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Ohjectives The purpose of this study was to determine the factors affecting exposure to rat and mouse urinary
allergens.

Methods Ambient and personal air sampling was performed on a large scale in 7 laboratory animal facilities.
Results Allergens were mainly present as large particles (>5.8 um). The higher the number of animals in a room, the
higher the allergen concentrations. Allergen levels were twice as high on Mondays as on other days due to the tasks
performed on Mondays. Filter tops on animal cages were associated with 6—17 times lower ambient allergen levels.
An inverse day-night rhythm for rats produced >10 times higher rat urinary allergen levels. Personal exposure to rat
and mouse urinary allergens differed between job titles but especially between facilities, probably because of
differences in task performance and technology. Task-specific sampling revealed that the highest personal exposure
levels occurred when contaminated bedding and high numbers of conscious animals were handled. The proportion of
time spent on these tasks determined the degree of allergen exposure to a large extent.

Conclusions This study showed that the number of animals present in the room, use of filter top cages, and an inverse
day-night thythm were important determinants of rat and mouse urinary allergens in ambient air. Personal exposure
to rat and mouse urinary allergens was predominantly determined by the task and site and, to a limited extent, by
ambient exposure levels. The presented determinants can be used to develop exposure reduction strategies and also to

aid epidemiologic studies of laboratory animal allergy.
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Laboratory animal workers are at high risk of developing
occupational allergy (1—38). Several studies (5, 6, 9) have
shown that the risk of developing laboratory animal aller-
gy is related to the allergen exposure level. Exposure con-
trol can potentially decrease the risk of developing the
disease. Effective exposure control, however, requires
detailed knowledge of the most important determinants
of exposure (10, 11). When available, this kind of knowl-
edge can be used to estimate exposure levels in epidemi-
ologic studies as well (12—14).

Rat and mouse urinary proteins are highly allergenic
(15—19) and are the most important allergens in airborne
dust in laboratory animal facilities (16, 19). In previous
studies associations have been found between ambient air
levels of urinary allergens and the number of animals in
the room (20—22), the bedding material used (20, 23),

the relative humidity in rooms (24), the use of filter top
cages (20), and the rate of ventilation (25). Little is known,
however, about the determinants of personal allergen ex-
posure levels of laboratory animal workers.

A Tlarge epidemiologic study among approximately
600 laboratory animal workers started in 1992 (8, 9). As
part of this epidemiologic study on laboratory animal al-
lery, ambient air sampling in animal rooms, and shift- and
task-based personal air sampling was petformed. This
paper describes an analysis of potential determinants of
rat (RUA) and mouse (MUA) urinary aeroallergen expo-
sure. Linear regression models were used to determine
the factors affecting RUA and MUA concentrations. In
contrast to the findings of other studies (20, 22, 26), air
samples were taken at more than 1 laboratory animal fa-
cility. Furthermore, this study had no experimental
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design like most of the earlier studies (20, 23—25), but
instead examined determinants of exposure to RUA and
MUA under normal work conditions.

Materials and methods

Sites

Seven laboratory animal facilities, some affiliated with
universities (sites A, B, C and D), some nonuniversity re-
search institutes (sites E and F) and a pharmaceutical com-
pany (site G), took part in this study. Twenty-one differ-
ent exposure zones comprising 40 animal rooms were
used. A zone was defined on the basis of the work envi-
ronment (ie, similarity in ventilation system, construction
of building or equipment) (27) (table 1).

Five broad job titles could be distinguished. Animal
caretakers are involved in “general care of animals” and
the cleaning of cages and rooms. Animal technicians car-
ry out experimental procedures on animals on a full-time
basis. Scientists and scientific assistants perform experi-
ments on animals and their tissues or body fluids on a
part-time basis. Scientific assistants usually perform the
routine experiments. Supervisors have no direct contact
with animals or their tissues or body fluids but are present
in the animal rooms on a regular basis.

Air sampling
To determine the particle size distribution of the allergen-
carrying dust, measurements were performed with an
Andersen cascade impactor (Andersen, Atlanta, GA,
USA). The sampler consisted of 8 stages and a backup.
The flow rate was 28.3 I/min. The sampler was placed
close to the animals. Altogether 10 samples were collect-
ed during full-shift periods of 6—8 hours, using glass fi-
ber filters (Whatman GF/A).

Total dust ambient-air sampling was carried out at fixed
points close to the animals at an average height of 1.5 m,

Tahle 1. Characteristics of the animal rooms of the participating sites.
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Total dust concentrations were determined using a modi-
fied Schleicher & Schiill PL050/1 sampling head with a
face velocity of 1.25 m/s in the inlet opening and a flow
rate of 23.5 I/min. Altogether 152 dust samples were col-
lected during full-shift periods of 6—8 hours, using poly-
tetrafluoroethylene (Teflon) filters (Millipore; pore size
1.0 pm, diameter 4.5 cm). At the time of the sampling, the
number of animals in the room was counted, the tempera-
ture and relative humidity were measured, and the type of
cage and bedding material was recorded. Furthermore, the
ventilation rate (air changes per hour) was determined by
measuring the inlet or outlet air velocity (heat wire ane-
mometer, Gill 1012 R2). Personal inhalable dust was sam-
pled using IOM (Institute of Occupational Medicine) sam-
pling heads (28) with a flow rate of 2 I/min. Each sam-
pling head contained a polytetrafluoroethylene (Teflon)
filter (Millipore; pore size 1.0 um, diameter 2.5 cm). Alto-
gether 287 samples were collected during shifts of 4—8
hours from a random sample of the workers. During the
sampling the workers had to record tasks performed on a
checklist. Each worker was sampled for 1 week on days
worked in the laboratory animal facility. Task-specific
personal samples were collected during the following
tasks: (i) cleaning rooms and sweeping work zones [mean
sampling time 58 (range 10—128) minutes, N =15 rats
and 17 mice]; (ii) changing animals from dirty to clean
cages and cleaning racks [mean sampling time 73 (range
10—270) minutes]; (iii) removing wood chips from dirty
cages [mean sampling time 56 (range 7—218) minutes];
(iv) bottle and cage washing in cage washing area [mean
sampling time 64 (range 16—112) minutes]; (v) chang-
ing animal feed and water bottles [mean sampling time 57
(range 5—186) minutes]; (vi) handling animals in animal
room, for example, tumor control, weighing, taking tem-
perature [mean sampling time 85 (range 10—341) min-
utes]; (vii) immunization, injection, blood sampling [mean
sampling time 92 (range 15—325) minutes]; (viii) exper-
imental work on anesthetized animals [mean sampling
time 163 (range 25—317) minutes]; and (ix) experimen-
tal work on conscious animals, handling and observing
[mean sampling time 161 (range 85—267) minutes].

Site Zones Rooms Range of rats Range of mice Range of Range of Range of
(N) sampled perroom perroom temperature relative humidity ~ ventilation rate
(N) (N) (N) (°C) (%) (air changes per hour)

A, university 1 2 95—200 21—21 56—56 34—36
B, university 7 12 45—177 250—1000 19—25 37—75 10—36
G, university 5 7 22—150 435—900 21—24 45—70 18

D, university 2 6 100—196 190—350 21—24 . 10—22
E, research institute 3 6 200—416 48—475 20—23 42—70 271—32
F, research institute 2 4 45—73 115—360 21—25 45—73 27—34
G, pharmaceutical company 1 3 25—122 25—108 21—22 16—22

aThe inlet and outlet of the ventilation system were not accessible. The ventilation rate was obtained from the technical services department of the facility.
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Elution and analysis of urinary aeroallergen to rat
and mouse

RUA and MUA were recovered from the filters by extrac-
tion at room temperature with 15 ml (Andersen samples),
4.5 ml (total dust samples), or 2 ml (inhalable dust sam-
ples) phosphate buffered saline (PBS, pH 7.4). The filters
were successively vortexed for 2 minutes, sonicated for 2
minutes, vortexed for 5 minutes, and sonicated for 2 min-
utes. The extract was centrifuged at 5000 g for 15 min-
utes, and the supernatant was collected and stored at
-20°C. The extracts of the Andersen samples (glass fiber
filters) were centrifuged twice. RUA and MUA were as-
sayed by sandwich enzyme immunoassays that have been
described in detail elsewhere (29). Urine from Wistar rats
and Balb/c mice was used as standard preparations in the
immunoassays. The concentrations in the test samples
were expressed in nanograms of urinary protein equiva-
lent (ng eq) per milliliter in which 1 ng eq was defined as
the amount giving the same assay result as 1 ng of protein
of the standard.

The detection limit was estimated by analyzing ex-
tracts of 126 blank filters. These filters underwent the
same procedures as the loaded filters except for actual air
sampling. The average allergen concentrations estimated
in these extracts was 0.026 (SD 0.028) ng eq/ml for the
RUA assay and 0.018 (SD 0.023) ng eq/ml for the MUA
assay. Only extracts of air samples with a concentration
higher than the mean concentration of these blanks + 2
SD were considered positive, which implied a detection
limit of 0.075 ng eq/ml for the RUA and the MUA assay.
Due to differences in the sampling time and flow rate, the
detection limits were 0.030 ng eq/m? for the total dust sam-
ples from the ambient air, 0.23 ng eq/m? for the personal
full-shift samples, and 0.94 ng eq/m? for the personal task
samples. Two-thirds of these detection limits were as-
signed to samples in which RUA or MUA were below the
limit of detection.

Statistical analyses

Potential determinants of the exposure were included in
classical linear regression models (SAS, version 6.09, pro-
cedure GLM) to help define factors affecting the RUA
and MUA concentrations in ambient and personal air sam-
ples. Determinants which did not contribute to the model
(P>0.1) were excluded from the model. In the analyses,
the logarithm of the RUA and MUA concentrations was
used to stabilize the variance. Continuous (eg, the number
of animals) and dummy [eg, the use of filter top cages
(yes;no)] variables were used as independent variables in
the empirical models. The logarithm of the number of an-
imals was used to obtain a linear relationship with the RUA
and MUA concentrations. Residuals, partial regression
plots and influence statistics (Cook’s D) were inspected
to evaluate possible violation of the assumptions. The
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models presented had normally distributed residuals, and
there was no evidence of any leverage that affected the
estimated contribution of the various determinants of ex-
posure.

Resulis

Ambient-air dust sampling was performed in 16 of the 21
zones in a total of 40 rooms. The remaining 5 zones were
not accessible for our ambient-air sampling equipment
because of possible contamination of the animals. Some
characteristics of the animal rooms are given in table 1.
The average number of animals was 128 in the rat rooms
and 404 in the mouse rooms. At site C, the filter top cages
were used in 1 mouse and 1 rat room. In 1 rat room at site
G, infrared lights were used to achieve an inverse day-
night rhythm. The ventilation rate in all the animal rooms
was in between 10—25 air changes per hour, except for
the animal rooms at site A, B,yue 65 Bzone 2» and F, where
the ventilation rate was more than 25 air changes per hour.
Furthermore, the average temperature of the air in the room
was 22 (range 19—25)°C, and the average relative hu-
midity was 58 (range 37—75)%. Of the 152 total dust
samples from the ambient air, 83 were collected in rat
rooms, 61 in mouse rooms, and 8 in rooms in which both
rats and mice were present. The median RUA concentra-
tion in the rat rooms was 0.90 ng eq/m? versus 0.020 ng
eq/m? in the mouse rooms. The median MUA concentra-
tion in the mouse rooms was 7.2 ng eq/m? versus 0.020
ng eq/m? in the rat room. Fifty-one percent of the samples
in the rat rooms had no detectable MUA level, and in the
mouse rooms the RUA could not be detected in 85% of
the air samples.

Regression analysis revealed that the logarithm of the
number of animals in the room explained most of the var-
iability in the logarithm of the RUA and MUA concentra-
tions. Other important determinants were the use of filter
top cages, the use of infrared lights, and the day of the
week the sample was taken (tables 2 and 3). The present-
ed models explained 66% and 80% of the variability of
RUA and MUA levels in the ambient air, respectively. No
additional variability in the RUA and MUA levels could
be explained by the other variables, such as volume, ven-
tilation rate, temperature, and humidity of the room. Dou-
bling the number of rats or mice would increase the RUA
or MUA levels 1.6 and 1.8 times, respectively. The esti-
mated RUA concentration was approximately 8 times
higher in a rat room housing the maximum number of rats
observed (N=416) compared with a similar rat room hous-
ing the minimum number of rats observed (22). For mouse
rooms this difference was even larger, approximately 14
times. In rooms with filter tops on the cages the RUA and
MUA levels were approximately 6 and 17 times lower



Table 2. Analysis of variance model of ambient rat urinary
aeroallergen (RUA) concentrations on various animal room char-
acteristics [outcome variable: log10(RUA concentration)]. (residual
SD = 0.58)

oSS MS F P R B(SE)

Source
Model 4 974 244 706 0.0001 0.659
Error 146 504 035

Characteristic
Log (number
ofratsinroom) 1 79.0° 229 0.0001 0.72 (0.05)
Monday versus
Tuesday-Friday 1 1.30 38 00519 . 0.26(0.13)
Filtertoponcages 1 4.5° 131 00004 . -0.77(0.21)
Infrared light
in roome 1 420 12.2 0.0010 1.05(0.30)

aFor the estimation of the geometric mean for a given set of conditions, the
background level (0.023 ng eq/m3) should be multiptied by 10Bxtctors) (gg,
80 rats in open cages with normal lights will give an estimated RUA
concentration on a Monday of 10(0-72xlog(80) +026x1-0.77x0+ 1.05x0) % (), 023 =
0.98 ng eg/m?3.

®Type I SS.

¢ Infrared lights were used to achieve an inverse day-night rhythm.

Table 3. Analysis of variance model of ambient mouse urinary
aeroallergen (MUA) concentrations on various animal room char-
acteristics [outcome variable: log10(MUA concentration)]. (re-
sidual SD = 0.52)

o SS MS F P R B(SE)

Source
Model 3 1639 54.6 1994 0.0001 0.804
Error 146 400 027

Characteristics

Log (number

of miceinroom) 1 153.6° 560 0.0001 0.82(0.03)
Monday versus

Tuesday-Friday 1 2.6° 96 0.0023 . 0.36(0.11)
Filtertoponcages 1 11.5° 42.0  0.0001 . -1.24(0.19)

2 For the estimation of the geometric mean for a given set of conditions, the
background level (0.040 ng eq/m3) should be multiplied by 10®~factors) (eg,
290 mice in open cages will give an estimated MUA concentration ona
Monday Of 10(0,82xlog(290)+0,36x1-1.24x0) x(0040 - 96 ng eq/m3'

> Type {11 SS.

Table 4. Mean and ranges of the distribution of allergen parti-
cles, presented as a percentage of the total urinary aeroallergen
concentration.

Aerodynamic Rat (N=4) Mouse (N = 6)
diameter

(um) Mean(%)  Range  Mean (%) Range
>9.0 78 62—100 47 20—64
58—9.0 22 0—38 25 20—33
47—5.8 0 - 8 1—13
3.3—4.7 0 - 8 1—16
21—33 0 - 8 1—25
<21 0 - 4 0—6
Total allergen

concentration

(ng eq/m?3) 0.57 0.13—090 148 3.6—37.8

2 Four stages of the Andersen sampler were grouped.
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Table 5. Analysis of variance model of the personal shift rat uri-
nary aeroallergen (RUA) concentrations [outcome variable;
log10(RUA concentration)]. (residual SD = 0.72)

df 8§ MS F P R (3¢ (SE)
Source
Model 11 362 33 61 00001022
Error 239 1282 054
Characteristic
Job title 4 6.6 34 0.018
Animal caretaker . 0.38(0.24)
Animal technician . 0.02(0.26)
Scientific assistant . -0.33(0.33)
Scientist . 0.17(0.24)
Supervisor . 0
Site 6 237 74 0.0001
A . -0.54 (0.94)
B . 0.60(0.57)
C . 0.21(057)
D . 1.02(0.57)
E . 0.65(0.59)
F . 1.46 (0.60)
G . 0
Monday versus
Tuesday-Friday 1 4.4b 83 00045 . 0.37(0.13)

2 For the estimation of the geometric mean for a given set of conditions, the
background level (0.15 ng eq/m3) should be multiplied by 10 xtctors) (gg,
an animal caretaker at site B will have an estimated RUA concentration ona
Monday of 10(0-38+0.80+037x1) » (0,15 = 3.4 ng eq/m?.

> Type Il SS.

Table 6. Analysis of variance model of the personal shift mouse
urinary aeroallergen (MUA) concentrations [outcome variable:
log10(MUA concentration)]. (residual SD = 0.87)

o SS MS F P R PB(SE)

Source
Model 9 367 41 51 00001022
Error 161 1295 0.80

Characteristic
Job title 3 092 0.4 077 .
Animal caretaker . 0.31(0.30)
Animal technician . 0.33(0.33)
Scientific assistant
Scientist . 0.39(0.70)
Supervisor 0
Site 5 197 49  0.0003
A
B . 1.3(0.95)
C . 0.53(0.95)
D . 0.93(0.95)
E . 1.4(0.97)
F -0.02(1.1)
G 0

Monday versus

Tuesday-Friday 1 118 144 00002 . 0.65(0.17)

2 For the estimation of the geometric mean for a given set of conditions, the
background level (0.15 ng eq/m?) should be multiplied by 10 ftors) (g,
an animal caretaker at site B will have an estimated RUA concentration on a
Monday of 10031+13+085x%) » 15 = 27.3 ng eq/m?.

> Type I11 SS.

than the levels found in similar rooms without filter tops
on the cages. The RUA and MUA levels were approxi-
mately twice as high on Mondays than on the other days
of the week. Furthermore, in the rat rooms where rats were
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kept with an inverse day-night rhythm, the RUA levels
were about 11 times higher than the RUA levels found in
normal rat rooms.

Table 4 shows the size distribution of the dust parti-
cles carrying allergens. The RUA values were carried on
particles larger than 5.8 um in diameter, and 78% of the
total allergen level in a sample was found on particles with
a diameter larger than 9 pm. The majority of the MUA
values was also found on particles larger than 5.8 um in
diameter (72%).

Of the 287 4- to 8-hour personal inhalable dust sam-
ples, 116 were collected during work with only rats, 36
during work with only mice, and 135 during work with
rats and mice. The personal dust concentrations were low
and showed little variation over time and between jobs
(range 0.11—0.64 mg/m?), whereas the variability of the
aeroallergen concentrations was large. The median RUA
and MUA concentrations of all the samples were 0.76 ng
eq/m® and 6.4 ng eq/m’, respectively. The variability in
the RUA and MUA exposure was large with a 175- and
1400-fold difference between the Sth and 95th percen-
tiles of the distributions, respectively. Of the large varia-
bility in both the RUA and MUA concentrations, 22% was
explained by job title, site, and day of the week the sam-
ple was taken (tables 5 and 6). The animal technicians
and supervisors had similar median RUA exposure lev-
els of 0.77 and 0.65 ng eq/m?. For the scientists and sci-
entific assistants more than half of the samples were be-
low the detection limit. For MUA the highest exposure
levels were found for the animal technicians (median 12.1
ng eq/m?) and caretakers (median 6.4 ng eq/m?), and the
lowest exposure levels were found for the supervisors
(median 0.58 ng eq/m?). For the scientists only 2 air sam-
ples were collected during work with mice. Site explained
most of the variability in the RUA and MUA exposure,
giving a 100- and 23-fold difference in the estimated RUA
and MUA exposure between the sites with the lowest and
highest exposure. The RUA and MUA levels of the per-
sonal shift samples were higher on Mondays than on the
other days of the week, 2.3 and 4.5 times, respectively.,

The 278 task-specific personal inhalable dust samples
included 46 4- to 8-hour shift samples that entailed only 1
task. Altogether 155 samples were collected during work
with rats, 82 during work with mice, and 41 during work
with both rats and mice. The exposure levels by task are
given in table 7. Respectively, 62% and 18% of the sam-
ples had no detectable RUA or MUA levels. The tasks of
changing rats into new cages and cleaning out cages were
associated with the highest exposure to RUA. During all
other tasks the median RUA levels were below the detec-
tion limit. Tasks that involved the handling of contami-
nated bedding or experiments with large numbers of con-
scious mice were associated with the highest exposure to
MUA. During changing mice into new cages, the han-
dling of mice, feeding, and biotechnological work, inter-
mediate levels of MUA were found. Tasks entailing indi-
rect contact with mice, like cage washing and cleaning
animal rooms, were associated with the lowest MUA ex-
posure. Regression analysis revealed that task, site, and
the interaction between task and site explained 56% and
51% of the variability in the RUA and MUA levels, re-
spectively (RUA: F=10.5, df=21, P=0.001, residual
SD=0.48; MUA: F=5.6, df=19, P=0.001, residual
SD=0.67). In these analyses the tasks of feeding and han-
dling animals were grouped, as well as the tasks of room
or cage washing, biotechnological work, and experiments.
This grouping resulted in a total of 4 tasks. Again, clean-
ing out cages was associated with the highest RUA and
MUA exposure, although clear differences in exposure
between sites were observed for this task. The interaction
between site and task explained a large amount of the
variability in RUA and MUA exposure (approximately
20% in both models).

Table 8 shows the average proportion of time spent
on the various tasks during contact with rats or mice, tis-
sues, feces, or urine. Animal caretakers worked the most
of all workers with rats or mice. During approximately
80% of their time spent working with animals they were
involved in feeding, cleaning rooms or cages, and mov-
ing animals to new cages. Animal technicians, scientists,

Table 7. Geometric mean (GM), geometric standard deviation (GSD), and range of airborne RUA and MUA task-specific personal
exposure levels (ng eq/m?) (N=196 for RUA exposure, N=123 for MUA exposure). (ND = number of samples below the detection limit)

Task Rat Mouse

N ND GM GSD Range N ND GM GSD Range

(ng eq/may (ng eg/md)

Cleaning out cages 29 12 5.6 9.8 0.63—1600 25 1 74.8 9.2 0.63—2700
Changing into new cages 35 10 53 54 0.63—127 33 3 22.8 6.5 0.63—501
Feeding 20 11 24 5.3 0.63—60 19 2 19.6 7.8 0.63—542
Handling animals 34 22 1.2 37 0.63—94 8 1 16.0 5.7 0.63—209
Experiments 2 7 5 1.0 25 0.63—6.3 2 0 335 75 8.0—140
Experiments 1 25 20 0.85 2.2 0.63—9.0
Biotechnical work 23 21 0.83 26 0.63—34 11 2 54 42 0.63—51
Cage wash 8 7 0.81 2.1 0.63—4.9 8 4 286 6.4 0.63—89
Cleaning rooms 15 13 0.80 2.2 0.63—14 17 9 2.4 56 0.63—151

ang eq = ng protein equivalent.
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Tahle 8. Proportion? of time spent on various tasks during contact with rats or mice or with tissues, feces or urine from rats or mice and

hours per week working with laboratory animals.

Job title Cleaning  Changeto  Cleaning Cage Feeding Handling Biotechnical  Experiments 1 Hours per week
rooms new cages cages washing animals work working with
laboratory animals®
Animal caretaker 19 2 19 14 24 8 2 2 27
Animal technician 10 <1 7 5 17 10 33 12 16
Scientific assistant 6 9 <1 <1 3 4 9 47 5
Scientist <1 2 <1 <1 3 29 19 40 5
Supervisor 22 <1 6 14 15 17 4 <1 3

2 This proportion does not add up to 100% for each job title because a small proportion was spent on miscellaneous tasks.
®This figure was derived from the health-exposure guestionnaire which was distributed to all the workers of the participating facilities (8).

and scientific assistants worked fewer hours per week with
mice or rats, and their work with laboratory animals con-
sisted of more than 50% of handling animals, biotechno-
logical work, and experiments on anesthetized animals.
Normally, supervisors have no direct contact with animals,
but, due to leaves of absence of other workers, they had
to take over the other workers’ tasks occasionally (ie, an
average of 3 hours per week).

Discussion

Large differences in RUA and MUA concentrations were
found in the ambient air when various animal rooms were
compared. The number of animals in the room explained
more than 50% of the variability in the allergen concen-
trations. Other important exposure determinants of the
ambient exposure levels were the activity of the animals
and the use of filter top cages. The use of an inverse day
or night rhythm, which makes rats more active during
workhours, resulted in considerably higher RUA levels in
the rooms. These observations under field conditions are
consistent with findings from other, mostly experimental
studies, where the aeroallergen concentrations in rooms
increased when the animals were disturbed (23, 26, 30).
The use of filter top cages seems to be a useful control
measure, also under field conditions, to reduce the aller-
gen level in the ambient air of the rooms. In rat and mouse
rooms where filter tops were used, the RUA and MUA
concentrations were 6 and 17 times lower, respectively,
than in similar rooms without filter top cages. This find-
ing is consistent with the results of an experimental study
(20), in which the RUA concentration of the ambient air
was reduced by filter tops to levels similar to those found
in the same room in the absence of rats.

As observed in some other studies, animal caretakers
had the highest personal RUA and MUA exposure be-
cause they spent the largest proportion of their worktime
on cleaning out cages, which involves handling
contaminated bedding material, and handling large num-
bers of conscious animals (31—33). On Mondays the
ambient air levels and the personal RUA and MUA levels

were significantly elevated when compared with the lev-
els on the other days of the week, mainly due to cleaning
activities.

Cleaning tasks, feeding, and handling animals were
related to high allergen exposures. Within task catego-
ries, large differences in task-specific exposures between
sites were observed. This finding suggests that unaccount-
ed for site-specific determinants might play a role. Differ-
ences in cleaning technology (exhaust ventilation near
cleaning tables) and feeding technology between sites are
the most likely explanations for the large variation that
could be attributed to a site effect within task categories.
The influence of determinants of exposure on full-shift
personal exposure measurements could not be determined
directly. Workers often performed a task in more than 1
room with different room characteristics (ventilation, etc)
and animal densities. Several tasks (cleaning cages,
cage washing, biotechnological work, and experiments)
were not performed in the animal rooms. As a result, de-
terminants of personal exposure differ to some extent from
the determinants of ambient exposure in animal rooms.
Other unmeasured factors may also contribute to the dif-
ferences in personal exposure levels, such as the level of
contamination of the bedding material, personal behavior
of the worker, and type and varying levels of local venti-
lation equipment or other exposure control equipment.
These results indicate that lowering ambient allergen ex-
posure levels in animal rooms will have only limited im-
pact on the personal exposure of some categories of work-
ers, especially animal caretakers and animal technicians.
It seems important to focus preventive strategies more on
the determinants of (full-shift or task-specific) personal
exposure.

This assumption is also supported by other observa-
tions. The average personal exposure levels of the high-
est exposed tasks were approximately 10 times higher than
the average ambient air levels found in the animal rooms,
probably because cleaning tasks, feeding, and animal han-
dling contributed the most to the personal exposure lev-
els. The factor 10 is probably an underestimation of the
true difference because only filters were assayed. The dust
captured on the cone of the sampling head was not in-
cluded in the biochemical analysis. The ambient
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exposure levels were overestimated when compared with
the levels in inhalable dust samples, because dust was sam-
pled according to the total dust convention (34).

The large influence of site is similar to results found
in some other industries (10, 12), but it is in contrast to
the findings of another study in laboratory animal facili-
ties (35). In the latter study, job title explained a much
larger percentage of the variability in RUA levels than
differences between sites. A possible explanation is the
larger number of sites sampled in this study (35).

Empirical modeling as used has several limitations. A
large proportion of the variance in personal RUA and
MUA levels remained unexplained in the linear models
because of factors not accounted for in this study. In ad-
dition, the evaluation was restricted to explanatory varia-
bles with sufficient variation. An important difference with
other studies (20, 22, 26) is that our study was performed
at different sites, which should account for sufficient var-
iation in the various variables. Despite the large number
of sites in our study, we could not find any association
between ambient air allergen concentrations and the rate
of ventilation and relative humidity in the room, a finding
which is in contrast to those of other studies (24, 25, 36).
The reasons for these discrepancies are not clear, but they
could be associated with the limited influence of ventila-
tion when compared with the influence of other strong
determinants of exposure or the dependence between the
ventilation rate and other determinants of exposure.

RUA and MUA were found mainly on particles larger
than 5.8 pm, a finding consistent with findings of other
studies (20, 23, 30, 37, 38). These particles are probably
deposited in the nose and upper airways (39).

In another paper (9) we described a relationship be-
tween exposure to RUA and the prevalence rate of rat al-
lergy. At low “time-multiplied exposure” levels (<1-hour
weekly nanograms of urinary protein equivalent per cu-
bic meter) 9% of the “atopic” workers had an allergy to
rats. Among the “nonatopic” workers, allergy to rats was
not present in the lowest exposure group. Such a low
“time-multiplied exposure” level would already be
reached by changing rats for about 9 minutes per week or
being in an average rat room for slightly more than 1 hour.
Consequently, a considerable reduction in exposure is
necessary for this group of sensitive workers (ie, “atopic”
workers) to be able to work under normal conditions with
a low risk of developing occupational allergy.
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