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I. Summary of Progress to December 31, 1975

This first year-end report describes progress made between November 16, 1974
and December 31, 1975. Two major,categories of effort areidescribed: a) the
start-up of the new health-effects facility (Section II of this report); and
b) scientific progress (Sections III, IV and V). Sections on Personnel, status
of budget, Results and Discussion and Appendices are also included.

The research is conducted in a 2,200 square foot laboratory building on
the North Campus of the University of California, Irvine. The facility, con-
secutively called SNIF for "Sulfate, Nitrate Inhalation Facility" and IRF
for "Inhalation Research Facility" was re-named "Air Pollution Health Effects
Laboratory (APHEL) The new name, selected in consultation with University
-administrative officials, more clearly reflects the current research programs
and is hopefully more meaningful to the University community and to the public.
The .official opening under this name, held May 2, 1975, was attended by University
administrators and representatives of the California Air Resources Board. Addi-
tional "open-house' ceremonies were held for Unlver51ty personnel and for the
general publlc

The completed laboratory contains a central exposure room with four main
exposure chambers (University of Rochester type, each one cubic meter in volume,
Reference: Leach et al., 1958) which are suitable for handling gaseous and par-
ticulate atmospheres of varying toxicity including urban and industrial air
pollutants corrosive mists, pathogens and radloactlve materials. Small labora-
tory animals are exposed inside the chambers in any of several modes including:
free in wire cages, inside '"nose-only" exposure tubes or in body plethysmographs.
Larger animals, including human subjects, dogs and plgs can be exposed outside of
the chambers to pollutant -atmospheres through flexible stainless steel hoses
leading to masks. Supporting facilities in the building include a large air
purification system, a very complete aerosol laboratory, a gas 1aboratory,
physiology and histopathology laboratories, an animal housing wing, a PDP-11
mini-computer, radiation detection equipment, a small shop, office space,
storage space, a small photographic darkroom, and a cage washing area. Basic
equipping and staffing are complete and a relatively well-coordinated research
program is in progress.




Several problems identified in previous quarterly progress reports have
seen satisfactory resolution. A license for use of radioisotopes was obtained
in April, 1975 (Appendix A), modifications to the animal housing wing (sloped
and drained flooriﬁg; impermeable wall coating, area caging, and additional
air-cleaning equipment) have been made that not only meet the recommendations
of the American Association for Accreditation of Laboratory Animal Care but also
anticipate future requirements for provision of exercise and animal-to-animal

contact.

Scientific progress has been made in three areas: 1) development of animal
methods; 2) development of pollutant atmospheres; and 3) animal exposures to
pollutant atmospheres. The laboratory presently works with two species, rat and
dog, in order to avoid drawing conclusions that may be limited to a single

species.

Experimental Animals

The rat is used because it is relatively inexpensive, is known to respond
to several common air pollutants, and becausc of the large available data base
with respect to behavior, housing, handling and biologic parameters. Rats are
primarily used in sacrifice studies where tissues must be examined to determine
effects.

The dog as used in our laboratory is a trained, cooperative subject, each
individual known by name, and having an always-growing laboratory record of her
own normal biologic parameters and individual responses to air pollutants. The
dogs are not used in terminal studies.-Dogs-make good subjects for several rea-
sons: 1) they appear to have small airways (a critical site for several natural
and environmentally induced diseases) that are quite similar anatomically to
those of'man: 2) they have a range of variability in response similar to man;

3) a large physiological data base exists for the dog; 4) they are exceptionally
cooperative so that fairly difficult "clinical-type' tests may be performed;

5) the young, developing dog’may eventually be used as a laboratory model for
the young developing child; 6) the dog is a convenient size, near enough to man
so that similar, often identical, equipment can be used for both; and 7) the

dog is a reasonably economical subject with respect to purchase, care and housing.



Experimental Methods ‘
Methods developed for these two species were aimed at detection of changes

within the respiratory system that are relevant to pathogenesis of chronic
"respiratory disease, to aggravation of disability in subjects with bronchitis,
asthma or emphysema and to short-term discomfort or disability in normal subjects
exposed to a 1 or 2 day episode of moderate to severe air pollution.

Abnormal distribution of gases and impaired entry or release of gases in
the lung induced by bronchial constriction or interstitial edema are tested in
‘dogs by nitrogen washout and in rats by radioxenon wash-in and washout. Abnor-
malities of this type would be expected to contribute to disability in subjects
with pre-existing disorders of ventilation during brief exposure as in a one
or two-day air pollution episode. Altered clearance of inhaled particles may
occur during brief exposures and would enhance the risk of infection in the
lung in normal as well as in previously impaired subjects.

In this first year we have: 1) finalized and repeatedly used an exposure
system for dogs that allows us to expose calm, unanesthetized animals, via a
comfortable mask for periods in excess of 4 hours; 2) adapted pulmonary function
tests to the dog including measurements of FRC, rate, tidal volume and multj-
breath nitrogen washout, a sensitive indicator of small airways status; 3) estab-
lished normal values of pulmonary function as measured by this method in dogs;
4) discovered a range of individual responses of our dogs to a brief exposure
to 0.6 ppm ozone; 5) generated initial data for the effects on dogs of other
levels of ozone and of some sulfate aerosols; 6) désigned, built, tested and
used a radioactive-gas wash-in/washout-marifotd for examining lung function in
rats; 7) performed initialvtésts of deposition and clearance of radiolabeled,
monodisperse, near micron-sized aerosols in rats; 8) obtained initial data on
the effect of ozone and salt aerosols in rats; 9) evaluated the miniature pig,
using ozone, as a laboratory subject in air pollution studies; and 10) set up
and used a procedure for precise, controlled fixation of rats' lungs for patho-

" logic study. | ' | |

Experimental Atmospheres

In establishing methods for generation of aerosol/gas pollutant afmospheres
the critical requirements include: 1) elimination of unwanted contaminants;

Z) precise control of amounts of materials in the exposure atmosphere; 3) control

of aerosol particle size in the 0.1 to 1.0 (mass median) micrometer diameter




range; 4) ability to measure exposure levels at the point of inhalation, i.e.,

in the breathing zone; and 5) ability to control environmental tcmperature
and humidity during exposure. Our first-year accomplishments in this phase
include: 1) ability to gencrate, characterize and control aerosols of sodium
chloride, ferric sulfate, anmonium sulfate and sulfuric acid mist in the micro-
meter and submicrometer range at maximum concentrations that do not lead to
aggregation of particles with resultant loss of control over particle size, i.e.,
concentratias of up to 7mg/m~7> 2) CSt&b]lShIﬂg routine capability for aero-
dynamic and electron microscopic sizing of aerosols; 3) ability to control
exposure levels at 40% to 80% relative humldlty at 65-72°F; 4) virtual
elimination of unwanted contaminants from exposure atmospheres; 5) ability
to precisely monitor gases and asrosols in the breathing zone of animals; and

6) capability to repeat exposures under identical exposure conditions.

Experimental Observations

This past year, we have exposed rats and/or dogs to the following atmospheres:
clean filtered air, ozone, sodium chloride, ferric sulfate, ammonium sulfate,
and some gas/aerosol combinations. Results, though mostly preliminary, are
beginning to emerge. Tentative conclusions that are possible at this time are
subject to confirmation but include: 1) ozone at 0.6 ppm for 2 hours does produce
a temporary cffect in the dog that can be interpreted as a ventilatory impalrment;
2) at the high mass concentration studied (3-4 mg/mS), while submicron saltsdf NaCl
and ferric nitrate do not appear to impair ventilation, ammonium nitrate may;
3) the range of response from individual to individual is large and a subject
animal that has a large response to ozone may Or may not have a large
response to particulates; and 4) the only combination aerosol and ga% for which
data analysis is complete (ozone + NaCl in rat) indicates no potentiating effect

due to the presence of an inert aerosol.

Comment

In brief, we are on schedule in overall progress and revisions to the
pro;ect flow diagram (Figure 1) have been made only on the basis of negotiated
changes in the order of some tests. Our sucqesses are due to intense efforts
by APHEL persomnel, the high level of support from University administrators,
faculty and staff and the close cooperation and support of individuals in the
State of California Air Resources Board. We have, over the year, held weekly
meetings with all project staff, many of which were also attended by ARB

personnel. We feel that the present atmosphere for our research is highly



~ A103lBIOQRT S3D9FFT YIRS} UOTINTIO] IATY
QUTAI] .mﬁcuomHHmu Jo A3T1sIeATUn oy3 3B psuroFaed Sureq
‘paeog S9DIN0S9Y ITY BIUIOITIR) JI0F UoIBosal FO 399Ys MOTH

T e e e e e e e e e T e e e

Al

ITI

9L61

II

SINANOdWOD (HXIW ANV A<SQH>HQZH ‘SAINIS Ivd  °

*T eundTyg
ONIITYM INOAT ‘SASATYNY TYNIA

SINANGAWOD TEXIW ‘SAIANIS 90d

SINANOJNOD 'TVAQIAIONI SHIANIS 90d

LNINOTIAHIA STOSOYHY TVIDHdS

Al

LNAHWNdOTHAHT SAOHLAWN TVININY

IT

SL6T

NOLLVINAWATANI SHILITIOVA

YL6T



productive and look forward to providing major input to the methodology of

laboratory investigation and to decisions on abatement of air pollutants.

As researchers, we are obligated to maintain contacts within and outside
of the scientific c6mmunity. A summary of professional activities 1s included
as Appendix B. During the past year we have seen several visitors from the
toxicology discipline at our laboratory including: Andrea Bianco, M.D.
(research toxicologist from the Italian Atomic Inergy Agency‘in Rome) ;
Gunter Oberdoerster, D.V.M. (inhalation toxicologist from the Institute for
Aerobiology, Germany); Walter Tyler, Ph.D., D.V.M. (Director, California Primate
Research Center, UC Davis); Donald Dungworth, Ph.D., D.V.M. (Chairman, Veteri-
nary Pathology, UC Davis); Douglas MacEwen, Ph.D. (Director of the Toxic Hazards
Research Unit, Dayton, Ohio); Donald Hausknecht, Ph.D. (Manager of Fnvironmental
Systems for Scientific Associates, Inc., El Segundo, Ca.): Richard Ziskind, Ph.D.
(in environmental health modeling at Scientific Associates, Inc.); Seung Han Lee,
M.D. (Catholic Industrial Accident lospital, Seoul, Korea); and researchers
ﬁmnhmﬂadmlgmmsatSm1Meg)$ﬂmlmh€mhy,mmdmlpsNMgm}bqﬁwl
in Downey, and from the Inhalation Toxicology Research Institute in Albuqucrque,
New Mexico.



IT. Facilities
A. 'Furnishing of the Facility

Furnishing of the 2200 square foot facility has been completed with
the installation of chambers, flooring, a mini-computer, a fume héod, a
burglar alarm and laboratory and office furniture. The floor plan, shown in
Figure 2, indicates the present space assignments.

Chambers _

Though chambers of the University of Rochester design have already proven
their utility and reliability in animal inhalation studies, any new exposure
system nust be tested with respect to its operating characteristics before
meaningful studies can proceed. _Accordingly, initial tests were performed
to insure suifability of the chambers for our purposes. Criteria established
for evaluation of chamber system performance included: |

1. Proper air-flow rates with simultaneous proper operating pressures

in the Rochester chambers. Animal exposures to gas/particle air pollu-

tant atmospheres require operation of the chambers at a pressure of
minus 0.1 to 0.5" of water over a range of about 2 to 25 cubic feet

per minute air flow. Negative pressure in the chambers is required

to prevent leakage of.eprsure atmospheres into the laboratory proper.

2. Stability of flows and pressures during operation of the chamber

system. Proper air flow and chamber pressure must be maintained over
.the time period of animal exposure (up to 8 hrs per run). Few, if
any, adjustments in flow-controlling equipment should be required
 during a chamber run.

3. Negligible leaks in the system. Leakage of exposure atmosphere

out of the chambers is prevented by negative pressure within the
system. Leakage of room air into the chamber must also be minimized
to prevent alteration of exposure environments.

4. Characterization of gas vélocity profiles in Rochester chambers.
The velocity of air should be relatively uniform throughout the chambers
to insure uniform pollutant exposure and proper removal of heat, €O,

and ammonia from the vicinity of the animals.
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5. Specification of losses of aerosols to walls and surfaces of

chambers. Electrostatic, gravitational, inertial and diffusional
forces cause losses of particles to chamber and cage surfaces. The
rate of loss of particles during chamber operation should be known.

6. Negligible background level of aerosol particles and contaminant

gases in chambers under operating conditions. The air-purification

system must reduce unwanted contaminant airborne pollutants to levels
that will not interfere in any way with the controlled exposure of
animal subjects.

7. Homogeneous distribution of exposure aerosols and gases in
chambers. Each animal within a chamber should be exposed to the same
level of pollutant gases and aerosols. Uniform distribution of aero-

sols is more difficult to achieve than uniform distribution of gases
due to the lower diffusional velocities of aerosol particles. This
factor justifies the use of the Rochester-type chamber design, which
has an upper mixing section.

8. Significant efficiency of aerosol deposition in animals in

chambers. Each animal, inside a cage within a chamber, must have
significant deposition of aerosol particles in the respiratory tract.
Effective deposition of aerosols in animals durihg chamber operation
must be demonstrated.

Each of the above items requires a specific test. Table I summarizes the
current status of such tests, including the testing method and results.

Floors

Floors in the chamber room, washroom, and entire animal housing wing have
been covered with Crossfield Products' "Dexotex-Neotex" industrial floor, which
has a non-skid, sand-entrained surface. The walls received a 6" covexing of
.the same material. This flooring, covered with epoxy painﬁ, is disinfectable,
waterproof, non-skid when wet and resistant to attack by common solvents and
corrosive chemicals. Remaining floors‘have been covered with 1/8'" thick vinyl-
‘asbestos tile.




Table I

Current Status of Ixposure Chamber Tests

Criterion

Proper flows and pres-
sures in chambers

Stability of proper
flows and pressures

No leaks in system

Uniform gas velocity
profile in chambers

Low background levels

a) contaminant
aerosols

b) contaminant gases

. Good mixing of expo-

sure atmosphere in
chambers

a) aerosols

b) gases

Known deposition
efficiency of test
aerosol in rats inside
chamber

Method .

Observe pressurc mano-
meter and flow gauge
readings wnder operating
condition

Observe gauges during
simulated 8-hour
chamber run

Compare alrflow rates
through intake mani-
fold and exhaust lines

Read with anemometer
probe

Weigh absolute. fiber
filters before and

-after sample during
‘simulated chamber run

with and without abso-
lute filters in place

Analysis of gas samples
during simulated chamber
Tun

Measure three age dis-
tribution functions,
E©), 1(©) and A (O)
for test aerosol and
gas

Run chambers with test
aerosol with caged rats
present, dissect animals
and assay respilratory
tract and fur for aerosol
material

10

Results or Comments

Chambers cperate at
proper flows and pres-
sures

Stability within proper

limits maintained with-

out need for adjustments
for 8 hour operation

Leaks are negligible

Test postponed, accepta-
ble distribution of gas
seen in Test 7, below

Contaminant aerosols are
negligible with chamber
filters in place

Performed for 0z, NO, NO2
and SO2: level for each
below 10 ppb

Good mixing of gases
and aerosols

Material found on fur,

in nose and in lung

in the following ratios
37:1:1.7



Computer : .
The mini-computer, a Digital Equipment Corp. PDP 11/10, arrived in early

“July. A Teletype Corp. Model 33 terminal was rented from on-campus for use
with the PDP-11. éince the teletype terminal is equipped with a paper tape
reader/punch, we have the capability to generate, store and execute programs
for data analysis. The capability is now being utilized in programs dealing
with particle analysis and physiological data. A Digital Eduipment Corp.

LA 30 Decwriter arrived in September and is presently interfaced for high-
speed data output.. The computer is interfaced to several pieces of pulmonary
function equipment and serves to directly receive and process data.

Burglar Alarm

An Intruder Alarm System was completed on July 11. The system, a
Dynaplex-2000, delivers a silent alarm directly to UCI Campus police upon
unauthorized entry outside of normal working hours.

B. Housing of Animals

- The goals of the project necessitate housing of dogs for longer than
one_year and of rats for up to two months. The original design and subsequent
modifications to the animal holding wing have been aimed at achieving healthy,
comfortable living cdnditions for the animals as well as assuring full accredi-
tation by the American Association for Accreditation of Laboratory Animal Care.

Original modifications to the animal holding wing necessary to assure
conformance with recommendations for the housing of animals set forth in
Guide for the Care and Use of Laboratory Animals (DHEW, 1972) were identified.
Drains were installed in all animal holding rooms and adequate waterproofing

of the existing wall structures in the animal rooms was accomplished by the
application of Cross-Gard Wallcote, a two-component resin wall surfacing.

Hot and cold water hose bibs were installed in the animal rooms. Further modi-
fications for beagle housing (2 rooms) included uniform sloping floors of %"
per foot to the drain located in the rear of each room and addition of kennel
TUNS.

The dog runs were designed with both AALAS regulations and the comfort
and safety of the dogs in mind. The kennel runs manufactured by the Bob Long
‘Environmental Systems (Gambrills, Md.) (Fig. 3 ) were selected for the housing

11
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~ of dogs. The caging is constructed of flexible 1%'" wire mesh panels 5' fall
and of varying lengths to fit laboratory needs. All wire ends are folded at
both top and bottom to provide a safer environment for the animals, and
self-locking latches are provided on the swing and slide gates, adding to
the efficiency of the system. The panels rest on 1" extensions (1egs) to

provide easy cleaning access. The dogs may be moved at any time from the main

area of the run to the smaller extension of the mun (shown in the lower right
of the diagram) to facilitate cleaning or other procedures.

Laboratory rats are housed at the facility in stainless steel hanging
cages fitted with wire-mesh bottoms (20 cages per rack). Previous concern
for the resplratory health of these animals appears to, have been alleviated
by the arrival of recirculating air filtration units (Dexon, Inc. , Minneapolis,
Minn.), which remove essentially all particulates and most vapors from the
animal room. Rock salt has also been substituted for conventional wood
shavings bedding as a deterrent to bacterial or fungal growth. To our
knowledge the use of rock salt is unprecedented and we are attempting to -
define any adverse aspecté of this procedure. Presently, the facility has
the capability of housing 200 adult rats. A

C. Purlfled.Alr System
The purified air system was de51gned to chemlcally and physically
scrub pollutants from air supplied to the four Rochester chambers. The
System Creates a clean reference air into which known quantities of pollutants
~can be 1nJected and their blOlOglC effect monitored without interfering
effects from unwanted contaminants in the experimental atmosphere.

The design parameters for reference air are:

Air flow 0-100 standard cubic feet per minute (scfm)
Air temperature 720F :
Humidity 40-80% RH, variable and controllable (% 5%)
S 4 Probable maximum Outlet {to
Contaminant Inlet Conditions Chambers)
nitric oxide 1 ppm.' ‘ 10 ppb
'nitrogen dioxide 1 ppm 10 ppb
hydrocarbons (as CHg) 100 ppm | 500 ppb
carbon monoxide 100 ppm 2 ppm
sulfur dioxide . 1 ppm. 50 ppb
particulates (DOP) | | _' .003%/.3 um
0zone : "~ 500 ppb ' 10 ppb
ammonia | 10 ppm 2 ppb

13




Component Status (refer to Fig. 4 )

1. Humidity and Temperature Control. Iumidity and temperature control have

been accomplished by a BEMCO PTHS Air Servo (Pacoima, Ca.). This unit has a
re{rigerator-drier and d“]Oan@d water injection for humidity control plus
heaters for temperature control. The Alr Servo was designed with the capa-
bility of handling cither inside or outside air. Incorporated into the design
of the Air Servo is a Barneby-Cheney (Columbus, Ohio) activated charcoal
filter which catalytically reduces ozone and adsorbs hydrocarbons remaining
after treatment in previous components. Presently, preliminary calibration
has been performed on the unit. The wnit allows control of temperature in

the Rochester chambers between 509 and 1000F and relative humidity between

40 and 80%.

2. Purafil Module. The module has arrived and has been filled with Purafil

medium. The medium consists of actlvated alumina molecular sieve pellets

impregnated with potassium permanganate oxidant (Purafil Inc., Chamblee, Ga. )
It removes NO, NOZ’ SOZ’ most hydrocarbons, NH7, and some CO by adsorption,
absorption and oxidation.

The system itself consists of two parallel filter beds. Fach bed has
greater than one effective bed length when operated solely, but dual opera-
tion insures prolonged operation in the desired efficiency range and dlmlnlshes
the probability of pollutant "breakthrough' during a chamber run. The wnit
has been temporarily connected to the intake manifold of the Bemco Air Servo
until the catalytic oxidation unit arrives. At that time, the oxidation unit
will be installed between the Purafil module and the Air Servo.

‘3. (Catalytic Oxidation Unit. Catalytic oxidation is desirable for efficient

removal of carbon monoxide as the oxidation reaction between the potassium
permanganate in Purafil and CO is relatively slow. Englehard Corporation
successfully bid on the catalytic oxidation unlt last February. Although a
disagreement between Englehard and the University regarding the terms of
purchase has been resolved, further delay in arrival of the unit has resulted
from a misunderstanding relating to the physical placement of the unit,
necessitating a slight revision in the construction plans. Revised drawings
for the unit have been approved by this laboratory and returned to Englehard

Corporatlon. As of this date, delivery is expected W1th1n the next two months.

14



