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A B S T R ACT

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 Bureau of Occupational Safety and Health). The

report includes information on the origin of the study, the methods used

in conducting the study, the results of the study and recommendations

for future investigations and/or actions relating to occupational health

standards for beryllium. The study included 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).
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ENVIRONMENTAL INVESTIGATIONS

Introduc tion

The study of beryllium facilities by the Bureau of Occupational Safety

and Health (BOSH) and subsequently the National Institute for

Occupa~ional Safety and Health (NIOSH) had its conception in the mid­

nineteen sixtie? 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 nev~r 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 Occupational Health for the

State of Pennsylvanial 2. Lieben attributed the cases to the fact that

beryllium ambient air levels in and around the Reading area were in

excess of the 0.01 ~gBe/m3 (monthly average) recommended as the

maximum acceptable level of exposure by the AtOJD.ic 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.
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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

direct~y 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 little experience in working with beryllium, since nearly all

previous industrial hygiene work had been under the direction of the

AEC. The only study conducted formerly by the USPHS resulted in the

Fairhall report,4 published in 1943, which concluded erroneously, on

the basis of animal experiments, that there was little or no toxicity

associated with beryllium. The USPHS study initiated in 1968 never

took on the dimensions that the company originally requesting the

study envisioned. Since the population living near the plant in

Reading~ Pennsylvania was never studied as had been done in the Lorain,
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Ohio study in the early forties, where outp1ant beryllium disease cases

were found 20 . The 1968 USPHS study was an epidemiological study among

a population of beryllium workers and the scope of this study was explained

to the companies involved prior to its initiation.

The pr~tection of workers associated with the handling of beryllium is

based on an airborne beryllium exposure level of 2 ~gBe/m3, 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

appropria te1y converted to an air sampler. DWA worker exposures are

calculated using the resu~ts obtained with sampiers located in areas

representative of breathing zone and general work area concentrations.

This method of monitoring (hereafter identified as the .'rAEC" method) was

documented in 1956 and made an integral part of the sales contracts

betw~en the AEC and its beryllium suppliers. 3 A summary with slight

modifications of this method is presented in NIOSHr s criteria document

on beryllium6.

Compliance with the 2 pgBe/m3 DWA standard, as measured by this sampling

method, resulted in bringing beryllium facilities under control for

the prevention of occupational disease. Also, it was found that after

such control, beryllium disease which did occur could usually be

associated with violations of the standard and in many cases rather
o
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gross violations. Available medical data which show decreases in

beryllium disease are correlated with the 2 ~gBe/m3 standard of exposure

as measured by the AEC method. 7

The environmental aspects of the USPHS study consisted of three phases

with investigations into four beryllium facilities. These four facilities

include (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 plant 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, Ohio. 8

Details of Environmental Investigations

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.



6

Only those portions of the survey dealing with the environmental 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 quantities of airborne beryllium.

In the 1968 investigations, general area gross and respirable dust

measurements were obtained utilizing Hi-Vol samplers,9 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

sampling. ll 12 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 (dampener) 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 be~n 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 l/min., which
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is needed for the respirable samplers to more nearly simulate the

Los Alamos upper respiratory retention curve for man. 14

In establishing the above sampling strategies for the survey, the

researchers largely ignored the previous 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 exposure. 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

coul~ penetrate to the lungs. However, even though the personal

respirable technique is 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 anoth~r;

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
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oxide furnace area appeared to be exposed to exceedingly

high beryllium levels (maximum levels of 166 ~gBe!m3 gross

and 9.3 j.IgBe!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 j.lgBe!m 3 but one value was 58.5 j.IgBe!m3.

3. High exposure levels in the alloy production area of Plant A

(Table I) 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, indicated

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.
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5. The average airborne beryllium levels in the beryllium

metal production areas of Plant C (Table III) 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

gross dust concentrations were 45.6, 2.31, 4.36 and Q8.0 ~gBe/m3,

respectively.

6. Beryllium exposure levels in the alloy production areas of

Plant D (Table IV) were high; however, it is questionable

whether this is significant since beryllium copper alloys do not

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

Phase II State of Pennsylvania Contract

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

with the State of Pennsylvania ~ealth Department for the purposes

of evaluating sampling techniques for beryllium and asbestos. For

the portion of the contract dealing with beryllium, sampiing was

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

sampling techniques utilized included personal gross and

respirable (dampened pumps at 1.7 1/minJ I3 , 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 exposure 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 ~gBe/m3, respectively, while

the average personal respirable concentrations were as high as 4.46

~gBe/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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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 beryllium study, (2) determining the need and

feasibility for operating a beryllium facility at 2 ~gBe/m3, and (3)

comparing 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 gr0ss 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. IS 16 The exposure levels at Plant A

were measured utilizing personal respirable ("dampened" pumps at

1.7 1/~in.)~3personal 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 ~gBe/m3 standard. Plant C (Table III), however, was out of compliance

with the 2 ~gBe/m3 standard in the beryllium processing-powdering area

regardless of which sampling technique is utilized.

Plant A has nct generated beryllium disease as a result of exposures

at the levels documented herein, while Plant C has had recently

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 essentially at levels

of 2 ~gBe/m3 (AEC method), but that it is now being done.

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:



PERSONAL GROSS

10

13

AEC (AREA)

4

PERSONAL RESPIRABLE

1

These Ratios correspond to actual sample values as follows:

PERSONAL GROSS

5 }lgBe/m3

AEC (AREA)

2 lJgBe/m3

PERSONAL RESPIRABLE

0.5 }lgBe/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 dynamic, any relationship-between the techniques

will to some degree be a matter of judgment. The collection of

these data and ~he practicality of using the personal monitoring

technique over the AEC method hopefully will serve as the impetus for

determining 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 have 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 actual 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 obtained 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.
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5. In general, beryllium exposure levels in a well-controlled

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

7. Beryllium oxide-metal production facilities with operational

areas grossly in violation of the 2 ~gBe/m3 DWA standard tend to

generate beryllium disease, 17 while in general, the converse is

true for those areas which have been in compliance. 7

8. With an appropriate and acceptable experimental design, a

reliable relationship between worker exposure levels determined

by the AEC method, personal 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 which beryllium facilities were to have been controlled in the

past is the 2 ~gBe/m3 DWA as postulated by Eisenbud and Machles 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 (OSr~)

adopted a beryllium standard of 2 llgBe/1113 ,which applies to an eight­

hour weighted average exposure of an individual worker, with a maximum

ceiling concentration of 25 llgBe/m3 for 30 minutes. In promulgating

the standard~, OSHA referred to the ANSI standard 6 37.29-1970,18 which has

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

beryllium, and which cannot be interpreted as the AEC method upon which

the 2 llgBe/m3 standard is based. As best as can be determined, OSHA

is utilizing a personal gross dust technique in its monitoring program19

which is similar to the techniques mentioned in the previous section of

this report.

To further complicate this situation, NIOSH has recommended to OSHA

in the beryllium criteria document6 the same standards (2 llgBe/m3

DWA and a ceiling value of 25 llgBe/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 llgBe/m3 eight-hour standard and the ceiling standard in

regard to the methods by which beryllium exposures are to be determined.
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As has been mentioned previously, the practicality of personal

sampling from the standpoint of monitoring the individual worker

is OSHA's reason for using this monitoring technique. If any

validity, however, can be 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 relationship

between the three mentioned sampling techniques is needed. Even

more important 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 exposures that probably would cause

beryllium disease. This technique also would make sampling for

beryllium consistent with techniques for silica, coal dust and

nuisance dusts. Until such time as a relationship is established

between the AEC method and personal sampling methods, and until

such time as sampling methods for the collection of beryllium .

samples are standardized, the environmental health standard of

2 ~gBe/m3 for beryllium cannot effectively be enforced.
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RECOMMENDATIONS FOR FUTURE ENVIRONMENTAL INVESTIGATIONS

1. A study should be 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 technique specified as a

standard method. Use of the personal gross dust sampling method

(OSHA method) would, based on the data discussed herein, place on

a beryllium production 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 ~gBe/m3 as measured on a personal gross basis.

1£ the study does not determine that a statistically sound

relationship exists between the three sampling techniques, it

probably would be expedient to attempt to make a technical judgment

on the relationship because the situation that presentlY'exists

is not workable. It shoul~ 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 developed 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 procedure 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 monitoring because 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 tha~ by a

~IOSH monitoring team or by a private or State contractual agreement

that would require much time to be spent at the facility and in

analytical determinatl0ns. It is estimated that this study would

involve approximately 24 man months of work over a period from six

months to one year. The beryllium metal production facility that

would be utilized should be able to handle the sampling with existing

personnel and analytical expertise. NIOSH would conduct all the

statistical analyses of the collected data.
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It is unnecessary to include other beryllium facilities such

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 beryllium 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

VARIOUS S~1PLING METHODS IN FOUR BERYLLIUM PRODUCTION FACILITIES - 1968-1972

Table I

Table II

Table III

Table IV

Plant A

Plant B

Plant C

Plant D



2S
TABLE I·PIN...I' A.

(;Ci./iAXION UPI> O~· Pi.!lIDl:.' 1: ; •. t':i A:lf) PliA~'1> III: JJ71 ,:,,:;;; .1:;~;:1

SAHPLE 1;'''1 .('?Irl·~'r:r:; 11172 S: ;iVt·Y~: ;O.Vr;ES7P.A ;10"
NO. or cv.·.~·:;/...-:-:.A ':ION h'J. c. CV:,-..:.:.:. 1. .,· ..i i·~.J;' \I.Ee!",)
SJ,.l{P!.ES u"S.:h l .S:.....~!'l~S .,.,,,/,.,1 .

-R,.lr.711 '!':In R::J..·~-;': ,'.'.~.l1l

kryI Furnace PRO 4 0.3~. 1.31 U.83 0.83
PG 4 0.29- 4.17 1.61 1.61
».c I 0.72 0.72.

Oro Processini Operator PRJ) 2 0.53- 0.57 O~ 55 0.5;
PG :I 1.32- 2.26 1. 79 1.79
AE.C . 0.74 0.74

Thickener-Hydroxide Operator PG :I 0.45-17.74 9.1 1 0.13 0.13 6.11
AEC 1.60 1.60
PRU 9 O.OS- 0.45 0.23 0.23
Hi Vol R 2 0.:9- 0.42 0.35 0.33
Hi Vol G 2 1.80- 3.14 2.47 2.47

CC Sdt Operator PRO 4 0.19. 0.85 0.43 0.43
PG .1 1.02- 1.91 1.46 1.46
AEC 1.28 1.28

Odde Furll&ce Operator' PRO 3 1.12- 1.03 3.52 3.S~·

PC 1 166.1 166.8 3 4.02-11.7 7.58 47.4 •

».c 0.88 0.8S·
PRU S 0.43- 9.29 3.19 3.19

IeryUilml Hetal Wet Plant PRO 5 0.26- 1.24 0.72 0.72

Sludie Operator PG 4 1.69- 5.51 2.90 2.90

Mt:. 0.99 0.99. '.
£Vaporator Operatar I'IU> 2 , 0.39- 0.59 0.49 0.49

PC -I 1.18 1.18 1.15
AfC ~.42 2.42..

Fluoride Furnace Operator PRO .1 0.18- 0.73 0.48 0.48
PC 3 1.23- 2.18 1.67 1.67
As: , 0.92 0.92

.. -
Reduction Furnace Operator PRO .1 0.18- 1.32 0.99 0.99

PG .1 1.14- 2.65 2.16 2.16
AEC 1.37 1.37.

Melt' Crusher Thru Pebble Inspecti\ln PRO 3: o.n- 2.87 1.05 1.05
PC 4. 0.52- 2.75 1.59 1.59
AEl: : 10.2 10.2

Ki,cellaneoos Powder Handler I'IU> 1 0.15 0.15 0.15
PC 1 2.85 2.85 2.S5
AEJ; . 1.02 1.02

V.CUUZI east Operator PRO 6 0.18- 2.11 0.79 0.79
PC 6 0.30- 1.24 '.3.66 3.66
Aa: .. f·86 ·2.&6,

Chi}o~ini La the Op..rator I'IU> 7 0.16- 1.62 0.53 0.53
PC 7 1.31-15.14 5.16 5.16
AEl: 2.96 2.96

lIenp Reclamation" I'IU> 6 0.33- 5.98. 1.28 1.28
PC 1 5.45 5.45 6 - 1.70-33.3 9.50 1.92··

AEl:
..... 1.11 1.11"

PRU 1 1.71 1.71 . 1.71
HI'Vol 1 1 0.12 0.12 , 0.12
111 Vol G 1 1.69 1.69 1.69

Attrition Mill Operator PRD I 11 0.21- 1.11 0.81 0.81
PC 9 1.22-19.03 5.88 S.U
AfC 1.45 1.45

Attrition .li11 Load Man PR!l 3 0.15- 0.60 0.30 0.30
PC

.
3 1.13- 4.21· 2.44 2.44

AfC 1.42 1.42.
Cocpact Lo.d Operator- PRO 2 .1.45- 7.83 5.64 5.64*
(Preparation' Strip) PC 2 l4.4 ;'76.4 45.40 45.4C'

AfC 2.25 2.2~

Co:npac t Lo.d Oper;>tor' PRJ) .. 1.09-19.9 7.56 7.56'
(Powdn Preparation' Die Loadini) PC 3 1.45-U.S 13.80 13.&0*

AEl: - 1.69 1.69*

Siuerina FlJ1"nace Operator PRO 9 ·O.IS- 5.58 0.62 0.62
PC • 0.23- 5.6S 1.60 1.60
AEC 1.39 1.39

Slnterini Welder- PRD 1 0.96 0.96 0.?6·
PC 1 217.40 217.40 217 .40'
AtC 0.51 o 51'

Reproduced from
best available copy.
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- Qri:RA;IO:i 'l1n: Ot' 1'1~ISe I: 19011 A:iIJ rli.':it.' Ill: IJi'l ANi) .\:~~:,

SANP/,r 1q7"'':;:,~~Y- 1"~'" ....".·,"c·vt! ~O.~·::E'¥~.f.ft.'?:":'IOR

NO. OF CO:."I..'"t'4,
h

M ';'10# NJ. OP .:u:,c',,:.• ;J:;;I::J.V ~g5"/"')

SAHF'L€S ~7"k/mJ s,tv:'LSS u-;!-\·/",3

r..l,:.'6 "'~al1 f,'••Ut.llJ ,'.',;.1'1

SiMer1n; tbel\1n1na ~tlntor PRD 17 O.IS- 0.53 0.15 0.:5
I'(; ~'"15' O.U. 2.64 1.67 1.67
AI.C 0.51 0.51.. f

h.uOperttor tIlD 4 0.16- 0.69 0.;0 0.;0
PC C 0.048- 8.26 2.6!1 2.6!1

AfC I 0.58 O.SlI.
Iso rrC$S Operator PlUl 2 0.16- 0'.51 0.31 o.n

PC Z 2.81- 1.10 •• 91> •• 91>

AEC 0.41 O•• l

Il&ellic Operator (Ceramics) PllD
I 9 0.16- 0.34 0.24 0.24

PG 2 0.31- 7.98. 3.99 8 0.67- 4.99 2.>5 2.68
Au

0.07- 5.il'"
2.90 2.90

PRl1 11 0.8B 1].88
Hi Vel C 1 1.33 1.33 1.35

1.i1l1 Operator PRO 3 0.32- 0.82 0.49 0.49
PC 2 0.81- 5.36 3.09 3.09
AEC 0.74 0.74

~lItrel Laboratory PRO 10 1].17- 2.03 0.52 0.51

ro 10 0.32-18.68 4.41 4.41
AfC 0.42 0.42

J(acll1ne Shap (Io!.>intenance) PRO 41 0.10- 0.37 0.23 o.n
PG 1 0.704- 1.77 1.25 43 1].16- 6.8 1. 51 I.Sa
J,EC 0.20 D.2a
P\l.U 21 0.OS-58.S 3.29 3.2!1
Hi Vol Jl ' 1 0.18 O.lB 0.18
Hl Vol C 1 0.64 0.6-1 0.64

launlry Operatcr PlUl 1- 0

0.29 C.29 0.29
PC 1 0.87 0.-87 a.1l7
A:£C. I 1.G4 1.~

UC Furnace Charge Han PRD 4 0.18- 1.04 C.47 0.47
PC i 4 1,.9S-10.5S 4.68 4.68
IH. 2.85 2.85

uc furn:.ce Crew Chief l'Rll 1 0.49 0.49 0.49
PC' 1 4.86 4.86 4.86
M£ <l.01 2.01

Arc Furnace Helper PRD J 0.32- 0.93 .0.S9 0.59
PC J J.28-19.9 8.07 8.a7
AI;C 2.03 2.03

Ilbtcr PRO 2 0.17. 0.B4 O.so 0.50
PC' 1 4.64-Ui.3 10.47 10.47
Mt: 2.05 2.05

Ajax Furnace Operator PaD 14 0.17- 0.80 0.41 0.41
PG 14 'O~12-18 .43 • 2.2S 2.25
loB: 0.57 0.57

, .. .
k!:yl1iutl Heul Prcductiall PG 19 0.18-25.11 6.30 - - 6.30

PRU 41i 0.06- 3.26 0.65 - 0.Ci5.
TechniCal Reseuch , Developnent

..
PC Z 0.31- 1.18 3.75 .' 3.75
I'RU S 0.09- 2.64 0.97 0.97. -

llUpectloll and Q.lality Contral ~ 1 ZI. 0.26-lS.42 9.34
' .

t.34

Ilnlene and Safety PC 1 0.2S 0.28 0.28
PRl1 7 0.11- 2.57 0.98 0.9a

;

.--
.. --- '--

lJi~y hoduetien -f(; S 0.81-12.5 9.C P.O
PRU 51 0.08- •• 29 0.9& 0.96
Hi Vol R 2 3.97- 3.97 3.97

.
:S.97

Hi Vol G 2 32.3 -62.1 47.50 41.50

.1.11°1 PrQ<jue ts 'J'C S 0.1- ".6S 3.40 3.40
hu 1 0.1. 9.3 1.55 1.SS..

Stock lOOCl Shlonin... I Reeeivin' PRU 2 0.09- 0.1l9 0.09 0.09

S~bol': PRO
PC
Ate'Ill) :
III Vol ll:
tU \''ll c:
•
••

PersoM I Respirable O,1"pened Pump salllpi e
Persona I Cross Sampl e ..
Atomic Energy C~~issioll $>mpling Method
Per.o~l Respirable VnJ~mpcncd ~pSamrle

Hi Voh",c Pump Collecting Rcspirablo So"pl.
t!l Voh.:",e Pump Collecting Gross S-1mpl•
Fresh Air ~sk ~orn

Fresh Air Mask Worn On 50:110 Operationll
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~.LJ III-'l»CI' C

-
Oi'i:J-.A':lCS ;:ii'i ,J?

"
l •.;.;~:,: 1: ~J:Jd A,-,,) rr;ASE: II; ~-:;.";~. c? r::. ... ,·.. ;YL- f'.-.....:.s:: 111: : J;' J "J ....'.:-.>:.

SAKPU '07" .-'=;I'~"S- ",;'i" ~",-"'~1i'::';;L ,., ..... "'··''..-':"Y'" :~..:C~:...:.~~7'IO ..,

'0. Oi' CJJ~~~~.~~~:Q ..i
'.. ,./. U:' 1..... '.; ..,:~,...~•• ~:;;'.'J :0. C' C~ .• ::;,.- ..~ ....,;.:I;N logB4/Wt)

SAH?LES "';'~~US ~.r=~/,"f) ·A.~PL!:E ... ".;.~h., J

!Ur. , H• .l'1 3.=r.·t! }.!e='" f::'''_:11 ,1,1";'1."

Or. lIoN SiII.orln.

,
PRJ) 15 0.09· 2.'. 0.5

1.83 I 0.53
PC 16 0.39- 21.1 4.3 16 0.4 _ U .• 3.1
PIUJ 16 0.0 _ 0.6 O.l' 0.24
HI Vol I 1 0.1 0.1 0.1
HI Vol G 1 1.31 1.31 l.sa

1I1'fraI14. Pro:luc t. LOD • PC 1 2.94 2.94 2.94
PIUJ , 0.07· 1.4 0.47 0.47
HI Vol I 1 1.71 1.71 1.71

IU7l1.1ua lenat PTW'oM:t.iOAo PC • 0.49·130.5 45.6 45.6
..U 54 0.06· 43 •• 2.31 2.31
III Vol I 10 0.17- 30.2 4.36 4.36
Hi Vol G 10 0.74·237.0 26.0 2'.0

Alai.lo. Mill - 16 0.05. 14•• 4.4 4.46

PC 16 2.' • 74.7 38.0 11 0.1 -114&.0 1&0.00 IS.C
uc 49.4 49.4

PIUJ 11 0.4 • 11.' 3.06 3.06- ..
foodor Maker PU 11 0.11- 11.0 4.43 4.43

PC 11 2.57-261~ 60.1 6 2.5 ; 43.1 2&.6 48.5
AK. 6.4 6.4
PIUJ '. 0'•• - •• 45 3.68 3.M

Ill. _lor PRJ) 13 0.19- 10.6 2.03 2.03
PC 13 1.37. sa.6 12.'5 5 '2.97. 91.6 25.0 16.22
UC 5.1 3.1 .,llU S 0.97- 7.&7 3.4 3.4 •

C1UlI'loa Loth. ~.ar PRJ) 1 0.13- 6.%3 2.52 2.52
PC "'. 4.2 • 29.' 11.38 3 3.7 -2!69" 9.2' 10.73
AEC 4.6 4.6
PIUI 3 0.11· 1,'0 0.92 0.92

tros. Opera'or PU 9 0.15· 22.5 1.74 1.74
PC 9 0.49- %3.2 4.' 6 0.7', 2.10 1.56 3.50
AEC l.i - 1.3
PIUJ

,
0.0 - 0.33 O.lS 0.15

,........ PU t 0.15- 11.6
~:~

1.74
PC --

, 0.42- 18.7 1 3.30 3.30 3.'2
• PIUJ 1 0.66 0.66 Oe66

1IadU. $I1op PU 20 0.11- 1.07 0.51 0.51
PC 4 0.17- 4.5 1.55 20 0.6D- 5.20

2.21 • 0.67- 3.1. 2.36 2.20,au 21 0.07_ 3.7 0.56 • 0.0. 0.42 0.15 O.4S
111 Yo1 c: 1 0.50 0.50 ! 0.$0

- '-

Iceauaw-cioa Utility Mala-cenanc. I'IlD 31 0.26.35.0 3.28 I 1.26

PC ,'. 31 0.63-S62.0 43.35 12 1.9- 3S.S •• 07 3.1.0&0

PIUJ ~ 0.10- 1.20 0.19 12 0.0· 19.7 2.20 1.1.

! I,'
CILlp Process Operator JlUl ". I 15 ; • 0.72- 4.03 2.17 2.17

PC 15 4.10- 96.0 32.4 • ., 14-111.9 26.'0 30.30· 6.50 6.50
AEJ:,all , 0.16- 2.2' 0.90 0.90. :

W..c ,1&,,1: Fl\1OTtde ledoetlOtl 'l.n~ PRO '03 0.0 - 5.16 0.9S 0.98

PIO 4l 0.21- 29.0 3.6l 29 0.57. 9.5> 2.6' 3.24

PIUJ
29 - 0.01- l.1. 0.56 0.56

hocu, o-v.lopeent Labcratory PiU) 16 0.31- 13•• 1.17 1.67

PC. 16 1.20-113.4 123.0 .. 0.16- 5.06 2.0' 9'.CO

PIUI
4 0.0 • 0.44 0.27 0.27

,.~ rvruc. Operator PiU) 14 0•• - 4.23 1.75 1.7>

PC 13 0.3 - 56.5 15.7
, 1 1 • 35.. 9.1'0 5.6 11.60

rail • - 0.0 - 1.19 0.55 0.55

TechAlcal l.spl'c.h , D....lopa.ent PIUI • 0..06- 1.1 0.61 '.63

I .
,

Jas,.ed.... ~'U.y Control Pc: J 0.29. 1.59 1.00 1.~

PlUJ 4 0.07- 0.1 0.06 0.0&.'.
IInl.... SaC..y Ie i 2.49 2.49 2.49

PlIU I 0.11- 0.51 0.2 - 0.2

keel. 11Illl'ln•• 1...lvln. PIll I 0.05 0.05 O.OS
- -

I~""'b: PlID
PC
I.EJ:
PIUJ •
111 Yol • :
III Yo1 G I

___ ~_., _.. .1

'~t',onal le,plrabte D-lllpencd ~p Saaple
Personal Crou Sa.'!Iple
Atoale Ener.y COC'.llIlssion S:UllpllnC Method
Penonal Respi.r.bl. Ul"IJ.1r:'1peneJ P\L"Ip s..mph
Hi Volu.:n F\icp Colhc.tlni R.... 'piub1e SUpt.
Hi VO hs:t. P\lI:p CoU ec t tnt: Crou Sapl.
bcl~-.d one I\i.h ul~.
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. "r 1i,,50 A:ID li';L4SE J.I: S';/uE OF P£Nl;SYL- -"f~:.'
OPERAIIQ!i ZiPE OF' Pi~SE I:

'.9111 ~r,r:;t'l:::"V'" r''''T~ rl ·~:;O.A.r'i' (1'O?'_'0??)" CQI';;~,·.·':'.~":'IOI.'r·
SAMPLE IlgBe/,.,J

NO. OP C().,·,-·~:,".'irl T10,'1 M. OE' CC;I·:.:i:.·:,·~~~h.T 10...-:
SAKPLtS ~-;o5'e!713 SA.'f'PU;S w?3(!!",,3. t.

Ra".?" .·!e~n Ra. ....."';fl gc~r:

17 0.3- 16.4 3.08 3.08
Qlcide Production PPJ)

17 2.0-136.0 37.42 37.42
PC I
PIlU 1 2.14 2.74 2.74.

1.70
'lcklini G Flatini PC 4 0.34- 5.42 1.70

0.24
P1tU I 0.12- O.~~ 0.24
Hi Vol Il 1 10.53 10.53 - 10.53

I

PIlU 7 0.26- 1.05 0.50 0.50
Foundry .

Hi Vol C 1 7.91 7.91 7.91

Alloy Production PRD 33 0.1 - 26.9 3.21 3.22
PC 7 0.14-136.0 21.35 32 0.1-125.0 26.Hi: 25.30
PRU 39 0.14- 19.3 1.40 1.40

: Hi Vol R 5 0.56- 8.87 3.30 3.30
Hi Vol G 4 0.27- 42.6 14.90 14.90.

ROl! "ire G Extrusion PC 3 0.37- 0.38 0.38 0.38
' .. PRU 14 0.07- 0.84 0.24 0.24

Hi Vol R I 2.29 2.29 2.29
'. Hi Vol G 1 2.88 2.88 2.88

Hot Mill PC 2 0.26- 0.42 0.34 0.34
PIUJ 13 0.10- 0.70 0.41 0.41

.
tole! Mill PC 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..
iii Vol G .3 0.04- 0.16 0.08 O.OS

Annealing , Hea.t l'r ea. ting PC 1 0-.28 0.28 0.28
PRU 9 I 0.10- 0.30 0.21 0.21
Ai Vol R. 1 0.06 0.06 0.06
Hi Vol G .2 0.08- 0.82 0.45 0.45

tool Assecbly PiuJ 3 0.07- ·O.~,7. 0.14 0.14

KaclUne Shop 'pc 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 4 Development PC 1 0 •.35 0.35 0•.35
PRU 7 0.12- 0.36 0.22 0.22

Alloy hoducts PRD 48 0.1 - 5.00 0.69 0.69. PC 46 0.1 - 6.50 3.53 3.53

Hyeiene GSafety PRO 3 0.6 - 12.0 4.23 4.23
PC 3 6•• - 19.5 12.43 12.43
'RU 1 0.07 0.07 0.07. ....

. . . ..

Maintenance
.

PRO - .7. . 0.1 • 1.5 0.26 0.26
PC 3 0.32- 0.33 0.32 7 O.S - 29.1 :2. 94 2.1SfiW 3 0.07- O.S 0.32 0.32

1uncb ROCI:I 'RU . . 1
.. . 0.19 0.19-. . . 0.19

S)'IIbols: PRO
pc
AEC
PRlI
Hi Vol It:
Hi Vol G:

Personal Respirable Dampened Pump Sample
Personal Gross S~ple

Atlr.lic Energy CO"lJ:lission Sampling Method
Personal Respirable UnJ~~pencd ~~p S~~ple

Hi Volume Pump Colleeting Respirable ~~plo'
Hi Volume Pump Collt::eting Grou Sa.~plo
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HEALTH AND SAFETY SECTION OF THE SALES CONTRACT

BETWEEN ATOMIC ENERGY CGMISSION 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 p/m3, but is less than 5 ~/m3, the Contractor will submit
plans for necessary corrections for Commission approval and
provide all personnel exposed in this area with approved
personal respiratory protective equipment. If the daily
average concentration exceeds 5 ~/m3~ the operation in
question will be halted until the necessary improvements can
be accomplished. A daily average concentration exceeding
2 p/m 3 will not be permitted to exist for a period exceeding
60 days except 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 ~/m3 have
been accepted by the Commission.

b. In the event that a single air sample shows a concentration in
excess of 25 ~/m3 within the operating area, but is less than
100 ~/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 copcentration. If
the concentration exceeds 100 ~/m3 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 bel'ow 25 u/m3 •
In no case will concentrations above 2S ~/m3 be permitted to
exist for a period exceeding 60 days without the specific

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

B. Out-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 ~/m3, the plant will be expected to inform the
AEC of specific procedures which will be undertaken to reduce
the air-borne concentration. In the event that the concentration
exceeds 0.05 ~/m3, operations will be immediately halted and the
necessary corrections made to reduce the average concentration
to below 0.01 ~/m3. In any event, concentrations above 0.01 ~/m3
will be permitted to exist for not more than a 60-day period
unless specifically authorized by the Commission. Such
authoriz~tion will be forthcoming only if steps are being
taken which are expected to result in a satisfactory reduction
in effluent material.

C. 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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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.

b. 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.

c. 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 I 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.

E. 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.

F. Reports

Submit such reports as the Contracting Officer may request.
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Substance:

Beryllium and beryllium compounds

Standard:

8-hour average: 2 ugjm 3

Ceiling:. 5 ug/m 3 (30 min.)
Peak: 25 ug/m 3

Analytical Method:

Atomic absorption
Detection limit: 0.02 ug/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 Ipm with cassette face cap on and small plug removed.

Sample Size:

For ceiling limit evaluation, use 30 minute samples. Minimum
of 60 minutes for measurement of 2 Ug/m3 limit. Longer samples
up to 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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