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PREFACE

Toxicology is currently undergoing rapid change in 
several important areas.

Recent FDA investigations revealed a lack of ef
fective controls in chronic toxicology investigations 
conducted by large private testing facilities. The first 
chapter of this thesis discusses a computer system de
veloped at the National Center for Toxicological Research 
which is likely to play a great part in increasing data 
integrity in large-scale operations.

The second chapter of this thesis discusses the 
impact of the proposed Good Laboratory Practice Regulations, 
promulgated by FDA as a direct result of the above mentioned 
FDA investigations.

The third chapter of this thesis addresses the 
relatively new area of combustion toxicology. The in
creasing use of new materials, particularly plastics, 
in consumer products and buildings produces requirements 
for toxicity testing of the combustion products of these 
substances. This information is required prior to a 
material1s widespread use to prevent the occurrence of 
needless and unsuspected causes of death during fire.



In this study z the pyrolysis product toxicity of 
several polypropylene resins is compared to that of jute 
combustion products to determine the potential hazard in 
substituting polypropylene for jute in the wrapping of 
cotton bales.

I would like to thank J. W. Clayton, without 
whose assistance this thesis would not be possible.
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ABSTRACT

This thesis discusses three important new areas 
in toxicology.

The first chapter deals with the procedural prob
lems associated with maintaining data integrity in the 
conduct of large scale chronic toxicity tests. A computer 
system developed at the National Center for Toxicological 
Research is described, and its implementation through the 
use of a microcomputer is discussed. The thesis details 
the specific controls implemented by the computer system 
during animal observation procedures to prevent animal or 
feed mix-ups and to facilitate data handling.

The second chapter deals with FDA's Proposed Good 
Laboratory Practice Regulations for nonclinical laboratory 
safety testing, detailing the major requirements and 
their possible impact on testing facilities.

Lastly, an inhalation toxicity study using male 
S/D rats exposed to the combustion products of jute and 
three polypropylene resins is described. Exposures were 
performed for each sample at smoldering (690°F) and flaming 
(750°F) modes of polypropylene, and toxicity of jute is 
compared to that for polypropylene in each mode.

ix



It was found that polypropylene combustion products 
using samples with and without nickel stabilizer had 
greater toxicity than that for jute, as determined by 
mortality, irritation and necropsy results.



CHAPTER I

COMPUTERIZED DATA HANDLING

Introduction 
The integration of once disparate fields of re

search is a recently conceived phenomenon which is a 
great factor in the burgeoning ability of science to acquire 
new methodologies and insights. Toxicology is a direct 
example of this phenomenon, being a melding of the fields 
of chemical and instrumental analysis, physiology, bio
chemistry and pharmacology applied towards a specific end, 
namely the determination of mechanisms and effects of 
toxicity. Though it is a very recent arrival among the 
families of research areas, its impact has and will be in
creasing, especially in those areas concerned with the 
safety of prescription and over the counter drugs and food 
additives marketed for public use.

Unlike most areas of biological research where, for 
most studies, a relative handful of experimental biological 
subjects may be sufficient for testing a certain segment of 
a hypothesis, these particular applications of toxicology 
have requirements only recently discovered to be necessary 
to approach the point of obtaining "reliable" data. The



considerations of teratogenicity and mutagenicity of a 
compound, the concepts of which hardly existed before the 
last 15 years, call for the conduct of experiments over 
far greater lengths of time and of larger size to evaluate 
the risks thoroughly. This is due to the fact that the 
results of terato and mutagenic studies are affected by so 
many variables within and without the experimental animal 
that to attempt to account for even the most obvious 
parameters, one must use a greater number of animals under 
differing dosages over several generations.

The conduction of experiments of this magnitude 
produces with it problems of its own, especially in the 
correlation and management of the reams of data produced 
in the course of such a study. The FDA, whose responsi
bility is the analysis of such risks of new compounds and 
the control of their marketing, has become very concerned 
about this aspect of the experimental conduct of the re
search done by FDA itself and especially that done by 
pharmaceutical companies submitted to FDA for marketing 
approval. This concern was prompted by a very timely 
report issued by an FDA investigative task force which 
looked into discrepancies in data submitted to FDA by the 
G. D. Searle Company (Food and Drug Administration [FDA] 
1976). The report highlights some major problems associated 
with the conduct of large toxicological investigations,
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problems which could directly affect the outcome of the 
studies and thus directly affect the public, whose safety 
is dependent upon FDA regulation based upon these results.

The task force cited some key "loose spots” in 
data logging and reporting which are representative of 
problems associated with the conduct of any large ex
periment. They can be classified as follows:

(1) Those errors caused by insufficient control of 
clerical tasks: observations of animals on experiment 
were made on scraps of paper and later transferred to 
organized animal data sheets, allowing opportunity for 
transcription errors and loss of data; identification of 
the technician performing observations and the dating of 
observation sheets were not done consistently, causing 
loss of accountability for observations; control of organi
zation and filing of data sheets was lacking, which impeded 
the efforts of the investigation due to nonavailability
of the original data sheets.

(2) Errors due to insufficient controls within the 
observation procedure: animals were not individually
Identified within cages, allowing for misassigned observa
tions; individual cage feed jars were not identified by 
either color code or rat number as to feed type required, 
allowing error in dosing of the animal which could severely 
compromise the experimental results; inconsistencies
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existed between observations of tumor presence within the 
same animal; animals at one time reported dead later 
reported alive and normal; inconsistencies in observation 
terminology allowing ambiguous interpretation; unauthorized 
excision of tumors from laboratory animals before the time 
designated in the protocol, compromising the validity of 
the experimental results.

(3) Errors due to the insufficient control of the 
procedures of data summation and value calculation: tumor
incidence reported in raw rat observation sheets missing 
from data summaries; nonexistent criteria for selection of 
raw data for computation of means, resulting in the in
vestigators 1 inability to reproduce and confirm the 
original calculation results.

Obviously the above errors promulgated throughout 
an experiment lasting one to two years and over thousands 
of animal subjects can combine to severely alter the 
findings of such an experiment. As a result of this study 
of Searle*s practices, other investigations will be 
launched which may lead to the establishment of mandatory 
standards to limit these types of errors.

The establishment of such standards would seem to 
be a very imposing task to establish within any reasonable 
amount of time, considering the slow pace of progression 
of government investigations as well as the time required



to devise adequate controls. However, there is presently 
existing a tried and proven system, developed three years 
ago and operating for two years at the National Center for 
Toxicological Research (NCTR), a branch of the FDA. The 
Experimental Data Collection System (EDCS) consists of the 
application of a new technology, inexpensive digital mini
computers, in conjunction with highly specialized toxi
cological observation terminals, to virtually eliminate 
most or all of the sources of the above problems in experi
mental data integrity. Due to the FDA investigation, 
considerable interest has developed in the NCTR system on 
the part of private industry as well as the other research 
conducting branches of the FDA, spurring a new look at the 
current concepts of data logging. It is this new system 
and a further recent extension of it, namely its implementa
tion via the microcomputer (of which this writer had the 
privilege of performing the initial development) in relation 
to the above delineated problems that is discussed in this 
section of the thesis.

Materials
The Experimental Data Collection System as it is 

presently configured revolves around two main parts:
(1) the minicomputer and (2) the specialized data collection 
terminals. Figures 1 through 10 depict the various steps 
to this system.



Fig. 1. Modcomp computer system and teletypes.

Fig. 2. Toxicological data input terminal and
scale.
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Fig. 3. Terminal screen with observation table.

Fig. 4. Terminal input keyboard with overlay.
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Fig. 5. Operator, cage and carcass I.D. cards.

Fig. 6. Microcomputer and wired interface viewed 
sideways.



Fig. 7. Microprocessor chip 
plug in circuit card. Fig. 8. Comparison of dose 

code on feeder and cage card.



Fig. 9. Technician using terminal behind animal
barrier.

S'

Fig. 10. Binary identification of mice using 
clipped ear method.
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The minicomputer used is a Modcomp II minicomputer 

(see Figure 1) which uses a memory word length of 16 bits,. 
meaning that program instructions and data in the computer’s 
memory is represented in sections (words) each of which 
contains 16 bits, each bit being capable of representing 
either a "I" or a ”0", There are approximately 32,000 
words present in a computer’s core memory in this case, 
but it may be expanded to as many as 64,000 words.
Associated with the computer are two disk drives, each of 
which can contain a magnetic disk similar in size and shape 
to a phonograph record. They are used to retain the large 
quantities of data collected over the day’s data logging, 
as well as holding copies of programs which may be loaded 
into the computer’s memory to be run.

The toxicological data collection terminal (see 
Figure 2) is an ingeniously designed unit and is actually 
four devices in one;

(1) On the right of Figure 2 is the electronic 
scale for weighing the mice, cages and feeders and is 
accurate to five significant digits. The operator merely 
places the object on the pan, waits for the lighted digital 
readout to stabilize, and presses the green "weigh" button. 
The five displayed digits are then automatically sent 
consecutively in digital form to the computer. The five 
digits are preceded by a specific identification code so
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that the computer can immediately identify the input as 
coming from the scale. There is also a specific termination 
code sent by the balance following the digits for this 
computer to recognize the end of data transmission.

On the left of Figure 2 is the terminal itself 
upon which is the following:

(2) The CRT display screen which holds the observa
tion table (see Figure 3) and displays all entries as they 
are made.

(3) The keyboard (see Figure 4) is used to transmit 
observations, animal identification and animal status to 
the computer. When depressed, each key transmits two 
bytes (a word of eight bits) of data, the first being a 
byte unique to that key and the second a terminator byte
to signal end of data transmission.

(4) The card reader (the lighted slot on the ter
minal in Figure 2) into which punched cards (see Figure 5) 
are placed for identifying the operator, the,animal cage 
and experiment number. Each card contains up to 21 bytes 
of data, and when placed into the reader these bytes are 
automatically transmitted to the computer, again preceded 
by an identifying byte and followed by a terminator byte. 
Thus a total of 23 bytes is always transmitted by the 
reader.
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In addition there is the required digital inter

facing at both the terminal and computer ends consisting 
mainly of the standard Universal Asynchronous Receiver/ 
Transmitter integrated circuit chip.

Rationale for Use of a Microprocessor
Before elaborating on the use of this system and 

how it specifically alleviates the problems previously 
mentioned, it is noteworthy at.this point to explain the 
situation leading to this writer's involvement in the above 
mentioned system.

The National Cancer Institute was blessed with very 
large amounts of money, which were forthwith used to 
initiate a vast number of research experiments throughout 
the country. They soon had huge quantities of live animal 
and pathology data building up; tissue slides were piling 
up rapidly and it was suddenly realized that there was not 
an adequate mechanism for the reading and digesting of 
all these data. This prompted NCI to go searching for a 
data collection system that would be rapidly utilizabie 
for their purposes, rather than going through the long and 
possibly duplicative process of developing one from 
scratch. Following what seems to be the current vogue in 
the FDA, they.came to NCTR, specifically to the Scientific 
Information Systems Division, to ask what NCTR could do to 
aid them in their plight. It was found that the overall
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workings of the data collection system and report generation 
(FDA 1975) was apparently suited to NCI's needs (the 
workings being, briefly, the local collection at NCTR of 
animal and laboratory data which is then sent in a for
matted form to Washington D.C. where detailed data reports 
are generated on a large IBM 370 system)„ However, at 
NCTR, all the experimental animals are located at one plant, 
and thus the terminals are relatively close to the mini
computer. On the other hand, NCI has approximately 200 
small laboratories Scattered throughout the U.S., none of 
which is large enough to warrant the investment of 25 to 
30 thousand dollars or more required for a dedicated 
minicomputer for each laboratory. It was decided four 
terminals per lab would be the most required, while a 
single minicomputer of the type at NCTR can easily handle 
40 to 50 terminals at once. Furthermore, the possibility 
of having a number of labs utilizing a single minicomputer 
was rejected due to the concommitant necessity of having 
dedicated long distance telephone lines open eight hours 
each day to allow communication between the terminals and 
the computer.

It was for the above reasons that a new technology 
was considered which was not available three years ago and 
may now solve the above NCI requirements in a straightforward., 
and inexpensive manner. It was determined to develop EDCS
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in its present procedural form to run on a microcomputer. 
Unlike the minicomputer seen in Figure 1, a microcomputer 
is much smaller (see Figure 7), much less expensive (by a 
factor of 50 to 100) and, for the tasks involved in this 
system, as useful.

As can be seen in Figure 7, the entire.Central 
Processor Unit, which decodes and performs the instructions, 
fits upon a card of approximately 5 inches by 3 inches, 
the CPU itself being the large white integrated circuit 
chip at the top of the card. All else that is required is 

1 a card of the same size to hold memory and another for 
bringing in and transmitting data to the terminals. The 
entire computer is viewed sideways in Figure 6, along with 
its digital interface (connection) to the terminal. The 
microcomputer shown is the model MD 1 Microdesigner unit, 
manufactured by E&L Instruments Corporation in Massachu
setts.

You may have noted that mentioned previously was 
the fact that the terminal's devices transmit data in 
segments (bytes) of eight bits in length, though the mini
computer itself represents data and programs in 16 bit 
long words. This is due to the fact that most peripheral 
devices such as teletypes and cathode ray tube (CRT) 
terminals and line printers are designed to accommodate a 
universally used code called ASCII, which is used to .
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represent letters and numerals, as found on a standard 
keyboard, in binary form in bytes eight bits in length.
It so happens that the microcomputer is designed mainly 
for input/output functions using this eight bit byte, and 
furthermore represents its data and programs in memory 
using this- form also. Thus there is no need for modifica
tion of the terminals when using them with a microcomputer, 
and though the microprocessor has a slower and more limited 
instruction set as compared to a minicomputer, it can 
accept eight bit bytes from the terminals, analyze these 
bytes and output messages and data to the terminal screen 
in precisely the same manner as the minicomputer (as 
viewed from the terminal operator’s standpoint). However, 
the limitations of the microcomputer required significant 
modification of the programming approach used in the mini
computer, and these will be elaborated upon further on 
in this paper.

It was proposed to develop this microcomputer 
program projecting the use of a single microcomputer per 
laboratory capable of simultaneously receiving input from 
four of the specialized terminals, and storing the data 
on inexpensive cassette tape or more expensive but more 
reliable and faster "floppy" disks for later transmission 
to a large central computer facility for report generation. 
Thus all the laboratories of NCI would be able to benefit
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from the increased controls of data entry provided by 
EDCS, which will now be described, at a very modest cost.

The System's Steps and. Attributes 
For the designing of the microcomputer system it 

was desired to have it operate as the minicomputer version 
from the operator's standpoint. Thus the EDCS Procedural 
Manual Section II (FDA 1974) was used as a functional guide 
during the design of the program.

One of the main areas of potential errors was that 
of clerical task performance; the act of humans transcribing 
observations from scraps of paper to observation sheets 
and thence to data summary sheets. The entire use of paper 
and transcribing is eliminated through the use of these 
terminals, there being no lag time between the occurrence 
of observations and their entry into the system, since the 
observations are preformed directly at the terminal (see 
Figure 9),

The problem of determining which operator performed 
the observations is eliminated through the use of an 
Operator I,D, Card (Figure 5) (OPI,D,), which must be the 
first input made by the operator before he may proceed 
with any Step in the procedure. If any other type card 
or keyboard or scale input is entered, the program will 
respond by displaying an error message telling the operator
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that the I„D„ is required before continuing. Once entered, 
the OPID is automatically associated with the following 
inputs by the.system program.

Next the operator must enter a Cage Card (Figure 5) 
which is found attached to each animal cage. This inputs 
to.the program the cage number and its dose code, allowing 
no error as to what cage the following observations came 
from, and furthermore what feed type and dose regimen the 
cage is assigned to. Both the cage number and the dose 
code are displayed upon the screen (Figure 3, top left 
corner) for the operator to verify and allowing later com
parison of the diaplayed dose code to the code on the new 
feeder when it is chosen. The program will accept no 
other input at this point other than a reinput of the 
operator I.D. card, which indicates to the computer that 
the operator is discontinuing entry and signing off. The 
operator may sign off at any step within the cage observa
tion sequence (four mice per cage), but doing so causes 
any previously entered data for that cage to be lost, and 
the entire cage will have to be repeated at a later time.
In addition to the cage number and dose code, the observa
tion table column headings are also displayed at cage card ' 
insertion (Figure 3).

In the minicomputer version, the operator now has 
a choice of weighing the old feeder found in the cage or



entering, the "NO FEED" or "NO WATER" conditions, specified 
by hitting either of two keys in the bottom left corner 
of the keyboard (Figure 4) if the feeder or water bottle 
is found empty. This option was excluded from the micro
computer version due to NCTR's plan to later alter this 
step in the mini-version in - the near future, Thus the step 
after the cage card input in the micro-version is to weigh 
the old feeder, meaning that at this point the program will 
accept either a weight input or an OPID to indicate sign 
off; any other entry, such as one from the keyboard, would 
cause ah error message output by the program, which would 
again wait for either a weight or OPID entry. In this 
manner the operator is prevented.from accidentally skipping 
steps„ He simply places the old feeder on the pan and 
depresses the "weigh" button. At present, the mini-version 
program does no weight range check on the old feeder weight 
to verify that it is indeed an old feeder being, weighed, 
and simply accepts any weight entry and responds with the 
message "OLD FEEDER WEIGHT OK" and displays the input weight 
at the "TOTAL WEIGHT" output space on the screen. This 
writer feels that there should be a range check at this 
step to prevent skipping of this step accidentally; however 
the micro-version does no range check either as there were 
no values available to be compared to.
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From this point on, inserting the cage card at any 

point in the procedure will erase all previously input 
data and allow the operator to restart the entire cage.
The next step in both the mini and micro-version is to 
weigh the new cage. The input weight is checked by the 
program for range to insure that a cage is being weighed, 
and will not accept an entry if it is out of range. When 
accepted, the value is displayed on the screen and in 
addition is saved by the program for use as a tare to be 
subtracted from subsequent weight entries where the new 
feeder and mice are placed in the cage for weighing.

The next step concerns selecting a new feeder and 
weighing it. However in' its present form there is a 
protocol weakness present. Though the operator is supposed 
to compare the dose code on the new feeder with that dis
played on the screen from.the cage card input (see Figure 8), 
there is no system control preventing the operator from 
choosing an incorrect feeder, thus giving an incorrect dose 
or compound to the mice. However the procedure is soon to 
be modified- by having a dose number on the new feeder which 
is to be input using the numeric pad on the keyboard 
(Figure 4). This input would be compared to a number 
previously input on the cage card, and unless they matched 
the program would not allow the operator to proceed with
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the observation inputs» Thus this simple addition Should 
go a long way to prevent incorrect dosing of animals„

When.the new feeder is weighed, its range is checked 
to assure that nothing other than a full feeder is being 
weighedo As usual no entry other than a correct weight 
or OPID or cage card will be accepted by the system.
After the weight is entered, the total weight on the pan 
is displayed on the screen, in the "TOTAL WT" section to 
allow the operator to verify that the computer did indeed 
receive the value displayed on the scale readout to prevent 
acceptance Of a faulty balance transmission. It also 
outputs the message "MEW FEEDER WT OK" indicating it is 
ready for the first animal I.D.

In order to further guarantee accurate identifica
tion of animals and.their corresponding observations, 
rather than use a confusing number system, each of the four 
animals within a particular cage is distinguished from the 
others by a binary coding established by clipping the ears 
(see Figure 10). Thus one animal has no ears clipped, 
one has. its left ear clipped, the other the'right ear 
clipped and the fourth has both ears clipped allowing 
simple rapid visual I.D. by the operator and reduces the 
chances of misassigned observations. The operator chooses . 
the animal to be observed and enters its I.D. by hitting 
one of the "EAR CLIPPED" buttons on the keyboard above the
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numeric pad. In response the I.D. is displayed on the 
screen in the left column. Again no other input other than 
one of the animal I.D.•s and cage or OPID cards will be 
allowed.

Following the animal I.D. acceptance, the operator 
can then enter up to seven observations for that particular 
animal. He first determines if the animal fits any of the 
classifications under the "ANIMAL STATUS" section in the 
lower left-hand corner of the keyboard, or if the animal 
is normal. If it is normal, then the "NORMAL" button is 
depressed and is displayed on the screen in the observa
tion table. Thereafter no further observations will be 
allowed for that animal. Only a weight input will be 
accepted, which is the last entry for that animal. However 
if an error by the operator is made, as in hitting the 
wrong I.D. or hitting "NORMAL" when he intended to hit 
"DEAD", he can omit that entire animal entry by hitting 
the "CORRECTION" key which causes the screen entry for that 
animal only to be erased, allowing it to be redone. Thus 
erronous entries are more easily erased and redone than 
when using pencil to indicate observations.

If an animal fits into any of the conditions in 
the "ANIMAL STATUS" section, further observations on that 
animal will be allowed (up to six more) and will be dis-
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displayed on the screen as entered.. The terms found in 
this section are defined as follows. An animal is:

TERMINAL if he is to be sacrificed because an 
experiment is ending.' ■

SERIAL if sacrificed for pathology investigation 
in the course, of an experiment.

DEAD if the animal died in the cage.
MORIBUND if the animal appears to be dying.
SURVEY if it is to be examined due to conditions 

which may have contaminated the experiment.
However, if an animal is classified as "DEAD”, further ob
servations relating to abnormal behavior will not be ac
cepted by the program, further preventing errors in observa
tion consistency. At the end of the observation entries, 
no weight will be accepted by the program as all animals 
under the "ANIMAL STATUS" classification are to be taken 
off experiment. Instead of entering the weight of the 
animal, as is the normal procedure after observation entry, 
the animal will be assigned a Carcass ID Number by in
serting a Carcass ID card into the card reader (see Figure 
5). The carcass ID number will be displayed on the screen 
between the observation and weight columns, as can be seen 
at the bottom of Figure 3. The assignment of this number 
officially notifies the system of the animal's removal from 
experiment, and in subsequent reports generated in Washington,



■ 24 
space will be allowed for the results of that animal1s 
autopsy. These results are entered, into the system through 
the use of a mark sense form filled out in the laboratory 
at the time of analysis. Thus a research technician can 
easily determine that a carcass has not arrived from the 
animal barrier (where live animals are kept) by the blank 
spaces that will be present in the summary reports under 
that carcass ID (CID) number. He can then proceed to 
track down the Carcass without the passing of great amounts 
of time, increasing the chances that the error may be 
corrected.

If the animal is not to be classified as "NORMAL" or 
under any "ANIMAL STATUS" designations, up to seven ob
servations may be entered, followed by a weight which is 
checked for range by the program in case of a faulty 
transmission from the scale. The researcher is not limited 
by the observations listed on the overlay, but through the 
program any type of observation may be entered by assigning 
it to a number which may then be entered on the keyboard's 
numeric pad by the technician.

After completing the observation and weighing of 
one mouse, the operator may proceed to the next animal by 
entering another ear clip designator. He will not be 
allowed to do this unless he has completed the previous 
animal entry, preventing the accidental skipping of steps. :
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Furthermore, the program keeps track of which mouse ear 
clips have already been observed for that cage, and will 
give an error message if a duplicate animal ID is punched, 
again lowering the chances of assigning observations to an 
incorrect animal.

After a complete cage is read, meaning that all 
four mice have been accounted for (if only three mice are 
present, then the missing ID must be depressed followed by 
the "MISSING" key) the operator has the opportunity to 
review all data entered for that cage, as it is retained 
on the screen. He may then go to another cage by insering 
a new cage card. When this is done, the data entered for 
the previously completed cage are quickly formatted into 
"logical records" by the microcomputer and stored onto the 
data disk, while at the same time clearing the observation 
table for the next cage entries. The logical records are 
arranged according to the format that the large IBM machine 
in Washington D.C. will expect to see when it receives 
data from NCTR.

After each day's observations, a copy of the data - 
on the disk pack is made on magnetic tape for storage at 
NCTR, and the data are then transmitted to Washington where 
reports are automatically generated by the computer to be 
sent back to NCTR. Thus there is no human transcription 
between the time of data logging to the generation of
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reports which will be used in evaluating the study by the 
researchers, minimizing the chances for human clerical 
errors and/or deliberate altering of reports„ In addition, 
automatic calculation of parameters of statistical evalua
tion standardizes the method used, insures the inclusion 
of all data and ensures reproducible calculations. Further
more, the fact that two copies of raw data exist, one at 
NCTR and one at Washington, allows for rapid access to raw 
data and, in case of inconsistencies, rapid determination 
of possible sources of error.

Lastly, the use of single function keys and numbers 
for observations reduces the problem of interpretation of 
observations due to the inconsistent use of terminology by 
the technicians, as was often the case in the Searle 
studies, Further, the protocol and system structure allows 
for observations to be made by technicians without great 
skills in research by closely controlling their actions, 
thus reducing the necessity for direct overseeing by people 
with a vested interest in the results, lowering the chances 
of unauthorized tampering with animals.

In summary, the use of a computer system to con
stantly monitor the next step required by the protocol 
and rej ecting errant input prevents the operator from 
making common errors which he would not normally catch if 
he were simply making marks on paper. In addition, a
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marked increase in the security of integrity of the results 
is achieved by omitting dependence upon human action to 
correlate data, obtaining with it increased speed of report 
generation and a lessening of money required for manpower 
to do simple clerical tasks.

The availability of a microcomputer version of such 
a data collection system could conceivably make the many 
advantages inherent in such a system available to smaller 
laboratories and universities, where it may not be finan
cially feasible to have a 50 to 100 thousand dollar com
puter system dedicated to data collection. The data 
collected by the microcomputer over a week's period.may 
be stored on relatively inexpensive floppy disks ($3000 
for two drives) or even less expensive magnetic cassette 
units, after which a larger general purpose machine, used 
for other tasks during the week, could be used to generate 
the week's reports in one batch. This'same microcomputer 
could be used to process and store chemistry and pathology 
laboratory data, taken from mark sense forms filled out by 
technicians as at.NCTR, for later report generation. In 
this manner the time consuming acts of correlating and 
graphing reams of raw data for later analysis could be 
done automatically, allowing faster trend analysis by the 
investigator, and relieving the graduate students and/or 
technicians to do more beneficial repetitive tasks.
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Important Considerations for the 

■ ~ Microcomputer Version —
The approach to the programming of the micro

computer version of EDCS underwent an evolution from the 
time that this writer arrived at NCTR till the time the. 
program was actually being written«

It was at first suggested that this writer should 
study the system instructions and commands of the Modcomp 
computer system presently in use on EDCS, and proceed to 
write small subroutines (programs) in the microprocessor 
assembly language (Intel 8080) (Larsen and Rony 1975) to 
simulate the Modcomp commands„ Thereafter, the proposal 
went, the Modcomp EDCS program as it was already written 
could be used as is, thus having the microcomputer "mimicking" 
the Modcomp computer.

This was unacceptable to this writer for a variety 
of reasons:

(1) The purpose of the summer internship was to 
learn as much as possible of the internal workings of EDCS 
and its advantages and disadvantages as applied to long 
term toxicological experiments„ Under the above plan, most 
of the time spent would be in learning the Modcomp system 
characteristics, supposedly eliminating the need to become 
involved in the complexity of the EDCS functions themselves 
as a time saving maneuver.
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(2) There were several obvious hardware and software 

problems inherent in such an attempt to have a relatively 
simple and slow eight: bit microprocessor mimic a rather 
advanced 16 bit minicomputer system. To understand this, 
one must have some idea of the magnitude of difference in 
sophistication between a disk operating system of a 16 bit 
machine and a stand-alone microcomputer (Korn 1973).

EDCS aS it is presently written in Modcomp assembly 
language uses operating system commands extensively. An 
operating system is a highly sophisticated program con
stantly running in the computer, and is used to simplify 
the programming tasks for the programmer. By using a 
single system command along with some parameters, the pro
grammer instructs the operating system to perform a function 
that may consist of many hundreds of even thousands of 
individual computer operations (single computer instruc
tions) . Thus the programmer may access a particular complex 
procedure as a single, module. This facility is used 
extensively in input/output operations, which comprise the 
majority of the functions in EDCS. For example, if the 
computer operator wishes to store a program he has just 
finished onto disk, he merely issues the command WRITE 
followed by a few parameters such as the program name and 
where it is presently held in memory. That single command 
causes the computer to execute a highly complex subroutine



(program) which must keep track of the location of the 
magnetic writing head of the disk, update the disk directory 
for later retrieval of the program and coordinate its 
action of storing the program on disk with the other tasks 
the computer is performing as well.

However, the microcomputer has no system program.
One simply has 78.types of instructions that you may use

\ Ito construct a system, if one has the time and experience.
Furthermore the operating system commands used in the Modcomp 
are written to take full advantage of all 15 general pur
pose registers available in the central processor unit, 
which are used to hold addresses of data in memory and to 
count various functions, among many other uses. The micro
computer contains only three such registers, which proved 
to be a great limitation as it was without trying to mimic 
a 15 register machine. These are just two examples of many 
more problems in software (program) and hardware (equipment) 
incompatibility which caused it to seem to this writer that 
the task of writing a program to mimic the actions of the 
Modcomp would be far more difficult and complex than 
starting from scratch.

(3) In addition, trying to mimic the Modcomp would 
have been overlooking the object of the development of a 
microcomputer system to begin with, that being the use of 
a dedicated processor to control at most four terminals.



The Modcomp commands were designed for a computer which has 
many complex tasks occurring simultaneously, and its format 
would be wasteful if used for such a small dedicated set-up.

Thus it was decided that the best approach would 
be to program from a functional standpoint; that is, taking 
into account the characteristics of the terminal and the 
microcomputer and designing the program to perform the EDCS 
functions and error checking required in the system. This 
was an advantage both from the viewpoints of the time re
quired for the task and the increased educational benefits. 
It gave this writer the opportunity to evaluate all aspects 
of the materials at hand and to procede to utilize them in 
an original program design to achieve the desired ends, 
as is the approach in the development of any new device.

The use of the microcomputer to produce the func
tions currently, being produced on a highly complex machine 
entailed the solving of several associated problems due to 
the difference in sophistication between the two machines.

Timing— the operation of a computer in such a way 
as to require it to take in data coming from several 
sources at once, analyze the data from each source inde
pendently from the others, and output a response to that 
particular source based on the analysis is called Time 
Sharing. A computer can only perform one operation at a 
time, and thus while it is taking in data, from one source
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or analyzing data from one source, the other sources must 
wait. This is fine if the data from any particular source 
come in at one byte at a time with sufficient time between 
each to allow the computer to access the first data byte 
before it is overwritten by the next. However, in this 
case, the automatic functions of the terminal's sources, 
such as the card reader, send multiple bytes in rapid 
succession (1200 bits per second = 120 bytes/second).
Thus if the time of analysis of the input from one source 
is long enough, data from another source will be lost.
This problem is. solved in larger computers such as the 
Modcomp by the combination of operating system software 
and complex hardware to produce a priority interrupt system. 
Briefly, if the computer is doing some analysis on data 
taken in previously, and hew data come in, the computer is 
interrupted and goes to perform the operations necessary 
to take the new data and store it, thereafter going back 
to finish its analysis. Thus no data are lost using this 
method, and the computer can easily handle 40 to 50 
terminals, as is presently the case at NCTR.

The concept of application of a microcomputer is 
that of being dedicated to one Or two rather slow devices,

tand it is not designed specifically for.time-sharing : 
purposes. The Intel 8080 does have a crude Interrupt 
capability, but to use it one requires external hardware



(integrated circuits) in the connection between the micro
computer and the terminal. At the time Of the development 
of the program, the computer division was having great 
problems with procurement procedures, it taking weeks to 
buy even a small' amount of new material. Thus in the time 
allotted it would not have been possible to design, purchase 
and debug an interrupt hardware system and still have time 
to come close to finishing the program itself, which was 
the main task. Thus it was decided by this writer to use 
another method of multiple source data input, device polling. 
In this method, the computer checks each device (terminal) 
for data availability and, once finding it so, collects 
the data from that terminal, doing the analysis and output 
to that terminal, and only then checking the other devices 
for new data. There was much discussion as to the problem 
of data loss due to the time during which the computer would 
virtually ignore the other terminals. However one has the 
advantage that data are being generated only as quickly as 
the humans, being inherently slow devices compared even to 
a microcomputer, can generate. It was felt that this ad
vantage combined with a programming method such that the 
computer can immediately distinguish those data present is 
invalid and ignore it, simply causing the operator to rehit 
the key, would still function in a prototype set-up without 
too often causing the operator to have to re-enter data.
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However it is much more desirable to have an interrupt 
method used in the final developed model to ensure low 
data loss and further to allow the capacity for addition 
of more terminals to the system, if needed«

Another complication caused by time-sharing the 
microcomputer is in the program structure and function.
Since all four terminals are expected to perform the same 
functions, they can all be run by the same program. This . 
means that the program must be general purpose. This 
simple statement requires the program complexity itself to 
be logarithmically increased as compared to such a program 
dedicated to a single terminal. First, the program must 
determine which terminal is sending it data and thus which 
terminal to output to, requiring it to insert the necessary 
parameters into the correct locations within the program 
itself before actually executing the program steps. Further, 
the program must keep track of exactly what step of the 
EDCS procedure each terminal is presently in so that it 
knows what type of data to expect to prevent technician 
error. It must also keep track of what observations and 
animal IDs have been previously entered at each terminal, 
so that the computer can prevent repetition errors; it must 
also allocate space for each terminal to store intermediate 
results between each step in the protocol. The programming 
methods necessary to achieve this type of program
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flexibility is a field of programming all its- own, and was 
a very new experience for this writer. It is learned only . 
by doing, and the above mentioned revelations of neces
sities came slowly and at times only after much writing 
had been done neglecting some small but essential require
ment . Thus if one reads through the program one can see 
a progression from rather crude direct methods of inter
mediate data holding and lookup table structure to more 
complex indexing and layering of lookups in the last steps 
in the program.

At the present the program is about 75% complete, 
requiring the last steps in the observation table section, 
the correction ability routines and the final formatting 
routine used before outputting data records to the disk. 
However the methods to be used for these steps are essen
tially the same as those developed for the completed portion 
of the program.

Conclusions
It is obvious from the preceding discussion that 

the Experimental Data Collection System in use at NCTR 
goes a long way towards alleviating many of the common 
errors encountered in the conduct of large scale toxicology 
experiments. However it is unlikely that this form of data 
collection will be mandated in the upcoming FDA regulations 
concerning such experimental conduct- due to the fact that
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it will be some time before such a system will be commer
cially available, as well as the fact that such a system's 
initial cost may still be prohibitive to most of those 
affected by the regulations.

The development of a microcomputer version of - 
EDCS advances the possibility greatly that such a system 
may soon be commercially available, as it eliminates a 
good portion of the.stumbling block, namely the computer . 
cost, which is the most prohibitive. One is then left 
with the cost of the terminals themselves as another prob
lem, as each one costs approximately $10,000 as presently 
configured. However there is at present going on at NCTR 
the development of•a microcomputer based version of these 
terminals, which would eliminate most of the costly hardware 
presently used therein. It was estimated that this version 
of the terminals would eventually cost a much more reason
able $3,000.

Thus it is reasonable to assume that within five 
years a rather inexpensive system as just described may be 
commercially available, and may serve to bring greater ' v 
quality and efficiency to toxicolOgical experimentation.



CHAPTER II

. GOOD LABORATORY PRACTICE 

Introduction
The first section of this thesis cited some of the 

problems in the animal observation and data report pro
cedures encountered by FDA in their investigations of 
large non-clinical toxicology testing facilities„ These 
problems were discussed with reference to a computerized 
data input system which interacts with the technician to 
prevent many of the problems associated with these two 
areas.

However, the problems in these testing facilities 
were not limited to the areas of animal observation and 
report generation (FDA 1976)« Rather it was found that 
there were significant problems throughout the experimental 
procedure, starting from the initial statements of objec
tives, extending through the design and recording of the 
protocol, and up to and including all data'logging and 
reporting procedures, both during the experiment and after 
its conclusion. These problems included poorly kept 
records of study protocol and progress and poor procedural 
practice in analytical and pathology laboratories.

' 37



38
In most cases, the common cause for many of the 

problems was a lack of internal controls in the procedures 
used to conduct and monitor the experiment, rather than a 
deliberate disregard for good scientific procedure.

Thus, FDA decided that there was a need for some 
mandatory controls of experimental procedure that could be 
applied industry-wide. This is not a decision that could 
be made lightly by FDA, for in attempting to promulgate 
regulations with such wide impact, there were many stumbling 
blocks which had to be considered (The Blue Sheet 1976).

It was desired that the regulations not be so 
stringent as to stifle scientific creativity in the design 
of experiments. Furthermore, because of the'numerous dif
ferences in experimental objectives in this field, it would 
be impossible to delineate a specific protocol type that 
would be adequate for all applications.

It was decided that the present system of having 
for-cause inspections carried but only if discrepancies 
were discovered in submitted data was insufficient by 
itself, because of the fact that this procedure had failed 
to uncover these problems earlier. Instead, there should 
be systematic investigations of non-clinical laboratories. 
Under such a system, there were several alternatives avail
able as to the criteria and method for passing an inspection.
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(1) Conformance to a rigid protocol design and 

laboratory practice procedures drawn up by FDA was rejected 
due to the variability required to evaluate safety, as- 
mentioned above.

(2) Licensing testing facilities was rejected,
again due to the fact that the licensing procedures are
effective where standard procedures are followed almost 
exclusively. Thus it was decided that the cost for de
vising standards for licensing to meet each type of applica
tion in this field would not be efficient.

(3) Full time on-site inspection of facilities 
was rejected due to cost to FDA.

(4) Voluntary standards promulgated by the industry
were rejected because these could not be enforced under the
law, and.FDA decided that the problems found were serious 
enough to require the backing of law to aid implementation 
of the standards.

Therefore, FDA designed the regulations along the 
lines used in the Good Manufacturing Practice regulations. 
The GLP regulations approach the problem by delineating 
broad goals to be achieved in a particular phase of a study, 
without, in most cases, specifying what particular method 
would be used to achieve these goals. Of course some areas, 
such as that concerned with study documentation, are - 
specific in their requirements. This mixing of specific
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and nonspecific regulations allows flexibility in the ap
proach taken by individual facilities, but also allows 
room for mis interpretation and disagreement as to what 
methods do assure attainment of these GLP'goals,

The regulations state that the scope of the stan
dards applies to organization and personnel, buildings and 
facilities, equipment, testing facility operations, quality 
assurrance, protocols, study implementation and conduct, 
recording and handling Of data and records and reports, as 
well as administrative sanctions imposed resulting from 
noncompliance„ Obviously these GLP regulations are in
tended to provide control and documentation of all aspects 
of a study undertaken by the facility.

An unusual situation develops when the question is 
asked as to what types of studies are to be included in 
this regulation. Broadly defined, it includes all non- 
clinical laboratory studies to be submitted to FDA. A 
nonclinical laboratory study is defined as any in vivo 
or in vitro experiment in which a test substance is studied 
prospectively in a test system under laboratory conditions 
to determine its safety, or carried out to determine whether 
a test substance has any potential utility. It goes on 
to state that basic research, basic exploratory studies, 
studies related to regulatory compliance activities (e.g., 
studies to determine if a product is up to licensing



41
standards), studies to determine physical or chemical 
characteristics of a substance independent of any test 
animal, and field trials involving humans or animals are 
specifically not included., Does the term "basic exploratory 
studies used to determine potential utility" include LD50 
and ED50 studies? Under the broad context of the defini
tion of a nonclinical laboratory study, these would seem 
to be included; however, this stipulated exception may 
indicate that these may not be included, and that only the 
longer term tests used directly to determine safety in long 
term use are included. The difference between their being 
or not being included may translate into whether or not the 
entire short term testing (acute) section of a laboratory 
must be modified to allow for the strict documentation 
demanded in the regulations, which in turn translates into 
longer time per experiment and money for automated or 
manual documentation equipment. '

What is obviously included under these regulations 
are the experiments designed to satisfy the requirements 
- for determining the characteristics of mutagenicity and 
carcinoginicity of a compound, as well as the subacute 
trials leading up to these longer term tests.

Unlike the acute experiments, these long-term 
tests are involved procedures with many areas where po
tential error and interference in results can occur.
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ranging from the form of the test substance to how and 
where it is combined with the feed, how and where stored, 
and how it is delivered to the correctly identified animals. 
The magnitude of data produced during these types of studies, 
is such as to allow for data loss, error or mixup of feeds 
of animals, especially when there are multiple, long term, 
studies conducted on different test compounds. It is in 
this area that the regulations are specifically designed 
to apply the most control and documentation. Thus the 
overall goal of GLP is to assure that physical facilities 
and equipment are adequate and properly maintained, staff 
is qualified by training and experience, that investiga
tional procedures are scientifically valid, and that com
plete and accurate records are maintained.

Separation of the Regulations' Applicability
The proposed Good Laboratory Practice regulations 

can be divided into two main sections, the first dealing 
with physical facilities and the second larger and more 
comprehensive dealing with operations. Personnel falls 
into both categories; the first with regard to number and 
qualifications and the second with regard to performance.

Facilities
The physical facilities specifically covered by 

GLP are the following: animal housing and supporting
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equipment; analytical and pathology laboratories and 
equipment, and the overall facility housing these areas, 
referring to overall space allocation and storage and 
receiving areas. In addition, special equipment necessary 
for the conduct of procedures in accordance with the 
controls required by GLP should be classified in this 
category. These may include special on-line computer 
equipment or specially coded or colored equipment used in 
feed or animal handling. However, for the purposes of 
this report, this equipment will be described in the 
section dealing with the procedure utilizing it.

^Personnel
• '' ~ ' V

The main impact of GLP on this area will be in the
qualifications and quantity of personnel required. Under 
qualifications, it is simply stated that any employee shall 
have the education, training and experience necessary to 
adequately perform their assigned task. It does not 
attempt to establish a guideline for determining whether 
a person is or is not qualified. Thus for most con
scientious laboratories, this factor will not make much 
difference assuming that they have always attempted to use ■. 
people who are well qualified. Thus the main requirement 
will be to have on file a C.V. for each person engaged in 
or supervising a nonclinical laboratory study as well as a 
job description for each employee. This task is probably
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already accomplished by the personnel department of most 
laboratories, and should not require much extra effort.

However it is also required in paragraph C that 
there shall be a sufficient number of personnel to conduct 
the study in a "timely and proper" manner. During FDA’s, 
initial investigation it was found that many of the in
adequacies found, especially in the laboratory areas.
(e.g., fixing in toto and holding for weeks before necropsy) 
were due to inadequate specialized personnel to perform 
tasks according to the protocol. It is this point which 
will cause laboratories and personnel offices some dif
ficulty, mostly with respect to the costs of hiring and 
maintaining more full time specialists than previously 
used. This will be in addition to the new personnel re
quired to oversee GLP compliance within the laboratory.
Thus it will require cooperation and commitment on the part 
of management (for allocating money), personnel department 
and the toxicology unit to meet the requirements. However 
in this case (and in most others which will be covered 
later) the specific requirements to be achieved as far as 
times for the performance of procedures are not specified 
by FDA, and is left up to the judgement of the laboratory. 
Thus there is ample room for disagreement as to what the 
laboratory may deem an acceptable number of employees, and 
what the FDA considers acceptable. It can only be supposed
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that the main criterion for whether there are sufficient 
employees will be the evaluation of the operation of the 
laboratory and the quality of results produced= In this 
area the room for interpretative disagreement is less than 
above, but is still present.

Another more intriguing problem that may be en
countered by certain testing facilities due to the above 
requirements is the separation of departments. In the case 
of a large company, the toxicology laboratory may be one 
of several specialized laboratories (e.g., pharmacology, 
bacteriology) and may be served by other laboratories 
outside the department. This will be true especially for 
chemical analysis. As the GLP regulations include the

: ' l

analytical procedures used to evaluate test and control 
substances, feed and water etc., these departments will 
also be required to be in accordance with GLP in terms of 
personnel, standard operating procedures and other docu
mentation. Thus these requirements will necessitate 
adequate interaction and cooperation between semi-autonomous 
departments within "a corporation. This may not be much of 
a problem with smaller facilities which might be more 
self-contained.

■ Thus even the relatively simple requirements of
numbers and qualifications of employees may pose consider
able problems for large testing facilities. These problems
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may be alleviated by the accreditation of. employees by an 
Organization recognized in the field ("Report of the 
Society of Toxicology Council" 1977), This approach is 
being considered by the Society of Toxicology, but in
volves problems of producing guidelines that are fair and 
accepted by all affected facilities. This method is par
ticularly difficult in toxicology, where people of varied 
backgrounds may be involved in work not completely derived 
from their major discipline.

Animal Housing and Support Facilities
In this category, the major new requirements con

sist of separation of species and isolation of individual 
projects in separate areas from others. Space must be 
allotted for receipt, quarantine and isolation of animals 
separate from the test animal housings. In addition, 
separate areas must be available for: diagnosis and

\

control of animal disease (quarantine); sanitary collection 
and disposal of animal waste; storage areas for feed, 
bedding and other equipment; and cleaning of cages and 
equipment. Structural requirements and environmental 
controls are already covered by the Animal Welfare Act 
of 1970, and should presently be in effect in animal 
facilities. ..

There must also be separate facilities for receipt, 
storage and mixing of test and control substances, and



separate areas for storage of this mixture away from the 
animal housing facilities.

Here the main impact will be space allocation and 
separation. Separation of activities is desired to assure 
no accidental mixing of feed with test substance or acci
dental animal exposure. However this also requires con
siderable space and design features that are unlikely to 
have been incorporated in older facilities. In addition 
to separation of activities, care must be taken that the 
ventilation system in the facility not be such as to allow 
airborne contamination from mixing areas to animal rooms 
or feed storage rooms. An additional feature could be 
the use of a clean/dirty corridor system., maintaining the 
animals in isolation from the outside by the establishment 
of barriers; though.this is not specifically required, it 
should be a minimum feature in all new facilities.

It is likely that many facilities will have to 
undergo considerable design modifications to comply. One 
principal requirement with which facilities will be unlikely 
to be in compliance with is loading dock facilities for 
animals separate from that for receipt of test and control 
substances. This is a theoretically wise precaution but 
the probability of the contamination occurring in this 
manner may be questioned.



Basically the expense and time required for a 
facility to come into compliance in this area depends on 
their current design. In some cases it may be necessary 
to build entirely new facilities in which case great 
amounts of time will be required to allocate money and 
design and build. In the preamble to the regulations it 
is stated that FDA realizes that it may take "months" for 
some.facilities to come into compliance and this will be 
taken into account, although how many months is not stated 
However, it seems that at least a year should be allowed 
for major modification plans to be submitted to FDA to 
indicate that a company intends to come into compliance. 
These details will undoubtedly be worked out before the 
regulations are final.

Laboratory Facilities
Under this area one finds that the regulations are 

expressed in the form of broad goals that should be sought 
in the design and operation of the laboratories.

It is specified that separate laboratory space, 
should be provided for the conduct Of the routine tests 
that must be performed during a nonclinical laboratory 
study, including specialized areas near the animal housing 
for performance of asceptic surgery, necropsy, histology 
and radiography procedures. If necessary, there should 
also be special facilities for handling volatile agents.
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or hazardous aerosols or radioactive material. In addi
tion, there should be a separate area with restricted access 
for storage of specimens and raw data (archives) , the 
operation of which will be discussed under Operations.

Thus far, there is nothing suggested here that is 
radically different from what is currently in use, except 
for facilities for long term storage of data and specimens. 
Regarding the equipment used within the laboratory, the 
regulations specify that equipment used, including that for 
laboratory environmental control, should be of appropriate 
design to function effectively, have adequate capacity and 
be suitably located to facilitate operation, cleaning and 
maintenance.

Exactly the same is required for equipment used 
in animal maintenance, test and control substance prepara
tion and administration, and generation, measurement or 
assessment of data.

Thus there is wide margin allowed for interpretation 
of what precisely qualifies as adequate design to perform 
the intended function..

Again, the guidepost will probably be marked 
according to the adequacy of results submitted to FDA. If 
results are found inadequate, it may then be determined 
just what exactly inadequate equipment has been for the 
particular application involved.
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Included under the equipment section in the regula

tions are the requirements for calibration, cleaning, 
etc. These will be discussed under the Operation section.

Essentially the main impact of the facilities
section will be on the modification of animal housing and
laboratory facilities to provide adequate separation of 
test animals from outside influences that cannot be ac
counted for. Older facilities will be the ones in most
jeopardy and will require considerable revamping.

However, facilities were not the main problem found 
by the FDA in its preliminary investigation. Rather it 
was the operation of the facility and the lack of control 
and documentation of results that posed the greatest 
threat to the integrity of a study's conclusions„ The 
modifications of facilities will be only the first step for 
many testing laboratories, for it will set the stage for 
the much more rigorous section of Operations requirements.

Operations
In order to assure integrity of experimental data, 

there must be some way of insuring the correct performance 
of procedures, Thus in addition to requiring facilities 
to minimize inadvertent exposures and mix-ups, one must 
attempt to control each separate operation performed.



■ ■ 51
The first step towards this goal is the establish

ment of standard operating procedures (SOP) in order that 
there should be no question of the correct procedure.

Therefore the GLP regulations specify (Subpart E) 
that SOP's be established for the following areas: animal
room preparation; animal care; receipt,identification, 
storage, handling, mixing, sampling, testing and adminis
tration of test and control substances; animal observations; 
laboratory tests; handling of animals found moribund or 
dead; necropsies, preparation of specimens; histopathology; 
personnel health and safety; data handling, storage and 
retrieval; and preparation and validation of the final 
study report.

Obviously this is a comprehensive attempt to docu
ment nearly every action performed during a nonclinical 
laboratory study, and requires every department involved in 
such studies to comply. In addition, these SOP’s are to be 
available in each, department for employees to refer to, and 
a historical file of SOP’s listing effective dates and 
dates of revision must be maintained by each department.

In addition to establishing the correct standard 
procedure the SOP’s may, help to eliminate differences in 
technique between individual technicians and whatever 
effects these may have on results.
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The greatest cost of this requirement to a testing 

facility should be the time required to document these 
procedures in an organized fashion, as most of these pro
cedures are most likely already documented in some manner, 
However, in addition to maintaining copies of these SOP1s 
and any changes in them, it is also necessary that any 
required deviation from them be documented in the same 
manner as raw data in the study records. This would 
most likely not effect the animal care procedures- very 
greatly, but may often be required in the laboratories 
where an unusual finding or study type requires deviation 
from established procedure or introduction of a new one.
Thus a filing system, must be established to allow the Study 
Director to authorize and inform personnel of the devia
tion, perhaps using a form titled "Request for Deviation 
from SOP”, which must delineate the procedure referred to, 
the study in which the deviation is requested and the 
duration of the study. Then another form, perhaps entitled 
"Confirmation of Deviation from SOP Request" would be sub
mitted by the department affected. "Copies of both these 
forms would be kept in each department involved and in the 
official study report as raw data. Any deviation from 
standard operating procedure would have to be approved 
in this manner. ■
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In addition to stipulating the use of SOP’s; the 

GLP regulations specify Steps required to be taken in 
certain areas of operation. These will now be. discussed.

Animal Facility Operation
For the purpose of this report the section dealing 

with test and control substance handling and distribution 
will be included under this heading. Characterization will 
be discussed under Laboratory Operations.

For the routine care and maintenance of animals 
(housing, feeding, cleaning) the regulations specify that 
the guidelines in HEW Publication 74-23 "Guide for the Care 
and Use of Laboratory Animals" and those in the NAS/NEC pub
lications dealing with breeding, care and management of 
specified species be used. Thus for more routine main
tenance operations no significant deviation from previously 
established procedures is necessary, other than documenta
tion of the procedures and any deviations from them.

However GLP does require the following preventive 
steps be taken. In most cases these are established good 
animal, facility procedures but were not previously required.

(1) All newly received animals be quarantined to 
evaluate health. No time is specified but two weeks is 
generally recognized as adequate.. The SOP for this re
quirement should specify time limit, sacrifices and testing 
required to determine safety.



' ■ ■ ■ 54
(2) Animals known or suspected of being diseased 

should be isolated from healthy animals. If disease occurs 
in animals in a study these may be treated for the disease 
if the treatment does, not interfere with the study. In such 
cases the diagnosis, authorization of treatment, description 
of treatment and date of. treatment must be documented and 
retained as raw data of the study. Thus the Animal Re
sources Section would issue a form that may be entitled 
"Notification of Disease Symptomology in Test Animal" to 
the Study Director, delineating symptoms and their date of 
occurrence, how many animals infected, suggested treat- . 
ment(s), and whether the animals have already been isolated. 
Then the Study Director would have to authorize treatment 
using another standard form and all this would be retained 
in study records. This will allow the consideration of the 
disease occurrence during evaluation of the study as to its 
effects on toxicity. Other forms must be filed so the 
exact number of animals involved and treatments adminis
tered can be shown in the study data,

• (3) Animals must be identified on receipt by a 
number that identifies shipment or purchase order number. 
This is in addition to any special permanent identification 
used within a study. The shipment ID should help in the 
isolation procedure in the case of disease introduction.
The permanent ID used for the study must be shown on the.
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outside of the cage and placed on all specimens from that 
animal at necropsy,

(4) It is required that the cage cleaning procedure 
ensure proper placement of animals by. requiring comparison 
of the outside cage ID and that on the animal, and there 
must exist a procedure for verification of correct place
ment. This is separate from the requirement for comparison 
of cage and animal ID numbers. In a totally manual system, 
this may be simply a recheck of the original list of animal 
placement within cages, allowing an area on the sheet to 
check off animal presence. Since this must be done for any 
animal transfer it is best to include the observation pro
cedure with the cage transfer procedure to minimize the 
necessary manipulation of animals, as is done at NCTR
(see Section I). It is in this regard that the NCTR 
system aids the technician greatly, for all data are neatly 
displayed in one place (screen) and animal numbers are 
eliminated (only cage number's need be considered) . Thus 
the technician does not need to refer to lists of repeti
tious numbers and compare them to each individual rat number, 
thus minimizing the chance for confusion and requiring 
less movement and time.

(5) It is required that mixing of species in the 
same room (even if on the same study) be avoided to prevent 
interspecies disease transmission, and mixing of the same
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species of different studies be avoided to prevent in
advertent exposure to test compounds from the other 
studies. This would also reduce the chance of error in 
feed administration. This stipulation is not a requirement, 
but if study mixing such as this is done, adequate dif
ferentiation by space and identification must be made to 
avoid intermixing of test animals. As a general rule, it 
would be good to outlaw mixing of studies on the same cage 
rack.

(6) Feed and water used for animals must be an
alyzed periodically to ensure that known interfering 
contaminants are not present. Thus an SOP must be es
tablished in the animal facility specifying the times 
that samples should be analyzed. The reports of such 
analysis would probably be kept on file within the animal 
facility. However if a deviation is found it must be 
specified that either the analyzing laboratory or animal 
facility must issue a form ("Notification of Contamination") 
notifying the Study Directors and specifying the possible 
maximum-duration of contamination (most likely from the 
date of the last analysis), and this would be retained as 
raw data.

(7) Shelf life of feed must be indicated by an 
expiration date after which it must not be used. The
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expiration date of admix would be determined by stability
testing done at the facility.

(8) Bedding used should not interfere with the 
purpose or conduct of the study and shall be changed at 
least once a week or as often as necessary to maintain 
cleanliness.

(9) Any operation that involves cleaning or pest 
control material that may interfere with the study must
be documented as to material used? date? how used? whether 
animals were present and? if so? how contamination was 
.prevented.

Test and control substance handling includes mixing 
of test and control substance with the feed and its dis
tribution to the animals. This section assumes that the 
necessary tests for stability times and storage container 
adequacy have been performed. These will be discussed 
under Laboratory Operations, although the responsibility 
for having these tests performed may rest with the Study 
Director and animal facility.

It is required that storage facilities are adequate 
to maintain stability? quality ? purity and identity of the 
test? control and a mix. The length of time this is so 
will be determined by tests run before the start of the 
experiment.



It is also broadly stated that the distribution . 
procedure be such as to eliminate contamination and ensure 
proper identification, and that each batch is documented. 
Therefore, in the mixing area, the SOP would require that 
only one batch and substance be mixed at a time to prevent 
cross contamination, and that the mixing utensils be totally 
clean (previous FDA investigations found mixing being done 
in containers encrusted with residue.from previous mixing)„ 
More than one may be done at a time if the facilities are 
designed as to ensure isolation of the mixing procedure 
(separate mixing equipment and ventilation systems). At 
that time a "New Admix Issuance" form could be filled out 
indicating study number, test animal and dosage group, date 
of mixing, quantity mixed, and expiration date. Batches 
could be stored in plastic cans lined with plastic bags, 
and marked with the study number and expiration date.
It may be convenient to establish a color coding system to 
mark cans and plastic bags as to the dosage level within the 
indicated experiment number. If space allows separation 
of dosage groups, then animal rooms may be color coded to 
further lessen the chance of error. If this is not pos- . 
sible then individual cages may.be coded in this manner.
In any case no distribution would occur until the results 
of analysis for dosage and consistency were returned from 
the laboratory. At this point the laboratory results would
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be added to the "New Issuance" form.and sent to the Study 
Director for approval„ Only after approval would the admix 
be distributed. Copies of the completed issuance form would 
be kept by the laboratory, animal facility and Study 
Director as raw data. Obviously sufficient planning would 
be required by the animal facility to allow time for these 
procedures in scheduling their mixing and distributing 
operations. In addition it is required that periodic 
sampling and testing of distributed mix be performed to 
monitor stability and identity.

The animal facility must keep track of the dis
tributed batch1s expiration date and withdraw them at the 
expiration date and document this occurrence in their 
records, noting date of return and amount returned.

This.area of practice is a critical one from the 
standpoint of integrity and applicability of data, and it 
is certain to be a well scrutinized point in any FDA 
investigation. Thus controls here are of the utmost im
portance, The cost to the testing facility will be in 
both time and special equipment to implement these controls, 
but the rewards and assurrances they provide are worth at 
least as much in the long run.

.... It. is noteworthy to point out that there is some 
overlapping of jurisdiction regarding the operation and 
maintenance of animal facilities.
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; . Under the Animal Welfare. Act, this area is cur

rently the responsibility of the Department of Agriculture. 
These GLP requirements allow the FDA similar responsi
bilities for animal facility inspections« This may result 
in costly and needless duplication of effort on the part 
of FDA, It would be wise if some mechanism could be de
veloped such that a facility meeting the standards for . 
animal care under a Department of Agriculture inspection 
be considered in compliance with GLP. However, FDA would 
still have to inspect the facility for compliance in the 
area of diet mixture distribution and other related 
toxicology considerations. Thus it would seem that 
multiple inspections are unavoidable under the current 
GLP proposals.

Laboratory Operation 
Requirements

In the laboratory operations (biochemistry, 
pathology) and documentation area, the procedures performed 
and equipment performance are'independent of the various 
studies in progress in that the laboratory-performs stan
dard tests and issues reports to the Study Directors, and 
is no further involved. Thus the SOP’s and calibration 
reports and records should hot become part of the study : 
raw data unless there is a problem that would affect the 
interpretation of the data.
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Equipment in all laboratories/ especially chemistry, 

must have SOP1s indicating methods, materials and schedules 
to be used in routine inspection, cleaning, maintenance, 
testing and calibration, and which specify remedial action 
to be taken in event of a malfunction. They should also 
designate the individual responsible for.the performance 
of these duties. Of course the SOP1s must specify that 
complete documentation of these actions be performed. The 
report must specify the date of the operation, results, 
whether the operation was routine and followed the SOP.
If the equipment fails, then written record shall be made 
of its nature and repairs made. .

In this area the records of routine maintenance 
and calibration should be kept in that instrument's log if 
nothing unusual is found. In the case of a discrepancy 
in data in a study and the equipment was suspected, it 
would be necessary to go to the laboratory and check the 
log. It would be an unnecessary waste of materials and 
effort to duplicate routine procedure reports for each 
study file.

If however a routine check or malfunction indicated 
that errors were made in previous analysis that may affect 
the studies, then one should have a form ("Notification of 
Equipment Malfunction") distributed to all studies.
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specifying the analysis, and dates effected and this would 
be included as raw data.

All reagents and solutions must be labeled indi
cating identity, strength, storage requirements, and 
expiration date. All materials exceeding the expiration 
date must be removed.

Before the study is initiated, the stability of the 
test and control substance should be determined, as well 
as the stability of the mixture of feed and test and con
trol substances. This is necessary to determine expiration 
date and batch size to reduce waste of diet mixture due 
to expiration before use.

GLP specifies that for studies in which administra
tion of more than four weeks in duration is required, a 
reserve sample of each batch of mix should be taken, 
labelled, stored in an identical container as the dis
tributed batch, and analyzed at the time the batch is 
depleted, at the termination of the study or at the expira
tion date (whichever occurs first) for stability, identity 
and strength to see if they conform to established 
specifications.

Thus far these requirements will probably affect 
most testing facilities by causing them to rigidly perform 
and document instrument calibrations, as well as require 
new staff and/or facilities to accommodate the increased .
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testing required, especially of.admix stability. This is 
a sensitive area for ensuring the integrity of the results 
of an investigation, for the lack of knowledge of what 
dosage is administered is a limiting step in the chain of 
scientific analysis required.

In addition to the above mentioned testing and 
documentation procedures, the laboratory is affected under 
the section entitled "Conduct of a Nonclinical Laboratory 
Study" (§3e.l30).. These requirements interact with those 
for data handling and administration and will be discussed 
under that heading.

Protocol •
Each study is required to have on file a written 

protocol approved by the Study Director which clearly 
indicates the objectives and all methods used in the study.
It is required to include the following:

(1) Title and statement of the purpose of the study.
(2) Identification of the test and control substance.
(3) The stability of the test and control substances 

and the methods used to determine them.
(4) Name of the Study Director and other scientists 

involved including laboratory and animal care personnel.
(5) The name of the sponsor of the study (if the 

study is being done by a consulting laboratory) and the
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name and address of the testing facility that is con
ducting the study.

(6) The starting and termination dates,for the -
study.

(7) The date of submission of the final study 
report to management.

(8) The number, body weight range, sex, source of 
supply, species, strain and substrain, age of the test 
system and justification for selection.

(9) The procedure for the unique identification of 
the test system to be used in the study.

(10) A description .of the method of randomization, 
if any, of the test system with justification for the 
selected method.

(11) A description and/or identification of the diet 
used in the study as well as solvents, emulcifiers and/or 
other materials used to solubilize or suspend the test or 
control substance before mixing with the carrier.

(12) Route of administration and justification of 
its choice.

(13) Each dosage level, expressed in milligrams 
per kilogram of body weight (or other appropriate units) 
of the test and control substance to be administered and 
the method and frequency of administration.
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(14) Method by which the degree of absorption of 

the test and control substance will be determined if 
necessary to achieve the objectives of the study.

(15) The type and frequency of tests, analysis and 
measurements to be made.

(16) The records to be maintained.
(17) Nonroutine procedures (if any) required to 

assure personnel health and safety. .
(18) The date of approval of the protocol by the 

sponsor and signature of the Study Director. In addition 
all changes to the protocol must be documented with reasons 
stated, and it must be approved by the Study Director and 
maintained with the protocol.

Most facilities currently in operation should not 
be greatly affected by the protocol requirements as it is 
fairly standard practice to establish a protocol before 
study initiation (although FDA found some instances where 
none existed for ongoing studies). However FDA requires a 
highly comprehensive protocol that heretofore was probably 
not practiced by most facilities. These requirements will, 
besides document the study, require a great deal of fore
thought as to experimental design and conduct. This can 
only aid in producing more reliable and smoothly run
studies;. The increased cost of adhering to these require-

■ . " { ' ments should not be great as only more extensive 1



. ' 66 
documentation is required in an act that is normally per
formed for any present study. ' .

A very important area is that regarding alteration 
of the protocol. During the FDA investigation, it was 
found that if a protocol did exist to begin with, changes 
in the protocol often were performed without notifying 
management and at times without knowledge of the Study 
Director. This was a result of both the lack of an es
tablished mechanism for protocol alteration and poor com
munication within the facility. Thus the mechanism for 
protocol alteration would require that someone in responsi
bility (Study Director) issue a "Proposal to Alter Protocol" 
form which would delineate, the events leading to the pro
tocol reevaluation and the intended function of the altera
tion. This would be distributed to all involved department 
heads for acknowledgment and/or approval, after which the 
alteration could be implemented. GLP does not offer any 
guidelines for alteration of a protocol, and it is thus 
up to management to establish one which may be applied 
reasonably and used to justify the alterations to FDA.
This is obviously a highly critical area in any study and 
too much attention cannot be given to it.



67
Conduct of a Nonclinical 
Laboratory Study

This section deals with the handling of specimens
and data.

It first requires that the study be conducted in
accordance with the protocol.

All specimens produced during the study are to be
identified by the test system (animal), study nature and
date of collection. This information is to be attached
to the specimen container in such a way as to preclude
errors on recording of data. Although a label may prevent
misidentification, it is not effective in preventing 

.specimen loss or, more importantly, the discovery of loss. 
This problem is attacked at NCTR by assigning the carcass• 
an ID number at the animal room before it goes to the 
laboratory. The list of carcass ID's is noted in the com
puter system and is available to inform the laboratory 
that the particular animal is to be received for analysis. 
This operation could be done without a computer by having 
a manual list of carcasses made up by the animal room each 
day and forwarded to the laboratory. The laboratory may 
then use this list of numbers to track the sample through 
the various stations of analysis, and may enable the loss 
of a speciman to be discovered.more quickly, and still 
allow the chance of recovery or the taking of another 
speciman.
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The next two requirements of. this section address 

the actual logging of data generated during the study, and 
is geared towards hand-performance operations.

The first specifies that all data, other than that 
generated as direct computer input, be recorded immediately 
and accurately in ink in bound books with prenumbered pages 
or on work sheets that shall be bound during or at the con
clusion of the study. All appropriate machine or computer 
output shall be bound during or at the conclusion of the 
study. All data entries are to be signed and dated by the 
person entering the data. In computer systems the person 
directly entering the data is to be identified. Any change 
to data in either system type is to be done without ob
scuring the original data and should indicate the reason 
for alteration, the data and identity of the person per
forming the alteration.

The second main requirement is that records of 
gross findings for a specimen from postmortem observations 
be available to a pathologist when examining the specimen 
histopathologically. Assuming that all records are main
tained in bound notebooks, this may create problems of use. 
In such a system a laboratory may have a separate notebook 
for each study, and separate notebooks for each operation 
in the laboratory,, such as necropsy and pathology. During 
•normal working hours both books would be in use, and it
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would be an inconvenience to have the pathologist con
stantly referring to books that are in use for entering 
necropsy data,.especially if the laboratories are separated. 
To accommodate this requirement some system would have to 
be set up to allow this referencing for the pathologist.
One could possibly schedule operations such that all 
necropsies are performed in the first part of the day and 
pathology later in the day, but this is a restrictive set-up 
up and may not always, work in synchronization. Duplication 
of notebooks requires extra work on the part of the necropsy 
technician. In addition to the requirement for the path
ologist to have access to necropsy data at histological 
examination, it would be desireable to have the necropsy 
technician have access to observation reports on the animal 
preceding death. A manual system of data handling is too 
bulky for this and other types of data interaction con
veniences . It seems obvious that to achieve as flexible 
and practicable a data system as possible requiring minimum 
transcribing and manual data manipulation, a computer system 
is necessary. The epitomy of this application would be to 
have a system where the technician's terminal is inter
active with the entire data base, allowing the computer to 
show previous animal observation data during animal observa
tion procedures, as well as during necropsy, and also dis
play necropsy and observation data to the pathologist during
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tissue examination. This would greatly facilitate the 
performance, of all these operations by leading the in
vestigator to trouble spots that could be overlooked 
accidently, and also allow the discovery of inconsistent 
observations previously made.

However it would be required to determine how, in 
a computer system, the last requirement of the section can 
be achieved. This last requirement states that all re
corded data shall be reviewed, signed and dated by a person 
other than the technician making the entry, and that the 
person-be one who is responsible for the performance and 
evaluation of the activity from which the data are derived, 
It is to be done at appropriate intervals to assure ad
herence to procedures and to verify observations. This 
is a stringent requirement, for it says that all areas of 
data generation, must have a supervisory person spending time 
checking observations. It does not say whether it must 
be done at the time, the observation is made or not. However 
in order to verify the validity of a necropsy or histo- 
pathology examination, this would seem to be the case.
Thus it will cost facilities money in the form of a. 
knowledgable supervisor who will spend much time verifying 
results. In a computerized system this may be accomplished 
by observing the data displayed on the screen as it is 
entered. In the case of animal observations it could be
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done after the data are printed out, but this would require 
the supervisor going back to certain animals and checking . 
against the print out. This method would allow signing 
and dating of the computer printout which would be bound 
as raw data. However necropsy and histology could not 
be verified after the fact, and it would be necessary to 
somehow verify the observations within the computer 
terminal itself.

In addition, the SOP for this requirement must 
state how often is'enough for verifying data input. No 
indication is given in the requirements as to what is 
acceptable. This will probably be determined individually 
according to, how the data stands up under close scrutiny.

During the preliminary investigations conducted by 
FDA which led to promulgation of these requirements, this 
area of data logging was one of the worst found. It is 
difficult to prevent errors in a procedure performed 
hundreds of times a day by a single person, and even more 
difficult to find them unless gross negligence is the case.
A computer system such as the one described in the first 
section of this thesis may act to remove some of the error 
inducing actions (such as data transcription), and free 
the technician to concentrate more fully on the main 
function involved.
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An additional situation is deliberate altering of 

observation sheets. This is a matter of raw data security. 
This is addressed somewhat by specifying the nature of 
alterations required and that ink be used, as well as pre
numbered notebooks (although this is not strictly required). 
There is still room for alteration and/or data loss: in any 
manual operation. It is relatively easy to implement a 
security system in a computer network operation as well as 
reducing the chance of data loss. It also aids in tabu
lating data for the final report.

Final Study Report .
This again is another highly critical area for 

both the testing facility and FDA, for it is this on which 
the integrity of the study will be judged„ It is required 
that this report include but not be limited to:

(1) Name and address of facility and initiation 
and termination dates of the study.

(2) Objectives and procedures stated in the approved 
protocol including any changes.

(3) Raw data generated during the study and any 
transformation, calculations and operations performed on 
the data.

(.4) Statistical methods employed.
(5) Test and control substances identified, and 

quality and purity stated.
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(.6) Stability of test and control substances under 

the conditions of administration„
(7) Methods used.
(8) Test system (animal) data including number used, 

sex, body weight range, source of supply, species, strain 
and substrain, age and procedure used for identification.

(9) Dosage, dosage regimen, route of administration 
and duration.

(10) Any unforeseen circumstances that may have 
affected the quality or integrity of the nonclinical study.

Ill) Name of Study Director.
(12) A summary of the data, an analysis of:the data 

and conclusions.
(13) Reports of each, of the individual scientists 

or other professionals involved in the study (e.g., 
pathologist or statistician) and their dated signatures.

(14) The location where all raw data and the final 
report are to be stored.

All corrections to the final report shall be in the 
form of an amendment by the Study Director, and should 
clearly identify the section of the report being altered, 
and must be signed and dated.

Thus the final report should include all pertinent 
information relating to the study, good or bad. Numbers 
10 and 13 above are included specifically due to the FDA



' . 74
finding that uncomplimentary reports by outside patholo
gists were not tendered to FDA in some studies, and this 
is hoped to be avoided by the above requirements.

All raw data, specimens and documentation are to 
be retained in an archive that is designed to facilitate 
orderly retrieval of information. Specimens should be 
stored to minimize deterioration over the time period 
required for their storage, A person is to be designated 
as responsible for the archives, and only authorized 
personnel may have access to them. All articles must be 
indexed by test substance, date of study, test system 
species and nature of study. Articles (raw data, speci
mens) are to be retained (1) for at least two years after 
an application for a research or marketing permit is 
approved by FDA; (2) for five years after the results are 
submitted to FDA in support of a permit; (3) for two years 
after the completion of a study hot submitted to FDA,

Data such as personnel C,V,1s, records of main
tenance of equipment and records of ongoing study evalua
tion shall also be kept for these periods of time specified 
above,

These requirements are to assure that FDA will not 
have difficulty confirming reports submitted during an 
investigation. This was a large problem in the initial



investigations conducted by FDA, and severely hampered 
their progress.

Thus a facility must provide, space and systems for 
maintaining records in a far more comprehensive manner 
than was usually the case for most facilities. In addition 
to.aiding FDA, it should also allow facilities to more 
adequately keep track of data for their own reference.

Enforcement at the Facility
These regulations are a comprehensive attempt to 

designate mechanisms and goals to guarantee the integrity 
of data generated by a covered facility. However they 
are of no value if they are not enforced effectively at 
the facility. The responsibility for the implementation 
of these regulations is assigned to two separate entities 
established by the regulations; the first is the Study 
Director, and the second is the Quality Assurance Unit.

Before the initiation of any study, a person of 
acceptable experience and background is to be designated 
as -the Study Director. The, regulations state that .the 
Director has ultimate responsibility for implementation 
of the protocol and conduct of the study and is to assure 
that:

(1) The approved protocol and changes are fol
lowed .
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(2) Test and control substances or mixtures have 

been appropriately tested for identity, strength, quality, 
purity, stability and uniformity^

(3) Test systems are appropriate.
(4) Personnel, resources, facilities and methodol

ogies are available as scheduled.
. (5) Personnel clearly understand the functions

they are to perform.
(6) All data are accurately recorded and verified.
(7) Unforeseen circumstances that may affect the 

study are documented.
(8) The occurrence of an unforeseen health hazard 

to the test system is recognized and promptly reported to 
the appropriate supervisor and that corrective action is 
taken and documented.

(9) Responses of the test system, whether antic
ipated or not, are documented.

(10) All applicable Good Laboratory Practice 
regulations are followed.

(11) The study is conducted in a safe manner.
(12) All raw data, documentation and other in

formation to be retained, protocols, specimens, and final 
reports are transferred to the archives during or at the 
close of the study.
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Thus the main responsibility for nearly all im

mediate requirements regarding a study id placed with the 
Study Director, This promotes good communication within 
and between departments, which is so necessary to achieve 
any guarantee of integrity of performance and data. How
ever the Study Director is not totally alone in supervising 
all these details.

The testing facility is required to create a 
Quality Assurance Unit. It can be composed of one or 
more persons who would be responsible for assuring that 
the-facilities, equipment, personnel, methods, practices, 
records and- controls are in conformance with GLP, and that 
these controls are working by checking the quality and 
integrity of the data obtained. In addition the unit 
also checks on the areas not directly associated with the 
study itself, such as assuring that SOP's in the labora
tories and animal facilities are adhered to.

The regulations specify some mechanism that is 
required to be used by the Quality Assurance Unit. It 
must: '

(1) Maintain a Master Schedule Sheet of all studies 
conducted at the facility indexed by test substance and 
containing the test system, nature of study (e.g., chronic, 
acute, reproductive), date study was initiated, current
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status of the study, name of sponsor and Study Director, 
arid whether the final report has been approved.

(2) Maintain copies of all protocol and SOP's in 
the facility.

(3) Inspect each phase of a study periodically and 
maintain, signed records of each inspection showing the date 
of inspection, study inspected, the phase of the study 
examined, the inspector's name, findings and problems, 
action recommended and taken to resolve problems, and the 
scheduled date for reinspection. Any problems found must, 
be brought to the attention of the Study Director and 
management immediatelyo

(4) Perform a complete evaluation every three 
months of all phases of all studies lasting more than 
six months. Studies lasting less than six months must be 
evaluated more often than every three months.

(5) Submit written reports on each study to manage
ment and the Study Director, noting problems and corrective 
action taken.

(6) Assure that no deviation from approved protocols 
or SOP's have been made without authorization.

(7) Review the final study report for accuracy.
In addition the Unit must keep documentation of

its activities and procedures on file to be made available 
to the FDA for inspection upon request.
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The. duties of the Quality Assurance Unit and the 

Study Director overlap considerably. However it appears 
that the Study Director is primarily responsible for GLP 
implementation regarding one particular study while the 
Unit has the responsibility for checking up on all studies 
and laboratories and aiding both management and the Study 
Director to come into compliance. Once a problem is 
found by either the Study Director or Quality Assurance 
Unit, it is the responsibility of the Study Director and 
management, not the Quality Assurance Unit, to actually 
implement whatever changes"are necessary.

It is not mentioned in the regulations as to whether 
it is allowed to use a coding system in place of the spon
sor ’s name on the Master Schedule Sheet kept by the Quality 
Assurance Unit. This is considered a superior method as 
it reduces the chance of allowing sponsors who are visiting 
the testing facility to learn about the ongoings of another 
sponsor's study by simply reading the Master Schedule 
Sheet. As long as a key to the code is readily available 
to FDA inspectors,'there should be no specified limitation 
against coding. -

The implementation of the Unit will cost the 
facility both skilled manpower and time to set up and 
maintain, but the rewards will undoubtedly be worth the 
effort. In most cases, the new Unit will probably be
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added to the section currently responsible for filing 
applications to the Federal Government, although it will 
have to be more isolated from the Study Directors than the 
present group.

Government Enforcement of GLP
The FDA found that controls were lacking not only 

at the facilities, but at the FDA itself. The initial 
investigations confirmed that the present method of 
individually reviewing studies for inadequacies was in
adequate as untold errors were not uncovered.

Thus': FDA has decided to apply a mechanism previously 
used in clinical studies regulation, known as Disqualifica
tion. Once the FDA has found that inadequate records were 
maintained or inadequate practices used in several studies 
from one facility, it is inferred that this would be the' 
case in other studies. If after several warnings there is 
no apparent change, the FDA would disqualify that facility. 
Thereafter, FDA would refuse to accept any data from that 
facility in support of a research or marketing permit 
application.

This is not to say that this is the only sanction 
that the government can invoke pertaining to GLP. FDA 
states that this is an additional regulatory tool to that 
of rejecting individual studies and prosecution for viola
tions. This gives the FDA a choice of routes for enforcing
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compliance. It will save FDA money, as prosecution is 
often expensive and time consuming, as is the constant 
evaluation and rejection- of individual studies. Once a 
facility is disqualified, the burden of proof is shifted 
to the facility, and thus saves the FDA time and money.

If there is sufficient cause to warrant steps. 
towards disqualification of a facility, written notice 
will be given the facility stating the reasons for action 
and giving an opportunity for, a regulatory hearing. If, 
after the hearing or after the.time allowed for response 
to the notice of disqualification, the commissioner finds 
that the,, situation warrants, disqualification, a- Final Order 
on Disqualification will be issued, to notify the facility 
as to the action and the basis for disqualification.

Disqualification does not mean that studies per
formed by the facility in question need not be submitted 
to FDA in support of a permit application. All pertinent 
data on a substance or device must be submitted by law.- 
It is up to FDA to determine whether the study is the main 
basis upon which marketing would be approved. If this is 
the case, FDA would then determine if that study is ac
ceptable, notwithstanding disqualification.

In addition to the disqualification itself, FDA 
will notify other federal and state agencies that may 
accept data from the facility. As this may damage the
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facility further by causing cancellation of contracts or 
licenses, it is required by law that FDA first notify the 
facility of its intent to advise other parties before it 
is actually done.

Furthermore, the regulations state that the sponsor 
of a: study has the right to terminate a study at a testing 
facility at any time, and need not adhere to the guidelines 
and procedures set forth in GLP as a basis for termination. 
The sponsor must notify FDA of its termination action within 
five working days of termination if the study is to be 
submitted to FDA, and outline the reasons.

A disqualified facility may be reinstated by 
notifying FDA in writing as to why it should be reinstated 
and corrective actions taken. If, after an inspection, it 
is found to be in compliance and is reinstated, all 
organizations and persons who were notified of the dis
qualification by FDA must be notified of reinstatement.

The ramifications of this new mechanism will be 
vast. The disqualification of a facility will do great 
damage to its reputation and creditability a.s well as to 
all studies performed previously and at the time of dis
qualification . In clinical studies, disqualification pre
vented the investigator having access to experimental • 
drugs which are distributed by FDA. Because this cannot 
be done in chronic toxicity testing, the mechanism depends
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heavily on industry-wide knowledge of the action. This 
damage may not be erasable simply by reinstatement, and 
many court suits will.likely ensue. : '

However, it does offer a convenient mechanism for 
regulatory sanction for FDA by eliminating the necessity 
for inspection of each study individually and by court: 
procedures. As the regulations presently stand, however, 
there is far too.little specificity in many of the require
ments that must be adhered to to prevent disqualification, 
allowing interpretation problems to exist. As is pointed 
out in Pharmacopathics Quick-Glance (1977), how does one 
specifically determine the adequacy of number or training 
of personnel and facilities? As was•noted before> this 
would probably first depend on inconsistencies being noted 
in the data initially, leading to a closer evaluation. It 
Would then have to be determined exactly where the in
adequacy lies, and again interpretation becomes a stumbling 
block.

Conclusions \
These regulations represent a comprehensive effort 

on the part of FDA to control many critical areas of non- 
clinical laboratory study procedures to ensure data in
tegrity. It represents a compromise between rigid controls 
and specifications and voluntary guidelines, attempting to - 
allow room for scientific creativity within a framework of
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control of critical operations. In addition, they require 
documentation, of nearly every action to allow complete 
review of studies both by the facility and- FDA.

These regulations are obviously oriented towards 
the large facilities, those keeping upwards of tens of 
thousands of animals on experiment at a. time., For these 
facilities, the costs in personnel and equipment needed 
for documentation as well as physical facility modification 
may not be a great burden in.terms of the total cash flow 
and available budget. However many smaller facilities may 
find it impossible to achieve the goals involved in the time, 
allotted for compliance. It may be necessary to specify 
different time limits for compliance, based on the size of 
the facility, to allow fairness. It must also be hoped 
that government regulators will take into account how 
serious some problem areas may be in smaller operations as 
opposed to larger ones, and moderate their judgments ac
cordingly, specifically with regard to space allocation.
If these regulations are to work as written, good judgment 
by the regulators will be the mainstay in preserving 
fairness in their application.

In addition, more attention should be given by FDA 
to specifying the requirements in terms of computer 
materials, as the documentation requirements in GLE force 
a facility of any size to use computers for data handling.



Attention should be given to security precautions desired 
for computer materials, specifying magnetic media as 
acceptable as raw data.

•, These requirements go a long way towards insuring 
data integrity in a study conducted under them. Prior 
events- have shown that they are necessary, especially in 
toxicology, where the most ”unlikely" and "insignificant" 
changes can significantly affect the. course or end result 
of a toxicity mechanism. It is likely that these regula
tions will undergo some significant rewriting after 
problems evolve and are fought out? but in any case they 
represent an important beginning towards establishing 
consistency and accountability in this large and new 
field.



CHAPTER III

COMBUSTION TOXICOLOGY

Introduction 
With the rapidly increasing use of plastics in 

industrial products, including home furnishings, auto
mobiles and building materials, the hazard of its contri
bution to toxic effects during fire rises correspondingly. 
In addition to accidental combustion, there is the problem 
of incineration of solid wastes containing plastics, 

Polypropylene is ranked as fourth in plastic 
production, but surprisingly few inhalation studies of the 
pyrolysis products have been conducted. Madorsky (1964) 
has performed analysis of the combustion products of poly
propylene resin using GC-mass spectrometry. The samples 
used contained no stabilizers or plasticizers, which are 
normally found in industrial plastic products.

Cornish (1975) performed rat studies of various 
natural and man-made polymers, including polypropylene 
and cotton; the man-made polymers again contained no 
stabilizers or fire retardants. Most of the other thermal 
analyses performed on man-made polymers concerned the

86
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halogenated types which are used in many applications in
volving heat due to their higher thermal stability (Clayton 
1959, Waritz. 19:74, Alarie 1977).

As plastic is used as a substitute for natural 
products, studies must be performed to evaluate the im
pact of the substitution, particularly with reference to 
combustion.

This•need was pointed out recently by .the occur
rence of a warehouse fire which involved cotton bales 
wrapped in polypropylene, rather than the jute fiber that 
is traditionally used. Firemen at the scene refused to 
enter to fight the blaze because they were informed that 
the polypropylene contained nickel stabilizers. It was 
feared that possible nickel carbonyl presence might cause 
a hazard to the firemen. The sprinkler system put out the 
blaze, but the incident prompted the initiation of studies 
to determine the health hazards involved with the use of 
polypropylene to wrap cotton bales.

The first of these studies, sponsored by Hercules 
Incorporated, a producer of polypropylene resins, was 
designed to compare the inhalation toxicities of the com
bustion products of three polypropylene samples to that 
of jute, and, if possible, to discern any toxicity dif
ference among the polymers attributable to their differing 
nickel stabilizer content.
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Materials and Methods 

Three samples of polypropylene pellets were ob
tained from Hercules Corporation containing nickel sta
bilizers in the following percentages: #81849 = 0%;
#96152 = .7%; #6532 = 10%.

Jute samples were obtained from Belton Bagging. 
Corporation of Belton, South Carolina.

The .samples were heated in a stainless -steel 
pyrolysis tube contained in a Lindberg tube furnace. The 
pyrolysis tube was 19 inches long and 2 inches in diameter.

The air stream from the building air supply was 
first passed through a Speed Aire industrial filter- 
regulator to remove large particulates and water. It 
was then passed through a 14 inch long drying column 
containing anhydrous calcium chloride and Indicating 
Drierite to further remove remaining moisture. From there 
the air passed through a Monostat Century Flowmeter model 
10OH at a rate of 3.5 liters per minute and thence through 
a 1/8 iuch Stainless steel tube into the pyrolysis tube 
(Clayton 1959). This 1/8 inch tube extended 13 inches into 
the pyrolysis tube. Air was thus released at the back of 
the pyrolysis tube and passed over the sample where it 
exited at the front of the tube via a 1/2 inch diameter 
side arm. It was then conducted through 1/2 inch diameter 
stainless steel tubing (41 inches long) into the 44 liter
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glass chamber containing six rats. The air was cooled by 
a 12 inch long copper cooling jacket. The tubing entered 
the chamber at the top of the jar and extended 12 inches 
towards the back, causing the air to flow diagonally 
towards the bottom front of the jar where it exited via a 
1 inch exit hole into a fume hood. This insured that the 
animals would be exposed to the full range of particulates 
issuing from the sample.

The sample was contained in a pyrolysis boat 
15-1/2 inches long. Sample was placed at the front 
(leading end) of the boat to insure.that the sample was 
fully within the heated section of the pyrolysis tube.
All three polypropylene samples were in pellet form and 
were heated as they were. Jute samples were cut into 
strips of 6 inch lengths and 3/4 inch widths.

Temperature at the site of pyrolysis was monitored 
using a chromel-alumel thermocouple extending 11 inches 
into the pyrolysis tube to insure its position directly 
over the sample. A time versus temperature graph was 
obtained by connecting the thermocouple to a Linear Model 
355 chart recorder operating on the 20 millivolt scale at 
1 cm/min chart speed.

For all exposures, six male Sprague-Dawley rats 
(weight range.75-125 grams) obtained from Hilltop Laboratory 
were exposed up to a one hour period. The pyrolysis tube



was. heated to the desired temperature until equilibrium 
was attained with the air flow, at Which point the air 
flow was stopped and the pyrolysis boat introduced into 
the tube, after which.the air stream was continued.

During the exposures, oxygen concentration was 
monitored every three minutes using an MSA Oxygen Indi
cator (range 0 to 25%) Model 244R and carbon monoxide 
concentration monitored every 15 minutes using MSA Uni
versal Sampling Tubes (range 0 to 3000 ppm). Chamber 
temperature was monitored using a thermometer, and was 
at 25 C during all exposures.

Two temperatures, flaming (750°F) and smoldering 
(690°F) were used during the study to observe toxicity 
differences between the two modes of burning. Sample 
size of the polymers was.determined by determining the 
amount of jute that would produce fractional mortality at 
each of the two temperatures (six grams for smoldering, 
eight grams for flaming). Two exposures were performed 
per sample per temperature, and a control run using no 
pyrolysate sample (performed in the middle of the test 
sequence) performed for each temperature.

Between exposures the entire apparatus was dis
assembled and cleaned with detergent and acetone. In 
addition, before each exposure, the pyrolysis tube and 
connecting tubing were heated to the exposure temperature
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with the air stream on for five minutes without the rats 
being present in the chamber to assure that any remaining 
material was eliminated.

Toxicity was evaluated by mortality, clinical 
signs during and after exposure and necropsy of rats 
dying during exposure, and at the end of the 14 day ob
servation period.

Incapacitation time was determined by the point 
at which the rats exhibited no movement within the chamber. 
Time to death during exposure was determined by cessation 
of the breathing of the first animal. Chamber clearing 
time refers to the time required for the chamber to clear 
of visible smoke.

Nasal Secretion Ranking; + = base amount of
irritation and 
secretion 

++ = profuse amount of
secretion (dripping)

Results and Discussion 
Results are shown for smoldering mode (Table 1) 

and flaming mode (Table 2). Body weight changes for poly
propylene exposure survivors are not shown as virtually 
no rats survived. Jute exposure survivor weights are 
shown in Table 3, and residue weights are shown in Table 4.



Table 1. Smoldering mode low temperature trials (690°F).

Pyroly
sate
^ . 1 9

Trial 
N o .

Exposure
Mor
tality
Ratio

Incapaci
tation
Time
(min)

Time
To
Death
(min)

Peak
(CO)
(ppm)

Low
Nasal
Secre
tion
Rank

Exposure 
Necropsy . 
Data

Fourteen-Day
Survivor
Necropsy
Data

Chamber
Clearing
Time
(min)

Jutea 7 3/6 5 17 150 18 + Liver & kidney 
bright red; 
lungs, spleen 
normal

Liver, spleen & 
kidney normal; 
lungs
hemorrhagic

10

6b 1/6 • 8 10 300 + Same as above Same as above
Polymer
.#81849

8 5/6^ 11 18 250 4-t Liver & spleen 
normal; lungs 
hemorrhagic

Liver normal; 
spleen & kidney 
light red; lungs 
hemorrhagic

No
Clearing

11 6/6 10 10 500 15 ++ Same as above Same as above No
Clearing

Polymer
#96152

14 l/6d 25 50 600 19 + Liver, kidney 
& spleen bright 
red; and lungs 
hemorrhagic

Liver normal; 
spleen & kidney 
light red; lungs 
hemorrhagic

No *■ 
Clearing8

16 6/6 8 14 ' 75 19 t Same, except 
normal Spleen

Same as above. No
Clearing

Polymer
#6532

18 6/6 9 11 4 8 0 f 19 ++ Liver & kidney 
light red; 
lungs hemor
rhagic

No survivors 20®

21 5/6 9 11 7 21 t+ Same as above All normal ex
cept lungs 
have slight 
reddish blotches 
in lower por
tions

20®

K)



Table 1. (Continued)

Exposure Incapaci Time Nasal : Fourteen-Day Chamber
Pyroly- Mor tation To Peak Low Secre Exposure Survivor Clearing
sate Trial tality Time Death (CO) °2 tion Necropsy Necropsy Time
6.1 g No. Ratio (min) (min) (ppm) % Rank Data Data (min)

Chamber
Control

10 0/6 - — 0 21 0 All survived Normal -

a. Preliminary exposure mortality: 2/3, 1/3, 1/6
b. Used 5 grams jute
c. Survivor died within 24 hours
d. All died 24 hours later; one necropsy useable
e. Soot produced
f . Concentration peaked quickly; may have missed in exposure #21



Table 2. Flaming mode high temperature trials (750OF).

Pyroly
sate 
8 g

Trial 
No,

Exposure
Mor
tality
Ratio

Incapaci
tation
Time
(min)

Time
To
Death
(min)

Peak
(CO)
(ppm)

Low
Nasal
Secre
tion
Rank

Exposure
Necropsy
Data

Fourteen-Day 
Survivor 
Necropsy 
Data

Chamber
Clearing
Time
(min)

Jutea •5 2/6 7 10 75 17 Liver & kidney 
light red; 
lungs & spleen 
normal

Liver/ spleen & 
kidney normal; 
lungs hemor
rhagic

10

Polymer
#81849

9 6/6 3 11 50 19 ++ Liver & spleen 
normal; lungs 
hemorrhagic;

' kidneys light

No survivors
nT ■ bClearing

13 6/6 7 9 3000° 11 + Kidneys and 
liver bright 
red; lungs 
hemorrhagic

No survivors 15

Polymer
#96152

15 6/6 4 8 0 16 ++ Liver and 
kidney light; 
lungs hemor
rhagic

No survivors No b 
Clearing

17 3/6 6 15 0 20 + Liver, kidney 
& spleen light; 
lungs hemor
rhagic

Spleen, liver 
& kidney nor
mal; lungs 
hemorrhagic

No
Clearing

Polymer 
#65 32

19 6/6 4 5 10 20 ++ Liver & kidney 
light; lungs 
hemorrhagic

No survivors 13b

20 6/6 8 11 7 20 4*+ Same as above No survivors 19b



Table 2. (Continued)

Pyroly
sate 
8 g

Trial 
No. ^

Exposure
Mor
tality
Ratio

Incapaci
tation
Time
(min)

Time
To
Death
(min)

Peak
(CO)
(ppm)

Low
Nasal
Secre
tion
Rank

Exposure
Necropsy
Data

Fourteen-Day
Survivor
Necropsy
Data

Chamber 
Clearing 
Time . 
(min)

Chamber
Control

12- 0/6

'

0 21 0 All survived All normal ex
cept 4/6 had 
slight lung 
redness

a . Preliminary exposure with less than six rats showed mortality ratio: 0/5
b. Soot produced
c. Concentration peaked quickly; may have missed in the first exposure.



Table 3. Jute survivor weight gains.

Exposure
First Week 
Average Weight 
Gain (grams)

Second Weeka 
Average Weight 
Gain (grams)

Total Weight Gain 
After Two Weeks 
(grams)

Low Temp. Control 64 59 123

Low Temp. Jute 26 . 98 124

High Temp. Control 68 56 124

High Temp. Jute 33 91 124

a. Second week weight gain = (weight after second week) - (weight 
after first week)
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Table 4. Sample residues after exposure.

 _____ Weight (grams)_____
. High Temp. Low Temp.

Polymer # (8 grams) (6 grams)

81849 .6/. 5 1.5/.3*

96152 .2b/.5 1.6/1.2°

6532 .2d/.3 * 46/ND

a. 15 minute exposure
b. 28 minute exposure
c. 20 minute exposure
d. 13 minute exposure.
e. 15 minute exposure
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It was observed that the jute produced smoke for 

approximately the first 10 minutes of exposure, while the 
polypropylene usually produced smoke and vapor throughout 
the exposure period. It was also noted that during the 
jute trials the rats showed only a small amount of con
cern, mostly moving around the chamber, compared to that 
for polypropylene in which the rats showed significant 
signs of hyperactivity., flinging themselves at the walls 
of the chamber.

Soot production (see tables) was always associated 
with the occurrence of flaming, marked by a sharp rise in 
the time temperature curve, at which point the smoke would 
turn from a. dull white to a greyish black color., There
after temperature was seen to drop to the desired level 
at which point the smoke turned whitish again. This 
occurred several times during the smoldering temperature 
trials, indicating that the 690 F temperature was too 
close to the ignition temperature to assure that ignition 
would not take place. Whether ignition occurred or not may 
have depended upon the time taken to introduce the sample 
and recontinue the air stream. This time varied con
siderably due to the fact that the end plate was fastened 
with four small screws that were difficult to handle 
quickly. It is desirable to design a quick release mech
anism to allow easier access to the pyrolysis tube.



Jute toxicity was found to be greater at the 
smoldering temperature than at the flaming temperature, as. 
less was required to elicit comparable mortality. Due to 
the complete mortality found at both temperatures using 
the polypropylene, it is not clear that this is the case 
for these samples. Mortality was consistently higher for 
the polypropylene as compared to the jute at both tem
peratures , indicating greater toxicity. In no case did 
the oxygen concentration decrease to the point that would 
produce anoxia, though it may have been a contributing 
factor when combined with other effects of exposure.

Irritation of the respiratory tract was greater 
in nearly all polypropylene exposures as compared to jute 
as indicated by severe secretion dripping from the nose 
and mouth of the animals, where those exposed to jute com
bustion products showed no dripping.

In all cases animals exhibited quick and shallow 
breathing, both survivors and those that died. Recovery 
of the survivors was rapid in both cases, showing mobility 
and awareness within 1/2 hour in most cases, although • 
breathing remained labored for several hours.

Animals that died during jute combustion product 
exposures showed signs indicative of carbon monoxide 
poisoning (bright pink tissues including liver and kidney) 
The lungs appeared normal. In all polypropylene exposures



except trial numbers 15 and 17, animals also exhibited 
signs of carbon monoxide poisoning. In trials 15 and 17 
(polymer #96152), at the high temperature, no carbon 
monoxide was produced at any time that measurements were 
taken, including the first few minutes where the most 
smoke was produced. The color of the organs was not as 
bright as in the other exposures though they were definitely 
not normal. The skin appeared purplish pink rather than 
bright pink, perhaps indicating anoxia as the prime toxic 
effect. In nearly all cases the polypropylene deaths 
exhibited lung damage immediately after the exposure, 
unlike those for jute. This, along with the observation 
of increased irritation, may indicate that the polypropy
lenes produce more potent irritants, perhaps acids and 
aldehydes, than jute produces at either temperature. This 
effect was apparently independent of nickel stabilizer 
content as no difference in irritation was observed be
tween the polymers, containing the stabilizer and that 
without stabilizer (# 81849) . ,

All survivors showed normal organs except the 
lungs, which were hemorrhaged in both the jute and poly
propylene exposures at both temperatures.

'The jute survivors showed a decreased weight gain, 
in the first week as compared to the control groups, and
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this deficit was compensated for by the end of the second 
week by greater weight gains during the second week„

Polymer #6532, containing 10% nickel stabilizer, 
showed a consistent tendency to cease producing smoke 
earlier in the exposure than the other polypropylene 
samples> although this did not seem to effect its toxicity 
as compared with the other samples. Thus this early 
clearing effect may be the result of the much greater 
nickel stabilizer content as compared to the other two 
polypropylene samples.

It is seen in trial #12, the high temperature 
control run, that the survivors showed some lung hemor
rhaging. It is not known what the source was. It may 
have been due to residual polymer in the system, although 
measurements taken and rat observations demonstrated no 
evidence of pyrolysis. It is interesting to note that the 
residue weights'for polypropylene exposures terminated 
before the one hour time limit were not much different for 
those going the full hour of heating, indicating that most
of the burnable sample at that temperature does so in the
first 20 minutes of heating, during which time the majority 
of deaths also occurred.

It was noted that during the jute exposures, it 
was a rule that if an animal survived the first 15 minutes
where smoke was produced, it survived the 14 day observation
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period. This was not always the case for polypropylene, 
as shown in trial #14 ahd #8.

Conclusions
From the data given, it is evident that the poly

propylene was more toxic than jute at each of the two 
temperatures. They produced greater mortality, irritation 
and immediate lung damage.

The mode of toxicity seems to be carbon monoxide 
poisoning in both the jute and polypropylene trials. In 
the case of polypropylene, this may be compounded by 
anoxia due to the nasal irritation and immediate lung 
damage associated with it.

It was not possible to determine whether the nickel 
stabilizer had any significant effect on toxicity between 
the polypropylene samples due to the high mortality for 
all three samples. Thus it is also impossible to compare 
weight gain changes between jute and polypropylene for the 
same reason.

It is advisable that the protocol be altered to 
have sample weights adjusted to produce fractional mor
tality in the polypropylene sample containing no nickel 
stabilizer to allow comparison of toxicity between the 
polymers and to discern differences due to nickel sta
bilizer content. In addition, control runs with no sample 
should have the immediate sacrifice and necropsy of two
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animals to give information on lung conditions as to whether 
observed abnormalities are due to exposure or to previous 
disease.

This study has shown that careful consideration 
should be. given to combustion toxicity in the case of sub-' 
stitution of one product type for another in manufacturing. 
In addition to the increased toxicity indicated by poly
propylene, its increased smoke production would reduce 
visibility and increase the difficulty of escape during a 
fire. .
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