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FOF~WARD 

: Development and deployment ~f ,a 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 improved basis for planning and implementing environmental 
research. " "  

The present study comprises four major tasks: characterization 
of hazardous materials released from an indirect liquefaction facility; 

"~ssessment of ecological hazardous; assessment of public health hazards; 
an~ assessment of occupational health hazards. The report is organized 
in nhe same manner. Volume I is an overview and s~mary of the results; 
Volume II presents stream characterization data; and Volumes III, IV, 
and V present assessments of ecological, public health, and occupational 
health hazards~ respectively. 

This study was sponsored by the Technology Assessment Diqlsion of 
the Department of Energy. Organizations participating in the assessment 
were General Research Corporation, Oak Ridge National Laboratory, and 
Argonne National Laboratory. ,' 
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, EI~CUTIVE SUMMARY 

Process waste streams generated by a commerclal-scale indirect 

liquefaction facillty employing Lurgl/Fischer-Tropsch technology may 

affect surrounding aquatic and terrestrial ecosystems. In this 

assessment of ecological risks, facility streams that have a reasonable 

possibility of directly or indirectly entering the environment':are 
"l 

identified. For each of these process streams, inorganic and organic 

contaminants most likely to occur are identified, and their expected 

concentrations following app~oprlate dilution in the amblen~ environment 

are calculated. These concentrations are compared with various 

toxicologlc and envlronmental benchmarks (such as, biological effects 

thresholds, legal standards, and federal recommended driteria) to 

determine the potential hazards associated with each stream, contaminant 

and class of contaminants. 

[.; 

Where possible, th~se s~reams and their constituents were ranked 

according to their relative potential for adverse ecological effects. 

Streams or their constituents determined to be potentially harmful or 

inadequately characterized by available information are identifled as 

worthy of further research. 

Concluslons are tentative due to insufficiency of data regarding 

many key aspects of the assessment ~!ncludlng: chemical, physical, and 

biological characteristics of facility streams; transformation and fate 

of stream contaminants; and characteristics of receiving ecosystem3 and 

ecosystem components. Perhaps the most serious constraint on the 

ability to evaluate potential ecological effects is the lack of 

knowledge regardlng acute and chronic effects of whole stream emissions, 

and the synergistic, antagonlstlc~ 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 characterlzed physically, chemically, and in terms of 

their biological and ecological activlty. 
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Given this consideration, several-conclusions have been reached 

regarding ecological hazards posed by :several facility streams: 

# 
• Gaslfler and ~:utility ash and associated leachates should 

generate no serious, insurmountable ecological problems, 
although several trace elements and ammonia may pose @roblems. 

• Effluent from the wastewa.ter treatment unlt is likely to 
contain toxic trace elements and organic comp~ounds at 

: concentrations which could pose a significant ~hreat to 
" aquatic ecosystems, and man though food chain contemn:nation. 

Sludge from biological treatment of process was~ewaters is 
likely, to contain concentrations ~f trace ~lements and 

~biorefractory compounds that would pose a hazard ~>a~ua~c 
ecosystems if the sludge is not dlsposed of properly. 

~e~-Cooling:tower drift and evapora~ive~Deleases=appear=tb~b~--tHe 
greatest atmospheric threat to local terresterial ecosystems 
due to the significant quantities of organic and inorganic 
contaminants released. 

• Utility stack gases may pose significant regional ecological 
hazards due to0~release of sulfur oxides, nitogen oxides and 
trace metals/particularly mercury. 

• Fina~.~conc,lusions regarding ecological hazards :posed by 
• ndirec~-i'iquefactlon facilities cannot be made until a great 
deal :more information regarding all .aspects, of ecological 
~mpacts 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 possibility of directly or 

indirectly entering the environment; evaluation of their effects on 

potential receiving ecosystems; and, where possible, ranking of ~ these 

streams and their , constltuen=s by relative potential for adverse 

ecological effects. Waste streams or. their constituents determined to 

be potentially harmful or inadequately characterized by available 

information are identified as worthy of further research. Neither the 
% 

llquef~ctlon phase of the process (Fischer-Tropsch,~, nor accidents per 

se are add r-zsged here. 

, We have identified the following waste streams as potential or 

Stream 36 (ash stream) a n d  69 (ash leachate). ~ :. .  

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

• Stream 70 (biosludge from the biological treatment unit). 
2 

• Stream 28 (stack gas emissions to atmosphere). 

• Stream 29 (cooling tower evaporation losses to atmosphere). 

• Stream 72 (lockhopper vent gas emissions). 

Each waste stream is addressed individually in the following 

subsections. Because many of the assumptions, qualifications, and 

controlling variables 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. 

likely environmental polluters: 
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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-volume stream (Sire,am 36) dominated by the gaslfler ash. For this 

study~ we have assumed the ash would be trucked off-slte to a 

landfill. As shown in Volume If, Sectioh 2.4, the resulting ash pile is 

estimated to yield an average leachate flow rate (Stream 69)ofl 0.85 

liters per second (6644 lbs/hr or 0.030 cfs). Aside from the direct and 

=oral physical destruction of any ecologlcal communities occupying the 

site of the ash pile itself, the major ecological hazard posed by the 

ash is the entry of these poten=ially toxic ash leachates into off-slte 

aquatic ecosystems. 

The nature and extent of the impacts on a receivlng ecosystem 

will depend on the quality and qdantity of the ash leachate entering 

that system. Leachate quality and quantity, in turn, will vary with i~ 

number of factors, among them: 

I. Source coal composition and physlcalcharacteristics. 

. 
h 

2. Specific type of prop~osed gasification processes and 
facilities. 

3. Ash chemical and physical characterlstihs (dry ash, slag, 
density, {ermeabillty, degre~ of moisture saturahlon, presence 
of organic ~atter). 

Biochemlcai!envlronment in the ash pile (pH, alkallnlty, redox 
potential, ~Icroflora). 

5. Local meteorology, especially quantl;~ and quality of 
precipitation. 

6. ~Hydraullc distance to the water table and nearest surface 
water. 

7. Chemical specles present in leachate. 
D 



8. Permeability and cation exchange capacity of the intervening 
soil. 

9. Sorptlve capacity of the soil. 

i0. Dilu~ive 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: 

I. Volume-and rate.of flow of receiving surface waters. 

2. Physlcal variables, includlng temperature, hardness, pR, and 
alkalinity of receiving wat~_rs. 

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

4. Chemical precipitation and biochemlcal reactions. 

5. Volatilization and phocolysis. 

6. Ambient contaminant concentrations. 

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

8. Extent of additive, antagonistic, and synergistic interactions 
among the several contaminants J:n terms of toxicity and 
chemical reaccions. 

• . It is evident from this partial listing of the multitude of 

factors controlling ash leachate quantity;, quallty, toxiclcy, and 
ecosystem response that impacts on aquatic systems will be site- and 

project-speciflc. Further, information critical to an evaluation of 

ecosystem impacts is lacking ~or most of chese-factbrs, particularly fbr 

indirect coal li~uefactlon processes using Wyoming sub-bituminous 

coals. Consequently, a prellmlnary 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 slmilar 

processes and coals. Given these constraints, it is approprlate to make 

reasonably well-defined, conservatlvej (though not necessarily "worst- 

case" assumptions; e.g., the highest mean concentration of arsenic in 
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leachates rather than the highest individual measurement found in any 

case, or a reasonably small 283 i/s (I0 cfs) receiving stream vs. a 14 

i/s (0.5 cfs) stream. For this evaluation, therefore, we have assumed 

the following: 

I. Leachate flow ra~/~. • of 6.85 i/s (6644 l~s/hr or 0.'030 cfs; see 
calculations~ Voi[ume II, Section 2.4). 

j. 

2. No attenuation of ~eac~ate contaminants by soil. This is a 
V .-kX, highly conser atlve, assumption because soil attenuation will 

normally b e  an important me ch~nism for u removal of 
contaminant's .45 :' 

3. Zero dilution of leachate prior to entry into receiving 
stream. 

4. A moderately-small receiving stream flow of 283 i/s (i0 cfs). 

5. Sorption, precipitation, volatilization, photolysis, and other 
contaminant removal mechanisms in receiving streams bare 
unimportant. 

6. Two leachate types: 

a) A leachate of gasifier ash obtained from the processing of 
Montana Rosebud"coal in the modified dry.ash Lurgi gasifler 
in Westfield, Scotland. This coal-process .~ombination is 
more s~milar to the system~assumed for this' d~cument than 
any other existing facility i (Volume II, Section 2.4). 

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

7. All leachate enters the 283 1/s (i0 cfs) receiving stream. 

8. Mean :and highest exhibited toxlcitles (lowest toxic 
concenlt'rations) regardless of end-polnt response (usually 
subl~=hal) or target species found in a literature search of 
~.ssifier ash leachates. 

9~ Negligible amble~t concentrations of contaminants. 

I0. Negligible leachable organics. 

Ii. No interactions among contaminants in terms of toxicity or 
chemical reactions. 
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Most of these assumptions contribute to the conservatism in the 

analysis intended in this evaluation. The last assumption: however, 

represents an imporuant constralut on the validity, of this analysis 

because additive, antagonistic, or synergistic interactions among the 

"various toxic components of complex mixture are probable in nature. 

Unfortunately, an understanding of the inte~actlon of toxi~-contaminants 

in complex mi'ktures must depend prlma£11y on future research directed at 

actual samples obtained from operatlng facilities. 

Other serlous constraints on the validity of comparing toxicities 

of expected contaminant concentrations with each other and with various 

published toxicological results are the lack of :standardization among 

testing procedures, exposure conditions, test organisms, and the uneven 

quality and quantity of research directed an the various contaminants. 

For example, some contaminants such as cadmium iCd) or arsenic (As) may 

have been researched much more thoroughly than silver (AE). Conse- 

quently, the apparently greater "worst-case" toxiclties of Cd may be a 

reflection of the greater nmnber of t~sts directed at :Cd (on more 

sensitive orgaDisms) than directed at Ag. Furthermore, length of 

exposure, water quality, and ~est animals may differ greatly among 

contaminants. Ideally results of bloassays conducted under identical 

test conditions and utilizing similar target species s~5".Jld be compared 

for each contaminant. However, with the axcepti0n~'-of the chronic 
,t 

toxicity data for Daphnia magna , this was rarely'possible, ~le method 

of evaluating • t.he potential hazards posed by ash disposal consisted of 

compari'sons of contaminant'concentratlons in ash leachate after stream" 

dilution with: ,'. 

i. Ambient surface water concentrations. 

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

. Proposed ambient level goals for protection of aquatic 
llfe 8-II (estimated permissible concentrations for protection 
of aquatic life, EPCwe). 



4. The lowest reported concentration • for each contaminant 
eliclting a response (generally sublethal). 

5 • The mean average of reported concentrations for each 
contaminant showing toxic (sublethal) levels. 

6. Bioaccumulatlon threshold concentrations (concentrations of 
contaminants in freshwater wh±hh, if accumulated by i:ish 
according to r~orted bloaccumulation factors, would lead to 
the minimum body-burdens just toxic to man if consumed at a 
rate of 0.06 kg/day). 

,I 

7. The concentration ,which 'ellclts • a chronic toxic response in 
Daphnla manna. (sometimes coincides with item 4, above). 

Specifically, the ratio of each contaminant concentration in the 

leachate to the criteria concentration (contamlnant/criterlon) was 

computed. Contaminants were then listed with the magnitude of the 

ratios, the greater the value of the ratio, the greater the relative 

hazard posed by that contaminant. Tables 2-1 and 2-2 present the 

results of this procedure for 25 contaminants likely to occur in the 

gaslfier 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 toxiclty or because their presence has not been 

detected. 

One admittedly rough indicator of relative potential hazard is 
z 

the ratio of leachate concentration to ambient freshwater concentration 

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- 

case" leachates. 3'5'22'43'47'57 It is important to note that the 

weighted-mean ambient concentrations used to calculate these ratios 

represent the products of the mean observed values for each element and 

their preeentage frequency of detection, as presented in Kopp and 

Kroner's (1967) 5 year summary of trace metals in freshwaters of the 

United States. 29 For some contaminant:s, such as cadmium, many surface 
2' 

waters yield no detectable concentrations. For the II trace elements 

measured, the Westfield after dilution leachate ranged ~rom a high of 

o T'- 

"5 
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0.9 times ambient concentrations for Se to a low of only 0.00018 times 

ambient for Zn; Fe, Pb, and Mn concentrations in the leachate were 0.12, 

0.061 and 0.05 times ambient, respectively. It therefore appears that 

Se would rank first as an environmental concern on the basis of ambient 

conditions. However, differences in processes, feed coals, and physico- 

chemical conditions, such as pH and other factors, may cause values for 

the concentration of trace elements in other gasifier ash leachates to 

vary widely. Since only one set of values was available for the West- 

fleld Lurgl gasifier/Montana Rosebud coal combination, and even this is 

not necessarily representative of the conditions assumed for this evalu- 

ation, we repeated the calcu~atlons using the highest ash leachate con- 

centrations observed in our search of the llterature.3,5,22,43,47, 5~ 

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 ambient concentrations, Fe, AI, V, Sb, and Be appear to be 

of greatest concern. A similar procedure was performed for comparisons 

of diluted (338:1) leachate concentrations with. estimated permissible 

concentrations for aquatic ecosystems (EPCwe) , mean crustacean texlcity, 
L 

lowest observed toxic concentrations, bioaccumulation thresholds, 

Daphnia chronic toxlclty concentration, and proposed freshwater 

criteria. 

None of the trace elements in the diluted Westfield leachate 

exceeded their respective EPCwe. Iron was closest, but still less than 

IOZ 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; aluminum, 3.5; zinc, 2.6; and nickel by a factor of 

I.I. It, should be noted that most of these EPC's were derived from 

either lowest reported LCb0, s (or TLm's), or standards and criterla. 8 

With regard to mean toxlcities to freshwater organisms as 

compiled by Balrd 33 or by Cushman 14, Do trace element in diluted 

Westfield leachate exceeds these concentrations. All \t!ace elements 

occurred at less than 0.03Z of their mean toxic concentration. With the 

exdeptlon of iron and alumlnum~ even worst-case concentrations are well 
O 

below mean published toxic concentrations aEter dilution. ~ 
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Copper (23% of lowest toxic concentration)wa's the only measured 

contaminant in the.. Westfleld leachate that, after dilution,' approached 

lowest observed concentrations ellcitin E a t6xic response, regardless of 

type of response, species, or exposure.:conditlons. All other measured 

::concentrations of contaminants were'J lass than 3% of their respectlve 
:. /, 

lowest observed toxic concentrations. If "worst-case" conditions were 

realized, zinc, iron, aluminum, copper, and posslbly.cadmlum (in order 

, ,  of decreasing toxicity ) would exceed lowest observed toxic 

concentrations. Most of these lowest observed toxic concentrations, it 

should be noted, are based on chronic or sublethal effects. A better 

understanding of the relative, chronic toxlcities of the several 

inorganic contaminants can be gained from columns, E and A/E in "Tables 

2-I and 2-2. Column E shows the Concentration of each contaminant found 

by Blesing~ and Christensen (1972) to eliciC a- "Iv,o rep.roductlve 

impairment in Daphnia magna, a sensitive aquatic •species, after 3-weeks 

exposure. 2 Colt,~n A/E presents the ratios of concentrations of 

contaminants in diluted Westfield and worst-case leachates to Bi:eslnger 

and Chrlstensen's (1972) chronic toxicity data. 2 None of the measured 

contaminants in the diluted Westfleld leachate exceeded 1.1% of the 

chronic levels for Daphnia magn__aa. In the worst-case leachates, aluminum 

and cadmium exceeded chronic levels by factors of '2.2 and 1.1, 

respectively, while zinc and iron occurred at only sllghtly .less than 

chronic levels. ~. 

Tables 2-I and 2-2 also present threshold bioaccumulatlon 

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 flsh tissue which in turn, might prove to be barely toxic when 

consumed by man. The TBC's used in thls e~aluation were computed by 

Hildebrand and Cushman 25 by the method of Dawson 15, which is based on 

drinking water standards (DWS), published bioaccumulatlon factors~ and 

the assumed human consumption of 2.06 kg of contaminated fish per day. 

The maximum safe daily intake by man was considered to be equivalent to 
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.:.° 

the quant i ty  of the element, representedj/Sy consumption of .2 ,  0 ~51~of~wa~er 

containing the element at the DWS st/~ndard. From column A/F, ~t is 
, / u- 

evident that no measured contaminant in the diluted Westfleld leachate 
.. {, . 

exceeds its TBC. However, several elements in the "worst-case" leachate 

exceed their TBC's: iron, aluminum, manganese, zinc, arsenic, and 

chromium. '- 

One contaminant would exceed ~ts proposed EPA criterion level. 

In the "worst case" leachate values~ silver was found to surpass 

proposed crlteria 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 waters, they 

are unlikely to remain long at the modeled concentrations. Various 

physical, chemical, and biological transport and transformation 

processes comT, ence immediately to remove trace elements from the water ' 

column. Many of the c6ntaminants expected in the ash leachate may 

precipitate, sor~ 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 

untenable fo~benthos in the immediate area of the source, bull exposure 

downstream will be reduced significantly. Transport, transformation, 

and fate of many of the trace elements of most concern are summarized in 

th~ Appendix to this volume. 
._.. 

OrEanlc contaminants are not "expected to occur at appreciable 
;%. 

levels i~ ash leachate~i 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 organlc compounds in the leachate. 6 
I 

Even under "worst-case" conditions, exau,inatlon of the limited 

information at hand s~Eests that the as~ stre~ leachates will generate 

no seripus, insurmountable ecological problems. Shewed problems arise, 

the most llkely causes would appear to be Cd, AI, Fe, Zn, and NH 3. This 
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evaluatlon unfortunately must leave unanswered the question of 

synergistic, antagonistic, and additive interactions among the several 

components of the whole leachate. Furthermore, u~expected contaminants 

may occur in the leachate. Fina~ Judgment regarding the degree of 

ecological hazard represented by this waste stream must await the 

results of rigorous chemical and toxicological characterizations of 

whole ash leachates (using representative, sensitive test specles) from 

operating indirect coal liquefaction plants, followed by in situ 

monitoring of receiving waters. Certalniy, 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 options for this 72 17s (I..5 cfs) waste stream 

have been proposed including deep-well disposal and evaporation, ponds. 

A properly designed, deep-well dlsposal system placed in an appropriate 

geological formation would effectlvely prevent entry of contaminants 

from this waste stream into ground or surface waters. Uufqrtunately, 

limited availability of appropriate geological formations and exisltlng 

local regulations may prevent us~ of this method of disposal at a given 

site. 

Appropriately sized and lined evaporation ponds would also 

effectively contain contaminants in this waste stream except for some 

limited volatilization of certain trace elements and organic 

residuals. ~owever, 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 ~omparisons 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 ~ters and is fully diluted in a small 283 1/s 

(i0 cfs) freshwater stream (such as might occur at a completely 

inadequate disposal system). Tables 2-3 and 2-4 llst those inorganic 
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TABLE 2 - 4  .REVERSE OSMOSIS WASTE (.STREAM 53): COMPARISON OF 
PROJECTED POST-DILUTION ENVIRONME~.4L CONCENTRATTONS 
OP ORGAL'~ICS WITH ECOLOGICAL BENCEI4ARKS 

Estimated 
Pose- 

D i l u t i o n  

TRACE ELE~HTS 

Aluminum 

Arsenic 

Berv111um 

Boron 

Cadmt~  

Fluorine 

~ron 

Lead 

ManRanese 

He~eurv 

N i c k e l  

Selenttun 

Vanad~Lu'n 

Zinc 

TOTAL TRACE ELL-qENT.S 

~ZP~TZCS ALZ'C~ZCS "~ 
AND FATTY ACIDS ;" / 

Aceci~ Acid ~" 3.3 , 

B u t a n o i c  Acid 

Hexanole Acid 

3-MeChvlbjL~an_~ 

2-MeChvloroRanoic Acid 

Pencanoic Acid 

?ru auot~  A6 id  

TOTAL FATTY ACIDS 
i 

B~Z~4ES & SUBSTITUTED[\ 
BENZENES 

3.1E- 1 

2.6E-2 

2. r-E-2 

4.8E-2 

Z.SE-I 

6.3K-1 

BiDhenvl I. 6E-I 

Echvlben=ene 7.3E-l 

Indan 2.0 

Toluene 2.6 

i 7. &-Tr'J.met:hv/ben=ene 

o-Xvlene 8.3E-I 

D A/~ 

EPC~e 

mgll 

I 

6.6 

: ' .? 

2 .9  

9 .6  

1 .7  
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: TABLE 2 - 4  ( c o n t i n u e d )  

~.Z"O~ . . . . .  

A B 

Estlm~ted Loves t 
Pose- Observed 

D i l u t i o n  i LC a 
Con=. ! 50 
mg/1 ! m~/1 

Catechol 

3t6-D'Imechvlcacechol 

3-HeChTlca=echol 

4 - H e t h F l c a c e c h o l  

4=4 ' 

3 . 6 E - I  

3.1 

i. 4 E+l 

A/B c 

Lowes~ 
Observed 

Toxic t 
C~nc. 
=gll 

~.zz-1 . ).o 

2-HechyLpheno !  3 .3E-2 . 5.O 

3-Hech71pheno l  .. 4 .8E-2 .. 1 .9E~I  

4 -HeChy lpheno l  3.0E-2 i ,  I.~ 

_.~He~hylresorclnol 2.8E-I i 

5 - H e ~ h y l r e s o r c i n o l  5.3E~1 I 

,Phenol 9.,6E-2 , I.~ ~,9E-2 

R e s o r c t n ~ l  = 1.5 8 .0E-1" "  1.9 

2.&-Xylenol .... 9.IE-2 ,.I.3E+I 7.0E-3 

7.OE+1. 

z . ~ - ;  7 0  
2. IE-2 

AIc P AID 

EPC c 

=g/1  

1=5 Z.OE:I 4.&E+! 

~,&E-2 

1.7E-Z 5.0E.Zdl 5.5E-~ 

I ~.nE-2 d 6.OR-T 

1.OK-2 9 .8  

!.0~:-I i 't. SE+i 
! . 0  e [ 9. iE-~ 

3v5-XTlenoL ...... 1.3E-I 

• TOTAL PHL-NOLS • 10.3 

5.0E+1 

PSLY~CLF.ARAROP~TZC 
I-IYDROCArOHoNs 

Acenaphchalene 3.0E-2 

Anehracene  7.6E-3 

B e n z ( a ) n n t h r a c e n e  I 7.6E-4 

B e n z o ( ~ , h , i ) p e r v L e n e  J Z.2Z-5 

E e n z o ( a ) p y r e n e  -, 

Benzo(e)pyrene 

ChrTs~ne ., 

Fluor%n~hene 

' F l u o r e n e  

Naph tha lene  

Pe~!lene 

Phenan~hrene 

Pyrene 

,TOTAL PAH's 

SULFUR HETEROCYCLICS 

He I:hy! eh to0hene 

Th tophene  .. 

TOTAL TH,IOI~E2~: ES : 

3.0 E-4 
i 

3.0E-4 

1.5E-4 

1.5E-2 

1.5E- 2 

1.,~_-, ~ . o ~ - ,  

, . , - ~  i~.~ 
1.5E-2 ! 

I 
I 
I 

I . 
I 

2.6E-3 ~ . 1.6E+1 s . lE -3" l  t .o  e I 1.3E-1 
.... I !o~-1 t 1.o~2 

, i 

, i 
/'/ 5.0 .... ., 1.5~-~ I I 

, .0 (~-. 7.~z-,. : - .  I 
,I" I 
l 

~.o : ! ~.o~.-~ 
1.oz,~- 1 7.oz+z I s.oe-~. 

I I 
I' I 

! 
f 

I 1.~E_+1 3.0E- I  

] z.o i 3...o.E-5 I l 

_z.o~+, I L.5~-3 I _ 

I I 

i 

i 
i ,.. 

I 
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TABLE 2 - 4  (concluded) 

2,4-Dime ch.vlpTr~_dtne 

NIERC~EN HETEROCY~.ICS 

A n AIn c 

Es=£mated Lowest. Lowest 
Posu- Observed  Observed 
O£1u~ion LC.O t ,  T o x i c  b 

Conc. mgFl i Cont .  

6 . 6 E - 4  J 
2 r 5 - D t m e t h y l p y r t d l n e  6 , 6 E - 4  

I 
2 -Me th.v !P) , r td  i n e  A. 6E- 2 

I 
3 - M e ~ h v l o y r ~ d i ~ e  I 1.  ?E-1 

'-Mechyloyridiue A. iE-i 

PyT1dlue 7.5E-3 6.3E+2 

~ulnoline 6.3E-3 1.0E+I 

.OXYGEN HETEROCYCLICS ,. 

.... Benzofuran i. 
i 

Dibenzofuran ! 5.6E-3 

HERCAPTANS [ ' 

He~:hsneCh¢ol [ .,1.5, , 

TOTAL MERCAPTANS .- 

AROHAT~C AMI~ES 

iWO. i~ -  , 3.3~.3 ".o~-~.. 

TOTAL AROMATIC ~INES 

NITROSAMINES 

H~SCELLANEOUS 

Ammonia 

., , Carbon v l  SulFlde 

1 

I 

[ , , , , ,  

z . 2 E - 5  i.5z+I 
Z 

6 . 3 E - 4  3 .8  

5 . b ~ - i  

8.3E -3 

HTdrogen Cyanide I 

Hydro~en'Sulflde l i 

Nickel Carbonyl I I 

NO~ 1 ! 
~arciculates 
SOl I I 

Ta~s, Oils. Naph~b@ ., 

AIC D 
EPC m 

rag/l" 

! A/D 

5.0E-4 

1 . 7 E - 3  

5.0 

5.0Z-i 
i. 5E-3 
1.3E-z 

3.0 

5.0~.- l 6.6E-3 

/ 

I 

v I 

aVa!ues are for DaDhn~}a so. or fish, 24-96 hr/Refgrences for individual 
compounds are given in Ecological ~eport. 

bEegard!ess of species, endpoint or exposure conditions A9 

CEsEima=ad Permissible Concentrations for water and ecology 34'35. 
h 

dValue is for total cresols 

evalue is for toCa~'xylenols 
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and organic contaminants most likely to :occur in this waste stream, 

their expected concentrations following dilution in the receiving 

stream, and compare these concentrations with EPA's estimated 

permissible concentrations, mean toxic concentrations, and other 

indicators of potential hazards. 

From these tables it is evident that Stream 53 presents a 

potentially greater hazard to receiving systems than the ash leachers 

(Stream 69)~ because of both relatively greater trace element 

concentrations, and the presence of numerous organics at relatively high 

concentratlons i~ 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 

concentratlons). Cadmium and mercury appear to represent the ~ost 

hazardous trace elements in the stream, exceeding lowest observed toxic 

concentrations by a factor of several hundred. Again, as with the 

indices of ecological hazard developed for the ash leacbate 

constltuents~ these results often are based on sparse data and, 

accordingly, must be interpreted with caution. All of the other 

qualifications placed on the assessment of the ash leachers also apply 

equally to the reverse osmosis waste stream. The results do suggest , 

however3 that certain contaminants are more llkely than others to occur 

in this waste stream at concentrations harmful to aquatic environments. 

Even fewer data are available on the:toxiclty and bloaccumulation 

potential of organic contaminants likely to occur in the concentrated 

waste stream. At least one published toxic concentration wa~ found for 

31 of the 49 organic 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 LCS0 concentration. With respect to the lowest observed 

toxic concentrations regardless of endpolnt (death 3 behavior 'shifts, 

reproductive inhibition, etc.), target species, or exposure conditions, 

several organic constituents, including resorclnol~ naphthalene~ phenol, 

methan?thiol, hexanoic acld~ and catechol were projected to occur at 
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levels pot~ntlally hazardous to aquatic organisms. Acetic acid, 

catechol, resorcinol~ ethylbenzene, indan, naphthalene, toluene~ and o- 

xylene! ~ exceeded EPA's estimated permissible concentrations for 

freshwater systems I0 ~1 i. 

iPhotolysis, adsorption to sediments and suspended solids, and 

microbial degradation are important mechanisms for removal of many of 

the organics, Including the lower-molecular-weight, 2- and 3-ring PAH's 

such a~ ~ acena-phuhylene, fluorene, naphthalene, anthracene, fluoranuhene, 

and phenanthrene. 24 Bioacctunulation of these compounds by higher 

organisms is rapid, but so is their metabolism. Much the same can be 

said for the 4-rlng PAH's!~ such as benzo(a)anthracene, chrysene, and 

pyrene; biodegradatlon, t~dugh Important," will probably occur at a 

slower • rate than for the 9- and 3-rlng compounds. 7 Photolysls and 

adsorption onto sediments are also very important processes for the 

removal from the water column of hlgher-molecular-welght compounds such 

as benzo(a)pyrene and benzo(g~h,i)perylene. Microbial degradation is 

the final fate of these \compounds, but the process may take longec 

(months dr years) than for lower-molecular-welght compounds. 24 

Bioaccmnulatlon is rapid, and equilibrium body burdens increase rapidly 

with molecular weight+ 24 A microcosm study of the bloaccumulation of 

benzo(a)pyrene "yielded the following conc entr~:tlon factors (ratio of 

concentration in an organism to concentration in water): 7 -fish, 930; 

algae, 5,300; mosqui~os~ 12,000; snails~ 82,000; and Daphnla sp., 

134,000. Transport~ transformation, and fate of many of these organic 

contaminants 7 as well as trace elements are summarized in the Appendix 

to this volume. 

The total organic content of this stream after dilution (24 mg/l) 

:also represents~a hazard for aquatic llfe because oxygen may be lowered 

below the minimum requirements of many aquatic organisms. Furthermore~ 

many contaminants may become far more toxic at low levels of dissolved 

oxygen. ~,. 
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The prlncipal utility in presenting these lowest published toxic 

concentrations is not in their value as indicators of maximum absolute 

toxicity 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 

investlgation than the latter, or one compound has been tested for 

sublethal concentrations':more than the latter, or one co!,pound has been 

tested for sublethal effects on an unusu~lly sensltive~!organism while 

testing of another has been limlted to 96-hr LCs0, s for more robust 

laboratory animals. Exposure conditions and endpoints vary widely, 

while a few reported toxiclties may be in error or reflect the~presence 
: .j 

of confoundiog factors,. The major value of presenting these lowest 

toxic concentrations, than, is to suggest the magnitude of uncertainty 

and, therefore, caution that must ~ccompany the use of published LCS0,s, 

EPC's, or other indices to assess the actual or relative potential 

hazard of contaminants in a given stream° Thus, for example, phenol 

(after dilution in the receiving stream) is expected to occur at less 

than 7% of the lowest observed 48-hr, LCso concentration for trout 42, 

but at nearly I00 times the concentration reported to inhibit growth of 

certain green algae. 36 Further, ~ a separate study 19 reported 20% 

inhibition of a green alga, Selenastru~ sp., by a phenol concentration 

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

test concentration. 

Aside from the unanswered questions of interaction (whole 

effluent toxicity), carcinogeniclty, and toxicity of untasted and/or 

unknown constituents, 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 contaminants for which data 

exist, cadmium, mercury, catechol, resoreinol, and naphthalene may occur 

at especially high levels. Leakage or discharge of this effluent 

represents a significant threat to aquatic ecosystems and therefore 

calls for carefully designed and constructed disposal facillties to 
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s ~ .. 

ensure its isolation from 'th6 environment. Based on its rate of flow 

and predicted concentratlons for the known contaminants, this effluent 
. f, • 

~ould appear:~b have concentrations mo~e hazardous to aquatic ecosystems 

than either ash" leachate or bloslud~ leachate. Final judgment on the 

relative risks posed-:by Stream 53 must await thorough .characterlzatlon 

3f actual, whole effluents from appropriate operating plants as to 

composition,' acute, and chronic toxicity, and carcinogeniclty to 

sensitive aquatic "~organisms, and flnally ecosystems - lecel effects 

aslng microcosms or small "sectlons"of real ecosystems. 40 

2.3 BIOSLUDGE (Stream 70) .~. 

Volume ll~action2.4 describes the blological slu~.Ee generated 

by the wastewater b~o~r~atment'unit in termsof its more environmentally 

important constltuents,': their rates .~of production, and the methods and 

assumptions used • in ~stlmating them,. Because the question of biosludge 
.L " 

disposal has yet to~$'be resolved, and the mobility of the various 

contaminants-in the sludge-, i~ unknown, an assessment of the hazards 

posed .to' aquatic~ecosyst~ms is difficult. If the sludge is gasified 

with the feed coal many of the. potentlal hazards will be removed. 

Unfortunately, this partial solution has not. yet been demonstrated~ for 

indirect llquefaction. "This study therefore assumes the sludge ls to be 

stored in or off the ground, such as at a landfill, and that all of the 

contaminants llsted in Table 2-5 are ultlmatel/ released into a 283 i/s 

(10 "cfs) freshwater recelvlng stream. The assumption of complete 

mobility is ~" '~' .. probably too conservative, but is assumed because of a lack 

of data on .this point. ,. : 

Concentrations o~ several contaminants after dilution in a 283 

i/s (i0 cfs) receiving, stream are compared with ~arlous criteria in 

Table 2-5. ',,~r~iteria.. include estimated permissible concentrations, 

lowest observed lethal concentratlbns, lowest observed toxicity 

regardless of endpoint (mostly sublethal), mean toxic cgncentratlon for 

crustaceans, chronic toxicity concentratlons for Daph~la magna, 

threshold bioaccumulation concentrations, p£oposed freshwater crlteria 
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and ambient freshwater concentratlons. These data are unavailable for 

most of the organic contaminants~rc~r~cted to occur in the sludge. 

It is evident from the table that all five trace elements listed 

would exceed at least two of the criteria, ambient freshwater 

concentrations and the EPCwe'S , if the elements were completely 

mobilized from the sludge into the receiving stream. Cadmium and 

merc:ury appear to present the greatest hazards to an aquatic ecosystem, 

.followed by arsenic and lead. Beryllium concentrations initially 

approach lo~est observed toxic concentrations, but this element's 

relative insolubility and apparent propensities for adsorbing to 

particulates or hydrolyzing to form insoluble compounds7=would 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 in sludge leachates, due primarily to 

its high concentration, followed~ by phenanthrene and fluoranthene. 
{y 

Pyrene, fluorene, anthracene, and benzo(a)anthracene occur well below 

observed acute toxic concentrations. With the exception of 

acenaphthylene (270 ~g/l), the other PAH's would occur in the receiving 

stream in concentrations less than 3 ~g/l. Although the latter 

compounds are unlikely to be acute at these concentrations, the 

questIQns of chronic toxicity, toxic interactions, carcinogenlcity and 

mutageniclty remain. Benzo(a)pyrene, fluoranthene, and phenanthrene are 

among the active carclnogens 36 expected to occur in the blosludge. In 

the presence of certain other organics, the carcinogeniclty of PAH's may 

increase by several orders of magnitude. 24 Information concerning PAH 

photolysls, adsorption, metabolism, 51oaccumulatlon and degradation has 

been discussed previously in Section 2.2. 

On the basis 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 uncertainties regarding the other 
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compounds~ l e a c h a ~ i l i t y ,  i n t e r a c t i o n s  among components, and method of~ 

s ludge d isposa l .  Transpor t ,  t ransformat ion  and f a t e  of many of these  

substances are summarized in the Appendix to this volume. '~ 

In concluslon, the biosludge should be'consldered a hazardous 

waste requiring either gasification or effective containment in well- 

designed and operated disposal facilitles, until "whole blosludge 

leachates from operating indirect coal liquefaction plants can be 

adequately characterized as to composltion~ leachability~ acute and 

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

3.1 UTILITY STACK GAS (Stream 28) 

The utility stack emissions comprise a major source bf air 

pollutants. Among the most important are particulates, the toxic gases 

SOx, and N~x.~and. ~ the trace metals As p Be, Cd, Pb, and Hg. Many of t~i-, 

metals will condense on the surface of the particulates or form an. 

integral part of particulate structure. B, Ba, Cop Crp Cup F, Mnp Se, 

Sn, U, V, Zn, and other trace elements are also likely to occur in the 

stack gases. Existing information is inadequate for quantifying 

emission rates of these elements. 

Table 3-I presents estimated emission rates, post-dilutlon 

concentration in air, and the relatlonshlp of air concentrations to 

various standards, criteria, and toxicities for each of the listed 

pollutants. The post-dil.tion concentrations in air are based on a 

dilution factor of 235 which was derived from EPA's Source Analysis 

Model 1 (SAM/I) for the dispersion of atmospheric emlssions. 56 This 

model incorporates a Gaussian plume dispersion model and wind speeds, 

atmospheric stability, and stack heights characteristic of average 

national conditions to predict the maximum concentrations. The actual 

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

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 
4 

of relative hazard. The scarcity of data required th~ use of the lowest 

published toxic concentrations regardless of species, endpolntsp and 

• exposure conditions. 

Occurring at an estimated concen~ratlon approaching 9 times the 

national secondary ambient air quality standard 21, SO x is deserving of 

special consideration as a potential hazard. SO x also exceeds the 

lowest observed concentration causing chronic toxicity symptoms in 
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TABLE 3-1 

UTILITY STACK GAS POLLUT~NTS (STREA~M 28): COMPARISON OF 
PROJECTED POST-DILUTION ENVIRONMENTAL CONCENTRATIONS WITH 

• ECOLOGICAL BENC}Ea~KS 
I , , i  , 

A 

A lure Lnum 

Arsenic 

BerT'l l ium 

Boron 

Cadml,m 

Copoer 

Fluorine 

Iron 

EStlma~ed 
eOs~- 

DiluEion 
Couc~ 

(~glm~) a 

5.8Z-4 
6.  leo4 

5..IE-& 

B 

'Host 
S~tlngenc 
Cri~eri.¢ b 

Cug/m 3) 

4.0E+I 

6 . 0 E - 3  Lead  1 . 5  

Ale 

.2.9z-4. 
3.1E-4 

i. 3Z- 5 

4:oE-3 

C 

lmwest 
Observed 
Toxic 
Cone. 

CuB/m3) c 

3.5Eq-1 

TRACE ELEMENTS 

I .OZ+l 

• A/C 

z..7~-s 

5.1E-5 ..... 

Hgnga nese .... 

M e r c u r  F 3.9E-2 5.0E+I 7.8ET4 1.0E+1 3.9E-3 " 

Nickel 

Selenium <: ~: 

Vanadi~ml 

_ ZLn¢ . . . . .  

TOTAL,rRACZ rumm~ws 

ALIFHATICSp ALICYCLICS 
AND FATTY ACIDS 

Aceclc Acid 

Butanoic Acid 

Hexanoic Acid ,. 

3=--Methylbutanolc Acid 

D 

EPC 
E 

d ~ (.S/m3) : 

2-MeChylp~opanoic Acid 

Pentanolc Acld 

,,, ~ropanoic Acid 

TOTAL FATT{ ACIDS 
.t 

BL~EENE5 & SUBS"rlTUTED 

5.0E-3 

5. DE-3 

Blphenyl  

E c h v l b e n z e n e  

-Indan 

T,oluene 
- J r .  I.. r "Trlmethylbenzene [ 

o-'(vlene I 

1.2E-1 

3.6E-1 

AID 

1.2E-I 

..... 1.2E-I 

4.3E-3 

1. IE- I 

E A/E 

Ambient 
A i r  

Cone. 
(ug/m3) e 

1.5E-2 

2.0E-4 

1.0E-3 

3.9E-2 

3.1 

5. IE-I 

• 2:7'E-1 2.2E-Z 

l.OE-i 4.0E-I 7.0E-5 5,6E+2 

I I III mlm 

I,, , ¢,. 

D 

m 
I. 

m 
I 

I 
• I 

I . 

J ! 

I 
! 
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%. 
TABLE 3-i (continued) 

FHEHOLS 

CaCechol 

A B 

Es~irn~Eed Hos~ 
Pose- $R~ingen~ 

O~u~on  C=ICer~a. 
Conc, ( ~ t m ' )  ~ 

A/B 

3,6-D~nechyLcacechol 

3-HeChylcatechol ....... 

_. 4-Me~h~i!,cateFho~ 

Z-He~hylohenol 

~-Hethy1phenol 

4-Hethylohenol" 

4-HeCh~lCesorcinol 

5rHe~hyl=eso~c~nol 

Pheno~ 

.,, Re,sorcCno,~ , 
2~6-X~lenol 

325-~71enol 

TOTAL PHENOLS 

POLYNIJCLF.ARAROHATIC 
~PL'DRGCARBOH$ 

Acenaohthalene 

Anthracene 

Benz{s)anthracene 

Eenzo(g,h,/)oe~-~,iene 

Benzo(a)~vrene 

Benzo(e)pyrene 

I 

Chrys~ne , .  

F1uo~anchene 

, E,luoren e t 
9aphchaLene 

Pervlene 

Phenan~brene 

P~Te~e 
TOT,',.L PAH ' z I 

SULFUR H£TE;10CYCLICS 

Hethv$=hloph.ene 

~gTAL ~ ( ~ H E . ~ S  i 

C 

LoueSc 
Ob6etved 

Toxic 
C°ne3 c 

( u ~ / ~ )  

Ale : D 

~C E 

A/D E AIE 

Air 
Con~. • 

(uslm). 

I 

I 

i .... 

.' ° , ,,, 

1 
I 
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TABLE 3-I (Continued) 

2,~-Dimeth~iovridine 

Z-Mech 1 v r i d i n e  

3 - M e t h v l v v r i d l n e  

A SCrilze iF.scinta~ed Most 
! Pos~- 
!Dilution Crleeri 

AID 

~ r l d l n e  

O u l n o l l n e  

OXYGEN IlETEROCYCLICS 

Benzofu ran  

D1benzof,Jran ~ 
Mk'RCAPTANS 

I 
Hethane~hlal 

TOTAL MERCAPTANS ___ 
[ 

AROHAT[C ,~{INES 

An i l i ne  

TOTAL AROMATIC AMINES [ 
- - - -  

NITROSAHINE5 

HISCELIJt/4EOOS 

Ammonia 

Carbonvl Sulfide 

Hydro en Cyanide  | " 

Sul[ide 
I 

Mlckel  Carbonvl ] 

P a r ~ i c u l a c e s  I 2 .0  

Tars Oils Naphtha [ 

I 

1.3 

3.3E-2 

8.8 

! " I 

' I J ! [ 

T I 
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TABLE 3-I (Concluded) 

abased on dilution factors derived from S.~M/1 model no daua were available for 
many other pollutantsz½~kely to be present,, such as selenium, boron, fluorine, 
manganese or vanaa~um 

bNitional Primary and Secondary Ambient Air Quali~y Standards O_~RNiOSH 80 

35 '~ 
CLowes= toxic concentrations regardless of specles~ respon~e~ exposure conditions 

dEs~ima=ed permlssible concentrations in air for ecology 35 

eMei~ian concentrations for USA 17' 190 
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vegetation 46 'by a factor of 8. The estimated.concentration ~f NO x after 
, .,..,' 

dilution exceedsthe national standard by a factor of 1.3. 

SOx, as SO2, is generally more toxic to;plants than to animals. 

Direct effects include passage through the leaf stomata where it 

: combines with water to form sul~e salts and sulfurous acid. 17 At high 

enough concentrations, these substance~ will destroy chlorophyll and 

eventually the entire leaf. At sufficiently high concentrations, both 

SO x and NOxean produce serious indirect effects on ecosystems of entire 

reglons through the formation of acid preclpltation I0 (sulfurlc, 

ditrous, and nitric acids). SO x and NO x are also known to interact 

synergistlc~lly. 17 

The estimated post-dilution concentrations of Ni, Be~ and Hg 

exceed ambient air concentrations (U.S.A.) by factors of 5.9j 3.1 and 

560, r~!ectlvely. 

Table 3-2 presents the results of an attempt to estimate soil 

deposition flux of several trace elements =-f~O~'~tack gas ~mis~ion 

rates. Using the relationship between emission rates and maximum 

deposition flux generated by Vaughan 54 for a site near St. Louis, the 

depositlon rates to be expected f=om a hypothetical liquefaction plant 

withe 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 f~llout of that metal to an 

"average" uncontaminated and uncultivated soil. Even if I00% rather 

than 6% deposition of trace elements within 50 km of the site is 

assumed, proJect~rela=ed deposition of the metals is a relatively 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 HE as background 

soils. 27 Globally, the combustion of fossil fuels has been shown to 

contribute a significant fraction of the total Hg mobilized each - 
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/t. 
year,  33'44 In ~ew of the considerable t ox i c i ty  of Hg compounds 23,32,44 

~ ,  " , 

as well as the potential magnitude of releases estimated for indirect 

coal liquefaction, HE emissions should be considered a potential 

deserving the k!ghes ~ research ecologiea! threat prlority. 

3.2 EVAPORATIVE EMISSIONS AND COOLING TOWERS DELFT (Stream 29) 

Table 3-3 shows the estimated rates of emission for several 

individual contaminants expected to occur in the cooling-tower 

evaporation losses and/or drift. ~ :with the other waste streams 

addressed in this study, many other trace elements and compounds, some 

potentially harmful, may be released via this stream, but existing 

information is insufficient for even a rough estimate of emission 

rates. Another important assumption is that contaminant concentration 

in the makeup water is zero. In actual practlce~ many of the 

contaminants, partlcularly the trace elements, and total dissolved 

sollds (TDS), would be present in the make-up water and consequently 

would undergo several cycles of concentration depending on the quality 

and availability of water at the site. In some cases, the cooling tower 

emission 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/I dlspersion model is inappropriate because the emissions 

are blphasic. Also the partitioning of each contaminant between the two 

stream phases (vapor and drift) is unknown, although' many trace elements 

and PAH's, on the basis of such~physlcal characteristics as solubilities 

or vapor pressure, might be expected to dominate in the drift, while 

phenols and low-moleculerweight , heterocycllc, nitrogen-substltuted 

,compounds (pyrldlnes) may favor the vapor phase. 

Partitioning of contaminants between the two phases is important 

because thedrlft (droplet) phase will settle to the ground over a much 

more limited area, relatively closer to the plant than the vapor 

phase. Thus, 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 ~[D DRIFT (STREAM 29) 
ESTDIATED EMISSION RATES OF EXPECTED CONTAMTNA~NTS 

Compound/Trace Emission 
Elements Rate m~/s 

Arsenic 5.5 

Berylllum 2.6 

Cadmium 3 .0  
': 

Fluorine 120 

Lead 5.8 

Mercury 0.46 

Nickel 0.15 

Vanadium 0.046 

Ammonia 7,600 , -  

Acetic acid 640 

Aniline 0.40 

B~tanoic acid 36 

Ca=echol, 290 

Hexanoic acid 2.8 

Pen~noic acid 33 

Phenol 8.5 

Propanoic acid : 67 

Pyridine 0.55 

Resorclnol 97 

2~Me~hylphenol 2.3 

2-Methylpropionic acid 5.5 

2-He~hylpyridine 3.3 

2,4-Dime=hylpyrldina 0.046 

2,4-Xylenol 2.0 

2,5-Dimethylpyridine 0.046 

3~Methylbu~anoic acid 2.8 

3-Methylphenol 1.4 

3-Methylpyridine 1.2 

Compound/Trace Emission 
Elemen~s Rare m~/s 

3,5-Xylenol 2.8 

3,6-Dime=hyl c a ~ e c h o l  24 '> 

4-Methyl resorcinol 19 

4~Me=hylcatechol 200 

4-Me=hylphenol 2.0 

~.-Mathylpyridlne 0.27 

5-Me~hylresorcinol 33 

Acenaph=hylene 0.061 

Anthracene 0.015 

Benz(a)an~hracene . 0.0015 

Benz(a)pyrene 6.1xlO -4 

Benzo(e)pyrene 6.1x10 -4 

Benzo(g,h,i)perylene 6.1xl0 -5 

Bip henyl 0 • 30 

Chrys~ne 3.0xl 0, 4 

Dibenzofur an O • AO 
C 

Ethylbenzene 85 

Fluoran~hene 0.030 

Indan 4.0 

Me~hane~hiol 33 

Naphthalene 1.4 

Perylene 6.1xlO -5 

Phenan~hrene 0.015 

Pyrene 0.030 

Quinoline 0.43 

Toluene 280 

o-Xylene 97 
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enriched on-the surface of vegetat£on and in soils within one or two km 
of the plant. Over the life of ~the plant, salts~ metals, and the more 

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

soll communities, vegetation, and animals. 

Stream 29 is expected to release far more organic contaminants, 

As, Be~ Cd, Pb, and TDS ~than the st@c~ gases (Stream 28). Stream 28 

will release more SO x and NO a. On the basis:of relative release rates, 

the presence of substantial leveis 'of organics, the problem of drift, 

and the uncertainties surrounding the stream itself, Stream 29 appears 

to represent the most important short-term threat (among atmospheric 

emissions) to local terrestrial and aquatic ecosys6~ms, while Stream28 
may represent an important regfonalstress. ~. 

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-I/s (5.25 

cfs). Withdrawals of this magnitude would constitute a problem only in 

small streams where significant ecological harm through entrainment 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 concentrations for some of the most important contaminants or 

classes of contaminants likely to occur in lockhopper vent gas 

emissions. Most of the contaminants for which information was available 

are expected to be released at rates lower than those expected from 

either or both of the other two pz'incipal atmospheric waste streams. 

The implications for the health of local ecosystems are unknown. This 

waste streamrs importance as a potential hazard to local and regional 
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TABLE 3-4: LOC~qOPPER VENT GAS LMISSIONS (STREAM 72): 
COMPARISON OF PROJECTED POST-DILUTION ENVIRON~IENTAL CONCENTP~- 

TIONS WITH ECOLOGICAL BENCHMARKS 

A B A/B 

=£maced T o x i c  b 
P a S L -  Cone. 

Dilution (~z /m3)  

C°nc3 a [ (~g/m) 
I 

Aluminum ! 

C a d m i , ~  .... I . . . . . . .  

",.=-o,, J , i 

~ a . ~ a n e s e  : I j 
H e r c u r v  i I 

5 e i e . i u =  ( ,. ,,~ ) 

%'anadiu= I I 

Zinc I : I 

TOTAL .,-P.~CE ~_~'--~N.'TS i ~..5E-2 ) ~.OE-! cl -'.OZ-~ 

ALIP~ATICS. ~IICY- CLICS ~ ] i 

l A c e z i c  A c i d  ! . . . . . . .  

~ u : a n o i =  A c i d  ~ i ! ! 

3-Me:bT, ibuzano ic  A c i d  i . . . . .  i ! 
2-'~e~hy1:rc=ano~c Acid ! ! 

Pen:anoic A c i d  ~ ; i 

Pr=ca~oic Acid ; i i 

TCTAL ~A,"D: ACIDS i '..3E-i ~ 2.0E:-÷.': =..5--6 

i i 
-=':'=.El';-. I 

E ~.=he.,.v! I 

-Z:h ' . . :~.~,  erie i } J 
t'..;a~ [ i 

I , ! T_o'uene , , 

I [ .%',.: . 
• 9-,'.':=."? 

• ° ° 
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TABLE 3-4 (continued) 

/s 

" bl  Ks ~Imat Toxic , 
[Pos=-D£1u4 Conc. 

:io. I {F,/=:,} i I C o n c .  
=- I C"~/= '~y  " I 

A/3 

~HENOLS 

Cace~hol, 

~6-Dimethvlcatechoi  
3-Methvlcatechol 

i 
I 

I I ! 
i I , 

I 2 - M e t h y l o h e n o l  
I 

3-Methvl=henol i 

~-Methylphenol, I 

! 
i 
I 

~-MethyZr,sorc~aol I [ 
5-Methvlresorcinol I I :~ 

2 &-Xvlenol 

3,~-Zvlenol 

i 

I 
TOTAL 9H-~.:OLS I 6.tE~ ! I.OE+2 '6.&E-I 

h~DROC~3ONS I ~ : 

Ac~na~h~ha!eme I!- ,, I 

,, Anthracene ! ! 

3en=(a~anchracene i ; ", 

3en:o(~h,i}perylene 

Bez:o(a)uyrene 

S e n = o ( ~ ) ? ? : e n e  

Ch=2,sene  

i i 

I i 
1 

I i 

.-"I =o : a n  ~.hane i 

.-,. uol~*erle 
".~ t~' I I ! " .:a-.hthal erie , , 

.= =..'m,l e .-.e l i : 

" .=.~r.a.~ chrene ! ; : 

...---: ~ . - - . . :  

i , ,, 
I " i $i~ .-"J K HET-'~.O;-f CL!CS 

Me:hF::h~o:he=e 

.--'.,~:hene i i i 
T.~ .-'L .'~H." i " P ~." E .~: -'_ e • ," | 

i i 
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TABLE 3-4 (cont~.nued) 

I A ! ~ I 

Post- t C, onc, I 

I c°"c3 I 

N h-~C~ ~ ~T=--~OCYCL ~CS 1 , ] 
2.~-Dime~hviDvridine I 

2.5-DimethvlmvTidine ] ! I 
2-Mechvi~vr~ne I ~ } 

3-He~hvi~dlne [ ! 
~-Me=hvlDvr±d~nm [ 
P v r i d i = e  J ~ ', I 

Ouino!ine J J . . . . .  ! 

AIB 

t ! 
Ok'~G~ HE "TEROCYCLICS [ ' J 

Benzofuran 

D £ b e n z o ~ u r a n  " '  [ 1 i 

• .Meuhane~h~o! 

~OT~L .'I=-.~Cm?TA.RS J 2.~-ii 2.05+7 i i.3-=-s 

&RO.".%T I C .-'-': L~-S i J 

Anil~_ne i I 

TOTAL .M~O."I%TIC ~.4IXES I ".S.=-2 : &.&-5 { I.IE-7 

I HISCSLL'-~-'OU5 i i 
i ! . o ~ ' 3  ~ g.?--'~ 

C a r b o n v l  S u l f i d e  i . ~  ' 7 .15~6  ~ ~ .OE-7  
H.;dro~en C:anide 9.5E-2 : ~.±E~I  ! ~ . : E - 3  

"~" " 2.LK-3 Hv~rc~en Sulfide 6.5E+! , -.S=-~ 

Y l c k e !  Carbon,-! 7.2E-2 
NO. J : .. , ., 

~ar~i=uia~es ! ( 
$Ox J ] 

a 

79 
abased on dilution factor of 24,000 derived from 5~!/i model "'I. 

bpublished toxic!ties regardless of species, endpoln~, and ~xposure 
conditions. In case of classes (e.g., PAH's) toxici=ies are for specific 
compounds (e.g., naphthalene) 35, 36', 130, 215. 

34 ~alue is for Vanadium 
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ecosystems lies primarily "in its added contributions to the pollutant 

loading from the other atmospheric emissions. Post-dilutlo'n 

concentrations of none of the contaminants exceeded the toxic benchmarks 

used in the analysis, although the total post-dilutlon concentrations of 

tars, oils, and naphtha (735 ~g/m 3) easily exceed the national primary 

ambient air quality standard of 160 ~g/m 2. for non-methane 

hydrocarbons. Based on the calculated ratio of post-dilutlon 

concentrations to b@nchmarks, total phenols, total trace elements, and 

ammonia appear to pose relatively greater hazards than other stream 

"components. 
L 
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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 Lurgl/Fischer- 

Tropsch facility, presumed to pose the most significant hazards to 

aquatic and terrestrial ecosystems. These streams were selected on the 

basis of the preliminary characterization of the stream constituents and 

the likelihood of" their entering the environment. The scarcity of 

empirical data on waste stream composition, individual contaminant 

toxicltles (both acute and chronic), and environmental behaviors in 

conjunction with the great variability in the many biotic and nonblotlc 

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-caseestimates of the hazard potential of 

the selecte ~e~ms. Within limitations of the stated assumptions for 

aqueous emissions, Stream 53, reverse osmosis waste, appears t6 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, methanethlol, hexanoic acid, and ca~echol. Stream 70, 

biosludge, is the aqueous stream next in order of apparent ecological 

hazard, having levels of cadmium, mercury and naphthalene which could 

present significant hazards to aquatic ecosystems. Of the three aqueous 

streams, ash Ice,hate (Stream 70) appears to he the least hazardous. 
J 

Within, limitations of stated assumptions for atmospheric 

emissions, S~ream 29, cooling tower evaporative losses and drift 

appears to pose the greatest hazard to receiving ecosystems on the basis 

of the quantities of both organic and ino;ganlc contaminants released, 

and the mode of release (both drift and vapor). Next in order of 
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apparent eeologlcal hazard is Stream 28, the utfllty stack gases, which 

will release relatively high levels of SOx, NOx, 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'exceedlng established or proposed standards or 

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

Aslde from the need for additional data on the constituents of 

the six selected streams, perhaps the greatest need (and ~t the same 

tlme the most serious constraint on the ability to evaluate the 

eBvlro~mental effects of indirect coal liquefactlon) is to understand 

~he acute and chronic effects of whole stream emissions and the 

ilnteractlons (synergistic, antagonlstlc, and additive) among 

constituents within streams and among streams. This need cannot be 

~ully met until full-scale operating units produce waste streams that 

• can be thoroughly characterized physically, chemlcally, and in terms of 

their biological and ecological actlvity. 
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APPENDIX 

Summaries* of transport, transformation, and fate of selected trace 

elements and orgahic compounds expected to occur in waste streams from 

indirect coal liquefaction. 

Table Ccmpound/ 
Number Element 

1 
2 
3 
4 
5 
6 
7 
8 

, 

i0 
II 
12 
13 
14 
15 
16 
17 
18 
19 
2O 
21 
22 
23 
24 
25 
26 
27 
28 
29" 
3O 
31 
32 

Antimony 
Arsenic 
Beryllimn 
Cadmium 
Chromium 
Copper 
Cyanide 
Lead 
Mercury. 
Nickel 
Selenium 
Silver 
Thallium 
Zlnc 
Acenaphthylene 
Anthracene 
Benzene 
Benzo(a)anthracene 
Benzo(g,h,i)peryleBe 
Benzo(a)pyrene ~' 
Chrysene 
Dimethylnltrosamine 
2,4-Dimethylphenol 
Diphenylnltrosamine 
Di-n-Propylnitrosamine 
Ethylbenzene 
Fluorene 
Naphthalene 
Phenanthrene 
Phenol 
Pyrene 
Toluene 

*Reproduced from Callahan, M.A., et. al., Waker-Related EnvironmentalFate of 
129 Priorlty Pollutants , Vols. i and II, EPA-440/4-79-029a and 
EPA-440/4-79-029b, 1979. 
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Environmental 
Process 

Photolysls 

Chemical 
Speciation* 

TABLE I 

SUMMARY OF AQUATIC FATE OF ~TIMONY 

Summary 
Statement 

Not important. 

Antimony is present as the 
soluble oxide or antlmonite 
salt in most natural waters. 
In reducing environments, vola- 
tile SbH 3 may be formed. Most 
species of antimony are soluble 
and mobile in the aquatic 
environment. 

Confidence Of 
Data 

L~w 

Medium 
s 

V 

Volatilization Important where SbH 3 is stable. Medium 

So~ption* Antimony is adsorbed by clays Low 
and organic materlals. 

Very slight. Medium Bioaccumulation 

Biotransformation* Biomethylation may occur. Low 

e 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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Environmental 
Process 

Photglysls 

Chemical 
Speciation* 

Volatilization* 

Sorption* 

Bioaccumulation* 

Biotransformation* 

TABLE 2 

SUMMARY OF AQUATIC FATE OF ARSENIC 

Summary 
Statement 

Not an important process. 

Important in determining 
arsenic distribution and 
mobility. Interconversions 
of +3 and +5 state and organic 
complexation are most important. 

Important when biological 
activity or highly reducing 
conditions produce AsH 3 or 
methylarsenics. 

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

Appears to be most significant 
in lower trophic levels. High 
toxicity lowers overall accumulation 
by aquatic organisms. 

Arsenic is metabolized by a number 
of organisms to organic arsenicals, 
thereby increasing arsenic mo~ility 
in the environment. 

Confidence of 
Data 

Medium 

High 

High 

High. 

J ,  , 

Medium 

High 

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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Environmental 
Process 

Photolysls 

Chemical Speclatlon* 

TABLE 

SUMMARY "OF AQUATIC FATE OF BERYLLIUM 

Summary 
Statement 

Not an important fate. 

Beryllium is hydrolyzed to form 
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 .... 

Bioaccumulatlon Slight accumulation~by 
aquatic organisms. No 
food chain magnification 
in evidence. 

Biotransformatlon Unreported. Low 

Confldence of 
Data 

Low 

Medium 

Medium 

* All of the noted environmental processes are important; however, their 
relatlqe importance with respect to each other is uncertain for determining 
final fate. , 
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I¢ 

Environmental 
Process 

Pho to lys Is 

Chemical Speciatlon* 

Volatilization 

Sorptlon* 

• Bioaccumulation 

Biotrausformation 

TABLE 4 

• SUMMARY OF AOUATIC FATE OF CADMIUM 

Summary 
:- S t a t ement 

Confidenc~'of , 
Data ~ 

Not an important process. 

Inmost unpolluted waters the 

majority of the cadmlumwill exist 
as the hydrated divalent cation. 
In polluted waters, complexatlon 
with organic material will be most 
important. Affinity of llgands for 
cadmium follows the order of humic 
acids >C032->ON->Cl->S042-. 
Not an important process. 

High 

:Medium 

i. 

High 

Various sorption processes 
reduce the mobility of 
cadmium and result in the , 
enrichment of suspended and b~d 
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, sorptlononto organic 
materials is the controlling factor. 

H±gh 

Biota ~trongly accumulate Cd 
with concentration factors 
ranging from 10 2 to 10 4 or more. 
Bioaccumulatlon is greater in 
soft than hard water. 

Kigh 

No biomethylation in evidence. 
Organic llgands of biological 
origin may affect solubility and 
adsorption. 

Medium 

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

their 
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Environmental 
Process 

Photolysis 

Chemical 
Speciation 

Volatilization 
t. 

Sorption* 

Bioaccumulatio~* 

Biotransformation 

T A B L E  5 '- 

SUMMARY OF AOUATIC FATE OF CHROMIUM 

Summary 
Statement 

Not an important process. 

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

Not an important process. 

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

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

PrbbablY not important. 

Confidence of 
Data 

Medium 

Medium 

,i 

Medium 

Medium 

Nigh 

Low 

* 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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Environmental 
-.Process 

Photolysis 

Chemical Speclatlon* 

Volatilization 

Sorptlon* 

Bioaccumulation* 

Biotrans formation 

TABLE 6 

SUMMARY OF AOUATIC FATE OF COPPER 

Summary 
Statement 

Not an important process. 

Inmost unpollute d waters, the 
majority of copper will exist 
as the carbonate complex. In 
polluted waters, complexation 
with organic materi~l will be 
most important. 

Not an important  p~ocess. 

Various sorption processes 
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. 

Biota strongly accumulate copper. 
Copper is apparently not biomagni- 
fled. 

Some copper complexes may be 
metabolized. Organic ligands 
are important in sorption and 
complexation processes. 

Confldence of 
Data 

Medium 

Medium 

High 

• High 

High 

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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Environmental 
Process 

Photolysis* 

Chemical 
Speciatlon 

Volatilization* 

Sorptlon 
i ,  

Bioaccumulation 

Biotransformation* 

TABLE 7 

SUMMARY OF AOUATIC FATE OF CYANIDE 

Summary 
Statement 

Can cause breakdown of some 
metallocyanlde complexes. 

Chemical transformations occur 
very slowly in most aquatic 
environments. 

At p~<10 most of the free cyanide 
will be HCN which is quite ~olatile. 
A most important process in the 
aquatic environment. 

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

Cyanides are not bioaccumulated. 

Cyanides are biodegraded at low 
concentrations by almost all 
organisms. A very important 
process for the aquatic fate 
of cyanides. 

Confidence of 
Data 

Medium 

Medium 

Medium 

Low 

Medium 

Medium 

* All of the noted environmental processes &re important; however, their 
relative importance with respect to each other is uncertain for determining 
final fate. 
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TABLE 8 

SUMMARY OF AQUATIC FATE OF LEAD 

Environmental Summary Confidence of 
Process Statement Data 

Photol~sis* Important in determining the form Medium 
:" of lead entering the aquatic 
environment. Importance within 

!natural waters in undeterminable. 

Chemical 
Speciation* 

Determines which solld species 
controls solubility in unpolluted 
waters. Over most of the normal 
pH range, PbCO~ and PbSOA control 
solubility in aerobic conditions. 
PbS and Pb control solubility in 
anaerobic conditions. In polluted 
wazers, organic complexation is most 
important. 

Medium 

Volatilization Probably not important in most Medium 
: aquatic environments. 

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

Lead is bioaccumulated by aquatic 
organisms. Bioconcentration factors 
are within the range of 10 2 - 10 3 . 

Bioaccumulation* Kigh 

Biotransformation* Biomethylation in sediments can Medium 
remobilize lead. 

* 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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Environmental 
Process 

e¢- 

Photolysis* 

Chemical Speciation* 

Volatilization* 

"Sorption* 

Bioaccumulation ~'= 

Bzotransformation 

TABLE 9 

SUMMARY OF AOUATIC'FATE OF MERCURY 

Summary 
.- Statement 

Important in tile breakdown 
of airborne mercurials, 
might he important in some 
aquatic environments. 

Controls volatility of metallic 
mercury by conversion to complexed 
species. In reducing sediments HgS 
will precipitate and may constitute 
a major chemical sink. 

t, 

Important to the movement of 
mercury compounds in and out 
of the aquatic environment. 

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

Bioaccumulatlon has been proven 
to occur via numeroffs mechanisms. 
Most are connected "to methylated 
forms of mercury. 

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

Confidence of, 
Data 

Medium 

High 

High 

"H£gh~ 

High 

High 

* 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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Environmental :, 
Process 

Photolysis 

Chem~ zal Speciation* 

Volatilization 

Sorption "~ 
.' '2 

r 

Bioaccumulation 

Biotransformation 

TABLE I0 

SUM~%RY OF AQUATIC FATE OF NICKEL 

Summary 
Statement 

Not an important process. -.:... 

In aerobic environments below ", 
pH 9, soluble compounds are formed 
with hydroxide, carbonate, sulfate 
and organics. Above pH 9, precipita- 
tion of the hydroxide or carbonate 
will occur. In reducing environ- 
ments, NiS will precipitate. Not a 
regulating factor an most waters. 

Confidence of 
Data 

Medium 

Medium 

Not an important process. Medium 

Nickel is the most mobile of the 
heavy metals. Coprecipitation 
with hydrous metal oxides, sorption 
inho organic material, and ion 
exchang 9 with crystalline minerals 
are the dominant factors which affect 
its mobility. 

High 

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

Not an important process. 

Medium 

4. 

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 1 1 

SUMMARY OF AOUATIC FATE 0F SELENIUM 
- 

Environmental Summary Confidence of 
Process Statement Data 

Photolysis 

Chemical , 
Speciation 

Volatilization* 

Not an important process. 

Controls solubility. Under 
anaerobic conditions and/or 
low PHi insoluble" elemental 
selenium is formed. Under 
other conditions, soluble 
complexes are formed. 

Low 

Medium 

May occur via biomethylation 
or formation of H2Se. 

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

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

Metabolism may result in 
methylation with subsequent 
volatilization. 

• . , 

Blot tans formatlon 

Medium 

Medium 

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 12 

SUMMARY OF AQUATIC FATE OF SILVER 

Environmental Summary Confidence of 
Process Statement Data 

Pho~91ysis Probably not important in Low 
determining fate. 

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

Medium 

Volatilization Not an important fate. Mmdi~ 

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. 

Bioaccumulation Numerous plants and primary consumer High 
V 

organisms accumulate silver. Little 
evidence to suggest hlemagniflcation. 

Probably not an important fate. Biotransformation Medium 

* All of the noted envirom~ental processes Ere important: however, their 
relative importance with respect to each other is uncertain for determining 
final fate. 
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TABLE 13 

SUMMARY OF AOUATIC FATE OF THALLIUM 

Environmental 
process 

Summary 
Statement 

Confidence of 
Data 

Photolysis 

Chemical 
Speclatlon* 

Volatilization 

Sorption* 

Bioaccumulat~ on* 

Biotransformatlon 

Not an important mechanism. Medium 

In reducing environments 
TI(1) may precipitate as 
sulfide: otherwise, it will 
remain in solution. 

Not an important mechanism. 

Medium 

Low 

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

Medium 

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

Not an important process. Low 
,:. 

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

Photolysfs 

Chemical 
Speciation* 

Volatilization 

Sorptlon* 

Bioaccumulation* 

Biotransformation 

TABLE 14 

SUMMARY OF AOUATIC FATE OF ZINC 

Summary 
Statement 

Not an important mechanism. 

i; 
In most unpolluted waters, 
the majority of zinc will 
exlst as the hydrated divalent 
cation. In polluted waters, 
complexatfon will predominate. 

Not an important mechanism. 

Zinc his a strong affinity 
for hydrous metal oxides, 
clays, and organic matteD. 
Adsorption increases with pH. 

Zinc is strongly bioaccumulated. 
Bioconcentration factors range 
from 10 2 to 10 5 . 

No biomethylation in evidence. 
Organic ligands of biological 
origin may affect solubility 
and adsorption. 

Confidence of 
Data 

Medium 

Medium 

Medium 

High 

High 

Medium 

* All of the noted environmental processes are important: however, t:neir 
relative importance with respect to each other is uncertain for determining 
final fate. 
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TABLE 15 

SUMMARY OF AOUATIC FATE OF ACENAPHTHYLENE 

Environmental 
Process 

Summary 
Statement** Pate 

Half-Life 
(t112) 

Confidenc~ 
of Data" 

Photolysis Dissolved portion may 
~ndergo rapid photolysis. 

Oxidation Oxidation of PAH by RO 2" 
radical is a slow process; 
not a significant process. 

Hydrolysis PAHs do not contain groups 
amenable to hydrolysis. 

Volatilization 

Sorption tt 

Is probably net as important 
as adsorption as a transport 
process. 

Measured ads6rption coeffi- 
cients for PAHand suspended 
solids are high; movement 
via sediment is considered an 
important transport process for 
PAH. 

Bioaccumulation 

Biotransformation/ 
Biodegradation 

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

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

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

Very little environmental fate data specific to acenaphthylene were 
found; the summary statement is made from data reviewed for PAHs as 
a group. 

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

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). 
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Envlronmen~al 
Process 

Photolysis 

O x i d a t i o n  

Hydrolysis 

Volat~izatlon 

Sorp tiou** 

Bioaccumulatlon 

Biotransformation/ 
Biodegradation 

TABLE 16 

SUMMARY OF AQUATIC FATE OF ANTHRACENE. 

Summary : Half-Life 
Statement Rate (tl/2) 

Dissolved portion may 
undergo rapid photolysis. 

Oxidation of anthracene 
by RO2 radical iS slow; 
not a significant process. 

50 
mol sec  

35minutes 

1600 days 

Anthracene does no~ con- 
tain groups amenable to 
hydrolysis. 

• 0: 

May be c o m p e t i t i v e  
wi th  adsorption. 

0.002 to 18-300 hrs 
0.179 hr -I 

Measured adsorption 
coefficients for 
anthracene and sus- 
pended solids are 
high; movement via 
sediment is considered 
to be an important 
transport process. 

A short-termprocess; 
anthracene is readily 
metabolized and lon E - 
term partltionin E into 
biota is not a signi- 
ficant fate process. 

Anthracene can be <0.0612 hr -I 
degraded by microbes 
ind is readily meta- 
bolized by multl-cellular 
organisms; biodegra~ion 
is probably the ultimate 
fate process. 

>11.3 hrs 

Conf ldence  
" of Data 

Medium 

Medium 

Medium 

Low 

Medium 

Medium 

Medium 

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

** Because the solubillty of this compound is relatlvely high, 50 percent or 
more may ex/st in true solution under conditions of normal sediment 
loading. Southworth (1979). 
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Environmental 
Process 

Photolysis 

Oxidation* 

Hydrolysis 

Volatilization 

Sorption 

Bloaccumulation 

Biotransformation/ 
Blodegradation 

TABLE 17 

SDMMAEY OF AQUATIC FATE OF BENZENE 

Summary 
Statement Rate 

Half-Life Confidence 
(tl12) of Data 

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 is caused by the 
media. 

Low 

Direct oxidation of 
benzene in environ- 
mental waters is 
unlikely. Smog chamber 
data, however~ indi- 
cate that benzene is 
photooxidized at a 
rapid rata in the @tmo- 
sphere. 

Probablynot a significant 
fate process. 

Probably the primary trans- 
port process. 

Medium 
20 to 50 hours** 
2.4 to 24 hours ~ 

8.5xi0 -I0 i %t 

Medium 

4.81 hours § Medium 

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

Low 

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

Low 

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

Medium 
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TABLE 17 (concluded) 

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

** This half-life is calculated from the half-conversion time for 
benzene based on smog chamber data by Altshuller et al. (1962) and 
the =able of relative reactivlties given by Laity--et---al. (1973). 

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

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

§ This is the half-life estimated by Mackay and Leinonen (1975) for 
volatillzaton of benzene from a water column one meter thi~k at 25°C. 
This rate of volatilization varies with the environmental situation 
encountered. 
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TABLE 18 

SUMMARY OF AOUATIC FATE OF BENZO[a]AN~RRACENE 

Envirorunen~al 
Process 

Photolysis 

Oxidation 

Summary 
Star ement 

• Dissolved portion may 
undergo rapid photo- 
lysis. 

Oxidation of PAHby 
RO 2 radicals is 
slow; not a signifi- 
cant process. 

Rate 

6xl0 -5 

5x10 3 

Half-Life Confidence 
(tl/2) of Data 

10-50 Medium 
hrs 

38 hrs Medium 

Hydrolysis 
I. 

Volatilization 

Sorption 

Bioaccumulation 

PAHs do not contain 
groups amenable to 
hydrolysis. 

Is probably not as 
important as adsorp- 
tion as a transport 
procesS. ~,.~ 

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

A short-term process; 
PANs with 4 or less 
aromatic rings are 
readily metabolized 
and long-term parti- 
tioning into biota is 
not a significant fate 
process. 

0 High 

8x103hr -I 90 hrs Medium 

Kp=26,200 Medium 

Low 

Biotransformation/ 
Biodegradation 

PAHs with 4 or less 
aromatic rings are 
degraded by microbes 
and are readily meta- 
bolized by multicellular 
organisms; biodegradation 
is probably the ultimate 
fate process. 

Low 

* There is insufficient information in the reviewed literature to permit 
assessment of a moot probable face. 
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Environmental 
Process 

Photolysis 

Oxidation 

Eydrolysls 

Volatilization 

Sorption 

Bioaccumulation 

Biotransformation/ 
Biodegradation 

TABLE 19 

SDMMARY OF AQUATIC FATE OF BENZO[ghl]PERYLENE 

Summary 
Statement** Rate 

Half-Life Confidenc~ 
(tl/2) of Data" 

Dissolved portion may 
undergo rapid photolysls. 

Oxidation of PA~ by RO 2" 
radical is slow; not a 
significant process. 

PAHs do not contain 
groups amenable to 
hydrol~sis. 

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 
is not a significant 
fate process. 

Q 

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. 



Environmental 
Process 

Photolysis 

Oxidation 

Hydrolysis ... 

5 

Volatilization 

Sorption 

Bioaccumulation 

Biotransformation/ 
Biodegradation 
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TABLE 20 

SUMMARY OF AQUATIC FATE OF BENZ0[a]PYRENE 

: Su~maz7 
Statement 

Dissolved portion 
may undergo rapid 
photolysis. 

O x i d a t i o n  of PAH 
by RO2"radicals is 
slow; not a signi- 
ficant process. 

PAHs do not contain 
groups amenable to 
hydrolysis. 

Is probably n o t  as 
important as adsorp- 
tion as a transport 
process. 

Measured adsorption 
coefficients for PAH 
and suspended solids 
are high; movement in 
sediment is considered 
to be the most impor- 
tant transport process. 

A short-term proces; 
PAHs w i t h  4 or more 
aromatic rings are 
slowly metabolized and 
long-term partitionlng 
into biota is not a 
significant fate pro- 
cess. 

Rate 

2.8xl0-4sec -I 
hrs. 

Half-Life Confidence 
(tl/2) of Data 

1-2 Medium 

1.68xi03-: 96 hrs. Medium 

0 - High 

PAHs with 4 or more 
aromatic rings are 
slowly degraded by 
microbes and are 
slowly metabolized 
by multlcellular 
organisms; 5iodegrada- 
tlon is probably the 
ultimate fate process, 

3xl02hr -I 22 hrs Medium 

150,000 - Medium 

- Medium 

ba   rlal Medium 
protein 

* There is sufficient information in the reviewed litera=ure to permit 
assessment of a most probable fate. 



Enviroomen tel 
PEocess* 

Photolysis 

O x i d a t i o n  

Hydrolysis 

Volatilization 

Sorption 

Bioaccumulatlon 

Biotransformatlon/ 
Biodegradation 
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TABLE "21 

SUMMARY OF .~D_UATIC FATE OF CHRYSENE 

Summary 
Statement** Rate 

Dissolved portlonmay 
undergo rapid photOlysis? 

Oxidation of PAH by RO 2" 
radical is slow~ not a 
s~gnlficant process. 

PARs do not contain groups 
amenable to hydrolysis. 

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

Measured adsorption 
coefficients for PAHand 
suspended solids are high; 
movement in sediment is 
considered t o  be  an impor- 
tant transport process. 

A short-term process; PAHs 
with 4 or fewer aromatic 
rings are readily meta- 
bollzed and long-term par- 
titioning into biota is not 
a significant fa£e process. 

PARs with. 4 or fewer aromatic 
rings are degraded by microbes 
and are readily metabolized by 
mul~icellular organisms; bio- 
degradation is probably the 
ultimate fate process. 

,% 

Half-Life Confldenc¢ 
(tl/2) of Data" 

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

** Very little environmental~ fate data speciflc to ehrysene were found; the 
s~mmry statemenE is made from data;revlewad for polynuclear aromatic 
hydrocarbons. 

Data on chrysene are not sufficient to permit confidence ranklnE. The 
confidence of the data reviewed for polynuclear aromatlc hydrocarbons in 
general ranges from low to high. 
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TABLE 22 ': 

SUMMARY OF AOUATIC FATE OF DIMETHYLNITROSOMINE 

Environmental 
Process 

photolysis* 

Summary 
Statement o:" Rate 

Slow photolysis appears 
to be the only fate 
process of any consequence. 

Half-Life Confidence 
(tl/'21 of Data 

Medium 

Oxidation 

Hydrolysis 

Probably not important. 

Probably not important. 

Low 

Low 

volatilization 

sorption 

Bioaccumulation 

Biotransformation/ 
Biodegradation 

Probably not important. 

Probably not important 

Probably not important" 

Slow degradation %s 
reported:to occur in 
sewage and soil, but 
this pollutant appears 

. ~  
to be reslst~nt to 
biodegradatio~'In 
surface waters. 

Low 

Low 

Low 

Medium 

The predominant environmental process which is thought to determine 
the fate of the compound. '" 
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TABLE 23 

Environmental 
Process 

Photolysfs . 

SUMMARY OF AOUATIC FATE OF 2~4-DIMETHYLPHENOL 

Summary 
Statement Rate 

Photooxidation may be an 
important degradative pro- 
cess in aerated clear sur- 
face waters. 

Half-Life Confidence 
(tl/2) of Data 

- Low 

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

Low 

Hydrolysis 

Volatilization 

Sorption 

Not a relevant environmental.- 
process. 

Not a Significant process 
in the aquatic environment. 

Probably not a significant - 
process in the aquatic 
environment. 

High 

Low 

Low 

Bioaccumulation Probably not a significant 
process in the aquatic 
environment. 

Low 

Biotransformation/ 
Biodegradation 

Available information is 
inconclusive with regard 
to degradation in natural 
surface waters. 

Low 

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

Phot~;lysis 

Oxidation 

Hydrolysis 

Volatilization 

, Sorption 

B~oaccumulatlon 

Biotransformatlon/ 

TABLE 24 

SUMMARY OF AQUATIC FATE OF DIPHENYLNITROSAMINE 

Summary 
Statement Rate 

Half-Life Confidence 
(tl/2) of Data 

Photolysls may be an 
important fate process. 

Probably not important. 

Probably not important. 

Probably not important. 

No speclflc~data found; 
may have significance, 

No specific data found; 
importance dlfflcult to 
assess. 

Low 

Low 

Low 

Low 

Low 

Low 

Diphenylni=rosemine is both - 
more easily deg=aded and 
synthesized than dlalkyl- 
nltrosom/nes. 

Low 

* There is insufficient information in the reviewed ilterature to permit 
assessment of a most probable fate. 
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TABLE 25 

SUMMARY OF AOUATIC FATE OF DI-N-PROPYLNITROSAMINE 

Environmental Summary Half-Life Cgnfldence 
Process Statement Rate (tl/2) " of Data 

Photolysis* Slow photolysis appears - .- Medium 
to be the only fate 
process of any coo- 
sequence. 

Oxidation Probably not important. - - Low 

Hydrolysis Probably not important. - - Low 

Volatilization Probably notlmportant. - - 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 bio- 
degratlon in surface 
waters. 

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

SIR~MARY OF AOUATIC FATE OF ETHYLBENZENE 

Environmental Summary 
Process Statement Rate 

Half-Life Confidence 
(tl/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 mainfate 
process. 

Hydrolysis Not aquatically significant. - - High 
~L j , 

Volatilization Significant transport - 5-6 hr. L~w 
process responsible for 
removal of ethylbenzene / 
from water. 

Sorptlon Relative importance cannot 
be determined. 

Low 

Bioaccumulation Probably not important. Low 

Biot tans fo rma t ion / 
Biodeg'r ada tion 

Relative importanhe cannot 
be determined. 

Low 

* The predominant environmental process which is thought to determine 
the fate of the compound. 
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Environmental 
Process 

Photolysls 

Oxidation 

Hydrolysis 

Volatilization" 

Sorption t t 

Bioaccumulation 

Biotransformation/ 
Biodegradation 

TABLE 27 

SUMMARY OF AQ:UATIC FATE OF FLUORENE 

Summary 
Statement** 

Dissolved portion may 
undergo photolysis. 

Oxidation of PAH, by 
RO 2" radical is a slow 
process: not a signi- 
ficant process. 

Rate 

PAHs do not contain 
grous amenable to 
hydrolysis. 

Is probably not as 
important a transport 
process as adsorption. 

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

A short-term process; PAHs 
with less then 4 rings are 
readily metabolized and long- 
term partitioning intobiota 
~is not a significant fate 
process, 

PAHs with less than 4 rings 
are degraded by microbes and 
are readily metabolized by 
multicellular organisms; 
blodegradation is probably 
the ultimate fate pr~=ess. 

Half-Life 
(ti12) 

Confidenc~ 
of Data 

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

** Very llttle environmental fate data specific to fluorene were 
found; the summary statement is made from data reviewed for PAHs as 
a group. 

Data on fluorene are not sufficient to permit confidence ranking. 
~he confidence of the data reviewed for PAHs in general ranges from. 
low to high. 

t$ Because the solubility of this compound is relatively high. 50 percent or 
,. more may exist in true solution under conditions of normal.sedlment loading 

':~(Southworth 1979). "' 
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TABLE 28 ' 

SUMMARY OF AOUATIC FATE OF NAPHTIIALENE 

Environmental 
Process 

Photolysis 

Oxidation 

Hydrolysis ..- 

Volatilization 

Summary 
Statement 

Dissolved portion may 
undergo rapid photolysls. 

Oxidation of naphthalene 
by RO 2 radical is slow; 
not a significant process. 

Naphthalene does not 
contain groups amenable 
to hydrolysis. 

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

Eate 
Half-Life Confidences. 
(tl/2) of Data 

Medium 

Medium 

- High 

- Low 

Sorptipn 

Bioaccumulat~on 

Biotransformation/ 
Biodegradation 

Measured adsorption 
coefficients for P/d{ 
and suspended solids are 
high; movement via sedi- 
ment is considered an 
important process for PAH. 

A short-term process; 
naphthalene is readily 
metabolized and long- 
termpartitioning 
into b~ota fs non a 
significant fate 
process. 

¢ 
Naphthalene is degraded 
by microbes and readily 
metabolized by multi- 0.04-3 
cellular organ±sms; ' 
biodegradation is 
probably the ultimate 
fate process. 

i day 

g 
1 day 

Medium 

High 

Medium 

There is insufficient information in the reviewed literature toiDermit 
assessment of a most probable fate 
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TABLE 29 

Enviroument.1' 
l~Tocess 

Photolysis 

Oxidation 

SUMMAEY OF AQUATIC FATE OF PHENANTKRENE 

Summary . . 
S t a t e m e n t  ~ , .  

Dissolved portion 
may undergo rapid 
photolysis. 

Oxidation of PAR 
by KO 2 radical 
is slow~ not a 
significant process. 

Rate 

'> 0.'I liter 

Half-Life Coxifldenc~ 
(tl/2) of Data" 

8xl0 6 Medium 
days 

Hydrolysis : . PAHs d o  not contain 
iI J', . ,l, groups amenable to 

hydrolysis. 

Volatilization I s  p r o b a b l y  " n o t  

as importan~ as 
adsorp=ion as a 
transport process. 

Sorption 

Bioaccumula~ion 

Measured adsorption 
coefficients for 
PAR and suspended solids 
are high; movement via 
sediment is considered 
to be an important 
transport process. 

A short-term process; 
PAHs with 4 or less 
aromatic rings are 
readily metabolized 
~nd long-term par- 
titioning into biota 
is not a significant 
fate process. 

• 4" 

m 

Biotransformation/ 
Biodegradaulon 

PAHs with 4~,or less 
aromatic rings are 
degraded b~'microbes 
and are ~eAdily 
metabolized by multi- 
cellt[[~ar organisms; 
biodegradation is 
probably the ultimate 
fate process. 

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

** Very little envlro~ment fate data specific to phenanthrene were found; 
the summary statement is made from data reviewed for PARs as a group. 

J, 

$ Data on phenanthrene are not sufficient to permit confidence ranking in 
most cases. The confi~ence of the data reviewed for PAHs in genecal 
ranges from low t o  high. 
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TABLE 30 

SUMMARY OF AOUATIC FATE OF PHENOL 

Environmental 
Process 

photolysis* 

Oxidation* 

Hydrol~sis 

Summary 
Statement 

Photooxidation may be an 
important degradative 
process in aerated clear 
surface waters. 

Me tal-catalyzed oxidation 
may he relevant in some 
aerated surface waters. 

T 

Not ja relevant environmental 
process. " ~: 

Rate 
Half-Li fe 
(ti12) 

m 

Confidence 
of Data 

Medium 

Medium 

High 

Volatilization There is a possibility of 
some phenol passing into 
the atmosphere. 

Medium 

Sorption Not a significant process 
in the aquatic environment. 

Medium 

Bioaccumulation 

Biotransformation/ 
Biodegradation* 

Not a significant process in 
the aquatic environment. 

A ver~'significant fate 
pathway in aqueous media 
with a sufficient concen- 
tration of microorganisms. 

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

Medium 

High 
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TABLE 31 

Envlronme~ntal 
~ o c e s s  

P h o t o l y s l s  - 

Oxidation 

SDMMARZ OF AOUATIC FATE OF PYRENE 

S~ry 
Statement** Rate 

Dissolved portion may 
undergo rapid photolysis. 

Oxidation of ,PAH by RO 2" 
radical is slow; not a 
significant process. 

Half-Life 
(tl/2) 

1,000 days 

Confidenc~ 
of Data" 

.) Hydrolysis PAHs do not contain 
groups amenable to 
hydrolysis. 

Volatilization Is probably not as - 
important as adsorp- 
tion as a transport 
process. :~ 

Sorpt ion Measured adsorption 
coefficients for PAH 
and suspended solids 
are high; movement in 
suspended sediment is 
considered an i~portant 
transport proce'~s, 

m 

Bioaccumulation. A short-term process; 
PARs w i t h  4 or less 
aromatic rings are 
readily metabolized and 
long-t erm partitioning 
int.o biota is no= a 
significant fate process. 

Bio trans formation/ PAHs with 4 or fewer 
aromatic rings are 
degraded by microbes 
and are 'readily meta- 
bolized by multi- 
cellular organisms; 
biodegradation is 
probably the u l t i m a t e  
fa te  process. 

* ~ There is insufficient information in the reviewed lltera=ure to permit 
assessment of a most" probable fate. 

** Very little environmental fate data specific to pyrene were found; the 
smnmary 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 from low 

to  h i g h .  
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TABLE 3 2 

SUMMARY OF AOUATIC FATE OF TOLUENE 

Environmental Summary 
process Statement Rate 

Half-Life Confidence 
<tl/2) of Data 

Photolysis 

Oxidation* 

Direct photolytic cleavage 
is energetlcally improb- 
able in the troposphere. 

Medium 

Probably not important as 15 hrs. Medium 
an aquatic fate; however, 
atmospheric photooxidatlon 
subordinates all other fate 
processes. 

Hydrolysis Not aquatically significant - - High 

Volatilization Significant transport 0.193 hr -I 5.18 hrs." Medium 
process responsible for 
removal of toluene from 
water. 

Sorption Relative importance cannot - - 
be determined. 

Low 

Bioaccumulatlon Probably not important. 

Biotransformation/ Relative importance cannot 
Biodegradation be determined. 

Low 

Low 

* The predominant environmental process which is thought to determine the fate 
of the c o m p o u n d .  : .  
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TABLE 19 (concluded) 

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

**'Very 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 
g r o u p . '  
~'~ 

? Data on benzo[g,h,i]perylene are not sufficient to permit confidence 
It 

ranking. Theconfldence of the data ~eviewed for PAHs in general ranges 
from low to high. 

q 




