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Abstract. The purpose of the present study is to examine if the
bromide (Br) level in urine (Br-U) varies substantially among
adult general populations of either sex or of different dietary
habits. For this purpose, morning spot urine samples (about 50
per group) were collected from six groups of people, i.c., one
group each of men and women in a city in Japan (thus two
groups in Japan) and one group each of women in two urban
and two rural areas in central and northeast China (four groups
in China). The samples were analyzed for Br by ECD-gas
chromatography after derivatization to methyl bromide. Br-U
essentially followed a normal distribution. Whereas there was
only a marginal difference in Br-U between men (7.7 * 2.5
mg/L as an arithmetic mean and arithmetic standard deviation)
and women (8.1 + 2.9 mg/L) in Japan, and no difference
between the urban (2.3 * 0.8 mg/L) and rural women (2.6 =
1.1 mg/L) in China, the difference between Japanese (8.1 * 2.9
mg/L) and Chinese women (2.3 + 0.8 mg/L for two cities and
2.6 = 1.1 mg/L for two villages) was substantial. A literature
survey suggested variation in dietary habits, especially that in
sea algae intake, is a possible factor affecting the observed
difference in Br-U between the two ethnic groups. Contribution
of Br in cereals after fumigation with, e.g., methyl bromide,
was also thought to be possible. The implication of difference
in background Br-U levels is discussed in relation to biological
monitoring of exposure to Br-containing industrial chemicals,
such as 1- and 2-bromopropane.

Recent studies have made it clear that the occupational expo-
sure to two brominated solvents, 1-bromopropane and 2-bro-
mopropane, can be biomonitored by analysis for bromide (Br)
in urine (Br-U) in addition to the urinalysis for the unmetabo-
lized solvent itself (Kawai et al. 1997, 2000). Kishi et al.
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(1991) also found that Br-U levels were elevated among methyl
bromide—producing workers.

In the two studies on bromopropanes (Kawai ef al. 1997,
2000), the Br levels were measurable not only in the urine
samples from exposed workers but also in samples from con-
trol subjects who were not exposed occupationally to any
Br-containing chemicals. This observation prompted us to in-
vestigate possible sources of nonoccupational exposure to Br.
It is known that although Br is ubiquitous in the environment,
Br levels are low in general air and in river water, varied in
soils, and rather high (> 60 ppm) in sea water (Yamada 1968;
van Leeuwen and Sangster 1987), suggesting that foods, espe-
cially seafoods, are important sources of exposure to Br, as to
be discussed later.

Thus, two ethnic groups of Japanese and Chinese people
were selected for comparison in this study, because Japanese
people consume much sea food (Ministry of Health and Wel-
fare 2000) whereas Chinese do so less (Ge er al. 1996). In the
present paper, different Br-U levels between the two ethnic
groups are presented, and implications of the difference in
biomonitoring by urinary Br-U are discussed. Possible roles of
dietary habits in inducing the variation are also explored.

Materials and Methods

Urine Sample Donors and Methods of Urinalysis for
Bromide lon

Late in spring 2000, morning spot urine samples were collected in
Japan and China from six groups of volunteers (about 50 subjects each
per group, 303 subjects in total). Those in Japan were one group each
of Japanese men and women in the city of Kyoto (two groups),
whereas subjects in China (all women) were one group each from the
city of Changsha and a farming village in the vicinity in Hunan
province in central China, and from the city of Changchun and a
farming village in its suburb in Jilin province in northeast China (four
groups in total). The women in China offered 24-h food duplicate
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Age (years)

Ethnic Group Residence® Sex n AM = ASD Range
Japanese City Men 49 435+ 134 2265
Japanese City Women 54 402136 21-65
Chinese City-H Women 50 39.0 87 21-59
Chinese City- Women 50 39586 25-68
Chinese Village-H Women 50 37692 20-57
Chinese Village-J Women 50 424102 21-61

* City, city of Kyoto (Japan); City-H, city of Changsha (Hunan province, China); City-J,

ity of Changchun (Jilin province, China); Village-H,

a village near Changsha (Hunan province, China), Village-J. a village near Changchun (Jilin province, China). The difference in ages between
Japanese men and women, between women in cities in Japan and in China, and between Chinese women in the city and the village are all

insignificant (p > 0.05)

samples (Acheson er al. 1980) in addition. Most of the volunteers were
at the ages of 2060 years (Table 1), with some exceptions of those
who were up to 65 years of age among Japanese. The average ages
were about 40 years irrespective of the study groups (highest among
Japanese men), and there was no significant difference in ages among
the six groups studied, as examined by multiple comparison test (p >
0.10).

The method of GC analysis for Br-U was as previously described
(Kawai er al. 1997, 2000). In short, Br in urine was converted to
methyl bromide after Sugiyama er al. (1985) as modified by Yamano
et al. (1987) and determined by ECD-gas chromatography (ECD-GC)
rather than FID-GC, because the replacement of FID with ECD gave
substantial improvement both in selectivity and in sensitivity (Kawai
et al. 1997).

Br-U was expressed as observed (Br-Uob), or after correction for
urine density in terms of a specific gravity of urine of 1.016 (Rainsford
and Lloyd Davies 1965). Specific gravity was measured by colorim-
etry. No correction for creatinine concentration (e.g., Jackson 1966)
was made because creatinine decomposition under storage conditions
was considered possible.

Food Duplicate Analysis

Procedures for collection of 24-h duplicates of food (Acheson e al.
1980) and menu records has been described in detail (Matsuda-Inogu-
chi ef al. 2000; Qu et al. 2000). It should be noted that the food
duplicate donors were carefully instructed to cook ordinary (everyday)
meals and no special dishes. Each food item in the food duplicate was
isolated manually for weight recording, and veteran Chinese nutrition-
ists gave a code number to cach food item following Food Composi-
tion Tables for Chinese (National values, part 1; Institute of Nutrition
and Food Hygiene 1991). The food items were then classified in
accordance with the tables (Institute of Nutrition and Food Hygiene
1991).

Statistical Analysis

When the distribution of Br-U (uncorrected) in 200 urine samples
obtained from Chinese women (all cases combined) was examined, the
values distributed normally with a small tailing toward high values
(Figure 1). Accordingly, a normal distribution was assumed so that
Br-U concentrations were presented in terms of an arithmetic mean
(AM) and an arithmetic standard deviation (ASD) together with the
number of determinations (n). It should be added that ASDs were less
than one-third of the corresponding AMs in most cases. Analysis of
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Fig. 1. Distribution of bromide levels in urine of Chinese women,
Distribution of bromide levels (uncorrected) in 200 urine samples
obtained from adult Chinese women (all Chinese cases in combina-
tion) is depicted. For distribution parameters, see the bottom linc in
Table 2

variance (ANOVA) followed by multiple comparison test (Scheffe)
was employed for statistical analysis by use of STAT-VIEW version .

Results

Sex Difference in Urinary Br Levels

Br-U levels are summarized in Table 2 in terms of different
ethnicity, sex and place of residence. ANOVA showed that the
both Br-Uob and Br-Usg were not uniform among the six
groups (p < 0.01). Difference in Br-U between men and
‘women in Japan was insignificant (p > 0.10) when Br-Uob was
compared, but it was significant (p < 0.05) when comparison
of Br-Usg values was made. Thus it was considered prudent to
conclude that sex difference was only marginal.

Ethnic and Possible Urban-Rural Differences in Urinary
Br Levels

Further statistical analysis (Table 2) showed that both Br-Uob
and Br-Usg levels than the counterpart levels were significantly
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Brin Urine (mg/L)

Ethnic Group Residence Sex (n) Correction AM * ASD Range
Japanese City Men (49) Br-Uob® 7.69 % 2.45™ 22-145
Br-Usg® 537 + 138" 19-93
Japanese City Women (54) Br-Uob 807 2.94° 28-23.0
Br-Usg 6.49 + 2.36° 1.8-153
Chinese City-H Women (50) Br-Uob 1.95 063" 08-3.1
Br-Usg 273 * 0.60¢ 15-45
Chinese City-J Women (50) Br-Uob 261 £ 0.85™ 12-56
Br-Usg 270 £ 0.73™
Chinese Cities H + Women (100) Br-Uob 228+ 0.82
Br-Usg 272 %067 11-54
Chinese Village H Women (50) Br-Uob 209+ 089 08-5.7
Br-Usg 178 %059 06-33
Chinese Village J Women (50) Br-Uob 320+ 1.02 13-69
Br-Usg 281 £0.71 16-44
Chinese Villages H + J Women (100) Br-Uob 264 111 08-69
Br-Usg 230+ 0.83 0.6-4.4
Chinese Cities + Villages Women (200) Br-Uob 246+ 0.99 08-6.9
Br-Usg 2514078 0.6-5.4

* ob as observed, and sg, as corrected for a specific gravity of urine of 1.016, respectively.

" Significantly (p < 0.01) smaller than the counterpart value for Japanese women; ™ shows no significant difference (p > 0.05).

© Significantly (p < 0.01) greater than the counterpart value for Chinese women in the city.

¢ Significantly (p < 0.05) greater than the counterpart value for Chinese women in the village; ™ shows no significant difference (p > 0.05).

(p < 0.01) higher for urban Japanese women than urban
Chinese women (i.e., both as separately and in combination of
City H and City J). The difference was also significant (p <
0.01) between urban Japanese women and rural Chinese
women.

The evidence for urban-rural difference between two pairs of
Chinese women populations was weak. Namely, the difference
was significant (p < 0.05) when AMs for Br-Usg were com-
pared between City H and Village H but not so (p < 0.05) for
Br-Uob. The differences between City J and Village J were
insignificant (p > 0.05) both for Br-Uob and Br-Usg.

Multiple comparison among Japanese women in the city,
Chinese women in two cities (i.e, City H and City J in
combination), and Chinese women in two villages (Village H
plus Village J) showed that both Br-Uob and Br-Usg were
significantly (p < 0.01) greater for Japanese women than
Chinese women either in cities or in villages. There was no
significant (p > 0.05) difference, however, either in Br-Uob or
in Br-Usg between Chinese women in cities and those in the
villages.

Intake of Seafood by Hunan and Jilin People

Intake of various types of foods by Hunan and Jilin province
people is presented in Table 3 in comparison with data for
Japanese in large cities. Basic data for Chinese people (both
men and women in combination) are cited from Ge et al.
(1996). Because the data on intake of fungi and algae were not
available in the database (Ge ef al. 1996), information on these
items was supplemented by the present analysis. The consump-
tion of algae was measured on a wet basis and was converted
into a dry-weight basis for comparison by dividing a factor of

5.5 (Noda er al. 1984). Data for urban Japanese (men and
women combined) were cited from Ministry of Health and
Welfare (2000).

Comparison shows that Japanese took more pulses, fruits,
eggs, milk, and fish (including shellfish) and less rice and
vegetables than Chinese. Further comparison after supplemen-
tation with the results from the present analysis showed that the
people in the four Chinese groups took quite less algae than
Japanese counterparts, e.g., the consumption by the urban and
rural people in Hunan province was only one-third or less than
one-tenth, respectively, of the value for the Japanese, and the
people of the two groups in Jilin province consumed nil.

Discussion

The present study made it clear that the difference in Br-U is
significant (p < 0.01) between Japanese (e.g., 8.07 mg/L as
AM for Br-Uob) and Chinese women (2.28 mg/L) in cities and
that the extrapolation of the conclusion may be possible to
cover the two ethnic groups as a whole independent of sex or
place of residence, because the difference between the two
sexes or between urban-rural populations was of no or marginal
significance (Table 2). Assuming that daily urine volume is
about 1-1.5 L, the observed Br-U consumption of 7.7 and 8.1
mg/L for men and women in Japan, respectively, is in a close
agreement with the amount of Br in total foods of 8.5-11.8
mg/day for Japanese (Matsuda ef al. 1984) and 9.4 mg/day for
Dutch people (van Dokkum ef al. 1989).

Br kinetics in humans is considered to be similar to that of
chloride (Cl) as a whole (Rauws 1983). Thus, the absorption of
Br in the digestive tract is generally complete when ingested
(Rauws 1983). Distribution is also like Cl and mainly in
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Average Consumption (g/day/capita)

b

Br (mg/kg) Japanese! Chinese®
Food Group AT B* e City Hunan-C Jilin-C Hunan-V/ Jilin-v
Cereals 127 <30 2-17 257.0 4268 449.2 525.4 486.5
Rice 07t <0.1-15° 19-68° 1516 3953 316.0 5173 3101
Wheat —% <30 — 103.1 30.1 97.9 7.2 768
Potatoes 28 — 26 64.7 328 803 518 818
Pulses 17 - — 668 133 13.4 106 75
Vegetables 0-2" <16 319 2550 353.7 306.0 4259 3200
Fruits 08 <6 <4 1250 274 90.9 57 613
Fungi — <18 — 13.1 25 Lo 09/ Ly
Meat 311 <sk 27 822 715 63.5% 40.1 28
Eggs 3.1 <7 — 405 154 385 8.5 170
Milk 36 <3 . 146.3 75 8.4 02 41
Fish* 66 27 94.1 333 206 313 95
Sea fish - 47 —
Sea shell — 19-20™ e
Algae — 3-865" — 56 1.9 0.0/ 03 0.0'
Others — — - 53 7.1 56.8 537 872

* Unless otherwise specified, cited from: A, de Vos et al. (1984; mean value:

s); B, Hosogai et al. (1985); and C. van Leeuwen and Sangster (1987).

" Men and women in central Tokyo and 12 other large cities in Japan (Ministry of Health and Welfare 2000).

© Men and women in cities and villages in Hunan province (Hunan-C and
China (Ge et al. 1996).

9 Cited from Cova et al. (1986).

© Cited from Oyamada ef al. (1985) and Mitsuhashi et al. (1987).

Hunan-V, respectively) and in Jilin province (Jilin-C and Jilin-V) in

" Cited from Kishida (1985); assumedly after fumigation with methyl bromide.

# —; not reported.

" Cited from Van Rillaer ef al. (1989).

! With one exception of 41 mg/kg for Swiss chard.

I Intake of fungi and algae of Chinese populations are calculated in the pr
* Including organ meats.

! Dairy products.

™ With one exception of 136 mg/kg for blue mussel.

resent study (for details, see the Results section).

" Low values for river algae (Noda ef al. 1984) and high values for sea tangle (Harada er al. 1983).

extracellular fluid (Rauws 1983); the concentration in human
tissues is rather uniform (Hou et al. 1997). Excretion is through
the kidneys with a half-life of 12 days usually (Soeremark
1960), but the half-life may be modified as a reverse function
of coingested Cl dose due to the competition between Br and Cl
for tubular reabsorption (Rauws 1983).

With regard to the distribution of Br in the environment, the
element level is low in general air (0.55 to 13 ng/m’) and in
river water (e.g., 0.006—-0.032 ppm), varied in soils (2-137
ppm), high (65 ppm) in sca water, and exceptionally high
(7,000 ppm) in the water of the Dead Sea (Yamada 1968; van
Leeuwen and Sangster 1987). Because of the low level in
general air and the high concentration in sea water, the expected
major route of entry is ingestion of foods, especially seafoods.

In fact, the results of literature survey for Br levels in foods
(Harada et al. 1983; de Vos ef al. 1984; Noda et al. 1984;
Hosogai et al. 1985; Kishida 1985; Oyamada et al. 1985; Cova
et al. 1986; Mitsuhashi er al. 1987; van Leeuwen and Sangster
1987) as summarized in the left-hand side of Table 3 confirmed
the importance of seafoods as the source. It should be noted
that the analytical methods varied depending on the authors.
Nevertheless, perusal of the list suggests that Br contents
should be high in some types of algae (especially sea tangle

[Harada ef al. 1983]), sea shellfish, and possibly cereals. The
high value for the sea tangle is on a dry weight basis (Harada
et al. 1983) and the foodstuff will be five to six times heavier
when cooked due to absorption of water. Nonetheless, the Br
content of 140-170 mg/kg (= 865/[5 to 6]) still remains the
highest of all. High values for cereals and some other seeds
(e.g., soybeans) may be due to fumigation with a Br-containing
agent, such as methyl bromide (Shuey ef al. 1971; Stijve 1977;
King ef al. 1980; Cova et al. 1986; Mitsuhashi e al. 1987).

Considering the Br contents in the left-hand side of the table
together with consumption in the right-hand side, fish (includ-
ing shellfish) and algae are the two foodstuffs of high Br
content that Japanese consume more than Chinese. In this
connection, it should be noted that most edible algae in Japan
is from the surrounding seas. Algae consumed by the people in
Hunan province were from the sea, very contrary to expecta-
tion. Whereas fish (including shellfish) for Japanese popula-
tions is mostly from seas, fish for Hunan province people is
typically from fresh water and that for Jilin province people is
also from local rivers. Br levels in the foodstuffs from the seas
should be higher than those from fresh water, in reflection of
natural Br levels (Yamada 1968; van Leeuwen and Sangster
1987).



[image: image5.jpg]It appears likely that sea algae consumption is the major
reason for the difference in Br-U between Japanese and
Hunan Chinese. Namely, hypothetical consumption of 5.6 g
sea algae/day (e.g., sea tangle containing 865 mg Br/kg as an
extreme assumption) will result in 4.8 mg Br intake/day,
which will be excreted into 1-1.5 L urine/day after complete
absorption (Rauws 1983). The expected concentration of
3.2-4.8 mg Br/L may account for about two-thirds of the
difference in Br-U between Japanese women (8.1 mg/L) and
the Chinese women in Hunan province (2.0 mg/L). Con-
sumption of algae alone, however, may not explain all
difference in Br-U. In fact Br-Uob values (2.61 and 3.20
mg/L) for the two populations in Jilin province who ate
essentially no algae tended to be higher than the counterpart
values (1.95 and 2.09 mg/L) for the two populations in
Hunan province whose algac consumption was limited but
not nil (Table 2).

Taking large consumption volumes into consideration, cere-
als could be unidentified additional sources of Br in foods
especially for Japanese, because fumigation of crops with
methyl bromide can induce elevation in the Br contents (Shuey
et al. 1971; Stijve 1977; Kishida 1985; Cova et al. 1986;
Mitsuhashi e al. 1987). The need of fumigation is apparently
small for locally produced and consumed cereals (typically for
rice in Hunan province, although the need may be more for rice
in Jilin province), whereas the reverse is the case for rice to be
consumed in large cities in Japan (including the present survey
site of Kyoto), where the rice is supplied through a nationwide
market,

The reason why Br-U levels were higher in women than in
men in Japan remains unknown. One possibility is the fact that
some hair-dressing reagents contain bromide salts (Kondo ef
al. 1999). Whereas the use of such reagents appears to be
unique to women, whether this could be an additional source of
Br exposure for women needs further examination, because the
salt probably will not penetrate intact skin.

The low background level of Br carries practical impli-
cations in applying biological monitoring of exposure to
Br-containing solvents. A lower background level coupled
with a narrower distribution range (e.g., the case of urban
Chinese women as compared with urban Japanese women in
Table 2) may improve the sensitivity of urinary Br as a
marker of exposure. For example, the workroom 1-bro-
mopropane concentration at which the exposed subjects can
be separated from the nonexposed (i.e., LSC-2; Kawai et al.
1992) was estimated to be about 3 ppm (Kawai er al. 2000).
A dose—excretion relationship was recently established be-
tween occupational exposure to 1-bromopropane and result-
ing Br levels in the end-of-shift urine samples (Kawai et al.
2000). Suppose the slope and the variation around the re-
gression line are the same for both Japanese workers and
Chinese workers, the expected LSC-2 for Chinese workers
can be graphically determined as 1 ppm or even lower,
which is as low as the LSC-2 for unmetabolized 1-bro-
mopropane in urine. It should be noted that there is no
excretion of 1-bromopropane in the urine of nonexposed
subjects and the background level is zero, which makes the
LSC-2 for 1-bromopropane very low (i.e., | ppm) even for
Japanese (Kawai et al. 2000).
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