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ABSTRACT 

This study detepmined the 24, 48, 96-houp median tolepance limit 

of phenol, DDT, dieldPin, and lindane of five species of fish commonly 

found in stpeams and estuaPies in semi-tpopical aPeas. They aPe: 

(i) Gambusia affinis - mosquito fish, (ii) Lebistes reticulatus -guppies, 

(iii) Tilapia mossambica - tilapia, (iv) Kuhlia sandvicensis - aholehole, 

and (v)Stolephorus purpureus - nehu. 

Of the five species, Gambusia affinis had the highest tolepance 

to the toxic agents used in this study. Lebistes reticulatus and Tilapia 

mossambica had apppoximately the same sensitivity to DDT as well as 

dieldPin and lindane. Lebistes reticulatus had a highep sensitivity to 

phenol than Tilapia mossambica. Although Stolephorus purpureus l nehu, 

was highly sensitive, Kuhlia sandvicensis was most sensitive to all toxic 

agents used. 
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I NTRODUCTI ON 

Definition 

Water pollution poses a continuous dilemma for the concerned public. 

Its effects are worldwide and well recorded. Coastal waters, rivers, 

reservoirs, and other types of waters have been affected by pollutants. 

The U. S. Department of Health, Education, and Welfare defines water 

pollution as, 

"Such contamination, or other alteration of the physical, 
chemical or biological properties, of any waters of the 
state, including change in temperature, taste, color, 
turbidity, or odor of the waters, or such discharge of 
any liquid, gaseous, solid, radioactive, or other sub
stance into any waters of the state as will or is likely 
to create a nuisance or render such waters harmful, 
detrimental or injurious to public health, safety or 
welfare, or to domestic, commercial, industrial, agricul
tural, recreational, or other legitimate beneficial uses, 
or to livestock, wild animals, birds, fish or other 
aquatic like." (1) 

National Problems 

One of the best illustrations of water pollution in the United 

states is the number of fish killed during the past several years. The 

Federal Water Pollution Control Administration reported in 1966, that an 

estimated 9,115,000 fish were killed in 46 states along 989 miles of 

streams and rivers and 21,564 acres of lakes and reservoirs (2). Indus

trial operations accounted for 54 percent of the fish kill while agricul

tural and municipal operations accounted for 14 percent and 15 percent, 

respectively (2). Out of the total fish kill reported, 8.5 million 

occurred in fresh water while sea water locations, such as estuaries, 

accounted for 34,000 fishes killed (2). Table 1 presents the fish kill 

for June 1960 through December 1966 and Table 2 summarizes fish kill by 

agricultural, industrial, municipal, transportation, and other operations 

for 1966 (2). 

Specific examples must include the classic example of industrial 

waste and sewage pollution of Lake Erie. This shallowest and most polluted 

of the five Great Lakes has shown a decrease in fish life and an appearance 

of scum and foreign material on its lakefront (3), Another example is the 
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TABLE 1. HISTORICAL SUMMARY OF POLLUTION-CAUSED KILLS.1 

196U' 1961 1962 1963 1964 1965 1966 

NUMBER OF STATES REPORTlr.<; 36 45 37 38 40 44 46 

~ER OF REPORTS 286 411 381 436 485 531 436 

REPORTS CITING FISH KILL 149 263 233 30U 385 446 372 

TOTAL ESTIMATED NUMBER OF 
FISH KILLED 6,379,000 15,910,000 7,118,000 7,8GO,000 18,387,000 11,784,000 9,,115,000 

AVERAGE SIZE OF KI LL 2,925 G,535 5 .. 710 7,775 5,490 4,310 5,G20 

LARGEST KILL REPORTED 5,000,000 5,387,000 3,180,000 2,,000,000 7,887 )'000 3,000,000 11 000/000 

REPORTED FISH KILLS IN RIVERS 

NUMBER OF REPORTS 189 240 259 271 339 292 251 

MI LES OF STREAM 1,204 1,686 1,448 2,,203 1,440 1,300 989 

REPORTED fiSH KILLS IN U\KES AND RESERVOIRS 

NUMBER OF REPORTS 25 50 25 49 57 38 46 

ACRES AFFECTED 11 407 5,967 2,581 5,644 12,637 4,630 21,;64 

AVERAGE DURATION OF KILL 
1N DAYS 2.95 2.64 2.59 3.18 2.44 2.57 2.71 

1 FWPCA, 1966. 

, ONE-HALF YEAR PERIOD FROM JUNE - DECEMBER WAS COVERED IN 1960. 

TABLE 2. FISH KILL SUMMARY BY OPERATION. l 

SOURCE OF POLLUTION TOTAL REPORTS NUMBER OF 
NUMBER OF REPORTS CITING 

FISH KILLS FISH KILLED 

AGRICULTURAL 
INSECTICIDES 51 44 217,406 
FERTI LI ZERS 1 1 1,200 
MANURE-SILAGE DRAINAGE 35 34 1,040,993 

SUBTOTAL 87 79 1,259,599 

INDUSTRIAL 
MINING 34 27 1,442,701 
FOOD PRODUCTS 36 31 1,792,676 
PAPER PRODUCTS 11 8 12,900 
CHEMICALS 36 28 708,815 
PETROLEUM 22 16 154,292 
METALS 12 9 8,127 
COMBINATIONS 8 7 94,619 
OTHER 35 34 408,660 

SUBTOTAL 194 160 4,622,790 

MUNICIPAL 
SEWERAGE SYSTEMS 74 64 1,284,297 
WATER SYSTEMS 7 7 6,962 
SWIf+1ING PODL 4 3 1,439 
POWER 2 2 51,000 
OTHER 3 3 3,550 

SUBTOTAL 90 79 1,347,248 

TRANSPORTATION 
RAIL 6 6 12,792 
TRUCK 11 11 65,689 
BARGE OR BOAT 3 
PIPELINE 7 24,150 

SUBTOTAL 27 24 102,631 

OTHER OPERATIONS 38 30 1,410,569 

TOTAL 436 372 8,742,927 

I "FISH KILLS BY POLLUTION 1966." SEVENTH ANNUAL REPORT. FEDERAL WATER 
POLLUTION CONTROL ADMINISTRATION, WASHINGTON, D. C. 1966. 

\/ 
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SOO,OOO-fish kill in 1966 in Snake River, Idaho, when organic waste 

from potato processing plants reduced the dissolved oxygen level below 

the survival level (2). 

Local Problems 

Water pollution in Hawaii is for the most part concentrated in the 

estuaries, bays, and coastal waters around the islands. The extent of 

pollution in Hawaii has not reached anywhere near the proportion of 

that in Lake Erie; however, it is still a significant problem because 
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it can increase in the future. Storm water runoff, industrial and muni

cipal waste, and pumping of bilges of ships are some of the major con

tributors of pollution in Hawaii. 

Evidence of pollution can be seen in waters of Pearl Harbor, Oahu. 

Kahuku Point at times is polluted because of discoloration and solid 

sugar waste buildup (4). Further evidences of pollution were the fish 

kills that occurred in Kapalama Canal, Honolulu in 1963 and 1966 caused 

by cannery waste (1, 5). In 1966, an estimated 2 million fishes were 

reported killed in Wahiawa Reservoir in a single day from unknown causes (5). 

Water Quality and Bioassays 

To meet the nationwide problems of water pollution, the Water 

Quality Act of 1965 which amended the Federal Water Pollution Control 

Act was enacted to provide of the establishment of water quality stand

ards. The standards for Hawaii were adopted in December 1967 and went 

into effect March 1, 1968 (6). 

In the guidelines for establishing water quality criteria for inter

state waters, the Department of Interior states: 

The criteria should identify the water to be protected and 
establish limits on pollutants or effects of pollution 
necessary to provide for such uses. Numerical values 
should be stated for such quality characteristics where 
such values are available and applicable. Where appro
priate, biological bioassay parameters may be used. 

From the standpoint of this study, it is significant that the 

Department of the Interior has more than a passing interest in bioassay 
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techniques. 

LITERATURE SURVEY 

In the course of daily living. many materials find their way into 

water. These include not only domestic wastes but also runoff from 

ground surfaces and industrial wastes. Physical and chemical analyses 

will not reveal all the effects of polluted waters. Since the effects of 

toxic pollutants are largely biological. the use of bioassay with fish 

as a responsive animal has gained increasing importance in determining 

the effects of pollution on aquatic life to complement analytical data. 

Bioassay measures the relative degree of toxicity in terms o~ the 

median tolerance limit (TLm) which is the concentration of tested ma

terial in water in which 50 percent of the test animals are able to 

survive for a specific period of exposure (7). The effects of synergism 

and antagonism are included in the overall evaluation. These results 

are specific to laboratory conditions and test species used and do not 

represent the safe concentration for aquatic life in natural receiving 

waters. 

Bioassay procedures have been improved since fishes were first 

used as test organisms in Europe about 55 years ago (8). The early work 

of Ellis in the 1930's aided in the development of the bioassay method 

and procedures (9). A significant step toward the development of a 

uniform procedure was taken in 1945 with the publication of "The Eval

uation of the Toxicity of Industrial Wastes, Chemicals. and Other Sub

stance to Fresh-Water Fishes" by Hart, et at. (10). A major step came 

in 1951 with the publication of "Bio-Assay Method for the Evaluation of 

Acute Toxicity of Industrial Waste Association" (11). Headed by Doudoroff. 

the sub-committee derived the method from the previous publication of 

Hart, et at. The 12th edition of Standard Methods contains many of the 

recommended procedures from the 1951 publication of Doudoroff, et at. (7). 

In 1951, Daugherty proposed a toxicity test for marine waters which 

recommended a 24-hour acclimation period and the use of Lagodon rhomboides 

as a standard fish (12). Freeman made an important contribution in 1953 

by recommending the use of synthetic dilution water for determining toxic

ity of pure compounds to fish (13). In the same year. Henderson and 

, 
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Tarzwell published a paper which included methods and procedure, equip

ment cost, laboratory setup, and use of bioassays in industry (14). 

The procedure used for the evaluation of acute toxicity in the 

study reported here is that described in the 12th edition of Standard 

Methods (7). 

PURPOSE AND SCOPE 
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The purpose of this study was to determine by the bioassay pro

cedure as described in standard Methods~ with modifications, the 24, 48, 

and 96-hour median tolerance limit (TLm) of phenol, DDT, dieldrin, and 

lindane for five species of fish found commonly in streams and estuaries 

of semi-tropical areas. These species are: 

1. aambusia affinis - mosquito fish 

2. Lebistes reticuZatus - guppies 

3. TiZapia mossambica - tilapia 

4. KuhZia sandvicensis - aholehole 

5. StoZephorus purpureus - nehu 

The objective of this project was to obtain data by establishing 

easily duplicated methods and procedures by using readily available fa

cilities and equipment. In addition, these results can also serve as 

background data for establishing guidelines for water quality criteria 

and industrial waste research. 

DESCRIPTION OF FISH TOXINS AND DILUTION WATERS USED 

Many types of test organisms, including various invertebrates and 

microcrustaceans, have been used in toxicity studies. However, fishes 

have been the most widely used test organisms to evaluate the toxicity 

of wastes and other water pollutants. The reasons for the wide use of 

fishes were probably due to their adaptability to laboratory conditions, 

their availability, and their varying degrees of sensitivity to toxic 

substances. Another factor for their accpetance as test organisms is 

that fish are well known to the general public. 
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Description of the Test Fishes 

The fish selected for study were all indigenous to Hawaii, they 

occur at widely separated locations under varying conditions. The fish 

were seined from their home location, conveyed to the laboratory in 

aerated 20-gallon polyethylene containers in water from their natural 

habitat. In this manner, thermal shock was minimized and the dissolved 

oxygen level of the water was always near saturation. The fishes were 

sorted out according to species at the site of capture. The sizes and 

weights of the test species, are given in Table 3. 

TABLE 3. PHYSICAL CHARACTERISTICS OF THE FIVE SPECIES OF 
FISH STUDIED. 

LENGTH (CM) WEIGHT (GM) 

SPECIES RANGE AVE. RANGE AVE. SEX 

GAMBUSIA AFFINIS 4.0-4.5 4.3 0.09-2.6 1.9 FEMALE 

LEBISTES RETICULATUS 1.5-2.0 1.8 0.1-0.22 0.17 MA.LE 

TILAPIA MOSSAMBICA 2.8-4.0 3.4 0.8-1.9 1.3 BOTH 

KJJHLIA SANDVICENSIS 3.5-5.0 4.3 0.9-2.4 1.49 BOTH 

STOLEPHORUS PURPUREUS 3.2-4.1 3.6 0.23-0.57 .39 BOTH 

GAMBUSIA AFFINIS (BAIRD & GIRARD). 1 Gambusia affinis belongs to the 

species of the Poecilliinae family (15) and is commonly known as mosquito 

fish. Gambusia affinis inhabit the waters of the southern United States 

from Texas to Alabama (16) and the fresh water streams on Oahu. This 

species has no particular preference for water conditions. It is hardy 

and can inhabit very turbid waters with temperatures ranging from freezing 

to 8S o P. The adult male of this species measures 1 1/2 inches and the 

adult female measures 2 1/4 inches. 

Because they consume great quantities of larvae and pupa to satisfy 

their enormous appetites and help to control the outbreaks of malaria in 

susceptible areas~ Gambusia affinis have been introduced throughout the 

world. 

LEBISTES HETICULATUS (PETER).2 Lebistes retiauZatus also belongs to the 

2 

They first described and named this species of fish. 

He first described and named this species of fish. 

i 
\ 
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Poecilliinae family (15) and is commonly known as guppy. Lebistes re

ticuZatus range from Northern South America, Trinidad. Venezuela, Bar

bados, and the Guinas (16). They also inhabit most of the fresh water 

streams on Oahu in abundant numbers. Lebistes reticuZatus prefer soft, 

slightly alkaline water with temperatures from 74 to 78°F. Males grow 

up to 1 1/2 inches and females up to 2 1/2 inches. Besides being ex

cellent aquarium fish, the wild specimen is also an excellent elimina

tor of mosquito larvae in many mosquito-infested areas in the tropics. 

TILAPIA MOSSAMBICA. TiZapia mossambica belongs to the Cichiidae family 

(15). Genus TiZapia has nearly 100 species, all native to Africa (17). 

which inhabit the waters of tropical West Africa from the Congo to the 

Cameroun. They have been introduced to Asia Minor. India, and other 

countries in Southeast Asia (15) and in 1951 to the Hawaiian islands 

(17) where they inhabit a variety of waters from fresh to brackish with 

temperatures ranging from 76 to 80°F. 
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TiZapia mossambica has a bony, laterally compressed body and generally 

presents a perch-like appearance. Both the male and female grow up to 

14 inches in length. They are dark brown-grey to silver-grey in color 

with darker vertical bars (see Fig. 1). 

KUHLIA SANDVICENSIS. KuhZia sandvicensis (Fig. 2) belongs to the Kuh

liidae family and is commonly known as the aholehole (18). They are found 

at Tahiti, Canton. Johnston, Palmyra, and several other islands of the 

Central Pacific in waters of varying degrees of salinity from fresh to 

sea water with temperatures ranging from 76 to 85°F. The smaller KuhZia 

sandvicensis used as test animals are commonly found in shallow water 

along the rocky shores, tide pools, and in streams along the coast of Oahu 

and the other islands of the Hawaiian chain. 

The KuhZia sandvieensis has a bass-like body and is sometimes called 

the "mountain bass." The adult KuhUa sandvieensis, bright silvery in 

color, grows up to 12 inches in length. 

STOLEPHORUS PURPUREUS. StoZephorus purpureus (Fig. 3) belongs to the 

Engraulidae family and is commonly known as the nehu (18). They are 

found in waters of varying salinity. but prefer the brackish inshore 

waters of Kaneohe Bay, Pearl Harbor. and the Ala Wai Canal on Oahu. The 
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FIGURE 1. TILAPIA MOSSAMBICA (TlLAPIA). 

FIGURE 2. KUHLIA SANDVICENSIS (AHOLEHOLE). 
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FIGURE 3. STOLEPHORUS PURPUREUS (NEHU). 

StoZephorus purpureus is used as tuna bait in the Hawaiian islands. They 

are silvery in color and grow to 4 inches in length. 

Selection of Toxicant 

There are vast numbers of substances that, if present in sufficient 

concentration, are detrimental .to fish life. Toxic substances may be 

natural in origin or may be emitted as industrial waste such as effluent 

from oil refineries and pulp mills. Another source of toxic material is 

pesticides which can cause fish kills by direct application into streams 

or by runoff from treated land. 

To test the relative sensitivity of the 5 species of fish, four 

compounds, phenol, DDT, dieldrin, and lindane were selected based on 

the following criteria: 

1. Compounds that are being used extensively by agricultural 

operations and pose a threat to aquatic organisms. 

2. Compounds that have been used previously for bioassay re

search to establish a basis of comparison. 

3. Compounds that are available and can be easily handled. 

4. Compounds that display a wide range of toxicity. 
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5, Compounds whose test concentrations can be analytically 

determined. 

PHENOL. Phenol (CsHsOH) is a white crystalline compound with a specific 

gravity of 1.02, molecular weight of 94.11, and a melting point of 42.5 

to 43°C (19). It is soluble in water, benzene, and other organic sol

vents. Phenol has a distinctive odor, a burning taste, and will pene

trate the skin and cause severe burns. 

Phenol has many uses. It was first used as a disinfectant and 

later, for the production of phenolic resins and medical and industrial 

compounds. It also has been used in the manufacture of reagents for 

chemical analysis, such as phenolphthalein. Phenol wastes may be in

troduced into bodies of water from the distillation of wood, oil re

fineries, sheep dips, and from industrial waste resulting from the 

manufacture of plastics, dyes, and disinfectants. 

Phenol was selected as a basic primary standard to give a clear 

basis of comparison of the relative response of the test organisms to 

those previously used for bioassay research. 

CHLORINATED HYDROCARBONS - DDT, DIELDRIN, AND LINDANE. Chlorinated 

hydrocarbons are a group of insecticides which contain carbon, hydrogen, 

and chlorine (20). DDT, dieldrin, endrin, lindane, and heptachlor are 

some of the more familiar members of this group of insecticides." They 

are resistant to degradation. Residues of DDT and certain other chlo

rinated hydrocarbons have been detected in most of the major rivers, 

streams, and in fish. 

Dichlorodiphenyltrichloroethane with the empirical formula C14H9ClS 

is more commonly known as DDT. It is a white tasteless po~der with a 

molecular weight of 354.5 and a melting point of 108.8 to l09.0°C (19). 

Although DDT is practically insoluble in water, it is soluble in acetone, 

benzene, and other organic solvents. 

Dieldrin is represented by the empirical formula C12HeCls and its 

chemical name is hexachloroepoxyoctahydro-endo, exo-dimethanonaphthlene 

(principal constituent, known as HEOD). Dieldrin contains not less than 

85 percent HEOD (19). It has a molecular weight of 380.93 and a melting 

point of 175 to 176°C. The flaky light tan substance produced by the 

oxidation of aldrin with peracids is dieldrin, which is insoluble in water 



and only moderately soluble in most other organic solvents. 

Benzene hexachloride (BHC) has the empirical formula CsHsC16. 

Its trade name is lindane and it is applied to commercial preparations 

containing at least 99 percent of the gamma isomer of benzene hexa

chloride (19). Lindane is a white crystalline powder with a molecular 

weight of 290.2 and a melting point of 28SoC. It is virtually inso

luble in water but soluble in acetone and other aromatic solvents. 

Dilution Water 

The sources of dilution water depended upon the following consid

erations: 

1. Nature of bioassay and type of fish used. 

2. Stable pH, alkalinity, and hardness to enable duplication of 

the experiment. 

3. Accessibility of source for ease of handling and storage. 
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FRESH WATER. Synthetic dilution water recommended by the Fish Control 

Laboratories of the Bureau of Sport Fisheries and Wildlife of the U. S. 

Department of the Interior (21) and that described by Freeman (13) were 

considered. However, ordinary city tap water was selected as one of the 

dilution waters because it best represented the naturally occurring fresh 

water of the area and because of the constant characteristics and ab

sence of chemical additives in the water. The characteristics of this 

water are· shown in Table 4. 

TABLE 4. CHARACTERISTICS OF THE DILUTION WATER 
(HONOLULU TAP WATER). 

ANALYSIS RANGE AVERAGE 

TEMPERATURE (OC) 18-19 20 
pH 8.0-8.3 8.1 
DISSOLVED OXYGEN (MG/L) 

DO METER 8.8-9.5 9.0 
WINKLER METHOD 8.8-9.2 9.0 

ALKALINITY 

(MG/L AS CaCOs) 25-32 31 
EDTA HARDNESS 

(MG/L AS Caeas) 54-68 60 
CHLORIDE (MG/L) 28-82 52 
CHLORINE RESIDUAL 0 0 
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SALT WATER. Salt water approximating the characteristics of the sea water 

found in the locations where specimens were obtained for this study posed 

a problem in that about 400 gallons were necessary to run four simultaneous 

bioassays. Furthermore, the salt water had to be free from contamination, 

but it had to contain the major constituents normally found in sea water 

surrounding the Hawaiian islands. 

The formula of synthetic sea water used successfully by Segedi and 

Kelly and the Backhaus formula used in the Berlin Aquarium were considered 

as possibilities but discarded (22). 

The salt water well facilities belonging to the Bureau of Fish and 

Game located at Kewalo Basin were chosen as the source of the sea water. 

Clark and Eisler described a similar system used by the Sandy Hook Marine 

Laboratories Bureau of Sport Fisheries and Wildlife, using sea water from 

ground sources to maintain successfully 51 species of fish and some in

vertebrates (23). 

The advantage of a well is an adequate supply of clean salt water of 

nearly oceanic chemical characteristics but with no undesirable marine 

organisms, such as barnacles and mussels, and free from sand, silt, and 

contamination from industrial and marine sources. Another important 

feature of the ground water supply is that the physical and chemical char

acteristics of the ocean water remain stable, being unaffected by the 

tides (23). 

The characteristics of sea water, especially the chloride content, 

vary along the shoreline, in particular, in estuaries. The following 

criteria were used to distinguish between fresh, brackish and sea water (24): 

TYPE OF WATER 

FRESH WATER 

BRACKISH WATER 

SEA WATER 

MEDIAN RANGE OF CHLORIDE CONTENT 
(MG/L) 

o TO 250 1 

250 TO 10.,000 

10" 000 AND OVER 

Sea water usually contains about 18,900 ppm chlorides (25). 

1 

Salt water from the well was used without altering the chloride 

Recommended upper limit set by the U. S. Public Health Service and 
used by the Honolulu Board of Water Supply. 



content. However, to present a more complete range of analyses of the 

effect of chemicals on marine fish that inhabit the estuaries and the 

shorelines, fresh. brackish. and sea water should be used as dilution 

water. 
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The sea water characteristics at Kewalo Basin facilities have been 

described by Strasburg (26). Analyses of sea water and water samples 

taken from the sale water wells at Kewalo Basin and Waikiki Aquarium. 

three miles from Kewalo Basin were made prior to the tests. 

ANALYSIS KEWALO AQUARIUM OCEAN 

PH 7.5 7.5 8.3 

CHLORIDE (MG/L) 17,,800 18,,400 19,,150 

ALKALINITY 

(MG/L AS CaC03) 118 112 115 

HARDNESS 

(MG/L AS CaC03) 5,,965 6,,225 6,,400 

Analyses of the salt water from the well at Kewalo Basin were made on 

four occasions when water was acquired for the test runs (Table 5). 

TABLE 5. CHARACTERISTICS OF THE KEWALO BASIN SALT WATER. 

ANALYSIS! RAt-X;E AVERAGE 

TEMPERATURE 23-26 24 
pH 7.9-8.2 8.0 
DISSOLVED OXYGEN CMG/L) 

DO METER 6.0-6.7 6.2 
WINKLER METHOD 6.1-6.8 6.1 

ALKALINITY 

(MG/L AS CaCOs) 100-110 105 
EDTA HARDNESS 

(MG/L AS CaCOs) 5800-6340 6040 
CHLORIDE (MG/L) 17500-18600 18000 
CHLORINE RESIDUAL 0 0 

ANALYSES WERE DONE JUST PRIOR TO THE START OF THE 
BIOASSAY RUNS. 
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A modification of the routine procedure involved the changing of 

the test solution every 24 hours. Hence, four batches of dilution water 

(city tap water) were required for the 96-hour test (7). The modifi

cation was necessary to maintain an adequate dissolved oxygen (DO) level 

and a more or less uniform concentration of the chemicals being tested. 

The dilution water was prepared in six 20-gallon polyethylene con

tainers which were filled with tap water 12 hours before their use. 

The water was aerated for 12 hours to raise the DO level to near satu

ration. Required analyses were made before the test solution were com

pounded. A total of 28 batches of dilution water was used. 

ANALYTICAL METHODS 

The nine analytical test procedures described below were performed 

on the dilution water and eight on the waters from which the test organ

isms wer'etaken. 

DissoZved Oxygen. Dissolved oxygen levels were determined by the 

azide modification of the Winkler Method as described in Standard Methods 

(7). Dissolved oxygen levels in the test aquaria were checked during 

the progress of the study using a YSI Model 51 oxygen meter, using 

procedures recommended for the operation of the instrument (27), 

Temperature. Temperature readings during acclimation and test 

procedures were taken with a mercury-filled centigrade Taylor thermo

meter. The accuracy of this thermometer was checked against a preci

sion thermometer by the National Bureau of Standards (7). 

Field temperature measurements were made with the thermister 

probe of the YSI Model 50 Dissolved Oxygen Meter. This meter has a 

maximum error of ±SOC due to instrument and probe tolerance (27). 

pH. All pH measurements were made on the Beckman 76004 Expan

domatic pH meter following the procedure and recommendations described 

in Standard Methods (8). This instrument has an accuracy of ±O.OS pH 

units. 

TotaZ Hardness. To determine total hardness of the water sample, 

the Hach modification, which is fully described in the Hach manual, of 

the EDTA titrametric method, the Univer Hardness Test, was used (28). 

The precision of the method is ±1.0 mg/l. 
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TotaZ AZkaZinity. Total alkalinity was determined by the methyl 

orange indicator method as described in Standard Methods (7) and re

ported ID terms of mg/l as calcium carbonate (CaC03). This method has 

a precision of ±l mg/l and an accuracy of ±3 mg/l in the range between 

10 and 500 mg/l. 

ChZoride. Bioassays using marine fish require special dilution 

water which in most cases is natural sea water. Chloride ion, a major 

constituent of sea water, is used as a parameter to differentiate between 

fresh water and sea water. 

The mercuric nitrate method, described in Standard Methods (7), 

was used to determine the chloride concentration. 

ChZorine ResiduaZ. The determination of chlorine residual was made 

with a LaMotte Chlorine Comparator using ortho-tolidine reagent as des

cribed in Standard Methods (7, 29). 

PhenoZ. The concentration of phenol was verified by the direct 

photometric method described in Standard Methods (7). This method was 

chosen because of speed of analysis and its ability to determine phenol 

content in the range of 0.0 to 50 mg/l with a sensitivity of 1 mg/l. 

Pestiaides. The gas chromatograph was used to verify the concen

tration of DDT, dieldrin, and lindane in the test solutions. All anal

yses were done on the MicroTek-220 Gas Chromatograph using an electron 

capture detector. The MicroTek-220 incorporates a 2 percent OV-l and a 

3 percent QF-l column at temperatures from 180 to 195°C. The carrier 

gas was nitrogen with a flow rate of 60 to 65 ml/min (30). 

EXPERIMENTAL PROCEDURE 

The procedures used in this toxicity study are described in Standard 

Methods (7) and were applied to both marine and fresh water fishes. Any 

modifications made in the procedures were done to increase efficiency and 

to circumvent problem areas such as those encountered with marine fishes 

and were done in such a manner as to insure the highest degree of uni

formity in the experimental procedures used. 
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Extraction Procedure 

The extraction procedure as developed by Lamar and others was 

found to be time consuming for the analysis of 12 to 18 samples (31). 

Instead, a rapid procedure based on the extreme sensitivity of the elec

tron capture detector was used. The detector permitted extraction of 

small samples of test solutions with hexane and the injection of the 

extracts directly into the gas chromatograph with little or no clean 

up (38). All solvents used were of the nanograde quality made espe

cially for pesticide residual analyses. The extraction procedure, 

initiated immediately after the test solutions were made, was as fol

lows: 

1. A SO-ml sample was taken from each test aquarium containing 

DDT and dieldrin solutions and put into a 7S-ml screw-capped 

culture tube. A 10-ml sample, poured into a 2S-ml culture 

tube, was used for the lindane test solution. 

2. Next, a specified quantity of nanograde hexane, depending 

on the type of pesticide and its concentration, was added 

to the culture tube. The extracts were injected into the 

column after the tube was shaken vigorously for 10 to 15 

seconds and allowed to stand for 15 to 20 minutes. 

3. The gas chromatograph was prepared by adding 5 ~l of the 

pesticide standard into the column to determine a baseline 

for the instrument (see Fig. 4). Once the standard was re

corded, the extracts were injected in specific amounts de

pending once again on the type of concentration of the pesti

cide. 

4. The concentration of pesticides are calculated by comparing 

the recorded peak heights of the standard against that of the 

extracts of the test solutions. 

Bioassay Procedure 

Acute toxicity was evaluated by using a static system rather than 

a continuous flow system. One run involved a maximum of six test solu

tions of the chemical in question with ten fish per solution and two 
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controls or a total of twenty-six aquaria and 260 fish for the evalua

tion of four chemical reagents. Duplicate and often triplicate runs 

were made on each species. 

The procedure used in the routing bioassay method is described in 

Standard Methods and encompasses three main phases: acclimation of the 

fish, exploratory tests, and final tests from which estimations of the 

Median Tolerance Limit (TL;m) are determined. 

ACCLIMATION. The preparation of the test fish for acclimation was 

initiated immediately after they were brought into the laboratory from 

the field. The fish were transferred from field containers into ac

climation tanks as soon as possible to lessen the high mortality rate 

during the first few days in the laboratory because of shock and mechan

ical damages which result in fungal and bacterial infection (32). 

Initially, salt water species were acclimated in the recirculating 

sea-water system for marine organisms. The system, maintained by the 

Department of Zoology, University of Hawaii, consists of a l20-gallon 

fiberglass container, 4 ft x 2 ft x 2 ft, for fish fed from a common 

recirculating sea-water tank. This system precluded the use of pro

phylactic treatment to prevent such outbreaks of disease as tail rot 

which affected one batch of KuhZia sandvicensis and was abandoned after 

that incident. 

For the balance of the study. the batch acclimation system was 

used because it offered the advantage of a temperature range from 19 

to 26°e. Because acclimation was conducted in individual "batches" 

of aquaria, it was possible to administer prophylactic treatment where 

necessary. Each IS-gallon (24 in x 24 in x 24 in) glass aquarium was 

equipped with two Jewel outside charcoal filters and one Dyna pump Model 

2, a pressure-suction type pump with a 22S in 3 jmin air capacity at 10 

psi pressure. The pump was connected to a filter and an aeration stone. 

Temperature shock was prevented by having the difference in temp

erature between the field and laboratory containers no greater than 

2°e (32). Fish may go into shock if they are transferred from field 

containers whose water temperature differs drastically from the tem

perature of the water in the acclimation tanks. Two methods were used 

to decrease the difference in the water temperature. Tap water was 
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added to the field container over a period of an hour or until the dif

ference was not greater than 2°C. Another method to lower the temperature 

in the field container was the addition of ice with periodic stirring. 

were: 

The sources of water used for the acclimation of the fishes tested 

SPECIES 

GAMBUSIA AFFINIS 

LEBISTES RETICULATUS 

TILAPIA MOSSAMBICA 

KUHLIA SANDVICENSIS 

STOLEPHORUS PURPUREUS 

SOURCES OF ACCLIMATION WATER 

CITY WATER SUPPLY 
CITY WATER SUPPLY 

CITY WATER SUPPLY 

KEWALO BASIN SALT WATER WELL 

KEWALO BASIN SALT WATER WELL 

SELECTION OF FISH. When the temperature conditions permitted, the fish 

were transferred from the field containers to the acclimation tank. 

Special precautions were followed to prevent injury due to handling. 

The transfer was done with a small mesh nylon dip net. If any fish 

was accidentally dropped or mishandled, it was automatically rejected 

as were fish which showed abnormalities of appearance and deviation from 

general behavior, such as swimming in an enverted position. 

The acclimation period for all fishes was seven to eight days with 

the exception of that for StotephorU8 puppureu8 which was for a 24-hour 

period only because its delicate condition caused the mortality rate to 

be high under laboratory conditions. Therefore, a 24-hour bioassay with 

an acclimation period of 24 hours was adopted as the procedure for test

ing Stotephoru8 purpureu8. 

The acclimation was judged satisfactory when the incidence of fish 

dying or becoming diseased was less than 10 percent of the total lot of 

fish during a 4-day period prior to the start of the test (8). 

The fishes, except the Stotephoru8 purpureu8, were fed daily an 

amount approximately equal to 3 percent of their body weight. Another 

guideline also used was to feed the fish only enough food that they could 

consume in five minutes. Excess food and waste matter were cleared from 

the bottom of the tank periodically. Feeding ceased two days prior to the 

start of the test to empty the intestinal tract. The four species were 

fed commercially prepared and readily available fish food: 



20 

SPECIES 

GAMBUSIA AFFINIS 

LEBISTES RETICULATUS 

TILAPIA MOSSAMBICA 

KUHLIA SANDVICENSIS 

STOLEPHORUS PURPUREUS 

FOOD 

BIO-RELL FISH FOOD 

LONG-LIFE GUPPY DIET 

BIO-RELL FISH FOOD 

FROZEN BRINE SHRIMP 

Filtration and aeration of the aquarium water were necessary to 

provide an acceptable biological environment during the acclimation 

period. In addition, prophylactic treatment was applied to prevent the 

outbreaks of disease, especially tail rot, during the period of accli

mation: 

SPECIES 

GAMBUSIA AFFINIS 

LEBISTES RETICULATUS 

TILAPIA MOSSAMBICA 

KUHLIA SANDVICENSIS 

STOLEPHORUS PURPUREUS 

SUSCEPTI BILl TY 
TO TAIL ROT 

LOW 

HIGH 

LOW 

HIGH 

UNKNOWN 

METHYLENE 
BLUE DOSAGE 

10 
DROPS/GAL 

10 
DROPS/GAL 

STREPTO
MYCIN DOSAGE 

1 GM/15 GAL 

1 GM/15 GAL 

1 GM/15 GAL 

1 GM/15 GAL 

Methylene blue was added on the first and second days while streptomycin 

was added only on the first day. 

EXPLORATORY TESTS. A series of two-step exploratory tests were made to 

determine the approximate range of test concentrations to be used for 

the final tests. The highest concentration at which all the fish sur

vived for 72 hours and the lowest concentration at which most of the fish 

died in 24 hours constituted the two extremes of the test range. 

The parameters, used in the exploratory tests, duplicated those 

described in Standard Methods (7) where the same for both the exploratory 

as well as the final tests, regardless of the type of dilution water. 

Temperature, dissolved oxygen, water, and number of test fish per con

centration were parameters which this study considered. 

Exploratory tests were performed in wide-mouthed one-gallon jars. 



Twenty-five of these jars were required to run screening bioassays 

on four selected chemicals. 

Water temperature at which the tests were run depended upon the 

type of fish. Temperature variations for the duration of the test 

did not exceed 4°C (7): 

SPECIES 

GAMBUSIA AFFINIS 

LEBISTES RETICULATUS 

TILAPIA MOSSAMBICA 

KUHLIA SANDVICENSIS 

STOLEPHORUS PURPUREUS 

AI R -COND I TI ONED 
LABORATORY 

YES 

YES 

YES 

NO 

NO 

TEMPERATURE 
RANGE °C 

19-21 

19-21 

19-21 

23-26 

23-26 
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Stock solutions of the test chemicals were prepared approximately 

4 hours before the test by adding the appropriate amount of stock solu

tion to the dilution water and mixing it thoroughly. The level of con

centrations were then verified. The test solution depth used in the 

tanks was greater than the six inches prescribed by Standard Methods(7). 

The volume of test solution was three liters for the exploratory test 

and 15 liters for the final test. 

The recommended DO level in the test solution was 4 mg/l or greater. 

The DO content in most cases was initially near saturation, about 9 mg/l 

for fresh water, and 6 mg/l for salt water depending upon the temperature. 

The dissolved oxygen and pH levels were determined every 24 hours and at 

the time of 100 percent kill in the test aquaria. 

Test solutions were changed every 24 hours. A gallon jar, filled 

about halfway with the old test solution, held the fish while the old 

test solution was discarded and each aquarium refilled with the new so

lution. The. solutions in the gallon jar was carefully decanted until 

only a small portion and the fish remained. The entire contents of the 

jar were then poured back into the aquarium which contained the new 

test solution. 

The exploratory tests were conducted with three test animals per 

concentration except for the StoZephorus purpureus which had 10 test 

animals per concentration. The largest fish of one species was not more 
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than 1.5 times the length of the smallest used in the bioassays. In 

addition, the total weight of the test animals in each test container 

did not exceed 2/1. 

The final report on fish. death and fish responses were grouped 

into the following time frame: 

TIME INTERVALS DESIGNATION 
(HOURS) (HOUR) 

00 TO 01 1ST 

01 TO 02 2ND 

02 TO 04 4TH 

04 TO 06 6TH 

06 TO 12 12TH 

12 TO 24 24TH 

24 TO 48 48TH 

48 TO 72 72ND 

72 TO 96 96TH 

TEST PROCEDURE FOR STOLEPHORUS PURPUREUS (NEHU). The Stolephorus pur

pureus, because of its delicate condition, required experimental pro

cedure which deviated from those prescribed in Standard Methods. A 

l2-hour TLm and 24-hour TLm were the objectives of the bioassays using 

Stolephopus purpureus as test animals. The procedures followed for 

both the exploratory and final tests were identical. The Stolephorus 

puppureus was acclimated for 24 hours in a l20-gallon fiberglass tank 

filled with sea water (12). The acclimation period eliminated most of 

the injured and sick fish. 

Concentrations of three liters of test solutions prepared by the 

method previously described, were used for the exploratory tests and 

15 liters of test solution per concentration were used for the final 

tests. Four controls, two for dilution water with acetone and two 

without acetone, were maintained. Each test solution and control con

tained ten test animals. The tests on the dilution water used for 

Kuhlia sandviaensis were identical to that on the dilution water for 

the Stolephopus purpureus (see Final Test). 
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The delicate Stolephorus purpureus were transferred very carefully 

to the test aquaria five minutes before the test was to start. All 

test animals that showed signs of distress e.g., abnormal swimming be

havior, within five minutes of entering the water, were eliminated and 

replaced. Usually, one or two fish had to be removed from every test 

aquaria. 

DO content and pH were determined at 12 and 24 hours for all test 

aquaria with live test animals. DO and pH were also determined at the 

same time of 100 percent kill. The same records and observation methods 

were kept for the Stolephorus purpureus as for the other species. 

FINAL TEST. Five I-gallon glass aquaria were used for final testing. 

Thirty-two of these were utilized in the bioassays on four chemicals. 

The purpose of the final test was to determine the median tolerance 

limit(TLm) of the five species to phenOl, DDT, dieldrin, and lindane for 

exposure periods of 24 hours, 48 hours, and 96 hours. 

DISCUSSION OF THE RESULTS 

Estimation of TLm 

The TLm values were obtained by the straight-line graphical inter

polation if a 50 percent survival actually occurred for a test concen

tration. To determine the TLm' the following procedures were followed: 

1. The test concentrations were laid off on the ordinate 

and the percent survival on the abcissa of a special semi

logarithmic paper (see Fig. 5) 

2. Then a straight line is drawn between the two points re

presenting survival percentages at two successive concentra

tions of the test series which were lethal to more than half 

of the test animals. From the point at which this line in

tersects the 50 percent survival, a perpendicular drawn to the 

concentration ordinate indicates the TL concentration (7). 
m 

Summary of TLm Values 

GAMBUSIA AFFINIS (MOSQUITO FISH). TL values for selected chemicals for 
m 
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Gambusia affinis were calculated from observed data which are shown in 

Table 6. 

TABLE 6. AVERAGE TL VALUES FOR cambusia affinis EXPOSED TO 
m 

SELECTED CHEMICALS. 

CHEMICAL 24-HOUR TL 48-HOUR TL 96-HOUR TL 
COMPOUND (MG/L) m 

(MG/L) 
m (MG/L) m 

PHENOL '73 46 26 

DDT 0.56 0.046 0.020 

DIELDRIN 0.085 0.054 0.031 
LINDANE 0.56 0.28 0.13 
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A comparison of the three chlorinated hydrocarbons clearly shows 

that DDT is the most toxic agent, followed by dieldrin and lindane. The 

higher TL value for DDT compared to that for dieldrin indicates that m 
DDT is initially a slower acting toxic agent than dieldrin. However, 

DDT was slightly more toxic to Gambusia affinis than dieldrin after 24 

hours of exposure. Lindane was the least toxic of the three chlorinated 

hydrocarbons. Lindane \"ras four to six times less toxic to Gambusia 

affinis than dieldrin \"rhen comparing TLm values. These values agree 

with the work of Wallen (33). 

LEBISTES RETICULATUS (GUPPY). TL values of the effect of four selected m 
chemicals on Lebistes retiauZatus are shown in Table 7. 

TABLE 7. AVERAGE TL VALUES FOR Lebistes retiauZatus EXPOSED 
m 

TO SELECTED CHEMICALS. 

CHEMICAL 24-HOUR TLm 
COMPOUND (MG/L) 

PHENOL 46 

DDT 0.020 

DIELDRIN 0.040 

LINDANE 0.12 

48-HOUR TL 
(MG/L) 

m 

34 

0.008 

0.020 

0.075 

96-HOUR TL 
(MG/L) m 

31 

0.0030 

0.0066 

0.052 

These results indicate that DDT was most toxic to Lebistes retiauZatus 

followed by dieldrin, lindane, and phenol. Comparison of the TL values 
m 
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showed that DDT was two to three times more toxic than dieldrin and six 

to seventeen times more toxic than lindane. 

Initially, Lebistes reticulatus was more sensitive to the compounds 

tested than Gambusia affinis. For phenol, the sensitivity was about one 

and one-half times greater during the first 48 hours after which Gambusia 

affinis was slightly more sensitive as indicated by the lower TL value. m 
Lebistes reticulatus were SlX to eighteen times more sensitive to DDT 

and two to five times more sensitive to dieldrin than Gambusia affinis. 

The Lebistes reticulatus was two to five times more sensitive to lindane 

than Gambusia affinis. 

TILAPIA MOSSAMBICA (TILAPIA). TL values of the effect of four selected 
m 

chemicals on Tilapia mossambica are shown in Table 8. 

TABLE 8. AVERAGE TL VALUES FOR Tilapia mossambica EXPOSED TO m 
SELECTED CHEMICALS. 

CHEMICAL 24-HOUR TL 48-HOUR TL 96-HOUR TL 
COMPOUND (MG/L) 

m 
(MG/L) 

m (MG/L) m 

PHENOL 27 25 19 

DDT 0.020 0.012 0.007 

DIELDRIN 0.033 0.015 0.010 

LINDANE 0.010 0.088 0.057 

These results indicate that DDT was the most toxic compound to 

Tilapia mossambica followed by dieldrin, lindane, and phenol. Compari

son of the TLm values showed that DDT was slightly more toxic than 

dieldrin and five to seven times more toxic than lindane to this species. 

KUHLIA SANDVICENSIS (AHOLEHOLE). Sea water was used as the dilution 

water for Kuhlia sandvicensis, salt water fish, which required a salt 

water substrate. 

TL values of the effect of four selected chemicals on Kuhlia sand
m 

vicensis as calculated from observed data are shown as Table 9, 

These results indicate that dieldrin was the most toxic compound to 

Kuhlia sandvicensis followed by DDT, lindane, and phenol. Dieldrin was 

two times more toxic than DDT by comparison of the TL values and four 
m 

to eighteen times more toxic than lindane. 



TABLE 9. AVERAGE TL VALUES FOR KuhZia sandviaensis EXPOSED TO 
m 

SELECTED CHEMICALS. 

a-IEMlCAL 24-HOUR TL If.8-HOUR TL 96-HOUR TL 
COMPOLW m 

(MG/L) 
m (MG/L) m (MG/~) 

PHENOL Ilf. 11 11 

DOT 0.012 0.0063 0.0039 

DIELDRIN 0.0056 0.003lf. 0.0019 

LINDAAE 0.044 0.039 0.036 
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KuhZia sandviaensis is a more sensitive test organism than TiZapia 

mossambiaa or Lebistes retiauZatus with respect to TL values. Although 
m 

a comparison is difficult because of the difference in the dilution wa-

ter. KuhZia sandviaensis was as much as two times more sensitive to 

phenol, DDT, and lindane than TiZapia mossambica and KuhZia sandvicensis 

was about five times more sensitive than TiZapia mossambica to dieldrin. 

STOLEPHORUS PURPUREUS (NEHU). StoZephorus purpureus a difficult 

bioassay test organism because of its high mortality rate in captivity, 

primarily due to hemmorrhaging and loss of scales during handling and 

confinement. Because of its fragile nature and high normal mortality 

rate, the exposure period of StoZephorus purpureus was limited to 24 

hours. TL values for l2-hour exposures are considered most reliable. 
m 

These are recorded in Table 10. 

TABLE 10. AVERAGE TLm VALUES FOR StoZephopus purpureus BASED ON 

A 12-HOUR EXPOSURE TO SELECTED CHEMICALS. 

CHEMICAL TL VALUE 
m 

COMPOUND (MG/L) 

PHENOL 0.51 

DDT 0.001 

DIELDRIN 0.0045 

LINDANE 0.0038 
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Comparison of TLm Values 

An important facet of toxicity studies is a comparison of the re

sults obtained with those of other studies. Previously, comparison was 

difficult because of many variations in methods and procedures. Doudoroff, 

et aZ. (11) in 1951 established uniform procedures which made comparison 

possible for interpretative analysis. However, standards adopted from 

bioassays expressed in terms of TL are specific only to those condi-
m 

tions under which the experiments were conducted. Although the proce-

dures might be identical, the possible differences in fish, water, and 

laboratory conditions precludes the use of TL values obtained in one 
m 

study as an acceptable standard for studies conducted in different sec-

tions of the U.S. However, a comparison, made in terms of sensitivity 

to a given compound by comparing the TL values, is still useful. m 
The results of this project were compared to other studies using 

bluegill, Gambusia affinis~ fathead minnow, Lebistes retiauZatus~ gold

fish, and stickleback as test organisms. Tables 11 to 14 compare the 

SPECIES 

BLUEGILL SUNFISH 

GItI.fl3USIA AFFINIS 

FATHEAD MINNOW 

STICKLEBACK 

GAMBUSIA AFFINIS 

LEBISTES RETILATUS 

TILAPIA MOSSAMBICA 

KUHLIA SANDVICENSIS 

TABLE 11. COMPARISON OF TL FOR PHENOL. 
m 

TL (MG/L) 
m 

12 2lt lt8 96 
DI LlITION WATER HOUR HOUR HOUR HOUR 

FRESH 22.7 22.2 

FRESH 61 57 56 

FRESH 40 

15 

FRESH 73 46 26 

FRESH 46 43 31 

FRESH 27 25 19 

SEA llt 14 11 11 

STOLEPHaRUS PURPUREUS SEA 0.51 

REFERENCE 

LEM'4ER I NG (19) 

WALLEN (18) 

CSWPC (20) 

CSWPC (20) 

PRESENT STUDY 

PRESENT STUDY 

PRESENT STUDY 

PRESENT STUDY 



SPECIES 

FATHEAD MINNOW 

BLUEGILL SUNFISH 

GOLDFISH 

LEBISTES RETICULAT1JS 

STICKLEBACK 

STICKLEBACK 

GAMB1JSIA AFFINIS 

LlfBISTES RETIC1JLAT1JS 

TILAPIA MOSSAMBICA 

KllHLIA SANDVICENSIS 

STOLEPHOR1JS P1JRP1JRE1JS 

SPECIES 

FATHEAD MINNOW 

BLUEGILL SUNFISH 

GOLDFISH 

LEBISTES RETIC1JLATUS 

STI CKLEBACK 

STICKLEBACK 

GAMBUSIA AFFINIS 

LEBISTES RETICULAT1JS 

TILAPIA MOSSAMBICA 

KUHLIA SANDVICENSIS 

STOLEPHOR1JS PURP1JRE1JS 

TABLE 12. COMPARISON OF TL FOR DDT. 
m 

TLm°-c/L) 

GRADE OF DILUTION 12 24 48 
INSECTICIDE (%) WATER HOUR HOUR HOUR 

76 FRESH 0.056 0.045 

76 FRESH 0.026 0.021 

76 FRESH 0.180 0.047 

76 FRESH 0.135 0.072 

BRACKISH 0.022 0.021 

SEA 0.018 0.015 

98 FRESH 0.56 0.047 

98 FRESH 0.020 0.008 

98 FRESH 0.020 0.012 

98 SEA 0.012 0.0063 

98 SEA 0.001 

TABLE 13. COMPARISON OF TL FOR DIELDRIN. m 

TLm(I>Y,;/L) 

GRADE OF DILUTION 12 24 48 
INSECTICIDE (%) WATER HOUR HOUR HOUR 

90 FRESH 0.040 0.018 

90 FRESH 0.014 0.0093 

90 FRESH 0.048 0.041 

FRESH 0.062 0.032 

BRACKISH 0.020 0.0189 

SEA 0.018 0.015 

99 FRESH 0.085 0.054 

99 FRESH 0.040 0.020 

99 FRESH 0.033 0.015 

99 SEA 0.0059 0.0034 

99 SEA 0.0045 

29 

96 
HOUR REFERENCE 

0.042 HENDERSON (34) 

0.021 HENDERSON (34) 

0.036 HENDERSON (34) 

0.056 HENDERSON (34) 

0.018 KATZ (35) 

0.0115 KATZ (35) 

0.020 PRESENT STUDY 

0.003 PRESENT STUDY 

0.007 PRESENT STUDY 

0.0039 PRESENT STUDY 

PRESENT STUDY 

96 
HOUR REFERENCE 

0.018 HENDERSON (34) 

0.0088 HENDERSON (4) 

0.041 HENDERSON (34) 

0.023 HENDERSON (34) 

0.0153 KATZ (35) 

0.0115 KATZ (35) 

0.031 PRESENT STUDY 

0.0066 PRESENT STUDY 

0.010 PRESENT STUDY 

0.0019 PRESENT STUDY 

PRESENT STUDY 
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TABLE 14. COMPARISON OF TL FOR LINDANE. m 

TLm(MG/L) 

GRADE OF DILUTION 12 24 48 96 
SPECIES INSECTICIDE (%) WATER HOUR HOUR HOUR HOUR REFERENCE 

FATHEAD MINNCW 100 FRESH 0.072 0.070 0.062 HENDERSON (34) 

BLUEGILL SUNFISH 100 FRESH 0.120 0.077 0.077 HENDERSON (34) 

GOLDFISH 100 FRESH 0.23 0.23 0.152 HENDERSON (34) 

LEBISTES RETICUL4TUS 100 FRESH 0.20 0.145 0.138 HENDERSON (34) 

STICKLEBACK BRACKISH 0.05 0.045 0.044 KATZ (35) 

STI CKLEBACK SEA 0.066 0.051 0.050 KATZ (35) 

GAMBUSIA AFFINIS 99 FRESH 0.56 0.28 0.13 PRESENT STLDY 

LEBISTES RETICUL4TUS 99 FRESH 0.12 0.075 0.052 PRESENT STUDY 

TIL4PIA MOSSAMBICA 99 FRESH 0.11 0.088 0.057 PRESENT STUDY 

KUHLIA SANDVICENSIS 99 SEA 0.044 0.039 0.036 PRESENT STUDY 

STOLEPHORUS PURPUREUS 99 SEA 0.0038 PRESENT STUDY 

TLm values of the various fishes for phenol, DDT, dieldrin, and lindane. 

In the following discussion, a reference 

that were obtained from other studies to 

number will follow TL values 
m 

distinguish them from those ob-

tained by this project. Figure 6 plots the data in Tables 11 to 14. 

PHENOL. The TL values for phenol are listed in Table 11. Sensitivity 
m 

was judged solely on the TL value without regard for the dilution warn 
ter. 

A comparison of the toxicity of phenol to various fishes indi

cates that Kuhlia sandviaensis is the most sensitive with a 96-hour 

TLm of 11 mg/l. Kuhlia sandviaensis is followed in sensitivity by the 

stickleback, bluegill, and Tilapia mossambiaa with a 96-hour TL of 
m 

19 mg/l. Tilapia mossambiaa, a fish resistant to adverse conditions, is 

more sensitive than Lebistes retiaulatus, which had a 96-hour TL of m 
31 mg/l. The least sensitive fish to phenol seems to be Gambusia affinis. 

Gambusia affinis had a 96-hour TL m of 56 mg/l in Wallen's study (12) as 

compared to 26 mg/l in this project. 

affinis had a higher 24 and 48-hour 

Both studies indicate that Gambusia 

TL than Lebistes retiaulatus. m 

DDT. The studies of Henderson (34) and Katz (35) using the three chlori

nated hydrocarbons, DDT, dieldrin, and'lindane, were used to compare the 
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results of this study. Henderson used fathead minnows, bluegills, gold

fish, and Lebistes retiaulatus test fishes while Katz used stickleback. 

Katz found practically no difference in the stickleback's tolerance 

to toxicity in 5 or 25 ppt chloride. TL values DDT are given in 
m 

Table 12. 

Except for Gambusia affinis, Henderson's results were generally 

higher than those obtained in this study. A point to consider is that 

Henderson used technical grade compound in his test solution which was 

76 percent p, p' DDT active in acetone. No adjustments were made on 

the TL values shown. 
m 

Kuhlia sandviaensis was the most sensitive fish with a 96-hour 

TL of 0.0039 mg/l followed by Lebistes retiaulatus with a 96-hour TL 
m m 

of 0.003 mg/l. Kuhlia sandviaensis was much more sensitive than Lebistes 

retiaulatus during the first 48 hours. The results obtained for Lebistes 

retiau~tus in this project are in sharp contrast to those obtained by 

Henderson whose 96-hour TL was 0.056 mg/l (34), which is the highest of 
m 

all ten fishes. This difference may be attributable to the source of the 

Lebistes retiau~tus. Henderson raised the Lebistes retiau~tus he used 

in the laboratory. Those used in the project reported here were caught 

in streams. In the present study, Ti~pia mossambiaa has about the same 

sensitivity to DDT as Lebistes retiaulatus with similar 24 and 48-hour 

values of TL , but Ti~pia mossambiaa has a greater 96-hour TL (0.007 m m 
mg/l). The stickleback followed with a 96-hour TL of 0.0115 mg/l (35) 

m 
and bluegills and fathead minnows had the highest 96-hour TL of 0.45 

m 
mg/l (34). The least sensitive were goldfish, Lebistes retiau~tus 

(Henderson), and Gambusia affinis. 

aambusia affinis had the highest 24-hour TL of 0.56 mg/l with 
m 

Lesbistes retiaulatus the lowest at 0.135 mg/l (34). The 48-hour 

values were similar with Lebistes retiau~tus having the highest TL • 
m 

Lebistes retiaulatus also had the highest 96-hour TL of 0.056 mg/l m 
(34), followed by goldfish with 0.036 mg/l (34), and Gambusia affinis 

with 0.020 mg/l. 

DIELDRIN. TL values for dieldrin are listed in Table 13. 
m 

The effects 

of dieldrin again showed that fishes adapted to brackish water were more 

sensitive than fresh water fishes. Kuhlia sandviaensis was the most 

sensitive to dieldrin with a 96-hour TL of 0.0019 mg/l. Bluegill was 
m 
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more sensitive to dieldrin than DDT and was next in sensivity after 

Kuhlia sandvicensis with a 96-hour TL of 0.0088 mg/l (34). This was m 
followed by Tilapia mossambica and stickleback having about the same 

sensitivity with a 96-hour TL of 0.010 mg/l and 0.0153 mg/l (35), re-m 
spectively. The Lebistes peticulatus used in this study had about the 

same sensitivity to dieldrin as Tilapia mossambica and stickleback but 

with a slightly higher 24 and 48-hour TL and a 96-hour TL. Fathead m m 
minnows follow after Lebistes peticulatus in sensitivity with a 96-hour 

TL of 0.018 mg/l (35). Lebistes peticulatus~ goldfish, and Gambusia m 
affinis were the least sensitive. Gambusia affinis was the least 

sensitive during the first 48 hours with Lebistes peticulatus being the 

most sensitive of the three with a 96-hour TL of 0.031 mg/l and gold-m 
fish with a 96-hour TL of 0.041 mg/l (34). m 

LINDANE. Lindane is the least toxic of the three chlorinated hydro-

carbons tested with DDT slightly more toxic than dieldrin. 

for lindane are listed in Table 14. 

TL values m 

The fish most sensitive to lindane was Kuhlia sandvicensis with a 

96-hour TL of 0.036 mg/l, followed by stickleback, Lebistes peticulatus m 
(in this study), and Tilapia mossambica. The sensitivity of stickleback 

was about twice that of the other two fishes during the first 24 hours 

but all three showed similar levels fer the 96-hour TL with stickleback m 
at 0.044 mg/l (35), Lebistes peticulatus at 0.052 mg/l, and Tilapia 

mossambica at 0.051 mg/l. Fathead minnow and bluegill were next in 

sensitivity with a 96-hour TL of 0.062 mg/l (22) and 0.077 mg/l (34), m 
respectively. The least sensitive fishes are Lebistes peticulatus 

(Henderson), goldfish, and Gambusia affinis. Their sensitivity varies 

during the first 48 hours but the 96-hour TL values for all three were m 
similar with Gambusia affinis having a 96-hour TL of 0.13 mg/l and m 
0.138 mg/l (34) and 0.152 mg/l (34) for Lebistes peticulatus and goldfish, 

respectively. 

CONCLUSIONS 

This study provides a relative comparison between several common 

tropical fishes inhabiting the southern section of the U.S. when they 

are exposed to toxic compounds with well established TL values. m 



The species tested in the study are suited to the warmer sections 

of the central states, Southern Texas, Florida, and Hawaii. 

3S 

The 24, 48, and 96-hour TL for phenol, DDT, dieldrin, and lindane m 
for the species of fishes studied were obtained by modifications of 

the bioassay procedures described in Standard Methods. Gambusia affinis 

was the least sensitive fish in comparison with the other four fishes 

tested. Lebistes retiauZatus and TiZapia mossambiaa were found to have 

the same sensitivity for DDT, dieldrin, and lindane with Lebistes reti

auZatus having a higher sensitivity to phenol. KuhZia sandviaensis 

and StoZephorus purpureus were found to be the most sensitive to all 

the toxic agents tested. 
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