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Abstract

The primary responsibility of the Health, Safety, and Environment (HSE) Division at the Los
Alamos National Laboratory is to provide comprehensive occupational health and safety programs,
waste processing, and environmental protection. These activities are designed to protect the
workers, the public, and the environment. Many disciplines are required to meet the responsibili-
ties, including radiation protection, industrial hygiene, safety, occupational medicine, environ-
mental science, epidemiology, and waste management. New and challenging health and safety
problems arise occasionally from the diverse research and development work of the Laboratory.
Research programs in the HSE Division often stem from these applied needs. These programs
continue but are also extended, as needed, to study specific problems for the Department of Energy
(DOE) and to help develop better occupational health and safety practices.

Two supplied-air suits tested for their functional protection were considered to be unaccept-
able because of low fit factors. Respiratory protective equipment testing for the US Air Force, Navy,
and Army was performed during 1984. Several laser methods were evaluated to find noninvasive
techniques for sampling tracer aerosols that penetrate into the facepiece of a respirator. Two
practical methods were developed that achieve reproducible data on fit factors up to 5000. An
environmental chamber was constructed for determining the effects of temperature and humidity
on respirator fit under simulated work conditions. Tests showed that submicron oil-droplet aerosol
penetrated all respirator filters tested to a greater extent than did a fibrous chrysotile aerosol.

The laser aerosol spectrometer (LAS-X) has been shown tc operate successfully for measuring
and sizing aerosols used for quality assurance testing of high-efficiency paniculate air filters used
at DOE facilities.

Radioanalyses for 239Pu and 24lAm are presented for the complete skeletal parts of two persons.
The studies demonstrate more active turnover of cancellous bone surfaces than of compact bone
surfaces and more rapid redistribution of americium than of plutonium.

Air samples from work areas in a coal gasification plant in Yugoslavia show minimal concentra-
tion of organic vapors, amines, polynuclear aromatic hydrocarbons, and phenols. Aerosol
characteristics of oil shale vapors and manmade vitreous fibers used in ongoing inhalation
toxicology studies are presented.

Epidemiologic studies of smoking patterns among Los Alamos employees reveal 24.3% smokers
compared with the US rate of 32.5%. Earlier cancer incidence studies of Laboratory employees
from 1969 to 1978 showed a marked deficit of smoking-related cancers.

Environmental surveillance at Los Alamos during 1984 showed the highest estimated radiation
dose to an individual at or outside the Laboratory boundary to be about 25% of the naturai
background radiation dose. Surveillance studies on water and sediment transport of radionuclides,
depleted uranium, and silver are described. Studies of impacts on flora in the Los Alamos area
throughout its settlement by man were published in 1984. The strongest agents of disturbance in
recent times have been fires, logging, and insect pests. Further developments of the BIOTRAN and
HUMTRN models are described. These models are designed to predict and to assess the impact of
acute and chronic releases of pollutants on people.

Bibliographic review of the rooting depth of native plants indicates that even many grass
species will root to depths greater than the earth overburden depths to cover low-level radioactive
waste sites. These overburdens are usually between 30 to 90 cm. The findings of these studies
should be helpful in selecting specific species of plants for site stabilization.
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Introduction

Protection of its employees, the public, and the environment is a major concern of the Los
Alamos National Laboratory. The mission of the Laboratory's Health, Safety, and Environment (HSE)
Division is to ensure that this concern is successfully transformed into sound engineering and
administrative approaches to health and safety at the Laboratory.

An important adjunct to achieving this goal is occupational health and environmental research
for identifying and solving problems affecting Laboratory operations. Technical resources of the
Division are also applied to nationally significant occupational health problems. These objectives
are achieved through an integrated approach that combines technical support and applied
research activities in health physics, industrial hygiene, occupational medicine, epidemiology,
industrial safety and fire protection, nuclear criticality safety, waste management, and environ-
mental surveillance.

The organizational structure, management personnel, and consultants of the HSE Division are
listed in the organizational section of this report. In February 1984, the Health Physics Group (HSE-
1) was spiit into three groups that provide radiation protection and some other safety services to
specific parts of the Laboratory. The new groups are Radiation Protection (HSE-1), Chemistry
Health Protection (HSE-IO), and Accelerator Safety (HSE-1I). In January 1984, the analytical
chemistry staff and laboratories in the HSE Division were combined to form the new Health and
Environmental Chemistry Group (HSE-9).

HSE Division 1984



RESPIRATOR STUDIES FOR THE DEPARTMENT OF ENERGY

Authors: O. D. Bradley and J. D. DeField
Technical Assistance: A. G. Trujillo, K. C. Carter, andj. Loibl
Group: Industrial Hygiene, HSE-5
Funding Organization: Department of Energy (DOE), Office of Operational Safety (OOS)

This program helps ensure that DOE contractor personnel are adequately protected by
personal respiratory protective equipment. Areas of support include (1) technical consultation to
DOE and DOE contractors, (2) acceptance testing of special respiratory protective equipment that
cannot be approved by the existing National Institute for Occupational Safety and Health (NIOSH)
approval schedules, and (3) special short-term respirator studies as directed by the DOE/OOS.

Acceptance Testing of Unapproved Devices
Two DOE contractor devices were submitted to Los Alamos National Laboratory. The establish-

ment and review of standard operational procedures (SOPs) as well as on-site inspections were
initiated and completed in accordance with the DOE Los Alamos test requirements.' Final testing
and submission to the contractors' Respiratory Advisory Committee (RAC) for review were
accomplished in FY84.

One supplied-air suit was submitted by the Los Alamos Van de Graaff Neutron Research
Facility. Initial review showed the SOP to be inadequate. This device is a modified version of a suit
that has been approved for a different operational procedure at Los Alamos. Enough difference
existed to require the newly submitted device, its hardware, and a rewritten SOP to be reviewed by
the RAC in accordance with DOE/Los Alamos requirements. Testing and review by the RAC were
completed in FY84.

The RAC recommended to DOE/OOS that this device was not acceptable for use at Los Alamos.
This recommendation was based on the low fit factors (FFs) and failure of the supplied-air hose
kink test following RAC supplied-air suit test procedures.

A request for a second device to be tested for a one-time specific operation at Los Alamos was
also received. This device is a one-piece supplied-air suit manufactured by ILC, Dover. Review of
operational procedures and testing was completed during FY84. Review by the RAC resulted in a
recommendation to DOE/OOS for nonacceptance of this device for use within DOE. This
recommendation was based on low FFs following RAC supplied-air suit test procedures.

Testing of Commercial Devices

Ten commercial supplied-air devices were tested during FY 1981. The evaluations of these
devices and others that have been tested and accepted for DOE contractor use by DOE/OOS were
assembled into a catalog titled "Index of Accepted Devices" during 1982. This index has been
reviewed by the RAC. The title has been changed to "Evaluation of Unapproved and Other Special
Respiratory Protective Devices of Interest to the US Department of Energy." Committee members'
comments have ;>een incorporated where applicable. These revisions have been reviewed by the
RAC and were published in FY84 as Los Alamos National Laboratory document LA-UR-84-846. This
document is being distributed to DOE Operations Offices and contractors.
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Acceptance-Testing Procedures for Air-Line Supplied-Air Suits

Two documents, "Specifications and Test Procedures for Air-Line Supplied-Air Suits" and
"Respirator Advisory Committee Charter," were reviewed by DOE/OOS and the RAC. Both
documents have been revised to include reviewer's comments and have been published as a Los
Alamos National Laboratory report. Distribution is being made to DOE Area Offices and contrac-
tors.

Technical Consultations
Consultations during FY84 included discussions with DOE contractors on the selection of

respiratory protection equipment, modifications of existing equipment that may be used with oils
substituted for dioctyl sebecate and dioctyl phthalate, and a cursory survey of what other facilities
are using as a respirator fit testing aerosol. The most frequent questions were on what may be
substituted for the M17A1 respirator for specific applications of security and rapid-response
personnel. In the majority of instances, the MCU-2/P has been recommended. Consultations were
also held with Argonne West on a special supplied-air suit for environmental cleanup. Continued
technical support was given to the Rocky Flats plant for supplied-air suit modifications.

Evaluation of Qualitative Versus Quantitative Fit Test Procedures

This evaluation of qualitative and quantitative fit test procedures was established based on the
merits of providing respiratory protection to workers, on relative management advantages, and on
costs associated with the two types of fit testing. Because fit testing represents a major factor in the
reliability and costs associated with respirator programs, an analysis based on this evaluation will
allow DOE/OOS to ensure that high-quality and cost-effective respirator programs are provided for
contractors. Comments received from OOS and the RAC have been incorporated into the final draft
submitted to OOS.

Respirator Program for Small Contractors

This model respirator program, containing the minimum requirements and designed to satisfy
the intent of ANSI Z88.2-1980, was developed for DOE contractors with a limited or small number
of personnel. Consequently, this program will allow DOE to ensure that all contractor facilities
will have adequate programs. During FY84, this program was submitted for peer review. A final
draft that incorporated the comments and suggestions of reviewers was submitted to the RAC for

Reference
1. O. D. Bradley, "Acceptance-Testing Procedures for Air-Line Supplied-Air Suits," Los Alamos

National Laboratory report LA-10156-MS 0une 1984).
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EVALUATION OF RESPIRATORY EQUIPMENT FOR THE US AIR
FORCE

Authors: O. D. Bradley andj. D. DeField
Technical Assistance: K. C. Carter, A. G. Trujillo, and J. Loibl
Group: Industrial Hygiene, HSE-5
Funding Organization: US Air Force (USAF), Life Support Systems Program Office

In the event of an overt action using airborne chemical agents, USAF air and ground crews may
be exposed to hazardous atmospheres that can cause temporary impairment of eyesight or can be
toxic to the respiratory system. The USAF is presently testing and evaluating several systems for
high levels of respiratory protection and compatibility with ground and aircraft crew operations.
These respiratory fit tests may indicate possible areas for improvement of protection provided to
wearers. This evaluation requires each unit to be tested on a selected panel representing the facial
dimensions, sex, age, and facial and scalp hair of potential users of this equipment. These studies
quantitatively evaluate the degree of protection provided to the eyes, forehead, and neck of the
wearer.

To quantitatively and realistically determine the protection afforded by each device, the test
program was designed to (1) obtain data in a nontoxic atmosphere simulating what may be
expected in an overt action; (2) obtain quantitative data defining protection afforded to the eyes,
respiratory zone, and neck and shoulder areas; (3) obtain data on evaluation for possible areas of
improvement of the devices and operational procedures; and (4) provide data while the test
subjects are performing specific movements similar to those performed by a pilot, air crew, or
ground crew.

MCU-2/P and MBU-13/P

This program evaluates special or newly developed respiratory equipment to be considered for
use by USAF personnel. Testing and data analysis have been completed on the MCU-2/P and the
MBU-13/P- These tests indicated that the MCU-2/P (without hood, and with hood in the pressurized
mode without a Valsalva test maneuver) provided approximately 80% of the panel with a fit factor
(FF) of 10 k. The MCU-2/P was also tested with Criss Optical combat spectacles, which caused its
performance to deteriorate appreciably. The MBU-13/P provided approximately 50% of the panel
with a FF of 10 k. A draft report has been prepared and submitted for final review.

The Integrated Chemical Defense System

The Integrated Chemical Defense System (ICDS) is an advanced flight helmet and breathing
system designed for high-performance fighter and attack aircraft. This system was designed and
prototyped by Gentex Corporation, Carbondale, Pennsylvania, to meet specifications established
by the Individual Protection Branch, Chemical Defense Division, Wright-Patterson AFB, Ohio.

In addition to providing full head protection, breathing, and communications services during
normal flight conditions in nonchemical defense environments, the ICDS also provides protection
to the head, eyes, neck, and respiratory system from exposure to toxicliemical/biological and
nuclear flash environments. This protection is provided during both ground and in-flight opera-
tions.

The primary objective of this program was to determine the level of protection afforded the
wearer by this unit in a laboratory simulation of a complete operational scenario. This scenario
included exercises that simulated air crew movements in ground and in flight operations with the
subject connected to a portable chemical defense filtration and communications unit (Portapac).
During the testing, the subject disconnected from this unit, connected to the aircraft regulator and
blower system, and subsequently reconnected to the Portapac.
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The most significant datum obtained in this testing is the correlation between oxygen mask fit
and the FF obtained. Oxygen mask fit is rated as "E" Excellent, "G" Good, "F" Fair, or "P" Poor.
The FF obtained matches this mask fit pattern for 95.5% of the test panel (Table 1). The only
exception was subject No. 13.

The correlation between FFs and oxygen mask fit indicates the mask fit to be very critical to the
performance of the ICDS unit. Three known factors contribute to this: (1) the eye cavity is not
ainight, (2) the eye cavity has no measurable positive pressure, and (3) the breathing resistances
average between —3.5 in. H20 inhalation and +5 in. H20 exhalation. If the oxygen mask fit is not
adequate, the inhalation and exhalation of the subject create a pumping action in the eye cavity
causing contaminants to be drawn in.

The data from this test indicate this device has a FF in excess of 10 k for 75% of the 24-person
panel used. The following conclusions were made from these data:

1. A better oxygen mask fit for a greater percentage of the population is necessary if a higher
percentage of acceptable eye cavity FFs are required.

2. These data indicate the necessity for more ergonomic studies in relation to the disconnect
lanyard, oxygen/helmet air hoses, and wearer.

3. The data strongly indicate that a higher airflow rate to the helmet eye cavity is necessary.
This is evidenced in two parts of the data:
a. Ifexercises6and 14 (disconnects and connects) are discounted, 78% of the penetra-

tions detected were with the subject connected to the aircraft regulator. In this
operational mode, helmet airflows are 55% less than with the Portapac.

b. With the subject connected to the Portapac, 100% of the penetrations detected were for
exercises 1 -5; the average flow for this phase of testing was 4.9 ft3/m compared with an
average flow of 6.03 ft3/m for exercises 15-17.

TABLE I. Individual Subject Data for ICDS Helmet

Subject
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

a"E" Excellent,

Evaluation of
O2 Mask Fit3

E
E
E
E
G
G
G
G
G
G
G
G
G
F
F
F
F
F
F
F
P
P
P
P

"G" Good, "F" Fair, '

Average
FF(k)

20
20
20
20
20
20
20
20
20
20
17
14

2
20
20
20
16
14
12.5

4
5
4
2
2

"P" Poor.

Helmet
Size

4
4
2
4
6
4
4
2
6
4
2
6
2
4
6
4
2
2
6
2
4
4
6
6

Oxygen
Mask
Size

Regular
Regular
Regular
Regular
Regular
Regular
Regular
Regular
Regular
Short
Short
Long
Regular
Short
Long
Regular
Short
Short
long
Regular
Short
Regular
Long
long
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EVALUATION OF CHEMICAL PROTECTIVE MASKS FOR THE US
NAVY

Author: A. L. Hack
Group: Industrial Hygiene, HSE-5
Funding Organization: US Navy

The present Navy protective mask, Mark V, is a 30-yr-old design that has the following
deficiencies: availability in only one size; lack of a nose cup, which causes lens fogging; difficult
adjustment of the upper straps; and use of obsolete, high-resistance filters. The Navy is considering
use of the MCU-2/P (formerly the XM-30 mask) for potential replacement of the Mark V. We have
prepared a test protocol in which we propose to compare the fit factors measured on approx-
imately 40 subjects wearing the Mark V mask, a modified mask that contains a nose cup, and the
three sizes of the MCU-2/P. The MCU-2/P mask is shipped with a transparent outer cover, the
outsert, whose original purpose was to protect the mask and to help hold its shape. Now the outsert
is being considered as a protective cover to be worn during use. Brief preliminary tests indicated
that the outsert does not affect fit adversely. We intend to make additional measurements using all
of the test subjects on all three sizes of the MCU-2/P mask, both with and without the outsert.

WORM R
PHUU C HUN

EVALUATION OF CHEMICAL PROTECTIVE MASKS FOR THE US
ARMY

Authors: A. L. Hack and C. I. Fairchild
Participants: O. D. Bradley, B. J. Skaggs, J. F. Stampfer, andj. D. DeField
Technical Assistance: K. C. Carter, A. G. Trujillo, andj. Loibl
Group: Industrial Hygiene, HSE-5
Funding Organization: US Army, Chemical Systems Laboratory

Tests to compare the fit factors of the current Army M17 protective mask with the XM-30 mask
were performed in the previous fiscal year. Both oil and sodium chloride test aerosols were used to
test the fit of the masks. Data on the M17 results are classified, but some highlights of the results
found on the XM-30 are reviewed here.

• Mask penetration results differed in using the oil aerosol fit test system built by Los Alamos
compared with the sodium chloride system. Additional study to develop standard fit test
methodology is needed.

• Soldiers were instructed in how to wear the M17 mask during their initial Army training. In
this experiment, half of the troops were retrained in mask use, and then all of the test
subjects were reevaluated for mask fit. There was no discernible difference in the mask
performance between those soldiers retrained and those not retrained. Possible explana-
tions are that the original training was so complete that no additional improvement is
possible or that the training given was too limited or improper for the mask.

• The present qualitative fit tests using isoamyl acetate or a standard tear gas (CS) can perhaps
be used to indicate that some minimum level of protection has been met, but passing of one
of these tests does not imply that fit factors of 1000 or greater have been achieved.
Development of qualitative tests sufficiently sensitive for the purpose should be considered.

• Table II gives fit factors achieved by selected percentages of test subjects while wearing the
XM-30 mask.
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TABLE n.

Size

Large
Medium
Small

XM-30 Fit Factors

Number
of Subjects 10%

1
36 10 000
32 10 000

25%

10 000
10 000

50%

10 000
5 000

10 000

75%

800
1 000

90%

400
400

LEAKAGE PATH STUDIES ON THE M17A1 RESPIRATOR

Authors: J. F. Stampfer, A. J. Trujillo, and R. J. Beckman*
Groups: Industrial Hygiene, HSF.-5, and *Analysis and Assessment Division, S-l
Funding Organization: US Army, Chemical Research and Development Center (CRDC)

From March to May 1983, the Los Alamos National Laboratory conducted a study at the CRDC to
determine the fit factor (FF) provided by the Ml 7A1 respirator. Later, Los Alamos was asked to
provide information on the most likely location of the leaks that occurred during Phase HI of the
CRDC study. Two tasks were identified: first, differentiate between leaks in the mask itself and
those that occur at the periphery, that is, at the mask-to-face seal; second, pinpoint the location of
these leaks.

The experimental method follows. A very flexible hood was attached to the mask between the
periphery and all mechanical components, for example, valves, eye lens, and drinking tubes, in the
face of the mask. This lightweight, flexible hood will be called a shroud to avoid confusion with
the standard Army M6A2 hood, which is normally attached to the mask. The M6A2 hood was not
attached to the mask for these experiments. During the initial fit tests, this shroud was rolled so
that both the front and periphery of the mask were exposed and a fit test was conducted. The
shroud was then unrolled and the free enJ attached to a hole in the side of the test chamber and the
same fit test procedure was repeated. Because only the periphery and not the face of the mask was
exposed to the chamber aerosol challenge, only leaks at the face-to-mask seal were detected. The
shroud was then removed from the chamber wall and the open end was passed over the subject's
head and tucked under the top of a vest worn by the subject. Again, the fit test was conducted. In
this configuration only the face of the mask was challenged. The subject then left the test chamber
so that the leak location could be located more precisely. This was accomplished by injecting
aerosol from a probe around the regions at which leaks could occur.

Thirty-four male subjects were used during this program. Each subject completed at least 2 test
series, with one completing 3 and another 4, giving a total of 71 test series. In three other tests, the
masks slipped on the subject's face so that the nose was almost or completely out of the nose cup.
These were considered invalid tests and the data are not included in the analyses.

In all tests, leaks were found in the periphery/face seal. None could be associated with any
mechanical component. Table III shows the location of these peripheral leaks. The values in this
table are the number of times leaks were located in the specified areas. Although both the right and
left sides of the periphery were probed separately, the results for the right and left temple, cheek,
and face areas have been combined.

The FFs achieved during the first fit test of each series are shown in Table IV. The ranking of FFs
is based, first, on the total number of tests and, second, on the worst FF found for each subject.
These FFs are considerably higher than those found during the testing at CRDC. One possible
reason for this difference concerned the Army M62A hood, which is often worn with the respirator.
Although not part of the work plan for this project, each of the test subjects was recalled for a series
of follow-on experimental fit tests:
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1. One of the same masks used in the previous tests was used with the M6A2 hood attached.
2. Without removal of the mask, the hood was carefully cut off.
3. The mask was taken off, and after at least 10 minutes for the facial skin to relax, the mask,

without the hood, was redonned.
4. Again, after at least 10 min, a different-size mask was donned. If a small mask had originally

been worn, a medium mask was used in this "misfit" test. If a medium or large was the
original size, a small was used. A small was used to replace the large because only the small
has the small periphery. The medium mask has the same periphery as the large but with a
smaller nose cup.

In summary, on the basis of the data obtained in the leak location testing, we concluded that
the most likely locations of the leaks detected during Phase III of the CRDC testing were at random
locations around the periphery.

WORKFR
PROTfcC'.ION

TABLE III.

Mask
Size

Small
Medium
Large

Total

M17A1 Leak Locations at Los Alamos (Fall 1983)

Total
Number
of Tests

in Which
Leaks

Number of Times Leaks Were Found
at Given Location

Occurred Forehead Temple

7
6
3

16

3
4
1

8

3
4
2

9

: Cheek Jaw

I 3
5 4
1 1

7 8

I FFs for Tests
in Which Leaks

Under Were Not
Chin Located

1 13,1^,19(000)
2 1 8 000
1 17 000

4 (5 Tests)

TABLE IV. M17A1 Los Alamos Testing (Fall 1983) Ranking of Fit Factors

Based on Number
of Tests

(55 tests at
20 000 or
better)

20 000
19 000
19 000
18 000
18 000
17 000
17 000
14 000
13 000
10 000
9 000
3 000
1 500

800

300
100
100

(71 tests)

Percentile

77

90

92

95

Subjects Based on
Worst FF

(22 subjects obtained
20 000 or better in
all tests)

20 000
19 000

19 000
18 000
18 000
17 000
14 000
13 000
9 000
1 500

800
300
100

(34 subjects)

Percentile

62

75

85

90

95
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From the follow-on studies, these tentative conclusions have been drawn:
1. The M17A1 mask can afford good protection if the proper size, without the M6A2 hood, is

donned correctly.
2. The M6A2 hood may distort the periphery causing leaks that are partially masked by the

presence of the hood.
3. The position of the ears and hairl ine with respect to the periphery is more important in

determining the correct mask size for an individual than the position of the eyes in the eye
lens.

4. Small masks fit a greater percentage of the population than what is reflected in the existing
Army tariff.

5. A donning procedure that would allow adjustment of at least some of the head straps
probably would increase the overall protection of the Army population.

PARTICLE CONCENTRATIONS IN EXHALED BREATH

Authors: C. 1. Fairchilcland (. F. Stampfer
Group: Industrial Hygiene, HS.*i-5
Funding Organization: US Army, Chemical Research and Development Center

A basic limitation on the maximum respirator fit factor (FF), which can be measured by using
an aerosol challenge agent and a nonspecific aerosol detector, is the concentration of panicles in
the air exhaled by the subject wearing the respirator. A series of experiments was conducted to
determine the magnitude of these concentrations.

Five subjects were tested in positive-pressure, full-face respirators supplied with particle-free
air. To further ensure that no ambient particles were inhaled, each of the subjects wore a supplied-
air hood in addition to the respirator and most of the tests were conducted in a chamber containing
air passed through a high-efficiency paniculate air filter. Two laser-light aerosol spectrometers and
a light photometer were used to detect and count particles in both inhaled and exhaled breath.
Preliminary tests were conducted to ensure that particles were not generated from the respirator
facepiece and transfer lines and that high-humidity air did not cause false signals during the tests.

The results of these tests showed that panicles in concentrations ranging from less than 0.1 to
more than 4/cm3 were exhaled (Table V). Although the concentrations were variable, the number
of particles exhaled generally increased as the subject's breathing rate or volume increased. Little
attention was paid to particle size distributions because of the low particle concentrations;
however, most particles detected by the laser spectrometer were smaller than 0.3-jim optical
diameter. During the tests the spectrometer and photometer results correlated well even at very
low panicle concentrations. The results of these experiments, in perspective, show the presence
of particles 5/cm3 in exhaled breath would limit the maximum FF that could be measured to
approximately ] 0^ with a challenge aerosol particle concentration of 5 X 105/cm3.
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TABLE V. Particle Concentration:

Subject/Test
l / a
1/b
2a

2b
3a
4a
4bc

5a
x, + Tt(Nod)
2ce—dry

humid

0
1
0

0
0
0
0.
0.
0.
0.
0.

Normal
Breathing

.08

.09

.32

.21

.22

.29
18
50
26
41

31

± 0
± 0
± 0

± 0.
± 0
± 0
± 0.
± 0.
+ 0.
± 0.
± 0.

.06(31)

.09(2)

.22(6)

.17(34)
,M(24)
20(28)
07(6)
39(26)
27(160)
34(12)
28(12)

0
0

: x ± 0 (No.)a

Talking

.4(1)

.71 ±
1.39 ±

0
0

0
0.

.15 +

.74 ±

.72 ±
59 ±

0.13(2)
0.47(2)b

0.10(2)
0.08(3)

0.19(3)

0.
0
2.

t

1.
0.
1.
0.
2.

0.23(11)0.
3.
1.

Deep
Breathing
18 ± 0.16(17)

.7(1)
4(1)

74 ± 0.83(12)
67 ± 0.72(3)
16 ± 0.11(3)
65 ± 0.46(4)
60 ± 0.04(2)

0
2

0.
0.

1.

98 ± 0.92(41)0.
04 ± 0.96(3)
50 ± 0.91(4)

Walking

.28

.22

21
38

19
77

± 0.21(2)
± 0.28(2)

± 0.04(3)
± 0.12(4)

+ 103(3)

Step-ups

0.20
0.96

0.29
1.33
2.85
1.25

± 0.83(14)0.98
0.36
1.15

± 0.27(5)
± 0.47(6)

± 0.18(7)
± 0.89(7)
± 1.55(3)
± 0.34(3)
± 0.99(31)
± 0.30(4)
± 0.40(3)

1

0
0

1
1

Coughing

39

.47

43

.86

.01

± 0.19(2)

± 0.42(4)
± 0.10(2)

± 0.50(3)
± 0.73(11)

aMean ± standard deviation (number of samples).
bShouting.
•Test with mouthpiece.
*T"otal for exercise.
cTest for effects of humid air.

EVALUATION OF BREATHING APPARATUS TESTS

Author: A. L. Hack and J. F. Stampfer
Technical Assistance: Steven W. Strandberg
Group: Industrial Hygiene, HSE-5
Funding Organization: US Bureau of Mines

The national standards for testing and evaluating breathing apparatus in Australia, Britain,
Japan, and CEN (European Economic Community, Common Market) were reviewed. An evaluation
of these tests and specific recommendations that the Bureau might consider adopting were
prepared and submitted to the Bureau.

NONINVASIVE RESPIRATOR SAMPLING

Authors: G. C. Salzman,* W. K. Grace,*J. F. Stampfer, and H. J. Ettinger
Groups: Industrial Hygiene Group, HSE-5, and *Life Sciences Division, LS-4
Funding Organization: US Army, Chemical Research and Development Center

The overall objective of this study is to develop and evaluate noninvasive techniques for
sampling tracer aerosols penetrating into the facepiece of a respirator undergoing quantitative fit
testing. The goal is to measure a mask fit factor (FF) of at least 1000 and, perhaps, as high as 10 000.
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Successful development of this technique for use with human subjects or manikins would permit
the evaluation of actual respirator performance without destroying the usefulness of the mask and
would assist in designing new masks.

In this phase of the study, we evaluated five different laser methods to accomplish these goals.
These methods made use of continuous-wave (cw), modulated-cw, and diode lasers; photodiode
and photomultiplier detectors; and lock-in amplifiers and boxcar averagers. The final and most
promising system used a 2-mW cw helium neon laser. Since the use of modulated beams and lock-
in amplifiers produces inherently better signal-to-noise ratios than the use of constant intensity
beam methods, an acoustooptic modulator and lock-in amplifier were used (Fig. 1). A 50-kHz
oscillator drove the modulator and provided a reference frequency for the lock-in amplifier. The
acoustooptic modulator varied the intensity of the 2-raW helium neon laser beam at 50 kHz. The
lock-in amplifier detected the signal from the photomultiplier tube at the 50-kHz reference
frequency. Noise outside a narrow band around 50 kHz was rejected by the lock-in amplifier.

This method, as well as all others, was tested against a di-(2-ethylhexyl)sebacate (DEHS)
aerosol, 0.2- to 0.3-um geometric mean diameter, contained in a blackened box. The results from
the modulated helium neon laser system when tested with an aerosol concentration of 30 mg/m3, a
common concentration used in quantitative fit testing, are shown in Fig. 2. The circles are centered
on the lock-in amplifier output voltage values. The values were stable at each aerosol concentra-
tion so no error bars are shown. The data point represented by the triangle is for filtered air.
Significant discrimination between aerosol and filtered air was obtained down to aerosol concen-
trations corresponding to 0.02% (FF = 5000).

Although these results only define the sensitivity of this system to aerosols contained in a
blackened box, they indicate that the Army requirement of measuring FFs to as high as 7000 can be
satisfied. There are at least nvo methods whereby this laser technique could be adapted to actual fit
testing. The first would be to install a microphotometer in the mask. The laser beam would enter
the microphotometer through a small fiber optic. Aerosols that enter the mask and the cavity of the
microphotometer would scatter light to another fiber optic mounted in the same fixture. This fiber
would carry the scattered light to a photodetector installed in a small pack worn by the subject.
Also installed in this pack would be the battery power supply and all necessary electronics.

The major difficulty in this method is passing the fiber optics into the mask. With the Ml 7A1,
these would need to be passed through the face/mask seal, which might cause leaks to develop. In

FIGURE 1
Schematic of modulated

helium neon laser system.
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Response of modulated
helium neon system.

a short test series of 10 subjects who were tested with 3 of these fibers in place, only 1 mask
snowed any leakage that could be attributed to the fibers. The subject never achieved a good fit
with the M17A1 even without the added fibers. It is often possible to substitute optical fibers, leak
tight, for the electrical leads in electrical connectors. In those cases where electrical leads enter
the mask, such as the XM-40, optical fibers could be substituted during fit testing. At the end of the
test, the electrical leads would be replaced. If possible, installing an extra connector for the fibers
might prove to be very worthwhile. We recommend that the electrical connections planning for
the XM-40 be such that fiber optics can be installed. This relatively minor change would allow
future testing to be conducted.

The second method would be to mount a microphotometer on the outside of the mask. The
light from the helium neon laser would pass through a fiber optic to a molded rubber fitting
attached to the outside of the eye lens. The laser beam would pass through the eye lens and
impinge on the outside of the nose cup. In a manner simi lar to the first method, light backscattered
from the aerosol would be collected by microoptics and a fiber optic and passed to a photodetector
and associated electronics in a pack. All the electronics would be powered by a battery in the pack.
In both methods, a second microphotometer could be attached outside the mask and exposed to
the challenge aerosol so that FFs could be measured in real time. The results could either be
displayed to the wearer or telemetered to an operator outside the test chamber.

The main concern with this second method is with laser safety. As the laser beam is directed
into the mask, if the microphotometer were dislodged, the beam could enter the wearer's eye. If
this possibility exists, the subject could wear narrow-wavelength absorption eye lens. These eye
lens could be designed to stay firmly attached over the subject's eyes. In the first method, laser
safety is of little concern because the beam would be contained within the microphotometer even
if the whole assembly were dislodged.

In summary, reproducible data corresponding to FFs of 5000 have been obtained with a cw
helium neon laser. The same laser techniques can be improved to provide a FF of at least 7000,
which will satisfy Army requ irements. The two methods described above are practical schemes for
measuring FFs noninvasively.
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RESPIRATOR STUDIES FOR THE NUCLEAR REGULATORY
COMMISSION

Authors: B.J. Skaggs, C. I. Fairchild, J. D. DeField, andA. L. Hack
Technical Assistance: O. D. Bradley, K. C. Carter, and A. G. Trujillo
Group: Industrial Hygiene, HSE-5
Funding Organization: Nuclear Regulatory Commission (NRC), Office of Research

This project provides the NRC with information on respirator)' protective devices and
programs for their licensee personnel. The activities below were performed during CY84.

MAG-1 Spectacles Tested with Positive- and Negative-Pressure Respirators

The need for prescription eyewear with the use of respirators is a significant problem for the
NRC. Testing initiated in 1982 using the Criss Optical Manufacturing Company's MAG-1 spectacles
and preliminary results for positive-pressure devices were reported in the 1982 and 1983 Health
Division annual reports.' 2 This work was expanded during 1984 to include negative-pressure
devices and all results were summarized in a Los Alamos report.3 This study determined if the
specially constructed strap of the MAG-Is affected the protection factors (PFs) of the respirator or
the cylinder life of selected self-contained breathing apparatus (SCBA). The following respirators
were tested:

1. Phases I and II, positive-pressure full facepiece: Presur-Pak II SCBA (pressure-demand)
Scottoramic facepiece, MSA 401 air mask Ultravue facepiece (medium), Survivair pressure-
demand SCBA/siiicone full faccpiece, and MSA-powered air-purifying respirator/Ultravue
facepiece (medium).

2. Phase III, negative-pressure full facepiece: MSA Ultravue (small, medium, and large), MSA
Ultra-twin (small, medium, and large), and Norton Series 7600 (one size only).

Statistical analysis and review of the test data from Phases I and II indicated little, if any.
variation with and without the MAG-Is, with most PFs greater than 10 000. Test data also indicated
little, if any, difference in the cylinder life with and without the MAG-Is, except the Scott Presur-
Pak II SCBA used v. ith the Scottoramic facepiece. Statistical analysis of the Phase HI quantitative fit
test data indicated no difference in PFs for the Ultravue negative-pressure respirator but a
significant difference at the 0.05 and 0.01 levels for the negative-pressure Ultra-twin and Norton
full facepieces, respectively.

Testing of Unapproved Devices

The NRC requested that Los Alamos evaluate two new SCBAs manufactured by Clifton
Precision, Frederica, Delaware, and ISI Scientific, Lawrenceville, Georgia. Both of these units
provided excellent fit factors (FFs). The Clifton Precision device was described by the subjects as
being very comfortable and easy to breathe in, and the measured pressure drop between exhalation
and inhalation indicates a system that puts a minimum breathing burden on the wearer. As a basic
unit, the Clifton Precision SCBA would be recommended as comparable with other pressure-
demand units tested. The buddy-breathing and rescue-mask mode of operation has such a high
potential of putting both wearers in danger that it is not recommended. The ISI Ranger was
described by the test subjects as easy to breathe in, and the measured inhalation/exhalation
pressure drop confirms this judgment. Several problems were noted with the face mask outseal,
nose cup, and pressure-demand regulator. Because many oti er SCBA units do not have these
discomfort and design problems, this unit would not be recommended.
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NRC Respirator Advisory Committee

An Advisory Committee for Respirator Protection was established to assist the NRC by
examining test data and formulating recommendations for acceptance or rejection of equipment
that is not or cannot readily be approved by the existing N1OSH approval system. Eight persons
accepted committee positions and a draft charter for the committee was developed. Because of
changes in NRC funding, this program was discontinued before any testing.

Manual of Respiratory Protection in Emergency Situations

The manual describing the use of respirators in an emergency was completed and submitted to
NRC for publication. Practices for assisting workers assigned to rescue, fire-fighting, damage
control, and radiation survey teams and the uses and procedures for each type of emergency
respiratory protection are described and illustrated by example in th's manual. Support equipment
and functions provided in emergencies, such as portable compressed-air systems and assistance of
off-site agencies, are also discussed. Emergency use of respirators is also discussed with emphasis
on the need for proper selection, fitting, training, and maintenance. Publication of Mis manual
awaits a final decision bv the NRC.
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the Nuclear Regulatory Commission," in "Occupational Health and Environmental Research
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(September 1984), pp. 4-6.
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Regulator)-Commission," in "Occupational Healthand Environmental Research 1983: Health,
Safety, and Environment Division," Los Alamos National Laboratory report LA-10365 (May
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3. K. A. Reed and T. O. Moore. "The Use of the MAG-1 Spectacles with Positive and Negative
Pressure Respirators," Los Alamos National Laboratory report LA-10229-MS (February 1985).

RESPIRATOR FIELD PERFORMANCE FACTORS

Authors: B.J. Skaggs, J. D. DeField, and A. L. Hack
Technical Assistance: K. C. Carter and J. Loibl
Group: Industrial Hygiene, HSE-5
Funding Organizations: Occupational Safety and Health Administration and Nuclear Regulatory

Commission

A major concern is in the use of protection factors (PFs) or fit factors (FFs) to predict worker
protection levels provided by respirators because of potential variations introduced in field
applications. Identification of this concern has resulted in the definition of the terms field
performance factor (FPF) and worker use factor WUF1 to better represent the protection provided.
This study was undertaken to measure respirator performance under actual work/use conditions.
The FF measured at the work site using a portable quantitative fit test system would be compared
with the FPF measured at the same site. The FPF field testing was not started in 1984, but the
following preparatory work on the first two tasks of the project was done.
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Task I—Literature Review on Aerosol-Sampling Devices for Respirator Field
Study

The report2 on this literature review indicates that there is insufficient information to design a
sampling probe inside the respirator facepiece that will ensure the collection of a representative
sample or an aspiration efficiency that is the same for the samples col lected on both sides of the
respirator. The best approach, based on this review, is to use the Liu etal.3 sampling probe in both
locations. To limit the sample to a size range in which aspiration problems are minimized, both
probes would measure only the respirable fraction by drawing the air through 10-mm nylon
cyclones.

Several additional points should be considered. Flow-rate effects in determining the concen-
tration may be inside the facepiece. These effects would relate to both the breathing rate of the
worker and rhe sampling rate. There will be concentration effects, both with respect to the
magnitude of the ambient concentration and the variability in time and space. Difficulty in
defining the breathing zone is pan of this problem because the breathing zone of someone
shoveling coal will be different from the breathing zone of a lathe operator. The ambient sample
should probably be collected near the respirator inlet to represent the contaminant concentration
just before being removed by the respirator filter.

Conditions will be different inside the facepiece of the respirator. The temperature and
humidity will be higher. Humidity can produce significant effects on the particle size for some
materials, the analytical sensitivity for determining face side concentrations, the calibration of
flow measurements, and the regulation methods. An absorbent or heater may have to be used on the
sample line to prevent condensation of water vapor.

This review indicates that previous studies have measured many different parameters, but none
seem to have measured the same parameter on both sides of the respirator. Most of the studies seem
to illustrate pitfalls to be avoided in this study. A well-defined objective on what is to be measured
is required. The review determined that general conclusions cannot be made from previous studies
about actual workplace protection provided by respirators.

Task II—Study of the Effects of Temperature and Humidity on Respirator Fit
Under Simulated Work Conditions

This study requires the construction of an environmental chamber in which standard work
exercises can be performed by test subjects. Vista Scientific Corporation, the contract recipient for
the Los Alamos environmental chamber, submitted construction plans in January 1984. After
review, the following changes were made: a microprocessor was added that allowed computer
control of the environmental chamber and greatly reduced personnel time involved in pretesting
preparation, a 30-kVA transformer and increased load wiring were added to allow the chamber and
associated equipment to be operated at either 208-V or 460-V electrical service, and a plenum
redesign was needed to provide a HEPA filter system to filter the rest aerosol out of the recirculated
air within the chamber. Los Alamos arranged for a special HEPA filter assembly and filters to be
constructed by the filter manufacturer and shipped directly to Vista for placement over the
recirculation air vents in the main chamber. The chamber was delivered injune 1984. Installation
and testing of specification temperatures and humidities were performed over a 9-wk period.
Several malfunctions occurred that required time to locate the problems, redesign some of the
connections and lines, and replace some equipment such as the refrigeration compressor. Vista
personnel conducted operator training for Los Alamos personnel. The chamber was accepted in
August 1984.

Simultaneously, a single sonic-jet aerosol generator was designed and tested in September
within the HSE-5 man test chamber (MTC). Sonic jets produce a polydisperse aerosol similar to that
produced by the Laskin nozzle generators normally used in the MTC. This new aerosol generator
uses a nozzle in which an ultrasonic shock wave assists in the breakup of a liquid stream into fine
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panicles. The single sonic jet produced an aerosol size distribution suitable for man testing and
mass concentrations of 75 mg/m3 compared with 13 mg/m3 for a single Laskin nozzle. An impactor
and pressurized-oil return system is also required with the sonic-jet system, as only 20% of the
particles are of the size necessary for testing. A dual-jet generator was designed and installed in the
environmental chamber in October to characterize the aerosol under research-specified chamber
conditions. This test would also determine problems arising from producing, using, and filtering
an aerosol in the 1 OOO-ft3 chamber with approximately 800 ft3/m single-pass airflow. After
conducting size and concentration measurements, we learned that the aerosol size was somewhat
smaller than is normally seen and the concentration was quite uniform over the chamber; however,
this concentration decreased with time. The diverse temperature conditions required of the
chamber affected the oil used to produce the aerosol. A four-jet generator was designed and
installed on the exterior wall of the environmentai chamber. This alleviated a requirement for the
design of an intricate temperature control system for the generator. This generator will produce
the 25 mg/m3 normally used in fit test systems and will be equivalent to 17 Laskin nozzles.

The Laboratory's Human Studies Review Committee reviewed all of the materials relating to
this study and gave their approval in early January 1984. Dr. Hemming A. Atterbom, Director of the
Human Performance laboratory at the University of New Mexico, became a consultant on the study
in May 1984 and was very helpful in establishing the criteria for the maximum excercise stress
testing (MXT) required for all potential test subjects for this study.

In March 1984, 25 persons who had expressed an interest in participating in the environmen-
tal chamber study were sent study information and invited to attend an after-work meeting to learn
more about the project. Fifteen people participated in the meeting at which a nurse from the Los
Alamos Cardiology Services gave a short talk on the MXT and answered questions. Section
personnel explained the steps involved in selecting test subjects to ensure adequate protection for
those tested. Meeting attenders then signed study consent forms and completed medical question-
naires. Twenty to twenty-five potential test subjects were fitted with the Series I tight-fitting
respirators. Only 10 males and 3 females attained the Series I fit criteria and have received medical
approval from HSE-2 physicians and the Los Alamos Cardiology Services, Inc., to participate in this
study. Initial testing with test subjects in late October and November provided necessary
information to modify the study protocol for smooth operation. Actual data collection began in
December 1984.

The operation of fit tests, analysis of data, and management of the data base of respirator fit has
become a burden, hoth for research and for Laboratory operations. To relieve this problem, a
computer fit test system is under development to collect data with Hewlett-Packard 85B and 87
computers. The effort consists of three phases: (1) obtaining necessary computer hardware and
modifications to the light-scattering instrumentation presently in use for computer control; (2)
writing software programs specific for respirator testing (for example, in the man test chamber),
stress testing in the environmental chamber, and routine fitting of Lab employees; and (3) creating
a data base to store and retrieve all respirator fit test results. A data base program will be written
next year for use on compatible IBM PCs.

A program that is now complete, but still being debugged, controls the 1 -h test procedure used
for evaluating respirator fit during actual work in the environmental chamber. This program cues
the operator for each of the exercises to be performed, times the exercise, and delivers an
integrated per cent penetration for each exercise. A computer-generated strip chart indicating
penetration during each exercise is produced, and a complete record of penetration second-by-
second is stored.
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PENETRATION OF RESPIRATOR FILTERS BY AN ASBESTOS AERO-
SOL

Authors: L. W. Ortiz and S. C. Soderholm
Technical Assistance: Frank O. Valdez
Group: Industrial Hygiene, HSE-5
Funding Agency: Occupational Safety and Health Administration (OSHA)

This project was designed to provide information concerning the penetration of respirator
filters by fibrous aerosols. The results of these studies were considered in the development of
OSHA standards for worker protection against asbestos.li2 This work measured fiber penetration of
filter media, but did not evaluate leakage around the sealing surface between the respirator
facepiece and the wearer's face. All respirator filters tested were models jointly approved by the
Mine Safety and Health Administration (MSHA) and the National Institute for Occupational Safety
and Health (NIOSH) for use against asbestos. Five respirator filter types were challenged with a
standard asbestos aerosol and the resultant penetration measured. The penetration of each filter
was determined from the ratio of the downstream-to-upstream concentrations as measured by the
standard NIOSH asbestos fiber count method. Fibrous aerosol penetrations reported in this project
are indicative of penetration of filters (1) fresh from the package, (2) after exposure to an organic
oil mist, (3) after storage at high humidity, and (4) after exposure to a water mist.

The test system used for measuring fiber penetration of respirator filters is schematically
illustrated in Fig. 3. The generator is a mod-fiedTimbrell-iype device that we have shown to be
reliable in producing reproducible atmospheres of fibrous aerosols. Dilution air was added to the
generator output to aid in reaching the desired challenge concentration of fibers, 5 to 50/cm3 in
the aerosol containment chamber. The respirator filter was encased in a smaller removable Lucite
chamber that allows aerosol to be drawn from the main containment chamber through the test
respirator filter by a side port. Provision was made to monitor the flow through the respirator filter,
nominally 64 or 32 L/min, and the pressure drop across the filter. The aerosol upstream of the
respirator filter was sampled by a 25-mm membrane filter through a port in the side of the Lucite
chamber containing tht respirator filter.

Three separate membrane filter samples were taken of the upstream aerosol during 3-h tests
and two were taken during 1-h tests to determine the average concentration of asbestos fibers
upstream of the respirator filter. All the air that passed through the respirator filter then passed
through a single 47-mm membrane filter that was used to determine the concentration of fibers
downstream of the respirator filter. The membrane filters used for aerosol collection were a
standard type recommended by NIOSH for sampling asbestos (Millipore Type AAWG, nominal pore
size 0.8 um).

The challenge aerosol for these penetration tests was produced from a standard reference
sample of chrysotile "B" obtained from the Union International Contre le Cancer (U1CC).
Chrysotile "B" is the UICC designation for a premilled chrysotile of Canadian origin. It is one of
the types of reference asbestos materials made available through the Pneumoconiosis Research
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FIGURE 3
Test system used to
measure penetration of
respirator filters by fibrous
aerosols, Including
asbestos.

Unit, Johannesburg, South Africa. Chrysotile "B" has a 73% "respirable" mass fraction as de-
termined by a horizontal elutriator conforming to the lung deposition curve approved at the 1959
Johannesburg Pneumoconiosis Conference. This asbestos was selected for respirator penetration
testing in this project because it is a well-characterized reference material and chrysotile is the
most widely used asbestos type in this country.

All respirators tested against asbestos were recently purchased from local suppliers and should
represent units of these models that are currently available. The models tested against chrysotile
were (a) Norton HEPA, a high-efficiency filter with a dust/mist/fume/radionuclide MSHA-NIOSH
certification; (b) 3M 8710, a dust/mist disposable mask; (c) American Optical R1050, another
dust/mist disposable mask; (d) Survivair 1030-00, a dust/mist/fume pad that fits in a filter holder;
and (e) MSA Type F, a dust/mist pad that also fits in a filter holder.

In some experimental series, a Q-127-produced submicron aerosol of di(2-ethylhexyl
sebacate) (DEHS) was also used. This oil-droplet aerosol is a standard aerosol frequently used in
quality assurance tests of high-efficiency respirator filters.

Five experimental series were run by using chrysotile as the challenge fibrous dust. In the first
experimental series, each respirator filter was initially subjected to a shore-duration penetration
test using the DEHS aerosol. Each respirator filter was then immediately subjected to a chrysotile
challenge that lasted for 3 h with an airflow rate through the respirator filter of 64 L/min. Except
for the high-efficiency filter, the penetration of the liquid oil DEHS aerosol was higher than the
penetration of chrysotile. Only the American Optical Rl 050 and the MSA Type F respirator filters
showed penetrations higher than 0.1%.

The second and subsequent experimental series differed from the first in three ways: (1) the
respirator filters were not tested with DEHS before the chrysotile challenge, (2) the test airflow
rate for all respirator filters was decreased to 32 L/min, and (3) the duration of the chrysotile
challenge was decreased to 1 h.

HSE Division 1984 21



WORKER
PROTECTION

In the second experimental series, the respirator filters were challenged fresh from the
package. Four of the five respirator models tested had chrysotile penetrations smaller than 0.1%.
With the exception of the American Optical Rl 050, the media were quite effective in filtering
airborne chrysotile when tested fresh from the package.

For the third, fourth, and fifth experimental series, the respirator filters were exposed to
environmental conditions that could affect the penetration of airborne chrysotile through the
media.

In the third experimental series, each respirator filter was exposed to up to 60 mg of DEHS
liquid oil aerosol and immediately challenged with chrysotile. The high-efficiency filter showed
no loss of collection efficiency for chrysotile after the treatment. The MSA Type F showed a
dramatic increase in penetration from <0.1 % fresh from the package to greater than 15%
penetration after the DEHS aerosol treatment. The Survivair 1030-00 showed a noticeable increase
in penetration from <0.1 % fresh from the package to 0.5% penetration or less after DEHS aerosol
treatment. DEHS exposure of 60 mg might be compared with the exposure of someone performing
moderate work at a minute volume of 20 L for 8 h in an atmosphere containing the TLV of DEHS oil
of 5 mg/m3; his respirator filter media would be exposed to -~48mgof oil.

In the fourth experimental series, each respirator filter was stored outside any protective
packaging over water in a closed chamber to simulate storage and/or use in high-humidity
environments. After storage times of 4-30 days, only the MSA Type F showed an increased
penetration of chrysotile (1 -2%) over that observed when tested fresh from the package.

In the fifth experimental series, each respirator filter was first exposed to a water mist aerosol
(20 mg H20/L), then challenged with the chrysotile aerosol, and the penetration was measured.
The total water challenge to each filter was ~ 50 g per test. This pretreatment condition was
considered relevant to misting of work areas during asbestos removal operations. Increased fiber
penetration of some respirator filters after exposure to water mist closely paralleled that seen with
filter storage at high humidity.

One filter, the American Optical Model R1050, had quite high and variable chrysotile
penetration values throughout all our experiments. We felt the variability might be due to small
leaks that formed in the media because of creasing during handling. The penetration results with
this model were so variable that conclusions could not be drawn regarding the effect of subsequent
treatments on collection efficiency.

The following is a summary of the major findings:
1. The filters challenged in this project are representative units of the models tested but are not

representative of all respirator filter models commercially available.
2. The reported results only include fibers longer than 5 (im and with an aspect ratio greater

than 3:1, consistent with the existing OSHAstandard.
3. Penetration of the submicron DEHS oil-droplet aerosol was considerably higher in all

respirator filters (except possibly the high-efficiency model) than was penetration of the
chrysotile aerosol.

4. Four of the five respirator filter media showed chrysotile fiber penetrations smaller than
0.1% when tested fresh from the package. This penetration can be considered small
compared with assumed leakage at the facial seal. Leakage past the seal was not investigated
in this project.

5. The American Optical R1050 respirator filter showed more variable and higher penetra-
tions than the other models even when tested fresh from the package.

6. Preloading with 30-60 mg of DEHS oil aerosol increased, to some degree, the asbestos
penetration of all filters tested except the high-efficiency model.

7. Exposure for extended periods (4-30 days) to a high-humidity environment and exposure
to water mist increased the penetration of chrysotile fibers through the MSA Type F
respirator filters.
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Only the dust/mist/fume/radionuclide (high-efficiency) respirator filter exhibited
chrysotile asbestos penetrations smaller than 0.1 % in all experimental series. Other types of
respirator filters may require the user to give special attention to their storage or use in
environments containing high humidity or liquid mists and to the frequency of filter
replacement.
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SORBENT TESTING

Authors: J. F. Stampfer, G. W. Talley, G. O. Wood,* andJ. P. Ritchie**
Groups: Industrial Hygiene Group, HSE-5; *Health and Environmental Chemistry Group, HSE-9;

and "Theoretical Division, T-14
Funding Organizations: US Army, Chemical Research and Development Center; Los Alamos

National Laboratory

The purpose of this new program is threefold:
1. To develop a list of candidate threat agents from available data bases and literature searches.
2. To experimentally test respirator sorbents against gas and vapor challenges of interest.
3. To develop a method to predict sorbent efficiencies without the necessity of any ex-

perimental testing.
A number of classes of compounds were identified that might be used as threat agents. Among

these are organic sulfur compounds; alkyl and chloroalkyl esters; aliphatic unsaturated aldehydes;
and halogenated hydrocarbons, acetates, and esters. A more thorough search is being made of the
halogenated hydrocarbons to identify those individual compounds that are toxic or irritating and
that also have vapor pressure sufficient to produce toxic concentrations.

To test sorbent efficiencies for various challenge agents, a test system that allows six sorbent
samples to be challenged simultaneously has been built. Challenge and downstream concentra-
tions are monitored with a gas chromatograph/mass spectrometer. This combination instrument
will usually be operated with the mass spectrometer as an on-line detector monitoring six ion
peaks. For a more detailed analysis of the gas composition, a sample is passed first through the gas
chromatograph. Another system .using only gas chromatography, is to be used to test whole
canisters rather than sorbent samples.

Ab initio Hartree-Fock self-consistent field calculations are abo being performed for com-
pounds of interest. These calculations yield three-dimensional electrostatic potentials; bond
energies, lengths, and angles; dipole moments; and ionization potentials. The results will be used
to explain and predict sorbent efficiencies.
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STUDIES OF THE INDUSTRIAL HYGIENE TASK FORCE

Authors: James O.Jackson and Bruce D. Re inert
Group: Industrial Hygiene, HSE-5
Funding Organization: Department of Energy, Office of Operational Safety (DOE/OOS)

Developing Laboratory Fume Hood Containment Test Methods

Fume hood testing at most DOE facilities is based on the hood's face velocity and, in some
cases, visual observation of the hood's ability to capture small quantities of smoke generated by a
smoke tube. Although reasonable, this approach, in fact, represents only part of the information
needed to evaluate the adequacy of this control measure. Fume hoods are evaluated by most
manufacturers, but under very controlled conditions, which in some cases are unrealistic.
Generally, manufacturer's containment tests are intended to demonstrate how the hoods function
in actual use; however, this is not the case because the hoods do not perform as specified in the
field.

DOE and DOE contractor health physicists, industrial hygienists, and safety engineers do not
have a standard in-place test method to evaluate laboratory fume hood containment capability for
radiological or chemical hazards. Further, DOE Order 6430.1, Design Criteria, specifies that
auxiliary air fume hoods will be used, and several DOE contractors have had little, if any, success in
using or adapting existing tests to measure auxiliary air hood face velocities.

Because or the need for acceptable and field-usable containment test methods, the Industrial
Hygiene Task Force (IHTF) was asked to initiate a program to develop such methods. Work this
year has focused on performing an extensive review of the literature emphasizing current fume
hood acceptance tests, face velocity measurements, and comparison of various laboratory fume
hood testing criteria. FY 1985 will be devoted to developing a testing laboratory and the test
protocol to begin comparison of the existing three quantitative fume hood test methods- EPA
Uranium Dye, ASHRAJ: R-12, and EPA SF6.

Legionnaires' Disease Bacteria Control Guidelines

After a DOE contractor employee was diagnosed as having Legionnaires' disease, the IHTF was
asked to investigate the risk to DOE and DOE contractor employees of this disease and to establish
guidelines for minimizing this risk. A committee was formed that included DOE and DOE
contractors and a recognized expert consultant to evaluate the magnitude of the problem and
recommend guidelines.

The bacteria (Legionella) that caused the disease are prevalent in natural fresh-water habitats
such as lakes and streams. Outbreaks of the disease have been linked to exposures from cooling
towers, condenser tubing, air washers, refrigeration units, evaporative coolers, humidifiers, and
components of potable water systems such as hot-water tanks, showers, faucets, and respiratory
therapy equipment. Since these facilities exist at almost all DOE sites and since Legionnaires'
disease is endemic to at least one area where DOE has operations, the committee reviewed existing
literature, contacted recognized experts in the field, and determined how best to address the
problem at DOE sites.

Legionella bacteria seem to follow no set behavior in relation to concentration and virulence,
so the committee decided to create guidelines that addressed general risk assessment and
personnel protection measures rather than specific sampling and treatment protocols. The
guidelines established by the committee emphasize contacting local health officials, identifying
local environmental conditions that might pose a hazard, identifying individuals at risk, selecting
personnel protective equipment, training, water disposal, and new facility review. The guidelines
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were published as DOE Environmental, Safety, and Health Bulletin, Issue No. 11, and the IHTF
remains available to assist DOE ar>d DOE contractors that may have a problem with Legionella
bacteria.

Assessment of Surface Contamination Methods for PCBs

Polychlorinated biphenyls (PCDs) are of widespread concern throughout the DOE. Environ-
mental contamination and occupational exposure to PCBs are restricted to a minimum and
eliminated wherever possible.

DOE has asked the IHTF to determine the available methods to assess Arochlor 1254 contamina-
tion by performing a literature search and by contacting other environmental and occupational
health organizations with similar concerns. The IHTF is then to select the best available method
and determine its effectiveness on hard surfaces such as building floors, machinery, or work
surfaces. The next step is to recommend a surface contamination limit or, alternatively, a surface
decontamination procedure beyond which further decontamination is no longer needed.

Accomplished this year were the literature review and contact of a number of other concerned
organizations to determine what assessment methods exist or have been found ineffective. A
protocol for testing of an experimental surface wipe procedure is being developed. Testing of this
experimental surface wipe procedure is expected in early 1985 and a decontamination surface
wipe technique will be developed and field tested by the end of 1985.

DEVELOPMENT OF A PERMEATION TEST KIT FOR FIELD USE

Author: J. F. Stampfer
Group: Industrial Hygiene, HSE-5
Funding Organization: US Environmental Protection Agency (EPA)

The selection of the best c! :mical protective clothing (CPC) for use against a particular
chemical challenge is a difficult and perplexing task. If the challenge is a neat (undiluted by
another component) chemical, the task is simplified by the "Guidelines for the Selection of
Chemical Protective Clothing," prepared by A. D. Little, Inc. (ADL), under subcontract to the Los
Alamos National Laboratory with funds provided by the EPA. Some of the tasks of the EPA, however,
involve the handling of toxic substances with unknown compositions. In these cases there is nc
basis on which to select the appropriate CPC materials.

In this three-phase program, we will attempt to develop a field test kit that will allow an on-site
determination of the best CPC to use. The basic assumptions for the design of this kit are

1. The challenge chemicals are mixtures of unknown composition.
2. The kit will be used by individuals with education, training, and/or experience of a B.S.

chemist.
3. It will be rugged, easily transportable, simple to use, and as inexpensive as possible.
4. Breakthrough time will be the variable measured because highly toxic challenges may be

involved that permit no contact.
5. The means of detecting breakthrough will be as nonspecific as possible.

Funding has been provided only for Phase I, which will evaluate the feasibility of this concept
and of various methods to detect breakthrough.

A subcontract has been let to ADL to investigate various methods for detecting breakthrough.
These methods will primarily monitor the surface of the CPC through which permeation may
occur. ADL is also charged with writing the final report for this phase.
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Los Alamos has begun gathering information on methods that detect breakthrough by either
identifying the permeant in the volume downstream of the CPC being tested or by measuring a
physical change in the test system itself. To determine whether any particular method is feasible,
there must be some criterion on the required detector sensitivity, which in turn may depend on the
properties of the challenge and test system. We have made the following tentative assumptions as a
starting point:

Challenge

• Molecular weight—200g/mole.
• Density—1 g/mL.
• Vapor pressure— > 1 torr.
Test System
• Sample size—8-cm diam, 50-cm2 area.
• Volume downstream of membrane—100 mL.
• Total weight of permeation cell, membrane, and challenge—200 g.
Test Procedure
• The presence of permeant downstream of the membrane will be checked after 10 min and at

least every hour thereafter.
• Permissible permeation rate—< 100 mg/m2/min.

With these assumptions as a basis, we first investigated the feasibility of measuring either the
increase in pressure in a sealed downstream volume or the loss in weight of the complete cell if the
downstream volume is open as the challenge permeates and vaporizes. The conclusions are

1. Measuring the pressure increase is a feasible and inexpensive method if the temperature
difference between the downstream side of the cell and a reference volume can be
maintained to less than about O.25°C.

2. Although the loss in weight over 1 -h due to a challenge that permeates and vaporizes is easily
measured, the cost and portability of an adequate balance may be limiting factors.

Presently we are considering methods that detect the permeant by chemical properties. Two of
these methods are based on photoionization and flammability. Although both methods are feasible
theoretically, the practical, attainable sensitivity for a field test kit depends on the
cost/performance characteristic of available instrumentation and the property of the compound
being detected. We believe that a practical method is attainable.
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DISTRIBUTION OF 239Pu AND 241Am IN THE HUMAN SKELETON

Authors: J. F. Mclnroy, J. J. Miglio, B. C. Eutsler, and Edward Gonzales
Group: Health and Environmental Chemistry, HSE-9
Funding Organization: DOE, Office of Energy Programs (Office of Health and Environmental

Research)

The soft tissues and bones of two whole bodies donated to the United States Transuranium
Registry (USTR) have been analyzed for their plutonium and americium content. Whole-body
donations with radiochemical analysis of the entire skeleton as well as all major organs provide
more information than that obtained from the limited number of specimens taken routinely for the
Registry cases. The number of bone samples obtained in a routine autopsy is limited to two ribs,
sternum, clavicle, vertebral wedge, and patella. The radiochemical analyses of these osseous
tissues, weighing usually a few hundred grams, are extrapolated to estimate the total deposition in
the entire skeleton ( ~ 10 kg). Generally, for lack of better information, the concentrations of the
available bone specimens are averaged and this value is used to estimate the skeletal deposition
with the assumption of uniform distribution. The potential for significant error in this method is
recognized. Complete skeletal analyses will provide information to more accurately estimate the
total skeletal burden from limited bone samples.

The two persons whose total skeletons have been analyzed were chemists. The first individual
(Case I) was tall and lean (182-cm height and, while healthy, 65-kg weight). In 1979, at the age of
49, he died from a metastatic malignant melanoma. Medical history revealed a diagnosis of
dermatitis herpetiformis, which was treated with sulfapyridine. He also had a malabsorption
syndrome that was treated with a gluten-free diet in 1974. A wide excision of a malignant
melanoma lesion on his back was performed in 1975. The melanoma recurred in 1978witha 1.2-
cm nodule in the right lung. Subsequently, there was pleural effusion and widespread metastases
with a fatal outcome in 1979. He was a marathon runner, a bicyclist, and hiker who remained
active unti 1 2 months before death. At autopsy widespread metastases of melanoma were through-
out the tissues of the body including bone, especially the ribs.

This donor was a research chemist from 1950 to 1979- He worked with significant amounts of
24'Am early in his career (1952-1954) and continued in research with other radionuclides until his
death. There was no documented history of radionuclide inhalation, ingestion, or wound;
however, a routine-monitoring urine collection in 1958 showed positive alpha activity, later
identified as "'Am.' The total skeletal burden was estimated then to be 107 nCi of 24lAm by using
whole-body counting data and urine bioassays. The route of entry was unknown but was presumed
to be inhalation. At the time of radiochemical analysis of his tissue samples, the soft tissue of the
left hand showed a high level of 24 'Am activity, which raised the possibility of an unrecognized
contaminated wound as the route of entry.

The second individual (Case II) was a chemical engineer (173-cm height, 78-kg weight).
Previous surgery included bilateral hernia repairs and an appendectomy. His general health was
good until he suffered a coronary occlusion in 1968 at age 48. He subsequently increased his
physical activities with walking and by riding a stationary bicycle 4 km per day, 5 days per week. A
second coronary occlusion occurred in 1976 with an uneventful recovery. He continued work and
retired about I yr before suffering fatal pneumonia and heart failure in 1981 at age 61 . All
laboratory data including hematological values were normal in available occupational medical
records.
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This donor was employed from 1945-1980in plutonium alloy research and development and
in plutonium weapons work. Records show he had moderate plutonium exposure from 194 5 to
1957. No wounds were recorded. Two nose counts were positive in 1945: 1962dis/min (L), 156
dis/min (R); 7696dis/min (L), 4598 dis/min (R). A total of 16 nose counts over 50 dis/min were
noted in his records. After 1957 he assumed supervisory duties and probably did not have a
subsequent exposure to plutonium. A 1970 count of the24'Am in his lungs indicated less than 3
nCi 239Pu, based upon the inferred americium/plutonium concentration ratio. His total body
burden in 1976, estimated from urine excretion values, was 27 nCi 239Pu.2

A complete description of the dissection and chemical analysis of Case I was presented at the
International Conference on Radiobiology of Radium and Actinides in Man, held at Lake Geneva,
Wisconsin, in 1981 3Case II was dissected and analyzed in the same way.

The plutonium and americium contents measured in these skeletons are summarized in Tables
Viand VII. In Case I, the highest 241 Am concentration was in the coccyx and costal cartridges (190
dis/min/g ash); the lowest concentration was in the teeth (46 dis/min/g ash). The total skeletal
content in this case was 264 450 dis/min (1191 nCi), and the weighted-average concentration of
24 'Am was 105 dis/min/g ash. The 24 'Am in the bones and teeth was 82.2% of the whole-body
content of 144.7 nCi (excluding 218 nCi in the soft tissues of the left hand). The liver had 6.4% of
the whole-body content; the respiratory tract, 1.6%; and the striated muscle and skin, 8.7%. The
remaining tissues contained 1.1% of the total activity.

TABLE VI. Mean241Am and 'Weighted-Average 24IAm Concentrations in Bone Specimens
with Common Structural Characteristics (Case I)

Skeletal Part
Skull
Mandible-
Teeth
Hyoid
Cervical vertebrae
Thoracic vertebrae
Lumbar vertebrae
Sacrum and coccyx
Pelvis
Clavicles
Scapulae
Ribs
Costal cartilages
Sternum
Humerii
Radii
Ulnae
Hand bones
Femora
Tibiae
Fibulae
Patellae
Foot bones

Total

Weight (g)
Wet

648
101
46
12

132
478
402
219
783

79
277
425
155
83

585
169
189
291

1770
1 100
243

66
734

8992

Ash

291
34.8
33.7

0 . 9
29.4
91.2
69.9
3 1 7

239
19.8
65.5

127
3 0
7.3

147
50.1
55.9
61.2

529
383

85.3
16

167

2539

Ash
(%)

44.9
34.5
73-3

7.5
2 2 3
19.1
17.4
14.5
30.5
25.1
2 3 6
299

19
8 . 8

25.1
29.6
2 9 6
21.0
29.9
34.8
35.1
24.2
22.8

28.2

(dis/min)
32 330

3 360
1 560

1 6 0
3 730

11 600
8 550
4 350

18 870
1 590
6 460

14 260
570
803

16 070
4 480
5 080
9 100

59 100
31 400

5 770
2 260

23 000

264 450
aAverage Am concentration of ribs does not include the right ribs 2-5.
bWeighted-average concentration =

and hyoid.
total skeletal 2 4 'Am/total

239Pu Content
/dis/mln\
V gash /

111
96
46

175
127
127
122
137
79
80
99

109"
190
1 1 0
109
89
91

149
112
82
68

141
138

105b

Distribution
(%)

12.2
1 3
0.6
0 .1
1.2
4.4
3.2
1.6
7.2
0.6
2.4
5.4
0.2
0.3
6.1
1.7
1.9
3.4

22.4
11.9
2.2
0.8
8.7

9 9 8

skeletal ash, excluding teeth, costal cartilages,
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TABLE VII. Mean 239Pu and Weighted-Average 239Pu Concentrations in Bone Specimens |

witn co

Skeletal Part

Skull
Mandible
Teeth
Hyoid
Cervical vertebrae
Thoracic vertebrae
Lumbar vertebrae
Sacrum and coccyx
Pelvis
Clavicles
Scapulae
Ribs
Costal cartilages
Sternum
Humerii
Radii
Ulnae
Hand bones
Femora
Tibiae
Fibulae
Patellae
Foot bones

Total

mmon Structural Characteristics (Case II)

Weight (g)
Wet

804
77

5

142
480
450
311
900

96
262
545
104
96

514
143
172
209

1708
888
158
75

558

8700
a Weighted-average per cent bone ash

Ash

427.3
42.4

4.6
0.6

44.1
106.8
91.2
54.3

257.8
39.1
87.9

165.3
7.5

14.6
208.8
74.3
69.0
75.4

692.0
377.2
77.1
22.3

183.5

3123

Ash
(%)

5 3 1
55.1
92.0
20.0
3 1 1
22.3
20.3
17.5
28.6
40.7
33.5
30.3

7.2
15.2
40.6
52.0
40.1
36.1
40.5
42.5
48.8
29.7
32.9

36.2a

(dis/mln)
378.8

25.8
2.1
1 3

64.6
172.3
161.1
107.3
338.5

33.2
89.8

199.1
8.4

27.3
181.6
39.5
42.7
85.6

561.0
2696

44.2
21.7

213 0

3068.5

239Pu Content
/dis/min\
V gash /

0.89
0.61
0.46
2.10
1.46
1.61
1.77
1.98
1 3 1
0.85
1.02
1.20
1.12
1.87
0.87
0.53
0.62
1.14
0.81
0.71
0.57
0.97
1.16

0.98b

= (total skeletal ash weight/total skeletal wet weight) X 100%
Weighted-average concentration = total skeletal
and hyoid.

3yPu/total

1

Distribution
(%)

12.4
0.8
0.1

2.1
5.6
5.3
3.5

11.1
I I
2.9
6.5
0.3
0.9
5.9
1.3
1.4
2.8

18.3
8.8
1.4
0 1
7 .0

9 9 9

skeletal ash, excluding teeth, costal cartilages,
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The highest 239Pu concentrations in Case II were in the coccyx (3.2 dis/min/gash) and the
bodies of the lumbar vertebrae (2.2 dis/min/gash). The lowest concentrations were in the shafts of
the long bones (radius shaft, 0.37 dis/min/gash; ulna shaft, 0.38 dis/min/g ash, etc.) and the teeth
(0.46 dis/min/g ash). The total skeletal content was 3068 dis/min (1.4 nCi), and the weighted-
average concentration was 0.98 dis/min/g ash. The skeleton contained 21 % of the whole-body
content of 6.7 nCi; the respiratory tract, 54.2%; the liver, 20%; and the striated muscle and skin,
2.4%. The remaining tissues contained 2.4% of the total activity. The fraction of the systemic
(whole body minus the respiratory tract) contents found in the liver was 43 6%. The skeleton
contained 45.8% of the systemic burden. This distribution is in contrast to that of the 241Am in Case
I where 6.5% of the systemic deposition was in the liver and 83.6% was in the skeleton.

As outlined above, the two persons studied differ in age, physical characteristics, and exposure
parameters. To evaluate observed differences in the skeletal distribution of americium and
plutonium, it is useful to compare their skeletal characteristics with Reference Man,4 which is a
composite of data representative of healthy young adult (20- to 30-yr-old) male Caucasions. The
wet and ash weights of various bones from the bodies of Case I and II are listed in Tables VI and VII.
Reference Man has a skeletal weight of 10 kg, representing 14.3% of the total body weight (70 kg).
The ash weight oftheskeletonis2800gor2 8% of the wet weight of the skeleton. Case I had a
skeletal mass of 8992 g. This mass is 13 8% of his healthy whole-body weight of 65 kg. The ash
fraction of his skeleton was 28.2%, very close to that of Reference Man.
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Case II had a skeletal mass of 8700 g or 11.2% of his healthy whole-body weight. The fraction
of ash in this skeleton was 35.6% of the skeletal weight, slightly higher than Reference Man and
Case I. Case I was described as being tall and lean and was, in fact, 7% taller and 7% leaner than
Reference Man. Case II was 1.8% taller than Reference Man but was 11.1% heavier. Apparently, the
age-related mineral loss in the bones of Case II, even though he was 12 yr older, was not as great,
proportionally, as that in Case I. This mineral loss may have been due, in pan, to the extended
terminal illness of Case I as compared with Case II.

Durbin has compared the ash weights of the skeletal parts of Case I with data for 10 male
Caucasians of comparable age 5 The latter individuals (mean age 51.3 ± 7.2 yr), hereinafter
referred to as age controls, were from the central United States.6 The total ash weight of the
skeleton of Case I was nearly the same as the mean of this age control group (Table VIII). The ash
weightsof the bones of the upper body were, however, lighter than those in the control mean, in
some cases by more than one standard deviation, but the ash weights of the bones of the pelvis,
legs, and feet were heavier than those in the age controls.

The ash weights of the bones of Case II were all heavier than the bones for the age controls
except for the mandible (Table VIII). Most ash weights of the bones of the upper body were within
one standard deviation of the age controls. Of these bones, only the clavicles and cervical vertebrae
varied by more than one standard deviation. In the lower body, the bones of the legs and feet and,
consequently, the total skeleton also had ash weights that were heavier than those in the age
controls by slightly more than one standard deviation.

TABLE VIII. Measured Ash Weights of Skeletal Parts of Case I,
Case II

Skeletal Part

Cranium
Mandible
Scapulae
Clavicles
Sternum
Ribs
Humerii
Radii, ulnae
Hands
Cervical vertebrae
Thoracic vertebrae
Lumbar vertebrae
Sacrum
Pelvic bones
Femora
Tibiae, fibulae
Patellae
Feet

Total0

!, and Caucasian Males of Comparable Age
Ash Weights (g)

Age Controls"
(39-59 yr)

Mean ± Std Dev

397b

4 5 b

78
26
12

157
176
132

67
38
94
79
48

216
481
342

16
1 4 8

2553

83
11
16
6
4

44
38
27
12
5

18
14
13
53
93
80

3
35

520d

Case I
(49 yr)

2 9 1
35
66
20

7
127
1 4 7
106
61
29
91
7 0
32

239
529
468

16
167

2501

Case II
61 yr)

427
42
8 8
39
15

165
209
143
75
44

1 0 7
91
54

258
692
454

22
184

3109
aTen male Caucasian skeletons obtained in the area of St. Louis, Missouri,
mean age 51.3 ± 7.2 yr, designated as age controls. Data of Trotter and
Peterson.

bIncludes a variable but usually small number of teeth.
cTotal skeleton does not include hyoid bones, costal cartilages, and teeth.
dStandard deviation of summed (total) skeletal ash weights of the 10

persons.
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The ash weights of the bones of the upper body of Case II then were generally heavier than
those in Case I, and the age control group and the legs of both individuals were relatively alike and
heavier than those in the control group.

The amount of americium and plutonium in the bone specimens having common structural
similarities is shown in Tables VI and VII. The bones of the head (skull, mandible, and teeth)
contained 14.1% of the 24IAm and 13.2% of the 239Pu in the respective skeletons. Bones of the axial
skeleton (vertebral column, including the sacrum, coccyx, and pelvis) contained 17.8% of the
241 Am and 27.5% of the 239Pu with the largest differences observed in the lumbar vertebrae and
pelvis. However, all bones in this group had a larger fraction of skeletal plutonium than of
americium. Similarly, all the bones of the shoulder and rib cage contained relatively more
plutonium than americium: 11.7% of the skeletal plutonium and 9% of the americium. Conversely,
the bones of the appendicular skeleton (arms, hands, legs, and feet) contained a larger fraction of
americium than of plutonium. The arms and hands had 13.1% of the americium and 11.4% of the
plutonium; the legs and feet had 46% of the americium and 36.2% of the plutonium.

The mean concentration of americium in 14 cancellous bones containing red marrow (sacrum
and coccyx, sternum, and 12 vertebral bodies) was 130 ± 9 dis/min/g ash. In 21 compact bones
(mandible, 6 cranial bones, and 4 pieces of long bone shaft), the mean 24' Am concentration was 79
± 1 8 dis/min/g ash. The concentration ratio of 241Am in compact bone compared with cancellous
bone, then, was 0.61. The mean concentration of 239Pu in similar bone specimens of Case II was
1.91 ± 0.29 and 0.59 ± 0.19 dis/min/g ash in the cancellous and compact bones, respectively,
resulting in a concentration ratio of compact/cancellous bones of 0.31. Durbin has calculated that
the concentration ratio for uniform deposit on bone surfaces, by using measured surface-to-volume
ratios and the compositions of these two bone types, would be (compact/cancellous) = 0.16.5 This
ratio indicates, by assuming a uniform distribution of americium and plutonium on all bone
surfaces following the initial exposure (T = 0), that for each actinide more active turnover occurs
on cancellous bone surface than on compact bone surface. Further, one can conclude that the
americium redistributes at a more rapid rate than the plutonium. If the bone turnover rates for
cancellous bone and for compact bone are about equal in these two skeletons, the difference must
be due to the rate of circulatory feedback of each element from soft tissue and liver as well as by
bone remodeling.

The skeletons of both individuals appear to be within normal limits for Caucasian men about
50 yr old. Both had lower limb bones that were heavier than those in the age controls and Case 1
had upper-body bones that were lighter than those in the age control group. The distribution of
americium in the skeleton of Case I, 25-yr postexposure, indicates a more rapid turnover of
initially deposited americium occurred on the bone surfaces of cancellous bone compared with
that deposited on the bone surfaces of compact bone. This resulted in a larger proportion of
americium being located in the compact bone of the extremities and a lesser quantity in the more
cancellous bones of the vertebral column, pelvis, and rib cage. A similar shift in the distribution of
plutonium occurred in Case II in the 3 5 yr since initial deposition but at a slower rate than that for
americium.

The ratio of each actinide in the liver to that in the systematic system (liver content/systemic
content) was 0.065 and 0.436 for americium and plutonium respectively. This finding suggests
that a more rapid turnover of americium in the liver, compared with plutonium, provided a much
larger fraction of the nuclide for circulatory feedback to the remodeling skeletal system.

These data do strengthen the ICRP-recommended systemic distribution of actinides (4 5% in
liver, 45% in skeleton, 10% in other tissues) in the body for plutonium, but not for americium.7

Additional data from whole bodies of occupationally exposed nuclear workers are needed to verify
and to extend these findings.
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SYNFUEL WORKERS HEALTH STUDY

Industrial Hygiene Field Studies

Authors: M. T. Brandt andj. O.Jackson
Technical Assistance: T. L. Howe
Group: Industrial Hygiene, HSE-5
Funding Agency: DOE, Office of Energy Programs (Office of Health and Environmental Re-

search)

During July 1984, an industrial hygiene sampling campaign was performed at the Elec-
troprivreda Kosovo (EPK) Coal Gasification Plant in Pristina, Yugoslavia. In this collaborative
effort between the ITS and Yugoslav scientific agencies, area samples were collected for various
types of airborne contaminants in the workplace and physical hazards such as noise were
measured. All air samples were collected in duplicate, separated, and analyzed independently by
US and Yugoslav chemists. In addition to Los Alamos industrial hygienists, the US delegation
consisted of one industrial hygienist each from the National Institute of Occupational Safety and
Health and Brookhaven National Laboratory.

The purpose of the field study was (1) to identify and characterize the chemical and physical
hazards to workers employed at the EPK coal gasification plant and associated units; (2) to evaluate
and develop health hazard exposure information on coal gasification workers, comparison control
groups, and coal miners; (3) to develop a data base for the design of a personal sampling study; (4)
to train EPK scientists in the specific industrial hygiene techniques required to perform the study;
(5) to facilitate technology transfer in the fields of occupational and environmental health
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FIGURE 4
The Lurgi gasifier.

assessment; (6) to identify high-risk and high-exposure operations and worker activities; (7) to
evaluate engineering control measures and employee work practices that affect worker exposure;
(8) to assist Yugoslav clinical and epidemiological programs; and (9) to expand scientific
knowledge in the evaluation and control of occupational health hazards associated with the coal
gasification process.

The Kosovo gasification plant is a commercial-scale facility that uses the Lurgi gasification
technology to produce medium-Btu fuel gas, hydrogen that is used in ammonia synthesis, several
hydrocarbon by-products, and aqueous ammonium hydroxide. The gasification plant consists of
six gasifiers (one of which is shown in Fig. 4). Dried lignite coal from the coal bunker is
introduced into the top of the gasifier through a feed lockhopper where it is then pressurized with
crude product gas. When operating pressure is achieved on the inside of the lockhopper, the coal
is introduced into the gasifier where it descends countercurrently against a rising stream of hot
gases created by the combustion of residual carbon during gasification. The coal lockhopper is
then depressurized.

The resultant hot gases (raw product gases) from the gasification zone are produced when
steam and oxygen are injected at the bottom of the gasifier. The gas typically contains about 40%
hydrogen, 30% carbon dioxide, 18% carbon monoxide, and 10% methane.1 The raw gas also
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contains unreacted steam, higher molecular weight organics such as tar and oil, reduced sulfur and
nitrogen compounds, and entrained dust.' The gas is cooled as it exits the gasifier, below the
lockhoppers, by a series of indirect heat exchangers before being routed to the rectisol unit for the
removal of acid gases such as hydrogen sulfide. Ash containing less than 5% carbon exits through an
ash lockhopper located at the bottom of the gasifier.2 The hot ash is quenched with water and
transported to settling ponds for disposal.

Gas condensate from the rectisol unit, condensed gas liquor streams from the gasifier, and tar
and phenolic water from the phenosolvan unit are sent to a tar/oil separation unit for treatment.
These condensate streams are passed through a series of phase separators to remove the organics.
The aqueous portion of the phase separators is sent to the phenolsolvan plant to remove residual
tars and oils, dissolved gases such as ammonia, and dissolved organics such as phenols.

Samples were collected for ammonia, hydrogen cyanide, sulfur dioxide, nitrogen dioxide,
carbon monoxide, and hydrogen sulfide. Most of these gases were well below acceptable threshold
limit values (TLVs). Carbon monoxide exceeding 300 ppm and hydrogen sulfide exceeding 100
ppm were, however, measured in areas of the gasifier other than the designated sampling
locations. The highest carbon monoxide levels were measured near emission sources such as
pumps and off-gas pipes. Ammonia was also determined in concentrations of up to 4.3 ppm near
the recirculation pumps of the rectisol unit. Measurable levels of ammonia up to 8.6 ppm were
also found around pumps at the ammonia plant.

Total dust levels ranged up to 9.9 mg/m3 (1.5 mg/m3 mean) in the coal conveyor room in the
gasification plant. Respirable dust ranged to 1.1 mg/m3 with an arithmetic mean of 0.39 mg/m3.
The respirable dust samples were analyzed for quartz and cristobalite content by using x-ray
diffraction. Both polymorphs of silica were determined to be <1.5%, which is the limit of
quantification. A multielemental analysis of a bulk sample of coal was performed. Because the
results indicated no elements that would be of toxicological concern (most of the samples were
determined at < 1.0%, except calcium was at 8.0%), the total and respirable dust samples were not
analyzed for metals.

Low levels of organics (< 1.0 mg/m3) were measured at the coal gasification plant and rectisol
control room. Organics identified were benzene, toluene, xylene, andxylenol. Higher levels of
organics (< 10.0 mg/m3) were seen in the tar pump area of the rectisol unit. Generally, samples for
phenols were measured as < 10 jig/sample, which was the analytical limit of detection. However,
in several samples phenol, cresol (o,m,p), and 3,4-dimethyl phenol were measured at levels up to
3 2 mg/m3 in the rectisol tar pump room. Samples were collected for amines at the gasification
plant and at the rectisol and phenolsolvan units. All amine samples collected were determined to
be less than 0.005 re ̂ /sample. The types of amine compounds determined qualitatively by using
gas chromatograph equipped with a nitrogen phosphorous detector included aromatic amines,
aliphatic amines, aniline, methyl-substituted picolines, and methyl-substituted aromatic amines.
Finally, methanol was measured in the ambient air near pumps at the rectisol unit, but the samples
exhibited significant breakthrough. Methanol was determined in the rectisol control room at an
analytical detection limit of 0.01 mg/sample.

Vapor- and paniculate-phase polynuclear aromatic hydrocarbon (PAH) samples were col-
lected. PAH compounds were not found on the Teflon filters using an analytical sensitivity of 0.4
ug/sample. Vapor-phase PAHs were collected on XAD-2 sorbent tubes. All vapor-phase samples
were qualitatively screened to identify up to 55 different PAH compounds with the weight of each
PAH compound being summed to determine the concentration. Individually, PAH compounds
ranged from <0.4 to 1180 ug/sample, whereas total PAHs ranged from <2.6 to 2320 |xg/sample.
The individually identified PAHs ranged from indene to phenanthracene, with naphthalene and
indene being the most frequently determined PAH. Biphenyl, acenaphthene, fluorene, anthracene,
indene, and several methyl- and ethyl-substituted naphthalenes were quantified. Total vapor-phase
PAHs were determined in levels that ranged from 0.76 to 7050 ng/m3. The highest concentrations
of PAH compounds were measured in the tar pump room of the rectisol unit.
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Noise levels exceeded 90 dBA in many areas of the gasification plant. Sources of excessive
noise include steam leaks, compressors, turbines, generators vent lines, and coal conveyors.

Several conclusions can be drawn from this study. First, the data collected show considerable
variation because of plant operating conditions, local meteorology, and length of sampling period.
Second, ACGIH guidelines were exceeded. Third, these data are very similar to the industrial
hygiene data for US synthetic fuels facilities. Namely, organic vapors, amines, particulate-phase
PAHs, and phenols are present in low concentrations, if detectable at all. Finally, vapor-phase PAHs
were characterized, and naphthalene appears to be a good candidate to further investigate as a
proxy compound for use in indicating the presence of PAHs in the workplace atmosphere.
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AEROSOL SUPPORT FOR OIL SHALE INHALATION TOXICOLOGY
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Research)

Aerosol support for this project by HSE-5 was completed in September 1984. During the joint
study with the Toxicology Group, Life Sciences Division, two Laramie-type, 3-5-in.-diam vertical
retorts with a 15-Ib oil shale capacity were operated in several experiments, including a 6-month
animal exposure experiment in the current year. The operation of the two retorts has been
described in previous annual reports.1'2

A study was completed on a 6-month exposure to effluent from the two Laramie retorts of two
groups of animals previously exposed to spent shale dust for 6 months. Tables IX and X show a
summary of dust exposure concentrations and size distributions during exposure of animals in
groups 1 and 3- Group 2 was not exposed to dust with groups 1 and 3 but was placed in a holding
chamber, without additional retort effluent exposure, as a control group. All of the dusts contained
>60% respirable fraction (defined by the American Conference of Governmental Industrial
Hygienists) as measured with Andersen impactors.

After the dust exposure period, the animals from chambers 1 and 3 (Tables IX and X) were then
exposed to retort effluent for 6 months. By using the indirect heating mode, we held the average
shale temperature to 525°, and 4 L/min of pure N2 were passed through the retort; each retort burn
of the 6-month experiment lasted 48 h. This resulted in an exposure protocol of 6 h/day for 4
days/wk with two burns per week. Some initial problems were encountered in the computerized
control of the retorts for these burns. Gas analyses indicated that the effluent contained less carbon
monoxide but more total hydrocarbons and complex organics (polyaromatic hydrocarbons,
polynuclear aromatics, and amines) than did direct (combustion) burns. Indirect burns also
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TABLE IX. Oil Shale Dust Exposure Mass Concentration Summary (1979-1984)

Chamber OH Shale
1 Paraho raw
2 Paraho raw
3 Paraho raw
5 Paraho spent
6 Paraho raw
7 Silica
9 Paraho raw

10 Estonian raw
11 Paraho raw
12 Paraho raw
13 Paraho raw
14 Silica

Animal
Exposure
Period

3-9/83
3-9/83
3-10/83
9/79-9/81
9/79-8/81
1/80-8/81
12/79-9/81
6/80-6/82
4/81-6/83
5/81-3/83
1/82-5/84
1/82-5/84

No.

Cone.
(mg/m 3 )

38
38

8
150
150

15
150

50
35
5Ra

10Ra

lRa

Exp.
(days)

117
118
146
405
411
311
344
350
494
424
443
440

Protocol
(days) (wk)

125 25
125 25
155 31
428 105
432 106
332 83
388 97
396 99
550 110
492 98
484 121
480 120

aR indicates respirable Cvncentration according to the ACGIH respirable dust curve.

TABLE X. Summary of Particle Size in 1

Chamber Aerosol
Number Material

1 PRS
' PRS
3 PRS
5 PSS
6 PRS
7 Silica
9 PRS

10 ERS
1 1 PRS
12 PRS
13 PRS
14 Silica

Exposure
Period

8/83-9/83
3/83-9/83
3/83-9/83
9/79-8/81
9/79-8/81
1/80-8/81
12/79-9/81
6/80-6/82
4/81-6/83
5/81-3/83
1/82-5/84
1/82-5/84

inhalation Chambers

Mass Median
Aerodynamic

Diameter
(urn)

2.29 ±
2.63 ±
1.90 ±
2.89 ±
2.83 ±
2.34 ±
3.04 ±
2.58 ±
2.45 ±
2.46 ±
2.58 ±
1.04 ±

0.19
0.22
0.36
0.59 ;
0.44
0.35
0.32
0.28 1
0.27 1
0.41 1
0.50 1
0.20 1

Geometric I
Standard
Deviation

1.74 + 0.50
1.80 ± 0.39
.85 ± 0.48

2.07 ± 0.20
.94 ± 0.19
.71 ± 0.36
.93 ± 0.11
.97 ± 0.51
.93 ± 0.38
.96 ± 0.31
.87 ± 0.36
.72 ± 0.45

Cumulative
Avg. Cone.
(mg/m :

31.2
32.6

6.5
176.2
152.5

12.4
142.9
71.5
1 9 7

4.9
11.1

1.0

')
Std Dev /
[mg/m3) V

15.2
18.6
3.3

75.3
51.6

5.0
60.9
47.3
11.5

3.6
7.3
0.7

tespirable Fraction
ACGIG

<*)

75
65
70
55
60
65
55
60
60
60
60
90

CoV\
~A~ /
48
57
50
43
34
40
43
66
59
73
66
69

BMRC Sample
(%)

80
75
85
70
70
75
65
70
75
75
75
95

Number

6
6
6

41
41
21
22
17
23
17
24
19

produced extremely low smoke concentration (<25 ug/m3) in the effluent. Postexposure ex-
amination of all animals from the 6-month exposure will be performed by the Toxicology Group
(LS-1) of the Life Sciences Division. Health effects and composition of exposure gases will be
reported in the Life Sciences Division annual report.

All oil shale dust exposure data taken from 1979 to 1984 were analyzed in detail to provide
mass concentration and size distribution information. Tables of mass concentration provided
average concentration by week and month over the exposure period. Cumulative mass concentra-
tion, listed by protocol week (4 or 5 days/wk), gave a running average and variation over the
exposure period. These tables are condensed in Table IX to show the cumulative values at the end
of exposure. The Andersen impactor size-distribution results are summarized in Table X.

Additional support was provided to the continuing LS-1 oil shale inhalation toxicology
program in the assembly of two new vertical, 4- l/2-in.-diam shale retorts and in the startup of
instrumentation. These retorts incorporate improved design resulting from experiments with the
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Laramie retorts. Principal design improvements include (1) greater ease of loading and unloading
shale by using a retort pivot mechanism, (2) better heating uniformity and control through the use
of a single muffle furnace rather than two furnaces, (3) improved temperature measurement using
an encased thermocouple bundle, and (4) improved gas flow control employing computer-
controlled flow valves instead of rotameters. Chronic exposure of small animals to effluents from
these retorts will be controlled by a computer and monitored by gas analyzers and aerosol
measurement equipment.

An instrument that provides a real-time measurement of particle aerodynamic diameter has
been obtained for use in characterizing the aerosols used in inhalation studies. The instrument had
to be recalibrated for use at an altitude of approximately 7000 ft. Recalibration included the
determination of flow corrections for the mass flow meter used to monitor flow through the nozzle
of the instrument and development of a new calibration curve using appropriate slip factors. The
flow-rate corrections were made by compensating for the air density differences between location
of the original calibration and Los Alamos and then checking the corrections by measurement of
the volumetric flow rates. Particle size corrections were made by determining the necessary slip
factor corrections and checking the corrections by using standard polystyrene latex spheres. The
size of the spheres was checked by electron microscopy. The instrument, along with an associated
microcomputer, is mounted on a cart that permits rapid use of the instrument at any inhalation
chamber or facility.
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MANMADE VITREOUS FIBER INHALATION TOXICOLOGY STUDY

Author: L.W.Ortiz
Group: Industrial Hygiene, HSE-5
Funding Organization: Thermal Insulation Manufacturers Association (TIMA)

Inhalation toxicology studies designed to assess the potential health effects of long-term
exposure to manmade vitreous fibers (MMVFs) are continuing. Female Osborne-Mendel rats and
male Syrian golden hamsters are being exposed in a "nose-only" confinement mode to aerosols
produced from various commercially available MMVFs. Fibrous materials being tested include four
types of glass fibers, one ceramic fiber, one mineral wool, and asbestos. Exposure protocol for
these studies calls for exposing the two species (hamsters and rats) 5 h/day, 5 days/wk for 24
months.

Inhalation exposure experiments have been completed with seven different fiber types. Four
groups of animals were exposed for 24 months to a 0.45-(im-mean-diam fibrous glass aerosol at
levels of ~ 2500 and ~ 250 fibers/cm3. Two additional animal groups were exposed to a
crocidolite aerosol at a level of — 3000 fibers/cm3. Two groups were also exposed to a 3.1 -
Hm-mean-diam fibrous glass building insulation at a level of ~ 100 fibers/cm3. Two groups were
exposed to a 6. l-|im-mean-diam binder-coated building insulation at a level of ~ 25 fibers/cm3.
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)CCUPATlOCJAL Four groups were exposed to a 5.4-u,m-mean-diam flame-attenuated glass fiber insulation at levels
of ~ 75 and — 10 fibers/cm3. Two groups were exposed to a 1.8-nm-mean-diani ceramic fiber
aerosol at ~ 200 fibers/cm3. Two groups were exposed to a 2.7-u.m-mean-diam mineral wool at a
level of ~ 200 fibers/cm3. Two sham control groups were also exposed to filtered air. All
inhalation exposures are now completed.

Aerosol exposure concentrations were measured by daily gravimetric sampling procedures,
and airborne fiber sizing experiments were conducted on a regular basis by using scanning
electron microscopy (SEM).

As an important aspect regarding proper characterization of exposure aerosols, sizing measure-
ments on specially collected aerosol fiber samples have been completed for four MMVF materials.
Fiber diameter and length matrix distributions have been determined to summarize the physical
size characteristics of these challenge aerosols in two dimensions and to provide a supplemental
measure of aerosol quality that may also relate to biological response. The data were obtained from
Nucleopore filter aerosol samples collected at random intervals during the 24-month exposure
interim. Collected samples were pooled and six to eight of these samples randomly selected from
the pool for sizing purposes. All sizing measurements were made from SEM micrographs taken at
magnifications of 200-2000X adjusted to suit the collected sample deposit. Updated fiber-sizing
data obtained against four exposure aerosols are summarized in Tables XI to XIV.

These dual-dimension fiber-sizing data indicate that ~78% of the 0.45-u.m-mean-diamglass
fiber aerosol ranged 0.2-0.6 jim in diameter with ~ 94% being <20umin length. The count mean
length (CML) for this aerosol was 7.5 ± 10 urn with the count mean diameter (CMD) = 0.4 ±0.3
urn. The mean aspect ratio (1/d) for all 999 fibers sized was ~ 15. These data indicate that this
fibrous glass aerosol may be considered potentially highly "respirable" and complement previous
sizing data, confirming that this 0.4 5-nm-mean-diam fibrous glass material was an appropriate
choice for inhalation toxicology experiments. Similar length/diameter fiber-sizing data obtained

TABLE XL Fiber Dimensions
Fibrous Glass Exposure Aerosol (0.45-nm Mean Diameter)

Diameter
(Hm)

<0.I
0.2

0.3
0.4
0.5
0 6
0.7
0.8

0.9
1.0
1 2

>1 5

Total

Per cent

Cumulative
per cent

Note: Count mean lengtf

0-2

11

64
37
32
11

2
0
0
0
0
0
0

157

16

16

1 = 7
Count mean diameter =
Mean aspect ratio *
Longest =126 |im.

= 15.

3-4

7
69
47
63
49
34

5
4
1
0
2
0

281

28

44

.5+ 10 (im.
•0.4 ± 0 . 3 "

Diameter/Length Matrix

5-10

0
50
35
58
77
52
39
24

7
18
8
2

370

37

81

m.

11-15

0
6
3

14
17
21
13
10

2
7
3
0

96

10

91

Length (|im)

16-20

0
0
2
6
6
3
4
5
3
2
0
2

33
3

94

21-25

0
0
1
3
5
3
2

3
1
2
0
0

20

2

96

26-30

0
0
0
0
0
3
3
a
0
0
0
1

7

1

1

31-40

0
1
0
0
3
3
3
6
3
1
1
1

22

2

99

> 4 0

0
0
0
0
0
0
1

3
1
2
2
4

13

l

100

z
18

190

125
176
168
121

70

55
18
32
16
10

999
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TABLE XII

D(jim)

<0.1
0.2-0.4
0.5-0.7
0.8-1.0
1.1-1.3
1.4-1.6
1.7-1.9
2.0-2.2
2.3-2.5
2.6-2.8
2.9-3.1
3-2-3.5
> 3 5

Total

Per cent

Cumulative
per cent

Note:

[. Fiber Dimensions
Fibrous Glass Exposure Aerosol (3.1-|im Mean Diameter)

<5

0
0
1
3
0
0
0
0
0
0
0
0
0

4

1

1

Count mean length =
Count mean diameter

6-10

0
10

13
52
24

7
0
2
0
0
0
0
0

108

21

22

11-20

0
13
12
47
17
28

7
6
2
0
1
0

1

134

26

48

37±48um.

Mean aspect ratio = 27.
Longest = 505 um.

.1 um.

Diameter/Length Matrix

21-30

0
2

9
35
14
13
4
6
2
2
0
0
2

89

18

66

Length (um)
31-40

0
0
1
9

11

8
4
6
0
3
0

3
2

47

9

75

41-50

0
1
0
9
4
2
2
0
0
0
0
0
1

19

4

79

51-80

0
1
0

10
4

14
3
4
3
4

3
2
7

55

11

90

81-100

0
0
0
3
2
4
1

3
l
2
0
1
1

18

4

94

>100

0
0
0
2
2

3
2
7
0
3
5
2
7

33

6

100

I

0
27
36

170
78

79
23
34

8
14

9
8

21

507

for the 3 1 -fim-mean-diam glass fiber exposure aerosol indicate (Table XII) the following physical
characteristics for this aerosol: CML= 37±48jim, CMD= 1.4 ± 1.1 pm, and mean aspect ratio =
~ 27. Approximately 78% of this aerosol was > 10 um long with ~ 77% < 1.6 um in diameter. These
data confirm that this aerosol was a long-fibered (> 10 um) aerosol with most airborne fibers
considered potentially respirable (<30-(im diam and <80-nm length). The diameter/length
size distribution for this aerosol material is summarized in Table XII. Sizing data for the 5.4-
Hm-mean-diam glass fiber aerosol indicate that ~ 74% of this aerosol was <2.0 um in diameter with
~67% being >10 and <80|im in length (Table XIII). Approximately 77% of all airborne fibers
were between 5 and 50 ^m long with ~-97% <3.5 (im in diameter. CML for this aerosol was 31 ± 3 3
Hm, withaCMDof 1.4± —0.9 nm. The mean aspect ratio (1/d) for all 330 fibers sized was ~24.

Similar length/diameter fiber-sizing data obtained for the 1,8-nm-mean-diam ceramic fiber
exposure aerosol indicate the following characteristics for this aerosol: CML = 35 ± 34 (im with
86% <2.0 Jim in diameter. This information indicates that this aerosol was a long-fibered (> 10 |im)
aerosol with most airborne fibers considered potentially "respirable." The diameter/length size
distribution for this aerosol material is summarized in Table XIV. Diameter/length sizing informa-
tion is being accumulated for all MMVF types being used for animal exposures.

All inhalation experiments are longevity studies designed to continue until each animal group
has completed 24 months of active exposure. Survivors are then allowed to live the remainder of
their natural lives with no further exposure before evaluation at autopsy.

Results indicate that rats and hamsters exposed to glass fibers exhibit no ill effects and live
longer than control group animals that breathe only clean air. These findings may be related to only
the glass fiber materials because animals exposed to the other fibers mentioned are still under test.
Updated details of toxicological results are presented in reports by the Los Alamos Life Sciences
Division. TIMA-sponsored studies are scheduled for completion in 1985.
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OCCUPATIONAL
HfcALTH TABLE XIII. Fiber Dimensions

Fibrous Glass Exposure Aerosol (5.4-(im Mean Diameter)
Diameter/Length Matrix

Length (u.m)

D((im)

<0.1
0.2-0.4
0.5-0.7
0.8-1.0
1.1-1.3
1.4-1.6
1.7-1.9
2.0-2.2
2.3-2.5
2.6-2.8
2.9-3-1
3.2-3.5
>3.5

Total

Per cent

Cumulative
per cent

<5

0
10
6
3
2
0
0
0
0
0
0
0
0

21

6

6

6-10

0
21
17
14

7
4
0
0
0
1
0
0
0

64

19

25

11-20

0
16
18
27
10
17

3
11
4
0
0
1
1

108

34

59

21-30

0
I
I
3
4
8
2
6
3
4
0
1
2

35

11

70

31-40

0
0
1

3
3
5
5

3
l
0
0
0
2

23

7

77

41-50

0
1
1
0
2

3
1

5
0
5
1
0
1

20

6

83

51-80

0
1
1
7
4
4
2
7
0
1
1
1
2

31

9

92

81-100

0
0
0
1
0
2
0
2
2
0
1

2
1

11

3

95

>100

0
0
0
0
0
0
3
4
3
3
0
2
2

17

5

100

Z

0
50
45
58
32
43
16
38

13
14

3
7

11

330

Note: Count mean length = 31 ± 3 3 um.
Count mean diameter = 1.4 ± 0.9 Jim.
Mean aspect ratio = 24
Longest = 198 fim.

TABLE XIV.

D(um)

<0.1
0.2-0.4
0.5-0.7
0.8-1.0
1.1-1.3
1.4-1.6
1.7-1.9
2.0-2.2
2.3-2.5
2.6-2.8
29-31
32-35
> 3 5

Total

Per cent

Cumulative
per cent

Fiber Dimensions
Ceramic Fiber Exposure Aerosol (1.8-|im Mean

<5

0
5
2
1
0
0
0
0
0
0
0
0
0

8

2

2

6-10

0
19
18
17
8
5
2
0
0
1
0
0
0

70

15

17

11-20

0
27
19
33
17
16

7
10
4
0
0
0
0

133

30

47

Diameter)
Diameter/Length Matrix

21-30

0
12

9
19
15

5
4
6
1
2
1
0
1

75

16

63

Length (Mm)

31-40

0
3
8

16
11

6
0
4
2
1
1
0
0

52

11

74

41-50

0
4
2

11

5
9
0
5
0
2
0
0
0

38

8

82

51-80

0
0
5

15
7
6
1
5
4
1
0
0
1

45

10

92

81-100

0
I
2
0
2
2
4
1
1
0
0
0
1

14

3

95

>100

0
0
1

4
3
5
1

7
0
1
1
1
0

24

5

100

0
71
66

116
68
54
19
38
12
8

3
l

3

459

Note: Count mean length = 35 ± 34 um.
Count mean diameter = I I ±0 .7
Mean aspect ratio (L/D) = 36.
Longest = 230 um.
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SPECIFIC SURFACE AREA BEHAVIOR OF AEROSOL MATERIAL UPON
DISSOLUTION

Authors: R. C. Scripsick and S. J. Rothenberg*
Group: Industrial Hygiene Group, HSE-5; * Lovelace Inhalation Toxicology Research Institute
Funding Organization: Air Force Armament Laboratory, Armament Division

Depleted uranium oxide aerosols prepared in the laboratory and collected in the field were
tested to characterize their dissolution in simulated lung fluid and to determine how dissolution is
affected by aerosol preparation. Respirable fraction samples of each study material were subjected
to in vitro dissolution analysis. A complete report of this study has been published.' The specific
surface area (Sp) of respirable fraction samples of two laboratory study materials was measured
before and after dissolution analysis. In addition, the theoretical behavior of Sp upon dissolution
was derived for a lognormal particle size distribution. Results of this derivation were used to
interpret the results of the dissolution and Sp analyses.

The Sp of the respirable fraction samples was measured by using a 85Kr radiometric technique
developed by Rothenberg.2 This technique compares the amount of radioactivity adsorbed on a
sample with the amount adsorbed on a sample of standard Sp material. The analysis was performed
at Lovelace Inhalation Toxicology Research Institute. The samples selected for Sp analysis
included respirable fraction samples of laboratory study materials A774-4 and M774-1 and others
of these same samples that had undergone dissolution analysis. Material A774-4 was produced in a
moving air atmosphere at a temperature of 600X. Material M774-1 was produced in a moving
carbon dioxide/air atmosphere at a temperature of 500°C.

The theoretical derivation of Sp behavior upon dissolution was an extension of Mercer's work.3

The derivation entailed developing an expression for the surface area of a dissolving population of
particles as a function of time and dividing this by Mercer's equivalent expression for mass.3 This
resulted in an expression for the Sp of the particle population as a function of time.

Results of the Sp analysis are displayed in Table XV. The Sp associated with the samples ranged
from 0.64 m2/gto 3.85 m2/g- For both study materials, the Spofthepostdissolution samples was
lower than the Sp of the predissolution samples. The average fractional decrease in Sp was 52%.

A decrease in Sp upon dissolution was predicted by the derived expression for single-
component materials with particle populations having a geometric standard deviation greater than
approximately 1.135 (a = 0.1266) (Fig. 5). However, the multiple-phase dissolution behavior
observed for the materials studied indicates that they were not single-component materials.'

Decrease in the Sp of multiple-component materials is possibly the result of relatively rapid
dissolution of one or more of the material components that have relatively high Sp. The rapid
dissolution would be the result of the high Sp and also possibly the presence in the component of
rapidly dissolving amorphous or crystalline uranium compounds, although no such compound
was detected in the materials studied. This preferential attack on relatively high Sp components
would result in decreasing the surface roughness of the material. Thibault4 observed a decrease in
roughness of material surfaces upon dissolution.

TABLE XV. Results of Specific Surface Area (Sp) Analysis

Study Material
No.

A774-4
M774-1

aError in Sp estimate is

Specific Surface Area

Pre-Dissolution Post-Dissolution
(mVg) (mz/g)

1.84a 0.64
385 2.36

<±5 per cent of the respective value.

Decrease
(%)

65
39
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HEALTH STUDIES OF WORKERS IN THE NUCLEAR INDUSTRY

Authors: G. S. Wilkinson, L. D. Wiggs, G. L Tietjen,* G. I. Voelz,**and M. Reyes-Waxweiler
Groups: Epidemiology, HSE-I4; 'Analysis and Assessment Division, S-1; and **Health, Safety, and

Environment Division Office
Funding Organization: DOE, Office of Energy Research (Office of Health and Environmental

Research)

The Epidemiology Group is investigating health effects among nuclear workers at six Depart-
ment of Energy facilities where plutonium is or was used. The facilities are Los Alamos, Rocky Flats
plant, Mound Laboratory, Savannah River plant, Oak Ridge, and Hanford. Active work is proceeding
at the first three of these facilities. The objectives of these studies are to determine if low-level
plutonium and/or external radiation exposures increase rates of other diseases among current and
former workers at these facilities and to assess the effectiveness of certain radiation protection
standards, such as the 40 nCi maximum permissible body burden for plutonium workers.

To address these questions, the following types of epidemiologic investigations are being
conducted: retrospective -ohort and case-control mortality studies, cohort and case-control
studies of morbidity, and retrospective cohort and case-control studies of cancer incidence. In the
retrospective cohort mortality studies, we are comparing (1) worker mortality with expected
mortality bated on US death rates and (2) mortality rates for workers with and without plutonium
or external radiation exposure. Standardized mortality ratios (SMRs) are calculated that compare
observed mortality with expected mortality based on age, sex, race, and calendar-time specific US
death rates. Additionally, mortality rates for workers who have positive plutonium body burdens
are compared with those who do not have positive body burdens; likewise, workers who have
external radiation exposures are compared with nonexposed workers. These analyses will eventu-
ally be combined to include workers at all six DOE facilities to provide the best estimate of risk
from exposure to plutonium and low-level external radiation. When analyses demonstrate excess
deaths for specific causes or other interesting research questions are encountered, detailed nested
case-control studies are conducted to investigate differences in exposure among cases and
controls.

In addition to the mortality studies, a morbidity survey of plutonium-exposed workers
compared with a sample of nonexposed workers is planned. This investigation will allow us to
examine nonfatal as well as fatal health outcomes and will permit us to collect information on
important confounding factors and covariates of disease. Approximately 5000 workers with
positive plutonium body burdens and an appropriate number of nonexposed workers will be
identified, traced, and interviewed to develop incidence rates for specific diseases. Data on
tobacco and alcohol use, medical x-ray exposures, occupational exposures, major illnesses, and
perhaps diet will be collected. This approach will allow us to ascertain incidence rates for selected
diseases and also to investigate interrelationships between plutonium and external radiation doses,
exposures to other radionuclides, and other personal and occupational risk factors. Study subjects
will then be interviewed at 5-yr intervals to update their health status and to obtain additional data.

Investigations of cancer incidence are also being conducted for those in the study populations
that are served by a population-based tumor registry. Currently, such a registry exists only in New
Mexico, although a population-based cancer registry has recently been developed in Colorado and
should prove helpful in future years. Studies of cancer incidence allow estimates of risk to be made
regarding tumors with low case fatality ratios.
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EPIDEMIOLOGY These studies will help define the range of relative risk after low-level plutonium or external
radiation exposure. This is particularly important in light of the likely increased use of plutonium
in the nuclear power and weapons industries. In addition, the combined studies of nuclear workers
at several of our study facilities will provide necessary human data on the cancer risk associated
with low-level radiation exposure.

Status summaries on three of the investigations are provided here.

Retrospective Cohort Mortality Study of Mound Workers

Preliminary analyses for white males who worked at the Mound Laboratory near Dayton, Ohio,
between 1942 and 1979 are currently being conducted. These analyses include the cohort as a
whole, exclusive of individual exposure estimates, and workers who were exposed to external
radiation. Data regarding 238Pu body burdens are being computerized at Mound and have not yet
been received. Exposure estimates to 2l0Po have recently been computerized and we are waiting to
receive an algorithm from Mound that will be used to estimate systemic burdens.

Mound poses an interesting challenge because employees may have been exposed to two
different internal emitters (236Pu and 210Po), external penetrating radiation, and beryllium.
Assessment of potential health effects due to exposure to these hazards, singularly and in
combination, will need to be completed.

Retrospective Cohort Mortality Study of Los Alamos Workers

The retrospective cohort mortal ity study of Los Alamos workers is currently in the data
collection and follow-up stages. During 1984, we have focused our efforts on ascertaining vital
status for former Los Alamos workers, locating former workers, and obtaining death certificates for
deceased Laboratory employees. Using the Social Security Administration records, we obtained
vital status for all but 6663 out of 23 217 current and former Los Alamos workers. Of these 6663,
we have determined vital status for 3432 (51.5%) by other means. We are actively tracing the
remaining 3231 workers. Death certificates have been obtained for 2564 out of 2775 (92.4%)
known deceased workers. The remaining 214 certificates are currently on order from state
departments of vital statistics.

A 37-Year Follow-up for Manhattan Project Workers1

Twenty six male subjects who worked with plutonium during World War II under ex-
traordinarily crude conditions have been given medical examinations periodically over the past 37
yr to identify potential health effects. Inhalation was the primary mode of the plutonium
exposures. Current estimates of the systemic plutonium depositions in these individuals range
from 2 to 95 nCi with a mean of 26 nCi. Seven persons have depositions of 40 nCi or more, often
considered the lifetime maximum permissible body burden for workers. Two persons have died
compared with 6.6 expected deaths based on US adjusted rates for white males. The causes of death
were myocardial infarction and accidental trauma. Examinations completed in 1981-82 revealed no
cases of cancer in the group except for a history of skin cancers in three persons. The diseases and
physical changes noted in these individuals are characteristic of a male population in the upper
50s or 60s. This study yields no evidence suggesting that adverse health effects have resulted from
the 37 yr of exposure to internally deposited plutonium.
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FEASIBILITY STUDY OF BACKGROUND LEVELS OF URANIUM AND
GASTRIC CANCER INCIDENCE IN NEW MEXICO

Authors: G. S. Wilkinson, W. Hansen,* G. Tietjen,**J. Rodgers***
Groups: Epidemiology, HSE-14; *Health, Safety, and Environment Division, HSE-8; **Analysis and
Assessment Division, S-1; ***Life Sciences Division, LS-6
Funding Organization: Los Alamos National Laboratory

A preliminary assessment of average annual mortality rates for gastric cancer in New Mexico
shows rates for white males in five counties and for females in six counties to be significantly
higher than the rates for the US general population. Uranium deposits of potential commercial
value are also present in these same counties. The objectives of this study are (1) to test the
hypothesis that populations exposed to higher background levels of uranium, thorium, radon, and
other internal emitters have an increased risk of gastric cancer in New Mexico; and (2) to
investigate the feasibility of conducting a population-based, case-control study of the potential
association between digestive tract cancers and background levels of radon/radon daughters and
other internal emitters. Death certificates and hospital and tumor registry data are being surveyed
to obtain information on occupation, family history, birthplace, blood type, histology, smoking
behavior, and other risk factors or confounders. Confirmatory measures of background levels of
uranium in soil, water, and vegetation will be completed as will analyses of radium in drinking
ws.ter and food samples and radon in the ambient air.

EVALUATION OF THE LOS ALAMOS NATIONAL LABORATORY
WELLNESS CENTER

Authors: G. S. Wilkinson, 1. D. Wiggs, and M. C. Mahoney*
Group: Epidemiology, HSE-14; *Summer Research Assistant
Funding Organization: Los Alamos National Laboratory

The Epidemiology Group has been responsible for conducting evaluation analyses in support
of the Laboratory's Wellness Program. Three major aspects of these evaluation analyses are (1)
occupational medical records for Laboratory employees; (2) use and participation in Wellness
Center programs and activities; and (3) effectiveness of Center programs in reducing illness,
mortality, absenteeism, and insurance costs. Two of these evaluation activities are reported below.

Wellness Center Use

An evaluation of the first 6 months of the Laboratory's Wellness Program has been completed.
From March 8 to August 31, 1984, the Wellness Center was visited 17 352 times by over 1500
employees, an average of 381.1 visits per workday. The mean number of visits was 9.97 per
employee, but the median number of visits was 4.0, reflecting the large number of infrequent/one-
time visitors to the Center. The most popular activities among individuals attending the Center
were the weights (5999 visits, 34.6%), the aerobic excercise classes (2589 visits, 14.9%), the
exercise bicycles (1932 visits, 11.1%), and the Apollo exercise equipment (1647 visits, 9.5%).

We compared Wellness Center users with the Laboratory population and found that they were
typical of the Laboratory population in their racial and ethnic characteristics but different in their
sex and age composition. A significantly higher proportion (41.3%) of Weliness users were female
compared with the proportion of females in the Laboratory population. The mean age of Center
users (40.5) was slightly less than the mean age (42.8) of Laboratory employees. The age

HSE Division 1984 45



gPIDEIYllOLOGY distribution differed significantly from the age distribution of Laboratory employees because a
higher proportion of Center users were in the ages 20-49 and a smaller proportion of users, 50-79.

The results of these analyses have important implications for future planning and program
development for the Wellness Program. The analyses should be repeated at regular intervals to
determine if these patterns are unique to this initial period and to determine how Center use is
influenced by changes in the programs and promotion of the Center.

Smoking Patterns Among Los Alamos Employees

The Epidemiology Group conducted a baseline analysis of smoking patterns among Laboratory
employees. This investigation was based on self-reported smoking behavior as recorded in the
Occupational Medicine records from 1978 to 1983- Overall, 24.3% of these Laboratory employees
reported that theywere smokers, with 25.1% of the males and 21.7% of the females reporting that
they "regularly smoke." These rates are significantly lower than US rates of smoking, which in
1979 were 32.5% overall, 36.1 % for males, and 294% for females. As in national rates, Laboratory
employees with the highest levels of education exhibited the lowest rates of smoking. A study1 of
cancer incidence among Laboratory employees from 1969 to 1978 showed a marked deficit of
smoking-related cancers.

Reference

1. J. F. Acquavella, G. S. Wilkinson, L. D. Wiggs, G. L. Tietjen, and C. R. Key, "An Evaluation of
Cancer Incidence Among Employees at the Los Alamos National Laboratory," in "Epidemiology
Applied to Health Physics" (Proceedings of the 16th Mid-Year Topical Meeting of the Health
Physics Society, CONF-830101, National Technical Information Service, Springfield, Virginia,
1983).

46 HSE Division 1984



QUANTITATIVE PURGEABILITY OF ORGANICS FROM WATER AND
ITS APPLICATIONS

Author: GO.Wood
Group: Health and Environmental Chemistry, HSE-9
Funding Organization: Los Alamos National Laboratory

Environmental and workplace requirements for water sampling and analysis of organic
compounds are increasing. A very simple and sensitive method for such analyses is the purge-and-
trap procedure developed by the Environmental Protection Agency and used mostly for
trihalomethanes and other halocarbons.12 In considering the use of this technique for the analysis
of water samples, researchers in HSE-9 investigated whether acetone, ethyl propionate, and
toluene could be quantitatively purged, trapped, desorbed, and analyzed by gas chromatography.
Without guidelines to answer this question, the Environmental Chemistry Group attempted the
analysis with success.

During these analyses, some of the water standards containing these three compounds were
purged several times with 180 mL helium rather than purged the usual one time. The subsequent
purgings produced nearly the same amount of acetone, less ethyl propionate, and no toluene
compared with the first purging. The purgeability was obviously not an increasing function of
volatility (boiling points of 56.5°C, 99°C, and 110.6°C, respectively) but apparently was a
decreasing function of solubility (miscible, 1.7% soluble, and very slightly soluble, respectively).
These observations raised the question whether a quantitative definition of purgeability would
have any usefulness for water analyses.

Be liar and Lichtenberg1 briefly studied the purging of methylene chloride, chloroform,
benzene, 2-butanone, and eight hydrocarbons. The authors concluded that water-insoluble (<2%
soluble) compounds can be purged from 5 mL of water by using 150 mL of nitrogen, but water-
soluble materials whose partition coefficients do not favor the gaseous phase are only qualitatively
transferred regardless of the purge volume. This result implied that the purge-and-trap technique
was useless for the more soluble compounds, which is contrary to our successful analysis of
acetone. Therefore, the matter was studied further.

The experimental plan was to purge prepared solutions of selected organics in water a number
of times and to observe the relative amounts removed during each purge. The apparatus used were
a Valco Instruments Company trace organics concentrator (purge/trap), a Perkin Elmer Model 900
gas chromatograph (GC) with flame ionization detector, and a Hewlett Packard Model 339OA
integrator. Five-milliliter samples of water were purged at 2°C with helium for 6 min at 30
mL/min. Samples collected on the Tenax column were desorbed at 180 or 200°C for 9 min with the
helium carrier flow (15 - 3 5 mL/min) into the GC. The analytical GC column was Porapak QS
(50/80 mesh in 18-m-long X 32-mm-o.d. stainless steel) operated at 200 or 220°C.

Two classes of compounds—alcohols and ketones—were studied at the initial concentrations
shown in Table XVI. The results are shown in Fig. 6 as plots of log (relative peak area) versus
number of times purged. These plots are linear with negative slopes (Table XVI) increasing within
each class with increasing molecular weights. The slopes for ketones were much greater than those
for alcohols, even with the same molecular weight and elemental composition (for example,
acetone versus n-propanol).
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ANALYTICAL
CHEMISTRY TABLE XVI. Pur geabilities of Selected Alcohols and Ketones

Compound

Methanol

Ethanol
1 -Propanol
1-Butanol
1-OctanoI
Acetone

2-Butanone
4-MethyI-2-pentanone
2 4 Pentanedione

Solubility
in Water

<*)

Mb

M
M
9.1
0.06
M

27.5
1 9
12.5

Boiling
Point Initial Concentration Purgeability3

(C°)

64.7

78.5
97.2

117.5
194.5
56.5

79.5
117.5
140.5

aDefined as the slopes of plots such as Fig. 6.
bMiscible with water in all proportion:s.

(gA)

0.30
0.18
0.18
0.19
0.019
0.019
0.054
0.036
0.036
0.31
0.31
0.045

(Fraction/Purge1!
0.0085
0.00') i
0.0100
0.0148
0.0288
0.3366
0.0651
0.0743
0.0624
0.1332
0.3596
0.0328

c;:d Bev

0.0001
0.0017
0.0008
0.0006
0.0029
0.0171
0.0011
0.0012
0.0052
0.0013
0.0088
0.0028

The linear relationships shown in Fig. 6 imply that a constant fraction of the sample in water is
purged each time, regardless of the amount present. The establishment of equilibrium with a
constant partition coefficient between water and the helium flowing through it would account for
this.

Purgeability can be defined quantitatively as the slope of a plot, as in Fig. 6, with appropriate
units of purge gas volume and type (i.e., fraction/milliliter helium). This purgeability is ap-
parently much more a function of solubility than of volatility (Table XVI). The lower-boiling
organic compounds in a class are typically also more soluble in water and therefore less
completely purged. The limitation suggested by Bellar and Lichtenberg1 of 2% solubility is
apparently not valid, because even the water-miscible alcohols were successfully purged and

FIGURE 6
Typical plots of relative gas

chromatographlc peak
areas versus number of

purges of a water sample: T
methanol; •ethanol, • 1-
propanol; • lbutanol; O

acetone; D 2-butanone
(methyl ethyl kctone); A 4-

methyl-2-pentanone
(methyl isobutyl ketone).
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5 10 15 20 25 30 35 40 45 50
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analyzed. However, because only small fractions of the very solubles are purged each time, their
detection limits are raised correspondingly. An advantage of analyzing the very solubles is that
repetitive purges of the same sample are possible, giving better statistics (extrapolation to an
initial value) and not requiring as much total water sample.

Applications of repetitive purge/trap analysis include
1. Identifying unknowns in a water sample by quantitatively determining the purgeability

factor. Gas chromatographic peak retention times alone are not sufficient to identify
compounds. At least one other characteristic must be determined (mass spectrum, reten-
tion time on another column, infrared spectrum, etc.). Purgcability is readily determined
in a purge-and-trap GC analysis and, with very little extra effort and no additional
equipment, provides another quantitative parameter with which to identify unknowns in a
sample.

2. Separating the contributions of coeluting compounds (indistinguishable retention times).
3. Cleaning complicated chromatograms as the less soluble compounds are removed and

reduced.
4. Identifying hydrolysis or other reactions occurring in water solutions. This situation is

more likely with freshly prepared standards and quality control samples. Actual samples are
usually at equilibrium. If such reactions are occurring, serious calibration errors could
result from using fresh nonequilibrated standards.

Some of these applications are illustrated in Fig. 7. A water solution containing 2,4-propane-
dione (acetylacetone) was purged seven times, giving the gas chromatograms shown. The first
large peak at the retention time of acetone (10.35 min) was much smaller on the second purge,
showing that the peak was not all acetone. On subsequent purging, the peak areas dropped with a
slope characteristic of acetone. This slope could be extrapolated to give the actual initial acetone
concentration without the contribution of the unknown coeluting peak. From its high
purgeability, this unknown is relatively insoluble; from its short gas chromatographic retention
time, it is relatively volatile. Together, these two clues limit the possibilities for this unknown
impurity or decomposition product in the 2,4-propanedione used. From the purgeability, we
could determine that the second major peak (at 15.90 min), not the first, was due to 2,4-
pentanedione.

ANA! YTI0A1
iJHfcf.HSTRY

minutes

FIGURE 7
Gas chromatograms from
repetitive purge/trap anal-
yses (top to bottom In se-
quence) of a 45-mg/L solu-
tion of 2,4-pentanedlone In
water.
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IMPROVED METHODS OF ROUTINE MEASURING PENETRATION OF
HIGH-EFFICIENCY PARTICULATE AIR FILTERS BY AEROSOLS

Authors: S. C. Soderholm, S. W. Strandberg, S. Nielsen,*and M. I. Tillery
Technical Assistance: F. O. Valdez
Groups: Industrial Hygiene, HSE-5; *Health, Safety, and Environment Division, HSE-9
Funding Organization: US Army, Chemical Research and Development Center (CRDC)

High-efficiency paniculate air (HEPA) filters routinely undergo extensive quality assurance
(QA) testing using a di-(2-ethylhexyl)phthalate (DEHP) aerosol formed by condensation of vapors
generated by continuous heating of bulk material. Penetration of the aerosol through the filter is
measured with a light-scattering photometer, and aerosol particle size is monitored by using an
"Owl," which analyzes the polarization ratio of light scattered at 90° to the illuminating beam.

After the National Cancer Institute's National Toxicology Program Technical Report desig-
nated DEHP as a potential carcinogen, glycols, glycol esters, and oleic acid were identified as
potential replacement aerosol materials. It was also recognized that penetration testing methods
might be improved by using alternative generation techniques and modern aerosol sizing and
measurement instruments. Under the sponsorship of CRDC, A. D. Little, Inc. (ADL), developed a
new respirator filter penetration test system that attempted to avoid some of the disadvantages of
current systems by (1) nebulizing the bulk liquid and then passing the aerosol through a furnace
tube to produce vapor or subsequent condensation that will minimize the exposure of the
material to high temperature and (2) sizing the aerosol in a device that determines the polarization
ratio at two scattering angles rather than at just one angle.

The Los Alamos program was designed to evaluate alternative materials, devices, and
procedures that could improve laboratory tests of HEPA respirator filter performance and could
lead to a new generation of QA test equipment. The ADL device was initially used as the test system
to evaluate alternative materials. Results obtained early in the program were outlined in the last
two annual reports.12 Four tasks were completed during CY84 bringing the initial phase of the
program to an end: (1) evaluation of the ADL sizer, (2) chemical characterization of vapor and
aerosol phases of thr. ADL generator output for three materials, (3) measurements of the size
stability of two aerosol materials at high humidity, and (4) chemical characterization of any
decomposition products formed by two materials after prolonged nebulization. The results of this
work are summarized in this report.

Evaluation of the ADL Sizer

A number of experiments checked the operation of the ADL sizer. Using the polarization ratio
of light scattered at two angles, the sizer should measure both the mean size and width of the size
distribution for aerosols having a geometric mean diameter between 0.27 and 0.33 Hm and a
geometric standard deviation smaller than approximately 1.2. Attempts to generate a mono-
disperse aerosol of known size to check the ADL sizer's performance failed because the sizer
required too high a concentration of aerosol. Mie calculations were performed to predict the
performance of the ADL size: ror a variety of polydisperse aerosols. Subsequent experimental
observations of the ADL steer's response to known polydisperse aerosols showed serious disagree-
ment with theory. The conclusion was that the present ADL sizer does not work according to
theory, although in principle the sizer should work properly for the narrow class of aerosols for
which it was designed.
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DEHP, tetraethylene glycol (TEG), and oleic acid were generated in the ADL flash vaporization

generator under previously determined optimum conditions to characterize any decomposition
products that might be formed.3 Samples of the aerosol and vapor phases were taken and analyzed
by gas chromotography/mass spectrometry (GC/MS). No detectable decomposition products were
found in any of the samples, indicating the success of flash vaporization condensation generators in
avoiding decomposition of the aerosol material.

In a related experiment, vapor- and aerosol-phase samples were collected of the output of a
Q107 "hot-pot" condensation aerosol generator currently used for QA testing of 1000-ft3/inin
HEPA filters (similar in concept to the 127 currently used for QA testing of respirator HEPA filters).
Analysis by GC/MS revealed several decomposition products in both the aerosol and vapor phases
that were not detectable in the reservoir containing the bulk material (2-ethylhexyl benzoate,
phthalic anhydride, heptene, 3-methylene heptene, and 2-ethylhexanol). A search of the toxi-
cological literature was performed for each of the starting materials and for the decomposition
products found in the output of the Q107. This literature search indicated that both TEG and oleic
acid exhibit low toxicity by the inhalation route, although administration of relatively large
amounts of oleic acid can cause severe pulmonary edema.

Size Stability at High Humidity
A series of measurements were made of the size of TEG and oleic acid aerosols as a function of

relative humidity. This was accomplished by generating a stable aerosol size distribution of the
material under test and injecting it into a small wind tunnel through which humidified air was
being pulled. The aerosol size distribution was measured by a Model LAS-X (Particle Measuring
Systems, Inc.) laser spectrometer, and the relative humidity was measured by a Model 911 digital
dew point meter (EG&G, Inc.). The results are shown in Figs. 8 and 9- For oleic acid, no trend of
geometric mean diameter change with relative humidity was noted. This size stability in changing
relative humidity was not surprising because oleic acid is hydrophobic. For TEG there was a small
but definite increase of the geometric mean diameter with increasing relative humidity. The
overall change in geometric mean diameter from a relative humidity of 20% to 100% is approx-
imately 20%.

0.23

FIGURE 8
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Decomposition upon Prolonged Nebulization

Nebulization of a liquid for prolonged periods could lead to chemical decomposition because
of prolonged and intimate contact with air. To check this possibility, we nebulized oleic acid and
TEG for periods of approximately 110 and 190 h; the nebulizers required refilling approximately
every 60 h. Samples were drawn just before refilling for analysis by GC/MS.

In October, the second phase of the program was initiated. During this phase, a "breadboard"
respirator QA test system will be constructed based on the results of the first phase of the project
and additional development. During CY84, a new condensation generator was constructed and
initial testing begun. The objective of this early work is to determine whether a nearly mono-
disperse (geometric standard deviation <1.2) 0.3-nm TEG or oleic acid aerosol can be reliably
generated at a flow rate necessary for testing HEPA respirator filters (85 L/min).
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INSTRUMENTATION COLLECTION EFFICIENCY OF PERSONAL CASSETTE SAMPLERS FOR
"INSPIRABLE" PARTICLES

Authors: R. M. Buchan and S. C. Soderholm
Group: Industrial Hygiene, HSE-5
Funding Organization: Occupational Safety and Health Administration

Current accepted practice for measuring total dust concentrations are open- and close-faced
filter cassettes. Personal samplers are most often hung from the worker's lapel and point
downward. Because of this orientation and the unsteady airflows surrounding workers, these
samplers operate nonisokinetically. The inlet of any nonisokinetic sampler is inherently particle
size selective because of the trajectory followed by the aerosols to enter the cassette and to be
collected on the filter. Thus, the relationship between the concentration of ambient aerosol and
the mass of the material collected on the filter of a personal sample is not straightforward, unless
essentially all the ambient particles are small enough to follow the air to the filter face without
significant deviations from the trajectory of the air. Because many total dust samples are taken to
assess potential effects of exposure to large "inspirable" particles, this lack of knowledge about
cassette sampling efficiencies becomes especially important.

This research project, which was initiated in October 1984, proposes to assess cassette
sampling efficiencies for three types of cassettes: open- and close-faced cassettes and a cassette
with a tapered inlet. The experiments will be conducted in a wind tunnel of 0.35-m2 cross-
sectional area at a wind speed commonly encountered in workplaces (1.0 m/s~'). Cassette inlets
will be pointed downward, and collection efficiency will be measured both with and without a
blunt object behind the sampling heads. Evaluations will be made with particles of two aero-
dynamic sizes (< 5.0 urn and <15.0ujn).

The wind tunnel has been completely assembled with air velocity profiles established for the
tunnel velocity at 1.0 m/s"1. Air velocities are stable at 1.0 m/s~' for a 600-cm2 area around the
center line of the duct at both sampling stations.

The aerosol generation methods have been selected by using the Wright dust feed to aerosolize
solid particles. Over seven powders have been evaluated by scanning electron microscopy to
estimate mass median aerodynamic diameter (MMAD) and geometric standard deviation (og). Iron
and tungsten maybe the powders of choice (Fe: MMAD = 5.0 nm, a g = 1.28; W: MMAD =12.3 |im,
ag=1.71).

The Wright dust feed is connected at the inlet of the tunnel and two isokinetic sampling trains
have been installed. The iron aerosol has been successfully aerosolized. Isokinetic samples taken at
the isokinetic and cassette sampling stations showed negligible differences in mass concentration
for the iron aerosol.

Before final experimental comparisons are initiated, both iron and tungsten air samples will be
analyzed by scanning electron microscopy to ensure particle size and dust distributions are
optimum. Once this is completed, collection efficiency experiments will be conducted.
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A PROTOTYPE COMPUTERIZED ANEMOMETER

Authors: R. K. DeVore, M. A. Wolf,* and M. H. Barren*
Groups: Industrial Hygiene, HSE-5; * International Technology Division, IT-1
Funding Organization: Los Alamos National Laboratory

During 1984, Groups HSE-5 and IT-1 jointly developed a microprocessor-interfaced
anemometer to survey local exhaust hoods. The goal of this project was to produce a small,
portable combination anemometer and data acquisition system that would greatly improve the
speed and accuracy of local exhaust hood surveys.

The anemometer developed has provision to input a hood's identity number, measure and
display the capture velocity at the traverse point, store the velocity data, calculate performance
parameters, display a velocity profile, and store all measurement data for transfer to a desk-top
microcomputer. The desk-top microcomputer handles data-base storage, additional computations
on the data, and report generation.

The anemometer uses a commercially available notebook computer, the Epson HX-20. The
complete hot-wire anemometer electronics and data-processing components are contained in an
expansion unit that mounts on the HX-20. The anemometer and computer are approximately 8 X
12X1 in. and weigh 5 Ib. The features incorporated in this system include

• full ASCII keyboard,
• 4-line by 20-character alphanumeric liquid crystal display (LCD),
• unique switching power supply for lower-power consumption,
• signal linearization by programmable electronic memory,
• on-board printer for immediate hard copy of results,
• microcassette recorder for data storage,
• 16 kilobytes of random access memory (RAM) standard,
• 8 kilobytes of additional RAM in the anemometer unit,
• 120 X 32 dot-addressable LCD graphics display, and
• rechargeable NiCd batteries or penlight cells.
In addition to measurement and calculation of velocity data, the unit provides the surveyor

with the capability to record text comments about the use of the exhaust system or other field
notes. All measurement data are stored onboard in the HX-20. After a series of readings on an
exhaust system are taken, the HX-20 will display the velocity data and a visual velocity profile. The
surveyor can complete the system evaluation and affix a label to the hood indicating its status.

After completing field measurements, the survey personnel return to the laboratory to transfer
all data to the desk-top microcomputer. These data are then manipulated by the computer software
into data-base files. The data base is used to store and archive airflow data for future use. Necessary
reports regarding exhaust system performance can be generated by the program. The data base can
be queried regarding hood status by location or by user.

INSTRUMEHTATfON

HSE Division 1984 55



INSTRUMENTATION NEUTRON DOSIMETRY STUDIES

Author: R. 1. Mundis
Group: Accelerator Health Protection, HSE-11
Funding Organization: Los Alamos National Laboratory

Neutron dosimetry at accelerator facilities remains one of the more troublesome aspects of a
health physics program because the energy distribution of the neutron fields encountered is
generally unknown and all neutron dosimetry systems are strongly energy dependent. To alleviate
some of these problems and improve our dosimetry capabilities, a multisphere neutron detector
set is being used to make field measurements of the neutron fields encountered in occupiable areas
around the Los Alamos Meson Physics Facility. The multisphere detector set was originally
developed by R. Bramblett et al.1 and consists of the following set of detectors: polyethylene
spheres (2, 3, 5,8, 10, and 12 in. in diameter) with a thermal neutron detection element located at
the center; a bare unmoderated detector; ai.d a cadmium-covered, unmoderated detector. The
thermal neutron detection element is a set of six LiF thermoluminescent dosimeter (TLD) chips
composed of three each Li-6 and Li-7 chips held in a Lucite rod. Each detector in the set of six has a
unique known response as a function of neutron energy.2 The energy spectrum of the neutron field
can then be unfolded from the measured data of the detectors by using computer unfolding codes.

Four unfolding codes are now available for processing the field data. The unfolding codes use a
number of iterative and smoothing techniques to arrive at a reasonable spectrum.3'6

Measurements have been made at 6 locations around Experimental Area A and at 11 locations
around the Weapons Neutron Research Facility. The results indicate that wide variations in the
shape of the neutron energy spectra exist at the various locations. The dose-rate/unit-flux density
varies from 0.01 to 0.12 mrem/h pern/cm2, and the computed quality factor ranges from 3.7 to
7.9. Remarkable agreement in the shape of the spectra and the computed values of dose, dose
equivalent, and flux density exists among the results of the four unfolding codes. Apparently,
however, the value computed for the average energy is not a reliable indicator of the spectral shape
or energy of the neutrons that deliver most of the dose and dose equivalent.

References

I R. L. Bramblett, R. I. Ewing, and T. W. Bonner, "A New Type of Neutron Spectrometer," Nuclear
Instruments and Methods'), 1-12 (1960).

2. R. S. Sanna, "Thirty-One Group Response Matrices for the Multisphere Neutron Spectrometer

over the Energy Range Thermal to 400 MeV," Los Alamos National Laboratory, Health and Safety
Laboratory report HASL-267 (March 1973).

3 M. Awschalom, "Use of the Multisphere Neutron Detector for Dosimetry of Mixed Radiation

Fields," in Neutron Monitoring (International Atomic Energy Agency, Vienna, Austria, 1967),
pp. 289-3!2.

4. R. S. Sanna, "Modification of an Iterative Code for Unfolding Neutron Spectra from Multisphere
Data," Los Alamos National Laboratory, Health and Safety Laboratory report HASL-311 (October
1976).

5. K. A. LowryandT. L.Johnson, "Modification of Iterative Recursion Unfolding Algorithms and
Computer Codes to Find More Appropriate Neutron Spectra," Naval Research Laboratory report
(February 1984).

6. K. O'Brien and R. Sanna, 'Neutron Spectral Unfolding Using the Monte Carlo Method," Nuclear
Instruments and Methods 185, 277-286 (1981).

5 6 USE Division 1984



ENVIRONMENTAL SURVEILLANCE AT LOS ALAMOS DURING 1984

Group: Environmental Surveillance, HSE-8
Funding Organization: Los Alamos National Laboratory

Monitoring Operations
Routine monitoring for radiation, radioactive materials, and chemical substances on the

Laboratory site and in the surrounding region documents compliance with appropriate standards,
identifies undesirable trends, provides information for the public, and contributes to general
environmental knowledge. If an undesirable trend is discovered, a more detailed environmental
study is done to determine the extent of the problem and to recommend specific remedial actions.
The monitoring program also helps fulfill the Laboratory's policy to protect the public, employees,
and environment from any harm that could be caused by Laboratory activities and to reduce
negative environmental impacts to the greatest degree practicable. Environmental monitoring
information complements data on specific releases, such as those from radioactive liquid waste
treatment plants and stacks at nuclear research facilities.

Monitoring and sampling locations for various types of measurements are organized into three
groups: (1) Regional stations are located within the five counties surrounding Los Alamos County
(Fig. 10) at distances up to 80 km (50 mi) from the Laboratory. These stations are used for
determining natural conditions beyond the range of potential influence of Laboratory operations.
(2) Perimeter stations are located within about 4 km (2.5 mi) of the Laboratory boundary and many
are in residential and community areas. These stations are used to document conditions in areas
regularly occupied by the public and potentially affected by Laboratory operations. (3) On-site
stations are within the Laboratory boundary and most are in areas accessible only to employees
during normal working hours. These stations document environmental conditions within the
Laboratory areas where the public has no or limited access.

The number of stations in each group is shown in Table XVII. Samples of air particulates,
waters, soils, sediments, and foodstuffs are routinely collected at these stations for subsequent
analyses. External penetrating radiation from cosmic, terrestrial, and Laboratory sources is also
measured by thermoluminescent dosimeters.

Additional samples are collected and analyzed to gain information about particular events, like
major surface runoff events, nonroutine releases, or special studies. More than 18 000 analyses for
chemical and radiochemical constituents were performed on routine and special environmental
samples during 1984. Resulting data are used for comparisons with standards and background
levels, dose calculations, and other interpretations.

Summary of Radiation Monitoring Data
Radiation Doses. Calculated individual whole-body radiation doses to the public at-

tributable to Laboratory operations are compared with applicable Radiation Protection Standards.
The doses are expressed as a percentage of the 500-mrem/yr Radiation Protection Standard for
whole-body radiation. This Radiation Protection Standard is for doses from exposures that exclude
contributions from background radiation (cosmic, terrestrial, global fallout, and self-irradiation
sources). The doses calculated are possible doses to individuals under realistic conditions of
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TABLE XVII. Number of Sampling Locations
ENVIRONMENTAL .
SURVEILLANCE A

Type of Monitoring Regional Perimeter On-Site

External radiation
Air
Surface and ground water3

Soils and sediments
Foodstuffs

4
3
6

16
10

12
1 1
32
16
8

139
12
34
32
11

aAn additional 22 stations for the water supply and 33 special surface and ground-
water stations related to the Fenton Hill Geothermal Program were also sampled
and analyzed as part of the monitoring program.

exposure. Tables XVIII and XIX display the 1984 summary for the maximum dose at the Laboratory
boundary, maximum dose to an individual, and estimated population dose to Los Alamos County
residents and to persons in the 80-km area.

Calculated maximum boundary doses and maximum individual doses for the past "" yr arc-
shown in Fig. 1 1. These estimated doses have historically been less than 4% of the 500-mrem/yr
standard. In 1984, the estimated maximum individual dose was 6.2"., of the Radiation Protection
Standard. This dose resulted mostly from airborne emissions from the Los Alamos Meson Physics
Facility (LAMPF), a linear particle accelerator.

Another perspective is gained by comparing these estimated doses with the estimated whole-
body dose attributable to background radiation. The highest estimated dose caused from labora-
tory operations was about 25% of the dose from naturally occurring radioactivity in Los Alamos in
1984.

Significance of Radiation Doses. Estimates of the added risk of cancer were calculated to
provide a perspective for understanding the significance of radiation exposures. Increases in risk
estimated for average individual exposures to ionizing radiation from 1984 Laboratory operations
are in Table XX, along with estimated incremental risks from natural and medical diagnostic
radiation. The maximum potential Laboratory contribution to cancer risk is small when compared
with overall cancer risks. The overall lifetime risks in the United States of cancer induction is 1
chance in 4. The lifetime lisk of cancer mortality is 1 chance in 5. The Los Alamos incremental dose
from 1984 Laboratory operations is equivalent to the additional exposure from the cosmic rays a
person would receive in flying a commercial jet for 2.3 h.

TABLE XVIII. Summary of Annual Doses Due to 1984 Laboratory Operations

Maximum Dose at
Laboratory Boundary3

Maximum Dose to
an Individual

Average Dose to
Nearby Residents

Los Alamos White Rock

Cumulative Dose to
Population Within 80 km

of the Laboratory

Dose
Critical organ
Location

Radiation Protection
Standard

% of Radiation Protection
Standard

Natural background
% of natural background

44±2 mrem
Whole Body
Boundary N. of TA-53

125 mrem
35%

31 mrem
Whole Body
Residence N. of
TA-53
500 mrem

6.2%

125 mrem
25%

0.50 mrem 0.26 mrem
Whole Body Whole Body-
Los Alamos White Rock

500 mrem 500 mrem

0.1% 0.05%

125 mrem I 16 mrcra
0.4% 0.2%

9 5 person-rem
Whole Body
Arc! •« r\i 80 km
of Labor-non

19 000 person-rem
0.05%

Maximum boundary dose is the dose to a hypothetical individual at the Laboratory boundary where the highest dose rate occurs. It
assumes that the hypothetical individual is at the Laboratory boundary continuously (24 hours a day, 365 days a year).

bMaximum individual dose is the dose to an individual at or outside the Laboratory boundary where the highest dose rate occurs and
where there is a person. It takes into account occupancy (for example, 10 hours a week) and shielding (for example, by building)
factors.
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TABLE XIX. Estimated Whole-Body Population Doses During 1984
Estimated

Los Alamos County
Whole-Body

Population Dose
(person-rein)

Exposure Mechanism (21 400 persons)

Estimated
80-km Region
Whole-Body

Population Dose
(person-rema)

(168 000 persons)

Atmospheric Tritium
Atmospheric n C , 13N, 15O, 4lAr

Total Due to Laboratory Releases

Total Due to Natural Sources of Radiationb

Average Due to Airline Travel
l~0 22 mrem/hat9km (NCRP 1975B)|

Diagnostic Medical Exposure
(~92 mrem/yr per person (NRC 1980)]

0.03
8.71

0.03
9.43

8.74

2600

24

2000

9.46

19 000
c

15 000

includes doses reported for Los Alamos County.
Calculations are based on thermoluminescent dosimeter measurements. They include a 10% reduction in cosmic
radiation from shielding by structures and a 40% reduction in terrestrial radiation from shielding by structures
and self-shielding by the body

cNoi estimated for the population in the 80-km region.

External Penetrating Radiation. Levels of external penetrating radiation (including x and
gamma rays and charged- particle contributions from cosmic, terrestrial, and manmade sources) in
the Los Alamos area are monitored with thermoluminescent dosimeters (TI.Ds) at 1 55 locations
divided into 3 networks. The TI.D network monitoring radiation from airborne activation products
released by LAMPF measured 4-4 ± 2 mrem/yr (excludes background radiation from cosmic and
terrestrial sources), which is less than 10% of the Department of Energy (DOE) Radiation
Protection Standard Figure 1 2 shows this measurement has increased over the past few years. This
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TABLE XX. Added Individual Lifetime Cancer Mortality Risks Attributable to 1984
Radiation Exposure

ENVIRONMENTAL
SURVtrrtANtE

Exposure Source

Incremental
Dose (mrem)

Used in Risk Estimate

Added Risk (Chance)
to an Individual

of Cancer Mortality

Average exposure from Laboratory
operations

Los Alamos townsite
White Rock area

Natural radiation
Cosmic, terrestrial, self-irradiation,
and radon exposure

Los Alamos townsite
White Rock area

Medical x rays
Diagnostic procedures

Average whole-body exposure

0.50
0.26

125a

H 6 a

92

1 in 20 000 000
1 in 38 000 000

1 in 26 000b

1 in 27 000b

1 in 110 000
aA lung exposure of 0.2 WLM was used to estimate the risk from inhaling Rn and its decay products.
bThe risks from whole-body natural radiation were estimated to be 1 chance in 80 000 in Los Alamos and 1

chance in 86 000 in White Rock. The risk of lung cancer from radon exposure was estimated to be 1 chance
in 38 000 for both locations.

trend is primarily from higher operating levels (beam currents) in the particle accelerator.
Engineering improvements to the beam stop in 1984 were designed to reduce the amount of
airborne activation products generated by the accelerator.

Radiation levels (including natural background radiation from cosmic and terrestrial sources)
are also measured at regional, perimeter, andon-site locations (Fig. 13) in the environmental TLD
network. No measurements at the regional or perimeter locations showed any statistically
distinguishable increase in radiation that could be attributed to Laboratory operations. Some

7 0 -
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Year

FIGURE 12
Annual above-background
radiation TLD measure-
ments (and TLD measure-
ments as per cent of stan-
dard) due to operation of
the Los Alamos Meson
Physics Facility.
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FIGURE 13
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measurements at onsite stations were slightly above background levels, as expected, reflecting
ongoing research activities at the Laboratory.

Radiation levels were measured by a TLD network covering 1 active and 10 inactive low-level
radioactive waste management areas. The general public is excluded from these waste manage-
ment sites because the sites are controlled-access areas. Several transient elevated measurements at
the active site were caused by handling and storing operations.

Radioactivity in Air and Water. Measurements of radioactivity in air and water are compared
with the DOE Concentration Guides (CGs). The CGs are secondary standards expressed as those
concentrations of radioactivity in air if breathed continuously in or water if drunk during an entire
year, which would result in whole-body or organ doses equal to the DOE Radiation Protection
Standards. The annual averages of the radionuclides in air and water potentially affected by
Laboratory operations were all less than 1% ofthe CGs during 1984.

Radioactivity in Air. Air is routinely sampled for tritium, americium, plutonium, uranium,
and gross beta activity. Only the atmospheric tritium concentrations showed any measurable
impact from Laboratory operations. The annual average concentration of tritium, along with those
ofthe other constituents measured, was much less than 1% of the CGs and posed no environmental
or health problem in 1984.

Radioactivity in Water. Surface and ground waters are monitored to detect potential dis-
persion of radionuclides from Laboratory operations. Only the waters in on-site liquid effluent
release areas contain radioactivity in concentrations that are above natural terrestrial and world-
wide fallout levels These concentrations are insignificant fractions ofthe CGs. These on-site
waters are not a source of industrial, agricultural, or municipal water supplies. The radiochemical
quality of water from regional, perimeter, water supply, and on-site areas (where no effluents are
or have been released) shows no significant effects from effluent releases from the Laboratory.

The water supply met all applicable Environmental Protection Agency (EPA) radiochemical
and chemical standards. The integrity of geological formations protecting the deep ground-water
aquifer was confirmed by lack of any measurements indicative of radioactive or chemical
contamination in municipal water supply sources.
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Radioactivity in Other Media. Measurements of radioactivity in samples of soils, sediments,
and foodstuffs are made to provide data on less-direct natural processes that could result in
exposures to people.

Measurements of radioactivity in soils and sediments are also useful for monitoring and
understanding hydrological transport of radioactivity that occurs in intermittent stream channels
in and adjacent to low-level radioactive waste management areas. Pueblo, Los Alamos, and
Mortandad canyons all have concentrations of radioactivity on sediments at levels higher than
those attributable to natural terrestrial sources or worldwide fallout. The low levels of radioac-
tivity in Mortandad Canyon are from treated liquid effluents from a waste treatment plant. No
radioactivity on sediments cr in water has been measured in sampling locations past the Laboratory
boundary.

Small amounts of radioactivity on sediments in Pueblo Canyon (from pre-1964 effluents) and
upper Los Alamos Canyon (from 1952 to current treated effluents) have been transported during
runoff events to the Rio Grande. Theoretical estimates, confirmed by measurements, show the
incremental effect on Rio Grande sediments from this transported radioactivity is insignificant
when compared with concentrations of radioactivity in soils and sediments attributable to
worldwide fallout.

Most fruit, vegetable, fish, bee, and honey samples from regional locations showed no
radioactivity distinguishable from that attributable to natural sources or worldwide fallout Some
fruit samples from on-site locations had slightly elevated tritium concentrations. These levels were
less than 1% of the DOE CGs for tritium in water. (No CGs are calculated for fruits.) The Laboratory
released about 15 000 Ci of tritium in 198-4 (Table XIX).

ENVIRONMENTAL
SURVEILLANCE

Summary of Environmental Regulatory Compliance Activities

Airborne Emissions. Airborne radioactive emissions were monitored as released from 87
points at the Laboratory. The results are summarized in Table XXI and show an apparent increase of
about 60% (about 280 000 Ci more) in total radioactivity released during 1984 versus 1983. All
but 20% of this increase is attributed to an instrument calibration error at LAMPF. The stack
monitor was calibrated incorrectly and produced readings that were about 40% low in 1983. The
balance of the increase was primarily due to increased operating levels and times at LAMPF. The
airborne emissions from LAMPF are mostly short-lived (2- to 20-min half-lives) activation products.

Operations at the Laboratory are conducted to comply with the air quality standards of New
Mexico (Air Quality Control Regulations and Ambient Air Quality Standards) and federal agencies
(Clean Air Act, National Emission Standards for Hazardous Air Pollutants, New Source Performance
Standards, Prevention of Significant Deterioration Regulations, etc.). The power plant, steam
plants, beryllium shop, asphalt plant, and asbestos operations all met the relevant regulations. Two
air quality audits by the New Mexico Environmental Improvement Division (EID) and the EPA in
1984 revealed no significant air pollution problems.

Water. Liquid effluents containing low levels of radioactivity were routinely released from
two waste treatment plants and one sanitary sewage lagoon system. Effluent quality at all three
discharge points was well below the DOE CGs for Controlled Areas. The only noticeable trend was
higher radionuclide concentrations in effluents from LAMPF. This increase is due to higher
operating levels and times at LAMPF.

Municipal and industrial water supply for the Laboratory and community is from 16 deep wells
and one gallery (collection system fed by springs). The wells range in depth from 265 m to 942 m.
The chemical and radiochemical quality of the water met the EPA National Interim Primary
Drinking Water Standards (EPA 1976) in 1984.

The Clean Water Act sets water quality standards and effluent limitations. The two primary
programs in effect at the Laboratory to comply with the Clean Water Act are the National Pollutant
Discharge Elimination System (NPDES) and the Spill Prevention, Controls, and Countermeasures
(SPCC) programs.
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ENVIRONMENTAL | TABLE XXI. Comparison of 1983 and 1984 Radioactive Releases from

Airborne Stack Emissions

Radioactive Constituent
2 4 1 Am
4 IAr
3H
131j
32p
238,239.240pu

U
Gaseous mixed activation products
Mixed fission products
Paniculate/vapor activation product;

Total

Radioisotopes
238,239.240pu

2 4 l Am
89.90Sr
3 H
13 •'(-«.

234 l ;

Total

Units
|_lCi

Ci
Ci
HCi

na
HCi
uCi
Ci
uCi

i Ci

Ci

Liquid

Activity Released

1983
0.

418
7 847

83
2.

113
888

461 111
1 580
2 640

472 753

Effluents

1984

095 0
335

14 869
73

7 33
140

1 205
734 111

1 617
2 500

Activity Released (mCi)

1983

53
38
59

10 350
45

2

10 548

1984

.3 14.4

.4 9.0
3 269

46 942
19.7

.1 7.4

47 262

the Laboratory

Ratio
/1984\
U983/

0.4
0.8
1 9
0.9

12.2
1.2
1.4
1.6
1.0
0.9

Ratio
/1984\
\1983/

0.3
0.2
4.5
4.5
0.4
35

The NPDES requires permits for nonradioactive constituents at all point source discharges. A
single NPDES permit for the laboratory, which authorizes liquid effluent discharges from 99
industrial outfalls and 1 1 sanitary sewage treatment plants, was issued in April 1982 and expires in
September 1986. The Laboratory was incompliance with the NPDES permit in about 94% of the
sample analyses collected for compliance monitoring.

The SPCC provides for cleanup of spills and requires preparation of an SPCC plan. The
Laboratory has many elements that are required in an SPCC plan and is currently planning to
assemble an official SPCC plan.

Solid Waste. The Resource Conservation and Recovery Act (RCRA) is a comprehensive
program to regulate hazardous wastes from generation to ultimate disposal, including nonradioac-
tive hazardous wastes and mixed wastes. Mixed wastes contain both nonradioactive hazardous
materials and radioactive materials. The EPA is in the process of transferring complete responsi-
bility for RCRA to New Mexico's EID. The EID cited the Laboratory with two RCRA Notices of
Violation (NOVs) in 1984. The Laboratory responded to the NOVsand is preparing documentation
to comply with all RCRA requirements.

The Toxic Substances Control Act (TSCA) regulates the manufacture, processing, distribution,
use, storage, and labeling of chemical substances, including polychlorinated biphenyls (PCBs).
The Laboratory has EPA authorization to bury packaged PCB wastes at its chemical waste landfill
and burn PCB wastes at its controlled air incinerator (99.9999% combustion efficiency). The
Laboratory is in compliance with TSCA regulations.

The Comprehensive Environmental Response Compensation and Liability Act (CERCLA) of
1980 mandated cleanup of nonradioactive toxic and hazardous contaminants at closed and
abandoned hazardous waste sites. Laboratory compliance activities related to CERCLA are being
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done as part of a site characterization program. This program will evaluate all technical and waste
disposal areas at the Laboratory for possible environmental contamination by radioactive and
nonradioactive materials. Remedial actions will be taken where appropriate. During 1984 a
CERCIA hazard ranking was done on four sites within the Laboratory. A site visit for CERCLA was
made by the EPA in December. Plans to address CERCLA issues were considered to be appropriate
by the EPA.

The Federal Insecticide, Fungicide, and Rodenticide Act (FJFRA) requires registration of all
pe .ticides, restricts use of certain pesticides, recommends standards for pesticide applicators, and
regulates disposal and transponation of pesticides. A pesticide is defined as any substance intended
to prevent, destroy, repel, or mitigate pests.

Anew Pest Control Policy, which will help comply with F1FRA, was implemented at the
Laboratory in 1984. AFIFRAaudit was done for the EPA, Region 6, by the State of New Mexico's
Department of Agriculture in December 1984. The inspectors found no major deficiencies in the
Laboratory's pesticide use procedures. New temporary pesticide storage facilities were built in
1984 and were approved during the audit.

Environmental monitoring is done at one active and ten inactive radioactive waste manage-
ment areas at the Laboratory. The general public is excluded from these areas because the areas are
controlled-access jites. At the active disposal area, there are transient elevated levels of external
penetrating radiation from handling and storing the waste before burial. There also is some
transport by surface runoff of low-level contamination from the active and several of the inactive
disposal areas into controlled-access canyons. The surface contamination levels are about 30 times
below the DOE remedial action guidelines.

Environmental Evaluations. The Laboratory Environmental Review Committee reviews
environmental documentation required by the National Environmental Policy Act legislation. The
committee also identifies and reviews other environmental items of interest or concern to the
Laboratory. An environmental evaluations coordinator assists the committee by helping prepare
the required documentation, which usually is an Action Description Memorandum (an environ-
mental assessment document). The Laboratory Environmental Review Committee approved 49
Action Description Memorandums in 1984.

The Laboratory environmental evaluations and quality assurance programs provide protection
as mandated by law for the over 450 archaeological and historical resources on Laboratory land.
Mitigation of any unavoidable adverse effect from Laboratory activity is determined in consultation
with the New Mexico State Historical Preservation Office. One mitigation effort in 1984 was
approved by state and federal authorities. The Laboratory dismantled a homesteader's cabin (the
Romero Cabin) and donated it to the Los Alamos Historical Society; it will be reconstructed near
the Los Alamos County Museum. The Laboratory conducted one public archaeological tour during
1984 at the Nakemuu ruin.

ENVIRONMENTAL
SURVEILLANCE

MOVEMENT OF DEPLETED URANIUM BY STORM RUN-OFF

Authors: N. M. Becker, W. D. Purtymun, and M. Maes
Group: Environmental Surveillance, HSE-8
Funding Organization: Los Alamos National Laboratory

Field studies were begun in the spring of 1983 to determine the extent of movement of
depleted uranium from test firings at some of the Laboratory's dynamic testing areas. Airborne
depleted uranium from test shots settles on the ground surface and is washed into on-site stream
channels by precipitation and snowmelt. On-site channels and alluvium were sampled for uranium
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to help trace its movement by storm runoff processes.
Background uranium levels were measured in the vicinity of the Laboratory in Pajarito Plateau

stream channels that are not in the drainage area of the firing sites (Fig. 14) and in sediments
collected in the Rio Grande (Fig. 15). Alluvium on Pajarito Plateau is derived from weathered
Bandelier Tuff. Consequently, uranium samples and analyses were made on the different units that
make up Bandelier Tuff. Results of these samples are in Tables XXII-XXIV. Uranium concentrations
in stream channel deposits and river sediments ranged from 1.6 to 4 4 ppm. Background uranium
levels in the Bandelier Tuff units tended to be slightly higher, ranging from 3-8 ppm in Unit 3 to 11
ppm in the Guaje Member.

On-site studies concentrated on stream channel sediments in Potrillo Canyon, which drains
four firing sites. The sampling locations are shown in Fig. 16. Samples collected in channel
alluvium in Potrillo Canyon had relatively higher uranium concentrations near the main sources of
uranium at Firing bites E-F and I-J. and the levels decreased with distance from the firing sites. The
concentrations ranged from 112 ppm below Firing Site E-F to 2.5 ppm at the intersection of
Potriiio Canyon and New Mexico State Road 4 (Table XXV). A background stream channel sample
in a side canyon to Mortandad Canyon had 4.6 ppm uranium. Channel bank samples showed the
same uranium distribution pattern as that of the sediment samples. They ranged from 275 ppm
below E-F Firing Site to 4.2 ppm at the intersection of Potrillo Canyon and New Mexico State Road
4 (Table XXV).

The sediment samples were sieved into sand (larger particles) and silt-clay fractions (smaller
particles) The silt-clay fractions were consistently greater in uranium content than were the sand
fractions (Table XXV). The uranium appe?-s to have a greater affinity for smaller-sized panicles.
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TABLE XXII. Total Uranium in Samples from Ephemeral Streams
That Cross Pajarito Plateau

Location
Total Uranium

(ppm)
Rendija Canyon at Guaje Canyon
Guaje Canyon at Well 5
Barrancas Canyon at Guaje Canyon
Pueblo Canyon at the "Y"
Los Alamos Canyon at the "Y"
Sandia Canyon at State Road 4
Mortandad Canyon at State Road 4
Cedro Canyon at State Road 4
Max Canyon at State Road 4
Canada del Buey at State Road 4
Pajarito Canyon below Area G
Indio Canyon at State Road 4
Big Buck Canyon at State Road 4
Ancho Canyon at State Road 4
Ancho Canyon below DT-9
Big Buck Canyon below DT-10
Bayo Canyon at State Road 4

2
2
2
1
I
3
2
2
2
2
2
3
4
1
1
1
2

.9 ±
.8 ±
.9 ±
.7 ±
.8 ±
4 ±
6 ±
8 ±
9 ± 1
1 ± I
4 ± 1
3 ± 1
4 ± J
6 ± 1
9 ± 1
9 ± 1
4 ± 1

1.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0

TABLE XXIII. Total Uranium in Samples from
Ephemeral Streams at the Rio Grande

Location on Rio Grande
Total Uranium

(ppm)

Otowi
Sandia Canyon
Pajarito Canyon
Ancho Canyon
Frijoles Canyon
Head of Cochiti Reservoir
Bernalillo

3.0 ± 0.6
2.9 ± 1.0
2.8 ± 1.0
1.6 ± 1.0
2.0 ± 1.0
1.8 ± 1.0
2.8 ± 0.6
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TABLE XXIV. Total Uranium in Outcrop Samples

BandelierTuff
Unit

Total Uranium
(ppm)

Guaje
Otowi A
Otowi B
Unit 1A
Unit IB
Unit 2A
Unit 2B
Unit 3
Pumice Fragment 1 (Otowi)
Pumice Fragment 2 (Ancho Canyon)

11.0 ±
6.0 ±
6.7 ±
8.1 ±
7.9 ±
8.5 ±
4.7 ±
3.8 ±
5.9 ±
6.1 ±

2.2
1.2
1.4
1.6
1.6
1.6
1.0
1.2
1.2
1.2

Storm runoff, which carries a high suspended-sediment load (silt-clay fraction), deposits some
suspended sediments on channel banks during receding flow. This deposition accounts for
relatively higher uranium concentrations in channel bank samples than concentrations in channel
sediments.

Cumulative samplers, which collect storm runoff, were installed in Potrillo Canyon and a side
canyon to Mortandad Canyon. The sample locations B, D, M, G,J, and L are shown in Fig. 15. In
every runoff sample, uranium concentrations in solution and suspended sediments were inversely
proportional to the distance between the sampling location and the source firing site (Table
XXVI).

WI00

FIGURE 16
Locations of sediment sam-

pling stations in stream
channels of Potrillo

Canyon.

S200 -

S300 -

EI00

—r—
£200

—1
£300 £400 £500 E600

.RENDUA CANYON"̂  ,

LEGEND

@ SAMPLING LOCATION

68 HSE Division 1984



Leach tests were done on selected channel sediment samples. These samples were from runoff
samples that contained relatively low levels of uranium in solution when compared with the
uranium levels in suspended sediments. Twenty-five grams of channel sediment were leached in 1
L of distilled water and agitated for 6 h. The liquid and sediment portions of the resulting mixture
were then analyzed (Table XXVII). In seneral, most of the uranium remained in the sediment
fraction, which indicates that uranium binds closely with some minerals and does not readily leach
out.

I NViRONUf m Al
SUHVt II LAhU

TABLE XXV. Total Uranium in Samples from Potrillo Canyon
(concentrations in ppm)

Bank Channel Sediments Sand Fraction Silt/Clay Fraction

Station

A
B
C
D
E
F
G
H
1
J
K
I

Number
of

Samples

1
5
1
1
l

1
. . .

1

1
. . .

x ± 2s
13 ± 1.3

270 ± 42
32 ± 3.0

7.0 ± 0.7
25 ± 2.5

8.1 + 0.8
. . .

4.4 ± 0.4

4.2 ± 0.4

...

Number
of

Samples

j

2
1

. . .

3
1
1

X

6.5
1 1 2

12
4.8
6.2
3.9
5.8
2.3
5.0
2.5
1.5
4.6

± 2s
± 1.4
± 22
± 2.4
± 3.2
± 1.2
± 0.8
± 2.2
± 0.4
± 1.0
± 4.1
+ 1.0
± 1.0

Number
o f

Samples
...
1

. . .

1
. . .
. . .

. . .

1
1
1

X

2 7 0

2.8

2.6
1 4
3.6

± 2s
...
± 54

± 0.6

...
± 0.8
± 1.0
± 0.8

Number
of

Samples

1

1

. . .

. . .

1
1
1

x ±

260 ±

18 ±
...

4.7 ±
4.6 ±
6.9 ±

2s

52

3 6

1.0
1.0
1.4

TABLE XXVI. Total Uranium in 1983 and 1984 Runoff Samples
in Potrillo Canyon

Station

B
M
G
J

L (background)

Water (ppb)

Number
of

Samples

3
13
4
4
2

x ± 2s

26 ± 34
0.9 ± 18
5.8 ± 16

-0.1 ± 1.2
0.8 ± 2.2

Suspended Sediment3

(ppm)

Number
of

Samples

2
9
4
5
2

X

185
12

4.5
4.0
3.2

± 2s
± 4.0
± 4.0
+ 4.6
± 0.6
± 3.6

"Obtained by passing runoff liquid through a 45-nm filter.

TABLE XXVII. Results of Leaching of Channel Sediments

Total Uranium in Fractions Ratio

(Amount of Leachate

Station

B
D
J
L

Total Uranium ii: Sample
(ppm)

204 ± 40
5.9 ± 1.2
2.7 ± 0.6
4.6 ± 1.0

Water
(Ppb)

6.5 ± 1.4
3.9 ± 10
0.0 ± 1.0
0.0 ± 1.0

Sediment
(ppm)

230 ± 46
1.8 ± 0.4
2.6 ± 0.6
3.8 ± 0.8

in Sediment/
(Total Uranium)

1.1
0.30
0.96
0.83
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SIT VER TRANSPORT IN CANON DE VALLE

Authors: C. A. Kasunic, R. W. Ferenbaugh, and E. S. Gladney*
Groups: Environmental Surveillance, HSE-8, and *Health and Environmental

Chemistry, HSE-9
Funding Organization: Los Alamos National Laboratory

The Los Alamos National Laboratory began discharging spent photographic solutions in the
1940s into a small canyon tributary to Canon de Valle. These solutions consisted of untreated,
spent x-ray fixing baths that contained silver (silver thiosulfate). No records of the total volume of
discharges were kept over the years. However, operations at the photographic laboratory ran 24 h a
day until the mid-1960s, when operations dropped to 16 h a day and ultimately to 8 h a day (5 days
a week). In the late 1970s, silver recovery from the x-ray fixing baths by use of ion-exchange
columns was implemented.

This study determined the extent of silver contamination in the canyon receiving the silver
solution discharge. Samples of water, vegetation, sediment, and soil were collected along the
canyon channel and analyzed for silver.

As might be expected, silver concentrations decreased with progression down the canyon. At
approximately 300 m from the discharge point, the silver levels in vegetation approached
background concentrations. Silver concentrations in sediments and soils, however, remained
significantly higher than did background concentrations for about 420 m. The small tributary into
which the photographic waste solution is discharged converges with Canon de Valle at a distance
of about 90 m, so above-background silver concentrations are detectable in Canon de Valle.

Near the mouth of the waste outfall, the soil and rocks were stained black with silver oxide.
Waste discharge is not continuous, and apparently in this area, which is devoid of vegetation, silver
solutions evaporated and oxidation of silver occurred. Farther down the canyon, the surface flow
infiltrates into alluvium and no surface deposits of silver are evident. The maximum silver
concentrations detected were 20 000 to 25 000 ppm in sediment, 10 000 to 15 000 ppm in soil,
and 8 to 10 ppm in grass and trees. In the area of highest silver concentrations in soil, above-
background silver concentrations were found to a depth of about 1 m.

TRANSPORT OF RADIONUCLIDES FROM THE LAMPF LAGOONS

Authors: G. H. Brooks, Jr., R. W. Ferenbaugh, and W. D. Purtymum
Group: Environmental Surveillance, HSE-8
Funding Organization: Los Alamos National Laboratory

The effluent release area near the Los Alamos Meson Physics Facility (LAMPF) lagoons was
sampled for 7Be, 57Co, li4Cs, 3H, 54Mn, 22Na, and 83Rb twice during 1984 (June and December). The
sampling locations are shown in Fig. 17 and results in Table XXVIII. The quality of the effluent is
detailed in Table XXIX. The following observations can be made from examining these data.-

1. The concentration of each radionuclide in samples of LAMPF's effluent was less than 1 % of
the DOE Concentration Guide for Controlled Areas.

2. The concentrations of 7Be, "Co, l34Cs, S4Mn, and 22Na in water and sediment samples were
similar to those found in previous years.1 2

3. The concentrations of 3H in water and sediment samples were slightly higher than were
those in previous years.12 These relatively higher levels most likely resulted from LAMPF's
higher beam currents and longer operating times during 1984.
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FIGURE 17
Sampling locations in the
effluent discharge path
from the Los Alamos Meson
Physics Facility lagoons.

4. The levels of 83Rb in water and sediment samples were substantially higher at sampling
locations nearest the lagoons (Stations 1,2, and 3) when compared with data from previous
years.12 These relatively higher concentrations are due to increased use of stable 85Rb in
experimental targets.

Surface concentrations of all the radionuclides sampled decreased precipitously beyond
Station 4, where the effluent sinks into the alluvium. All the stations were dry except for Station B
for the June sampling period. The last four stations were dry for the December sampling period.

All the radionuclide concentrations, except for 7Be, in water and sediment samples were
higher in winter than in summer. Greater uptake of radionuclides by increased plant and algae
growth in summer reduces radioactivity in the water and sediments, a commonly observed
ecological phenomenon.3'4'5

References
1. Environmental Surveillance Group, "Environmental Surveillance at Los Alamos During 1982,

Los Alamos National Laboratory report LA-9762-ENV (April 1983).
2. Environmental Surveillance Group, "Environmental Surveillance at Los Alamos During 1983,
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3. E. P. Odum, Fundamentals of Ecology (W. B. SaundersCo., Philadelphia, Pennsylvania,

1971), pp. 86-99.
4. R. G. Menzel, "Soil-Plant Relationships of Radioactive Elements," Health Physics 11,
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TABLE XXVIII. Results for Samples Taken Below the Los Alamos Physics Facility

Anjjlysis

Be

fie
" C o

" C o
U 4 C s

' " C s

»H

»H
" M n
"Mn
» N a

« N a

" K b
«Rb

'Be

'Be
" C o

" C o
134Cs

" T s
3H
JH
5 4 Mn

" M n

» N a

2?Na

" R b

»->Rb

Units

pCi/g
pO/g
pCi/g
pCi/g
pCi/g
pCi/g
I0"1 (iCi/mi
10 * tiO/ml
pCi/g

PCi/g
pCi/g
pCi/g
pCi/g

PCi/g

10 " nCi/mi
10 » ^Ci /mi
10 ' pCi/m/J
10 » MCi/mi
10 b yiCi/ml
10 6

 MCi/m/
10 4 nCi/m/
Id ••(iCi/m/
10 » nCi/ini
10 « (iCi/m/
10 -« nCi/m/J
1 0 ' MCi/m*
10 * tiCi/mi
10 s ,iCi/mi

1984

Sampling
Month

June
December
June
December
June
December
June
December
June
December
June
December
June
December

June
December
June

December

June

December
June
December
June
December
June
December
June
December

1

9tjOO± 1900
2900 ± 440
400 i 82
120 ± 18

1100 ± 220
200 i 29
7.9 ± 0.8
13 i 1.0

400 ± 80
52 t 7.9
11 ± 2
IB ± 3

110 l 22
1100 t 170

Dry

350 i 70
Dry

14 i 2.8
Dry

5.8 i 1.2
Dry

13 t 1.0
Dry

'J.3 t 1.9
Dry

15 ± 3.0
Dry

39 1 7.8

2

28 000 ± 5600
11 000 ± 1700

1600 ± 320
810 i 120

2000 ± 400
3400 i 520

8.3 i 0.8
14 l 1.0

1300 i 260
13001 190

14 i 3
34 ± 5

110 t 22
1900 i 280

Dry

840 i 170
Dry

32 i 6.4
Dry

10 i 2.1
Dry

14 I 1.0
Dry

21.14.2
Dry

16 i 3.1
Dry

44 i 8.8

3

Sediments

22 000 ± 4300
5700 ± 860
1100 t 220
580 t 86

1000 ± 200
1200 ± 190

9.3 ± 0.9
14 ± 1.0

880 t 180
330 i 49

7 ± 1
18 i 2.7
46 ± 9

1500 ± 220

Water

Dry
300 I 59

Dry

14 t 2.7
Dry

3.9 t 0.7S
Dry

14 i 1.0
Dry

5.8 t 1.2
Dry

15 i 3.0
Dry

31 ± 6.2

Sampling Location

4

11 000
8200

800

600

1100 d
1500

8.0

14 j
380 l
690

6 i
64 i

t 2200
1200
160
90
230
230
0.8
1.0
75
100

1

9
47 ± 9

1200 t 170

Dry

550 i 110
Dry

30 ± 5.9
Dry

4 7 i 0.94
Dry

14 ± 1.0
Dry

13 l 2.5
Dry

15 l 2.9
Dry

26 l 5.3

5

100 i 21
50.0 i 7.8
120 t 24
100 i 15
350 t 69
280 ±41

0.38 l 0.04
0.14 i 0.01

61 i 12
150 1 22
IS t 0.3
1.9 i 0.3
18 i 3.7

2.3 l 0.6

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry
Dry

Dry

(TA-53) Lagoons

6

13 t 3.4
6.6 ± 1.3
26 ± 5.2
14 i 2.1
43 ± 8.6
45 ± 6.8

0.08 ± 0.01
0.02 ± 0.004

35 t 6.9
28 ± 4.3

2.3 ± 0.5
1.9 ± 0.3
5.4 ± 1.2
1.0 ± 0.2

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

D r ,

Dry

Dry

7

0.91 ± 0.92
0.50 ± 0.30

2.3 ± 0.5
0.10 i 0.00
2.90.
0.50 i
0.04 d
0.02 i

1.9 d
0.20 d
0.42 l

r0.59
0.10
0.005
0.004
0.38

tO.10
0.10

0.10 ±0.10
0.37 ± 0.14

O.I ±0.1

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry
Dry

8

0.41 ±0.87
0.80 ± 0.40
0.08 i 0.05
0.00 ± 0.00
0.03 ± 0.06
0.20 ±0.10
0.06 ± 0.006
0.02 i 0.004
0.04 ± 0.050
0.10 ± 0.10

0.007 ± 0.047
0.10 ± 0.10
0.06 ± 0.13
O.I ± O.I

0.045 i 0.085
Dry

0.008 ± 0.008
Dry

0.021 ±0.011
Dry

0.055 ± 0.006
Dry

0.021 ±0.009
Dry

0.005 ± 0.007
Dry

-0.003 ±0.013
Dry

TABLE XXIX. Quality of Effluent from the Los Alamos Meson Physics
Facility (TA-53) Lagoons

Radioactive
Isotope

7Be
" C o
6 0Co
134Cs
*H
5%n
22Na

Total Effluent Volume
Released

Activity
Released

(mCi)

7630
258
36
125
33,700
80
170

1.77 X 107C

aDOE Concentration Guide for Controlled Areas.

Mean
Concentrat ion

(HCi/m«)

4.3 X 10~4

1.5 X 1O~5

2.0 X 10~6

7.1 X 10~ 6

1.9 X 10"3

4.5 X 10"6

9.6 X 10"6

Mean
as

%CGa

0.86
0.15
0.20
2.4
1.9
0.15
1.1
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STATUS OF THE FLORA OF THE LOS ALAMOS NATIONAL ENVIRON-
MENTAL RESEARCH PARK

Authors: T. S. FoxxandG. D. Tierney
Group: Environmental Surveillance, HSE-8
Funding Organization: Los Alamos National Laboratory

The flora of the Los Alamos National Environmental Research Park (LA/NERP) and surrounding
area is diverse but not entirely unpatterned.' Six distinct plant communities exist from the eastern
boundaries of the LA/NERP near White Rock Canyon across Pajarito Plateau to points beyond the
western boundaries and near the summit of Pajarito Mountain. The six plant communities are
named by the predominant vegetation types. In order of increasing elevation, the communities are
juniper grassland, pinon-juniper, ponderosa pine, mixed conifer, spruce-fir, and subalpine
meadow.

Inhomogeneities within the six communities may occur where deep canyons cross a com-
munity's elevational domain, leading to an inversion of the order of the communities. Other more
localized differences in the vegetation pattern occur when special circumstances of exposure,
water availability, substrate (soils), and/or anthropogenic disturbance combine to create special
habitats that are reflected by unusual associations of plant species. Many kinds of special habitats
and unusual associations of plants occur within the LA/NERP and its surrounding terrain.

Approximately 436 vascular plant species representing 67 families have been found in the
plant community sections that are cut by Water and Pajarito canyons. Very few of these species are
presently regarded as endangered, threatened, or even rare. However, 39 of them receive limited
protection under New Mexico laws.

Vegetation patterns of the LA/NERP and its immediate surroundings have been affected by
former patterns of use on Pajarito Plateau. Some evidence of disturbance dates to the pre-Spanish
period (archeological ruins and agricultural areas). Subsequent grazing, homesteading, and
logging have extensively disturbed the three plant communities (juniper grassland, pinon-juniper,
and ponderosa pine) that occupy the lower elevations. From 1940 to the present, recreational and
road development have minimally disturbed the upper two plant communities (mixed conifer and
spruce-fir). The strongest agents of disturbance in recent times have been fires, logging, and insect
pests.

Reference
1. T. S. FoxxandG. D. Tierney, "Status of Flora of the Los Alamos National Environmental

Research Park," Los Alamos National Laboratory report LA-8050-NERP (September 1984).
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ESTIMATING THE RISKS OF CANCER MORTALITY AND GENETIC
DEFECTS RESULTING FROM EXPOSURE TO LOW LEVELS OF IONIZ-
ING RADIATION

Authors: T. E. Buhl and W.R.Hansen
Group: Environmental Surveillance, HSE-8
Funding Organization: Los Alamos National Laboratory

Estimators for calculating the risk of cancer and genetic disorders induced by exposure to
ionizing radiation have been recommended by the US National Academy of Sciences Committee on
the Biological Effects of Ionizing Radiations, the United Nations Scientific Committee on the
Effects of Atomic Radiation, and the International Committee on Radiological Protection. These
groups have also considered the risks of somatic effects other than cancer. The US National Council
on Radiation Protection and Measurements has discussed risk estimate procedures for radiation-
induced health effects.

The recommendations of these national and international advisory committees have been
summarized in a report1 that describes two Department of Energy risk estimation procedures
legislated under the National Environmental Policy Act (NEPA) of 1969. The first procedure uses
United States average demographic statistics to calculate age- and sex-averaged risk estimators and
estimates of radiation dose from a given operation to project the risk of cancer and genetic
disorders. If more site-specific risk estimators are needed and the demographic information is
available, a second procedure is described that directly calculates the risk estimators using
recommended risk-rate factors. The computer program (REPCAL) performs this calculation and is
described in the report.

Reference

1. T. E. Buhl andW. R. Hansen, "Estimating the Risks of Cancer Mortality and Genetic Defects
Resulting from Exposures to Low Levels of Ionizing Radiation," Los Alamos National Laboratory
report LA-9893-MS (May 1984).

BIOTRAN MODELS

Authors: W. J. Wenzel, A. F. Gallegos, J. C. Rodgers, G. H. Brooks,Jr., and D. L. Mayfield
Group: Environmental Surveillance, HSE-8
Funding Organization: Los Alamos National Laboratory

The BIOTRAN computer model was developed by the Laboratory- over the past 11 yr to predict
and to assess the impact of acute and chronic releases of pollutants on people. Thirteen modules
have been developed and integrated to simulate soils, plants, animals, humans, and population
dynamics. The modules are driven by a Monte Carlo climate simulator. Each module is coupled
with two- and three-dimensional color graphics that allow rapid verification of complex scenario
simulations.

The BIOTRAN code is a dynamic, mechanistic model that realistically simulates environmental
processes for daily and yearly time periods. The code simulates radionuclide and nutrient transpon
at Los Alamos to help interpret environmental surveillance data and can be used for special studies
and environmental training courses.
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A BIOTRAN User's Manual was developed in 1984 to document each module on various
computer systems (VAX, CDC 7600, CRAY). The manual has four parts for each module: a
description of the module, a description of the input requirements, examples, and the code and its
flowchart.

After development of a human metabolic model HUMTRN,' a cancer-risk prediction model was
developed based on work by Buhl and Hansen.2 The cancer-risk model, EFFECTS, calculates the
number of cancer mortalities as a function of age and sex for a dynamic population.

The BIOTRAN model was also expanded to simulate environmental transport of stable
elements. For example, transport of the major nutrients nitrogen, phosphorus, and potassium can
now be simulated. This development of nutrient cycling extends BIOTRAN capabilities into new
areas such as hazardous chemical risk assessment, watershed management, and farm and range
management.

References
1. A. G. Gallegos and W.J. Wenzel, "HUMTRN: Documentation and Verification for an ICKP-Based

Age- and Sex-Specific Human Simulation Model for Radionuclide Dose Assessment," Los Alamos
National Laboratory report LA-9994-MS (June 1984).

2. T. E. Buhl and W. R. Hansen, "Estimating the Risks of Cancer Mortality and Genetic Defects
Resulting from Exposures to Low Levels of Ionizing Radiation," Los Alamos National Laboratory
repots. LA-9893-MS (May 1984).
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HUMTRN: DOCUMENTATION AND VERIFICATION FOR AN ICRP-
BASED AGE- AND SEX-SPECIFIC HUMAN SIMULATION MODEL FOR
RADIONUCLIDE DOSE ASSESSMENT

Authors: A. F. Gallegos and W. J. Wenzel
Group: Environmental Surveillance, HSE-8
Funding Organization: Los Alamos National Laboratory

A dynamic human simulation model HUMTRN has been designed specifically as a major
module to BIOTRAN (an environmental simulation model). HUMTRN integrates climatic,
hydrologic, atmospheric, food crop, and herbivore simulation; human dietary and physiological
characteristics; and metabolism of radionuclides to predict radiation doses to selected organs of
both sexes in different age groups.' The model is based on age- and sex-specific equations
developed for predicting human radionuclide transport from metabolic and physical
characteristics. These characteristics are modeled from studies documented by the International
Commission on Radiological Protection, Report 23-

The HUMTRN module allows prediction of cumulative doses from uranium or plutonium
radionuclides by modeling age-specific anatomic, physiologic, and metabolic characteristics of
individuals between 1 and 70 yr of age. It can track radiation exposure and radionuclide
metabolism for any age group for specified daily or yearly times. The simulated daily dose
integration of eight or more simultaneous air, water, and food intakes gives a new, comprehensive,
dynamic picture of radionuclide intake, uptake, and hazard analysis of complex scenarios.
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1. A. G. Gallegos and W. J. VCenzel, "HUMTRN: Documentation and Verification for an ICRP-Based
Age- and Sex-Specific Human Simulation Model for Radionuclide Dose Assessment," Los Alamos
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A GUIDE TO RADIOLOGICAL ACCIDENT CONSIDERATIONS FOR
SITING AND DESIGN OF DOE NONREACTOR NUCLEAR FACILITIES

Authors: J. C. Elder, J. M. Graf.J. M. Dewart,*T. E. Buhl,* W. J.Wenzel, L.J. Walker, and A. K.
Stoker*

Groups: Radiation Protection, HSE-1; * Environmental Surveillance, HSE-8
Funding Organization: DOE Office of Nuclear Safety

A guide was prepared to provide the experienced safety analyst with accident analysis
guidance in greater detail than is possible in Department of Energy (DOE) Orders.' An extensive
peer review has resulted in guidance that represents current practice. The guide addresses analysis
of postulated serious accidents that must be considered in the siting and selection of major design
features of DOE nuclear facilities. Its scope is limited to radiological accidents at nonreactor
nuclear facilities because a significant body of guidance documents on reactors already exists. The
analysis steps addressed in the guide lead to evaluation of radiological dose to maximally exposed
persons for comparison with siting guideline doses. Other possible consequences considered are
environmental contamination, population dose, and public health effects. The guide considers
choices of models and parameters that lead to consistent estimation of source terms, release
fractions, reduction and removal factors, and dispersion and dose factors; recommendations are
made whrre appropriate. Although requirements for risk analysis have not been established, risk
estimates are used increasingly in siting of major nuclear facilities and are discussed in the guide.

Reference

1 J. C. Elder, J. M. Graf.J. M. Dewart, et al., "A Guide to Radiological Accident Considerations for
Siting and Design of DOE Nonreactor Nuclear Facilities," Los Alamos National Laboratory report
LA-10294-MS (January 1986).
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QUALITY ASSURANCE TESTING OF HIGH-EFFICIENCY
PARTICULATE AIR FILTERS

Authors: R. C. Scripsick, S. C. Soderholm, and M. I. Tillery
Technical Assistance: L. D. Wheat
Group: Industrial Hygiene, HSE-5
Funding Organization: DOE, Airborne Waste Management Program Office

Every high-efficiency aerosol filter used in DOE facilities is quality assurance (QA) tested
before installation at one of the DOE filter test facilities. This testing presently includes measure-
ment of filter penetration at rated airflow using a "hot-DOP" aerosol generator, an "Owl" aerosol
size analyzer, and a scattered-light photometer aerosol concentration monitor. Alternative penetra-
tion measurement methods for testing size-5 high-efficiency aerosol filters that have rated airflow
capacities of 1000 ft3/min (~ 28 m3/min) are being studied at Los Alamos National Laboratory.
These methods will take advantage of commercially available aerosol instrumentation.

A penetration test using a polydisperse aerosol produced with a modified Laskin nozzle aerosol
generator was found to have promise as an alternative to the present test method. Such a test
eliminates the difficulty of producing a monodisperse challenge aerosol and takes advantage of
state-of-the-art aerosol sizing instruments. Challenge aerosols produced in a modified size-5 filter
test system operating at ~ 28 m3/min had a concentration of ~ 5 mg/m3, a count median diameter
of ~ 0.18 (im, and a geometric standard deviation of ~ 1.4. The aerosol size was measured by using
an uncalibrated aerosol diluter. The aerosol size parameters were calculated by using a method
that did not account for the size distribution truncation.

Aerosol sizing and concentration measuring capabilities of a laser aerosol spectrometer (LAS)
were evaluated for the needs of QA filter penetration testing. For aerosols with diameters between
~0.15 Jim and ~ 0.4 urn, the size measured by the LAS was within 10% of the size indicated by an
electrostatic classifier (EC) and the manufacturer of monodisperse polystyrene spheres (PSSs). For
aerosols with diameters below ~ 0.15 |im, the LAS size was within 20% of the EC's size and the PSS
manufacturer's size. Aerosol concentration measurements made by the LAS at levels up to ~ 3000-
cm3 particles compared well with measurements made by a condensation nucleus counter using
both polydisperse and monodisperse test aerosols.

An aerosol diluter was selected and evaluated for use with the LAS in making filter penetration
measurements. The coefficient of variation associated with dilution ratio measurements at specific
LAS-measured aerosol sizes was less than 12% for particles with measured diameters between ~0.1
Jim and ~0.4 urn.

Figure 18 presents an example of filter penetration measurements of size 5 filters operated at
~ 28 m3/min using this alternate filter test system. The size of maximum penetration was in the
vicinity of 0.2-(im diam. In this example, number penetration as a function of aerosol size ranged
from ~ 0.003% to ~ 0.007% with coefficients of variation ranging from ~5%to ~ 1 1 % . The
average number penetration of ~~0.3-um-diam particles was —0.003%.

Potential alternative test materials were scrutinized for certain toxicological and physical
criteria and some materials were selected for further evaluation. Results of this evaluation and
findings cited in the literature show that certain materials could be easily adapted for use with the
modified Laskin aerosol generator. Reports12 containing many of these results have been pub-
lished.

The 1-yr study of the Model LAS-X (Particle Measuring Systems, Inc.) laser spectrometer in the
DOE filter test facilities (FTFs) was completed on August 1, 1984. The principal objectives of the
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FIGURE 18
Example of size 5 filter pen-
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study were to gain operational experience with a LAS-X/diluter/HP-85 particle size measurement
system in the FTF environment, acquire size distributions at each FTF, and compare the FTF test
aerosols with current and proposed standards. Results of (Tic f;~r 9 months of the study were
summarized in a report.3 Major conclusions based on these data are (1) the LAS-X system can be
operated successfully in the FTF environment; (2) each FTF requires a backup LAS-X to continue
filter testing during the scheduled removal of a LAS-X from service for major recaiibration and
repair (once a year or possibly more often); (3) the FTF test aerosols are not monodlsperse as
assumed in the Military Standard MIL-STD-282, and all do not meet the new DOE Nuclear Standard
NE-F-3-43, which a replacement aerosol would be required to meet; (4) the test aerosol at each
FTF is quite consistent over time; and (5) the test aerosols at the three FTFs differ consistently.

Revised calculations were made and reported4 concerning the theoretical LAS-X calibration
curve as a function of particle size and refractive index. These calculations explicitly include the
effect of the particle passing through different parts of the standing wave inside the laser cavity.
This work may explain, in part, the experimentally determined mis-sizing of particles smaller than
0.2 um.

References
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TECHNICAL SUPPORT FOR FILTER TEST FACILITIES

Authors: R. C. Scripsick, S. C. Soderholm, and M. I. Tillery
Technical Assistance: L. D. Wheat
Group: Industrial Hygiene, HSE-8
Funding Organization: DOE, Albuquerque Operations Office, Waste Management and Trans-

portation Division

This program provides technical support to the DOE filter test facilities (FTFs) by performing
certain scheduled activities and assisting in the solution of special technical problems that arise.
Scheduled activities in CY84 included (1) initiating and reviewing round-robin tests (RRTs), (2)
starting an annual report that summarizes the information in the FIT semiannual reports, (3)
providing technical support to the recently established high-temperature and high-humidity FTF at
Rocky Flats, (4) providing technical support to the FTF Standards Writing Grouo, and <5)
monitoring new toxicological information relevant to FTF test aerosols.

Los Alamos staff coordinated two RRTs for the FTFs. The RRTs entail testing of six high-
efficiency paniculate air (HEPA) filters by each of the three FTFs with a retest by one FTF. The
results are compiled by Los Alamos and reported to the DOE and the participating FTFs.

Each FTF issues a report in the fall and spring summarizing activities during the previous 6
months. Using data in these reports, we are preparing a report for DOE analyzing the FTF quality-
assurance test results for trends to identify possible problems in FTF operations or HEPA filter
quality. This report is to be issued in January 1985. The FTF semiannual reports will be archived at
Los Alamos to build a data base for analysis of long-term trends in filter quality.

Limited technical support was provided for 'he recently installed facility at Rocky Flats, which
is being readied for high-temperature and high-pressure tests of HEPA filters at airflows up to 1000
ft'/min (~ 28 m3/min). These tests are similar to those specified by the US Army's quality products
list program. We reviewed the proposed procedures for the Rocky Flats program, attended a
demonstration of the test facility, and made recommendations to Rocky Flats regarding operation
of the facility.

A group consisting of FTF and associated DOE personnel drafted the Nuclear Standards'4

dealing with the FTFs, and experts in a wide variety of associated fields formed a Technical Review
Group to review the standards. Technical support was provided to the Writing Group by outlining
technically sound alternatives, explaining the technical basis for the Writing Group's decisions to
the Technical Review Group, and participating in general discussions with both the Writing Group
and the Technical Review Group.

Recent toxicological tests of materials used in generating aerosols at the FTFs have suggested a
potential for carcinogenicity. Additional toxicological tests are in progress. The Industrial Hygiene
Group has maintained a continuing surveillance of new toxicological information pertaining to
materials used to generate aerosols at the FTFs. This information is given to the FTFs and the
associated DOE offices.

HSE Division 1984 79



WASTE
•MANAGEMENT

References
1. Filter Test Facility Standards Writing Group, "OperatingPolicyofDOEFilterTestProgram," US

Department ofEnergy, DOE Nuclear Standards NE-F-3-42 (June 1984).
2. Filter Test Facil ity Standards Writing Group, "Quality Assurance Testing of HEPA Filters and

Respirator Canisters," US Department of Energy, DOE Nuclear Standards NE-F-3-4 3 (June
1984).

3. Filter Test Facility Standards Writing Group, "DOE Filter Test Facilities Quality Program Plan,"
US Department of Energy, DOE Nuclear Standards NE-F-3-44 (June 1984).

4. Filter Test Facility Standards Writing Group, "Specifications for HEPA Filters Used by DOE
Contractors," US Department of Energy', DOE Nuclear Standards NE-F-3-4 5T (August 1984).

ROOTING DEPTHS OF PLANTS RELATIVE TO BIOLOGICAL AND
ENVIRONMENTAL FACTORS

Authors: T. S. Foxx, G. D. Tierney, andj. M. Williams*
Groups: Environmental Surveillance. HSE-8, and *Life Sciences Division. LS-6
Funding Organization: DOE, Interim Waste Operations; Los Alamos National Laboratory

During 1981-1982 an extensive bibliographic study was completed to document rooting
depths of native plants in the United States. The data base currently contains 1034 citations and
approximately 12 000 data elements. The data were analyzed for rooting depths as related to life
form, soil type, geographical region, root type, family, root-depth to shoot-height ratios, and root-
depth to root-lateral ratios. Average rooting depths and frequencies were determined and related to
present low-level radioactive waste site maintenance.1

There are 11 low-level radioactive waste sites in the United States, 6 of which are in semiarid or
arid regions. Overburdens at most of these sites are 0 3 to 1 m deep. The shallowness of the cover
almost ensures penetration by the roots of all but the shallowest rooting plants. In this study, only
annual grasses root entirely within 1 m and only half of these root within 0.3 m. Median rooting
depths of other iife forms are up to 1.95 m with maximum rooting depths to 61 m: annual forbs
(median of 0.61 m, maximum of 3 0 m), biennial forbs (0.76 m. 1.5 m), perennial grasses (1.06
m. 8.2 m), perennial forbs ( I . l4m,39m), subshrubs and vines (1.16 m, 6.4 m), trees (3-34 m, 61
m), and shrubs (1 95 m, 17 m). Without effective biobarriers, approximately 1.5 m of cover are
sufficient to prevent root entry into the waste, provided the deep-rooting plants are kept cleared.

Cover type strongly affects root penetration and hence the amount of cover needed. Adobe clay
affords the shallowest rooting system (median root depth of all plants is 0.4 m; 99% of all plants
have root depths less than 2.7 m), sandy soil (0.74 m, 4.5 m), loam (0.85 m, 3.0 m). clay loam (1.3
m, 4.5 m), and silt (1.6 m. >4.5 m). Soil effects on lateral root growth are similar, except that
sandy soils are less restrictive and more like silts. Adobe clay retards root growth by physical
restraint, but roots can penetrate through cracks. Sand retards root growth by acting as a sieve to
conduct water away before the plants can use it.

Root type plays a major role in a plant's ability to penetrate into a soil. Bulb-type roots are the
least penetrating with an average depth of 0.12 m; corm roots. 0.24 m; rhizome roots, 0.80 m;
fibrous roots. 1.3 m: and taproots, 2.4 m.

Plant height can give a rough estimate of root penetration. In most cases, the depth-to-height
(d/h) ratio for trees was less than 1.1, Trees that were less than 305 cm tall had a 0.22 ratio. Shrubs
had a d/h ratio of 1.2; forbs, 1.7; and grasses, 2.0. In some cases, lateral spread may be important,
particularly for species on waste site perimeters. With sufficient lateral extensions, species may
penetrate wastes from the waste pit exterior. Ratios indicate that the lateral spread of trees will vary
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with age of the trees. Younger trees will have lower depth-to-lateral distance (d/1) ratios than will
older trees. Shrubs have d/1 ratios of less than 1; forbs and grasses, greater than 2. The highest d/1
ratios were found for subshrubs.
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Six low-level radioactive waste sites are located in arid regions of the I 'nited States.' Surface
materials composing the waste site covers include weathered tuff, si I ty clay, sand, end gravel.
Presently, most sites have overburdens of 30 to 90 cm. An extensive bibliogtaphic study2 indicates
that regardless of soil type, most grass species will root to depths greater than 90 cm. the exception
being june grass (Koeleria cristata). The shallowest rooting grasses were bluegrass (Poci spp.).
fescue (Fesluca spp.), three-awn (Aristida spp.), and needle-and-thread grass (Stipa comata).
Side-oats grama (Bouteloua curlipendula) and alkali scaton (Sporobolus arioides) root to depths
greater than 457 cm. The majority of the grass species studied root within the first 2^5 cm

Forb species have more variable root depths than grasses. Species such as alfalfa (Medicago
sativa), gayfeather (Liatris pumtata), and golden-weed (Haplopappus spp ) root below 460 cm.
but roots of species such as yucca ( Yucca spp.) and groundsel (Senecio spp.) root within the first
180 cm. Buckwheat (Eriogonumspp.), wormwood (Artemisiaspp.), cinquefoil (Potentilla
spp.), andgoldenrod (Solidago spp.) do not root deeper than the first 270 cm.

Trees and shrubs commonly root deeper than 460 cm. Roots of shrubs and tree species such as
one-seed juniper (Juniperus monosperma) are at great depths.

A comparison of the three families of plants—grass, sunflower, and pea—showed that the-
grass family rooted the shallowest and the pea family, the deepest. Rooting depth varies with
biological and environmental factors, which should be considered when selection o! -pecific
species is made for site stabilization.
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