary hippuric acid(r

=0.752).

4. Correlation coefficient between NAG activity and hippuric acid concentration was

0.357.

This study suggested that urinary NAG activity was a good renal function index for

aromatic organic solvents exposure and urinary hippuric acid was an index for the biolo-

gical monitoring of toluene exposure.
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Table 1. General characteristics of subjects

Exposed group Control group

No. of subject 105 107

Age(yr) 34.8+106 37.3+9.6
Work duration(yr) 39+% 35 24117
Smoker(%) 5(0(47.6) 79(73.8)
Drinker(%) 51(48.6) 81(75.7)

Table 2. Frequency distribution of subjets by age

Age(yr) Exposed(%) Control(%)
<19 5 54) 2( 1.9
20-29 25( 27.2) 17( 15.9)
30-39 32( 34.8) 50( 46.7)
40-49 200 21.7) 21( 19.6)
> 50 10( 10.9) 17( 15.5)
Total 92(100.0) 107(100.0)
Unknown 13
MeantS.D. 348%106 37.3£96
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n/mg creatinine®] o™ WE79 FLE 36.1+
14. 2nmolMU/h of incubation/mg creatinine2. 2
F T e BAHoE Rolg Ho)(P<0.01)
7b e 8F viule] FEE Z23W o
ZFo| zz}t 89.31784. Img/g creatinine™} 191.1
+194. 2mg/g creatinine2. 2 2o} A H O
2 0% ¥ Aol RYHP<0001). & B
Zd B4oA 8F NAGE 71, U4, 4,
HAITY €22 Ueiwor] 8.5 rlxidte 55

€ d4F, A4, 71, 34 =28 3 ¢2o8 o
123 =%

B5¢ FA94 571 ZAH4A9 8% NAG
9l 8% vl it vl FFE vims] B
Bl A e o] FAz vFATANM L NAGE &
23A z+2Z 50,9419, 2nmolMU/h of incubati-
on/mg creatinine® 53. 8+ 26. 8nmolMU/h of inc-
ubation/mg creatinine®] A 272 35.6+14.
3nmolMU/h of incubation/mg creatinine® 37.8

Table 3. Aromatic organic compound concentration in air by industry

No. of Aromatic Toluene’ Mixture™
Workplace Sample compounds AMESD" G.M™ AM%SD" G.M™
Adhesive 40 Toluene 61.0% 47.1 48.3 0651044 0.54
Xylene ( 9.2-196.3) (0.09-1.96)
Furniture 33 Toluene 3011+ 394 18.3 0.4410.55 0.27
Xylene ( 1.8126.8) (0.02-2.03)
Styrene
Printing 14 Toluenen 54.8% 50.1 405 0.58+0.49 044
Benzene ( 2.3-177.0) (0.07-1.77)
Painting 18 Toluene 351+ 210 30.1 0.46+0.24 041
Xylene (10.0- 77.9) (0.11-0.96)
Benzene
*: unit:ppm
**: Arithmetic mean tstandard deviation
*** . Geometric mean
****: Exposure level for mixture(ACGIH, 1991)
Table 4. NAG activity and hippuric acid concentration in urine sample by group
Group - - Exposed — - Control
Adhesive Furniture Printing Painting
(n=18) (n=234) (n=34) {n=19) (n=107)
NAG activity
a 4131220 566+ 227 524+ 281 512+ 197 40.3+ 158
( 154- 90.5) (16.6- 120.7) (14.0- 141.9) (16.4- 85.5) (11.7- 81.3)
b 43711838 575+ 311 532+ 26.0 4991 197 361+ 14.2
( 144- 80.8) ( 4.8 14838) ( 17.6- 109.6) (13.6- 85.6) (16.0- 91.2)
Hippuric acid
a 1106.8+ 583.0 520.5+ 635.9 954.0+ 826.9 413.1+ 2979 208.8+186.3
(237.0-2344.2) (73.3-3002.2) (75.2-3111.5) (69.2-1123.4) (8.2-863.1)
b 10707+ 4978 567.1x 7219 1022.4% 999.2 4624+ 3427 191.1£194 .2
(170.5-2248.5) (86.9-2571.9) (63.7-4398.2) (73.7-1277.8) (3.8-997.1)

a; The value corrected for a specific gravity of urine of 1.020(unit:mg/1 for hippuric acid, umolmethylumbelliferone/h
of incubation/1 for NAG activity)

b; The value divided by creatinine concentration(unit:mg/g creatinine for hippuric acid and nmolmethylumbelliferone/h
of incubation/mg creatinine for NAG activity)

n ; Number of workers
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Table 5. Uninary NAG activity and hippuric acid concentration between smoker and nonsmoker or drinker and nondrinker

Group Exposed Control
Parameter N NAG Hippuric acid” N NAG " Hippuruc acid”
Smoker 50 509+19.2 743.0:£965.4 79 356+14.3 187.2:+:184.8
Nonsmoker 29 5381268 875516945 22 37.8t14.1 205.3+229.2
Drinker 51 55.5%22.2 639.6:+7354 81 365147 189.7+185.6
Nondrinker 28 5124254 943.2:£851.0 20 3431124 221.31+214.6

N : Number of workers
*: unitnmolMU/h of incubation/mg creatinine
**: unit:mg/g creatinine

+14. InmolMU/h of incubation/mg creatinine 2
2 FAHSE fA% Aozl dlen &% nt
BAPFEE ERTOA 187.21184.8mg/g creati-
nine®} 205.3+200.2mg/g creatinine 2.2 § 2.8
Apolg Holx gstth. 59 vl gF T
NAG#-E dzFelA 36.5+14. TnmolMU/h of i-
ncubation/mg creatinine®} 34.3+12. 4nmolMU/h
of incubation/mg creatinine® 2 EA o g §9
g Aol7t giden 85 nlkat Bxe Aew
189.7£185.6mg/g creatinine® 221.3+214,
6mg/g creatinine®. 2 2| ¥ Aol & HolA| gkt
=3

B62 HxTE ddez d%E 2% NAGH
8% vtadt FEE FH AHA GE Ao]
E vus 2o 85 NAGY 3% 404 2ol
A ot BER BAGHR KoF Aot ¢l
RAerm Fegg Xz 7|7hEE Yvo 4 ¥t
¢ T2 Had)] R 9 B 749 #o] 8
% NAGS 8% vixite 5 2571 9717
Boll AR R 2olrt AUh

B8 7% WYE FUI8AE £FEY =
E2FFELE Yello] 3E71EY 1.0& o] &34

Table 6. Urinary NAG activity and hippuric acid concen-
tration of control group by age

Age(yr) N NAG activity’ Hippuric acid”
<19 2 324%+169 2007+ 23
20-29 17 304+13.6 244142513
30-39 50 360148 192.8+206.1
40-49 21 415+11.1 182.8:£185.3
> =50 17 39.7+169 143.3+103.3

2 AWl 0.58 71E22 0.5°18 7 0.51—1.
007 % 100014 To2 FREYen £ EF
d FxE Addste 37159 100ppme} R
50ppm& 71FES 2 50ppmol3dt ¥ 50.1—100.
Oppm¥ % 100ppmo]d FO.8 Vo] Zt #E 2
9} 8% NAGS 8% vikily T8 BAIS A

Table 7. Uninary NAG activity and hippuric acid concen-
tration of exposed group by work duration

NAG activity’

Work duration Hippuric acid”

(yn N
<10 23 507275 1056.41 768.6
1.1-2.0 13 5224218 813.71 805.7
2.1-30 15 5414214 3511+ 2120
3.1-4.0 5 52.31+404 2828+ 1254
4.1-50 18 56.6+229  9515+11323
5.1-7.0 5 72.8+326 8137+ 7457
>70 13 39.8+22.1 42661 3208

*: unitnmolMU/h of incubation/mg creatinine
**:unitmg/g creatinine

Table 8. Urinary NAG activity and hippuric acid of ex-
posed group by air breath zone exposure level of
mixture and toluene concentration

N NAG activity’

Exposure index mixture

Hippuric acid”

<0.50 63 43.0+19.6 388.3+328.3
0.51-1.00 25 5944212 1113.61+643.6
>1.01 13 83.5+32.8 2014619482
Toluene(ppm)
< 50.0 69 44.7+20.2 409.5+331.0
50.1-100.0 20 6201305 1324.0£685.0
>100.1 13 78.1+27.4 1982.6£979.1

*: unitnmolMU/h of incubation/mg creatinine
**:unit:mg/g creatinine
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Fig. 1. Relationship between Exposure index of aromatic
organic mixture in breath zone air and NAG acti
vity in urine.
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Fig- 2. Relationship between Exposure index of aromatic
organic mixture in breath zone air and hippuric

acid in urine
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NAG activitylamolMUSK of incubation/mg ereatinine)
=029 Taluenclppm) + 38 17
(r=0AR3, PO
.

)
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Fig. 3. Relationship between time-weighted average
concentration of toluene in breath zone air
and NAG activity in urine
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{r=1.769, P<0.0001)

.

Hippuric acid{mg/g creatinine)

0 20 40 60 80 100 120 140 160 180 200

Toluene in breath zone air(ppm)
Fig. 4. Relationship between time-weighted average
concentration of toluene in breath zone air
and hippuric acid in urine
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THE FA8RA] 23 259 NAG activity?] F
7te =AE FHE A M@l §&d
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erno, 1981), ¥t ¥xH(Mansell et al, 1978)
U Z3ud @xle] A4 &4 (Ratzmann ef al.,
1989 ; Whiting et al., , 1979)d] &3 AF %o
Rusn goew esd #3 74 Fzge
c27e BYFl F8F A¥L 3u e
7 A28 = e 8.F enzyme 2+ NAGS
AAP(alanine aminopeptidaes)e]#+ H 31(Price,
1982)% Uth NAGH A B Folo Mg o] &
< #7184 E2 S22 (Hotz ef al., 1989) °]9
A £ 3 Z2R(c]2Y4E, 1991)9% =
Z 222 Kawada ef al., 1990) A E A} 5
2 Arh

NAGY FzAld g d7RIE 2089 B3
g ddez AR 47 31+15nmolMU/h of
incubation/mg creatinine(Jones et al., 1980)¢]
Ugtthe Husl F29 g FuAE 23+
16nmolMU/h of incubation/mg creatinine (Sherm-
an ef al., 1983)22 ¥ B1E 2 o B A7
o] th2Fe ko] 36. 1414, 2nmolMU/h of
incubation/mg creatinine®l R-& ¢f7te] Heole
Aoy A9 dAEE ¢ F Urh

8% NAGY EAYYL 3% E3yxn us%
dazrtEaRz Ha} vjAYPd MCP-NAMY
%ol e MCP-NAM®-& 21F 714 m-crosol-
sulfophthalyl-N-acetyl- 8-glucosaminidase®] 23}
7 B HAA dH AL /23 mecresol pur-
pleMCP)2 &A3ld NAGHEHA & File e
2 d¥E FoMe JEHIY AfRsn slo B
Ay e st w2y kgl vt ¢
o] At} & AFAZWMEIHIHLE NAGE
ABIZ 3#3stq 28 § Ak 25 NAGH
isozyme ARTAl WX A Folar) veh}
H 2A8 FHdX e B Holart etz F
AT AE FEaA & & Ae FHol o do

Z o] ool FNATIL o]Foizol & A
o2 AsEY % EPe Ak 2
H 5] N-acetyl- 8-glucosaminidase2he & 4o
o3 EelHo] ¥FEAZ UL & metylumbellife-
ry-N-acetyl- B -glucosaminide®}= A% HI €
89 Tzt {2)¥ 4-methylumbelliferong 3
3 %Az FA3d 2% 9 Nacetyl g-glucosa-
minidase activityS ZF43te Whiow, FAHo|
folste Alkgle]l fdu MA@l Fol B 4
TAXNE 83 £3YL ol &3qarh

2 d747% 85 NAGE Adoleldeg BAY
9L W EZTE 52,4126, InmolMU/h of inc-
ubation/mg creatinine 2. 2 27 36.1+14. 2n-
molMU/h of incubation/mg creatinine®. 2 ¢
§ ztol7b ANow ZF FAH NAG#S =7z
29 7H, 9, 54 =, 1T &40
AL F71 &AM 2GR WE Hog 53
2B E AME3te T FAAN B R
& €(1988)2 AF dx3 ol 2efdo)
A71so] % vAL ULe] AlgHo F3
AT7t o s ool & Aoz AEy, =&
71203 AR EX] ME Aolrt mE F Qe
U & d7dMe FATHcs {93 o)zt
e FAd viEd aEn SF9) vgF
o= #g Aozt fArh

37l & HEE {18AY Ezexd gE
8% NAGU & r=0.5422 Z2¥%7} Fold
T& 8% NAG#to] w9 FosiA F713e ¢
T AN F7]) F EFA £ vxo 9% 4
BAF 0.48380F & AL EF o]9e 2¥
ddolv AAAF 7Et & EHo] 9¥gg F
I AFo] ARHER AYPBHAY BEF7E
Aol g £z Hrie ACGIHY E¢E9] Z
2 FEgkol Fasojol din diAlEF F9
7t Bgsojor & RAoew AdHAY, 8.F NAG
% 8% Ml FE Alolde We 9% 49
(r=0.357)& REoH ol 8% +&¥7} 83
NAG3ZFe) 48AIF 0.449(0| 29 E, 1990)H T}
etk

ZAE B8 F EFAT] E2HE THL
HA ) oF 23.1%°1AL Wiy] EFER EAstn
AR Z AAQY] ERA Z2FE VEHTF
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o2 YehlW 18.3—48. 3ppme 2 ACGIHY ¥
471E oJUYE & F Uk 2247 B
&5l Aol FQAE F o dAle A A
28 AA Aol Hu oA FYAH A
#alo npitoE €1 YEE ocresol 52 #)
2 8302 Wddd Lowry, 1986). 8% vl
o] BAugo g vidY, Jta AzvEdY
=2y, 34 aga ey, 4 gz
HE(HERE, 1991)0] lov HAe) Aztey A
4oz & o 1% dMazviegol g F
< Aoz 4HA U,

2 A748 85 vpuite] HEsse Ado}
Hdoz BANYE W T2FNA P 789.3
+784. lmg/g creatinine2 & ©] ¥ F5(1988)9)
951.9+727. 8mg/g creatinine .t} ¥gkon o)y
¢ 2ol ¢4 E2d 749 Fxob de A
o 7I" Aoz Alg®ch ¥ iR B
8% vtxtEee H 198.11195. 9mg/g crea-
tinineS. & o] HlF £(1988)9] 207.2+172. 9mg/g
creatinine®} A9 A velyker}t ACGIHHA
AL 500—1500mg/g creatinine B} vf$
A vetston o]ggt Aol e mE HA
8% Wi Fxe Aold 23 Ao g AgH ol
v 323 HESL ojFojAcl v B3 $elve
9 8% AAA dig AF7E £3] slojor At
a1 Azdch {71847 Aol FoEe 1-2
AlZhHel AR B & B3 8.3 wAdE T AU
of ZHERA gomz Z&H7IZ 9 ABEF)

2 zlole EAHCZ §93 Hol7t Pe A
o2 A"

7 & S 77184 H2wxo g 8
F vlaits et e 1=0.7528 22 ¥ %7} $7}
42 8.F vtaitEgo] W $ fostA Sriste
AE & 4 der g o] EF @50 o
8% vlkxdt FERAE 1=0.7692 A zlo]7}
et 3 RAe BES /718459 24
Fol EF4de] A 3= &o] Feoew vl
Mo dEE FA G 3FEol TgHo 3
7l Eog noazith Fo1F EFU9 e
8% v F20Y A AN oAE B
(1988)9] r=0.684, Z=HW7H(1989)9) r=0. 64281}
 E=¢a 28U (1975)9) r=0.868, wonE

(1987)9] r=0.868, Kawai® Teramoto(1984)9} r
=0.897, Rosa E(1987)9 r=0.88, wWj7|1g =
(1991)9] r=0.832the F%toy Miyasuka &
(1981) 2} r=0.74%h= A9 w&ds.

o]del AN EY #7184 E=2d 9%
F71%9 FE% 7k ACGIHS E4E9 £2 4
Eaoze gyrieh A {71 8A E2Alo] O
AgEGY AEAA AN NAG activity &
ALgEHE Aol Fov EFd Zexlo HEHH
g EUHHLEE &F vikdle] & AE=
HoAgHdouv 42 9% NAGY isozymeo] o
A9 sejvhete] ARl g Fuxje] HF
o] &3] o]fojHol & Aoz AP,

% g ¥

7184w A8 AAGAAM HF el AHE-3
v 232 ZzAde AAA, W7, AR
5, Z2YUIeE dYE 7AY Tz 2R
N3 WERH 2UEPo R 83 vy HE
2 n WY v itn dibsE 58 AR
pL=

2 A7 AEH gAF A4 X HH,
b, 4, 3% = FAAAN /7184 =&
He 224 105898 E27or 39z f14
Ao Tz ke 22z 10798 HERTe=
8le] 9% NAG activity®} 8.3 vlk=4t widFS
HBERA S n&dA A2vlEITE o] 43
o AF FAsAen FAld f1&Ad A
AN Zzgale] BANE HES AY oSy
okt

1. 72 33E $8E {71849 E2 A49
HEFxe H2FFHo 0.54, 7 ©FFHl 0.
27, AAFAo] 0.4, F& =730} 0.4101%0 21
ACGIHY #4729 Loxt} |dA ZzdE 23
A& 14%(13.3% ol At

2. 7 33d BFQ Z22Fxe #HaAe
ZA-FAo] 48.3ppm, 7F+ E=AFAHo] 18.3ppm,
AHFHo] 40.5ppm, B4 TFFFo] 30.1ppm
ol

3. 8% NAG activitye Adoleldez BF
39S o vEzFy F2ie W2 36.1114.
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InmolMU/h of incubation/mg creatinine® 52,4
+26. InmolMU/h of incubation/mg creatinine ©]
At ,

4. 8% vt FEE Fdolgdez BHA
e o dE2eH FEPo] WFS 19111104
2mg/g creatinine® 789.3:£784. lmg/g creatinine
o]t

5. 8% NAG activity¥} 8.3 vlkx4 FEE o
273 ZR L0 Fo g Zolg BT

6. 8% NAG activitys} 2% U]‘-‘ﬁ—ﬂ' e &
A v EA 2 39 v GFAbold Fojg
o] 7F At

7. FR2IN gx27E 9%y &0 )
waled BgkS o J‘?Lx NAG activity ¥ 2.5 v}

kdte] HiEE oy FAHoE fe V‘] %
plg= 3

8 WAL {VIEAY F2FxT 8% NAG
activity(r=0.542) ¥ 83 vt FX(r=0.752)
st v frolg d#ol ARen 8% npxat
FE9 8% NAG activitys 938 A#(r=0.
357)o] AAT}

oj4e} AuE Hol {714A E=xo F A
e At glolA = NAG activity®
AHEBhE Zlo] ulgE A Fog AR "
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