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target organs, body weight changes, ef-
fect on mortality and any other gen-
eral or specific toxic effects. A properly 
conducted subchronic test should pro-
vide a satisfactory estimation of a no-
effect level. 

(3) Test report. In addition to the re-
porting requirements as specified in 
the EPA Good Laboratory Practice 
Standards under 40 CFR part 792, sub-
part J, the following specific informa-
tion shall be reported. 

(i) Group animal data. Tabulation of 
toxic response data by species, strain, 
sex and exposure level for: 

(A) Number of animals dying. 
(B) Number of animals showing signs 

of toxicity. 
(C) Number of animals exposed. 
(ii) Individual animal data. (A) Date of 

death during the study or whether ani-
mals survived to termination. 

(B) Date of observation of each ab-
normal sign and its subsequent course. 

(C) Body weight data. 
(D) Feed consumption data when col-

lected. 
(E) Hematological tests employed 

and all results. 
(F) Clinical biochemistry tests em-

ployed and all results. 
(G) Necropsy findings. 
(H) Detailed description of all 

histopathological findings. 
(I) Statistical treatment of results 

where appropriate. 
(g) References. For additional back-

ground information on this test guide-
line the following references should be 
consulted:

(1) Draize, J.H. ‘‘Dermal toxicity,’’ Ap-
praisal of Chemicals in Food, Drugs and Cos-
metics. The Association of Food and Drug Of-
ficials of the United States (1959, 3rd printing 
1975). pp. 46–59. 

(2) Fitzhugh, O.G. ‘‘Subacute toxicity,’’ Ap-
praisal of the Safety of Chemicals in Foods, 
Drugs and Cosmetics. The Association of Food 
and Drug Officials of the United States (1959, 
3rd printing 1975). pp. 26–35. 

(3) National Academy of Sciences. ‘‘Prin-
ciples and Procedures for Evaluating the 
Toxicity of Household Substances,’’ a report 
prepared by the Committee for the Revision 
of NAS Publication 1138, under the auspices 
of the Committee on Toxicology, National 
Research Council, National Academy of 
Sciences, Washington, DC (1977). 

(4) World Health Organization. ‘‘Part I. En-
vironmental Health Criteria 6,’’Principles and 
Methods for Evaluating the Toxicity of Chemi-

cals. (Geneva: World Health Organization, 
1978).

[50 FR 39397, Sept. 27, 1985, as amended at 52 
FR 19072, May 20, 1987; 53 FR 49149, Dec. 6, 
1988; 54 FR 21064, May 16, 1989]

§ 798.2450 Inhalation toxicity. 
(a) Purpose. In the assessment and 

evaluation of the toxic characteristics 
of a gas, volatile substance, or aerosol/
particulate, determination of sub-
chronic inhalation toxicity may be car-
ried out after initial information on 
toxicity has been obtained by acute 
testing. The subchronic inhalation 
study has been designed to permit the 
determination of the no-observed-effect 
level and toxic effects associated with 
continuous or repeated exposure to a 
test substance for a period of 90 days. 
The test is not capable of determining 
those effects that have a long latency 
period for development (e.g., carcino-
genicity and life shortening). It pro-
vides information on health hazards 
likely to arise from repeated exposures 
by the inhalation route over a limited 
period of time. It will provide informa-
tion on target organs, the possibilities 
of accumulation, and can be of use in 
selecting dose levels for chronic studies 
and for establishing safety criteria for 
human exposure. Hazards of inhaled 
substances are influenced by the inher-
ent toxicity and by physical factors 
such as volatility and particle size. 

(b) Definitions. (1) Subchronic inhala-
tion toxicity is the adverse effects oc-
curring as a result of the repeated 
daily exposure of experimental animals 
to a chemical by inhalation for part 
(approximately 10 percent) of a life 
span. 

(2) Aerodynamic diameter applies to 
the size of particles of aerosols. It is 
the diameter of a sphere of unit density 
which behaves aerodynamically as the 
particle of the test substance. It is used 
to compare particles of different size 
and densities and to predict where in 
the respiratory tract such particles 
may be deposited. This term is used in 
contrast to measured or geometric di-
ameter which is representative of ac-
tual diameters which in themselves 
cannot be related to deposition within 
the respiratory tract. 

(3) The geometric mean diameter or 
the median diameter is the calculated
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aerodynamic diameter which divides 
the particles of an aerosol in half based 
on the weight of the particles. Fifty 
percent of the particles by weight will 
be larger than the median diameter 
and 50 percent of the particles will be 
smaller than the median diameter. The 
median diameter describes the particle 
size distribution of any aerosol based 
on the weight and size of the particles. 

(4) Inhalable diameter refers to that 
aerodynamic diameter of a particle 
which is considered to be inhalable for 
the organism. It is used to refer to par-
ticles which are capable of being in-
haled and may be deposited anywhere 
within the respiratory tract from the 
trachea to the alveoli. For man, 
inhalable diameter is considered as 15 
micrometers or less. 

(5) Dose refers to an exposure level. 
Exposure is expressed as weight or vol-
ume of test substance per volume of air 
(mg/l), or as parts per million (ppm). 

(6) No-effect level/No-toxic-effect 
level/No-adverse-effect level/No-ob-
served-effect level is the maximum 
dose used in a test which produces no 
observed adverse effects. A no-ob-
served-effect level is expressed in terms 
of weight or volume of test substance 
given daily per unit volume of air (mg/
l or ppm). 

(7) Cumulative toxicity is the adverse 
effects of repeated doses occuring as a 
result of prolonged action on, or in-
creased concentration of the adminis-
tered test substance or its metabolites 
in susceptible tissues. 

(c) Principle of the test method. Several 
groups of experimental animals are ex-
posed daily for a defined period to the 
test substance in graduated concentra-
tions, one concentration being used per 
group, for a period of 90 days. During 
the period of administration, the ani-
mals are observed daily to detect signs 
of toxicity. Animals which die during 
the test are necropsied and at the con-
clusion of the test, surviving animals 
are sacrificed and necropsied and ap-
propriate histopathological examina-
tions carried out. 

(d) Test procedures—(1) Animal selec-
tion—(i) Species and strain. A mamma-
lian species shall be used for testing. A 
variety of rodent species may be used, 
although the rat is the preferred spe-
cies. Commonly used laboratory 

strains shall be employed. If another 
mammalian species is used, the tester 
shall provide justification/ reasoning 
for its selection. 

(ii) Age. Young adult animals shall be 
used. At the commencement of the 
study the weight variation of animals 
shall not exceed ±20 percent of the 
mean weight for each sex. 

(iii) Sex. (A) Equal numbers of ani-
mals of each sex shall be used at each 
dose level. 

(B) Females shall be nulliparous and 
nonpregnant. 

(iv) Numbers. (A) At least 20 rodents 
(10 females and 10 males) shall be used 
for each test group. If another mamma-
lian species is selected (e.g. dog, rabbit, 
or non-human primate), at least 8 ani-
mals (4 males and 4 females) shall be 
used. 

(B) If interim sacrifices are planned, 
the number of animals shall be in-
creased by the number of animals 
scheduled to be sacrificed before the 
completion of the study. 

(2) Control groups. A concurrent con-
trol group is required. This group shall 
be an untreated or sham-treated con-
trol group. Except for treatment with 
the test substance, animals in the con-
trol group shall be handled in a manner 
identical to the test group animals. 
Where a vehicle is used to help gen-
erate an appropriate concentration of 
the substance in the atmosphere, a ve-
hicle control group shall be used. If the 
toxic properties of the vehicle are not 
known or cannot be made available, 
both untreated and vehicle control 
groups are required. 

(3) Satellite group. A satellite group of 
20 animals (10 animals per sex) may be 
treated with the high concentration 
level for 90 days and observed for re-
versibility, persistence, or delayed oc-
currence of toxic effects for a post-
treatment period of appropriate length, 
normally not less than 28 days. 

(4) Dose levels and dose selection. (i) In 
subchronic toxicity tests, it is desir-
able to have a concentration-response 
relationship as well as a no-observed-
toxic-effect level. Therefore, at least 3 
concentration levels with a control 
and, where appropriate, a vehicle con-
trol (corresponding to the concentra-
tion of vehicle at the highest exposure 
level) shall be used. Concentrations 
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should be spaced appropriately to 
produce test groups with a range of 
toxic effects. The data should be suffi-
cient to produce a concentration-re-
sponse curve. 

(ii) The highest concentration should 
result in toxic effects but not produce 
an incidence of fatalities which would 
prevent a meaningful evaluation. 

(iii) The lowest concentration should 
not produce any evidence of toxicity. 
Where there is a usable estimation of 
human exposure the lowest concentra-
tion should exceed this. 

(iv) Ideally, the intermediate con-
centration level(s) should produce 
minimal observable toxic effects. If 
more than one intermediate concentra-
tion level is used, the concentrations 
should be spaced to produce a grada-
tion of toxic effects. 

(v) In the low and intermediate 
groups and in the controls the inci-
dence of fatalities should be low, to 
permit a meaningful evaluation of the 
results. 

(vi) In the case of potentially explo-
sive test substances, care should be 
taken to avoid generating explosive 
concentrations. 

(5) Exposure conditions. The animals 
should be exposed to the test sub-
stance, ideally for 6 hours per day on a 
7-day per week basis, for a period of 90 
days. However, based primarily on 
practical considerations, exposure on a 
5-day-per-week basis for 6 hours per 
day is the minimum acceptable expo-
sure period. 

(6) Observation period. (i) Duration of 
observation shall be for at least 90 
days. 

(ii) Animals in a satellite group 
scheduled for followup observations 
should be kept for at least 28 days fur-
ther without treatment to detect re-
covery from, or persistence of, toxic ef-
fects. 

(7) Inhalation exposure. (i) The ani-
mals shall be tested in inhalation 
equipment designed to sustain a min-
imum dynamic air flow of 12 to 15 air 
changes per hour and ensure an ade-
quate oxygen content of 19 percent and 
an evenly distributed exposure atmos-
phere. Where a chamber is used, its de-
sign should minimize crowding of the 
test animals and maximize their expo-
sure to the test substance. This is best 

accomplished by individual caging. To 
ensure stability of a chamber atmos-
phere, the total ‘‘volume’’ of the test 
animals shall not exceed 5 percent of 
the volume of the test chamber. 
Oronasal or head-only exposure may be 
used if it is desirable to avoid concur-
rent exposure by the dermal or oral 
routes. 

(ii) A dynamic inhalation system 
with a suitable flow control system 
shall be used. The rate of air flow shall 
be adjusted to ensure that conditions 
throughout the exposure chamber are 
essentially the same. Maintenance of 
slight negative pressure inside the 
chamber will prevent leakage of the 
test substance into surrounding areas. 

(iii) The temperature at which the 
test is performed should be maintained 
at 22 °C (±2°). Ideally, the relative hu-
midity should be maintained between 
40 to 60 percent, but in certain in-
stances (e.g., tests of aerosols, use of 
water vehicle) this may not be prac-
ticable. 

(8) Physical measurements. Measure-
ments or monitoring shall be made of 
the following: 

(i) The rate of air flow shall be mon-
itored continuously and recorded at 
least every 30 minutes. 

(ii) The actual concentrations of the 
test substance shall be measured in the 
breathing zone. During the exposure 
period the actual concentrations of the 
test substance shall be held as constant 
as practicable, monitored continuously 
or intermittently depending on the 
method of analysis, and recorded at 
least at the beginning, at an inter-
mediate time, and at the end of the ex-
posure period. 

(iii) During the development of the 
generating system, particle size anal-
ysis shall be performed to establish the 
stability of aerosol concentrations 
with respect to particle size. During ex-
posure, analysis shall be conducted as 
often as necessary to determine the 
consistency of particle size distribu-
tion. 

(iv) Temperature and humidity shall 
be monitored continuously but shall be 
recorded at least every 30 minutes. 

(9) Feed and water during exposure pe-
riod. Feed shall be withheld during ex-
posure. Water may also be withheld 
during exposure. 

VerDate Aug<1,>2002 13:31 Aug 02, 2002 Jkt 197164 PO 00000 Frm 00147 Fmt 8010 Sfmt 8010 Y:\SGML\197164T.XXX pfrm15 PsN: 197164T



148

40 CFR Ch. I (7–1–02 Edition)§ 798.2450

(10) Observation of animals. (i) Each 
animal shall be observed daily and, if 
necessary, handled to appraise its 
physical condition. 

(ii) Additional observations should be 
made daily with appropriate actions 
taken to minimize loss of animals to 
the study (e.g., necropsy or refrigera-
tion of those animals found dead and 
isolation or sacrifice of weak or mori-
bund animals). 

(iii) Signs of toxicity shall be re-
corded as they are observed including 
the time of onset, the degree, and dura-
tion. 

(iv) Cage-side observations should in-
clude, but not be limited to, changes in 
the skin and fur, eyes and mucous 
membranes, respiratory, circulatory, 
autonomic and central nervous sys-
tems, somatomotor activity and behav-
ior pattern. 

(v) Animals shall be weighed weekly. 
Feed consumption shall also be deter-
mined weekly if abnormal body weight 
changes are observed. 

(vi) At the end of the study period all 
survivors in the nonsatellite treatment 
groups shall be sacrificed. Moribund 
animals shall be removed and sac-
rificed when noticed. 

(11) Clinical examinations. (i) The fol-
lowing examinations shall be made on 
all animals of each sex in each group: 

(A) Certain hematology determina-
tions shall be carried out at least two 
times during the test period on all 
groups of animals including concurrent 
controls: After 30 days of test and just 
prior to terminal sacrifice at the end of 
the test period. Hematology determina-
tions which are appropriate to all stud-
ies: Hematocrit, hemoglobin con-
centration, erythrocyte count, total 
and differential leukocyte count, and a 
measure of clotting potential such as 
clotting time, prothrombin time, 
thromboplastin time, or platelet count. 

(B) Certain clinical biochemistry de-
terminations on blood should be car-
ried out at least two times during the 
test period on all groups of animals in-
cluding concurrent controls: After 30 
days of test and just prior to terminal 
sacrifice at the end of the test period. 
Clinical biochemistry test areas which 
are considered appropriate to all stud-
ies: Electrolyte balance, carbohydrate 
metabolism, and liver and kidney func-

tion. The selection of specific tests will 
be influenced by observations on the 
mode of action of the substance. Sug-
gested determinations: calcium, phos-
phorus, chloride, sodium, potassium, 
fasting glucose (with period of fasting 
appropriate to the species), serum glu-
tamic-pyruvic transaminase, (now 
known as serum alanine aminotrans-
ferase), serum glutamic-oxaloacetic 
transaminase (now known as serum 
aspartate aminotransferase), ornithine 
decarboxylase, gamma glutamyl trans-
peptidase, urea nitrogen, albumen, 
blood creatinine, total bilirubin, and 
total serum protein measurements. 
Other determinations which may be 
necessary for an adequate toxicological 
evaluation include: Analyses of lipids, 
hormones, acid/base balance, 
methemoglobin, and cholinesterase ac-
tivity. Additional clinical bio-
chemistry may be employed, where 
necessary, to extend the investigation 
of observed effects. 

(ii) The following examinations shall 
be made on high dose and control 
groups. If changes in the eyes are de-
tected, all animals shall be examined: 

(A) Ophthalmological examination, 
using an ophthalmoscope or equivalent 
suitable equipment, shall be made 
prior to exposure to the test substance 
and at the termination of the study. 

(B) Urinalysis is not recommended on 
a routine basis, but only when there is 
an indication based on expected and/or 
observed toxicity. 

(12) Gross pathology. (i) All animals 
shall be subjected to a full gross ne-
cropsy which includes examination of 
the external surface of the body, all 
orifices and the cranial, thoracic, and 
abdominal cavities and their contents. 

(ii) At least the liver, kidneys, 
adrenals, brain, and gonads shall be 
weighed wet, as soon as possible after 
dissection to avoid drying. In addition, 
for the rodent, the brain; for the non-
rodent, the thyroid with parathyroids 
also shall be weighed wet. 

(iii) The following organs and tissues, 
or representative samples thereof, shall 
be preserved in a suitable medium for 
possible future histopathological exam-
ination: All gross lesions; lungs—which 
should be removed intact, weighed, and 
treated with a suitable fixative to en-
sure that lung structure is maintained 
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(perfusion with the fixative is consid-
ered to be an effective procedure); na-
sopharyngeal tissues; brain—including 
sections of medulla/pons cerebellar cor-
tex and cerebral cortex; pituitary; thy-
roid/parathyroid; thymus; trachea; 
heart; sternum with bone marrow; sali-
vary glands; liver; spleen; kidneys; 
adrenals; pancreas; gonads; uterus; ac-
cessory genital organs (epididymis, 
prostate, and, if present, seminal vesi-
cles); aorta; (skin); gall bladder (if 
present); esophagus; stomach; duode-
num; jejunum; ileum; cecum; colon; 
rectum; urinary bladder; representa-
tive lymph node; (mammary gland); 
(thigh musculature); peripheral nerve; 
(eyes); (femur—including articular sur-
face); (spinal cord at three levels—cer-
vical, midthoracic, and lumbar); and 
(zymbal and exorbital lachrymal 
glands). 

(13) Histopathology. The following 
histopathology shall be performed: 

(i) Full histopathology on the res-
piratory tract and other organs and tis-
sues, listed above, of all animals in the 
control and high dose groups. 

(ii) All gross lesions in all animals. 
(iii) Target organs in all animals. 
(iv) The tissues mentioned in brack-

ets (listed above) if indicated by signs 
of toxicity or target organ involve-
ment. 

(v) Lungs of animals (rodents) in the 
low and intermediate dose groups shall 
also be subjected to histopathological 
examination, primarily for evidence of 
infection since this provides a conven-
ient assessment of the state of health 
of the animals. 

(vi) When a satellite group is used, 
histopathology shall be performed on 
tissues and organs identified as show-
ing effects in the treated groups. 

(e) Data and reporting—(1) Treatment 
of results. (i) Data shall be summarized 
in tabular form, showing for each test 
group the number of animals at the 
start of the test, the number of ani-
mals showing lesions, the types of le-
sions, and the percentage of animals 
displaying each type of lesion. 

(ii) All observed results, quantitative 
and incidental, should be evaluated by 
an appropriate statistical method. Any 
generally accepted statistical method 
may be used; the statistical methods 

should be selected during the design of 
the study. 

(2) Evaluation of results. The findings 
of the subchronic inhalation toxicity 
study should be evaluated in conjunc-
tion with the findings of preceding 
studies and considered in terms of the 
observed toxic effects and the necropsy 
and histopathological findings. The 
evaluation will include the relation-
ship between the concentration of the 
test substance and duration of expo-
sure, and the presence or absence, the 
incidence and severity, of abnormali-
ties, including behavioral and clinical 
abnormalities, gross lesions, identified 
target organs, body weight changes, ef-
fects on mortality and any other gen-
eral or specific toxic effects. A properly 
conducted subchronic test should pro-
vide a satisfactory estimation of a no-
effect level. 

(3) Test report. In addition to the re-
porting requirements as specified under 
EPA Good Laboratory Practice Stand-
ards, 40 CFR part 792, subpart J, the 
following specific information shall be 
reported: 

(i) Test conditions. (A) Description of 
exposure apparatus, including design, 
type, dimensions, source of air, system 
for generating particulates and 
aerosols, method of conditioning air, 
treatment of exhaust air, and the 
method of housing animals in a test 
chamber. 

(B) The equipment for measuring 
temperature, humidity, and particulate 
aerosol concentrations and size shall be 
described. 

(ii) Exposure data. These shall be tab-
ulated and presented with mean values 
and measure of variability (e.g., stand-
ard deviation) and shall include: 

(A) Airflow rates through the inhala-
tion equipment. 

(B) Temperature and humidity of air. 
(C) Nominal concentration (total 

amount of test substance fed into the 
inhalation equipment divided by vol-
ume of air). 

(D) Actual concentration in test 
breathing zone. 

(E) Particle size distribution (e.g., 
median aerodynamic diameter of par-
ticles with standard deviation from the 
mean). 
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(iii) Group animal data. Tabulation of 
toxic response data by species, strain, 
sex, and exposure level for: 

(A) Number of animals dying. 
(B) Number of animals showing signs 

of toxicity. 
(C) Number of animals exposed. 
(iv) Individual animal data. (A) Date 

of death during the study or whether 
animals survived to termination. 

(B) Date of observation of each ab-
normal sign and its subsequent course. 

(C) Body weight data. 
(D) Feed consumption data when col-

lected. 
(E) Hematological tests employed 

and all results. 
(F) Clinical biochemistry tests em-

ployed and all results. 
(G) Necropsy findings. 
(H) Detailed description of all 

histopathological findings. 
(I) Statistical treatment of results 

where appropriate. 
(f) References. For additional back-

ground information on this test guide-
line the following references should be 
consulted:

(1) Cage, J.C. ‘‘Experimental Inhalation 
Toxicology,’’ Methods in Toxicology. Ed. G.E. 
Paget. (Philadelphia: F.A. Davis Co. 1970, pp. 
258–277. 

(2) Casarett, L.J., Doull, J. ‘‘Chapter 9.’’ 
Toxicology: The Basic Science of Poisons (New 
York: Macmillan Publishing Co. Inc. 1975). 

(3) MacFarland, H.N. ‘‘Respiratory Toxi-
cology,’’ Essays in Toxicology. Ed. W.J. Hayes. 
Vol. 7 (New York: Academic Press, 1976) pp. 
121–154. 

(4) National Academy of Sciences. ‘‘Prin-
ciples and Procedures for Evaluating the 
Toxicity of Household Substances,’’ a report 
prepared by the Committee for the Revision 
of NAS Publication 1138, under the auspices 
of the Committee on Toxicology, National 
Research Council, National Academy of 
Sciences, Washington, DC (1977). 

(5) World Health Organization. ‘‘Part I. En-
vironmental Health Criteria 6,’’ Principles 
and Methods for Evaluating the Toxicity of 
Chemicals. (Geneva: World Health Organiza-
tion, 1978).

[50 FR 39397, Sept. 27, 1985, as amended at 52 
FR 19073, May 20, 1987; 52 FR 26150, July 13, 
1987; 53 FR 49150, Dec. 6, 1988; 54 FR 21064, 
May 16, 1989]

§ 798.2650 Oral toxicity. 
(a) Purpose. In the assessment and 

evaluation of the toxic characteristics 
of a chemical, the determination of 
subchronic oral toxicity may be carried 

out after initial information on tox-
icity has been obtained by acute test-
ing. The subchronic oral study has 
been designed to permit the determina-
tion of the no-observed-effect level and 
toxic effects associated with contin-
uous or repeated exposure to a test 
substance for a period of 90 days. The 
test is not capable of determining 
those effects that have a long latency 
period for development (e.g., carcino-
genicity and life shortening). It pro-
vides information on health hazards 
likely to arise from repeated exposure 
by the oral route over a limited period 
of time. It will provide information on 
target organs, the possibilities of accu-
mulation, and can be of use in selecting 
dose levels for chronic studies and for 
establishing safety criteria for human 
exposure. 

(b) Definitions. (1) Subchronic oral 
toxicity is the adverse effects occur-
ring as a result of the repeated daily 
exposure of experimental animals to a 
chemical by the oral route for a part 
(approximately 10 percent) of a life 
span. 

(2) Dose is the amount of test sub-
stance administered. Dose is expressed 
as weight of test substance (g, mg) per 
unit weight of test animal (e.g., mg/
kg), or as weight of test substance per 
unit weight of food or drinking water. 

(3) No-effect level/No-toxic-effect 
level/No-adverse-effect level/No-ob-
served-effect level is the maximum 
dose used in a test which produces no 
observed adverse effects. A no-ob-
served-effect level is expressed in terms 
of the weight of a substance given daily 
per unit weight of test animal (mg/kg). 
When administered to animals in food 
or drinking water the no-observed-ef-
fect level is expressed as mg/kg of food 
or mg/ml of water. 

(4) Cumulative toxicity is the adverse 
effects of repeated doses occurring as a 
result of prolonged action on, or in-
creased concentration of, the adminis-
tered test substance or its metabolites 
in susceptible tissue. 

(c) Principle of the test method. The 
test substance is administered orally in 
graduated daily doses to several groups 
of experimental animals, one dose level 
per group, for a period of 90 days. Dur-
ing the period of administration the 
animals are observed daily to detect 
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