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PREFACE

This technica:. report discusses a portion of the work performed at the
Air Force Arinainen Laboratory, Armament Development and Test Center, Eglin
Air Force Base, Ftorida, under Exploratory Development Project 3066 during
the period April A976 through February 1977.

The sources and manufacturers of materials and equipment used in this
study are identified for reference only and do not constitute endorsement
of the companies .r products by the United States Air Force.

The contribution by Mr James C. Richardson in assisting in the statistical
design and analyses of this study is gratefully acknowledged.

This technical report has been reviewed and is approved for publication.

This report has been reviewed by the Information Office (01) and is
releaseable to th~ National Technical Information Service (NTIS). At NTIS,
it will be availahle to the general public, including foreign nations.

FOR THE COMMANDER

E A. FARMER
Chief, Environics Office
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SECTION I

INTRODUCTION

The Air Force is considering the use of triaminoguanidine nitrate (TAGN)
in future gun propellants, especially for high-density projectiles. Very
little environmental or toxicological information is available for this
compound. In anticipation of the requirement for environmental assessments
as this new propellant material goes through development and testing and
possibly into production, this project was initiated to provide a portion
of the data required for the assessment.

TAGN is a white crystalline powder with a molecular weight of 167.139
(Reference 1).

+
N - NH
II 3 NO

H2N - NH - C - NH2

No information about the toxicity of TAGN has been found in the lit-
erature since it is an infrequently used compound. Consequently, a research
plan was initiated to determine the toxicological effects of this compound
on microorganisms, fruit flies, and mammals. This report covers only the
portion dealing ~‘ith fruit flies (Drosophila melanogaster). Other data have
already been included in previous technical reports (References 2, 3) or
will be included in a future report.

Drosophila melanogaster has been used predominantly as an organism for
genetic studies. However, because of its relatively short life cycle
(10 days at 2s°C:•, small size permitting ease of handling, relatively small
space requiremen s, and its ease in breeding and reproduction which allows
sufficiently large numbers of organisms to permit statistical accuracy,
Drosophila has a.so been used frequently for toxicity studies (References
4, 5, 6, 7, 8).

This experiment using Drosophila as the test organism was conducted in
two parts: Part I - Effects on Adult Flies, and Part II - Reproductive
Effects.

I
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SECTION II

METHODS AND MATERIALS

PART 1 - EFFECTS ON ADULT FLIES

On 21 April 1976, 40 250-ml sterile culture jars were p-~epared by adding15 grams of Carolina Biological Supply Company Instant Drosv phila Medium , rFormula 4_24®, to each jar. Concentrations of 0 parts per sillion (ppm),
1000 ppm, 2000 ppm, 3000 ppm, and 4000 ppm of TAGN were pre ared in distilled
water and thoroughly dissolved. Fifty ml of each concentration were then
added to each of eight jars. After the media solidified, a small amount of
yeast was added. Each group of eight jars containing a given concentration
of TAGN was then divided into replications 1 through 8.

Specimens of Drosophila melanogaster, var. wild , of less than 48 hours
age were then anesthetized and separated by sex. Ten males were placed
in each jar of replications 1 through 4 and ten females in each jar of
replications 5 through 8 in each concentration group. Aft€r the flies re-
vived, the jars were placed in an environmental growth chair.ber set at 23°C
and a photoperiod of 17 hours. The jars were monitored for several hours
to determine if transfer procedures resulted in any deaths. The number of
dead flies were then recorded on days 1, 2, 5, 7, 9, and l~ after the ex-
periment was initiated.

PART II - REPRODUCTIVE EFFECTS

On 23 June 1976, 40 250-ml sterile culture jars were prepared by adding
15 grams of Carolina Biological Supply Company Instant Drosophila Medium,
Formula 4-24®, to each jar. Concentrations of 0 ppm , 100 ppm, 250 ppm ,
500 ppm, and 1000 ppm of TAGN were prepared in distilled w~.ter and thoroughly
dissolved. Fifty ml of each concentration were then added to each of eight - 

-

jars. After the media solidified, a small amount of yeast was added. Each
group of eight jars containing a given concentration of TAGN was then divided
into replications 1 through 8. -]

Specimens of Drosophila melanogaster, var. wild , were then anesthetized
and separated by sex. Five males and five females were then placed in each
jar. After the flies revived, the jars were placed in an environmental
growth chamber set at 23°C and a photoperiod of 17 hours. The jars were
monitored for several hours to determine if transfer procedures resulted in
any deaths. Adult flies were removed from the jars on 29 Tune 1976, after
a sufficient number of eggs had been laid. No flies had e’caped during the
5 days. In order to determine the effects of TAGN on the development of
the eggs, the number of pupae and/or larvae on the sides o the glass jars
above the media were counted 5, 7, 13, and 19 days after flies were initially
placed in the jars. At the termination of the experiment, 19 days after
flies were placed in the jars, the adult flies in each jar were anesthetized
and counted.

2 
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SECTION I I I

RESULTS

PART I - EFFECTS ON ADULT FLIES

The number of dead f l ies  in each jar at 1, 2 , 5 , 7 , 9 , and 12 days af t er
initiating the ex?eriment are shown in Appendix I.  No f l ies died as a re-
sult of treatment until  the f i f t h  day after initiating the experiment . An
analysis of varia~ce of the probability of a death by day was performed to
determine if an Literaction between sex and TAGN concentrations were sig-
nificant at the 95 percent confidence level . It was determined that the
sex of the flies -iad no influence on the death rate. As expected , sex alone
was not found to be significant; however , death due to concentration of TAGN
alone was signifi:ant at the 95 percent confidence level. During the progress
of the experiment some flies escaped around the stoppers in some jars , which
resulted in unequal sample sizes toward the end of the experiment . Because
of this difference in sample size and the fact that the only response meas-
ured was whether or not the flies lived or died, a binomial distribution was
used to analyze the daily results. All statistical analyses were performed
at the 95 percent confidence level.

The probability of death due to TAGN in the growth medium is shown for
the duration of the experiment in Fi gure 1. Table 1 shows the results of
a multiple range test that divides means by statistical difference . On day
5 there was no difference in the number of dead fl ies between the control
and 1000 ppm. The three highest concentrations , however , had signif icant ly
more dead flies per treatment than the 1000 ppm treatment although no dif-
ference was evident between the 3000 ppm and 4000 ppm treatments at tha t
time. On days 7 and 9 the 1000 ppm treatment had caused more dea ths than
the control , and the 4000 ppm treatment was signif icantly different from
the 3000 ppm treatment . There was no difference between 2000 ppm and
3000 ppm . By th end of the experiment on day 12 the number of dead flies
in each treatment- were significantly different from the rest, with the
number of dead Lies per treatment increasing with an increase in con-
centration of TAGN.

PART II - RE PRODUCTIVE EFFECTS

The number o’~ pupae/larvae in each jar at 5, 7, 13 and 19 days af ter
initiating the e;~periment, and the number of flies in each jar at the ter-
mination of the experiment are shown in Appendix II. Data were subjected

• to an analysis o-’ variance test to determine when differences between treat-
ments became sig;iificant . It was determined that a difference at a 99 per-
cent confidence L evel occurred between treatments beginning on day 5 and
con tinued throughout the experiment .

The treatmen t means were then compared using a Multiple Range Test to
show where differences occurred . Treatment means are shown in Figure 2. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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On day 5 no significant difference was observed in numbers of pupae/larvae
between any treatments that received TAGN . The control, however, had more
pupae per jar than the other treatments. By day 7 the number of pupae in
the 100 ppm treatment had become greater than in the hi gher concentrations,
but not as high as the control treatment. On day 13 the nuTiber of pupae in
all treatments were significantly different from each other, increasing in - -
number with a decrease in concentration except that the con :rol group had
fewer pupae than the 100 ppm treatment. At the termination of the experi-
ment on day 19, no significant differences were apparent between the control,
100 ppm, or 250 ppm treatments. However, the 500 ppm treatnent had fewer
pupae/larvae than any of those treatments and the 1000 ppm treatment had
fewer than the 500 ppm treatment.

Adult flies were anesthetized and counted at the termination of the
experiment on day 19. Treatments with TAGN at 500 ppm and 1000 ppm had the
fewest flies per jar with no significant difference occurring between the
two treatments. The 250 ppm concentration resulted in fewer flies per jar
than the control, but the 100 ppm treatment was not found to be statistically
different from the control treatment.

I.

4

~ 

- .



~ppppr ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~

SECTION IV

DISCUSSION

TAGN appears to  be relat ivei y n m-toxic to Drosophi la  as compared to
data from the previous studies (Reference 5) on other compounds that  are
con idered toxic to the species . In this experiment , concentrations of 250
ppm in the growth medium were required in order to affect the reproductive
potential of Drosc~phila as measured by reduction of pupae/ larvae production .
Increasing the corcentration to 1000 ppm TAGN in the medium resulted in
almost all cessat 5 on of pupae and larvae production (Fi gure 2) as well as
an approx imate 50 percent death of adult flies after 12 days (Figure 1).
Concentrations of 2000 ppm TAGN and above resulted in the death of almost
al l fl ies by the twelfth day after treatment . Comparatively, previous
studies (Referenct~ 5) have shown that Aidrin

®, Dieldrin®, Hep tach ior®,
and Heptachlor Epc~xide® required less than 0.15 ppm in the medium for a
lethal dose. All these compounds are known for their toxic effect to
insects such as Drosophila. TAGN is obviously much less toxic than these
compounds.

Al though this study alone has not prov ided suff icient data to determ ine
the total potential environmental hazards associated with the use of TAGN,
it does indicate :hat TAGN is relatively low in toxicity to the species
studied . Since tLie material will necessarily be handled carefully because
of its explosive ‘:lassification , the toxicity of the compound does not
appear to present a significant environmental or handling 

problem.5
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TABLE 1. RESULTS OF MULTIPLE RANGE TEST SHOWING THE G~OUP MEANS OF
NUMBER OF DEAD FLIES PER JAR IN TREATMENTS RECEIVING VARIOJS CONCENTRATIONS

OF TAGN (MEANS WIThIN PARENTHESES ARE NOT SIGNIFICANTCY DIFFERENT
AT ThE 95 PERCENT CONFIDENCE LEVEL)

Days after Contentration of TAGN (ppm)
Initiating Experiment 

0 1000 2000 30(0 4000

1 (0 0 0 0 0)

2 (0 0 0 0 0)

S (0 0.4 2.9) (5.9 6.1)

7 (0 0.6) (6.6 7.1 8.8)

9 (0 1.2) (8.8 7 9 9.2)

12 (0) (4.9) (9.2 9 7 10.0)

8
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APPENDIX A. N UMBER OF TOTAL/DEAD FLIES PER JAR

Days after Initiating_Exper imen t 
_______

Treatment Replication 1 2 5 7 9 12
Control 1 10/0 it)/0 10/0 10/0 10/0 10/0

2 10/0 10/0 10/0 10/0 10/0 10/0
3 10/0 10/0 10/0 10/0 10/0 10/0
4 10/0 10/0 10/0 10/0 10/0 10/0
5 10/0 10/0 10/0 10/0 10/0 10/0
6 10/0 10/0 10/0 10/0 10/0 10/0
7 10/0 2/0 2/0 2/0 2/0 2/0
8 10/0 10/0 10/0 10/0 10/0 10/0

1000 ppm 1 10/0 10/0 10/3 10/3 10/4 10/6
2 10/0 - 10/0 10/0 10/0 10/0 10/0
3 10/0 10/0 10/0 10/0 10/0 10/7
4 10/0 10/0 10/0 10/0 10/0 10/6
5 10/0 10/0 10/0 10/2 10/5 10/9
6 10/0 10/0 10/0 10/0 10/0 10/1
7 10/0 10/0 10/0 10/0 10/0 10/4
8 10/0 10/0 10/0 10/0 10/1 10/6

2000 ppm 1 10/0 10/0 10/1 8/6 8/8 8/8
2 10/0 10/0 10/0 10/2 10/10 10/10
3 10/0 10/0 10/3 10/6 10/10 10/10
4 10/0 10/0 10/0 10/0 10/0 10/4
5 10/0 10/0 10/4 8/8 8/8 8/8
6 * 9/0 9/0 9/3 9/9 9/9 9/9
7 10/0 10/0 10/6 10/9 10/10 10/10
8 10/0 10/0 10/6 10/9 10/10 10/10

3000 ppm 1 10/0 10/0 10/10 10/10 10/10 10/ 10
2 10/0 10/0 10/10 10/10 10/10 10/10
3 9/0 * * * * *
4 10/0 10/0 10/0 10/0 10/2 10/ 10
5 10/0 10/0 10/7 10/10 10/ 10 10/ 10
6 10/0 10/0 10/0 10/1 10/3 10/8
7 10/0 10/0 10/9 10/10 10/10 10/ 10
8 10/0 10/0 10/5 10/9 10/ 10 10/ 10

4000 ppm 1 9/0 9/ 0 9/1 9/7 9/9 9/9
2 10/0 10/0 10/10 10/10 10/10 10/10
3 10/0 3/0 3/1 3/1 3/1 1/1
4 10/0 10/0 10/4 10/10 10/10 10/10
5 10/0 10/0 ~0/10 10/10 10/10 10/10
6 10/0 10/0 10/8 10/10 10/10 10/10
7 10/0 10/0 10/4 10/10 10/10 10/10
8 10/0 10/0 10/8 10/10 10/10 10/10

* Numbers fewer than 10 indicate that some f l ies escaped . = _________ _______ 



APPENDIX 3. NUMBER OF PUPAE/LARVAE AND ADULT FLIES PER JAR

— 
Days after Initiating Experiment

• 19 
______________

Treatment Replicat ion 5 7 13 Pupae/Larvae Adult Flies
I

Control 1 1 39 507 593 679
2 3 40 478 494 591
3 0 37 474 461 620
4 20 87 479 514 537
S 0 55 461 478 540
6 11 63 529 548 555

- 7 18 70 452 536 540
8 20 63 525 633 645

100 ppm 1 0 29 476 609 480
2 0 21 623 632 456
3 1 32 661 698 684
4 0 46 638 659 636
5 1 51 566 603 501
6 0 22 503 575 453
7 0 7 607 653 583
8 2 72 600 681 432

250 ppm 1 0 2 516 554 552
2 0 3 165 239 231
3 0 9 368 497 364
4 0 1 449 486 367
5 0 23 316 459 326
6 0 7 361 550 353
7 0 1 436 706 41~4
8 0 0 336 483 303

500 ppm 1 0 1 89 103 102
2 0 0 207 276 197
3 0 0 93 127 109
4 0 0 64 113 97
5 0 0 65 86 70
6 0 1 366 395 325
7 0 0 62 74 56
8 1 2 4 4 9

1000 ppm 1 0 0 0 0 4
2 0 0 0 2 2
3 0 0 0 0 2
4 0 0 0 9 0
5 0 0 0 0 0
6 0 0 0 0 3
7 0 0 0 0 1

8 0 0 0 0
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