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INTRODUCTION 

I 

Man's use of dyes dates back t o  the Stone Age o r  ea r l i e r ,  and by 

3COO B.C. the dyeing industry was ~ $ 1 1  developed i n  Egypt ,  Mesopotaia, 

and India. The f i r s t  synthesis of an organic dye was achieved i n  1771 

and since tha t  time hundreds of new ones have been added t o  the  dyer's 

repertoi re. 

Despite the long history o f  dyes and dyeing, l i t t l e  i s  known of 

the effects  o f  dyes on l iving organisms. 

Manufacturer's In s t i t u t e ,  Inc. ini t ia ted a number o f  research projects 

t o  evaluate the toxici ty  of dyes on selected organisms representative 

of receiving stream biota. 

In 1970, the American Dye 

In June, 1971, the UNC Wastewater Research 

used 

es 

Center began a study of the toxicity t o  f ish and 

dyes. T h i s  report presents results of acute t o x  

w i t h  the fathead minnow, Pimephales promelas. 

algae of 46 widely 

c i ty  bioassay stud 



MATERIALS AND METHODS 

The tes t ing procedure wzs designed t o  adhere closely t:, the s t a t i c  

bioassay described i n  thirteen-ih edition of Standard Wethods for  the 

Examination of Water and Wastewater (APHR e t  a l .  1971). 

permits considerable f l e x i b i l i t y  and specific materials and methods 

employed i n  these t e s t s  a re  presented below. 

That procedure 

The s t a t i c  bioassay method t o  evaluate toxici ty  has been c r i t i -  

cized because i t  does not take i n t o  account many aspects o f  t h i s  ques- 

t i o n  and more complex a1 ternate methods have been suggested t o  overcome 

some o f  the d i f f i c u l t i e s  (Standard Methods, APHA e t  a l .  1971). Never- 

theless, this type of bioassay has been, and will probably continue t o  

be, widely used because of i t s  relative simplicity and economy. 

A major objection t o  reported fish bioassay results i n  general i s  

t h a t  seldom has su f f i c i en t  information been published on the t e s t  

organism, di lut ion water and t e s t  conditions (Cairns, 1969; Kemp, 

Abrams, and Overbeck, 1971). A special e f for t  has been made t o  avoid 

a da ta  sheet designed to  include a l l  per- 

t e s t ,  The data sheet for  each dye tested 

X .  

this cr i t ic ism by preparing 

t inent  information for  each 

i s  reproduced i n  the Append 

l e s t  Fish 

The  fathead minnow, Pimcptiales promelas, was selected from a l i s t  

of recomnended species prepared by Gr. D. I .  Mount of the National 

Water Quality Laboratory (reported i n  Cairns , 1969). This species has 

been widely used i n  fish bioa3;say studies, proved adaptable t o  labo- 

ratory conditions, and was readily available locally.  Test f ish were 



o b t  in d from Berr: 
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Water Gardens and from Windmill Fish Hatcheries, 

both located i n  Kernersville, North Carolina. 

New shipments o f  fish were routinely exposed on arrival t o  the 

broad-spectrum ant i  b i  o t i  c tetracyci i ne HC1 (Tetrachel R, Rachel le 

Laboratories, Inc., Long Beach, California) a t  a dose of 50 mg per 

gallon o f  water f o r  24-48 hours. 

introduction into the stock tank o f  diseases from fishery stock o r  

f r o m  f ish damaged i n  shiprnent (Innes, 1966). 

cycline) and related compounds are now comnonfy used for  treatment 

(Innes, 1966). Prior t o  development of ant ibiot ics  brief exposure 

t o  bactercidal and fungi  c i  dal dyes, i ncl udi ng mal achi t e  green, was 

practiced (Lewis, 1963).  

scribed on page 14. 

Such treatment is necessary t o  prevent 

Aureomycin (chlortetra- 

T h i s  use o f  malachite green i s  further de- 

Upon any evidence o f  disease i n  the stock t a n k s ,  the tetracycline 

treatment was repeated. 

F i s h  used i n  ful l -scale  bioassay t e s t s  were maintained i n  a 250- 

gallon polyethylene tank equipped w i t h  aeration devices. Water was 

renewed continuously by introduction o f  fresh t a p  water from the 

City of Chapel Hill, pretreated t o  remove chlorine and organic carbon 

(see bel ow). 

dropping below 740 C. 

A thermostatic devi c2 prevented the temperature from 

F i s h  were acclimatized t o  t e s t  temperature and the experimental 

d i 7 u t i o n  water f o r  a m i n i m u m  of ten days before testing. 

fed 5-7 times per week w i t h  protein-enriched commercial f i sh  food. 

48 h o u r s  p r ior  t o  t e s t ing ,  the f ish were starved, as customary i n  sta- 

t i c  t e s t s  t o  reduce the aqount of waste materials generated by them i n  

They were 

For 
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the test  container. The wastes woirld stimulate bacterial growth and 

lead t o  increased oxygen consumptioE and, i n  addition, migh t  more direct-  

ly  affect  t e s t  results by reacting chemically w i t h  the material being 

tested. 

Experimental Dilution Water 

The purpose of the bioassays was not t o  evaluate the e f fec t  of dye 

waste discharges on fish native t o  some specific receiving stream, b u t ,  

instead, t o  evaluate the e f fec ts  o f  a large number o f  dyes on one f i sh  

species. Since reproducibility and general application of the resul ts  

were desired, experimental dilution water o f  constant quali ty was essen- 

t i a l .  

and f i l t e red  by passage through an activated carbon--sand f i l t e r  system 

(Carbo-Dur and coarse sand system, Permutit Water Conditioning, Inc.). 

The water was analyzed according t o  Standard Hethods (APHA e t  a l .  1971) 

before each t e s t  series, as shown i n  the Appendix. 

cal and physical character is t ics  are shown i n  Table I. 

To obtain such water, Chapel Hill t a p  water was dechlorinated 

I t s  average chemi- 

TABLE I .  CHARACTERISTICS OF 

EXPERIMEtjTAL DILUTION WATER 

Parameter Range 

PH 
Total organic carbon, mg/l 
Fey mg/l 
AI, mg/l 
Mg Y mg/ 1 
Cay mg/l 
Total dissolved sol i d s  , mg/l 
Turbidity , JTU 
Total a lka l in i ty  as CaCg3, mg/l 

6.6-7.1 
2-34 

4 - 0 1  -0.63 
<1 .o 
0.53-1.6 
5.1 -8.7 

85-1 35 
0- 2 

19-32 

Median 

6.8 
4 

<0.02 
<l .o 
1.4 
8.5 

121 
0 

27 
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Dyes 

Dyes t o  be tested were supplied by ADMI i n  June and July,  1971. 

The 46 dyes represented composites from a number of manufacturers (see 

Appendix). Table I1 presents the calor index number and name, and 

common names f o r  each of the 46 dyes (L i l l i e ,  1969; Salle ,  1967; 

Society of Dyers and Colorists , 1956-58). Current comnerci a1 names 

are available from the annual AATCC publication Products/73 o r  from 

the Color Index. 

Dyes supplied as l i q u i d s  were i n i t i a l l y  stored a t  ca. 20' C and 

subsequently refrigerated.  Dry powders were stored i n  the dark a t  ca. 

200 C. All were stored i n  the containers i n  which they were received. 

Concentrations of dyes are expressed i n  terms of milligrams per 

l i t e r  (mg/l) o f  the dye. For dyes supplied as dry powders, the weight  

i s  that  of the powder; no attempt was made to determine the concentra- 

tion of t race and inert materials. 

tions or suspensions, the w e i g h t  of the dye was calculated from infor- 

mation supplied by ADMI. For example, f o r  a 15% (by weight) dispersion 

o f  Disperse Yellow i n  15% Reax, the weight i s  calculated on the basis 

of the 15% dye. 

For dyes supplied as l i q u i d  solu- 

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

For both l i q u i d  and dry dye preparations, t e s t  solutions were 

prepared by weigh ing  out the appropriate dye on an analytical balance 

(Mettler P 1200 o r  H20T). 
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TABLE 11. INFXMATTOM ON 46 DYES 

SEtECTED FOR FISH BIOASSAY STUDIES 

C.I. # Color Index riame 

10000-10999 Nitroso and ?lftro Dyes and Indicators 

10338 Disperse Yellow 42 

11000-19390 ?lonoazo Dyes and Indicators 

11855 Disperse Yellow 3 
14645 Mordant Black 11 
1551 0 
15711 Acid ljlack 52 
18565 Acid Yellow 17 
19555 Direct Yellow 25 

Acid Orange 7 (Orange 11) 

2OOQO-35390 

201 70 
20470 
21 01 0 
22610 
24401 
24330 
24:335 
25135 
26350 
281 60 
29 02 5 
291 60 
301 45 
33235 
31 600 

Diazo and Polyazo Dyes 

Acid Orange 24 
Acid Black 1 
Basic Brown 4 (Bismarck Brown) 
Direct Blue 6 
Direct Blue 218 
Direct Yellow 4 
Direct Ye1 low 12 (0,rysophenine) 
Acid Yellow 38 
Acid Blue 113 
Direct Red 81 
Direct Yellow 50 
Direct Red 23 
Direct Brown 95 
Oirect Black 38 
Direct Black 80 

/ 

30000-43990 S t i  1 tene, D i -  and Tr ia r j  ,,nethane uges ant I ni - :ors - 
40COO Direct Ye1 low 17 
4 x 2 2  Fluorescent Eriyhtening Acjent 28 
42300 
425 35 Basic Violet 1 ( k t h y l  Violet) 

Basic Green 4 (Malachite Green) 

47’;OC-47999 Ouinoline Dye;, Fluororhrcmes, and Indicators 

47020 Disperse Yellow 54 

- 43000-49990 

48055 Basic Yellaw 11 

Polymethene , Thiazol , Indomi ne, and Indophenol Dyes 
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C.I. # Color Index #am 

50000-52990 Azirr, Oxazin and Thiazin Dyes 

51 005 Basic Blue 3 

53000-Dyes from Natural Products and Organic Wastes 

531 85 S u l f u r  Slack 1 
53630 Vat Blue 43 

57000-74990 Hydroxyketone Wnthraqui none I ndi go, and Other Dyes 

591 05 
61 505 
61 570 
52055 
62500 
63010 
67300 
6901 5 
69500 
69825 
741 80 

Vat Orange 7 
Disperse Blue 3 
Acid Green 25 
Acid Blue 25 
Disperse B1 ue 7 
Acid Blue 45 
Vat Yellow 2 
Vat Brown 3 
Vat Green 3 
Vat Blue 6 
Direct Blue 86 

Temperature f o r  Tests 

Temperature i s  known t o  a f f ec t  response of f i sh  t o  toxic materi- 

a l s  (Alabaster, 1969; Cairns e t  a l .  1971; Warren, 1971; k i s s  and 

Botts, 1957). 

i n g ,  thermostatically-controlled heaters, and circulating fans i n  

order t o  maintain constant ( 2  2' C )  temperature. 

The testing laboratory was equipped w i t h  a i r  condition- 

Although average 

water temperature i n  the  various t e s t  se r ies  varied from 15 t o  

200 C ,  w i t h i n  any g iven  t e s t  the temperature range d i d  not exceed 

2 2' C ,  as specified i n  Standard Methods (1971). TemFerature was 

measured a t  t he  beginning,  middle and end o f  the 96-hour exposure peri-  

od w i t h  a thermistor probe (Yellow Springs Instrument Co.) o r  a common 

1 aboratory thermometer. Ambient temperature i n  the 1 aboratory was 

monitored conti nuously w i t h  a recording thermometer (Tempscri be). 

I 
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Dissolved Oxygen Content and Aeration of Test Solutions 

Dissolved oxygen ( D O )  i s  required by f ish f o r  survival. Also DO 

i s  a factor i n  response of f ish t o  toxic materials (Warrefi, 1971; k i s s  

and Botts, 1957). 

n o t  d rop  below 5 mg/l i n  fish bioassay tes ts .  However, f ish can to le r -  

Standard Nethods (1971) s ta tes  t h a t  the D.3 should 

a t e  oxygen concentrations well below 3 mg/I, especially when rnaintained 

under laboratory conditions w i t h  restricted feeding (Doudoroff and 

Shumway, 1967). 

Aeration of t e s t  solutions d u r i n g  s t a t i c  f i sh  bioassay tes ts  i s  

n o t  recommended i f  there is  a possibil i ty that  such aeration may 

affect  toxicity by accelerating loss of volat i le  materials. In order 

t o  a v o i d  loss o f  components and yet  maintain a safe  dissolved oxygen 

level the following steps were taken: 

(1) 

( 2 )  F i s h  were starved for  48 hours p r i o r  t o  tes t ing 

(3) 

No feeding of fish was allowed d u r i n g  the t e s t  period 

The experimental dilution water was allowed t o  equili-  

b ra te  w i t h  the atmosphere prior t o  testing 

Dead fish were removed as soon as observed (4)  

( 5 )  Aeration w i t h  compressed air  was employed for  only 5 

minutes per j a r  a f t e r  48 hours of testing. 

Dissolved oxygen concentration was measured i n i t i a l l y  and a t  48- 

hour intervals d u r i n g  t e s t s ,  u s i n g  a pGlarographic oxygen analyzer 

(Yellow Springs Instrument Company). 

pH Determination 

pH was detemined a t  the beginning, middle and end of the 96-hour 

exposure w i t h  a Leeds & Fjorthrup pH meter equipped w i t h  combination 
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probe and expanded scale.  

these tes ts ;  however, l i t t l e  variation in pH was noted. 

No attempt was made t o  control pH d u r i n g  

Test Concentrations and Procedures 

Small -scale exploratory bioassays were conducted t o  determine the 

range of concentrations t o  be tested i n  full-scale t e s t s .  For small 

scale t e s t s ,  solutions were prepared w i t h  the fol lowing concentra- 

t ions:  0.01, 0.1, 1.0, 10, and 100 mg/l. A t e s t  volume o f  3.5 l i t e r s  

and 2-3 fish per container were used. 

Based on resu l t s  o f  small scale bioassays a ful l -scale  t e s t  range 

was chosen, the concentrations fal l ing between the highest concentra- 

t ion a t  which a l l  fish survived and the lowest concentration a t  which 

a l l  o r  most of the fish died. 

a l l  fish survived a t  100 mg/l. In such cases 180 mg/l was highest 

concentration tes ted i n  the ful l -scale  t e s t s .  I t  was assumed tha t  

An exception was made f o r  dyes i n  which 

higher concentrations were unreal is t ic  and not l ikely t o  be encountered 

i n  streams receiving dye wastes. 

In ful l -scale  t e s t s  the TL,, was determined by tes t ing a ser ies  

s ive bisection of intervals  on the logarithmic scale ,  i .e.,  1.0, 1 

3.2, 5.6, and 10.0 mg/ l ,  multiplied or divided as necessary by any 

of 10. These values are  evenly spaced when plotted on a logarithm 

scale. 

of five concentrations, t o  enable more precise estimation. 

chosen from Standard Methods (APHA e t  al .  1971), i s  based on progres- 

8, 

power 

The ser ies ,  

C 

In each t e s t  s e r i e s ,  control ‘ tes t s  were conducted concurrently 

w i t h  the experimental dilution water alone. 

occurred among control f ish d u r i n g  the t e s t s .  

No more t h a n  10% mortality 
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In most instance, 10 f ish \;ere used t o  t e s t  each experimental 

concentraticn. In some cases the  number varied from 9 t o  23 because 

o f  d i f f i cu l t i e s  incurred by redlrced v is ib i l i ty  in solutions of h i g h  

dye concentration. 

Test containers were 5-gallon wide-ccouth glass j a r s  (Smith Con- 

tainer Corporation, Charlotte, !;. C . ) ,  25 cm (b) >E 47 cm (h)  and con- 

tained 15 l i t e r s  of t e s t  solution. They were washed thoroughly w i t h  

a cleaning solution (Micro, International Froducts Corporation) , found 

t o  be effective in removing dyes. 

thoroughly w i t h  tap water, with acetone ( i f  necessary) , and f ina l ly  w i t h  

d i s t i l l ed  water. 

w i t h  cheesecloth secured w i t h  a rubber band t o  prevent f ish from 

j u m p i n g  out of the container. 

After washing, they were rinsed 

During t e s t s ,  the mouth  of each container was covered 

Fish were transferred from the stock t a n k  t o  t e s t  containers w i t h  

small-mesh dip nets or w i t h  wet hands. 

In the stock tank f ish were fed regularly (3-7 times per week). 

Fish were n o t  fed for 48 hours prior t o  t es t ing ,  nor for the d u r a t i o n  

of the tes t s .  

Test Duration and  Observations 

Duration of a l l  t e s t s  was 96 hours and f ish were observed a t  24- 

hodr  intervals.  Any abncrmal behaviour, number o f  dead f i s h ,  changes 

in appearance o f  t e s t  solution, et\:., were noted. 

dead fish were removed, weighed, and measured. 

remaining f i sh  were weighed and. measured. 

fish af te r ,  rather t h a n  before the t e s t ,  reduced excessive h a n d l i n g  

which could have damaged o r  made them more susceptible t o  toxic compounds. 

As soon as obsertwd, 

A t  the end of the t e s t ,  

Weighing and measuring o f  



RESULTS AND DISCUSSION 

Effects o f  the 46 dyes on fathead minnows were determined i n  96- 

hour s t a t i c  bioassays a t  concentrations u p  t o  180 mg/l. The TL50,  the 

concentration a t  which 50% of the experimental animals survive, was 

estimated by interpolation a f t e r  plotting percentages of f i sh  sur- 

v i v i n g  a t  each concentration on semilogarithmic coardinate paper. 

Concentration was plotted on the logarithmic a x i s  and percentage sur- 

vival on the arithmetic a x i s ,  as shown f o r  each dye on d a t a  sheets 

i n  the Appendix. 

reported actually were determined from larger  graphs on h i g h  quality 

semilogarithmic paper, rather t h a n  directly on the data sheets. 

A complete l i s t i n g  of  the data i s  shown in Table 111. 

To f a c i l i t a t e  precise estimation o f  TL,,, the values 

The TL,, 

values fo r  29 dyes were higher t h a n  180 mg/l ; 3 others f e l l  between 

100 and 180 mg/l; and the remaining 14 were lower t h a n  100 mg/l. The 

most toxic dyes were Basic Violet 1 (methyl v io l e t ) ,  w i t h  a TL500f 

0.047 mg/l; i3asic Green 4 (malachite green), and 0.12 mg/ l ;  Disperse 

Blue 3, 1 mg/l; Basic Yellow 71, 3.2 mg/l; Basic Blue 3 ,  4 mg/l; Acid 

Blue 113, 4 mg/l; Basic Brown 4, 5.6 mg/l; Mordant Black 11, 6 mg/l; 

Acid Green 25, 6.2 mg/l; and Acid Black 52, 7 mg/l. 

T h e  two most toxic compounds, Basic Violet 1 and Basic Green 4, 

are  triphenylmethane dyes. ?lalacliite green (Basic Green 4 )  long has 

been used as a therapeutic fungicidal compound for  fish (Innes, 1966; 

Lewis, 1963; Wil l ford ,  1360). I t  is an effect ive drug a t  appropriate 

concentrations, b u t  i s  known t o  be toxic a t  higher concentrations. 

Will ford (1966) tested 22 therapeutic compounds u s i n g  s ix  fishes ( r a in -  

bow t r o u t ,  brown t rou t ,  brook t r o u t ,  lake t rout ,  bluegills ,  and channel 



C.I.# 

10338 
11855 
14645 
1551 0 
1571 1 
18965 
19555 
201 70 
20470 
2101 0 
2261 0 
24401 
24890 
24895 
251 35 
26360 
281 60 
29025 
291 60 
201 45 
30235 
31 600 
40000 
40622 
42000 
42535 
47020 
45055 
51005 
531 85 
53630 
591 05 
59825 
61505 
61 570 
62055 
62500 
5301 0 
67300 
6901 5 
69590 
69825 
74180 

TABLE I11 

EFFECT OF 46 SELECTED DYES ON THE FATHEAD MINNOW, 

PIMEPHALES PROMELAS, 1I.i STATIC 6II)ASSAY TESTS 

Dye 

Disperse Yellow 42 
Disperse Ye1 low 3 
Mordant Black 11 
Acid Orange 7 
Acid Black 52 
Acid Yellow 17 
D i  r ec t  Y e l  1 ow 28 
Acid Orange 24 
Acid Black 1 
Basic Ejrown 4 
Direct Blue 6 
Direct 6lue 218 
Direct Ye1 low 4 
Direct Yellow 12 
Acid Yellow 38 
Acid Blue 113 
Direct Red 81 
Direct Ye1 low 50 
Direct Red 23 
Direct Brown 95 
Direct Black 38 
Direct Black 80 
Direct Yellow 11 
Fluorescent Brightening Agent 28 
Basic Green 4 
Basic Violet 1 
Disperse Yellow 54 
Basic Yellow 11 
Basic Blue 3 
Sulfur Black 1 
Vat  Blue 43 
Vat Orange 1 

' Vat Green 1 
Disperse Blue 3 
Acid Green 25 
Acid Blue 25 
Disperse Blue 7 
Acid Blue 45 
Vat Yellow 2 
Vat Brown 3 
Vat  Green 3 
V a t  Blue 6 
Direct Blue 86 
Acid Ye1 1 ow 151 
Disperse Red 60 

TLsn, 96-hr. ,  mg/l 

>180 
> 180 

6 
165 

7 
>1 so 
>130 

130 
>130 

>180 
>180 
>150 

125 
23 

4 
> I  80 
>180 
>1 so 
>1 so 
>I30 
>18Q 
>180 
>130 

5.6 

0.12 
0.047 

>180 
3.2 
4 

>180 
>189 
>180 
>180 

1 
6.2 

1 2  
52 

>180 
>180 
>1 eo 
>180 
>180 
>1 so 

29 
>180 

Direct ~ 2 1  low 106 >loo  

Temp. 
O C  

15 
15 
15 
17 
15 
17 
15 
17 
15  
20 
17 
17 
15 
15 
15 
15 
17 
17 
17 
17 
17 
17 
17 
17 
18 
15 
15 
18 
15 
15 
15 
15 
15 
15 
18 
15 
15 
15 
15 
15 
15 
15 
17 
15 
15 
17 
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ca t f i sh)  and found malachite green t o  be the most toxic,  w i t h  a TL,, 

of 0.1-0.4 mg/l. He concluded t h a t  there was risk associated w i t h  

long term treatment with malachite green a t  concentrations i n  excess 

o f  0.11 mg/l. 

difference i n  the oxalate and chloride forms of malachits green i n  

regard t o  tox ic i ty  t o  w h i t i n g .  

e f fec ts  o f  chemicals on aquatic l i f e ,  numerous instances o f  mala- 

Lanzing (1965) stated tha t  there was not s ignif icant  

In a recent survey of l i t e r a tu re  on 

chite green toxicity t o  fish are  c i ted,  including: 

(1)  f o r  rainbow t rou t ,  18-day TL,, = 0.048 mg/l 

( 2 )  f o r  rainbow t rou t ,  2-5-day TL,, = 0.122 mg/l 

(3 )  f o r  channel ca t f i sh ,  2-day TL,, = 0.14 mgjl (Kemp, 

Abrams, and Overbeck, 7 971 ) . 
Malachite green has a l so  been used as a bacter iostat ic  and amebi- 

c idic  agent ( L i l l i e ,  1969). Indeed, the triphenylmethane dyes, as a 

group, a f f ec t  the v i a b i l i t y  o f  bacteria (Albert, 1968; Sal le ,  1967) 

and, depending on concentration, may be bacter iostat ic  or bacterici-  

dal. Their re lat ionship of concentration t o  toxici ty  i s  somewhat un- 

usual. A t  low concentrations of crystal violet ,  bacteria show a non- 

logarithmic survivor curve, b u t  a t  higher concentrations the survival 

curve i s  logarithmic i n  proportion t o  dye concentration (Hoffman 

and Rahn, 1944). 

The an t ibac ter ia l  a c t i v i t y  o f  triphenylmethane dyes is  attr ibuted 

I t  i s  suggested t h a t  the ac t iv i ty  i s  due t o  their  ca t ion ic  nature. 

t o  "a reaction of the cation w i t h  some anionic groups of bacteria t o  

g ive  fu l ly  dissociated complexes'' (Albert, 1968). Albert (1968) and 

co-workers showed t h a t  a quant i ta t ive relationship exists between 
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antibacterial action and ionization as cations in the acridine series.  

He also c i tes  work by Goldacre and Phillips indicating strong corre- 

lation between ionization and antibacterial ac t iv i ty  of the triphenyl- 

methane dyes, Doebner's v io le t ,  malachite green, and b r i l l i a n t  green. 

He points o u t  the dependence of ionization, and thus of antibacterial  

ac t iv i ty ,  on presence of cheinically inert  groups i n  the dye molecule. 
- 

No information has been found in the l i t e ra ture  concerning the 

e f fec t  of Basic Violet 1 on f ish.  

dye, i s  used as a therapeutic agent for  f ish (Innes, 1966) and i s  an 

an t i  bacteri a1 agent. 

However, gentian violet ,  a similar 

The biological e f fec ts  of Disperse Blue 3,  Basic Yellow 11 ,  Basic 

Blue 3, Acid Blue 113, Basic Grown 4,  Mordant Black 11,  Acid Green 

25, and Acid Black 52 evidently are unknown.  
+- -7- 

In this  study a substantial  amount of time was devoted t o  seeking 

correlations between dye s t ructure  and toxicity t o  f ish.  

lations are d i f f i c u l t  t o  f ind,  b u t  several observations appear t o  be 

These corre- 

appropriate: 

( 1 )  None of the d i r ec t  or v a t  dyes were toxic and most dis- 

perse dyes were n o t .  

( 2 )  Mordant Black 11 and Acid Black 52, similar t o  each 

other i n  s t ructure ,  had similar TL,, values ( 4  and 7 

mg/l , respectively).  

( 3 )  The triphenylmethane dyes were the most toxic of those 

The triaminophenylmethane, Basic Violet 1 , was tested.  

toxic a t  a lower concentration t h a n  was the diaminophenyl- 

methane, Basic Green 4. 
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( 4 )  In the diaminoanthraquinone group, degree of toxici ty  

appeared t o  be related t o  amount of s u b s t i t u t i o n .  

Since there were ten anthraquinone dyes i n  the group supp l i ed  by 

ADHI, i t  was possible to  examine i n  some detail  the relationship of 

anthraquinone s t ruc ture  t o  f i sh  toxicity. Table IV shows the basic 

structure of aminoanthraquinones, the structure o f  several anthraqui- 

none dyes tes ted i n  these experiments, and the TL,, f o r  each dye. 

L 

The amino groups present i n  aminoanthraquinone dyes vary i n  

basicity. A methyl group attached to  nitrogen, making a secondary 

amine, tends to  strengthen the basicity;  addition of a methyl group t o  

a carbon atom also strengthens a base (Albert, 1968). 

IV tha t  the most toxic  dye, Disperse Blue 3, has a methyl substi- 

tuent on one amine group; t ha t  another toxic dye, Acid Green 25, has 

substitutions w i t h  methyl groups attached t o  carbon. Acid Blue 25 and 

Disperse Blue 7 have carbon-containing substituents on one or both 

ami no groups. 

Note i n  Table 

The simple aminoanthraquinone dyes w i t h  no methyl or  other carbon- 

containing substi tuents on the amino groups appeared to be harmless to  

f ish,  w i t h  TLS0 values i n  excess of 180 mg/l. 

ry are Acid Blue 45, a diaminoanthraquinone w i t h  one amino g roup  on 

Included i n  th is  catego- 

ring I11 and the second on r i n g  I ,  and Disperse Red 50, with a single 

amino group. 

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

Vat Blue 6, and Vat Yellow 2 )  al1,had TL,, values greater t h a n  180 mg/l. 

In order t o  define the relationship of anthraquinone structure and 

to  determine whether degree o f  substitution into the basic structure 
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TAGLE IV. ANTHRAQUINONE STRUCTURE AWD FISH TOXICITY 

0 N H - R  

Primary Structirre 

I I1 111 - - -  R R' Dy e - 
(1 )  Disperse Blue 3 CH3 CH 2CH 2011 

( 2 )  Acid Green 25 Naob~~3 r ' a 0 b c ~ 3  

( 3 )  Acid Blue 25 H 0 
(4 )  Disperse Blue 7 C2H40H CZH40H 

-- -- S03Na 

-- OH,OH -- 

. .  
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o r  type of  s u b s t i t u t i o n  i s  t h e  more important f a c t o r ,  i t  would be 

necessary t o  examine compounds w i t h  the fo l l ow ing  s t ruc tu res :  

(1 )  diaminoanthraquinone, both amino groups on same r i n g  

(2 )  diaminoanthraquinones, both amino groups on same r i ng ,  

methy lated 

C l4H.cH.1 
J 

0 fIHCH.3 

Overa l l ,  i t  may be concluded t h a t  the  c a t i o n i c  dyes are the  most 

l i k e l y  t o  be t o x i c .  

s ince the  1920's t h a t  many organic  cat ions are e f f e c t i v e  a n t i b a c t e r i a l  

agents. Indeed, much. o f  t h e  e a r l y  work on a n t i b a c t e r i a l  a c t i v i t y  of 

organic ca t ions  i n v o l v e d  t h e  triphenylmethane dyes and the  aminoacri- 

dines (A1 b e r t  , 1968) . 

Th is  i s  n o t  surpr is ing ,  as i t  has been known 

I n  view o f  t h i s  conclus ion,  i t  should be s t ressed t h a t  pH may 

a f fec t  t o x i c i t y  b y  i n f l u e n c i n g  degree o f  i o n i z a t i o n  o f  t h e  dye and 

degree of  i o n i z a t i o n  o f  i t s  s i t e  o f  a c t i o n  on the  t e s t  organism. 

studies performed f o r  ADMI, i n  which on ly  dye samples and clean water 

were used, t h e  pH remained near  n e u t r a l i t y .  I f ,  i n  ac tua l  p rac t ice ,  

I n  

dyes were discharged i n  con junc t ion  w i t h  a c i d  o r  a l k a l i n e  mater ia ls  
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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 ptl f o r  effectiveness a n d  since discharge o f  strongly 

acid or alkaline wastes t o  streams i s  n o t  generally permitted, i t  

would appear that  marked variations i n  ptl would n o t  be expected. 



SIG'4IFICANCE OF STUDIES AND SUGGESTIO% 

FOR FURTHER RESEARCH 

A 1936 "state-of-the-art" survey of t ex t i l e  waste treatment 

described dye wastes a s  large i n  volume, h i g h  i n  color and, i n  

many instances, toxic (Geyer and Perry, 1936). Sulfur dyes and a n i l i n e  

black dyes were especially incriminated fo r  the i r  effects on sewage 

treatment plant and receiving stream biota. More than 25 years l a t e r  

another review of toxic  e f fec ts  o f  dyes concluded 

"Despite the fac t  t ha t  dyes are used extensively i n  

industry and despite the fac t  t ha t  numerous refer- 

ences s t a t e  t ha t  dyes a re  toxic substances, relatively 

few spec i f ic  references dealing with the toxicity o f  

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

Today, nearly a decade since tha t  review, the same statement 

may be made again, a s  evidenced i n  the review o f  Kemp -- et a1 (1971) 

and Harrison and Bryan (1971 1. 
The research described i n  this report constitutes the f i r s t  ex- 

tensive study of  e f fec ts  of dyes on f ish.  

used i n  short-term s t a t i c  bioassays were selected and especially pre- 

pared, by members of ADMI, to  be representative of widely-used groups 

The 46 samples which were 

of dyes. 

The data indicate t h a t  many dyes should present no practical 

problem from the point o f  view of toxicity t o  f ish because their  

threshold values a r e  f a r  above concentrations which could be accept- 

able i n  streams, considering regulatory limitations on colors. On the 
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other hand, d a t a  f o r  others suggest the possibil i ty of environmental 

problems relating to  fish toxicity.  

observed TLso concentrations, reduced by customary "application fac- 

tors"  t o  yield probable safe  levels,  resul t  in concentrations below 

those which would cause objectionable color i n  streams. W i t h  these, 

i t  is possible t h a t  tox ic i ty  t o  f i sh  could be a problem, even a t  concen- 

trations lower than those deemed objectionable i n  the stream fo r  reasons 

of appearance. 

These include dyes for  which the 

Wastewaters containing dyes may pass i n t o  the environment i n  prac- 

t i c e  via municipal sewerage systenis or th rough  direct  discharge t o  

streams by industries u s i n g  them. 

regulations today require t h a t  vir tual ly  a1 1 wastewaters discharged by 

e i ther  route must be subjected t o  specified types o f  treatment before 

reaching the stream. 

wastewater treatment process o r  modified t o  produce a less toxic form. 

This m i g h t  be accomplished through attachment of the dye t o  suspended 

materials removed d u r i n g  primary treatment or t o  growths developed i n  

the biological system. 

because some of the dyes w i t h  relatively low TL50 values have been used 

as biological stains because of strong tendencies t o  combine with cel l  

materials. 

I n  ei ther event, pollution control 

In many instances, the dye may be removed by a 

This i s  reasonable t o  anticipate as a possibil i ty 

I n  view o f  t h i s  si t i lat ion,  i t  i s  logical t o  anticipate the tox-  

i c i t y  of some of the dyes could be substantially less i n  practice 

than suggested by the rather  simpljst ic tes t s  conducted d u r i n g  these 

preliminary investigations. I t  i s  recomiended that  further studies 
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be undertaken of those dyes showing significant toxicity i n  the pre- 

liminary t e s t s .  The procedure coulci be based on mixture o f  the dye 

w i t h  municipal sewage and treatment of the blend by a sequence of 

processes which reasonably could be found in a practical system. 

Influent and treated e f f luent  could be sabjected t o  determination 

of TLS0 t o  find "before" and "af te r"  toxicity t o  f ish.  

P, proposal hzs been submitted t o  ADMI outlining those proposed 

investigations i n  more de ta i l .  
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APPENDIX A 

ilye Sample Preparation f o r  ADMI Study 

The samples of dyes provided by the ADMI for  environmental studies are 
a l l  composite samples from a variety o f  manufacturers. Following i s  a 
description of how the samples were prepared. 

The l i s t  of dyes selected f o r  evaluation was circulated to  t h 2  member 
companies of ADMI w i t h  an invitation t o  provide as many as possible of 
the dyes on the l i s t  before a deadline date. 
the manufacturers asked tha t  the Acid, Basic, Direct, Mordant Black 11 
and Fluorescent Brightening Agent 28 samples be dried and ground concen- 
t r a t e  w i t h  no additives present; the Disperse and Vat samples be finished, 
wet presscake w i t h  no additives present and t h a t  the Sulfur Black 1 be 
s o l u t i o n  w i t h  no a d d i t i v e s  present. The presscakes of dyes as produced 
i n  ordinary manufacture vary considerably w i t h  respect t o  moisture con- 
ten t  and are f i l t e r ed  from solutions that  contain amounts of s a l t s ,  
especially sodium chloride and sodium sulfate ,  that  vary from almost 
none t o  saturated. For th i s  reason the organic dye c o n t a t  of dried 
presscake will  vary froti1 about 100% t o  about 53% i n  the case o f  very wet 
pastes taken from saturated s a l t  solutions. 

The instructions provided 

The samples c o l l e c t d  by the manufacturers were t h e n  sent t o  designated 
collecting points as follows: 

1. Acid and Basic dyes - GAF 
2. Direct, Mordant and F1. Brightening - Verona 
3.  Vat and Sulfur dyes - Sodyeco 
4. Disperse dyes - DuPont. 

Equal quantities from each of the collected samples of the Acid, Basic, 
Direct, Mordant and Fluorescent Brightening Agent were found and blended 
t o  provide the samples used fo r  study. 

Equal quantities of the vat dye pastes were mixed together and an amount 
of Tamol SW (dispersing agent) equal t o  the weight of the active ingredi- 
ent o f  dye was added. 
dispersion to  contain 15% active ingredient (dye) and 15% Tamol SI.1. This 
material was used to provide the samples for  study. 

The  disperse dye samples were prepared in the sane manner as the v a t  dye 
samples excepting t h a t  Reax 85A was used for  the dispersing agent. 

Reax 85A i s  a lignin sulfonate and Tamol SA i s  a condensed naphthalene 
sulfonic acid. Samples of the same l o t  of materials used t o  make the 
dispersions fo r  study have been retained. 

Portions o f  the blended dye samples ,as provided fcJr study have been 
retained for  possible future use. 

The mixture was then milled to  provide a reasonable 

12/6/71 Correspondence from R.H. HQRNING, 9yes and Chemicals Division, 
Crompton 8 Knowles Corporation, Reading, Pennsylvania. 



UNC WASTEWATER 

RESEARCH CENTER 

Dye formula 

I ,  Testdye Disperse Yellow 42 C , I , N o .  10338 ~ ~ ~ ~ ~ ~ ~ ~ ~ d J a n .  6-10, 1972 

Supplier ADM I 

Conditionsofstorage 

Formzupplied Dispersion of 152 (wt) w i t h  Reax 83-17 (15::) 

A l i q u o t  refrigerated i n  glass  container  

2. Test fish Fa thead  minnow (Pimephales promelas) 

SupplierI.:indniill F i s h  Hatcheries, t ;c rnersv ih&,berper ja r  10-1 1 

Avg. w t . 2 . 4  g: range, -!A!?- to L 4 3  g. Avg. length L 6 5  cm: range, 4 . 4 t o 8 . 1 )  cm. 

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

4. Dilutionwater Charcoal and sand f i l t e red  C h a p e l  t i i l l  t a p  water 

Volume per jar 15 I :  depth in jar -30 cm: pH 6.6: TOC c mg/l; Fe <3.c)2 mg/l; 

AI <0.1 mg/l: Mg 1.4 mg/l: Ca x- mg/l: total dissolved solids m g k  

turbidity 0 JTU: total alkalinity 27 mg/l as CaCO3 

1 G8 

5 .  Procedure: Static 

6. Test conditions: Temperature -1- C;  range during test. 14.0 to A C. initial 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

dissolved oxygen zLkz-8 mg/l: range during test. 2- to 7.R mgil. Initial pH 7 . 1 - 7  9 ; 

. rangeduringtest. ILk-__ to  --ILL - .  . (Aerated 5 ciin each a t  43 h r . )  

7. 96-hour TL50: - .>=- mp/l 

Tho University of North Carolina I Department of Environmental Sciences and Engineering 
Chapcl Hill. North Carolina 



. .  
Acclimation or fish fk -w r e r w  v i  no 

constant f l o w  o f  charcoal and sand f i l t e r e d  Chaoel Hill -water. 14.5 - l & L  

Pretreatmentoffish Treated w i t h  t e t r a c u e  H C 1  M 17!17 

EXPERIMENTAL DATA 

Dye Concentration No. test No. of fish surviving I I fish 24 hr. I 48 hr. 1 72 hr. I 96hr. 

0 11 11 11 11 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 

Observations on behavior of fish during the tests: Fish dyed f a i n t  yel lo\.’ a t  ’*O mg/l’ 

Vish bioassay tests were conducted according to rocedures‘described in Sfandard Mefhods for fhe Examination of Ware? and Wastewofer 
13th ed., APHA. AWWA. WPCF. New York. N. 8 (1971). The tests are subject therefore l o  the applications and limitations of thesd 
Procedures. I%h tests and their application are described in Sfandard Merhodr as Collows: 
hnc ip ies  and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of  effluents or other materials, determine 
Permissible effluent discharge tales. 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 &ith 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 wlth one species yields an accurate 
Cs!imale of the toxicity of the material in question only lo others of that species of similar size. age and physiological condition and in water 
with the same or similar characteristics and under simildr test conditions. . . .The 48-hr and 96-hr TLSO values promde useful measures of the 
relafive acute lethal toxicily of tested substances to  fish under cenain expenmental 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 stili 
lower concentrations may cause nonlethal impairment Of theu functions or performance. such as swimming ability, appetite and growth. 
reslst;rnce to disease. reproductive capacity or ability to compete with other species of the biota.” 
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FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

Dye formula 

D~~~ tested Jan. 6-1 0, 1972 C. 1. No. 855 Testdye Disperse Yellow 3 

Supplier *"'I 

Conditions orstorage A1 i q u o t  refrigerated i n  glass container  

Test fish Fathead nlinnow (Piniephales promelas) 

supplier Kindmi l l  Fish llatcheries, Kernersvj&herperjar 

Avg. w t . 2  g; range, 1.0 to 3.7 g. Avg. length c.3 cm: range, S t o 7 . 6  cm. 

Test jars: Material ass ; capacity 13 I ;  dimensions 2s cm(d) x 47  cm(h). 

Dilution water Charcoal and sand f i l t e r e d  ChaDel Ilill  t a D  water 

Volume per jar 1 5 1 ;  depth in jar 30 cm; pH 6.6; TOC 6 mg/l: Fe <o. o? mg/l: 

mg/l: 

FormZupplied Dispersion Of 15% (Wt) w i t h  Reax 83-A (15%) 

10-11 

A1 <0.1 mg/l; Mg 1.4 mg/l; Ca 8.5- mg/l; total dissolved solids. 1 OC 

turbidity 0 JTU: total alkalinity 27 mg/l as CaC03. 

Procedure: Static 

Test conditions: Temperature 1.5 C; range during test, 4 *  to  16.G C. Initial 

dissolved oxygen 22-7.6 mg/l; range during test, * to ' * mg/l. Initial pH * -7 * 8  : 

range during test, -L 6 6  to - 7. e - . (Aerated 5 r! i in each a t  42 hr) 

96-hour TLso: " 3o mg/l. 

- 
c 
0 - - 
c 

10 

0 

"tic University of North Carolina / Department of Environmental Sciences and Engineering 
Chapel I ~ i l l .  North Carolina 



': ! I 

Dye Concentration 
mg/l 

0 

18 

32 

56 

100 

180 

Acclimationoffish Fish received 12/13/71. Maintained i n  p l a s t i c  stock tank receivina 

constant flow of charcoal and sand f i l t e r e d  Chapel t i i l l  t ap  water,  14.5-18.5 C. 

No. test 
fish 

No. of fish surviving 

24 hr. 48 hr. 72 hr. 96 hr. 

11 11 11 11 11 

1 0  10 10 10 10 

10 10 10 10 10 

10 10 10 10 10 

10 lfi 10 10 10 

10 10 10 10  9 

~ ~~~ ~ - 

Pretreatmenrof fish Treated w i t h  t e t racvc l  ine H C1 on 17/13. 

EXPERIMENTAL DATA 

TEST CONDITIONS 

Dve Concentration 

- 100 7.6 7 . 4  4.0 6.9 2.0 

- 7.8 7.5 3.1 6.3 1.6 

Fish bioassay tests were conducted according lo procedures described in Sfandord Mefhods for fhe Examinafion of Water and Wasfewarer, 
13th ed.. APHA. AWWA, WPCF. New York. N. Y. (1971h The tests are subject therefore to  the applications and limitations of these 
procedures. Fish tests and their application are described in Standard Mefhods as follows: 
Principles and application of fish bioassay tests: "Bioassays are conducted to cvaluate 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 Io judge compliance with water quality standards established by Water 
pollulion control authorities. In a bioassay. experimental organisms are subjected lo a series of concentrationz 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 lo other species and life stages or lo an entire biota. A toxicity bioassay with one species yields an accurate 
e t i m t e  Of the tO+jtY Of the material in question only to others of that specter of similar size, age and physiological condition and in m t e r  
wlth the same or similar characteristics and under similar tert conditions. . . . The 48-hr and 96-hr TLSO values provide useful measures of the 
relative acute letha1,tousity of tested substances t o  fish under certain experimental conditions, but these values d o  not represent concentra- 
tlons that are safe in fish habitats. Long-term exposure t o  much lower concentrations may be lethal to fishes and other organisms. and still 
lower concent!ations may cause nonlethal impairment of  theu functions or performance. such as swimming ability. appetite and growth, 
resistance to dlsease. reproductive capacity or ability l o  compete wwth other species of the biots." I "1 k 
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FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

Dye formula 

~~~~d~~ Mordant Black 11 C. I. No. 4645 Date tested i3l /72 

Supplier ADMI Form supplied Dry powder 

Conditionsof storage Stored a t  c. 20 C i n  dark 

Test fish Fathead Minnow (Pimephales promelas) 

supplier Windmill Fish Hatcheries Number per jar 1 0 

Avg. w t . 2 . 5  g; range, 1.14 to  5.37 g. Avg. length 6.6 cm; range, m t o 8 . 2 0  cm. 

Test jars: Material G1 ass ; c a p a c i t y 1 9  I; dimensions 25 cm(d)x 47 cm(h). 

Dilution water Charcoal -sand f i  1 t e r e d  Chapel Hi1 1 tap  water 

Volume per j a r L 1 ;  depth in jar 30 cm; pH 6.9; T O C u g / l ;  Fe m d l ;  

AI- <o 5 mg/l; Mg 1.2 mg/l; Ca 8. 7 mg/l; total dissolved solids 129 mg/k 

'0.7 

turbidity 0 JTU; total alkalinity 30 mg/l as CaC03. 

Procedure: Static 

Test conditions: Temperature 1 5 C;  range during test, 1 5.0 to  1 7.1 C. Initial 

dissolved oxygen 6.6-7.1 mg/l; range during test, 2.3 to 7 - 1 mg/l. Initial pH 6.9-7 0 ; 

range during test, 6.2 to  7.0 . (Aerated f o r  5 m i n  each a t  48 h r )  

96-hOUr 

The Univeruty of North Carolina I Ijepartment oi Environmenial B1enie3 and Grgmeedng 
Chapel Hill, North Carolina 



Pre t rea tment  of fish Treated W i t U e . .  on -73 

Dye Concent ra t ton  
mg/l 

0 

1.0 

1 .8  

3.2 

5.6 

10 

EXPERIMENTAL DATA 

No. test No. of fish surviving 
72 hr. 96 hr. fish 24 hr. 48 hr. 

10 10 10 10 10 

10 10 10 10 10 

10 10 10 10 10 

10 10 10 10 10 

10 7 3 3 3 

10 5 3 3 3 

Dye Concent ra t ton  

mg/i 

0 

TEST CONDITIONS 

0 hr. 48 hr. 
pH DO ( m d l )  PH DO ( 4 1 )  

6 .92  7.0 6.2 3.7 6.5 

6.5 

6.6 

6 7  

6 .7  

6.7 

2.6 

7 3  

7.6 

7 . 5  

2.5 

2.6 

1:ish bioassay tests were conducted according to  procedures described in Srandard Methods for the t'xaminarion of Water and IVusrewufer 
13th ed.. APHA. AWWA. WPCF'. New York, N. Y. (1971). The tests are subject therefore lo the applications and limitations of the& 
procedures. Fish tests and their application are described in Srandard Methods as follows: 
Principles and application of  fish bioassay tests: "Bioassays are conducted lo evaluate the toxicity of effluents or other maferials. determine 
permissible effluent discharge rates, establish the relative wnsitivify 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 k t h  water quality standards established by w t e r  
pollution control authorities. In a bioassay. expenmental 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 $elected species cannot be expected to give accurate information 
o n  the toxicity of  thaf materlal to other species and life stages or l o  an entire biota. A toxicity bioassay with one species yields an accurate 
estimate of the foxicily 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 lest conditions.. . .The  48-hr and 96-hr TLsa values provide useful mewures of the 
relafive acute 1ethaI.toxicity of tested substances to fish under certain experimental conditions. but these values do not represent concentra- 
[ions that are +e in fish habttats. Long-term exposure l o  much lower concentrations may be lethal to fishes and other organisms, and still 
lower con central ion^ 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." 

' I  
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FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

Dye formula 

Test dye Acid OranEe 7 - C. 1. NO. 15510 Date tested 3/2-3/6/72 

Supplier American Dye Manufacturers &tForm :upplied 

Conditions of storage Stored i n  dark at approximately 20 C 

Test fish Fathead Minnow (Pimephales promelas) 

Number per jar lo-'' Supplier Windmill Fish Hatcheries 

Avg. length A cm: range, -to-.--- cm. Avg. wt.: g; range, A to ___ 

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

~ , i ~ ~ i ~ ~  water 

Volume per j a r 2 1 ;  depth in jar 30 cm; pH 6.8; TOC mg/l; Fe < O e o 2  mg/l; 

Dry powder 

0 55 0 21 0.95 g, 4 17 3 10 5.?0 

Charcoal-sand filtered Chapel Hill tap water 

AI <1.0 mg/l; M g X  mg/l; Ca 6. mg,k  total dissolved solids 85 mgll; 

turbidity 

Procedure: Static 

Test conditions: Temperature -17 C; range during test, 15.1 to C. Initial 

dissolved oxygen 6.6-8.1 mg/l; range during test, 5 - o  to 7 * 4  mg/l. InitialpH 6 * 4  ; 

range during test, 6.4 to 7.3- , 
96-hour TL50: -___ '65 mg/i. 

JTU; total alkalinity -.-!% mg/l as CaC03. 

(Aerated 5 min. each at 48 hr.) 

Test fish surviving (%) 

Ihe University of North Carolina I Deputment of Environmental Sciences and Engmeering 
Chapel 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. 

0 

Pretreatment of fish Treated with Tetracycline €IC1 (Tetrachel) 2/14/72 

- 

~~ 

10 10 1 10 I 10 10 

Dye Concent ra t ion  1 mgil 

32 

EWERIWENTAL DATA 

10 10 10 10 10 

No. test I No. of fish surviving 

fish 24 hr. I 48 hr. I 72 hr. I 96 hr. I 

56 

100 

10 LO 9 9 9 

11 11 11 11 11 

I ia I 10 I 10 I 10 I 10 I 10 I 

i 

180 10 10 9 a 4 

TEST CONDITIONS 

6.4 7.4 6.8 5.5 7.1 5.9 

Observations on behavior of fish d u r i n g  the tests: L i v i n g  fish dyed pale Orange. 

Fish bioassay tests were conducted according to procedures described in Stnndnrd Methods for the .Kxaminafion of Wafer and Wasfewafer 
13fh ed.. APHA. AWWA. WPCI:. New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of thes; 
procedures. Fish tests and their application are described in Siandard Methods as follows: 
Rinciples and application of fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials. determine 
permissible effluenf 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 org?nisms are subjected to a series of concentntions of a known or  suspected toxicant 
under adequately controlled conditions.” 
Accuracy, interpretation and limitations: ‘Toxicify studies with a randomly,xlected 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 loxicity of  the material in question only to  ofhers of that species of similar size. age and physiological condition and in water 
with the u m e  or similar characteristics and under similar lest conditions. . . . The 48-hr and 96-hr T L S O  values provide useful measures of the 
relative acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values d o  not represent concentra- 
tlons thaf are safe in fish habitats. Long-term exposure to  much lower concentrations may be lethal to fish= and other organisms, and still 
lower concenfrationr may cause nonlethal impairment of [heir functions or performance, such as swimming ability. appetite and growth, 
rC~lsLancr to disease. reproductive capacity or abilify to compete with other species of [he biota.” 
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FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

Dye formula 

Date tested 1/31 /72 1571 1 C. I. No. Test dye Acid Black 52 

Supplier ADMI Form supplied Dry powder 

Conditions of storage Stored a t  c. 20 C i n  dark 

Test fish 

Supplier Windmill F i s h  Hatcheries 

Avg. wt.: 2 5  g; range, L 1 07 

Fathead Minnow (Pimephales promelas) 

Number per jar 9-1 

Avg. length - 6.6 cm; range, t o ;  5 70 8 20 cm. 4.65 g. to - 
Test jars: Material G1 ass ; capacity- 19  I; dimensions 25 cm(d)x 47 cm(h). 

Dilution water 

Volume per jar 15 I ;  depth in jar 30 cm; pH 6 - 9 ; TOC 2 mg/l; Fe (0.2 mg/l; 

Charcoal-sand f i l t e r e d  Chapel Hill t ap  water 

AI <0.5 mg/l; Mg 1.2 mg/l; Ca 8.7 mg/l; total dissolved solids 129 m d l ;  

turbidity 0 JTU; total alkalinity 30 mg/l as CaC03. 

Procedure: Static 

Test conditions: Temperature 1 5 C; range during test, 1 5.1 to 17.1 C. Initial 

dissolved oxygen u S m g / l ;  range during test, 1 - 6 to 7.5 mg/l. Initid pH 6.9-7.1 

rangeduringtest, 6.2 t o  7.1 . (Aerated f o r  5 min each a t  48 hr) 

96-hour TLSO: mg/l. 
100 

Test fish surviving (%) 

The University of North Carolina I Department of Environmental Sciences and Engineering 
Chapel Hill, North Carolina 



Acclimation Fish received 12/13/71. Maintained I n  p l a s t i c  stock tank recelv ina 

constant flow o f  charcoal and sand f i l t e r e d  Chapel H i l l  tap w a t w .  

0 

1 

1.8 

Pre t r ea tmen t  of fish Treated w i t h  te t racvcl ine  HCL on 12/13/71 and 11 24112. 

10 10 10 10 10 

10 10 10  10 10 

10 10 10 10 10 

I Dye Concent ra t ion  
mg!l 

5.6 

1 0  

EXPERIMENTAL DATA 

10 9 9 9 9 

10 2 0 - - 

No. test I No. of fish surviving 

fish 24 hr. I 48 hr. 1 72 hr. 1 96 hr. 1 

I 5.6 7.1 7.4 6.35 7 0 6.7 2.6 

7.1 7.5 6.4 2.0 - - 

3 . 2  9 I 9  1 9 1  9 1  9 1  

TEST CONDITIONS 

Observations on behavior of fish during the tests: -Fish were not dyed' 

I'ish bioiswy tests were conducted according to procedures described in Standard Merhods for the Emmination of Water and Warrewarer 
13th ed.. APHA. AWWA. \VPCl:. New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of these 
procedures. l i sh  tcsts and their application are described in Standard .Merhods as follows: 
Rinciples and application of fish bioasuy tests: "Bioassays are conducted to evaluate the toxicity of effluents or other materials determine 
permissible effluent dischxcu rites. establish the relqtive sensitivity of various !ish species and identlfy effens of physical and chemical 
variables such as temperatuG 3nd pH on toxicity. Bioassays can be used lo judge compliance with water quality standards established by water 
pollution conlrol authorltien. In II bioassay, experimental orpnisma are spbjected to  a series of concentrattoms of a known o r  suspected toxicant 
under adequately controlled conditions." 
Accuracy. interpretation and limitations: 'Toxicity studies with a randomly selected species cannot be expected lo give accurate information 
on the toxicity of that material to olher species and life states or to  an entue blota. A toxicity bioasay with one species yields an accurate 
eStimite of the toxicity of the material in question only to bthers of that species of similar size. age and physiological condition and in water 
with the =me or similar charxieristics and under similar test conditions. . . .The 48-hr and 96-hr TLSO valuer provide useful measures of the 
relallve acute lellial lo\lcit? o i  tested substances IO h h  under CerI3m experimental conditions. but these values d o  not represent concentra- 
tions that are u f e  in fish h3bitats. Long-term exposure to much lower concentrations may be lethal to fshes and other organisms, and still 
bwer concentrations may cause nonlethal impairment of theu functions or performance. such as swimming ability. appetite and growth. 
resistance to  disease. reproductive capacity or  ability t o  compete wiih other species of the biota." 



UNC WASTEWATER 

RESEARCH CENTER 
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FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

Dye formula 

Date tested 3/2-3/6/72 Testdye Acid Yellow 17 C. I. No. 18965 

Supplier American me H a n u f a I C t U t e r S  InstForm supplied Dry powder 

Conditions ofstorage Stored in dark at approximately 20 c 

2. Test fish Fathead Minnow (Pimephales Eomelas) 

Number per jar lo 

4 19 Avg. length L cm; range, =to 5 - 00 cm. 

3. Test jars: Material Glass ; c a p a c i t y 1 9  I; dimensions 25 cm(d)x 47 cm(h). 

4. Dilution water Charcoal-sand filtered Chapel H i l l  tap water 

supplier Windmill Fish Hatcheries 

Avg. wt.- 0.55 g; range, 0.31 to 0.87 g. 

Volume per jar 15 I ;  depth in jar 30 cm; pH 6.8 ; TOC 4 mg/l; Fe <0.02 mg/l; 

A l < 1 . 0  mg/l; M g x  mg/l; Ca 6.5 mg/l; total dissolved solids 85 mdl;  

turbidity 0 JTU; total alkalinity 19 mg/l as CaC03. 

5. Procedure: Static 

6. Test conditions: Temperature 17 C; range during test, 15.0 to 18.3 C. Initial 

dissolved oxygen7.1-8.1 mg/l; range during test, 5 - 3 to 7 - 4 mg/l. Initial pH 6.4-7.0 ; 

range during test, 6 -  4 to 7.2 . 

7. 96-hour TLso: '180 m d l .  (Aerated 5 min. each at 48 hr.) 

Test fish surviving (%) 

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



- Acclimation of fish 

charcoal-sand filtered Chapel H i l l  tau w r  14-16 c. 

Fish received 2/14/72 maintained in constantl 

EXPERIMENTAL DATA 

Dye Concentration 

TEST CONDITIONS 

8.1  6.6 6.9 7.0 6.4 0 6 . 4  

7 .2  6.8 5.7 7.2 6.0 1 8  6.7 

7 . 2  6.7 6.0 7.2 6.2 32 6.7 

6.9 7.4 6.7 5.3  7.1 6.3 56 

7.1 6.8 _. 5.5 7.1 6.1  100 

180 7.0 7 .2  6.8 5.4  7.1  6.4 

m a b b l e  Observations on behavior of fish dur ing  t h e  tests.  __ Not re 

Fish bioassa, tests were conducted according to procedures described in Standard Merhods for the Exomination of Water and Wastewater 
13th ed.. APHA. AWWA. WPCI:. New York, N. Y.  (1971). The tests are subject therefore lo the applications and limitations of the& 
procedures. Fish tests and their application are described in Standard Methods as follow$: 
Rinciples 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 e f feas  of physical and chemical 
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance kith water quality standards established by water 
pollution conlrol authorities. In a bioaswy. experimental organisms are subjected lo a series of concentrations of a known or  suspected toxicant 
under adequately controlled conditions.“ 
Accuracy, inierpretation and limitaiions: ‘Toxicity studies wit‘h a randomly selected species cannot be expected to give accurate Information 
on Ihe toxicity of  that material to other species and life stages or to an enlue biota. A toxicity bioassay with one species yields an accurate 
estimate of the to+itY of the material in question only to others of that species of similar size, age and physiological condition and in wter  
with the =me or slmllar characteristics and under similar test conditions. . . . The 48-hr and 96-hr TLSO valua provide useful measures of the 
relative lethal toxicity of tested substances to  fish under certain experimental conditions. but these values do not represent concentra- 
tlons that are safe In fish habitats. Long-term exposure io much lower concentrations may be lethal to ffihes and other organisms and still 
lower concenlratlons may cause nonlethal impaument of their functions or performance. such as swimming ability, appetite and growth. 
reslsLlnce to  dlsease. reproductive capacity or ability to compete with other spenes of the biota.” 
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3. 

4. 
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7.  

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITWE PROJECT 

Dye formula 

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

Supplier Ameri Can Dye Manufacturers .!xt Form gupplied 

Conditions of storage Stored i n  dark a t  approximately 20 C 

Test fish Fathead minnow (Pimephales promelas) 

Dry powder 

Supplier Windmill F i s h  Hatcheries Number per jar 10 

Avg. w t . m  g; range, 0.30 to 1.91 g. Avg. length 4.32 cm: range, m t o 6 . 0 0  cm. 

Test jars: Material - ; capacity 19 I ;  dimensions 25 cm(d) x -cm(h). 

Volume per jar L l ;  depth in jar 30 cm; pH 6.8; TOC-g/l; Fe mg/l; 

AI <1.0 mg/l; Mg 1.4 mg/l; Ca 5 -  5 mg/l; total dissolved solids 59 mg/l; 

turbidity 0 JTU; total alkalinity 15 mg/l as CaC03. 

Procedure: Static 

Test conditions: Temperature 15 C; range during test, 13.2 to 17.2 C. 

dissolved oxygen 7.1-7.5 mg/l; range during test, 5.5 to 7.5 mg/l. 

range during test, 6.8 to 7.5 . 

<n. 07 

Initial 

Initial pH 6.9-7.5 

96-hour TL50: >180 mdl.  (Aerated 5 min each a t  48 h r ) .  

The University of North *oiina I DePa”nr of Environmenwi Sciences and Engmeenng 
Chapel Hill, North Grolina 



Acclimationof fish F i s h  received 2/14/72; maintained i n  constantly flowina. a e r a p d .  

charcoal-sand f i l t e r e d  Chapel Hill tap water a t  14-18 c. 

100 1 180 

Dye Concentration 1 mg/l 

7.42 7.3 7.11 6.1 6.85 6.6 

7.50 7.2 7.21 6.4  6.88 6.4  

EXPERIMENTAL DATA 

No. test No. of fish surviving 

fish 24 hr. I 48 hr. I 72 hr. I 96 hr. 1 

TEST CONDITIONS 

Observations on behavior of  fish during the tests: &t remarkable 

Fish bioassay tests were conducted according to procedures described in Siandard Merhodr for ihe 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 thesd 
procedures. I;ish tests and their application are described in Siandard Methods as follows: 
Rinciples 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 fsh 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. eiperimental,organisms are subjected lo 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 IoxicitY 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 to*icity of tested substances to fish under certain experimental conditions but these values d o  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 performmce. such as swimming ability. appetite and growth. 
resistance to disease. reproductive capacity or ability to compete with other specles of the biota.’’ 



UNC WASTEWATER 

RESEARCH CENTER 

I I 

Dye formula 

1, Testdye Acid Orange 24 C. 1. No. 20170 Date tested 3 / 2 - 3 / 6 / 7 2  

Supplier American Dye Manufacturers&tForm supplied 

Conditions of storage Stored in dark at approximately 20 C. 

Dry powder 

2, Test fish Fathead Minnow (Pimephales pomelas) 

supplier Windmill Fish Hatcheries 

Avg. w t . o . 5 8  g; range, 0.27 to  1.48 g. 

Number per jar 

2 70 6 00 Avg. length 4.24 cm; range, A t o i  cm. 

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

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

Volume per j a r A 1 ;  depth in jar 30 cm; pH 6.8; TOC 4 mg/l; Fe <os02 m d l ;  

AI <1.0 mg/l; Mg 1.4 mg/l; Ca 6 - 5 mg/l; total dissolved solids 85 m d l ;  

turbidity 0 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 oxygen 5 .  7-9.0 mg/l; range during test, 5.5 to 9.0 mg/l. 

rangeduringtest. 6.2 to  7.2 . 

Initial pH 6 . 2 - 6 . 6  

(Aerated 5 min. each at 48 hr.) 

7. 96-hour TLso: 2 - mg/l. 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

The Univervty of North Carolina I Departmen1 of Environmental Sciences and Engmeering 
Chapel HIII. North Carolina 



Accl rmal tonof  fish _Eisb rprpive-A in flowinn. aera ted ,  .&: 

56 

100 

180 

charcoal-sand f i l t e r e d  Chapel H i l l  t a p  water a t  14-18 C. 

6 . 6  8 . 6  6.R 5 . 6  7 7  6 7  

6.6 6 . 7  6.8 5.7 7 . 3  6.4 

6.5 5.7 6.8 5 . 5  7.3  6 .3  

Treatment w i t h  t e t r a c y c l i n e  H C l  (Tetrachel)  2/14/72. 
Pre t rea tment  of fish 

EXPERIMEhTAL DATA 

Dye Concent ra t ion  

TEST CONDITIONS 

Observations on behavior of fish during the tests:  L i v i n g  f i s h  dyed Yellow t o  pale  orange. 

Fish bioassay tests were conducted according lo procedures described in Srandurd Methods for the O‘xaminarion of Water and Wastewuter 
13th ed.. APHA. AWWA. WPCF, New York, N. Y. (1971). The tests are subject therefore to the applicdtions and limitations of thesk 
procedures. Fish tests and their application are descrlbed in Stundard 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 tales. establish the relativg rensitivity 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 bioasay. 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 entue biota. A toxicity bioassay with one species yields an accurate 
estimate of  the toxicity of the material in question only l o  others of that species of similar size, age and physiological condition and in water 
with the same or similar charactertstlcs and under similar test conditions.. . .The  48-hr and 96-hr TLso valuer 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 u f e  in fish habitats. Long-term exposure to much lower concentrations may be lethal to fisher and other organisms and still 
lower concentrations may cause nonlethal impairment of their functions or performance. such as swimming ability. appetite and growth, 
resistance io disease. reproductive capacity or ability to compete w t h  other species of the biota.” 

l i )  F I ,  



UNC WASTEWATER 

RESEARCH CENTER 

Dye formula 

1. Test dye Acid Black 1 C. I. No. 20470 Date tested 3/23-3/27/72 

Supplier A m i  can Dye Manufacturers InstForm supplied 

Conditions of storage Stored i n  dark a t  approximately 20 C 

Dry powder 

2. Test fish Fathead minnow (Pimephales promelas) 

supplier Windmil 1 Fish Hatcheries Number per jar 10-1 5 

Avg. w t . o . 5 6  g; range, 0.26 to 0.96 g. Avg. length 4.05 cm; range, X t o 4 . 8 0  cm. 

3. Test jars: Material ql ass ; c a p a c i t y 1 9  I;  dimensions 25 cm(d)x 47 cm(h). 

4. Dilution water Charcoal-sand fll te red  Chapel H i l l  tap water 

Volume per jar 1 5 1 ;  depth in jar 30 cm; pH 6.8; TOC 

AI 

turbidity 

4 mg/l; Fe -'- mg/l; 

mg/l; Mg 1.6 mg/l; Ca 591 mg/l; total dissolved solids 127 mg/l; 

JTU; total alkalinity 22 mg/l as CaC03. 

5 .  Procedure: Static 

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

dissolved oxygen 6.2-7.Omg/l; range during test, 5.0 to 7.0 mg/l. Initial p~ 7.1-7-7 ; 

15.0 to 17.3 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

6.5 to 7.7 range during test, 

7. 96-hour TL50: '180 mg/l. 

Test fish surviving (%) 

The University of North Carolina Department of Environmental Sciences and Engineering 
Chapel Hil l ,  North Carolina 



Acclimation offsh Fish  received 2/14/72:maintain~d i n  r w v  f1-A 

charcoal-sand filtered ChaDel Hill tap war a t  14-1R c 

Pretreatment of fish Treatment with tetracycline HC1 (Tetrac- 124nh3Luu2__ 

Dye Concentration 
mg/l 

EXPERIMENTAL DATA 

No. test No. of fish surviving 

fish 1 24 hr. I 48 hr. I 72 hr. 1 96 hr. 

0 10 10 10 10 9 

18 10 9 

32 10 10 10 10 10 

56 10 10 10 10 10 

100 10 10 10 10 10 

180 15 14 

- - - 

- - - 

TEST CONDITIONS 

0 7.2 6.8 6.6 5 . 2  

Observations on behavior of fish during the tests: -ht remarka ble. 

Ilsh biodsvy tests were conducted according to procedures dcscnbed in Standard Merhods for rhe 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. Fish tests and their application are described in Standard Merliods as follows: 
Rinciples and application of fish bioassay tests: “Bioakays are conducted to evaluate the toxicity of effluents or other materials determine 
permissible effluent discharge rates, establish the relative sensitivity of varlous fish species. and identify effects of physical anh chemical 
variables such as temperature and pH on toxicity. Bioawys can be used to judge compliance with water quality standards established by water 
pollution control authorities. In a bioaswy. experimental organisms are subjected lo a series of concentrations of a known o r  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 materlal in question only lo 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 o f  the 
relative acute lethal toxicity of tested substances to fish under certain expmnenta i  conditions. but these values d o  not represent concentra- 
lions that are d e  in fish hahitats. Long-term exposure to  much lower concentrations may be lethal to fishes and other organisms and still 
lower concentrations may causc nonlethal impairment of their functions or performance. such as swimming ability. appetite and growth, 
resisLlnce to  disease. reproductive capacity or  ability to compete with other species of the biota.” 



UNC WASTEWATER 

RESEARCH CENTER 

I I 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

Dye formula 

iiisperse Red 60 - Datetested J a n .  6-10, 1372 C. I .  No. I .  Test dye - 

?%UI iI F o r m ~ u p p l i e d  Dispersion of  15:' ( \ i t )  with keax 83-A (157) 

Conditions ofstorage s f - r i p e r a t e d  i n  !lass container  

- 2 ,  Test fisll Fa thead  niinnov, (Piiiiepiiales procielas) 

Supplier ~ . i n a ! ~ i l l  F i s h  _ _  l iatcheries,  t :ernersvj.Ju~erperjar -10-1 1 

Avg. ~ 1 . 2 2  g: range. L 1 2  to -4.i: g. Avg. length c.1- cm; range, 5 L t o L  cm. 

cm(h). 3.  Test jars: Material . 

4. Dilution water .. charcoa!-an_?_.>and f i l t e r ed  C h a p e l  Iii 1 1  t a p  Water 

g1 ass .__: capacity 1? I :  dimensions -25- cm(d) x 4 7  

mg/l; Fe < f i .  02 mg/l; Volume perjar 

AI .--u mg/l: Mg mg/l: Ca 3.5- mg/l: total dissolved solids 1 0:. mg/l; 

turbidity -0 JTU: tot31 alkalitiity - 2 7 -  mg/l as CaC03. 

I :  depth in jar . > I  cm: ~ I I  &: TOC C 

5 .  Procedure: Static 

6. Test conditions: Temperature C: range during test. 1 4 .  ? to 17.1 C. Initial 

mg/l. Initial pH-U-LL- : dissolved oxygen 7 3 - L E  nig/!: range during rest. . J L L -  to 

range during test. Ad--. IO _ _  1,s. - . 

7 . 6  

(fierated 5 [::in cac!, a t  4E hr) 

7. 96 -hwr  TLso: . . ?! nig/l. 

0 10 20 

'nic Univcr..ily of North Carolina / Department of 1:nvironmentnl Sciences and Engineering 
Chnpcl tiill. North Carolina 



A , . '  LL1tttialioii 0 1  fislt _. Fish ...... received - .. - -- 13/13/71 .: _-__ iiaintained ____ i n  p l a s t i c  stock t a n k  receivinq 

......... constcnt f jon.o_f c!ljrco_ml..and sand f i l t e r ed  Chapel } ; i l l  tar ,  Mater. 1 4 . 5 - 1 6 . 5 L  

- .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

EXPERISIENT.AL DATA 

X o .  test I So. of  fish surviving 

fish 24 hr. I 48 hr .  I 72 hr. 1 
0 11 11 11  11 1 1  

1; 1 0 10 10 10 10 

32 13 1J 13 10 10 

51 1Q 11! 15 10 10 

130 10  10 10 10 16 

1 I 10 1 i) 10 1 0 10 1 L? 

TEST CONDITIONS 

I i*h bi l i~\w).  lcsts wcrc conducted According l o  procedures described in  StandardMelhods for the &aminorion of Warer and Wasrewater 
13th  cd.. APHA. AWWA. WP('1:. Nc\V York. N. Y. (1971). The terts are subject therefore Io the applications and limitations of the& 
procedure\. I-irh tcstr and their application arc described in 9undard .%lerhodr a s  follows: 
Principles and applicltion or lish bio iswy tests: "Bioassays are conducted to evaluate the toxicity o f  effluents or other materials determine 
pcrmiwble cffluciit dirchargc mfes, establish the relative sensitivity of various lish species. and identify effects of physical a i d  chemical 
varubles such a\ tciiiperatiirc and p H  on  toxicity. Bioarwyscan be used to Judge compliance with water quality standards established by Water 
pollution control ~ u t h o r i t i c ~ .  I n  a bioasuy. e\pcrimcntal orpnlsms are subjected to a series o f  concentrations of a known or suspected toxicant 
undcr ddcqriatcly conirolled conditions." 

Accur~cy.  interprctation and limitations: To \ i c i tY  studies with a randomly selected species cannot be expected to give accurate information 
on thc tot ici ty 0 1  that materi:il to other \pecics and life rtages or to an entire biota. A toxicity bioassay with one species yields an accurate 
estimatc o f  thc to\ ici ty of the material in question only to others of that species of similar size. age and physiological condition and in water 
with the omc or \iiiiilar chiracteristIc?I and under siiniiar test conditions. .. .The 48-hr and 96-hr TL50 values provide useful measures of the 
r c l ~ i v e  acille l r t l i i l  t in ic i l y  of tested rubstances to  firh under certain experimental conditions. but these values d o  not represent concentra- 
tion.; that are ralh i n  lish hahitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms, and still 
lower concentration\ inay cause nonlethal impairment of t h r u  functions or performance. such as swimming ability. appetite and growth, 
rcsisunce to di\ra\e. rcproductivc clpacity or  ability to compete w t h  other species of the biota." 
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Acdimali,,rlofru~ Fish  received October 20 maintained i n  Dlast ic  stock tank i n  ccntimm us1 y 

runningcJarcoa1-sand f i l t e r e d  Chapel Hill t ao  v t a t s . r - a m a L ~ h i l b  air-  

EXPENUMEhTAL DATA 

Dye Conccntniim NO. l e s t .  NO. of fish sorviviq 
24 hr. I 45hi. I 72 hr. I 96hr. 1 

I 

0 10 10 10 10 9 

18 10 10 10 10 10 

32 10 I 19 10 10 1 10 

56 10 ?e  10 10 10 

1 GO l o  10 10 10 10 

1 EO 10 10 lfl 10 i n  

TEST COX’DITIOSS 

1 180 i 7.3 I 7 . 5  

Obrcrvalions on bellavior of fish during thc Icsts: P 

- .  Fi5h b i m s e y  t e t s  w r c  conducicd a m d m r  to pmczdurcs deszribcd in Standard .Herhodrfi rhe f ramiwrwn of h’arnmd Wusiclaro. 
13th ed.. APHA. AUU’A. Ul‘CF. New Yoit;%. Y. 0971) .  The tests arc s u b b l  thaefac to the appiicrtionr +nd Lmitmtionr of chac 
procedures. Fish lcsu and their tpplicuioo arc dewnbcd in Sronukrd Merlwds as follow: 

Rindpka  and applimtion of f i h  bi-7 t c ~ k  *’Bioassays arc mnductcd to cv l lv r tc  the toxicity of cftluenls or o t h n  matccials detmnim 
pcrmasbk rfflucnl discharer Ptes. establish the relalire xnntkitV of nnous f t  s & a  and idcntifv cfkcts of D h v d  a i  chcmial 

’ 

Accuracy. interinetation and l ida( i0m:  Tosicicy s t u d i i  with a nndomly. s leded  r e  annot bc erpcled lo give accunte infomution 
on the toxicity of t h r  mac-ml to other species and life stages” to an cnttF bt-. A roxidty bioamy u-tth one species yields an accp111~ 
utinule Of the toaidtv of the n n t c N l  in q M m n  only to o t h m  dr that *ties of s m h  size. ’De and phynologial condition and in =la 
with (hc s n x  m rimilu chans tc ru tks  and under similar ?dt condifions.. . .The 4ghr and 96.hr TLSO niucr pmvde useful measures of the 
ICbt* acute LXbl I C ~ u i l t Y  of tested substances to 4sh under C m U h  experimental conditions. but there valncs do not repremi c o n c m v t  
lonl  that arc d e  in f i h  hibitals. Long-term exposure 1) muTh Ioter  conccairattom m y  be lethal to f ihrr  and 0th- mynisms. and SKU 
b s e r  meecntrxhlns m y  cause nonlethrl:lmpument 0 thcu funpions n p c r f o m r t ,  wch as swimming ablty.  appetite ad growth. 
I&Ure  to &;UU, rrprodunivc apazzy GI a b p y  IO codpelc v i t h ~ t h c r k p e a c s  of the km.” - -  - 

F o r m  N- 237 
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UNC WASTEWATER 

RESEARCH CENTER 

Dye formula 

1. Test dye Acid Yellow 151 C. I.No. - Date tested -k. 

Supplier ADM I Form supplied or? p w h r  

Conditionsofstorage Stored a t  C .  70 C i n  dark 

2. Test fish Fathead Minnow (Pimephales Promelas) 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

Supplier Windmill Fish Hatcheries Number per jar 10 

Avg. w t . 2 . 5  g; range, 0.82 to 4.78 g. Avg. length 6.5 cm; range, m t o 8 . 2 0  cm. 

3. 

4. 

5. 

6. 

7.  

Test jars: Material Glass ; c a p a c i t y 1 9  I; dimensions 25 cm(d)x 47 cm(h). 

Dilution water Charcoal -sand f i  1 tered ChaDel Hi 1 1  taD water 

Volume per j a r L 1 ;  depth in jar 30 cm; pH 6.9; TOC 2 mg/l; Fe <O.  7 mg/l; 

turbidity 0 JTU; total alkalinity 30 mg/l as CaC03. 

Procedure: Static 

Test conditions: Temperature 15 C; range during test, 14.0 to 17 - 0 C. Initial 

dissolved oxygen 7.3-7.5 mg/l; range during test, 2.0 t o  -7.5 mg/l. Initial pH 7. 3-7 6 ; 

range during test, 6.2 to 7 . 5  . (Aerated for 5 min. each a t  48 hr.)  

The University of North Carolina 1 Department of Environmental Sciences and Engineering 
Chapel Hill, North Carolina 



Acclimationoffish Fish received 12/13/71 - M a i w d  i n  n b q t  ic s t n c u  
-flow Of  f i l t p r p d  chappl H i 1 1  

Pretreatment of fish &kd-ktj.tb tptrwrl in0 HCI nn 17/12/71 1/74/77 

EXPERIMENTAL DATA 

Dye Concentration 

TEST CONDITIONS 

Observations on behavior of fish during the tests: B M p d  very pal e ye1 low. A1 1 f i sh  d ied within 

6 h r  a t  100 n g / p  

Fish bioassay tests were conducted according to procedures described in Standard .Wethod; for the Examinntion of Water and Wostewoter, 
~ ~ ~ ~ e L , s A ~ ~ ~ ~ e ~ s ~ ~ i h ~ ~ ~ ~ ~ l i ~ ~ ~ ~ ~ k ~ e ~ r ~ e ~ ~ ~ ~ ~ n ~ ~  ~ ~ ~ ~ o ~ a ~ ~ ~ ~ ~ ~ y : : h e r e f o r e  to  the applications and limitations of these 

Rinciples and application of fish bioasray tests: “Bioassays are conducted to evaluate the toxicity of effluents or other materials determine 
permissible effluent discharge rates, establish the relative xnsttivity of various fish species. and identify effects of physical a i d  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 xries 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 spectes and life stages or to an entire biota. A toxicity bioavay with one species yields an accurate 
estimate of the toxicity of the material in question only to otherr 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 valua provide useful meaures 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 concentrattons may be lethal to fishes and other organisms and still 
lower concentrattons may cause nonlethal impairment of theu functions or performance such as swimming ability, appetite and growth, 
resistance to disease. reproductive capacity or ability to compete mth  other species of the biota.” 



UNC WASTEWATER 

RESEARCH CENTER 

I ,  I 

Dye formula 

C. 1. No. 741 8o __ Date tested 11/11-15/71 I .  Testdye Direct Clue 86 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

2. 

3. 

4. 

5. 

6 .  

7. 

Supplier ADkI I 

Conditionsof storage composite stored a t  20 C i n  dark. 

Test fish Fathead Idinnow (Pimephales promelas) 

Supplier Berry Water Gardens, Kernersvi 11 e Number per j a r  

F~~~ :upplied - composi t e  , dry powder 

Stock solut ion refr igerated 

10  

Avg. w t . u  g; range, L 0 3  to 2.6 g. Avg. length 4.9 cm; range, U t o 6 . 5  cm. 

Test jars: Material q l  ass  ; capacity 1 I: dimensinns 25 cm(d) x 47  cm(h). 

Dilution water Chapel Hi11 tap water,  activated charcoal-sand f i l t e r e d  

Volume per jar 15 1; depth in jar 30 cm; pH 7.1; TOC mg/l; Fe 9.63 mg/l; 

A1 <0.1 mg/l; Mg -1 * O- mg/l: Ca 8.6 mg/l; total dissolved solids 138 mg/l; 

turbidity 0 JTU; total alkalinity 32 mg/l as CaC03. 

34 

Procedure: Static 

Test conditions: Temperature 17 C; range during test, 17.0 to 1 7 . 7  C. Initial 

dissolved oxygen 724-7.2 mg/l; range during test, 2.8 to 7.5 mg/l. Initial pH 7 - 1 -7.2 ; 

range during test, 6. 7 to 7 2  . . 

Test fish surviving (%) 

The University of North Carolina 1 Department of tnvlronmental b~iences and Engmeenng 
Chapel Hill, North Carolina 



Acdinialioti  o f  fish -. Fish . .. received - __ _. _ _  October __ 20 maintained in  p l a s t i c  stock tank i n  continu- 

- .  ously _. running . . . - . - -- charcoal-sand - -- f i l t e r ed  Chapel Hill tap water, aerated w i t h  a i r  

Prelredlmcll l  f ts l ,  -T_rp_a_ted w i t h  te t racycl ine October 20-22, llaCl 1 1 / 1 ;  t e t racyc l ine  l 3 2 .  

- - - - Starved. - - - - for 4.8- hr. pior-to experiment. 

EXPERlSlENTAL DATA 

TEST CONDITIONS 

Ohservatiuns o n  behavior of fish during the tests: ren’arkable 

I.i\h hioa.iws tests were conducted according to procedures dclcnbrd in Standord Methods for the E.romminntion of Worer ond Wsrewter .  
13tll cd.. APHA. AWWA. WPCI,. New York, N. Y. (1971). The Ie\ts are subject therefore to the applications and limitations of these 
procedures. Fish tcsts and their application are described in Sinndord .%lerhods as follows: 
Principles and application of  fish bioassay tests: “Bioassays are conducted lo  evaluate the toxicity of effluents or other materials, determine 
permissible effluent dischargc r a m ,  establish the relative sensitivity of  various fish species. and identify effects of physical and chemical 
vartablcs wch as teiiipcraluro and plf on to\icitY. Bioassays can be urcd to judge compliance with water quality standards established by w t e r  
pi~llution control autlloritie\. In a bioasay, experimental organisms are subjected to a series of concentrations o f a  known or suspected toxican1 
under adcquatcly controlled conditions.” 



UNC WASTEWATER 

0 

Dye formula 

1. Tes tdye  Vat  clue 6 C. 1. No. 69825 Date tested Jan. 6-10, 1972 

FISH BIOASSAY TESTS 

2. 

3. 

4. 

5 .  

6.  

7. 

Supplier A 01.1 I 

Conditions of storage A1 iquot  refrigerated i n  q l a s s  container 

Test fish 

s u p p i i e r M n d l n i 1 1  Fish liatcheries, K e r n e r s v i F j l a n b e r p e r j a r  10-20" 

Avg. w t . 2 . 5  g; range, 1.2 to 4.5 g. Avg. length % cm; range, LZ,-to 7.8 cm. 

Test jars: Material -; capacity& I ;  dimensions 75 cm(d)x 47 cm(h). 

Dilutionwater-coal and sand f i l t P r U a n p 1  l l j l l  t a n  

Volume per jar- 15 1; depth in jar -__ 30 
<q. 1 AI ___ 

turbidity JTU; total alkalinity 27 mg/l as CaC03. 

Procedure: Static 

Form:uppl iedDiSperSion Of 15% (wt) w i t h  Tamol 9: (15%) 

Fathead minnow ( P i m e p h a l e s  Promelas) 

' mg/l; Fe <'ao2 mg/l; 

mg/l; total dissolved solids 108 mg/l; 

cm; pH 6 6 .  a , TOC 

mg/l; M g L  1 4  mg/l; Ca 8 *  

C. Initial 

mg/l; range during test, - 4 9 to 7 .  6 mg/l. Initial pH 7.1-7 - 5 ; 

rest conditions: Temperature C; range during test, 13.1 to 16 .5  
lissolved oxygen 

ange during test, 6 .6  to 7 -  5 . 
"1 jar  acc identa l ly  stocked twice. 

(Aerated 5 i i t i t i  each a t  4.:: h r )  

Test fish surviving (76) 

The University of North Carolina I Department of Environmental Sciences and Engineering 
Chapel Hill. Yorth Carolina 



Acclimation of fish Fish received 12/13/71. Llaintained in plastic stock tank receiving 

0 

constant flow o f  charcoal and sand filtered Chapel Hi11 tap water, 14.5-18.5 C. 

- 7.1 7.6 3.0 6.6 3.1 

offish Treated with tetracycline t I  C1 on 12/13. 

EXPERIMENTAL DATA 

Dye Concentration No. test No. of fish surviving 

mg/l I fish I 24hr .  I 48  hr. I 72 hr. I 9 6 h r .  I I 

TEST CONDITIONS 

Observations on behavior of fish during the tests: b l  Ue at concentrations o f  56 mq/l and 

higher. 

Fish bioassay tests were conducted according to procedures described in Standnrd Merhods for the Examination of Water and Wasrewter, 
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 thnr  application are described in Standard Methods as follows: 
Pnnciples and application of  fish bioassay tests: "Bioassays are,conducted to  evaluate the toxicity of effluents or other materials. determine 
permissible effluent discharee rates. establish the relative sensitivity of various fish species, and identify effects of physical and chemical 
variables such as temperature nnd pH on toxicity. Bioassays can be used to  judge compliance with water quality standards established by u(ater 
pollution control authorities. In a bioasay. 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 t o  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 ICCuIate 
estimate of  the toxicity of the material in question only to others of that species of similar sire. age and physiological condition and in Wilter 
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 toxicit? of tested substances to fish under certain experimental conditions but these values d o  not represent C O r " a -  
tiOnS that are safe in fish habitats. Long-term exposure to  mufh lower concentrations may be'lethal to h h e s  and other organisms. and S t i l l  
lower concentrations may cmse nonlethal impairment of their functions or  performance, such as swimming ability, appetite and growth. 
rcsistance to  disease, reproductive capacity or ability to  compete with other species of the biota." 

257 



UNC WASTEWATER 

RESEARCH CENTER 

Conditions of  storage R e f r i g e r a t e d  ~- 
-. 1 Test fish -Eathead minnow (Pimephales promelas) 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

3 

4 

5. 

6. 

7. 

supplier Wim!!-H_Fis_h_J@!cheri es 

g. Avg. length 4.06 cm: range, =to 4.80 cm. A V ~ .  w t . O A l  g: range, 0.30 to 0.95 

Test jars: Material 21&.-.- : capacity -1% I :  dimensions 25 cm(d) x 47 cm(h). 

Dilution water !&!!C.O!kSand. -fj l t e r e d C h a D e l  H i  11 taD water  

Volume per.iar -I-?- I :  depth 111 jar .a_-_ cm: pH 7. 3 

AI A&- m g i l :  M g  L6..-. ingil: Ca -LL.,.-- mg!l: tot;11 dissolved solids 

turhidiry -- 2.. JTU: t o t d  alkalitlity -_?L.. mg/l as CaCO3. 

Procedure: Static 

C. Initial Test conditions: Temperature -A%.-- C: range during test, 15.0 to 16.3 

dissolved oxygen 6: 8:.!-.6 nig/l: range during lest.  5.2 - tc 7.6 mg/l. Initial pH 7.2-8.4 ; 

range during test. 6-*6-. _. to .- 8 2 4 .  - . 

96-hour TL50: .>!8p- .. . 111g/l. 

__ Number per jar - 10 

mg/l; 

mg/l; 

: TOC 5 mg/l; Fe <O. 07 

127 

i 

I 

Test fish surviving (%) 

'l'hu Univcr\rly of North Carolina I D ~ p x t m e n t  1:nvironmental Sciences and Engineering 
CIlapcl Hill. North Carolina 



A ~ ~ l t t ~ i ~ t t ~ i t i  C l ~  itsil __ F i s h  ~ ~ M ~ ~ ~ ~ ~ ~ ,  - aerated, 

- - charcoal-sand - - - - . f i l tered . - - - - Chapel - - __ Hill -- t a p  water 14-18 C 

P r e ~ r r i t t n e n t  ut fish - Treatment _ _  - -- __-_ w i t h  - tetracycline ----. HCl (Tetrachp_ll2'14/72 and 3/17/72 

- . .  -. . . . . . . . . . . . . . . . . . . . . . . .  - .. __ -. . - .- -_ - 

- .  . . . . . . . . . . . . . .  - ...... __ 

EXPERIVENTAL DATA 

No. of f ish surviv in 

TEST CONDITIONS 

Observafions on behavior  0 1  fish during the t e m  - N o t M a r k a b k  

__. 

- -_-__ ________ 

I i \h  bioa\wy tcsts were conducted according to procedures dcscnbcd in Standard rMrrliods for the Examinarion of Water and Wastewater. 
13th cd.. APIIA. AWWA. \VP('I.'. Sew York. N. Y. (19711. The tests arc subject thercfore to the applications and limitations o f  these 
procedure\. I%h tctlv and their application are described in Siandard .Iirrhods as follows: 

Rinciples and application of fish bioassay tests: "Bioassays are conducted to evaluate the toxicity o f  effluents or other materials. determine 
Permissible effluent divcharac rates. evrablish the relative sensitivity o f  various fish species. and identify effects of physical and chemical 
variables vuch as tcinpcraturc and pH on toxicity. Bioassays can be uccd to j u d g  somplianuc with water quality standards established by wdter 
Pollution control authorities. In  a bioa%uy, expcrimcntakorpmsms are subjcuted to a series of concentrations of a known or suspected toxicant 
under adequatcly controlled conditions." 

Accuracy. inierprct3lion and limitationv: 'Toxic i ty studies with a randdmly selected species cannot be expected to give accurate information 
on the toxicity of that material to other species and l i fe staecs or to an entire biota. A toxicity bioassay with one species yields an aCCUIatC 
eltimate of the to\tcitY of the material in  question only to bthers o f  that species of similar vize, a p  and physiological condition and in wdter 
with the -me or *imilar charactcri\tius and under simil:ir test conditions. ... The 4R-hr and 96-hr TLSO values provide useful measures of the 
r c h v c  acute lethal tOIlcltY of tested wbstnnccs to fish under certain e\-pertmental conditions. but these values do not represent COnCmtCa- 
[Ion\ that arc o l e  in fish habitats. Lung-term e\porurc l o  much lower concer.tration~ may be lethal to fishes and other organisms. and S t i l l  
lower concentratlonr mav cause nonlethal impairment of thcu functions or periormance. such as swimming ability, appetite and growth. 
rc\ivhnce to disea\c. reprjductive cdpauiiy or abil ity to compcte with other spcnes 01' the biota." 



UNC WASTEWATER 

Dye formula 

FISH BIOASSAY TESTS 

I 

1 -. 

J. 

4. 

- Conditions of' storage Refri gerated 

Test fish F a t h e a d  mi n n z (  Pimephal e? promel as ) 

Supplier Windmill Fish Hatcheries Number per jar - 10 

Avg. length 4.21 cm; range, 3 -40  to 5 -40  cm, 

Test jars: !daterial . q k - -  : capacity - @ ?  1; dlmenslons 25 cmfd) x 47 cmfh). 

Dilution Uater .CharCoa!:Smd. f i  1 tered C h a p e l  H i  11 t a p  water 

g. Avg. w 1 . s  g: range. 0.32  to 1.36 

Volume per jar -15- I: deptil in jar -30- cm; pfj 7.3 

AI <1 - 0 mg/l: Slg -L6_-. mg!l: Ca --!% 1 

turbidity .- L-- JTU: t o t 3 1  alkalinity 22 mg/l as  CaCO3. 

: TOC __ 5 mg/l; Fe c0.02 mg/l: 

mg/l; mg/l: total dissolved solids 127 

5 .  Procedure: Static 

6 .  Test conditions: Temperature --1L-. C: range during test. ' 1 5.1 C. Initial 

dissolved oxygen 6.,8r7.Jq/l: rmge during lest. 5.2 16 7.3 mg/l. Initial pH 7.1 -7.  2 ; 

rangc during test. L 6  ~ t o  . -7.,?_. - . 

to 2 7 . 0  

7. 96-hour TLjO: ..&% nlg/l. 

Test fish surviving (%) 



- - . . . . - - .  . . - __- 

PretreJ(inent ol llsh . - Treatment - _ _  with -. tetracycline HC1 (Tetrachel) 2/14/72 and 3/17/72 

No. of fish surviving 

I 48 hr. I 72 hr. 1 9 6 h r .  I 24 hr. I Dye Concentr3ttm N o .  test 
n y / I  fish 

100 10 i n  i n  i n  

180 10 10 i n  i n  i n  

TEST CONDITIONS 

Dye Concent  :311un 
msil 

0 

18 

32 

56 

lon 

1Rn 

0 hr. 48 hr. 

pH DO (mg/ l )  pH DO (mg/l) 
I I 

7.2 6.8 

7.2 7.2 

7.2 7.0 

1.7 7.1  

7-1 7 7  

7 -  1 7 7  

-1 9 6  hr. 

Not  remarkable. Observations on behavior u t  fish during the tests: .- 

Fish biuassay tests were conducted according lo procedures described in Standard Methods for the E.rominution of Water and Wastewater 
13th cd.. APHA. AWWA. WPCI:, New York. N. Y. (1971). The tests are subject therefore lo the applications and limitations of the& 
procedures. Fish tests and their application are described in Sfandard Merh0d.v as follows: 
Principles and application of fish bioassay tests: “Bioassays are conducted tu evaluate the toxicity of effluents or other materials, determine 
permissible effluent dischargc rates, establish the relative sensitivity of various fish species, and identify effects of physical and chemical 
variables such as Icinperaturc and pH on toxicity. Eioawys can be used to judge compliance with water quality standards established by Water 
pollution control authoriticr. In a bioassay, experimental organisms are subjected to a series of concentrations of a known or  suspected toxicant 
under adcquately controlled conditions.” 
Accuracy, interpretition 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 to\icity of thc material in question only to others of that species of similar size, age and physiological condition and in Water 
with the sime or similar characteristics and under similar test conditions.. . .The 48-hr and 96-hr TLSO values provide useful measures of the 
relative acute lethal IoYicity of tested substances lo filh under certain experimental conditions. but these values d o  not represent concentra- 
tions that are ufc  iii fish habitats. Long-term exposure lo much lower concentrations may be lethal to fishes and other organisms, and still 
lower concentrations may cauic nonlethal impairment of theu functions or  performance. such as swimming ability. appetite and growth, 
rcwtance to disCJ\c. reproductive capacity or ability lo compete w t h  other species of the biota.” 



UNC WASTEWATER 

RESEARCH CENTER 

I .  

2 .  

3. 

4. 

5 .  

6. 

7. 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

Test fish surviving (%) 

'l'hc Univcr\iiy 01 North Carolina I Department of t:nvironmcntat Scienccs and I3vyncrring 
Chapel Itill. North Cirolina 



~- ~~ 

~~ 

pretreatment Treated w i t h  t e t racyc l ine  H C1 on 12/13. 

EXF'ERIMENTAL DATA 

Dye Concent ra t ion  No. test  No. of fish surviving 

24 hr. 48 hr. 72 hr. 96hr. mdl fish 

0 11 11 11 11 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 C o n c e n t r a t i o n  

Observations on behavior of fish during t h e  tests: riot U!lll&&l P 

Fish bioassay tests were conducted according to  procedures described in Standard Methods for the Examination of Water and Wastewater 
13th ed., APIiA, AWWA. WPCF, New York, N. Y. (1971). The tests are subject therefore to the applications and limitations of thes; 
procedures. Flsh tests and their application are described in Standard Methods ar follows: 
Rinciples and application of fish b i o a w y  tests: "Bioassays are conducted to evaluate the toxicity of effluents or other materials determine 
permissible effluent discharge rates, establish the relative sensitivity of vanous flsh species, and identify effects of physical anh 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 bioasay, experimental organisms are subjected to a series of concentrations of a known o r  suspected toxicant 
under adequately controlled conditions." 

Accuracy, interpretation and limitations: 'Toxicity studies with a randgmly 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 
wtth the same or similar characteristics and under similar test cpnditions. . . . The 48-hr and 96-hr TLs0  values provide useful measures of the 
relative acute letha1,toxicity of tested substances to  fish under certain experimental conditions, but these values d o  not represent concentra- 
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to f ihes  and other arp-isms, 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 compele with other spenes of cht biota." 



' 

UNC WASTEWATER 

RESEARCH CENTER 

FISH BIOASSAY TESTS 

AMERJCAN DYE MANUFACTURERS INSTITUTE PROJECT 

I I 

I 

2. 

3. 

4. 

5 .  

6 .  

7. 

Dye formula 

T~~~ dye Acid 61 ue 45 C. I .  No. 63010 Date tested 3/6-3/10/72 

Supplier American Dye k"CtUreE I B t E o r m  -upplied 

Coliditions oIstorage S t o r e d  in dark a t  approximatel Y 20 C. 

Test fisll -Fathead minnow (Pimephales promelas) 

Dry powder 

Supplier Windmill Fish Hatcheries Number per jar _-1o- 

~ v g .  wt.-Q.di! g: range, .&2L to -?sL g. Avg. length & cm: range, "7.00 cm. 

Test jars: Material . 4hS..S----- : capacity -J..!?L I :  dimensions 25 cm(d) x 47 cm(h). 

Dilution water rharwiL:randfi~red..Chapel Hi1 1 t a p  hlater 

Volume per jar . -1 5 I :  depth in jar -30 cni: pll  6 - L  ; TOC 4 mg/l; Fe <n. 07 mgil; 

AI <l.D nigil: Mg .-L4..-. mg/l: CJ -2i&--- mgil: total dissolved solids 5q mg/l; 

turhtdity -~ n-~. JTU: total alkalinity -E-. mg/l 3s 1x03. 

Procedure: Static 

Test conditions: Tcmpcrature . -.15--. C: range during test. A to 17.2 C. Initial 

dissolved uxygeti6~.9-15.. nig/l: range during test.  LL..--. to 7.5 mg/l. initial p~ 5.9-8.7 ; 

range (luring test, -6.7 to _. 8,L - . 

96-hour TL50: ->18L tiig/l. (Aerated 5 min each a t  48 hr) 

Test fish surviving (%) 

' lhc  Univer.;ity 01' North Carolina 1 Dep;irtmcnt of l<nvironmenlnl Sciences nnd Engineering 
(hnpcl Ilill. North Carolina 



Fish received 2/14/72; maintained in constantly - flowing, aerated,  
A d i t n ; l t i o n  0 1  fish - - . . . ..- _ _  _. 

.-charcaal.-sand fi.l.tered .Chipel .Hill_taP-mter a t  14 -mc 

- . . . - . . . . . . . . . . . . . - . . . . . -.- . - 

EXPERIMENTAL DATA 

No. of fish surviving Dhe CtiIisentrJtion 

TEST CONDITIONS 

Observations 011 behavior ut' fish during the tests: - - - N o m r k a b l e  

._____ ._ 

- - __ _____ 

I i\h biuaw!. tcits were conducted according to procedures described in Srandard Mrthods for the Examination of Water and Iksrewarer, 
13th rd.. APHA. AWWA. WPCI:. New York. N. Y. (1971 ). The tests arc subject therefore to the applications and limitations of these 
procedures. l.'ihh Ie\ts and their application arc described in Standard .Ilrrhods a s  follows: 
PrinLiples and application ol' lish bioassay tests: "Biodsuys are conducted to evaluate the toxicity of effluents or other malerials, determine 
permirsible efflucnt dirchnrgc ntbs. establish the relative sensitivity of various fish species, and identify effens of physical and chemical 
varnblus such 3s tCillpcrJtUrC and pH on toxicity. Bioaswys can be used to judre compliance with water quality standards established by water 
pollution control autlioritic\. In a bioassay, expcrimcrttal organisms are subject& lo a series of concentrations of a known or  suspected toxicant 
under ddcquatcly controlled conditions." 
Accuracy, interprctntion and limitations: *Tohicity studies with it rabdomly \elected species cannot be expected to give accurare information 
on the toxicity 01' that material to other species and life stares or to an entire biola. A toxicity bioassay with one species yields an accurate 
estimate of the toxicity of the maleridl in question only to 'others of that species of similar size. age and physiological condition and in wdter 
with the u m c  o r  Timilar characteristics and under similar test conditions. . . .The  48-hr and 96-hr TL50 values provide useful measures of the 
rclatlw acute lcthal lo\icily of tc\led rubstances to fish under certain experimental conditions. but these values d o  not represent concenlra- 
tiOn\ that arc ufc in  f , ~ I i  Iiahitats. Long-term ehposure to much lower concentrations may be lethal to fishes and other organisms, and still 
lower concenlralioni may cause nonlethal impaumrnt of their functions or performance. such as swimming ability. appelite and growth, 
re\i$oncc lo di\ea\c, reproduitivc capacity or  ability to compctc with other species of the biota." 



UNC WASTEWATER 

RESEARCH CENTER 1 vy \  /' 

Dye formula 

1 .  Testdye Disperse Clue 7 C. I. No. 62599 Date tes tedJan.  6-10, 1372 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

2 

3 

4. 

5 .  

6. 

7. i 

cm(d)x 8 7  cm(h). Test jars: Material . g las s  - :  capacity 1 ?  I :  dinlensions 75 

Dilution water Charcoal a n d  sand  f i l t e red  Chapel I i i l l  t a p  water 

Procedure: Statlc 

Test fish surviving (%) 

lhc  Univcr\ily of North Cirolina I Department of Environmental Sciences and Engineering 
(hapel Hil l .  North Carolina 



. .  
Acclimationoffish Fish received 12/13/71. Maintained in plas tic stock tank recPiving_ 

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

100 

180 

pretreatment off ish Treated with tetracycline H C1 on 12/13. 

10 10 8 5 2 

10 7 3 2 0 

EXPERIMENTAL DATA 

Dye Concentration No. test No. of fish surviving I I fish 24  hr. I 4 8 h r .  I 72 hr. I 96hr .  I 
I 0 I 1 1  
I 18 

I 32 

I 56 1 8  1 8 1 7 1 5 1  

TEST CONDITIONS 

Observations on behavior of fish during the tests: Fish were dyed 

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

Rinciples and application of fish bioassay tests: "Bioassays are conducted to evaluate the toxicity of effluents or other materials. det-jne 
permissible effluent discharge rates, establish the relative sensitivity of various fnh species, and identify effects of physical and e h c m d  
v"b!es such as temperature and pH on toxicity. Bioassays can be used to judge compliance w t h  water quality standards estsbhhed by 
Pollution control authorities. In a bioassay. experimental organism =e subjected to a series of concentrations of a known or  suspected t o ~ ~ t  
under adequately controlled conditions." 

Accuracy, interpretation and limitations: 'Toxicity studies W h  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 a%urate 
estimate of the toxicity of the material in question only to others of that species of similar size, age and physiological condition and in inta 
with the same or similar characteristics and under similar test conditions.. . . T h e  48.hr and 96-hr TL50 values provide useful Of the 
relative acute lethal toxicity of tested substances to  fish under certain experimental conditions, but these values do not rePreSnt concm?- 
tlons that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fshes and other " i s m %  and stdl 
lower concentrations may cause nonlethal impairment of their functions or performance. such as swimming ability, appetite and PJW* 
resistance to disease, reproductive capacity or  ability to compete with other species of the biota." 

Form No. 257 



UNC WASTEWATER 

I I 

FISH BIOASSAY TESTS 

1 I 
Dye formula 

1 .  Testdye Disperse Elue 7 C. 1. No. 62599 Date tes tedJan .  6 - l f i ,  1372 
Supplier ADf4 I 

Conditions of storage A l i q u o t  r e f r i Q C r a t e d  i n  q i a s s  container .  

Formmpplied DisFersion of 152 (wt . )  w i t h  Reax 83-A (IS:!) 

2. Test t'isil Fathead minnow (Pitxihales p r o o e l a s )  

Supplieri,-'indI:ti1 1 Fis!] I h t C h e r i C S ,  

A V ~ .  w t . 2 . -  g: range, 1 . 2  to - 4 . 7  g. 

t : C r n e r s v i b l b e r p e r j a r -  10-1 1 --- 
cm. 

cm(d)x A 7  cm(h). 

Avg. length k cm; range, %to 2 .  f~ 

3. Test jars: Material . - S  - ; capacity 1 q I :  dimensions 7 5  

4. Dilution w r e r  Charcoal and  .__ sand  f i  1 tered Chapel Iii 11  t a p  water 

E € 6  
Voluine per jar 15 I :  depth in jar . 30 cni; pH . : TOC mg/l; Fe. <')-r)2 mg/l; 

mgll ;  <:3 1 1 4  AI -- 2- nlg/l: Mg .-_L-- ing/l: Ca 
3* mg/l: total dissolved solids 

turbidity 0 JTU: tot31 alkaiirlity ~- 27 i11g/I as CaCO3. 

5. Procedure: Stqtlc 



A~~~~~~~~~~~ ot llsll -F!Sb r e c ~ i v e _ d l Z ~ ~ _ 3 L I I _ M a i n t a i n e d i n s t i c  stock tank receiving 

__  -. - constant-flpw- - - of-charcoal and sand f i l t e r e d  ChaDel Hill t ap  water. 

EXPERIMENTAL DATA 

Dye Cuncentration Nu. of fish surviving 

* Sick a t  termination o f  t e s t .  

TEST CONDITIONS 

Principle? dnd dpplicdtion of fi\h bioaswy tests "Bioassays nre condut-led to evaluate the toxicity o f  effluents or other matenab. defermine 
permissible effluent di\chJrjic rate?. extablish the relative sensitivity o f  various fish species and identify effects o f  physcal and c h e m i d  
vuablcs \ULh a\  teinpcriluru Jnd pH on IO\ILI~Y Bionwys can be used to judge compliance L i t h  water quality standardsertablahd by 
POllutiOn LOntroI authoritie\. In d b ioJwy .  e\pcrinicnlal orpnims  are subjected to a series of concentrations of a known or ruspeclcd l o x h l t  
under ddequdlcly conlrollcd condillon? '* 

ALcurdLy. Interprct~l ion and limitations 'To\ici ty studies with d randomly selected species cannot be expected to glve accurafc lnforndo" 
on the toxicity of that mdterirll to other ;peciex and l i fe  xtages or IO an entuc biota. A t o x i ~ i t y  bioassay with one spenes yields 
eStimd1C Of the t o x i ~ i t y  of the mdlcridl in queslion only to other, o f  that species of ximilnr size. age and physiologtul condition and IJI wIfa 
with the wmc or slmildr chdrdLtcristic\ and under \imildr test Londitions. The 48.hr nnd 96-hr TLso values provide useful m a t m  Of the 
relJllve ALUIL. lufhdl IoYiLitv of fe<lcd substlnces to fish under rerfain e\penmental condition? but these values do not r tpmonc "I-- 
Ilons thdI drL. wlc in fish hdhifnt\ Long-term exposure l o  mu'h lower concentrations may be'lethal to fishes and other Organ~sms. and suo 
lower cOnLenlrJliOns may cdu\c nonlethal impaument of theu functions or pertormancc, w c h  as swimming ability. appctitc and fly* 
rc\lrt lnce to di?easc. reproductive cr lpa~i fy  or ability IO Lompcte with other speuex of  the biota " 

7.2 7.3 6.9 6.7 1 100 - - 

All dead f i s h  dyed. Surviving f i sh  dyed blue- Observations on behavior of  fish during the tests: ~ 

_____ green. ____ 



UNC WASTEWATER 

I I 
Dye formula 

FISH BIOASSAY TESTS 

Date tested 1/31/72 C. I .  No. 62055 I, Testdye Acid Blue 25 

__ Form zupplied Dry powder Supplicr ADMI 

Conditions ofstorage S t o r e d  a t  c 20 C i n  dark 

2, T~~~ fish Fathead Idinnow (Pimephales promelas) ---------.-- 

Number per jar 1 0 -- Supp l i e r  Mindmil 1 Fish Hatcheries 

Avg. wt.___ 2.6 
- ---.- 

6 6  Avg. length A_ cm: range, 4*80 rn 8.20 cm. 

cm(h). 

0.90 5.31 g,  g: range. ___ to - 

3 .  Test jars: blaterial ~k!sk---  : capaclty I :  dimensions 25 cm(d) x 47 

Dilution water .-ckCr'oa! :?and f i  1 tered Chapel Hi 11 t a p  water 

Procedure: Stclt~c 

Test conditions: Teinpcrature -_.15--. C: range durlng test. 14.8 to 17.0 c. Initial 

d ~ s s d v r d  oxygen 7.. 0-!1.5nlg/l: ralige during [est. 1 - 2 to 7.  5 ~ngjl. Initial pH 5.9-7. 7 ; 

(Aerated for  5 min each a t  48 hr) 

Test fish surviving (%) 



. .  
Acclimation of fish F1 c h  rPrP1 v e d h p r  70 ; 1971 Ma1 n + w : c  

. .  tank re rp iv ina  constant flow ,,f f i l t p r p d  

-Pa ’5-7fl c -  

1 Treated on Octaber 20-22, Nov. 1 ,  and Nov. 16-18, 1971 w i t h  T e t r a c b  Pretreatment offish 

(Tetracycl ine H C 1 )  t o  control disease.  Treated w i t h  Na C1 11/1. Starved f o r  48 

hr p r io r  t o  experiment. 

Dye Concentration 
m d l  

0 

EXPERIMENTAL DATA 

48 hr. 96 hr. 

7.1 7.0 6.6 4.4 6.4 3.6 

0 hr. 
pH DO(mg/l) pH DO(mg/l) pH DO(mgj1) 

Dye Concentration 

TEST CONDITIONS 

Observations on behavior of fish during the tests: Before death fish tended t o  become very sl ow-moving 

a t  higher concentrat ions.  

were dyed dark green i n  concentrations above 1 mg/l. 

Dead fish were dyed on  heads and f in s .  Surviving f i s h  

Fish bioassay tests were conducted according to  procedures described in Standard Methods for rhe Examkrion o f  Water and Wastewoter 
13th ed.. APHA, A W A ,  WPCF, ,New York, N. Y. (1971). The tests are subject therefore to  the apptications and limitations of t h e d  
procedures. Fish tests and their application are described in Standard Methods as follows: 
Rinciples and application of  fish bioassay tests: “Bioassays are,conducted to  evaluate the toxicity of effluents or other materials. determine 
perfnissible 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 o r  suspected toxicant 
under adequately controlled conditions.” 
Accuracy, interpretation and limitations: ‘?oxicity studies with a randomly selected species c a m o t  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 
e s t i m t e  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 meanures of the 
relative acute lethal,toxicity of tested substances to fish under certain experimental conditions. but these values d o  not represn t  concentra- 
tions that are safe in fish habitats. Long-term exposure t o  much lower concentrations may be lethal to ffihes and other organisms and still 
lower concentrations may cause nonlethal impairment of theu 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 No. i ‘57 



UNC WASTEWATER 

RESEARCH CENTER 

Dye formula 

I .  Test dye Acid Green 25 C. I .  No. 61 570 Date tested 11/29-12/3/71 

Supplier ALII1 I F~~~ .,upplied Powder - composite 

Conditionsofstorage Stored dry a t  c.20 c i n  d a r k ;  stock solut ions re f r igera ted  in g lass  

2. Test fish Fathead minnow (Pimephales prome&) 

Supplier k r r v  lu'ater Gardens. Kernersvi 1 l e  Number per jar 10 

Avg. w t . u  g: range, % to A g. Avg. length 5.7 cm; range, X t o L  cm. 

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

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

4, Dilution Water Charcoal -sand f i  1 tered Chapel Hi 1 1  t a p  water 

Volume per jar I ;  depth in jar 30 cm; pH 7 -  1 ; TOC 3 mg/l; Fe <o, 01 mg/l; 

AI <0.1 mg/l: Mg- mg/l: Ca 8.6 mg/l: total dissolved solids 121 mg/l; 

turbidity 0 JTU: total alkalinity 29 mg/l as CaC03. 

5. Procedure: Static 

6. Test conditions. Temperature -.18 C. range during test, 17.3 to 70 C. lnltial 

dissolved oxygen6._9_Ll . -  mg/l: range during test. 3.6 10 7.1 mg/l. Initial pH 7 .  1-7 7 ; 

rangeduringtest, 6.4 IO -22- . (Aerated fo r  5 m i n .  each a t  43 hr.) 

7. 96-hour TL50 -6.3 mg/l 



of fish Fish received 12/13/71. Iyiaintained i n  P l a s t i c  s tock tank receivinq 

constant  flow of charcoal and sand f i l t e r e d  Chapel Hill t a p  water ,  14.5-18.5 C .  

0.56 1 1.00 

~ ~~ 

pretreatment of fish Treated w i t h  t e t racyc l  ine tIC1 on 12/13. 

~ 7.2  7.3 2 . 5  6.7 2.3 

7.3 7.5 - 2.4 6.7 1.7 

EXPERIMENTAL DATA 

Dye C o n c e n t r a t i o n  

1 .oo 1 10 I 10 I 10  I 10 I 

TEST CONDITIONS 

*Observa t ions  on behavior of fish during the tests:  96 hr a t  1 .oo mq/l , two addi t ional  f i s h  were 

showina sPverp d i s t r e s s  and death ameared imminent. Respiratory d i s t r e s s  was 

- not obsprwrl. 

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 effecfs of physical and chemical 
varlables 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 oi  a known o r  suspected toxicant 
under adequately controlled conditions,” 
Accuracy, interpretation and limitatlons: ‘Toxicity studies with a randomly selected species cannot be expected to give accurate information 
on.the toxicity of that material to other specles and life stages or to an entire biota. A toxicity bioassay with one species yields an accurate 
estlmate of  the tosicrty of the material in question only lo others of that species of similar size, age and physiological condition and in m t e r  
w t h  the same or similar characteristics and under similar test conditions. . . . The 48-hr and 96-hr TLso values provlde useful meaures o f  the 
relative acute lethal tosicity of tested substances to  fish under certain experimental conditions. but these values do not represent concentra- 
tlons 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 impabment of their functions or performance. such as swimming ability, appetite and growth, 
reslsfance to  disease, reproductive capacity or ability to compete with other species of tHe biota.” 

i s r n  No. is7 



UNC WASTEWATER 

RESEARCH CENTER 

I 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

Dye formula 

Aliquot re f r igera ted  in p l a s t i c  stock bo t t l e .  Conditions of storage 

Fathead liinnow (Pimephales promelas) 2. Test fish 

Supplier k’indiiii 11 Fish Hatcheries,  Kernersvi M . b e r  perjar 10-1 1 

6.6 5 2  c o  4 * 6  g. Avg. length ___ cm; range, -to; cm. g: range, L to ___ 2.5 Avg. wt.- 

cm(h). 

1 1  

19  3. Test jars: Material g l a s s  ; capacity - I ;  dimensions 25 cm(d) x 47 

4. Dilution water  Charcoal and  sand f i l t e r e d  Chapel Hi 11  t a p  water 

Volumeperjar-!?-l; depth in jar 30 cm; pH 6.6; TOC 6 mg/l; Fe <ne02 mg/l; 

AI <9.1 mg/l; Mg 1.4 mg/l; Ca 8 *  mg/l; mg/l; total dissolved solids 

turbidity 0 JTU; total alkalinity 27 mg/l as CaC03. 

5. Procedure: Static 

6 .  Test conditions: Temperature 1 5 C; range during test, 14.4 to 1 7 .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, 6.6 to 7.3 . (Aerated 5 niin each a t  48 hr) 

7.  96-hourTL50: 1 4 1 .  

Test fish surviving (%) 

The University of North Carolina Department of Environmental Sciences and Engineering 
Chapel Hill, North Carolina 

I .  



100 

TEST CONDITIONS 

10 10 10 10 10 

180 10 - - - 7 -  

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

0 

18 

32 

56 

100 

180 

Fish bioassay tests were conducted according to  procedures described in Standnrd Methods for the Examhution of Water and Wastewter. 
13th ed.. APHA. AWWA, YCF, New York. N. Y. (1971). The tests are subject therefore to the applications and limitations of there 
procedures. Fish tests and their application are described in Siandurd Methods as follows: 
Principles and application of fish bioassay tests: "Bioassays are conducted to  evaluate the toxicity of effluents or other materials, d e t e r m p  
permissible effluent discharge rates, establish the relative sensitivity of various fish species, and identify effects of physical and ch" 
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance with water quality standards established by u(atm 
pollution control authorities. In a bioassay, experimental organisms are subjected to a series of concentrations of a known o r  suspected t o x l u n t  
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 aCCUIatC 
estimate of the toxicity of the material in question only to others of that species oisimilar size, age and physiological condition and in m t m  
with the same Or similar characteristics and under similar test c'onditions. . . . The 48-hr and 96-hr TLSO values provide useful measures Of the 
relative acute letha1,toxicity of tested substances to fish under certain experimental conditions, but these values d o  not represent concmtn-  
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and other organisms. and stdl 
lower concentrations may cause nonlethal impairment of their functions or performance. such as swimming ability, appetite 2nd growth. 
resistance to dlsease. reproductive capacity or ability to  compete with other species of the biota." 
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UNC WASTEWATER 

RESEARCH CENTER 

1 .  

7 -. 

3. 

4 

5 .  

6. 

7 .  

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

Siipplier __ American Dye Manufacturers InstForm cupplied Composite dispersion of  15% ( w t )  

Conditions of storage __ Refrigerated - 
w t )  Tamol SN dye i n  15% ( 

.. Fathead minnow (Pine hales romelas) Test fish -..----p p - 
Windmill Fish Hatcheries Supplier -. __-__ Number per j3r - 0 

~ v g .  wt.OL60 g: range. .OA to - 0 97 g. Avg. length A__ 4 12 cm: range, 3.2010 5.00 cm. 

Test jars: Material $.as?------ : capacity A9- I :  dimensions 25 cm(d) x 47 cm(h). 

Dilution water Cha.y_co_a_l~sa?d..fLltered Chapel Hi 1 1  t a p  Water 

Voiuine per jar 15 - I ;  drptl1 in jar . 30 . cm. p~ L 2 3 -  : TOC 5 mg!l; Fe <0.02 mg/l; 

127 mgil; AI ____ <1 .o nig/l: Mg !.:6..-. mg/l: Ca -&l.-. mg/l; to ia l  dissolved solids 

turbidiry -_ 2- -. JTU: t o t i 1  alkalinity ~ 2 2 -  mg/l as CaCO3. 

Prucedure: Static 

C. Initial Test conditiuns: Temperature C; range during test. -1 5.0 to 16.6 

Jissulved oxygeti6*.8:7:? iiig/l: range during test. -52?.__- to 7. 2 mgil. Initial pH 7.1-7.4 ; 

m g c  during lest. -6.4 -. to -7: 3. __ . 

)6-hour TLso: - ?!-@- -_ mg/I. 

Test fish surviving (%) 

'l'llc linivcrvty of  North Carolina 1 Dcpurment of IFnvlronmcnhI Scienccs and Engineering 
(hapcl H111. North CArolina 



Fish received 12/13/71. Maintained in  p l a s t i c  stock tank receiving 

constant flow of charcoal and sand f i l t e r e d  ChaDel Hill tao water. 14.5-18.5 C .  
Acclimation of fish 

off ish Treated w i t h  t e t racyc l ine  tl C 1  on 12/13. 

EXPERIMENTAL DATA 

Dye Concentration No. of fish surviving 

TEST CONDITIONS 

Observaticns on behavior of fish during the tests: __ 'jot 

Fish bioassay tests were conducted according to  procedures described in Standnrd Methods for the Examination of Water and Wastewter. 
13th ed.. APHA, AWWA, WPCF. New York, N. Y. (1971). The tests are subject therefore t o  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 a i d  chemical 
variables such as temperature and pH oqtoxicity. Bioassays can be used to  judge compliance with water quality standards established by w t e r  
pollution control authorities. In 3 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 stager 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 m d  under similar test Gonditions. . . . The 48-hr and 96-hr FLSO values provide useful measures of the 
relative acute lethal toxicity of tested substances to fish under certain experimental conditions. but these values d o  not represent concentra- 
tlons 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 abllity. appetite and growth, 
resistance to disease, reproductive capacity or ability to  compete with other species of the biota." 



UNC WASTEWATER 

RESEARCH CENTER 

Dye formula 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

5. Procedure: Static 

1 4 i i  t o -  1 7  i C. Initial 

dissolved oxygen 7.6:7..7 nig/I: range during rest. -1 .5 - to 2 - Z  mg/i. ~ n i t i a ~  PH 7 1-7 6 : 

ruigc during les i .  L..6. . . to . 7 .  5 . -  

6 .  Test conditions: Temperalure ..I 5.- __ C: ran;? during test. 

7 .  c~6-liour TLso: . 2;  3 - . m:/l. 



Not rcica r k a b 1 e . Obsewations on hchaviur J r  fish during ll!c iectz: 

I 

Fon. No. 257 
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UNC \YASTE\VATER FJSH R!C)ASSA-.Y TESTS 

RESEARCH CENTER 
-. 

AMERICAN DYE h1ANUFACTUKERS INSTITWE PROJECT 

sulfide condensation 
product from I r  

Dye fu:mola 

... 5. Procedure: Static 

6. Test conditions: Teinpcrarure - 1 5  C; range during test. 15.0 to 16 .3  c. initial 

dissolved oxygen _6,8%-2 nigii; range during rest. 4 - 2 to 7 - 3 mdl.  initial p ] ~  7.3 ; 

range during test, -6.4 to 7.2 . 
7. 9Ghour TL.50: -->180- mgo. 

. 1000 

... 

100 

B 
s . 
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D) G C+>titai.!~t la! IWI 0 l tr .  48 fir. . 9 6 h r  
n ;‘I p i !  MJ (ii@Ij p:I Ix) (nigjl) pll DO ( tng/ l )  

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 I 5.0- 

~ 

56 -- 7.1  b.4 6.6 5.1 

109 7.1 G . 5  6.7 5.0 I 180 7.1 6.4 6.7 4.8 

f 
. .  . 
. .  . 

Fish b i w w y  i n t r  w r c  c.mductcd 8’cmrdinc: tu procedures dcuribcd in Sfandzrd rllrfhods for the Exan~!mrion of Wafer and It‘estewfcr. 
13th rd.. AFIIA. ANXVA, NPW. New Yor!i. ’x. y. (197t.1. The tests arc rubp:.t ihcrelorc to rhc apphations and limitations of there 
pmmlute.. Fish lc\ts and Urcir ipl!lization are dcx-rtbed%f Sedard 3lcfhodr ds tollows: 
Principles and aptdication o l  lish bioasov tests: “Biorsrays 3ie conducted 10 c\aluate the toxicity of efflurzls M other malerials. determine 
pernikdbk efiltwit dichar? iat is .  errrbllsh t b  i & f i ~ n s i l i v i t Y  Of various fish species. and idcntifv clli.cts of physical rnd chemical 
vvhbles su,.lt a, tcnipc’raturc and PI3 on loxiztty. UIOJN!.~ Can be used lo judre compiwrux wth uater qual:ty smndardi eslabliihed by water 
poilutior. contrul air~tioritvr.  In r biolru). c\psrislenul orp,wms are subjected IO 3 s n c s  oiconsenrntionr o i a  known or suulpcied toxicant 
under adrqtlatclg m n l r 4 r d  Condilionr.’~ 

1- 
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UNC WASTEWATER 

RESEARCH CENTER 

-. 

. .  

. .. , ... ... . . . .,. . . 
ill# ; &r::Y,.:. 

FISH BIOASSAY TESrS 

AMERICAN DYE MSrNUFACTLm,ERS INSTITUTE PROJECT 

. . - -  .. . . 

sulfide condensation 
product from 

NO1 
2;(-Din;tnplimnl 

; : r  . , 
Dye formula 

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

American Dye Manufacturers Insfbrmzupplicd dye in 151 (kit) Tamol SN Supplier--- - - 
Cocposite dispersion o f  1- 

-- 

Conditions of storage Refrigerated 

2. Test fish Fathead minnow (Pimephales promelas) ------ 

Number per jar l o  Supplier Windmill F i s h  Hatcheries 

4.34 3 50 5 20 ’ 4’ g. Avg. length ~ cm; range, -to * cm. Avg.wt.- 0 66 g; range.&-to 0 30 * 

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

4. Dilution water charcoal-sand filtered Chapel HI11 t a p  water 

m g k  

127 mgn; 

Volumc per jar 2 I; deplli m jar 2 cm; pH 7.3 ; TOC 5 ~ ~ g / l ;  Fe <o. 02 
m g k  S f g 1 . 6  mg/l; Ca 5 . 1  mgl; tolddirtol\ed sollds 

turbidity 2 JTU; total alkalinity 22 m g  az CaC03. 

5. Procedure: Static 

24, Test conditions: Temperature 15 C; range during t e s~ ,  14.3 10 16.0 c. Initial 

. dissolved QXYgCn 6&&-!!mg/l; range during lest. 4.2 to 6.8 nrd.  lmtial pH 7.1-7.2 ; 

nnge during test. 6.6 , to 7.2 . 
7. 96hour TLSO: > 1 8 L  nidi. 

. .  
. _._ - 

: i  

. ? .  

The Universly of North Cuoima I hpurment of Fnvironmnul  h c n  a d  Engineaing 
&pel Ha. Munh CuoLUu 



I:i\h hioasu)' tests were conducted according Io  procedures dcscnbed in Sfu:rJnrd Mrfhods for fhe Exnminurion of Water nnd Wnstewater. 
13th cd., API IA,  AWWA, WPCI:, Ncw York. N. Y. (1971). The tests arc subject therefore to the applications and limitations of  these 
procedure,. Vish lcqts and thcir application arc described in  Sundnrd Mefhods as follows: 

Principles and application 01 !ish bioassay tests: "Bioassays are conducted to evaluate the toxicity o f  effluents or other materials, determine 
permissible effluent dixharpu rates: establish the relative sensitivity o f  various fish species, and identify effects o f  physical and chemical 
variables such as tcinpcrature and p l i  on toxicity. Bioassays can be used l o  judge compliance with water quality standards established by water 
pollution control authiiritie\. I n  a bioassay. experimental organisms arc subjected to a series o f  concentrations of  a known or suspected toxicant 
under adequately contrcilled conditions." 

Accuracy. interpretation and limitation.;: 'Toxicity studies with a randomly selected species cannot be expected to give accurate information 
on the toxicity o f  that material to other species and l i fe stages or to an entire biota. A toxicity bioassay with one species yields an accurate 
estimatc o f  the to\icity VI' the material in  question only to others of that species of similar size, age and physiological condition and in  water 
with the u m e  or wnilar characteristics and under similar test conditions. . . . The 48.hr and 96-hr TLso values provide useful measures of the 
relative acutc lethal to\icity 01' tc\ted wbbtances to fish under wrtain experimental conditions. but these values do not represent concentra- 
tion\ that are uti: in hli  hahilais. Long-term exposure to much lower concentrationy may be lethal to fishes and other organisms, and still 
lower concentrations may cause nonlethal impairment o f  lheu functions or performance. such as swimming ability. appetite and growth, 
resistance to d w a r e .  reprodiictive capacity or ability to compctc with other species of the biota.'' 
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UNC WASTEWATER 

RESEARCH CENTER 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

r 1 

Dye formula 

Date tested 3 /23-3 /2 l /x  1 .  Testdye Basic Blue 3 c. 1. NO. 51 005 

Supplier American Dye Ma_llufacturers I ? S F o r m  :upplied 

Conditions of  storage Stored in dark a t  approximatel Y 20 C 

Drv powder 

2, Test fish Fathead minnow (Pimephales promelas) 

ish Hatcheri es Number per jar 10 Supplier Windmill F 

Avg. w t . l L h a  g; range, 

. .  

to -1.35 g. Avg. length 4.13 cm; range, = t o m  cm. 

3. Test jars: Material --.$Lk.S--; capacity 19 I ;  dimensions 25 cm(d) x -cm(h). 

4. Dilution water Charcoal-sand1 tprpd -1 Hi 11 t a p  W r  

Volume per jar -15 1; depth in jar 30 cm; pH 7.3: TOC 5 mg/l; Fe Cos02 mg/i; 

AI <1.0 nig/l; M g 1 . 6  mg/l; Ca 5. 1 mg/l; total dissolved solids 127 mg/l; 

turbidity .-2- JTU; total alkalinity 22 mg/l as CaC03 

5.  Procedure: Static 

6 .  Test conditions: Temperature -15 C; range during test, 15.1 to 17. 7 C. initial 

dissolved oxygen 6.,2-6,8 mg/I: range during test. to 6.8 mg/l. Initial PH 7.0-7.2 

Test fish surviving (a) 

'lhc Univcrsily of North Carolina / Department of Environmental Sciences and Engineering 
Chapel Hill. North Carolina 



Accl imat ion  o f f i s h  F i s h  r e c e i v e d  Oct. 20, 1971. H a i n t a i n e d  i n  250 u a l .  p l a s t i c  tank  

r e c e i v i n q  c o n s t a n t  f l o w  o f  f i l t e r e d  taD water  and ae ra ted  w i t h  compressed a i r .  

Temp. 15-20 C.  

P r e t r e a t m e n t o f f i s h  Treated  on Oct. 20-27. I h v .  1. andWov. 16-18, 1971 w i t h h e 1  

( t e t r a c v c l  i n p  t i  C1) t o  c o n t r o l  d i s P a q P .  Treated  I q j t h  !]a C1  11/1- s t a r v e d  fnr 

48 h r  p r i o r  t o  e x p x i " t .  

EXPERIMENTAL DATA 

Dye C o n c e n t r a t i o n  No. test  No. of fish surviving I 96hr-  I I fish 24 hr. I 48 hr. I 72 hr. I 

I 10.0 10 0 0 0 0 

TEST CONDITIONS 

D y e  C o n c e n t r a t i o n  

Observatiotls On behavior of fish dur ing  the  tests: F i s h  dyed f a i n t  ye1 low. A t  concen t ra t i ons  o f  

3.2 mg/l and above, f i s h  showed d i s t u r b e d  e q u i l i b r i u m  -- swam ups ide  down, on s i d e ,  

e t c .  

Fish bioassay tests were conducted according to procedures described in StandardMerhods for rhe Examhation 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 thesd 
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 vanous fish species, and identify effects of physical a i d  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, expek'imental 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 cpnditions. . . . The 48-hr and 96-hr TLso values provide useful mesures of the 
relarive acute lethal toxicity of tested substances to fish under certain experimental conditions, but these values d o  not reprewnt concentra- 
tions that are safe in fish habitats. Long-term exposure to much lower concentrations may be lethal to fishes and o t h n  organisms, and still 
lower concentrations may cause nonlethal impairment of theu functions or performance, such as swimming ability, appetite and growth, 
resistance t o  disease, reproductive capacity o r  ability to compete with other species of the biota." 



UNC WASTEWATER 

RESEARCH CENTER 

Dye formula 

11 /2?-12/3/71 Date tested 48055 C. I .  No. Casic Yellow 11 1. Test dye 

ADFI I Supplier 

Conditions of storage 

Form mpplied composi t c ,  dry powder 

Stored dry a t  c .  20 C in dark; stock solut ions r e f r i g e r a t e d  i n  g lass  

Fathead tiiinnow (Piniephales proriielas) 2. Test fish 

Supplier 

Avg. wt.: g; range, L to ___ 

berry I*!ater Gardens, Kernersvi 1 l e  Number per jar 10 

1 5  0 4  13.6 g, 5.6 3 5  7 5  Avg. length ___ cm; range, ;to- cm. 

3. Test jars: Material ass ; capacity- 1 9  I; dimensions 25 cm(d)x 47 cm(h). 

4, Dilution Charcoal -sand filtered Chapel Hi1 1 t a p  water 

Volume per jar __ 15 I;  depth in jar ~ 30 cm; pH L; 7 1  TOC 3 mg/l; Fe '0.01 mg/l; 

AI A <o 1 mg/l; Mg A 0 53 mg/l; Ca 8. mg/l; total dissolved solids 121  mg/l; 

turbidity JTU: total alkalinity 29 mg/l as CaC03. 

5. Procedure: Static 

6. Test conditions: Temperature 18 C; range during test, 1 7  to 20 C. Initial 

dissolved o x y g e n 7 !  mg/l; range during test. 3. 5 to 7 . 4 L  mg/l. Initial pH 7 - 0-7 - 2 ; 

range during test, -L 6 4  to ___ 7 . 2  . (Aerated f o r  5 m i n .  each a t  48 hr.) 

7. 96-hour TL50: -3.2- 4 1 .  

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

~ 80 90 I(  

Test fish surviving (70)  

The University of North Carolina / Department of Environmental Sciences and Engineering 
Chapel Hil l ,  North Grolina 



. .  . .  
Acclimationoffish F i s h  received 12/13/71. Clalntained i n  p l a s t i c  stock b n k  rprplvlng 

cons tan t  flow o f  charcoal and sand f i l t e r e d  Chapel Hil l  t ap  water,  14.5-18.5 C .  

0 

Pretreatment of fish Treated w i t h  t e t r acyc l ine  H C1 on 12/13. 

11 11 11 11 11 

I I Dye Concentration 
mg/l 

18 

32 

EXF’ERIMEhTAL DATA 

10 10 10 10 10  

10 10 10 10 10 

No. test I No. of fish surviving 

fish 24hr .  I 48 hr. I 72 hr. I 9 6 h r .  I 

56 10 10 10 10 9 

100 

180 

10 10 10 10 10 

10 10 10 10 10  

56 

100 

180 

TEST CONDITIONS 

7.6 7.7 - 2.6 6.9 2.5 

7.7 7.8 - 2.5 7 .0  2.7 

7.9 7.6 1.9 7.0 2.3 - 

I 1 1 I 

0 7.1 7.6 - 3.0 6.6 3.1 

I 18 1 7.2 I 7.6 I - 1 2.9 I 6.9 I 3.0 

I 32 I 7.4 I 7.6 1 - I 2.5 I 7.0 I 2.4 

Observations on behaviorof fishduring the tests: &h dyed f a i n t  gold a t  56 mg/l and above. 

Fish bioassay tests were conducted according to procedures described in Standard Methods for the Examination of Warer 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 conducred 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 tpxicity. 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 o r  suspected toxicant 
under adequately controlled conditions.” 
Accuracy, interpretation and limitations: ‘Toxicity studies with a randomly selected species cannot be expected t o  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 d o  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.” 



UNC WASTEWATER 

RESEARCH CENTER 

Dye formula 

I .  Test dye Disperse Yellow 54 C. 1. No. 47020 Date tested Jan. 6-10, 1972 

ADI.11 Formzupplied Dispersion of 15% (wt) w i t h  Reax 83-A (15%) Supplier 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

Conditionsofstorage Aliquot re f r igera ted  in  glass  container  

2. Test fish Fathead minnow (Pimephales promelas) 

Supplier Nindmill Fish t ia tcher ies ,  Kernersv&kerperjar  

Avg. wt.' 2 3  g; range, L 1 0  to L 5 0  g. Avg. length 6.6 cm; range, t o .  5 2  7 8  cm. 

3. Test jars: Material g l a s s  ; capacity 19 I; dimensions 25 cm(d) x 47 cm(h). 

4. Dilutionwater charcoal and sand f i l t e r e d  Chapel Hill t a p  water 

10-1 1 

Volume per jar 15 I ;  depth in jar 2 cm; pH 6.6; TOC 5 mg/l; Fe <c. 02 mg/k 

AI A <'' 1 mg/l; Mg 1.4 mg/l; Ca - 8 L  mg/l; total dissolved solids mg/l; 1 !X 

turbidity 0 JTU; total alkalinity 27 mg/l as CaC03. 

5. Procedure: Static 

6. Test conditions: Temperature 15 C;  range during test, 13.9 to 17.1 C. Initial 

dissolved oxygen L6-7.8 mg/l; range during test, 1.9. to 7 .  a mg/l. Initial pH 7. 1-7. 

rangeduringtest, 6.6 t o  7.a . (Aerated 5 min each a t  48 hr) 

7. 9 6 - h o u r T L ~ o :  >i ?fl mg/l. 

u 
90 100 

Test fish surviving (%) 

The University of North Carolina I Department of Environmental Sciences and Engineering 
Chapel Hill, North Carolina 



EXPERIMENTAL DATA 

Dye Cot i cen tm i ton  No. test  

mpll fish 

0 11 

0.632 10 

0.056 10 

0.10 10 

6.1C 10 

0.32 10 

No. of fish surviving 

1-4 h i .  48 hr. 72 hr. 9 6 h r .  

11 11 11 11 

10 i n  If-! 10 

10 7 5 2 

1 0 7 4 2 

7 2 0 rj 

0 0 n 0 

TEST CONDITIONS 

I (3.32 O.le 

7.3 7.4 6.9 3.1  

7.3 7.4 7.0 5.5 - 

- - 

Observations o n  behavior  o f  fisli dur ing  the tests: . A i s i '  f a i n t ! r p l c *  

tests were conductcd according IO procedures described in Standard .Vcvhods for rhe Examination of Water and Wastemrer. 
13th ed.. APHA. AWWA. WPC'I:. Ncw York. N. Y. (1971). The tests are subject therefore to the applications and limitations o f  these 
proccdurus. Fish tests and their application are described in Standard Mrthods as follows: 

Principles and application of fish bioassay tests: "Bioassays are conducted to evaluate the toxicity o f  effluents or other materials. determine 
pcrmissible efflucnt dischargc rates. establish the relative sensitivity o f  various fish species. and identify effects of physical and chemtcal 
vuiahlcs wch  as tciiipcraturr and pH on toxicity. B ioawys can be used to judge compliance with water quality standards established by water 
pnllulion control aullioritics. In a b ioawy,  e x p c r i m h a l  organisms are subjccted to a series o f  concentrations of a known or suspected toxicant 
undcr adequately controlled conditions." 

Accuracy. intcrprctation and limitation%: 'Tohicity studies with a randomly selected species cannot be expected to give accurate information 
o y t h e  toxicity of that material to other specie? and l i fe stagcs or to an entire biota. A toxicity bioassay with one species yields an accurate 
estimate of the to\icity 01' t l ic material in question only to others of that species of similar size. 3ge and physiological condition and in water 
with the o m u  or \iiiiilar characteristics and under simllar test conditions. . . ~ The 4R-hr and 96-hr TLso values provide useful measurer of the 
rclalive acute letlial lo\ ic i ty 01' tested rubstances to fish under certain experimrntal conditions. but these values do not represent concentra- 
tions that are u f c  in f i s h  hahitats. Lung-term e\porure to much lower concentrations may be lethal to fishes and other organisms. and still 
lower concen!rations may cause nonlethal impairment of their functions or pcrlormance. cuch as swimming ability. appetite and growth. 
reMance to d i m x .  reproductive u~p;lcity or ability to compete with other species of the biota." 



UNC WASTEWATER 

RESEARCH CENTER 

I 

7 -. 

3. 

4 

5. 

6. 

7. 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

Dye formula 

Lasic Violet 1 C. I .  No. 42535 ~~~~~~~~~d Jan.  6-10 ,  1972 

Supplier '\''.I' Form zupplied ury 

Co~ld,[ionsofslorage Dry Powder stored a t  c.20 C i n  d a r k .  

Test I'isll 

l3rldi!ii11 Fish jiatcneries, I ! e r n e r s v i ~ ~ l b e r p e r j a r  10-1 1 Supplier _________ 

~ v g .  w t . 2 2 .  g: range. JL to .L 5 0  g. Avg. length L G -  cm: range, a t o C . ' !  cm. 

Test jars: Material q l  ass : capacity --lL I :  dimensions L.3 cm(d) x 47 cm(h). 

Dilution water -~i~r~oa!__an_d_.sand f i  1 tered Cl i ape l  t i i l l  t a 9  water 

Voiume per 1!-.- I: depth in jar -2- cm: pH .-6&..6..-: TOC mg/l; Fe < r ~ . ~ ~ ~  mgll; 

mg/l: 

S tock  s o l u t i o n  prepared inntediately 
-"Gfore test  

Fat!icad minnou (Pirnephales prolaelas) 

. 

,. l- 

5 

A I L  <r 1 mg/l; hlg -!-.L.. mg/l :  Ca L!?L mg/l: total dissolved solids 102 

turbidity JTU: total  alkalinity .a- mg/l as CaCO; 

Procedure: Static 

Test conditions: Temperature -E--. C: range during test. 1 3. to L C. Initial 

dissolved oxygen 7 :  ?:?:.E, mg/l: range during test. L.? .- t o  7.  mgil. Initial p~ 7 .  7 - 7 - 3  ; 

range during test. 

96-Jiour TLso. .. . mg/I. 

7 .3  to . (Aerateti LI I:, i t l  EjCii  a; K; Ilr) 6.6 

0.047 

' f ie  Univcr.;ity of North Orolinn 1 Department of Environmental Sciences and Engineering 
Cliapel H t i I .  North Grolina 



Fish received Oct. 20, 1971. Maintained i n 2 5 0  gal.  p l a s t i c  tank 

receiving constant flow of f i l t e r ed  t a p  water and aerated with compressed a i r .  

Temp. 15-20 C. 

prelreatmentoffish Treated on Oct. 20-22, Nov. 1 ,  and Elov. 16-18. 1971 with Tetrachel 

a- (Tetracycline H C 1 )  t o  co-ktrol disease. Treated with t/a C1 1111. S t  

48 h r  p r i o r  t o  experiment 
, 

EXPERIMENTAL DATA 

Dye Concentration * No. test No. of fish surviving I mell 1 fish I 24hr. 1 48hr.  I 72 hr. 1 96hr. I 

.-. 

TEST CONDITIONS 

I 0.18 I 7.3 6.9 6.5 4.9 6.5 3.5 

Observations on behavior of fish during the tests: Dead .fish not dyed. Some appeared t o  have 

hemorrhaqes around q i l l s .  

above ameared Sluqqish. 

Fish survivinq a t  concentrations of 0.1 mg/l and  

Fish bioassay tests were conducted according to proccdurer described in Standard Methods for rhe Examhation of klrer and Wastemrtw 
13th ed.. APHA. A W A .  WPCF. New York. N. Y. (1971). T l ie  tests  are subjccl therefore to the applications and limautions of these 
procedures. Fish lests and their application 3rc dcvribcd in Standard hlrthods as follows: 

Principles and application of li ih bioassay tests: "Bioasnyr are conducted lo evaluate the toxicity of eltliicnts or other materials, dclcrmine 
permissible effluenl dischargc m e % .  establish the rclative linsativity of various firih species, and identify effects of physical and c h c m d  
vuiablcs such as temperalure and PI1 on toxicity. B ioawyr  can be used to judge complhncc with water quality standards established by mtn 
pollution control authuritie;. I n  J bioassay. e~pcrimental organisms u e  SubpctCd lo P serier of concentntions of a known or suspected Ioxic-Jnt 
under adequately uontrollcd conditions." , 

Form No. 257 



UNC WASTEWATER 

RESEARCH CENTER 

Dye formula 

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

Supplier ADM I Form supplied composite, dry powder 

Conditions of storage Stored dry a t  c. 20 C i n  da rk ;  stock solutions refr igerated i n  glass 

t. Test fish Fathead minnow (Piiiiephales pronielas) 

Supplier Berry Water Gardens, Kernersvil l e  Numberperjar 10 

Avg. wt.- 1.3 g; range, L 0 4  to L 2 9  g. Avg. length 5.4 cm; range, t o -  3 5  7 5  cm. 

3. Test jars: Material g lass  ; capacity- 19 I; dimensions 25 cm(d)x 47 cm(h) 

4. Dilution water Charcoal -sand f i  1 tered Chapel Hi 11 tap water 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

Volume per jar 1 5 1 ;  depth in jar 30 cm; pH 7.1; TOC 3 mg/l; Fe <o. 01 mg/l; 

Al- <o 1 m g k  Mg 0.53 mg/l; Ca 8.6- mg/l; total dissolved solids 121 mg/k 

turbidity 0 JTU; total alkalinity 29 mg/l as CaC03. 

5 .  Procedure: Static 

6. Test conditions: Temperature 18 C; range during test, 16 to 20 C. Initial 

dissolved oxygen 6,9-7.2 mg/l; range during test, 3. 5 to 7.2 mg/l. Initial pH 7.1-7.  3 ; 

range during test, 6.4 to 7.3 . (Aerated fo r  5 min .  each a t  48 hr.) 

7. 96hour  TLso: 0.12 mgll. 

The University of Nonh Carolina /Department of Environmental Sciences and Engineering 
Cupel HiU, North Clrolina 



. -. 

Dye Concenintion 
n;g'! 

0 

l E  

32 

55 

100 

1 so 

-. 

EXPERIMEXT'AL DATA 

No. test No. of  fish surviving 
lis!; 24 hr. 45 hr. 72 hr. I OG i i r .  ' 

I 

10 10 10 10 1G 7 
10 10 10 10 1cr , 
10 10 10 10 10 

! 
10 10 10 ' 10 9 !  

I 

10 10 10 10 10 1 
10 10 10 10 l ?  I 

-2 

n 

TEST COSDI Kt0X.S 

I 
I I 1 I I I I I 

I 

73 

5 t  

100 

180 

I 
7.2 7.3 7.2 4.0 7.1) 4.0 

7.1 7.4 7.2 4.2 6.8 3.9 

7.0 7.4 7.2 4.0 6.8 3.8 

7.0 7.1 7.1 3.C 6.7 3.4 1 

Obscrvations on behavior of fph during the rests: Hot remarkah1 e 

Note: Eye produced turb id i ty .  

Fuh bioa%uY t a t s  were cundqctcd accordin: to procedures described in S I a d r d  .Vrrlmdr for fhc Lx,pnimrion of Water and I i k r e x r r .  
13th cd.. APIIA. A I W A .  W'W. Sew York. K. Y. (1971). The Icstr arc s~ib~cs: thenfore lo lhc appllations and limiwlionr of :>e 
proccdures. l-bh lcsu and thor  application arc dcxribcd in Sram&d . t k r h d s  as Coiiou-r: 
Rinopks and oppliolion of f i h  bioamv tcsu: "Bioltwyr am conducted to cmluatc the loxicity of cfllucnrr u o l h s  "id?. d e w n i n e  
pcrmbsibk cfflucnf dischame nt rs .  euablbh fhc rehttvc scmiiivi:) of various li\h x;xics. and identify pifear nf phyriul a=: :!x.?icxl 
m h b l c s  s w h  as t cmpcl ture  and ptl on tousitr .  Bwasuys can be used to p d s c  rnmpltance r t t h  water o u ~ l : t y  standardscrhhhhr.d b? .:.JIS 
pdlulion contrdl authoritus. In J btuasay. ckp"cnw1 orpnnmr are s u b p i e d  loa scrnes of concmtnt<;ns of a Lnovn or suspected toxiant  
under adcqualcly cvnuoUed Lun'dtuns." 

Accuracy. mtcrpreotion and limitations: -7oxiuty studies uilh a nndomlv u l c a r d  specie> a m o t  be exprctcd IO dvc a t a n t e  iaf.xm.ifion 
on the tnx!ril)' of that malrrwl to olhcr ryccrr and tile rtogcs or to an cntuc hiow. A tnucity bilwsv) uirh one rpuies yUMs an x i d : a t C  
crfinucr ot lllc to.iicity oC the material m qurstwn only to olhen of that spcues of g n i h r  size. a~ and pi:)-riologizai mndition a-d in ~ 3 t . x  
with lhc -me n d m i l x  ihsns tc r i r t tn  acd undzr r i m h  trif sondirlonr. . . . The JX-hr and 06-hr TLro tihe prcvtdr uefu l  meawrdi c f rh: 
rclalit-c m i l *  lethal to\icit\ of luted woquncrr to ti*h under c r n n h  cxpmmzntal conditions. but thew i,id;n do not rcprewni soz:c:.xa- 
tion3 that ale ufe in !ish h b i u t r .  1one.tam cxpo,UrC 10 much lou-cr canicnuatlon? may bc lcthtl io Whes u d  othm uganirmr. :-If %ltl! 
b w r  con~cntrztions may OUY mnkihal impavnent Of tllru funcuons or pcriormncc. such ZI sommwg ability. appctltc anJ ycwlh. 
miruncc to dixarc. reproduciirc capacity or abdllY to compclc mth other spcacs of the bioh." 

/- 

F- No. 257 
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Tl!e Unis-rury of North Carolina Depzximrnr of I:or.ironmsnul Sciencn and Engmerring 
clupel HdI. North Carolin.! 
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EXPERIMENTAL DATA 

0 

I I Dye C m s e n t r a r t o n  No. test No. of fish surviving 

tll&!/l f ish 24 hr.  1 48 hr. [ 72 hr. 1 96 hr. I 
10 10 10 10 10 

18 

32 

10 10 10 10 10 

10 10 10 10 10 

r 
100 

180 

- 

56 

10 10 10 10 10 

10 10 10 10 10 

10 I 10 I 10 I 10 I 10 I 

TEST CONDITIONS 

Observations on behavior o f  f ish d u r i n g  [he tests: -!!?!remarkable. 

Other observations:  I n  a l l  concentrations of dye there was substant ia l  turbidity 
which persisted throughout the t e s t .  

I'ish bioaswy tests were conductcd according to procedures described in  Staitdard Methods for the Eiaminarron of Water and Wastewrer 
13th ed.. APHA, AWWA. WPC'I'. New York. N. Y. (1971). The tests are subject therefore to the applications and limitations of  thes; 
procedures. I;ish tests and their application are described in Slandurd hleihods as follows: 

Principles and application 01' fish bioassay tests: "Bioassays are conducted to evaluate the toxicity of effluents or other materials determine 
rge rates, tstablish the relative sensitivity of various fish species, and identify effects o f  physical a i d  chemical 

variables such as temperature and pH on IO'LI~IIY. Bioassays can be used to judge compliance with water quality standards established by water 
pii l lution control authoritich. 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 l o  give accurate information 
on,thc toxicity o f  that material to other specie? and l i f e  stages or IO an entue biota. A toxicity bioassay with one species yields an accurate 
ertimstc of the toxicity of the material in question only I O  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 value? provide useful meuures of the 
relative acute lethal tuxicity of tested rubstances to fish under certain experimental conditions. but these values do not repreent concentra- 
tlonr that arc d e  in f i s h  habitats. Long-term exposure lo much lower concentrations may be lethal to fishes and other organisms and sti l l  
lower concentrations may cause nonlethal impairment of their functions or performance. such as swimming ability. appetite and growth. 
resistance to diqease, reproductive capacity or abdily to compete with other species of the biota." 
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. F i s h  r e c e i v e d  2/14/72 main ta ined  i n  c o n s t a n t l y  f lowing ,  a e r a t e d ,  A C C l i t i i i t i o t l  01 fish - ........... _.- 

cha rcoa l - sand  f i l t e r e d  Chapel H i l l  t a p  water a t  14-18 C. 
............................ . 

___- - . . . . . . . . . . . . . .  __.__ 

Pret rea I iiicn I [it f i s h  T r e a t e d  __  . - w i t h  _ _  t e t r a c y c l i n e  __ _--.----- H C 1  ~ _ _  ( T e t r a c h e l )  _ _  2/14/72 -. -- 

- .  . .  . . . . . . . . . . . . . .  . . . .  _ _  --_ 
- . . . . . . . . . .  - . . . . . . . . . .  __  -. . - -._____- 

FSPERlSlENTAL DATA 

TEST CONDITIONS 

Observatiuns o n  behavior 01' ('is11 during the tests: N o t r e m a r k a b l e .  

I i\h bioaru)' tcxls were conductcd according to procedures described in Slondord .Wcthods for the Examination of Wafer and Wastewater, 
13111 cd.. .4PHA. AWWA.  WP('1.. New Y o r k .  N. Y. (1971). The texts arc sub~cct  therefore to the applications and limitations of these 
priiccdurch. Fish ICIII and their application arc described in Sfandud Methuds ax follow%: 
I'rinciples and dpplication of fish bioasuy tests: "Bioassays are conductcd to evaluate the toxicity of effluents or other materials, determine 
permissible cftlucnt dixhargc rates, establish the rclalive sensitivity of various fish species. and identify effects of physical and chemical 
variables such a s  teiiipcriturc and pll on toxicity. Bioawys can be used to judge compliance with water quality standards established by water 
pollution control autlioritic!. In a bioaswy, experimental organisms itre subjected to a series of concentrations of a known or  suspected toxicant 
under adcquakly controlled conditions." 
Accuracy, interpretation and Itmitation\: "Tohicity studies with a randomly selecled species cannot be expected to give accurate information 
on the toxicity of that matcrial to otlier specie% and life xtages or t o  an entire biota. A toxicity bioassay with one species yields an xcurdle  
e!timatc of the to\icity of t l i ~  material in qucytion only lo  otlierc of lhnt specie5 of $imilar size. age and physiological condition and in water 
with the wme ur wiiilar cliaractcrixtic\ and under similar test condition$. .. .The  48-hr and 96-hr TLSO values provide useful measures of the 
rc13tive arute IctIia1 toxicity of tc\!ed \ubstances to fi\h under certain experimental conditions. but these values d o  not represent concentra- 
tion! that arc u f c  in fix11 hahitals. 1.ong-term expoxurc to much lower concentrations may be lethal to fishes and other organisms and still 
lower conccnlratiiin\ may cauxe nonlethal itnpaomrni o f  their functions or performance. such as swimming ability. appetite and growth, 

nce io disearc. rcprodii'livc capacity or ability to compote with other specie$ of the biota." 
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UNC WASTEWATER FISH BIOASSAY TESTS 

I RESEARCH CENTER AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT I 
r 

I 1 

Dye formula 

312-316172 Date tested 31600 
C. 1. No. Direct Black 80 I .  Test dye 

h e r i c a n  Dye Manufacturers Ins t  Dry powder 
Supplier - . -'Form :upplied 

Conditions of storage ~ _- Stored i n  dark a t  approximately 20 C 

FatSead Plinriow (XPiEephales proTs&) 
2.  Test fish 

10-11 Windmill Fish Hatcheries 

0 5 6 . ,  0 2 9  0 99 4.27 3 40 5 00 

Number per jar __ 

Avg. length ___ cm: range, t o ;  cm. 

Glass 19 25 cm(d)x 47 cm(h). : capacity ___ I: dimensions 

Supplier ___ _ _  .. -. - 

Avg. w t . - L  g. rmge. .L--- to -A g. 

3. Test jars: Material 

4.  Dilurion warer -. -.. -.- 
Charcoal-sand f i l t e r e d  Chapel H i l l  tap water 

~ c r ~ i i i n e  per jar !!- I ;  depth in jar 30 cm: pi1 LL: TOC 4 mg/l; Fe <o*02 mg/l: 

1 4  mgil; AI .LIL mg/l: Mg .- mg/l. C;r - k * L  mg/l: total dissolved solids 85 

turbidity -. JTU: total alkalinity .LY- mg/l as CaC03. 
I 

5. Procedure: Static 

6. Test conditiuns: Temperature ..-1z C :  range during test. 15.0 to 1 8 . 2 -  C. Initial 

dissolved [rxygen ? * t & l t n g / i :  range during lest, -5-4'- to 7.2 mg/l. Initial PH - 6.4-7-2 : 

range du 

7. 06-h(iur 

Test fish surviving (5) 



F i s h  rcceived October 20 ixaintained in p l a s t i c  stock tank i n  continu- 
Xcclimn:ion o'fis!~ ___ - _ _ _ ~  -.-..--- 

cu$j:, r m i i n g  ch,>rccal-sznd f i l t c r e u  Chapel Hi11 tap v:ater, aerated with a i r  - - 

.-. . 

-- - -- - _ - 
Treated with tetracycline October 20-22; llaZl 11/1 ; te t racycl ine ll;?. -- Prclreatniriit or f i sh  ---- ---- 

Starved for 45 hr pr ior  t o  experincnt. -- - -__ 

. -- - 

EXPERIS1 ESTAL DATA 

No. test I tnp/i  I fish I 24 hr. 
Dyc Coitcentralian 

0 10 10 

i a  10 10 

32 10 10 

56 20 20 

100 10 10 

1 E0 10 10 

TI3T COSDII IONS 

KO. of  fib!] survivitig 

4 s  111. 72 hr. 36 itr. 

10 IO 9 

10 10 9 

10 10 10 

20 20 2'3 

10 10 10 

10 10 10 

- 

Dye Concenrrstion 0 1ir. 48 lir. 1 
nigll pH DO ~ t i l ~ ~ l l  pll  DO ~ I l l ~ . ! l j  I 
0 7.1 

18 7.0 7.5 

32 7.1 7.0 7.2 4 .0  

56 7.2 7.5 7.0 2.9 

I 100 17.3 I -.7:5 17.2 I 3.8 
. . .  1 180 17.4 1 7.5 17.3 I 4.1 

7.0 2.a 

6.9 2.9 

I 7.0 I 3.6 

7.1 4.1 

l l o t  reniarkabl e 
Observations on telwvior of  fish during tlie tests: 

Fuh b i o i r u ?  tests were rondwtcd xcordins 10 procedures described in Standard .M*lhods for rhc Examination of Waier and WarrenuIer. 
13th cd.. .J,PIIA. A l f W A  H'PCf. Scw York. N. S. (1971). llie trw arc subject thcrcfore 10 the applications and limitations of these 
procrdurcs. I'ish tcrtr and thcir application arc dew-ribed in Yondard .!lrrhods as follonr: 

Rinci(ilu% and applic;ition of f i s h  bio i rwy t c ~ t s :  "Bioaurys are conducted to evaluate the t o i i d y  o f  effluents 01 othrr  materials, d e t c r m k  
permirvblc r i l lucnt d i x h a r k  ntcs. mmbli,h the rehtive trnsitir ity of  var iou fish spmes. and identify effects of physical md chcmin i  
varhbkr surh as tciiip,mture and p l l  011 tovicity. tlloaSS3ys r" bc ulcd to Judge complunsr with water quality r t snb rds  established by U3tU 
pollution control aullloritvs. In a hiwroy,  es&h"Icntll orph~ri lu a ~ e  sublectcd to a wrics u f  conccntntionr o ra  known or suspected tosicant 

Amrncy. intcrprctatiun and limitations: "Tuxicily studies w l h  a nndomly r l e a c d  sprcier cannot be expected to give accurate information 
on the to\icity of th31 materirl to other rpeiks and ltfc stages or to an entire biota. A to.;icitv bioassay with one spccies yields an acNIatC 
n t i n u t r  of the to\iuty oi the niatrral in qusstioa onlv to othen of tlut species of similar sizc. aFe and phyqiolopcal condition and i t i  mater 
with the s"* or \ h i l a r  ihnrdctrrisctcs and under nniilar ter! cofdiimnr. , . ~ The JR-hr :end Y6-hr TLIO nlucs proside useful m c " s  o i  the 
rdative acute I z th~ l  td\icitv oi t e i t d  \uh,unm io f i s h  undtr ~ucrlain cipcnmcntal mndriions. but there values do not rcprewnt conccntn- 
nons that are ut's In tkh habitats. I ew-t t rm- e i p ~ u r e  to 6;;h lower concentrattons miy be lct l ir l  to f i b e r  m d  other orzanisms. and still 
lower mnzentrJtions m y  cause nanlet th  impairmcnt of their functions (x pe r fo rmnx .  such 3s svimming ability, appetite and growth. 
rcsirtana to discarc. rcproducli\e c a y x i t y  or ib l l r ty to compute n i t h  other spews oi the biota." 

under adcquatclv controlled conditions." . .  



Dye forntula 

11/11-15/71 -.. Date tested -___ ~ 

30235 - -C . I .No  .-__ Direct 21 ack 38 I .  .Test dye -___ .- 

2. 

3. 

4. 

5. 

6. 

7. 96-hour TLSo: -21 En-- &I. *One jar was accidents: ly stocked twice. 

Ten fish surviving (5) 
, /.- 



--. 

nipA fish 

. 

24 Iir. 420 111. 72 hr. 36 itr. 

Fish rmeivcd October 20 nlaintained in p l a s t i c  stock tank i n  continu- 
AccIjnl:itiot1 OT fij!i __ 

c u r l ~ ~  rinning chrccal-sa-id f i l t e r ed  Chapel llill t a p  viater, aerated w i t h  air 

Treated with tetracycline October 20-22; l:aC1 11/1; te t racycl ine 11/2. 
Pre l reatment  o l  fish _ _ _ _ ~ _ _  

~ - -  Starved f o r  43 hr prior to  experiment. ___ -. __- __ __ 

EXPERIYENTAL DATA 

0 I 10 I 1 0  I 1 0  I 1 0  I 9  I 

10 

i a  10 10 

32 10 10 

56 20 20 20 20 

TEST COSDI'I IOKS 

0 7.1 7.5 7.0 3.6 

18 7.0 7.5 7.1 3.7 I 3; 1 7 . 1  1 . 1 7 . 2  1 4 . 0  

7.2 7.5 7.0 2.9 

7.3 7.2 3.8 

180 7.4 7.5 7.3 4.1 

7.1 I 3.7 

7.1 4.1 1 
llot reniarkabl e 

Observations on telwviot of fish during the tests: __ 

Fish bioaru!. te*ls u'cre conducted according to procedurcs dcscribcd in Sfandarrl .!l~fhOdr for rhc Examinorion of Wafer and Wosfewwfer, 
13th cd.. APIIA. A\\X'.A. H W T .  Sew Ynrk. N. Y. (1971). The lrw are subject thcrcfore to the applications and limilations of these 
procrdures. Kirh terlr 3nd lh r i r  application arc dew-ribed in Sfpndard 3frrhodr as follows: 
Rinciples and appkat ion of fish biorsclv tests: "Bioaruys arc conducted to eva lu~te  the to i i s i t y  of et7luents or other matcriais. determine 
permissible cillurni dlwhargc mes. &blirli Ihc relative sunsitirity o f  various fish rpeocs. and identify effects of phyrtcal and chemic31 
vuublcr  suLh as t r n i p w u r c  and pH on tu~ iu t ty .  Bioawyscn i~  be uscd IO Judge compli:ince wi l l i  water quality riandardsesiablishcd by vater 
pollution c u n t r o l a u l l ~ n r ~ t i ~ . ~ .  In a biua%uy. cxpcrunenlal or@usins arc subjected to a wrius of concentni lom o f  a known or suspected tosicant 
under aduquately conuulled conditions." 

A rmncy .  intrrpictalion and limitations: "T#Jsicilv studies with a nndomly r l c d e d  species cannot be expected to give accur3tc information 
on the l o v r i t y  o f  lhal m a t c ~ l  to other spc~ies and life strger or to an entire biou.  A lo\.icii:, bioarclv with one species ?ields an acculale 
estinute Of the tO\iLil? Of the m ~ l c r h l  In q u e s l l o ~  Only to Ol l icrr  o f  11uI species of similar size. l e e  and physiological condition and iii u ~ l c r  
w t h  the u m z  or ~ i m i l x  zhansicristics and undcr sinlilu test cofdiimns. . .  she 4R-hr :end Y6.hr TLSO va1uc.s pro\idc useful mcuurcs oi tnc 
rclalive aiulc k t h A  I ~ ~ I L ' I I V  01 l c ~ i z l l  wb,un<n to l i s h  un& w h i n  cipcnmrnlal colidmon%. but there ~3Iucr do not reprcwnt concmlrd- 
:ions that 3rs  uic in tirh habiuts. Long-tum exyosure to rp&h loser concentrations may be lethal to tiuhcs and other organisms and s t d l  
bwcr con.mirJliOns may cause nonlerhal impruntent of thclr functions or pzrforman:e. such as mmming abihty. appetite and: yowth.  
resistance 10 disease. rcpruductivs CapCItY ur abdit? to computc u l t h  other sp+cier oi die biota." 

/- 



1. 

2. 

3. 

4. 

5. 

6. 

7. 96-houi TL-jo: -21 en-- mg/I. *One jar uas accidentally stocked twice. 

. 

- Test fuh surviving (ST-) 
. /- ' I  

I 



Acclimationof~sh 

ousl v r u n n i n q  charcoal -sand f i  1 tered Chaoel H i  11 t a p  w a t e r . a e r a t e d d t h  a i r  

Fish received October 20 maintained i n  p l a s t i c  stock tan k i n  c o n t h -  

0 

18  

Pretreatmentoffish Treated w i t h  tetracvcline October 20 - *  77. NaCl 1 1 I m l i n P  11/2. 

Starved f o r  48 hr p r i o r  t o  p x p  arlmpnt 

10 10 10 10 9 

10 10 10 10 10 

EWERIMEhTAL DATA 

32 

56 

Dye Concentration No. test No. of fish surviving I I fish 24 hr. 1 48 hr. I 72 hr. 1 96 hr. I 

10 10 10 10 10 

10 10 10 10 10 

100 10 

180 10 

~ ~ - -  
10 10 10 l o  

10 10 10 10 

TEST CONDITIONS 

0 

18 

32 

7.1 7.5 7.0 3.6 7.0 2.8 

7.1 7.3 7.2 3.9 6.8 3.8 

7.2 7.4 7.2 4.1 6.7 3.7 

56 

100 

180 

Observations on behavior of  fish during the tests: - Not 

7.4 7.3 7.3 3.6 6.7 3.4 

7.8 7.0 7.4 4.0 6.8 3.7 

8.2 7.2 7.6 4.2 7.1 3.9 

Fish bioassay 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 the& 
procedures. Fish tests and their application are described in Standard Methods as follows: 
Principles and application of fish bioassay tests: "Biqassays are conducted io evaluate the toxicity of effluents or other materials determine 
permissible effluent discharge rates establish the relative sensitivity of vanous fish species. and identify effects of physical a i d  chemical 
variables such as temperature and p k  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 iubjected to a series of concentrations of a known or suspected toxicant 
under adequately controlled conditions." 
Accuracy, hterprctation 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 eniue biota. A toxicity bioassay with one species yields an accurate 
eS!imtC 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 "fe in fish habitats. Long-term exposure to  much lower concentrations may be lethal to fishes and other organisms, and still 
lower ConcentratlOns may cause nonlethal impairment of their functions of performance. such as swimming ability, appetite and growth. 
resiStJncT to disease. reproductive capacity or  ability to  compete with other species of the biota." 



UNC WASTEWATER 

RESEARCH CENTER 

I Copper coniples derived from I 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

1. 

2.  

3. 

4. 

5 .  

6 .  

7. 

Dye formula 

Test dye Direct Brown 95 C. I. No. 301 45 Datetested 11/11-15/71 

Supplier ADM I F~~~ supplied composite, dry powder 

Conditions of storage composite s tored  a t  20 C i n  dark. 

Test fish Fathead Minnow (Pimephales promelas) 

supplier Berry Water Gardens, Kernersvi 11 e Number per jar 

Stock solut ion re f r igera ted  

10 

Avg. w t . x  g; range, 0.4 t o  2.6 g. Avg. length 4.7 cm; range, -06.5 cm. 
Test jars: Material q lass  ; c a p a c i t y 2 0  I;  dimensions 25 cm(d)x 47 cm(h). 

Dilution water Chapel Hill t ap  water,  act ivated charcoal-sand f i l t e r e d  

Volume per jar 3 1 ;  depth in jar 30 cm; pH 7.1; TOC &g/l; Fe 0.63 mg/l; 

AI <0.1 mg/l; Mg * 0- mg/l; Ca 8.6 mg/l; total dissolved solids 138 mg/l; 

turbidity 0 JTU; total alkalinity 32 mg/l as CaC03. 

Procedure: Static 

Test conditions: Temperature 17 C; range during test, 16.9 to 

dissolved oxygen - . z - f l - a g / l ;  range during test, 7.8 to % mg/l. 

range during test, 6.7 to 8.3 

C. Initial 

; Initial pH 7.1-8 - 7 

96-hour 

Test fish suniving (%) 

The University of North Carolina / Department of Environmental Sciences and Engineering 
Chapel HiU. North Carolina 



. .  
Acclimation of fish F1qh refp1vPd m m  . USlY 

r u n n i n g  charcoal-sand f i l t e r e d  Chapel Hill tap water, aerated w i t h  a i r .  

100 1 180 

Pretreatmentoffsh Treated with te t racyc l ine  Oct. 20-22; NaC1 11/1 ;-rl j n p  11/7.  

Starved for 48 hr pr ior  t o  experiment 

7.2 7.4 7.2 3.9 7.1 3.9 

7.3 7.5 7.3 4.5 7.1 3.6 

EXPERIMENTAL DATA 

Dye Concentration No. test No. of fish surviving I I fish 24 hr. 1 48 hr. I 72 hr. 1 96 hr. 1 

1 180 I 10 10 I 10 10 I 10 

TEST CONDITIONS 

Observations on behavior of fish during the tests: ---.!@! 

I:ish bioassay tests were conducted according to procedures described in Srandard Merhods for the Examination of Water and  Wariewter 
13th ed., APHA, AWWA.  WPCF, New York. N. Y. (1971). The tests are subject therefore to  the applications and limitations of the& 
procedures. Fish tests and their application are described in Slandard 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 rdtes, 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 b ioamy,  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 entue 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 provlde 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 cauje nonlethal impairment of  their functions or performance. such as swimming ability. appetite and growth, 
renstance to  disease, reproductive capacity or ability to compete w t h  other species of the biota." 



UNC WASTEWATER 

RESEARCH CENTER 

Dye formula 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITWE PROJECT 

C. I. No. 29160 Date tested 11/11-15/71 1. Testdye Direct Red 23 

Supplier ADMI F~~~ supplied COmPOSi t e  , dry powder 

Conditions ofstorage Composite s tored a t  20 C i n  dark.  Stock solut ion refr igerated.  

2. Test fish Fathead Minnow (Pimephales promelas) 

Supplier Berry Water Gardens, Kernersvi 1 l e ,  Number per jar 10 
N. C. 

Avg. w t . u  g; range, 0.7 to 2.6 g. Avg. length 5.0 cm; range, 3.50 6.5 cm. 

3. Test jars: Material 61 ass  ; c a p a c i t y 1 9  I ;  dimensions 25 cm(d)x 47 cm(h). 

4. Dilution water Chapel Hi1 1 t a p  water, act ivated charcoal-sand f i l t e r e d  

Volume per jar 2 I ;  depth in jar 30 cm; pH 7.1; T O C k g / l ;  Fe 0.63 mg/l; 

turbidity 0 JTU; total alkalinity 32 mg/l as CaC03. 

5 .  Procedure: Static 

6. Test conditions: Temperature 17 C; range during test, 16 - 5 to 17 - 5 C. Initial 

dissolved oxygen -mg/l; range during test, 2.7 to 7.5 mg/l. Initial pH I 0-7 ? ; 

range during test, 6.9 t o  7 . 3  . 

7. 96-hour TL50: -.AXL.- mg/l. 

Test fish surviving (a) 

The University of North Carolina /Department of Environmental Sciences and Engineering 
Chapel Hill, North Carolina 

I 



Acclimation offish 

- 

Fish received October 20 maintained in p l a s t i c  stoc-k in c n n t k -  

OuSlY runninq charcoal-sand filtered Chapel Hill tap w a t e r . d  with air 

0 

EXPERIMENTAL DATA 

10 10 1 10 1 10 1 9 

Dye Concentration No. test No. of fish surviving 1 fish I 24hr.  1 48 hr. I 72 hr. I 96 hr. 1 

18 

32 

56 

100 

1 80 

10 10 10 10 10 

10 10 10 10 10 

10 10 9 9 9 

10 10 10 10 10 

1 1  1 1  1 1  1 1  1 1  

32 

56 

100 

180 

TEST CONDITIONS 

7.1 7.6 7.1 3.7 6.9 3.0 

7.2 7.5 7.2 3.2 6.9 2.6 

7.1 7.5 7.2 3.7 6.9 3.7 

7.2 7.5 7.2 4.0 6.9 2.8 

I 0 1 7.1 I 7.5 I 7.0 I 3.6 1 7.0 1 2.8 I 
I 18 I 7.1 I 7.5 I 7.2 I 4.1 1 7.0 I 3.4 ~ - 1  

Observations on behavior of fish during the tests: __ [io t reniarka b l  e 

Fish bioassay tests were conducted according t o  procedures described in Standard Merhods far rhe Examination of Water and Wastewater 
13th ed., APHA. AWWA, WPCF. New York, N. Y. (1971). The tests are subject therefore t o  the applications and limitations of thes; 
procedures. Fish tests and their application are described in Srandard Merhods as follows: 
Fiinciples 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 bioasay. 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 i 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 taxicity 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 d o  not represent concentra- 
tions that are safe in fish habitats. Long-term exposure to much lower concentralions 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, 
resiswnce to disease. reproductive capaclty or ability to compete with other species of the biota." 

Far," PI". 257 



UNC WASTEWATER FISH BIOASSAY TESTS 

RESEARCH CENTER AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

Dye formula 

I .  Test dye Direct Yellow 50 C. I. No. Datetested 11/11-15/71 29025 

Supplier ADM I F~~~ .upplied composite, dry powder 

Conditionsof storage composite s tored  a t  20 C i n  dark .  Stock solution refr igerated 

2.  Test fish Fathead Minnow (Pimephales promelas) 

Supplier Berry Water Gardens, Kernersvi 1 l e  Number perjar 10-1 1 

Avg. w t . x  g; range, 0 4  to 2.6 g. Avg. length 6.1 cm; range, U t o 7 . 0  cm. 

3. Test jars: Material q lass  ; capacity 19 I ;  dimensions 25- cm(d) x 47 cm(h). 

4. Dilution water Chapel Hill t ap  water,  act ivated charcoal-sand f i l t e r e d  

Volume per jar 15 I ;  depth in jar 30 cm; pH 7.1: TOC -g/l; Fe n.63 mg/l; 

AI (0.1 mg/l; Mg-.l,(L mg/l: C a 8 . 6  mg/l; total dissolved solids 138 mg/l; 

turbidity 0 JTU; total alkalinity 37 mg/l as CaC03 

5 .  Procedure: Static 

6. Test conditions: Temperature 2 C; range during test, to C. Initial 

; dissolved oxygen Z.5-7 .6mg/ l ;  range during test, 2.6 to 7.6 mg/l. 

range during test, 6.9 to 7.3- . 

Initial pH 7 1-7 7 

7. 96-hour TL50: >180 - mg/l. 

1000 

100 
a 
R 
E 

D 

v 

c 
0 
E 
.- .. 
E 
5 
s E 

10 

Test fish surviving (%) 

me University of North Carolina I Department of Environmental Sciences and Engineering 
rh.,nd Hill North C,rnllnl 



Prerreirment of  fish Treated w i t h  t e t racyc l ine  October 20-22; NaCl 11/1; te t racyc l ine  11/2. 

Starved f o r  48 hr prior t o  experiment ___-- -- - - __ 

I Dye Concentratton 
w/l 

I 0 

18 I p 
100 

I 180 

EWERIMENTAL DATA 

No. test 
fish 

No. of  fish surviving 

24 hr. 48 hr. 7 2  hr. 96 hr. 

10 10 10 10 9 

10 10 10 10 10 

10 I 10 1 10 I 1 0 - m  

10 

10 10 10 10 10 

10 10 10 10 10 

TEST CONDITIONS 

~ 

0 7.1 7.5 7.0 3.6 7.0 2.8 

i a  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 
I I I I I I 

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 I 180 7.2 7.4 7.2 3.1 6.8 3.2 

Observations on behavior 01' fish during the tests. __ riot remarkable 

I'i.;h bioaswy tests were conducted according lo procedures described in  Sruiidurd .Ili*tliods /or rhe t:runimurion of IVutcr mid IVasrcwarer 
13th ed.. APHA, AWWA. \VPCl;, New York. N. Y. (1971).  The te.its are subject therefore to the applications and limitations of these 
procedures. Fish tests and their application are described in Srundurd .$li4iods as follows: 

Rinctples and application o f  fish bioassay tests: "Bioassays are conducted to evaluate the toxicity o f  effluents or other matenals. determine 
permissible effluent dischargc rates. establisli the relative sensitivity o f  various fish species, and identify effects of physical and chemical 
variables w c h  a* temperature and p l i  on toxicity. Bioaswys can be used to judge compliance with water quality s t lndxds established by water 
pollution contrnl aufliorities. In a bioassay. e\perimental organisms arc subjected lo a series o f  concentrations of a known or suspected tohicant 
under adequately controlled conditions." 

Accuracy, interpretation and limitations: T o \ I c i t y  studies with a randomly selected species cannot be expected to give accurate infurmation 
on tlie toxicity o f  t h a t  material lo other species and l ife stages or lo an enlue biota. A toxicity bioaswy with one species yields an accurate 
estimite of the toxicity of the material in question only to others of that species of similar sire. age and physiological condition and In water 
with thc o m e  or similar characteristics and under siniilar test conditions. . . . The 48-hr and 96-hr TLSO  value^ provide useful measures of the 
relative acute lethal to\ ivi ty ol tested substances to fish under certain asperlmental conditions, but there values do not reprewnt concentra- 
tion$ that .we u f e  in lislr hahitars. Long-term exposurc to much lower concentrations may be lethal to fishes and other orgmirms, 2nd still 
h e r  concentration\ may cause nonletlini impairment of  their functions or performance. such JS swiniming ability. appetite and growth, 
rcsi.ic;lnbe Io  di\ea*e. reproductive capacity or ability to  compctc with other species of the biota." 



RESEARCH CENTER 

5. Procedure: Static 

6. Test conditions: Temperature 2 C; range during test, 15.0 to 17.5 C. Initial 

dissolved oxygen =g/l; range during test, 2.8 to  7.5 mg/l. Initial pH L 1 - L  ; 

range during test, 6.8 t o  

7. 96-hour TL50: 2 mg/l. 

7 . 2  

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

Test fish surviving (%) 

me  it^ of North Carolina / Department of Environmental Sciences and Engineering 
Chapel HiU. North Carolina 



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 
96 hr .  I 1 fish 24 hr. 1 48 hr. [ 72 hr. I 

I 0 10 10 10 10 10 

1 10 10 10 10 10 

1.8 10 10 10 10 10 

I 3 . 2  10 I 10 I 10 I 10 I 10 I 
1 5.6 10 2 2 2 

I I I I I 
10 10 0 - - - 

TEST CONDITIONS 

Dye Concentration 

Observations on behavior of fish during the f i s h  dyed pal e bl  ue-violet at a1 1 concentrations 

Fish bioassay 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 rests are subject therefore to the applications and limitations o f  the& 
procedures. Fish tests and their application are described in Slandard Methods as follows: 

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

Accuracy, interpretarlon and limitation%: '"Toxicity studies with a randomly selected species cannot be expected to give accurate inforinarion 
o n  the toxicity of t l la l  material to other species and life stages or lo an entire biota. A toxicity bioassay with one species yields an accurate 
estimate of the toxicity of the miterial in question only to others of that species of similar size, age and physiological condition and in water 
with the same or similar charactcristvx and under similar test conditions. . . . The 48-hr and 96-hr TLSO values provide useful measures of the 
rclaffve acute lethal to\ ici ty of tested substances to fish under cenain experimental conditions but these values do not represent concentra- 
tions that are d e  in fish habitats. Long-term exposure lo much lower concentration% may be'lethal to fishes and other organisms, and still 
lower concenlr3iions may cause nonlethal impairment of their fUnCtions or performance. such as swimming ability, appetite and growth. 
reYlStance to disease. reproductive ~ a p a c i t y  or ability to compete wi th  other rpecles of [he biota." 



UNC WASTEWATER 

RESEARCH CENTER 

Dye formula 

Date tested 1/31/72 1. Test dye Acid Blue 113 C. 1. No. 26360 

Form supplied - powder ADM I Supplier 

Conditions ofstorage Stored a t  c. 20 C in dark 

2. Test fish Fathead Ivlinnow (Pimephales promelas) 

supplier Windmill Fish Hatcheries Number per jar 10 

Avg. length 6.5 cm; range, - t o m  cm. 

3. Test jars: Material G1 ass ; capacity 1; dimensions 25 cm(d) x &cm(h). 

4. Dilution water Charcoal-sand f i  1 te red  Chapel Hi 11 t a p  water 

Avg. w t . A  2 5  g; range, - 0 85 to 5.13 g. 

mg/l; Volume per jar Al; depth in jar 30 cm; pH 6.9; TOC-g/l; Fe 

A1 <0.5 mg/l; Mg 1.2 mg/l; Ca 8.7 mg/l; total dissolved solids 129 mg/l; 

turbidity 

<n. 7 

30 JTU; total alkalinity ~ mg/l as CaC03 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

5. Procedure: Static 

6 .  Test conditions: Temperature l 5  C; rangeduringtest, 13'2 to 17*0 C. Initial 

dissolved oxygen 7.3-7.5 mg/l; range during test, 2. to 7 *  mg/l. Initial pH 7. 3-7 * ; 

range during test, 6 -  t o  7 .6  (Aerated f o r  5 min each a t  48 hr )  

7.  9 6 - h o u r T L ~ n :  mg/l. 

Test fish surviving (%) 

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



Acclimation of fish Fish received 12/13/71. Maintained i n  p l a s t i c  stock tank receivinq 

constant flow of charcoal and sand f i l t e r e d  Chapel Hill tap  water. 

Pretreatment of fish Treated w i t h  t e t r acyc l ine  HCL on 12/13/71 and 1/24/72. 

1 EXPERIMENTAL DATA 

1 
4 

I 
I 

1 
t 

1 100 1 10 I 0 I - - - 

0 
10 

TEST CONDITIONS 

7.3 7.5 6.2 2.6 6.5 2.7 
7.5 7.6 6.4 3.2 6.8 3.0 

32 

56 

I 18 I 7.6 [ 7.4 ( 6 . 4  I 3.5 16.7 1 2.5 I 
7.6 7.4 7.2 7.0 - - 
7.6 I 7.4 7.4 7.0 - - 

1 100 I 7.6 ‘ 7.4 1 7 . 5  I 7.0 - - 

Observations on behavior of fish during the tests: &rViVinq f i s h  not dved. Dead f i s h  dyed qolden 

Fish bioassay tests were conducted according to procedures described in Sfandard Merhods for the Examination o j  Wrer ond Wastewater 
13th ed.. APHA. AWWA, WPCF. New York. N. Y. (1971). n e  tests are subject therefore to the applications and limitations of thesh. 
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 anh 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 gve 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 mndition 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 tish under certain experimental conditions. but these values do not represent concentra- 
tions that are d e  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 lo disease. reproductive capacity or  ability to compele with other species of the biota.” 



UNC WASTEWATER 

RESEARCH CENTER 

Dye formula 

1/31 /72 Date tested 251 35 1. Test dye Acid Yellow 38 C. 1. No. 

ADMI  Form supplied - Dry powder 
Supplier 

Conditions of storage Stored a t  c. 20 C i n  dark 

2. Test fish Fathead Minnow (Pimephales promelas) 

Supplier Wi ndmi 11 Fish Hatcheries 

Avg. w t . L  2 6  g; range, A 1 00 to A 5 48 g. 

Number per jar 

Avg. length 6.5 cm; range, -to. cm. 

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

5 00 7 90 

4. Dilution water Charcoal -sand f i  1 t e r ed  Chapel Hi 11 t ap  water 

mg/l; Fe <0.2 mg/l; 

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

Volume per jar 1 5 1 ;  depth in jar 30 cm; pH 6.9; TOC 2 

turbidity 0 JTU; total alkalinity 30 mg/l as CaC03. 

5. Procedure: Static 

6 .  Test conditions: Temperature 15 C; range during test, 13.9 to 17.n C. Initial 

dissolved oxygen 7.4-7.6 mg/l; range during test, 2.5 to 7.6 mg/l. 

rangeduringtest, 6.2 to 7.6 . 

Initial pH 7 ~ 3-7.6 

(aerated f o r  5 min  each a t  48 hr.) 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

7. 96-hour TL50: 23 mg/l. 

Test fish surviving (76) 

The University of North Carolina I Department of Environmental Sciences and Engineering 
Chapel Hill. North Carolina 



i n  r n n w l v  f low a e r a p d ,  Fish received 2/14/72: -d . .  
Acclimation of fish 

charcoal-sand f i l t e r e d  Chapel Hill t a p  water 14-18 C 

Pre t rea tment  Treatment w i t h  t e t racvc l ine  HC1 ( T e t r u l )  2/14/ - 

56 

100 

.. .. 

I 
J 

- - - 9 

8 8 8 8 

10 

10 

EXPERIMENTAL DATA 

180 

Dye Concent ra t ion  

10 6 1 0 0 

TEST CONDITIONS 

Dye Concent ra t ion  

mg/l 

0 

18 

0 hr.  48 hr. 96 hr. 
pH D O ( m g / l )  PH DO(mg/l) PH DO(mdl )  

6.8 6.6 5.2 

7.6 6.4 5.1 

7.2 

7.2 

32 

56 17.3 I 7.2 I 3.3 I (6.4 - I 
7.1 6.6 100 7 . 5  

8.0 7.2 6.6 1 180 

Observations on behavior of fish during t h e  tests:  f i sh  dyed very Pal e ye1 l o w .  

- - -  

4.9 

- 

Fish bioassay tests were conducted according to procedures described in Standard Methods for fhe Examinofion of Water and Wstewarer 
13th ed.. APHA. A W A .  WPCF, New York, N. Y. (1971). The tests are subject therefore to  the applications and limitations of thesd 
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 toxicify of effluents or other materials determine 
permissible effluent discharge rates, establish the relative sensitivity of  various fish species and identify effens of physical and chemical 
variables such as temperature and pH on toxicity. Bioassays can be used to judge compliance kith water quality standards established by water 
pollution control aufhorities. In a bioassay, experimental organisms are subjected fo a series of concentrations of a known or  suspected toxicant 
under adequately controlled condifions.” 

Accuracy. Interpretation and limifations: ‘Toxicity studies wifh a randomly Elected species cannot be expected to give accurate information 
on the toxicity of that material to other species and life stages or to an entue biota. A toxlcity bioassay with one species yields an accurate 
estimate of  the t o ~ i c i t y  of the material in question only to others of that species of similar size, age and physiological condition and in m t e r  
Wtth the same or similar characteristics and under similar test conditions. . . . The 48-hr and 96-hr TL50 values provlde useful measures of  the 
relative acute lethal,toxicity of tested substmces to fish under certain experimental conditions, but these values do not represent concentra- 
tions that are safe In fish habifats. Long-term exposure to  much lower concentrations may be lethal to fishes and other organisms and still 
lower concent!ationS may cause nonlethal impairment of theu functions or performance, such as swimming ability. appetite and growth, 
resmance to dlseasr. reproductwe capacity or ability to compete wlih other spenes of the biota.” 

. 





Acclima,ion of fish 

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

Fish received 2/14/72; maintained in constantlv flowing. aprhtpd: 

offish Treated with tetracvcline HC1 (TetrxhP1) 7/14,!J 3 

Dye Concentration 1 mg/l 

EXPERIMENTAL DATA 

No. test I 
No. of fish surviving 

fish 24 hr. I 48 hr. I 72 hr. I 9 6 h r .  

0 10 i n  1I-l 1n I n  
1 

1 8  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 

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

Vish bionsw). tests were conducted according to procedures described in Srnndnrd Methods for rhc b‘xnminnrion of Water and Wasrewnter 
13th ed.. APHA. AWWA. WPCF. New York, N. Y. (1971). The tests are subject therefore I@ the applications and limitations of the& 
procedures. Fish tests and their application arc described in Srnndnrd .Methods as follows: 
Principles and application of fish bioassay tests: “Bioashyr are conducted lo evaluate the loucity of effluents or other materials, determine 
permissible efnucnt 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. Bioawys 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  gwe x c u m t c  information 
on the toxicity 01- that material t o  other species and life stages or lo an entire biota. A toxicity bioarsiy 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 thc same or qimilar characteristics and under siinilar test conditions. . . . The 48-hr and 96-hr TLSO value% provide useful measures of the 
r eh ive  acute lethal to\icity of lested substances t o  fnh under certain experimental condition<. but these values d o  not represent concentra- 
tions that are d e  In f i s h  habitats. Long-term e\posure to much lower concentrations may be lethal lo fishes and other orgnisms, and still 
lower cuncentrillions may cause nonlethal impairment o f  their functions or performance. wch as swimmlng ability. appetite and growth. 
rcIisLlnce to dixeare. reproductive capacity ur ability to compete w i t h  other species of tlw biota.” 



UNC WASTEWATER 

RESEARCH CENTER 

Dye formula 

Date tested 3f 6-3f1 Of 72 24890 I. Test dye Direct Yellow 4 C. 1. No. 

Supplier American Dye Manufacturers InstForm supplied Dry powder 

FEH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS KNSTITUTE PROJECT 

Stored in dark a t  approximately 20 C Conditions of storage 

2. Test fish Fathead minnow (Pimephales p-) 8 

Supplier Windmill Fish Hatcheries Number per jar ' 
Avg. wt.- g; range, 3 20 5 70 Avg. length 4.22 cm; range, & o b  cm. 0.58 0 34 1.45 to - g. 

3. Test jars: Material qlass ; c a p a c i t y 1 9  1; dimensions 25 cm(d)x 47 cm(h). 

4. Dilution water charcoal-sand fi ltered Chapel Hill t a p  water 

Volume per jar 1 5 1 ;  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 5.5 mg/l; total dissolved solids 59 mg/k 

turbidity 0 JTU; total alkalinity 15 mg/l as CaC03. 

5 .  Procedure: Static 

13.4 to .17.2 C. Initial 6. Test conditions: Temperature 15 C; range during test, 

dissolved oxygen 7.2-7.6mgll ;  range during test, 5 - 4 to 7.2 mg/l. Initial pH 6.9-7 - 1 ; 

range during test, 6.7 t o  7.1 . 
7.  96-hourTL50: >180 mg/l. (Aerated 5 min each a t  48 hr) 

Test fish surviving (%) 

m e  University of Norlh Carolina I Department of Environmental Sciences and Engineering 
Chapel Hill.  North Carolina 



ously Acclimation of fish F l r h  r e d M d & b b r  20 maintained i n  o l a s t i c  stock tank i n  contirur 

running charcoal-sand f i l t e r e d  Chapel Hill t a o  water. aerated w i t h  a i r  

Pretreatment of fish Treated W i t h  te t racycl  ine Ocmer 70 - -  77. NaCl 11!1; tetrarvrl 

Starved f o r  48 hr Drior to experiment 

EXPERIMENTAL DATA 

Dye Concentration No. test No. of fish surviving I I 48 hr. I 72 hr. 1 96 hr. I 24 hr. 1 fish 

18 10 10 10 10 10 

32 10 10 10 10 10 

56 10 10 10 10 10 
I I I I I 

100 10 10 I 10 10 10 

TEST CONDITIOSS 

100 8.3 7.5 7.5 3.4 7.0 3.0 1 180 8.5 7.5 8.1 3.7 7.2 3.0 

Observations on behavior of  fish during the tests: No! 

Vish bioassay 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 thes; 
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 o f  effluents or other materials determine 
permissible effluent discharge rates establish the relative sensitivity of various fish species, and identify effects of physical anh 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 bioo. 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 -me or similar characteristlcs and under simllnr test conditlons. . . . The 48-hr nnd 96-hr TL5o values provide useful measures of the 
relative acute lethJl.toxicitY of tested substances to fish under cenain experimental conditions. but these values do not represent concentra- 
tions that are a l e  In fish habitats. Long-term exposure lo much lower concentrations may be lethal to fishes and other organisms, and still 
lower COncent!3tiOnS may cause nonlethal impaument of their functions or performance. such as swimming ability. appetite and growth, 
resistance to disease. reproductive capacity or xbility to compete with other species of the biota.” 



UNC WASTEWATER 

RESEARCH CENTER 

Dye formula 

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

Supplier *'"I 

Conditions ofstorage composite s tored  a t  20 C i n  dark. 

F~~~ supplied composite, dry powder 

Stock solutions r e f r i q e r a t e d  

2,  T~~~ fish Fathead Minnow (Pimephales promelas) 

supplier Berry Water Gardens, Kernersvi 11 e Number per jar 10 

Avg. w t . m  g; range, 0.5 to  2.6 g. Avg. length k cm; range, U t o 6 . 5  cm. 

3. Test jars: Material ql ass  ; capacity 20 I ;  dimensions 25 cm(d) x 47 cm(h). 

4. Dilution water Chapel Hi1 1 t ao  water. ac t iva ted  charcoal-sand f i l t e r e d  

d 

Volume per jar 1; depth in jar 30 cm; pH 7.1; TOC b g / l ;  Fe 0.63 mg/l; 

AI <0.1 mg/l; Mg  LO-- mg/l; Ca 8.6 mg/l; total dissolved solids 138 mg/l; 

turbidity 0 JTU; total alkalinity 32 mg/l as CaC03. 

5 .  Procedure: Static 

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

dissolved oxygen 7.4-7.5 mg/l; range during test, 2.8 to 7.5 mg/l. Initial pH 7.1-8.5 ; 

range during test, 6.8 t o  8.5 

16.5 to 

7 .  9 6 - h o u r T L ~ o :  >I80 . mg/l. 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

3 

Test fish surviving (%) 

"he Univerdly of Nonh Carolina 1 Department of Environmental Sciences and Engineering 
Chapel Hill. North Carolina 



c 

‘ i .  
1 

100 

1 

7.4 7.3 7.2 3.6 6.9 1.9 

s i  
i t  

t 
I 

1 180 7.4 

I 

7.4 7.3 3.7 7.1 3.6 

Acclimalionoffish Fish received October 20 maintained in p l a s t i c  stock t a n k  in con- - running charcoal-sand f i l t e r e d  Chapel Hill  tap water, aerated w i t h  a i r  

~ ~ 

Pretreatment offish Treated with te t racvc l ine  October 20-22: bC1 11/1: t e t r m  1113. 

Starved f o r  48 hr pr ior  t o  exoerinient 

EXPERIMENTAL DATA 

TEST CONDITIONS 

Observations on behavior of fish during the tests: - lio t remarka bl e 

Fish bioaway tests were conducted according to procedures described in Slandurd Methods for the Examination of Wafer and Wasrewater 
13th ed., APHA. AWWA. WPCI:. New York. N. Y. (1971). The tests arc subject therefore to  the applications and limitations of the& 
procedures. i:ish tests and their application are described in Standard Merhods as follows: 
Rinciples and application of  fish bioassay tests: “Bioassays are conducted to evaluate the toxicity of effluents or other matenals, determine 
pcrmissible effluent discharge rates. establish the relative sensitivity of various f i h  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 authoriiies. In a bioassay. experimental orgsnlsms 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 
o n  the toxicity of that material to other species and life stages or to an e n t r e  biota. A toxicity bioassay with one species yields an accurate 
estimate of the toxicity of the materlal in question only lo others of that species of similar size, age and physiological condition and in water 
with the same or h i l a r  characterastics and under slmilar test conditions. . . . The 48-hr and 96-hr TLso values provide useful measures of the 
rclatlve acute lethal toxicity of tested substances to  fish under certain experimental conditions. but these values do not represent concentra- 
tions that are =(e 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.” 

I 



UNC WASTEWATER 

RESEARCH CENTER 

FISH BIOASSAY TESTS 

AMERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

1 

I 1 
Dye formula 

C. I. No. Date tested '1' -' 5/7' 22610 Oirect clue 6 1. Test dye 

Supplier ADM I F~~~ supplied composite , dry powder 

~ o n d i t ~ o n s o f s t o r a g e  CoinpOSite s tored a t  20 C i n  dark. Stock solut ion re f r igera ted  

2. Test fish Fathead Minnow (Pimephales promelas) 

Supplier Eerry Water Gardens, Kernersvi 1 l e  Number per j a r  10 

5 1  Avg. wt.- 1.2 g; range, L 0 4  t o  2.6 g. Avg. length L cm; range, X t o 6 . 5  cm. 

3. Test jars: Material glass ; capacity 20 I ;  dimensions 25 cm(d) x 47 cm(h). 

4. Dilution water Chapel H i  11 t ap  water, act ivated charcoal -sand f i  1 tered 

Volume per jar 1 5 1 ;  depth in jar 30 cm; pH 7.1; TOC 34 mg/l; Fe 0.63 mdl ;  

AI '0. 1 mg/l; Mg-m- mg/l; Ca 8.6 mg/l; total dissolved solids 138 mg/l; 

turbidity 0 JTU; total alkalinity 32 mg/l as CaC03. 

5 .  Procedure: Static 

6. Test conditions: Temperature 17 C; range during test, 16.5 to 17.5 C. Initial 

.9 to 7 * 5  mg/l. Initial pH 7 '1-7 '4  ; dissolved oxygen m 5 m g / l ;  range during test, 

range during test, 6.9 

'180 

to 7.4 

7 .  96-hour TL50: mg/i. 

The University of North CarOfina / & P a m "  of Environmennl Sciences and Engineering 
Chapel Hill.  North Carolina 



- -  3: 
Acclimation of fish -- Fish received -..-.-----L------- October 20 1971. Maintained i n  250 gal.  p l a s t i c  tank' .I1 

receiving constant flow of f i l t e r e d  t_ap water and aerated w i t h  coiymssed a i r .  1 

Temp. 15-20 C. - 
- 

Pretreatment Treated on October 20-22 P r:ovcl;lbeL.l-Qd-r~OV- 16-3u-971 W i  thAaQ- 

chel (Tetracycline H C l L t o  control disease. Treated w i t h  fia C1 11/1. Starves,. 
48 hr p r io r  t o  experiment. - 

E.WERIMENTAL DATA 

Dye Concentration No. test No. o f  fish surviving 
m d  fish 24 hr. 48 hr. 72 hr. 96 hr. 

10 9 9 9 

10 10 9 9 

10 10 8 e 
10 10 8 7 

0 10 

1 .o 10 

1.8 10 

3.2 10 

- 

10 9 7 5 

10 1 1 0 

5.6 10 

10.0 10 

TEST CONDITIONS 

7 7  7 1  6 R  6 4  

5.6 7.1 6.8 6.4 4.1 6.5 

10.0 7.0 7.2 6.5 5.1 6.6 

4 5  6 6  4.5  

4.6 

4.5 -. 
I 

Observationsonbehavioroffishduring the tests: All f ish dyed deep Oranqe from f i r s t  day. 

Ascumulation of brown drominqs noted. 

f ish ten ded t o  s tay  a t  the t O D  of the .jars. 

noted i n  a l l  j a r s .  

A t  concentrations of 3.2 mq/l and h i g h e r  

Surface scum w i t h  appearance of o i l  

I 

h d p l c s  and application of,fish b ioasw tetls: "Bioassays m conducted to evaluate the toxicity of efnucnts or other materials determine 
permissible effluent discharge nies. establish the relative sensitivity o i  various fish cpecies, and identify effects o i  physical and chumiol 
w n b l e s  such PS temperature and ptf on to \ i~ i l s .  Bioassays can be used to judge compliance with water quality standards estnblished by w ~ l u  
Pollution COntIOl authorities. In a bioasuy. ehycrimental orpnirms are rubJccted to a wries of concentrations of a known or suspected toxicant 
under adequately controlled conditions." 

Accuracy, fflterpretation and limitationr: 'Toxicitv srudic5 with a randomly srlccted species cannot be expected to give accurate infori t ivt i0~ 
on.the toxicity of !h?t m?terial to OtllCr rpecies,and life sta5es or to an entue biota. A toxicity bioasoy with one spe~les yields an acCUrJw 
W " a t e  Of the t0SicitY 01 tile matCrial in qucstion only to otliers of thnt spccies oisimilar size, ape and physiological condition and in  mter 
.with the same or similar chmcteristics and under simihr test condition<. . . . The 48-hr and 96-llr TLso valuc~ provldc ut r iu l  meastires o i  the 
relative acule lethal tovlcity of tested wbstanccs to i ish under cenain evpcrimental conditions. but these vdlues do not represent conccntra- 
tions that are S@ in  fish habitats. Long-term exposure to much lower concentrationq may bc lethal to tishes m d  other organisms m d  stdl 
lower concentrations may cause nonlethal impaumeni 0 1  their functions or periorniance. such as swimming ability, appetite and growth. 
reris(mcc to disease. reproductive capacity or ability to compete with other species of tflc biota." 



UNC WASTEWATER FISH BIOASSAY TESTS 

RESEARCH CENTER AhfERICAN DYE MANUFACTURERS INSTITUTE PROJECT 

I I 

Dye formula 

21010 Date tested 11/29-12/3/71 C. I. No. 
Basic Grown 4 

1. Test dye 

Supplier 

Conditions of storage 

ADMI Form supplied composite , dry powder 

Stored dry a t  c. 20 C i n  dark; stock solutions refr igerated in glass 

2. Test fish 

Supplier 

2 8  g. Avg. length - cm; range, t o -  cm. Avg. w t . 2  g; range, L to A 

3. Test jars: Material G1 ass ; capacity- 19 1; dimensions 25 cm(d)x 47 cm(h). 

4, Dilution water Charcoal -sand f i  1 tered Chapel Hi 11 t a p  water 

Fathead minnow (Pimephales promelas) 

Berry Water Gardens, Kernersville 10 

1 4  0 4  5.5 3 5  7 5  

Volume per jar -!?.--I; depth in jar ___ 30 cm; pH 7.1; TOC 3 mg/l; Fe ‘0.01 mglk 

AIL <o 1 mg/l; Mg L 0 53 mg/l. Ca 8 *  mg/l; total dissolved solids 121 mg/k 

turbidity JTU; total alkalinity 29 mg/l as CaC03. 

5. Procedure: Static 

6. Test conditions: Temperature 20 C; range during test, 17 2 to 20 C. Initial 

dissolved oxygen 6 .8 -7 .&g/ l ;  range during test, 3- 6 to 7 - 2 mg/l. Initial pH 7 * 0-7- 1 ; 

. range during test, 6.4 to 7.1 . (Aerated f o r  5 m i n .  each a t  48 hr.) 

7. 96-hourTL50: 5.6 mg/l. 

. .  

100 

10 
5 
E 

P 

v 

% 
L 

C .- e 

1 
0 10 20 30 40 50 

Test fish surviving (%) 

The Univcrsily of Nonh Carolina I Departnwnt of Cnvironmentll ScienccJ and Engineering 
ChaDcl tlIII North C?rol#n? 




