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ABSTRACT

The animal experiments show that there are observed adverse reproductive effect on male
mice and rats at low dose of boric acid exposure and there may be threshold. There are only
three studies on the effects of occupational boron exposure on human male reproductive health,
but the results of these studies are inconsistent. Two of them indicate that there are no male
reproductive effects with boron exposure, while the other shows that boron exposure leads to
testicular atrophy, less sperm, or aspermia. There are few reports on the effects of boron
exposure to reproductive health in China. According to the estimation of American scientists,
there are about 100 000 people exposed to boron in the U.S.A. However because there is not
enough related data of its effect on human health, boric acid is listed as one of the 4 chemicals
which will be studied with higher priority in 2000.

Aiming at overcoming the flaws of the previous studies, such as nonstandard epidemiologic
survey, lack of quantitive measurement data on boron exposure, no conventional index data on
semen measurement, and no data on sperm cytology and serum reproductive hormone level,
which are the reasons of failing to carry out assessment, this study chooses boron mines and
boric product manufacturing areas in Kuandian County, Liaoning Province as the study sites,
where epidemiologic survey was administrated; investigation, monitoring and assessment are
carried on the current situation of boric pollution conducted by various environmental mediums
based on the study in advance, this study design was further improved by choosing three groups
of people as objects: occupational boron exposure, community control group and background
control group. Personal boric exposure and metabolic status were also analyzed, including
collecting and analyzing the amount of boron and other elements in serum and semen, measuring
the conventional semen parameters, sperm morphologic data, X and Y haploid rate and Y/X
ratio, DNA damage in sperm, as well as productive hormone level in serum. With the help of
various statistical analysis researches, the main findings are as follows:

1. Groups of the study: Through investigation/monitoring on various environmental
mediums, boron mine areas, worksites of borax/boric acid production were found with severe
particulate and boron pollution; the amount of boron in surface water, ground water and
drinking water, soil and food are much higher than that of the background control areas; daily
boron intake through particulate and food/drinking water of workers in the boric working areas
account for 31.2% and 68.8% of the total daily boron intake respectively. Thus, based on the
results from the pilot study, community control group with low boron exposure from particulate
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but high boron exposure from drinking and food was added in the full-scaled study. In total,
three comparable groups were set in the final study: boron exposure group (air particle boron
exposure + food/drinking water exposure), community control group (food/drinking water
exposure) and background control group.

2. Daily boron intake: By quantitively measuring personal daily boron intake, we found
that the average daily boron intake of boron exposure group (excluding those from Pengxiang
chemical plant) is 11.9 mg/d (2.06~52.8 mg/d), which is respectively 2.75 and 8.30 times of that
of community control and background control groups. Because of severe pollution of the well
water (boron level in drinking water used by the dining hall is 4.21~140 mg/L), the daily boron
intake of the workers who have meals there is 90.0~469 mg/d, with the arithmetic mean of 180
mg/d. The daily boron intake of the overall male subjects in exposure group is 2.06~469 mg/L.

3. Boron level in body fluid: By measuring boron level in personal urine, excrement,
serum, semen samples, it was found that 93.9% of the boron intaken into body is excreted from
urine, and only 6.1% from faeces. Creatinine-adjusted after-shift urine boron level of the
exposure group, community control group and background control group are 6.52 mg/g crea,
3.87 mg/g crea, and 1.68 mg/g crea, respectively; 131 ng/mL, 89.2 ng/mL, and 45.0 ng/mL for
serum boron respectively; 453 ng/mL, 241 ng/mL, and 144 ng/mL for semen boron respectively.
The data all shows significant differences in boron level in body fluid of three male groups. This
study reported boron level in human semen for the first time, and it was found that boron in
semen had significant higher enrichment than boron level in serum, with the enrichment factor
of 2.85.

Logged creatinine-adjusted urine boron, serum boron and semen boron levels show very
significant positive correlation with logged daily boron intake. Among the three body liquid
boron levels, it shows very significant logged correlationship between two of them each other.

4. Selection of biomarker for boron exposure: By studying the relationship between
urine boron, serum boron, semen boron levels and daily boron intake, it shows that creatinine-
adjusted after-shift urine boron is the best bio-marker for boron exposure. It has the best
correlation with daily boron intake and is convenient for sample collection, storage and analysis.
Logged linear model is established for urine boron and daily boron intake. Daily boron intake
could be calculated by using the model from the bio-marker in urine boron level, and it can be
also used for calculating serum boron and semen boron levels, which match the real data very
well. The allowed highest daily boron intake for adults WHO has published is 13 mg/d. By using
this datum in the logged linear model, it can be assumed that the corresponding creatinine-
adjusted urine boron level is 10 mg/g crea, which could be referenced in boron exposure risk
assessment.

5. Effects of boron exposure on reproductive health of male workers and their spouses:
Epidemiologic survey has been administered, which involves 265 questions about demography,
life habits, worksite pollution, general health status, reproductive health status and the bearing

situation of the workers and their spouses. 957 male occupational boron-exposure workers and



251 controls were interviewed. In exposure group, 3 cases of ectopic pregnancy, 5 cases of
neonatal death, 1 case of congenital heart disease, 3 cases of dead fetus/stillbirth were found in
the spouses and the 12 cases takes 1.27% of the total; no aberrance were found in the control
group. In exposure group, there were 8.00% for spontaneous abortion among spouses of the
male workers, which is higher than that of the control group, 5.08%. Controlling confounding
factors, OR is 1.50 (95%CI: 0.79~2.84) for spontaneous abortion. The infertility in exposure
group is 8.20%, higher than that of the controls, 4.78%. Controlling confounding factors, OR is
2.01 (95%CT: 1.03~4.95) for infertility, which indicates that boron exposure has negative effect
on infertility. By defining bad reproductive health event as any occurrence of spontaneous
abortion, death fetus, stillbirth, infertility, ectopic pregnancy, congenital defect, and early death,
the rate is 16.6% in the boron exposure group and 11.4% in the control group, with OR=1.57
(95%CI:1.01~2.45).

Though due to limitation of time and funds, 1:1 sample size was not adopted in this study,
assessment of the study power shows that the efficacy is basically satisfying, which is, 72% for
infertility and 97% for bad reproductive event, and 62% for spontaneous abortion, which is
slightly lower.

6. Effects of boron exposure on male semen quality: Sperm density, total sperm counts,
motile, rapid sperm counts, medium velocity sperm counts, low velocity sperm counts and still
sperm counts, as well as movement parameters of the three adult groups (20~45 age) were
measured by adopting Computerized Semen Analysis System, IVOS. The results show no
significant differences of these routine indices among the three groups. It indicates that under
current boron exposure level, 0.43~469 mg /d, no negative effects on routine semen indices were
observed.

In cluster analysis, these routine indices were grouped into 4 integrated indices: sperm
amounts, sperm motile rate, sperm velocity, and sperm linear movement ability. The correlation
analysis between the four cluster factors and daily boron intake, serum boron, semen boron
concentration found no significant association under the current boron exposure level.

When screening confounding factors, the testicle size (volume) of boron exposure group
were found significantly smaller than that of control group; monthly consumption of legume and
dry fruit are negatively associated with routine semen indexes, which is possibly due to high
content of phytohormone in these food.

7. The effect of boron exposure on reproductive inheritance and incretion: Results of
cellular and molecular biological analysis show that sexual chromosome Y/X ratio of boron
exposure group is lower than that of control group, which is consistent with the results of
previous published reports in which occupational boron-exposure workers are reported to be
more likely to have female than male offsprings. X, Y haploid rate and Y/X ratio is significantly
different among boron exposure, community control and background control groups; and logged
Y/X ratio is significantly negatively correlated with semen boron or urine boron levels. Results

of comet assay show that DNA damage degree is basically following the order of exposure
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group>community control group>background control group, but the difference is not significant.
5 reproductive hormones and sexual hormone binding globulin levels in serum are measured in
this study and it was found that androstenedione level of the three groups is significantly
different, and is in the order of exposure group<community control group<background control
group, and the order for LH levels is reverse. Total testosterone level is exposure
group<community control group<background control group, but the difference is not significant.
There are no significant differences among the three groups for FSH, E,, and SHBG levels.

8. Intake and metabolism of the 12 elements: 20 elements in serum and semen were
measured by ICP-MS and ICP-AES. Normal range of the 12 elements in male adult serum and
semen in this region were statistically obtained, which provides fundamental scientific data for
relevant studies. It was found that some elements are apparently enriched in semen compared
with serum by penetrating blood-testis barrier. Medians of the enrichment factors are Zn: 154,
Pb: 14.3, P: 9.7, K: 7.5, Mg: 6.2, As: 4.5, B: 2.85. By controlling various confounding factors,
the results of multivariate logistic regression analysis show that Se, P, Mg concentrations are
positively associated with semen quality (sperm total counts, sperm density, sperm motile rate,
a-grade sperm count). While the concentrations of As and Ge are negatively associated with
semen quality. These findings provide useful reference for properly adding nutrition elements
and preventing harmful element pollution.

In conclusion, this project established a set of methodology for studying the effects of boric
acid/borax on male reproductive health, which could serve as a reference for future relevant
studies. The primary conclusion is that boric acid/borax is a chemical with low toxicity and with
weak effects on human reproductive health. In other words, speaking of the effects on human
reproductive health, boric acid/borax is neither a sensitive nor non-effective chemical pollutant,
but a kind of weak environmental estrogen. This study provided abundant fundamental scientific
data which would play a positive role in advancing future study in this field. However, the
conclusion is tentative and more efforts should be made to carry out long-term and high-

exposure studies on reproductive effects of boric acid/borax so as to confirm the findings.

(AFE. KERFR)
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F1E
HEMRER. #REER

1.1 Wi 5

2000 4, Moorman 25U SHHIAK T 45 B AT WA /AT KE (LOAEL) Filg
FENBFECR, X 43 FPRTRESS R AR TEAR R AL AT T VAL . ARYE BB N E
GBI 100 000D ZhWIRE T3 LOAEL (<250 mg/(kg-d)), LAKIBER/D3F NAKHFFT )
B8 F KA R TF B R VP bR, IR NN SERE R 4 Rz —. |
YRR G R R, TR/ KR AE TR R S B UK, BT REfFAE
BIE . A ST A ERMD P R B A\ SR AETE A BRI O =TRSOk K. K, B
TR 5L KRN Z AR BN, AR T AN FL P HFELZ T HRIRE: M
IR A RN Rl B IR KK ERE. XTSI A
&, B KW TTRE . ITEEA S e, REEN LN EHE A RS, FiA
RELAIN IR . AR XS N AETE g e o il e 18 . MR X N R ARJE fg e e, 22
|2 XA A, AT R R E VY, RIS INEE 2 1) SR AR K 4 TH HU 5T 5
PEAEFEBERE, AT A VP B B8 8 0t 55 o A= B 4 BR ) s e FR BR AR AR SRR, Rk, JF R
AKIFFRARF LE .

% E AR B UK FEE IR (UCLA) IWATIR 2. BT BE2%4 K Wendie
A. Robbins 18 L4218 45 0 A IR gk G, mEEBAE @R (NIOSH) £
LT “BHRBNL R X B AT R ” FFCRE HE, R T 2001 FEIRGHAE. [
fF 11 H, UCLA JREZK Xun Lin Vi*g, 59 EIEE RN GBS M LRIl A AR
TEET T L R . SRS~ B 2002 4F 1 H, XAFWMEEKES
% Wendie A. Robbins RHE K TIHY), ShHEREEXREKR LI RE, AAREEHE
Wy BEBEFEE, W IFREMY . MRAEFAVES, MEBAK, &£/ TEHRME
B, BMARVERTE, 2 NEAITRATM AL M. XM e /ER XHEIUL K —
H, HBITTAHMAENEERR . EEREE IR BE R ) B KR SRR AR
A BT I P S B E Y R AR R A E OBk S3An), T 2002 £ 6 H
RAGHEHE, FEEZKARSRRHEARAE R LI, TUH ZFA “OlvE Jext 55 1 AR TE g e 1
¥n”, &FS 2002-E-08. MbfE, TEASERNESNYS UCLA BITREE&EER, &R
5 Subaward No.: 1900 G EC681. 7EHUZR Bt B R 138t b B IR B R 1) B KR
T HERE S E R R A EE AT H BB, 78 2005 EIRWESLIHRRIF, HHMmS
H: 2005DFA90950.
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MR H Sk, e EPREE I RSO T AR B HE AR RS (IRB), HAEE
E M. XS IR A7 R 7 AR R IO R . BRRA B SO A (R vE v
AL AT T RIS %A%, HEEPFRA ST AR AR R SRR

HIRAETUH MER, Tk SR 130 RO LB & B 36 [E UCLA SEiR =
WHRKE TS BT Ok ErE. DNA Hi4 K i ig A R & BKPE. R E %
(F e B AR BAE R IR B INEY MR, b B ERSE I B  ot e o B\ 2 2 A 0 Y A B
BABEWE T AEGFEERH FERBEOANEEDREARNF, &L T A
HE, FHEiEHEFTIE. 2003 SEHIERAHAE, C5 0 B RS 705520031007 5.

1.2 [E NS ERBETS Sy, AP0 5k e

1.2.1 BRI+ A

W — R A T e R,  (HHISERER 0.001%, 8% DMK EAAAE T 135
(—f&h 10~30 mg/kg). WETIBMIFKBE T £ARAT, WIFELUR T RS,
T2 AR RIS Y (BRI R RS S5 K o+ EHUBRR L) MITBESAEAER D, Wi H K%
AER KRR e A A RIS TR X, DLAAFIAS IR 267 (A E .

M 20 4 70 FEARTFES, ATTRIF AP RIITE B RS R AtE oL, (H2 2 Ht
REETAERERIEER, KETEKOTFREEMRD
1.2.1.1 KPR

(1) HuRAK I

OB A A A SR N BARIABE . WEK RIS 4.6 mg/L, K HIHH
WEEM<0.01 mg/L —HF 1.5 mg/L, 7Rl X R E & &,

£ E bR KPR E — M 0.0l mg/L F|>2mg/L. 1997 4, Dyer FEHRIE T Xf
EEH RS (EPA) STORET $#EFE (1984—1993 ) Mg . ZEdE E S
TAFEIHX s LA RE D 55 146 A, b4 AR IRBHR BE AL 2 10, 50 A1 90 FH 4>
REBAE S 5 A 0.010 mg/L. 0.076 mg/L F10.387 mg/L. & EIMHAMEKT 0.4 mg/L (1
XA 4 A AR IR R XA AR MG, JEEFR (FRE
AR EBAACIERME M D B EF IR (R TE P S A4R SE =M D o A FTN SRR A4 Je
SE MRS K B B 45 AT T T, G R A AT 4T 45 SR DA R b K rh R B R 3
LR

TN KBRS A R R AT TINEAKTIN & &, 1986 4F, EZKIEREEMR
SO, B A R A TN 0.16 mg/L, LI A OV BEE 2.0 mg/L. U
YA & P AETEEM 0.01 mg/L CAFIEEHMELETE) %) 0.15 mg/L (5 JEFEEAIEE
B, Bk R 2.9 mg/L.

20 42 70 AR, RS EFIFHPIRHRIK, HRK, AR A & & .
£ 1-1 A TR A ERKILANER (20 4D 70 48R 80 A-ARAIHD WIS RN,
Ah—T5XF 1983—1992 43 [ A2 KA LI K KRBT R R M, & &S FiR RS,
B3, B/NRBEER R T ERME, SRR/ T 1.0 mg/Lo



T

NEWRES. HEREE

F 11 B MRk BOHRE

Ex FE4y FE S I/ (mg/L)
1974 300 0.100~2.000

1 ]
1982 15 0.078~0.272
1972 17 0.100~0.330

|
BAH 1975 6 0.400~1.000
fif 2 1981 3 0.040~0.090
- 1972 147 0.001~1.046
1978 20 0.060~0.650
i 1980 63 0.046~0.822

Abke S04l [ K R BEREAT TRESE, 1992—1995 4E, AhAi1454EZE Main i1
Nidda JREE—IRFE AT 04T . 455 KW], Main JAITRZK AERIR 0SS 50 A1 90 T4y
RLEAE S 5024 0.10~0.21 mg/L F1 0.12~0.37 mg/L; Nidda YA 7K & 4EMIHK EE RIS 50 A
90 1ML EAE 43514 0.19~0.31 mg/L F1 0.27~0.48 mg/L.

(2) HFKA I

XK (CBFEESR . WiR BKENT R & EEREREERE Rt
Fo fHA, HUFKTIMR BREER, T HBEK KU HTERBE 1R [74 48 k25
o BT H TR KR — AN EZERRKHARIR, It R A B i 2 3R L

Abke US4 [k 22 v A SR K P H X OB 20 BT 45 SRR 0, B R KIS XIME A 0.07
mg/L. T KRR AR HBR AT (<0.02 mg/L). 198 ANMEII i HAT 5 AW
R =T 0.3 mg/L.

(3) WA 50

FEME S AR 2 S X, R KB R Kt Hs R K .

1987 4, SCHEKITH YR HEZZHE (NIRS) 45 BRI, 989 ANk
BOKRGH IR EE R 0.005~2.0 mg/L, WAFHER 0.15 mg/L. EEAK P4
FEIRSSJRAE 1969 5t 969 MEX LK RS (PR T 2500 MFES) AT THE, #F9T
KW, BRRBERISE 99 FAME R 1.0 mg/L, B KK 3.28 mg/LU4. % A+ Je 4%
K (76 A RD R E SRR, InAIHE e I AT 7K 554 R K rh B vk B 1 e A AR R
#179 0.10 mg/L®!,

1989 4F, NEEKZKMEE FABEHXT 51 AN KBEAEX 1) 3 842 MAFHAKKFEITIIK B
BEAT T 500, WVRIEA 0.042~0.235 mg/LU%1, gh4h, 1989 4EHLIL 70 BREE 3t 43 T 1988
FEXTRLIETE 803 N BHE K R AR 45 R0, Hrh 83%FKIft/K RGEMIH B <0.5 mg/L,
B KfH4 3.0 mg/L.

¥ Barr 55 1993 fEHUHRENT, HAILIHABMUK RGP R & . XA TRHXY
FEKNEMYDRRALE, LI B I 900 mg/kg. REAET 7 ANHLX 4K F A RE
i, R EA 0.31~15.2 mg/L.

8 [ 0 AR KB AR BE BT SRt AN 20 tHESE 70 SEARBEFFUR T - 1995 4F (118 75 42 %t
1974 SFIGER; 1991 4ERBTFOE R TRHKMIKRE SMmA D Z HKXR, RHA
H/F 20 000 F1KF 100 000 PRI, 4K 7K H AR B 1) JLART 289443 590 4 0.011 mg/L



