Investigation of Lead-Zinc Mine District Pollution on Reproductive Health of Women of Child-bearing Ages 

1.Introduction       
   1.1 Objective 
Lead-zinc mining is an important and indispensable resource in the national economy. Not only are there many products of lead and zinc, but also there is pollution through the dust emissions and wastes from Lead-Zinc smelting, where cadmium, arsenic, chromium, copper and non-metallic elements are additionally produced. 
   1.2 Previous Studies 
There are many reports about effects on women's reproductive health from exposure to lead, cadmium, mercury, and other harmful metals alone, but rarely there are studies on the effects to reproductive health of multiple exposures.
Lead, cadmium and mercury have been shown to affect the reproductive function of adult animals and the development of human reproductive organs. They are believed to be direct reproductive toxins. Lead harms both male and female reproductive health. Cadmium is also a risk factor for poor pregnancy outcomes. Studied found that maternal exposure to lead from the environment led to early pregnancy loss and low birth weight [2-4].
   1.3 Hypothesis

Zinc and Copper are trace elements essential to health of the body. But they are hazards when the intake is more than the required amount for humans. I hypothesize that the reproductive health in women mine workers  of child-bearing age will be poorer than reproductive health in women of similar age from other non-mining areas. 

2 .Materials and Methods
 2.1 Study Population  

   Study Group (named Mine)

A total of 102 married women who work and live in the Lead-Zinc district for 2-27 years .Their average years of working is 14.4 years.Their ages range from 22-45 years old (average is 31years old).

   Compare Group 

 156 married women who live in a town about 20km away from the mining area and engaging in non-Lead-Zinc work. They worked in the district for 5-17 years and worked an average of 13.2 years. They are between 20-43 years old (average is 30.7 years old). They are referred to Non-Mine (named Non-Mine).The two groups have no statistical difference in the age structure, lifestyle, eating and drinking habits except for their occupations.
 2.2 Vocational General Population Survey
A standard questionnaire was designed by who in the School of Public Health in  Lanzhou University .Trained investigators were in charge of completing the questionnaire. There were questions about career history, history of disease, family income, eating habits, alcohol consumption, tobacco habits, history of marriage, child bearing and other related content.

The survey's response rate was 98%. Responses missing was less than
 3.6 %.

 2.3 Survey of Occupational Poisoning
A second survey was about type of work, length of service, history of poisoning, and so on. It was from data of department occupational diagnosis.

 2.4 History and Physical Examination

This included the common questions about symptoms: whether there is dizziness, insomnia, abdominal pain, lumbago, constipation, etc. There were measurements of blood pressure, paresthesia of limb. There were questions about reproductive function (menstrual cycle disorders, menstrual irregularities, abnormal leucorrhea, etc),pregnancy outcome(spontaneous abortion, stillbirth, premature delivery, etc), and abnormal  reproductive changes according to standard "Obstetrics and Gynecology" [1].

3 Statistical Analysis 
We used the χ2 test for Statistical Analysis .The software we used was SPSS10.0.

4 Results

 4.1 Engel Index Compared With Two Groups
                      Table 1 Compare of Engel Index Between the Two Groups
	Groups
	＜30%
	30%-50%
	＞50%
	Total

	Mine
	13
	39
	50
	102

	 Non-Mine
	17
	56
	78
	151


                 Note：compared with the Non-Mine group, t-test: P>0.05
  Engel Index = 

      （total cost food of family）/(total income of family）× 100%

According to the standard, Engel Index <30%, it refers to the standard of highest living; between 30% and 50%, the standard of living is a well-off; when Engel Index > 50%, the standard of living is at the poverty level; There was no significant difference between the Mine and Non-Mine groups. It shows no difference in people's living standards and eating habits. 

 4.2 Effects of Lead-Zinc District Pollution on Menstrual Period of Women of Childbearing Ages
Table 2  Percentage of Abnormal Menstrual In the Two Groups  (%)
	Groups
	Total
	Menstrual disorder
	Irregular menses
	Leucorrhea abnormal
	Stomachaches
	Lumbago

	Mine
	102
	31.5*
	19.3*
	43.2
	61.2*
	52.6

	Non-Mine
	156
	15.8
	10.1
	32.6
	42.1
	3.2


Note：compared with Non-Mine group t-test,*P<0.05
The menstrual cycle disorders, irregular menstrual rates of Mine group were 31.5% and 19.3%, which were approximately twice as high as the

 Non-Mine group (15.8%, 10.1%) (P<0.05).The incidence of abdominal pain of Mine group and Non-Mine group were 61.2%, 42.1%,it is significant (P<0.05).
 4.3 Effects of Lead-Zinc Pollution to Reproductive Outcomes For Women of Childbearing Ages
  Table 3   Effects of Lead-Zinc Pollution to Reproductive Situation of Women 
	Group
	infertility
	　
	Total 

pregnancy
	　
	spontaneous abortion
	　
	stillbirth
	　
	Live birth
	　
	infant mortality

	
	Total
	Person time
	%
	　
	
	　
	Person time
	%
	　
	Person time
	%
	　
	person
	%
	　
	person
	%

	Mine
	86
	14
	16.3**
	
	191
	
	97
	50.8**
	
	13
	6.8*
	
	98
	51.3
	
	9
	4.7*

	Non-Mine
	118
	5
	4.2
	　
	211
	　
	23
	10.9
	　
	4
	1.9
	　
	126
	59.7
	　
	3
	1.4


Note：compared with the Non-Mine group, *P<0.05,** P<0.01
Table 3 shows, Lead-Zinc infertility rate in married female employees is 16.3%, spontaneous abortion rate of 50.8 %, stillbirth rate of 6.8%, respectively higher than the 4.2%, 10.9%, 1.9%. Post-natal infant mortality rate in the first year of the Mine group was 4.7%, which was higher than the Non-Mine (1.4%, P<0.05).
 4.4 Comparion of Positive Symptoms in the Two Groups
  (this is lead poison’s typical Symptoms)

Table 4   Comparison of Positive Symptoms Between Two Groups
	Group
	Total
	abdominaldistention
	
	Constipation
	
	Acral paresthesia

	
	
	Case
	%
	
	Case
	%
	
	Case
	%

	Mine
	102
	49
	47.1*
	
	22
	21.6*
	
	19
	18.6*

	Non-Mine
	156
	20
	12.8
	
	12
	7.7
	
	7
	4.5


*：compared with Non-Mine group, * P<0.01
Table4 shows, abdominal distention rate 47.1%, constipation rate 21.6%, acral paresthesia rate 18.6% of Mine group respectively higher than Non-Mine group of 12.8%, 7.7%, 4.5%( P<0.01).
5.Discussion

There are a lot reports about effects on women's reproductive health from exposure to a single metal such as lead, cadmium, or mercury, but there are fewer reports on reproductive health from joint pollution. In recent years, heavy metals reproductive toxicity were studied by many scholars. Lead, cadmium and mercury were thought to affect the reproductive function of adult animals and the development of reproductive organs of normal childhood and were believed to be direct reproductive toxicins. Lead harms male reproductive health and women were the harms as well. The main effects on women's reproductive health from lead are menstrual disorder; increased spontaneous abortion, premature birth, stillbirth[5]. It has been reported [6] that when lead concentration in the operating environment is more than 20 times the required safety standard , the incidence of abnormal menstruation and dysmenorrheal are significantly higher (P <0.01). Table 2 and 3 show that there was a significant difference between the Mine and Non-Mine group on spontaneous abortion, stillbirth rate, the occurrence of abdominal pain,and menstrual disorder,that are consistent with other reports [7]. Ye zhousheng, and other investigators [8], also confirmed the results. It was believed that the reason may be the result of famle or male’s reproductive functional influenced(injury) by lead and cadmium. At the same time, male workers alcohol consumption may have led to this result.Maternal nutritional status is also a possible reason for the result[9].There was no difference in nutrition or living conditions between the two groups. The reason for difference in reproductive outcomes may be long-term exposure lead and cadmium and deficiencies of some essential trace elements, such as iron, calcium, iodine, from inhibited absorption. Table4 shows, abdominal distention rate (47.1%), constipation rate(21.6%), acral paresthesia rate (18.6%) of the Mine group respectively higher than the Non-Mine group of 12.8%, 7.7%, 4.5%( P<0.01).It is possible these outcomes are  related to expose to accumulation of lead and cadmium .

Cadmium also is considered an important toxin to human reproduction and a risk factor to adverse pregnancy outcomes. Studies have found the assouation between maternal exposure to lead and early pregnancy and delayed fetal development [2-4].Epidemiology studies about spontaneous abortion, stillbirth, premature delivery, and other adverse pregnancy associated with Cadmium exposure are mixed. Gerhard consider [10]: the reduction of heavy metal cadmium in the body can improve the women pregnant. Table 3, The results showed that rate of infertility of female workers engaged in Lead-Zinc mining was 16.3%, spontaneous abortion rate was 50.8%, the stillbirth rate was 6.8%, respectively, higher than the Non-Mine group of 4.2%, 10.9%, 1.9%. Infant mortality rate in the first year after childbirthwas 9.2% for the Mine group compared to 2.4% for the Non-Mine group.This was statistically significant (P <0.05, P <0.01). These results indicate that reproductive health of women of childbearing age in the contaminated area has been effect by lead and cadmium pollution. Epidemiological studies showed that exposure to cadmium caused menstrual cycle disorders, especially in young women, and primary amenorrhea 40-year-old pre-menopausal women [11].Wu Siying [12] found that the rate of abnormal menstrual cycle and dysmenorrhea in unmarried women in the mining region were higher than the incidence for women of childbearing age in the Non-Mining areas, The differences were statistically significant. Lu huadong[13] confirmed the effect on women's reproductive health after his research of people exposed in a cadmium contaminated area. He found that the rate of premature birth, stillbirth, low birth weight rates are higher than the Non-Mine group after they surveyed the 150 women of reproductive age with cadmium exposure for more than half year[14].

His analysis suggested that the lead effects on the female menstrual function , mainly resulted from the interference with normal physiological functions of the hypothalamus-pituitary-ovarian axis. 
Cadmium effects ovulation and fertilization It inhibits biosynthesis of ovarian Luteinizing granulosa cells and steroids cells production, it effects the reproductive function of the body because Cadmium effects ovarian endocrine function and Reproductive Situation of Women's more sensitive to cadmium. 
These can only show that lead and cadmium pollution of the environment can cause changes in female reproductive function. Whether they are caused by the synergy of lead and cadmium must be further study. Surveys not only exposed to lead and cadmium, Lead-Zinc Mine contained with a large number of Zinc.These have some protective effect on the body immunity or reduce the hazards of lead and cadmium. But the same organism can cause poisoning because of too much zinc. It should be further studied on how these elements interfere with the metabolism between body and the trace elements necessary for normal and affect people's health professional.
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