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ABSTRACT

Forty-six commerclally-important dyes were tested by bioassays,
employing dye cbncema/téom up Lo 180 mg/L; 96 hn Tlso was determined.
Static bloassays were conducted with {athead minnows (Pimephales
promefas). The TLey for 29 dyes was in excess of 180 mg/L; fon 3 dyes,
between 100~180 mg/L; gorn 14 dyes, at Less than 100 mg/L. The most
toxic dyes were Basic VioLet 1 [methyl viofet), 0.047 mg/L; Basdic Green
4 (malach@te gheen), 0.12 mg/L; Dispernse BLue 3, 1 mg/L; Basic Yellow
11, 3.2 mg/L; Basic BLue 3, 4 mg/; Acid Blue 113, 4 mg/&; Basic Brown
4, 5.6 mg/l; Morndant Black 11, 6 mg/L; Acid Green 25, 6.2 mg/&; and
Acid Black 52, 7 mg/L.
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INTRODUCTION

Man's use of dyes dates back to the Stone Age or earlier, and by
3C00 B.C. the dyeing industry was well developed in Egypt, Mesopotamia,
and India. The first synthesis of an organic dye was achieved in 1771
and since that time hundreds of new ones have been added to the dyer's
repertoire.

Despite the long history of dyes and dyeing, little is known of
the effects of dyes on living organisms. In 1970, the American Dye
Manufacturer's Institute, Inc. initiated a number of research projects
to evaluate the toxicity of dyes on selected organisms representative
of receiving stream biota. In June, 1971, the UNC Wastewater Research
Center began a study of the toxicity to fish and algae of 46 widely used
dyes. This report presents results of acute toxicity bicassay studies

with the fathead minnow, Pimephales promelas.




MATERIALS AND METHODS

The testing procedure was designed to adhere closely to the static

bioassay described in thirteenth edition of Standard Methods for the

Examination of Water and Wastewater (APHA et al. 1971). That procedure

permits considerable flexibility and specific materials and methods
employed in these tests are presented below.

The static bioassay method to evaluate toxicity has been criti-
cized because it does not take into account many aspects of this ques-
tion and more complex alternate methods have been suggested to overcome

some of the difficulties (Standard Methods, APHA et al. 1971). Never-

theless, this type of bioassay has been, and will probably continue to
be, widely used because of its relative simplicity and economy.

A major objection to reported fish bioassay results in general is
that seldom has sufficient information been published on the test
organism, dilution water and test conditions (Cairns, 1969; Kemp,
Abrams, and Overbeck, 1971). A special effort has been made to avoid
‘this criticism by preparing a data sheet designed to include all per-
tinent information for each test. The data sheet for each dye tested

is reproduced in the Appendix.

Test Fish

The fathead minnow, Pimephales promelas, was selected from a list

of recommended species prepared by Dr. D. I. Mount of the National
Water Quality Laboratory (reported in Cairns, 1969). This species has
been widely used in fish bidaSsay studies, proved adaptable to Tabo-

ratory conditions, and was readily available 1océ11y. Test fish were



~-3-
obtained from Berry Water Gardens and from Windmill Fish Hatcheries,
both located in Kernersville, Horth Carolina.

New shipments of fish were rcutinely exposed on arrival to the
broad-spectrum antibiotic tetracyciine HCI (Tetrache]R, Racheile
Laboratories, Inc., Long Beach, California) at a dose of 50 mg per
gallon of water for 24-48 hours. Such treatment is necessary to prevent
introduction into the stock tank of diseases from fishery stock or
from fish damaged in shipment {Innes, 1966). Aureomycin (chlortetra-
cycline) and related compounds are now commonly used for treatment
{Innes, 1966). Prior to development of antibiotics brief exposure
to bactercidal and fungicidal dyes, including malachite green, was
practiced (Lewis, 1963). This use of malachite green is further de-
scribed on page 14.

Upon any evidence of disease in the stock tanks, the tetracycline
treatment was repeated.

Fish used in full-scale bioassay tests were maintained in a 250-
gallon polyethylene tank equipped with aeration devices. Water was
renewed continuously by introduction of fresh tap water from the
City of Chapel Hill, pretreated to remove chlorine and organic carbon
(see below). A thermostatic device prevented the temperature from
dropping below 140 C.

Fish were acclimatized to test temperature and the experimental
dilution water for a minimum of ten days before testing. -They were
fed 5-7 times per week with protein-enriched commercial fish food. For
48 hours prior to testing, the fish Qere starved, as customary in sta-

tic tests to reduce the amount of waste materials generated by them in
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the test container. The wastes would stimulate bacterial growth and
lead to increased oxygen consumption and, in addition, might more direct-
ly affect test results by reacting chemically with the material being

tested.

Experimental Di]ution Water

The purpose of the biocassays was not to evaluate the effect of dye
waste discharges on fish native to some specific receiving stream, but,
instead, to evaluate the effects of a large number of dyes on one fish
species. Since reproducibility and general application of the results
were desired, experimental dilution water of constant quality was essen-
tial. To obtain such water, Chapel Hill tap water was dechlorinated
and filtered by passage through an activated carbon--sand filter system
(Carbo-Dur and coarse sand system, Permutit Water Conditioning, Inc.).

The water was analyzed according to Standard Methods (APHA et al. 1971)

before each test series, as shown in the Appendix. Its average chemi-

cal and physical characteristics are shown in Table I.

TABLE I. CHARACTERISTICS OF
EXPERIMENTAL DILUTION WATER

Parameter Range Median
pH 6.6-7.1 6.8
Total crganic carbon, mg/1 2-34 4
Fe, mg/1 <0.01-0.63 <0.02
Al, mg/1 <1.0 <1.0
Mg, mg/1 0.53-1.6 1.4
Ca, mg/1 . 5.1-8.7 - 8.5
Total dissolved solids, mg/1 ) . 85-138 121
Turbidity, JTU " 0-2 0

Total alkalinity as CaC0g, mg/1 19-32 27




Dyes
Dyes to be tested were supplied by ADMI in June and July, 1971.

The 46 dyes represented composites from a number of manufacturers (see
Appendix). Table II presents the color index number and name, and
common names for each of the 46 dyes (Lillie, 1969; Salle, 1967;
Society of Dyers and Colorists, 1956-58). Current commercial names
are available from the annual AATCC publication Products/73 or from
the Color Index.

Dyes supplied as liquids were initially stored at ca. 20° ¢ and
subsequently refrigerated. Dry powders were stored in the dark at ca.
200 C. ATl were stored in the containers in which they were received.

Concentrations of dyes are expressed in terms of milligrams per
liter (mg/1) of the dye. For dyes supplied as dry powders, the weight
is that of the powder; no attempt was made to determine the concentra-
tion of trace and inert materials. For dyes supplied as liquid solu-
tions or suspensions, the weight of the dye was calculated from infor-
mation supplied by ADMI. For example, for a 15% (by weight) dispersion
of Disperse Yellow in 15% Reax, the weight is calculated on the basis
of the 15% dye.

mg/1 dye = mg/1 of 15% solution added X 0.15

For both 1liquid and dry dye preparations, test solutions were

prepared by weighing out the appropriate dye on an analytical balance

(Mettler P 1200 or H20T).
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TABLE II. INFORMATION ON 46 DYES
SELECTED FOR FISH BIOASSAY STUDIES

Color Index HName

Nitroso and Nitro Dyes and Indicators

10338
11000-19990

Disperse Yellow 42

Monoazo Dyes and Indicators

11855
14645
15510
15711
18565
19555

20000-35930

Disperse Yeilow 3
Mordant Black 11

Acid Orange 7 (Orange II)
Acid Black 52

Acid Yellow 17

Direct Yellow 28

Diazo and Polyazo Dyes

20170
20470
21010
22610
24401
24390
24335
25135
26360
28160
25025
29160
30145
30235
31600

40000-44990

Acid Orange 24

Acid Black 1

Basic Brown 4 (Bismarck Brown)
Direct Blue 6

Direct Blue 218

Direct Yellow 4

Direct Yellow 12 (Chrysophenine)
Acid Yellow 38

Acid Blue 113

Direct Red 81

Direct Yellow 50

Direct Red 23

Direct Brown 95

Direct Black 38

Direct Black 80

Stilbene, Di- and Triarylmethane Dyes and Indicators

40C00
40622
42300
42535

47366-47999

Direct Yellow 11

Fluorescent Brightening Agent 28
Basic Green 4 (Malachite Green)
Basic Violet 1 (Methyl Violet)

Quinoline Dyes, Fluorochromes, and Indicators

47020
48000-49990

Disperse Yellow 54

Polymethene, Thiazol, Indomine, and Indophenol Dyes

48055

Basic Yellow 11




C.1. # Color Index Name

50000-52990 Azin, Oxazin and Thiazin Dyes

51005 Basic Blue 3

53000-Dyes from Natural Products and Organic Wastes

53185 .Sulfur Black 1
53630 Vat Blue 43

57000~-74590 Hydroxyketone, Anthraguinone, Indigo, and Other Dyes

59105 Vat Orange 1
61505 Disperse Blue 3
61570 Acid Green 25
62055 Acid Blue 25
62500 Disperse Blue 7
63010 Acid Blue 45
67300 Vat Yellow 2
69015 Vat Brown 3
69500 Vat Green 3
69825 Vat Blue 6
74180 Direct Blue 86

Temperature for Tests

Temperature is known to affect response of fish to toxic materi-
als (Alabaster, 1969; Cairns et al. 1971; Warren, 1971; Weiss and
Botts, 1957). The testing laboratory was equipped with air condition-
ing, thermostatically-controlled heaters, and circulating fans in
order to maintain constant (= 2° ¢) temperature. Although average
water temperature in the various test series varied from 15 to
200 C, within any given test the temperature range did not exceed

+ 29 ¢, as specified in Standard Methods (1971). Temperature was

measured at the beginning, middle and end of the 96-hour exposure peri-
od with a thermistor probe (Yellow Springs Instrument Co.) or a common
laboratory thermometer. Ambient température in the laboratory was

monitored continuously with a recording thermometer (Tempscribe).
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Dissolved Oxygen Content and Aeration of Test Solutions

Dissolved oxygen (DO) is required by fish for survival. Also D0
is a factor in response of fish to toxic materials (Warren, 1971; Weiss

and Botts, 1957). Standard Methods (1971) states that the DO should

not drop below 5 mg/1 in fish bioassay tests. However, fish can toler-
ate oxygen concentrations well below 3 mg/1, especially when maintained
under laboratory conditions with restricted feeding (Doudoroff and
Shumway, 1967).
Aeration of test solutions during static fish biocassay tests is
not recommended if there is a possibility that such aeration may
affect toxicity by accelerating loss of volatile materials. In order
to avoid loss of components and yet maintain a safe dissolved oxygen
level the following steps were taken:
(1) No feeding of fish was allowed during the test period
(2) Fish were starved for 48 hours prior to testing
(3) The experimental dilution water was allowed to equili-
brate with the atmosphere prior to testing
(4) Deéd fish were removed as soon as observed
(5) Aeration with compressed air was employed for only 5
minutes per jar after 48 hours of testing.
Dissolved oxygen concentration was measured initially and at 48~
hour intervals during tests, using a pclarographic oxygen analyzer

(Yellow Springs Instrument Company).

pH Determination

pH was determined at the beginning, middle and end of the 96-hour

exposure with a Leeds & MNorthrup pH meter equipped with combination
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probe and expanded scale. No attempt was made to control pH during

these tests; however, little variation in pH was noted.

Test Concentrations and Procedures

Small-scale exploratory bioassays were conducted to determine the
range of concentrations to be tested in full-scale tests. For small
scale tests, solutions were prepared with the following concentra-
tions: 0.01, 0.1, 1.0, 10, and 100 mg/1. A test volume of 3.5 liters
and 2-3 fish per container were used.

Based on results of small scale bioassays a full-scale test range
was chosen, the concentrations falling between the highest concentra-
tion at which all fish survived and the Towest concentration at which
all or most of the fish died. An exception was made for dyes in which
all fish survived at 100 mg/1. In such cases 180 mg/1 was highest
concentration tested in the full-scale tests. It was assumed that
higher concentrations were unrealistic and not likely to be encountered
in streams receiving dye wastes.

In full-scale tests the TL, was determined by testing a séries
of five concentrations, to enable more precise estimation. The series,

chosen from Standard Methods (APHA et al. 1971), is based on progres-

sive bisection of intervals on the logarithmic scale, i.e., 1.0, 1.8,
3.2, 5.6, and 10.0 mg/1, multiplied or divided as necessary by any power
of 10.. These values are evenly spaced when plotted on a logarithmic
scale, |

In each test series, control\tests'were conducted concurrently
with the experimental dilution water alone. No more than 10% mortality

occurred among control fish during the tests.
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In most instances, 10 fish vere used to test each experimental
concentraticn, In some cases the number varied from 9 to 20 because
of difficulties incurred by reduced visibility in solutions of high
dye concentration.

Test containers were 5-gallon wide-mouth glass jars (Smith Con-
tainer Corporation, Charlotte, N. C.), 25 cm (d) x 47 cm (h) and con-
tained 15 liters of test solution. They were washed thoroughly with
a cleaning solution (Micro, International Products Corporation), found
to be effective in removing dyes. After washing, they were rinsed
thoroughly with tap water, with acetone (if necessary), and finally with
distilled water. During tests, the mouth of each container was covered
with cheesecloth secured with a rubber band to prevent fish from
jumping out of the container.

Fish were transferred from the stock tank to test containers with
small-mesh dip nets or with wet hands.

In the stock tank fish were fed regularly (3-7 times per week).
Fish were not fed for 48 hours prior to testing, nor for the duration

of the tests.

Test Duration and Observations

Duration of all tests was 96 hours and fish were observed at 24-
hour intervals. Any abncrmal behaviour, number of dead fish, changes
in appearance of test solution, etc., were noted. As soon as observed,
dead fish were removed, weighed, and measured. At the end of the test,
remaining fish were weighed and' measured. Weighing and measuring of
fish after, rather than before the test; reduced excessive handling

which could have damaged or made them more susceptible to toxic compounds.



RESULTS AND DISCUSSION

Effects of the 46 dyes on fathead minnows were determined in 96~
hour static bioassays at concentrations up to 180 mg/1. The TLg,, the
concentration at which 50% of the experimental animals survive, was
estimated By interpolation after plotting percentages of fish sur-
viving at each concentration on semilogarithmic coordinate paper.
Concentration was plotted on the logarithmic axis and percentage sur-
vival on the arithmetic axis, as shown for each dye on data sheets
in the Appendix. To facilitate precise estimation of TL.,, the values
reported actually were determined from larger graphs on high quality
semilogarithmic paper, rather than directly on the data sheets.

A complete Tisting of the data is shown in Table III. The TLs,
values for 29 dyes were higher than 180 mg/1; 3 others fell between
100 and 180 mg/1; and the remaining 14 were lower than 100 mg/1. The
most toxic dyes were Basic Violet 1 (methyl violet), with a TLsoof
0.047 mg/1; Basic Green 4 (malachite green), and 0.12 mg/1; Disperse
Blue 3, 1 mg/1; Basic Ye]]ow 11, 3.2 mg/1; Basic Blue 3, 4 mg/1; Acid
Blue 113, 4 mg/1; Basic Brown 4, 5.6 mg/1; Mordant Black 11, 6 mg/1;
Acid Green 25, 6.2 mg/1; and Acid Black 52, 7 mg/1.

The two most toxic compounds, Basic Violet 1 and Basic Green 4,
are triphenylmethane dyes. Malachite green (Basic Green 4) Tong has
been used as a therapeutic fungicidal compound for fish (Innes, 1966;
Lewis, 1963; Willford, 1966). It is an effective drug at appropriate
concentrations, but is known to be thic at higher concentrations.
Willford (1966) tested 22 therapeutic éompounds using six fishes (rain-

bow trout, brown trout, brook trout, l1ake trout, bluegills, and channel



TABLE III
EFFECT OF 46 SELECTED DYES ON THE FATHEAD MINNOW,
PIMEPHALES PROMELAS, IN STATIC BIDASSAY TESTS

Temp.

C.I.# Dye TLeg, 96-hr., mg/1 0 ¢
10338 Disperse Yellow 42 >180 15
11855 Disperse Yellow 3 >130 15
14645 Mordant Black 11 6 15
15510 Acid Orange 7 165 17
15711 Acid Black 52 7 15
18965 Acid Yellow 17 >180 17
19555 Direct Yellow 28 >130 15
20170 Acid Orange 24 130 17
20470 Acid Black 1 >130 15
21010 Basic Brown 4 5.6 20
22610 Direct Blue 6 >180 17
24401 Direct Blue 218 >180 17
24890 Direct Yellow 4 >180 15
24895 Direct Yellow 12 125 15
25135 Acid Yellow 38 23 15
26360 Acid Blue 113 4 15
28160 Direct Red 81 >180 17
29025 Direct Yellow 50 >180 17
29160 Direct Red 23 >180 17
20145 Direct Brown 95 >180 17
30235 Direct Black 38 >130 17
31600 Direct Black 80 >180 17
40000 Direct Yellow 11 >180 17
40622 Fluorescent Brightening Agent 28 >180 17
42000 Basic Green 4 0.12 18
42535 Basic Violet 1 0.047 15
47020 Disperse Yellow 54 >180 15
48055 Basic Yellow 11 3.2 18
51005 Basic Blue 3 4 15
53185 Sulfur Black 1 >180 15
53630 Vat Blue 43 >180 15
53105 Vat Orange 1 >180 15
59825 " Vat Green 1 >180 15
61505 Disperse Blue 3 1 15
61570 Acid Green 25 6.2 18
62055 Acid Blue 25 12 15
62500 Disperse Blue 7 52 15
53010 Acid Blue 45 >180 - 15
67300 Vat Yellow 2 >180 15
69015 Vat Brown 3 . >180 15
69500 Vat Green 3 ) . >180 15
69825 Vat Blue 6 ' >180 15
74180 Direct Blue 86 >180 17

Acid Yellow 151 29 15

Disperse Red 60 >180 15

Direct Yellow 106 >180 17
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catfish) and found malachite green to be the most toxic, with a Tlg,
of 0.1-0.4 mg/1. He concluded that there was risk associated with
long term treatment with malachite green at concentrations in excess
of 0.11 mg/1. Lanzing (1965) stated that there was not significant
difference in the oxalate and chloride forms of malachits green in
regard to toxicity to whiting. In a recent survey of literature on
effects of chemicals on aquatic 1ife, numerous instances of mala-
chite green toxicity to fish are cited, including:

(1) for rainbow trout, 18-day TLg, = 0.048 mg/1

(2) for rainbow trout, 2-5-day TLo, = 0.122 mg/1

(3) for channel catfish, 2-day TL50 0.14 mg/1 (Kemp,
Abrams, and Overbeck, 1971).

Malachite green has also been used as a bacteriostatic and amebi-
cidic -agent (Lillie, 1969). Indeed, the triphenylmethane dyes, as a
group, affect the viability of bacteria (Albert, 1968; Salle, 1967)
and, depending on concentration, may be bacteriostatic or bacterici-
dal. Their relationship of concentration to toxicity is somewhat un-
usual. At Tow concentrations of crystal violet, bacteria show a non-
logarithmic survivor curve, but at higher concentrations the survival
curve is logarithmic in proportion to dye concentration (Hoffman
and Rahn, 1944).

The antibacterial activity of triphenylmethane dyes is attributed
to their cationic nature. It is suggested that the activity is due
to "a reaction of the cation with some anionic groups of bacteria to
give fully dissociated comp]exes‘\l (Albert, 1968). Albert (1968) and

co-workers showed that a quantitative relationship exists between




-14-
antibacterial action and ionization as cations in the acridine series.
He also cites work by Goldacre and Phillips indicating strong corre-
lation between ionization and antibacterial activity of the triphenyl-
methane dyes, Doebner's violet, malachite green, and brilliant green.
He points out the dependence of jonization, and thus of antibacterial
activity, on presence of chemically inert groups in the dye molecule.

No information has been found in the literature concerning the
effect of Basic Violet 1 on fish., However, gentian violet, a similar
dye, is used as a therapeutic agent for fish (Innes, 1966) and is an
antibacterial agent.

The biological effects of Disperse Blue 3, Basic Yellow 11, Basic
Blue 3, Acid Blue 113, Basic Brown 4, Mordant Black 11, Acid Green
25, and Acid Black 52 evidently are unknown.

In this studg‘a substantial amount of time was devoted to seeking
correlations between dye structure and toxicity to fish. These corre-
lations are difficult to find, but several observations appear to be
appropriate:

(1) None of the direct or vat dyes were toxic and most dis-
perse dyes were not.

(2) Mordant Black 11 and Acid Black 52, similar to each
other in structure, had similar TLg, values (6 and 7
mg/1, respectively).

(3) The triphenylmethane dyes were the most toxic of those
tested. The triamihopheny}methane, Basic Violet 1, was

toxic at a lower concentration than was the diaminopheny]—

methane, Basic Green 4.
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(4) In the diaminoanthraquinone group, degree of toxicity
appeared to be related to amount of substitution.

Since there were ten anthragquinone dyes in the group supplied by
ADMI, it was possible to éxamine in some detail the relationship of
anthraquinone structure to fish toxicity. Table IV shows the basic
structure of aminoanthraquinones, the structure of several anthraqui-
none dyes tested in these experiments, and the TLg, for each dye.

The amino groups present in aminoanthraquinone dyes vary in
basicity. A methyl group attached to nitrogen, making a secondary
amine, tends to strengthen the basicity; addition of a methyl group to
a carbon atom also strengthens a base (Albert, 1968). Note in Table
IV that the most toxic dye, Disperse Blue 3, has a methyl substi-
tuent on one amine group; that another toxic dye, Acid Green 25, has
substitutions with methyl groups attached to carbon. Acid Blue 25 and
Disperse Blue 7 have carbon-containing substituents on one or both
amino grbups.

The simple aminoanthraquinone dyes with no methyl or other carbon-
containing substituents on the amino groups appeared to be harmless to
fish, with TL50 values in excess of 180 mg/1. Included in this catego-
ry are Acid Blue 45, a diaminoanthraquinone with cone amino group on
ring III and the second on ring I, and Disperse Red 60, with a sfng]e
amino group.

The complex aminoanthraquinone dyes (Vat Brown 3, Vat Green 3,

Vat Blue 6, and Vat Yellow 2) all.had TLg, values greater than 180 mg/1.

In order to define the relationship of anthraquinone structure and

to determine whether degree of substitution into the basic structure
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TABLE IV. ANTHRAQUINONE STRUCTURE AND FISH TOXICITY

0 NH-R
N /
0 NH-R'
Primary Structure
TL 505
Dye R R' 1 IT TIII mg/ 1
(1) Disperse Blue 3 CH3 CHoCHoOH -- -- -- 1
. NaO NaOb
(2) Acid Green 25 bCH3 CH3 - - -- 6.2
(3) Acid Blue 25 H - - -- SOgNa 12

(4) Disperse Blue 7 C,H,0H C,H40H OH,0H -- -- 52
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or type of substitution is the more important factor, it would be
necessary to examine compounds with the following structures:

(1) diaminoanthraquinone, both amino groups on same ring

0 NH»

0 NHy

(2) diamincanthraquinones, both amino groups on same ring,

methylated
0 NH-CHj 0 NHCH3
0 NH, 0 NHCH,

Overall, it may be concluded that the cationic dyes are the most
Tikely to be toxic. This is not surprising, as it has been known
since the 1920's that many organic cations are effective antibacterial
agents. Indeed, much of the early work on antibacterial activity of
organic cations involved the triphenylmethane dyes and the aminoacri-
dines (Albert, 1968).

In view of this conclusion, it should be stressed that pH may
affect toxicity by influencing degree of ionization of the dye and
degree of ionization of its site of action on the test organism. In
studies performed for ADMI, in which only dye samples and clean water
were used, the pH remained near neutrality. If; in actual practice,

dyes were discharged in conjunction with acid or alkaline materials
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which would substantially change the pH, the toxic effect could be
markedly changed. Commonly, however, dye waste streams receive primary
and biological (secondary) treatment. As biological treatment demands
a nearly neutral pH for effectiveness and since discharge of strongly
acid or alkaline wastes to streams is not generally permitted, it

would appear that marked variations in pH would not be expected.



SIGNIFICANCE OF STUDIES AND SUGGESTIONS
FOR FURTHER RESEARCH

A 1936 "state-of-the-art" survey of textile waste treatment
described dye wastes as large in volume, high in color and, in
many instances, toxic (Geyer and Perry, 1936). Sulfur dyes and aniline
black dyes were especially incriminated for their effects on sewage
treatment plant and receiving stream biota. More than 25 years later
another review of toxic effects of dyes concluded

"Despite the fact that dyes are used extensively in

industry and despite the fact that numerous refer-

ences state that dyes are toxic substances, relatively

few specific references dealing with the toxicity of

dyes were uncovered in this survey." (McKee and Wolfe, 1963).

Today, nearly a decade since that review, the same statement
may be made again, as evidenced in the review of Kemp et al (1971)
and Harrison and Bryan (1971).

The research described in this report constitutes the first ex-
tensive study of effects of dyes on fish. The 46 samples which were
used in short-term static bioassays were selected and especially pre-
pared, by members of ADMI, to be representative of widely-used groups
of dyes.

The data indicate that many dyes should present no practical
problem from the point of view of Foxicity to fish because their‘
threshold values are far above conceﬁtrations which cou]d be accept-

able in streams, considering regulatory limitations on colors. On the .
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other hand, data for others suggest the possibility of environmental
problems relating to fish toxicity. These include dyes for which the
observed TLsy concentrations, reduced by customary “application fac-
tors" to yield probable safe levels, result in concentrations below
those which would cause objectionable color in streams. With these,

it is possible that toxicity to fish could be a problem, even at concen-
trations lower than those deemed objectionable in the stream for reasons
of appearance.

Wastewaters containing dyes may pass into the environment in prac-
tice via municipal sewerage systems or through direct discharge to
streams by industries using them. In either event, pollution control
regulations today require that virtually all wastewaters discharged by
either route must be subjected to specified types of treatment before
reaching the stream. In many instances, the dye may be removed by a
wastewater treatment process or modified td produce a less toxic form.
This might be accomplished through attachment of the dye to suspended
materials removed during primary treatment or to growths developed in
the biological system. This is reasonable to anticipate as a possibility
because some of the dyes with relatively low TLso values have been used
as biological stains because of strong tendencies to combine with cell
materials.

In view of this situation, it is logical to anticipate the tox-
jcity of some of the dyes could be substantially less in practice
than suggested by the rather simplistic tests conducted during these

preliminary investigations. It is recommended that further studies
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be undertaken of those dyes showing significant toxicity in the pre-
liminary tests. The procedure could be based on mixture of the dye
with municipal sewage and treatment of the blend by a sequence of
processes which reasonably could be Found in a practical system.
Influent and treated effluent could be subjected to determination
of TLgy to find "before" and "after" toxicity to fish.

A proposal has been submitted to ADMI outlining those proposed

investigations in more detail.
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APPENDIX A

Dye Sample Preparation for ADMI Study

he samples of dyes provided by the ADMI for environmental studies are
11 composite samples from a variety of manufacturers. Following is a
escription of how the samples were prepared.

he 1ist of dyes selected for evaluation was circulated to the member
ompanies of ADMI with an invitation to provide as many as possible of
ne dyes on the 1ist before a deadline date. The instructions provided
he manufacturers asked that the Acid, Basic, Direct, Mordant Black 11
nd Fluorescent Brightening Agent 28 samples be dried and ground concen-
rate with no additives present; the Disperse and Vat samples be finished,
ot presscake with no additives present and that the Sulfur Black 1 be
olution with no additives present. The presscakes of dyes as produced
n ordinary manufacture vary considerably with respect to moisture con-
ant and are filtered from solutions that contain amounts of salts,
specially sodium chloride and sodium sulfate, that vary from almost
one to saturated. For this reascn the organic dye content of dried
resscake will vary from about 130% to about 50% in the case of very wet
i3stes taken from saturated salt solutions.

e samples collected by the manufacturers were then sent to designated
>1lecting points as follows:

Acid and Basic dyes - GAF

Direct, Mordant and F1. Brightening - Verona
Vat and Sulfur dyes - Sodyeco

Disperse dyes - DuPont.

jual quantities from each of the collected samples of the Acid, Basic,
irect, Mordant and Fluorescent Brightening Agent were found and blended
) provide the samples used for study.

jual quantities of the vat dye pastes were mixed together and an amount

" Tamol SN (dispersing agent) equal to the weight of the active ingredi-

1t of dye was added. The mixture was then milled to provide a reasonable
spersion to contain 15% active ingredient (dye) and 15% Tamol SH. This

rterial was used to provide the samples for study.

e disperse dye samples were prepared in the same manner as the vat dye
mples excepting that Reax 85A was used for the dispersing agent.

ax 85A is a lignin sulfonate and Tamol SH is a condensed naphthalene
i1fonic acid. Samples of the same lot of materials used to make the
spersions for study have been retained.

rtions of the blended dye sampies .as provided for study have been
tained for possible future use.

/6/71 Correspondence from R.H. HORNING, Dyes and Chemicals Division,
Crompton & Knowles Corporation, Reading, Pennsylvania.
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Dye formula

1. Testdye Disperse Yellow 42 C.1.No.__ 10338 Date testeg 930 6-10, 1972
Supplier ADMI Form supplied D1SPersion of 157 (wt) with Reax 83-A (15%)

Conditions of storage Aliquot refrigerated in glass container

Fathead minnow (Pimephales promelas)

!J

Test fish
Supplier Windmill Fish Hatcheries, KernersvilMgnver perjar _10-11

Avg; wt..g_'i_ g. range, 1.0 to_ 4.3 g. Avg. length 6.5  om: range, 4.4 4, 8.0 cm.
3. Test jars: Material __QML____; capacity 19 I: dimensions — 29 em(d) x __ﬂ_______cm(h).
4. Dilution water __Charcoal and sand filtered Chapel Hill tap water

Volume per jar _15_1: depthinjar 30 cm: pH 6.6 _: TOC_C mgfl; Fe__<0,02 mg/l;

Al_<0.1 mg/l: Mg_].ﬁ___ mg/l: Ca_8.5 _____ mg/l: total dissolved solids 168 mg/l;

turbidity 0 JTU: total alkalinity __27 __ mg/! as CaCO3.

5. Procedure: Static

6. Test conditions: Temperature ___ 15 C: range during test, 14.0 to _17.2 C. Initial

dissolved oxygen 7.4-7.8 mg/l. range during test, __1.7 to 7.8 mgil.  Initial pH 2.1~2.9___;

.range duringtest, . 6.6 w0 __7.9_ .. (Aerated 5 min each at 48 hr.)
7. 96-hour TLso: — >180_ _ mg/l.
1000
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Concentration of Dye (mg/1)
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Maintained in plastic stock tank receiving

Acclimation of fish _Fish received 12/13/71,

constant flow of charcoal and sand filtered Chapel Hjll tap water, 14.5-18.5 C.

Treated with tetracycline H €} on 12/13

Pretreatment of fish

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24hr. 48 hr. 72 hr. 96 hr.
0 11 11 11 11 1
18 10 10 10 10 10
32 10 10 10 10 10
56 10 10 10 10 10
100 10 10 10 10 10
180 10 10 10 10 10
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH DO (mg/l) | pH DO (mg/1) pH DO (mg/l)
0 701 7.6 - 3.0 6.6 3.]
18 7.2 7.5 - 3.5 6.8 2.1
32 7.4 7.4 - 2.7 6.8 2.0
56 7.4 7.7 - 2.2 7.0 2.4
100 7.5 7.7 - 1.9 6.9 1.7
180 7.9 7.8 - 1.8 6.9 1.7

Observations on behavior of fish during the tests:

Fish dyed faint yellow at 180 mg/1,

tish bioassay tests were conducted according to procedures*described in Standard Methods for the Examination of Water and Was{ewa!er.
13th ed., APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows:

Principies and application of fish bioassay tests: “‘Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
vatiables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In a binassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controiled conditions,”

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions, . . . The 48-hr and 96-hr TLsg values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nontethai impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota.”
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Dye formula

1. Test dye Disperse Yellow 3 C.1 No. 11855 Date tested _9an. 6-10, 1972
Supptier ___ ADMI Form supplied D1Spersion of 15% (wt) with Reax 83-A (15%)

Conditions of storage _A11quot _refrigerated in glass container

2. Test fish _Fathead minnow (Pimephales promelas)

Supplier _Windmill Fish Hatcheries, KernersvNubber per jar ____10-11

Avg. wt. 2.1 g. range, 1.0 4 _3.7 g. Avg. length 6.3 cm; range,4-9 to_2.6  cm.
3. Testjars: Material ___91ass . capacity 19 I; dimensions __25 em(d)x 47 cm(h).

4. Dilution water __Charcoal and sand filtered Chapel Hill tap water

Volume per jar 15 y; depth in jar 230 om; pH _6.6 ; TOC 6 mg/l; Fe __<0,02 mg/l:
Al <0.1 mg/; Mg 1.4 mg/l: Ca_8.5 _ mg/l: total dissolved solids 108 mg/l;
turbidity —Q  JTU: total alkalinity 27 ___ mg/l as CaCO3.
S. Procedure: Static
6. Test conditions: Temperature __15 ___ C; range during test, 14.3 to 16.3 C. Initial
dissolved oxygen Z__3.-_7__§ mg/l; range during test, 1.6 to 7.6 mg/l.  Initial pH % :
range during test, 66 to 7.8  (Aerated 5 min each at 42 hr)
7. 96-hour TLs30: &___ mg/l.
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Acclimation of fish Fish received 12/13/71. Maintained in plastic stock tank receiving

constant flow of charcoal and sand filtered Chapel Hill tap water, 14.5-18.5 C.

Pretreatment of fish _1reated with tetracycline H Cl on 12/13,

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/t fish 24 hr. 48 hr. 72 hr. 96 hr.
0 1 11 11 11 11
18 10 10 10 10 10
32 10 10 10 10 10
56 10 10 10 10 10
100 10 16 10 10 10
180 10 10 10 10 9
TEST CONDITIONS
Dve Concentration 0 hr. 48 hr. 96 hr.
mg/1 pH DO (mg/l) | pH DO (mg/l) pH DO (mg/1)
0 7.1 7.6 - 3.0 6.6 3.1
18 7.3 7.4 - 2.5 6.8 2.7
32 7.4 7.5 - 3.0 .3 2.1
56 7.4 7.3 - 3.4 €.8 1.8
100 7.6 7.4 - 4.0 6.9 2.0
180 7.8 7.5 - 3.1 6.9 1.6

Observations on behavior of fish during the tests: Fish dyed yellow. Yellow droppings were observed

in containers.

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N. Y. (1971) The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bicassay tests: “‘Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water .
pollution control authorities. In a bicassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions."

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. . . . The 48-hr and 96-hr TLsq values provide useful measures of the
rglanvc acute lethal.wxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower conventralions may cause nonfethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disedse, reproductive capacity or ability to compete with other species of the biota.”

=




I UNC WASTEWATER |

FISH BIOASSAY TESTS

l RESEARCH CENTER l

Ot 1o

Xu():,.\'8< N=N -@

0.\
Dye formula
1. Test dye Mordant Black 11 C. 1. No. 14645 Date tested M]_Z___
Supplier ADMI Form supplied Dry powder

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT

Conditions of storage

Stored at c¢. 20 C in dark

Fathead Minnow (Pimephales promelas)

2. Test fish
Supplier_Windmill Fish Hatcheries Number per jar 10
Avg. wt. 2.5 g, range, 1.14 0 _5.37 g Avg. length _6.6  cm; range, 5.100_8.20  ¢m.
3. Test jars: Material __G:I.@_S.S—_; capacity 19 1; dimensions 25 cm(d) x 47 cm(h).
4. Dilution water _Charcoal-sand filtered Chapel Hill tap water
Volume per jarJ_E_l; depthinjar _30  cm; pH 6.9 ;TOC_2 mg/l; Fe <Q.2 mg/l;
Al <0.5 mg/l; Mg 1.2 mg/l; Ca_g_;z_ mg/l; total dissolved solids 129 mg/l;
turbidity 0 JTU; total alkalinity _ 30 mg/1 as CaCO3.
5. Procedure: Static
6. Test conditions: Temperature 15 C; range during test, 15.0 to 17.1 C. Initial
dissolved oxygen 6.6-7.1 mg/l; range during test, __2.2 to 7.1 mg/l.  Initial pH 6.9-7.0 .
range during test, 6.2 to 7.0 . (Aerated for 5 min each at 48 hr)
7. 96-hour TLs(: 6 mg/l.
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Acclimation of fisn — Fish received 12/ Maintained i i s

constant flow of charcoal and sand filtered Chapel Hill tap water

Pretreatment of fish _Treated with tetracycline HCL on 12/13/71 and 1/24/72

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24 hr. 48 hr. 72 hr. 96 hr.
0 10 10 10 10 10
1.0 10 10 10 10 10
1.8 10 10 10 10 10
3.2 10 - 10 10 10 10
5.6 10 7 3 3 3
10 10 5 3 3 3
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. ée hr.
mg/l pH DO (mg/l) | pH | DO(mght) | pH DO (mg/1)
{0 6.921 7.0 6.2 2.7 6.5 2.6
1.0 6.98 | 7.1 6.2 2.5 6.5 2.3
1.8 6.98 6.9 6.3 2.2 6.6 2.6
3.2 6,98] 6.7 6.3 2.2 6.7 2.5
5.6 6.97 6.7 6.4 2.7 6.7 2.5
10 6.99 6.6 6.4 2.6 6.7 2.6

Surviving fish dyed pale purple at 5.6 mg/% and

Observations on behavior of fish during the tests:

10 mg/%

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N.Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. ¥ish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “Bioassays ate conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In a bicassay, experimental organisms are subjected 10 a series of concentrations of a known or suspected toxicant
under adequately controlled conditions,™ N

Accuracy, interpretation and limitations: *Toxicity studies with a randemly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages of to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. . . . The 48-hr and 96-hr TLso values provide useful measures of the -
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
)ov{er concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota.”

Fearm tie, 257

e




LUNC WASTEWATER | FISH BIOASSAY TESTS

l RESEARCH CENTER l AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT

Ho

Dye formula

C.1. No. 15510 Date tested 3/2-3/6/72

1. Testdye _Acid Orange 7

Supplier American Dye Manufacturers InstRorm supplied ___Dry powder

Conditions of storage Stored in dark at approximately 20 C

Fathead Minnow (Pimephales promelas)

2. Test fish

Supplier Windmill Fish Hatcheries Number per jar 10-11

Avg. wt. 0.55 g; range, 0.21 to 0.35 8. Avg. length _._4_17_ cm; range, 3’loto£L cm.
3. Testjars: Material Glass , capacity 19 I dimensions__é___ cm(d) x _“—cm(h).

4. Dilution water _ Charcoal-sand filtered Chapel Hill tap water

Volume per jar 15 depth in jar _30 m: pH 6.8 ; TOC 4 mg/l; Fe <0.02 mg/t;

Al_<1.0 mg/l; Mg 1.4 mg/l; Ca__6.5 mg/l: total dissolved solids 85 mg/l;

turbidity 0 JTU; total alkalinity 19 mg/l as CaCO3.

5. Procedure: Static

6. Test conditions: Temperature 17 c range during test, 15.1 to 18.4 C. Initial
dissolved oxygen 6.6-8.1 mg/l; range during test, 5.0 to 7.4 mg/l.  Initial pH _6.4 .
range during test, 6.4 to 7.3

7. 96-hour TL50: 165 mg/l. (Aerated 5 min. each at 48 hr.)
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Fish received 2/14/72 maintained in constantly flowing, aerated,

Acclimation of fish

charcoal-sand filtered Chapel Hill tap water at 14-18 C.

Pretreatment of fish __Treated with Tetracycline HC1 (Tetra_chel) 2/14(72

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24 hr. 48 hr. 72 hr. 96 hr.
0 10 10 10 10 10
18 10 10 10 10 10
32 10 10 10 10 10
56 10 10 9 9 9
100 11 11 11 11 11
180 10 10 9 8 4
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH DO (mg/l) pH DO (mg/1) pH DO (mg/1)
0 6.6 8.1 6.6 6.9 7.0 6.4
18 6.4 7.2 6.8 5.4 7.2 6.0
32 6.4 7.8 6.8 5.7 7.3 6.3
56 6.4 6.6 6.8 5.9 7.2 6.5
100 6.4 7.3 6.8 5.0 7.2 6.5
180 6.4 7.4 6.8 5.5 7.1 5.9

Observations on behavior of fish during the tests: __ =1ving fish dyed pale orange.

Fish bioassay tests were conducted according to procedutes described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N, ¥. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows: .

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other matefials, determine
permissible effluent discharge rates, establish the relative semsitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controiled conditions.”

Accuracy, interpretation and limitations: “Toxicity studies with a randomly ‘selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota, A toxicity bicassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. . .. The 48-hr and 96-hr TLsgo values provide useful measures of the-
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
fions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota.”

Feaem Na. 457
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Dye formula

I. Testdye Acid Black 52 C. I. No. 15711 Date tested 1/31/72
Supplier ADMI Form supplied Ory powder
Conditions of storage Stored at c. 20 C in dark
2. Test fish __Fathead Minnow (Pimephales promelas)
Supplier Windmill Fish Hatcheries Number per jar 9-10
Avg. wt.. 2.5 g, range, 1.07 to 4.65 g. Avg. length ﬂ__ cm; range, .wto_s_‘_zg_ cm.
3. Test jars: Material _.mﬁi___; capacity 19 I; dimensions 25 em(d) x 47 cm(h).
4. Dilution water __Charcoal-sand filtered Chapel Hill tap water
Volume per jar 15 I; depth in jar _30 cm; pH 6.9 ; TOC 2 mg/l; Fe <0.2 mg/l;
Al___<0.5 mg/l; Mg 1.2 mg/l; Ca_8.7 mg/l; total dissolved solids 129 mg/l;
turbidity 0 JTU; total alkalinity _ 30 mg/l as CaCO3..
5. Procedure: Static
6. Test conditions: Temperature _i5__c; range during test, 15.1 to __17.1 C. Initial

dissolved oxygen Llﬂmg/l; range during test, __1.6 to 1.5 mg/l.  Initial pH 6.9-7.1_;

range during test, __6.2 to 7.1 . (Aerated for 5 min each at 48 hr)
7. 96-hour TL50:__.7—_ mg/l.
100
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Acclimation of fish _Fish received 12/13/71. Maintained in plastic stock tank receiving

constant flow of charcoal and sand f

Pretreatment of fish __Treated with tetracycline HCL on 12/13/7) and 1/24/72.

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving

mg/! fish 24 hr. 48 hr. 72 hr. 96 hr.

0 10 10 10 10 10

1 10 10 10 10 10

1.8 10 10 10 10 10

3.2 9 g 9 9 9

5.6 10 9 9 9 9

10 10 2 0 - -

TEST CONDITIONS

Dye Concentration 0 hr. 48 hr. 96 hr.
mg,! pH | DO(mgl) [ pH | DO(mgl) | pH | DO (mg/l)
Q 6.9 7.0 6.2 2.7 6.5 2.6
1 7.0 7.1 6.3 1.9 6.7 2.8
1.8 7.1 7.3 6.3 1.6 6.7 2.2
3.2 7.1 7.5 6.4 2.5 6.6 3.0
5.6 7.1 7.4 6.3%5 2.0 6.7 2.6
10 7.1 7.5 6.4 2.0 - -

Fish were not dyed.

Observations on behavior of fish during the tests:

Lish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N, Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. ish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
poliution controi authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.”

Accuracy, interpretation and limitations: *“Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entise biota, A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. . . . The 48-hr and 96-hr TLso values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetitc and grawth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota.”
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Dye formula

1. Test dye Acid Yellow 17 C. 1. No. 18965 Date tested _3/2"3/6/72

Supplier American Dye Manufacturers Instp,, supplied Dry powder

Conditions of storage Stored in dark at approximately 20 C

Test fish _Fathead Minnow (Pimephales promelas)

2.

Supplier Windmill Fish Hatcheries Number per jar 10

Avg. wt 0.55 g, range, 0.31 4, _0.87 g. Avg. length l"i_cm; range, 3.40455.00 ¢,
3. Testjars: Material _G1888 . capacity 19 [; dimensions 25 em(d) x 47 cm(h).

4. Dilution water _Charcoal-sand filtered Chapel Hill tap water

Volume per jar 15 depth in jar 30 cm; pH 6.8 . TOC 4 mg/l; Fe_.<0.02 mg/l;
Al_<1.0 mg/l; Mg 1.4 mg/l; Ca 6.5 mg/l; total dissolved solids 85 mg/l;
turbidity . Q@ JTU; total alkalinity __ 19 mg/l as CaCO3.

S. Procedure: Static

6. Test conditions: Temperature .17 __ C; range during test, _15.0 to__18.3 C. Initial

dissolved oxygenZ.1=8.1 mg/l; range during test, __5.3 to 1.4 mg/l.  Initial pH 6.4-7.0 _ ;

range during test, _ 6.4 to 1.2

7. 96-hour TLsg: — 2180  mg/l. (Aerated 5 min. each at 48 hr.)
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Acclimation of fish -.Fish received 2/14/72 wmaintalned in constantly flowing, aerated

charcoal-sand filtered Chapel Hill tap water 14-18 C

h _Treated with tetracycline HCl (Tetrachel) 2/14/72

Pretreatment of fis

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mgft fish 24 hr. 48 hr. 72 hr, 96 hr.
0 10 10 10 10 10
18 10 10 10 10 10
32 10 10 10 10 10
56 10 10 10 10 10
100 10 10 10 10 10
180 10 10 10 10 10
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH DO (mg/D pH DO (mg/l) pH DO (mg/1)
0 6.4 8.1 6.6 6.9 7.0 6.4
18 6.7 7.2 6.8 5.7 7.2 6.0
32 6.7 7.2 6.7 6.0 7.2 6.2
56 6.9 1.4 6.7 5.3 7.1 6.3
100 7.0 7.1 6.8 5.5 .1 6.1
180 7.0 1.2 6.8 5.4 7.1 6.4
Observations on behavior of fish during the tests: Not remarkable

Iish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. I'ish tests and their application are described in Standard Methods as follows: .

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.™

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same ar similar characteristics and under similar test conditions. . .. The 48-hr and 96-hr TLsg values provide useful measures of the
refative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
tesistance to disease, reproductive capacity or abiiity to compete with other species of the biota.™

Farm No, 257




[ UNC WASTEWATER | FISH BIOASSAY TESTS

I RESEARCH CENTER I AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT

Na0;$ 50,Na,

SO O 4P

Dye formula

1. Testdye _Direct Yellow 28 C.1.No._ 19555 Date tested 3/6-3/10/72

Supplier American Dye Manufacturers Instgom supplied Dy powder

Conditions of storage Stored in dark at approximately 20 C

2. Test fish _Fathead minnow (Pimephales promelas)

Supplier _Windmill Fish Hatcheries Number per jar __10

Avg. wt. 0.69 g, range, _0.30 o _1.91 g Avg. length 4,32 cm: range, 3.50t0_6.00 cm.
3. Test jars: Material —glass capacity_]_L 1; dimensions 25 cm(d) x 47 cm(h).
4. Dilution water .Charcoal-sand filtered Chapel Hill tap water

Volume per jar 18 _1I; depthinjar _30 _ cm; pH 6.8 ;TOC__4 mg/l; Fe__ <0.02 mg/l;

Al_<1.0 mg/l; Mg*l_-i_ mg/l; Ca_5.5 mg/l; total dissolved solids 59 mg/l;

turbidity — 0 JTU; total alkalinity 15 mg/l as CaCO3.

5. Procedure: Static

6. Test conditions: Temperature 15 _c range during test, ___13.2 to _17.2 C. Initial

dissolved oxygen 1.1-7.5 mg/l; range during test, 5.5 to 1.5 mg/l.  Initial pH 6.9-7.5 __;

range during test, 6.8 to 7.5
7. 96-hour TLsg: — 2180 mg/l. {Aerated 5 min each at 48 hr).
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Fish received 2/14/72; maintained in constantly flowing. aerated.

Acclimation of fish

charcoal-sand filtered Chapel Hill tap water at 14-18 C.

Treated with tetracycline HC1 (Tetrachel) 2/14/72.

Pretreatment of fish

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
gl fish 24hr. 48 hr. 72 hr. 96 hr.
0 10 10 10 10 10
18 10 10 1o 10 10
32 10 10 10 10 10
56 10 10 10 10 10
100 10 10 10 10 10
180 10. 10 10 10 10
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH DO (mg/l) | pH DO (mg/1) pH DO (mg/1)
0 6.92 7.5 6.81 6.2 6.70 6.6
18 7.28 7.3 6.87 5.5 6.81] 6.1
32 7.30 7.2 6.92 5.8 6.86 6.6
56 7.38 7.1 7.05 6.4 6.87 6.4
100 7.42 7.3 7.11 6.1 6.85 6.6
180 7.50 1.2 7.21 6.4 6.88 6.4

Observations on behavior of fish during the tests: __NOt remarkable

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: *“‘Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
potlution controi authorities. In a bioassay, experimental organisms are subjected 10 a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.” ~

. Accuracy, interpretation and limitations: *Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species vields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. . . . The 48-hr and 96-hr TLsg values provide useful measures of. the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentrs-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethai to fishes and other organisms, and still
lov_/cr concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota.”
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Dye formula

Acid Orange 24 C.1. No. 20170 Date tested

1. Testdye

American Dye Manufacturers Instg ... supplied Dry powder

3/2-3/6/72

Supplier

Conditions of storage Stored in dark at approximately 20 C.

n _Fathead Minnow (Pimephales promelas)

2. Test fis
Suppier Windmill Fish Hatcheries Number per jar 9-11
Avg. wt._0.38 g; range, 0.27 o _1.48 g. Avg. length 4,28 om, range, 2.70166.00 .
3. Testjars: Material __Glass . capacity __19  I; dimensions 25 em(d)x — 47 cm(h).
4. Dilution water _Charcoal-sand filtered Chapel Hill tap water
Volume per jar 13 1; depth injar __30 cm; pH _6.8 ; TOC 4 mg/l; Fe __<0.02 mg/l;
Al_<1.0 mgl; Mg__ 1.4 mg/l; Ca_6.5  mg/l; total dissolved solids 83 mg/l;
turbidity ___Q___ JTU; total alkalinity ___19___ mg/l as CaC03.
5. Procedure: Static
6. Test conditions: Temperature ___17 _  C; range during test, 15.2 to 18.6 C. Initial
dissolved oxygen3.7-9.0 mg/l; range during test, __5.5 to 9.0 mg/l.  Initial pH 6.2-6.6

range during test, __6.2  to _7.2 . (Aerated 5 min. each at 48 hr.)

7. 96-hour TLsg: — 130 __ mg/l.
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Acclimation of fish _Fish received 2/14/72 jmaintained in constantly flowing, aerated,

charcoal-sand filtered Chapel Hill tap water at 14-18 C.

Pretreatment of fish Treatment With tetracycline HC1 (Tetrachel) 2/14/72

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
me/l fish 24hr. 48 hr. 72 hr. 96 hr.
0 10 10 10 10 10
18 10 10 9 - 8
32 10 9 9 9 9
56 10 10 10 10 10
100 11 11 11 9 9
180 9 9 8 5 Q
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
meg/l pH DO{mgfl) | pH DO (mg/1) pH DO (mg/1)
0 6.4 8,1 6.6 6.9 7.0 6.4
18 6.2 8,6 6.7 5.9 1.1 6.7
32 6.2 9.0 6.8 5.6 1.0 6.2
56 6.6 _8.6 6.8 5.6 1.2 6.2
100 6.6 6.7 6.8 5.7 7.3 6.4
180 6.5 5.7 6.8 5.5 7.3 6.3

Observations on behavior of fish during the tests: Living fish dyed yellow to pale orange.

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: *“Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relativg sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
Ppollution control authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controiled conditions.™

Accuracy, interpretation and limitations: “Toxicity studies with a randomiy selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. . .. The 48-hr and 96-hr TLsq values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethai to fishes and other organisms, and still
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
fesistance to disease, reproductive capacity or ability to compete with other species of the biota."
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Dye formula

1. Testdye Acid Black 1 C. L No. 20470 Date tested ._._3/23.'3/27/_72

Supplier American Dye Manufacturers Instg,., supplied Dry powder

Conditions of storage StOred in dark at approximately 20 €

2. Test fish _Fathead minnow (Pimephales promelas)

Supplier _Windmill Fish Hatcheries Number per jar 10-15
Avg. wt._O_-.si g, range, 0.26 to 0.96 g. Avg. length ﬁ_&_ cm; range, 3.40 to_ﬂ_ cm.
3. Testjars: Material __glass capacity 19 1; dimensions 25 ____ em@)x 47 cm(h).

4. Dilution water _Charcoal-sand filtered Chapel Hill tap water

Volume per jar _18__1; depth in jar __30 em; pH6.8 _ ; TOC___4 mg/l; Fe_$0.02 __ mgt;

Al __<_'|_._Q__‘mg/1; Mg _1.6 mg/l; Ca 5.1 mg/l; total dissolved solids 127 mg/l;
turbidity — 2 JTU; total alkalinity — 22 mg/l as CaCO3.

5. Procedure: Static

6. Test conditions: Temperature A5 ¢ ; range during test, 15.0 o 17.3 C. Initial
dissolved oxygen -—-—6'2-7'0!“8/1; range during test, 5.0 to 120 mg/l.  Initial pH 7.2-7.7 .
range during test, 6.5 to 7.7

7. 96-hour TLsp: _ 2180 ment.
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Acclimation of fish _Fish received 2/14/72; maintained in canstantly flowing, aerated,

charcoal-sand filtered Chapel Hill tap water at 14-18 C

Pretreatment of fish _1reatment with tetracycline HC1 (Tetrachel) 2/14/72 and_3/17/12

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24hr. 48 hr. 72 hr. 96 hr.
0 10 10 10 10 9
18 10 - - - 9
32 10 10 10 10 10
56 10 10 10 10 10
1090 10 10 10 10 10
180 15 - - - 14
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/! pH DO (mg/l) pH DO (mg/l) pH DO (mg/1)
0 7.2 6.8 6.6 5.2
18 7.1 6.2 6.5 5.0
32 7.2 6.5 6.7 5.2
56 7.3 6.6 6.7 5.5
100 7.3 6.8 6.7 5.1
180 1.7 7.0 6.7 5.4
Observations on behavior of fish during the tests: Not remarkable.

Iiish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and idesitify effects of physical and chemicat
‘variables such as temperature and pH on toxicity. Bioassays can be used fo judge compliance with water quality standards established by water
pollution control authorities. In a bioassay, experimental organisms are subjccted to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.” .

Accuracy, interpretation and limitations: “Toxicity studics with a randomly selected species cannot be expected to give accurase information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with_(hc same or similar characteristics and under similar test conditions. . .. The 48-hr and 96-hr TLsg values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nontethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota."
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Dye formula

1. Testdye Lisperse Red 60 C. L. No. - Date tested LJMO_’]_WZ
Supplier ADHI Form supplied D¥SPersion of 157 (wit) with Reax 83-A (15%)

refrigerated in aqlass container

Conditions of storage

Fathead minnow (Pimephales promelas)

Test tish

2.

Supplier Lindmill Fish Hatcheries, Kernersvﬁlh%erpﬂjm 10-11

Avg. wt..._”zi g: range, 1.2 to _-4_“;__ g. Avg. length _i_]__ cm; range, 5.2 to_&-3_ cm.
3. Test jars: Material ___ﬁ]ai___._: capacity 19 1: dimensions 25 em(d) x 47 cm(h).

charcoal and sand filtered Chapel i1l tap Water

4. Dilution water

Volume per jar _J_S__,li depth in jar 30 ¢m: pH t.6 . TOC G mg/l; Fe__<C.02 mg/l;
Al ___<0.1 mg/l. Mg 1.4 mg/l: Ca 8.5 mg/l. total dissolved solids 16¢, mg/l;
turbidity D JTU: total alkalinity 27 mg/l as CaCO3.

5. Procedure: Static

6. Test conditions: Temperature .15 C: range during test, 14.2 to 17.1 C. Initial

dissolved oxygen 7+ 3=2.£ mg/l: range duringrest. .. 1.1 1o 2.6 mg/l.  Initial pHZ.1=2.5 _ :

range during test. _€.8__ o -_Zg.i_._ . (AeratEd 5 min cacli at 48 hr)

7. 96-hour TLgo: - _.Zl@.ﬁ_._, mg/l.
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Acclimation of tish _Fish received 12/13/71. iaintained in plastic stock tank receiving

.. constant flow of charcoal and sand filtered Chapel i1l tap water, 14.5-18.5 C.

Pretreatment of fish _Ireated with tetracycline I C1_on 12/13.

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg'l fish 24 hr. 48 hr. 72 hr. 96 hr.
0 11 11 11 11 11
15 10 10 10 10 10
3z 19 13 13 10 10
52 19 10 10 10 10
120 10 10 10 10 10
150 10 10 10 10 19
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mel pH [ DO(mg/y | pH | DO(mg/h | pH | DO (mg/l)
0 7.1 7.6 - 3.0 6.6 3.1
17 7.4 7.3 - 2.2 6.2 1.9
32 7.5 7.5 - 1.5 6.0 1.7
56 7.5 7.4 - 1.2 6.8 1.1
100 7.5 7.4 - 1.6 6.8 1.5
180 7.3 7.4 - 2.5 £.¢ 2.7

Observations on behavior of fish during the tests: Fish were dyed pink at 100 g/} and 180 mg/1.

iied droppinags observed . containers.

Vish bioassay tests were conducted according to procedures described in Standard Methods Jor the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as {ollows:

Principies und application of fish bioussay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
potlution controt authoritics. In a bioassay, experimental organisms are subjected to a series of concentrations of a knows or suspected toxicant
under adeguastely controlied conditions.™ . .

N
Accuracy, interpretation and limitations: *“Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under simitar test conditions, . . . The 48-hr and 96-hr TLsg values provide useful measures of the
relative acute lethal tovicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are sl in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nondethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capucity or ability to compete with other species of the biota."”
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Dye formula
Testdye _Direct Yellow 106 C. L. No. - Date tested _11/11-15/71
Supplier ADMI Fosm supplied _COMposite, dry powder

Conditions of storage __COmposite stored at 20°C in dark. Stock solutions refrigerated

Test fish _Fathead_iinnow (Pimephales promelas)

Supplier _Berry Water Gardens, Kernersville Number perjar __10

Avg. wl.li g range, lg___ to _2_.'_6__ g Avg. length _5__Q_____ cm; range, 1~5_.10L§_,_ cm.
. Test jars: Material .‘ﬂa_is_._____.; capacity 19 I; dimensions 25 ____ em{(d) x _‘}7____cm(h).

Dilution water _Chapel Hill tap water, activated charcoal-sand filtered

Volume per jar J5_ g depth in jar - 30 em: pH 1.1 . roc_34 mg/l; Fe__0.63 mg/fl;

Al__<0.1 mg/l, Mg ._]..;0_ meft; Ca__8. 6 mg/l; total dissolved solids 138 me/l;

lu.rbidity 0 ITU; rotal alkalinity __32___ mg/las CaCO3.

Procedure: Static

Test conditions: Temperature SN A range during test, _16.5 . . 11.5%
dissolved oxygen 1.1-7.5 mg/l;, range during test, 2.7 to 7.5 mg/l.  Initial pH L.O:ZJ__ R
range durin'g test, 6,9 __ 1o 2.3 . .

96-hour TLsg: — 2180 ____ mg/l.
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Acclimation of fish

running charcoal-sand filtered Chapel Hill tap water, aerated with air

Pretreatment of fish _J1reated with tetracycline Oct. 20-22; HaCl 11/3; tetracycline 11/2

Starved for 43 hr pricr to experiment

Fish received October 20 maintained in plastic stock tank in continuousl

EXPERIMENTAL DATA
Dye Concentration No. iest” No. of fish surviving
mg/t fish 24 br. 48 h. 72 b, 96 hr.
0 10 10 10 10 9.
18 10 10 10 10 10
32 10 19 10 10 10
56 10 10 10 19 10
160 10 10 10 10 10
15 10 10 10 10 10
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/ft pH DO (mg/l) pi DO (mg/1} pH DO (ing/1)
0 7.1 2.5 7.9 3.6 2.0 2.8
‘ 15 1.0 7.8 1.0 3l £.8 2.1
32 7.0 7.6 7.1 3.6 7.0 3.7
56 7.2 7.5 1.2 3.7 1.0 3.8
100 i,z .5-~ {721 39 7.1 3.7
180 2.3 - 1.5 7.3 KN 7.1 3.6

Hot remarkable

Observations on behavior of fish during the tests:

Fish bi y tests were g to procad described in Standerd Methods for the Examination of Water and Wastewater,
13th ed.. APHA. AWWA, WPCF, New York! N. Y. (1971). The tests are subject thesefore to the appiications and limitations of these
psocedures. Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bicassay tests: ““Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effiuent discharee rates, blish the relati friky of vari fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity, Bionslnys can be used to judge compliance with water quality standards established by water

& d dine t

poilution contro! autharities. In 2 bi Yy, exp are subjected to a series of concentrations of 2 known or suspected toxicant
under adequately controlied conditions.™ - ‘ - :
A y, interp! and limd “Toxicity studies with 3 nndomly selected species camnot be expected to give accurate information

on _the toxicity of that material to other species and life stages or te an entire biota. A toxicity bioassay with one spevies yields an accurate

estimate of the toxicity of the material in question only (o others of that spécies of similar size, age and physological condition and in water

with the same or similar characteristics and under simslar et conditions. . .. The 48-hr and 96-hr TLso vaiues provide useful measuses of the

selative acute lethai tevicity of tested substances to fish uider cenain experimental conditions. but these valzes do not represent concentra-

tions that are safe in fish habitats. Long-terr exposure t§ mugh lojer concentrations may be lethal to fishes and other oeganisms, and still

lower concentrations may cause nonlethal impditment of theif fungtions er performance, such as swimmi ability, appetite and growth,
wd productive capazity ot abity 10 cothpete with Other’species of the biota.™ .

-

. : ) —
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Dye formula
1. Testdye Acid Yellow 151 =~ C.I.No.___- Date tested __1/31/72.
Supplier ADMI Form supplied _Dry_powder

Conditions of storage - Stored at c, 20 C in dark

2. Testfish _Fathead Minnow (Pimephales promelas)

Supplier __Windmill Fish Hatcheries Number per jar 10

Avg. wt. 2.5 g range, _0.82 to_4.78 Avg.length _ 6.5  cm; range, 3.90 t0 8.20 cm.

3. Test jars: Material _GMS_.; capacity 19 I; dimensions 25 cm(d) x 47

4. Dilution water __Charcoal-sand filtered Chapel Hill tap water

Volume per jar 15 1; depth injar 30 cm; pH 6.9 ; TOC. 2 mg/l; Fe_<0.2 mg/l

a1 <0.5 mg/l; Mg 1.2 mg/l; Ca 8.7 mg/l; total dissolved solids 129

turbidity 0 JTU; total alkalinity 30 mg/l as CaCO3.
S. Procedure: Static

6. Test conditions: Temperature 18 C; range during test, _14.0 to _17.0 C.

dissolved oxygen Z.3=7.5 mg/l; range during test, 2.0 to 7.5  mg/l. InitialpH 7.3=7 6 ;

range during test, 6,2 to 1.5 . (Aerated for 5 min. each at 48 hr.)
7. 96-hour TLsg: — 29 mg/l.
100
)
a—
]
e
o

—
(=)

N

D

Concentration of Dye (mg/l)
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The University of North Carolina / Department of Environmental Sciences and Engineering
Chapel Hill, North Carolina



Acclimation of fish __Fish received 12/13/71. Maintained in plastic stock tank receiving
constant flow of charcoal and sand filtered Chapel Hill tap water

Pretreatment of fish _Treated with tetracycline HCl on 12/13/71 and 1/24/72

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving

mg/l fish 24 hr. 48 hr. 72 hr. 96 hr.

0 10 10 10 10 10

10 10 10 10 10 10

18 10 10 10 10 10

32 10 4 4 4 4

56 10 0 - - -

100 10 0 - - -

TEST CONDITIONS

Dye Concentration 0 hr. 48 hr. 96 hr.
mg/t pH | DO(mgl) [ pH | DO(mgl) | pH | DO (mg/l)
0 7.3 7.5 6.2 | 2.6 6.5 2.7
10 7.5 7.4 6.4 ] 2.6 6.7 2.2
18 7.4 7.5 6.3 1 2.2 6.6 2.0
32 7.4 7.3 6.4 1 2.7 6.8 2.6
56 7.4 | 7.4 7.1 , 7.0 -- --
100 7.6 1 7.4 7,11 7.2 - --

Observations on behavior of fish during the tests: _Fish dyed very pale yellow, All fish died within

—— 6 hr at 56 mg/¢ and 100 mg/4

Fish bioassay tests were conducted according to procedures described in Standard Methods for the E. ination of Water and Wastewater,
13th ed.,, APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methads as follows:

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In a bicassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.” N

Accuracy, interpretation and limitations: “Toxicity studies with 2 randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions, .. The 48-hr and 96-hr TLsg values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposurse to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota,™

Form Na. 257
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Dye formula M= =
1. Testdye Direct Blue 86 C. I. No. 74180 ) Date testedM
Supplier ADMI Form supplied _composite, dry powder

Conditions of storage _COMPOSite stored at 20 C in dark. Stock solution refrigerated

2. Test fish _Fathead Hinnow (Pimephales promelas)

Supplier _Berry Water Gardens, Kernersville nymber perjar 10

Avg. wt. 1.1 g, range, 0.3 1 __2_6__ g Avg. length 4.9 cm; range, 3.0 106 6.5 cm.
3. Testjars: Material __91@SS . capacity __20  I: dimensions 25 em(@)x 47 cm(h).

4. Dilution water __Chapel Hi1l tap water, activated charcoal-sand filtered

Volume per jar 15 I; depth in jar 30 om; pH 7.1 ; TOC___3_4__mg/l; Fe__0.63 mg/l;

Al_S0.1  mg/l: Mg _1.0__ mg/l; Ca___8.6 _ mg/l; total dissolved solids 138 mg/l;
turbidity —__ 0 JTU: total alkatinity __32 ___ mg/l as CaCO3.

S. Procedure: Static

6. Test conditions: Temperature ___17 ___ C; range during test, __17.0 to 17.7 C. Initial

dissolved oxygen 7.4-7.5 mg/l; range during test, 2.8 to 7.5 mg/l.  Initial pH J.1-7.2 ;

range during test, 6.7 to 7.2

7. 96-hour TLsg: 2180  mg/1.
1000

—_
o
o

Concentration of Dye (ing/1)
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Fish received October 20 maintained in plastic stock tank in continu-

Acclimation ot tish

_0_u_§_1y___r_nmp}'r}g charcoal-sand filtered Chapel Hill tap water, aerated with air

_Treated with tetracycline October 20-22, MaCl 11/1; tetracycline 11/2.

Pretreatment of fish

. _.Starved for 48 hr prior to experiment.

EXPERIMENTAL DATA
Dye Concentration No. le;l No. of fish surviving
mg/l fish 24 1. 48 hr. 72 hr. 96 hr.
0 10 10 10 10 9 -
18 10 10 10 10 7
32 10 10 10 10 10
56 10 10 10 10 10
100 10 10 10 10 10
130 10 10 10 10 10
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/] pH | DO(mgh | pH | DO(mg/i) | pH | DO (mg/l)
0 7.1 7.5 7.0 3.6 7.0 2.8
12 7.1 7.4 7.2 3.9 6.8 3.9
32 7.1 7.5 7.2 3.8 6.7 3.6
56 7.2 7.5 7.2 3.9 6.7 3.4
100 7.1 7.5 7.2 4.0 6.7 3.8
180 7.1 7.5 7.2 4.0 6.3 4.0

Observations on behavior of fish during the tests: ____ fot remarkable

Fish bioassay tests were conducted aceording to procedurcs described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCI', New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Vish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxivity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.™ N :

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or o an entire biota, A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or simitar characteristics and under similar test conditions. . . . The 48-hr and 96-hr TLsg values provide useful measures of the
refative acute lethal toxicity of tested substances to fish under certain experimentai conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lou_/er concentrations may cause nonlethal impairment of their fuactions or performance, such as swimming ability, appetite and growth,
fesistance 10 disease, reproductive capacity or ability to compete with other species of the biota,™
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Dye formula
1. Test dye vat Elue 6 C. 1. No. 69825 Date tested -Jan. G6-10, 1972
Supplier ADMI Form suppliedDispersion of 157 (wt) with Tamol SN (15%)

Conditions of storage _A11quot refrigerated in glass container

2. Test fish _Fathead minnow (Pimephales Promelas)

Supplier Hindmill Fish Hatcheries, KernersviNgnber perjar . 10-20%

Avg. wt._2.5 g range, 1.2 to 4.5 g. Avg.length 6.5 cm; range, 5.2 to_Z7.8 _ cm.
3. Test jars: Material __Q1aSS __; capacity __ 19 {; dimensions 25 cm(d)x — 847 cm(h).
4. Dilution water __charcoal and sand filtered Chapel Hill tap water

Volume per jar 15 1; depth in jar _31__._ cm; pH 6.6 ; TOC 6 mg/l; Fe <0.02 mg/l;
Al_._fi_]__ mg/l; Mg_.L4_ mg/l; Caif’__. mg/l; total dissolved solids 108 mg/l;
turbidity ._p__ JTU; total alkalinity __27__ mg/l as CaCO3.

5. Procedure: Static

6. Test conditions: Temperature 15 C; range during test, 13.1 to 16.5 C. Initial
dissolved oxygen L&.l_é mg/l; range during test, 1.9 to 1.6 mgfl.  Initial pH li’j_S__ ;
range during test, 6.6 to 7.5 . . .

*] jar accidentally stocked twice.

7. 96hour TLsg: 2130 mg/l. (ferated 5 win each at 48 hr)
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Fish received 12/13/71. Haintained in plastic stock tank receiving

Acclimation of fish

constant flow of charcoal and sand filtered Chapel Hill tap water, 14.5-18.5 C.

Treated with tetracycline H C1 on 12/13.

Pretreatment of fish

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24 hr. 48 hr. 72 hr. 96 hr.
0 11 11 11 11 11
18 10 10 10 10 10
32 10 10 10 10 10
56 1G 10 10 10 10
100 20 20 20 20 19
180 10 10 10 10 10
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH | DO(mg/l) | pH [ DO (mg/) pH | DO (mg/)
0 7.1 7.6 - 3.0 6.6 3.1
18 7.2 7.4 - 2.7 6.9 1.9
32 7.2 7.5 - 3.1 7.0 2.7
56 7.4 7.4 - 3.3 7.0 3.0
100 7.4 7.4 - 3.5 7.0 2.5
180 7.5 7.2 - 3.2 7.0 2.1

Observations on behavior of fish during the tests: Faint blue at concentrations of 56 mg/1 and

higher.

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N.Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions." ) .

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. . .. The 48-hr and 96-hr TLsg values provide useful measures of the
rglatlve acute fethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota.”

Farm No. 257
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Dye formula
1. Test dye Vat Green 3 C. 1. No. 69500 Date tested *-'——3/23 3/27/72)
. Composite dispersion of 15% (wt
Supplier American Dye Manufacturers Inst, cupplied _dye in 15% (wt) Tamol SN (

Refrigerated

Conditions of storage

3. Test fish __Fathead minnow {Pimephales promelas)

Supplier _Windmill Fish Hatcheries ~  wumber per jar __10
Avg. wt.0.53 g. range, 0.30 4 _0.95 8. Avg. length _4.06  cm: range, 3.30 5 .80
3. Testjars: Material 91888 _ _ _ : capacity — 19 1: dimensions _ 25__ em(dyx 847 cm(h).

4. Dilution water Charcoal-sand filtered Chapel Hill tap water

Volume per jar Jd5 1 depth in jar 30 om pH 7.3 _ . TOC 5 mg/l; Fe_<0.02 mg/l;
Al <1.0 mg/l; Mg L6 mg/l: Ca 5.1 mg/l: total dissolved solids 127 mg/l;

webidity —— 2 JTU: total alkalinity — 22 mg/l as CaCO3.

S. Procedure: Static

6. Test conditions: Temperature ,_J,s_*__ C: range during test, 15.0 to 16.3 C. Initial
dissolved oxygen 6.'_817,.-.,6 mg/l; range during test. 5.2 1o _1.6 mg/l.  Initial pH7_'_2.‘_8-_4__ .
range during‘lest. ,5_-..6_. - to . 8_4_ —

7. 96-hour TLsq: >180_ mg/l.
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Acclimation of fish .. Fish received 2/14/72; maintained in constantly flowing, derated,

charcoal-sand filtered Chapel Hill tap water 14-18 C

Pretreatment of fish _1redtment with tetracycline HC1 (Tetrachel) 2/14/72 and 3/17/72

EXPERIMENTAL DATA

Dve Concentration No. test No. of fish surviving

mg/| fish 24 hr. 48 hr. 72 hr. 96 hr.

0 10 10 10 10 S

18 10 10 10 10 10

32 10 - - - g9

56 10 - - - 9

100 10 - - - 9

180 10 - - ; 9

TEST CONDITIONS
Dye Concentration Q hr. 48 hr. 96 hr.
mg/i pH DO {mg/h) pH DO (mg/1y pH DO (mgfl)
o 7.2 | 6.8 6.6 5.2

18 7.2 7.6 6.8 5.2

32 7.2 7.2 6.6 5.2

56 7.3 | 1.0 ' 6.7 5.5

100 7.8 | 7.0 6.7 5.5
180 8.4 6.9 6.8 5.6
Observations on behavior of fish during the tests: ___Nat remarkable

Fish bioussay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCE, New York, N. Y. (1971). The tests arc subject therefore to the applications and limitations of these
procedures. 1ish tests and their application are described in Standard Methods as follows: .

Principies and application of fish bioassay tests: *“Bioussays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible efflucnt discharge rates. establish the relative sensitivity of various fish specics, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quatity standards established by water
pollution control authoritics. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.™ -

. Accuraey, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. .., The 48-hr and 96-hr TLso values provide useful measures of the
relative acute tethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are wifv in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nontethal imparment of their functions or performance, such as swimming ability, appetite and growth,
Fesistance to disease, reproductive capacity or ability to compete with other species of the biota.™
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Dye formula

Vat Brown 3 €. 1. No. 69015 Date tested 3/ 23-3/27/72
] Composite dispersion of 15% (wt)/
Supplier _American Dye Manufacturers Insg,.. . opieqdye 1n 15% (wtg Tamol SN

Refrigerated

Conditions of storage

Test fish ___Fathead minnow (Pimephales promelas)

Supplier Windmill Fish Hatcheries Number per jar - 10
Avg. wt.m g. range, _Q__3.Z_~ to _1_'_.3_6__ 2. Avg. length 4.2 cm; range, 3.40,, 5.40 cm.
Test jars: Material ._Qlass . capacity 3G i dimensions __25 em(d) x _ﬂ_____.cm(h).

Dilution water charcoal-sand filtered Chapel Hill tap water

Volume perjarkli_l; depth in jar _30 em; pH 7.3 . T0C_.5 mg(l; Fe___<0.02 mg/l:
al_<1.0 mg/l: Mg 1.6 mg/l: Ca _5.1 mg/l. total dissolved solids 127 mg/l;

turbidity 2 JTU: totaf alkalinity 22 mg/} as CaCO3.

Procedure: Static

to 17.0 C. Initial

Test conditions: Temperature ,_IL_. C: range during test, _ 15.1

dissolved oxygen 6.8-7.3 mg/l: range during test, 5.2 to 7.3 mg/l.  Initial pH .1-7.2 .

range during test, 6.6____ 0 7.2 _
96-haur TLsg: 2180 __ . mgfl.
1000
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Acclimation of fish _Fish.received 2/14/72; maintained in constantly flowing, aerated,

_charcoal-sand filtered Chapel Hill tap water at 14-18 C

ument of fish _ireatment with tetracycline HC1 (Tetrachel) 2/14/72 and 3/17/72

Pretrea

EXPERIMENTAL DATA

No. of fish surviving

Dye Concentration No. test
mg/! fish 24 . 48 hr. 72 hr. 96 hr.
0 10 10 10 10 9
18 10 - - - 9
32 10 - = - 9
56 10 10 10 10 10
100 10 10 10 10 10
180 10 10 10 10 10
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH DO (mg/l) pH DO (mg/l) pH DO (mg/1)
0 7.2 6.8 6.6 5.2
18 1.2 7.2 6.7 5.4
32 7.2 7.0 6.7 5.5
56 7.2 7.1 6.6 5.3
100 7.1 1.2 6.7 5.2
180 7.1 1.3 6.7 5.2

Observations on behavior of fish during the tests: . Not remarkable.

Iish bivassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed.,, APHA, AWWA, WPCI', New York, N. Y. (1971). The tests arc subject therefore to the applications and limitations of these
procedures. Iish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: *‘Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
poilution control authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adcquately vontrolled conditions.™ N

Accuracy, interpretation and limitations: *“Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an-accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiotogical condition and in water
with the same or similar characteristics and under similar test conditions. . . . The 48-hr and 96-hr TLsg values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and stil
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to diseasc, reproductive capacity or ability to compete with other species of the biota.™
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Dye formula

I Test dye Vat Yellow 2 C. 1. No. 67300 Date tested9dn. 6-10, 1972
Supplicr AT Form supplied Dispersion of 15% (wt) with Tamol SH (15%)

Conditions of storage _11quot refrigerated in glass container

3. Test fish _ Fathead minnow (Pimephales promelas)

Supplier kindmill Fish llatcheries, KernersviNnber perjar __10-11

Avg. wt. 2.2 g range, l_.Z___ to .. 4.6 g. Avg. length _€.4 cm; range, 5.2 t0.7.9  _m.
3. Test jars: Material _glass . capacity 13 I dimensions ___25 em(d)x 47 cm(h).
4. Dilution water _charcoal _and sand filtered Chapel {11 tap water

Voiume perjar 10 1 depthinjor 30 _ em: pH G.6 _; TOC & mg/t; Fe <2 12 mg/1;

Al T mg/l: Mg L4 __ mg/l: Ca__8.5  mg'k total dissolved solids 192 mg/l;

turhidity . __. 0 JTU: total alkalinity 27 mg/l as CaCO3.

5. Procedure: Static

4.2 __17.9 c. Initial

-
6. Test conditions: Temperature ___].:’_ .. C: range during test,

dissolved oxygen 7. 5’.]-.8 mg/l: range during test, 20w __ZL_ mg/l.  Initial pH 7.1-7.5 )

I

range during test, 6.6 7.5 _ (fcrated U niin each at 40 hr)

7. 96-hour TLsp. ....>180 mg/L.
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edlimaon ol ish ez received lZ/BUJ*_Llajniaiued_in_plainc_san:aanejmng__
.- constant flow of charcoal and sand filtered Chapel Hill tap water, 14 5-18.§ ¢

Treated with tetracycline H C1 on 12/13.

Pretreatment of fish

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/1 fish 24 hr. 48 hr. 72 hr. 96 hr,
0 11 11 L 1 11
18 10 10 10 10 10
32 10 10 10 10 10
56 10 10 10 10 10
100 10 10 10 10 10
180 10 10 10 10 10
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH DO (mg/) | pH DO (mg/1) pH DO (mg/1)
0 7.1 7.6 - 3.0 6.6 3.1
18 7.3 7.5 - 2.6 6.9 2.0
32 7.4 7.4 - 3.1 6.9 2.5
56 750 7.7 -1 30 |7.0] 2.4
100 1.5 7.8 - 3.5 7.1 3.0
180 7.5 .5 - 3.2 6.9 2.4

Observations on behavior of fish during the tests:

Hot remarkable

Fish bioassay tests were conducted accordi
AWWA, WPCF, New Yor

13th ed., APHA,

ing to procedutes described in Standard Methods for the Examination of Water and Wastewater,
k, N.Y. (1971). The tests are subject therefore to the applications and limitations of these

procedures. Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: **Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known ot suspected toxicant
under adequately controlled conditions.” .

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota, A toxicity bioassay with one species yields an accurate
-estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. . .. The 48-hr and 96-hr TLsg values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concefitra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and ather organisms, and still
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota.”

Form Ne. 257
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Dye formula

1. Test dye Acid Blue 45 C. . No. 63010 Date tested 3/6-3/10/72

Suppticr American Oye Manufacturers Instromm :upplied __Dry powder

Conditions of storage ___Stored in dark at approximately 20 C.

2. Tes fish _Fathead minnow (Pimephales promelas)

Supplier Windmill Fish_Hatcheries Number per jar 10
Avg. wt, Q.67 g. range, 0.28 o .2.94 g. Avg.length 4.33  cm; range, 3.5010_7.00 _cm.
3. Testjars: Material - _glass ______: capacity __13 __ I: dimensions 25 em(d) x 47 em(h).

4. Dilution water charcoal-sand filtered Chapel Hill tap water

Volume per jar . .18 1: depthinjar .30 __ em: pll 6.8 ; TOC__4 mg/l; Fe __<0.02 mg/l;

AlL1.0  mg/t: Mg L4 __ mg/l: Ca_ 5.5 mg/l: total dissolved solids 59 mg/l;

wwebidity Q. JTU. total akkatinity 15 mg/i as CaCO3.
S. Procedure: Static

6. Test conditions: Temperature S < ol range during test, 13.2 to 17.2 C. Initial

dissolved oxygenb .9-1.5. mg/l: range during test, 9.6 to 7.5 mg/l.  Initial pH 6.9-8.7

range during test, 6.7__ w .87 _ .

7. 96-hour TLsg: 2180 . mg)h. (Aerated 5 min each at 48 hr)

1000;

o

Concentration of Dye (mg/IS

-
o
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Test fish surviving (%)
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o Fish received 2/14/72; maintained in constantly flowing, aerated,
Acclimation of fish .. ..

_charcoal-sand filtered Chapel Hill tap water at 14-18C

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24 hr. 48 hr. 72 hr. 96 hr.
0 10 10 10 10 10

18

10

10

10

10

10

32

10

10

10

10

10

56 10 10 10 10 10
100 10 10 10 10 10
180 10 10 10 10 10

TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH DO (mg/1) pH DO (mg/l) pH DO (mg/l)
0 6.92 7.5 6.81 6.2 |6.70 6.6

18 7.41 7.1 7.15 6.2 6.79 6.2

32 7.92 7.0 7.13 6.2 6.80 5.6

56 8.12 7.0 7.23 6.1 6.90 6.3
100 8.53 6.9 7.51 6.4 7.10 6.3
180 8.72 7.1 7.75 6.4 7.20 5.8

Observations on behavior of fish during the tests: __Not _remarkable

I-ish bivassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Waste water,
13th e¢d., APHA, AWWA, WPCI', New York, N. Y. (1971). The tests arc subject therefore to the applications and limitations of these
procedures. I'ish tests and their application arc described in Standard Methods as follows: .

Principles and application of fish bioassay tests: “Bioassays are conducted to cvaluate the toxicity of effluents or other materials, determine
permissible efftucnt discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authoritics. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.™ .

Accuracy, interpretation and limitations: **Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. ... The 48-hr und 96-hr TLsg values provide useful measures of the
refative acute lethul toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much Jower concentrations may be letha] to fishes and other organisms, and still
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota.”
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Dye formula

. Testdye Disperse Clue 7 C.1. No. 62509 Date testeddan. 6-10, 1972
Supplier ADMI Form cupplied Dispersion of 152 (wt.) with Reax 83-A (15%)

Conditions of storage _Al1guot refrigerated in glass container.

. Test fish-_Fathead minnow (Pimephales pronelas)

Supplier kindmill_Fish liatcheries, HernersviNeénber perjar __10-11

Avg wt.2.9 _ girange, 1.2 to_ 4.7 ¢ Avg.length _ 6.5  cm: range, 5.2 10 8.0  cm.

. Testjars: Material __glass  ___ « capacity _ 19 _ 1: dimensions _ 29 em(dyx _ 47 ________em(h).
Charcoal and sand filtered Chapel lill tap water

[ s o
Volumne per jar ].‘i._ I: depth in jar _ cm; pH -e'b L TOC ¢ mg/l; Fe <0.02 mg/l;
{ 0
Al __ij.i_ mg/l. Mg ,._]_‘_3_- mg/l; .Ca 8.5 mg/l; total dissolved solids 108 mg/l;
I - ,
tuchidity . _ 7 JTU: totsl alkalinity =7 wmgfl as CaCO3.
Procedure: Static
c
. Test conditions: Temperature ___V]_J__V C: range during test, 14.1 to 17.2 C. Initial
dissolved oxygen 7_‘ 5'__7_:9 mg/l: range during test, _g_'i.,__. to -_7,_;6____ mg/fl.  Initial pH 7__1_'7_}__ |
range during test, _,‘S.f.g_,,_., to _7:3,_<. — . (AcratEd 5 win each at 48 hr)
5o
. 96-hour TLsg: . 25 - mg/l.
1000
¢
\\\
100 ~~
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:
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Acclimation of fish __Fish received 12/13/71. Maintained in plastic stock tank receiving

constant flow of charcoal and sand filtered Chapel Hill tap water, 14.5-18,5 C.

Pretreatment of fish __1reated with tetracycline H C1 on 12/13.

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24 hr. 48 hr. 72 hr. 96 hr.
1) 11 1 11 1 1
18 10 10 9 9 8
32 10 10 9 8 7
56 10 8 8 7 5
100 10 10 8 5 2
180 10 7 3 2 0
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH DO(mg/ty | pH DO (mg/) pH DO (mg/l)
0 7.1 7.6 - 3.0 6.6 3.1
18 7.2 7.5 - 3.7 6.8 3.1
32 7.3 7.6 - 4.5 6.8 4.2
56 7.3 7.5 - 4.0 6.8 4.0
100 7.4 | 1.5 - 4.2 | 7.0 4.4
180 7.6 7.6 - 3.2 7.0 2.5

Fish were dyed blue.

Observations on behavior of fish during the tests:

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other ma}exials. determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
poilution control authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.™

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species y:_elds an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. . . . The 48-hr and 96-hr TLsg values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats, Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota,”

Farm No. 257
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Dye formula

I. Testdye Disperse Blue 7 C. 1. No. 62509 Date testedJan. 6-10, 1972
Supplier ADMI Form cupplied Dispersion of 159 (wt.) with Reax 83-A (15%)

Conditions of storage _Aliquot refrigerated in gqlass container.

2. Test fish-_Fathead minnow (Pimephales promelas)

Supplier Windui1l Fish Hatcheries, KernersviNgnber perjar __10-11

Avg.wt 2.5 girange, 1.2 o _4.7 g Avg.length _6.5 _ cm; range, 5.2 to 8.0 cm.
3. Testjars: Material . @1ass __ _ : capacity .19 | dimensions 25 __ em(d)x — 47 cm(h).
; i i3 .
4. Dilution water Charcoal .fﬂd sand filtered Chapel 1iill tap water
r - = S
Volwme per jur ].‘J_.__ 1. depthin jar ¢m; pH .6'0 . TOC € mg/l; Fe <0.02 mg/l;
H o
Al ,_f?;l_ mg/l Mg 1.4 mg/l . Ca 8.5 mg/l; total dissolved solids 108 mg/l;
turbidity __._O_._ JTU: rotal alkalinity __ZZ__ mg/l as CaCO3.
S. Procedure: Static
o
6. Test conditions: Temperature _*.lﬁ..__ C: range during test, 4.1 to 17.2 C. Initial
dissolved oxygen ?: 5?1.‘_@ mg/l: range during test, __2.'5- . to _._Z_{:_ mg/l.  Initial pH 7__1‘_7_ﬂ___ ;
range during test. _6,.'§_.___ to __7:,3_-, —_— (P\erated 5 min each at 48 hr)
n
7. 96-hour TLs0: se mg/l.
1000
o]
™ IS
100 N
E:
z
o [
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Acclimation of fish _Fish received 12/13/71. Maintained in plastic stock tank receiving

_ constant _flow of charcoal and sand filtered Chapel Hill tap water

Pretreatment of fish __ Jreated with tetracycline HCL on 12/13/71 and 1/24/72.

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving

mg/l fish 24 he. 48 hr. 72 hr. 96 hr.

0 10 10 10 10 10

10 10 7 7 7 7
18 10 2 2 2 1*

32 10 0 - - -

56 10 0 - - -

100 10 0 - - -

* Sick at termination of test.

TEST CONDITIONS

Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH | DOmgl) | pH ] DO (mg/) PH | DO (mg/)

o] 6.9 7.0 6.2 2.7 6.5 2.6

10 7.2 7.5 6.4 3.2 6.5 2.9

18 7.2 7.4 6.2 1.2 6.7 2.1

32 7.2 7.3 6.9 6.6 - -

56 7.2 7.4 6.9 6.5 - -

100 7.2 7.3 6.9 6.7 - -

A1l dead fish dyed. Surviving fish dyed blue-

Observations on behavior of fish during the tests:

green.

Iish bioussay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCI, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. L'ish tests and their application are described in Standard Methods as follows:

Principles and application of fish bivassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physicaI. and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
poliution controt authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.” .

Accuracy, interpretation and limitations:  “Toxicity studies with a randomly selected species cannot be expected to give 'accu‘ml: information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species y:}:lds an accunte
estimate of the toxicity of the material in question only to others of that species of simiiar size, age and physiological condition and in water
with the same or similar characteristics and under similac test conditions. . . . The 48-hr and 96-hr TLsq values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safc in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms,-and still

lower concentrations may cause noniethal impairment of their functions or performance, such as swimming ability, appetite and grow!
resistance to disease, reproductive capacity or ability to compete with other species of the biota.”
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Dye formula
1. Testdye Acid Blue 25 €. 1. No. 62055 Date tested __1/31/72
Supplier aal Form supplied Dry powder

(3%}

W

Stored at ¢ 20 C in dark

Conditions of storage

Fathead Minnow (Pimephales promelas)

Test fish

supplier _Hindmill Fish Hatcheries Number per jar 10

Avg. wt._?_'s_- g range, _9_'_92 to ___§;§1__ g. Avg. length 6.6 — Cm. range, Lg_o_to _8.20 cm.
Test jars: Material _G,]_ﬁs_i__-._,._: capacity 19 I: dimensions 25 cm(d) x _57_____cm(h)‘

Dilution water .. Charcoal-sand filtered Chapel Hill tap water

Volume per jar 18 g depth in jar 39 em; pH 8.9 TOC_2 mg/l; Fe <0.2 mg/l;

al__<0.5 mg/l: Mg e mg/l: Ca __8.7 mg/l, total dissolved solids 128 mg/l:

turbidity Q. ITU: total alkalinity 30 mg/l as CaCO3.

Procedure: Static

Test conditions: Temperature A range during test, —_14.8 o__17.0 ¢ Initial
dissolved oxygen 7.0-7.5 mg/l: range during test, 1.2 to 7.5  _mgl Initial pH 6.9-7.2

range du[inglest‘ _6_._2_ —_- o _7_.42__ — . (Aerated for 5 min each at 48 hr)
96-hour TLsg: 2 mg/l.
100
4
10

Concentration of Dye (mg/l)

0 10 20 30 40 50 60 70 80 90 100

Test fish surviving (%)
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Acctimation of fish -E1sh received October 20, 1971, Maintained in 250 gal. plastic
_tank receiving constant flow of filtered tap water and aerated with compressed ajr.

Temp. 15-20 C

Treated on October 20-22, Nov. 1, and Nov. 16-18, 1971 with Tetrache

Pretreatment of fish

(Tetracycline H C1) to control disease. Treated with Na C1 11/1, Starved for 48

hr _prior to experiment.

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24hr. 48 hr, 72 hr. 96 hr.
0 10 10 9 9 9
1.0 10 10 10 10 10
1.8 10 10 10 9 9
3.2 10 10 10 8 8
5.6 10 10 9 8 8
10.0 10 6 1 1 1
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
me/l pH | DO(me/l) | pH | DO(mg/l) | pH | DO (mg/)
0 7.1 7.0 6.6 4.4 6.4 3.6
1.0 7.1 6.9 6.5 4.7 6.5 4.5
1.8 7.2 6.9 6.5 5.1 6.5 4.0
3.2 7.2 7.1 6.5 5.2 6.5 3.9
5.6 7.2 7.0 6.5 5.0 6.5 3.8
10.0 7.2 6.9 6.5 4.8 6.6 4.7

i -movi
Observations on behavior of fish during the tests: Before death, fish tended to become very slow-moving

Dead fish were dyed on heads and fins.

at higher concentrations. Surviving fish

were dyed dark green in concentrations above 1 mg/1.

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination.of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge mtes, establish the relative sensitivity of various fish species, and identify effects of physicat and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.”

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. . . . The 48-hr and 96-hr TLso values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause noniethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota.”
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Dye formula

Acid Green 25 c 1 No. 61570 Date tesied 11/29-12/3/71

1. Testdye

ADMI Form supplied Powder - compasite

Stored dry at c.20 € in dark; stock solutions refrigerated in glass

Supplier

Conditions of storage

2. Test fish _Fathead minnow (Pimephales promelas)

Supplier Derry Water Gardens, Kernersville Number perjar _10
Avg.wt._1.2 g range, 0.4  t0o_2.9 g Avg.length 5.2  cm; range, 3.5 to_ 7.5 cm.

3. Testjars: Moterial _Glass —  _: capacity .19___ I; dimensions 20 em(d) x 47 em(h).
Charcoal-sand filtered Chapel Hill tap water

4. Dilution water

Volume per jar _15__I; depthinjar .30 _ cm; p _Z.1__; TOC __3 mg/l; Fe__<0.01 mg/l;
Al.<0.1_ mg/l: Mg__..O_~_5é mg/l: Ca_8.6 mg/l; total dissolved solids 121 mg/l;
turbidity 0 JTU; total alkalinity 29 __ mg/las CaCO3.

5. Procedure: Static

to 20 C. Initial

6. Test conditions: Temperature .18  C; range during test, __17.9

dissolved oxygen6.9=7. 1 mg/l: range during test, _ 3.6 _ 1o 7.1 mgfl.  Initial pH Z.1=7.2
range during test, 6.4 _ w __ 7.2 . (Aerated for 5 min. each at 48 hr.)

7. 96-hour TLsq: 6.2 mg/L.
1000

—
o
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1

Concentration of Dye (mg/1)
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n _Fish received 12/13/71. Haintained in plastic stock tank receiving

Acclimation of fis

constant flow of charcoal and sand filtered Chapel Hill tap water, 14.5-18.5 C.

Pretreatment of fish Treated with tetracycline HC1 on 12/13.

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24hr. 48 hr. 72 hr. 96 hr.
0 11 11 1 11 11
0.10 10 10 10 10 10
0.18 10 10 10 10 10
0.32 10 10 10 10 10
0.56 10 10 10 10 10
1.00 10 10 10 10 7*
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
meg/1 pH DO (mg/l) | pH DO (mg/1) pH DO (mg/l)
0 7.1 7.6 - 3.0 6.6 3.1
0.10 7.2 7.6 - 3.8 6.6 2.7
0.18 7.3 7.5 - 3.5 6.6 2.5
0.32 7.3 7.6 - 2.9 6.6 2.6
0.56 7.2 7.3 - 2.5 6.7 2.3
1.00 7.3 7.5 - 2.4 6.7 1.7

* Observations on behavior of fish during the tests: __At_96 hy at 1.00 ma/1, two additional fish were

showing severe distress and death appeared imminent. Respiratory distress was

not ohserved

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as foilows:

Principles and application of fish bioassay tests: *“Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities, In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequatety controtled conditions.™ N

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test ¢onditions. . .. The 48-hr and 96-hr TLsg values provide useful measures of the
Telative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity ot ability to compete with other species of the biota.”
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Dye formula

I. Testdye _Uisperse Blue 3 C.1. No. 61505 Date testeddan. 6-10, 1972
Supplier ADMI Form supplied Dispersion of 15% (wt) with Reax 83-A (15%)

Aliquot refrigerated in plastic stock bottle.

Conditions of storage

Fathead tinnow (Pimephales promelas)

2. Test fish
Supplier Windwill Fish Hatcheries, Kernersville, . per jar 10-11
Avg. wt. 2.5 g. range, 1.1 to 4.6 g Avg. length _5_6_ cm; range, 5.2 toig__ cm.
3. Test jars: Material glass ; capacity 19 I; dimensions 25 em(d) x 47 cm(h).
4. Dilution water _charcoal and sand filtered Chapel Hill tap water
Volume per jar 15 1; depth in jar 30 cm; pH €.6 ; TOC 6 mg/l; Fe <0.02 mg/l;
al_<0.1 mg/l; Mg 1.4 mg/l; ca_8.5 mg/l; total dissolved solids 108 mg/l;
turbidity S JTU; total alkalinity 27 mg/l as CaCO3.
5. Procedure: Static
6. Test conditions: Temperature 15 ¢ range during test, 14.4 to 17.2 C. Initial
dissolved oxygen 7.3-7.6 mg/l; range during test, 1.7 to 7.6 _mg/l.  Initial pH 7.1-7.3 ;
range during test, _ 0.6 to _ 7.3 . {Aerated 5 min each at 48 hr)
7. 96hour TLsg: 1 mg/l.
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Acclimation of fish _Fish received 2/14/72; maintained in constantly flowing, aerated,

charcoal-sand filtered Chapel Hill tap water 14-]18 C

Pretreatment of fish _Ireatment with tetracycline HC1 (Tetrachel) 2/14/72 and 3/17/72

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
meg/1 fish 24 hr. 48 hr. 72 hr. 96 hr.
0 10 10 10 10 9
18 10 10 10 10 10
32 10 10 19 10 10
56 10 10 10 10 10
100 10 10 10 10 10
180 10 - - __- Vi
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH DO (mg/l) pH DO (mg/1) pH DO (mg/l)
0 7.2 6.8 6.6 5.2
18 7.1 7.0 6.7 5.3
32 7.2 7.1 6.6 5.5
56 7.2 7.1 6.6 . 5.2
00 7.2 | 1.2 6.7 | 5.4
180 7.4 7.2 6.8 5.3
Observations on behavior of fish during the tests: Not remarkable.

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Wa{er‘anc‘i Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as foilows:

Principles and application of fish bioassay tests: *“Bioassays are conducted to evaluate the toxicity of effluents or other mqterials, determine
permissibie effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemi
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.” .

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate mformam:n
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. .. . The 48-hr and 96-hr TLsg values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concmt:?];
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and sth
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
fesistance to disease, reproductive capacity or ability to compete with other species of the biota."
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Dye formula
1. Testdye Vat Green 1 C. 1. No. 59825 ' Date testedw
icr American Dye Manufacturers Instg . lied _Composite dispersion of 15% (wt)
Supplier . orm UPPed g Tn T5% (Wt TameT SN
Conditions of storage Refrigerated

Fathead minnow (Pimephales promelas)

2. Test tish

Supplier Windmill Fish Hatcheries Number per jar 10

Avg. wt.ﬂ:ﬁg g: range, Q_g5__ to _LQL g. Avg. length _4_'_]_2__. cm; range, _:L.Z_oto_&_Og_ cm.
3. Test jars: Material QJ.EL._.__._: capacity ..]_9.__ I: dimensions €9 cm(d) x __.ﬂ___cm(h).

4. Dilution water Gharcoal-sand filtered Chapel Hill tap water

Volume per jar 15_ depthinjar .39 em:;pH 7.3 . TOC 5 mg/l; Fe__<0.02 mg/1;
al_<1.0_ mg/l: Mg 1.6 _. mg/l: Ca S5 mg/l; total dissolved solids 127 mg/l;

turbidity 2 . JTU: totul alkalinity —22__ mg/l as CaCO3.

5. Procedure: Static

15.0 to _16.6 C. Initial

6. Test conditions: Temperature B 1B o range during test,
dissolved ()xygen6 .8-7.2. mg/l: range during test, 5.2 w__ 1.2 mg/l.  Initial pH 2.1-7.4 .

2L S

range during test, 6.6 w

7. 96-hour TL50: 2180 mg/l.
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Fish received 12/13/71. Haintained in plastic stock tank receiving

Acclimation of fish

constant flow of charcoal and sand filtered Chapel Hill tap water, 14.5-18.5 C.

p Treated with tetracycline H C1 on 12/13.

Pretreatment of fis

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24 hr. 48 hr. 72 hr. 96 hr.
0 11 1 n n n
18 10 10 10 10 10
32 10 10 10 10 10
56 10 10 10 10 10
100 10 10 10 10 10
180 10 10 10 10 10
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH DO (mg/l) | pH DO (mg/l) pH DO (mg/1)
0 7.1 7.6 - 3.0 6.6 3.1
18 7.3 7.7 - 3.0 6.9 2.1
32 7.4 7.6 - 3.0 6.9 1.7
56 7.4 7.7 - 2.8 7.0 1.5
100 7.5 7.5 - 2.5 7.0 1.8
180 7.5 7.6 - 2.9 7.0 2.0

Observaticns on behavior of fish during the tests: Not remarkable

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on.toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In 2 bioassay, experimental organisms are subjected to a series of concentrations of a kniown or suspected toxicant
under adequately controlled conditions.” .

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected sp cannot be exp d to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test qonditions. . .. The 48-hr and 96-hr TLso values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nonfethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota.”




i UNC WASTEWATER , FISH BIOASSAY TESTS

l RESEARCH CENTER l AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT
2 1
1§
I/\I/\I/‘ -
/\ I/\|"h\'/.\‘~/) (Brj,
\/\I/
0

Dye formula

1. Test dye Vat urange 1 C. 1. No. 59105 Date tested ‘].a_”' 6-10, 1972
Supplier ADIiT Form supplied Jispersion of 15% (wt) with Tamol SH (15

Conditions of storage _~11quot refrigerated in glass container

2. Testfish _Fathead minnow (Fimephales promelas)

Supplier ‘.‘lﬂg"_”_]_]_.[ 1_5“_"‘31:&"_-‘_[-'_@_’_@@1 Nefuber per jar . 10-11

Avg. wt.. 2.3 g. range, N6 o _4.4 g. Avg, length _G.4 __ cm; range, 4.5 10 7.9  cm.

3. Test jars: Material _9lass . capacity 19 1; dimensions 25 cm(d) x 47 cm(h).

4. Dilution water . _Gharcoal and sand filtered Chapel fiill tap water

Volume per jar 19_ I; depthinjar 30___ em: pH @.6 . TOoC__ G mg/l. Fe <002 _ mgt;
Al <l mg/t: Mg 18 mgil Ca__8.5 mg/l: total dissolved solids 108, mg/l;
turbidity __. 0. . IJTU: total alkalinity . __27__ mg/l as CaCO3.

5. Procedure: Static

~

6. Test conditions: Temperature .12 __. C: runge during test, 14 _.( to 17.2 C. Initial

dissolved oxygen 7.6=7..7 mg/l: range during test, 1.5 - w 7.7 mg/l. InitiatpH Z.1-7.5 _;
range during test, 0.5, . . 1w 7.9 _

7. 96-hour TLsg: .. 23100 . myg/l.
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Acclimation of fish  Fish recejved. 2/14/72; maintained inconstantly-flowingy

charcoal- -sand Tiltered Chepe! Hill tap water 14-18 C

hel) 2/14/72 and ;

~
w
Rt

Protreatmient of fish _ T‘ eatwent | with tetracyeling (€1

ENXPERINENTAL ATA

Newoof fish surviving

Dye Cone eptyution No. test
g Fish ¥4 4 72 hr.
0. - 19 10 10

18 10 16 1¢ 10

32 19 i 16 10

56 10 10 10 10

100 10 19 g 10

180 1C - - -

TEST CONDILIONS

Dye Concentration Ohs <X hr. 96 hr.
mgfl g DO 1) phi DO (mgh) pti DO {mg,

0 7.2 6.8 6.6 | 52
18 7.2 | 7.1 6.6 | 5.4

32 7.2 6.9 6.5 5.4 _
56 7.2 7.3 6.6 5.0

100 1.2 1.0 6.5 5.2

180 1.2 f.8 £.4 4.2

Not renrarkable.

Observations on behavior of fish during the resis:

.__
Fish bioassay tests were conducted according ta procedures described in Standard Methods for the Examination of Wat
13th ed., APHA, AWWA, WPUF, New York, Y. (1971} The toss are subject thercfore 13 the applications and i
pny.cdnrm Fish tesgs and thar application ard d; ted n S?mdard Aethods 2« tollows:

assays are conducted to evaluate the toxicity of effluents or other m
permissible efflucnt discharge mates, esdablish the relative sensitivity of varivus fish st2cies, and identify eifzcts of phy

svariables such as temperatuse and pil on toxivity . Bivassays €an be used 10 jud ze complizace with sater quality standards es
pollution ‘control authorites, fna bioasay, experimeantal ox,:’mms are sublucnd to a wnes of conczntiations of a known or
under adequately controlled conditions.™ F

Accuracy, interpretation and lmuauuns *Toxi«: q'\ itudus l\l”l a randomiy se[ec(ed species cannot be expected to give ac
on the toxicity of that mutersal 10 othef species and life su{: 3 Or to an catire bota. A toxicity troassay with one species
v ol the matenaliin question unly to wthers of that species of sirmilar size, s e and physiological cond
with the same or similar chir_ctenstics and vnde: siufar todt codditions. .. The 48-hr and 96-I¢ TLso valu s provide use!
selative acute lethal tonicity of tested substances to [ish under cenain experimental corditions, b2t these values do not re
tions that are mferin fish habitats. Long-term enposure to wuch lower conzentrations may be Iushal to fiskes and other
lower concentrations may <iuse nontethal impalTweat of lh-.u’ functions or pulurm.r*cc such =s swimming ability, apg
les,shmx‘ to disease, reproductive capacity of ability to compete with other spesies of the biota.”™

Principies and application of fish bivasay teqts:

=

Foem No. 257
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sulfide condensation O:,Ot L et

preduct from H

3-Carhazelvlamino phienat

Dye furmala

Test dyé __Vat ‘Blue 43 C. 1. No. 53630 _ Date tested 3/23-3/27/72

1. ) Comjiosite dispersion of T5% (wt)
Supplier. American Dye _Kanufacturers Instorm supplied (&'Q_I_DE‘Z__(WE)__ Iayol___SN ———
Conditions of storage _R_E_".frigeratEd

2. Test fish :Fathead minnew (Pimephales promelas)

Supplicr,_#indmill Fish Hatcheries Number perjor __10
Avg.wt. 0.62 g range, 0-33_ o _1.256 2 Avg.length 4:23_ (. range, 3:70,, 5.00 em.

3. Test jars: Material _._9].'151.5__*__; capacity _ 13 1. dimensions .__25 em(d) x 47 _cm(h),

4. Dilution water _Charcoal-sand filtered Chapel Hill tap water
Volume per jar 15 L depth injar 30 cm; pH 7.3 - : TOC 5 me/t; Fe _ <0.02 me/l;
a_<1.0 mgfl; Mg 1.6 mg/l; Ca 5.1 mg/k; total dissolved solids ___127 mgfl;
tarbidity — 2 ___ JTU: total alkalinity _ 22___ mfl as CaCOx.

. 5. Procedure: Static A
= - 6. Test conditions: Temperature 15 C: sange during test, __15.0 to __ 16,3 C. Initial
dissolved oxygen 6.8-7.3 mg/l; range during test, 4.2 to ._7.3 mg/l. Iitialpll 7.2 H
tange during test, 6.4 to 1.2
7. 96-hour TLsg: 2180 mg/l.

1000 —¢
T—

Concentration of Dye (mg/1) S

-
o -
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Acciimation of (ih _ Fish. received 2/14/72; maintaired in_constantly flowing,—aerat

. charceal-sand fiitered Chepel bill tap water 14-18 C

Pretresument of fish __1Vestment with_tetracycline HCY_(Tetrachel) 2/14/72 and 3/17/7

EXPERISMENTAL DATA

No. of fish surviving

Dye Concentration No. test .
mydl fish 24 hr. 48 hr. 72 hr. 96 I
0 10 10 J¢ 16 [¢]
18 10 10 10 10 10
32 10 10 1n 10 19
56 10 10 10 10 10
100 10 10 10 10 10
180 10 10 10 10 10
TEST CONITIONS
Dye Concentiation 0 Lr. 48 hr. - 96 hr.
myl pl! DO (ugft) pil DO {mgil) plt DO (gD
0 = 7.2 6.8 6.6 5.2
18 - 7.1 6.5 6.7 4.5
32 7.1 6.3 6.6 5.0
56 7.1 ?4 6.6 5.1
100 7.1 6.5 6.7 5.0
186 7.1 6.4 6.7 4.8

PR,

Not remarkable.

Observations on behavicr of fish during the tests:

Fish bicacsay tests were conducted {ccording to procedures described in Standisrd Methods for the Exaniination of Water and Wes
13th ed., APHA. AWWA, WPCEF. New Yorfk, N. Y. (1971). The tests arc subject therefore to the applications and limitations
proceduges, Fish tests and their spplication are describedtin Shkmdard Methods as tollows: -

Principles and application of fish bivasay tests: *“Bioussays ase conducted to evaluate the toxicity of effluents or other materials, de
permissible efiluvit discharge aatds, establish the relutive-sensitivity of various fish species, and identify effects of physical and «
variables such as temperature and pH on toxicity. Broussays ¢an be used 20 judee compliance with water qual:ty standards established !
pollution control au*haritics. In 2 bioasay, exper al organi are sub: d to a serivs of concentrations of a known or suspected
under adequately controlied conditions, ™ C .

Accuracy, inferpeetation and mitations; “Tovicity studics with 3 randomly selected species cannot be expeuted to give accurate info
on the tonicity of that material to other speaics apd tife stages or to an entire biota. A 1oxwity bivassay with one species yieids an :
estimate of the torézity of the material in questiofh only to others of that spesies of dmilar size, age and phy siological condition and
with the same or similar charastenctics and under Saaulae test conditions. ... The 48-hr and 96-hr TLso valuss provide useful measur
relative acute lethal toxicity of tested substances to fish undur certain experimental conditions, but these vaiues do not represent co
tions that are wafe in fish habitats. Long<erm evpasure tamuch lower concentrations may be lethal to fishes and other organisms,
lower concentrations may cabise nonlethal unpairrient of their functions or performance, such s swimmieng ability, appetite and
fesistance to disease, reproductive capacity or ability to compete with other specics of the biota.™

—
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sulfide condensation 04

product from
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2,4-Dinitrophernol

H Dye formula

. Testdye Sulfur Black 1 C. 1. No. 53185 Date tested 3/23-3/27/72

: Composite dispersion of 15% (wt)
Supplier American Dye Manufacturers Instyimeu pplicd dye in 15% (wt) Tamol SN

Conditions of storage Refrigerated

. Testfish __Fathead minnow (Pimephales promelas)

2

Supplier Windmill Fish Hatcheries Number per jar 10

Avg. wt.o'_GG_ g; range, Eg_ to _!i]__ 8. Avg. length _4._34_ cm; range, &Q_lo_é'_zi_ cm.
3. Testijars: Material glass . capacity 19 L dimensions.j_ em(d) x _..97___cm(h).

. ;’ﬁ:

Dilution water _Charcoal-sand filtered Chapel Hill tap water

Volume per jar 15 I; depth in jar 30 _ cm; pH 7.3 . toc 5 mg/ft; Fe <0.02 me/l;
Al_$1.0  mp; Mg 1.6 mgfl; Ca_5.1 mg/l; total dissolved solids 127 me/l;

turbidity 2 JTU; total alkalinity 22 mg/l as CaCO3.

. Procedure: Static

Test conditions: Temperature . C.; range during test, 14.3 to 16.0 C. Initial
dissolved axygen _6_._3;6+8_mg/l; range during test, _4.2 to 6.8 mg/l.  Initial pH 7.1-7.2 H
range during test, _._6_-_5_._,_ to 1.2 .

96-hour TLsg: 2180 mgp.

1000 *

o

e

i ;Cogcentgu:llon of Dye (mg/l) &3
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- Test [ish surviving (%)
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Acclimation of fish _Fish [@(:_8_1'_\_@51__2_[11/72 > maintainﬁ-‘i—iwﬂs—tﬁﬂth_ﬂﬂmg-p—m%—
_charcoal-sand filtered Chapel Hill tap water at 14-18 C

Pretreatment of fish 1reatment with tetracycline HC1 (Tetrachel) 2/14/72 and 3/17/72

EXPERIMENTAL DATA
Dye Concentration No. llest No. of fish surviving
mg/l fish 24 hr. 48 hr. 72 hr. 96 hr.
] 10 10 10 10 9
1.8 10 10 10 10 10
3.2 10 - - - 9
5.6 10 - - 7 3
10.0 10 6 - 0 Q
18.0 10 1 0 0 0
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/! pH DO (mg/ly | pH DO (mg/t) pH DO (mg/l)
0 7.18 6.8 - - 6.55 5.2
1.8 7.00 6.2 - - 6.30 5.6
3.2 7.0 | 6.2 |- - le.ss| 5.3
5.6 7.00 6.4 - - 6.54 5.3
10.0 7.05 6.4 - - 6.56 4.7
18.0 7.00 6.6 6.89 5.9 - -
Observations on behavior of {ish during the tests: _____Dead fish dyed pale blue.

I‘ish bioussay tests were conducted sccording to procedures described in Standard Methods for the Examination of Water and Wastewater
E3th ed., APHA, AWWA, WPCE, New York, N. Y. (1971). The tests are subject therefote to the applications and limitations of thes
procedures. Fish tests and their application arc described in Standard Methods as follows:

Principles and application ot fish bioassay tests: “‘Bioassays are conducted to evaluate the toxicity of effluents or other materials, determin
permissible effluent discharge rates) establish the relative sensitivity of various fish species, and identify effects of physical and chemicz
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by wate
pollution control authorities. In a bioassay, experimental organisms are subjccted to a series of concentrations of a known or suspected toxicar
under adequately controtled conditions.” '

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate informatiol
on the toxicity of that material to other species and life stages or to an entire biota, A toxicity bioassay with one species yields an accurat
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in wate
with the same or similar characteristics and under similar test conditions. . . . The 48-hr and 96-hr TLsq values provide useful measures of th
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra
tions. that are safe in fish habitats, Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and stil
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth
resistance to disease, reproductive capacity or ability to compete with other species of the biota.”
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Dye formula
I. Testdye Basic Blue 3 C. 1. No. 51005 Date tested 3/23-3/27/72

Supplier American Dye Manufacturers Instgom supplied Dry powder

Conditions of storage Stored in dark at approximately 20 C

2. Testfish ___Fathead minnow (Pimephales promelas)

Supplier _Windmill Fish Hatcheries ~ Number per jar 10
Avg. wt. 0,60 g: range, 0.32 10 . 1.39 ¢ Avg.length 4.13  cm: range, 3.2010.5.70 _cm.

3. Testjars: Material ___glass . capacity _ 19 I: dimensions __25 em(d)x 42 cmih).
4. Dilution water _Charcpal-~sand filtered Chapel Hill tap water

Volume per jar _ 18 1; depth in jar 30 em: pH 7.3 _.t10c_5 mgfl; Fe_<0.02 mg/l;
Al_<1.0 mg/l; Mg,]_-ﬁ__* mg/l; Ca_5.1 mg/l: total dissolved solids 127 mg/l;

turbidity .2 JTU: total alkalinity .___22 _ mg/l as CaCO3.
5. Procedure: Static

6. Test conditions: Temperature 15 ¢ range during test, 15.1 to 17.7 C. Initial

dissolved oxygen 6,2-6.8 mg/l. range during test, _4.7 to _6.8 mg/l.  Initial pH 7.0-7.2

range during test, 0.3 ___ to .__7.2._ .

7. 96-hour Tlsg: . — 4 mg/l.
100
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o
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Concentration of Dye (ng/1)
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Acclimation of fish _Fish received Oct. 20, 1971. Maintained in 250 gal. plastic_ tank

receiving constant flow of filtered tap water and aerated with compressed air.

Temp. 15-20 C.

Pretreatment of fish __Treated on Oct. 20-22, Nov, 1, and Now. 16-18, 1971 with Tetrachel
tet i ; VT

48 hr_prior to experiment.

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24 hr. 48 hr. 72 hr. 96 hr.
0 10 10 9 9 9
1.0 10 10 i0 10 10
1.8 10 10 9 9 9
3.2 10 9. 8 7 5
5.6 10 2 1 0 0
10.0 10 0 0 0 0
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH DO (mg/l) | pH DO (mgft) pH DO (mg/1)
0 7.1 7.0 6.6 4.4 6.4 3.6
1.0 7.0 7.1 6.5 4.7 6.6 4.5
1.8 7.1 7.3 6.4 3.6 6.5 3.9
3.2 1.2 7.4 6.4 4.4 6.6 3.5
5.6 7.1 7.2 6.5 5.0 ~ -~
10.0 7.2 7.2 7.1 7.2 - -

Observations on behavior of fish during the tests: Fish dyed faint yellow. At concentrations of

3.2 mg/1 and above, fish showed disturbed equilibrium -- swam upside down, on side,

etc.

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewaster,
13th ed., APHA, AWWA, WPCF, New York, N.Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures, Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In a bioassay, expetimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions,"

Accuracy, interpretation and limitations: *“Toxicity studies with a randomiy selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. . .. The 48-hr and 96-hr TLsq values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota,”

Farm pn 267
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Dye formula

Easic Yellow 11 48055

I. Test dye C. L. No. Date tested 11/29-12/3/71

Supplier ADMI Form supplied composite, dry powder

Stored dry at ¢. 20 C in dark; stock solutions refrigerated in glass

Conditions of storage

Fathead minnow (Pimephales promelas)

2. Test fish
. N .
Supp“erberr‘y Water Gardens, Kernersville .. per jar 10
Avg. wt.._]_i g, range, 0.4 to 13.6 g. Avg. length ig__ cm; range, 3.5 to_.7_'§_ cm.
3. Test jars: Material Glass . capacity 19 1; dimensions 25 em(d) x 47 cm(h).
4. Dilution water _charcoal-sand filtered Chapel Hill tap water
Volume per jar 15 l; depth in jar 30 cm; pH 7.1 . TOC 3 mg/l; Fe <0.01 mg/l;
Al <0.1 mg/l; Mg 0.53 mg/l; Ca,__§-_6_____ mg/l; total dissolved solids 121 mg/l;
turbidity 0 JTU. total alkalinity _ 23 mg/l as CaCO3.
5. Procedure: Static
6. Test conditions: Temperature _ 18 C. range during test, 17 to 20 C. Initial
dissolved oxygen7-~_0‘_7_-_i mg/l; range during test, 3.5 to 1.4 mg/l.  Initial pH _1.0-7.2
range during test, __0.4 to 1.2 ~ {Aerated for 5 min. each at 48 hr.)
7. 96-hour TLsg: - 3.2 mg/l.
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Accun{mon of fish _Fish received 12/13/71. Maintained in plastic stock tank receiv

ing

g

constant flow of charcoal and sand filtered Chapel Hill tap water, 14.5-18.5 C.

Pretreatment of fish

Treated with tetracycline H C1 on 12/13.

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24 hr. 48 hr. 72 hr. 96 hr.
0 1 1 11 1 11
18 10 10 10 10 10
32 10 10 10 10 10
56 10 10 10 10 9
100 10 10 10 10 10
180 10 10 10 10 10
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/! p | DO(mg/) | pH | DO (mg/l) pH | DO (mg/))
0 7.1 7.6 - 3.0 6.6 3.1
18 7.2 7.6 - 2.9 6.9 3.0
32 7.4 7.6 - 2.5 7.0 2.4
56 7.6 7.7 - 2.6 6.9 2.5
100 7.7 7.8 - 2.5 7.0 2.7
180 7.9 7.6 - 1.9 7.0 2.3

Observations on behavior of fish during the tests: Fish dyed faint gold at 56 mg/1 and above.

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed.,, APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions."

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. . .. The 48-hr and 96-hr TLsg values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota.” )
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Dye formula

. Test dye Disperse Yellow 54 C. L No. 47020 Date tested Van. 6-10, 1972
Supplier ADMI Form supplied 21SPErsion of 15% (wt) with Reax 83-A (15%)

Aliquot refrigerated in glass container

Conditions of storage

5. Test fish Fathead minnow (Pimephales promelas)

Windmill Fish Hatcheries, Kernersvijler perjar _ 10-11

Supplier
Avg. wt‘2° 3 g; range, 1.0 to 5.0 g. Avg. length 6.6 cm; range, 5.2 7.8  ¢m.
3. Testjars: Material __glass . capacity 19 I; dimensions 29 em@)x — 47 cm(h).

4. Dilution water ___charcoal and sand filtered Chapel Hill tap water

Volume perjar _15_1; depthinjar 30 cm; pH _6.6 ; TOC___6 mg/l; Fe __<5.02 mg/l;
Al_<0.T mgn; Mg 1.4 mg/l; Ca 8.5 mg/l; total dissolved solids 108 mg/l;
turbidity 0 JTU; total alkalinity 27 mg/l as CaCO3.

5. Procedure: Static

6. Test conditions: Temperature 15  C; range during test, __13.9 to —_17.1 C. Initial

dissolved oxygen Z.6-7.8 mg/l; range during test, 1.9 to 2.8 mg/l.  Initial pHZ1=7.9

range during test, 6.6 to 7.8 . (Aerated 5 min each at 48 hr)

7. 96-hour TLsg: 2120 mg/l.

100¢
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Concentration of Dye (mg/1)

10

0 10 20 30 40 50 60 70 80 90 100

Test fish surviving (%)
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Acclimation of fish _Eish received 12/13/71. Haintained in plastic stock tank receiving
.. ..Lonstant flow of .charcoal and sand filtered Chape} Hill tap water, 14 5-18.5 C

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/| fish 24 hr. 48 hr. 72 hr. 96 hr.
0 11 11 11 11 11
0.032 10 10 10 10 10
0.05%6 10 10 7 5 2
0.10 10 10 7 4 2
0.18 10 7 2 N 0
0.32 10 0 ) N 0
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH DO (mg/l) | pH DO (mg/l) pH DO (mg/1)
0 7.1 7.6 - 3.0 £.6 3.1
0.032 7.1 7.5 - 2.5 6.8 1.7
0.056 7.2 7.5 - 1.4 6.8 1.5
.10 7.2 7.3 - 1.6 €.0 1.7
0.18 7.3 7.4 6.9 3.1 - -
0.32 7.3 7.4 7.0 5.5 - -

Observations on behavior of fish during the tests: Fish cyed faint purple.

Iish bivassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCE, New York, N, Y. (1971). The tests arc subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperatuce and pH on toxicity, Bioassays can be used to judge compliance with water quality standards established by water
pollution control authoritics. In a bioassay, experimental organisms are subjccted to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.™ .

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test coaditions. . ., The 48-hr and 96-hr TLsg values provide useful measures of the
refative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and stilt
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
fesistance to disease, reproductive capacity or ability to compete with other species of the biots,” :
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Dye formula

I. Testdye

ADHE Form supplied __ UTY_pawder

basic Violet 1 C. 1 No. 42535 Date tested _8an. 6-10, 197

972

Supplier

Ory powder stored at c.20 C in dark. Stock solution prepared inmediately

Conditions of storage
8 before test

3 Testtish _Fathead minnov (Pimephales pronelas)

Supplier +1ndrii1] Fish liatcheries, FernersviNguber perjar _10-11

Avg. wt.__z_‘_7_ g: range, 0.8 to 5.0 g. 6.6 . range, 5.0 KOG-*Q__ cm.
3. Testjars: Material ,_Ql§§_5_____: capacity e 1: dimensions ___€5 __ cm(d) x __4_7___._cm(h).
4. Dilution water _Charcoal and sand filtered Chapel Hill tap water
Voiume per jar By depth in jar 30 em: pH 8.6 . tOC € mg/t; Fe_<0.02 mg/l;
Al_S0 1 mg/l Mg 1.4 mg/l: Ca . C.5 mg/l: total dissolved solids 108 mg/l;
turbidity N T total alkalinity . _27 _ mg/tas CaCO3.
S. Procedure: Static
6. Test conditions: Temperature .13 C: range during test. 13.2 to 17.2 C. Initial
dissolved oxygen 7.3-7.6 mg/l: range during test, 14 e 7.6 mg/l.  Initial pH7_~_].i,_3’____;
range during test, _66_, o . _Z'.? — . {Aerated 5 win each at 4o hr)
7. 96-hour TLsg. . _’__nﬂ_,_, mg/l.
i.0 j' T
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Acclimation of fish _Fish received Oct. 20, 1971. Maintained in 250 gal. plastic ta

receiving constant flow of filtered tap water and aerated with compressed a

Temp. 15-20 C.

Pretreatment of fish _treated on Oct. 20-22, Nov. 1, and MNov. 16-18, 1971 with Tetraci

(Tetracycline H C1) to control disease. Treated with Ma C1 11/1. Starved

48 hr prior to experiment

EXPERIMENTAL DATA

Dye Concentration  {° No. test No. of fish surviving
mg/l fish 24 hr. 48 hr. 72 hr, 96 hr
. 0 10 10 9 9 9
0.018 10 10 10 10 10
0.032 11 11 11 1 11
0.056 10 10 10 10 10
0.10 10 10 6 6 6
0.18 10 10 2 2 2

TEST CONDITIONS
Dye Concentration 0hr. 48 hr. 96 hr.
mg/l pH | DO(mgh) | PH | DO(mgh | PH | DO (mgh)

Q 7.1 7.0 6.6 4.4 6<4 3.6

0.018 7.1 7.0 6.4 4.8 6.5 4.3

0.032 i.Z 7.1 6.5 4.8 6.5 5.0

) 0.056 7.2 1.2 6.4 4.3 6.5 4.4

0,10 1.2 1.9 6.4 4.7 6.6 5.1

0,18 7.3 6.9 6.5 4.9 6.5 3.5

Dead fish not dyed. Some appeared to have

Observations on behavior of fish during the tests:

hemorrhages around qills. Fish surviving at concentrations of 0.1 mg/1 and

above appeared sluggish.

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wast
13th ed., APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations o
procedures. Fish tests and their application are described in Standard Methods as follows:

Principics and application of fish bioassay tests: “*Bioassays are conducted o evaluate the toxicity of cffluents or other materials, de!
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and <l
vatiables such as temperatuge and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established b!
poltution controt authorities. In a bivassay, experimental organisms are subjected to a series of concentrations of a known or suspected K
under adequately controfled conditions.” .

Accuracy, interpretation and limitations: “Toxicity studics with a randomly sclected species cannot be expected to give accurate infor
on the toxicity of that material (o0 other species and life stages or to an entire biota, A toxicity bioassay with one species yicids an a
estimate of the toxicity of the material in question only to others of that species of similas size, age and physiotopicai condition and ir
with the same or similar characteristics and under similar test conditions. . .. The 48-hr and 96-hr TLsq values provide useful measures
relative acute lethaf toxicity of tested substances to fish under certain experimental conditions, but these values do not represcnt con
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, a
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and g
fesistance to disease, reproductive capacity or ability to compete with other specics of the biota.™ .

Form No. 257
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Dye formula

I. Testdye Basic Green 4 C. 1 No. 42000 Date tested 11/29-12/3/71

4 compasite, dry powder

ADMI Form supplie

Supplier
' Stored dry at c. 20 C in dark; stock solutions refrigerated in glass

Conditions of storage

Fathead minnow (Pimephales promelas)

2. Test fish _
Supplier Berry Water Gardens, Kernersville Number per jar 10
Avg. wt. 1.3 g, range, _04_ to A_. g. Avg, length _5._4__ cm; range, .ﬁioﬁ___ cm,
3. Test jars: Material glass ; capacity 19 1; dimensions 25 em(d) x 47 cm(h).

4. Dilution water _charcoal-sand filtered Chapel Hill tap water

Volume per jar 15 1; depth in jar 30 cm; pH 7.1 ; TOC 3 mg/fl; Fe <0.01 mg/l;

Ar_<0.1 mg/l; Mg . 0-53  mg/1; ca_8:6 mg/l; total dissolved solids 121 mg/l;

turbidity @ JTU; total alkalinity __ 29 mg/l as CaCO3.

5. Procedure: Static

6. Test conditions: Temperature i____c; range during test, 16 to 20 C. Initial
dissolved oxygen 6.9-7.2 mg/l; range during test, _3. 5 to 1.2 mg/l.  Initial pH Z.1-7.3
. tange during test, _6.4 to _7-3 . (Rerated for 5 min. each at 48 hr.)
7. 96-hour TLsg: —0.12  mg/l.
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Acclimation of [sh F1sh_received Gctober 20 maintained in plastic_stock tank in cont
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ausly running charceal-sand filtered Chay

Pretreatiment of fish _Treated with_tetracycline_October 20-22; MaCl_11/1; zetracycline

__Starved for 48 br_prior _to_experiment - .

EXPERIMENTAL DATA

Dye Concentration No. test No. of fish surviving
g/t lish 24 hr. 48 br. 72 hr. 9% .
0 10 10 10 ‘10 e
18 ' 10 10 10 10 16
32 10 10 10 10 10
56 10 10 10 10 10
100 10 10 10 10 10
180 10 10 10 10 10
TEST CONDITIONS
Dye Concentration 0 hi. 43 hr. 96 hr.
mg/l pil DO (myil) pil 1O (mgf) pH DO (mg/l)
(] 21 7.5 7.0 3.6 7.0 2.8
18 7.3 7.4 1.3 4.1 6.9 3.9
12 7.2 7.3 7.2 4.0 7.0 4.0
56 7.1 7.4 7.2 4.2 6.8 3.9
100 7.0 7.4 7.2 4.0 6.8 3.8
" 180 1.0 7.1 7.1 3.8 6.7 3.4
Obscrvations on behavior of fish during the tests: Hot remarkable

Note: Dye produced turbidity,

Fish bioassay tests were condycted according to procedures described in Standard Methods for the Examination of Water and Wastew
13th cd., APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject thercfose to the apph.iations and limitations of |
procedures. Vish tests and their application are described in Standard Methods as foliows:

Principles and application of fish bioassav tests: “Bi ys are ducted to eval the toxicity of effluents or other materials, deter
permissible effluent discharge mtes, establish the relative sensitivity of various fish syecies, and identify ¢ifects of physical and ¢4
veriables such as temperature and phi on toxivity. Bioasays can be used to judge compliance with water guat:ty standards established by
pogulio‘n cumnl)l authorities. In a bloasay, exper ] orgm are suby d to 2 series of concentntions of 2 known or suspected o\
under q o Spiei v

Accuracy, interpretation and limitations: “Toxicity studies with 2 randomiy setected species cannot be expected (o give accunate infasl
on the tonicity of that matenal 1o other species and lile stages or to an entire biota. A toxicity bioasay with one species vields 2
estimate of the toxicity of the material in question only to others of that spucies of umilar size, age and Fiiysiologicai condition and &
with the same ot similar chacacteristics and under simar test conditions. . . . The 4%-hr and 96-hr TLso values provide useful measures ¢
relative acuie lethal toxicity of testad substances to fich under certain expenimental conditions, but these vulucs do not represent conse!
tions that ate safe in fish habitats. Long-term exposure 10 much lower concentrationt may be lethal to fishes and other organisms,
lower concentrations may cause nanlethat impairment of theis functions or performance, such as swimmng ability, appetite and g
tod productive capacity or abthty to compete wath other spedies of the biota.™ .
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Dye formula
1. Testdye E‘_‘!P_".‘?é‘—?“.“.’ r--[n',tgmqu (S-‘nlt\o28 4062?. Date tested .U_/U_'J_S/L_
Snpplit.'____.A_D_H_l. e e 2 Form supphicd camposite, dry powder
Conditions of storas.: crupasite storé_d___at 20 C in dark. Stock solutions refrigerated
2 Teu fish  Fathesd iiinnow (Pimephales promelas)
Supplier _Berry, Motoer Serdens, Kernersville wNumberperjar 10
Avg. w123 g oy, . 0.5 0_2.C_ 2. Avg. length 5.1 em range, 3.5 10_6.5 _cm
3. Testjors: Material . class : capacity 20 _1; dimensions .__ 25 cm(d) x __._ﬂ_._....cm(h).
4. Dilwtion warer Chaped P11 tap water, activated charcoal-sand filtered
Volwize perjar 18 0L deptivingor . _ 30 _ cm: pH .J_J-i; TOC. 34 meft; Fe _0.63 mg;
Al <UL mgft v 3.0 meft, Ca . B.6. 138 mg/fl;
trbidiy ___Q__ JrL, total alkalinity _. _32__. mg/l as CaCO3.
5. Pracedure: Seatic ,

. 6. Teut condivions: Tempestare . 1L €; range during test, __16.9 o 12.5_____ C. Initial
dissolved oxygen 7. 1-7. 5 ma/l; range during test, . 2.8 10 1.5 mgfl.  initial pH 7.0-2,3___;
range duaing test, ... 6.7 w__1.5 . _

7. 96-hour TLgg: 2V mph, .
100 ’ :
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Acclimation of fish Fish received 2/14/72 maintained in constantly flowing, aerated

charcoal-sand filtered Chapel Hill tap water 14-18 C.

Pretreatment of fish . Treated with tetracycline HC1 (Tetrachel) 2/14/72

EXPERIMENTAL DATA

No. of fish surviving

Dye Concentration No. test
me/! fish 24 hr. 48 hr. 72 hr. 96 hr.
0 10 10 10 10 10
18 10 10 10 10 10
32 10 10 10 10 10
56 10 10 10 10 10
100 10 10 10 10 10
180 10 10 10 10 10
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH DO (mg/l) pH DO (mg/l) pH DO (mg/1)
0 6.4 8.1 6.6 6.9 7.0 6.4
18 6.8 7.3 6.6 5.7 7.2 6.4
32 6.9 7.1 6.8 5.7 7.2 6.1
56 f.9 5.8 6.8 4.3 2.1 6.0
100 7.0 7-4 6.8 5.0 7.1 6.0
180 7.0 7.4 6.8 5.3 7.1 5.8

Not remarkable.

Observations on behavior of fish during the tests:

In all concentrations of dye there was substantial turbidity
which persisted throughout the test.

Other observations:

I'ish bioussay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Waste water,
13th ed., APHA, AWWA, WPCFE, New York, N. Y. (1971). The tests arc subject therefore to the applications and limitations of these
procedures, Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. [n a bicassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.” ’

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with_ the same or similar characteristics and under similar test conditions. . .. The 48-hr and 96-hr TLsg values provide useful measures of the
relative acute fethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota.™
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A self-condensation product of 5-nitro-
o-toluenesulfonic acid

Dye formula

Test dye __Direct Yellow 11 C. 1. No. _40000 Date tested 3/2-3/6/72

Supplicr American Dye Manufacturers Instporm supplied . DTY powder

Conditions of storage _Stored in dark at approximately 20 C

Test fish _Fathead Minnows (Pimephales promelas)

Supplier Windmill Fish Hatcheries Number per jar 10
Avg. wt.. 096 g: range, 0.30 to _0.88 ¢ Avg.length _4.25_ cm: range, 3.4Q0t0 _4.90 cm.
Test jurs: Material Glass . _ i capacity _19_ 1: dimensions 25 ___ em(d)x 47 cm(h).

Dilution water Charcoal~sand_ filrered Chapel Hill tap watrer

Volume perjar - 15 1; depthinjar 30 _ em: pH 6.8 . TOC 4 mg/l; Fe___<0.02  mg/l:

Al_<1.0_ mg/l: Mg _1.4 my/li Ca 6.5 mg/h total dissolved solids 85 mg/l;

turbidity .0 _ JTU: total alkalinity ._ 19 mg/l as CaCO3.

Procedure: Static

Test conditions: Temperature ...17 __ C: range during test, 15.0 to 18.2 C. Initial
dissolved oxygen 3+8=8.1mg/l: range during test. 4.3 1o 8.1 mg/l. Initial pH 6.4-7,2
range during test. 6.4_ __ o . 7.2
96-hour TLsg: ..2.L8Q.. . mg/l. (Aerated 5 min. each at 48 hr.)
1000
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o Fish received 2/14/72 maintained in constantly flowing, aerated,
Acclimation of tish 0 _ .. ..

charcoal-sand filtered Chapel Hill tap water at 14-18 C.

Pretrestiment of fish ___’g_r_e_;_Ffti‘._Vfl..t_hmgf‘t_zacycline HCL (Ter;rachgl) 2/15"_/_7_2__

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
my/| fish 24 48 hr. 72 hr. 96 hr.
0 10 10 10 10 10
18 10 10 10 10 10
32 10 10 10 10 10
56 10 10 10 10 10
100 10 10 10 10 10
180 11 11 11 11 11
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH DO (img/l) pH DO (mg/l) pH DO (mg/1)
0 A 8.1 6.0 6.9 1.0 6.4
18 7.0 7.2 6.6 6.0 7.1 6.2
32 7.0 7.1 6.6 5.5 7.0 6.0
56 7.0 7.0 .6 5.4 7.0 5.8
100 7.1 7.1 6.7 5.0 2.0 3.5
180 7.2 7.2 6.8 5.2 7.1 5.6

Observations on behavior of fish during the tests: _Not_remarkable.

lish bivassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
t3th ed., APHA, AWWA, WPCFE, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Iish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “‘Bioassays are conducted to evaluate the toxicity of effluents or other materiais, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities, In a bioassay, experimental organisms are subjected to a serivs of concentrations of a known or suspected toxicant
under adequately controlled conditions.™ :

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. ... The 48-hr and 96-hr TLsg values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are «fe in fish habitats. Long-term exposure to much lower concentrations may be lcthal to fishes and other organisms, and still
lower concentrations may cause nonjethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota,"
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Dye formula

1. Testdye Direct Black 80 C. 1. No. 31600 Date tested

American Dye Manufacturers Inst. Dry powder

3/2-3/6/72

Supplier Form cupplied

Stored in dark at approximately 20 C

Conditions of storage

Fathead Minnow (Pimephales promelas)

2. Test fish L
Supplier w_iﬂji.l__lzs.}l Hatcheries Number per jar 10-11
Avg. wt.-w g: range, 0.29 to 0.99 g. Avg. length L"27_ cm: range,ﬂto_s.'ﬂ_ cm.
3. Test jars: Material __c.;_l.ja_s..s_._____._: capacity 19 I. dimensions 25 em{d) x 47 cm(h).
4. Dilution water V_Q}E}‘sg‘a_%f.s__aﬁé-g?'.ltered Chapel Hill tap water
Volume per jar 5_y depth in jar 230 m pli 6.8 . TOC 4 mg/l; Fe <0.02 mg/l:
Al SL-0 mg/l: Mg 1.4 mg/l. Ca 6.5 mg/l. total dissolved solids 85 mg/l;
wrbidity — 9 JTU: total alkalinity — 29 mg/l as CaCO3.
5. Procedure: Static
6. Test conditions: Temperature 0 YA o range during test. 15.0 to 18.2 C. Initial
dissolved oxygen 7.~,O.T'_8.'_1mg/l; range during test, 250t _ 1.2 mg/l.  Initial pH _6.4-7.2 .
range during test, 6.4 w722

(Aerated 5 min. each at 48 hr.)
7. 96-hour TLsg: - J2180 oyl

1000

[
<

Concentration of Dye (mg,’nH
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The University of North Carolina | Department of Environmental Sciences and Engineering
(hapel Hill, North Carolina



Fish received October 20 maintained in plastic stock tank in con

Acclimation of fish

cusly running charceal-sand filtered Chapel Hill tap water, aerated with ai

Treated with tetracycline October 20-22; HaCl 11/1; tetracycline

Pretreatment of fish

Starved for 48 hr prior to experiment.

EXPERIMENTAL DATA

Dye Concentration No. test No. of fish surviviug
mg/l fish 24 hr. 43 hr. 72 hr. 96 hir.
0 10 10 10 10 9
18 10 10 10 10 9
32 10 10 10 i0 10
56 20 20 20 20 20
100 10 10. 10 10 10
180 10 10 10 10 10
TEST CONDITIONS
Dye Concentration 0 he. 48 hr. 96 L.
mgfl pH | DOGagdy | pH | DO (mg/y | pH | DO (ngfh)
o 7.1 7.5 7.0 3.6 7.0 2.8
18 7.0 7.5 7.1 3.7 6.9 2.9
32 7.1 7.0 7.2 4.0 7.0 3.6
56 7.2 7.5 7.0 2.9 6.8 2.5
100 7.3 ig;s 7.2 3.8 7.1 3.7
180 7.1 755 |73 aa |7a | an

Hot remarkable

QObservations on behavior of fish during the tests:

Fish bioatsay tests were conducted 2ccording to procedures described in Standard Methods for the Examination of Water and Waste
13th ed., APHA, AWWA, WPCE, New York, N. Y. (1971 The te<ts are subject thercfore to the applications and limitations of
procedures. Uish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, dete
permissible ctfluent discharge rates, establish the relative sensitivity of various fish spevies, and identify effects of physical and che
variables such as temperature and pH on toxicity. Bioassays can be used (o judge compliance with water quality standards established by
pollution control autharities. In a2 bivassay, expenmental orgarusms are subjected to a serics of concentrations of a known or suspected to.
under adequately controlied conditions,™ - : .

Accuracy, interpretation and limitations: “Toxicity studies with a randomly sclected species cannot be expected to give accurate inforn
on the toxicity of that material to other spevies and life stages or to an entire biota, A toxicity bioassay with one species vields an ac
estimate of the toviuity of the matenat in questioa only to others of that species of similar size, age and physiological condition and in
with the stme or similar characteristics and under sinular test copditions. . ., The 48-hr aad 96-hr TLsg values provide useful measures ¢
relative acute lethal 1ovivity of tested substances to lish und2e_ odiain experimental conditions. but these values do not represent conc
tions that are e in fish habitats, Long-term exposure to much lower concentrations may be lcthal to fishes and other organisms, an
lower concentrations may cause nonlethal impairment of thew functions or performance, such as swimnung ability, appetite and gf
resistance to disease, reproductive capacity or ability to compete with other species of the biota.”

-
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Dye forawla
1. Testdye Direct {.;l.a_‘f:k 38 -— C.1.No. 30235 Date tested _.!1_/_].]_'_]_5!_7_]__
ADMI .4 _composite, dry powder

Supplicr Form suppliz

Conditions of storage composite storcd at 20C in dark., Stock solution refrigerated

2. Testfish _Fathead ftinnow (Pimcphales promelas)

Supplier __BErry Mater Gardens, Kernersville Number per jar _10720%

Avg wi._ 2 1. 0 g, range, _ 0'4 to -,2.‘_6____ g Ave. length 4.9 omy r:nge,ﬂ_(o_s-é___ cm.
3. Test jars: Material . glass . capacity 19 ¥, dimension: 25 em{d) x 47 cinth).

4. Dilution water Chapel Hill tap water, activated charcoal-sand filtered

Volame per jur 15 depth in jar 30__ om: plt 7.1 . voc__34 mgfl; Fe 0.63 mgf;
M_ <01 ment; Mg 1:0 e 8.6 mg/l; total dissolved sofids 138 me/l;
turbidity 0 JTU; total alkalinity 32 mg/l 2s CaCx

S. Piocedure: Static

6. Test conditions: Temperature 17 C; range during test, .. 17.1 o.__11.5 C. Initial
dissolved oxygen _Z.0=-7. Smg/l: range during test, 2.8 o L5 mgAl.  Initial pB 2.1-2.4 ___;
range during test, _ 6.8 ____ 1o 1.4 __ |

7. 96-hour TLsg: —__>180___ mefl. *One jar was accidentslly stocked twice.
1000

100

Concentratlon of Dye (mg/l)

-
Q
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The University of North Carolina / Department of Environmental Sciences and Engincering
Ohapel Hill, North Carolina



Fish received October 20 maintained in plastic stock tank in contir
Acclimation of fish .

cusly running charcoal-sand filtered Chapel Hill tap water, aerated with air

Treated with tetracycline October 20-22; HaCl 11/1; tetracycline 11

Pretreatment of fish

Starved for 438 hr prior to experiment.

Observations on behavior of fish during the tests:

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24 hr. 45 hr. 72 hr. 96 i
0 10 10 10 10 9
18 10 10 10 10 9
32 10 10 10 10 10
56 20 20 20 20 29
100 10 10 10 10 10
120 10 10 10 10 10
TEST CONDITIONS
Dye Concentration 0 h. 48 hr, 96 ir.
mafl pH | DO(ngl] | pil | DO(mgly | Pl | DO Gogh)
0 7.1 7.5 (7.0 3.6 |7.0] 2.8
18 7.0 7.5 |7 3.7 |69 | 2.9
32 7.1 7.0 72| 40 |7.0]| 3.6
56 7.2 7.5 |7.0] 2.9 |e8 | 2.5
100 73| 15 |7.2| 38 |13 3.7
180 7.0 75 7.3 a4 |71 | an

llot remarkable

Fish bivassay tests were conducted according to procedures described in Standard Mathods for the Examination of Water and Wastewater
13th ed,, APHA, AWWA, WPCF, New York, N. Y. (J971). The tects are subject therefore to the appiications and limitations of these
procedures. Fish tests and their application arc described in Standard Aethods as follows: ’

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, determins
permissible etfluent discharge rates, establish the relative sensitivity of various fish specics, and identify effects of physical and chemica
variables such as temperature and pH on toxiuty. Bioassays can be used to judge compliance with water quality standards established by watel
pollution control authorities, [n a bivassuy, experi lorg are subjected to a serics of concentrations of a known or suspected toxican
under adequately controlled conditions,™ -l

Accunicy, interpretation and limitations: “Toxicily studies with 2 randomly sclected species cannot be expected to give accurate informatior
on the tonicity of that material to other species and hfe stages or 1o an cntire biota. A toxicity bioassay with one species yields an accurate
estimate of the tovicity of the material in questioa only to dthers of that species of similar size, age and physiological condition and in water
with the syme ot similar characteristics and under simfar test capditions, . .. The 48-hr and 96-hr TLsg values provide useful measures of tne
relative acute lethal tovicity of tesied substances {o fish undgr_oldain experimental conditions. but these values do not represent concentra
tions that are safe in fish habitats. Long-term exposure to puch lower concentrations may be lethal to fishes and other organisms, and stil
lower concentrations may cause nonfethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of tie biota,”

M —
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Dye formela
I Testdye Direct Black 38~ ¢y no 30235 Date tested _11/V1-15/71
Supplice DRI Form supplizd _ COTPOSite, dry powder

Conditions of storage cosiposite stored at 20C in dark. Stock solution refrigerated

 est fish _Fathead Hinnow (Pimcphales promelas)

Supplier Berry ""at‘.@- Ga‘”de'LS_’_LC‘L’ELS._""l"_? Number per jar 10-20*
Avg. wt._]_:_g_ g, range, -_9_14_ to ._2.'..6_ g Avg. lenpth _4.8 om; range, 3.5 10_6.5 cm.
3. Test jars: Material . .9_]E§§__..___: capacity _1_9~. I, dimensions 25 em{d) x 47 cm(h).
4. Dilution water Chiapel Hi1l tap water, activated charcoai-sand filtered
Volume per jur _15__1; depth in jar 30__emipit__7-1;.TOC__34 _mpfl: Fe__0.63 ___ men;
Al__<0.1 mg’l; .\ig.__l_'o__ mg/l; Ca _8.6 mg/l: totul dissolved solids . 133 mg/1;
turbidity 0 JTU; total alkalinity ___ 32 _ mg/l as Cal03.
5. Procedure: Static
6. Test conditions: Temperature 17 C; range during test, . 1w, 2.5 cC Initial
dissolved oxypen _Z.0-7. Singfl: range during test, 2.8 w 2.5 mgh.  Initial pH Z.1-7.4 __;
range during test, 6.8 _____ 10 7.4 ____ .
7. 96-hour TLsg: — 2180 ____ mg/l. *One jar was accidentslly stocked twice.
1000 —
d
100 B

Concentration of Dye (mg/1)

-t
o
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_ - Test fish surviving (%
—

‘The University of North Carcling / Depastmert of Environmental Scieaces and Engincering
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Acclimation of fish _Fish received October 20 maintained in plastic stock tank in continu-

ously running charcoal-sand filtered Chapel Hill tap water. aerated with air

Pretreatment of fish _1reated with tetracycline October 20-22: NaCl 11/1; tetracycline 11/2.
__ Starved for 48 hr prior to experiment

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24 hr. 48 hr. 72 hr. 96 hr.
0 10 10 10 10 9
18 10 10 10 10 10
32 10 10 10 10 10
56 : 10 10 10 10 10
100 10 10 10 10 10
180 10 10 10 10 10
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH DO (mg/l) | pH DO (mg/1) pH DO (mg/l)
0 7.1 7.5 7.0 3.6 7.0 2.8
18 A 7.3 |7.2] 39 |6.8 | 3.8
32 7.2 7.4 7.2 4.1 6.7 3.7
56 7.4 7.3 7.3 3.6 6.7 3.4
100 7.8 1.0 7.4 4.0 6.8 3.7
180 8.2 7.2 7.6 4,2 7.1 3.9

Observations on behavior of fish during the tests: Not remarkable

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures, Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.™ .

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. . . . The 48-hr and 96-hr TLso values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota ™
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Dye formula

1. Test dye Direct Brown 95 C.I. No.

ADMI Form supplied COMPOsite, dry powder

30145 Date tested 11/11-15/71

Supplier

Conditions of storage _COMPOSite stored at 20 C in dark. Stock solution refrigerated

2. Test fish Fathead Minnow (Pimephales promelas)

Supplier Berry Water Gardens, Kernersville Number perjar 10

Avg. wtl-2 g; range, 0.4 o_2.6 g. Avg. length 8.7 om; range, 3.5 40_6.5 om.
3. Testjars: Material ___ 913888 _; capacity —_20__ 1; dimensions 25 em(d)x 47 cm(h),

4. Dilution water Chapel Hi1l tap water, activated charcoal-sand filtered

Volume perjar — 15 1; depthinjar 30 cm; pH_7.1_; TOC__ 34 mgl; Fe_0.63  mg/l

Al__<0,1 mg/1; Mg _ 1o _ mg/l; Ca__8.6 __ mg/l; total dissolved solids 138 mg/l;

turbidity — 0 ITU; total alkalinity 32 mg/l as CaCO3.

5. Procedure! Static

6. Test conditions: Temperature .17 _ C; range during test, ___16.9 to 17.5 C. Initial

dissolved oxygen _Z.0~7 . Smg/l; range during test, __ 2.8 to 7.5 mg/l.  Initial pH 2.1-8.2 _;

range during test, __6.7 to 8.2

7. 96-hour TLsp: __2180____ mg/l.
1000

100

Concentration of Dye {mg/I)
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The University of North Carolina / Department of Environmental Sciences and Engineering
Chapel Hill, North Carolina




Acclimation of fish _Eish received QOctober 20, maintained inplastic—stock—tank—in-centinuously

running charcoal-sand filtered Chapel Hill tap water, aerated with air.

Pretreatment of fish _Treated with tetracycline Oct. 20-22; NaCl 11/1; tetracycline 11/2

Starved for 48 hr prior to experiment

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24 hr. 48 hr. 72 hr. 96 hr.
0 10 10 10 10 9
18 10 10 10 10 8
32 10 10 10 10 10
56 10 10 10 10 10
100 10 10 10_ 10 10
180 10 10 10 10 10
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH [ DO(mg/l) | pH | DO(mg/l) | pH [ DO (mgh)
0 7.1 7.5 7.0 3.6 7.0 2.8
18 7.1 7.5 7.1 4.2 6.9 3.2
32 7.0 7.2 7.1 3.6 7.0 2.7
56 7.0 7.1 7.1 4.1 7.1 3.6
100 7.2 7.4 7.2 3.9 7.1 3.9
180 7.3 7.5 7.3 4.5 7.1 3.6

Observations on behavior of fish during the tests: Not_remarkable

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.” N

Accuracy, interpretation and limitations: *“Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota, A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. ... The 48-hr and 96-hr TLsg values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethai to fishes and other organisms, and still
lower concentrations may cause nonlethai impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota.”

Farmn tia. 25
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Dye formula

1. Testdye Direct Red 23 C.1.No, 29160 Date tested 11/11-15/71
Supplier ADMI Form supplied _COMPOsite, dry powder

Conditions of storage COMPOSite stored at 20 C in dark. Stock solution refrigerated.

2. Test fish __Fathead Minnow (Pimephales promelas)

. N. C.
Supplier BeTTy Water Gardens, Kernersville, Number perjar 10

Avg. wt.i-i g, range, 0.7 _2.6 g Avg. length 5.0 cm; range, 3.5 10 6.5 cm.
3. Testjars: Material _G13SS  ; capacity _ 19 1; dimensions _ 25 em(@)x — 47 __cm(h).

4. Dilution water _Chapel Hill tap water, activated charcoal-sand filtered
Volume per jar __15_I; depthinjar —30 __ em; pH 7.1 ; TOC_34  mg) Fe_0.63  mg/l;
Al__<0.1 mgp; Mgl'_g . mg/l; Ca_8.6 __ mg/l; total dissolved solids 138 mg/1;
turbidity ___Q _ JTU; total alkalinity 32 mg/l as CaCO3.

5. Procedure: Static

6. Test conditions: Temperature .17 C; range during test, __16.8 to 17.5 C. Initial

dissolved oxygen Z.1=7.5mg/l; range during test, _2.7 to 7.5 mg/l.  Initial pH 7.0-2.3 __;

range during test, 6.9 1o 1.3

7. 96-hour TLso: — 2180 mg/l.
1000
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The University of North Carolina / Department of Environmental Sciences and Engineering
Chapel Hill, North Carolina



Acclimation of fish

Fish received October 20 maintained in plastic stock tank in continu-
_ __ously running charcoal-sand filtered Chapel Hill tap water, aerated with air

Pretreatment of fish _ Treated with tetracycline Qctober 20-22; NaCl 11/1; tetracycline

11/2

Starved for 48 hr prior to experiment

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24 hr. 48 hr. 72 hr. 96 hr.
0 10 10 10 10 9
18 10 10 10 10 10
32 10 10 10 10 10
56 10 10 9 9 9
100 10 10 10 10 10
180 11 11 11 11 11
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mgfl pH DO (mg/)) | pH DO (mg/1) pH DO (mg/1)
0 7.1 7.5 7.0 3.6 7.0 2.8
18 7.1 7.5 7.2 4.1 7.0 3.4
32 7.1 7.6 7.1 3.7 6.9 3.0
56 7.2 7.5 7.2 3.2 6.9 2.6
100 7.1 7.5 7.2 3.7 6.9 3.7
180 7.2 7.5 7.2 4.0 6.9 2.8

Observations on behavior of fish during the tests:

Not remarkable

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows: :

Principles and application of fish bioassay tests: *‘Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.” .

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. . . . The 48-hr and 96-hr TLsg values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability 1o compete with other species of the biota.™

Farm Mo, 257
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Dye formula

. Testdye __Direct Yellow SO C.1.No, 28025 Date tested 11/11-15/71
Supplier ADMI - Form supplied composite, dry powder

Conditions of storage composite stored at 20 C in dark. Stock solution refrigerated

 Test fish _Fathead Minnow (Pimephales prometas)

Supplier Berry Water Gardens, Kernersville wumberperjar_10-11

Avg. wi. 1.3 g, range, 0.4 ,_2.6 g Avg. length 6.1 om range, 4.0 10_7.0___cm.
. Test jars: Material _Q.Iai__; capacity 13 1; dimensions __25 cm(d) x 47  cm(h).

. Dilution water _Chapel Hill tap water, activated charcoal-sand filtered

Volume per jar _15 _1; depthinjar 30 cm; pH 2.1 :TOC__34  mg/t; Fe_0.83  mg/l;
Al__<0.1 mg/; Mg_1.0__ mg/l: Ca__8.6  mg/l; total dissolved solids 138 mg/l;
turbidity —_Q __ JTU; total alkalinity __ 32 mg/l as CaCO3.

. Procedure: Static

. Test conditions: Temperature ____ 17 C; range during test, 16.7 to 17.5 C. Initia}

dissolved oxygen Z.9-7.6mg/l: range during test, __ 2.6 to 7.6 mg/l.  Initial pH 2.1=2.2 __;

range during test, _ 6.9 to 1.2

. 96-hour TLsg: — 2180 mg/l.
1000

Concentration of Dye (mg/l) S
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The University of North Carolina / Department of Environmental Sciences and Engineering
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Acclimation of fish _Fish received October 20 maintained in_plastic stock tank in continu-
_ously running charcoal-sand filtered Chapel Hill tap water, aerated with aie.

Treated with tetracycline October 20-22; NaCl 11/1; tetracycline 11/2.

Pretreatment of fish

Starved for 48 hr prior to experiment

EXPERIMENTAL DATA

Dve Concentration No. test No. of fish surviving
mg/l fish 24 hr. 48 hr. 72 hr. 96 hr.

0 10 10 10 10 9

18 10 10 10 10 10

32 10 10 10 10 10

56 10 10 10 10 10
100 10 10 10 10 10

180 10 10 10 10 10

TEST CONDITIONS
Dyve Concentration 0 hr. 48 hr. 96 hr.
mg/} pH DO (mg/l) pH DO (mg/h pH DO (mg/1)
0 7.1 7.5 7.0 3.6 7.0 2.8

18 7.1 7.5 7.2 3.6 6.8 3.2

32 7.1 7.4 7.3 3.7 6.8 3.7

56 7.2 7.4 7.2 3.2 6.8 3.0

100 7.2 7.4 7.2 3.2 6.8 3.3

180 7.2 7.4 7.2 3.1 6.8 3.2
Observations on behavior of fish during the tests: ot remarkable

Fish bioussay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCE, New York, N. Y. (1971), The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “Bidassuys are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pli on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
poltution control authorities. In a bioassay, experimental organisms are subjccted to a series of concentrations of a2 known or suspected toxicant
under adequately controlfed conditions,™ .

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bivassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. . . . The 48-hr and 96-hr TLsq values provide useful measures of the
relative acute lethal tovicity of tested substances to fish under cectain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other orgunisms, and stiil
lovycr concentrations may cause nonlethal impairment of their functions of pestormance, such as swimming ability, appetite and growth,
fesistance 10 disease, reproductive capacity or ability to compete with other species of the biota.”
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Dye formula

. Testdye Direct Red 81 C.1.No. 28160 Date tested 11/11-15/71

Supplier ___ADMI Form supplied COMposite, dry powder
Conditions of storage COMPOsite stored at 20 C in dark. Stock solutions refrigerated

. Test fish - Fathead Minnow (Pimephales promelas)
Supplier Berry Water Gardens, Kernersville Number perjar__10

Avg.wt.. 1.3 g range, 0.4 t0o_2.6 g Avg.length 49 __ cm; range, 3.0 to_ 6.5 _ cm.
. Test jars: Material ﬂii*“; capacity 20 I; dimensions_is_.__ em(d) x ___4_7___cm(h).

. Dilution water __Chapel Hi1l tap water, activated charcoal-sand filtered

Volume per jar 15 4, depth in jar 30 cm; pH 7.1 . T10C 34 mgfl; Fe_0.63 mg/l;
Al_qLO:l.mgll; Mg _.__]_'.Q mg/l; Ca_8.6 mg/l; total dissolved solids 138 mgfl;

turbidity —_ 0 JTU; total alkalinity __32___ mg/l as CaCO3.

. Procedure: Static

. Test conditions: Temperature ____17 __ C; range during test, __15.0 to _17.5 C. Initial
dissolved oxygen _Z...ﬂ;l._Smg/l; range during test, _ 2.8 to 1.5 mg/l.  Initial pH Z.1°72.2 __;

range during test, __6.8 to 1.2

. 96-hour TLsg: 2. ]80__ mg/l.
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Acclimation of fish _Fish received 12/13/7]1. Maintained in plastic stock tank receiving
constant flow of char ; . .

Treated with tetracycline HCL on 12/13/71 and 1/24/72.

Pretreatment of fish

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/] fish 24 hr. 48 hr. 72 hr. 96 hr.
0 10 10 10 10 10
1 10 10 10 10 10
1.8 10 10 10 10 10
3.2 10 10 10 10 10
5.6 10 2 2 2 ]
10 10 0 - - -
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH | DO(mg/ly | pH | DO(mgl) | pH DO (mg/)
0 7.3 7.5 6.2 2.6 6.5 2.7
] 7.5 7.5 6.3 2.2 6.7 2.9
1.8 7.5 7.3 6.3 2.2 6.8 2.3
3.2 7.5 7.4 6.3 2.0 6.7 2.0
5.6 7.6 7.4 .55 3.5 6.7 2.6
10 7.5 7.4 1.2 6.9 - -

fish dyed pale blue-violet at all concentrations

Observations on behavior of fish during the tests:

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCFK, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay fests: “Biodssays are conducted to evaluate the taxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
poilution control autharities. n a bioassay, e xperimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.*

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. .. . The 48-hr and 96-hr TLso values provide useful measures of the
rplatlve acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nonfethal impairment of their functions or performance, such as swimming ability, appetite and grawth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota.”
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Dye formula
1. Testdye ACTd Blue 113 C. 1. No, __26360 Date tested __1/31/72
Supplier ADMI Form supplied Ory powder

Stored at c. 20 C in dark

Conditions of storage

2. Test fish ___Fathead Minnow (Pimephales promelas)

Suppﬁer W‘i ndmi]] FiSh Hatcheries Number per jar ]0
Avg.wt.2:5 g range, _0.85 to 5.13 Avg.length __ 6.5  cm; range, 4.90t0_8.20 cm.
3. Test jars: Material _Glass capacity__]_L 1; dimensions ___25 em(d) x 47 cm(h).

4. Dilution water _C oal-
Volume per jar 15 1; depthinjar —3Q _ cm; pH 6.9 ;TOC._ 2 mg); Fe__ <0.2 __ mg/};
Al_<0.5 mgt: Mg_1.2  mg)l; Ca_8.7 __ mg/l; total dissolved solids 129 mg/l;

turbidity — O JTU; total alkalinity — 30 __ mg/! as CaCO3. !
5. Procedure: Static

13.2 to_17.0 C. Initial

6. Test conditions: Temperature ._li__ C; range during test,

dissoived oxygen 7_2"_7__5 mg/l; range during test, 2.0 to 7.5 mg/l.  Inijtial pH 1_317_6.__ ;
6.2 7.6 {(Aerated for 5 min each at 48 hr)

range during test, to 3 i
7. 96-hour TLsq: ___9_._____ mg/l.
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Fish received 12/13/71. Maintained in plastic stock tank receiving

Acclimation of fish

constant flow of charcoal and sand filtered Chapel Hill tap water.

Treated with tetracycline HCL on 12/13/71 and 1/24/72.

Pretreatment of fish

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24 hr. 48 hr. 72 hr. 96 hr.
0 10 10 10 10 10
10 10 10 10 10 10
18 10 10 10 10 9
32 10 0 - - -
56 10 : 0 - - -
100 10 0 - - -
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mgfl pH DO (mg/l) | pH DO (mg/t) pH DO (mg/1)
0 7.3 7.5 6.2 2.6 6.5 2.7
10 7.5 7.6 6.4 3.2 6.8 3.0
18 7.6 7.4 6.4 3.5 6.7 2.5
32 7.6 7.4 7.2 7.0 - -
56 7.6 | 7.4 7.4 7.0 - -
100 7.6'L 7.4 |[7.5] 7.0 - -

Observations on behavior of fish during the tests: _SUrviving fish not dyed. Dead fish dyed golden

yellow,

Fish bioassay tests were conducted according to procedures described in Standard Methods for the E. ination of Water and Wastewater,
13th ed., APHA., AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures, Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
poliution control authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlied conditions,” :

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in wates
with the same or similar characteristics and under similar test conditions. . . . The 48-hr and 96-hr TLso values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
fesistance to disease, reproductive capacity or ability to compete with other species of the biota.”
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Dye formula

Test dye Acid Yellow 38 C. 1 No. 25135 Date tested . 1/31/72

Supplier ADMI Form supplied Dry powder

Stored at c¢. 20 C in dark

Conditions of storage

Test fish ___Fathead Minnow (Pimephales promelas)

Supplier Windmi1l Fish Hatcheries Number per jar 10
Avg. wt. 2.6 g; range, 1.00 to 5.48 g. Avg. length _&__ cm; range, i-_pﬂtoLgO_ cm.
Test jars: Material _Glass capacity 19 g dimensions 29 __ em(d) x _ 847 cm).

Dilution water _Charcoal-sand filtered Chapel Hill tap water

Volume per jar 15 depth in jar _30 _ cm;pH 6.9 ;TOC 2 mg/l; Fe <0.2 mg/l;

Al__<0.5 mg/l; Mg_Lz_ mg/l; Ca__ 8.7 mg/l; total dissolved solids 129 mg/l;

turbidity _ 0 JTU; total alkalinity 30 mgyl as CaCO3.

~ Procedure: Static

- Test conditions: Temperature _ 15 _ C; range during test, 13.9 to 17.0 C. Initial

dissolved oxygen Z.4-7.6 mg/l; range during test, 2.5 to 1.6 mg/l.  Initial pH 2.3=7.6

range during test, 0.2 to 1.6 . (aerated for 5 min each at 48 hr.)
~ 96-hour TLsg: .23 mg/l.
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Acclimation of fish _Fish received 2/14/72; maintained in constantly flow, aerated,

charcoal-sand filtered Chapel Hill tap water 14-18 C

Pretreatment of fish _1reatment with tetr i 72 and 3/17/72

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/] fish 24 hr. 48 hr. 72 hr. 96 hr.
0 10 10 10 10 9 _
18 | 10 10 10 _10 10
32 10 10 10 o] 10_
56 10 - - - 9
100 10 8 8 8 8
180 10 6 1 0 0

TEST CONDITIONS

Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH | DO(mgh | pH | DO (mgl) | pH [ DO (mgl)
0 7.2 6.8 6.6 5.2
18 7.2 7.6 6.4 5.1
32 7.2 7.5 6.5 5.2
56 7.3 7.2 6.4 5.5
100 7.5 7.1 6.6 4.9
180 8.0 7.2 6.6 -

A1l fish dyed very pale yellow.

Observations on behavior of fish during the tests:

Fish bicassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N.Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows: .

Principles and application of fish bioassay tests: *“Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In a bicassay, experimenta) organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.” .

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions, ., . The 48-hr and 96-hr TLso values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause noniethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota,”

Frarm No. 297
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Dye formula

Test dye _Direct Yellow 12 C. 1 No._ 23895 Date tested _3/23-3/27/72

American Dye Manufactures Instg, .. ..eq Ory powder

Supplier

Stored in dark at approximately 20 C

Conditions of storage

Test fisn _Fathead minnow (Pimephales promelas)

Supplier _Windmill Fish Hatcheries Number per jar 10
Avg. wt. 0.60 g, range, 0.36 o 1.25 g. Avg. length 4.36 cm; range, 3.604 5.70  cm.
Test jars: Material _918SS _: capacity 19 _ |; dimensions 25 cm(d)x 47 cm(h).

Dilution water __charcoal- and filtered Chapel Hill tap water

Velume per jar__]_5_1; depth in jar 30 cm; pH 7.3 _; TOC 5 mg/l; Fe <0.02 mg/l;
Al_<1.0_ mg/; Mg 1.6 mg; Ca_5.1 ___ mg/l; total dissolved solids 127 mg/l;
turbidity —_ 2 JTU: total alkalinity _ _ 22 mg/las CaCO3.

Procedure: Static

Test conditions: Temperature 15 ___ C; range during test, —14.1 to __16.0 C. [nitial

dissolved oxygen £.8-7.6 mg/l; range during test, 4.9 to 1.6 mg/l.  Initial pH 1.2-8.0 _;

range during test, _ 6.4  to _8.0 .

96-hour TL5Q: —— 125 mg/l.
1000 -
T
RSN
T
100 e S

Concentration of Dye (mg/1)

10

0 10 20 30 40 50 60 70 80 90 100
Test fish surviving (%)

The University of North Carolina / Department of Environmental Sciences and Engineering
Chaoel Hill. North Carolina



Fish received 2/14/72; maintained in constantly flowing, aerated,

Acclimation of fish

charcoal-sand filtered Chapel Hill tap water at 14-18 C

Pretreatment of fish __Ireated with tetracycline HC1 (Tetrachel) 2/14/72 _

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/| fish 24hr. 48 hr. 72 hr. 96 hr.
0 10 10 10 10 10
18 10 10 10 9 9
32 10 10 10 10 10
56 10 10 10 10 10
100 10 10 10 10 10
180 10 10 10 10 10
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH DO (mg/) pH DO (mg/1) pH DO (mg/1)
Q £ 92 7.5 6.81 6.2 6.70 6.6
18 7.09 7.4 6.85 6.5 6.72 6.7
32 7.08 7.4 6.92 6.3 6.73 6.3
| 56 7.04 1.5 6.94 6.2 .68 6.2
100 .02 1.2 6.83 5.9 6.72 6.1
180 7.00 7.6 6.81 5.9 6.68 5.4
Observations on behavior of fish during the tests: Not remarkable

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N. Y. (J971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows:

Principles and application of fish bioassay tests: “‘Bioaslays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and 'chemical
-variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
under adequately controlled conditions.” ’

Accuracy, interpretation and limitations: *“Toxicity studies with a randomly seclected species cannot be expected to give accurate information
on the tosicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
wilh.lhc same or similar characteristics and under similar test conditions. . .. The 48-hr and 96-hr TLsg values provide useful measures of the
sclative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and stifl
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compcte with other species of the biota."
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Dye formula

. Test dye

Supplier AMerican Dye Manufacturers Instp supplied ___ DTy powder

Direct Yellow 4 .1 No. 24890 Date tested _3/6-3/10/72

" Stored in dark at approximately 20 C

Conditions of storage

_ Test fish _Fathead minnow (Pimephales promelas)-

Supplier Windmill Fish Hatcheries Number per jar 10

Avg. wt..o.;§§ g, range, 0.34 to 1.45 g. Avg. length ._4__2_2_ cm; range, M)_tow___ cm.
. Test jars: Material _._gj_a_si______; capacity 19 I; dimensions __29____ em(d) x __47____—cm(h).
. Dilution water charcoal-sand filtered Chapel Hill tap water

Volume per jar 15 {; depth in jar 30 cm; pH 6.8 ;toc_4 _mg/l; Fe <0.02 mg/l;

Al_<1.0  mep; Mg J.4 mg/l; Ca 5.5 mg/l; total dissolved solids 59 mg/l;

turbidity — 0 JTU; total alkalinity 15 mg/l as CaCO3.

. Procedure: Static

. Test conditions: Temperature 15 __c range during test, 13.4 o 17.2 C. Initial

dissolved oxygen Z.2~7.6mg/l; range during test, ___5.4 to 1.2 mg/l.  Initial pH _6.8-7.1 _;

range during test, __ 6.7 to 7.1

. 96-hour TLsg: — >180  mg/l, (Aerated 5 min each at 48 hr)
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Fish received Octoher 20 Maintained in plastic stock tank in continuous'ly

Acclimation of fish

running charcoal-sand filtered Chapel Hill tap water, aerated with air

Pretreatment of fish Jreated with tetracycline Qctober 20-22; NaCl 11/1; tetracycline 11/2

Starved for 48 hr prior to experiment

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mgf! fish 24 hr. 48 hr. 72 hr. 96 hr.
Q 10 10 10 10 9
18 10 10 10 10 10
32 10 10 10 10 10
56 10 10 10 10 10
100 10 10 10 10 10
180 10 10 10 10 6
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/1 pH DO (mg/ly | pH DO (mg/1) pH DO (mg/1)
0 7.1 7.5 7.0 3.6 7.0 2.8
18 7.2 7.4 7.2 3.4 6.9 3.5
32 7.4 7.4 7.3 3.6 6.8 3.5
56 7.9 7.5 7.3 3.5 6.9 3.0
100 8.3 7.5 7.5 3.4 7.0 3.0
180 8.5 7.5 8.1 3.7 7.2 3.0

Not remarkable

Observations on behavior of fish during the tests:

Fish bioassay tests were conducted according to proceduces described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Methods as follows: :

Principies and application of fish bioassay tests: “‘Bioassays are conducted to cvaluate the toxicity of effluents or other materials, determine

permissible effluent discharge vates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical

variables such as temperature and pH on toxicity, Bioassays can be used to judge compliance with water quality standards established by wa ter

pollution controt authorities. In a bivassay, experimental organisms are subjected to a series of concentrations of a known or suspected toxicant
" under adequately controlled conditions.™

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
wuh_the same or similar characteristics and under similar test conditions. . .. The 48-hr and 96-hr TLsg values provide useful measures of the
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are wafe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still .
lower concentrations may cause noniethal impairment of their functions or performance, such as swimming ability, appetite and growth,
resistance to disease, reproductive capacity or ability to compete with other species of the biota,"
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Dye formula

1. Testdye Direct Blue 218 C. 1 No, 24401 Date tested 11/11-15/71

Supplier ADHI Form supplied COMPOsite, dry powder

Conditions of storage _COMPOsite stored at 20 C in dark. Stock solutions refrigerated

2. Testfish __rathead Minnow (Pimephales promelas)

Supplier .Berry Water Gardens, Kernersville Number perjar 10

Avg. wt1.3 g, range, 0.5 to_2.6 g. Avg. length 5.2 cm; range, 4.0 0 6.5  cm.
3. Testjars: Material _91aSS  ; capacity __ 20 1; dimensions _ 25 em@x 47 cm(h).

4. Dilution water Chapel Hill tap water. activated charcoal-sand filtered
Volume per jar _15__1; depth in jar 30 em; pH _Z. 1 _; TOC__ 34 mgl; Fe_ Q.63  mgf;
Al_<0.1_ mgl; Mg J.'__O__ mg/l, Ca__8.6  mg/l; total dissolved solids 138 meg/l;

turbidity ___ 0 JTU; total alkalinity ___ 32 mg/l as CaCO3.

5. Procedure: Static

16.5 17.5 C.

6. Test conditions: Temperature ___17____ C; range during test, to Initial

dissolved oxygen 7.4-7.5 mg/l; range during test, 2.8 to 1.5 mg/l.  Initial pH 7. 1-8.5 H

range during test, 6.8 to 8.5
7. 96-hour TLsq: _>180 _ mgn.
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Acclimation of fish Fish received October 20 maintained in plastic stock tank in con-

tinuously running charcoal-sand filtered Chapel Hill tap water, aerated with air

Pretreatment of fish __Treated with tetracycline r 20-22; NaCl 11/1; tetracycline 11/2.

Starved for 48 hr prior to experiment

EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24 hr. 48 hr. 72 hr. 96 hr.
0 10 10 10 10 9
18 10 10 10 10 10
32 10 10 10 10 9
56 10 10 10 10 10
100 10 10 10 10 g
180 10 1Q 10 10 10
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH | DO(mg/ly | pH | DO(mgn)y | pH | DO(mgfl)
0 7.1 7.5 7.0 3.6 7.0 2.8
18 7.2 7.5 7.1 3.6 7.0 3.6
32 7.3 7.3 7.3 4.2 7.1 4.1
56 7.3 7.0 7.2 3.9 7.0 3.7
100 7.4 7.3 7.2 3.6 6.9 1.9
180 7.4 7.4 7.3 3.7 7.1 3.6

Hot remarkable

Observations on behavior of fish during the tests:

Fish bicassay tests were conducted according to procedures described in Standard Methods for the Examination of Water and Wastewater,
13th ed., APHA, AWWA, WPCF, New York, N. Y. (1971). The tests arc subject therefore to the applications and limitations of these
procedures. Fish tests and their application are described in Standard Merhods as follows:

Principles and application of fish bioassay tests: “‘Bioassays are conducted to evaluate the toxicity of effluents or other materials, determine
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by water
pollution control authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of 2 known or suspected toxicant
under adequately controlled conditions.™ . :

Accuracy, interpretation and limitations: “Toxicity studies with a randomly selected species cannot be expected to give accurate information .
on the toxicity of that material to other species and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in water
with the same or similar characteristics and under similar test conditions. . .. The 48-hr and 96-hr TLsg values provide useful measures of the
refative acute fethal toxicity of tested substances to fish under certain experimental conditions, but these values do not represent concentra-
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still
lower concentrations may cause nonlethal impairment of their functions or performance, such as swimming ability, appetite and growth,
reststance to disease, reproductive capacity or ability to compete with other species of the biota.™
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Dye formula

. Testdye Direct Blue 6 C.1.No. 22610 Date tested 11/11-15/71
Supplier ADMI Form supplied composite, dry powder

composite stored at 20 C in dark. Stock solution refrigerated

Conditions of storage

Fathead Minnow (Pimephales promelas)

. Test fish

Supplier BErry Water Gardens, Kernersville Number perjar 10

Avgowi. 1e2 g range, 0:4 o 2.6 o Avg.length 5.1 cm; range, 3:9 to__ 6.5 cm.
. Test jars: Material 91888 capacity 20 i; dimensions 25 em(d)x — 87 em(h).

_ Dilution water Chapel Hi1l tap water, activated charcoal-sand filtered

Volume per jar 15y depth in jar 30 cm; pH 7.1 ; Toc _._34 mg/l; Fe 0.63 mg/l;
A_S0.1 gt Mg_1.0_ mg/t; Ca__8-6_ mg/i: total dissolved solids 138 me/l;
turbidity — 0 JTU; total alkalinity _32_ mg/l as CaCO3.

. Procedure: Static

. Test conditions: Temperature _17 ____C; range during test, 16.5 to 17.5 C. Initial
dissolved oxygen 7.0-7. smg/]; range during test, 1.9 o 15 mg/l.  Initial pH 7.1-7.4 .

range during test, 6.9 to 7.4

. 96hour TLsg: — 2180 mgnt.
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Acclimation of fish __F1Sh received 0ctoPer_20, 1971. Maintained in 250 gal. plasti

receiving constant flow of filtered tap water and aerated with compressed ai

Temp. 15-20 C.

Pretreatment of fish 1reated on October 20-22, Movember 1, and Nov. 16-18, 1971 with

chel (Tetracycline H C1) to control disease. Treated with Ma C1 11/1. Star
48 hr prior to experiment. . '
EXPERIMENTAL DATA
Dye Concentration No. test No. of fish surviving
mg/l fish 24 hr. 48 hr. 72 hr. 96 hi
0 10 10 9 9 9
1.0 10 10 10 9 9
1.8 10 10 10 8 g
3.2 10 10 10 8 7
5.6 10 10 9 7 5
10.0 10 10 1 1 0
TEST CONDITIONS
Dye Concentration 0 hr. 48 hr. 96 hr.
mg/l pH DO (mg/l) pH DO (mg/l) pH DO (myg1)
0 1 7.0 6.6 4.4 5.4 3.6
1.0 2.1 7.9 6.5 4.5 6.5 4.3
1.8 7.1 7.0 6.5 4.6 6.6 4.4
] 312 7.1 6.8 6.4 4.5 A.6 4.8
5.6 7.1 5.8 6.4 4.1 6.5 4.6
10.0 7.0 7.2 6.5 5.1 6.6 4.5

Observations on behavior of fish during the tests:

A1l fish dyed deep orange from first day.

—Accumulation of brown droppings noted.

At concentrations of 3.2 mg/1 and higt

fish tended to stay at the top of the jars.

Surface scum with appearance of ¢

noted in all jars.

Fish bioassay tests were conducted accordin
13th ed., APHA, AWWA, WPCF, New York,
procedures, Fish tests and their application are de:

Principles and application of fish bioussay tests: “Bioassa
permissible efflucnt discharge rates, establish the
variables such as temperature and pH on toxivity.
pollution control authoritics. In a bicassay, experi
under adequately controlled conditions.™

Accuracy, interpretation and limitations:

on the toxicity of that material to other s
estimate of the toxicity of the material in
with the same or similar characteristics an
relagive acute lethal toxicity of tested substances to fish under certain experi;
tions that are safe in fish habitats. Long-term exposure to much lower conc
lower concentrations may cause nonlethal impairment of their functions ol

d under similar test conditions. . ..

resistance to disease, reproductive capacity or ability to compete with other species of

the biota,™

g to procedurcs described in Standard Methods for the Examination of Water and Waste
N. Y. (1971). The tests are subject therefore to the applications and limitations ol
scribed in Standard Methods as (ollows:

ys are conducted to evaluate the toxicity of effluents or other materiais, det
relative sensitivity of various fish species, and identify effects of physical and ch
Bioassays can be used to judge compliance with water quality standards established by
mental organisms are subjected to a series of concentrations of a known or suspected (o

“Toxicity studies with a randomly selected specics cannot be expected to give accurate infor
pucies and life stages or to an entire biota, A toxicity bioassay with one spevies yields an ac
question only to others of that species of similar size, age and physiological condition and in
The 48-hr and 96-hr TLsg vatucs provide useful measures
mental conditions, but these values do not represent conc
entrations may be lethat to fishes and other organisms, an

r performance, such as swimming ability, appetite and g
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Dye formula

I. Testdye _o231€ Brown 4 C.1 N, 21010 Date tested

ADMI

composite, dry powder

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT

11/29-12/3/7

Supplier Form supplied

Conditions of storage

Stored dry at c. 20 C in dark; stock solutions refrigerated in glass

Fathead minnow (Pimephales promelas)

2. Test fish
Supplier Berry Water Gardens, Kernersville . .. per jar 10
Avg. wt. 1.4 g; range, _2_4__ to _2_8____ g. Avg. length _5__5__ cm; range,_:i_'ito cm.
3. Test jars: Material Glass ; capacity 19 1 dimensions__g_s___ em(d) x _4?______cm(h).
4. Dilution water Charcoal-sand filtered Chapel Hill tap water
Volume per jar 15 I; depth in jar 36 cm; pH 7.1 ;Toc__3 mg/l; Fe <0.01 mg/l;
Al <0.1 mg/l; Mg 0.53 mg/l; ca8.6 mg/l; totat dissolved solids 121 mg/l;
turbidity — O JTU; total alkatinity __ 29 mgfl as CaCO3.
5. Procedure: Static
6. Test conditions: Temperature _2_0___C; range during test, 17.2 to 20 C. Initial

dissolved oxygen _§_-_§i2mg/l; range during test, 3.6 to_ 7.2 mg/l.  Initial pH 7.0-7.1

. 1ange during test, 6.4 to 7.1

7. 96-hour TLsg: 5.6 mgl.

(Aerated for 5 min. each at 48 hr.

)
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