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ABSTRACT

This paper presents the results of a survey of operating nuclear
reactors and nuclear fuel fabrication facilities in the U.S. The
survey obtained information on the number of women radiation workers
in those plants over the last ten years and the number of workers
potentially exposed to radiation while pregnant. Information on plant
exposure limits for pregnant workers practiced at these plants and
whether these limits comply with NCRP guidance and proposed NRC
regulatory limits will also be presented. The discussion will include
the effects of unions, labor arbitration, and legal actions on these
policies.

The unique problems of fuel manufacturers in addressing the
proposed NRC regulations for embryo/fetus exposure will also be
presented.

INTRODUCTION

A survey of the gender makeup of the work force subject to
occupational radiation exposure, pregnancies experienced by these
workers and administrative limits applied for radiation protection of
the embryo/fetus was distributed in the summer of 1990. The cover
letter accompanying the survey assured that the identity of all
respondents would remain confidential and that only statistical
summaries of information provided would be presented in this paper.
A copy of this survey is provided as Attachment A of this paper.
Questions 1 through 19 were distributed to the Radiation Protection
Managers at 75 United States sites with a total of 113 nuclear power
reactors. Questions 1 through 27 were provided to five nuclear fuel
fabrication facilities in the United States. Responses were received
from sixty-one percent of the reactor sites representing sixty-seven
percent of the nuclear reactors.
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Four of the five fuel fabrication facilities, eighty percent,
responded to the questionnaire. One fuel fabricator refused to
complete the questionnaire on advice of counsel.

The results of this survey for nuclear power plants and fuel
fabricators are provided separately throughout this paper. The survey
was prepared to cover a ten-year period from 1980 to 1989 inclusive, in
which there was a significant increase in the proportion of women
employed as radiation workers. During this same period, a number of
papers by Otake and Schull have been published (1, 2, 3) describing
newly discovered risks of mental retardation to the embryo/fetus from
radiation exposure. As a result of these research findings, the
International Commission on Radiological Protection (ICRP) (4), the
National Council on Radiation Protection and Measurements (NCRP) (5),
the Organization for Economic Cooperation and Development (OECD) (6),
the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) (7, 8) and the National Academy of Sciences (NAS)
(10) have published reccanmendations to consider the risk of this injury
to the embryo/fetus in assessing the health implications of low level
radiation exposure for women of childbearing age.

In 1987, Guidance to Federal Agencies (10) was issued for radiation
protection of declared pregnant workers and the proposed NRC regulations
for radiation protection provide similar guidance. These proposed
regulations do not, however, address protection for workers who do not
declare their pregnancy or for women of childbearing age. The New York
Power Authority (NYPA) has had one case where a radiation worker did not
declare her pregnancy and continued to work in radiation areas without
radiation exposure restrictions for the entire gestation period.
Because of this case and in response to the research results and
radiation protection guidance just described, NYPA instituted an
administrative limit on radiation exposure for women radiation workers
capable of bearing children. This policy resulted in labor arbitration
(11).

Discussion

The percentage of women in the occupationally exposed work force at
nuclear power plants has more than doubled from about 4 percent to about
8 percent of the work force over the last ten years as shown in Table 1.
During this same period, there was a substantial increase in the total
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number of workers at nuclear reactors from 134,000 in 1980 to 160,000 in
1985 and 209,000 in 1989 (12). With the percentages described in Table
1, this represents an increase from 5,000 women in the work force in 1980
to 17,000 in 1989. Several plants reported no women in this category as
late as 1985 but all plants reported at least sane women radiation
workers in 1989. The highest proportion reported in 1989 was twenty
percent.

Table 1

Percent Women Radiation Workers
at Nuclear Power Plants

1980 1985 1989

Average
Std. Dev.
No. Sites
No. Reactors

3.7
3.4
25
39

5.9
4.0
31
47

8.1
4.3
41
66

During the same ten-year time period, the number of pregnancies
experienced by these radiation workers increased more than sixfold as
shown in Table 2, while the total number of women radiation workers
tripled with approximately five pregnancies for each site. This
corresponds to a rate of about three hundred pregnancies among radiation
workers at all U.S. nuclear power plants in 1989. In 1980, a pregnancy
was a rare occurrence for a radiation worker at a U.S. nuclear power
plant, by 1989 this was a common event. The need for addressing this
issue in training and procedures is apparent.

Table 2

Number of Pregnancies of Radiation Workers
at Nuclear Power Plants

1980

Number
No. Sites
No. Reactors

31
17
25

87
25
33
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The changes in the work force at fuel fabrication facilities have
not been so dramatic as seen in Table 3. Although the proportion of
women working at these facilities has increased by more than forty
percent, the number of pregnancies has not changed significantly as shown
in Table 4.

Table 3

Percent Women Radiation Workers
at Fuel Fabrication Facilities

1980 1985 1989

Average 6.8 8.2 9.8
Std. Dev. 3.3 5.4 7.6
No. Plants 4 4 4

All plants responding to the survey, both reactors and fuel
fabricators, addressed the subject of prenatal radiation exposure in
their administrative controls or procedures in 1989. Only seventy
percent of the facilities operational in 1980 addressed the issue at
thc.'~ time. By 1985, this issue was addressed at more than ninety percent
of these facilities.

Table 4

Number of Pregnancies of Radiation Workers
at Fuel Fabrication Facilities

1980 1985 1989

Number 12 18 13
No. Plants 4 4 4

In all cases, the administrative limit for declared pregnant workers
for the entire gestation period was at or below the 0.5 Rem value in the
proposed revisions to NRC regulation 10CFR20, and in Regulatory Guide
8.13 (13) and the guidance addressed earlier.

More than half of the survey respondents, about sixty-five percent,
also applied a dose rate limit within the gestation period. In many
cases, the declared pregnant worker remained as a radiation worker during
her pregnancy but was not allowed to enter radiation areas of the
plants.
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About thirty-five percent of the survey respondents apply an
administrative limit for radiation exposure of women who have not
declared pregnancy that is more restrictive than that for men in their
work force. This was the case at sixteen of forty-six nuclear power
reactor sites with a total of twenty-six plants. In most cases, this
administrative limit was about 0.5 Rem for a period of two or three
months. This would assure that a woman will not receive greater than
0.5 Rem of exposure while pregnant before she is certain of her
condition.

This policy is similar to that being considered in the Johnson
Controls case currently being considered by the U.S. Supreme Court (14,
15). In this case, women capable of bearing children have been excluded
from jobs involving lead exposure. The lead exposure levels are within
limits for exposure of adults but result in blood lead levels known to
be fetotoxic. The company claimed that it is impossible to bring lead
levels low enough to be safe for a fetus. "With many pregnancies
unplanned, women often don't know for some weeks after conception that
they are pregnant," the company says (14). It adds that even if women
leave high risk areas before conception, their blood levels may not drop
to a range safe for the fetus for months.

This is not the nature of the hazard faced by women in nuclear
power plants where there is no significant radiation exposure caused
by internal contamination. The women at thirty-five percent of the
nuclear power plants with such limits are not excluded from work but
procedures are designed to limit exposure so that exposure to a fetus
before pregnancy is known, is limited to less than the NCRP guidance
of 0.5 Rem for the entire gestation period (5).

In fuel fabrication facilities where there is measurable internal
exposure from uranium as well as external radiation exposure, the
situation is more complex. This is complicated by the proposed change
to 10CFR20 requiring the summation of internal and external exposure to
determine the effective dose equivalent for an individual.

This is further complicated because the Derived Air Concentration
(DAC) in the proposed 10CFR20 and EPA guidance (16) for uranium is a
factor of four to five more restrictive than the MPC in the current
10CFR20. There is no guidance yet provided for determining the dose to
a fetus for uranium ingested or inhaled by its mother. The NRC has
indicated that guidance will be provided before the new 10CFR20 becomes
effective.
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There are many differences between the lead and radiation exposure
risks to the fetus and the restrictions on women capable of bearing
children who are exposed to lead or to radiation. Because of these
differences, the Supreme Court decision in the Johnson Controls case may
not affect the nuclear power plant policies restricting radiation
exposure of women capable of bearing children.

In one description of the Supreme Court case (17), it was noted
that even if a company's policy is found to be discriminatory either
overtly or in its effect, that doesn't mean it is illegal. In upholding
tht Johnson Controls policy, the appeals court allowed a broad
exception to Title VII of the 1964 Civil Rights Act, which prohibits
employment descrimination. The appeals court said a company may defend
against charges of bias by asserting that the policy is a "business
necessity." However, if the Supreme Court rules that the policy is
overtly discximinatory as many legal experts think is likely there is a
different narrower exception that must be considered. Title VII makes
an exception for company policies that are based on legitimate job
requirements that are essential for a company's business. The court
hasn't fully defined this exception.

For those nuclear power plants that simply apply the proposed
regulatory limit of .5 Rem to the declared pregnant worker in their
procedures, there is still the possibility of Court action claiming
injury, as the Silkwood case (18) demonstrated. In this case compliance
with regulations was not found to be sufficient protection of workers.

Seventy-two percent of the nuclear power plant respondents had at
least some of their radiation workers represented by a union. There
appears to be a correlation between union representation of workers and
the absence of a policy restricting the radiation exposure of female
workers. Of the thirty-five nuclear power plant sites reporting union
representation, twenty-five or seventy-one percent had no administrative
policy restricting radiation exposure of all women, while at the other
ten unionized sites such policies existed. Of the eleven plants
reporting no union representation, six or 55 percent had no
administrative policy restricting radiation exposure of all women.
At one site, the Power Authority's James A FitzPatrick Plant, a union
grievance and arbitration resulted in such a policy being struck down
(11).

No plants reported any litigation other than labor arbitration
regarding prenatal radiation exposure policies.

There were also no plants that reported legal actions because of
pregnancy or birth difficulties claimed to be related to occupational
radiation exposure of the mother.
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The UNSCEAR report (8) noted that approximately 8.5% of still and
live births in humans in the U.S. suffer frcm spontaneously arising
congenital abnormalities. Mental retardation occurs in less than 0.2%
of humans. If an embryo/fetus received the maximum permissible
radiation exposure for an adult of 5 Ran in the critical period from the
eighth to fifteenth week post-conception, the risk of mental retardation
caused by this exposure using the 0.40 Gy"1 factor (8) is 0.02 or 2%,
ten times the normal incidence rate without occupational radiation
exposure. This risk is substantially greater than the .045 Gy"1

lifetime excess cancer death risk faced by the mother for the same
exposure (8).

The industry experienced about 300 pregnancies among its
occupationally exposed work force in 1989. It is only a matter of
time before licensees will have a radiation worker who has a baby
with a congenital abnormality or mental retardation. Compliance with
regulations and regulatory guidance will not be an adequate defense in
any litigation that may arise form such an incident (18). It is the
employer and not the regulatory agency that bears the financial
responsibility for occupational damage to health of employees and
their offspring.

Current and proposed Federal radiation protection regulations do
not address recent NCRP (5) and NAS (10) guidance on limits for
radiation dose rates for women who are capable of becoming pregnant.

A mentally retarded child of a radiation worker may claim injury
from occupational radiation exposure to the mother while the child was
in utero. An employer may base his defense on compliance with
regulatory limits on radiation exposure and the training provided in
regulatory guidance (13). This defense will not be very persuasive if
the employer has not implemented recommendations (4, 5, 6, 7, 8, 9) that
the risk of this type of- injury to the developing embryo must not be
overlooked in assessing the health implications of low-level exposure
for women of childbearing age.

Of the eight nuclear power plant sites, 17 percent of respondents,
that indicated they were planning on changing their prenatal radiation
exposure policy in the near future, five already had limits on exposure
rates within the gestation period as well as a limit on total exposure
during gestation. Only one of these eight plant sites planning a
change, currently has an administrative limit on exposure to women of
childbearing age. This is clearly an issue receiving much consideration
at this time.
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The number of workers receiving occupational radiation exposure at
responding fuel fabrication facilities was only about 1500 and about 200
of these workers were women. The radiation exposure of these workers,
both external and internal, has not changed significantly over the past
ten years. The average external exposure for these workers in 1989 was
about 0.25 Rent with the maximum external exposure for individuals at
these four plants averaging 0.62 Rem.

The average internal exposure for these workers in 1989 was about
150 MPC-hrs or about 8 percent of the annual limit using the MFC in the
current NRG regulations. With the new proposed regulations, the DAC is
a factor of 4 to 5 more restrictive than the old MFC's, so the same
level of contamination would result in exposures that are at thirty to
forty percent of annual limits on intake using the assumptions in the
proposed regulation. This will be a significant factor in determining
the total annual exposure of radiation workers in fuel fabrication
facilities. It will also be a contributor to radiation exposure
received by a child in utero. This contribution cannot be quantified
without a specific model or regulatory guidance.

CONCLUSION

I have presented the results of an extensive survey of occupational
radiation exposure policies and experience as it relates to prenatal
radiation exposure at U.S. nuclear power plants and fuel fabrication
facilities. All of the nuclear power reactor respondents had procedures
in place in 1989 which will assure compliance with the proposed
revisions to 10CFR20 which limits exposure of the embryo/fetus to less
than 0.5 Rem for the gestation period. Only about two-thirds of the
respondents also applied a dose rate limit within the gestation period
that has been recommended (4, 5, 6, 7, 8, 9) . About one third of the
responding plants also applied a radiation exposure limit for women that
is more restrictive than that for men. These policies, although
consistent with guidance (4, 5, 6, 7, 8, 9), may be affected by the
Johnson Controls case currently before the Supreme Court (14, 15, 17).

Fuel fabrication facilities operating in the U.S. will be
significantly affected by the proposed revisions to 10CFR20. The extent
of this effect on radiation exposure of the embryo/fetus will not be
known until the NRC issues a regulatory guide concerning the issue.
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Attachment A

QUESTIONNAIRE

1. What plants do these answers apply to:

2. Approximately what percentage of your monitored radiation
work force were women in:

1980 %
1985 %
1989 %

3. How many radiation workers reported pregnancies at your plant (s)
in these same years:

1980
1985
1989

number
nur.iber
number

Please answer the following by circling or filling in the appropriate
response.

4. Do you address the subject of prenatal radiation exposure
in the administrative controls and/or procedures at your
nuclear plant now? Y

N

5. Was this the case in 1980?
1985?

6. Do you administratively limit the radiation exposure of
declared pregnant workers: Y

N

7. If there is an administrative limit, what is this for the
entire gestation period? Rem

8. Is there a dose rate limit for periods of time within the
gestation period? Y

N

9. What dose rate limit do you apply?
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10. Do you have an administrative limit for women who have not
declared themselves to be pregnant? Y

N

11. If you answered yes to the above questions, what limit have
you applied?

12. Are your workers represented by a union? Y
N

13. Have you experienced any grievances as a result of your
prenatal exposure policy? Y

N

14. Have you experienced any arbitrations as a result of your
prenatal exposure policy? Y

N

15. Have you experienced any litigation other than the above
union actions as a result of your prenatal exposure policy?

Y
N

If the answer to 13, 14, or 15 is yes, please provide a
brief description on a separate sheet or enclose an existing
description with your response.

16. Have you experienced any litigation or claims as a result
of pregnancy or birth difficulties that the claimant
attributed to occupational radiation exposure?

Y
N

17. If your answer to 16 is yes, please provide a brief
description on a separate sheet or enclose an
existing description with your response.

18. Do you expect to change your prenatal radiation exposure
policy in the near future? Y

N

19. If you answer yes to question 18, to what will the policy
be changed?
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20. What is the number of radiation workers and the average
and maximum whole body equivalent external radiation exposure
experienced by your radiation workers in:

Average

1980
1985
1989

Ran
Rsm
Rem

Maximum

Rem
Rem
Rem

21. What is the average and maximum internal radiation exposure
experienced by these same radiation workers (per year)?

22.

23.

24.

25.

1980
1985
1989

Averaae

MPC-hr.
MPC-hr.
MPC-hr.

Maximum

MPC-hr
MPC-hr
MPC-hr

Do you have administrative limit on internal radiation
exposure for your radiation workers? Y

N

What administrative limit on internal
do you apply?

in

radiation exposure
MPC-hr.
time period

Do you have a more restrictive limit on internal radiation
exposure for declared pregnant workers? Y

N

If yes, what is this limit?
in

MPC-hr.
time period

26. Do you anticipate any difficulty in meeting the limit on
prenatal radiation exposure proposed in section 20.208 of
the new revised 10CFR20 (dose to the embryo/fetus during the
entire pregnancy due to occupational exposure does not exceed
0.5 Rem (5mSv) from the sum of the deep dose equivalent and
the committed effective dose equivalent assessed to the
pregnant women due to the intake of radionuclides). Y

N

230



-4-

27. If you answered yes to the last question, please provide a
brief explanation on a separate sheet including your plans
to meet this new requirement.

Contact Person
Address

rhone
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