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The Environmental Sciences D i v i s i o n ,  Oak Ridge Na t iona l  

Laboratory,  i s  ana lyz ing  t h e  (po ten t i a l  environmental  r i s k s  assoc ia ted  

w i t h  commercial-scale s y n t  e t l c  l i q u i d  f u e l s  techno log ies .  The o v e r a l l  
o b j e c t i v e  o f  t h e  environmental  r i s k  a n a l y s i s  p r o j e c t ,  which i s  funded 
by t h e  O f f i c e  o f  Research and Development, U.S. Environmental 
P r o t e c t i o n  Agency, i s  t o  guSde research on environmental  aspects o f  
syn fue l  techno log ies  by i d e n t i f y i n g  t h e  most hazardous syn fue l -der ived  
contaminants and t h e  mos t  impor tan t  sources o f  s c i e n t i f i c  u n c e r t a i n t y  
concerning t h e  f a t e  and e f f e c t s  o f  these contaminants. 

t h e  contaminants p resent  i n  e f f l u e n t s  and products o f  commercial-scale 

processes i n t o  38 ca tegor ies  t e m e d  r i s k  a n a l y s i s  u n j t s  ( R A C s ) ;  
( 2 )  d e f i n i n g  genera l i zed  re fe rence  env j  ronments w i t h  c h a r a c t e r i s t i c s  
r e p r e s e n t a t i v e  o f  reg ions  i n  which syn fue ls  p l a n t s  may be s i t e d ,  and 
( 3 )  assessing r i s k s  o f  f i v e  d i s t i n c t ,  adverse e c o l o g l c a l  e f f e c t s :  

reduc t i ons  i n  f i s h  popu la t ions ,  development o f  a l g a l  blooms t h a t  
d e t r a c t  f rom water  use, reduc t i ons  i n  t i m b e r  y i e l d  o r  undes i rab le  
changes i n  f o r e s t  composit ion, reduc t i ons  i n  a g r i c u l t u r a l  p roduc t ion ,  
and reduc t i ons  i n  w i l d l i f e  popu la t i ons .  

TOSCO-I1 o i l  sha le  techno log ies .  The source terms were es t imated  f o r  
commercial-scale opera t ions  producing 7.9 and 7.6 x 10 L/d o f  
syncrude f o r  Paraho and TOSCO-11, r e s p e c t i v e l y .  Because o f  Colorado 
S t a t e  r e g u l a t i o n s ,  t h e  p l a n t s  were assumed t o  have no d i r e c t  aqueous 
discharges. 
shale, which i s  l a n d f i l l e d  w i t h  o t h e r  s o l i d  wastes. The chemical 
composi t ion o f  t h e  leachate  from t h i s  m i x t u r e  and i t s  t r a n s p o r t  t o  
ground and su r face  water  were est imated. Atmospheric emissions were 
d ispersed by a Gaussian-plume model, deposi ted on t h e  landscape, and 
accumulated i n  t h e  s o i l .  The analyses, r e s u l t s ,  and conc lus ions  o f  
t h i s  research a re  in tended t o  be gener ic  and a re  no t  es t imates  of 

a c t u a l  impacts o f  s p e c i f i c  p l a n t s  a t  s p e c i f j c  s i t e s .  

neares t  w e l l .  Creek water  conta ined severa l  RACs i n  concen t ra t i ons  

The general  s t r a t e g y  adopted f o r  t h e  p r o j e c t  i n v o l v e s  ( 1 )  grouping 

This  r e p o r t  presents r e s u l t s  o f  a r i s k  a n a l y s i s  o f  t h e  Paraho and 

6 

A l l  wastewaters were assumed t o  be used t o  wet t h e  spent 

The leachate  was l e s s  d i l u t e  i n  t h e  creek water  than i n  t h e  



that exceeded a hundredth of  measured toxic concentrations for fish, 
algae, livestock, wildlife, or irrigated crops. They are benzene, 
mano/diaromatic hydrocarbons, polycyclic aromatic hydrocarbons, 
alkaline N heterocyclics, neutral N, 0, or S heterocyclics, carboxylic 
acids, phenolics, nickel, cadmium, and total dissolved solids. All of 
these categories deserve additional attention in fulture research and 
assessments; however, total dissolved solids (TDS) is the category that 

appears mart likely to cause environmental problems because its 
incremental concentration is quite high (290 rng/h) relative to 
potentially toxic levels, and because the leachate will enter the 
Colorado River system where TDS is already a problem for both 
agriculture and aquatic life. 

concentrations in air that were within a factor of 100 of thresholds 
for effects on growth o r  yield o f  flowering plants. 
gases are unlikely to reduce? crop or range yield at the predicted 
concentrations, site-specific assessments should consider the effects 
of rough terrain and background pollution levels on concentrations of 
these gases. Arsenic was predicted Lo accumulate in soil to 
concentrations that were greater than a tenth of those that are 
reported to reduce plant growth. Future  assessments should consider 
the speciation of the emitted arsenic, transformations in the soil, and 
background concentrations of  toxic trace elements in the soil. 

None o f  the RACs appear to pose a significant threat to wildlife 
due t o  inhalation. However, the available data on inhalation 
toxicology is almost entirely derived from mammals and other taxa, 
particularly birds that may be considerably more sensitive. 

Although they are not considered in this analysis, it appears that 
construction, mining, and waste disposal are more likely to reduce the 
productivity of plants and animals than are the emissions from shale 
processing. Major sources of uncertalnty include the composition and 
transport of leachate from the mixed solid waste and wastewater, 
effects of accumulation of chemicals in wildlife food chains, effects 
on nonmamalian wildlife, and effects o f  terrain on a i r  pollutant 
Concentrations. 

O f  the atmospheric emissions, only SO2 and NO2 had predicted 

Although these 

xi i 



ABSTRACT 

SUTER, G. W . ,  11, L .  W .  BARMTHOUSE, S .  R. KRAEMER, 
M. E. GRXSMER, D .  S .  DURNFORD, 0. 8. McWORTER, 
F .  R .  O’DQNNELL, 6 .  F. BAES 111, and A .  E. ROSEN. 
1985. Environmental r i s k  a n a l y s i s  f o r  o i l  f rom shale. 

Tennessee. 130 pp. 
-98033. Oak Ridge Na t iona l  Laboratory ,  Oak Ridge, 

Th is  r e p o r t  p resents  t h e  r e s u l t s  o f  an e c o l o g i c a l  r i s k  a n a l y s i s  o f  
emissions f rom two o i l  sha le  techno log ies ,  Paraho and TOSCQ-11. 
Because b o t h  techno log ies  have no aqueous d ischarges,  o n l y  waste 
leachates and a i r  p o l l u t a n t s  a re  considered.  The fo rma t ion  o f  leachate  
from wastewater-moistened spent sha le  and t h e  t r a n s p o r t  o f  t h e  leachate  
t o  t h e  neares t  w e l l  and creek were modeled. The contaminated creek 
water  d i d  n o t  c o n t a i n  any i n d i v i d u a l  components t h a t  a r e  expected t o  
cause t o x i c  e f f e c t s  on f i s h ,  l i v e s t o c k ,  w i l d l i f e ,  o r  i r r i g a t e d  crops. 
However, some o f  t h e  components occur  i n  h i g h  enough concent ra t ions  t o  
r a i s e  concern and j u s t i f y  f u r t h e r  research and assessment. 
d i s s o l v e d  s o l i d s  appear t o  be t h e  most s i g n i f i c a n t  problem i n  genera l .  
Sulfur oxides and n i t r o g e n  ox ides i n  a i r  and a rsen ic  i n  s o i l  a r e  
p r e d i c t e d  t o  occur  a t  concen t ra t i ons  t h a t  would be near  those t h a t  
cause reduc t i ons  i n  p l a n t  growth. I n t e r a c t i o n s  w i t h  background 
p o l l u t i o n ,  l o c a l l y  e leva ted  concen t ra t i ons  because o f  t e r r a i n  e f f e c t s  
and o t h e r  f a c t o r s  n o t  i nc luded  i n  t h i s  a n a l y s i s  m igh t  r e s u l t  i n  reduced 
p l a n t  y i e l d .  The most se r ious  r e s p i r a t o r y  t o x i c a n t s  appear t o  be 
s u l f u r  ox ides,  n i t r o g e n  oxides, and r e s p i r a b l e  p a r t i c l e s .  These do n o t  
seem l i k e l y  t o  a f f e c t  mammalian w i l d l i f e  popu la t i ons ,  b u t  e f f e c t s  on 
o t h e r  w i l d l i f e  taxa  a r e  unknown. 

T o t a l  
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Environmental risk analysis I s  the process of identifying and 
quantifying probabilities of adverse changes in the environment 
resulting from human activities. 
and, to the extent possible, quantification of scientific uncertainties 
regarding the adverse effects being considered. 
Sciences Division, Oak Ridge National Laboratory, has been developing 

This includes explicit incorporation 

The Environmental 

and demonstrating methods for environmental risk analysis for the 
Office of Research and Development, U.S.  Environmental Protection 
Agency. The methods being used i n  this project were described by 
Barnthouse et al. (1982). 
to many types o f  environmental problems, this project is focusing on 
risks associated with toxic environmental contaminants derived from 
synthetic liquid fuels technologies. The overall objective of the 
project is to guide research on environmental aspects of synfuel 

technologies by identifying the most hazardous contaminants (or 
classes of Contaminants) and the most important sources of scientjfic 
uncertainty concerning the fate and effects of contaminants. The 
analyses, results, and conclusions of this research are intended to be 
generic and are not estimates of  actual impacts o f  specific plants at 
specific sites. 

significant contaminants n waste streams and products of synthetic 
liquid fuels technologies have been grouped into the 38 categories, 
termed risk analysis cate ories ( R A C s ) ,  listed in Table 1.1. Five 
ecological end points are used: (1) reductions in fish populations, 
(2) development of algal populations that detract from water use, 
(3) reductions in timber yield or undesirable changes in forest 
composition, (4) reductions in agricultural production, and 
(5) reductions i n  wildlife populations. Rather than descriptions 
of specific sites, the risk analyses use generalized reference 
environments, with characteristics representative of regions in which 
synfuels plants may be sited. 

Although the concept of risk is applicable 

For purposes of risk analysis, the thousands o f  potentially 

Two reference environments are being 
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Table 1.1. R isk  a n a l y s i s  c a t e g o r i e s  (RACs) 

RAC No. Category D e s c r i p t i o n  
............... .__.. . _. _______.______I_ 

1 
2 
3 
4 
5 
b 

7 
8 
9 

10 
11 

12 

13 

1 4  

15 

16 

1 7  

18  

19 

2 0  

21 

22 

2 3  
24 
25 
26 
27 
28 
29 
30 
31 
32 
3 3  
34 
35  
36 
3 1  
38  

Carbon monoxide 
S u l f u r  ox ides  
N i t r o g e n  ox ides 
Ac id  gases 
A l k a l i n e  gases 
Hydrocarbon gases 

Formaldehyde 
V o l a t i l e  o rganoch lo r ines  
V o l a t i l e  c a r b o x y l i c  a c i d s  
V o l a t i l e  OhS h e t e r o c y c l i c s  
V o l a t i l e  N - -he te rocyc l i cs  

Benzene 

A l i p h a t i c / a l i c y c l i c  

Mono/Diaromatic hydro-- 
carbons ( e x c l u d i n g  
benzene) 

P o l y c y c l i c  a romat i c  
hydrocarbons 

A l i p h a t i c  amines ( e x c l u d i n g  
N-heterocyc 1 ICs )  

Aromat ic  amines (exc l u d l n g  
N-he te rocyc l i cs )  

A l k a l i n e  n i t r o g e n  he te ro -  
c y c l i c s  [ "azaarenes" ]  
( e x c l u d i n g  " v o l a t i l e s " )  

N e u t r a l  N, 0, S h e t e r o -  
c y c l i c s  ( e x c l u d i n g  
" v o l a t i l e s " )  

Carboxy l i c  a c i d s  
( e x c l u d i n g  " v o l a t i l e s " )  

Phenols 

Aldehydes and ketones 
( " c a r b o n y l s " )  ( e x c l u d i n g  
forma 1 de hyd e) 

Nonhe te rocyc l l c  o r g a n o s u l f u r  
A l coho ls  
N i  t roa roma t i cs 
Es te rs  
Amides 
N i t r i l e s  
Tars 
Respi r a b l  e p a r t  i c  1 e s  
Arsen ic  
Mercury 
N i c k e l  
Cadmi um 
Lead 
Other  t r a c e  elements 
Rad ioac t i ve  m a t e r i a l s  
Other  remain ing m a t e r i a l s  

co 
SOX 
NOX 

NH3 
HzS, HCN 

C 1 4 4  a lkanes,  a l kynes  and c y c l o  
compounds; bp < -20°C 
HCHD 
To bp -120°C; CH2CL2. CHCL3, CCl4 
To bp -120°C; Formic and a c e t i c  a c i d s  o n l y  
To bp -12OOC; Furan, THF, th iophene  
To bp -120°C; p y r i d i n e ,  p i p e r i d i n e ,  
p y r r o l i d i n e ,  a l k y l  p y r i d i n e s  

Benzene 

C5 (bp - 40°C) and g r e a t e r ;  p a r a f f i n s ,  
o l e f i n s ,  cyclocompounds, t e rpeno ids ,  waxes, 
hydroaromat i cs  

Toluene, xy lenes,  naphthalenes, b ipheny ls .  
a l k y l  d e r i v a t i v e s  

Three r i n g s  and g r e a t e r ;  anthracene, BaA, 
BaP, a l k y l  d e r i v a t i v e s  

Pr imary.  secondary and t e r t i a r y  nonhetero- 
c y c l i c  n i t r o g e n ,  MeNH2. DiMeNH. TriMeN 

A n i l i n e s ,  napthy lamines,  amino pyrenes; 
n o n h e t e r o c y c l i c  n i t r o g e n  

Ou lno l i nes ,  a c r i d i n e s ,  benzac r id ine ;  
e x c l u d i n g  p y r i d i n e s  

Indo les ,  carbazoles,  benzofurans, dibenzo- 
th iophenes 

B u t y r i c .  benzoic .  p h t h a l i c ,  s t e a r i c  

Phenal, c r e s o l s ,  ca techo l ,  r e s o r c i n o l  

Acetaldehyde. a c r o l e i n ,  acetone, t h iopheno ls ,  
cs2 

!4ercaptans, s u l f i d e s ,  d i s u l f i d e s ,  
t h iopheno ls ,  CS2 
Methanol, e thano l  
Ni t robenzenes,  n i t r o p y r e n e s  
Acetates,  p h t h a l a t e s ,  formates 
Acetamide. formamide, benzarnides 
A c r y l o n i t r i l e .  a c e t o n i t r i l e  

A s ,  a l l  forms 
Hg. a l l  forms 
N i ,  a l l  f o m s  
Cd. a l l  forms 
Pb. a l l  forms 

22bRa 
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used in the research for EPA: an eastern environment resembling 
eastern Kentucky or West Virginia (for coal liquefaction), and a 
western environment resembling the western slope of the Rocky Mountains 
in northern Colorado or southern Wyoming. 
meteorology, hydrology, demography, land-use patterns, and biota of  
these two reference environments have been developed by Travis et at, 
{ 1983) e 

Qescriptions o f  the 

This  report analyzes risks associated with two oil shale 
technologies: TOSCO I I  and Parahs. The analyses assumed 
commercial-scale facilities, with identical feed shale capaclties and 
similar environmental control technologies, sited in the western 
reference environment. ?he objectives of the risk analyses were: 

1 .  to identify the RACs of greatest concern for each technology, 
2. to compare, as far as possible, the risk associated with 

different technologies; 
to relate the risks of  the oil shale technologies to the 
ecological end points described above; and 

different RACs and different components of risk for each RAG.  

disturbances such as mining and waste disposal, because these are not 
within the purview of this project, 

3 .  

4. to compare the magnitudes of uncertainty concerning risks of 

The analysis does not include habitat loss resulting from physical 
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2. SOURCE TERMS AND EXPOSLIRE 

Th is  s e c t i o n  presents  (1 )  a d e s c r i p t i o n  o f  t h e  source terms f o r  
two c o m e r c i a l - s c a l e  o i l  sha le  p l a n t s  and ( 2 )  es t imates  o f  exposure 
concent ra t ions  f o r  t e r r e s t r i a l  b i o t a  near  a h y p o t h e t i c a l  p l a n t  s i t e  
w i t h  environmental c h a r a c t e r i s t i c s  t h a t  g e n e r a l l y  correspond t o  those 
o f  t h e  proposed s i t e s  f o r  o i l  sha le  f a c i l i t i e s  i n  western Colorado. 

2.1 SOURCE TERNS 

Under a subcont rac t  w i t h  Oak Ridge Na t iona l  Labaratory ,  TRW, I nc .  
(TRW) descr ibed commercial-scale p l a n t  con f igu ra t i ons  f o r  two o i l  sha le  
processes: Paraho and TOSCO-11 ( T R W  1983). The p l a n t  c o n f i g u r a t i o n s  
evaluated by TRW were adapted f rom design i n f o r m a t i o n  prov ided by t h e  
developers o f  t h e  techno log ies .  The source te rm es t imates  developed by 
TRW were based l a r g e l y  on pub l ished process conceptual des igns and t e s t  
da ta  ob ta ined f rom bench-scale, p i l o t ,  o r  demonstrat ion u n i t s .  Cont ro l  
technology e f f i c i e n c i e s  were ex t rapo la ted  f rom s i m i l a r  a p p l i c a t i o n s  i n  

o t h e r  i n d u s t r i e s .  
The p l a n t  c o n f i g u r a t i o n s  r e f l e c t  base p l a n t  c a p a c i t i e s  o f  7.9 and 

6 7.5 x 10 L/d o f  syncrude f o r  Paraho and TOSCO-11, r e s p e c t i v e l y .  TRW 

est imated q u a n t i t i e s  and composit ions o f  a l l  u n c o n t r o l l e d  and 
c o n t r o l l e d  waste streams, expressed i n  terms o f  r i s k  a n a l y s i s  u n i t s  
( R A C s ,  Sect .  1 ) .  Because o f  t h e  l a r g e  number o f  atmospheric e f f l u e n t  
sources assoc ia ted  w i t h  each technology,  t h e  atmospheric source terms 
a re  n o t  presented i n  t h i s  r e p o r t .  They can be found i n  Tables 2-7 and 
3-4 o f  TRW (1983). No aqueous source t e r m s  were presented because bo th  
p l a n t s  were assumed t o  have no d i r e c t  su r face  water  d ischarge in 
compliance w i t h  Colorado S t a t e  Law, 
t o  be used t o  wet t h e  spent shale, which w i l l  be l a n d f i l l e d  i n  a 
m i x t u r e  w i t h  o t h e r  s o l i d  wastes. 
wastewater and o f  leachate f rom spent shale, a long w i t h  c l i m a t i c  
parameters and an assumed waste p i l e  morphology, were used t o  es t imate  
leachate  volume and composit ion. These assumptions, models, and 
r e s u l t s  a r e  presented i n  t h e  n e x t  sec t i on .  

Treated wastewaters were assumed 

Data on t h e  composi t ion of  t r e a t e d  
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2.2 GROUNDWATER EXPOSURE ASSESSMENT 

The exposure assessment has two major objectives:(l) to 
characterize the ~ o ~ ~ ~ ~ i t ~ o n  of leachate leaving a hypothetical 
disposal area, and ( 2 %  to estimate contaminant peak concentrations at 
discharge points of  concern. 
pile gives an estimate of the long-term average annual production of 
leachate resulting fro rainwater infiltration. The annual rate o f  
production of various chemical specjes i s  estimated based on the range 
o f  concentrations reported in the literature in combination with the 
volume o f  water generated by the water balance. 
model estimates the contribution o f  moisturizing water to leachate 
production. 
chemicals via the groundwater pathway to a nearby stream and well, 
represented in the reference site. A simple steady-state mass balance 
assumption allows the estimation o f  expected peak concentrations in a 
reference stream, whereas an analytic transport model gives estimates 
for concentrations at a reference well. 

A water balance at a conceptual reference 

A soil compartment 

The assessment then addresses the migration of the 

2.2.1 Reference Disiposa? Environment 

The climate in the area is semiarld, with dramatic variability 
possible over relatlvely short distances and short time periods. 
Average annual precipitation ranges from 300 'to 510 mm (12 t o  20 in.) 
between elevations of 5500 and 8000 ft. Areas above 8000 ft may 
receive as much as 640 mm (25 in.) of precipitation each year. 
monthly precipdtation throughout the basin is relatively constant at 
29.7 mm (1.17 in), with average maximum deviations o f  -25.1 mm 
(0.99 in.) in November and 4 0 . 4  mm (1 .59  in.) i n  August (Wymore, 

Average 

1974). Winter temperatures may fall to -40°C. whereas summer 
temperatures may exceed 40°C. 
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Surface runoff is dominated by snowmelt+ Precipitation received 
during the months of November through March is stored in a snowpack at 
the higher elevations. Discharge records indicate high flows beginning 
in March or April and continuing through June and July. 

Most of the summer precjpitation is lost to the evapotranspiration 
demands of the semiarid climate. Major streams such as Piceance Creek 
flow year round because of groundwater input. The smaller tributaries 
respond to high intensity thunderstorms, but otherwise contribute 
little to summer streamflow. 

The aquifers and streams in the reference basin do not meet 
standards for public drinking water supplies because of high dissolved 
solids content (Office of Technology Assessment 1980). 
groundwater can be used to water livestock, and both groundwater and 
surface water can be used for irrigation. 

However, 

2.2.2 Reference Disposal Pile 

Distinct differences in spent shale handling and hydraulic 
properties, together with considerations of local topography and 
climate, have resulted in a variety of disposal plans (Wildung and 
Zachara 1981). Of these plans, the one gaining greatest acceptance 
involves placing spent shale and other waste materials within an 
earthen embankment. A conceptualized embankment, based on current 
knowledge, is given by Wildung et al. (1982). The processed shale and 
other waste materials are placed in a suitable valley where the 
resulting disposal pile may be visualized as an earthen darn retaining 
an earthen fill. The proposed Colony cross-valley fill plan ( U . S .  
Department o f  the Interior 1975)  specifies that the spent shale will be 

pacted to 1362 kg/m (85  pcf) and moisturized to 10 to 20% by 
weight. Drainage systems would divert runoff and leachates to 
evaporation ponds during construction. On completion o f  the pile, the 
surface would be covered with soil and revegetated. Probable locations 
o f  the disposal piles are in the headwaters o f  small canyons in the 
Piceance basin. 

3 
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The reference dlsposa'l p i l e  (used for the Mater balance 
calculations) contains ny aC the features of ~ r o p ~ ~ e ~  dis 
plans. The reference posal pile is a cross-valley fill 
earthen dam impoundment structure. It is located in the headwaters of 
a north-facing gulc r canyon with an elevation o f  about 2500 m (80Q0 

feet). 
covers approximately 3 x 10 rn (800 acres). Maximum pile depth is 

3 about 152 m (500 ft) I 
kg/m (75-85 pcf), with 75% by weight initial moisture content. 
Upstream surface runoff, if any, is diverted around the disposal site. 
The pile rests on bedrock with the alluvial overburden used as cover. 
The pile is 15 kin upgradient from a perennial creek. An agricultural 
well pumps from the aquifer underlying the pile at a location 10 km 
downgradient from the pile (see F i g .  2-1). 

The pile surface 4s graded at a 5% north facing slope and 
6 2  

%pent shale i s  compacted to 1 .2  to 1.4 x '30 
3 

2.2.3 Water Balance 

The water balance approach requires that the quantity o f  water 
entering the system (precipitation) must equal the amount of  water 
leaving the system (runoff, evapotranspiration, and deep percolation), 
plus that which i s  added to or subtracted from the soil root zone. 

*'reclamation zone" (Kunkel and Hurphy 19831, as shown in Figure 2-2. 
It was assumed in the definition sketch of F i g .  2.2 that the depth o f  
the root zone does not exceed 2 m below the surface. 
retorted shale densities were chosen to be representative OF what may 
be anticipated from present disposal plans. 

The water balance calculations are based on what has been called a 

Topsoil depth and 

The water balance for the 
reclamation zone illustrated Fig. 2.2 may be stated by Equation (2.1) 

P - R = ET f D - AS (initial-final) (2.1 1 

where 

P = precipitation, 

R = runoff, 

ET = evapotranspiration, 



ET 
4 

P 

E 

SHALE 
PILE 1041 -1362 k g  /m3 

I (65-85 pcf) 

I a 
c19 
0 
Q) 

m 

Figure 2.1 .  Schematic of  the  reference disposal p i l e  and I t s  re lat ion t o  
features o f  the reference s i t e  



t 

Y ORNL - DWG 85-14287 

215 rn 
I 

b 

Figure  2.2. Definition sketch of  the reference p i l e  
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D = deep percolation, and 

AS = change in soil water he ld  in storage. 

2.2.3.1 Precipitation and runoff. A variety of factors influence 
precipitation in a particular re don, and these factors interact and 
change from season to season. 
throughout the year influences the extent to which it evapotranspirates, 
percolates, o r  forms runoff. The seasonal distribution of 
precipitation suggests that using monthly Precipitation amo 
appropriate in estimating the average annual water balance than are 
annual values. 

The distribution of precipitation 

A regression analysis, developed by Wymore (1¶74), of long-term 
precipitation records for eight regional weather stations as a function 
of elevation was used to develop an estimate of the monthly 
precipitation by elevation mane. Table 2.1 lists the estimated 
precipitation by season and by elevation zone for the Piceance Creek 
watershed. The estimates give in Table 2.1 are based on 20 years of 
regional precipitation records, isohyetal maps, vegetation indicators, 
and preliminary water balance calculations. 

Table 2.2 lists the average monthly discharge for the record 
periods of three gaging stations in the Piceance Creek watershed. 
Values in the runoff column were calculated as the ratio o f  the net 
discharge to the basin drainage area. 
runoff amounts is relatively small, particularly for the small Stewart 
Gulch watershed, suggesting that the streamflow is primarily generated 
by subsurface drainage of hillside soil profiles. Weeks et ale (1974) 
estimated that 80% of the runoff given in Table 2.3 is from alluvial 
discharge into Piceance Creek, The re aining 20% represents direct 
overland runoff for a total of 0.10 in./year. klymore (1979) estimated 
that direct overland runoff from Union retorted shale placed on a 5 
slope was 0.34 in. For purposes of analysis, direct annual runoff was 
taken to be the average of these t w o  estimates, that is, 0.22 in./year. 
This runoff is confined to occur only during t h e  spring and summer 
months of April through October. 

Variation in the average monthly 
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Table 2.1. Estimated seasonal precipitatlon 
by elevation in piceance basin 

(Adapted from Wymore 1974) 

E l e v a t i o n  zone Precipitation ( i n . )  
( ft) I 

Nov . -Ha rc  h Apri 1 - D c t .  Annual 

(6000 4.45 7.14 11 -59 

6-7000 5.51 8.62 14.13 

7 -8000 7.27 11 .09 18.36 

8 -9000 9.03 13 .56  22.59 

>goo0 10.09 15.03 25.12 



Table 2.2. Estlmated runoff from t h r e e  gaging s t a t i o n s  i n  Piceance Creek vatershed 
0 
W 
5 

- i 
--I 
3: 
a 
00 
0 
W 

Steward Gulch abovea Piceance Creek belowb Piceance Creek a t c  I 
West Fork, 1975-82 Ryan G u l c h .  7965-82 White River ,  1965-32 

(Drainage Area = 44 m i l e 2 )  (Drainage Area = 495 mile2)  (Drainage Area = 629 mile2)  
Discharge Runoff Discharge Runoff Discharge Runoff 

Month (ac re-f t )  ( i n . )  ( a c  re-f t) ( i n . )  ( a c r e - f t )  ( i n . )  

Jan.  104 0.044 1120 0.042 1450 0.043 

Feb. 97.8 0.042 1200 0.045 1570 0.047 

Mar. 108 0.046 1670 0.063 2320 0.069 

k p r .  1 1 1  0.047 1290 0.049 9770 0.053 

May 105 0.045 1750 0.066 201 0 0.060 

2 
June 95.8 0.041 935 0.035 1030 0.030 

J u l y  97.B* 0.042 81 1 0.031 861 0.026 

Aug . 92.8* 0.039 1390 0.053 1340 0.040 

Sept  . 94.0* 0.040 939 0.036 1080 0.032 

Oct. 91.8 0.039 929 0.035 1249 0.037 

h) 

NOV . 97.9 0.042 127cf 0.048 1710 0.05) 

Dec. 106 0.045 1230 0.047 1590 0.047 

A n n u a ?  1203 0.512 14503 0.548 17977 0.534 

aUSGS streamgage No. 93062.20. 

bUSGS streamgage No. 93062. 

cUSGS streamgage No. 43062.22. 

dIncludes est imated i r r - iga t ion  diversion ranging from 10 t o  30 a c r e - f t .  
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Table 2.3. Estlrnnation o f  monthly evapo t ransp i ra t i on  demands 

5 
( in.) ( i n . )  

ET;* ** 
Kc ( in . )  

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug . 
Sept 

Oct * 

Nov. 

Dec. 

17.50 

19.90 

22.90 

33.60 

38.80 

48.70 

54.90 

53.30 

44.90 

39.40 

30.60 

21.70 

5 .OO 

6.14 

9.18 

10.90 

12.94 

13.89 

13.83 

12.12 

10.27 

7.97 

5.35 

4.52 

0.69 

0.91 

1.51 

2.77 

3.50 

5.64 

6.79 

5.69 

3.64 

2.22 

1 .ll 

0.72 

0.50 

0.50 

0.50 

0.60 

0.80 

0.80 

0.80 

0.71 

0.53 

0.50 

0.50 

0.50 

0.35 

0.46 

0.76 

1.30 

2.80 

4.51 

5.43 

4.04 

1.93 

1.17 

0.56 

0.36 

C o e f f i c i e n t s  f o r  April t o  October k 

Tcf  = -1.2 (F ig .  2, Wymore 1974) 

R c f  = 0.979 (Table 10, Wymore 1974) 

E = 8 ( e l e v a t i o n  i n  thousands o f  f e e t )  

C o e f f i c i e n t s  f o r  November t o  March 

Tcf = -1.2 (F ig .  2, Wymore 1974) 

R,f = 0.912 (Table IQ, Wymore 1974) 

Water use c o e f f i c i e n t s  f o r  sagebrush (Wymore 1974) ** 

 ET^ = K, ETp 
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2.2.3.2 S o i l  water  h o l d i n g  caraaci t i .  The pr imary  source o f  water  
f o r  p l a n t  growth i s  h e l d  w i t h i n  t h e  volufsrt3 o f  s o i l  invaded by p l a n t  
r o o t s .  T o t a l  water  h o l d i n g  c a p a c i t y  i s  a f u n c t i o n  o f  r o o t  depth and 
t h e  s p e c i f i c  water  h o l d i n g  c a p a c i t y  o f  t h e  m a t e r i a l ,  which i s  l a r g e l y  
dependent on t h e  t e x t u r e  o f  t h e  s o i l  m a t e r i a l s .  
t h e  water  r e t e n t i o n  r e l a t l o n s h i p  used by Wymore (1979) t o  assess t h e  
a v a i l a b l e  water-ho ld ing c a p a c i t y  (AWC) o f  Union r e t o r t e d  shale.  These 
curves were developed f rom the  h i g h e s t  and lowest  recorded neutron 
probe readings f o r  var ious  depths. The water-ho ld ing c a p a c i t y  o f  t h e  
bottom 1.5 rn o f  t h e  p r o f i l e  shown i n  F ig .  2-3 may be obta ined by 
i n t e g r a t i n g  t h e  area between t h e  two curves, which r e s u l t s  i n  
approx imate ly  13 cm. Measurements o f  f i e l d  c a p a c i t y  (water  conten t  a t  
1/3 b a r  s u c t i o n )  and permanent w i l t i n g  p o i n t  (water  conten t  a t  15 b a r  
s u c t i o n )  o f  Cathedral  B l u f f s  t o p s o i l  compacted t o  a d r y  b u l k  d e n s i t y  o f  
1.47 g/cm a t  Colorado S t a t e  U n i v e r s i t y  y i e l d e d  values o f  0.36 and 
0.33 cm /cm . I n  t h e  t o p s o i l ,  t h e  a v a i l a b l e  water  i s  considered t o  
be t h a t  p o r t i o n  o f  t h e  water  h e l d  between t h e  f i e l d  c a p a c i t y  and t h e  
permanent w i l t i n g  p o i n t .  For a t o p s o i l  depth o f  0.5 m, t h e  n e t  
water-ho ld ing c a p a c i t y  o f  t h e  2 m p r o f i l e  would be increased by 
0.59 i n .  t o  a n e t  c a p a c i t y  o f  5.70 i n .  Th is  n e t  c a p a c i t y  i s  g r e a t e r  
than t h e  va lue  o f  4.30 i n .  est imated by Wymore (1974) f o r  a t y p i c a l  
sagebrush s o i l  p r o f i l e  i n  t h e  Piceance bas in,  

2.2.3.3 Evapot ransp i ra t ion .  Evapot ransp i ra t ion  represents  t h e  
consumptive use o f  water  s to red  i n  t h e  s o i l  p r o f i l e  by vegeta t ion  i n  
a d d i t i o n  t o  evapora t ive  losses o f  water  t o  t h e  atmosphere. Wymore (1974) 
developed a bas ic  methodology f o r  e s t i m a t i n g  e v a p o t r a n s p i r a t i o n  r a t e s  
i n  t h e  Piceance bas in  us ing  a m o d i f i e d  Jensen-Haise method. The o r i g i n a l  
Jensen-Haise (1963) equat ion f o r  p o t e n t i a l  e v a p o t r a n s p i r a t i o n  i s  

F igure  2.3 i l l u s t r a t e s  

3 

3 3  

ETp = (0.014T 0-37)Rs , (2 .2)  

ETP = p o t e n t i a l  e v a p o t r a n s p i r a t i o n  ( inches)  

T = mean a i r  temperature (OF), 

Rs = t o t a l  s o l a r  and sky r a d i a t i o n  converted t o  inches of  
e v a p o t r a n s p i r a t i o n  p o t e n t i a l .  
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This original equation estimates potential evapotranspiration for 
the 5006 ft elevation zone. Wymore (1974) modified the equation using 
local data from the Piceance watershed to make estimates for elevation 
zones up to 9000 ft and include variations due to slope aspect and 
vegetative ground cover. The evaluation is made in two  parts: the sum 
of  the monthly potential evapotranspiration during the April to October 
season, ET and the sum of the evapotranspiration estimates for 
months i n  the November to March season, ET 
by the following equations for ET 

PS ' 
The values are given 

PW 
and ET 

Ps PW 

and 

5 

1 = l  

where 

ETps = total potential evapotranspiration for months April to 
October , 

ETpw = total potential evapotranspiration for months November to 
March, 

Tcf = temperature correction ( O F ) ,  

R C f  radiation correctlon factor, 

E = elevation in thousands of feet. 

It is assumed that the vegetative cover of the pile i s  similar to the 
sagebrush and grasses that cover the surrounding local terrain. 
Table 2.3 summarizes the calculations for monthly evapotranspiration 
demands for these conditions. Colu n 4 lists potential 
evapotranspiration, column 5 lists crop coefficients for sagebrush and 

evapotranspiration only if water is readily available. 
la 6 gives the evapotranspiration demand that equals actual 



2.2.3.4 ~ ~ l c u l a ~ i o n  of deep percolation. Percolation o f  water 
through the reclamation zone, illustrated in f i g .  2.2, may eventually 
result Sn drainage from the disposal pile. 
(i.e.# after steady-state conditions prevail), the drainage rate from 
the base o f  the pile wSll be equivalent to the percolation rate through 
the reclamation zone. 

On the lang-term basis, 

Table 2.4 outlines monthly calculations o f  the deep percolation 
rate through the base of the reclamation zone. The calculations are 
based on the disposal p i l e  conditions discussed in the previous 
subsections. 

Long-term annual drainage from the reclamation zone of the 
disposal pile totals 1-08 in./year (2.74 cm/year). This rate i s  in 
general agreement with results obtained in model studies by Wildung et 
al. (1982) and Kunkel and M~rphy (19831, who estimated 8 and 
1.1 cm/year, respectively, and greater than an estimate o f  0.13 cmlyear 
by Wymore (1979). We note that our estimate of 1.08 in./year is 5 % o f  
the annual precipitation, a percentage that most hydrologists believe 
to be reasonable for even drier climates. 

2.2.4 Leachate Production and Composition 

The volume o f  leachate produced from the disposal pile i s  
dependent in part on the exposed surface area of the disposal pile. 
For purposes o f  analysis, the disposal plans o f  Colony involving a land 
coverage o f  800 acres was chosen as a representative pile. A t  an 
average annual drainage o f  2.75 cm/year, a disposal pile covering 
800 acres results in a leachate volume o f  approximately 72 acre-ft/year 

7 (8.9 x 10 Ljyear). 
expected to be practically steady and constant because the huge 
unsaturated pile will act to damp the seasonal nature o f  net 
-1 nf i 1 trat ion. 

Leachate production from the piles would be 

2.2.4.1 Leachate composition. Leachate composltion 
investigations have generally focused on concentration measurements of 
various inorganic constituents of the leachate. Only quite recently 
have data on the organic constituents o f  the leachate (Fox et al. 1984) 
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Table 2.4. Calculation (in inches) of deep percolation 
from water balance" 

Jan. 

Feb. 

Mar. 

Apr. 

June 

July 

Aug . 
Sept. 

Oct . 
Mov. 

Dec. 

Annual 

1.53 

1.53 

1.67 

2.03 

1.55 

1.65 

1.57 

2.18 

1.77 

1.57 

1.44 

1.98 

20.47 

0 

0 

0 

0.06 

0.05 

0.05 

0.02 

0.02 

0.01 

0.01 

0 

0 

0.22 

6.35 

0.46 

0.76 

1.3 

2.8 

4.51 

3.04 

2.16 

1.76 

1 .ll 

0.56 

0.36 

19.17 

4.13 

5.2 

5.7 

5.7 

4.4 

1.49 

0 

0 

0 

0.45 

1.33 

2.95 

1.78 0 

1.07 0 

0.5 0.41 

0 0.67 

-1.3 0 

-2.91 0 

-1.49 0 

0 0 

0 0 

0.45 0 

0.88 0 

1.62 0 

0 1.08 
(2.74 cm) 

"See Eq. (2.1) for definitions. 

hnitial- 

dDetermination from water balance equation, D = P - R - ET - S; deep 
percolation occurs when the soil water-holding capacity of 5.7 in. i s  
exceeded. 



become available. Several investigations (Metcalf and E 
Garland et al. 1979; Cleave et a l .  1 79; Jackson and Jackson 1982) have 
demonstrated that ~ ~ ~ e r - ~ o l M ~ ~ e  organics are present in the leachate of  
retorted shales. Total organic carbon concentrations have ranged from 

about 1 to 650 mg/h, These organics probably originate from sorbed 
pyrolysis and recycle gas and unvolatilized kerogen decomposition 
products. ?he low concentrations of organic. carbon in the leachate has 
made quantitative extraction and identification of organic compounds in 
this matrix extremely difficult. 
focused on characterization of polycyclic aromatic compounds in benzene 

Consequently, most studies have 

extracts o f  the retorted shales (Fox 1983). 
This report uses only leachate composition data obtained under 

conditions closely related to those anticipated in the field. Stud 
involving field lysimeters perhaps most closely approximate the 
environmental conditions associated with a commercial disposal pile 
Leachate composition data from these studies are used wherever poss 
to set probable ranges in concentrations. In addition to field 
lysimeter studies, Nazareth (1984) conducted reproducible leaching 
experiments capable of assessing ion concentrations o f  solutions 

e.5 

bl e 

associated with the high solid-to-liquid ratios expected in the field. 
Whenever necessary, Nazareth's data are used to extend the probable 
ranges in concentration determined from field lysimeter studies. 

the leachate requires different procedures. 
information concerning the concentrations of organics in the leachate 
of retorted shale, the probable ranges in concentration were determined 
from whatever data were available. Data from benzene extracts o f  
organics are used, assuming that the water soluble concentration is 
100 times less than that soluble In benzene (Fox 1983). 

Setting probable concentration ranges for organic constituents of 
Because of the paucity o f  

Table 2.5 summarizes the probable ranges in concentrations of 
For many of  the inorganic species in leachate of retorted shales. 

constituents listed in Table 2.5, the probable ranges span two  orders 
o f  magnitude. 
results and encompasses the wide range of leachate data currently 
available. 

This span I s  a reflection o f  the variability in test 
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Table 2 . 5 .  Probable ranges of  inorganic 
concentrations i n  disposal pile leachate 

Range in concentration RAC 
Pa ramet e r (mg/L) No. 

Ag 
A1 
As 
8 
Ba 
Be 
Br 
Ca 
Cd 
c1 
Cr 
CU 
EC( vmho/cm)a 
F 
Fe 
Hg 
K 
L i  
Hg 
Mn 
MO 
Na 
N i  
Pb 
Rb 
Se 
Si 
$04 
Sn 
Sr 
TDSb 
V 
Zn 

0.008-0,Ol 
0.09-50 
0.02-1 .o 
0.02-20 
0.01 -1 .o 
0.01-1 .o 
0.1 -0-7 
1-60 
0.003-0.006 
10-2,000 
0.003-0.02 
0.06-0.3 
1 , 000-50, 000 
5-20 
0.01 -8 
3 x 10-~-0.0005 
10-1,000 
0.007-1.1 
0.1 -300 
0.01-0.5 
1-76 
1 ,000-1 8,000 
0.01-0.6 
0,003-0.004 
0.01-0.03 
0.02-2 
4 -20 
2,000-34,000 
0.003-0.005 
1-1 5 
5,000-57,000 
0.2-3 
0.01-4.8 

36 

31 
36 
36 
36 

34 

36 
36 

36 

32 

33 
35 

36 

38 
36 
36 

"Electrical conductivity 

bTotal dissolved sol ids. 
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Table 2.6 sumnarizes es t imated  ranges i n  concen t ra t i ons  o f  o rgan ic  
species I n  leachate  o f  r e t o r t e d  shales.  Fox e t  a l .  (1984) have 
t e n t a t i v e l y  i d e n t i f j e d  seve ra l  o rgan ic  c o m ~ ~ ~ n ~ s  i n  t h e  leachate  o f  
Paraho r e t o r t e d  shale, i n c l u d i n g  hydrocarbons ( < C 1 2 ) ,  ketones, 
a l i p h a t i c  n i t r o g e n  h e t e r o c y c l i c s ,  and oxygenated n i t r o g e n  
h e t e r o c y c l i c s .  l d n t f l  f u r t h e r  work on t h e  cancen t ra t i ons  o f  o rgan ic  
compounds i n  leachate! I s  conducted, Table 2.6 w i l l  n e c e s s a r i l y  remain 

incomplete.  

terms o f  annual p roduc t i on  and r i s k  a n a l y s i s  ca tegor ies  ( R A C ) .  
Table 2.7 was generated from Tables 2.5 and 2.6 us ing  a long-term 
annual leachate  p roduc t i on  r a t e  o f  8.9 x 10 L/year. 

2.2.4.2 C o n t r i b u t i o n  o f  m o i s t u r i z i n s  water t o  leachate  
p roduc t i on .  
s e c t i o n  have g e n e r a l l y  been performed by l each ing  spent sha le  w i t h  
d i s t i l l e d  water.  However, t h e  spent sha le  d i sposa l  p l a n  descr ibed by 
TRW (1985) s p e c i f i e s  t h a t  t r e a t e d  process wastewaters w i l l  be used t o  
m o i s t u r i z e  t h e  sha le  p r i o r  t o  d i s p o s a l .  

o rgan ic  and ino rgan ic  c o n s t i t u e n t s  t h a t  cou ld  c o n t r i b u t e  t o  leachate  
f rom t h e  p i l e .  TRW (1985) developed es t imates  o f  codisposed wastewater 
composi t ions f o r  t h e  TOSCO-I1 and Paraho processes. C o n t r i b u t i o n s  o f  
t h i s  wastewater t o  leachate  were es t imated  and added t o  t h e  raw sha le  
leachate  es t imates  (descr ibed i n  t h e  prev ious  sec t i on )  t o  o b t a i n  
es t imates  o f  t h e  t o t a l  r a t e  o f  r e l e a s e  o f  each RAC i n  leachate.  

o f  t h e  organ ic  c o n s t i t u e n t s  o f  t h e  wastewater t o  leachate,  based on t h e  
t o t a l  mass o f  each R A C  presen t  i n  t h e  p i l e ,  the p a r t i t i o n i n g  o f  t h e  
RACs between sha le  p a r t i c l e s  and pore  water,  and t h e  annual volume o f  
leachate  generated. 
15% water  con ten t  w i t h  process water  (TRW 1985). 
assumed u n i f o r m l y  d i s t r i b u t e d  i n  t h e  mo is tu re  occupying t h e  pore spaces 
i n  t h e  spent shale.  Under these assumptions, t h e  annual mass o f  a 

g iven  contaminant leached f rom t h e  p' i le i s  g iven  by 

Table 2.7 t a b u l a t e s  and expresses t h e  leachate  composi t ion da ta  i n  

7 

The leachate  composi t ion s t u d i e s  reviewed i n  t h e  prev ious  

These wastewaters c o n t a i n  

A s lmp le  mass balance model was used t o  es t ima te  t h e  c o n t r i b u t i o n  

The spent sha le  i s  assumed t o  be m o i s t u r i z e d  t o  

The contaminants a r e  
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Table 2.6. Estimated ranges of  organic concentrations 
i n  disposal p i l e  leachate 

Range i n  concentration RAC 
Species observed ( V ¶ / L )  No. 

Benzene soluble BaPa 

CarbazolesC 

Benzene soluble acidsa 

Phenol sd 

Benzene extracted Sa 

~ __ 

0.2-0.4b 

1 ,000-20,000 

2-7b 

500-30,000 

-1 b 

15 

19 

20 

21 

23 

koncent ra t ion  taken as  7 %  of  reported value based on s o l u b i l i t y  

aSee Fox (1983) p .  4-39. 

CSee Fox e t  a1 . (1984). 

dSee Metcalf and Eddy (1975).  

i n  water as compared w i t h  benzene. 
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leachate production (kg/yr) = equilibrium pore concentration (kg/L) 
* drainage (L/year). (2.5) 

To estimate the equilibrium concentration, a form of the 
Freundlich isotherm equation is used: 

where the adsorbed concentration, C,, is a linear function o f  the 
dissolved concentration, C, related by the distribution coefficient, 
Kd (L /#, mass o f  solute on the solid phase per unit mass o f  solid 
phaselconcentration of solute in solution). The units of Kd are 
universally reported in mL/g. Lyman et al. (1982) have compiled 
techniques for estimating Kds based, for organic chemicals, on the 
octano1:water partitioning coefficient (Kow) or the solubility (S) of 
the chemical. 
organic carbon adsorption coefficient, KO,, from which the 
distribution Coefficient may be calculated: 

3 

Regression equations have been developed to estimate the 

log KO, = -0.5510gS +- 3.64 (mg/L) 

(Kenega and Garing 1980), 

log KO, = 1 .QOlOgKow - 0.21 

(Karickhoff et al. 1979), 

Kd = Koc * ( X  organic carbon/lOQ). 

It has been estimated that the spent shale will have an organic carbon 
content on the order o f  1% (Amy et al. 1980). 

Vs (M ) ,  the moisture content, 8 and the total mass o f  
contaminant, c (kg), are known, Eq. (2-6) may be written as: 

Assuming the mass of the shale, HS ( k g ) ,  the volume of the pile, 
3 

t 

(2.9) 
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It then  f o l l o w s  t h a t  

C = (8 Vs/ (8  Vs + HsKd)) * C t l  (2.10) 

o r  t h a t  t h e  Contaminant mass i n  t h e  pore  f l u i d  a t  e q u i l i b r i u m  i s  equal 
t o  a cons tan t  t imes t h e  t o t a l  Contaminant mass i n t roduced  i n t o  t h e  
p i l e .  The pore water  concen t ra t i on  a t  e q u i l i b r i u m ,  C (kg/L),  may 
be c a l c u l a t e d  knowing t h e  sha le  dens i t y ,  p (kg/L), and thus t h e  
volume o f  mo is tu re  w i t h i n  t h e  pores, Vm (L ) .  

eq 

Ceq = c / Vm 

(2.11) 

(2.12) 

Leachate p roduc t i on  f rom t h e  moisturizing water,  M, can be c a l c u l a t e d  

us ing  t h e  r e w r i t t e n  mass balance equat ion  

M = C e q * q  , (2.13) 

where q i s  t h e  drainage r a t e  (L /year) .  

The re fe rence d i sposa l  p i l e  covers approx imate ly  800 acres and i s  
152 m deep. The TRW (1985) r e p o r t  assumes a p roduc t i on  r a t e  o f  spent 
sha le  to be 2.345 x 10 kg/h. 
parameters. 

t h e  t o t a l  mass (c,) i n t roduced  i n t o  t h e  p i l e  i s  computed f o r  each 
contaminant, as shown i n  Tables 2.9 and 2.10. 

es t imated  adsopt ion  c o e f f i c i e n t s ,  and c a l c u l a t e d  c o n t r i b u t i o n  of t h e  
m o i s t u r i z i n g  water  t o  l eacha te  p roduc t i on  f o r  t h e  TOSCO-I1 and Paraho 
processes. 

6 Table 2.8 sumnarizes t h e  r e l e v a n t  

Knowing t h e  a c t i v e  l i f e  o f  t h e  p i l e  and t h e  mass genera t i on  r a t e s ,  

Tables 2.9 and 2.10 d-fsplay ( f o r  each contaminant) t h e  t o t a l  mass, 

2.2.5 Transpor t  C a l c u l a t i o n s  

The m i g r a t i o n  o f  leachate  vla  t h e  groundwater pathway cou ld  r e s u l t  
i n  environmental  exposures a t  t h e  re fe rence creek and w e l l .  Because t h e  
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Table 2.8. Reference disposal p i l e  

Va 1 ue 

VS Volume o f  shale p i l e  (m3) 4.92E8 

HS Mass o f  p i l e  (kg) 7 .WE1 1 

8 Moisture, content (%) 15 

P Shale bulk densi ty  (kg/L) 1 .62 

vm Volume of  moisture water ( L )  7.38E10 

9 Drainage r a t e  (L /y r )  8.9E7 

t Act ive  l i f e  of  p i l e  ( h )  3.4E5 
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l a b l e  2.9. C a l c u l a t i o n  of  c o n t r i b u t i o n  of m o i s t u r f z i n g  water  
t o  leachate produc t ion ,  TOSCO-11 process 

Mass T o t a l  Leachate 
RAUa Reference genera t ion  mass KO, Kd product  1 on 

No. chemical r a t e b  (kg/h) (kg )  (ml/g 1 (m3/kg) (kg/year) 

11 P y r i d i n e  71 2.4E7 67 2c 6.7 E-3 39 5 

12 Benzene 43 1.5E7 31 .qd 3.14 E-4 4,019 

13 Cyclohexane 120 4.OE7 61 66 6.17 E-2 72 

18 Q u i n o l i n e  4.4 1.5E6 225e 2.25 E-3 74 

19 O i  benzof uran 1.5 5.1E5 8128f.9 8.13 E-2 0.7 

20 Butanoic a c i d  190 6.4E7 10.66c 1.07 E-4 36,000 

21 Phenol 48 1.4E7 3.1E6h 31 0.04 

aRisk Analys is  category 

bTRW (1985) 

CKenaga and Goring (1980) 

dChiou e t  a l .  (1977) 

eNeely and MacKay (1982) 

fLeo e t  a l .  (1971) 

gKar ickhof f  e t  a l .  (1979) 

hIsaacson and F r i n k  (1984) 



28 

L
 

0
,
 

4
J
 

5! W
J 

C
 

N
 

.r- 

8
1
 

m
 

I-
-
 

N
 

1 
w

 
I- 7
 

9
 

9
 

9
 

9
 

r
-
 L 

r- 
W
 

43 
9
 

r- 

9
 

cu 
N

 

a, 
c
 

m
 

X
 

a, 
c
 

0
 

u
 

>
, 

V
 

r-- 

m
 

I-- 

r
-
 

ba9 
cn 

c
3
 

I 
W

 

N
 
0
 

m
 

u
 N 
0
 

m
 

F
I 

W
 

co 
9
 

N
 

m
 

F
I 

d
)
 

c
 

a, 
3
 

0
 

I- 

c
 

* I-- 

0
 

9
 

M
 

N
 

1 
W

 

-3. 
r- 

F
 

u
 Q
 
0
 

P
I
 

T
 

9
 

W
 

43 
8
 

Q
 

N
 

F
 

a, 
c
 

d
)
 

u
 

m
 

L
 
c
 

+
J 
c
 

4
 

0
 

r
-
 

0
 

r
-
 

0
 

N
 

crp 
I 

U
J 

In
 

N
 

N
 

V
I
 

N
 

N
 

f-- W
 

u
)
 

m
 

Q
 

O
D

 
cu 
c
 

a.J c 

o
 

c
 

a
 
0
 

'
C
 

P
-
 

.r- 

co 
r
-
 

d
 I 

w
 
0
 

-3- 

r- 
m

 

a
 

W
 

9
 

m
 

I-- cn 
W

 

N
 
c
 

F
 

m
 

m
 
0
 

I-- 0
 

c
 

6
,
 

.c
 
a
 

F
 

cv 



modeling approach i s  of a regional sca le ,  i t  I s  assumed appropriate t o  

model the fractured aqui fe r  as an equivalent parous medium (Freeze and 
Cherry 1979).  The regional flow system i s  assumed t o  be i n  steady s t a t e ,  

The disposal p j le  i s  assumed t o  be a constant i n f i n i t e  source of 

chemical re lease.  A t  the  rechange r a t e  of 0.027 m/year and a mean water 
3 content of 0.20 cm /cm3 i t  would take a water molecule over 

1500 years t o  t rave l  from top Lo bottom of the  reference p i l e .  As long 

as  t rave l  time t o  the discharge point i s  l ess  than th i s  estimate,  the 

i n f i n i t e  source assumption i s  valid.  The constant source assumption was 

checked t o  ensure t h a t  there  i s  enough available mass of contaminant i n  

the  p i l e  t o  supp ly  a constant leaching r a t e  over 1500 years. 

2.2.5.1 Method. The peak concentration of chemical i n  the  creek 

can be estimated based an a simple mass balance. Assuming no loss of 

mass by chemical reaction, f ixa t ion ,  o r  aquifer  leakage, the r a t e  of 

contaminant mass leaving the p i le  should equal the r a t e  of PATS 

entering the creek. 
(annual mean flow) gives the  expected peak Concentration i n  the stream 

reach, assuming instantaneous mix ing  i n  the reach impacted. The 

average annual flow r a t e  o f  14,503 acre-f t  measured over a 17-year 

period on Piceance Creek was used (USGS Streamgage No. 93062).  
conservation of mass assumption i s  conservative i n  the sense t h a t  the  

mass f l u x  actual ly  reaching the stream could be lower than predicted 
because of chemical reaction o r  aquifer  storage. 

Dispersion of solute  d u r i n g  plume migration can a f f e c t  the 

Division by the r a t e  of flow expected i n  the  creek 

The 

concentration observed a t  the well o f  the  reference s i t e .  

groundwater t ransport  model, AT123D (Yeh 19811, was used t o  simulate 

The analyt ic  

t ransport  by advection-dispersion. The model achieves a closed-form 

solution t o  the governing advection-dispersion equation us ing  Green's 

functions.  The reference s i t e  was modeled i n  three dimensions w i t h  the  

steady-state source term. 
2.9 ,  and 2.11 f o r  each RAC converted in to  units of kilograms per hour 
f o r  Input in to  AT123D. Other i n p u t  parameters character ize  shale  p i l e  

and aquifer  geometries. Aquifer parameters include e f fec t ive  porosity 
(ne), b u l k  d e n s i t y  ( p ' s ) ,  hydraulic conductivity ( K ) ,  hydraulic 

The source terms reported i n  Tables 2.7,  



g r a d i e n t  (i), and d i s p e r s i v i t y  (a). Robson e t .  a l .  (1981) repo r ted  
va lues f o r  e f f e c t i v e  p o r o s i t y  (8.02) and h y d r a u l i c  c o n d u c t i v i t y  
( -  0.5 f t / d )  f o r  t h e  upper a q u i f e r  o f  t h e  Piceance bas in.  
h y d r a u l i c  g r a d f e n t  was est imated based on t h e  p o t e n t i o m e t r i c  sur face  
maps o f  t h e  Robson study.  

va r ious  m a t e r i a l s  and g e ~ l o g i c  media. A conserva t ive  es t imate  
( a l l o w i n g  minimal spreading sF t h e  plume) f o r  f r a c t u r e d  sandstone can 
be de r i ved  f rom t h e  r e p o r t  (a  = 18 m ) .  Dispers ion  i s  a f u n c t i o n  o f  
h y d r a u l i c  c o n d u c t i v i t y ;  t h e  g r e a t e r  t h e  h y d r a u l i c  c o n d u c t i v i t y ,  t h e  
g r e a t e r  t h e  d i s p e r s i v i t y .  The r a t i o  o f  h y d r a u l i c  c o n d u c t i v i t i e s  

( K x x =  K 
t h e  r a t i o  o f  d i s p e r s i v i t i e s  (axx = a 
t h e  i n p u t  da ta  used t o  run  AT123D. 

The 

Mercer e t  a l .  (1982) Rave repo r ted  values f o r  d i s p e r s i v i t y  f o r  

= 2Kzz) repo r ted  i n  T a y l o r  (1982) was used t o  es t imate  
YY 

= 2aZ,). Table 2.11 summarizes 
YY 

2.2.5.2 Resu l ts .  Tables 2.12 and 2.13 p resent ,  r e s p e c t i v e l y ,  
r e s u l t s  o f  t h e  groundwater exposure assessment f o r  t h e  TOSCO-I1 and 
Paraho processes. For  t h e  TOSCQ-I1 process, t h e  c o n t r i b u t i o n s  o f  
r a i n w a t e r  and m o i s t u r i z i n g  water  t o  t h e  t o t a l  leachate  a re  tabu la ted  
separa te ly ,  a long w i t h  t h e  est imated maximum concent ra t ions  d e l i v e r e d  
t o  t h e  re fe rence w e l l  and creek. Estimates o f  ra inwa te r  c o n t r i b u t i o n s  
to l eachate  cou ld  n o t  be developed f o r  t h e  Paraho process because shale 
l each ing  da ta  a re  l a c k i n g .  We no te  t h a t ,  a l though t h e  d u r a t i o n  o f  t h e  
maximum exposures i s  unknown, changes i n  t h e  r a t e  o f  d e l i v e r y  should 
occur on r e l a t i v e l y  l ong  t i m e  scales (years ) .  Hence, t h e  va lues i n  
Tables 2.12 and 2.13 should be t r e a t e d  as chron ic  exposures f o r  t h e  
purposes o f  e c o l o g i c a l  r i s k  assessment. The r e s u l t s  f o r  o rgan ic  
contaminants a r e  l i k e l y  t o  be h i g h l y  conserva t ive ,  because they  assume 
no degradat ion.  Given t h e  hundreds o f  years requ i red  f o r  
(1) s a t u r a t i o n  o f  t h e  sha le  p i l e  w i t h  ra inwa te r  so t h a t  l each ing  can 
begin,  and ( 2 )  subsurface t r a v e l  t o  t h e  re fe rence w e l l  and creek, 
s u b s t a n t i a l  t rans fo rma t ion  and degradat ion o f  organic  chemicals by 
microorganisms would be expected. 
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Table 2.11. AT1230 input data 
~~ 

Aquifer depth = 0.0 for infinite depth (m) ........ 
Aquifer width = 0.0 for infinite width (m) ........ 
Beginning point of X-source location (m) ........... 
End point o f  X-source location (m) ................. 
Beginning point of  Y-source location (m) ........... 
End point o f  Y-source location (m) ................. 
Beginning point of Z-source location (m) ........... 
End point of 2-source location (m) ................. 
Porosity ........................................... 
Hydraulic conductivity (m/h) ....................... 
Hydraulic gradient ................................. 
Longitudinal dispersivity (m) ...................... 
Lateral dispersivity (m) ........................... 
Vertical dispersivity (m) .......................... 
Distribution coefficient. Kd (m3/kg) ............. 
Bulk density of the soil (kg/m3) ................. 
Accuracy tolerance for reaching steady state ....... 
Density of water (kg/m3) ......................... 
Time interval for the desired solution (h) ......... 
Discharge time (h) ................................. 
Waste release rate (kg/h) .......................... 

215 

0 

0 

0 

0 

7000 

0 

152 

0.02 

0.00254 

0.017 

10 

10 

5 

0 

1470 

0.001 

1000 

8766 

3.829 x E7 

RAC specific 
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T a b l e  2 . 1 2 .  L e a c h a t e  p r o d u c t i o n / m i g r a t i o n  summary f o r  TOSCO-I1  p r o c e s s  

L e a c h a t e  Peak we1 1 Peak c r e e k  
p r o d u c t i o n  c o n c e n t r a t i o n  c o n c e n t r a t i o n  

R A C a  R e f e r e n c e  ( k q / y e a r )  -- 
No. c hemi ca 1 R a i n  H o i  s t u r e  T o t a l  (mg/L)  (MS/L) 

11 

1 2  

1 3  

1 5  

1 8  

1 9  

20 

21 

31 

32 

33 

34 

35 

P y r i d i n e  

Benzene 

C y c l o h e x a n e  

A n t h r a c e n e  

Q u i  no1 i ne 

D i  b e n z o f  u r a n  

B u t a n o i c  a c i d  

Pheno l  

A r s e n i c  

He r c  u r y  

N i c k e l  

Cadmi um 

Lead 

NDb 

ND 

ND 

0 .036  

ND 

1 7 8 1  

0 . 6 2  

2670  

09 

4.5E-2 

53 

0 . 5 3  

0 . 3 6  

395 

401 9 

72 

0 

74 

0.7 

3.6E4 

0 .04  

ND 

ND 

ND 

ND 

ND 

39 5 

401 9 

72 

0 . 0 3 6  

74 

1782  

3.6E4 

2670  

89 

4.5E-2 

53 

0 . 5 3  

0 . 3 6  

38 D i s s o l v e d  S o l i d s  51E5 ND 51 E5 

0 . 3 6  

3 .63  

0 . 0 6 8  

3 .26E-5  

0 . 0 6 5  

1 . 6  

3 3 . 1  

2 .42  

0.00 

4.1E-5 

0.05 

4.8E-4 

3.3E-4 

4 .6E3  

22 

225 

4 .1  

2.02E-3 

4 .03  

9 9 . 8  

2.1E3 

1 5 0  

5.0 

2.5E-3 

3 . 0  

0 . 0 3  

0 . 0 2  

2.9E5 

a R i s k  a n a l y s i s  c a t e g o r y .  



Table 2.13. Leachate p roduc t i on /m ig ra t i on  summary f o r  Paraho process 

Leachate p roduc t i on  Peak we1 1 Peak Creek 
RAUa Reference f rom m o i s t u r i z i n g  water  concen t ra t i on  concen t ra t i on  
No. chemi ca 1 (kg/year)  (mg/L) (wg/L) 
- 
13 Cyclohexane 139 0.13 7.8 

14  To1 uene 961 0.87 54 

75 Anthracene 26.0 0.023 1.5 

18  Q u i n o l i n e  2070 1.86 115 

19 D i  benzofuran 50.4 0.045 2.8 

21 Phenol 4.0 E-4 3.6 E-7 2.2 E-5 

W 
W 

aRisk a n a l y s i s  category.  



As previously discussed, estlrnation of time to pile stabilization 
and generation of leachate is a matter o f  controversy. 
estimates for time of travel from disposal pile to discharge area after 
stabilization. The resulting time of arrival of the peak concentration 
of the plume at the well and creek are 510 and 860 years respectively, 
assuming no retardation. 

ATl23D gives 

2.3 ATMOSPHERIC DISPERSIQN AND DEPOSITION 

The short-range atmospheric dispersion code AIRDOS-EPA (Moore 
et al. 1979) was used in the environmental risk analysis to calculate 
ground-level atmospheric concentrations and deposition. This code i s  

sumarized by Travis et al. (1983). who also described the method for 
calculating accumulation i n  soil. Soil concentrations were calculated 
for a 35-year accumulation period using site-specific values for soil 
bulk density, precipitation, evapotranspiration, and irrigation and 
taking into account removal by leaching, biological degradation and 
chemical degradation. This calculation is performed using the food 
chain code TERREX. 

Because most phytotoxicity studies are done in solution culture, 
we have added a calculated concentration in sail solution that is not 
described in previous documents. For calculating the soil solution 
concentration, the total accumulation in the soil compartment is first 
calculated by summing the depositing material over the lifetime of the 
facility and correcting for leachlng, degradation, and other removal 
processes. The retalned material is then partitioned between the solid 
and solution phases o f  the soil compartment assuming the relationship 

(2.14) 
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where 

= the concentration o f  compound 4 in root zone soil 

= the concentration of  cornpound 3 in root zone soil 

= the distribution coefficient (L/kg). 

‘i ss 

‘is 

Kd 

solution (wg/L)* 

i W W D  and 

Because Kd is in the denominator o f  Eq. ( 2 . 1 4 ) ,  the soil solution 
concentration Ciss coul 

values o f  Kd. To bound the maximum value o f  Ciss, it is assumed that 
the upper bound concentration i s  represented by the total deposited and 
retained material divided by the quantity of  water in the root zone 
defined by d or 

take on extremely high values with small 

52’ Oi[l - exp(-hsi max - 
‘iss - 10 p 8 d )si 

where 

( 2  . I  5) 

Di = the ground level deposit!on rate of  compound i 
-2 -1 ( w m  1 s  1, 

= the sum o f  all soil removal rate constants ( L A ) ,  ’s i 
tb = the period of  long-term buildup in soil, equal to the length 

10 = a conversion factor from g/cm to kg/m [(lO,OOO cm /1 m ) 

of  time that the source term is in operation(s), 
2 2 2 2  

(1 kg/100Q 911. 
3 

p = soil bulk density (g/cm ), 

8 = volumetric water content (cm /cm ), 

d = the depth of the root zone (cm), and 
r = soil volumetric water content (mL/cm ). 

3 3  

3 

If Ciss calculated via Eq. (2.14) exceeds Cmax calculated via 
Eq. (2.15), then Ciss I s  set equal to Cmax. 
Eq. (2.15) i s  very important in providing a reasonable estimate o f  

. p a x  
conditions, 8 in Eq. (2.15) represents total soil porosity. 

The value of  9 used in 

Since measured values of  Kd are usually under saturated 
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These calculations generate sector-average ground-level 

concentrations in a i r ,  s o i l ,  and so i l  solution i n  16 directions a t  

500 rn intervals fro 1,500 t o  50,0 from the source. The highest 

annual average concentratdons i n  a i r  and the highest s o i l  and s o i l  

solution concentratlans af ter  35 years o f  deposition are presented i n  

Table 2.14 and 2.15. 



, 

Table 2.14. Maximum ambient atmospheric and soil concentrations for the Paraho Process 

RACa 
No. RAC name 

Concentration in Concentration in Annual average 
concentration in air soi 1 soil solution 

(trg/m3) ( W k g )  ( W L )  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17  
10 
19 
20 
21 
22 
23 
24 
25 
24 
27 
20 
29 
30 
31 
32 
33 
34 
35 
36 

Carbon monoxide 
Sulfur oxides 
Nitrogen oxides 
Acid gases 
Alkaline gases 
Hydrocarbon gases 
Forma 1 dehyde 
Vol ati 1 e organochlorines 
Volatile carboxylic acids 
Volatile O&S heterocyclics 
Volatile N-heterocyclics 
Benzene 
Aliphatic/alicyclic hydrocarbons 
Hono/di arontati c hydrocarbons 
Polycyclic aromatic hydrocarbons 
Aliphatic amines 
Aromatic amines 
Alkaline nitrogen heterocyclics 
Neutral N, 0, S heterocyclics 
Carboxylic aclds 
Phenols 
Aldehydes and ketones 
Nonheterocyclic organosulfur 
Alcoho 1s 
Ni troaromatics 
Esters 
Amides 
Ni tri les 
Tars 
Respirab e particles 
Arsenic 
Mercury 
Nickel 
Cadmi urn 
Lead 
Other trace elements 

22.4 

80.2 
2.04 

1.46 E-02 
0.329 
0.826 

0.719 

4.34 
1.92 
1 .Ol E-02 

No accumulation in soil 
No accumulation in soil 
No accumulation in soil 
No accumulation in soil 
No accumulation i n  soil 

0.330 0.342 
No emissions 
No emissions 
No emissions 
No emissions 

No emissions 
3.49 

113 
1 .ll 
0.887 

No emissions 

7.21 

8.09 
0.223 
1.36 E-02 

No emfssions 
1.05 9.40 
2.47 9.36 E-02 
1.03 12.0 
0.32 51.4 

1.98 E-02 2.35 E-02 
No emissions 

0.738 197 
No emissions 
No emissions 
No emissions 
No emissions 

3.65 
2.46 E-02 

13.4 
75.6 

1.41 E-02 
394 

No emissions 
118 No accurnulat on in soil 
2.08 E-02 507 2.54 
1 .oe E-03 1.51 E-02 7.51 E-83 
1.73 E-02 386 2.57 
3.25 E-03 7.04 1 .08 
1.10 E-02 87.3 9.7 E-02 
0.384 No accumulation soil 

aRisk analysis category. 



RACa 
No. RAC name 

Table 2 . 1 5 .  Naximum ambient atmospheric and soil concentrations for TOSCO I 1  

Annual average Concentration Concentration 
concentration in air in soil in s o i l  solution 

( W m 3 )  (vg/kg 1 ( W L )  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
1 3  
.I 4 
15 
1 5  
17 
1 8  
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

Carbon monox-ide 
Sulfur oxides 
Nitrogen ox'ides 
Acid gases 
Alkaline gases 
Hydrocarbon gases 
Forma 'I de h yd e 
Volatile Organochlorines 
Volatile carboxy1;c acids 
Volatile O&S heterocyclics 
Volatile N heterocyclics 
Benzene 
A 1 i phat i c/a 1 i cyc 1 i c hydrocarbons 
Mono/diaromatic hydrocarbons 
Polycyclic aromatic hydrocarbons 
Aliphatic amines 
Aromatic amines 
Alkaline N heterocyclics 
Neutral N, 0. S heterocyclics 
Carboxylic acids 
Phenols 
Aldehydes and ketones 
Nonheterocyclic organosulfur 
Alcohols 
Nit roaromati t s 
Esters 
Amides 
Nitriles 
Jars 
Respi rabl e particles 
Arsenic 
Herc ury 
Nickel 
Cadmi urn 
Lead 
Other trace elements 

5 . 9 8  E 4 1  
8 . 3 7  
6 0 . 5  
5 . 7 3  E-Ob 
1 . 3 5  E - 0 2  
8 . 6 0  E-01 

4 . 7 7  E - O i  

1. b4 
2.39 
1 .B9 € 4 3  

1.10 
1 . 5 0  
1 . 0 3  
3 . 2 0  E-01 

3 8 . 6  
1 .87  E-04 
3 .29  €-Ob 
2 .94  E-04 
4 . 4 9  E-06 
3 .64  E-04 
6.70 E-02 

No accumulazion in s o i l  
11 

I1 

,I 

I, 

3 . 4 3  E-0'1 3 . 5 5  E-01 
No emjssions II 

I, 

I1 

2 . 3 2  4 . 7 8  

121 8.64 
1 .38  2 . 7 7  E-01 
.I . b b  E-01 2.55 E-03 

No emissions 

No emissions 
,I 

9 . 9 7  3 . 8 3  
5 . 6 8  E-02 1.50 E-02 
1 6 . 1  1 3 . 4  
51 . 4  7 5 . 6  

No emissions 
I1 

11 

,I 

No emissions 
11 

I, 

I1 

No accumulation in soi l  
13.0 5 .49  E-02 
2 . 2 8  E-04 2 .28  E-05 
20.4 1.36 E-03 
7 . 9 6  E-02 1 . 2 2  E-02 
8 .53  3 . 4 8  E-03 
No accumulation tn soil 
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3.  AQUATIC END POINTS 

3.1 QUOTIENT METHOD 

The q u o t i e n t  method Ss t h e  d i r e c t  a r i t h m e t i c  comparison o f  a 

benchmark concen t ra t i on  (BC) f r om a t o x i c i t y  t e s t  t o  an expected 
environmental  concen t ra t i on  (EEC). It i s  c a l c u l a t e d  as t h e  r a t i o  
EEC/BC. 

a good model f o r  t h e  assessment end p o i n t  ( i n  t h i s  case t h e  end p o i n t s  
a r e  maintenance o f  f i s h  popu la t i ons  and a l g a l  communities i n  t h e  
streams and r i v e r s  o f  West Cen t ra l  Colorado). Since t h e  t e s t  da ta  a re  
n o t  g e n e r a l l y  de r i ved  from t e s t s  o f  t h e  species o r  waters found i n  t h e  
assessment reg ion,  t h e  assumption i s  v i o l a t e d  b u t  t h e  method can s t i l l  
be used as a screening t o o l .  

The method amounts t o  an assumption t h a t  t h e  t e s t  benchmark i s  

Because t h i s  r e p o r t  compares p o t e n t i a l  t o x i c  d i f f e r e n c e s  among 
groups o f  chemicals (RACs) ,  benchmarks common t o  as many o f  t h e  RACs as 
p o s s i b l e  were p re fe r red .  The LCsO and TLm (which a r e  e q u i v a l e n t )  

were se lec ted  t o  represent  acu te  t o x i c i t y  (Table A-1). Chronic e f f e c t s  
a r e  presented as GlulATCs (geometr ic mean maximum a l l o w a b l e  t o x i c a n t  

concent ra t ions ,  which i s  t h e  geometr ic mean o f  t h e  h i g h e s t  no-observed- 
e f f e c t  concen t ra t i on  and t h e  lowest-observed-ef fect  concen t ra t i on )  

(Table 8-2). I n  c o n t r a s t ,  benchmarks used i n  a l g a l  t e s t s  can vary 
between s tud ies ;  t he re fo re ,  a v a r i e t y  of t e s t  end p o i n t s  were se lec ted  
f o r  t h i s  r e p o r t  (Table A-3). 

Appendix A does n o t  i n c l u d e  a l l  e x t a n t  da ta  on t h e  responses o f  

f reshwater  organisms t o  t h e  t e s t  chemicals. For example, w i t h  heavy 
metals,  a r e p r e s e n t a t i v e  sample of values i s  adequate f o r  t h i s  purpose. 

As i n  t h e  s e l e c t i o n  of benchmarks, t h e  t e s t  species chosen f o r  
t a b u l a t i o n  were those t h a t  appear most f r e q u e n t l y  i n  t h e  l i t e r a t u r e .  
I n v e r t e b r a t e s  were u s u a l l y  represented by cladocerans w i th  i n s e c t  data 
presented when a v a i l a b l e .  The f i s h  species se lec ted  a r e  those u s u a l l y  
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in toxicity testing, na ely, fathead minnows (PimeDhales promelas), 
bluegills (Lepomis macrochjrus), and rainbow trout (Salmo gairdneri). 
Data for algal assays are sparse; therefore, all species appearing in the 
literature (to our knowledge) were included i n  Table A - 3 .  

category o f  effect f o r  the two  oil shale technologies. 
value of these quotients the greater the risk of acute effects on 
organisms in the reference stream. Quotients are interpreted according 
to the best judgment of the analyst. (Barnthouse et al. 1982a). A value 
of 0.01 (1.0 x 10 ) or less indicates little apparent environmental 
significance; 0.01 to 10 (1.0 x 10 ) suggests possible or potential 
adwerse effects; greater than 10 describes possible or potential adverse 
effects; and greater than 100 describes a chemical o f  probable 
environmental concern. The utility of  these screening criteria must be 
confirmed by further experience i n  risk analysis and by field studies. 

The most serious ichthyotoxins in the TOSCO-I1 leachate appear to be 
benzene ( R A G  12) ,  carboxylic acids ( R A C  281, phenolics ( R A C  211, cadmium 
( R A C  3 4 ) ,  and total dissolved solids, all of which have quotients between 
0.01 and 0.1. The more limited data on Paraho leachates give quotients 
in the same range for mono/diaromatic hydrocarbons ( R A C  14) and alkaline 
N heterocyclics (RAC 18). Only nickel ( R A C  33) in the TOSCO-I1 leachate 
produces a quotient >0.01 f o r  algae. 
indicate that toxic effects will occur, but they do suggest that given 
the uncertainties i n  the exposure concentrations, these chemical 
categories deserve additional attention. 
quality will be particularly important considerations. 

Tables 3.1 and 3.2 present the highest quotients for each RAC and 
The higher the 

2 
1 

These quotient values do not 

Site hydrology and water 

3 . 2  ANALYSIS OF EXTRAPOCATlON ERROR 

This method of risk analysis is based on the f a c t  that application 
of the results o f  laboratory toxicity tests to field exposures requires 
a series of extrapolations, each o f  which is made with some error 
(Barnthouse et al. 1982a; Suter et al. 1983). The products o f  the 
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Table 3.1.  Ratfos of ambient concentrations ( A C )  t o  predicted M A T O  
and p r o b a b j l i t i e s  o f  exceeding the  MATC (risks) 

Predicted 
RACa RAC NATC 

Techno 1 ogy No. name 4 lGW-1 AC:HATC Risk 

TOSCO-I I 12 Benzene 303 0.74 0.44 
20 Carboxylic acids 2,7 E 06 7 .7  E-4 0.004 
21 Phenols 600 0 .25  0.22 
34 Cadmi urn 0.29 0.10 0.09 

Paraho 14 Monoidiaromatic 124 0 .43  0.32 

18 Alkaline N 1341 0.086 0.17 
bt ydroca rbons 

heterocycl ics  

aRlsk analysis  category. 
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Tab le  3.2. T o x i c i t y  q u o t i e n t s  f o r  e f f e c t s  on f i s h  and a l g a e  
(ambient  contaminant  c o n c e n t r a t i o n / t o x i c  benchmark 

c o n c e n t r a t i o n )  f o r  t h e  TOSCO--11 process .  

RAP RAC F i s h  F i s h  
No. name acute  Chronic  A1 gae 

___-_..-- ~ ___._I __ 

I __...I ~. __ I._I._ 

11 

12 

13 

15 

i a  
19 

20 

21 

31 

32 

33 

34 

35 

38 

Volatile N - h e t e r o c y c l i c s  

Benzene 

A l i p h a t i c / a l i c y c l i c  
hydrocarbons 

P o l y c y c l i c  a romat ic  
hydrocarbons 

A l k a l i n e  N h e t e r o c y c l i c s  

N e u t r a l  N ,  0, S 
h e t e r o c y c l i c s  

C a r b o x y l i c  a c i d s  

Phenols 

A r s e n i c  

Mercury 

N i c k e l  

Cadmi um 

Lead 

T o t a l  d i s s o l v e d  s o l i d s C  

NDb 

4.25 E-02 

1.37 E-04 

5.18 E-07 

2.69 E-03 

MD 

1.17 E-02 

1.68 E-02 

3.75 E-04 

1 .61  E-05 

6.55 E-04 

1.71 E-02 

2.00 E-05 

1 . 7  E-02 

ND 

ND 

ND 

ND 

NO 

N D  

ND 

6.85 E-02 

ND 

ND 

2.75 E-02 

1.76 E-02 

1.05 E-03 

N O  

ND 

4 .19  E-05 

ND 

3.71 E-08 

ND 

ND 

N D  

7.50 E-03 

2.15 E-03 

3.12 E-05 

3.00 E-02 

4.92 E-03 

4.00 E--05 

NO 

aRisk  a n a l y s i s  c a t e g o r y  

 NO d a t a  on t o x i c i t y .  

cThe 96-h  LC50 f o r  fa thead minnows i n  raw s h a l e  l e a c h a t e  o c c u r r e d  a t  17 g/L 
7 D S  and was accounted f o r  by  t h e  major  i n o r g a n i c  spec ies  (Meyer e t  a l .  1985) .  
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extrapolation are estimates of the centroid and distribution of the 
ambient concentration of a chemical at which a particular response will 
occur. The risk of  occurrence af the prescribed response is equal to 
the probability that the response concentration is less than the 
ambient concentration, glven the probability distribution of each. In 
this section, we ex%rapolate from acute toxic concentrations for test 
species of fish to chronic responses of the salmonids from the 
reference sites (Travis et al. 1983). The acute toxicity criterion is 
the 96-h LCs0. 
maximum allowable toxicant concentration (MATC), an interval bounded by 
the highest no-observed-effects concentration and the lowest 
concentratlon causing a statistically significant effect on growth, 
survival, or reproduction i n  a life-cycle toxicity test (Mount and 
Stephan 1969). The geometric mean of the bounds is used as a point 
estimate of the MATC, as was done in calculating the national water 
quality criteria (USEPA 1980a-p). 

analysis of extrapolation error (AEE) i s  contained in Suter et al. (in 
press). Acute toxicity data from the Columbia National Fisheries 
Research Laboratory are used for the extrapolation between species. 
Chronic and subchronic toxicity data (Suter et al., in press) were used 
to develop a regression relationship between acute and chronic toxicity 
data. 
taxa and acute to chronic toxicity are accumulated to provide an 
estimate o f  the variability associated with the estimate of chronic 
toxicity and used in obtaining estimates of risk, given estimates of  
the distribution of  the ambient contaminant concentrations. 

The extrapolation error method has been applied to the six RACs 

The chronic toxlcity criterion is the life-cycle 

A detailed description o f  the computational methods used for the 

Variances associated with extrapolating acute toxicity between 

with quotients >0.01 to determine the risk of exceeding the threshold 
for chronic effects (HATC) on a salmonid fish (i.e., trout). The 
results are presented i n  Table 3 . 1 .  The risks for benzene in the 
TOSCO-I1 leachate and mono/diaromatic hydrocarbons in the Paraho 
leachate are quite large, and a l l  but one of  the ratios are greater 
than the corresponding quotients in Tables 3.2 and 3 . 3 ,  as would be 



Table 3.3. Toxlcity quotients for- effects on fish and algae (ambient 
contaminant concentration/toxic benchmark concentration) 

for the Paraho process 

RAC” RAG 
No 1 name 

Fish Fish 
acute chronic A1 gae 

13 Aliphatic/alicyclic 5.57 E-04 NDb ND 
hydrocarbons 

hydrocarbons 

hyd rocartpons 

heterocyclics 

heterocyclics 

14 Mono/Diarornatic 2.35 E-02 8.71 E-02 1.57 E 4 3  

15 Polycyclic aromatic 3.85 E-04 ND 2.76 E-05 

18 Alkaline N 7.61 E-02 ND ND 

19 Neutral N, 0, S NO ND ND 

21 Phenols 2.84 E-09 8.59 E-09 1.10 E-09 

aRisk analysis category 

bNo data on toxicity 
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expected wlth the greater sensltivlty of chronic effects and the 
general sensitivity of salmonids. 
conclusion of the previous section that a real risk of toxic effects on 
fish is indicated and that these chemical categories deserve further 
study. 
predicted MATC f o r  salmonids is higher than the measured LCSO for 
mosquito fish. This extrapolation (atheriniformes to salmoniformes) is 
based on only six points and its slope is unusually small. 
the result is unreliable and suggests the need for a better 
understanding of the relative sensitivity of atheriniform fish. 
chronic toxicity of TDS (which had a high quotient for acute effects -- 
Table 3.2) can not be determined by this method, slnce the 
extrapolation equations were developed for single chemicals, and their 
applicability to mixtures of unrelated chemicals is problematical. 

T ese results tend to reinforce the 

The results for carboxylic acids are anomalous i n  thxt the 

Therefore 

The 
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4. TERRESTRIAL END POINTS 

The q u o t i e n t  method c o n s i s t s  o f  d i v i d i n g  t h e  ambient concent ra t ions  of  
t o x i c a n t s  by t h e  concen t ra t i on  a t  which some t o x i c  e f f e c t  i s  induced. 
i s  used i n  t h i s  s e c t i o n  t o  p rov ide  an i n d j c a t i o n  o f  t h e  l i k e l i h o o d  o f  
e f f e c t s  f rom emissions of t h e  i n d i v i d u a l  R A C s .  Other  r i s k  a n a l y s i s  methods 
(5arnthouse e t  a l .  1982) a r e  not r e a d i l y  a p p l i c a b l e  t o  t e r r e s t r i a l  
organisms because o f  t h e  small t o x i c o l o g i c a l  da ta  base f o r  most t e r r e s t r i a l  
taxa,  t h e  l a c k  o f  s tandard t e s t s  and t o x i c o l o g i c a l  benchmarks i n  t h e  da ta  

base, and t h e  l a c k  of agreed-upon standard responses f o r  most t e r r e s t r i a l  
b i o t a  e 

It 

4.1 WEGETAT ION 

4.1.1 I r r i q a t i o n  

Because o f  t h e  importance o f  i r r i g a t e d  a g r i c u l t u r e  i n  t h i s  reg ion ,  

t h e  t o x i c i t y  o f  leachate-contaminated water  must be considered.  
Table 4.1 presents  q u o t i e n t s  of t h e  concent ra t ions  i n  creek water  
(Tables 2.12 and 2,131 d i v i d e d  by t h e  lowest  phy to tox i c  concen t ra t i on  
f rom a s o l u t i o n  c u l t u r e  t e s t  Cor each RAC (Appendix 8-2). The r e s u l t s  
suggest t h a t  none o f  t h e  i n d i v i d u a l  components o f  t h e  leachate  w i l l  be 
t o x i c  t o  crops.  However, t h i s  a n a l y s i s  does n o t  i n c l u d e  t h e  osmotic 
e f f e c t s  of t h e  increment o f  t o t a l  d i sso l ved  s o l i d s  (TDS) i n  t h e  

leachate  (290 mg/L). 
concen t ra t i on  t o  TDS because o f  t h e  importance o f  i r r i g a t i o n  p r a c t i c e s ,  
s o i l  type,  crop, and t h e  background concen t ra t i on  o f  TDS t o  which t h e  
shale-der ived TDS i s  added i t  can be s a i d  w i t h  conf idence t h a t  t h i s  TDS 
increment  w i l l  a f f e c t  a g r i c u l t u r e  because TDS i s  a l ready  a problem i n  

t h e  Colorado R i v e r  drainage. Although TDS f rom a s i n g l e  o i l  sha le  
p l a n t  would be a smal l  c o n t r i b u t i o n  t o  the  problem, i t  i s  impor tan t  
when cons ide r ing  t h e  economic cos ts  t o  a g r l c u l t u r e  o f  an e n t i r e  mature 
o i l  sha le  i n d u s t r y .  

Although i t  i s  n o t  p o s s i b l e  t o  ass ign  a t o x i c  
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Table 4 . 1 .  Toxicity quotients for irrigation with 
leachate-contaminated creek water 

Creek concentration/ RACa RAC 
Technology No. name phytotoxic concentration 

TOSCO-1 I 11 
1 2  
13 

1 5  

18 
19 

Paraho 

20 
21 
31 
32 
3 3  
34 
35 

1 3  

14 

1 5  

18 
19 

21 

Volatile N heterocyclics 
Benzene 
Aliphatic/alicyclic 
hydrocarbons 
Polycyclic aromatic 
hydrocarbons 
Alkaline N heterocyclics 
Neutral N, 0 ,  S 
heterocyc 1 i c s  
Carboxylic acids 
Phenols 
Arsenic 
Mercury 
Nickel 
Cadmi urn 
Lead 

A 1 i phat 5 c/a 1 i cyc 1 i c 
hydrocarbons 
Mono/d i aroma t i c 
hydrocarbons 
Polycyclic aromatic 
hydrocarbons 
Alkaline N heterocyclics 
Neutral N, 0, S 
heterocyclics 
Phenol s 

2.4 E-4 
NDa 
1.6 E-4 

4 E-3 

ND 
1.Q E-2 

1 .3  E-6 
7.5 E-5 
ND 
5 . 0  E-7 
3.7 E-3 
3.0 E-9 
4.0 E-9 

3.1 E-4 

5.4 E-4 

3.0 E-1 

ND 
2.8 E-4 

1.1 E-11 

"Risk analysis category. 

bNo data on toxicity. 
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4.1.2 Air Pollutants 

The phytotoxicity data  Par the gaseous and volatile RACs are 
presented in Table 8-1, the concentrations in ambient ground-level air 
are in Tables 2.14 and 2.15, and the quotlents of the ratios of these 
values are in Tables 4.2 and 4 . 3 .  It i s  assumed that the RAC is 
composed entirely of ttre xpresentative chemical and the background 
concentration i s  zero. Quotients are calculated from two classes of 
data: (1) the lowest toxic concentration found in the literature for 
any flowering plant species as an indication of maximu toxic potential 
of the RAC, and ( 2 )  the range across studies of the lowest 
concentrations causing effects on growth or yield of the whole plant or 

some plant part. 
and closely related to crop and forest yield. 

emissions are hydrocarbon gases ( R A G  6). This rank is biased since the 
worst-case representative chemical (ethylene) is a plant hormone, 

Research Council 1976). However, since atmospheric ethylene has caused 
significant damage to crops near urban areas and petrochemical plants 
(National Research Council 19751, the emission rate of this gas should 
be specifically considered in the future. The most serious 
phytotoxicants in air (ignoring ethylene) are CQ, SOx, and NOx. 
The maximum annual average concentrations predicted for NOx (RAC 3)  

from both technologies are within a tenth of those that cause reduced 
yield of cocksfoot and meadow grass. 
greater than a hundredth o f  those that reduce growth or yield of 
several plant species. 

dioxide ( R A C  2) has been relatively well studied for its effects on 
crop yield. McLaughlin and Taylor (in press) have proposed the 
following dose-response relationship for yield reduction of beans as a 
function of SO2 exposure: 

The latter set of responses i s  relatively consistent 

The worst atmospheric toxicants in the Paraho and TOSCO-I1 

ost members of  this RAC are essentially inert (National 

Concentrations of SO2 are 

Because of its ubiquity and importance as a phytotoxicant, sulfur 

percent yield reduction = -17.4 .e 29.2 (log dose-ppnh). 
This empirical relationship is based on a regression o f  20 points 

from five field experiments on soybeans and snap beans. Eighty percent 



Table 4.2. Toxicity quotlents for terrestrial plants for the Paraho process. Ambient concentrations in air (annual. median, ground level) 
and sol1 (soil solution or whole dry soil basis) are divided by concentrations causing reductions in growth, 

yield, or other toxic responsesa 

R A C ~  
No. RAC name 

Air concentration/ Range o f  (air concentration/ Soil concentration/ Range of (soil concentration/ 
lowest toxic concentratton growth effects concentratton) lowest toxic concentration growth effects concentration) 

7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

Carbon monoxide 
Sulfur oxides 
Nitrogen oxides 
Acid gases 
Alkaline gases 
Hydrocarbon gases 
Formal d eh yde 
Volatile organochlorines 
Volatile carboxylic acids 
Volatile 06s heterocyclics 
Volatile N-heterocyclics 
Benzene 
Aliphatic/alicyclic hydrocarbons 
Mono/d i aroma t ic hydrocarbons 
Polycyclic aromatic hydrocarbons 
Aliphatic amines 
Aromatic amines 
Alkaline nitrogen heterocyclics 
Neutral N. 13, 5 heterocyclics 
Carboxyllc acids 
Phenols 
Aldehydes and ketones 
Nonheterocycllc organosulfur 
Alcohols 
Nit roa romat i c s 
bters 
Rrnides 
Nitriles 
Tars 
Respirable particles 
Arsenic 
Mercury 
Nickel 
Cadmium 
Lead 

1.24 E-02 2.04 €-Ob 
3.14 E-02 5.23 E-03 - 1.57 E-02 
3.82 E-01 2.01 E-02 - 3.82 E-01 
5.21 E-05 5.27 E-05 
1.57 E-04 
7.18 E-01 3.46 E-04 - 1.21 E-03 

No emissions 
No emissions 
No emissions 
No emissions 

No emissions 
3.88 E-12 
1.02 E-05 

No emissions 
No emissions 

No phytotoxicity data 

7.33 E-06 

1.08 E-04 

f fo emissions 
4.04 E-OS 

No emissions 
No emissions 
No emissions 
No emlssions 
NO emissions 

No phytotoxicity data 

7.74 E-05 

3.21 E-04 
2.23 E-06 
8.87 E-02C 

No accumulation in soil 
No accumulation in so i l  
No accumulation in soil 
No accumulation 'In soil 
No accumulation in soil 

2.46 E 4 6  
7.5 E-03' 
3.78 E-05 

7.14 E-05 

2.23 E-06 
2.72 E-O? - E.87 E-02C 

2.46 € 4 7  - 2.45 E-05 
5.36 E-04 - 7.5 E-03c 

5.60 E-08C 
3.94 E-01 

1.69 E-O1C 
7.51 E-06 6.89 E-08 - 7.51 E-06 
7.72 E-03c 9.13 E-Ob - 7.12 k-03C 

1.81 E-04' - 5.4 E-03 5.4 E-03 
1.75 E-04C 1.56 E-06 - 1.75 E-04C 

7.92 E-03b - 1.69 E-01' 

aAmbient alr concentrations. soil, and soil solution concentratfons are presented in Table 2.14. 

bRisk analysis units. 

CQuotients calculated from concentrations in soil and results of tests performed in soil. 

Toxic concentrations are presented in Appendix 8. 

Quotients without superscript were calculated from 
concentrations In soil solution, and results of tests were performed in nutrient solution. 
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Table 4.3. T o x i c i t y  quot ients  f o r  t e r r e s t r i a l  p lan ts  f o r  TOSCO-II. Ambient concentrat ions i n  a1 r  (annual, median, ground l e v e l )  
and so i l  ( s o i l  s o l u t i o n  o r  whole d r y  s o i l  bas is)  a re  d i v ided  by concentrat ions causing reduct ions 

i n  growth. y i e l d ,  o r  o the r  t o x i c  responsesa 

P h y t o t o x i c l t y  i n  a i r  P h y t o t o x i c i t y  i n  s o i l  o r  s o i l  s o l u t i o n  

Range o f  ( s o i l  concentrat ion/  RAP Ambient concentrat ion/  Range o f  (ambient concentrat ion/  S o i l  concentration/ 
No. RAC name lowest  t o x i c  concentrat ion growth e f f e c t s  concentrat ion)  lowest  t o x i c  concentrat ion growth e f f e c t s  concentrat ion)  OD 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
74 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
3? 
32 
33 
34 
35 

Carbon monoxide 
S u l f u r  oxides 
Ni t rogen oxides 
Acid gases 
A lka l i ne  gases 
Hydrocarbon gases 
formaldehyde 
V o l a t i l e  organochlorines 
V o l a t i l e  carboxy l ic  ac ids 
V o l a t i l e  0hs he te rocyc l i cs  
V o l a t i l e  N-heterocycl ics 
Benzene 
A1 i pha t i c /a l  i cyc  11 c hydrocarbons 
Hono/diaromatic hydrocarbons 
Po lycyc l i c  aromatic hydrocarbons 
A l i pha t i c  amines 
Aromatic amines 
A lka l i ne  n i t rogen he terocyc l i cs  
Neutra l  N. 0, S he terocyc l i cs  
Carboxyl ic ac ids 
Phenols 
Aldehydes and ketones 
Nonheterocycl ic organosul fur  
Alcohols 
N i t  roa romat i cs 
Esters 
Amides 
N i  t r i  l e s  
Tars 
Respirable p a r t i c l e s  
Arsenic 
Mercury 
Nickel  
Cadmi um 
Lead 

3.32 E-04 
1.29 E-01 
2.88 E-01 
2.05 E-08 
6.43 E-06 
7.48 E-01 

4.14 E-12 
?.27 E-05 

3.29 E-07 

5.44 E-08 
2.15 E-02 - 6.44 E-02 
1.51 E-02 - 2.88 E-01 
2.05 € 4 8  

3.bO E-04 - 1.26 E-03 
No Emissions 
No Emissions 
No Emissions 
NO Emissions 

No Emissions 

No Emissions 
No Emissions 

No Emissions 
No Emissions 
No Emissions 
No Emissions 
No Emtssions 
No Emissions 
NO Emissions 
No Emissions 

5.13 E-05 

33.43 € 4 4  
2.77 E-06 
i . 6 6  E-3PC 

1.5 E-06 
1.01 E - O F  
3.78 E-05 

NO accumulation i n  s o i l  
No accumulation i n  s o i l  
No accumulation i n  s o i l  

No accumulation i n  s o i l  

5.13 E-05 

2.77 E-06 
5.1 E-03 - >.66 E-OZC 

1.5 E-07 - 1 .5  E-06 
5.36 E-04 - 1.01 E-02' 

No accumulation in s o i l  
4.33 E-03' 2.03 E-04' - 4.33 E-03' 

4.08 E-04' 4.84 E-07 r 4 .P6  E-04' 
6.1 E-05 1.36 E-06 - 6.1 E-05 
1 . 7 7  E-05' 1.53 E-07 - 1.71 E-05' 

2.28 E-OB 2.09 E-10 - 2.28 E-08 

aA i r ,  s o i l ,  and s o i l  s o l u t i o n  concentrat ions a r e  presented i n  Table 2.15; t o x i c  concentrat ions a r e  presented i n  Appendix 8. 

bRisk analys'is un i t s .  

CQuorienrs calct i ldted from concentrat ions I n  s o i l  and r e s u l t s  o f  t e s t s  performed i n  5051; quot ients  w i thout  supersc r ip t  were ca lcu lated from 
concentrat ions i n  so i l  s o l u t i o n  and r e s u l t s  o f  t e s t s  were performed I n  n u t r i e n t  so lu t i on .  
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of t h e  v a r i a t i o n  i n  y i e l d  r e d u c t i o n  was assoc ia ted  w i t h  v a r i a t i o n  i n  
dosage, and t h e  equat ion  was s i g n i f i c a n t  a t  a = 0.0001, 

f u l l  growing season exposure t o  SO2 on c rop  y i e l d .  I f  we assume a 
200 d growing season f o r  soybeans and a 12-h exposure day, t h e  SO2 
dose a t  2.04 ~ g / m  SO2 frm t h e  Paraho p l a n t  i s  1.85 ppmh. That 
dose r e s u l t s  i n  no r e d u c t j o n  i n  y i e l d  by McLaughlin and T a y l o r ' s  
formula, which has a t h r e s h o l d  f o r  e f f e c t s  on y i e l d  o f  3.92 ppmh. 

We used t h i s  r e l a t i o n s h i p  t o  examine t h e  p o t e n t i a l  e f f e c t s  o f  a 

3 

The 
dose from TQSCO-I1 (7.59 ppmh) r e s u l t s  i n  an 8.3% r e d u c t i o n  i n  y i e l d .  

Th i s  p r e d i c t e d  e f f e c t  i s  remarkable i n  t h a t  it r e s u l t s  f rom an 
SO2 concen t ra t i on  t h a t  i s  more than t e n  t imes lower than  t h e  lowest  
concen t ra t i on  repo r ted  t o  a f f e c t  y i e l d .  
g r e a t  l e n g t h  o f  a growing season r e l a t i v e  t o  t h e  l e n g t h  o f  
experiments. 
was 337 h. Thus, t h e  use o f  t h e i r  formula f o r  a f u l l  growing season 
r e q u i r e s  an e x t r a p o l a t i o n  o f  a lmost a f a c t o r  o f  10 i n  t h e  d u r a t i o n  
component o f  t h e  dose. Because t h e  exper imental  f i e l d  fumigat ions  a r e  
t y p i c a l l y  c a r r i e d  o u t  i n  t h e  most s e n s i t i v e  stage (assumed t o  be t h e  
p o d - f i l l  i n  t h e  case o f  beans), use o f  t h e  formula f o r  t h e  f u l l  growing 
season probab ly  overest imates e f f e c t s .  

t h a t  e f f e c t s  o n l y  occur d u r i n g  p o d - f i l l .  
l a s t  30 d, t h e  dose i s  1.14 ppmh. Th is  i s  l e s s  than 30% o f  t h e  

This  anomaly i s  because o f  t h e  

The longes t  f um iga t ion  a v a i l a b l e  t o  McLaughlin and Tay lo r  

We m igh t  p l a c e  a lower  bound on t h e  l e v e l  o f  e f f e c t  by assuming 
I f  t h a t  stage i s  assumed t o  

t h r e s h o l d  dose f o r  e f f e c t s  on y i e l d .  I n  t h e  case o f  a r e a l  syn fue ls  
p l a n t ,  t h i s  SO2 emission would be added t o  a background SOp 

3 concent ra t ion ,  which may reach 80 Vg/m under t h e  c u r r e n t  annual 
average ambient a i r  q u a l i t y  standard, and would i n t e r a c t  w i t h  ozone 
which reaches p h y t o t o x i c  l e v e l s  i n  many areas o f  t h e  Un i ted  Sta tes .  

The p h y t o t o x i c i t y  o f  m a t e r i a l s  depos i ted  on t h e  landscape i s  a 
more complex phenomenon than  t h a t  of  gases and vapors. Because t h e  
atmospheric t r a n s p o r t  model AIRDOS-EPA has a d e p o s i t i o n  v e l o c i t y  o f  
zero f o r  i no rgan ic  gases and does n o t  model t h e  format-ion o f  aerosols,  
R A C s  1 through 5 a r e  assumed t o  n o t  accumulate i n  t h e  s o i l .  Th is  
assumption i s  l i k e l y  t o  be acceptab le  except i n  t h e  case o f  SO4 
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deposition in forests with acid soils. The effects of SO4 deposition 
in forests are highly controversial, resulting largely from 
regional-scale at ospheric processes and are beyond the scope of this 
report. Deposited nongaseous R A C s  were assumed to accumulate in the 
soil over the 35-year life of the liquefaction plant. 
decomposition and leaching from the root zone were calculated by the 
terrestrial food-chain model (Sect. 2.3). The toxicity data 
(Table 8-2) were primarily derived from exposure of plants or plant 
parts to solutions o f  the chemicals rather than contaminated soil 
because few data are available on toxicity in sail. Whereas the 
results of tests conducted using soil can be directly compared with 
concentrations in the whole soil, results of tests conducted in 
solution must be compared with a calculated concentration in soil 
solution. Because the concentration in soil solution is more difficult 
to model than concentration in whole soil and requires more simplifying 
assumptions, solution concentrations are less reliable. In addition, 
as with gases and vapors, the toxicity data are from a wide variety of 
tests and measured responses that are not equivalent. For most o f  the 
R A C s ,  only one or two chemicals have been tested. We cannot determine 
whether the chemicals used are representative of the entire RAC. 

hydrocarbons (PAHs-RAG 15) and arsenic (31). The high rank of RAC 15 
i s  suspect because benzo(a1pyrene and same other PAHs appear to act as 
plant hormones and can (like some herbicides) stimulate growth at very 
low concentrations. While PAHs can modify plant growth at 
concentrations as low as 0.5 ng/g soil, there is no evidence that they 
reduce plant growth, even at relativity high experimental 

concentrations (Edwards 1983). 
Compounds of  arsenic (primarily sodium arsenite and arsenic 

trioxide) have been used as herbicides, but other forms, including 
elemental arsenic, are relatively nontoxic (Gough et a l .  1979, Benenati 
e t  a l .  1977). Studies of arsenic toxicity near atmospheric sources 
indicate that phytotoxic effects can result from atmospheric 
deposition. However, the co-occurrence o f  other pollutants and the 
effects of poorly defined soil properties have prevented the 

Losses from 

The most phytotoxic R A C s  deposited in soil are polycyclic aromatic 
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determination of threshold effects i n  the field. 
for arsenic results from studies of effects on growth and yield o f  
legumes in soil (Table B-2), but these are calculated from extractable 
rather than total soil concentrations. Total soil concentrations are 
more nearly equivalent to our predicted soil concentration, but the 
only study of phytotoxicity that expresses arsenic exposure in those 
terms found a threshold for negative effects on corn growth that is 
more than 100 times the predicted concentration. 
be because of the plant species, soils, or arsenic forms used i n  the 
tests. Because of these ambiguities, and because arsenic appears to be 
the most serious soil pollutant, methods for predicting its effects 
require attention. 

The high quotients 

This disparity could 

4.2 WILDLIFE 

4.2.1 Drinking Water 

The leachates from the waste piles do not appear to be toxic to 
livestock and wildlife in the well water (which might be used in stock 
tanks) or the creek. However, the increment of total dissolved solids 

(TQS) derived from shale appears to pose some risk, since TDS is 
predicted to occur in the creek at approximately a tenth of the 
recommended criterion for livestock (3000 mg/L-Comnittee on Water 
Quality Criteria 1972). 
high TQS value for this region, this value is highly uncertain, and the 
background TDS to which this increment is added may be high. 
addition, sensitivities of most wildlife to salinity are unknown, and 
sensitivities to toxic materials commonly vary by more than a factor o f  
10 (e.g., Hudson et al. 1984). Therefore, toxic effects on wildlife, 
particularly nonmammalian wildlife, cannot be excluded. 

Although 290 vg/L is not an exceptionally 

In 

4.2.2 Air Pollutants 

Tables 4.4 and 4.5 present the lowest quotients f o r  toxicity of 
air pollutants to terrestrial animals. The quotients are calculated 
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Table 4.4. Toxicity quotients for terrestrial animals for the Parahs 
process. Concentrations in air (annual, median, and ground level) 

toxic concentrations . a  
are divided by lethal concentrations and the lowest 

RACb 
NO. RAC name 

Lawest lethal Lowest toxic 
cancentrat i on concentration 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16  
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

Carbon monoxide 
Sulfur oxides 
Ni trogen oxides 
Acid gases 
Alkaline gases 
Myd rocarbon gases 
Formaldehyde 
Volatile organochlorines 
Volatile carboxylic acids 
Volatile 0&S heterocyclics 
Volatile N-heterocyclics 
Benzene 
Allphatic/alicyclic 
Mono/diaromatic hydrocarbons 
Polycyclic aromatic hydrocarbons 
Aliphatic amines 
Aromatic amines 
Alkaline nitrogen heterocyclics 
Neutral N, 0, S heterocyclics 
Carboxylic acids 
Phenol s 
Aldehydes and ketones 
Nsnheterocyclic organosulfur 
Alcohols 
Ni troaromatics 
Esters 
Amides 
Nitriles 
l a r s  
Respirable particles 
Arsenic 
Mcrc ury 
Nickel 
Cadmi urn 
Lead 

2.43 E-08 5.21 € 4 4  
1.13 E-04 2.04 E-02 
3.49 E-03 8.53 E-02 
6.95 E-08 2.09 E-07 
4.7 E-07 2.53 € 4 5  

2.23 E-09 
No emissions 
No emissions 
No emissions 
No emissians 

5.53 E-08 5.53 E-08 
No emissions 

4.72 E-08 3.1 E-06 
1.28 E-06 2.43 E-05 
No data on respiratory toxicity 

No data on respiratory toxicity 
No data on respiratory toxicity 
No data on respiratory toxicity 
No data on respiratory toxicity 

No emissions 
No emissions 

No emissions 
1.32 E-07 1.98 E-06 
5.68 E-07 9.84 E-06 

No emissions 
No emissions 
No emissions 
No emissions 
No emissions 

2.57 E-81 
8.32 E-84 
6.35 E-06 

3.21 € 4 8  7.21 E-08 
6.5 E 4 7  3.25 € 4 4  

2.2 E-05 

hlent. air concentrations are presented in Table 2.3-1. Toxic 
concentrations are presented in Appendix €3. 

h i s k  analysis categories, 
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Tab le  4.5. T o x i c i t y  q u o t i e n t s  f o r  t e r r e s t r i a l  an ima ls  f o r  TOSCO-11. 
C o n c e n t r a t i o n s  i n  a i r  (annual ,  median, and ground l e v e l )  a r e  d i v i d e d  

by  l e t h a l  c o n c e n t r a t i o n s  and t h e  l o w e s t  t o x i c  c o n c e n t r a t i o n s a  

RAC Lowest 1 e t h a  1 Lowest t o x i c  
No. RAC name c o n c e n t r a t i o n  c o n c e n t r a t i o n  

.l-l_ 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
13 

14 
1 5  

16  
17 
18  
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

Carbon monoxide 
S u l f u r  ox ides  
N i t r o g e n  o x i d e s  
A c i d  gases 
A l k a l i n e  gases 
Hydrocarbon gases 
Fo m a  1 de h y d e 
V o l a t i l e  o r g a n o c h l o r i n e s  
V o l a t i l e  c a r b o x y l i c  a c i d s  
V o l a t i l e  O&S h e t e r o c y c l i c s  
V o l a t i l e  N h e t e r o c y c l i c s  
Benzene 
A l i p h a t i c / a l i c y c l i c  
hydrocarbons 
Mono/di aromat i c  hydrocarbons 
P o l y c y c l i c  a r o m a t i c  
hydrocarbons 
A l i p h a t i c  amines 
Aromat ic  amines 
A l k a l i n e  N h e t e r o c y c l i c s  
N e u t r a l  N, 0, S 
he te rocyc  1 i cs  
C a r b o x y l i c  a c i d s  
Phenols 
Aldehydes and ketones 
N o n h e t e r o c y c l i c  o r g a n o s u l f u r  
A l c o h o l s  
N i t r o a r o m a t i c s  
E s t e r s  
Amides 
N i t r i l e s  
Tars 
R e s p i r a b l e  p a r t i c l e s  
A rsen ic  
Mercury 
N i c k e l  
Cadmi um 
Lead 

6.5 E-10 
4.45 E-04 
2.63 E-03 
2.73 E-11 
1.93 E-08 

No Emissions 
No Emissions 
No Emissions 
No Emiss ions 

No Emissions 
3.61 €-OB 

5.04 E-08 

1.59 E-06 

No Emissions 
No Emissions 

No Emissions 
No Emissions 
No Emissions 
No Emissions 
No Emissions 
No Emissions 
No Emissions 
No Emissions, 

1.23 E-09 
8.98 E-10 

1.39 E-05 
8.37 E-02 
6.44 € 4 2  
8.19 E-11 
1.04 E-06 
2.32 E-09 

3.67 E-08 

3.31 E-06 

3.03 E-05 

8.39 E-02 
7.48 E-06 
1.94 E-08 
1.23 E-09 
4.49 E-07 
7.28 E-07 

"Ambient a i r  c o n c e n t r a t i o n s  a r e  p resen ted  i n  Table 2.3-2. Tox ic  
c o n c e n t r a t i o n s  a r e  p r e s e n t  i n  Appendix 8. 

bRisk a n a l y s i s  c a t e g o r i e s  



from the lowest lethal concentration for any species and from the 
lowest concentration pro cing any toxic effect (Table 8-3) divided by 
the highest annual avera gsound-level concentration in air. Data 
from all species are pooled because there were not enough on the 

Carcinogenesis and other alian taxa for separate treatment. 
genotoxic effects were not included- 

Lethality is considered because it is a consistent and frequently 
determined response that has clear population implications; however, 
all predicted concentrations are well below lethal levels. The lowest 
toxic concentrations include a diversity of end points, most of which 
cannot be readily related to effects on wildlife populations but do 
occur at concentrations that are as low as a ten-thousandth of lethal 
concentrations. These responses range from increased airway resistance 
in l-h exposures of guinea pigs to impaired lung and liver function in 
human occupational exposures. The most toxic R A C s  by this sublethal 
criterion are the conventional combustion products sulfur oxides ( 2 ) ,  
nitrogen oxides ( 3 ) ,  and respirable particulates (30). Whereas these 
concentrations may constitute a locally significant increment to the 
background concentration of these major pollutants, the significance o f  
ambient air pollution to wildlife is largely unknown. The assumption 
that protection o f  human health will automatically protect wildlife is 
not scientifically defenslble. 
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The results of this analysis indicate that the leachate from spent 
shale that is wetted wlth retort wastewaters may enter surface waters 
and cause toxic effects on fish. 
components of the leachate are expected to be toxic alone, total 
dissolved solids ( T  $1, cadmium, and a number o f  organic chemicals 
appear in high enough concentrations in the predicted stream water to 
show that the chemistry and toxicity of  wastewater-spent shale leachate 
requires further attention. The predicted TQS in creek water is safe 
for livestock consumption but is high enough to raise concerns about 
sensitive wildlife. TQS is also a concern with respect to irrigated 
agriculture since the existing TQS load in the Colorado River basin is 
already a problem. 
formation and transport which are highly uncertain, and the background 
water quality, which Is unspecified, The leachate chemistry is not 
well defined, and the transport model, while reasonably simulating the 
generic conditions in the region, is unlikely to provide a good 
description of any particular site. 

appear to pose a minor threat to terrestrial plants and animals. 
most serious problems appear to arjse from conventional products o f  
combustion: sulfur oxides, nitrogen oxides, and respirable particles 
that may already be present in high concentrations at synfuels plant 
sites. Of the materials deposited on the soil, arsenic in the Paraho 
emissions is the most likely to become phytotoxic. However, it i s  
unlikely to be a problem except when deposited on acid soils with 
preexisting high concentrations of  toxic trace elements. 
assessments will have to consider local soil chemistry as well as the 
effects o f  rugged terrain, which may cause local air pollutant 
depositlfon to be higher than predicted by our flat terrain atmospheric 
dispersion model. 
effects on range, crop, and wildlife production seem unlikely. Mining, 
waste disposal, and other physical disruptions, which inevitably 

Although none of the individual 

These results depend on the models of leachate 

Gases and vapors emitted by the TOSCO-I1 and Paraho processes 
The 

Site-specific 

On the basis o f  this analysis, major pollutant 
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destroy vegetation and wildlife habitat and were not wdthin the scope 
of this analysis, seem likely to be the major causes of ecological 
effects. 

It i s  not possible to state that either technology poses a greater 
enwironnental risk on the b a s i s  o f  this analysis. The characterization 
of the Paraho leachate is too incomplete because we do not have the 
necessary data from leaching studies. 
significant amounts in the atmospheric emissions, SO, emissions are 
greater far TOSCO-XI; NO, emissions are about equal, and arsenic 
emissions are greater f o r  Paraho. 

O f  the three R A C s  that occur in 
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Table A-1. Acute toxicity of synfuels chemicals to aquatic animals 

Representative Test Duration Concentration 
Reference RAC chemical(s) organi sma Test typeb (h) (mg/L) Note$ 

1 Carbon monoxide 

2 Sulfur oxides 

3 Nitrogen o x i d e s  

4 22s 

5 Ammonia 

0 Heptane 

7 Formaldehyde 

Scud (Gaimnarus 

aluegill 
oseudol irnnaeus) 

( adults) 
(juveniles) 
(fry, 35-d-old) 
(eggs 1 
(eggs) 
(fry) 

Northern pike 

Rainbow trout 
(fry, 85-d-old) 
(adults) 

;lainbow trout 
R a i nbow trout 
Rainbow trout (fry) 

Rosquitofish 

Several fish 

(fingerlings) 

species 

96 

96 
96 
96 
72 

96 
96 

24 
24 
24 
24 
24 
24 

96 

24 

0.022 

0.0448 
0.0478 
0,0131 
0.0190 

0.034-0.037 
0.009-0.026 

0.068 
0.097 
0.50 
0.47 
0.2 
0.2 

4924 

50-1 20 

No toxicity data 

Aquatic problems 
associated with pti, 
not direct toxicity 

Aquatic problems 
associated w i t h  p H ,  
not direct toxicity 

Oseid and Smith 1974 

Flow-through test Smith et al. 1976 
Flow-through test Smith et al. 1976 
Flow-through test Smith et al. 7976 
Flow-through test Smith et al. 1976 

DO 2-6 ppm Adelman and Smith 1970 
00 = 2-6 ppm Adelman and Smith 1970 

Rice and Stokes 1975 
Rice and Stokes 1975 
Herbert and Shurben 1963 
Lloyd and Orr 1969 
E l F A C  1970 
EIFAC 1970 

Wallen et al. 1957 

National Research 
Council 1987 



i 
Tas;e A - 1 .  ( con t i nued)  -I z 

I 
(D 
0) 
0 
Q) 

Xepresen ta t i ve  Test  D u r a t i o n  Concen t ra t i on  
R AC chemica l (5 )  organisma Test  typeb ( h j  (mg/L) NotesC Reference 

8 Carbon t e x r a c h l o r i d e  Daphnia magna 
Fathead ininnow 
B l u e g i  1 1  
a l u e g i  11 

ti uw 
aluegi I 1  
R ainbow trot t 

C. h I o r o f  oriii 

5 A c e t i c  a c i a  Fathead m i n n o w  
Y o s q u i t o f i s n  

i u  V o l a t i l e  Q -  a n a  S -  
h e t e r o c y c l  i c ~  

1 1  P y r i o i n e  

1 _  

: L  aenzene 

13 Cyc!onexane 

Indan 

C i l i a t e  (Tetrahymena 
o y r i f o r m a )  

0. * 
- 3. ““gna 
- 
D .  

2 .  ma na 
F a t h m i  nnow 
Fathead minnow 
Mosqui t o f i  sn 
Raifibow T r o u t  

Fatnead ninnow 
Fathead minnow 

Fathead minnow 

B l u e g i  1 1  

- 

Fathead minnow 

48 
96 
96 
96 

Lc50 

Lc50 
Lc50 

i c 5 0  

48 
96 

Lc50 

96 
Lc50 

LC50 96 
‘-C50 

LC50 7 2  

48 
45 

LC50 45 

48 
96 
96 
96 
96 

LC50 

LC30 
LC5U 
LC50 

Lc50 

i c 5 g  96 

35.2 
43.1 
27.3 

125.0 

28.9 
100.0 
115.0 
43.8 

88.0 
251 .I! 

1211.8 

1165 
1755 

203.0-623.0 

426.0 
32.0 
15. ‘I 

1300.0 
5.3 

93.0 
30.0 

32.0 

3’1 .O 

14.0 

F low-through t e s t  

No t o x i c i t y  d a t a  

50% growth 
i n h i b i t  i o n  

F low- th rough  t e s t  

F low-through t e s t  

US EPA 1980a 
US € P A  1980a 
US €PA 198Oa 
US EPA 1980a 

US €PA 1980b 
US E P A  1980b 
US €PA 1980b 
US EPA i98Ob 

Mat tson e t  al. i 9 7 6  
k’al1am e t  a l .  1957 

Schu l t z  e t  a l .  1980 

Canton and AGema 1978 
Canton dnG Adema 1976 

US € P A  1980c 

Canton and Adema 1978 
US E P A  1980c 
DeGraeve e t  a l .  1982 
Wal lam e t  a l .  1957 
US E P A  1980c 

Va t t son  e t  a l .  1976 
P i c k e r i n g  and 

P i c k e r i n g  and 

P i c k e r i n g  and 

Henderson 1966a 

Henderson 1966a 

Henderson 1966a 

Mat tson e t  al. 1976 
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Table A-1. (continued) 

Representative Test Duration Concentration 
RAC chemical i s )  organi sma Test tyoeb (h)  NotesC Reference 

14 Toluene 

Fatnead ininnow 

81 uegi 1 1  

8luegili 

hamtnalme 

Ay1 cne 

15 4ntnracene 

Phenanthrene 

F Imractnene 

16 Aliphatic amines 

17 Aniline 

- 0. * 
3 .  
Fathead minnow 
- 
fathead minnow 

;? a I n bow t rot1 t 

Fathead minnow 
G o l d f i s h  

u. - 
i ? a i E t  rou t 
(embryo-larva) 

48 
48 

Lc50 
Lc50 
Lc50 96 

4a 
96 

'C50 48 

48 
Lc50 
Lc50 

48 
48 

LC50 

39.22 
44.0 

45.0 

24.0 

1 2 - 7  

2.16 
8.57 
3.14 
4 .go-a.go 

2.30 

42.0 
17.0 

0.75 
1.10 
0.04 

325.0 
3.9 

0.65 
0.68 
0.58 
1.29 

2 tests 

Not toxic to fish. 
even in super- 
saturated solutions 

Millemann, Pickering and et al. 1984 

Pickering and 

Pickering and 

US €PA 1980d 

Millemann et al. 1984 
US EPA 1980e 
Millemann et at. 1964 
US EPA 1980e 

US €PA 1980e 

Mattson et al. 1976 
Brenniman et al. 1976 

McKee and Wolf 1963 

Henderson 1966a 

Henderson 1966a 

Henderson. 1966a 

Millemann et al. 1984 
Parkhurst 1981 
Birge and Black 1981 

US €PA 1980f 
US €PA 19SOf 

No toxicity data 

Canton and Adema 1978 i 
Canton and Adema 1975 
Millemann e t  al. 1984 I 
Millemann et al. 1984 

4 
IL 
60 
a0 
0 
OD 



Table A-1.  ( con t i nued)  

Represen ta t i ve  Test  D u r a t i o n  Concen t ra t i on  
R AC chemical ( 5 )  organisma Tes t  typeb ( h )  (mg/L) NotesC Reference 

!6 Q u i n o l i n e  C i l i a t e  (1. p y r i f o r m a )  

F i t B m i  nnow 
Fathead minnow 

2-Me t f i y l q u  i n o  1 ine C i l i a t e  (1. p y r i f o r m a )  

Z,S-Dimethy lqu in3 l ine C i l i a t e  (L. p y r i f o r m a )  

19 k e u t r a l  N-,0-,S- 
n e t e r o c y c l i c s  

20 Benzoic a c i a  M o s q u i t o f i s h  

21 Phenol 

4-Methylphenol 

I;. 

- 0. (Young) 
Copepod {Mesoc c l o p s  

leukart i+ 
Fathead minnow 
Fathead minnow 

B l u e g i  1 1  

Rainbow t r o u t  

- 
- D. magna 

Fathead minnow 

B l u e g i l l  

Faiheaa minnow 

LC50 

EC50 

EC50 

72 

48 
48 
96 

72 

72 

96 

48 

50 

48 
96 

48 

96 

96 

96 

96 

4a 

125.7 

30.28 
1.50 

46.0 

48.7 

33.0 

1 a0 

19.79 
9.6 
7.0 

108.0 

25.6 
24.0-67.5 

11.5-23.9 

8.9-.11.6 

9.2 
23.5  
12.55 

13.42 

20.78 

19.0 

50% growth 
i n h i b i t i o n  

50% growth 

50% growth 
i n h i  b i t i  on 

i n h i b i t i o n  

No t o x i c i t y  Gats 

4 t e s t s  

6 t e s t s  

2 f l o w - t h r o u g h  
t e s t s  

S o f t  wa te r  

Hard wa te r  

S o f t  wa te r  

Schu l t z  e t  a l .  1980 

Mi l lemann e t  a l .  1984 
Y i l l emann  e t  a l .  1984 
Mjld?tson e t  a l .  1976 

Schu l t z  e t  a l .  1980 

Schu l t z  e t  a l .  1980 

Wallam e t  a l .  1957 

Mi l lemann e t  a l .  1984 
US E P A  19809 
Dowden and Bennet t  1965 
US EPA 19809 

Mi l lemann e t  a l .  1984 
US EPA 19809 

US EPA 19809 

US EPA 19SOg 

US EPA 19809 
ilS EPA 19809 
P i c k e r i n g  and 

P i c k e r i n g  and 

P l c k e r i n g  and 

Mat tson e t  a l .  197’6 

Henderson 19663 

Henderson 1966a 

Henderson 1966a 

CD 
N 



Table A-1. (continued) 

Representative Test Duration Concentration 
RAC chemical(s) organisma Test typeb (h) (mg/L) Notesc Reference 

Mixed cresol isomers Aquatic life 

2.4-Dimethylphenol 0. 

Fathead minnow 

Bluegi 1 1  
(juvenile) 

3,4-Dimethylphenol Fathead minnow 

2,5-3imethylphenol - D. magna 

22 Acrolein 

Acetaldehyde 

Acetone 

23 Nonheterocyl ic 

24 Alcohols 

25 Nitroarmatics 

26 Di-2-ethylhexyl 
phthalate 

organosulfur 

D. magna 

Mosqultoflsh 
E. magna , 

81 uegi 1 1  
Bluegill 
Brown trout 

Rainbow trout 

Largemouth bass 
Bluegi 1 1  

- 0. magna 

TLm 96 

Lc50 48 

Lc50 
Lc50 

96 
96 

LC50 96 

Lc50 48 

iC50 96 
96 
24 

LC50 
Lc50 

Lc50 24 

Lc50 
Lc50 

96 
96 

Lc50 48 

LC50 

Kingsbury et al. 1979 1 .o-10.0 

2.12 

16.75 
7.75 

14.0 

0.96 

0.057 
0.080 
0.061 

0.100 
0.090 
0.046 

0.065 

0.160 
53.0 

12.600 

11.1 

US EPA 1980h 

Flow-through test US EPA 1980h 
US EPA 1980h 

Mattson et al. 1976 

Millemann et at. 1984 

No toxicity data 

No toxicity data 

US EPA 19801 
US EPA 198Oi 
National Research 

US EPA 1980i 
US EPA 1980i 
National Research 

National Research 

US EPA 1980i 
National Research 

Canton and Adema 1978 

Council 1981 

Council 1981 

Council 1981 

Council 1981 

No toxicity data 

US E P A  1980j 

co w 



0 
;1J z 
r 
\ 

E 
1 

(D 
Q) 

W 

Table A-1. ( con t inued)  -4 

R AC c h e m i c a l ( s j  o rgan i  sma Tes t  typeb ( h )  ( W L )  NotesC Reference 0 
Represen ta t i ve  Test  D u r a t i o n  Concen t ra t i on  

Lc50 
Lc50 

D i e t h y l  p h t h a l a t e  

Yu ty ibenz l  p h t h a l a t e  0. Lc50 
Lc50 1; t W m  i n n ow Lc50 

Fathead minnow L C G n  
B l u e g i  11 LC;; 

D i - n - b u t y l  p h t h a l a t e  Scud (G. pseudo- LC53 

3 1 uegi  1 1 Lc50 
Rainbow t r o u t  Lc50 

1 imnaeus) 
Fathead minnow Lc50 
B 1 uegi  11 Lc50 
Rainbow t r o u t  L C 5 D  

27 Amides 

28 A c r y l o n i t r i l e  

2 9  Tars 

30 Resp i rab le  p a r t i c l e s  

3 1  Arsenic  

Lc50 

Fathead minnow Lc50 
Lc50 Fathead minnow 

B l u e g i l l  Lc50 
31 uegi  11 Lc50 

Fi t Wm i n now LC50 

Fathead minnow 
( j u v e n i l e )  

B l u e g i l l  ( j u v e n i l e )  
B l u e g i  11 
Rainbow t r o u t  
Brook t r o u t  

48 
96 
96 

96 
96 
96 

96 
96 
96 

96 
96 
96 
96 

48 
48 
48 
96 

96 
96 

93 

52.1 
98.2 
92.3 

3.7 
5.3 
2.1 

43.3 
1.7 
3.3 
2 . .I 
1.3 
0.73 
6.47 

7.55 
14.3 
18.1 
10.1 
11.8 

13.1 

7.4 
5.28 
1.04 

22.04 

15.66 
41.76 
15.37 
13.34 
14.96 

Hardness: 160 
Hardness: 40 

US EPA 19805 
US EPA 198Oj 
US E P A  1 9 8 0 ~  
G l e d h i l l  e t  a l .  1980 
Gledn, ’ l  e t  a l .  1980 
G l e d h i l ?  e t  a l .  1980 
US E P A  19803 
G l e d h i i l  e t  a l .  1980 
G l e d h i l l  e t  a l .  1980 
Mayer and Sanders 1973 

Mayer and Sanders 1973 
Mayer and Sanders 1973 
Mayer and Sanaers 1973 

Eio t o x i c i t y  d a t a  

US EPA 19EOk 
US E P A  1980k 
US EPA 1980k 

F low-through t e s t  US EPA 1980k 
US €PA 1980k 
US EPA 198Ok 

No a q u a t i c  emiss ions 

No a q u a t i c  emiss ions 

H o h r e i t e r  1980 
I m m o b i l i z a t i o n  Anderson 1946 
I m m o b i l i z a t i o n  Sanders and Cope 1966 

Sanders and Cope 1968 

Flow-through t e s t  Cardwel 
F low-through t e s t  Cardwel 

US E P A  
US EPA 

F low-through t e s t  Cardwel 

e t  a l .  1976 
e t  a l .  1976 

e t  a l .  1976 

9801 
9801 

W 
P 
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Table A-1. (continued) 

Representative Test Our at i on Concentration 
RAC chemical(s) organi sma Test type (h) (m9/L) Notes Reference 

32 Mercury (inorganic) 0. magna 

Methylmercury 

33 Nickel 

Stonefly (Acroneuria 
lycor i us} 

Fathead minnow 
Rainbow trout 
Coho salmon 
Rainbow trout 
(juvenile) 

Rainbow trout 
Rainbow trout 
(sac fry) 
(fingerling) 
(Juvenile) 

Brook trout 
(juvenile) 
(yearling) 

D. 

k y T t p h e m e r e 1 1  a 
subvaria) 

stonefly(& lycorius) 
Damselfly 
(unidentified) 

Midge 
(Chironomus sp.)  

(unidentified) 
Caddisfly 

Fathead minnow 

Fathead minnow 

Bluegi 1 1  

Bluegi 1 1  

Lc50 

TLm 

LC50 
Lc50 
Lc50 
Lc50 

Lc5D 

Lc50 
Lc50 
4 0  

Lc50 
Lc50 

Lc50 
Lc50 
TLnl 

TLm 
TLrn 

TLm 

TLm 

Lc50 

TLm 

TLm 

TLm 

48 0.005 

96 2.0 

96 
96 

96 
96 

. 96 

96 
96 

96 

96 

96 

96 

96 

0.19 
0.31 
0.24 
0.155-0.4 

0.03 

0.024 
0.042 
0.025 

0.084 
0.065 

1.81 
2.34 
4.0 

33.5 
21.2 

8.6 

30.2 

4.58-5.18 

25.0 

5.18-5.36 

39.6 

4 tests 

Flow-through test 
Flow-through test 

Hardness: 51 
Hardness: 100 
Hardness: 42 

Hardness: 40 
Hardness: 50 

Hardness: 50 

Hardness: 50 

Hardness: 20 

Hardness: 210 

Hardness: 2 tests 20 

2 flow-through 
tests 

flow-through test 

Hdrdness: 360 

Biesinger and 
Christensen 1972 
Warnick and Bell 1969 

US EPA 198Om 
Hohreiter 198Q 
US EPA 198Om 
US EPA 1980111 

Hohreiter 1980 

Hohrei ter 1980 
Hohreiter 1980 
US €PA 1980m 

McKim et al. 1476 
McKim et a l .  1576 

US EPA 1980n 
US EPA 1980n 
Warnick and Bell 

Warnick and Bell 
Rehwoldt et a i .  

Rehwoldt et al. 

Rehwoldt et al. 

US EPA 1980n 

Pickering 1974 

Pickering and 

Pickering and 
Henderson 1966b 

00 
M 

1969 

1969 
973 

973 

973 

4 
3: 
1 



Table A-1. (contindedj 

Represent at i ve Test 
R i l C  chemical(s) organ i sma 

Duration Concentration 
Test type ( h )  (mg/L) Notes Reference 

Henderson 1965b 
96 35.5 Flow-through test Hale 1977 
96 4.6-9.9 Soft water Hohrei ter 1980 

LC50 39.2-42.4 hard water Hohreiter 1980 96 

2ainbow trout Lc50 
Fish sp . ,  general 
F i s h  sp . ,  general LC50 

34 Cadmium 

badia) 

(unidentifiedj 
Uamselfly T Ln1 

Midge TLn, 
(Chironomus) Caddisfly Ti, 
(unidentified) 

Fathead minnow' T L, 

Fathead minnow T L m  

Bluegi 1 1  TLm 

Bluegi 11 Lc50 
Rainbow trout LC50 
(swim-up and parr) 

Rainbow trout Lc50 

Carp Lc50 
Chinook salmon (Parr) LC53 

Brook trout Lc50 

Green sunfish 
Pumpkinseed 

Lc50 
LC50 

96 

95 
96 

96 

96 
96 

96 

96 

96 

96 

95 

0.0099 Hardness: 51 US EPP. 19800 
US EPA 19800 0.033 Hardness: 104 

0.049 Hardness: 209 !IS EPA 19500 
Ciubb et a l .  1975 26.0 

Warnick and Bell 1969 
18.0 Clubb et a l .  1975 
2.0 Hardness: 54 

8.1 hardness: 50 Rehwoldt et al. 1973 

Rehwoldt et al. 1973 1.2 Hardness: 50 
Rehwoldt et a l .  1973 3.4 Hardness: 50 

Pickering and 0.630 Hardness: 20 

Pickering and 72.6 Hardness: 363 

Pickering and 1.94 Hardness: 20 

US EPA 19800 21.1 Hardness: 207 
0.001- Hardness: 23 US EPA 19800 
0.00175 2 flow-through 

G.CO175 Hardness: 31; US EPA 19800 

US EPA 19800 0.24 Hardness: 55 
US EPA 19800 0.0035 Hardness: 23 

0.0024 Hardness: 44 US EPA 19800 

2.S4 Hardness: 20 US EPA 19800 
1.5 Hardness: 55 US EPA 19800 

Henderson 1966b 

Henderson 1966b 

Henderson 19660 

tests 

flow-through test 

(sodium sulfate) 



I 

Table A-1. (continued) 

Representative Test Duration Concentration 
R AC chemical(s) organi sma Test type (h) (mg/L) Notes Reference 

35 Lead 

36 Fluorine 

0. 

P, t w m  1 n now 
F athedd minnow 

Bluegill TLin 

81 uegi 1 1 TLm 

Rainbow trout (fry) LC50 
Hai nbow trout LCjo 

Rainbow trout LC50 
Rainbow trout Lc50 
Erook trout Lc50 

&l%% 
Goldfish 

Goldfish 

Rainbow trout TLrn 

96 
96 

96 

96 

96 
96 

96 
96 
96 

48 
96 
12-29 

60- 102 

240 

0.612 
0.952 
2.4 

482.0 

23.8 

442.0 

0.6 
1.17 

1 .0 
8.0 
4.1 

270.0 
120.0 
1000.0 

1000.0 

2.3-7.5 

Hardness: 54 
Hardness: 110 
Hardness: 20 
Hardness: 360 

Hardness: 20 

Hardness: 360 

Hardness: 32; 
flow-through test 

Hardness: 44 

"Toxic threshold" 
100% kill 
100% kill in soft 
water 
100% kill i n  hard 
water 

temperature 
Ttm varies with 

US EPA 1980p 
US EPA 1980p 
US EPA 1980p 
Pickering and 
Henderson 19664 

Pickering and 
Henderson 19664 

Pickering and 
Henderson 1966b 

Hohreiter 1980 
Oavies et al. 1976 

Hohreiter 1980 
US EPA 1980p 
US EPA 198Op 

Hohreiter 1980 
Hohreiter 1980 
Hohreiter 1980 

Hohreiter 1980 

Angelovic et al. 1961 

aLatin binomials are listed in kppend>x C. 

b ~ C s g  = concentration required to kill 50% of test organisms. 
TL, = inedian tolerance limit. 
EC20 = effective concentraton causing a designated effect on 20% of test organismsn. 

Chardness values are given in milligrams per liter as CaC03. DO = dissolved oxygen. 



Table A-2. Chronic toxicity of synfuels chemicals to aquatic animals. 

Representative Test 
KAC chemical(s) organisma 

Duration Concentration 
Test type (d) (mg/L) Notes Reference 

8 Carbon tetrachloride Fathead minnow 
Chloroform Rainbow trout 

1 2  Benzene 

14 Naphtnalene 

21 Phenol 
2,4-Dimethylphenol 

22 Acrolein 

26 Di-2-ethylnexyl 
phthalate 

Butyl benzyl 
phthalate 

2 8  Acrylonitrile 

31 Arsenic 

32  Mercuric chloride 

Kethylmercuric 
c h 1 oride 

Rainbow trout 

Rainbow trout 

Daphnia magna 

Fathead minnow 

Fathead minnow 
Fathead minnow 
Fathead minnow 

- D. _magna 
- D. magna 

Fathead minnow 

- D. magna 
Rainbow trout 

- D. magna 

- u.  magna 

Fathead minnow 

Fathead minnow 

- 3 .  magna 
0. magna 
Eass sp., general 
Pink salmon 

- D. nagna 

- 3.  magna 
Fathead minnow 
Brook trout 

Embryo-larval 
Embryo-1 arval 

Embryo-larval 

Embryo 

Life cycle 

Embryo-larval 

Embryo-larva? 
Embryo-1 arval 
Embryo-larval 

life cycle 
Life cycle 

Life cycle 

Life cycle 
Embryo-1 arval 

Life cycle 
Embryo-larval 

Life cycle 
IC50 

Life cycle 
TLm 

Life cycle 

Life cycle 

Life cycle 

>3.4 
27 1.2 

27 2.0 

23 10.6 

>98.0 

0.62 

2.56 
2.191 
2.475 

0.024 
0.034 

0.02! 

<0.003 
0.008 

0.44 
0.22 

>3.6 
30 2.6 

0.912 
21 2.85 
10 7.60 
IO 5.00 

0.001 - 
0.0025 

G.001 
O.OO023 
3.00052 

U.S. €PA, 1980a 
200 mg/L water U.S. €PA, 1980b 

50 mg/L water U.S. €PA, 19&iib 

40% teratogenesis U.S. €PA, 19805 

U.S. €PA, 1980c 

U.S. EPA, 1980e 

iJ.S. EPA, 19809 
U.S. €PA, 1980h 
ii.S. EPA, 198Oh 

U.S. EPA, 1980i 
Survival reduced National Researcn 
after 64 days Counci 1 , 1981 

U.S. €PA, 19EOi 

hardness 

hardness 

Toxic 
Lethal 

U.S. €PA, 1980j 
U.S. EPA, I980j 

U.S. EPA, 198Oj 
U.S.  EPA. 1980j 

U.S. EPA, 1980k 
U.S. €PA, 1980k 

U.S. EPA, 19801 
Hohreiter, 1980 
Hohreiter, 1980 
Honreiter, 1980 

4 tests U.S. €PA, 198Om 

i1.S. €PA, i980m 
92% dead, 3 months Hohreiter, 198C 

U.S. EPA, 1980m 

W co 
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Table A-2. (continued). 

Representative Test 
R AC chemicalts) organisma 

Duration Concentration 
Test type (d) (mg/L 1 Notes Reference 

33 Nickel - D. magna 

Fathead minnow 
Rainbow trout 

34 Cadmium 

Bluegi 1 1  
Brook trout 
Brook trout 

35 Lead 

36 Fluorine 

D. magna E. ma na 
Sto& (Acroneuria 

lycoriasl- 
Mayfly (E hemerella 

s u b v a r e  
C a m (  Hydropsyche 

better1 1 
6 l m  
Rainbow trout 
Rainbow trout 

Rainbow trout 

Rainbow trout 

- ~~ ~_____  

aLatin binomials are listed in Appendix C. 

Life cycle 

Life cycle 

Life cycle 
Embryo-larval 
Life cycle 
Embryo-larval 

Life cycle 
Life cycle 
Life cycle 

0.015 Hardness: 51 U.S. EPA, 1980n 

0.123 Hardness: 105 U.S. EPA, 1980n 
(mg/L as CaC03) 

0.465 Hardness: 50 U.S. EPA, 1980n 
0.109 Hardness: 44 U.S. EPA, 198011 

U.S. EPA, 1980n 0.527 Hardness: 210 
0.350 Hardness: 50 U.S. EPA, 1980n 

0.00015 Hardness: 53 U.S. EPA, 19800 
0.00021 Hardness: 103 U.S. EPA, 19800 
0.00044 Hardness: 209 U.S. EPA, 19800 

0.0031 
Life cycle 0.046 Hardness: 201 
L i f e  cycle 0.050 Hardness: 297 
Embryo-1 arval 0.0017 Hardness: 36 
Embryo-1 arval 0.0092 Hardness: 187 

Life cycle 
Life cycle 

Lc50 

Lc50 

14 

7 

0.012 Hardness: 52 
0.128 Hardness: 151 

64.0 

16.0 

U.S. EPA, 19800 
U.S. EPA, 19800 
U.S. EPA, 19800 
U.S. EPA, 19800 
U.S. EPA, 19800 

U.S. EPH, 1980p 
U.S. EPA, 1980p 

Hohre i ter , 1980 
Hohreiter, 1980 

7 32.0 Hohreiter, 1980 
0.032 Hardness: 41 U.5. EPA, 1980p Emhyo-l arval 

Embryo-1 arval 0.019 Hardness: 28 U.S. EPA, 1980p 
Embryo-1 arval 0.102 Hardness: 35 U.S. EPA, 1980p 

LC 0 

0 
30 

r 

z 
(0 
m 

113.0 100% kill, Hohreiter, 1980 z 
45 mg/L CaC03 \ 

250.0 100% k i  11, Hohreiter, 1980 4 
320 mg/L CaCO , t year1 ing trouP 

21 

21 



Table A-3. Toxicity o f  synfuels chemicals to algae. 

Representative Test Duration Concentration 
RAC chemical(s) organ; sm Test type (h) (mg/L) Notes Reference 

12 tlenzene Chlorella vulgaris Ei50 46 525.0 Reduction in cell U.S. EPA. l983c 
numbers 

14 Toluene 

Mapnthalen? 

15 Fluorantnene 

;7 Aniline 

p-Toluidene 

- C. vulgaris 

Selenastrum 
€'50 c apricornutum 

24 245.0 Keduct.ion in cell 11.5. EPA, 1980d 
numbers 

Reduction in cell U.S. €PA, 1980d 96 433.0 
numbers and 
chlorophyi I 
production 

€C50 extrapolated 
cell numbers 

Reduction in U.S. EPA. 1980e 48 33.0 C. vuigaris - 

Chalamydomonas 
angu 1 osa 61% mortality of U.S. EPA, !980e 24 34.4 

cell s 

U.S. EPA. 198Gf 

Reduct?on in b.S. :?A, 198rJf 

S .  capricornutum EZ50 56 54.4 Reduction in cell 

5. capricornutum EC50 96 54.6 
numbers 

chloro)hyll 
production 

- 

- 

A menellum 
-i cat um 

- A. quadruplicatum 

21 ?hen01 S. capricornutum - 

- S .  capricornutum EC50 

Mitzschia iinearis ic50 

Chlorella pyrenoidosa ECloo 

C vu1 aris EC20 
2,4-Uimethylphenoi z: p j j o s a  EClOO 

24 

120 

48 

60 
48 

0.010 Diffusion from d i s ~  Batterton et al., 
1978 onto alga'l lawn 

inhibited growth 
f o r  3-7 days 

0.010 Same as aaove 
for all 4 sDecies 1978 

0.010 
0.010 
0.010 

Batterton e t  a;. , 

20.0 Growth inhibition o f  U.S. EPA, 19809 
12-66% depending on 
time (2-3 d) and 
temperature (20, 
24, 28°C) 

40.0 Reduction in cell 
numbers 

nurnoers 

of chlorophyll 

U.S. EPA, la809 

258.0 Reduction tn cell U.S. EPA, 1%Og 

1530.0 Complete destruction U.S. EPA, 198Oy 

470.0 Growth inhibition U.S. €PA, ;9809 
500.0 Complete destruction U.S. EPA. 19809 

of chlorophyll 



Table A-3. (continued). 

Representative Test 
RAC chemical(s) organism 

Duration Concentration 
Test type (h) (mg/L) Notes Reference 

EC50 

EC50 

EC50 

EC50 

EC50 

4 0  

EC50 

EC50 

EClOO 

EC50 

EC50 

EC16 

EC 50 

96 0.11 

96 0.13 

96 1000.0 

96 0.60 

96 42.7 

96 39.6 

96 90.3 

96 85.6 

Reduction in 
chlorophyll 5 

Reduction in cell 
numbers 

Reduction in cell 
numbers 

Reduction in cell 
numbers 

Reduction in 
chlorophyll 2 

Reduction in cell 
numbers 

Reduction in 
chlorophyll a 

Reduction in cell 
nunbers 

U.S. EPA, 1980j 

U.S. EPA, 1980j 

U.S. EPA. 198oj 

U.S. €PA. l980j 

U.S. EPA, 19803 

U.S. €PA, 1980j 

U.S. EPA, 1980.j 

U.S. EPA. 19803 

26 Butylbenzyl phthalate 2. capricornutum 

- S. capricornutum 

Microcystis aeruginosa 

Navicula pelliculosa 

- S .  capricornutum 

- 5. capricornutum 

- S. capricornutum 

- S .  capricornutum 

0 i met hy 1 p h t h a1 ate 

Diethyl phthalate 

31 Arsenic 
336 2.32 
96 20.0 

100% kill 
Threshold effects 

U.S. EPA, 19801 
Cashman e t  a?., 

U.S. EPA, 1980m 

U.S. €PA, 198Om 

1977 

32 Mercuric chloride 768 1.03 

2 0.08 

Cell division 
inhibition 

Reduction in photo- 
synthetic activity 

Growth inhibition 

- C. vulgaris 

Spring diatom 
assemblages 

Methylmercuric 
chloride 

33 Nickel 

Coelastrum 
microporum 2.4-4.8 U.S. €PA, 1960111 

0.1-0.7 Growth reduced in 
all cultures in 
water with 50 mg/L 
CaC03 

Growth inhibition 
Threshold effects 

U.S. €PA. 1980n 

336 0.5-10.0 
1.5 

0.0061 

0.05-0.5 
0.25 
0.06 
0.05 
0.005 

Cushman et al., 
Cushman et a l . ,  

U.S. EPA. 19800 

Cushman e t  a1 . , 
U.S. €PA, 19800 
U . S .  EPA. 19800 

1977 
1977 

1973 

Phorrnidiurn ambiguum 
Scenedesmus 

Scenedesmus sp. 34 Cadmium Reduction in cell 

Growth inhibition 
Growth inhibition 
Growth reduction 
Growth reduction 

numbers 
Scenedesmus sp. 

- 5, capricornutum 
Mixed species 

f: 
U.S. EPA, 19800 

Population reduction U.S. €PA, 19800 



Table A-3. (continued). 

RepresenTat i ve Test 
SAC cnemical(s) organism 

Durat ion Concentration 
Test type ( h j  (mg/Li Notes Reference 

35 Leaci 1 .oo Growtn i n n i b i t i o n  U.S. EPA, 198Gp 
0.50 Growth i n h i b i t i o n  U.S. EPA, 1980p 
0.50 Growth i n h i b i t i o n  U.S. EPA, 199Op 
0.50 Growth i n h i b i t i o n  U.S. EP4. 1980p 
5.0-26.0 Reduction i n  CO2 L.S. EP.4, 1 9 8 0 ~  

Chlaxydomonas sp. EC50 24 7.0 Reduction i n  C02 iJ.S. EPA, ' 9 8 0 ~  

Reduction i n  C02 U.S. €PA, 198Op 

Navicu'ia sp.  EC50 24 17.0-28.0 Reduction i n  CO2 U.S. EPA, 1980~ 

Scenedesmus sp. 

f i x a t i o n  

f i x a t i o n  

f i x a t i o n  

f i x a t i o n  

Cosnariuni sp.  EC5O 24 5.0 

2.5 Threshoid e f f e c t s  Cushman e t  a l . ,  1977 
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Table 6-1. Toxicity of chemicals in air to vascular plants. 

Duration Exposure Concen ration 
Representative Test 

i i A C  chemical organi sma Response (hours) (v9/i3) Hotsb Reference 

1 Carbon monoxide Grapefruit 

Red clover 

Several species 

Popinac 

2 Sulfur dioxidec Barley 
Durum wheat 
Alfalfa 
Tobacco, Bel W3 
Cocksfoot 
Broadbean 

White pine 

Norway spruce 

3 hitrogen dioxide Wheat 
Bush bean 
Spruce 

Endive 
Carrot 
Tobacco, bean, 
tomato, radish, 
oat, soybean 

Cocksfoot and 
meadow grass 

4 Hydrogen sulfide Green bean 
Green bean 

Alfalfa 
Lettuce 
Douglas-fir 

Sugar beets 

5 h o n i a  Mustard 

-LO2 uptake 

-20% N fixation 

-Growth 

Oefol i at i on  

-44% yield 
-42% yield 
-26% foliage 
-22% foliage 
-40% total wt. 
Reduced net 

photosynthesis 
Needle damage 
threshold 

-25% volume growth 

-12% straw yield 
-27% yield 
-7% linear growth 

-37% yield 
-30% yieid 
Visible foliar 

injury 

-Yield 

552 

24 

72/wk 
72/wk 

100 
100 
2070 
8 

6 

I680 

334 
639 
1900 

620 
357 

4 

2070 

-20% photosynthesis 3 
-25% whole plant 64 
yleld 

-39% yield 6 7 2 -840 
-66% yield 2112 
-weight and 5904 

-38% sugar 3216 
+43% sugar 3216 

Injury 4 

linear growth 

1.8 E03 

1.1 E05 

1.1 E07 

2.3 E07 

3.9 E02 
3.9 E02 
1.3 E02 
1.3 E02 
1.78 E02 
9.2 E01 

6.5 E01 

1.3 EOZ 

2 E03 
2 E03 

2-3 E03 

2 E03 
4 E03 
3.8 E03 

2.1 E02 

7.0 E02 
2.8 E02 

4.2 EO2 
4.2 E02 
4 . 2  E02 

4.2 E02 
4.2 E01 

2.1 E03 

Detached leaves 

Field, growing season 
Field, growing season 
5 hr/d. 5 d/wk, 4 nk 
5 hr/d, 5 d/wk, 4 wk 
103.5 hr/Hk, 20 wk 

sensitive clone 

-17% linear growth in 
following year 

103.5 h/wk. 20 wk 

4 h/d, 4 d/wk for 4 wk 

continuous fumigation 
continuous fumigation 
continuous fumigation 

continuous fumigation 
continuous fumigation 

National Research 
Council. 1977a 

National Research 
Council, 1977a 

National Research 
Council, 1977a 

National Research 
Council. 1977a 

U.S. EPA. 1982 
U.S. EPA, 1982 
U.S. EPA, 1982 
U.S. EPA, 1982 
U.S. EPA, 1982 
U.S. EPA, 1982 

U.S. EPA, 1982 

U.S. EVA, 1982 

Zahn, 1975 
Zahn, 1975 
Zahn, 1975 

Zahn, 1975 
Zahn, 1975 
Heck and Tingey, 1979 

Ashenden and 

Taylor, in press 
Taylor, in press 

Thompson and Kats, 
ThMnpson and Kats. 
Thompson and Kats, 

Thompson and Kats. 
Thompson and Kats, 

National Research 
Council, 1979b 

Mansfield, 1978 

1978 
1978 
1978 

1978 
1978 



Table 6-1. (continued). 

Exposure 
Kepresentarive Test Duration concentration 

RAC c hemi ca 1 organi sma Response (hours ) ip9/m3) twtesb Reference 

1.15 EO0 National Air 
Pollution Control 
Administration, 197U 

Pollution Control 
Aoministratlon, I970 

Follution Control 
Administration, 197 9 

Pollution Control 
Administration, 1970 

Pollution Control 
Administration, 1970 

National Research 
Council, 1981 

Kingsbury et al.. 1979 

National Air 

kational Air 

National Air 

National Air 

6 Ethylene African marigold Epinasty 20 

72 

720 

i 68 

240 

5 

48 

I68 

0.6 

1 

0.6 

3 

9 

1 

Carnation Flowers do not oDen 1.15 E02 

Cotton Growth inhibition 6.85 E02 

Liiy family Growth inhioition 8.60 E02 

Various plants Growth inhibition 2.39 E03 

7 Formaidehyae Alfalfa 

Petun; a 

4.9 E02 

2.47 E02 

inJury 

fiecrosis and leaf 

Injury 

symptoms 

8 Vinyl chloride Cowpea, cotton. 
squash 

Pinto bean 

gunner bean 

2.6 E05 Heck and ?ires. 1962 

12 Benzene 

13 Cyclohexene 

Red-bordered spots 

LOj0. toxicity 
to leaves 

Bronze color 

Damage 

Oxident-type damage 

LD50. toxicity 
t o  leaves 

3.0 E04 

1.12 E12 

Kingsbury et al., 1979 

Ivens. 1952 

Kingsbury et al.. 1979 

Cheeseman and Perry, 1977 

Kingsbury et al.. 1979 

Ivens. 1952 

Taylor, in press 

14 Toluene 

17 Aniline 

22 Acrolein 

23 Carbonyl sulfide 

?into bean 

Loololly pine 

Alfalfa 

gunner bean 

Green bean 

1.88 E05 

2.7 E02 

2.5 E02 

2.7 E03 

4.9 E02 4 h/d, 4 d/w for 3 wk -13% growth 64 



TaDle B-1. (continued). 

Representative Test 
RAC chemi ca 1 organisma 

Exposure 
Duration Concentration 

Response (hours ) h9/m3) Notesb Reference 

32 Mercury jmetalic) Rose Severe damage 1.0 E01 

Sugar beet Damage 5 2.8 E02 
Englisn ivy Damage 12 1.5 E04 
Coleus, Thevetia Abscision 168 1.0 E01 

Mercuric chloride Thevetia and Necrosis 168 1.0 E01 

D imet hy 1 mercury Coleus, Thevetia Abscision 36 1.0 E01 

and Ricinus 

Ricinus 

and Ricinus 

Stahl, 1969 

Ualdron and Terry, 
Waldron and Terry, 
Siegel and Siegei, 

Siegel and Siegel, 

Siegel and Siegel, 

1975 
1975 
1979 

1979 

1979 

aLatin binmials are listed in Pqpendix C. 

bunless "field" i s  noted, results are f o r  laboratory studies.  

'See a l s o  Table 4. 

i 
4 
3 



Table 6 - 2 .  Tox-;city o f  cnemicals in soil or solution io vasculzr plants. 

Test organism* 
and 

life stage Test medium 
Concentration 

Hesponse Duration (u9/9) KeferenCe 
Represenrative 

HAC chemical 
- - 

9 

l i  

13 

14 

I5 

10 

19 

20 

2 1  

L L  

5d 

4d 

2d 

6h 

634 

63c 

604 

4d 

8 id 

8h 

5d  

4d 

600 

93.1 

25.2 

100 

0.0005 

0.0: 

0.02 

0.02 

1.0 

i0  

100 

130 

35 

10 

25 

1 .s 
25 

2000 

100 

Lynch, 1977 

Naik et al.,1972 

Chen and Elofson, 1978 

Allen t :  al., 1961 

Deubert at ai., 1979 

Graf acd NowaK, 1966 

G r a f  an0 iuowak. :966 

Acetic acid 

Metnyl pyrioine 

Hexene 

Xylene 

Benro(a jpyrene 

3,4-oenzopyrene 

I ,Z-oenzanthracene 

I ,2 ,5 -b-o?-  
benzanthrancene 

uiniethy 1 a1 Ky 1 ami ne 

denzothiopnene 

lnaole, 
3-etnyl-iH 

barley (seedling) 

Alfalfa (sprout) 

Oat (seeciinqj 

Sugar beet (seedling! 

Corn (sprout) 

iooacco (seeoling) 

TODaCCO (seedling) 

Solution in Sdnd 

Sol ut i on 

So:ut ion 

S o l u t i o n  

Sol ut ion 

bo1 1 

501 1 

Root growth inhibition 

Koot Growth inhibition 

Mortal i ty 

Root growth inhibition 

Hoot growth stimu!ation 

785 growtn stimulation 

80% growtn s:imulation 

Toaacco (seedling) 

Gram, r i c e  

Cucumber (sprout) 

so: 1 

Lolut ,on 

Sol ur i on 

130% growth sttinulation 

kortal ity 

9% root growth inhibirion 

Graf and I\Iowak, 1966 

uurta et al., 1972 

knlesinger and Flowry, i951 

Oavies et al., 1937 Oat, cress, 
.IlUstard ( sprout) 

Sol u t  ion GrowLh innibition 

lndo I e - 3  
-acetic acid, 1H davies et al., 15137 Oat, cress, 

nstard (sprout) 

Cucumber 

Pea (sprout) 

Letiuce (seedling) 

So1ut ion Growth innibition 

H i  ,ton anc Nomura, la64 

Snukla, 1972 

Chou am. Patricn, 1976 

Solution 

Solution 

Solution on 
filter paper 

Mortality 

Germination reduced by >5WA 

23% growtn inhibition Benzoic acid 

2-nydroxy 
-benzoic acid *ice (seedling) 

L e t r u c e  (seedling) 

so1 1 

Solution on 
filter paper 

Solution 

Seealing growth innibition 

bl5 growth inhibition 

Gaur and Pareek, 1976 

Chou and Patrick, 1976 

Phenol 

4-nyoroxy 
-benraldehyoe 

Durum wheat (seed) Germination inhibition Badilescu et al., 1967 

Lettuce (seedling) Solution on 
filter gaper 

2b% growtn innibition Chou ana Patr:ck, 1916 



Table tr-2. (continued). 

Test organism* 
Representative and 

&AC cnemical life stage Test medium 
Concentration 

Response Duration (Ids) Reference 

22 

23 

24 

27 

31 

Acrolein 

Carbon disulfide 

Etnanol 

N,N-dimethyl- 
f ormami de 

2-metnyl 
-benramide 

Arsen i c a 

32 kercurj 

33 Nickel 

Alfalfa 

Apple 

Lettuce (seed) 

Lettuce ( s e e d )  

Poppy, chickweed, 
carrot, ryegrass 
corn, lucerne 
(mature) 

Corn 
( seed1 i ng ) 

Cotton 
[mature) 

Cotton 
(mature) 

Soybean 
(mature) 

Soybean [mature) 

ioupea 

Bar i ey 
(seed-sprout) 

darley 
[seed-sprout) 

iettdce 
(seed-sprout) 

Corn 
(mature) 

Sunf louer 
;mature) 

S o i  1 

So 1 ut ion  

So I uticn 

Soi 1 

Soi 1 

Soil (fine sandy 
loan;) 

Soil (clay) 

Soi l  [fine sandy 
loam) 

Soil (clay) 

So 1 uti on 

So1 ut ion 

Sol ut ion 

Soi ut ion 

Sol uti on 

Oxidant-type damage 9h 0.1 Kingsbury et al., 1979 

Root injury 420 Underhill and Cox, 194U 

Germination inhibition 44h 1,0@0,@00 Meyer ana Mayer. 1971 

Nearly total suppression of 
germination 24h 1,00@,0@0 Meyer and Mayer, 1971 

13-87% reduction in yield 3-5w E20,@0@ Pizey and Wain, 1959 

10% growth reduction 4w 64 Woolscn, et al., 1971 
(wet tissue weight) 

Approx. 55% reduction in yield 6w 8b Deuel and hoboda. i972 

Approx. 40% reduction in yield 6 w  2eb Zleuel and Swoboda. 1972 

Approx. 45% reduction in yield 6 w  3b Deuel and Suoooaa, 1972 

Approx. 40% reduction i n  yield 6w 1 2b Oeuel and Swoboda, 1972 

Retarded growth lb Aibert and Arnot, 1932 

12% growth reducticn 711 post 5 (as Vg++) MuKniya et al.. 1983 
(fresh weignt) germination 

12% growth reduction 7d post 1 [as PMA)' Mukhlya et al., 1983 
(fresh weight) germination 

68% reduction in elongation 5d post 109 ( a s  Nag et al.. 1980 
o f  lettuce nypocotyl germination HgC12) 

10% decrease 7d 5 Carlson et al., 1975 
in net photosynthesis 

10% decrease 7d 0.8 Carlson et al., 1975 
in net photosynthesis 

(D 
(D 



Taole 8-2. (iontinbeo). 

Test organism* 
Representative and 

RAC chemical life stage Test medium 
Concentration 

Duration !c19/9) Reference Response 

33 

34 Cadmium 

Oats 
(seeds-seediinys) 

Oats (mature) 

Barley 
(seedling) 

Corn 
(mature; 

5unf lower 
(mature) 

Soybeans 
(mature ) 

k d n  (5  weeks oid) 

Beet (5 weeks old) 

Turrrip (5 weeks c i a )  

Corn ( 5  weeks o l c )  

Lettuce (5 weeks old) 

Tmato (5 weeks old) 

Barley (5 weeks o l c )  

Pepper ( 5  weeks old) 

Cabbage (5 decks old) 

Soybean 
(seedling) 

(seedling) 

Lettuce 
(oature) 

Wheat 

Solution in 
coarse sand 

S o i l  

Solution in sand 

So1 ut i on  

Sol uti on 

Soiution in sand 
and vermiculite 

Solution 

Sol ut 1 on 

Soi ut i on 

Sol ut i on  

So 1 ut 1 on 

Solution 

Soi ut i on 

Sol ut 1 on 

Sol uti on 

Soil (silty clay 
1080) 

Soil (siity clay 
loam) 

Soil (silty ciay 
loam) 

Stunted growth 

Decreased grain yield 

Over 50% reduction in whole 
p l a n t  fresh weight 

10% decrease 
i n  net phctgsynthesis 

10% decrease 
in net pnotosynthesis 

35% decrease in fresh we'ight 
of pods 

50% growth reduction 

50% growth reduction 

50% growth reduction 

50% growth reduction 

50% growth reduction 

50% growth reduction 

50% yrowtn reduc t ion  

50% growth reduction 

50% growtn reduction 

15% reduction i n  yield 
(dry weight) 

209c reduction in yield 
(dry weight) 

40% reduction in yiela 
(fresr; weightj 

up to 
22d post 10 
germination 

Wnole life 50 

3w 28 I 
(N i S04-7H20) 

7d 0.9 

7d 0.45 

90d 2 

3w 0.2 

3* 0.2 

3 w  0.2 

3w 1.2 

3w 0.9 

3w 4.8 

3W 5.6 

3w 2.0 

3w 9.0 

5w 2.5 

5w 2.5 

Whgle 2 . 5  
life 

Verynano and Hunter. 1953 

halstead e t  a? . .  1969 

Agarwa-la et al., 1977 

Carlson et a l . .  1975 

huang et  al., 1974 

Page et a l . ,  1972 

Page et a].. 1972 

Page et a:., 1972 

Page et al., 1972 

Page et al.. 1972 

Page et al.. 1972 

Page e t  a l . .  1972 

Page et d l . ,  1972 

Page e t  al., 1972 

Haghiri. I973 

Haghiri. 1973 

Hagniri. 1973 



Table B-2. (continued). 

Test organism* 
Hepresentative and 

Test meoium RAC chemical life stage 
Concentration 

Response Duration (PS/9) Reference 

34 Sycamore 
( sap 1 ing ) 

35 Lead Loybeans 
i mat u re)  

Lettuce 
(446 old) 

Soil ( 6 : 1  silty 25% reduction in new stem 90d 39 Carlson and Bazzaz, 1977 
clay loam L perlite) growth 

Solution in Sdnd 35% decrease in fresh weight 90d 
and vermiculite of pods 

5011 (silty clay 25% reduction in yield 30d 1000 John and Vaniaerhoven 

62 Hdange et al., 1974 

loam) \PbjNO3)2 1972 

Corn Vermiculite and 20% decrease i n  
(25d seedling) solution photosynthesis 

11-210 IOGG Barzaz e t  ai. .  ;974 
d 

s 
Vermiculite and 20% decrease i n  11-216 2000 Bazzaz e t  a\., 1974 Soybean 

(25d seedling) solution photosynthesis 

Carlson ana Bazzaz, 1977 Syc ainore Soi l  [6:1 silty 25% reduction in new stem 90d 500 
(sapling) clay loam & perlite) growth 

‘Latin binomials are listed in Appendix C. 

atwsenic shows a stimulatury effect on plants when present a t  l ow  concentrations (40-50 pg/g total As o r  5 pg/g extractable As in soil) jkoolson 
e t  al., 1971). 

bioncentration o f  contaminant availabie in solution. 

C\pMA-Pnenyl mercuric acetate). 



Table 8-3. Toxicity of chemicals in air t o  animals. 

Exposure 
Representative Test Duration concentration 

RAC chemical organisma Response [hours) ii19/m3) Notes Reference 

1 Carbon monoxide 

2 Sulfur oioxide 

Sulfuric acid 

3 Nitrogen oioxide 

4 Hydrogen sulfide 

Rabbit 

uo9 

Chi ckerl 

Rabbit 

Human 

Guinea pig 

Guinea pig 
Dog 

Chicken . 
Guinea pig 

Guinea pig 

Dog 

Guinea pig 

Rat 

Xat 

Mouse 

Rat and mouse 

Canaries. rats 
and dogs 

Aort it lesions 4 

Heart damage 1008 

75% egg hatch 432 

90% neonate survival 720 

Lethality 

Increased airway 1 

5,400 

resistance 
1.1 LT50 

Increased airway 
resistance 

Modifiea nasal 
clearance 

Respiratory function 

iethdlity 8 

Respiratory function 4,725 

LC50 1 

11% lethdiity 5.120 

Bronchial damage 24 

Defects i n  pulmonary 24 

Pulmonary pathologies Chronlc 
microbial defense 

Pu 1 mon ary Suaacute 
irritation 

1.51 E05 

4.3 E04 

4.9 E05 

1.0 E05 

9.2 EO8 

4.2 E02 

5.8 E06 
1.3 E04 

3.7 E03 

1.0 E02 

1.8 E04 

8.9 E02 

1.5 E05 

2 . 3  E04 

2.8 E04 

3.6 E03 

9.4 E02 

7.0 E04 

egg exposed 

mother exposed 

Intermittent 
emoswe, 7 o 

National Research 
Council. 1977a 

National 4eiearch 
Counci I ,  l977a 

Ndtlonal Research 
Council, 1977a 

hational Research 
Council, i977a 

Cleland and Kingsbury. 
1977 

U.S. EPA, 1982 

U.S. EPA, 1982 
U.S. EPA, 1982 

Wakabayash? e t  a:., 

Wakabayashi et d i . ,  
1977 

1977 

Also decreased 
resistance t o  
infection 

No established chronic 
effects 

National Research 
Council. 1977b 

National Researcn 
Council, 1977b 

National Research 
Council, 1977b 

Fiat ional  Research 
Counci 1 1977b 

National Research 
Counci 1 ~ l977b 

National Research 
Council, 1979a 



, 

Table 5-3. (continued). 

Representative Test 
KAC chemic a1 organisma Response 

Exposure 
Duration Concen ration 
(hours) hI9/:31 Notes Reference 

5 h o n i a  Chicken 

Pig 

Rabbit 

Mouse 

Human 

Human 6 Acetylene 

7 formdidenyde 

8 Cnloroform 

9 Acetic acid 

Rat 

Guinea pigs 

R a t  

Mouse 
Human 

Mouse 
Human 
Hunan 

10 furan Rat 
Tn iophene Mouse 

Pyridine Rat 
2-Ethylpyridine Rat 

12 Benzene Human 

Increased disease 72 

Respiratory irritation 840 
susceptibility 

LT50 33 

Lethal threshold 16 

Throat irritation Imnediate 

Unconsciousness 0.08 

bC53 4 

Increased airway 1 
resistance 

irritation and 
liver weight loss 

Respiratory and eye 7400 

Chronic 
t C  0 
En?arged liver 

1 
:",?tat ion 0.05 
Respiratory, stomach Chronic 

and skin irritation 

Lethal threshold 8-48 
Lethal thresnold 8-48 

4 
3 

Lethal threshold Chronic 

1.3 E04 

4.3 E04 

7.0 E06 

7.0 €05 

2.8 €05 

3.7 E08 

5.7 EC5 

3.6 E02 

1.0 €03 

1.4 E05 
4.9 E04 

1.4 EO7 
2.0 E06 
1.5 E05 

2.4 E08 
3.0 E07 

1.3 E07 
2.4 E07 

1.9 E05 

Newcastle virus National Research 
Counci 1, 1979b 

National Research 
Councf 1, 1979b 

National Research 
Council, 1979b 

National Research 
Council, 1979b 

National Research 
Council, 1979b 

Rational Research 
Counci 1, 1976 

Nationai Keseaccn 
Council, 1981 

Natimal Research 
Council, 1981 

National Research 
Councfl, 1981 

Kingsbury et al., 1979 
In workplace air Kingsbury et el., 1979 

Kingsbury et ai., 1979 
Kingsbury et al., 1979 

7-12 years, workplace National Research 
Council, 1976 exposure 

Kingsbury et al., 1979 
Kingsbury et al.. 1979 

kingsbury et al., 1979 
Kingsbury et al., 1979 

Uorkplace exposure National Research 
Council, 1976 

d 

0 
0 

i 
4 
3: 
f 
W eo 
0 eo 



Table 8-3. (continued). 

Representative Test 
RAC chemic a I organisma Response 

Exposure 

(hours) Notes Reference 

13 Pentane 
Cyclopentane 
Hexane 

Cyclohexane 

Heptane 
Butadiene 

Cyclopentaaine 

Mouse 
Mouse 
Mouse 
Human 
Rabbit 
Rabbit 
Human 
human 

Rat 

~ 

Lethality -- 3.8 E08 
Lethality -- 1.1 E08 
Lethality 1.2 E08 
Dizziness 0.17 1.8 ED7 
Lethality 1 9.2 E07 
Narcosis and convulsions 1 4.5 E07 
Dizziness 0.10 4.1 E06 
Respirtory and eye 8 1.8 E07 

Liver and kidney 245 1.4 E05 
irritation 

14 

15 

16 

17 

18 

19 

20 

21 

Toluene 

Ethyl benzene 

p-Xylene 
Tetrahydro- 

Naphtha!ene 
naphthalene 

Rat 
Human 
Rat 
Human 
Mouse 

Guinea pig 
Human 

damage 

Lethal thresnold 4 1.5 €07 
Psychological effects -- 3.8 EO5 
Lethal tnreshold 4 i . 7  EG7 
Eye irritation 4.08 8.8 E05 
Lethal threshold 4 1.5 E07 

Lethal threshold 136 1.5 E06 
Eye irritation arid -- 7.9 €04 
damage 

(No data on respiratory toxicity but several members of  this RAC are carcinagensj 

Ethyl amine Letnal thresholo 4 5.5 E06 Sak, i mal s 01 Lung, liver and 1008 1.8 E05 

1 -hinopropane Rat Lc50 4 5.6 E06 
kioney damage 

Ani 1 ine Rat 
Diinethylanal ine Mouse 

(No data on respiratory toxicity) 

(ko data on respiratory toxicity) 

(No data on respirarory toxicity) 

(No data on respiratory toxicity) 

Lc50 
LC50 

4 9.5 E05 
7 7.4 E05 

Kingsbury et 31.. 1979 
Kingsbury e'. 31.. 1979 
Kingsbury e% b l . ,  1979 
Kingsbury et ai.. i979 
Kingsbury et al., 1979 
Kingsnury et ai.. 1979 
Kingsbury e t  al., 1979 
Kingsbury e t  a;., 1979 

expsoure = 7 hr/day Kingsbury et a]., '1479 

Kingsoury et al., 1979 
Kingsbury et a)., !979 
Kingsbury et al.. 1979 
Lingsbury et a]., 1979 
Kingsbury et al.. 1979 

8 hours f o r  17 days Kingsbury et al., 1979 
Kingsbury er al.. 1979 

for 35 days 

K.ingsbury et a?., ;979 

Kingsbury et 31.. 1979 
Kingsbury et al.. 1979 

Kingsbury et al.. 1979 

Kingsbury et ai., 1979 
Mixed isomers Kingsbury et ai., 1979 



Table 5-3. (continued) 

Representative Test 
RAC chemical organisma Response (hours) Notes Reference 

22 

2 3  

24 

25 

26 

27 

28 

Acrolein 

Acetaloehyde 

Proprionaldehyde 

butyraldehyde 

Butanone 

Methyl mercaptan 
Ethyl mercaptan 

n-Butyl mercaptan 

Thiophenol 
Carbon disulfioe 

Methano I 

Ethanol 

Rat 

Monkey 

Mice. rabbits and 
guinea pigs 

Rat 

Rat 

Rat 

Mouse 

Rat 
Rat 
Human 

Rat 
Human 
Rat 
Human 

Monkey 
Human 

Human 

(No oata on respiratory toxicity) 

heethyl acetate Human 
Methyl metnacrylate Rat 
Butyl acetate Human 

Human 
n-Aniyl acetate Human 

(No data on respiratory toxicity) 

Aceton i tr i 1 e Rat 
Human 

Acrylonitrile Rat 

Lc50 

Respiratory system 

Lc 50 

Lc50 

Reduced weight gain 

damage 

Lethal threshold 
Lc50 
Central nervous 
system effects 

‘i2tra1 nervous 
system effects 

LC5 
Cen?ral nervous 
system effects 

Eye and respiratory 
irritation and 
mental effects 

Severe toxic effects 

%at irritation 
Toxic effects 
Toxic threshald 

Lethal threshold 
Bronchial effects 
Lethal threshold 

4 

2.160 

4 

0.5 

36 

0.5 

0.75 

-* -- -- 
4 
3 
4 

1 
1 

1 
0.5 

4 

4 

1.8 E04 

5.1 E02 

2.0 €06 

6.2 E07 

3.1 E06 

1.7 E08 

6.1 E08 

2.0 E07 
1.1 E07 
1.0 E04 

1.5 E07 
1.0 E04 
1.5 E05 
5.0 E04 

1.3 E06 
1.5 E04 

1.9 E06 

1.S E06 
1.5 E07 
9.6 E05 
9.6 E06 
1.0 E06 

1.3 E07 
2.7 E05 
1.1 E06 

National Research 
Council, 1981 

National Research 
Council, 1981 

National Researcn 
Counc f 1, 1981 

National Research 
Council, 1981 

6 h/d x 6 d Nationdl Researcn 
Council, 1981 

National Research 
Counc i 1 , 1981 

National Research 
Council, 1981 

Kingsbury et al., 1979 
Kingsbury et al . ,  1979 
Kingsbury et al., 1979 

Kingsbury et al., 1979 
Kingsbury et al., 1979 
Kingsbury et a l . .  1979 
Cleland and Kingsbury. 

Kingsbury et al.. 1979 
Kingsbury et a l . ,  1979 

7 years exposure 
1977 

Kingsbury et a]., 1979 

Kingsbury e t  al., 1979 

Kingsbury et a)., 1919 
Kingsbury et al.. 1979 
Kingsbury et al., 1979 
Kingsbury et al., 1979 
Kingsbury et al.. 1979 

Kingsbury et al., 1979 

Kingsbury et al.. 1979 
Kingsbury et al., 1979 
Kingsbury et al., 1979 

--1 
0 m 

d 
W z 
I- -.. 
4 
? 
rb 
a3 
0 
OD 



Table 8-3.  (continued). 

Exposure 
Representative Test nuration Concentrat?on 

RAC chemical organisma Response (hours) (~9/m3) Notes Reference 

29 

30 Fly asn Monkey 

(No data on respiratory toxicity) 

31 Arsenic trioxice Rat 

32 Mercury (metal) Human 
Rabbit 
Human 

33 Nicke; caroonyl Rat 

34 Cadmium oxide fumes human 
Cadmium oxide dust Human 
Cadmium Human 

35 Lead Human 

Slight lung fibrosis 13,390 

Ueignt lag and 24 
physiological effects 

Toxic threshold 
Toxic threshold 
Central nervous 
system effects 

Lc50 0.5 

Letha1;t.y 8 
Impaired l m g  function 
Pulmonary and renal 

Threshold of overt 

effects 

po i soning 

4.6 E02 

2.5 E31 

1.0 E03 
2.9 E04 
1.7 E02 

2.4 E05 

5.0 E03 
3.15 E03 
1.0-27 EO1 

5.0 EO2 

Kingsbury e t  ai., 1979 

Mai"ond1 Research 
Council, 1979c 

National Research 
Council. 1977c 

Cassidy and Furr. 1978 
Cassidy and Furr, 1928 

40 jr. exposure Kingsbury e t  al., 1979 

Nationai Research 
Council, 1975 

HanrnOns et a l . ,  1978 
20 yr .  exposure Hammons et al., 1978 
Occupational exposure kingsbury tt al., 1979 

Occupational exposure National Research 
Council. 1972 

aLatin binomials are iised in Appendix C. 
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APPENDIX C 

Common and S c i e n t i f i c  Names o f  Animals and Plants  





An ima 1 s 

Common name 

Bigmouth buffalo 
Black c rapp ie  
B l u e g i l l  
Brook t r o u t  
Brown t r o u t  
Canary 
Carp 
Channel c a t f i s h  
Chicken 
Chinook salmon 
Coho salmon 

Fathead minnow 
G o l d f i s h  
Green s u n f i s h  
Guinea p i g  
Human 
Largemouth bass 
Monkey 
Mosqu i to f i sh  
Mouse 
Northern p i k e  
P i g  
Pink salmon 
Pumpkinseed 
Rabb i t  
Rainbow t r o u t  
Rat 
Smallmouth b u f f a l o  
White bass 

Dog 

ORNL/TM-9808 

S c i e n f i t i c  name 

I c t i o b u s  c y p r i n e l l u s  
Pomoxis n i  romaculatus 
Lepomis + macroc i r u s  
S a l v e l i n u s  f o n t i n a l i s  
Salrno t r u t t a  
Ser inus canar ius  Cyprrnus c a r p i o  
I c t a  urus punc ta tus  
Gal lus g a l  lus 
Oncorhynchus tshawytacha 
Oncorhynchus k i s u t c h  
Canis f a m i l i a r i s  
Pimephales promelas 
Carassius aura tus  
Lepomis cy?GZTiE 
Cavia cobaya 
Homo sapiens 
Mic rop terus  salmoides 
blacaca sp. 
Gambusia a f f i n i s  
Flus m u s c u r  - 
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Common name 

A f r i c a n  mar igo ld  
A l f a l f a  

Bar 1 ey 
Bean 
Bro  adbe an 
Bush bean 
Cabbage 
Carnat ion 
C a r r o t  
Chickweed, common 
Cocksfoot 
Coleus 
Corn 
Cot ton 
Cowpea 
Cress 
Cucumber 
Durum wheat 
Endive 
E n g l i s h  i v y  
Gram 
G r a p e f r u i t  
Green bean 
L e t t u c e  
L o b l o l l y  p i n e  
Lucerne 
Meadowgrass 
Mustard 
Norway spruce 
0 a t  
Oat, w i  I d  
?ea 
Pepper 
Petun ia  
P i n t o  bean 
Popi nac 
POPPY 
Radish 
Red c l o v e r  
R ice  
R i c i n u s  
Rose 
Runner be an 
Ryegrass, I t a l i n a  
Soy be an 
Spruce 
Squash 

APP 1 e 

P 1 an ts  

S c i e n t i f i c  name 
_I_-__ 

X e t e s  I__ sp. 
.- Medicingo s a t i v a  
MaXs syl v e s t r i s  
Hordeum vu1 a r e  

V i c i a  fa$&---' 
P h a s e o r v u l g a r i s  
B r as s i c aa'l e r ace a 
Dianthus caryaphy l los  
Daucus e a r o t  a 
3'GTEriamedi a 
Dact l i s  gllomerata 
___- &I ume i 

-_I_ 

P-us -IIL -5- vu garis - 

---- I__ 

Zea mays 
Gossvaium h i rsu tum 
.-- 

- 1  

V i  na s i n e n s i s  
Le 1 ium sativurn 
Cucumis s a t i v u s  
T r i t i c u o i  durum 
Cicar ium e n d i v i a  
Hedera h e r  
C icer  a r i e t i n u m  
C i t r u s  p a r a d i s i  
P haseo 1 us vu? gar i s 
Lac tuca s a t i v a  
Pinus t a e d a  
Medicago s a t i v a  
- Poa p r a t e n s i  s 
Brass ica  a l b a  
Picea abies 
Avena s a t i v a  
Avena f a t u a  
Psoralea c o r y l i f o l i a  
Caps i cum f r u  tescen s 
Petun ia  s p .  
Phaseolus v u l g a r i s  
Acacia f arnes i  ana 
Papaver sp. 
Raphanus s a t i v u s  
T r i f o l i u m  pra tense 
Oryza s a t i v a  
R ic inus  communis 
Rosa sp. 
Phaseolus vu1 a r i c  

G lyc ine  max 
Picea abies 
Cucurbits sp. 

_I.p 

--+-a 

-__I__^ 

.- 

__- 
-- 
- I__- 

- 

_I_p 

I~ 

I___- Lo l ium mult - i  + orum 
-I--. 

-- 



P 1 ants  (cont inued 

Common name 

Sugar beet 
Sunf 1 ower 
Sycamore 
Thevet i a 
Tobacco 
Tomato 
Turnip 
Wheat 
White p i n e  

S c i e n t i f i c  name 

Beta vulgaris 
m a n t h u s  annuus 
Platanus o c c i d e n t a l i s  
TKSiXXi n e r i i f o l c a  
N ico t i ana  tabacum 
Lycopersicon esculentum 
Brass ica  napus 
T r i t i c u m  durum' 
Pinus strZijii5- 
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