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ABSTRACT 

CUSHMAN, R. M., S. G. HILDEBRAND, R.  H. STRAND, and R.  M. 
ANDERSON. 1977. The t o x i c i t y  o f  35 t r a c e  elements i n  coa l  
t o  freshwater b i o t a :  a  data base w i t h  automated r e t r i e v a l  
capab i l  i t i  es . ORNL/TM-5793. Oak Ridge Nat iona l  Laboratory,  
Oak R i  dge, Tennessee. 46 pp. 

Data are tabu la ted  on the  t o x i c i t y  t o  f reshwater  b i o t a  o f  35 t r a c e  
elements w i t h  t he  p o t e n t i a l  f o r  re lease t o  t h e  environment f rom coa l  
conversion e f f l u e n t s .  The e n t i r e  data base i s  presented on a m ic ro f i che  
appended t o  t h i s  document, i n  t h e  i n t e r e s t  o f  p o r t a b i l i t y  and accessi -  
b i l i t y .  The data were gathered f rom a v a r i e t y  o f  research papers, 
compendi a, and reviews . Deta i  1s o f  water chemist ry  and t e s t  cond i t i ons  
are presented when a v a i l a b l e  f rom the  documents consulted. The data 
base may be used by r e f e r r i n g  d i r e c t l y  t o  t h e  tabu la ted  data as t h e y  
appear on the  m i  c r o f i  che, or ,  w i t h  appropr i  a te  computer f a c i  1  i t i  es, by 
man ipu la t ion  ( s o r t i n g ,  subset t ing ,  o r  merging) o f  t h e  data t o  meet t he  
p a r t i c u l a r  needs o f  ' the i n v e s t i g a t o r .  The data may be used as they  
appear i n  t h e  data base, o r  t he  data base may be used t o  index t h e  
c i t e d  o r i g i n a l  papers. 
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INTRODUCTION 

A t  l e a s t  30 t race  elements have been detected i n  measurable 
q u a n t i t i e ~ ~ i n  p o t e n t i a l  aqueous e f f l u e n t s  from coal  conversion 
processes. For elements such as chromium, copper, and z inc,  there  
e x i s t s  an extensive l i t e r a t u r e  desc r ib ing  the t o x i c  e f f e c t s  on aquat ic  
b i o t a .  However, f o r  the  m a j o r i t y  o f  elements, t he  data are less abun- 
dant, less a v a i l  able, and scat te red  throughout a  d iverse  1  i t e r a t u r e  o f  
compendia, review papers, and papers descr ib ing  o r i g i n a l  research. It 
i s ,  there fore ,  d i f f i c u l t  f o r  an i n d i v i d u a l  t o  r e a d i l y  assemble the  
ava i l ab le  t o x i c i t y  data i n  order t o  assess, f o r  example, t he  p o t e n t i a l  
t o x i c i t y  o f  a given concentrat ion o f  a  p a r t i c u l a r  element. Rel iance 
upon one or  more o f  the  standard compendia r e s t r i c t s  data e x t r a c t i o n  t o  
t h a t  in fo rmat ion  contained i n  the  compendia. Furthermore, d e t a i l s  o f  
t he  experimental  cond i t i ons  (water chemistry, type o f  bioassay employed, 
e t c .  ) may or  may not  be provided. Main ta in ing  a  cu r ren t  knowledge of 
the  burgeoning t o x i c i t y  1  i t e r a t u r e  i s  a1 so unrea l  i s t i c  f o r  most 
researchers, i f  on ly  because o f  the  t ime consumed. 

This  e f f o r t  represents the  ga ther ing  o f  t r a c e  element t o x i c i t y  data 
f rom a  wide v a r i e t y  o f  sources i n t o  a  s i n g l e  computerized data base. 
Data were gathered both from o r i g i n a l  research papers and f rom sumnary 
and review documents. The 35 elements l i s t e d  i n  Table 1 were used i n  
the  1  i t e r a t u r e  search f o r  ava i l ab le  t o x i c i t y  in fo rmat ion ,  as they  had 
p o t e n t i  a1 . f o r  re lease t o  the  environment from coal  conversion process 
e f f l u e n t s  and they could be t o x i c  t o  f reshwater  b i o t a .  The concentra- 
t i o n  o f  the element and d e t a i l s  o f  the  bioassay or  f i e l d  cond i t i ons  
were ex t rac ted .  Such cond i t ions  as water chemistry, l i f e  stage, and 

' observed t o x i c  e f f e c t  were ex t rac ted  i n  add i t i on  t o  o ther  use fu l  
in fo rmat ion .  I n  our data e x t r a c t i o n s  f rom the  l i t e r a t u r e ,  we consis-  
t e n t l y  sought values f o r  the  se t  o f  var iab les  i n  the  computerized data 
base. Table 2 l i s t s  and def ines the  var iab les  used i n  the  data base. 
Cer ta in  var iab les  unique t o  a  research paper were no t  inc luded i n  the  
data base due t o  space requirements. 

D e t a i l s  o f  the bioassay or  f i e l d  s i t u a t i o n  used i n  the  paper were 
ex t rac ted  when ava i l ab le  s ince water chemist ry  and t e s t  cond i t i ons  would 
be necessary f o r  i n t e r p r e t a t i o n  and a p p l i c a t i o n  o f  t he  data. However, 
d e t a i l s  such as these were f r e q u e n t l y  no t  inc luded i n  sumnary documents. 
Table 3 shows the  percent frequency o f  occurrence over a1 1  observat ions 
f o r  which a  value f o r  each o f  t he  var iab les  described i n  Table 2 was 

IS. 6. Hildebrand, R.  M. Cushman, and J. A. Carter .  The p o t e n t i a l  
t o x i c i t y  and bioaccumulat ion i n  aquat ic  systems o f  t r a c e  elements 
present  i n  aqueous coal conversion e f f l u e n t s .  Proc. o f  10 th  Ann. Conf. 
on Trace Substances i n  Environmental Health, Columbia, MO, June 8-10, 
1976, D. D. Hemphi 11, ed., i n  press. 



repor ted .  These percentages are l i s t e d  by element and range from 0 t o  
100% depending on the  element and t h e  var iab le .  Where add i t i ona l  des- 
c r i p t i o n s  o f  the  research are desired, we r e f e r  the  user t o  the  o r i g i n a l  
references . 

This r e p o r t  describes the  data base we have formulated and computer- 
i z e d  and shows a t y p i c a l  use and a p p l i c a t i o n  o f  t he  data base f o r  de ter -  
min ing  the  e f f e c t s  o f  c e r t a i n  t race  elements on b io ta .  Since the  data 
base i s  i n  the  p r e l i m i n a r y  stages, we expect t h a t  (a )  t h e  user w i l l  f i n d  
documents from which we have not ex t rac ted  data, (b )  t h i s  data base w i l l  
be expanded as fund ing permi ts ,  and ( c )  app l i ca t i ons  w i  11 be more exten- 
s i v e  and usefu l  as more data are added. We present the  data base i n  an 
abbreviated form below t o  show the user what kinds o f  data were 
ex t rac ted.  The complete data base, together  w i t h  concise descr ip t ions  
o f  t h e  var iables,  t h e  frequency t a b l e  (Table 3), and references are 
supp l ied  on m ic ro f i che  i n  t h e  pocket i n s e r t  ( i n s i d e  back cover).  We 
b e l i e v e  t h a t  t h i s  form of t h e  e n t i r e  data base i s  more po r tab le  and 
access ib le  than a volumnious p r i n t o u t  o f  t he  e n t i r e  data base. With 
proper a t t e n t i o n  pa id  t o  t h i s  repor t ,  the  reader should be able t o  use 
j u s t  the  m ic ro f i che  f o r  subsequent access t o  the  data base. 

DATA BASE CONTENTS 

What f o l l o w s  i s  a desc r ip t i on  o f  what i s  contained i n  the  data base 
as presented i n  i t s  e n t i r e t y  on t h e  m ic ro f i che  contained i n  t h e  pocket 
i n s e r t .  We w i l l  descr ibe the  data base as an i t em contained w i t h i n  the  
m ic ro f i che .  The m ic ro f i che  inc ludes:  

I tem 1. d e f i n i t i o n s  o f  t he  v a r i a b l e  names used i n  the  data tables;  

I t e m  2. a t a b l e  o f  frequency o f  occurrence o f  data f o r  each o f  t h e  
var iab les  i n  t h e  data base, by element; 

I tem 3. t he  e n t i r e  data base i n  tabu la r  form, w i t h  an observat ion 
number assigned t o  each record; 

.Item 4. t he  observat ions sor ted a l p h a b e t i c a l l y  by organism, w i t h  
,the element, I t s  chemical form, and a cross-reference t o  
the  observat ion number i n  the  e n t i r e  data base ( I t em 3); 
and 

I tem 5. t he  l i s t  o f  references from which data were ex t rac ted and 
which are l i s t e d  as var iab les  i n  the  e n t i r e  data base ( I tem 
3) t o  prov ide  a cross-reference between the  data base and 
the  references . 

Items 1, 2, 4, and 5 are descr ip t ions ,  d e f i n i t i o n s ,  o r  rearrange- 
ments o f  t h e  e n t i  r e  data base (I tem 3 ) .  They are necessary f o r  compl e- 
t i n g  the  m ic ro f i che  as an exportable and usable 'data base. We have 
presented a sample o f  t h e  e n t i r e  data base i n  Table 4. 



Data are presented both f o r  l e t h a l  and sub le tha l  e f f e c t s .  Data i n  
t he  form* LCX s i g n i f y  t h e  l e t h a l  concent ra t ion  f o r  X percent  o f  t h e  
organisms tes ted  i n  the  s ta ted  t ime  per iod,  i f  a t ime  i s  spec i f i ed ,  as 
i n  a  96-hr LC50. Endpoints repo r ted  as ILL ( i n c i p i e n t  l e t h a l  l e v e l  ) 
i n d i c a t e  t h resho ld  e f f e c t s  o r  concentrat ions causing m o r t a l i t y  w i t h  
t h e o r e t i c a l l y  i n f i n i t e  exposure. Sublethal  e f f e c t s  i nc lude  impairment 
o f  reproduct ion,  growth, behavior,  e t c .  For a  r i go rous  d iscuss ion  o f  
b i  oassays and t o x i c i t y  terminology t h e  reader i s  r e f e r r e d  t o  t h e  se r i es  
"Measurement o f  p o l l u t a n t  t o x i c i t y  t o  f i sh , "  by J. B. Sprague, publ ished 
i n  t h ree  pa r t s :  

(1969) I. ~ i o a s s a ~  methods f o r  acute t o x i c i t y .  Water Research 
3:793-821. 

(1970) "11. U t i  1  i z i n g  and app ly ing  bioassay r e s u l t s .  Water Re- 
search 4:3-32. 

(1971) 111. Sublethal  e f f e c t s  and "safe"  concent ra t ions .  Water 
Research 5:245-266. 

I n  a d d i t i o n  t o  the  element and i t s  concent ra t ion  (mg/l) ,  t e s t  
organism (species and l i f e  stage),  and t o x i c i t y  end p o i n t ,  we have 
tabu la ted  water chemist ry  parameters and o ther  t e s t  cond i t ions ,  
i nc lud ing :  

( 1 )  type  and source o f  d i l u t i o n  water 
(2 )  whether t he  t g s t  was s t a t i c  o r  cont inuous f l o w  
( 3 )  temperat ure ( .C) 

:;rdness (mg/ l )  

( 6 )  ca lc ium concent ra t ion  (mg/ l )  
( 7 )  magnesium concent ra t ion  (mg/ l )  
(8 )  d isso lved oxygen (DO) (mg/ l )  
( 9 )  t o t a l  d i sso l ved  s o l i d s  (TDS) (mg/ l )  

(10)  a l k a l i n i t y  (mg/ l )  
(11) miscel laneous comnents 
(12)  form o f  element o r  chemical compound used 

For some o f  t h e  va r i ab les  (concent ra t ion ,  temperature, hardness, 
pH, d isso lved  oxygen, t o t a l  d isso lved  s o l i d s ,  and a1 k a l i  n i t y ) ,  a range 
o f  values was repor ted,  and min imum and maximum values o f  t h e  v a r i  - 
ab le (s )  are tabu la ted  i n  t he  data base. However, where o n l y  a  s i n g l e  
value appears (as e i t h e r  a  min imum o r  a  maximum) a range was no t  
repor ted,  and the  l i s t e d  va lue does no t  necessa r i l y  represent  a  minimum 
or  a  maximum. Where a  value f o r  a  v a r i a b l e  was no t  present  i n  t h e  
r e p o r t ,  a  pe r i od  i s  recorded i n  the  da ta  tab les .  

'For each observat ion, two re fe rence c i t a t i o n s  are given, one 
represent ing  the  source(s)  f rom which we d i r e c t l y  obta ined the  da ta  
( v a r i a b l e s  OUR - REF1, OUR - REF2, and OUR - REF3), and t h e  o ther  represent ing  



t h e  source(s)  i n  which the  data f i r s t  were repor ted  ( va r iab les  REFlORIG, 
REFZORIG, and REF30RIG). The values f o r  these var iables,  tabu la ted  i n  
t h e  data base ( I t e m  3) ,  correspond t o  the  numbers preceding each r e f e r -  
ence i n  t h e  1 i s t  o f  references ( I tem 5)  ., Thus, t he  cross-reference 
between the  two i tems i n  the  data base. Table 5 l i s t s  the  s c i e n t i f i c  
(and common) names used i n  the  data base, grouped i n t o  f i s h ,  protozoa, 
algae, o ther  p lan ts ,  crustacea, insecta,  mollusca, and o ther  animals. 
Table 6 re1  ates the  p r i n t o u t  o f  t h e  chemical form symbols as they  appear 
on t h e  m i c r o f i c h e  t o  the  appropr ia te  chemical formulas. Table 7 i s  the  
l i s t  of references, which a l so  appears i n  t h e  m ic ro f i che  output .  

DATA BASE PREPARATION 

Fo l l ow ing  t h e  s e l e c t i o n  o f  a reference and the  i t e m i z a t i o n  o f  the  
t e s t  cond i t i ons  used i n  the  bioassay, t he  data were encoded i n  a format  
w i t h  a vary ing  amount o f  space a l l  owed f o r  each va r iab le .  Once com- 
pu ter ized,  each observa t ion  consis ted o f  m u l t i p l e  80-column card images. 
An i n i t i a l  f i l e  was mainta ined a MODCOMP 11/25 computer where e d i t i n g  
was performed. Th.is f i l e  was then t r a n s f e r r e d  t o  an IBM 360/91 where 
management of t he  d a t t  base i s  c u r r e n t l y  maintained. The S t a t i s t i c a l  
Ana lys is  System (SAS) was the  main computer sof tware used f o r  
producing the  m i c r o f i c h e  output  inc luded i n  the  pocket i n s e r t .  

DATA BASE USE 

The data base was prepared t o  a l low f o r  manipulat ion and d i s p l a y  o f  
any o f  t h e  var iab les .  Some o f  t he  manipulat ions i nc lude  sor t inq ,  e.g., 
s o r t i n g  t h e  data base by manganese concentrat ion,  subset t ing,  e.g., 
separa t ing  those observat ions where a s p e c i f i c  water type and/or 
l i f e s t a g e  are desi red,  and merging, e.q., adding new observat ions t o  
t h e  f i l e .  

A s p e c i f i c  example man ipu la t ion  o f  the data base i s  shown i n  Table 
8. Here we show an e n t i r e  program 1 i s t i n g ,  l ess  compu te r - i ns ta l l a t i on -  
s p e c i f i c  j o b  c o n t r o l  statements, o f  statments w r i t t e n  i n  t he  SAS 
language, and a p o r t i o n  o f  t h e  corresponding output,  used t o  subset t h e  
da ta  base f o r  a group of organisms (crustaceans) .  The syntax o f  t h i s  
1 anguage uses semi colons t o  end statements. Thus t h e  code which 
precedes each semicolon c o n s t i t u t e s  a s i n g l e  i n s t r u c t i o n .  This 
p a r t i c u l a r  example creates a data se t  c a l l e d  EFFECTS. The var iab les  
are  then def ined, us ing  mnemonic names, as they  occur i n  columns o f  the  

'A. J. Barr,  J. H. Goodnight, J. P. Sa l l ,  and J. T. Helwig. 1976. A 
User 's  Guide t o  SAS 76. SAS I n s t i t u t e ,  Inc.,  P. 0. Box 10522, Raleigh, 
NC. 



i n p u t  cards. Variables w i t h  character ,  r a t h e r  than numeric, values are 
-de f i ned  by a d o l l a r  s ign  on the  i n p u t  d e f i n i t i o n  statement. The s e t  of 
" I F "  statements i s  used t o  inc lude the  observat ions w i t h  the  des i red  
organisms. A t i t l e  card i s  used t o  l a b e l  t he  p r i n t e d  ou tput .  This  
example i l l u s t r a t e s  how the data .base can be subset fo r  a p a r t i c u l a r  
organism t o  determine the  ef fects,  compounds, and t e s t  cond i t i ons  which 
have been observed and inc luded i n  the  data base. 

The example presented i n  Table 8 requ i res  a se t  of data i n  t he  form 
described by the  i n p u t  statements. I f  the  format changes f o r  
add i t i ona l  data, programs w i l l  have t o  be devised t o  manipulate t h e  new 
format and merge the  o l d  and new data. The data base presented i n  the  
pocket i n s e r t  has a format as described i n  t h e  SAS i n p u t  statements. A 
user who might be i n t e r e s t e d  i n  man ipu la t ing  the data base o r  
implementing the  data base on h i s  com,puter should i n i t i a l l y  contact  t he  
t h i r d  author f o r  the  a v a i l a b i l i t y  o f  the data base and i t s  a v a i l a b l e  
form. 

I n  summary, our data base i s  an i n i t i a l  s tep towards exped i t i ng  the 
tedious j ob  o f  ex t rac t i ng ,  synthesiz ing,  and tabu1 at ing,  i n  numeric 
form, the  cu r ren t  data a v a i l a b l e  on t o x i c  e f f e c t s  t o  aquat ic  organisms 
f rom t r a c e  elements i n  coal conversion process e f f l u e n t s .  We f e e l  t h i s  
k i n d  o f  e f f o r t  i s  important t o  understanding the  s ta te -o f - t he -a r t  w i t h  
respect t o  inorgan ic  t o x i c  substances i n  aquat ic  systems. We emphasize 
the  f l e x i b i l i t y  and ease o f  use o f  the  computer methodology which we 
have developed f o r  man ipu la t ing  and d i s p l a y i n g  t h e  data base. 
Researchers w i l l  f i n d  t h a t  the  data base w i l l  ease the  burden o f  
, l i t e r a t u r e  search and eva lua t ion .  It w i l l  prov ide  a s t a r t i n g  p o i n t  f o r  
d i r e c t i n g  researchers t o  curre'nt pub1 i c a t i o n s  i n  t o x i c  e f f e c t s  work and 
a lso  prov ide  a base l ine  f o r  f u tu re  research e f f o r t s .  



*Table 1. Elements' i nc luded  i n  the. t o x i c i t y  data base 

p~ --- 

Ag ( s i l v e r )  

A1 (aluminum) 

As ( a r s e n i c )  

Au ( g o l d )  

B (boron) 

Ba (bar ium) 

Be ( b e r y l  1 i um) 

Br  (bromine) 

Cd (cadmium) 

Ce (cer ium) 

Co (cobale)  

C r  (chromi um) 

Cu (copper) 

Fe ( i r o n )  

Hg (mercury) 

La ( 1  anthanum) 

L i  ( l i t h i u m )  

Mn (manganese) 

Mo (molybdenum) 

N i  ( n i c k e l  ) 

Pb ( l e a d )  

Rb ( r u b i  d i  um) 

Sb (ant imony) 

Se ( s e l  en i  um) 

Sn ( t i n )  

Sr  ( s t ron t i um)  

Th ( thor ium)  

T i  ( t i t a n i u ~ ~ ~ )  

T I  ( t h a l l i l l m )  

U (uranium) 

V (var.~ad,i UIII) 

W ( tungs ten)  

Zn ( z i n c )  

Z r  ( z i  r c o n i  um) 



Table 2. .Var iab les and v a r i a b l e  d e f i n i t i o n s  used i n  t h e  da.ta base. 

ALK-MAX = M A X I M U M  ALKALINITY OF SOLUTION (MG/L) 
ALK-BIN =MNIMUn ALKALINITY OF SOLUTION (HG/L) 
CA-ION =CALCIUM ION CONCENTRATION I N  WATER (HG/L) 
CHEMPORM=CHEMICAL FORM OF E L E I E N T  
CCMHENTS=COMMENTS ABOUT BIOASSAY 
CONC-MAX=MAXIMUH CONCENTRATION OF ELEMENT (MG/L) 
CCNC-RII=MNIUUM CONCENTRATION O F  ELEMENT (MG/L) 
DO-MAX = mxInun DISSOLVED O X Y G E N  CONCENTRATION (MG/L) 
DO-MIN =IJINIHUCI DISSOLVED OXYGEN CONCEHTRATION (tlG/L) 
ELEMENT =ELEHENTAL CONSTITUENT OF COHPOUND I N  BIOASSAY 
EXP-END =THE END P O I N T  OF BIOASSAY 
EXP-TIUE=THE DURATION O F  THE BIOASSAY 
HARD-MAX=MAXIHOH WATER HARDNESS (HG/L) 
HARD-MIN=l¶INIHUM WATER HARDNESS (MG/L) 
LIFE-STG=THE L I F E  STAGE OF THE ORGANISM 
BG-ION = M G N E S I U H  I O N  CONCENTRATION (MG/L) 
OEGANIS H = S C I E N T I F I C  OR COMHON N A N  E O F  ORGANISM 
OUR-REF 1 = F I R S T  REPERENCE NUHBER FROM WHICH TABULATED DATA WERE OBTAINED 
OUR-REPZ=SECOND REFERENCE NUHBER FROM WHICH TABULATED DATA WERE OBTAINED 
OUR-REP3=ZHIRD REFERENCE NUHBER FROM WHICH TABULATED DATA WERE OBTAINED 
PH-HAX =IlAXILRIM PH VhLUE 
PH-MIN =MINIHUH PH VALUE 
RECON-PQ=SOLUTION RECONCENTRATION FREQUENCY 
R P P l O R I G = I H E  F I R S T  REFERENCE I N  WHICH DATA WERE ORIGINALLY REPORTED 
REFZORIG=THE SECOND REFERENCE I N  WHICH DATA WERE ORIGINALLY REPORTED 
REP30RIG=THE THIRD REPERENCE I N  WHICH DATA WE RE ORIGINALLY REPORTED 
TDS-MAX = HAXIMUH TOTAL DISSOLVED S O L I D S  (HG/L) 
TDS-HII  = M I 1  HUM TOTAL DISSOLVED S O L I D S  (MG/L) 
WATER-TP-TYPE AND SOURCE O F  DILUTION WATER 
W'IMP-HAX=HAXI~M WATER TEHPERATURE (DEGREES C) 
UTnP-IYTN=MNInOM WATER TEHPERATURE (DEGREES C) 



Table 3. Frequency c f  occurrence o f  water chemistry and t e s t  cond i t ions  ta r i ab les  f o r  each element. 
Each value represents the  percent o f  :he N observat lons ( l i s t e d  under column heading N)  f o r  
which data were repor ted  f o r  each o f  fhe elements and l i s t e d  var lab les .  

A G 27 
A L 34 
AS 140 
A 0 9 
B 22 
B A 43 
B E  19 
B R 11 
C D 8 2 
C E 5 
CO 34 
CR ;08 
CU 257 
P E 94 
BG 95 
LA 4 
L I 11 
I G 47 
HI 80 
I 0 5 
N  I 6 1 
P B  108 
R B 2 
S E 13 
S E 13 
S N  12 
S R 2 4 
Tfi 4 
T I  6 
TL 8 
u 9 
v 7 
w 4 
Z N  352 
Z R 6 

C U D  D T T A A  
A G O  O D D L L  

- - - - S S K K  
- - I ihii1 

- - X  N X N X N  

- - - - - - - - 
P  P  P  P P P P P  

Q Q Q Q Q Q Q Q  



Tab1 e 3 ( con t inued) .  D e f i n i t i o n s  o f  va r iab les .  
used i n  t h e  f requency-o f -occur rence  t a b l e ,  
r e p r e s e n t i n g  pe rcen t  f requency o f  non-blank 
da ta  . 

~ o l  umn Heading V a r i a b l e  (see Tab le  2 )  

ALKMN - FQ ALK - MIN 

ALKb1X - FQ 

CA FQ 

CHFM - FQ 

DO MN FQ - - 

DO MX FQ - - 

EXP T FQ - -. 

HRDMN - FQ 

HRDMX FQ - 
L I  FST - FQ 

,ALK - MAX 

CA ION 

CHEMFORt4 

DO - M I M  

DO - MAX 

EXP TIME - 
HARD - MIN . 

HARD - MAX . . 

LIFE - STG , 

MG FQ MG - ION 

PH MN FQ PH MIN - - - 

PH MX FQ , PH MAX - - - 

RECFQ - FQ RECON - FQ 

TDSMN F Q '  TDS MIN , '  - - 

TDSMX - FQ TDS - MAX' ' , . 

WATTY FQ - WATER TY - 
WT MN FQ - - WTMP - MIN 

WT MX FQ WTMP MAX - - - . . 



4. Sample page f rom data base. 

GLSTEROSTEOS ACULEATOS 
IMPBNIA UAGNA 
G$STEROSTEOS ACULEATOS 
I E B I S T E S  RETICOLATUS 
G?STEROSTEOS ACULEATOS 
U B I S T E S  EETICOLATOS 
GASTEROSTEOS ACULBATOS 
ONCORHYNCHOS TSHARYTSCHA 
DAPINIA HAGNA 
HICIOREGIA 
E C P E R I C H I A  C O L I  
SCBIEDESMOS 
GASZEROSTBUS ACOLEATOS 
EUPO VALLlCEPS 
DAPPNIA HAGNA 
W L T C E L I S  llIGRA 
SALEON 
SEDIGE ORGANISMS 

H H 
A A 
R B  P P C U D D  
D D  H H A G O 0  

i i i  i ii i i Z i  
A 1  A I O O A I  
X N  X N l i N X N  

I L L  
LETHAL 
SURVIVAL 
L C 5 0  
SOBVIVAL 
LETHAL 
SURVIVAL 
PARTLY LET EAL 
I L L  
I L L  
I L L  
I L L  
SORVIVAL 
LETHAL 
LETHAL 
I L L  
LETHAL 
50% B. O. C. REDUCTION 

7 DAY 

4 DAY 

2 DAY 
48 HE 
96 HR 
96 HR 
96 HR 
96 HR 
1 DAY 

TADPOLES 

PRY 

T A B  
D L L  
S K K  

- 
a i i i  
I A I  
N X N 

TAP VERY SOPT 
LAKE E R I E  
T A P  W R Y  SOPT 

REUEUED 9 A 3 L I  18 1 4 . 0  - 2 5 ; o  
REIEUED DAILX 1 8  1 k O  

REIIEUED :DAILY 18 l k O  
STATIC 
REIEUED D A I I I  18 1 C O  

T A P  VERY SOPT 

TAP VERY SOFT 

2s 2 1 0  
2:7 2 l O  
27 2 1 0  
n 2 1 0  

REDEUED D A I k I  18 1U.O 
STATIC 
ST l T  I C  

RIVER 
RIVER 
R I  PER 
RIVER 
TAP VERY SCPT 



Table 5. S c i e n t i f i c  and common names o f  organisms 
i n  t o x i c i t y  t ab l e .  

F i sh  

Abrami s brama (bream) 
Angu i l l a  japonica (Japanese e e l )  
Angui l  l a  r o s t r a t a  (American e e l )  
Brachydanio r e r i o  (zebra f i s h )  
Carassius auratus ( go l d f i sh )  
Qrass ius carassius (European go1 d f i  sh, Europe 
C r i n u s  c a r p i o r p )  b diaphanus (banded k i l l i f i s h )  
Fundul us heteroc l  i t u s  (mumichog) 
Gambusia a f f i n i s  (mosqui to f ish)  
Gasterosteus aculeatus ( threespine s t ick leback 
Gobio gobio (gudgeon, gobie) 
Hesperol eucus (roach) 
I c t a l u r u s  nebulosus (brown b u l l  head) 
I c t a l u r u s  punctatus (channel c a t f i s h )  
Lebis tes r e t i c u l a t u s  (guppy) 
Lepomis cyanel l u s  (green sunf ish) 
Lepomis g i  bbosus (pumpkinseed) 
Lepomis macrochirus (b lueg i  11 ) 
Micropterus dolomieui (smal lmouth bass) 
Micropterus salmoi des (1 argemouth bass) 
Morone ameri-i t e  perch) 
Morone s a x a t i l i s  ( s t r i p e d  bass, r o c k f i s h )  
Nemachi l u s  barbatulus (European stoneloach) 
Notemi gonus c ryso l  eucas (go1 den sh iner )  
Notrop i  s cornutus (common sh iner )  
Notrop is  hudsonius ( s p o t t a i  1 sh iner )  
Oncorhynchus gorbusca (p ink  salmon) 
Oncorhynchus keta (chum salmon) 
Oncorhynchus k i su t ch  (coho salmon) 
Oncorhynchus '-(sockeye .salmon) 
Oncorhynchus tshaw tscha (chinook salmon) 
O r i r i a s  latip*e medaka) 
Perca f lavescens (ye1 low perch) 
Perca f l u v i a t i l  i s  (Eurasian perch) 
Petronyuon par inus (sea larnprey) 
Phoxinus phoxinus (minnow, red-s ided sh iner  
Pime hales romelas (fathead minnow) 
b r k  
Pungi t ius  un i t i u s  (n inespine s t i ck leback)  
R u t i l u s  r:&ach) 
Salmo cl-utthroat t r o u t )  -- 
Salmo a i r d n e r i  i (rainbow o r  s t ee l  head t r o u  
~ i ' i i i  -- %iF(Eiiintic salmon) 
Salmo t r u t t a  (brown t r o u t )  -- 
Salve l inus  f o n t i n a l i s  (brook t r o u t )  
Sa lve l inus  namaycush ( l a k e  t r o u t )  
Scard in ius erythrophthalmus (rudd) 
Semoti l u s  atromaculatus (creek chub) 
T i l a p i a  mossambica (mozambique mouthbrooder 
Tinca ti-) -- 
Xiphophorus maculatus (southern p l a t y f i s h )  

!an carp)  



Table 5. (Conti nued) 

Protozoa 

Euglena g r a c i l i s  
Lepoc inc l i s  s t e i n i i  
Microreqma heterostoma 
Paramecium 
Uroqlena 

A1 gae 

Anabacna c i r c i n a l  i s  
Anabaena f los-aqua 
Anabaena v a r i  ab i  1 i s 
Anac.vsti s 
Anki strodesmus 
As te r ione l  l a  
Cal o t h r i x  
Cladophora qlomerata 
Chlamvdomonas 
C h w e l l a  pyrenoidosa 
Chl ore1 1 a sorok i  n i  ana 
~ h l o r e l  l a  var ieqata 
C h l o r e l l a  vu l qa r i s  
Chl orococcum humi co l a  
Clathrocystes 
Closter ium 
Cvl indrospermum 1 i chen i  fo!_m_e- 
Gloeo t r i ch i a  ech inu la ta  
ti6mph6r;lema i larvulum 
Hvdrodi c tvon 
M i c rocvs t i s  aeruqinosa 
M i  crnzpnra 
Mouqeoti a 
Navicu la  seminulum 
Ni  t z sch i a  1 i near i  s 

r) N ~ I ~ t ~ s ~ t i l a  palea 
Nostoc 
Ocdoqoni um 
Oocyst i  s 
Osc l l  l a t o r l a  
Pandori na' 
Phorrr~i d i  UI~I a~iibi rluum 
P h o r m i d w  JIM&LWI 

. .  . 

P i  t h o ~ h o r a  
Plectonema 
Scenedesmus obl  iquu5 
Scenedesmus quadricauda 
Selanestrum capricornutum 

m n i u m  tenue 
Synedra 'Synu-ry 

Tri bonema 
U l o t h r i x  
Vaucheria 
Zygnema 



Tab le  5. (Continued) 

Other P lan ts  -- 

A1 i sma (water p l an ta i n )  
-aria tenu is  ( fungus) 
Anarchari s canadensi s (waterweed) 
Bacopa (water hyssopr 
B o t r y t i s  fabae (fungus) 
~ y l l u m ( c o o n t a i  1 ) 
Elodea canadensi s (Canadian pondweed) 

: 

Escherichia ( f e c a l  bacter ium) 
Heteranthera (mud p l an ta i n )  
Hippurus (mare's t a i  1 ) 
Ludv is ia  ( f a l s e  l o o s e s t r i f e )  
M v r i o ~ h v l  lum s ~ i c a t u m  (Eurasian watermi l f o i  1 ) 
Najas f l e x i  1 i s  (pondweed) 
Potamoseton c r i  spus (pondweed) 
Potamoqeton f o l  iosus (pondweed) 
Ranunculus (water crowfoot, spearwort) 
S haer0t. i  l u s  (bacter ium) 
*( b l  adderwort) 

Crustacea 

Asel l u s  
Asellus 
Cyclops 
m 

aquat i  cus (i sopod) 
communi s ( i  sopod) 
vernalis (copepod) 
m n a  (cladoceran) 

D a ~ h n i a  mama ( c l  adoceran) 
Dauhnia pu lex  (cladoceran) 
Diaptomus oreqonensi s (copepod) 

' Gammarus l a c u s t r i  s (amphi pod) 
Gammarus pseudo1 imnaeus (amphi pod) 
Gammarus p u l  ex (anlphi pod) 
Hvale l  l a  kn ickerbocker i  (amphi pod) 
Leptodora k i n d t i  i (c ladoceran) 
Mesocvc lo~s l e u c k a r t i  (copepod) 
Orconectes r u s t i c u s  (decapod) 
am srrulatus (c ladoceran) 

Insecta 

Acroneuria 1 co r i as  (s tone f l y )  
A rs ia  (dam* 
Caenis diminuta- (mayf ly) 
C a l l i b a e t i s  (mayf ly )  
Chloeon s i m i l e  (mayf ly )  - ruRvgria (ma.yf1.y) 
Hvdro~svche be t t en i  (caddis f l y )  
Ischnura v e r t i c a l  i s  (damsel f ly )  
L a c c o ~ h i  l u s  maculosus (predaceous d i v i n g  bee t le )  
L i  b c l  l u l a  (d ragon f l y )  
Pteronarcvs c a l  i f o r n i c a  ( s t one f l y )  
Sten rubrum mayf l  ) 
T e n d 4 ~ ~ ~ a d e c o r u s  [mi dgef 



Table 5. (Continued) 

Moll usca 

Ancylastrum fluviatile 
Australorbis glabratus 
Biomphalaria alexandrina 
Biomphalaris biossyi 
Bullnus contortus 
Bulinus truncatus 
-- 

Campeloma deci sum 
Gyraulus circumstriatus 
Helisoma companulata 
hymnaea pal ustrj s 
Planorbis glabratus 
Physa heterostropha 
Physa integra 

. Other Animals 



~ d b l e  6. Chemical form symbols as they dppear on the  
and the  corresponding chemical formulas.  

PRINTOUT CHEMICAL PRINTOUT 
SYMBOL FORMULA SYMBOL 

COCL 
COCL2 
COS04 

- - 

FECL3 
FEO 
FES 
FES03 
FES04 
FE2(S04)3 
FEZ03 
HAUCL4 
HB03 
H3B04 
HG(N03)2 
HGAC2 
HGCL2 
HGN02 
H6S04 
KCR (S04) 2 
KCR207 
KMN04 
K2CR04 
K2Cr207 

AN03 
A1 (No313 
A lC l  
~ 1 ~ ( 3 0 4 ) 2  
AlNH4(S04)2 
A12(S04)3 
As02- 
A S O ~ - ~  

As 03 
~ a f ~ o j ) ~  
BaC12 
BaF2 
B e ( N 0 3 ) ~  
BeC12 
BeSOq 

BF3 
8407-2 
C d ( N 0 3 ) ~  
CdC1 2 
CdS04 
CeC13 
Ce (SO4)3 
c o f ~ o 3  ) z  
CoCl 
CoC12 
CoSO4 
CrC13 
cr03 
~ r 0 4 - 2  
c rz (snq)3  
Cr 07- 
cutno3)z 
CuC12 
cuso4 
FeC12 
FeC13 
FeO 
FeS 

Fez0 
H A U C ? ~  

HBOg 

H3B08 
.Hg(N 312 
Wg cz  o r  Hg(C2H302)2 
HgC12 
HgN02 
HgS04 
KCr(S04)z 
KCr207 
KMnO4 
KzCr04. 
K2Cr207 

LAAC3 
LICL 
L I F  
WEHG 
MEHGCL 
MG (NO3 ) 2 
MGCL2 
MGN03 
MGS I F6 
MGSO4 
MN(N03)2 
MNCL2 
MNCL3 
MNF2 
MNS04 
MOO3 
NAAS02 
NAB03 . 

NABR 
NABR03 
NA2AS04 
NA2B407 
NA2CR04 
NA2CR207 
NA2HAS04 
NA2SE03 
NA2W04 
NA3AS04 
(NH4)2CR04 
(NH4)2CR2n7 
NI  (N03)2 
NICL2 
N I SO4 
P B ( N u ~ ) ~  
PBAC2 
PBCL2 
PBS04 
PBO 
VHENYL H60H 
PHENYL HGAC 
PHENYL HGN03 
RBCL 
SBCL3 
SBF3 
SBKTARTRATE 
SE02 
SE03-2 
SNCL2 
SNCL4 
SR(N03)Z 
SRCL2 
SRF2 

m i c r o f i c h e  

CHEMICAL 
FORMULA 

LaAc3 o r  La (C2H302)2 
L i C l  
L i F  
MeHq o r  CH3Hg 
MeHgCl o r  CHgHgCl 
Mg(N03)z 
MgC12 
MgN03 
MgSiFg ' 
Mgsoa 
Mn(N 312 
MnC12 
MnC13 
MnF2 
MnSOq 
~ 0 0 3  
NaAs02 
NaB03 
NaBr 
NaBr03 
Na2As04 

Na2B407 
Na2CrOq 
Na2Cr207 
Na2HAs04 
NazSe03 
Na2WO4 

~i  SO^ 
P b ( N 0 3 ) ~  
PbAc2 o r  Pb(C2H302)~ 
PbC12 
pb504 
PbO 
Phenyl ttgUH6pC6H6OHg 
Phenyl HgAcorCgH802Hg 
Phenyl HgN03 o r  C12H1 10HgN03 
RbCl 

~ b ~ j "  
SbKTart rate o r  
5e02 
SeO -2 
snc$ 
SnClq 
Sr(N03)2 
5rc12 
5rf2 
Th(N03)4 
ThCln 



Table 6. (Continued) 

PRINTOUT CHEMICAL 
SYMBOL FORMULA 

T I 2 ( S 0 4 ) 3  T i z ( S 0 4 ) 3  
U02(N03)2  VO2(N03)2 
U02AC2 U02Afz or U02(C2H302)2 
U02S04 uo23u4 
VOS04 V O S O ~  
V205 v205 
ZN(N03)2 Zn(N03)2  
ZNCL2 ZnC12 
ZNS04 ZnSO 
ZR(S04)Z Z I . ( J & ) Z  

ZROCL2 ZrOCl2  



Table 7. L i s t  of references used t o  document the  da t a  presented i n  the  
t o x i c i t y  da ta  base. (Ent i re  list of  references a l so  appears 
on microf iche i n  pocket i n s e r t  on ins ide  back cover. ) 

1. Abegg , R. 1950. Some e f f e c t s  of  inorganic s a l t s  on t he  blood 
spec i f i c  g rav i ty  and t i s s u e  f l u i d s  of the  Bluegi l l ,  Lepomis a 

macrochirus Raf. Physiol. Zool. 23:124-134. 

2. Mf leck ,  A. J. 1952. Zinc poisoning i n  a t r o u t  hatchery. 
Austr. J. Mar. Freshwater Res. 3:142. 

3. Alabaster, J. S. 1956. The t ox i c i t y  of c e r t a in  weed k i l l e r s  t o  
t r ou t .  Proc. 3rd Br i t .  Weed Contr. Conf. 2:807-808. 

4. Amend, D. F., W. T. Yasutake, and R. Morgan. 1969. Trans. 
Amer. Fish. Soc. 98:419. 

5. Anderson, B. G. 1944. The t o x i c i t y  thresholds of various 
substances found in i ndus t r i a l  wastes as determined by the  
use of Daphnia magna. Sewage Works J. 16:1156. 

6. Anderson, B. G. 1946. The t o x i c i t y  thresholds of various sodium 
salts determined by the  use of  Daphnia magna. Sewage Works 
J. 18 (1) : 82-87. 

7. Anderson, B. ,G. 1948. The apparent thresholds of t o x i c i t y  of 
Daphnia magna for chlor ides  of various metals  when added t o  
Lake Er ie  water. Trans. Amer. Fish. Soc. 78:96. 

8. Anderson, B. G., D. C. Chandler, T. F. Andrews, and W. J. 

Jahoda. 1948. The evaluation of  aquatic inver tebrates  a s  
assay organisms for  the  determination o f  t he  t o x i c i t y  of 
i ndus t r i a l  wastes. Amer. Petrol .  Ins t .  Project  Final  
Rept. 51. 

9. Anonymous. 1950. Ohio River Valley Water Sani ta t ion Commission, 
Sub-committee on Toxic i t i es ,  Metal Finishing Indus t r i es  
Action Committee. Report No. 3: 

10. Anonymous. 1956. The re la t ionsh ip  of body s i z e  of t he  b lueg i l l  
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Table 8. Program and output l i s t i n g  t o  subset  data base f o r  only those 
records w i t h  an organism name w i t h i n  crustaceans. 

A. Program 1 l s t i  ng 

DATA EFFECTS;  
I N P I L E  CARDS: 
I N P U T  ELEH-CED 11-13 SEQ 1 4  ELEHENT $ 2 6 - 2 7  CONC-HIN 2 8 - 3 6  4 CONC-HAX 3 8 - 4 5  4 
CHEHPORH 3 4 7 - 6 6  12 ORGANISH 3 1 6 - 4 5  LIFE-STG $ 4 7 - 7 1  113 EXP-TIHE $ 1 6 - 2 5  
EXP-END $ 2 7 - 5 6  WATER-TY S 58-78 (14 RECON-FQ 1 6 - 3 5  WTHP-HAX 3 7 - 4 0  WTHP-HIN S 
4 2 - 4 5  

HARD-MAX $ 4 7 - 5 6  HARD-BIN $ 58-67 PH-MAX 6 9 - 7 1  PH-HIN $ 73-76 15 CA-ION 1 6 - 2 3  
HG-ION 2 5 - 3 2  DO-HAX 35-39 DO-HIN 41 -45  TDS-HAX 4 7 - 5 2  TDS-BIN 5 4 - 5 9  # 6  ALK-HAX 
1 6 - 2 5  ALK-HIN 2 7 - 3 6  COHHENTS $ 38-67 # 7  R E P l O R I G  $ 1 6 - 1 9  R E P 2 0 R I G  S 2 1 - 2 4  
R E F 3 0 R I G  d 2 6 - 2 9  OUR-REP1 $ 3 1 - 3 4  OUR-REP2 $ 36-39 OUR-REP3 S 4 1 - 4 4 ;  

COHHENT THESE I F  STATEHENTS ARE USED FOR INCLUDING ONLY THOSE ORGANISHS 
WITU TUB NAHB IHDEChTBD WITHEN THR S T N G L E  UUOTES,  I 

I F  ORGANISH EQ 'ASELLUS AQUATICUS THEN RETURN; 
IF  O R G A N I S M  EQ 'ASELLUS C O H M U N I S  @ THEN RETURN; 
I F  ORGANISH EQ 'CLADOCERANS ' THEN RETURN; 
I F  ORGANISH EQ 'CRUSTACEA ' THEN RETURN; 
I F  ORGANISH EQ 'CYCLOPS VERNALIS ' THEN RETURN; 
I P  ORGANISM EQ 'DAPHNIA ' THEN RETURN; 
I F  ORGANISH EQ 'DAPBNIA LONGISPINA THEN RETURN; 
I F  ORGANISM EQ 'DAPHIIA  BAGUA ' THEN RETURN; 
I F  ORGANISM EQ 'DAPHNIA PULEX ' THEN RETURN; 
I F  ORGANISM EQ 'DIAPTOHUS OREGONENSIS THEN RETURN; 
I F  ORGANISM EQ 'GAH8ARUS THEN RETURN; 
I F  ORGANISH EQ 'GAHHARUS LBCUSTRIS  ' THEN RETURN; 
I F  CRGANISM EQ *GAHMARUS PSBUDOLIHNAEUS THEN RETURN; 
I F  ORGANISH EQ 'GAHIARUS PULEX THEN RETURN; 
I F  ORGANIS8 EQ 'HYALELLA KNICKERBOCKERI THEN RETURN; 
I F  ORGANISH EQ 'LEPTObORA K I N D T l l  ' THEN IlETURN; 
I F  ORGA NISH EQ 'HESOCYCLOPS LEUKARTI ' THEN RETURN; 
I F  ORGANISM EQ 'ORCONECTES RUSTICUS ' THEN RETURN; 
I F  ORGANISM EQ 'SHRIHP,  FRESH WATER ' THEN RETURN; 
I F  ORGANISH EQ 'SIHOCEPHALUS SERRULATUS THEN RETURN; 
XP nRGANTSH EQ 'AnPHTPOnS THEN RETURN; 
DELETE : 

T I T L E  T O X I C  EFFECTS YOH CRUSTACEANS; . 
PROC P R I N T  DATA=EPFECTS; 



Table 8 (con t 'd ) .  Portion of output from previous 
L 
I 
P 

E 

- 
S 
T 
G 

program. 

- C! 

C S E  
R E t i  

D Q T  

LETHAL 
I L L  
LETHAL 
1 6 %  REPRODUCTIVE IMPAIBnENT 
5 0 %  REPRODUCTIVE IRPAIRMENT 
38% UEIGHT LDSS 
LC 50  
LC 5 0  
LETHAL 
LETHAL 
LETHAL 
LETHAL 
1 6 %  REPROCUCPIVE IMPAIRMENT 
1 8 %  UEIGHT LOSS 
1 5 %  PROTEIN LOSS 
LC 5 0  
LC50 
5 3 %  REPROCUClIVE IMPAIRMENT 

DAPHNIA IAGNA 
3APHNIA llAGNA 
DAPBNIA MAGUA 
DAPHNIA MAGNA 
DAPHNIA MAGNA 
DAPH NIA MAGNA 
DAPBNIA HAGNA 
DAPHNIA MAGNA 
DAPHNIA HAGNA 
DAPHNIA HAGNA 
DAPHUIA HAGNA 
DAPKNIA MAGNA 
DAPHUIA MAGNA 
DAPKNIA MAGNA 
DAPHNIA HAGNA 
SIIlOCEPHALUS SERRULATUS 
DAPHUIA HAGNA 
DAPHNIA MAGNA 

ALCL3 
.ALCL3 
ALCL3 
ALCL3 
ALCL3 
e l 2  ( s o u )  3 
RLZ(SO4) 3 
ALNH4 (SOU) 2 . 
ALK (SOU) 2 
NAZHASO? 
NA2HAS03 
NA2HASO4 
UAAS02 
YR2HASO4 
lA2HASOU 

3 WK 
3 WK 
3 UK 
3 WK 
2 DAY 

B C R 
A T T A A  0 E 
B P P C H D . . D D D L L  n P 
D A H A G O O S S K K  M 1 

R R  0 0 0  
E E U  u u 
P P  R R R 

2 3  - - - 
O O R  R R 
R E  E E E 
I 1  F P P 
G G  1 2  3 

E 0 
i i i  i i i i T T i i i i i i i i i i  N e 
I A I 3 O A I A I B I  T I 
X N  X N N N X N X N X N  S G 

LAKE ERIE 
RIVER 25.0 

STATIC . 
LAKE f UWILTERE DI 

STATIC . 
LAKE (UNFILTBBED) 
LAKE (USPILTERED) 
LAKE ERIE 
LAKE ERIE 
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