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Bromate Formation by Ozonation Process and It's Effect on Renal Toxicity in rat

Unyong Chung, Mukang Lee and Jongwon Choi*
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Abstract

In oder to investigate the effects of pH and temperature on the formation of bromate ion, which is ozonation by-
products of bromine containing natural water. At the same intial pH condition, the increase of pH shown similar
trends even if the reaction variables such as temperature and reaction time of ozonation were changed. As pH and
temperature were increasing, the bromate concentration was increased but bromine components (HOBr/OBr) were
decreased with increasing pH from 3 to 10. Lipid peroxide content in the kidney was increased by bromate which
was ingestion with 04g/L for 24 weeks in drinking water. Renal cytosolic enzyme system (XO, AO) of bromate
group were significantly increased in comparison with those of normal group. But microsomal enzyme system were
not affected. BUN level and urinary 7 -glutamyltransferase activity were significantly increased in comparison with
those of the normal. But, urinary lactate dehydrogenase activity was not affected. Renal glutathione content of rat
was significantly decreased in comparison with those of normal rat given bromate. Renal glutathione S-transferase
and 7y -glutamylcysteine synthetase activities were significantly decreased in bromate-treated group, but change in
renal glutathione reductase activity was not significantly different from any other experimental group.
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Fig. 1. Reactivity of ozone.
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Fig. 2. Experimental apparatus of ozonation.
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Fig. 3. The variation of [BrOs7] conc. over reaction time.
(Reaction temp. ; 157T)

1200
—e— Initiai pH; 3 4
1000 -0 Initial pH ; 7 ~

—v— Initial pH ; 10 ~

800 -

600

400 -

Conc. of [ BrO3™ ] (mgiL )

200 -

0 1‘0 2‘0 :;O 4‘0 50
Reaction tme { min. )
Fig. 4. The variation of [ BrOs" | conc. over reaction time.
(Reaction temp. ; 20C)

1200

Ved
—e— Initial pH ; 3 e
.0~ Initial pH; 7 -
0 4 H
100 —w— Initial pH ; 10 // .©

800 4

600

400 -

Conc. of [BrO3"] (mg/L)

200 4

T T . T
0 10 20 30 40 50
Reaction time ( min. )

Fig. 5. The variation of | BrOs ] conc. over reaction time.
(Reaction temp. ; 30C)

Vol.12. No. 4 (2002. 8) / 445



o 4,12, 16, 20, 4% o3ty Fo L3 7)

~N
e =
rE
ot

g #9420, A% 2 183 A9 §2L 249
4%Fig. 6)olth. A4F ) MDAS §ae aHoz 27}

stel 165 28 A Q3pate] ol Z7450 UF Sajz
SER EEREECPRPERE R SN 1Y

AlE 7|5 wistol} ojx|= st

% 870 A] bromte®] £ 2 247=7F HHFA] sh1A] 4l
o
(<]

39 A5uslE oW J4S FEAT BHY B0
2 8% 244 4(BUN), =3 lactate dehydrogenase (LDH)

7 -glutamyltransferase (y-GT)2] &4 W 3l(Table 1)E
=% LDHY &4& ¥oe 9% fddev,
7-GT9 Z$-ol= bromated] &3l Foj2 BUNA| ¢

|

8

&

MDA nmole/g tissue
8 8

8

0.4(g/L)

0 0.1 0.2

Fig. 6. Effect of renal lipid peroxidation levels on dose and
week dependence in bromate.
Kats were orally given with bromate in drinking water
daily for several weeks.
The assay procedure was described in the experimental
methods. Values represent means*S.D.(n=10).
*p<0.05, **p<0.01, ***p<0.001.
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Bromated] H#=Z g AAF ANARitsEe 3
ol &3] F7tH= 71A %
thine oxidase 2 aldehyde oxidase2] &4 W52 #&3
Hul(Fig. 7yl 2o EABAE 0860052 uric acid nmole/
mg protein/min {19 H]3} bromated &FH(0.1, 0.2, 04
g/L)2 Eddt £-& 7}z 090+0.048, 1.23+0.080 2 218+
0.24 uric acid nmole/mg protein/min 24 hZF+ Bt &
A3 F71=9le). 8H4, aldehyde oxidased] A HE oA
T 279 a4840] 142610.79 pyridone nmole/mg
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Fig. 7. Effect of renal cytosolic enzyme system activity of
rat given bromate.
Rats were given with bromate in drinkig water for 24
weeks. The assay procedure was described in the exper-
imental methods. Values are mean®S.D.(n=10).
xathme oxidase: uric acid nmole/mg protein/min
*aldehyde oxidase: pyridone nmole/mg protein/min.
*p<0.05, **p<0.01.

Table 1. Parameter of biological value on kidney function test of rats giiven bromate

Dose BUN LDH y -GT
Group
(/L) mg / ml unit / 24 urine
Normal 0 31.2+6.82° 289+3.62° 21.9+3.20°
Bromate 0.1 33.4+7.26° 32.4+532°¢ 27.6+427°
0.2 456+6.43° 38.9+4.39*" 358+3.57°
04 123.6+20.6 46.8+6.32° 112.4+26.3°

Rats were given with bromate in drinking water for 24 weeks. The assay procedure was described in the experimental methods. Values
are mean+5D(n=10). Means followed by the same letter are not significantly different (p<0.05) by Duncan’s multiple range test.
BUN: blood urea nitrogen, LDH: lactate dehydrogenase, y-GT: 7 -Glutamyltransferase
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2EAZ] 2% Bromates] 44 2 AF 9 AFFA P 9F

protein/ming1 ] H] & bromate®] &% Fo] 2 A xanthine
oxidase?] 40| 2T B} #A3] Z/tHE AL
Hh

22| microsomal E2A(0l ojxl= FE
% 8F A bromtes] SFH2 24337 HHF NFF
microsomal &4 A¢) cytochrome p-450, aniline hydro-
xylase & aminopyrine N-demethylase9] 842 #2435 A
Z|(Table 2)oit}. h2 79 AAGA ) vsld 2 Ae) =
A A= bromated] Fojo] 93 Hale A AP} vl
Al BTE YFe] it

Glutathione S-tranferase&4 % glutathione 44
AHlof o)X= dE

Bromate®] Fojo &g &gitae £A%H #osle
glutathione S-transferase?] ¥4 2 glutathione] A4 43 ) oj)
A E 9% BEF HH(Table 3)o.2 hz79 BAo)
168.5122.13 DNB nmle/mg protein/min ¢1d H]3)] bro-

mateE LHEZ 2433 01 g/Le EA 16341207
DNB nmle/mg protein/minZ @th2 g o] glion}
02 g/LE 2437+ Eojalo]E 14722173 DNB nmle/mg
protein/min 2 270 Blatd JAHoH, 04 g/LE
2457 FojAlol& 131.91£19.0 DNB nmole/mg protein/
min2 8 JZ2FHcH ¢ 67% FE AI A2 Byt
S 23 glutathiones =& FAT A 1.34£0.103 4
mole/g tissueZ bromateg 0.4 g/L& 2437+ 43 A3 2
3} 0.57+0.09 pmole/g tissueZ A AA o] Hl3ke] oF 43%
A% A3 JA 5} y-Glutamylcystein synthetase] &
Ae Yz 4 1324212 pi nmle/mg protein/min<}
t) ®]3) bromateE 01, 02 % 04 g/LE 74 437 Foof
39S o 1501143 pi nmle/mg protein/min, 11.2+1.98
pi nmle/mg protein/min ¥ 8.52+0.87 pi nmle/mg protein/
minZ §3Fel2H0 2 AR PAch $H, glutathione
reductased] $AHTE FA3 A3} )2 F 2671567 glut-
atione nmle/mg protein/minZ A Zr7o A FAd= W
3= #2 ¥ & At

Table 2. Effects of renal microsomal enzyme system of rats given bromate

Group Dose(g/L) Cyto p450° AH" AD”

Normal 0 0.9310.030™ 0.78+0.060™ 296+0.21™

Bromate 01 1.10£0.021 0.88+0.100 321£037
0.2 0.98+0.052 0.83£0.160 3.19+0.24
04 1.23+0.072 0.86£0.130 3.36+0.54

Rats were given with bromate in drinking water for 24 weeks. The assay procedure was described in the experimental methods. Values

are mean*5D(n=10). ns : not significant,
*Cytochrome p450:
N-demethylase HCHO nmole/mg protein/min

nmole/mg  protein/min, **Aniline hydroxylase: p-aminophenol nmole/mg protein/min, ***Aminopyrine

Table 3. Effects of renal glutathione S-transferase and glutathione biosynthesis enzyme activities of rats given bromate

Group Dose(g/L) GsT' Glutathione” GR™ 7-GCS™

Normal 0 1685+22.1° 1344013 26.7 £5.67° 132+212%

Bromate 0.1 1634+20.7° 1.28+0.28° 289+6.30° 1504143
0.2 147.2+17.3° 1.02+011° 253+512° 11.2+1.98"
04 131.9+19.0 0.57+0.09° 238+6.21° 8.52+0.87

Rats were given with bromate in drinking water for 24 weeks. The assay procedure was described in the experimental methods. Values
are mean+5D(n=10). Means followed by the same letter are not significantly different(p<0.05) by Duncan’s multiple range test.
*glutathione S-transferase: 1,2-dinitro-4-nitrobenzene(DNB) nmole/ mg protein/min, **glutathione reductase: ;2 mole/g of tissue, *** 7 -
glutamylcysteine synthetase: glutathione nmole/mg protein/min, ****pi nmole/mg protein/min
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