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ABSTRACT

The purpose of this paper is to present a detailed industrial hygiene
report on an industrywide beryllium study which was conducted for

the United States Public Health Service by the Division of Field Studies
and Clinical Investigations, National Institute for Occupational Safety
and Health (previously Bu;eau of Occupational Safety and Health). The
report includes information on the origin of the study, the methods used
in conducting the spudy, the results of the study and recommendations

for future investigations and/or actions relating to occupational health
standards for beryllium. The study iﬁcluded coverage of four beryllium -
facilities, each having somewhat different processing operations (e.g.,
beryllium copper alloy production, beryllium oxide and ceramic production,

beryllium metal production, and beryllium fabrication).



ENVIRONMENTAL INVESTIGATIONS

Introduction

The study of beryllium facilities by the Bureau of Occupational Safety
and Health (BOSH) and subsequently the National Institute for
Occupagional Safety and Health (NIOSH) had its conception in the mid-
nineteen sixties as a result of the discovery of outplant cases of
beryllium disease in the Reading, Pennsylvania area. These cases were
diagnosed in people who had never worked in the beryllium industry.
The discovery of these outplant cases, which were in the vicinity of a
beryllium facility, was mainly the result of the investigations
conducted by Jan Lieben, M.D., Chief of Océupational Health for the

12 Lieben attributed the cases to the fact that

State of Pennsylvania
beryllium ambient air levels in and around the Reading area were in
excess of the 0,01 ugBe/m3 (monthly average) recommended as the
maximum acceptable level of exposure by the Atomic Energy Commission
(AEC)3. As a result of the diagnosis of cases of beryllium disease in

this area, the beryllium facility was recognized as the obvious

contaminating source.



Due to these beryllium disease cases and the possible legal problems
connected with them, the company requested Lieben to invite the United
States Public Health Service (USPHS) to conduct an epidemiological
study in the Reading, Pennsylvania area to substantiate his work.
Lieben did not feel that this was necessary; therefore, the company
directly approached the USPHS. The USPHS indicated they were interested
in conducting such an epidemiological study; however, they could not
conduct such a study since this Was an intrastate situation. This
position was changed and subsequent investigations were initiated by
the USPHS, when in 1967, another company having beryllium facilities
in another State requested a similar study, thereby resulting in an

interstate situation.

At the initiation of these investigations in 1968, the USPHS had had
very liﬁtle experience in working with Beryllium , Since nearly all
previous industrial hygiene work had been under the direction of the
AEC. The only study condﬁcted formerly by the USPHS resulted in the
Fairhall report,4 published in 1943, which concluded efroneously, on
the basis of animal experimeﬁts, that there was little or no toiicity
associated with beryllium. The USPHS study initiated in 1968 never
took on the dimensions that the company originally ¥equesting the
study envisioned. Since the population living near the plant in

Reading , Pennsylvania was never studied as had been done in the Lorain,



Ohio study in the early forties, where outplant beryllium disease cases
were found??, The 1968 USPHS study was an epidemiclogical study among
a population of beryllium workers and the scope of this study was explained

to the companies involved prior to its initiation.

The prgtection of workers associated with the handling of beryllium is
based cn an airborne beryllium exposure level of 2 pre/mS, daily
weighted average (DWA), as postulated by Eisenbud and Machle in 1948 ,5
The measurement of adherence to this standard in the past has been by
monitoring beryllium levels using an electrolux vacuum cleaner system
appropriately converted to an air sampler. DWA worker eiposufes are

~ calculated using the results obtained with samplers located in areas
Tepresentative of breathing zone and general work area concentrationms.
- This method of monitcring (hereafter identified as the "AEC" method) was
documented in 1956 and made an integrallbart of the sales contracts
bétwéen the AEC and its beryllium supplieré.? A summary with slight
modifications of this method is presented in NIOSH's criteria document

on beryllium6.

Compliance with the 2 ugBe/m3 DWA standard, ;s measured by this sampling
method, resulted in bringiné beryllium facilities under control for

the prevention of occupational disease. Also, it was found that after
such contrel, beryllium disease which did occur could usually be

associated with violations of the standard and in many cases rather



gross violations. Available medical data which show decreases in
beryllium disease are correlated with the 2 ugBe/m3 standard of exposure

as measured by the AEC method .7

~ The environmental aspects of the USPHS study consisted of three phases
with inﬁestigations into four beryllium facilities. These four facilities
includé (1) a plant that produces beryllium metal, beryllium oxide,
beryllium oxide ceramic, and beryllium copper alloys (Plant A), (2) a
beryllium fabrication facility (Plant B), (3) a plaﬁt that produces

mainly beryllium metal and subsequently fabricates it (Plant C) and (4)

a plant that has as its major production beryllium copper alloys (Plant D).
The processing operations at these types of facilities are described in

The Metal Beryllium, published in 1955 by the American Society for

Metals, Cleveland, Ohie.8

Details of Environmental Investigatioms

Phase I: 1968 and 1970 Investigations

The purpose of this portion of the overall study was to conduct an
industrywide survey of 'the medical and environmental aspects of the
- beryllium industry. These investigations were conducted initially
by the Bureau of Occupational Safety and Health and all four of the

facilities included in this report were surveyed.



Only those portions of the survey dealing with the envirommental data
are included herein. Tables I-IV present a summary of the data which
were collected utilizing both personal and general area sampling for

gross and respirable quaﬁtities of airborne beryllium.

In the 1968 investigations, general area gross and respirable dust
measurements were obtained utilizing Hi-Vol samplers,” and both personal
gross-and respirable dust measurements were made with the Cassella pump
and its associated collection Equipment,lo which was worn by the

individual worker throughout the normal working day.

In the 1970 investigations, the major emphasis was on personal respirable

11 12

sampling. Some general area gross and respirable dust sampling

utilizing Hi-Vol samplers also was conducted.

In both the 1968 and 1970 investigations, the pumps that were utilized
to collect the personal respirable samples were not fitted with the
flow straightener (dampenef) that is currently recommended for such

sampling.13

The exposure levels obtained utilizing the '"undampened"
pumps were lower than those obtained if "dampened" pumps had been used.
Also, the sample flow rate for the collection of the personal respirable

samples was 2.0 1/min. compared to the now recommended 1.7 1/min., which



is needed for the respirable samplers to more nearly simulate the

Los Alamos upper respiratory retention curve for man.l%

In establishing the above sampling strategies for the survey, the
researchers largely ignored the previcus work and sampling procedures
of the AEC as well as the sampling procedures being utilized in the

facilities being surveyed.

There probably is no argument to the fact that personal sampling

is the most practical way to obtain a DWA worker exposuré. The AEC
method of sampling, for example, excludes worker exposures on

other than routine type jobs. Also, personal respirable sampling
should be the best approach to the determination of a worker's

actual exposure since it is a measure of that portion of the dust that
could penetrate to the lungs. However, even though the personal
respirable technique i§ the most desirable and that mainly relied upon
in the 1968 and 1970 investigations, the results of these surveys

are difficult to interpret because samples were not collected utilizing the
AEC method. Medical data are all correlated with the AEC method and
there is at present no way to convert from one method to another;
therefore, the data are nearly impossible to relate to specific

worker health hazards. There_is, however, some information that can

be obtained from the data. Some of the major points are :

1. The production worker sampled at Plant A (Table 1) in the



oxide furnace area appeared to be exposed to exceedingly
high beryllium levels (maximum levels of 166 ugBe/m® gross
and 9.3 ugBe/m3 respirable); however, in reality this is
not the case since the worker was wearing a fresh air mask

and should have had essentially no exposure at all,

. 2. Maintenance workers may occasionally be subjected to
extremely high exposures as is shown by the personal respirable
concentrations measured in Plant A (Table I), i.e., a mean of

3.3 ugBe/m? but one value was 58.5 yugBe/m3.

3. High exposure levels in the alloy production area of Plant A
(Table 1) were noted; however, available medical information indicates
that there have been no cases of beryllium disease diagnosed in

workers in this area since the plant began operation in 1953.15

4. The environmental data collected at Plant B (Table II), as
would be expected for a well-controlled machine shop, ipdicated
very low exposure levels of beryllium. For example, the personal
respirable, general area gross dust, and general area respirable
samples averaged over both the 1968 and 1970 investigations were

0.078, 0.238 and 0.030, respectively.



5. The average airborne beryllium levels in the beryllium
metal production areas of Plant C (Table IfI) for both the

1968 and 1970 investigations were quite high; therefore, there
is a potential for beryllium disease in the workers involved

in these areas. For example, the average personal gross dust,
personal respirable, general area respirable, and general area
éross dust concentrations were 45.6, 2.31, 4.36 and 28.0 ugBe/m3,

respectively.

6. Beryllium exposure levels in the alloy production areas of
Plant D (Table IV) were high; however, it is questicnable
whether this is significant since beryllium copper alloys do not

appear to have the same toxicity as other beryllium products.15

Phase II : State of Pennsylvania Contract

Following the 1968 and 1970 surveys, a contract was let (1971-1972)

with the State of Pennsylvania Health Department for the purposes

of evaluating sampling techniques for beryllium and asbestos. For

the portion of the contract dealing with beryllium, sampling was

conducted at the plants identified as C and D in this report. The

sampling techniques utilized included personal gross and

Tespirable (dampened pumps at 1.7 1/min)13, general area respirable
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and gross dust procedures. Data were not collected using the AEC
method of sampling; therefore, the data.collected during the contract
"are of limited value in correlating with beryllium disease since they
- do not relate to the accepted sampling method. The data, however,
can probably be utilized as a guide in evaluating the effectiveness

-

of the controls at the facilities.

As can be seen in Tables III and IV, the ekposure levels were quite
high in many areas of the facilities. For example, the average
personal gross dust concentrations in Plant C in the powdering area,
decontamination-utility-maintenance area, and process development
laboratory area were 60, 43 and 123 ugBe/m3, réspectiVely, while
the average personal respirable concentrations were as high as 4.46
ugBe/m3 in the attrition mill area. These data for Plant C, even
though none represent the AEC method of sampling, do reflect from a
relative standpoint that the facility was "out-of-control" during

the sampling period,

This survey was designed specifically to evaluate sampling methods

and the sampling devices used appeared to work adequately.
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Phase III : 1971 and 1972 Investigations

Concurrently with the sampling being done by the State of Pennsylvania,
surveys also were being-conducted in Plants A and C by the Division of
Field Studies and Clinical Investigations, NIOSH, for the purposes of
(1) - finalizing the befyllium study, (2) determining the need and
feasibility for operating a beryllium facility at 2 pgBe/m3, and (3)
coméaring different methods of sampling in order to be able to determine
the practicality of establishing a conversion factor between exposure
levels determined by the AEC method and the personal respirable and
personal gross dust methods, This latter purpose was to help establish

a more practical sampling technique.

On the basis of previous work, it was decided that Plants A and C
{(beryllium production facilities) would be best suited for this type
of survey since health problems associated with high levels of
airborne beryllium would more likely occur in beryllium metal
operations than in alloy plants.l5 18 The exposuré levels at Plant A
were measured utilizing personal respirable ("'dampened” pumps at

1.7 l/min.)%spersonal gross and the AEC sampling methods. At Plant C,
the same three sampling methods were used except the pumps used for
collecting the personal respirable samples were 'undampened". At
Plant C, however, the AEC sampling method was restricted to the

beryllium metal powder handling area.
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As is shown in Table I, Plant A was found (based on the AEC method
results) to be, with minor exceptions, in compliance with the

2 pgBe/m3 standard. Plant C (Table III), however, was out of compliance
with the 2 ugBe/m3 standard in the beryllium processing-powdering area

regardless of which sampling technique is utilized.

Plant A has not generated beryllium discase as a result of exposures

at tﬁe levels documented herein, while Plant C has had Tecently
diagnosed cases of beryllium disease which were probably generated

at airborne beryllium levels similar to those determined in Plant C
during all three phases of this study.17 It is obvious that at airborne
beryllium levels such as those found at Plant C, the chances of
generating beryllium disease are increased, Likewise, the lower levels
found at Plant A, which has been operating at these lower levels for
several years, would not be expected to generate such cases except under

unusual circumstances.

These Phase III investigations also indicate that not only is it
feasible to operate beryllium metal facilities essentlially at levels

of 2 ugBe/m? (AEC method), but that it is now being domne.

With regard to the sampling techniques used for collecting data at
Plants A and C, the ratios between the numerical results of various

sampling methods are given below:
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PERSONAL GROSS AEC (AREA) PERSONAL RESPIRABLE

10 - 4 1

These Ratios correspond to actual sample values as follows:

PERSONAL GROSS AEC (AREA) PERSONAL RESPIRABLE
5 pgBe/m3 2 ugBe/m3 0.5 BgBe/m3

Even though over 1000 samples were collected at Plants A and C, the
data are probably too limited to produce reliable statistical com-
parisons among the three sampling'methods, Also, since each operation
in the facilities is dymamic, any relationship between the techniques
will to some degree be a matter of judgment, The collection of

these data and the practicality of using the personal monitoring
technique over the AEC method hopefully will serve as the impetus for
detérmining the actual relationship between the techniques for future

sampling purposes.
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Summary and Conclusions

1. The worker exposures to beryllium as measured by the AEC
method of sampling are the only levels that hdve been associated

with medical responses. 7,17

2. From a practical standpoint and in order to measure personal
exposure directly, the personal method of sampling is far more

advantageous than the AEC method.

3. Personal respirable sampling probably is more representative
of the health related.aspects of beryllium since this technique
measures that portion of the dust that could reach the lungs;
however, the aétual relationship of worker exposures determined

by this method to health hazards has not been determined.

4. The AEC method,3 which measures a worker's DWA exposure from
results cbtained with samplers located in areas representative of
breathing zone concentrations and general work area concentrations,
does not measure exposures for such workers as maintenance employees,

decontamination workers, or other workers performing non-routine tasks.



15

5. In general, beryllium exposure levels in a well-controlled

machine shop will be below the 2 ugBe/m3 DWA standard (AEC method).

6. A beryllium metal production facility can be expected, if
well-controlled, to have beryllium exposure levels at or near

the 2 pgBe/m3 DWA standard (AEC method).

7. Beryllium oxide-metal production facilities with operational
areas grossly in violation of the 2 pgBe/m3 DWA standard tend to
generate beryllium disease, 17 while in general, the converse is

true for those areas which have been in compliance.’

8. With an appropriate and acceptable experimental design, a
reliable relationship between worker exposure levels determined
by the AEC method, persconal respirable, and personal gross

sampling probably can be determined.
DISCUSSION OF SAMPLING PROCEDURES
As has been discussed in the previous section, the beryllium standard

under whichvberyllium facilities were to have been controlled in the

past is the 2 ugBe/m3 DWA as postulated by Eisenbud and Machle® in 1948.
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As such, this exposure level (TLV) was adopted by the American Conference
of Governmental Industrial Hygienists (ACGIH) in the mid-1950's.
Subsequently, the Occupational Safety and Health Administration (OSHA)
adopted a beryllium standard of 2 ugBe/fu?, which applies to an eight-

hour weighted average exposure of an individual worker, with a maximum
ceiling concentration of 25 ugBe/m3 for 30 minutes. In promulgéting

the standards, OSHA referred to the ANSI standard 2 37.29—1970,18 which has

as a basis a very general and non-specific method of sampling for

béryllium, an& which cannot be interpreted as the AEC method upon which
the 2 ugBe/m® standard is based. As best as can be determined, OSHA

is utilizing a personal gross dust technique in its monitoring program!®
which is similar to the techniques mentiﬁned in the previous section of

this report.

To further complicate this situation, NIOSH has recommended to OSHA
in the beryllium criteria document® the same standards (2 ugBe/m3
DWA and a ceiling valﬁe of 25 ugBe/m3 for 30 minutes); however,

the sampling method recommended is specifically the AEC method.
Therefore, it is evident that confusion exists as to the meaning

of the 2 ugBe/m? eight-hour standard and the ceilihg standard in

regard to the methods by which beryllium exposufes are to be determined.
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As has been mentioned previously, the practicality of pérsonal
sampling from the standpoint of monitoring the individual worker
is OSHA's reason for using this monitoring technique. If any
validity, however, can bé found in the results of the surveys
conducted in Phase III, monitoring with the personal gross dust
technique will give exposure levels at least twice as high as

those that would be obtained by utilizing the AEC method.

Since it is necessary that OSHA have an acceptable yet practical
sampling technique, a valid determination of the relatioﬁship
between the three mentioned sampling techniques is needed. Even
more impertant than the relationship between the AEC method and
the gross personal technique is the relationship between the AEC
method and the personal respirable technique since the latter
better reflects the dust exposureé tﬁat probably would cause
beryllium disease. This technique also would make sampling for
beryllium consistent with techniques for silica,lcpal dust and
muisance dusts. Until such time as a relationship is established
between the AEC method and personal sampling metheds, and uﬁtil
such time as sampling methods for the collection of beryllium
samples are standardized, the environmental health standard of

2 pgBe/m® for beryllium cannot effectively be enforced.
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RECOMMENDATIONS FOR FUTURE ENVIRONMENTAL INVESTIGATIONS

1. A study should 5e developed to ascertain the relationship
between the beryllium sampling techniques presently available, i.e.,
the AEC method, personal respirable sampling and personal gross
sampling, If the results of such a study provide data that allow a
relationship between the sampling methods to be derived, the appropriate
modications to the presently recognized beryllium standard should
be considered and the acceptable sampling technidue specified as a
standard method. Use of the personal gress dust sampling methed
(OSHA method) would, based on the data discussed herein, place on
a beryllium preoduction facility certain undue hardships that cannot
be supported from a medical standpoint.‘ This is due to the fact
that engineering feasibility does not as yet exist to reduce worker

exposure levels to 2 ugBe/m3 as measured on a personai gross basis.

If the study does not determine that a statistically sound
relationship exists betwéen the three sampling techniques, it
probably would be expedient to attempt to make a technical judgmént
on the relationship because the situation that preséntly‘exists
is not workable. It should be remembered that this type of situation

is continually occurring in the industrial hygiene field in many areas
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of monitoring and that new, practical and representative sampling
techniques must be devéloped in some instances over a period of time
that does not allow for associated collection of health data. Prime
examples of this are the recent changes from impinger counting to
gravimetric (mass) and fiber counting techniques. The fact must not
be overlooked that when a new sampling ﬁrocedure is introduced, it

has to be continually re-evaluated in light of current medical data.

2. It is recommended that the study of sampling techniques
be conducted through a contract negotiated by NIOSH with a well~
controlled, integrated beryllium metal production facility with
~appropriate NIOSH contract monitering'becausé of the extensive amount of
sampling‘that would be required ,from a monetary, manpower and feasibility
standpoint it could be much better handled in this manner than by a
NIOSH monitoring team or by a private or State contractual agreement
that would require much time to be speﬁt,at the facility and in
analytical determinations. It is estimated that this study would
involve approximately 24 man ﬁoﬁths of work over a period from six
months to one year. The beryllium metallproductibn fagility>that
would be utilized should be able to handle the sampling with existing
personnel and analjtical expertise. NIOSH would conduct all the

statistical analyses of the collected data.
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It is unnecessary to include other berylilium facilities sﬁch
as machine shops, etc., in this study since the sampling of an
integrated beryllium metal production facility will afford the
opportunity to monitor practically all types of beryllium handling
operations. Also because of the economic incentives involved in
salvaging ber&llium chips for resale, it is expected that these

other operations would be under control.

3. In order to evaluate the effectiveness of established
beryllium standards, it is recommended that the beryllium case
registry with which NIOSH will soon be involved, be used as one
source for determining the need for further industrial hygiene surveys.
For example, as beryllium disease cases are reported to the registry,
such surveys may be conducted, after investigation of the individual's
work history, to determine from a research standpoint why the disease

occurred.
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TABLES SHOWING RESULTS OF AIR SAMPLES TAKEN
BY

VARIQUS SAMPLING METHODS IN FOUR BERYLLIUM PRODUCTION FACILITIES - 1968-1972

Table I - Plant A
Table II - Plant B
Table IIT -  Plant C
Table IV - Plant D
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TABLE [-PLANT A’

Luack L1d:

171 D

MeAN

CEBRATTON TIFE OF PlASE It A -
SAMPLE 1972 S aVEYS JONCENTRATION
¥0. OF K2, CF 3 by Se/m?
SAMPLES uaButad SAPLES )
AA7Td Fean
Baryl Furnice PRD 4 0.34- 1.3 v.83 0.83
4] . 4 ©.29- 4,17 1.6 1.61
AEC t 0.72 .72
Ore Processing Operator PRD 2 0.53- 0.57 0.55 0.55
PG 2 1.32- 2,26 1.79 .79
AEC .. 0.74 0.74
Thickener-Hydroxide Operator PG 2 0.45-17.74 9.1 } 0.13 0.13 6.11
AEC 1.60 1.60
RU 9 0.08- 0.45 0.23 Q.23
Hi Vol R 2 0,20~ 0.42 0.35 0,33
Hi Vol G 2 1.80- 3.14 2.47 2.47
GC Salt Operator PRD 4 6.19- 0.35 0.43 0.43
PG 3 1.02- 1.91 1.46 1.46
AEC 1.28 1.28
Oxide Fuzrnace Operatoer® PRD 3 1.12- 3.03 3.52 3.5
24 1 166.8 166.8 3 4.02-11.7 7.58 47.4 =
AEC 0.88 0.85*
PRU -] 0.43- 9.29 3.19 3.18
Beryllium Ketal Wet Plant PRD s 0.26- 1. 24 0.72 0.72
Sludge Operator PG 4 1.69~ 5,51 2.90 2.90
AEC - 0.95 0,58
Bvaporater Operator MmO 2 . 1639059 | 0.49 0.4
PG by | 1.18 1.18 1,18
AEC " 2.42 2.42
Fluoride Furnice Operator Pi 3 0.18- 0.73 0.48 0,48
G 3 |123-za8 | 167 1.67
AEC i 0.92 0.52
Reduction Furnace Operater PRD 3 0.78- 1.32 .99 0.9%
PG 3 1.74- 2.63 2,16 2.15
AEC 1.37 1.37
Melts Crusher Thru Pebble Inspection| PRD 3 | Q.13 2.87 1,05 1.05
PG 4 |o.sz-2.75 | 1.59 1.58
AZC h 10.2 10.2
Miscellaneous Powder Handler. PRD 1 0.15 0.15 0.1%
G 1 2.5 2.85 2.8%
AEC - 1.02 1.02
Yacuum Cast Operator PRD & 0.18- 2,11 0.79 a.78
2 (] 0.10- 7.24 '3.66 3.66
AEC - .86 .2.85
L]
Chipping Lathe Opevator PRD 7 0.6 1.62 8.53 0.53
PG 7 1.31-15.14 5.16 5.186
AEC . . 2.96 2,96
Zerap Reclamaticn®® ¥RD ¢ o359 | 128 1.28
0 1 S.45 5.45 6 _|1.70-33.3 9.50 8,520
AEC ~ 1.11 1.11**
PRU 1 1.71 .71 - 1.71
Hi1‘Vol R 1 0.12 0.12 1 1 0.12
Hi Vol G 1 1.65 1.6% 1.69
Attrition Kill Operator PRD [ n ez | 0.8 0.51
PC 9 1,22-19.03 5.88 5.88
AEC 1.45 1.45
Attriticn Hill load Han PRD . . 3 0.15- 6.60 0.30 0. 30
L 3 1.13- 4.2 2,44 2.44
AEC 1.42 1.42
Coapact Load Cperator® PRD 2 3.45- 7.43 5.64 5.64¢
(Preparation § Strip) G 2 L4.4 276.4 45.40 45,40
AEC . .28 2,154
Compact load Operator® PRO 4 1.09-19.9 1.56 7.56
{Powder Preparation & Die Loading} 4 h.! 1.45-23.% 13.50 13.80%
AEC Z 1.69 1.65*
Sintering Furnace Operator PRD 9 ‘0.15~ 5.58 0.62 0.42
PG 3 0.23- 5.65 1.60 1.60
ALC . 1.39 1.3%
Sintering Welder* _PRD 1 0.96 0.96 0.96*
PG 1 217.40 217.40 217.40°
ALC 0,51 0,51

Reproduced frem
best available copy.




Table I {contimucd)

PAS)
OrETATI0H TI#E OF PIASE T 1965 AU iy Iid: 1371 AdD N
' SADPLE 1970 _TTYEYR SONCENTRATION
NO. OF COhLhahATTON ¥, OF wgBo/m?
SAMTLES wr8e/m? SANTLES
Fard loan Aar pe Moaw
ing Mazhinin, exd 10T PRD 17 .15+ 9.53 0.25 0.25
Sintering Maz 2 Op o <15 loos. 264 167 187
ALC . 0.51 0,51
.. {
033 ator D 4 D.16~ D.69% D.30 G.30
Press Gper PG . . 4 0,48~ 8,26 .69 2,69
AEC ) ' 0.58 0,58
t TRD 2 0.26. ¢.51 0.33 .33
Ise Press Operator b 2 (2.81-3.10 | 4.9 4.96
AEC 0.41 0.41
hine Operster (CeTamics PRD i 9 |o.16-0.3¢ 0.4 0.24
Kee * e ’ PG 2 0.851- 7.98. | 3,99 8 | 0.67- 4.99 2.35 2.6%
XeC 2.30 2.90
PRY 17 0.07- 5.41 0.8 ' 0.88
Hi VeI G 1 1.33 1.33 1.35.
1 t PRD 3 | 0.32- 0.82 0.49 0.49
Kiln Operator p 2 |os1-s.36 | 3.09 3.09
AR 6.74 T.74
atrol Laborate PRD I 10 | 0.17. 2.03 0.52 0.52
Control La i o 10 | ©.32.14.68 4.4l 4.41
ALC 0.42 6.42
Machine Sho intenance PRD 41 0.10-. 0.37 0.23 0,23
P & ) |1 2 0.74- 1.77 1.25 43 | 0.15- 6.2 1.51 1.50
AEC g.20 0.20
Py 21 | 0.08-38.5 3.29 3.9
Hi Vol R -1 0.18 0.18 e.18
Hi Vol G 1 0.64 0.64 0,64
Laundry Operater o T 0.2% 0.29 0.29
r 1 0.87 0.87 0.87
AEC 1 3.04 1.0
ke Butnace Charge Man PRD , 41 o8- 104 | 0.47 0.47
PG i 4 1.95-10.55 | 4.63 4.68
AEC o 2.85 2.85
4rc Furnace Crew Chief o 1 0.49 0.42 0.45
¥’ 1 4.8 4.86 4.85
AED " 2.0% 2.01
Arc Furnacs Helpes PRD 3 £.32- ¢.93 {.0.5% 0.58
113 3 1.28-19.9 3.07 8.07
AEC 208 2.03
Rixer PRD H .17 0.84¢ 8.50 a.50
e 2 4.64.16.3 10.47 10.47
4EC 2.08 2,08
Ajax Furnace QOperator PRD 14 0.17- 0,80 0.41 0.41
% 14 0.12-18,43 “2.3% 2.35
ARG . ' 8.57 0.57
Beryllitm Mets! Production G 19 0.18-25.8 1 6.30 - o §.30
PRU 45 0.06- 3.26 0.65 o . 0.65
Technical Research § Develgpment I;G 2 0.31- 7.18 '} 3.15 - 3.75
PRU 3 0.09- 2.54 0.97 I . 0.97
Inspection and Quality Control % f 2" | 0261802 | 93 | 1 9.34
Brilene and Safety G 1 0.28 0.28 - . 0.28
FRU 7 9.11- 2,57 0.958 . ) . 0.8
A3y Broduction PG s [o.81-12.5 (9.0 | 7 ] i 2.0
PRU 9 0.08- 4.25° | 0,9% ] 0.5
Hi VoI R 2 3.97- 3.97 3.97 ° 3,957
HivelG 2 32.3 -62.7 47.5¢ 47.50
Alloy Preducts % 5 0.1- 4.68 340 ' 3.0
U 7 Q.1+ 9.3 1.8% 1.5%
Stock Roce Shipping § Recelving PRy 2 §.09- 0.09 0.09 6.0%
Symbals: FRD ¢ FPersonal Respirable Dampened Pump Ssmple
)21} : Personal Gross Somple o
ALC i Atomic Energy Commission Sampling Method
PRU t Personal Respirable Undampenced PumpSample

Hi Vol Re i Voluze Pump Collecting Respirable Sample
Hi Vol €: Hi Volume Pump Collecting Gross Sanple
. : Fresh Air Mask wNora

b Fresh Air Mask Worn On Some Cperationy

- e
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TABLE ITI~PEANT O

GFER o io8 Iirs of Twaot 1 aa0d md FoAsy 1t
SANPLE o 1310
¥3. 07 CONCbdorin i L0 Yo oF
SWPLES e28em? LAMFLES
Raorre Mot
Bre Thru Sintering PRD 15 |oe.09. 245 | o.sd 0.s3
po . 16 1a.39- 21 438 16 0.4 - LB 1.2 3.1
"l 18 0.0 - .86 0.24 0.24 -
i Yol R 1 0.1 ¢.1 a1
Hi ¥ol G 1 1.38 .38 1.3
Mydroxide Produckicn ” 1 2.9 .94 - ‘.94
"y 9 0.07- 1.4 0.47 Q.47
M Vol R 1 it 1.71 1.71
Beryllium Matal Production . % & [o.4s-130.5 | a5 C 45,6
"y sS4 0.06- 45.8 2.31 .3
i Vol R 10 {0.17- 30.2 4.36 436
Ki ¥o1 G 10 0.74.237.0 n.o .0
Aterition Wil o . 16 0.05- 148 4.4y 448
»% 16 2.9 - 74.7 s8.0) 1 0.7 ~1146.¢! 160,00 st.c
REC - . 49.4 49.4
[ i 0.4 - 179] 3.06 1.08
Pouder Makir o ‘ 1 |oal- 1o 443 P
”"© 11 2.587-261 R 4 0.1 & 1.5 - 43,5 | 26.8 48.3
AEC . N 6.4 6.4
=U L 0.t - 4.45] 3.6 3.68
fle Hardler mo 13 0.19- 10.8 2.03 1,03
. "G 13 1.37- 3.6 12,45 5 2.57- 918 | 5.0 18,22
AEC 5.1 31 .
[ ¥ 0.57- 7.67] 3.4 3.4
Cuipping Lathe Cperstor Fip J 7 0.43- &£.23 1.52] 2.52
G - 4.2 - 29.4 11.38; 3 3.7 2889~ 9.2 10,73
ALC . 4.6 t.6
poer L3 Lo L0} oz 0.92
o35 Dpenator o s Jouas-225 | ] 1.74
1.9] 9 0.49- 23.2 4.&1 & 0.74- 2.70{ 1.356 3.50
AEC 4oL 1.3
ny L 0.0 - o33} o0.15 0.15
faramman ”no 9 Q.15 11.6 1.74 1.1
s - 9 A2 18.7 3.64 1 3.30 3.5 3.62
L] ] G.66 0.65 0.6¢
Machice Shop [ 20 0.11- .07 | 6.5 0.51
» o 4 Jo17. as 1.55] 20 0.80- S.20 2.29 s | o.e7- 3.78] 2.36 1.20
Ry - 21 jo.07- 3.7 0.56 $ loo. a4z 0.135 0.45
®VlG 1 0.%0 0,50 - i 0,50
- M LI
. | oe.ze. 38, 3.28 i Y-
Pucoatsalination Uzility Haintenance ;D - :i 0.63-552.3 Glssl 1z 1.9- 35.9 5.07 11 40
ru B lo.i0- 1.20 6.19 12 | o0.0- 19.7 7.2 1.16
15 i)t 0ree 3] 37 ‘ ; 2.17
Chip Process Operator ,FZ-D R N b s 4.10- 9.0 32.4 ¥ 1, 14-116.9 | 76.40 S:.:g
. . 6,50 -
v s | o6 zas] wisa| 00
- . ‘ ' 0.91
3 ide Reduction Plant e.0 -~ S, 0.9¢ . .
Wet Plant Fluoride wetion Plan :én g oo 29"1,6 s61 ™ 0.57- 9.53 2.69 T
U - 29 §.0.07- 2,74 0.5¢ 0.58
1 ¢ Lehorats 0.31- 13.4 1.87 1.87
Process Developoen 134 :RGD s :: J 1.20-!:3‘4 1350 4| 0.16- S.08] 2.06 99.00
PRy . . 4] 0.0 - 0.4} 0.27 a.27
. : 1.75
oam Furns t 0.8 - 423 L75
b ¢4 Operater :g” :‘5 B3 - ses | 157 9 13s. eaef 5.8 11.60
oy 91 0.0 - 1.9} €.55 0.55
Techalcal Reswsreh & Develogment wy ¢ Jo.0s- 30 0.63 i hta
! '
Iaspection § Quality Control © ) 3 0.29- 189 1.00 1.00
"y .4 0.67- Q.2 .08 0.0¢
Syglens & Safery x 1 2.49 2.49 2.4%
ny $ 0.11- 0.51 q.2 0.2
Sock, Sipping L Recolving ] 1 8.0 .08 0.0;
- . .
Bynbols: MO 1 Personal Respiradle Dampencd Pusp Sample
~ t Personal Gross Sample
AEC 1 Atomic Encryy Commission Sampling Method
[ t  Personsl Respirdbla gndampened Pup Seeple
Bt Yol A ¢ Ml Voluse Pucp Collecting Resplrable Sasple
.I.l Yol G : Hi Yoluze Pump Collecting Cress Sazple

- — A

Excluded one high value
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TABLE IV-PLANT D -

OFERATION TIPE OF EHASE 1: 1968 AdD | |PHASE Iz STATT OF PENNSYI-
SAMPLE 070 SIoyIvy AMTA CANYTSAST (107110290 PEIUS 3
‘ ¥0. OF COuiailiATION . OF COZENTRATION: ugBe/m
. ") SAMPLES usle/m3 SAMPLES ug3efm
‘- Tarae Tizzn Faved Yezm
i 17 0.3- 16.4 3.08 3.08
Gedde Productlon "% i 17 [z.0-136.0 [ 37.42 37.42
By 1 2.74 2,74 2.74
Picﬁin & Plating 1 "'4. . 0.34- 5.42 1.70 1.70
¢ o PrU [} 0.12- 0.42 0.24 0.24
Hi Vol R 1 10.83 10,53 - 10.53
. - . 3
PRU 7 6.26- 1.05 0.50 0.50
Foundry | Hivele 1 7.9 7.91 7.1
Alloy Productien PRD 33 0.1 - 26.9 3.22 3.22
PG 7 0.14-136.0 21.35 32 0.1-125.0 26.14: 25,30
PRU 39 ¢.14- 19,3 1.40 1.40
Hi Yol R 5 0.56- 8&.87 3.30 ©3.30
3 Hi Vol G 4 0.27- 42.6 | 14.90 . 14.50
Rod Nire § Extrusion G 3 0.37- 0.38 | 0.38 0.38
: . . PRU 14 0.07- 0.84 0.24 0.24
Hi Vol R 1 2.29 2,29 2.29
. Hi Vol G 1 2.88 2.88 2.88
Hot Mill PG 2 0.26- 0.42] 0.34 0.34
PRU 13 . 0.10- 0.70 0.41 0.41
Told Mill " 12 0.14- 0.41) 0.30 0.30
PRU 19 0.07- 0.42 0.21 ©0.21
Hi Vol R 2 0.07- 0.19 0.13 0.13
E Bi Vol G 3 0.04- 0.16}] 0.08 0.08
Annealing § Heat Treating Pe 1. Q.28 0.28 0.28
' ' PRU 9! jo.10- 030f o0.21 0.21
fii Vol R 1 0,06 0.06 0.05
Hi Vol G .2 0.08- 0.82 0.45 0.45
Tool Assenbly 1] 3 0.07- '0.22 | 0.14 0,14
Machine Shop PG 1 0.34 0.34 0.34
) Hi Vol R 1 0.08 0.08 0.08
Hi Vol G 1 0.8 0.8 0.8
Technical Research § Development PG 1 0.35 0.35 6.35
) : PRU 7 0.12. 0,36 0.22 .22
Alloy Products PRD 48 0.1 - 500! 0.69 0.69
. PG 45 0.1 - &.50 { 3.53 3.53
Bygiene & Safety " PRD s 0.6 -12.0 | 4.23 423
PG 3 6.4 - 19.5 | 12.43 12.43
PRU 1 . 0.07- _0.07 © - .07
Mafntenance PRD - i 2 - 101 - 15 0.26 0.26
G s 0.32- o0.33t o0.32 ? 0.5 - 29,1 2.94 2,18
TR 3 0.07- 0.5 0.32 ) 0.32
Lunch Room 'P. . -
) I"IP.U N 1 0.19 0.19 0.19
Syabols: PRD : Personzl Respirable Dampened Pymp Sample
- PG $ Personal Gross Sample
AEC : Atemic Energy Cormission Sampling Mcthod
FRU ¢ Perscnal Respirable Undampened Punp Sample
Ri Vol R: Hi Volume Pump Colliccting Respirable Sample
Hi Vol G: Hi Volume Pump Collecting Gross Sample
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HEALTH AND SAFETY SECTION OF THE SALES CONTRACT

BETWEEN ATOMIC ENERGY COMMISSION AND ITS BERYLLIUM SUPPLIERS

(Contract No. AT(11-1)-462)

A. In-Plant Recommendations

a.

The average in-plant atmospheric beryllium concentration
should not exceed 2 micrograms per cubic meter,

If the result of the daily weighted average concentration,
computed on a quarterly basis, for any occupation exceeds

2 u/m3, but is less than 5 u/m3, the Contractor will submit
plans for necessary corrections for Commission approval and
provide all personnel exposed in this area with approved
personal respiratery protective equipment. If the daily
average concentration exceeds 5 u/m3, the operation in
question will be halted until the necessary improvements can
be accomplished. A daily average concentration exceeding

2 u/m3 will not be permitted to exist for a period exceeding
60 days exccpt with the specific approval of the Commission.
This approval will be granted only in the event that satisfactory
procedures for reducing the concentration to below 2 pu/m3 have
been accepted by the Commission.

In the event that a single air sample shows a concentration in
excess of 25 p/m? within the operating area, but is less than
100 p/m3 (and 'this is to be confirmed within 10 days of the
time at which such a sample was obtained) all exposed individuals
will be provided with personal respiratory protection approved
by the Commission and the Commission will be notified of steps
which are being taken to eliminate the high concentration. If
the concentration exceeds 100 u/m® in a single sample (and this
is to be confirmed within the above time limit) operations will
be halted and the necessary corrections made to reduce the
air-borne concentrations at this single point to below 25 u/m,
In no case will concentrations above 25 u/m3 be permitted to
exist for a period exceeding 60 days without the specific



31

HEALTH AND SAFETY SECTION OF THE SALES CONTRACT
BETWEEN ATOMIC ENERGY COMMISSION AND ITS BERYLLIUM SUPPLIERS
(continued)

approval of the Commissicn. This approval will be granted
only if steps have been undertaken which can be expected
to provide a satisfactory reduction in air concentration.

B. Qut-Plant Recommendations

In the neighborhood of the plant handling beryllium compounds,
the average concentration at the breathing zone level should
not exceed 0.01 microgram per cubic meter,

In the event that the maximum average neighborhood concentration
at the ground during any calendar month, as determined on a
monthly basis, exceeds 0.01 microgram per cubic meter, but does
not exceed 0.05 u/m3, the plant will be expected to inform the
AEC of specific procedures which will be undertakern to reduce

the air-borne concentration. In the event that the concentration
exceeds 0.05 u/m3, operations will be immediately halted and the.
necessary corrections made to reduce the average concentration

to below 0.01 u/m3., In any event, concentrations above 0,01 1/m®
will be permitted to exist for not more than a 60-day period
unless specifically authorized by the Commission. . Such
authorization will be forthcoming only if steps are being

taken which are expected to result in a satisfactory reduction
in effluent material.

€. Medical Supervision

a. There should be a medical program, supervised by a physician, to
. cover all workers exposed to beryllium and its compounds. :

b. If there is any evidence that an individual has chronic beryllium
poisoning, such an individual should be excluded from any further
exposure to beryllium compounds.

D.  Sampling Requirements

In order to insure adequate sampling of breathing air concentrations,
the following or equivalent procedures approved by the Commission should
be followed: ;

a. Each separate plant operation will be broken down into its
primary components and the average time per day required for
the accomplishment of each component and the number of times
it is repeated will be determined. A minimum of 3 breathing
zone samples will be taken to evaluate the exposure arising
from each such job component in addition to an adequate
sampling of the general air so that a complete overall exposure
may be arrived at for each plant operator,
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HEALTH AND SAFETY SECTION OF THE SALES CONTRACT

BETWEEN ATOMIC ENERGY COMMISSICN AND ITS BERYLLIUM SUPPLIERS

(continued)

On the basis of these samples, a daily average exposure will be
computed for .each operation. The average will be weighted with

time by multiplying the average concentration for each job component

times the amount of time spent by the operator each day in accom-
plishing the component. The sum of all of these products divided
by the total time per day will yield the time weighted average
concentration.

A minimum of 4 such evaluations will be performed each year for
each operator.

Representatives of the Commission will be permitted to perform
similar surveys at their discretion in order that procedures
being followed by the Contractor may be evaluated.

Determination of the average neighborhood concentration will be
made by not less than 3 permanent monitoring stations utilizing
air sampling equipment capable of handling an average air volume
in excess of 1 m3/min. These monitoring stations will sample
continuously. Other equivalent procedures may be approved by
the Commission. Meteorological data will be obtained to insure
that the samples obtained by the monitoring stations can be
interpreted in terms of the direction of maximum ground level
concentration.

All equipment and procedures employed in the determination of
these concentrations must be approved by the Commission prior
to operation. : ‘

Approval of Construction Plans

Prior to construction, a flow diagram plus plans and specifications of

hazard control procedures to be followed at each operation will be reviewed
by the Commission for adequacy in meeting the very rigid standards necessary
for the control of health hazards in beryllium processing. Approval,
however, will be based on performance.

Reports

Submit such reports as the Contracting Officer may request.
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OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION

SAMPLING DATA SHEET

Substance:
Beryllium and beryllium compounds
Standard:
"8-hour average: 2 ug/m3
Ceiling:. 5 ug/m® (30 min.)
_Peak: 25 ug/m3

Analytical Method:

Atomic absorption .
Detection limit: 0.02 pg/filter

Sampling Equipment:

Personal sampling pump plus unweighed 37mm Millipore type
HA filter., Either 2- or 3-piece filter cassette may be used.
Sample at 1.5 lpm with cassette face cap on and small plug removed.

SamEle Size:

For ceiling limit evaluation, use 30 minute samples. Minimum

of 60 minutes for measurement of 2 ug/m? limit. Longer samples

up teo full shift are preferred. Sampler battery recharge required
after 4 hours. :

Blank:
With each batch of samples submit one filter which is subjected
to exactly the same handling as for the samples except that no
air is drawn through it. Label this as a blank.

Shipping:

The cassettes in which the samples are collected should be shipped
in a suitable container, designed to prevent damage in transit.
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