Figures
Tables

1.
2.
3.

5.

6.

7.

CONTENTS

Page
.................................................................................. vi
................................................................................. vii

INtrodUCHiON . . . . oot e 1
TyPes OF TeStS . ..ottt 2
Health and Safety . . . ... .. o 5
General Precautions .. ... ...ttt 5
Safety EQUIPMENT . . . ... 5
General Laboratory and Field Operation .. ........... .. ... it 5
Disease Prevention . ... ... ...ttt e 6
Safety Manuals . . ... ... . 6
Waste Disposal . ... ... 6
QUALILY ASSUTANCE . . . o . ottt ettt e et et e e e e e e e e e e e e 7
Introduction . . .. .. o e 7
Facilities, Equipment, and Test Chambers . .. ........... ... i 7
Test OTZANISINS . . . . o\ vttt ettt ettt ettt e e e e e e e e e e e 7
Laboratory Water Used for Culturing and Test Dilution Water ............................. 7
Effluent Sampling and Sample Handling . ........ ... .. . 8
Test CONAILIONS . . . . oottt ettt e e e e e e e e 8
Quality of Test OrganiSms . ... ..ottt ettt et e ettt ettt 8
Food Quality . . . ... o 8
Acceptability of Acute Toxicity Test Results ......... .. .. .. i .. 9
Analytical Methods .. ... .. . 9
Calibration and Standardization .. ....... ... . 9
Replication and Test Sensitivity . . ... ..ottt e e e 10
Variability in Toxicity Test Results .. ...... ... o i i i 10
Demonstrating Acceptable Laboratory Performance . .............. ... .. ... ... ... ... ..... 18
Documenting Ongoing Laboratory Performance ... ....... ... .. ... .. .. . . .. 18
Reference TOXICANTS . . .. .ottt e e e e e 21
Record Keeping .. .....ooii e e e e e 21
Facilities and Equipment . . . ... ... ... 22
General ReqUITEMENtS . .. ... .t 22
Cleaning Test Chambers and Laboratory Apparatus . ..............uiiuiineieenennen.... 23
Apparatus and Equipment for Culturing and Toxicity Tests ............. ... .. .o .. 23
Reagents and Consumable Materials . ......... ... . i 24
Test OTZANISINS . . . . o\ vt ettt ettt ettt e e e e e e e e e e e 26
Test OrANISINIS . . o . ottt ettt e e e e e e e e e e e e e e e e e 27
TSt PO CICS . . ottt et e e 27
Sources of Test OTZaniSMS . . . . . ..ottt ettt e et et e e ettt 28
L e Stage . .ottt 29
Laboratory Culturing . .. ... ... ...t e e e e e e e e 29
Holding and Handling Test OrganiSms .. ... ........o.ututtnten i, 29
Transportation to the Test Site . ... ... ... ... e 29
Test Organism Disposal ... ... . 30
Dilution Water . . ... oottt e 31
Types of Dilution Water . . ... ...t e e 31
Standard, Synthetic Dilution Water .. ......... ... .. 31

il



CONTENTS (CONTINUED)

Use of Receiving Water as Dilution Water ........... .. ... ... 33

Use of Tap Water as Dilution Water .............. .. ittt 35

Dilution Water Holding . ... ... ... .. e 36

8. Effluent and Receiving Water Sampling and Sample Handling . ............... ... .. .. ... .... 37

Effluent Sampling . . . ... .. 37

Effluent Sample TYPeS . . . .o oottt e e e 37

Effluent Sampling Recommendations . ................ . .. .. i 38

Receiving Water Sampling . . . ... ...t 39

Effluent and Receiving Water Sample Handling, Preservation, and Shipping ................. 39

Sample RECEIVING . . . ...t 40

Persistence of Effluent Toxicity During Sample Shipment and Holding ..................... 40

9. Acute Toxicity Test Procedures .. ........... ..ottt 41

Preparation of Effluent and Receiving Water Samples for Toxicity Tests .................... 41

Preliminary Toxicity Range-finding Tests .. .......... . . i 43

Multi-Concentration (Definitive) Effluent Toxicity Tests . ... ........ ... .. .. 43

Receiving Water Tests ... ...ttt e e e e e e e 43

StAtIC TOSES . o . vttt et e 44

Flow-Through Tests . . ... ...t e e e ettt 45

Number of Test OrganiSms . . ... ...ttt e e e ettt 45

Replicate Test Chambers ... ... ...ttt ettt 45

Loading of Test OrganiSms . .. ... ...ttt et e e e e et e 46

HIumInation .. .. ... e 46

Feeding . . ... 46

Test TEMPETAtUIE . . . . oottt e e e e e e e e e e e e e 46

LSS -« v ettt e e 47

Dissolved Oxygen Concentration . .. .. ......o.t ittt ettt e e eeeeens 47

Test DUration . .. .. ... 50

Acceptability of Test Results ... ....... .. e e 50

Summary of Test Conditions for the Principal Test Organisms . ........................... 50

10. TestData ... ... e 67

Biological Data . .. ... ... . 67

Chemical and Physical Data . ........ .. ... . . . 67

11. Acute Toxicity Data Analysis . ... ... ... ..ot e e 71

Introduction . . . ... o 71
Determination of the LC50 from Definitive, Multi-Effluent-Concentration

Acute TOXICItY TeSS ..ttt e 72

The Graphical Method ....... .. ... .. 72

The Spearman-Karber Method . ......... ... .. .. .. . . . i . 76

The Trimmed Spearman-Karber Method . ........ ... ... ... . ... .. ... .. ... ... .... 78

The Probit Method ... ... ... 81

Determination of No-Observed-Adverse-Effect Concentration (NOAEC)
from Multi-Concentration Tests, and Determination of Pass or Fail (Pass/Fail)

for Single-Concentration (Paired) Tests . . ... ... ... it 83

General Procedure . .. ... 88

Single Concentration Test . . ... ... ... .t 95
Multi-Concentration Test . ... ... ...ttt e 98

12. Report Preparation and Test ReVIeW . . .. ... ... 109
Report Preparation .. ... ...ttt 109
Introduction . . . ... .. 109

Plant Operations ... ... ..ottt ettt e e e 109

v



CONTENTS (CONTINUED)

Source of Effluent, Receiving Water, and Dilution Water .. .......................... 109

Test CONAItIONS . . ..o vv ettt e e e e 110

Test OrANISINS . . . oot vttt ettt e et e e e e e e e e e e e e 110

QUAlILY ASSUTANCE . . . vttt ettt e e e e e e 110

ReSUILS . . o 110

Conclusions and Recommendations . ............ ...t . 110

TSt ReVIEW . ..o 111

Samplingand Handling . . ........ ... . 111

Test Acceptability Criteria ... ... ... .. ...ttt e 111

Test CONAItIONS . . .o v vttt e e e e e e e 111

Statistical Methods . .. ... ... i 111

Concentration-Response Relationships .. ........ ... ... ... . ... 112

Reference Toxicant TEStING . ... ... ...ttt e 112

Test Variability .. ... ... 113

Cited References . . ... ... 114

Bibliography . ... 119

APPENAICES . . . o ot e 124

A. Distribution, Life Cycle, Taxonomy, and Culture Methods .................. ... .. .......... 125

A.l. Ceriodaphnia dubia . . . . ...... ... . 125

A2. Daphnia (D. magna and D. pulex) .......... .. .. .. 140

A3. Mysids (Mysidopsis bahia and Holmesimysis costata) . ..................ouiuiiaon.. 159

Ad4. Brine Shrimp (Artemia salina) . ..... ... ... ... i 178

AS. Fathead Minnow (Pimephales promelas) ... ..... ... . .. . .. ... 185

A.6. Rainbow Trout, Oncorhynchus mykiss and Brook Trout, Salvelinus fontinalis . ........... 201

AT Sheepshead minnow (Cyprinodon variegatus) . .............. ..o iiiuinenenenn.. 209
A.8. Silversides: Inland Silverside (Mendia beryllina),

Atlantic Silverside (M. menidia), and Tidewater

Silverside (M. peninsulae) . . .. .......ut ittt e et 224

B. Supplemental List of Acute Toxicity Test Species . ... ...t 238

C. DilUtOr SYStEIMS . . .ottt ettt e e e 240

D. Plans for Mobile Toxicity Test Laboratory .. ......... ... e 253

D.1. Tandem-Axle Trailer . . . ... ..o e 253

D.2. Fifth Wheel Trailer .. ... ... .. . e 256

E. Check Lists and Information Sheets ........... ... i e 257

E.1. Toxicity Test Field Equipment List .. ...... .. ... .. . . . 257

E.2. Information Check List for On-Site Industrial or Municipal Toxicity Test ............... 259

E.3. Daily Events Log . . . ..ot 264

E.4. Dilutor Calibration Form . . ... ... e 265

E.S. Daily Dilutor Calibration Check . ....... ... .. . . i 266



FIGURES

Number Page
1. Control (cusum) Charts ... ....... ... .t e e 20
2. Approximate times required to replace water in test chambers in flow-through tests ............... 47
3. Rawson's nomograph for obtaining oxygen saturation values in freshwater at

different temperatures at sea level ... ... ... . . 49
4. Example of data sheet for effluent toxicity tests .. ... ...ttt 69
5. Check list on back of effluent toxicity datasheet .......... ... .. .. .. .. .. ... 70
6. Flowchart for determination of the LC50 for multi-effluent-concentration acute

BOXICTEY LSS .« . o v vttt e ettt e e e e e e e e e e e e e 73
7. Plotted data and fitted line for graphical method, using all-or-nothing data . ................... ... 75
8. Example of input for computer program for Trimmed Spearman-Karber Method ... ............... 80
9. Example of output from computer program for Trimmed Spearman-Karber Method ............ ... 82
10. Example of input for computer program for Probit Method . ......... ... ... ... ... .. ... ... ... 84
11. Example of output for computer program for Probit Method ......... ... ... ... .. ... ... ... 85
12. Flowchart for analysis of single-effluent-concentration testdata . ............... ... ... ... ... ... 86
13. Flowchart for analysis of multi-effluent-concentration testdata ................ ... .. ... ... ... 87
14. Plot of mean survival proportion datain Table 29 ......... ... .. ... .. .. . . . i 99

vi



TABLES

Number Page

1. Intra-laboratory precision of LC50s from static acute toxicity tests with

aquatic organisms using reference toXiCants . ... ... ........ it e 11
2. Intra- and inter-laboratory precision of acute toxicity tests with

Daphnia magna, using a standard effluent . ........ .. .. .. .. . .. .. 12
3. Inter-laboratory precision of acute toxicity tests with aquatic organisms,

USINg reference tOXICANTS . . . ...ttt ettt et e et 13
4. Interlaboratory study of acute toxicity test precision, 1990: Summary of

responses using KCL as the reference toxicant . ... ....... ... .. it 14
5. National inter-laboratory study of acute toxicity test precision, 1991:

Summary of responses using reference toXicants . ... ............oeuiiniin i 15
6. National interlaboratory study of acute toxicity test precision, 2000: Precision of

LC50 point estimates for reference toxicant, effluent, and receiving water sample types ............ 16
7. Preparation of synthetic freshwater using reagent grade chemicals .......................... ... 33
8. Preparation of synthetic freshwater using mineral water .............. ... ... ... ..., .. 34
9. Preparation of synthetic seawater using reagent grade chemicals . .......... ... .. ... ... ... ... 34
10. Percent unionized NH; in aqueous ammonia solutions: Temperatures between

15-26°C and pH's 6.0-8.9 . . ... o 42
11. Oxygen solubility (mg/L) in water at equilibrium with airat 760 mmHg ............. ... ... ... .. 48
12. Summary of test conditions and test acceptability criteria for Ceriodaphnia dubia

acute toxicity tests with effluents and receiving waters (Test Method 2002.0) .................... 51
13. Summary of test conditions and test acceptability criteria for Daphnia pulex and

D. magna acute toxicity tests with effluents and receiving waters (Test Method 2021.0) ............ 53
14. Summary of test conditions and test acceptability criteria for fathead minnow,

Pimephales promelas, acute toxicity tests with effluents and receiving waters (Test Method 2000.0) .. 55
15. Summary of test conditions and test acceptability criteria for rainbow trout,

Oncorhynchus mykiss, and brook trout, Salvelinus fontinalis, acute toxicity tests

with effluents and receiving waters (Test Method 2019.0) .. ....... .. ... ... ... 57
16. Summary of test conditions and test acceptability criteria for mysid, Mysidopsis

bahia, acute toxicity tests with effluents and receiving waters (Test Method 2007.0) ............... 59
17. Summary of test conditions and test acceptability criteria for sheepshead minnow,

Cyprinodon variegatus, acute toxicity tests with effluents and receiving waters (Test Method 2004.0) .

vii

61



TABLES (CONTINUED)

Number Page

18. Summary of test conditions and test acceptability criteria for silverside, Menidia

beryllina, M. menidia, and M. peninsulae, acute toxicity tests with effluents and

receiving waters (Test Method 2006.0) .. ... ... ot e 63
19. Summary of test conditions and test acceptability criteria for west coast mysid,

Holmesimysis costata, acute toxicity tests with effluents and receiving waters .................... 65
20. Mortality data (number of dead organisms) from acute toxicity tests used in

examples of LC50 determinations (20 organisms in the control and all test

CONCENETALIONS) .+ & o ottt et et et et ettt et e e e et et e e e e e e e e et et et e e e 76
21. Coefficients for the Shapiro Wilk's test . . ... .. ... e 90
22. Quantiles of the Shapiro Wilk's test statistic . .. ... ... ... .t 92
23. Critical values for Wilcoxon's rank sum test five percent significance level ...................... 95
24. Data from an acute single-concentration toxicity test with Ceriodaphnia ........................ 95
25. Example of Shapiro Wilk's test: Centered observations . ..................cuiiniinannenaon.. 96
26. Example of Shapiro Wilk's test: Ordered observations .................... .o iiiiiinenaon.. 96
27. Example of Shapiro Wilk's test: Table of coefficients and differences .......................... 97
28. Example of Wilcoxon's rank sum test: Assigning ranks to the control and 100%

effluent ConCentrations .. ... ... ... ...ttt e 98
29. Fathead minnow survival data . ......... .. . e 100
30. Centered observations for Shapiro Wilk'sexample . .. .......... ... .. ... . .. 100
31. Ordered centered observations for the Shapiro Wilk'sexample ............................... 101
32. Coefficients and differences for the Shapiro Wilk'sexample ............. ... .. ... ... ....... 102
33. ANOVAtable . ... o 103
34. ANOVA table for Dunnett's Procedure example ............ .. .. .. ... .. i, 105
35. Calculated t values . .. ... ... . 106
36. Dunnett's "t" values . .. .. ... 107

viii



	CONTENTS



