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FOREWARD

Development and deployment ¢f .2 commercial indirect liquefaction
industry has been proposed as a means of reducing United States
dependence on foreign sources of energy.

Deployment of a commercial industry on an environmentally
-acceptable basis requires identification and evaluation of potential
environmental hazards that may be posed by commercial-scale facilities
to provide an imp*oved basis for planning and implementing environmental
research.

The present' study comprises four major tasks: characterization
_of hazardous materials released from an indirect liquefaction facility;
“assessment of ecological hazardous; assessment of public health hazards;
and assessment of occupational health hazards. The report is organized
in the same manner.’ Volume I 1s an overview and summary of the results;
Volume II presents stream characterization data; and Volumes III, IV,

and V present assessments of ecological, public health, and occupatlonal
health hazards, respectively.

This study was spousored by the Technclogy Assessment Division of
the Department of Energy. OrganizationL participating in the assessment
were General Research Corporation, Oak Ridge National Laboratory, and
Argonne National Laboratory.
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. EXECUTIVE SUMMARY

Process waste streams generated by a commercial-scale indirect
liquefaction facility employing Lurgi/Fischer-Tropsch téechnology may
affect surrounding aquatic and terrestrial ecosystems. In this
assessment of ecologlcal risks, facility streams that have a reasonable
possibility of directly or ‘indirectly entering the environment are
identified. For each of these process streams, inorganic and organic
contaminants most likely to occur are identified, and their expected
concentrations following appropriate dilution in the ambient environment
are calculated. These councentrations are compared with various
toxicologic and environmental benchmarks (such as, blological effects
thresholds, legal standards, and federal recommended criteria) to
determine the potential hazards associated wlith each stream, contaminant

and class of contaminants.

: Where possible, these streams and thelr constituents were ranked
according to their relerive potential for adverse ecological effects.
Streams or their constituents determined to be potentially harmful or
inadequately characterized by available information are identified as

worthy of further research.

Conclusions are tentative due to insufficlency of data regarding
many key aspects of the assessment Jncluding: chemical, physical, and
biological charaoteristics of facility streams; transformation and fate
of stream contaminants; and characteristics of receiving ecosystems and
ecosystem components. Perhaps the most serious constralnt on the
ability to evaluate potential ecological effects is the lack of
knowledge regarding acute and chronic effects of whole stream emissions,
and the synergistic, antagonistic, and additive interactions among
constituents within streams and among streams. This need cannot be
fully met until full-scale operating units produce waste streams that
can be thoroughly characterized physically, chemically, and in terms of
thelir bioloéical and ecological activity.
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Given this consideratioa, several- conclusions have been reached

regarding ecological hazards posed by .several facility streams:

i :
® Gasifier and "utility ash and associated leachates should
generate no serious, insurmountable ecological problems,
although several trace elements and ammonia may pose Problems.

e Effluent from the wastewater treatment unit i1s Llikely to

contain toxic trace elements and organic compounds at

. > concentrations which could pose a significant threat to
aquatic ecosystems, and man though food chain contamjnation.

o Sludge from biological treatment of process wastewaters is
likely- to . contain concentrations df trace #&lements and
:blorefractory compounds that would pose a hazard .owaaustic
ecosystems 1f the sludge 1s not disposed of properly. a

¢« +-@%--Cooling -’ tower -drift and- evaporative-releases<=appear~to- be-the
greatest atmospheric threat to local terresterial ecosystems
due to the significant quantit:ies of organic and fnorganic
contaminants released.

e Utility stack gases may pose significant regilonal ecological
hazards due to //release of sulfur oxides, nitogen oxides and
trace metals,,particularly mercury. -

'I

° Final\conmusions regarding ecological hazards -posed by

indlrect\:liquefaction facilities cannot be made until a great
- deal ‘more Information regarding all  aspects. of ecological
‘Z;m?acts become available.
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1 INTRODUCTION

This volume of the analysis is directed at the identification of
those waste streams generated by the gasification phase of the indirect
liquefaction process having a reasonable possiiility of directly or
indirectly entering the environment; evaluation of their effects on
potential receiving ecosystems; and, where possible, ranking of these
streams and thelr .constituents by relative potential for adverse
" ecological effects. Waste streams or their constituents determined to
be poten;iélly harmful or inadequately characterized by avallable
informgtion are identified as worthy of Ffurther research. WNeither the
liqqefgggion phase of the process (Fischer-Tropsch), nor accidents per
se are addzcsezd here.

‘ We have 1ldentified the followlng waste streams as potential or
likely environmental polluters:

e Stream 36 (ash stream) and 69 (ash leachate).

. Stream 53 (concentrated waste solution from the reverse
osmosis unit).

® Stream 70 fhiosludge from the biological treatment unit).
e Stream 28 (stack gas emissions to atmosphere).

e Stream 29 (cooling tower evaporation losses to atmosphere) .
e Stream 72 (lockhopper vent gas emissions).

Each waste stream {s addressed individually in the following
subsections. Because many of the assumptions, qualifications, and
controlling varlables apply to all of these streams, they are discussed
once in.Section 2.1 (Streams 36 and 69, ash and ash leachates). Those

peculiar to a given stream are discussed in the section applicable to
that stream.



2 AQUEOUS EMISSIONS

2.1 ASH AND ASH LEACHATE: Streams 36 and 69

The* gasifier ash (Stream 34) and the utility boiler fly ash,
bottom ash and scrubber sludge (Stream 33) are all consolidated into one
large—voluﬁe stream (Stream 36) dominated by the gasifier ash. For this
study; -we have assumed the ash would be trucked off-site to a
landfill. As shown in Volume II, Section 2.4, the resulting ash pile is
estimated to yleld an"average leachate flow rate (Stream 69) of 0.85
liters per second (6644 lbs/hr or 0.030 cfs). Aside from the direct and
total physical destruction of any ecological communities occupying the
site of the ash pile itself, the major ecological hazard posed by the
ash 1s the entry of these potentially toxic ash leachates into off-site

aquatic ecosystems.

The nature and extent of the impacts on a feceiving ecosystem
will depend on the quality and quantity of the ash leachate entering
that system. Leachate quality and quantity, in turn, will vary withé%

number of factors, among them:
l. Source coal composition and physical.pharactegistics. )

2. Specific type of proposed gasification processes and
facilities. ‘

3. Ash chemigcal and physical characteristics (dry ash, slag,
density, permeability, degree of moisture saturation, presence
of organic matter).

4, Biochemicaijenvironment in the ash pile (pH, alkalinity, radox
potential, microflora).

5. Local meteorology, especially quantity and . quality of
precipitation. .

6. "Hydraulic distance to the water table and nearest surface
water,

7. Chemical species present in leachate.

2
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8. Permeability and cation exchange capacity of the intervening
" goll. .

9. Sorptive capacity of the soil.
10. Dilative capacity of the groundwater.

; Once the leachate enters a surface water body, the effects on the .

aquatic ecosystem will depend on many of the above factors as well as:
1. Volume:and rate.of flow of receiving surface waters.

2. Physical variables, including temperature, hardness, pH and
- alkalinity of receiving waters.

3. Quantity and sorptive capacity of organic matter, suspended
solids and sediments.

"4, Chemical precipitation and biochemical reactions.
5. Volatilization and photolysis.
6. Ambilent contaminant concentratlons.

7. Structure and function of the existing aquatic communities,
including relative sensitivity of important resident species.

8. Extent of additive, antagonistic, and synetgistic interactions
among the several contaminants iIn terms of toxicity and
chemical reactions. :

: It 1s evident from this partial 1isting of the multitude of
factors controlling ash leachate quantity, quality, toxicity, and
ecosystenm resnonse that impacts on aquatic systems will be site- and
project—specific: Further, information critical to an evaluation of
ecosystem impacts is lacking for most of these- factors, particularly for
indirect coal liquefaction processes using Wyoming sub~bituminous
coals. Consequently, a preliminary evaluation of the hazards posed by
ash piles requires a number of assumptions regarding the above
_controlling factors, and the -use of ‘data generated from similar °
processes and coals. Given these constraints, it is appropriate to make
reasonably well-defined, comnservative, (though not necessarily “worst—

case" assumptions; e.g., the highest mean concentration of arsenic in




leachates rather than the highest individual measurement found in any

case, or a reasonably small 283 1/s (iO cfg) receiving stream vs. a l4

1/8 (0.5 cfs) stream. For this evalvation, therefore, we have assumed

the following:

1.

2.

10.

11.

Leachate flow rag& of 6.85 1/s (6644 f%a/hr or 0,030 cfs; see
calculations, Volume II, Section 2.4).

No attenuation of geachate contaminants by soll.. This 1is a
highly conservativ Vassumption because soil attenuation will
normally be45 an iImportant mechanismj, for” removal of
contaminants. ’

Zero dilaticn of leachate prior to entry into receiving
stream. .

A moderately~small receiving stream'flqé of 283 1/s (10 cfs).

Sorption, precipitationm, volatilization, photolysis, and other
contaminant removal mechanisms in recelving streams “are
unimportan:. :

Two leachate types:

a) A leachate of gasifier ash obtained from the processing of
Montana Rosebud ‘coal in the modified dry -ash Lurgi gasifier
in Westfield, Scotland, This coal-process comDination is
more similar to the system .assumed for this document than
anv other existing facility 1 (volume II, Sectiqn 2.4).

b) A hypothetical 1leachate having the highest observed
concentration of each contaminant found in a literature
search of leachates from gasifier ash (regardless of coal
or specific process).

ALl leachate enters the 283 1/s (10 cfs) receiving stream.
Mean and highest exhibited toxicities (lowest toxic
concentrations) regardless of end-point response (usually
sublerhal) or target species found in a literature search of
gasifier ash leachates.

Negligible ambiefit concentrations of contaminants.

Negligible leachable organics.

No interactlons among contaminants 1in terms of toxicity or
chemlical reactions.,



Most of these assumﬁtiona contribute to the conservatism in the
analysis- intended in this evaluation. The last assumption, however,
represents an important constraint on the validity, of this analysis
because additive, antagonistic, or synergistic interactions among the
‘various Loxic components of compiex mixture are probable in na*ure.
Unfortunately, an understanding of the - _ntetaction of toxic contaminants
in complex miZztures must depend primarily on future research directed at

actval samples obtailned from operating.facilities.

Other serious constraints on the valiﬁicy of comparing toxicities
of expected contaminant concentrations with each ocher and with various :;
published toxicological results are the lack of standardization among
testing proceduras, exposure conditions, test organisms, and the uneven
quality and quantlty of research directed at the various contaminants.
For example, some contaminants such as cadmium (Cd) or arsenic (As) may
have been researched much more thproughly than silver (Ag). Conse~
quently, the apparently éreater "worst-case" toxicities of Cd may be a
reflection of the greater number of tasts directed at’ ‘nd (on more
sensitive 'organisms) than directed at Ag. Furthermore, length of
exposure, water quaiity, and test animals may differ greatly among
contaminants; Ideally results of bioassays conducted under identical
-test conditions and utilizing similar target species siruld be compared -
for each contaminant. ‘However, with the exception “of the chronic

toxicity data for Daphnia magna, this was rarely’ p0551ble. The method

of evaluating- the potential hazards posed by ash dispesal consisted of

comparieons of contaminant “concentrations in ash leachate after stream -
dilution with: . v

1. Ambient surface water concentrations.

2. Water quality criteria for protection of sensitive aquatic
organisms. . -

3. Pro sed :ambient level goals for protection of aquatic
P8e1

1ifeb-1 (estimated permissible concentrations for protection

of aquatic life, EPC,.).



4, -The lowest 7reported concentration : for Jeach contaminant
: eliciting a response (generally sublethal).

5. The mean average of reported concentrations fnr each
contaminant showing toxic (sublethal) levels. : '

6. Bioaccumulation threshold concentrations (concentrations of
contaminants in freshwater which 1f accumulated by £ish
according to redorted bioaccumulation factors, would. lead to
the minimum body-burdens just toxic to man if consumed at a
rate of 0.06 kg/day).

7. The concentration which ‘elicits a chronic toxic response in
. Daphnia magna. (sometimes coincides with item 4, above).

Specifically, the ratio of each contaminant concentration in the
lzachate to the crite;;a concentration (contaminant/eriterion) was
computed. Contaminants“'were then listed with the magnitude of the
ratios, the.greatef the value of the ratle, the greater the .relative
hazard posed by that contaminant. .Tables 2~1 and 2-2 present “he
results of this procedure for 25 contaminants likely to occur in the
gasifier ash leachates selected for analysis. With the exception of °
ammonia, all of the selected contaminants - are trace elements. Other
elements such as Ca and Mg, were not included in the analysis because of
their apparently slight toxicity or because their presence has not teen
detected.

One admittedly rough indicetor of relative potential hazard 1is
the ratio of leachate concentration to ambient freshweter concentratien
for a given contaminant. Table 2-1 presents those ratios for the di-
luted Westfield leachate 41 and Table 2-2 presents them for the "worst-

3,5,22,43,47,57

case"” leachates. It is important to note that the

welghted-mean ambient concentrations used to calculate these ratios
rebresent the products of the mean observed values for each element and
their precentage frequency of detection,‘ as presented in Kopp and
Kromer's (1967) 5 year summary of trace metals in freshwaters of{the

United States.29

For some contaminanﬁs, such as cadmium, many surface
.’I
waters yield mno detectable concentrations. For the 11 trace elements

measured, the Westfield after dilution leachate ranged Erom a high of
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0.9 times amblent comncentrations for Se to a iaw of oﬁiy-0.000IB times
ambient for Zn; Fe, Pb, and Mn concentrations in the leachate were 0.12,
0.061 and 0.05 times ambient, respectiveiy. It therefore appears that
Se would rank first as an environmental concern on the basis of ambient
conditions. Howgver, differences in processes, feed coals, and physico-
chemical conditiéns, such as 'pH and other factors, ﬁay causé values for
the concentration of trace elements in other gasifier ash leachates to
vary widely. éince only one set of values was available for the West-—
field Lurgi gasifier/Montana Rosebud coal comﬁination, and even this is
not necessarily representative of the conditions assumed for this evalu—
ation, we repeated the calcubations using the highest ash leachate con-
centrations observed in our search of the literature.3»2,22,43,47,57
Use of these “"worst—case"” values produces the ratios shown in Table 2-
2. On the basis of their concentrations in “worst-case" leachates
relative to ampieﬁt concentrations, Fe, Al, V, Sb, and Be appear to be
of greatest concern. A similar proce&ure was performed for comparisons
of diluted (338:1) leachate concentrations with. estimated permissible
concentrations for aquatic ecosystems (EPC,,), mean crustacean te;icity,
lowest observed toxic concentratioms, bioaccumulation thresholds,
Daphnia chronic tokicity concentration, and proposed freshwater

<

criteria.

None of the trace elements in the diluted Westfield leachate
exceeded their respective EPC,.« Iron was closest, but still less than
10% of its EPC. On the basis of published worst-case concentrations,
several inorganic contaminants exceeded their EPC's: iron, by a factor
of 52; ammonia, 5.1; alﬁhinum, 3.5; zinc, 2.6; and nickel by a factor of
1.1, It, should be noted that most of these EPC's were derived from
elther iowest reported LCsq1g (or TIm's), or standards and eriteria.8

With regard to wmean toxicities to freshwater ofganisms as
combiled by Baird33 or by CushmanlA, no trace eléﬁgnt in diluted
Westfield leachate exceeds these concentrations. Allkggace elements
occurred at less than 0.03% of their mean toxic concentration. With the
exception of iron and aluminum, even worst—case concentrations are well

below mean published toxic concentrations after dilution.
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Copper (23% of lowest toxic concentration)ﬁwag the only measured
contaminant in the- Westfleld leachate that, gfﬁér d;lution; approached
lowest observed concentrations eliciting a té%ic response, regardless of
" type of response, species, or exposure'conditions. All other measured
“concentrations of contaminants were 1 ess than 3% of their respective
" lowest observed toxic concentrations. If worst-case conditions were
realiged, zinc, irom, alumrnum, copper, and possibly":admimh (in 6rder
~of decreasing toxicity) = would exceed “lowest observed toxic
concentrations. Most of these lowest observed toxlc concentrations, it |
should be noted, are based on chronic or sublethal effects. A better.
understanding of the relative, chronic toxicities of the several
inorganic contaminants can be gained from columns, E and A/E in'Tablés
2-1 and 2-2. Column E shows the concentration of each contaminant found
=gz;;§;g§inger and Christensen (1972) to elicit a- 16% reproductive
impairment in Daphnia magna, a sensitive aquatic speciles, after 3. weeks

exposure.2 Column A/E presents the ratios of concentrations of

contaminants in diluted Westfield and worst-case leachates to Biwzsinger

2 None of the measured

and Christensen's (1972) chronic toxicity data.
contauinants in the diluted Westfield leachate exceeded 1.17 of the

chronic levels for Daphnia magna. In the worst—case leachates, aluminum

and cadmium exceeded chronic 1levels by factors of 2.2 and 1.1,
respectively, while zinc and iron occurred at only slightly less than

chronic levels., . :

Tables 2-1 and 2~2 also preéent threshold bioaccumulation
concentrations (TBC's) for each of the trace elements and the ratios of
these concentrations to those in the diluted leachates. TBC's represent
concentrations of contaminants in water which could accumulate to Levels
in fish rissue which in turn, might prove to be barely toxic when
consumed by wman. The TBC's used in this evaluation were computed by
Hildebrand and Cushman?d by the method of Dawsénls, which 1s based on
drinking water standards (DWS), published bioaccumulation factors, and
the assumed human consumption of G.06 kg of contaminated fish per day.

The maximum safe daily intake by man was comsidered to be equivalent to

BN
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the quantity of the element represented ,by consump/:ion of-?..Q,/'l’r‘cf\\.gater
containing the element at ) the DWS st::'mdard. From column A/F, it is
evident that no measured contaminant in the diluted Westfleld leachate
exceeds its TBC. However, several elements in the "worst-—case” leachate
exceed thelr TBC's: iron‘, aluninum, manganese, zine, arsenic, and
chromium. : - '

One contaminant would exceed its proposed EPA criterion level.
In the “worst case” leachate values; silver was found to surpass
proposed ' criteria levels by more than a factor of three. Cadmium and

beryllium were also found to approach their EPA proposed criteria levels -

in the "worst case"” leachate.

Once these contaminants have entered the receiving ﬁaters, they
are unlikely to remain long at the modeled concentrations. Various
physical, chemical, and biological transport and transformation
processes commence lmmediately to remove trace elements from the water
column. Many of the. contaminants expected in the ash leachate may
precipitate, sorb” to sediments, volatilize, or otherwise disappear from
the water column within a short distance of the source. As a result,
contaminant enrichment of the sediments locally may produce conditions
unteuable for benthos in the immediate area of the source, but: exposure
downstream will be reduced significantly. Transport, transformation,
and fate of many of the trace. elements of most comcern are summarized in
the Appendix to this volume.

Or-;ganic contaminants are not "expected to “occur at’ appreciable
levels in ash 1eachate. As would be expected for ashes from high~
temperature gasification processes, several researchers presently
investigating the composition and leachability of such ashes report

little or no organic compounds in the leachate.b
i

Even under "worst—-case" conditions, examination of the limited
information at hand suggest:s that the ash st.ream leachates will generate
no serious, insurmountable ecological problems. Sheuld problems arise,

the most likely. causes would appear to be Cd, AlL, fe, Zn, and NHy. This
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i

evaludﬁion unfortunately must leave unanswered the question of
synergistic, antagonistic, and addizive interactions among the several
components of the whole leachate. Furthermore, unexpected contaminants
may occur in the leachate. Final judgment regarding the degree of
ecological hazard represented by this waste stream must await the’
results of rigorous chémical and toxicological characterizations of
whole ash leachates (using representative, sensitive test species) from
operating indirect coal liquefaction plants, followed by im situ
moniltoring. of receiving waters. Certainiy, ‘the present state of
knowledge concerning this waste stream calls for careful design, lining,

and operation of ash disposal facilities.

2.2 REVERSE OSMOSIS CONCENTRATED WASTE (Stream 53)

Several disposal optioms for this 72 1/s (2.5 cfs) waste-stream
have been proposed including deep—well disposal and evaporation. ponds.
A properly designed, deep—well &isposal system placed in an appropriate
geological formation would effectively prevent entry of contaminants
from this waste stream into ground or surface waters. Unfortunately,
limited availability of appropriate geological formations and exisiting
local regulations may prevent us® of this method of disposal at a'given
site.

Appropriately sized and 1lined evaporation ponds would also
effectively contain contaminants in this waste stream except for some
limited volatilizat16n of certaln trace elements and organic
residuals. However, groundwater must be closely monitored to ensure

early detection of liner failure.

To facilitate comparisons of the relative ecological hazards
represented by the many individual contaminants in this stream, as well
as comparisons of the relative hazard of the whole waste stream with
other streams from the model plant, we have assumed conservatively that
the entire waste stream Eﬁters and is fully diluted in a small 283 1l/s
(10 cfs) freshwater stream (such as might occur at a completely

inadequate disposal system). Tables 2-3 and 2~4 1list those inorganic




13

T3y
zinot

et
CRE

113z°e

“0'a
ez
Ly

€317
R ]
“rrantc
g

AL ¢
d
gy |
2-36°5
5
r-as'r

i il i
Y

{1
zne
C g

iy

i
=

‘AR
y-ae°i
& A

o,

T
e I
“TUdo't
‘TTiatt
R Y |
Tnasty
Rl T |
TR
TTHaYY

AV

[~

—— e

G
“gLaney
gt
B N ¥
EAny
J—
(1114
k1% 111}
R I
Tuean'd

< wu3en]
UG CET L]

.
.v..

ot ﬁ

¥-3v°4

=
“uact
Ay
-y
-~ gy
M4k L
B i |
B ]
“Tian'y

av

2
- Nuu.._a.ﬂ
CTeuby
R
-0t

B O 4
Sy
* 1-an"y
P
g =10

1T

DpEwy
[ZL3IOLTT)

Y
gy
Tyt
T
"t

Yy

=t
eIyt

I A
= 7=40' ¢

e
aeniadienl IR0

e 1AL I R 4 4
it B o (114

=TT vedei
TERST] T-AgY

Ijumay)
ﬂu“q_:._...:_

[} MY

(K¢

KRR

[R:tAd ol WL 111 M
Coabeg” [ THA2°% °

Tzt une'y
g ey

A ET A0 AN B

TEsIser | CUAtr

vy~ § = 1ager
Tas” [IZIN §
it Tred

1% .

Al
3pwug
uLay

2 LA

ranz ] reann
“gRii‘s 415t 4
I 4 [0 N I R 1 4/
4 [ 14 S B B [ ]

et .
1301
ST WY Creantr
CEEfet PUrdin
TrAdt) 1T

Wl
._.sm.- . quny
3« E AR TR 1

s Jranmne

L] A

aHojAg-0
ET R ORVTECTHUTEY EOA A |
fTT T Giaigag
: pu g
aiazoanphoyicg

phingle ©
s

idinLirsons 3 SURZICE
TNV W i

piov Ijimdilony

GV dgaunina g

JProv gmendiing lipay b
itdibni ¢

TR

i3V Gpauciig

iuipni
Kiiiainy

JEZY]

uny

PHTEITY Y]

amhlan

TOTOTT TN jepny
ieve e © ol

mppghaay
CTT T TTapny
iy’

Javi,

MUVHIINGYE VD)

Yoyl

ILIN SAHAA 2OVILE A0 SHOLIVILERIDNDD CIVHTTHHON AN QDL HO=-150d

UL J0 HaStavanes

€—~¢ d19VL

(G HYANES) BMWIILY ALSVA SISOHSH ASUTATY



14

[4!

Landaom ua:mwuoc_s

tonoep se /8w pg sT 19jma jo ssaupaey sounssyg

68 S°U313390)y

TIZ 012607

90T PIUIANINY,
. memu:mcnxa jo mnaﬁuqvcou ‘jupodpus ‘sagoods jo mmadsumwuzz

sansadxo syoom ¢ 19338 Jusmaredup aarronpoadex juadiad g Jupsned suUCTIRITNDIUD),

pajou UMﬂ3H0——uO SSOTUN SURIVEISNAD ANJeMIjSDLT O] IIX0] UOTIBIJUBOUOD _._mmu_.«n—

vmawOHouu ‘1ajea u0w UCTIRIIUDIUOD BT fSsSTWADd vaaEqumﬂm

(papnyouoy) ¢-z FIAVIL



TABLE 2-4  REVERSE OSMOSIS WASTE (STREAM 53):

15

COMPARISON OF

PROJECTED POST-DILUTION ENVIRONMENTAL CONCENTRATIONS
OF ORGANICS WITH ECOLOGICAL BENCHMARKS

A

Estimatad
Post-
Dilution

Conc,
mef

Lowvest
Observed
LC.a3

mg/1

A/B

Lowest
Qbserved
Toxic?

ngji

al/c

epct

we

mg/1

A/D

IRACE ELEMENTS

Aluminun

Arsenic

Bervilium

Boron

Cadmium

Copper

Flyorine

Iran

Lead

|__Manganese

Herecury

Nickel

Selenium

YVanadium

Zinc

TOTAL TRACE ELEMENTS

ALIPHATICS, ALIE&CLICE'&
AND FATTY ACIDS /
Aceele Acid Ly

3.3

4,TE+]

7.0E-2

5.0E-1

6.6

Butanoic Acid

3.1E-1

6.1E+L

5.1E-3

2.0E+1

Hexanoie Acid

2.4E-2

2.2EHL

1.1E-3

1.08-2

5.5E~]

3-Hethvibytangic Acid

2.4E-2

2-Methvloropanoic Acid

4.88~2

3.5E+2

Pentanolc Acid

2.8E-1

7.7E+1

3.6E-3

3.9

7.3e-2

Propanoic Acid

5.3E-1

5.0E+L

1.3E-2

TOTAL FATIY ACIDS

BENZENES W\
Biphenvi

BENZEWES & SUBSTITUTED! °

L.6E-~1

gthvlbenszene

7.3E-1

3.2E+1

2.3E~2

2.5E-1

T

Indan

2.0

A.0E-1

~J
g

Toluene

2.6

2.5E-1

3.1

2.5E21

0
*

1,2,4-Trimethvlbenzene

c=Xvlene

8.3E~-1

5.0

5.0E~1
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TABLE 2-4 (continued)

A B A/B c A/C o] AlD
Estimated | Lowest Lowvest EPc ©
Pogt—- Obsgerved Obgerved ve
Dilution e @ Toxle )
Conc. 50 Conc. ag/l
mg/1 mg/1 ng/l
PHENOLS
Catechol R 1.4+ 3.1E-1 3.0 1.5 1.0E~1 4 LEFD
3, E—Dimethvlcace'chol 3.6E-1 k
3-Hethvlcatechol _
4-Methvlcatechol 3.1 7.0EHL. | %,3E-2 )
2-Methylphenol 3382 | 5.0 8.68-3 | 2.0 2.78=2 } 9,05-2%] 6. g2y |
J=M¥ethylphenol 4,8E-2 1.9E+] Z.S'é—J 7.9 6,98-3 1 9 [7"—7‘i Q. 5F=1
4-Methvlphenol 3.08-2 | 1.6 2.E2 3,08-2%1 6,081
4~Methylresorcinol 2.86-1
S5=Methvlresorcinol S.JE=1
Phenol 9.6E-2 1.4 5,98-2 1.0E-2 9.6 5.0E-1 1.8F=2.
Resorcinel 1.5 B.0E=1 | 1.9 _ | s.oe=1 | aisme
2,.4~Xylenol 9.1E-2 1,3E+1 7.0E=3 . l.0e 9.1E-2
3,5-%vlenol 1.3E-1 5.0¢1 | 2.6E=3") 1.6E41 | s8,1E-3°| 3.0°% 1.3E-1
TOTAL PHENQOLS 10.3 ! a 1.0E-1 1.0E+2
POLYMNUCLEAR AROMATIC
HYDROCARBONS
Acaraphthalene 3.0E-2
|- _Anthracene 7.6E=3 < 5.0 ] 1.58-3
Benz(a)anthracene 7.6E~4 1.0 [ 7684 | -
Bénzagg yhei)peryiene | 2.2E-5 AN
Benzo(a)pvrene 3.0E-4
Benzo(e)pyrene 3.08-4 '
Chrysene 1.58+4 5.0 i 3.0E=5
Fluoranthene 1.5E=2 J.0E=1 L.SE=1
‘Fluorene ’ 1.SE-2 5,0 1.0E-3
Naphthalene 7.1E-1 2.4 3.0E~1 | 1.0E=~2 7.0E+1 5.0E~2 1.4E+]
Pervlene 1.2E-& J.0E~-5 1.0 3.0E-5
Phenanthrene 7.6E-3 1.1 6.96-3 | 1.48-3 | s5.481
Pyrene 1.5E-2 1.oe+41 | 1.5E-3"
.TOTAL PAR's
SULFUR HETEROCYCLICS
Mathylthiophene i
Thiophene
TOTAL THIOPHENES
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TABLE 2-4 (concluded)

S

Tars, O4ls, Naphtha

A B A/B c a/c D A/D
Estimated| Lowest. Lowest Epc__© -
Pogc~ Observed Observed e
Dflucion | LC., *# Toxic ©
Cone. mg?l Conc. 3
| . ug/1 mg/1 ng/1
NETROGEN HETEROCYCI.ICS
2, 4=Dimechvlpyridine 6.6E~&
2,5=Dimethylpyridine 6.6E~4
2-Methvlpyridine 4, 6E~2
J-Methvlpvridine 1.7E~1
| _4-Methylpyridine L,.1E-1
Pyridine 7.5E-3 | 6.35+2 1.2E-5 | 1.58+1 5.08=4 |{ 5.0 1.5E-3
Quinoline 6.3E=3 | 1.0E+l 6.3E~-4 3.8 l.7E-3 5.0E-1 1.3E-2
OXYGEN HETEROCYCLICS
Benzofuran
Dibenzofuran 5.6E=3
HYERCAPTANS
Hethanethiol 1.5 5.0E-1 3.0 -
TOTAL MERCAPTANS ¢ -
AROMATIC_AMINES 5
Anilfne vl 3383 [4.0e-1 | 8.38-3 5.06~1 | 6.6E-3
TOTAL ARCMATIC AMINES
NITROSAMINES _ i ) 4
HISCELLANEOUS . { 7
Armonia ‘ A
Carbonvl Sulfide
Hvdrogen Cranide
Yvdrogen Sulfide -
Nickel Carbonvl
Nox
Parciculates
SO.K .

#Values are for Daphnila sp. or fish, 24-96 hr/Refersnces for individual

compounds are given in Ecological Report.

o'

CEstimatad Permissible Concentrations for water and ecology

dyalue is for total cresols

*Value is for t;otal:'.xylenols

-’-
Regardless of species, endpoint or exposure conditions -

a

34,35
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and organic contaminants most 1likely to .occur in tbis waste stream,
their éxpected conééntrations following dilution .in the receiving
stream, and compare these concentrations with EPA’'s estimaéed
permissible concentrations, mean toxic concentrations, and other

indicators of potential hazards.

From thes: tables it 1s evident that Stream 53 presents a
potentially greater hazard to receiving systems than the ash leachate
(Stream 69), because of both relatively greﬁter trace element
concentrations,.§nd the presence of numerous organics at relatively high A
concentrations fﬁ the former. Of the several trace elements listed in
Table 2-3, only’vanadium falls significantly below every “indicator" or
criterion concentration shown (except “"ambient” freshwater
concentrations). Cadmium and mercury appear .to represent Fhe ‘most
hazardous trace elements in the stream, exceeding lowest observéd toxic
concentrations by a factor of several hundred. Again, as with the
in&ices of ecological hazard develdoped for the ash leachate
constituents, these results often are baged on sparse data and,
accordingly, must be interpreted with caution. All of the other
qualifications placed on the assessment of the ash leachate also apply
equally to the reverse osmosis waste stream. The results do suggest,
however, that certain contaminants are more likeiy than others to occur

in this waste stream at concentrations harmful to aquatic envirounments..

Even fewer data ‘are available on the: toxicity and bioaccumulation
potential of organic contaminants likely to occur in the concentrated
waste stream. At least one published toxic concentration was found for
31 of the 49 orégnic compounds listed in Table 2-4 as probable
contaminants in the concentrated waste solution. Of these 31 organic
compounds, only resorcinol was found, by a factor of 2, to exceed the
lowest observed LCsp concentration. .ﬁith respect to the’lowest observed
toxic concentrations regardless of endpoint (death, behavior ‘shifts,
reproductive inhibition, etc.), target species, or exposure conditions,
several organic constituents, including resorcinol, naphthalene; phenol,

methanethiol, hexanoic acid, and catechol were projected to occur at
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levels poténtially hazardous to aquatic organisms. Acetic acid,
catechol, resercimol, ethylbenzene, indan, naphthalene, toluene, and o-
Xylene' exceeded EPA's estimated permissible concentrations for

freshwater sys temslo s11 .

-Photolysls, adsorption to ‘sediments and suspended siolids, and

" microbial 'éegradation are Iimportant mechan‘iéms for._ removal of many of
the organics, including the 16wer—molecdlar—weight,u 2~ and 3-ring PAH's

such a.é" acenaphthylene, fluorene, n'aphthalehe, anthracene, fluoranthene,

and p‘ng.:nant:hreme".24 Bioaccumulation of these compcunds by higher

organisms 1s rapid, but so’'is their metabolism. Much the same can ke

sald foér the 4-ring PAH'S?: such as benzo(a)anthracene, chrysene, and

pyrene; biodegradétion, tl'i"ough- imp_ortant;- will probably occur at a

slower rate than for the i-— and 3-ring compounds.7 Photolysis and

adsorption onto sediments are also very important processes for the

removal from the water column of higher-molecular-weight cc;mpounds such

as beﬁzo(a)pyrene and }:e_rgzo(g,—h,i)pei:ylene. Microbial degradation is

the final fate of ti;;-e;.e \compound'é, but the proé.ess-;nay take longawr

(months or years) than for lower-molecular-weight 'compounds.zl‘

Ipioaccmulation is rapid, and eq;xil,_i_.brium body burdens increase rapidly
bwith molecular weight':.24 A microcosm study of the bicaccumulation of
benzo(a)pyrene -yielded the following concentration factors (ratio of
concentration in an organism to concentration in water):/ £ish, 930;
algae, 5,300; mosquitos, 12,000; snails, 82,000; and Daphnia 'sp.,
134,000. Transport, transformation, and fate of many of these organlc
7

contaminants’ as well as trace elements are summarized in the Appendix

to this volume.

The total organic content of this stream after dilution (24 mé/l)
:also represents“a hazard for aquatic life because oxygen may be lowered
below the minimum requirements of many aquatic organisms. Furthermore,
'V'ﬁi'any contaminants may become far more toxic at low levels of dissolved

oxygen. N
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The principal utility in presenting these lo&gst published toxic
concentrations is not in their value as indicators of maximum absolute
toxiecity or even relative toxicity among the several potential
contaminants. One compound may appear far more toxic than another
simply because the former has been more often the subject of
invea;igat#on than - the latter, 'oF one compound has been tested for
sublethal éoucentrationélmore thaﬁ‘the latter, or one compound has been
tested for sublethal effects on an unusually gensitive“organism while
testing of another has beea limited to 96~hr LC5grs for more robust
laboratory animals. Exposure conditions and endpoints vary widely,
while a few.reported toxicities may be in error or reflect the 'presence
of confounding fact;rsg- The mﬁjor value of presenting these. lowest
toxic concentrations, then, is to suggest the magnitude of uncertainty
and, therefore, caution that ‘must Zccompzny the use of published LC5q1g»
EPC's, or other ipdices to assess the actual or relative potential
hazard of contaminants in a given stream, Thus, for example, phenol
(after dilution im the recéiving stream) is expected to~occur at less
than 7% of the lowest observed 48-hr, LC5q . concentration for~trout42,
but at nearly 100 times the ccucentration réported to inhibit érowth of
36 - 13 reported 20%

inhibition of a gréen alga, Selenastrim Sp.; by a pherol concentration

certain zreen algae. Further, . a separate study

of 174 mg/1l, which is 17,400 times greater than the former algal study's

test concentration.

Aside from the unanswered questions of interaction (whole.
effluent toxicity), carcinogenicity, and toxieity of untested and/or
unknown coastituents, the few data presently available indicate that
Stream 53, the concentrated waste solution from the reverse osmosis
unit, is likely to exhibit high concentrations of several toxic trace
elements and organic compounds. ‘Among those contaminanis for which data
exist,vcadmium, mercury, catechol, resorciaol, gnd naphthalene may occur
at especlally high Ilevels. Leakage or discharge of this effluent
represents a significant threat to aquatic ecosystems and t@grefore

calls for carefully designed and constructed disposal facilities to
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ensure its isolation from ‘the environment. . Based on its-rate of flow
and predicted concentrations for the known contaminants, this effluent
would appear to have concentrations more hazardous to aquatic ecosystems
than either ash leachate or biosludge leachate. Final judgment on the
relative risks posed by Stream 53 must awalt thorough characterization
of actual, whole effluents from appropriate Operating plants as to
composition,’ ecute_ and chronic toxicity, and carcinogenicity to
sensitive equaticniqrganisms, and finally ecosystems - lenei effects

using microcosms or small “sections” “of real ecosystems.40

2.3 BIOSLUDGE (Stream 70)

Volume II, Baction 2.4 describes the bilological sludge generated
by the wastewater biotreatment unit in terms of its more environmentally
important constituents,'their rates .of production, and the methods and
assumptions used in estimating them. . Because the question of biosludge
disposal has yet to, ‘be resolved and the mobility of the various
contaminants - in the sludge is unknown, en assessment of the hazards
posed o’ aquatic’ ecosystems is difficult. 1If the sludge is gasified
with the feed coal m;n&.'of the  potential hazards will be removed.
Unfortunately, this partiel solution has not.yet been demonstrated. for
indirect liquefaction. ‘ This gtudy therefore assumes the sludge is to be
stored in or on the ground, such as at a landfill, and that all of the
contaminants listed in Table 2-5 are ultimatelf_released into a 283 1/s
(10 " efs) freshwater reﬂeiving stream. The assumption of complete

mobility is probably too conservative, but is as sumed because of a lack

of data on ﬁhis point. N N

Concentrations of several contaminécts after dilution in a 283
1/s (10 cfs) receiving.stread are compared with various' criteria im
Table 2-5. Uriteria ineclude estimated permissible concentrations,
lowest observed lethal concentrations, lowest observed toxicity
regardless of endpoint (mostly sublethal), mean toxic concentration for
crustaceans, chronic toxicity concentrations_-_for Daghnia magna,
threshold bicaccumulation concentrations, proposed treshwater criteria
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and ambilent freshwater concentrations. These data are unavallable for

most of the organic contaminantézéxgkcted to occur im the siudge.

It is evident from the table that all five tracé elements listed
would exceed at least two of the' criteria, amblent freshwater
concentrations and the EPC,.'s, if the elements were completely
mobilized from the sludge into the receiving stream. Cadmium and

mercury appear to present the greatest hazards to an aquatic ecosystem,

~£ollowed by arsenic and lead. Beryllium concentrations initially

approach lowest observed toxic concentrations, but this element's
relative dimsolubility and apparent propensities for adsorbing to
particulates or hydrolyzing to form insoluble compounds7*wou1d probably

result in concentrations far below hazardous levels.

Of those few PAH's for which toxicity data exist, naphthalene
appears to be most acutely toxic la sludge leachates, due primarily to
its high concentration, followeéh by pﬁenanthrene and fluoranthene.
Pyrene, fluorene, anthracene, ané benzo(a)anthracené occur well below
observed : acute toxic concentrations. With the exception of
acenaphthylene (270 pg/1), the other PAH's would occur in the receiving
stream in conéentr;tions less than 3 ;ig/l; Although the latter
compounds are unlikely to be acute -at these councentrations, the

ques&iqns of chronic toxicity, toxic interactions, carcinogenicity and

. mutagenicity remain. Benzo(a)pyreme, fluoranthene, and phenanthrene are

36

among the active carcinogens expected.fo occur in the biosludge. 1In

the pfesence of certain other organics, the carcinogenicity of PAH's may

increase by several orders of magnitude.24

Information concerning PAH
photolysis, adsorption, metabolism, bioaccumulation and degradation has

been discussed previously in Section 2.2.

On the Dbasis of this information, cadmium,‘ mercury,  and
naphthalene in blosludge appear to pose the greatest hazard to aquatic
ecosystems. Total organics may cause oxygen depletion, which in turn

increases the toxicity of many substances. However, the limited data

presented here are overwhelmed by the uncertalnties regarding the other
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compounds, 1eachal;ility, interactions amori“jg components, and method of;
. 13
sludge disposal. Tranasport, transformation and fate of many of these

e

substances are summarized in the Appendix to this volume.

In conclusion, the biosludge .should be ' considered a haza\_t_-dous
waste requiring either gasification or effective containment in well—-
designed and operated disposal facilities, until whole biosludge
leachates from operating indirect coal 1liquefaction plants can be
adequately characterized as to composition, leachability, acute and

chronic toxicity to sensitive aquatic organisms, and carcinogenicity.
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3 GASEOUS EMISSIONS

3.1 UTILITY STACK GAS (Stream 28)

The utility stack emissions comprise a major source bof air
pollutants. Among the most important are particulates, the toxic’ gases
S0,, and ﬁQx_.*,and the trace metals As, Be, Cd, Pb, and Hg. Many of the:,
metals will condense on the surface of the particulates or form an.
integral part of particulate structure. B, Ba, Co, Cr, Cu, F, Mn, Se,
Sn, U, V, 2n, and other trace elements are also likely to occur in the
stack gases. Existing information is inadequate for quantifying

emigssion rates of these elements.

Table 3-1 presents estimated emission rates, post-dilution
concentration in alr, and the relatidnship of air concentrations to
various standards, criteria, and toxicities for each of the 1listed
pollutants. The post—dilution concentrations in ailr are based on a
dilution factor of 235 which waz; derived from EPA's Source Analysis
Model 1 (SAM/1) for the dispersion of atmospheric emissions.’® This
model incorporates a Gaussian plume dispersion model and wind speeds,
atmospheric stabllity, and stack heights characteriétic of average
national conditions to predict the maximum concentrations. The actual

concentrations might differ radically from those given in Table 3-1.

Standards and criteria for ecological protection from many air
pollutants are often lacking. Table 3-1 presents the most stringent
criteria, lowest observed toxic concentrations, ecological Estimated
Permissible Concentrations, and ambient air concentrations or indicators
of relative hazard. The scarcity of data required the: use of the lowest
published toxic copcentratibns regardless of species, endpoints, and

. eXposure conditions.

Occurring at an estimated concentration approaching 9 times t.he
national secondary ambient air quality standardu, 80, is deserving of
special consideration as a potential hazard. 50,
lowest observed councentration causing chronic toxicity symptoms in

also exceeds the




29

TABLE 3-1 T

UTILITY STACK GAS POLLUTANTS (STREAM 28): COMPARISON OF
PROJECTED POST-DILUTION ENVIRONMENTAL CONCENTRATIONS WITH
! ECOLOGICAL BENCHMARKS

A B AlB c r AlC n A/D E A/E

Estimated| 'Most Lawest EPC Ambient
Post— Stringent Obgerved E d Adr
Dilucion Cti:eriab Tuxic (ug/m3) Conc.
Conc {ug/m3) Conc, {ug/m)®
(Re/m)? {ug/m3)
TRACE ELEMENTS . .

Alum tnum

Arspaic 5.8E-4 2 ) 2.9E-4 . 5.0E=-3 1.2P-1 1.5E-2 3.98-2
Beryillium 6.1E-4 2 3.1E-4 3.5E+1 1.7E=-5 5.0E-3 1.2E-1 2.0E=~4 3.1
Boron :

Cadmism 5.1E-4 4.0B41 | 1.3E-5 1.0E+1 5.1E=5 1.2E-1 4.3E-3 1.0E-3 5.18-1
Copper

Fluorine

Iron

Lead 6.08-3 | 1.5 410E~3 3.6E-1 | 1.1E-1 2.25~2 | . 2!7E-1
Hanganese

Mercury | 3.98-2 S.NE+ | 7.8E~4 1.0E+1 3.98-3 | 1.0E-1 4.0E-1 7.0E~5 5.6E4+2
Nickel

Seieniun . =

Vanadium
2ine
TOTAL TRACE ELEMENTS

ALIPHATICS; ALICYCLICS
AND FATTY ACIDS

Acetic Acid . N
Buranoic Acid . : {

Hexanoig Acid
J-Methvlbutanoic Acid
2-Methylpropanoic Acld

Pentanoic Acid

Propancic Acid
TOTAL FATTY ACIDS .

BENZZNES & SUBSTITUTED
JENZENES :

Biphenvl *

Echylbenzene

~Indan

Toluene

1.2,4-Trimethylbenzene

g=-Xvienm
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TABLE 3=1 (continued)

A B A/B c Al - D A/D E A/E
Estimated| Most Lovast EPCE Ambient
Post~ Stringent Observed (ug/ml)d Alr
Dilution, Criter%ab Toxic Cons.e
Canc, (ug/m™) Coney (ug/m™)
(ug/mH? (ug/m™)
PHENOLS
Catechol
1,6-Dimechylcatechol :
3-Mechvlcatechol
4-Metrhvlcatechol
2-Methvlohenol

J-Methvlphenol

4-Methylphenol”

4-Methvlresorcinol

S5-Methvlresnrcinol

Phenol

Resorcinol

2,4=Xvlenol

3, 5~%vlenol

TOTAL PHENOLS

FOLYNUCLEAR ARCMATIC
HYDRGCARBONS

Acenaphthalene

Anthracens

Benz(a) anthracene

Benzof{g,h,i)perviene

Benzo(a)ovrene

S8enzo(e)pvrene

Chrysane

—— e

Fluoranthene

Fluorene

Naphthalene

Pervlene

Phenanthrene

Pyrene

TOTAL PAH's

SULFUR HETEROCYCLICS
Hethvlthiophene

Thioohene

TOTAL THIOPHENES




TARLE 3~1 (Continued)

NITROGEN HETEROCYCLICS

2,4=-Dimethylpvridine

A

Estimaced
Post-

Dilutien
Cone

| (g /)3

B

Most
Stringent
Criteria
(Hg/md)°

a/s

c

Lowest
Observed
Toxic

Cone, .
{ug/mI)*

Alc

" gpC

D

E
(Bg/nd)d

alp

Ambilentc
Alr
Conc.

(Bg/m3)®

A/E

2,5-Dimethyipyridine

2-Mechylpvridine

3-Methvlvovridine

d-Methylovridine

Pyridine

Quitoline

Benzofuran

OXYGEN HETEROCYCLICS

Dibenzofuran

MERCAPTANS
Hethanethiol

TOTAL MERCAPTANS

AROMATIC AMINES
Aniline -

TOTAL AROMATIC AMINES

NITROSAMINES

MISCELLANEOUS
Ammonia

Carbonyl Sulfide

Hvdrogen Cvanide

Hvdrogea Sulfide

Mickel Carbonvl

1.5E+2

1.0E-1

9.0E-2

Xo

1.3E+2

1.0E+2

1.3

L, AEH2

3.0E-1

Particulaces

2.0

60

3.3E-2

SO,

7.0E+2

B.0E+)

8.8

8.6E+1

8.1

| Tdrs, Oils. Naohtha




TABLE 3-1 (Concludedz

v

@Rased on dilution factors derived from SAM/1l model no data were available for
many other pollutantsz%ikely to be present such as selenium, boromn, fluorine,
manganese or vanadium -

bNétional Primary and Secondary Ambient Air Quality Standards OR NIOSHBO

c N .
lowest toxic concentrations regardless of species, response, exposure conditious

[y

d . s . - .- )
Estimated permissible coucentrations in air for ecclogy35

®Median concentratioms for USAl7’ 190
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vr-:gel:at:ion"‘6 by-a factor of 8. The estimated, concentration of NO,. after
dilution exceeds the national standard by a factor of 1.3.

80,, as S0y, is generally more toxic to .plants than to animals-.
Direct effects include passage through the leaf stomata where it
comblnes with water to form sulf..te salts and sulfurous acid. 17 At high
enough concentrations, these substances will destroy chlorophyll and
eventually the entire leaf. At sufficiently high concentrations, both
50, and NO, .can produce serious indirsct effects on ecosystems of entire
regions through the formation of acid precipitationlo (sulfurj_.c,

-ultrous, and nitric acids). S0, and NO, are also kmown to iateract
synergistically. 17

The estimated post-dilution concentrations of Ni, Be, and Hg
exceed ambient air concentrations (U.S.A.) by factors of 5.9, 3.1 and
560, rejectively.

Table 3-2 presents the results of an attempt to estimate soil
deposition flux of several trace elements .- dﬁi"‘:g'i-:;;d: gan émission
rates. Using the relationship between emission rates and maximum
deposition £lux generated by Vaughansl' for a site near St. Louls, the
deposition rates to be expected from a hypothetical liquefaction plant
witti"a 300-m stack ‘were-calculated. As shown in Table 3- -2, with the
exception of Hg, the annual maximum deposition of each metal from the
hypothetical plant represents a small percentage of the total natural
flux from rock weathering, rain, and dust fallout of that metal to an
"average” uncontaminated and uncultivated soil. iﬂven if lOi’.}Z rather
than 6% deposition of trace elements within 50 km of the site is
.assumed, projéct—.':elated deposition of the metals is a ralatively small

fraction of natural metal flux, again with Hg a striking exception
(worst—case).

A study of an actual coal-burning' power plant found soils near

the plant to contain several hundred times as much Hg as background

27

solls. Globally, the combustion of fossil fuels has been shown to

contribute a significant fraction of the total Hg mobilized each .-
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year.:m’l*4 In ﬁiew of the coqéiderable toxicity of Hg compoundsm’32’44
as well as thé:pofential magﬁitude of releases estimated for indirect
coal 1liquefaction, Hg emissions should be coosidered a potential
ecologicalﬁthreat deserving the higheé; research priority.

3.2 EVAPORATIVE EMISSIONS AND COOLING TOWERS DRIFT (Stream 29)

Table 3-3 sths the estimated rates of emission for several
individual contamfaénts expected . to occur in tﬁe 'éooling—tower
evaporaﬁion losses and/or drift. As ‘with the other waste streams
addressed in this stu&&, many other trace elements and cqmpoﬁnds, some
potentially harmful, may be released via this stream, but existing
information 1s insufficient for even a rough estimate of emission
rates. Another important assumption is that contaminant concentration
in the makeup water 1s =zero.. In actuwal practice, many of the
contaminants, particularly the trace eiements, and total dissolved
solids (TDS), would be bresent ln the make-up water and comsequently
would undergo several cycles of concentration depending on the quality
and availability of water at the site. In some cases, the cooling tower
emigsion rates of certain contaminants and TDS listed in Table 3-3 would
be increased significantly.

Prediction of post-dilution contaminant concentrations in air
using the SAM/1 dispersion model is inappropriate because the emissions
are biphasic., Also the partitioning of each contaminant between the two
stream phases (vapor and drifti is unknown, although many trace elements
and PAH's, on the basis of such physical characteristics as solubilities
or vapor pressure, might be expected to dominate in the drift, while
phenols and Ilow-molecule-weight, heterocyclic, 'nitrogen-substituted
» compounds {pyridines) may.gavor the vapor phase.

-

Partitioning of coétaminants between the two phases 1s important
because the drift (dropleé) phase will settle to the éround over a much
more limited area, reiatively closer to the plant than the vapor

. phase, Tﬁus, whatever contaminants are present in the drift phase

(e.g., TDS, PAH's, and certain trace elements) will tend to become
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TABLE 3-3

COOLING TOWER EVAPORATIVE LOSSES AND DRIFT ‘(STREAM 29)
ESTIMATED EMISSION RATES OF EXPECTED CONTAMINANTS

Compound/Trace
Elements

Arsenic
Beryllium
éadmium
Fluorine

Lead

Mercury

Nickel
Vanadium
Ammonia

Acetic acid
Aniline
Butanoic acid
Catechol |
Hexanoic acid
Pentdnoic acid
Phenol
P;opanoic'acid
Pyridine
Resorcinel
2-Methylphenol

2~-Methylpropionic acid

2-Methylpyridine
2,4~Dimethylpyridine
2,4~Xylenol
2,5-Dimethylpyridine
3-Methylbutanoic acid
3-Methylphanol
3-Methylpyridine

Emission
Rate mg/s
5.5
2.6
3.0
120
5.8

0.46
0.15

0.046
7,600
640
0.40
36
290
2.8,
33
8.5
67
0.55
97
2.3
3.5
3.3
0.046
2.0
0.046
2.8
1.4
1.2

Compound/Trace
Elements

3;5—Xylenol
3,6-Dimethyl catechol
4-Methyl resorcinol
4-Mechylcatechol
4~Merhylphenol
b=Machylpyridine
S=-Methylresorciool
Acenaphthylene
Anthracene
Benz(a)anthracene
Benz(a)pyrene
Benzo(e)pyrene
Benzo(g,h,i)perylene
Biphenyl .

Chrysene

Dibenzofuran
Ethyl%enzene
Fluoranthene
Indan
Methanethiol
Naphthalene
Perylene
Phenantirene
Pyrehe '
Quinoline
Toluene

o—~Xylene

Emission

Rate wg/s

2.8

26 -
19

200
2.0
0.27

33
0.061
0.015

1 0.0015
6.1x10™%
6.1x10™%
6.1x10™>
0.30
3.0x10™%
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enriched on-the surface of vegetaéion and in soils within one or two km

of the plant. Over the life-of ‘the plant, salts, metals, and the more
- - 1t

persistent PAH's may reach concentrations:- in the soll deleterious to

golil communities, vegetation, agd animals.

Stream 29 is expqued to release far more organic.;ontamiuants,
As, ‘Be, Cd, Pb, and TDSﬁ%han the stack gases (Stream 28). Stream 28
will release more 50, and NO,. 'On the basis:of relative release rates,
the presénce of gsubstantial levels of organics, the problem of drift,
and tﬁe uncertainties surrounding the stream itself, Stream 29 appears
to represent the.moét important short—-term threat (among atmospheric
emissions) to local terrestrial and aquatic ecosystéms, while Stream 28

may represent an important regional. stress.

Finally, in common with most coal conversion technologies,
cooling towers and other plant operations of the model plant require a
source of make-up water, Although a detailed evaluation of the effects
of make~up water diversion is beyond the scope of this study, it should
be noted that such diversion can adversely affect aquatic ecosystems.
Make-up (Stream 31) for the study plant is projected to be 149-1/s (5.25
cfs). Withdrawals of this magnitude would constitute a problem only in
small streams where significant ecological harm .through entrailnment of
organisms and reductions of downstream flow and carrying-capacity could

occur. .

3.3 LOCKHOPPER VENT GAS EMISSIONS (Stream 72)

Table 3~4 shows post-dilution concentrations in air, and known
toxic councentrations for some of the most important contaminants or
classes of contaminants 1likely to occur in lockhopper vent gas
emissiéns. Most of the contaminants for_which information was available
are expected to be released. at rates lower than those expected from
elther or both of the other two pfincipal atmospheric waste streams.
The implications for the health of local ecosystems are unknown. This

waste stream's importance ds a potential hazard to local and regional



38

TABLE 3-4: LOCKHMOPPER VENT GAS EMISSIONS (STREAM 72):
COMPARTSON OF PROJECTED POST~DILUTION ENVIROMNMENTAL CONCENTRA-
TIONS WITH ECOLOGICAL BENCHMARKS

A 3 AlR
Fotinaced Toxicb
Post- ! Conc. .
Dilucion ! (nz/23)
(.‘:on:J a '
ug/a~)
TRACE ELEGNTS I
Aluminum !
Arsenic :
Beryllium | I :
Bozon ’ ’
, Cadmium !
Copaer !
Fluorine '
1zon !
Lead : i i
Mancanese : ! ! .
Mercury i ) |
Vickel ] |
Seleniiz i v w i
Vanadiup ) i !
Zine ' L : !
T0TAL TRACE ErzvexTs | 2.58-2 1 3.08-181 s oE-?
ALIPMATICS. ALICYCLICS |
2ND _FATZ¥ ACIDS { .
Aceric Acid H
Suzanoic Acid v ! ! N
Zexancic Acid { )
3-Mechvibuzeroic Acid | !
2-“achvlsrazanoic Acid | ! |
Penzanoic Acid ) i i
Prosanoic scid i 1 i
TOTAL FATIY ACID b .5E=1 | 2.0me! s 32a4
H i i
T R
| | I )
| ! i
i i i
! ! i
! | I
2e¥ulara : i I
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TABLE 3-4 (continued)

A

Estimated]

Posc=Dilu
tion
Conﬁ.

(ug/m~)?

FHENQLS

Cacechol

1, 6-Dimechvicatechol

J-Mmchvicacechol

4-Methvlcatschol

2-Methvlnhenol

3=-Methvlohenol

4-Methylohenol

4~Methvlresorginol

5-Methvlresorsinol

Phenol

Resorcinel

2, 4-Xvlenol

), §-Zvienol

TOTAL PEENOLS

§.LE=L i

1.0822

PALNUCLISR AROMATTC
‘GYDROCAR3CNS

Acenavhchalene

Anthracene

Bernz{a)anchracene

3enzo(g,h.i)perviene
-1

Banzc(a)ovrene

Senzo(2)avrene

haaveomamat

Chrvsena

fluoranchane

—at
riiorene

" i
“ Mazhthalene

Parviene '

- Przranthrane

X
I
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TABLE 3-4 (continued)

A

W
Estimated Taxic™
Posc- | Conmc.
DLiution| ¢ c/a3)
Conc3
(ugfa)

NITROGEN AETIROCYCLICS

2,4~Dimethvlovridine

2.5-Dipethvlipvridine

2-Mechviavridine

3-Mechvipvridine

4=-Mechvlovridine

Pvridine

Quinoline

OXYGEN BETEROCYCLICS i

Benzofuran

Dibenzofuran i ]

MTRCAPTANS [
* ¥achanethiol

TOTAL MERCAPTANS 3.5E~1 1 2.0547 | 3,3E-3

AROMATIC aMINES - i
aniline N i

TOTAL AROMATIC AMTYNES | 2.85-2 @ i.2-5

.

-
[l
]

-

NITROSAMINES _ 2.4E-2

o~
"
]
+
o
w
N
<
m
]
~

MISCILLANEOUS

Am==onia 1.08F2

Carbonvl Sulfide | 1.4 | 7.18e6 %

Yvéropan Cranide | 3.88-2 A iz=] ¢

Hvércean Suliide

Nickel Cardoavl
N{cN

S0,

|
|
I
Partizuiates i
]

221
23ased on dilution factor of 24,000 derived from SiM/1 medel .

bPublished toxicities regardless of species, endpoint, and exposure
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ecosystems lies primarily 'in its added contributions to the pollutant
loading from the other atmospheric emilssions. Post-dilutiéﬁ

concentrations of none of the contaminants exceeded the toxic benchmarksrt
used in the aﬁalysis, although the total post-dilution concentrations of
tars, olls, and naphtha (735 pg/m?) easily exceed the national primary
ambient air quality standard of 160 +Lg/m2. for non-methane
‘ hydrocarbons. Based on the calculated ratio of post~dilution
‘fconcentrations to benchmarks, total phenols, total trace elements, and
. ammonia appear to pose relatively greater hazards than other stream

‘components.

1\
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4 SUMMARY AND CONCLUSIONS

This volume has attempted to assess selected aqueous and.
atmospheric emissions from the gasification phase of a Lurgi/Fischer-
Tropsch facility, presumed to pose the most significant hazards to
aquatic and terrestrial ecosystems. These streams were selected on the
basis of the préliminary characterization of the stream constituents and
the likelihood of their entering the environmenf. The scarcity of
empirical data on waste stream composition, individual contaminant
toxicities (both acute and chronic), and environmental behavior, in
conjunction with the great variability in the many blotic and nonblotic
elements of a receiving ecosystem, has made identification of ecological
effects and ranking of waste streams according to hazard potential

uncertain, at best.

A number of assumptions were made to arrive at conservative,
though not necessarily worst-case estimates of the hazard potential of
the selecte Etreams. Within limitatioms of the stated assumptions for
aqueous emissions, Stream 33, reverse osmosis waste, appears to pose the
greatest hazard because of its relatively high concentration of trace
elements and the presence of organics. Cadmium and mercury both exceed
the lowest observed toxic concentrations by a factor of several
hundred. The organics within Stream 53 which occur at levels
potentially hazardous to aquatic organisms are resorcinol, naphthalene,
phenol, méthanethiol, hexanoic acid, and catechol. Stream 70,
blosludge, is the aqueous stream next in order of apparent ecological
hazard, having levels of cadmlum, mercury and naphthalene which could
present significant hazards to aquatic ecosystems. Of the three aqueous

streams, ash leachate (Stream 70) appears to be the least hazardous.

Vithin, limitations of stated éssumptions for atmospheric
emissions, &ﬁream 29, cooling tower evaporative losses and drift,
appears to pgse the greatest hazard to receiving ecosystems on the basis
of the quantities of both organic and inorganic contaminants released,

and the mode of release (both drift and vapor). Next in order of
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apparent ecological hazard is Stream 28, the utilit§ stack gases, which
will release relatively high levels of S0,, NO,, and Hg. Finally, the
lockhopper vent gases (Stream 72) will release pollutants, contributing
to many of the individual atmospheric pollutant levels generated by
Streams 28 and 29. All three of these gaseous discharge streams appear
to have the potential for exceeding established or proposed standards or

criteria for one or more contaminants after dilution in the atmosphere.

Aside from the need for additional data on the constituents of
the six selected streams, perhaps the greatest need (and <t the same
time the wmost serious constraint on the abllity to evaluate the
environmental effects of indirect coal liquefaction) 1s to understand

iihe acute and chronic effects of whole stream emissions and the
iinteractions {synergistic, antagdnistic, and additive) among
?onstituents within streams and among streams. This need cannot be
fully met until full-scale operating units produce waste streams that
can be thoroughly characterized physically, chemically, and in terms of
thelr bioclogical and ecological activity.

74
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APPENDIX

*
Summaries” of transport, transformation, and fate of selected trace
elements and organic compounds expected to occur in waste streams from

indirect coal liquefaction.

Table Cempound/

Number Element

1 Antimony

2 Arsenic

3 Beryllium

4 Cadmium

5 Chromium

6 Copper

7 Cyanide

8 Lead

9 - Mercury,

10 Nickel

11 Selenium

12 . Silver

13 Thallium

14 Zinc

15 Acenaphthylene

16 Anthracene

17 7 Benzene

18 Benzo(a)anthracene
19 ' Benzo(g,h, i)perylene
20 ) Benzo(a)pyrene <
21 . Chrysene ’
22 Dimethylnitrosamine
23 . 2,4-Dimethylphenocl
24 Diphenylnitrosamine
25 Di-n-Propylunitrosamine
26 Ethylbenzene

27 Fluorene

28 Naphthalene

29° Phenanthrene

30 Phenol

31 Pyrene

32 Toluene

*Reproduced from Callahan, M.A., et. al., Water-Related Environmental Fate of
129 Priority Pollutants, Vols. I and 11, EPA-440/4-79-029a and
EPA&440/4-79~029b 1979
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TABLE 1

SUMMARY OF AQUATIC FAIE OF ANTIMONY

Environmental Summary Confidence of
Process Statement . Data
Photolysis Not important. Lby
Chemical * Antimony is present as the Medium-
Speciation soluble oxide or antimonite :

salt in most natural waters. v
In reducing environments, vola-

tile Sbi; may be formed. Most

species of antimony are soluble

and mobile in the aquatic . i

environment. . - ‘
Volatilization Iﬁportant where SbHy is staﬁle. ¥edium
Sofpticn* ‘ Antimony is adsorbed by clays Low

and organic materials.
Bioaccumulation Very slight. ‘ . Medium
Biotransformation* Biomethylation may occur. Low

% All of the noted envirommental processes are important; however, their
relative importance with respect to each other is uncertain for determining
final fate,. . "



TABLE 2

SUMMARY OF AQUATIC FATE OF ARSENIC

Environmental ) Summary Confidence of

* Process ‘ Statement Data
Photolysis Not an important process. Medium
Chemical * Important in determining High
Speciation : arsenic distribution and

mobility. Interconversions
of +3 and +5 state and organic
complexation are most important.

Volatilization* Important when bilological. High
activity or highly reducing
 conditions produce AsHy or
methylarsenics.

Sorption* Sorption onto clays, irom - High
oxides, and organic material
is a controlling mechanism for
the fate of arsenic in the
aquatic environment.

, — .
Bioaccumulation Appears to be most significant Medium

in lower trophic levels. High
toxicity lowers overall accumulation
by aquatic organisums.

Biotransformation* Arsenic is metabolized by a number " High

of organisms to organic arsenicals,
thereby increasing arsenic mobility
in the environment.

* All of the noted envirommental processes are important; however,

their relative importance with respect to each other is uncertain
for determining final fate.



TABLE 3

SUMMARY ‘OF AQUATIC FATE OF BERYLLIUM

Environmental Summary Confidence of
Process ) Statement Data

Photolysis Not an important fate. Low

Chemical Speciation* Beryllium is hydrolyzed to form Medium

insoluble compounds. A
controlling mechanism for
beryllium in the aquatic

environment.
Volatilization Not an important fate. Low
Sorption* Probably adsorbed by clays Low
and other mineral surfaces
at low pH. .. o
Bioaccumulation Slight accumulation.by Medium

aquatic organisms. No
food chain magnification
in evidence.

Biotransformation Unreported. ) Low

* A1l of the noted environmental processes are lmportant; however, their
relative importance with respect to each other is uncertain for determining
final fate.

.
B
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TABLE 4

- SUMMARY OF AQUATIC FATE OF CADMIUM

it

Envirommental Summary Confidence of -
Process = Statement Data *

Photolysis ' Not an important process. High

Chemical Speciation* In most unpalluted waters the -Medium -

majority of the cadmium will exist
as the hydrated divalent cation.

In polluted waters, complexation
with organic material will be most
important. Affinity of ligands for
cadmium follows the order of humic
acids >C0527>0H>C17>50,%"

Volatilization Not an important process. High-

Sorption* Various sorption processes ' High
reduce the mobility of

cadmium and result in the ,
enrichment of suspended and bed
sediments relative to the water
column. In umpolluted waters,
sorption onto clay minerals, and
hydrous iron and manganese oxides

are controlling factors. In

polluted waters, sorption onto organic
materials is the controlling factor.

-Bioaccumulation* Blota strongly accumulate Cd : . High
with concentration factors
ranging from 102 to 10% or more.
Bioaccumulation is greater in
soft than hard water.

Biotransformation No biomethylation in evidence. Medium
Organic ligands of biological '

origin may affect solubility and - ?
adsorption.

* ALl of the noted envirommental processes are important- however, their

relative importance with respect to each other is uncertaln for
determining final fate.



Environmental
Process

Photolysis

_ Chemical
"Speciation

Volatilization

Sorption*

. .k
Biocaccumulation

Biotransformation

TABLE 5 -
SUMMARY OF AQUATIC FATE OF CHROMIUM

Summary
Statement

Not an important process.

An important consideration in
the aquatic fate of chromium.
Controls the intertransformation
of Cr(VvI) to Cr(III). Cr(VI)
remains soluble, while Cr(III)
will hydrolyze and precipitate
as Cr(OH)3.

Not an imbortant process,

Cr(III) is adsorbed weakly
to inorganic materials.
Cr(VI) may be adsorbed by
organic materials.,

As an essential autrient, chromium
is bioaccumulated by a variety of
aquatic organisms. May be trans-
ferred via the food chain.

Probably not important.

Confidence of
Data

‘Medium

Medium

Medium

Medium

High

Low

* All of the noted environmental processes are important: however, their

Telative importance with respect to each other is uncertain for determining

final fate.



TABLE 6

SUMMARY OF AQUATIC FATE OF CGPPER

rd

Envirommental Summary Confidence of
-Process ‘ Statement Data

Photolysis Not an important process., Medium

Chemical Speciation*' In .most unpolluted waters, the Medium

majority of copper will exist
as the carbonate complex. In
polluted waters, complexation
with organic material will be
most important.

Volatilization Not an important process. High

Sorption* Various sorption processes . High
reduce the mobility of copper
and result in the enrichment
of suspended and bed sediments
relative to the water column.
In unpolluted waters, sorption
onto clay minerals, and hydrous
iron and manganese oxides are
controlling factors. In polluted
waters, sorption onto organic
materials is the controlling factor.

Bioaccumulation™ Biota strongly accumulate copper. High
Copper is apparently not biomagni-
fied.

Biotransformation Some copper complexes may be Medium

metabolized. Organic ligands
are important in sorption and
complexation processes.

* All of the noted envirommental processes are important: however,

their relative importance with respect to each other is uncertain
for determining final fate,



TABLE 7
SUMMARY OF AQUATIC FATE OF CYANIDE

Environmental Summary Confidence of -

Process Statement . Data
Photolysis* Can cause breakdown of some Medium

metallocyanide complexes.

Chemical Chemical transformations occur Medium

Speciation very slowly in most aquatic
environments.
Volatilization* At pﬁ(lo most of the free cyanide Medium

will be HCN which is quite volatile,
A most important process in the
aquatic environment.

Sorption Cyanides are sorbed by organic .Low
. materials and to a lesser extent
clay minerals. Not an important

process,
Biocaccumulation Cyanides are not bioaccumulated. Medium
. % . .
Biotransformation Cyanides are biodegraded at low Medium

concentrations by almost all
organisms. A very important
process for the aquatic fate
of cyanides.

* All of the noted envirommental processes are important: however, their
relative importance with respect to each other is uncertain for determining
final fate.



TABLE 8

SUMMARY OF AQUATIC FATE OF LEAD

Envirommental Summary Confidence of
Process: Statement Data
Photolﬁsis* Important in determining the form Medium

; of lead entering the aquatic
. environment. Importance within
" natural waters in undeterminable,

Chemical Determines which solid species Medium
Speciation controls solubility in unpolluted
: waters. Over most of the normal
pH range, PbCO4 and PbSQ, coatrol
solubility in aerobic conditioms.
PbS and Pb control solubility in
anaerobic conditions. In polluted
waters, organic complexation is most
important.

Volatilization Probably not important in most Medium
*  aquatic environments.

Sorption* Adsorption to inorganic solids, High
organic materials, and hydrous
iron and manganese oxides usually
controls the mobility of lead,

Bioaccumulation™ Lead is bioaccumulated by aquatic High
organisms. Bioconcentration factors
are within the range of 102 - 103.

. ) .k . . . .
Biotransformation Biomethylation in sediments can Medium
remobilize lead.

* All of the noted envirommental processes are important; however, their

relative importance with respect to each other is uncertain for determining
final fate.
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TABLE 9

SUMMARY OF AQUATIC FATE OF MERCURY

Environmental ' Summary : Confidence of
Process . Statement Data
=) — ,
Photolysis* Important in the breakdown Medium

of airborme mercurials,
might be important in some
aquatic environments.

Chemical Speciation* Controls volatility of metallic High
) mercury by conversion to complexed
* species. Im reducing sediments HgS
will preclpitate and may constitute
a major chemical sink.

Volatilization™ Important to the movement of ' High
mercury compounds in and out
of the aquatic enviromment,

Sorption* Sorption processes result in HfghC
the strong partitioning of
mercury into suspended and bed
sediments. Sorption is strongest
into organic materials.

Bioaccumulation® Bioaccumulation has been proven High
to occur via numerous mechanisms.
Most are connected to methylated
forms of mercury.

Biotransformation® - Mercury can be metabolized by High
bacteria to methyl and dimethyl
forms which are quite mobile in
the environment.

* All of the noted envirommental processes are important; however, their
relative importance with respect to each other is uncertain for determining
final fate,



Environmental .,
Process

Photolysis

Chqpi:al Speciation*

Volatilization

%
Sorption

Bioaccunulation

Biotransformation
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TABLE 10
SUMMARY OF AQUATIC FATE OF NICKEL

Summary
Statement

Confidence of
Data

Not an imﬁortant process.,

In aerobic environments below

pH 9, soluble compounds are formed
with hydroxide, carbonate, sulfate
and organies. Above pH 9, precipita-
tion of the hydroxide or carbonate
will occur. 1In reducing environ-—
ments, NiS will precipitate. WNot a
regulating factor in most waters.

Not an important process.

Nickel is the most mobile of the
heavy metals, Coprecipitation

with hydrous metal oxides, sorption
into organic materizl, and iom
exchange with crystalline minerals
are the dominant factors which affect
its mobility.

Reported bioconcentration factors
are on the order of 102-103.
Not a dominant process.

Not an important process.

Medium

Medium

Medium

High

Medium

\\s

Medium

* All of the noted environmental processes are important; however, their
relative importance with respect to each other is uncertain for determining

final fate.
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TABLE 11

SUMMARY OF AQUATIC FATE OF . SELENIUM

- Environmental s Summary Confidence of
Process : Statement : Data
Photolysis Not an important process. _ Low
‘ Chemical * Controls solubility. Under ' Medium
" . Speclation anaerobic conditions and/or N

low pH, insoluble elemental
selenium is formed. Under
other conditions, soluble
complexes are formed.

Volatilization* May occur via bilomethylation Medium
or formation of HySe.

Sorption* Hydrous metal oxides sorb . Medium
° selenium stromgly. Clays :
and organic materials have
a lesser affinity.

. .k .
Bioaccumulation Concentration ratios depend Medium
on chemical form in soils
and organism.

Biotransformation” Metabolism may result in Medium
methylation with subsequent
volatilization,

* All of the noted environmental processes are important; however, their

relative importance with respect to each other is uncertain for determining
final fate.
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TABLE 12

SUMMARY OF AQUATIC FATE OF SILVER

Envirommental Summary Confidence of
Process Statement Data
Photblysis Probably not important in Low

determining fate.

Chemical Speciation# Chloride, bromide and iodide ions Medium
control the levels of hydrated
silver cations. Crystalline,
metallic silver and silver sulfides
may precipitate under reducing

conditions.
Volatilization Not an important fate. Mediuam
Sorption™ Silver is strongly sorbed by - High

hydrous manganese and iron oxides,
clay minerals and organics. A major
controlling mechanism in determining
the fate of silver in the aquatic
environment.

- .k . .
Bioaqpumulatlon Numerous plants and primary consumer High
organisms accumulate silver. Little
evidence to suggest bicmagnification.

Biotransformation Probably not an important fate. . Medium

* All of the noted envirommental processes are important: however, their

relative importance with respect to each other is uncertain for determining
final fate. |




Enviromental
Process

Photolysis

Chemical
Speciation

Volatilization

Sorption*

Biocaccumulation*

Biotransformation
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TABLE 13
SUMMARY OF AQUATIC FATE OF THALLIUM

Sunmary
Statement

Not an important mechanism.

In reducing environments
T1(I) may rreclpitate as a
sulfide: otherwise, it will
remain in solution.

Not an important mechanism.

Thallium is adsorbed to clay
minerals and hydrous metal
oxlides. 'Probably a very - .
important process.

Thallium is accumulated by aquatic
organisms. Probably an important
process,

Not an important process.

Confidence of
Data

Medium

Medium

Low

Medium

Low

Low

e

* All of the ncted environmental processes are important; however, their
relative importance with respect to each other is uncertain for determining

final fate.
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TABLE 14

SUMMARY OF AOUATIC FATE OF ZINC

Environmental ' Summary Confidence of

Process Statement Data
Photolysis Not an important mechanism. . . Medium
Chemical 'In most unpolluted waters, Medium
Speciation* the majority of zimc will

exist as the hydrated divalent
cation. Im polluted waters,
complexation will predominate.

Volatilization Not an important mechanism. Medium

Sorption”™ ' Zine has a strong affinity High
for hydrous metal oxides,
clays, and organic matter.
Adsorption increases with pH.'

Biloaccumulation” Zinc is strongly bioaccumulated. High
Bloconcentratlon factors range
from 102 to 10°.

Biotransfomation No biomethylation in evidence. Medium
Organic ligands of biological
origin may affect solublllty
and adsorption.

* All of the noted envircnmental processes are important: however, their

relative importance with respect to each other is uncertain for determining
final fate,




Environmen£a1
Process

Photolysis

Oxidation

Hydrolysis

Volatilization

SorptionTT

Bioaccumulation

.Blotransformation/
Biodegradation
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TABLE 15
SUMMARY OF AQUATIC FATE OF ACENAPRTHYLENE '

Summary "k Half-Life
Statement Rate (*1/2)

Confidenc
of Data

f

Dissolved portion may
undergo rapid photolysis.

Oxidation of PAH by ROy”
radical is a slow process;
not a significant process.

PAHs do mot contailn groups
amenable to hydrolysis.

- Is probably not as important

as adsorption as a tramsport
process. '

Measured adsorption coeffi-
cients for PAH.and suspended
solids are high; movement

via sediment is counsidered an
important transport process for
PAH.

A short-term process; PAHs
with less than 4 ot 5 rimgs
are readily metabolized and
long-term partitioning into
biota is not a significant
fate process.

PAHs with less than 4 rings
are degraded by microbes and
are readily metabolized by
multicellular organism: bio-
degradation is probably the
ultimate fate process.

* There 1s insufficient information in the reviewed literature to permit
assessment of a most probable fate.

*% Yery little environmental fate data specific to acenaphthylene were
found; the summary statement is made from data reviewed for PAHs as

a group.

T Data on acenaphthylene are not sufficient to permit confidence ranking.
The confidence of the data reviewed for PAHs in general ranges from

low to bigh.

tt Because the solubility of this compound is relatively high, 50 percent ox
more may exist in true solution under conditions of normal sediment loading
(Southworth 1979).



Envirommental
Process

Photolysis

Oxidation
Hydrolysis

Vol;tilization

Sorption**

Bloaccumulation

Biotransformation/
Biodegradation
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TABLE 16

SUMMARY OF AQUATIC FATE OF ANTHRACENE.

Summary .
Statement Rate

Half-Life Counfidence

(*1/2)

" of Data

Dissclved pcrtion may -
undergo rapid photolysis,

Oxidation of anthracene 50
by RO, radical is slow; mol sec
not a significant process.

Ch

Anthracene does not con-
taln groups amenable to
hydrolysis.

May be competitive .0.002 to

with adsorption. 0.179 hrl

Measured adsorption -
coefficients for

anthracene and sus-

pended solids are

high; movement via

sediment 15 considered

to be an important

transport process.

A short~term process; -
anthracene is readily
metabolized and long-

term partitioning into

biota is not a signi-

ficant fate process.

Anthracene can be <0.0612 hr!

degraded by microbes

dnd 1s readily meta-
bolized by multi-~cellular
organisms; biodegration
is probably the ultimate
fate process.

35 minutes

1600 days

13-300 hrs

>11.3 hrs

Medium

Medium

Medium

Low

Medium

Medium

Medium

* There is ingufficient information in- the reviewed literature to permit
assessment of a most probable fate., ~

** Because the solubility of this compound is reiatiﬁely high, 50 percent or

more may exist in true solution under conditions of normzl sediment

loading. Southworth (1979).



Environmental
Process

Photolysis

Oxidation*

Hydrolysis
Volatilization

Sorption
Bioaccunulation

Biotransformation/
Biodegradation
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TABLE 17

SUMMARY OF AQUATIC FATE OF BENZENE -

Summary
Statement

Since the ozone layer
in the upper atmos-
phere effectively fil-
ters out wavelengths of
light less than 290 nm,
direct excitation of ben~
zene in the aquatic or
atmospheric environment
is unlikely unless a
substantial wavelength
shift 1s caused by the
media.

Direct oxidation of
benzeae in environ-
mental waters 1s
unlikely. Smog chamber
data, however, indi-
cate that. benzene is
photooxidized at a
rapid rate in the atmo-
sphere.

Probaﬁly_not a significant
fate process.

Probably the primary trans—
port process.

No specific information.
The log P value for
benzene I1ndicates that
sorption may occur.

The log P value of
benzene indicates a low
biocaccumulation potential
for benzene.

Benzene can be utilized as
the sole source of carbon
by several microorganisms
and is probably biode-
gradable at a slow rate.

Half-Life Confidence
Rate (t1/2) of Data
- Low
Medium

20 to 50 hours
2.4 to 24 hoursT

8.5x10710 1+t

oI sET

- Medium
4.81 hours§ Medium .
- Low
- Low

- Medium
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TABLE 17 (concluded)

*

k%

T

The predominant envirommental process which is thought to determine
the fate of the compound.

1his half-life is calculated from the half-conversion time for
benzene based on smog chamber data by Altshuller et al. (1962) and
the table of relative rzactivities given by Laity et al. (1973).

This half-~life is the estimated half-life value proposed by Darnall
et al. (1976) and is based on the assumption that benzene depletion is
‘due solely to attack by hydroxyl radical.

This second-order rate of reaction of benzene with hydroxyl radicals has
been obtained by Darnall et al. (1976) by averaging rates from smog
chamber data by Hansen et al . (1975) and- Davis et al. (1975).

This 1s the half-life estimated by Mackay and Leinonen (1975) for
volatilizaton of benzene from a water column one meter thick at 25°C.
This rate of volatilization varies with the environmental situation
encountered,
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TABLE 18

SUMMARY OF AQUATIC FATE OF BENZO[a]ANTHRACENE

Environmental
Process

. Photolysis

oxidation

Hydrolysis

Volatilization

.Sorption

" Bicaccumulation

Biotransformation/
Blodegrzdation

Summary
Statement Rate

Half-11ife
(*i/2)

Confidence
of Data

‘Digsolved portion may 6x10™3
—sec—

undergo rapid photo-
lysis.

Oxidation of PAH by 5x103
RO, radicals is mUSes,
slow; not a signifi-

cant process.

PAHs do not contain 0
groups amenable to
hydrolysis.

Is probably not as 8x103nr-1
important as adsorp-

tion as a tramsport

process. » =

Measured adsorption Kp=26,200
coefficients for PAH

and suspended solids

are high; movement in

sediment is considered

an important transport

process.

A short-term process; -
PAHs with 4 or less

aromatlc rings are

readily metabolized

and long-term parti-

tioning into biota is

not a significant fate

process.

PAHs with 4 or less -
aromatic rings are

degraded by microbes

and are readily meta-

bolized by multicellular
organisms; blodegradation

1s probably the ultimate

fate process,

10-50
hrs

38 hrs

90 hrs

Médium
Medium

High

Medium

Medium °

Low

Low

* There is insufficient information in the reviewed literature to permit
assessment of a most probable fate.
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TABLE 19

SUMMARY OF AQUATIC FATE OF BENZO[ghi]PERYLENE

Envirommental
Process

Photolysis

Oxidation

Hydrolysis

Volatilization

Sorption

Bioaccumulation

Biotransformation/
Biodegradation

Summary "k Half~Life

Confidenc
of Data

i

Statement Rate (t1/2)

Dissolved portion may
undergo rapid photolysis.

Oxidation of PAH by RO, °
radical is slow; not a
significant process.

PAHs do not contain
groups amenable to
hydrolysis.

Is probably not as
important as adsorption
as a transport process.

Measured adsorption
coefficients for PAH
and suspended solids
are high; movement in
sediment considered
the most important
transport process,

A short—term process;
PAH's are metabolized
slowly and long-term
partitioning into biota
1s not a significant
fate process.

PAHs with 4 or more
aromatic rings are
degraded slowly by
microbes and are
readily metabolized
by multi-cellular
organisms; bio-—
degradation is
probably the ulti-
mate fate process.
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TABLE 20

. SUMMARY OF AQUATIC FATE OF BENZO{a]PYRENE

Envirommental
Process

Photolysis

Oxidation

Hydroalysis

‘4

Volatilization

Sorption

Bioaccumulation -

Biotransformation/
Blodegradation

. Summary Half-Life Confidence
Statement . Rate (%1/2) of Data
pissolved portion 2.8x104sec™1 1-2 Medium
wmay undergo rapid hrs.
photolysis.
Oxidation of PAH 1.68x103 96 hrs.  Medium
- —mrSec— .

by Roz'radicals is
slow; not a signi-
ficant process.

PAHs do not contain 0 -
groups amenable to '

hydrolysis.

Is probably not as 3x102hr™1 22 hrs

Important as adsorp—-
tion as a transport
process,

Measured adsorption 150,000 -
coefficients for PAH

and suspended solids

are high; movement in

sediment is comnsidered

to be the most ilmpor-

tant transport process.

A short-term proces; - . -
PAHs with &4 or more

aromatic rings are

slowly metabolized and

long~term partitioning

into biota is not a i
significant fate pro-

cess.
PAHs with 4 or more 0.2-0.9 bacterial
aromatic rings are . ot protein

slowly degraded by
microbes and are
slowly metabolized

by multicellular
organisms; biodegrada-
tion is probably the
ultimate fate process.

* There is sufficlent informatior in the reviewed literature to permit
assegsment of a most probable fate.

High

Medium

ﬂedium

Medium

Medium
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- . ©  TABLE 21

SUMMARY OF AQUATIC FATE OF CHRYSENE

Envirommental ‘ Summary __ Half-L1fe Confidenc$
Process Statement Rate (*1/2) of Data
Photolysis Dissolved portion may ’

undergo rapid photolysis,

Oxidation Oxldation of PAH by ROy "
' radical is slow; mot a
gignificant process,

Hydrolysis N PAHs do not contaln groups
: amenable to hydrolysis.

Vblatilization ' Is probably not as
important as adsorption
as a transport process.

Sorption Measured adsorption
' " coefficients for PAH and
suspended solids are high;
novenent in sediment is
considered to be an impor-
tant transport process,

Bloaccumulation A short-term process; PAHs
with 4 or fewer aromatic
rings are readily meta-
bolized and long-term par-
titioning into blota is not
a significant fate process.

Biotransformation/ PAHs with 4 or fewer aromatic
Biodegradation rings are degraded by microbes
© and are readily metabolized by
" multicellular organisms: bio-
degradation is probably the
ultimate fate process.

* There is insufficiert information in the reviewed literatﬁre to permit
assessment of a most_probable fate. '
** Very little envirommental fate data specific to chrysene were found; the

summary statement is made from data reviewed for polynuclear aromatic
hydrocarbons.

T Data on chrysene are not sufficient
confidence of the data reviewed for
general ranges from low to high.

to permit confidence ranking. The
polynuclear aromatic hydrocarbons in

-
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TABLE 22

SUMMARY OF AQUATIC FATE OF DIMETHYLNITROSOMINE

Environmental Summary . Half—Life Confidence
Process ) Statement Rate ( 1/2) of Data
Photolysis* Slow photolysis appears - - . Medilum

to be the only fate
process of any consequence.

oOxidation Probablylnot important. - - Low
Hydrolysis Probably not i;po£2ant. - . - Low
Volatilization Probably not important. - =: _ Low
' Sorption  Probably not important - - Low
Bioaccumulation ) Probably not important - . - . Low
Biotransformation/ Slow degradation is - - * Medium
Biodegradation reported; to occur in

sewage and soil, but
this pollutant appears
to be resistant to

" biodegradation in ~
surface waters.

* The predominant environmental process which is thought to determlne
the fate of the compound.
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TABLE 23

SUMMARY OF AQUATIC FATE OF 2,4-DIMETHYLPHENOL

Envirommental
' Process

Photolysis

Oxidation

Hydrolysis
Volatilization

Sorption

Bioaccumulation

Biotransformation/
Biodegradation

.Summary
Statement

Photooxidation may be an
important degradative pro-

.cess In aerated clear sur-

face waters.

Metal~catalyzed oxidation
may be relevant in some
aerated surface waters.

Mot a relevant environmental .

process.

Not a significant process
in the aquatic environment.
Probably not a significant
process in the aquatic
environment.

~ Probably not a significant

process in the aquatic
environment.

Available information is
inconclusive with regard
to degradation in natural

* surface waters.

Half-life Confidence

Rate (t1/2) of Data

* There 'is insufficient information in the reviewed literature
assessment of a most probable fate.

Low

Low

.Y Righ
Low -

Low

Low

Low

to permit



A-27 -

TABLE 24

SUMMARY OF AQUATIC FATE OF DIPHENYLNITROSAMINE

Envirorimengal Summary Half-Life Confidence
Process Statement Rate (F1/2) of Data
Photﬂlysis Photolysis may be an - - Low
! important fate process.
Oxidation Probably not important. S - . ﬁ;w
Hydrolysis Probably not important. - - Low
Volatilization Probably not important. - - Low
Sorption . No specific data found; - - Low

may have significance,

Bioaccumulation ) No specific data found; - - Low
importance difficult to
assess.

Biotransformation/ Diphenylnitrosemine is both
more easily degraded and
synthesized than dialkyl-
nitrosomines.

Low

* There is_insufficient information in the reviewed literature to permit
assessment of a most probable fate.
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TABLE 25

SUMMARY OF AQUATIC FATE OF DI-N-PROPYLNITROSAMINE

Environmental
Process

Photolysis*

Oxidation
Hydrolysis "’
Volatilization
Sorption
Bicaccumulation

Biotransformation/
Biodegradation

Summary
Statement

Slow photolysis appears
to be the only fate
process of any con-
sequence.

Probably not important.
Probably not important.
Probably not important.
Probably not important.
Probably not important.

Slow degradation is
reported to occur

in sewage and soil,
but this pellutant
appears to be
resistant to bio—
degration in surface
waters.

Rate

Half-life
(*1/2)

Confidence
" of Data

—

Medium

Low
Low
Low
Low
Low

Medium

* The predominant environmental process which is thought to, determine
the fate of the compound.
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TABLE 26

SUMMARY OF AQUATIC FATE OF ETHYLBENZENE

Environmental Summary Half-Life Counfidence
Process Statement Rate (t1/2) of Data
Photolysis Direct photolytic cleavage - - Low

is energetically improbable
in the troposphere.

Oxidation* Probably not important as - 15 hr. Low
an aquatic fate; however,
atmosphereic photooxidation
is probably the main fate

process.
Hydrolysis Not aquatically signific?nt._ - - High
oo A .
Volatilization Significant transport C - 5~6 hr. Lew

process responsible for
removal of ethylbenzene
from water.

Sorption Relative importance cannot - ) Low
be determined.

Bioaccumulation Probably not important. - - Low

Biotransformation/ Relative importance cannot - - Low
Biodegradation. be determined.

* The predominant environmental process which is thought to determine
the fate of the compound.
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TABLE 27

SUMMARY OF AQUATIC FATE OF FLUORENE

Environmengal Summary "k ' Half-1ife Confidenc;
Process Statement Rate (tl/z) . of pata
Photolysis Dissolved portion may
undergo photolysis.
Oxidation Oxidation of PAH, by
RO," radical is a slow /

process: not a signi-
ficant process.

Hydrolysis PAHs do not contain
grous amenable to
hydrolysis.

Volatilization Is probably not as

important a transport
process .as adsorption.

Sorpt:ionTT

Measured adsorption coeffi-
cients for PAH suspended
solids are high; movement via
sediment is considered an
important transport process
for PAH.

Bioaccumulation A short-term process; PAHs
with less then 4 rings are
‘readily metabolized and long-
term partitioning into biota
[is not a significant fate
process,

Biotransformation/ PAHs with less than 4 rings
Blodegradation are degraded by microbes and
are readily metabolized by
multicellular organisms;
biodegradation is probably
the ultimate fate prozess.

* There is insufficient information in the reviewed.literature to permit
assessment of a most probable fate. )
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TABLE 27 (concluded)

%% yery little envirommental fate data specific to fluorene were

found; the summary statement is made from data reviewed for PAHs as
a group.

t Dpata on fluorene are not sufficient to permit confidence ranking.
The confidence of the data reviewed for PAHs in general ranges from.
low to high.

1t Because the solubility of this compound is relatively high, 50 percent or

more may exist in true solution under conditions of normal .sediment loading
~ (southworth 1979). o i



Environmental
Process

Photolysis

Oxidation

Hydrolysis

Volatilization

Sorption

Bioaccumulation

Biotransformation/
Biodegradation
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TABLE 28 '

SUMMARY OF AQUATIC FATE OF NAPHTHALENE

Summary Half-Life Confidence,
~ Statement " Rate (*1/2) of Data
Dissolved portion may - - Medium

undergo rapid photolysis.

Oxidation of naphthaléne - - Medium
by RO, radical is slow;
not a significant process.

Naphthalene does not - - High
contain groups amenable
to hydrolysis.

Role is unknown: could be
competitive with adsorp-
tion under highly stirred
conditions.

Low

Measured.adsorption - - Medium
coefficients for PAH '

and suspended solids are

high; movement via sedi-

ment is considered an

important process for PAH.

A short-~term process; - - High
naphthalene is readily

metabolized and long-~

term partitioning

into biota is mot a

significant fate

process.

Naphthalene is degraded 1 day Hedium
by microbes and readily

metabolized by multi- 0. 04 -3

cellular organtsms; 1 day

bicdegradation is

probably the ultimate

fate process.

% There is insuff;c1ent infommation in the reviewed literature to 7erm1t
assessment of a most probable fate



Enviroumentai
*
Process

Photolysdis

Oxidation

Hydrolysls s

volatilization

Sorption

.. Bloaccumulation

Biotransformation/
Blodegradation
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TABLE 29
SUMMARY OF AQUATIC FATE OF PHENANTHRENE

Half-Life
*1/2)

Summary

Statement Rate

Confidenc$
of Data

Dissolved portion - - -
may undergo rapid
photolysis.

8x106
days

Oxidation of PAR ¥
by RO, radical

is slow; not a
significant process.

.1 1it
Qméi—segs

PAHs do not contain - -
groups amenable to
hydrolysis.

Is probably mnot - - -
as important as

adsorption as a

transport process.

Measured adsorptiom . - -
coefficients for

PAH and suspended solids

are high; movement via

sediment 1s cousidered

to be an important

transport process.

A short-term process; - -
PAHs with 4 or less

aromatic rings are

readily metabolized

ahd long-term par-

titioning into blota

is not a significant

fate process.

PAHs with 4.6r less - -
aromatic riﬁgs are

degraded by microbes

and are readily

metabolized by multi-

cellular organisms;

biodegradation is

probably the ultimate

fate process. .

&

Medium

* There is insufficient information in the reviewed literature to permit
assessment of a most probable fate.

*% very little environment fate data specific to phenanthrene were found;
the summary statement is made from data reviewed for PAHS as a group.

t Data on phenanthrene are mot sufficient to permit confidence ranking ir

most cases. The confidence of the data reviewed for PAHs in general

rangea from low to high.
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TABLE 30

SUMMARY OF AQUATIC FATE OF PHENOL

Environmental Summary ’ Half-1ife Confidence
Process Statement Rate (*1/2) of pata
Photqusis* Photooxidation may be an - - Medium

important degradative
process in aerated clear
surfate waters.

oxidation® Metal-catalyzed oxidation
may be relevant in some
aerated surface waters.

Hydrolysis Not ;a relevant environmental

process. ° “
Volatilization There is a possibility of - -

some phenol passing into
the atmosphere.

Sorption Not a significant process - . -
in the aquatic environment.

Bioaccumulation Not a significant process in -~ - .

the aquatic environment.

Blotransformation/ A very“significant fate - -
Biodegradation* pathway in aqueous media
with a sufficient concen-~
tration of microorganisms.

* Photooxidation, metal-catalyzed oxidation and biodegradation
probably relevant destructive fate pathways.

are all

Medium
High

Medium
Medium
Medium

High
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TABLE 31

SUMMARY OF AOUATIC FATE OF PYRENE

Envirommental Summary Half-Life Confidenc?
Process - Statement Rate (%1/2) of pata
Photolysis - ~ Dissolved portioﬁ may - -
" undergo rapid photolysis.
oxidation Oxidation of PAH by RO,° - 1,060 days
radical is slow; not a
gignificant process. -
; Hydrolysdis PAHs do not contain ‘ - -
groups amenable to
hydrolysis.
Volatilization Is probably not as - -
important as adsorp- )
. tion as a transport
process. o
Sorption Measured adsorption - -

coefficients for PAH
and suspended solids
are high; movement in
suspended sediment is.
considered an important
transport process.

Bioaccumulation. ' A short-term process; - -
" ' . PAHs with 4 or less
aromatic rings are
readily metabolized and
long~term partitioning
into biota 1s not a
significant fate process.

Biotransformatiom/ PAHs with 4 or fewer ' - -
aromatic rings are
degraded by microbes
and are ‘'readily meta-
bolized by multi-
cellular organisms;
biodegradation is
probably the ultimate
fate process.

% * There is insufficient information in the reviewed literature to permit
asgsessment of a most’ probable fate.

*% Yery little envirommental fate data specific to pyrene were found; the
summary statement is made from data reviewed for PAHs as a group.

t Data on pyrene are not sufficient to permit confidence ranking. The
confidence of the data reviewed for PAHs in general ranges Irom low

to high.
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TABLE 32

SUMMARY OF AQUATIC FATE OF TOLUENE

Environmental Summary Half-Life Confidence
Process Statement Rate (t1/2) of Data
Photolysis Direct photolytic cleavage - - Medium

is energetically improb-
able in the troposphere.

Oxidation™ Probably not important as - 15 hrs. Medium
an aquatic fate; however,
atmospheric photooxidation
subordinates all other fate

processes.
Hydrolysis Not aquatically significant - - : High :
Volatilization Significant transﬂbrt 0.193 hr~! 5.18 hrs.: Medium

process responsible for
removal of toluene from
water,

Sorption Relative importance cannot - - Low
be determined.

Bioaccumulation Probably not important. - - ~ Low
Biotransformation/ Relative importance cannot - - Low
Biodegradation be determined.

* The predominant environmental process which is thought to determine the fate
of the compound. o
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TABLE 19 {(concluded)

* There is insufflcient information in the reviewed literature to permit
assessment of a most probable fate.

*%'Yery little environmental fate data specific to benzo[g,h,i]perylene were
found; the summary statement is made from data reviewed for PAHs as a
groupy

t Dpita on benzo[g,h,1]perylene are not gufficient to permit confidence

ranking. The.confidence of the data reviawed for PAHs 'in general ranges
from low to high.

"






