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ﬁample(urine)

Filtration

i

Collected with 50ml acetone
Filtered with filter paper NO.5A

® X

le(faeces 1g)
1)Extracted twice with 10ml of
acetone-n-Hexane(1:1)
Filtration

Acetone solution o | Filtered with filter paper NOWSA
Rotary vacuum evaporation at 50°C olvent
Residue T 10ml of 5% NazSOgadded and shakem
Dissolved in 10ml n-Hexane
n-Hexane layer (Phenol] 1)30ml of N~ECl in methanol added
1)Washed three times with lml of 10ml distil.water and 3.3ml 2)Boiled for 30 min
conc.H SO conc.HC1 added ethylation
2)Washed three times with 5ml of Hydrolysis . 1)Extracted twice with each 30ml
5% Na2504 1)Eoiled for 3 h benzene
3)Dry over anhyd.Na;SO04 2)Extracted twick with each 20ml |2)Dried over with anhyd.NazS04-
C-ECD ethylether Benzene: layer
or GC-MS Mercapturic acid] Ethylether layer 1)Rotary vacuum evaporation at
Step 1. 2.5ml of N-NaOH added 10ml of 0.25N-NaOH added 0°C .
22°P _~* Hydrolysis Concentration 2)Concentration to 042 ~0,5ml
1l)Heated for 1 hr in r Rotary vacuum evaporation at 40°
water bath at 80°C Acetylation .
2)7.5ml distil.water 1)10ml of 3% anhyd.monochloroace- Step 3,
added tic acid in benzene added —_——
2)Sheken for lmin

enzene layer

1)Washed once with 5ml of 0,25N-
NaOH saturated with NaCl
2)Washed twice with 5ml of Na2S04

C-ECD or GC-XS
Step 2.

X 1. Analytical procedure of brominated benzenes and related compounds

(1) bromobenzene
A

T

(2) o-dibromobenzene

T T

(4) 1.2.4.5-1tetrabromobenzene

=TT

\ - —

E @)
(5) pentabromobenzene

F (4) (6) hexabromobenzene
(5) "

Rt. 4 8 12 16 20 24
X 2. Gas chromatograms of urinary
brominated benzenes
Dose : 0.2 ~1mg/mouse(see the legend for
Table 1.) GC, Shimadzu 6 AM equipped
with detector(A . FID, B~F : ECD, con-
dition : colum(A : 3mm X 3m, B, C:3mm X
2m, D~F : 3mm X 1m) glass column packed
with liquid phase (A : 5% Bentone 34+5%
DIDP, B, C:5% SP 1000+1% Bentone 34,

K) 1.3.5-tribromobenzene

D~F,1.5%0V-1)on Gaschrom Q(80/100
mesh), column temp. : (A : 130°C, B : 140°C,
C:150°C, D~F :200°C), carrier gas : N2(60
mi/min)

Brominated benzenes administrated are
bromobenzene(A), o-dibromobenzene(B),
1.3.5-tribromobenzene(C), 1.2.4.5- tetrabromo-
benzene(D), pentabromobenzene(E) and
hexabromobenzene(F)

2, R1icmdm QFRKRBEHN 72 2L~
Eoid n-~XH o Tl L 22, @QR#EDID
Ib7 /=K (Vs B, T—TF N
B{asik) I HCI T, 72, ANA 7V —NE
fa&kiz NaOH c2nenmisiEL, €/ 7
U T EFNEL 2L, QRBEHION S b
FAT L= NEERBE AN T —NEE A F N
L2 DN=E ) DFIETIT- 72,

& R

1. GC-ECD, GC-MS i & 3 HiEikn#et
1) 7 et

KRB 7o~ (£ ~~%Y) @l
ERDRBMITIR, Er bRl % ik
HBEDBRENAZIC L NFAKL 2, GC-ECD 7 1
2t 77 43R 2ICRTI(BRFTH), HE
TREZN)—2T o 78HEIBLATNS, L
T, FREFEHRORAB 7 0 2l v
NERICAW, %8, GCMS(TIM) 7u-=
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X 3 . Gas chromatograms of urinary mon-
ochloroacetylated compounds

Dose : 0.2~ 1lmg/mouse(see the legend for
Table 1.) GC, Shimadzu 6AM equipped
with detector(A~H : Ni®#3 ECD, I:FID)
condition : column, 3mmX1m glass column
packed with liquid phase(A~H : 2% DEGS
+0.5% H3POs, I : 3% OV-1) on Gaschrom
Q(80/100 mesh), injector and detector temp.
: 200°C, column temp.(A : 140°C, B~E : 150
°C, F~H :160°C, I1: 110°—260°C, 6°C/min),
carrier gas, N2(60ml/min)

Brominated benzenes administrated are
bromobenzene(A) o-dibromobenzene(B) m-
dibromobenzene(C) p-dibromobenzene(D)
1.3.5-tribromobenzene(E) 1.2.4.5-tetrabro-
mobenzene(F) pentabromobenzene(G) hexa-
bromobenzene(H) and nitrobenzene(I)

(1) : phenol, (2) : o-bromophenol, (3) : m-bro-
mophenol, (4) : p-bromophenol, (5) : 2.3-dibro-
mophenol, (6) : 3.4-dibromophenol, (7) : 2.6-
dibromophenol, (8) : 2.4-dibromophenol, (9) :
2.5-dibromophenol, (10) : 3.5-dibromophenol,
(11) : 2.4.6-tribromophenol, (12) : 2.3.6-tri-
bromophenol, (13) : 2.3.4-tribromophenol,
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(14) : 2.4.5-tribromophenol,(15) : 2.3.5.6-tetra-
bromophenol,(16) : m-nitrophenol,(17) : p-ni-
trophenol, (18) : p-aminophenol

F LBV T, B2k S RERRREIC
BHTA2E— 755134 (A~F) otn =2
AR FNHBLNENTNDINEHTHH
LHEEE N,
)RBEMDDF i (K GC)
7Tux7x/— (fadik)
TuE7x/—N (N7 BRUI—T
NEREEIaAKR) MERDORBBITIRDBHERIC
HCl #mz TmAks@L 7€ 7 /—NLEL
72, InEE//7uLTEeF L LBIEL 128
Rl 3icwTm<{ GC-ECD 7u=t 777 45*
Bonr, LT, FERHtHFO7ToE 72
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notehTh sz EHREIEI N,
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[ 4 . GC-MS spectra of urinary metabolites collected during 5 day dosing.
GC/MS, Shimadzu LKB-9000 ; condition : ionizing energy, 70 eV ; accel volt.,
3.0kV ; column, 3mm X 2m glass column packed with 1.5% OV-1 on Gasch-
rom Q(80/100) ; injection temp., 280°C ; column temp., 80—250°C(5°C/min) ;
carrier gas, He(30ml/min)
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%21 . Metabolic fate of brominated benzenes in animals of three species after

single oral administration
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Compound Excrement Mouse Rat |Rabbit
Bromobenzene _| 4-bromophenylmercapturic acid(u) 35.9 34.91 375
1mg/mouse, 10 | O-bromophenol (J) 12,1 2.6 3.1
mg/rat or ra | m—-bromophenol (K) 8.8 19.2| 23.2
bbit, duratioq p-bromophenol 3.1 13.1 6,2
4 days 1 bromobenzene (A) *0.6 *1.2] *0.8
(0] (3.2) (0.7)
0-dlbromoben [3.4-dibromophenylmercapturic acid(yv) 23.0 34.01 32.0
zene ~ 3+4=dibromothiophenylacetic aciad (w) 3.5 4.8 542
izﬁ/mouse ,10 | 2,3-dibromophenol (L) 30.7 16.9] 1l2.1
rat or ra ] 3,4-dibromophenol (M) 14.3 32.5| 27.5
bbit,durationf @-bromophenol (J) 0.7 N.D. N.D.
days m-bromophenol (K) 0.3 0.7 0.9
p-bromophenol 0.2 0.7 0.4
6-dibromobenzene (B) *1.0 *¥1.0]| *1.4
(0.,9)] (0.8} (1.2)
M—dibromoben | 2.4-dl0romophenol (N) 30.3 37.0
zene J 2.6-dibromophenol 4.6 N.D,|
mg/mouse, dur] m-bromophenol 0.6 1.5
ation 4 days ] O0-bromophenol 0.6 1.0
p—-dibromoben |[Z,5~dibromophenol 2342 39.0
zene m-bromophenol Q0.6 1.0
&mg/ mouse, duﬂ 0-bromophenol 0,2 0.3
| tation 4 days
1¢3.5=-tribromo| 3.5-dibromophenylmercapturic acid O.4 6.9 7.2
henzene ] 3.5-dibromothiophenylacetic acid 3.7 5.2 4.4
mouse, 10 | 2-hydroxy-3.5-dibromothiophenyl~ 14,0 18.6 | 22.7
mg/rat or ra || 1-methyl (R, S)
bbit,duration|| 2-hydroxy-3.5-dibromothiophenyl- 6.9 8.8 9.1
days j 1.l-methyloxide (T)
2,4,6-tribromophenol (P) 13.1 13.5 14.5
3.5-dibromophenol (O) 17.9 11.0 6.4
o-bromophenol 4.2 N.D.| N.D.
m-bromophenol 3.1 2.2 2.4
p-bromophenol 1.5 1.2 0.9
1.3.5-tribromobenzene (C) *14.8 | *13.7 (%#10.3
(6.9)] (5.5)] (8.1)
le2,4.5-tetra [2.3.5.0-tetrabromophenol (q) 542 N.D.
bromobenzene _{2.3,5~-tribromophenol 8.6 9.4
[0.2mg/mouse, || 2.3.6-tribromophenol 3.8 20.4
2mg/rat or rg|2.4.5-tribromophenol Tr N.D.
bbit,duration| 2.5-dibromophenol 1,9 4.4
15 days 3.4-dibromophenol 8.8 Sed
- 1,2.4.5-tetrabromobenzene (D) *¥52.7 | %40.4 |*¥45.1
(25.7)] (19.6))(44.6)
pentabromoben |Z2.3.4-tribromophenol 10,1 14.3
zene 2.4 ,6~tridbromophenol (P) 1.1 24.3
0.2mg/mouse, || 3.4-dibromophenol 2.0 5.7
2mg/rat or rell 3.5-dibromophenol(O) 1.0 4.8
pbit,duration)l.2.3.5~tetrabromobenzene *244.1) *20,3 [*25,7
15 days 21,2 6 25.
> day pentabromobenzene (E) *10,1 Qs,% (* 2.3)
(4.8)] (2.2) (5,9)
Hexabromobenze[2.3.4-tribromophenol Beb
ne 2.4 .6-tribromophenol (P) 1.2
[0.2mg/mouse, | 3.4-dibromophenol 2.2
2mg/rat or ral3.5-dibromophenol (0O) 1.1
bbit,durationfl.2.3.5-tetrabromobenzene 3.4 1 *3.3 |*3.7
15 days _‘ (1.6)] (1.7) | (3.6)
= pentabromobenzene (E) *¥23.4 | *21,5 f25.6
(11.5)| (10.6) [(25.3)
hexabromobenzene (F) 40,2 *42,1 [a4.0
(27.6)| (28.9) |(43.5)

Figures indicate the percentages of the dose in urine
# : Value in urine and faeces

The figures in brackets indicate the value in faeces
N.D. : not detected

Tr : trace
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% 2. Time course of excretion in urine of monobromobenzene metabolites.

hr 8 16 24 36

48 60 72 84 96 total

4380 1840 169 119

103 76.8 | 66.0 | 42.0 | 23.1

(249) | (12.5) | (3.55)

o-bromophenol 6820
PREIOT | (749) | (487) | (107) | (77.1) | (55.1) | (51.9) | (47.6) | (28.4) | (16.2)
3270 | 1403 | 104 | 79.2 | 61.5 | 48.9 | 40.6 | 28.5 | 19.8
“bromophenol : 5060
TDromoPhenol | g06) | (350) | (54.5) | (49.4) | (40.7) | (33.1) | (29.0) | (17.9) | (15.2)
915 | 383 | 26.0 | 18.8 | 205 | 11.1 | 9.70| 6.83| 6.53
-bromophenol 1400
P PRENOT | (a82) | (104) | (10.7) | (7.50) | (16.9) [ (6.83) | (6.93) | (4.51) | (6.36)
total 8570 | 3630 37 | 16 | 77.4 | 49.3 | 13300
bromophenol 299 217 183 1 . .
Sbromothiophenol | 2010 | 485 | 56.3 | npy | Np | ND. | ND. | ND. | ND. | 9550

Dose : Img/mouse of bromobenzene (10 mice)

Figures indicates the mean (n mole) of three experiments

The figures in brackets indicates SD
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| 2 3 4
Days after treoted

X 5. Time course of excretion in urine
of monobromobenzene metabolites.

@—@ : o-bromophenol, X—X : m-bromophenol
O—O : P-bromophenol, O—0O : 4-bromothiophenol
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X 6 . Time course of excretion in urine of
o-dibromobenzene metabolites.

Dose : single oral administration of 1mg/

mouse of o-dibromobenzene.

A—A . 2.3-dibromophenol,

A—A : 3.4-dibromophenol,

X —X . m-bromophenol,

@®—@ : o-bromophenol,

0O—0O : P-bromophenol,

O—O0 : o-dibromobenzene

b ) TRy oS 0REe, BintEkE
HELW, BIb, =7 2T, —SCHs &k, 2,
Py T7aeReT7 /= P)TREXRIE,
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—LDOIET, ZhdKREZALDI,

FrI7TuERCEORENFE, 27X,
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7. Time course of excretion in urine
of 1.3.5-tribromobenzene metabolites.
Dose : single oral administration of 1mg/
mouse of 1.3.5-tribromobenzene.

®—@ : 3.5-dibromophenol,

X —X : 2.4.6-tribromophenol,

O—0O : 1.3.5-tribromobenzene

o
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Days ofter treated

X 8 . Time course of excretion in urine of
1.2.4.5-tetrabromobenzene metabolites.
Dose : single oral administration of 0.2mg/
mouse of 1.2.4.5-tetrabromobenzene.

O—0O : 1.2.4.5-tetrabromobenzene, B---W :

total bromophenol, Q---O : 2.5-dibromophenol,

@®---@ . 3.4-dibromophenol, ¢---@ . 2.3.6-tri-
bromophenol, A---A : 2.3.5-tribromophenol,
2.3.5.6-tetrabromophenol



* F O F¥ X

560
y=g@-0-20314+5.43
= 102 / (y=@-005654:+4.60)
©
E
£
©
2
@
L
O
> 10F
S
3
o
£
< \ 3
o8 4 ATy, 4
¥ o --“‘):":"‘ )
1 T - @~ - B - - O O - B - @G - @
P | P T ]
5 10 15

Days ofter treated

[ 9. Time course of excretion in urine of

hexabromobenzene

metabolites.

Dose : single oral administration of 0.2mg/
mouse of hexabromobenzene.
O—0O : total brominated benzenes, O—O
hexabromobenzene, A—A : pentabromoben-
zene, O—Q : 1.2.3.5-tetrabromobenzene,

8 ---8 : total brominated phenols, @---@ :
&---@ : 3.4-dibromophenol,
X---X . 2.4.6-tribromophenol, A---A : 2.3.4-

2.5-dibromophenol,

S7Tux7x/—NVORTHY, v FTIRE
), P77/ —NLDIRELY, £/ 78
72/ —NEIRHEIN L1,

Ry I TaER L HENEE, TR,
Fy b ELICKRRBHIREL B, TFT,
YITRERCECDIRICEN T, THICK
WTRBEWIIe7R T ) T 7 /-0,
P7ux7 /) —LADIRATHYN, €/ T7TaE7
=/ —=NMERHE I N - T,

~xHT oL EDEE, °TR,
Zv b, REELICKRBWHORLES, ~F
¥, RyF, FrFITueRe el EHS
72, ZHIRKTREEWHIE>7RA T T
9Ex7z/—N, Y7072/ —1LDIATH
D, /707 /—NIKRBENLT -T2,

UEnkERLEY, 7ox72/— 0Kz 7o
THENBEME L LICELRBMERE T2, £
VAT —NBaskntttRIZE/, ¥, b
J7u XL IREDEIZE 572, Tux
FAZz=NEEEEIZY, P ToexrErf
EnRPpiz S, 72, —SCHz Ki3+ ) 7ax
NS DRBPIZED 572, KRB
WERI7oeHoEME & LITHL, BHicTF b

tribromophenol
# 3. Time course of excretion in urine of o-dibromobenzene metabolites.
hr 8 16 24 48 72 96 120 total
. rengl | 25-1 15.1 12.1 8.17 3.32 2.66 0.95 68.2
ODromOPRENot | (3.96) | (1.93) | (0.86) | (1.32) | (0.21) | (0.87) | (0.20) '
b henol| 546 37.1 28.5 18.6 8.11 5.47 2.58 155.9
m-bromophenol|  , 48y | (3.52) | (2.17) | (1.82) | (1.50) | (0.50) | (0.90) .
. oo | 184 11.2 8.51 7.28 2.32 1.95 0.79 50.4
p-bromophenol | 4 33y | (g.71) | (0.30) | (1.66) | (1.42) | (0.21) | (0.16) :
total 98.1 64.2 49.1 34.0 12.4 10.1 4.32 | 272.2
bromophenol
. 6251 2428 820 247 259 117 46.1
23dibromophenol | (yeay | (57) | (20.3) | (18.1) | (3.67) | (0.16) | (0.16) | 10170
. 2796 1163 444 159 133 54 27.7
34-dibromophenol | 0.4y (76 1) | (28.5) | (17.1) | (0.78) | (10.0) | (5.8) 4777
total 9047 3591 1264 406 392 171 73.8 | 15000
dibromophenol
total 9145 3655 1310 440 404 181 78.1 15200

Dose : 1mg/mouse of o-dibromobenzene (10 mice)
Figures indicates the mean (n mole) of three experiments
The figures in brackets indicates SD
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[€10. Main metabolic pathways of
brominated benzenes
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% 4 . Biological half life (B.H.L.) of brominated compounds excretion in urine
after single oral administration of brominated benzenes

Compound Dose Duration Regression equation BH.L. K
Bromobenzene 0~16 h y=e‘°-“9“+9~57 4.65h 0.149
1.

CeHsBr 0 24~96 h y=g0.0259t2+7.59 2.8 h 0.0259
o-dibromobenzene L0 0~16 h y=e 010804977 6.70h 0.103

CeH4Br: ' 24~120h | y=e-o210u+1s 330 h 0.0210
1.3.5-tribromoben 0~24 h y=g0.090t1+9.20 7.70 h 0.090
zene 1.0

CsH3Br3; 48~120 h y=e0.0137t2+7.36 35.1h 0.0137
1.2.4.5-tetrabromo 0~4 d y =g 0.64201+5.52 1.1 day 0.642
benzene 0.2

CsH2Br, 5~30 d y =g 0.17412+3.69 4.0 day 0.174
Hexabromobenzene 0.2 0~6 d y=e 020314543 3.4 day 0.203

CeBrs ' 7~30 d y=e~0.056512+4.60 12.2 day 0.0565

Regression equations were calculation from total brominated compounds in urine

Y : Amount excretion in urine (n mole)
K : Excretion coeficient
t; : First phase, tz : Second phase
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nFuE s, BlL, RS TFEISHMCLIER
WhHBEBREL TS, FERINVELERT
BRRBPOPFMICHEEZEND B Z LHEDHL
niz,

3. 7Tud{Rrr ndEiEe

E %P S SR 72 FEHZ B2 Db A
Ik > THENICRY 2, REWENX £
BIcE#RL 7ot Eomicif- TS
BN, {bEEELERERURBEE LD
BRIct->-TRESNZLDEEZ LS, 1L
¥igiE L BRE L OBFRICOVWTIE 7T 2 HN
MImc e T, BRiEk(r 2 2 — /KO ERE
D) AE L L), MERC & A8 5 ELK
B, HEfBB~OBRENVERTI2INER

biLsd, F/, {LEEE - KBHconTIIR>
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Cp=C1-e““‘ +C2.e—/121 ..................... (1)
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(Cp=571.e—0.024212)

FIRHNT 1 KPR T(2)R (6.1 hr), (3)74(4.65
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Studies on the biological toxicity of several
hydrocarbon pollutants of the environment
Report 3. The metabolites and excretion rates of brominated benzenes
Yasuo OGINO
Department of Public Health, Okayama University Medical School
(Director: Prof. M.Ogata)

Metabolites of brominated benzenes in rabbits, rats and mice after a single oral
administration were examined with ECD-GC and MS-GC. The major metabolites found
in the urine of the three kinds of animals were bromophenol, mercapturic acid, thiophe-
nylacetic acid and sulphuric methylates. A significant increase in mercapturic acid and
thiophenylacetic acid was found in urine after administration of low brominated benzenes,
whereas remarkable sulphuric methylate excreation was observed after administration of
tribromobenzene. Unchanged bromobenzenes were remarkable in the urine of high-
brominated benzene-administered animals. Debromination from which debrominated
bromobenzenes and bromophenols in excretions result are best ascertained by an enzy-
matic reaction of the mixed function oxygenase system. The biological half life of each
metabolite and unchanged bromobenzene correlated with the number of the substituted
aromatic bromine atoms.



