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Summary.

Our knowledge is too limited in human reproductive da-
ta related with boron exposure. There are only a few studies re-
porting reduced sexual function in men occupationally exposed
to boron. Some other studies, revealed that occupational or en-
vironmental exposures to inorganic borates did not lead to a
reduction in birth rate. Data, about boric acid's developmental
toxicities on rats, mouses and rabbits are already available.
Although not significant, some studies have shown that there
has been a change in sex ratios of occupationally exposed pop-
ulations(in favor of female offsprings).

Since Turkey is one ofthe countries which has large bo-
rate deposits and plants, the conduction of'the study in this
area is important. The purpose of this study was to investigate
borates,; reproductive effects, developmental effects, and ef-

fects on the sex ratio on environmentally and occupationally
exposed male workers'families in a cross-sectional design.

Study regions were planned as three areas in Turkey
where Region I was Bigadi¢(Balikesir), Region II was Emet-
Hisarcik(Kutahya), Region Il was Kirka (Eskisehir). 850 mar-
ried-male workers from these plants were chosen by random
sampling method but the number of workers who were con-
tacted were 799. Data collection was made by personalinter-
views of workers at their working places. For data analysis
and statistics SPSS for Windows package and Chi-Square,
Student's t test were used.

Infertility rates were 1.2% among 328 borate workers

from Region I, 1.1% among 298 workers from Region II and
4.1% among 173 workers from Region I1l. Total infertility rate
was 1.8% for all of the workers. These rates were similar to the
results of studies made in the same region and in other parts of
Turkey. Total male/female ratio was found to be 1.12, so no in-
crease in the number offemale offsprings could be found when
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Ozet

Insanlarda bor maruziyeti ile iliskili reproduktif veriler

son derece kisithdir. Birka¢ ¢alismada isyerinde bor maruziyeti
olan erkeklerde cinsel fonksiyonlarin azaldigi belirtilmistir.
Diger bazi ¢alismalarda ise igyeri ortami ve c¢evreden inor-
ganik boratlara maruz kalinmasinin dogum oranlarinda bir
azalma yapmadigi ortaya konmustur. Rat, fare ve tavsan ¢alis-
malarinda borik asitin geligim iizerinde olumsuz etkileri gos-
terilmistiv. Bazi ¢alismalarda da istatistiksel anlamliik olma-
makla birlikte isyeri maruziyeti olanlarda dogumda cinsiyet
orammin  degistigi ve kiz ¢ocuk dogma orammn arttigi iddia
edilmigtir.

Tiirkive genis bor yataklari ve isletmeleri bulunan bir
tilke oldugu ic¢in bu bélgede bir arastirma yapmak onemli bu-
lunmustur.  Bu  ¢aliymani  amact  ¢evresel ve isyeri bor
maruziyeti olan erkek isgilerin ailelerinde borun iireme,
gelisim ve cinsiyet orami iizerine etkilerinin kesitsel olarak in-

celenmesidir.

Calisma bolgesi  Tiirkive deki 3 bdlge olup, Bigadig,
(Balikesir) 1.Bolge, Emet-Hisarcik (Kiitahya) 2.Bolge ve Kirka
(Eskisehir) 3.Bélge olarak almmustir. Buradaki isletmelerden
850 evii erkek is¢i rasgele ornekleme ile belirlenmis, bunlarin
799'una ulasilabilmistir. Veri toplama, isyerlerinde veyiiz yiize
goriisme yontemi ile yapilmistir. Veri analizi ve istatistikler i¢in
SPSS for Windows paket programi ile Ki-kare ve student's t-
testi kullanilmistir, infertilité oranlari 1.Bélge'de 328 is¢i
arasinda Vol2, 2.Bolge'de 298 isci'de %I1.1 ve 3.Bolge'de 173
isci'de %4.1 oraminda bulunmustur. Bu oranlar aym bélgede
ve Tiirkiye'nin diger bdlgelerinde yapilmis ¢alismalarla benz-
erdir. Tiim is¢ilerde toplam infertilité oram %1.8'dir. Toplam
grup da erkek/kiz orani 1.2 bulunmus olup, daha dnceki yayn-
larla  kiyaslandiginda dogumda iz ¢ocuk oraminda artis bu-
lunmamustir.  Olas1  gelisimsel etkileri lgmek igin  kullanilan
parametrelerde anlamli  bir degisiklik saptanmanustir.  Olii
dogum, diisiik, prematiir veya diisiik dogum agrlikli bebek ol-
mast ve bebek oliim
degildir.
calisan is¢iler arasinda infertilité orami, cinsiyet oram ve olasi

oranlan iilkenin diger kistmlarindan

¢ok  yiiksek Uretimde ¢alisan is¢ilerle,  biiroda
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compared with previously reported data. No significant influ-
ence was observed in parameters used to define possible de-
velopmental effects. Stillbirths, abortions, prematurities or
having low birth weights and early deaths of offsprings were
not more than the ones found in any part of the country. There
were no differences in infertility rates, sex ratios and possible
developmental effects between the production workers and of-
fice workers.

As a conclusion, the level of boron that people from the
three regions were exposed to seems not to affect the repro-
ductive characteristics investigated.

Key Words: Fertility, Boron, Workers
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Animal studies confirm that exposure to borax
in high levels effects fertility in different parame-
ters such as changes in testes and sperms or in high-
er doses, atrophy of the testicular tubules (1-5).

Our knowledge is limited on human reproduc-
tive data related with boron exposure. Few studies
have reported reduced sexual function in men ex-
posed occupationally to boron (6,7). In some other
studies, authors have concluded that occupational
or environmental exposures to inorganic borates
did not lead to a reduction in birth rate (8,9). For
developmental toxicity data on boric acid were
available from rat, mouse and rabbit studies
(10,11).

Although it was not significant, in some stud-
ies there was an excess of the percentage of female
offsprings and differences in sex ratio for occupa-
tionally exposed populations (8).

Since Turkey is one of the few countries that
have large borate deposits and processing plants,
conduct of a study of human exposure in this area
is important.

The purpose of this study was to investigate of
borates;

* Reproductive effects,
* Developmental effects,
« Effects on the sex ratio

on environmentally and occupationally exposed
male workers' families in a cross-sectional design.

Material and Methods

This work was conducted in three regions
where boron plant are present in Turkey. Region |
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gelisimsel etkiler bakimindan belirgin farkliik yoktur. Sonug
olarak 3 bélgedeki iscilerin maruz kaldigi bor diizeyinin re-
produktif ozellikleri  etkilemedigi  goriilmiistiir.

Anahtar Kelimeler: Bor, Fertilité, Isciler
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was Bigadi¢ county of the province Balikesir.
Region II was Emet-Hisarcik county of the
province Kiitahya and Region III was Kirka county
of the province Eskisehir. In Bigadi¢, colemanite
and ulexite (Ca borate and Na-Ca borate respec-
tively), in Emet-Hisarcik colemanite, in Kirka tin-
cal and borax pentahydrate are produced by
Etibank company. The boron level in drinking wa-
ter ranges from 1.7 to 9.4ppm for Region I, from
2.79 to 5.94 in Region II and from 0.36 to 0.62 in
Region III according to some measurements of
Etibank company in this region. In production de-
partments, dust concentration varied from 1.11 to
2.96 mg/m’ in Region I, 0.69 to 9.25 mg/m’ in
RegionII and 0.39 to 9.47 mg/m’ in Region III. Our
study population was married male workers from
these three boron plants. Total number of workers
from three plants was 1730 and we selected 850
workers by random sampling methods. The number
of workers that have been contacted was 799. 642
of them were production workers and others (157)
were office workers. Data was collected by person-
al interviews of workers at their work place in
1998. SPSS for Windows software package and
Chi-square and Student's t test are used for data
analysis and statistics.

Definition of primary infertility was: "No visu-
al evidence ofa conceptus in a non-parous, monog-
amous, pre- menopausal person who maintained
conjugal relationship for at least 9 months prior and
after neither partner used any type of birth control
method for the preceding 12 months."

Definition of secondary infertility was: " No
visual evidence of a conceptus in a parous, monog-
amous, pre- menopausal person who maintained
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Table 1. The social and demographic characteristics and the work assignment in company for the workers

from three regions

Socio-demographic Region I Region 11 Region IIT
characteristics and (Bigadic) (Emet-Hisarcik) (Kirka) Total
work status n=328 n=298 n=173 =799
Average Age (£SD) 3944 +4.29 36.64 +£7.35 36.35+6.70 37.73+£6.27
Place of birth n (%)
Boron place 126(38.4) 150(50.3) 76(43.9) 352(44.1)
Boron free place 202(61.6) 148(40.7) 97(56.1) 447(55.9)
Average duration in boron
places (£SD) (year) 21.39 + 14.99 29.37 + 13.14 19.85 + 16.30 23.56+15.25
Level of education n (%)
Primary school 230(70.1) 130(43.6) 69(39.9) 429(53.8)
Secondary school 29(8.8) 54(18.1) 20(11.6) 103(12.9)
High school 63(19.2) 94(31.5) 73(42.2) 230(28.8)
University 6(1.8) 20(6.7) 11(64) 37(4.6)

Income per worker per year
(in million TL) (+SD)

Work assignment (%)

368.34 + 140.52

Production workers 295(89.1)
Office workers 33(10.1)
Average duration of
production work (+=SD) (year) 1327 £7.25

346.15 + 153.09

366.07 + 187.11 359.58+156.42

198(66.4) 149(86.1) 642(80.3)
100(33.6) 24(13.9) 157(19.7)
1034+ 7.67 1026 +7.10 11.72+7.48

conjugal relationship for at least 9 months prior and
after neither partner used any type of birth control
method for the preceding 12 months."

Results

A total number 799 married male workers
from three boron plants, 378 from Region I
(Bigadig), 298 from Region II (Emet-Hisarcik) and
173 from Region III (Kirka), that are exposed to
boron with occupational reasons as well as with en-
vironmental reasons due to the level of boron in
water in these regions are included in the study.

The age, the place of birth, the duration of res-
idence in the regions where boron is present, the
level of education, the level of income and work as-
signment in company are shown in Table 1.

Marital status for the workers is shown in
Table 2.

Fertility:

The primary infertility rate is determined as
1.2% for Region I, 1% for Region II and 4.1% for
Region III upon evaluation of the reproductive

12

characteristics for the workers included in the study
(Table 3).

The mean number of children for the workers
already with children is 2.48 +£0.91 for Region I (n
= 316), 2.27 + 1.04 for Region II (n = 269) and 2.40
+0.91 for Region III (n = 151 ). The mean duration
from the birth of the last child is 10.46 + 4.93 for
Region 1, 9.11 + 5.84 for Region II and 8.07 + 5.24
for Region III.

The reproductive characteristics of workers af-
ter the birth of the last child is shown in Table 4.
The ratio of workers not using birth control meth-
ods since the birth of the last child and yet unable
to give birth to a child more than one year, is 4.1 %
for Region I, 3.7 % for Region 11, none for Region
III and 3.1% for total. These ratios can be assumed
as possible secondary infertility rates. These cou-
ples can be evaluate later.

Sex Ratio:

Furthermore, male to female ratio at birth has
been evaluated for the worker couples (Table 5). It
was 12 for whole group.

TKlinJ MedRes 2000, 18
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Table 2. Marital characteristics for the workers

Meltem CODxt al.

Some marital characteristics Region I Region II Region III
(Bigadic) (Emet-Hisarcik) (Kirka) Total
n=328 n=298 n=173 n=799

Average age at marriage (£SD) (year) 22.14 +£3.40 21.66 +2.91 22.84 + 3.26 22.12+3.23
Average duration of marriage(£SD)(year) 17.12 +5.65 14.81 +£8.43 13.46 +£7.63 15.46+7.36
Consanguinity status with partner n (%)

Distant 27(8.2) 41(13.8) 10(5.8) 78(9.8)

Close 36(11.0) 48(16.1) 15(8.7) 99(12.4)

Not present 265(80.8) 209(70.1) 148(85.5) 622(77.8)
Table 3. Reproductive characteristics for the workers

Region 1 Region II Region III
(Bigadic) (Emet-Hisarcik) (Kirka) Total

Reproductive characteristics n=328(%) n=298 (%) n=173(%) n=799(%)
With children 316(96.3) 269(90.3) 152(87.9) 737(92.2)
Pregnant . 3(0.9) 9(3.0) 6(3.5) 18(2.2)
Recently married 1(0.3) 12(4.0) 7(4.0) 20(2.5)
Users the birth control methods 3(0.9) 4(1.3) 7(0.9)
Habitual abortion 1(0.3) 1(0.3) 1(0.6) 3(0.4)
Infertility characteristics
Infertile female 1(0.3) 3(1.0) 2(1.2) 6(0.8)
Infertile male 2(0.6) 4(2.3) 6(0.8)
Infertile female and infertile male 1(0.6) 1(0.1)
Cause for infertility undetermined 1(0.3) 1(0.1)
Infertility Rates: 1.2% 1% 4.1% 1.8%

(Inf. femalc+Inj. male+
Bothinf.+cause undetermined)

Table 4. The reproductive characteristics of workers after last child for the workers already with children

. o Region I Region 11 Region III
Reproductive characteristics (Bigadic) (Emet-Hisarcik) (Kirka) Total
after the last child n=316(%) n=269(%) n=151(%) n=736
Users the birth control methods 291(92.1) 235(87.4) 140(92.7) 666(90.5)
Pregnanicy 7(2.2) 16(5.9) 7(4.6) 30(4.1)
Partner in menopause 5(1.6) 7(2.6) 4(2.7) 16(2.2)
Absence of birth control method (<1 year) 1(0.4) 1(0 1')
Absence of birth control method ('1 year) 13(4.1) 10(3.7) 23(3 1)

Developmental Effects:

In attempt to determine the possible develop-
mental effects of exposure to boron, live births as
well as stillbirths, spontaneous abortions and pre-
mature births with low birth weight have been

T KlinJMed Res 2000, 18

evaluated (Table 6).

Neonatal mortality proportion, postneonatal
mortality proportion and infant mortality propor-
tion for worker couples are shown in Table 7 These
proportions reflect high rates of past years
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Table 5. The number of all male children and all female children at birth for the worker couples.

Region 1 Region II Region III
(Bigadic) (Emet-Hisarcik (Kirka) Total
Sex (Live Birth) n(%) n (%) n(%) n(%)

Male 443(51.75) 369(53.79) 211(53.83) 1023(52.9)
Female 413(48.25) 317(46.21) 181(46.17) 911(47.1)
Total 856(100.0) 686(100.0) 392(100.0) 1934(100.0)

Male/Female Ratio: 1.07 1.16 1.17 1.12
Table 6. Findings possible associated developmental effects
Region I Region II Region III Total
(Bigadic) (Emet-Hisarcik) (Kirka)
Number Number Number Number Number Number Number Number
of couples  of pregnancies of couples  of pregnancies ofcouples of pregnancies ofcouples of pregnancies
n=328 n=1096 =298 n=875 n=173 =535 n=799 n=2506
Outcomes of Per Couple Per 100 Per Couple Per 100 Per Couple  Per 100 Per Couple  Per 100
pregnancies pregn. pregn. pregn. pregn.
Live births 2.61 78.10 2.30 78.40 227 73.27 242 77.17
Stillbirths 0.05 1.64 0.09 3.09 0.05 1.68 0.07 2.15
Premature births
or low birth weights 0.14 5.25% 0.12 5.24* 0.13 5.60%* 0.13 5.33*
Spontaneous abortions  0.23 6.75 021 731 0.28 897 023 742
*.Per 100 live births
X

Table 7. Neonatal mortality proportion, postneonatal mortality proportion and infant mortality proportion

per 1000 live births

Region I Region II Region III

(Bigadig) (Emet-Hisarcik) (Kirka)

Number of live births Number of live births Number of live births Total

n=856 n=686 n=392 n=1934
Mortality Per 10° Per 10° Per 10° Per 10°
Neonatal mortality 29.21 34.99 30.61 31.54
Postneonatal mortality 38.55 56.85 35.71 44.47
Infant mortality 67.76 91.84 66.32 76.01

Work  Assignment and Reproductive Discussion

Characteristics:

After the whole workers are grouped according
to work assignment, they are compared for repro-
ductive characteristics (Table 8). Average pregnan-
cy and average live-birth were significantly higher
in the production workers than the officers. Other
characteristics didn't show any relation with work
assignment.

14

The workers in three boron plants in which this
study has been conducted are residents of the same
regions. The level of boron in water has been found
to be higher for Region I and Region II and lower
for Region III. The workers have been living for 19
to 29 years in the region where boron is present and
have similar social and demographic characteris-
tics. Social and demographic characteristics of the
workers didn't differ radically from any other pop-

T Klin JMed Res 2000, 18
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Table 8. Comparison of reproductive characteristics and work assignment

Some reproductive characteristics

WorkAssignment

Production workers

Office workers

Mcltem COUfet al.

n=642 n=157 P
Primary infertile 10(1.6) 4(2.5) 0.397
Others 632(98.4) 153(97.5)
Secondary infertile n(%) 20(3.3) 3(2.2) 0.784 »
Others 580(96.7) 133(97.3)
Male 846(53.11) 177(51.91) 0.687
Female 747(46.89) 164(48.09)
Average pregnancy 32 2.8 0.034*
Average live birth 24 2.1 0.008**
Average stillbirth 0.07 0.04 0.345
Average sp. abortions 0.24 0.18 0.220
Average prem./Low Birth W. 0.12 0.14 0.545
Average neonatal mortality 0.07 0.08 0.562
Average postneonatal mortality 0.11 0.11 0.980

*p<0.05 **p<0.0]

ulation in Turkey (12). Production workers have
worked for average 10 years or more in the produc-
tion part of boron plant. They are more directly ex-
posed to boron than the office workers because of
boron dust in their departments. The average age at
marriage for the workers range from 21 to 22 years
and it was similar with marriage age of men in
Turkey which is 22 years old and the workers have
been married for 13 to 17 years. Ratio of consan-
guinity status with partner was similar to general
status of Turkish population (13).

The infertility rate has been determined as 12
% for Region I, 1.0% for Region II and 4.1% for
Region III. These rates seem to be not related with
the levels of boron in water in the corresponding re-
gions. Even though infertility rate was highest in
Region III which has the lowest boron level in wa-
ter. When the workers are evaluated as the whole
group, the infertility rate is determined as 1.8%.
These results are consistent with the results of pre-
vious studies conducted in the same regions (9).
The infertility rate has been determined as 2% in a
study conducted on the population living in the
same regions in the absence of exposure to boron
with occupational reasons (14).

The infertility rates that have been determined
in this study do not differ upon comparison either
from the infertility rate for Turkey in general or
from the infertility rates for those regions where
boron is present. The infertility rate for Turkey in

T KlinJMedRes 2000, 18

general for women between 45 to 49 years of age is
2.2% (15). Infertility rates for regions where boron
is not present, as obtained from localized studies,
range from 149 to 3.8% (16,17). The ratio of sec-
ondary infertile worker couples is 4.1% for Region
I, 3.7% for Region II and none for Region III. This
ratio is 3.1% for total and these couples will later be
evaluated.

Upon evaluation of the male to female ratio at
birth for the worker couples, no increase in the
number of female children at birth has been ob-
served as reported in the literature (8). These male
to female ratios are similar to those reported from
around the world and those reported from Turkey
concerning an unaffected population. Male/female
ratio is 1.05-1.08 in Turkey (15). In this study we
found that ratio as 1.12 so we didn't observe any in-
crease in female children. Average livebirths for
15-49 years old women is 2.01 in Turkey. In our
study livebirths of workers (2.42) were not lower.

In a similar study conducted in Ankara on a
population in the absence of exposure to boron
(18), the number of stillbirths Per couple has been
determined as 0.05, this was equal to the number of
stillbirths Per worker couple for Region I and III. It
was 0.09 in Region II. Stillbirths were 1.5 Per 100
pregnancies in Turkish demographic and health
survey (115). We found that stillbirths Per 100
pregnancies, 1.64 for Region I, 1.68 for Region III,
but 3.09 for Region II. The number of premature
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births or low birth weight per couple in the above
mentioned study in Ankara (18) has been deter-
mined as 0.26 higher than 0.14, 0.12 and 0.11 for
Region I, Region II and Region III, respectively. So
we can say that there is no increase of premature
births or low birth weights for these regions.
Spontaneous abortion is 8.7 Per 100 pregnancies
for Turkey in General (15). It is very similar ratios
with 6.75, 7.31 and 8.97 for three regions.

The infant mortality rate has been determined
as 63 per 1000 live births in Ankara, similar to the
infant mortality rate for Region 1(67.7) and Region
111(66.3) but not to Region 11(91.8). Region II has
the highest mortality rate but doesn't have highest
exposure to boron, because of the moderate boron
level in water. Also in Region II production work-
ers are not more than other regions. So we can think
that there are some other reasons for this differ-
ences. The differences between the regions are the
reflections of the social and cultural structure.
According to our observations people in Region II
have lower social and cultural level than Region I
and III. But the difference between three regions
were not statistically significant. Although the in-
fant mortality rate for Turkey has fallen down to 43
per 1000 live births (15), the infant mortality rate
that have been cited in the study belong to an older
generation, therefore, are not current rates and it re-
flects the high rates of past years.

In conclusion, exposure to boron can be stated
not to adversely influence the infertility ratio, the
male to female ratio at birth, the number of still-
births, the number of spontaneous abortions, the
number of premature births with low birth weight
and the infant mortality rate for the workers from
three boron plants.

Primary infertility, secondary infertility, sex ra-
tio, stillbirth, prematurity/low birth weight, sponta-
neous abortions and infant mortality didn't show
any relation with work assignment. Moreover aver-
age pregnancy and average live birth was signifi-
cantly higher in the production workers than the of-
ficers. But production workers were older and had
longer period after marriage. This difference may
based on this situation. So we can say that boron
exposure didn't effect production workers for re-
productive characteristics in negative direction.
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