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Abstract
Objective Investigation of asbestos pollution in body powder, and to explore the influence of asbestos
contamination of body powder on ovary.

Methods X-ray diffraction combined with polarized light microscopy was used to detect asbestos in body
powder sold offline and online in China. Forty-two female SD rats were distributed into the control group,
the talc group, the asbestos group, and the asbestos+talc group 0.2 ml corresponding powder suspension
of 125mg/ml concentration was injected through the reproductive tract once a day for 180 days. At 90
and 180 days, CA125 and HE4 were measured, and the ovaries of rats were taken for pathological
sections.

Results A total of 13 asbestos samples were detected in 193 samples. The asbestos detection rate of
online samples was higher than that of offline samples. The asbestos detection rate of samples in prices
less than 10 Chinese Yuan was the highest. At 90 days and 180 days, the levels of CA125 and HE4 in
each experimental group were increased, and the HE4 in the asbestos+talc group was higher than that in
the asbestos group and talc group.At 180 days, the CA125 and HE4 levels of experimental groups were
higher than those at 90 days. At 180 days, in the cortical area of rats in the asbestos+talc group, granular
cell dysplasia was found in the follicles, and pathological mitotic figures were observed.

Conclusion Powder mixture of talc and asbestos in low concentration entering the body through the
reproductive tract in long time can damage ovarian health.

Introduction
Johnson & Johnson has been widely discussed for the huge compensation to the cancer caused by the
use of Johnson &Johnson's body powder in recent years. Several women have reportedly suffered from
ovarian cancer due to long-term use of Johnson &Johnson 's body powder, and the FDA announced in
2019 that Johnson & Johnson's body powder contained trace asbestos.[]

Body powder is a common cosmetics that can clean the skin and effectively absorb sweat to keep the
skin dry and smooth. The main components of most body powder are talcum powder and essence.
However, talcum often coexists with serpentine containing asbestos under natural conditions. If asbestos
in talc is not strictly separated, it may lead to asbestos pollution of body powder. Asbestos is a class 1
carcinogen announced by the International Agency for Research on Cancer. Studies have found that
asbestos fiber has obvious cytotoxicity on CHO cells.[] Graham[] found that the epithelial cells of guinea
pigs and rabbits injected with asbestos intraperitoneally have papillary changes, similar to those of
patients with early ovarian cancer. There are few studies on the effects of asbestos on the ovarian health
domestically and abroad. Human ovaries are usually not directly exposed to asbestos. However,
Hendesron[] proved that talcum powder can be attached to the ovary and uterus by vaginal injection in
rats, and Johnson[] also found talcum particles in the resected tissues of ovarian cancer patients, which
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have the similar size and shape with those of infant body powder containing talcum powder. Therefore, if
the is contaminated by asbestos, as asbestos fibers with talc powder enter the vagina and cervix through
the vulva, asbestos may adhere to the surface of the ovary, and continuous stimulation may lead to the
proliferation of ovarian epithelial cells, which may induce ovarian diseases and even ovarian cancer.

In this study, the body powders sold online and offline in Zhongshan City, Guangdong Province were
sampling inspected, and the asbestos composition in body powder was determined by X-ray diffraction
combined with polarized light microscopy to understand the asbestos pollution status of body powder. At
the same time, through exploring the effect on the ovarian health of rats by injecting a small amount of
talc or asbestos powder suspension into the reproductive tract of SD rats, the possible ovarian health
damage caused by asbestos contamination of body powder in real life was explored.

Materials And Methods

Sampling survey to detect asbestos pollution in body
powder
The offline sampling of Zhongshan City in Guangdong Province is divided into districts according to
geographical distribution (Shiqi District, East District, West District, South District, Wugui Mountain Area,
Torch Development Zone). Two locations are randomly selected from each district, namely large
supermarkets and retail wholesale markets. 1-3 samples of different brands from different shops are
randomly selected from each sampling site. Online sampling is randomly selected from Pinduoduo and
Taobao.

The asbestos detection method was as follows : 10 g of body powder sample was weighed, ground to
300 mesh, sieved. The sample was ashed at 450°C in a muffle furnace(Nabertherm) for an hour. The
ashed sample was pressed vertically in glass plate groove under appropriate pressure, and the groove
was placed upwards in an X-ray diffractometer(RigakuMiniFlex 600) for detection. The Measurement
condition of the X-ray diffractometer was as follows: scan range 5° – 64°, step width 0.02°, and scan
speed 2° / min. If there is no asbestos mineral diffraction peaks in the results, it is determined that the
sample does not contain asbestos. For the samples with diffraction characteristic peaks of asbestos
minerals, an appropriate amount of refractive index liquids(Cargille) of 1.550 was added to the glass
slide. The wet sample particles were fully dispersed to avoid particle aggregation, and the glass slide was
covered. The samples were observed under a polarizing microscope(OLYMPUS CX31-P). If fiber minerals
with aspect ratio greater than 3 are found, it is determined that the sample contains asbestos.

Animal toxicological experiments of talcum powder and
asbestos
Forty-two female SD rats(8-10 weeks old, weight 200-220g) were purchased from the Guangdong Medical
Lab Animal Center(Guangzhou,China). All rats were raised at the Guangdong Pharmaceutical University
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Undergraduate Laboratory Animal Center(Guangzhou,China), temperature20-26°C, humidity40%-70%,
12hours alternating light and dark, free eating, and adaptive feeding for a week. The entire study protocol
was carried out in accordance with the ethical principles defined by the Guangdong Pharmaceutical
University for Animal Experimentation. The entire study is approved by Guangdong Pharmaceutical
University for Animal Experimentation ethics committee. The ethical code for this experiment is gdpulac
spf2017433. All methods are reported in accordance with ARRIVE guidelines

Normal saline was used as the medium to prepare talc powder(Tianjin Zhiyuan Chemical Reagent
Co.,Ltd.)suspension, asbestos powder༈Chrysotile asbestos is collected from Mangya asbestos mining
area in Qinghai, China.༉suspension and talc-asbestos mixed powder suspension by mixing with talc
powder and chrysotile powder which were ground to 300 meshes. SD rats were randomly distributed into
asbestos group (n=11), talc group (n=10), asbestos+talc group (n=11) and control group (n=10). 1 ml
disposable syringe was inserted into the vaginal orifice of rats. Each rat in the experimental group was
injected with 0.2ml (125mg/ml) corresponding suspension, and each rat in the control group was injected
with 0.2 ml normal saline,once a day, observe the animal behavior. After 90 days, 4 rats in each group
were randomly selected to dissect bilateral ovaries. The tissue was washed in normal saline and fixed
with 10% formalin for 24 hours, then embedded in paraffin and cut into 5 µm thickness. Then they were
processed and stained with hematoxylin-eosin and observed under optical microscope for morphological
evaluation. About 1 mL of rat tail vein blood was taken and centrifuged at 1000 r / min for 20 min to
separate serum. The levels of CA125 and HE4 were determined by ELISA (the specific operation was
carried out according to the steps described in the kit. The kit was purchased from Huangshi Research
Biotechnology Co., Ltd.). After 180 days, the same methods were used on the remaining rats for
pathomorphological analysis and detection of CA125, HE4.

Statistical Analysis
SPSS26.0(IBM Corporation,Armonk,NY,USA) for data processing. Chi-square test is used for the
comparison of rates. If the theoretical frequency T in the RxC contingency table is less than 1, Fisher
exact probability method is used. Through the normality test, it was found that the body weight, ovarian
weight, serum CA125 and HE4 of rats in this study were all in normal distribution, and the description was
expressed as mean ± standard deviation. One-way analysis of variance was used for comparison among
groups. SNK test was used for further comparison between groups. Paired t test was used for
comparison of the same measurement index at different experimental stages. Differences were
considered statistically significant when P<0.05.

Results

The detection results of asbestos contamination in body
powder
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It was found that there were 13 diffraction peaks of asbestos minerals in 193 samples(Figure 1), and
further polarizing microscope observation showed that all the 13 samples contained asbestos
fibers(Figure 2). The qualified rate of online samples was lower than that of offline samples (χ2 = 4.045,
P<0.05). In addition, Sampling inspection showed that for the same brand, asbestos was detected in the
samples extracted from online route, while not detected from offline route. There was no significant
difference in asbestos test results of refreshing powder purchased from different offline routes (χ2 = 
0.775, P > 0.05).There was no significant difference in asbestos test results among different online
purchases (χ2 = 0.706, P > 0.05)(Table 1).

Table 1
detected results of asbestos in body powder samples from different sampling sites

Sampling sites Number of samples Number of unqualified Qualified rate,%

offline 81 2 97.53

Shopping malls 45 0 100

Retail,wholesale markets 36 2 94.44

online 112 11 90.18

Taobao 49 3 93.88

Pinduoduo 63 8 87.30

total 193 13 93.26

The difference of asbestos detection results of body powders in different prices was statistically
significant (χ2 = 11.349, P < 0.05), and the asbestos detection rate of body powder samples with prices
lower than 10 Chinese yuan was higher(Table 2).

Table 2
detected results of asbestos in samples with different prices of body powder

Price,Chinese Yuan Number of samples Number of unqualified Qualified rate,%

<10 72 11 84.72

10-20 76 1 98.68

20-30 38 1 97.37

>30 7 0 100

total 193 13 93.26

Weight changes of rats and bilateral ovarian wet weight
At the different stages of the experiment, there was no significant difference in weight of rats in each
group (P > 0.05). Compared with the control group, at 90 days, the ovarian wet weight of the asbestos
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group and the asbestos+talc group was higher than that of the control group (P<0.05). There was no
significant difference in ovarian wet weight between talc group and control group(P > 0.05). There was no
significant difference in the ovarian wet weight among the asbestos group, the talc group and the
asbestos+talc group (P>0.05). At 180 days,the ovarian wetness of the asbestos+talc group was
significantly higher than that of the control group(P<0.05). There was no significant difference in ovarian
wet weight among other groups (P>0.05)(Table 3).

Table 3
Weight and wet weight of ovary in each group(mean ±SD)

Group Weight,g ovarian weight, g

Before
exposure

Day 90 Day 180 Day 90 Day 180

asbestos group 222.26±9.89 327.37±28.01 371.30±46.14 0.17±0.036 0.13±0.029

talc group 220.52±7.66 328.76±26.63 379.80±63.57 0.13±0.036 0.13±0.014

asbestos+talc
group

220.01±10.83 346.79±15.37 404.33±40.17 0.16±0.039 0.14±0.017

control group 221.69±9.33 347.65±11.48 388.00±38.04 0.09±0.014 0.11±0.021

Changes in serum CA125 and HE4 levels of rats in each
group
At 90 and 180 days, compared with the control group, the levels of CA125 and HE4 in each experimental
group were increased (P<0.05). There was no significant difference in CA125 level among asbestos
group, talc group and asbestos+talc group (P>0.05). There was no significant difference in HE4 levels
between asbestos group and talc group (P>0.05). HE4 of asbestos+talc group was higher than asbestos
group and talc group (P<0.05).

At 180 days, the CA125 levels in the control group and each experimental group were higher than those at
90 days (P<0.05). At 180 days, in each experimental group were higher than that at 90 days of experiment
(P<0.05), but there was no significant difference in the level of HE4 in the control group (P>0.05)(Table 4)
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Table 4
Serum CA125 and HE4 levels of rats in each group (mean ±SD)

Group Day 90 Day 180

CA125,U/ml HE4,pmol/l CA125,U/ml HE4,pmol/l

asbestos group 9.65±1.46 72.06±14.69 10.88±1.51 75.90±17.64

talc group 9.81±1.16 71.71±13.66 10.79±1.25 73.76±12.14

asbestos+talc group 10.63±1.81 91.75±14.82 12.08±1.16 95.57±15.34

control group 6.48±1.17 39.84±9.81 7.62±1.07 45.53±6.83

Pathomorphological analysis of ovarian tissue in rats
At 90 days, the naked eye observation found that the ovaries of rats in the experimental group appeared
different degrees of congestion and swelling, and two rats in the asbestos+talc group found uterine
edema and a small amount of ascites, but the HE staining results of the ovarian tissue of rats showed
only slight congestion and bleeding, and there was no obvious morphological and pathological changes
of the ovary, so it was considered that the morphological results of the control group and the
experimental group were not significantly different. At 180 days, the ovarian structure of the control group
was normal, and there was no abnormal pathological change. The naked eye observation in the
experimental group showed that the ovaries of rats had different degrees of congestion and swelling, and
there were different degrees of uterine edema and ascites. The ovarian epithelial cells and follicles of rats
in the talc group and asbestos group showed morphological changes, and multiple atresia follicles
appeared. In the cortical area of rats in the asbestos+talc group, granular cell dysplasia was found in the
follicles, and pathological nuclear fission images were visible(Figure 3)

Discussion
There is a regular array of atoms or ions in the crystal. X-ray diffraction method uses a certain
wavelength of X-ray to irradiate on different crystals, and the X-rays scattered by different atoms interfere
with each other. The distribution direction and intensity of the X-ray diffraction in the crystal space are
different, and the unique map of each mineral will be formed, so as to analyze the composition of the
measured sample according to the comparative analysis of the obtained map. The method has the
advantages of no damage to the sample, good repeatability, fast and effective, large amount of
information and simple analysis. Combined with polarized light microscopy, it can further confirm the
existence of asbestos fiber in powder cosmetics and improve the accuracy of detection.[[i]]

The detection rate of chrysotile powders with price less than 10 yuan and those purchased online was
higher. This may be because manufacturers of cheap body powder are more likely to choose inferior talc
raw materials in order to reduce costs, and do not pay attention to product quality control. In addition, due
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to the current regulatory system of China ' s online shopping is not perfect, and the supervision is not
enough, the unscrupulous merchants are more likely to sell the body powder of poor quality. 

CA125 in this study is a high molecular weight glycoprotein antigen derived from luminal epithelial cells.
As an important ovarian cancer-related antigen, CA125 is the main indicator of ovarian cancer screening,
diagnosis, disease monitoring, prognosis and efficacy evaluation in clinic.[[ii]] HE4 is a newer tumor
marker than CA125, which is highly expressed in the genital tract and epithelial cells of ovarian cancer
tissues. It has high sensitivity and specificity in the early diagnosis of ovarian cancer, and can be used as
a reliable sensitive indicator of ovarian cancer. [[iii]-9[iv]9999999] Combined detection of serum CA125 and
HE4 levels can effectively improve the sensitivity, specificity and accuracy of ovarian cancer detection.[[v]]

At 90 days, CA125 and HE4 in each experimental group were significantly higher than those in the control
group, but no obvious pathological changes were found in the ovarian tissue, suggesting that although
the ovarian function of rats in the experimental group had changed, the ovarian structure had not been
seriously damaged. At 180 days, the ovarian structure also changed significantly. In addition, The
structural changes of ovaries in asbestos+talc group were also the most obvious.

It can be seen that either talc or asbestos dust, long-term low concentration exposure will affect ovarian
health. Also indicating that if the powder was contaminated by asbestos, and if the user was too close to
the genitals and exposed to the mixed dust for a long time, the impact on ovarian health was more
serious. In addition, the infant's skin barrier function was incomplete, and the skin was thinner than that
of adults, the keratinocytes were small, the body surface area was small, the sweat gland density was
higher than that of adults, and the sweating temperature was higher than that of adults. The retention of
sweat in the skin wrinkles caused irritation to the skin, and it was more likely to cause skin problems such
as redness and prickly heat.[[vi]-[vii][viii]] So many parents used body powder for infants and children, and it
was more frequently used in the thigh root, buttock and other parts that were prone to accumulate sweat.
Children, especially infants' immune system and other physical functions are not fully developed. If the
long time exposure to asbestos pollution near the genital area, the harm is more serious. 

Some studies have found that direct exposure to talcum powder in the ovary can increase the expression
of Gsr, Sod1 gene and miRNA, which is harmful to ovarian tissue .[[ix]] Hamilton[[x]] and so on injected
talcum powder suspension into the ovary of rats, and the ovary formed obvious cysts and papillary
changes. In addition, talcum powder can induce changes in key oxidoreductases, and enhance the pro-
oxidation state of normal cells and epithelial ovarian cancer cells, and talc exposure can significantly
induce cell proliferation of cancer cells .[[xi]] Epidemiological studies and META analysis also show that
there is a link between the use of talcum powder in genitalia and serous ovarian cancer.[[xii]-[xiii][xiv]] Many
studies have confirmed in different ways that talcum powder has a certain impact on ovary health, but
there is still a lack of research on the impact of asbestos on these aspects. In this study, animal
experiments were carried out to verify the damage of talcum powder to ovarian health, which
supplemented the impact of asbestos on ovarian health and the damage of asbestos pollution to ovarian
health.
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Figures

Figure 1

X-ray diffraction patterns of asbestos-containing body powder

Figure 2
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Polarization microscope of asbestos-containing body powder

Figure 3

Morphological changes of ovarian tissue in SD rats. A, control group

(original magnification ×40), B, talc group (original magnification ×40), C, asbestos group (original
magnification ×400), D, asbestos+talc group (original magnification ×400).
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