AMRL-TR-78-51
o ,-"'z,) T

C{’//z Few

ACUTE AND BEHAVIORAL EFFECTS OF HYDRAZINE
ON LEPOMIS MACROCHIRUS

J. W. FISHER
C. B. HARRAH
L. K. WEAVER
W. 1. WINGO

JUNE 1978

0OLO 7060 |

Approved for public release; distribution unlimited.

AEROSPACE MEDICAL RESEARCH LABORATORY STE NF@ COPY

AEROSPACE MEDICAL DIVISION
AIR FORCE SYSTEMS COMMAND

WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433




NOTICES

When US Government drawings, specifications, or other data are used for any purpose other than a definitely related
Government procurement operation, the Government thereby incurs no responsibility nor any obligation what-
soever, and the fact that the Government may have formulated, furnished, or in any way supplied the said drawings,
specifications, or other data, is not to be regarded by implication or otherwise, as in any manner licensing the holder
or any other person or corporation, or conveying any rights or permission to manufacture, use, or sell any patented
invention that may in any way be related thereto.

Please do not request copies of this report from Aerospace Medical Research Laboratory. Additional copies may be
purchased from:

National Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22161

Federal Government agencies and their contractors registered with Defense Documentation Center should direct
requests for copies of this report to:

Defense Documentation Center

Cameron Station
Alexandria, Virginia 22314

TECHNICAL REVIEW AND APPROVAL
AMRL~TR~78~51

The experiments reported herein were conducted according to the ‘‘Guide for the Care and Use of Laboratory
Animals,”” Institute of Laboratory Animal Resources, National Research Council.

This report has been reviewed by the Information Office (O1) and is releasable to the National Technical Information
Service (NTIS). At NTIS, it will be available to the general public, including foreign nations.

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

FOR THE COMMANDER

(7t mint

ANTHONY A. THOMAS, MD

Director
Toxic Hazards Division
Aerospace Medical Research Laboratory

AIR FORCE/56780/13 July 1978 — 150

————-———-—




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
7. REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
-AMRT,~TR~78~51
4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED
ACUTE AND BEHAVIORAL EFFECTS OF HYDRAZINE ON
Lepomis macrochinus 6. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(s) ' 8. CONTRACT OR GRANT NUMBER(s)
J. W, Fisher, C, B, Harrah, L, K. Weaver,
W. I, Wingo
9. PERFORMING ORGANIZATION NAME AND ADDRESS 0. PROGRAM ELEMENT, PROJECT, TASK

AREA & WORK UNIT NUMBERS

Aerospace Medical Research Lab t
P earch Laboratory, Aerospace 62202F; 6302-04-18

Medical Division, Ailr Force Systems Command,
Wright~Patterson Air Force Base, Ohio »
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

June 1978

Same as above 13. NU%;EROFPAGES
1

14, MONITORING AGENCY NAME & ADDRESS(if ditferent from Controlling Office) 15. SECURITY CL ASS. (of this report)

Unclassified

15a. DECL ASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

"—‘;. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

Supported in part with Laboratory Directors Funds (FY 78)

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

Hydrazine
Fish
Behavior

20, ABSTRACT (Continue on reverse side If necessary and identify by block number)

This study was designed to provide baseline information about the acute lethal
and sublethal effects of hydrazine (HyNNH5) upon the bluegill, Lepomis
machochirus, An LCs5y value of hydrazine with bluegills was determined as 1.08
mg/%, Sublethal concentrations of hydrazine 10 to 100 times below the LCgg
value caused the fish to become unbalanced and increase their movement. The
dissolved oxygen decreased as the movement of the fish increased with increasing

concentration of hydrazine. No quantification of the behavioral response was
attempted; however, qualitative observations were made.

DD ,%%%: 1473  eoiTion OF 1NOV 6515 0BSOLETE

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

—




PREFACE

This study was conducted in the Toxlc Hazards Division, Environmental
Quality Branch, Aerospace Medical Research Laboratory. This research was
performed in support of Project 6302 "Toxic Hazards of Propellants and
Materials'"; Task 04, Workunit 18, from September 1977 to April 1978.

Funds were provided under FY 78 Laboratory Directors Fund.

The authors wish to thank Dr. William Berry, University of California,

Dr. Arnold Slonim, Mr. Quenton Pickering, Lt Col Roger Inman, Ms. Marilyn
George, and Mr, David Geiger for their support.

labor
%M s

fund

B 5 2




INTRODUCTION

Hydrazine, monomethylhydrazine (MMH), and unsymmetrical dimethylhydrazine
(UDMH) are used as fuels in many Air Force missile systems (Lurker, 1973).
Consequently, potential environmental damage may occur during manufacture,
transport, and fueling operations as a result of accidental spills. Several
investigators have been concerned with the effects of hydrazine in aquatic
systems (Henderson et al., 1959; Heck et al., 1962; 1963; Hoover et al., 1964;
Slonim, 1976, 1977; Klein et al., 1977; Greenhouse, 1976). A recent paper
(Slonim, 1977) summarizes the findings of the many investigators mentioned.

The study of the bluegill, Lepomis macrochirus, is concerned with the
effects of hydrazine pollutants entering the freshwater environment. The
ultimate objective of these studies is to develop a biological monitoring
system with the ability to detect pollutants by fish behavior. The system
should provide the capability to assess the response or condition of aquatic
organisms in hours or minutes, rather than days or weeks. The present study
represents a preliminary baseline study utilizing static bioassays with
bluegills exposed to various concentrations of hydrazine. This investigation
will be followed by a series of continuous flow-through experiments which will
emphasize behavioral response analysis.

METHODS AND MATERIALS

Two static biloassays using bluegills were conducted to derive a 96-hour
LCcn value for hydrazine. Two 96-hour bioassays, monitoring the behavior of
the fish were conducted at sublethal concentrations of hydrazine. One assay
without fish, monitoring chemical parameters, was conducted.

FISH

The bluegills were obtained from Fender's Fish Farm, Baltic, Ohio. The
mean weight of 20 fish was 2.3g (s = 0.919, range = 1.25 - 3.87g) and the mean
length was 62.85 mm (s = 6.22, range = 51 - 74mm). A few parasites were
observed. The metacercaria stage of the larval form of Neascus (black grub) is
suspected (Ribelin et al., 1975, Fender's Fish Farm, personal communication);
however, no definitive tests were run. This parasite is common in natural
water systems. The fish were acclimated to water comparable to the bioassay
water at least two weeks in advance of the experimental treatments. The
fish were not fed two days prior to the experiments. Ten fish per concentration
were used.




EQUIPMENT

The equipment ¢onsisted of five 15-gallon glass aquaria, one.l5-gallon
plexiglass aquarium, one Corning Model 12 pH meter, two Model 54 oxygen meters
(Yellow Springs Instruments), one Coleman Junior spectrophotometer, two
50-gallon aquaria for holding tanks, and one Industrial Instruments conductivity
bridge.

WATER QUALITY

The water used was a 1 ¢ 1 dilution of tap (hard) water with in-house
distilled water. The tap water was allowed to stand in plastic carboys
for at least two weeks before the supernate was siphoned off. The precipitate
contained iron and other substances. Table 1 depicts the preexposure water
quality for the experiments.

TABLE 1

PREEXPOSURE WATER QUALITY FOR STATIC BIOASSAYS

ggso Bioassays Behavioral Bioassays Assay Without Fish
Trials Trials

1 2 1 2
Hardness (CaCO3, mg/ e} 292 240 296 248 248
Specific Conductance

(umho/cm) 446 555 450 666 460

Dissolved Oxygen (ppm) 7.1-7.3*% 7.1-7.6% 7.2-7.8*% 7.4-7.7*% 7.1-7.4*%
pH 7.2-7,3% 8.0-8,4* 7.17 4% 7.8" 7.2-7.4%
Water Temperature (°C) 23 23 24 20 22

*Range of Values of the Six Aquaria

+Contro1

HYDRAZINE

The liquid anhydrous hydrazine (H_NNH_ ) of better than 97% purity was
obtained from Matheson, Coleman and Beil. 2A stock solution was prepared by
dispensing one mf of hydrazine from the factory glass container into a 100 m%
volumetric flask containing 99 mf of glass distilled water, yielding a 10,000
mg/% concentration of hydrazine.
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The stock solutions for behavioral bioassay and assay without fish were
made by injecting 100 microliters of hydrazine into a 100 mf volumetric flask
containing 99.9 mf of glass distilled water, yielding a 1000 mg/% concentration.
The various concentrations required were dispensed by a microliter syringe

or pipettes into 30 liters of water. The solutions were stirred for approximately

three minutes to insure saturation of the solution.

The concentrations of hydrazine were measured by using a colorimetric
procedure with p-dimethylaminobenzaldehyde (DMBA) as the reagent (Reynolds
and Thomas, 1964). The reagent was prepared by adding four grams of DMBA to
100 mf of absolute ethyl alcohol; 10 mf% of concentrated HCl was then added to
the alcohol solution.

To measure concentrations of hydrazine, one m? of tank water was added
to nine m! of preexposure bioassay water. One m? of DMBA reagent was added
to this solution. After color development for 20 minutes, the optical density
was read at 460 nm with a Coleman Jr. spectrophotometer. This dilution
procedure allowed monitoring the concentration of hydrazine in the area of
the expected LCgy range of 0.4 to 3.2 mg/% during the experiment. Graphic
interpolation of the concentration versus optical density reading was plotted
to check for linearity. Then a least~squares linear regression equation was
used to obtain a calibration curve. To allow for differences in experimental
conditions (e.g., water quality), a separate calibration curve was prepared for
each experiment. These equations were used to determine the concentration of
the hydrazine throughout the 96-hour LCcy bioassays.

The behavioral bioassay and assay without fish concentrations of hydrazine
were not monitored because the low concentrations were below the sensitivity
of the procedure.

The pH, dissolved oxygen, alr temperature and water temperature were
recorded daily for all the experiments.

RESULTS

Table 2 shows the response (death) of the bluegills during two 96-hour
LC., biocassays. Ten fish per concentration were used. Using this information,
Finney's Probit Analysis (Standard Methods, 1975) provided a 96-hour LCg of
1.08 mg/% of hydrazine. Table 3 gives the 96-hour results calculated by
probit analysis.

Two separate behavioral static bioassays were conducted at sublethal
concentrations of 0.01, 0.0056, 0.0032, 0.0018, and 0.0010 mg/%. Ten fish
per concentration were used. No quantification of the behavioral observations
was attempted, but qualitative observations were made.




TABLE 2

96-HOUR LC50 DATA OF HYDRAZINE WITH BLUEGILLS

Trial 1* Trial 2*

Concentration of % Death (response) % Death (response)
Hydrazine (mg/2) ~_per _each 24-hours per_each 24-hours
24 48 72 96 24 48 72 9%
'l 0 . 0 'I 00 *% *% %**k *%
5 . 6 'I 00 *% *%k k% *%

3.2 0 90 10 90 10
1.8 50 30 10 0 50 10 0 0
1.0 0 20 30 0 20 0 0 0
0.7 *k  kk Kk k% 30 0 0 0
0 . 4 k% *% %% ** 20 0 0 0
0.0 0 0 0 0 0 0 0 0

*
Ten Fish Per Concentration

*%
Concentrations Not Tested

TABLE 3

STATISTICS FOR 96-HOUR LCgy PROBIT REGRESSION LINE

Intercept -0, 0820

Slope 1.0013

Std. Error of Intercept 0.1699

Std. Error of Slope 0,3444

L050 1.08 mg/4

95% Confidence Limits 0,540-1,810 mg/2




Behavior of the fish in one bioassay revealed that within 30 minutes
after exposure to all concentrations, the fish lost balance and were swimming
with their dorsal side 45° - 90° to the water surface. The fish were very
active and unbalanced for approximately eight hours. The movement of the
fish increased with increasing hydrazine concentration. Also, the dissolved
oxygen decreased with increased fish movement. Figure 1 shows the loss of
dissolved oxygen over 48 hours.
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Figure 1. DO vs Time Behavioral Bioassay (Trial 1)
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Using the same preparation techniques and concentrations of the pollutant,
a second behavioral bioassay was done. In this case, the loss of balance and
increased activity were not observed. The fish remained quiet with little
movement. The dissolved oxygen decreased, but not to critical levels. To
determine the effect of hydrazine alone on dissolved oxygen, an assay without
fish, at concentrations the same as the behavioral biocassays was done. The
resultant measurements revealed that these concentrations of hydrazine had no
appreciable effect on dissolved oxygen.

The hydrazine decay curves (Figure 2) for the 96-hour LCgq bioassays
varied between the experiments. The dissolved oxygen decreased steadily
throughout the four-day experiments; however, no critical dissolved oxygen
problem was encountered. The pH of the five experiments varied within one
half of a pH unit during the assay without fish and the bloassays. The water
temperature varied three to four degrees centigrade during each experiment.
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Figure 2. Hydrazine Decay Curves for LC., Bloassays.
The least squares regression equations for determining
hydrazine concentrations are: Trial 1 (Y = 0.1379X
+0.0408 r2 = 0.999), Trial 2 (Y = 0.1360X +0.0144

r2 = 0,998).
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DISCUSSION

The experimental design was intended to reflect a spill situation.
Static bioassay work has many shortcomings including depletion of dissolved
oxygen, buildup of metabolic wastes, and general conditions not likely to be
encountered in the natural lotic or lentic environment.

A 96-hour LCg, of 1.08 mg/% with 95% confidence limits of 0.540 to
1.810 was calculated by Finney's Probit Analysis. The difference in decay
curves of hydrazine during the LCgq bioassays may be accounted for by the pH
difference (Table 4) of the test water. The water for all the experiments
was from the same source, but the pH of the water during each experiment
showed slight fluctuations. The common pH range of freshwater is 4.5 - 10.0
(Royce, 1972). Thus, the pH range of the bioassays could be readily encountered
in the natural freshwater environment.

TABLE 4

RANGE OF pH VALUES DURING LC50 BIOASSAYS

Trial 1 ‘ Trial 2
Nominal Nominal

Tank 96-Hour pH  Conc, of Hyd. 96-Hour pH Conc, of Hyd.
1 7.3% 0.0 8.5% 0.0

2 7.4-7.6 1.0 8.0-8.6 0.4

3 7.1-7.9 1.8 8.4-8.6 0.7

4 7.4-8.0 3.2 8.4 1.0

5 7.4-7.8 5.6 8.3-8.5 1.8

6 7.6-7.9 10.0 8.3-8.6 3.2

*Initial pH of Control

This study also demonstrates the existence of reversible behavioral
changes (e.g., acute increased motion and disorientation) in the bluegill at
sublethal concentrations of hydrazine, providing substantiation for continued
research in biological monitoring and identifying other areas of future work
needing a systematic approach to advance the technology. This suggested work
includes range-finding experiments for behavioral response, determination of
the sensitivity of selected behavioral responses to water quality parameters,
and definition of an appropriate data collection and analysis system for the

selected response variables.




REFERENCES

Greenhouse, G. 1976. Effects of Pollutants on Eggs, Embryos and Larvae
of Amphibian Species. AMRL-TR-76-31, Aerospace Medical Research Laboratory,
Wright-Patterson Air Force Base, Ohio. (ADA025403)

Heck, W. W., L. S. Bird, M. E. Bloodworth, W. J. Clark, D. R. Darling and
M. B. Porter. 1962. Environmental Pollution by Missile Propellants.
AMRL-TDR-62-38, Aerospace Medical Research Laboratory, Wright-Patterson
Air Force Base, Ohio. (AD282984)

Heck, W. W., M. E. Bloodworth, W. J. Clark, D. R. Darling, and W. L. Hoover.
1963. Environmental Pollution by Missile Propellants. AMRL-TDR-63-75,
Aerospace Medical Research Laboratory, Wright-Patterson Air Force Base,
Ohio. (AD422266)

Henderson, C. and Q. H. Pickering. 1959. Acute toxicity to fish of
unsymmetrical dimethylhydrazine. Memorandum Rep. 21 July 1959, Bioassay
Application Studies, Water Supply and Water Pollutant Research,
Cincinnati, Ohio.

Hoover, W. L., M. E. Bloodworth, W. J. Clark, W. W. Heck, and L. Hold. 1964.
Environmental Pollution by Missile Propellants. AMRL-TDR-64-~5, Aerospace
Medical Research Laboratory, Wright-Patterson Air Force Base, Ohio.
(AD437897L)

Klein, S. and D. Jenkins. 1977. Environmental Quality Research: Fish and
Aufwuchs Bioassay. AMRL-TR-~77-54, Aerospace Medical Research Laboratory,
Wright-Patterson Air Force Base, Ohio. (ADA049542)

Lurker, P. A. 1976. Catalytic Deoxygenation of Aqueous Solutions by Hydrazine.
AMRL-TR~76~23, Aerospace Medical Research Laboratory, Wright-Patterson
Air Force Base, Ohio. (ADA025794)

Reynolds, B. H. and A. A. Thomas. 1964. Determination of Hydrazine and
1-Methylhydrazine in Blood Serum. AMRL-TDR-64-22, Aerospace Medical
Research Laboratory, Wright-Patterson Air Force Base, Ohio. (AD601649)

Ribelin, W. E. and G. Migaki. 1975. The Pathology of Fishes. The University
of Wisconsin Press, Madison, Wisconsin.

Royce, W. F. 1972, Introduction to the Fishery Sciences. Academic Press, NY.

Slonim, A. R. 1977. Acute toxicity of selected hydrazines to the common
guppy. Water Research 11: 889-895,

Slonim, A. R. and J. B. Gisclard. 1976. Hydrazine degradation in aquatic
systems. Bull. Environ. Contam. Toxicol. 16, 301-309.

Standard Methods for Examination of Water and Wastewater, American Public
Health Association, Washington, DC. 1975.

10

“U.S.Government Printing Office: 1978 — 757-080/2

————ssEEEEEEEEEEEEEE




