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Abstract 
The presentation wil l  highlight the progress 

to date in developing a systematic approach to 
describe multimedia environmental goals for 
chemical substances associated with fuel con- 
version processes. Discussion will focus on (1) 
the various types of  information pertinent to 
environmental goals and available for a 
multiplicity o f  potential chemical contaminants 
and (2) models designed to incorporate 
available dat2 in the prediction of  permissible 
ambient or emission concentrations for each 
substance. The validity o f  combining various 
models in order to assign priorities or to com- 
pare distinctly different toxicants based on 
their respective environmental goals wil l  be ad- 
dressed. Comments on future work directed 
toward refinement and expansion of  the 
methodology will also be included. 

INTRODUCTION 

Multimedia Environmental Goals (MEG's) are 
levels of contaminants or degradants (in am- 
bient air, water, or land or in emissions or ef- 
fluents conveyed to ambient media) that are 
judged to be (1) appropriate for preventing cer- 
tain negative effects in the surrounding popula- 
tions or ecosystems, or (2) representative of 
the contro l  l imi ts achievable th rough  
technology. 

Establishing Multimedia Environmental Goals 
is an integral part of the environmental assess- 
ment methodology that is currently being 
deveToped under the guidance of the Fuels 
Process Branch of IERL/EPA at RTP. En- 
vironmental assessment involves: 

1) The determination of contaminant 
levels associated with emissions and 
effluents from a point source. 

2. Comparison of those determinations 
with desirable control levels. 

The need for MEG's arises in this latter aspect 
of environmental assessment. 

The MEG's project has been conceived to 
supply sets of control goals for specific 
chemical contaminants, complex effluents, and 
non-chemical degradents based on some of the 
criteria options that might be considered in 
defining "desirable control levels." These sets 
of goals, then, provide the values to be com- 
pared with actual contamination levels for en- 
vironmental assessment purposes. 

The first year of MEG's development was 
devoted largely to selecting the options to be 
used as MEG's criteria and to investigating 
ways to approach the problem of defining 
MEG's for a large number of chemical 
substances. Initially, the objective of this work 
was to describe MEG's for chemical pollutants 
associated with coal conversion processes. 
However, the value of an expanded list of con- 
taminants was recognized, and the potential 
for extended appl icat ion of a MEG's 
methodology called for the development of a 
broad, systematic, and adaptable approach for 
addressing a much larger number of chemical 
and non-chemical pollutants. Hence the scope 
of the MEG'sproject has been expanded to en- 
compass a broad range of objectives which in- 
clude the following: 

1) Compiling a Master List of all chemical 
contaminants, complex effluents/m~x- 
tures, and non-chemical degredants 
(such as visual effects, subsidence, 
heat, and noise) to be addressed by 
MEG's. (The list is to include but should 
not be limited exclusively to con- 
taminants from fossil fuels processes.) 

2) A r r a n g e m e n t  o f  t he  c h e m i c a l  
substances appearing on the Master 
List into a practical catalog to provide a 
useful tool for environmental assess- 
ment. 

3) Design of a format conducive to the 
concurrent presentation of sets of 
Emission Level Goals and Ambient 
Level Goals. (The format should allow 
ready comparison of the MEG's within 
a set as well as facilitating comparison 
of different substances.) 
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4) Determination of the kinds of data per- 
tinent to desirable control levels and 
the availability of that data. A format 
for presenting background information 
should be established to accompany 
MEG's specified for each chemical 
substance. 

5) Development of a methodology to 
establish meaningful values to serve as 
MEG's for each chemical substance on 
the Master List. (The methodology 
should incorporate as MEG's those 
Federal standards, criteria, and recom- 
mendations pertinent to chemical 
substances.) 

6) Presentation, according to the format 
prescribed, of a set of Emission Level 
Goals and Ambient Level Goals for 
each chemical substance appearing on 
the Master List. (These MEG's should 
be accompanied by qualitative sup- 
porting data.) 

The central purpose of the project remains 
the derivation of Multimedia Environmental 
Goals as estimates of desirable levels of control 
for those chemical contaminants and non- 
cher, ical degradents included in a master list. 

COMPILATION OF THE MASTER LIST 
OF CHEMICAL SUBSTANCES AND 

PHYSICAL AGENTS 

A Master List of more than 600 chemical 
substances and physical agents has been com- 
piled using selection factors prescribed by EPA. 
Primary emphasis has been placed on con- 
taminants from fossil fuels processes (par- 
ticularly coal gasification and liquefaction), and 
the Master List has been compiled largely on 
the basis of the literature pertinent to these 
processes. Process streams were characterized 
both qualitatively and quantitatively wherever 
possible to provide insight for selecting 
substances likely to be present but not men- 
tioned specifically in the process literature. 

Three levels of priority were assigned to the 
selection factors to determine what substances 
(of all possible chemical substances and 
physical agents that might be described as en- 
vironmental contaminants) would be entered 

on the Master List for MEG's. The selection fac- 
tors are outlined below: 

Primary Selection Factors 
1) The pollutant is associated with fossil 

fuels processes. 

All those individual substances or classes of 
substances known or suspected to be present 
in the emissions or effluents from fossil fuels 
processes must appear on the Master List. 
Secondary Selection Factors 

1) Federal standards or criteria exist or 
have been proposed (ambient, emis- 
sion, or occupational). 

2) A TLV has been established or an LDho 
has been reported. 

3) The substance has been listed as a 
suspected carcinogen. 

4) The substance appears on the EPA 
Consent Decree list. 

Compounds that meet any one of the four 
secondary selection factors and are repre- 
sentative of a class of compounds associated 
with fossil fuels processes must appear on the 
Master List. 
Tertiary Selection Factors 
(Optional) 

1 ) The substance is present as a pollutant 
in the environment. 

2) The substance has been identified as 
being highly toxic. 

Consideration for inclusion in the Master List is 
also to be given to certain additional pollutants, 
not necessarily associated with fossil fuels 
processes, provided they satisfy either of the 
tertiary selection factors. 

ORGANIZATION OF THE 
MASTER LIST 

To organize the more than 600 Master List 
entries, a system for ordering the substances 
had to be developed. The approach ultimately 
determined to meet the need for organization 
most effectively involves clustering substances 
into categories based on chemical functional 
groups for organic compounds and on principle 
element for inorganics. The categories are then 
arranged to provide a coordinated framework 
for the list. This categorization scheme, besides 

54 



organizing the list of chemical contaminants in- 
to manageable chunks, emphasizes logical rela- 
tionships between groups of substances so 
that each category is characterized by tox- 
icologically and chemically similar substances. 

A total of 85 categories (26 organic and 59 
inorganic) are required to logically organize 
specific chemical contaminants included in the 
Master List for MEG's. 

Generalizations and extrapolations are often 
val{d among the compounds included within a 
category, allowing data gaps to be filled in 
some instances. Substances likely to occur 
together or to behave similarly in an organism 
may become apparent through the categoriza- 
tion scheme. Also, methods of detection for 
compounds within a specific category are likely 
to be similar, and analysis of a category as a 
whole may in some cases be practical for broad 
screening applications. 

The categorization scheme allows one seek- 
ing information on a particular substance to 
find material of value associated with a related 
compound or element, should the particular 
item of interest be missing from the compila- 
tions. The utility of isolating related compounds 
by categorization has become very evident dur- 
ing the course of data collection for the current 
MEG's work. For example, phenolic com- 
pounds are addressed collectively by water 
quality recommendations; 1 since phenols are 
grouped as a category in the compilations, it is 
easy to comprehend the intended subject of the 
recommendation. 

An alphabetical arrangement of Master List 
entries, although in some ways the simplest ap- 
proach to organizing the list, has been avoided 
since it would provide no ~ne~hs o~ associating 
re]ated compounds (unless of course their 
names begin with the same letter). 

THE MULTIMEDIA 
ENVIRONMENTAL 

GOALS CHART 

A MEG's chart has been designed to display 
concurrently Em}ssion Level Goals and Ambient 
Level Goals for any specific chemical contami- 
nant in a consistent, easy to use format, The 
current version of the chart is shown in Figure 
1. 

The MEG's chart consists of two interrelated 
tables, one addressing Emission Level Goals 
and one addressing Ambient Level Goals. Each 
table is divided into columns devoted to 
specific criteria for describing desirable control 
levels (for example, Toxicity Based Ambient 
Level Goals [Based on Health Effects]). Within 
each columt~, space is provided for concentra- 
tion levels to be specified for air, water, and 
land in units consistent with those indicated in 
the index column at the left. Only numbers will 
appear within the MEG's charts. The name of 
the substance addressed, its category num- 
ber, and appropriate toxici ty indicator (based 
on human health effects associated with the 
substance as an air contaminant) are all 
presented in bold letters in the upper right hand 
corner of each chart. 

Emission Level Goals 
Emission Level Goals presented in the top 

half of the MEG's chart actually pertain to 
gaseous emissions to the air, aqueous effluents 
to water, and solid waste to be disposed to 
land. These Goals may have as their bases 
technological factors or ambient factors. 
Technological factors refer to the limitations 
placed on control levels by technology, either 
exist ing or developing (i.e., equipment 
capabilities or process parameters). The Stand- 
ards of Performance for New Stationary 
Sources 2 provide an example of promulgated 
Emission Level Goals based on technology. 

Since' there is obviously a relationship 
between contaminant concentrations in emis- 
sions and the presence of these contaminants 
in ambient media, it is imperative to consider 
ambient factors when establishing emission 
level goals. Ambient factors included in the 
MEG's chart as criteria for Emission Level Goals 
include: 

1) Minimum Acute Tox ic i t y  Effluents 
(MATE 's ) - - concen t ra t i ons  of pol- 
lutants in undiluted emission streams 
that would not adversely affect those 
persons or ecological systems exposed 
for short periods of time. 

2) Ambient Level Goals--i.e. estimated 
permissible concentrations (EPC's) of 
pollutants in emission streams which, 
after dispersion, will not cause the level 
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MULTIMEDIA 
ENVIRONMENTAL 
GOALS 

EMISSION LEVEL GOALS 

l Based on Best Technology il. Based on Ambient Factors 

A. Minimum Acute C. Elin~mltion of C.8tegO W A. ExislmgStandards B. Developing Technolo~ Toxicity Effluent B. Ambient Level Goal" 
Dischar~ 

NSPS, BPT, BAT Eng, neering Es~mates Based on Based on Based on Blned on 
Ecoiogl cai Eco~ og~ai Natural Beck~rouncP 

(R&D Goals) Health Effectt Effects Heall~ Effects Effects. 

Apir,/~0/m 3 
pm VOI) 

Water, .g/ I  
(ppm Wt) 

Land, pg/g 
(ppm Wt) 

• To be multiplied by dilution factor 

AMBIENT LEVEL GOALS 

I. Current or Proposed Ambient II. Toxiciw Based Estimated II I .  Zero Threshold Pollutant= 
Standards or Criteria Permissible Concentration Estimated Permissible Concentration 

A. Based on B. Band on A. Based on B. Bisad on 
Heldth Effects Ecolog, cal Effect: Heidm Effects Ecoiogcal Eff~tl k N d  ¢m l'kilth Eftbcts 

Air, .(i/m 3 
(ppm Vol) 

Wmr.  pg/I 
(p¢m~ Wt) 

Land, .g/g 
(ppm Wt) 

Figure 1. Current version of multimedia environmental goals chart. 
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of contamination in the ambient receiv- 
ing medium to exceed a safe con- 
tinuous exposure concentration. 

3) El iminat ion of D ischarge (EOD)--  
concentrations of pollutants in emis- 
sion streams which, after dilution, will 
not cause the level of contamination to 
exceed levels measured as "natural 
background." 

Although technology based Emission Level 
Goals are highly source specific, goals based 
on ambient factors can be considered univer, 
sally applicable to discharge streams for any in- 
dustry. The Emission Level Goals based on 
EPC's for example, correspond to the most 
stringent Ambient Level Goals (dilution factor 
to be applied) appearing in the. MEG's chart, 
regardless of source of emission. This format 
for presentation of Emission Level Goals has 
evolved during the course of the MEG's project 
end is significantly different from the initial 
oh~rt introduced some 1 8 months ago. Elimina- 
tion of Discharge, as a criteria for Emission 
Level Goals, wes added about a year ago. In 
another interim version, columns specifying 
dilution factors in multiples of ten were includ- 
ed under the Emission Level Goals based on 
ambient factors. Later, Minimum Acute Toxici- 
ty Effluents (MATE's) were  incorporated and 
the dilution factor columns deleted. It is likely 
that the chart will be further altered as the 
MEG's become more refined, but the format 
presented here serves well for displaying 
MEG's at this stage of development. 

Ambient Level Goals 
The lower half of theMEG's chart is designed 

to present three classifications of Ambient 
Level Goals; aH of these goals describe 
estimated permissible concentrations {EPC's) 
far continuous exposure. The Ambient Level 
Goals presented in the chart are those based 
on: 

1) Current or proposed Federal ambient 
standards or criteria. 

2) Toxicity (acute and chronic effects 
considered). 

t 

3) Carcinogenioity or teratogenicity (for 
zero threshold pollutants). 

The term zero threshold pollutants is used to 
d;stinguish contaminants demonstrated to be 

potentially carcinogenic or teratogenic. The 
concept of thresholds is based on the premise 
that there exists for every chemical substance, 
some defineable concentration below which 
that chemical will not produce a toxic response 
in an exposed subject. 3 The existence of 
thresholds for carcinogens, teratogens, and 
mutagens has been widely debated and is still 
unresolved. In using the term "zero threshold 
pollutants," we do not wish to imply that we 
have chosen sides in the debate; rather, we use 
the nomenclature as a convenience. 

BACKGROUND INFORMATION 
SUMMARIES FOR 

CHEMICAL SUBSTANCES 

An obvious need in the field of environmental 
assessment has been for a useable instrument 
bringing together data related to environmental 
aspects of various chemical substances. The 
format developed for supplying summarized 
background information to accompany and 
substantiate MEG's charts addresses this need, 
providing a large volume of information in a 
consolidated, consistent, workable arrange- 
ment. This format serves to organize available 
data in a logical framework, yet at the same 
time remains flexible enough to allow incor- 
poration of data as it becomes available. 
Specific [terns of information are arranged in a 
consistent pattern, and presented in conjunc- 
tion with the corresponding MEG's chart. This 
allows the user to survey the data quickly and 
to relate multimedia environmental goals to 
physical and chemical properties, and tox - '  
icologica~ characteristics of the chemical 
substance of interest. 

Space is provided on each Background Infor- 
mation Summary to supply the following types 
of data: 

• Identifying Information 
* Properties 
• Natura! Occurrence, Characteristics, 

Associated Compounds 
• Toxic Properties, Health Effects 
• Regu la to ry  A c t i o n s ,  S t a n d a r d s ,  

Criteria, Candidate Status for Specific 
Regulation 

Table 1 lists the specific items of information 
included in the Background Information Sum- 
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TABLE 1 

INFORMATION PRESENTED IN BACKGROUND INFORMATION SUMMARIES 

General Heading Specific Items 

IDENTIFYING INFORMATION 

PROPERTIES 

N A ~  OCCL~RENCES, CHARACTERISTICS, AND 
ASSOCIATED COMPOUNDS 

TOXIC PROPERTIES AND HEALTH EFFECTS 

REGULATORY ACTIONS , STANDARDS , CRITERIA, 
RECOGNITION ;~D CANDIDATE STATUS 
FOR SPECIFIC REGL'LATZONS 

Category number, P r e f e r r e d  name, Synonyms, 
Empirical chemical formula, 5=ructure, 
Wiswesser L ine  Notation, Physical description 

Molecular or atomic weight, Atomic number 
Periodic group, Boiling point, ~iting point, 
Density, Vapor density, Vapor pressure, 
Dissociation c o n s t a n t  

Background levels in air, Odor levels, 
Photochemical activity, Background levels in 
water, Occurence associations, Dietary intake, 
Characteristic chemical reactions, Metabolic 
fate, Background levels in soll 

Animal toxicity information: 
LDso - lethal dose (50% kill) 

LCso - lethal concentratlou (50% kill) 

LDLo - lowest published lethal dose 

LCLo - lowest published lethal concentration 

Human health effects d a t a :  
acute effects, chronic effects, biological 
half-llfe 

Datm pertinent to carcinogeniclty or 
teratogenicity: 

EPA/NIOS~ ordering number, Affected animal 
species, ~ e c o r d e d  human effects, Lowest 
effective dosages, Adjusted ordering number 

Aquatic toxicity information: 
LCso - lethal concentration (50% kill) 

Bioaccu~ulatlon, or blomaEnlflcatlon 
(potential), Repor ted  tainting levels, 

Phytotoxlcity (plant toxicity) data 

National Primary and Secondary Ambient Air 
Quality Standards (40 CFR, Part 50). 

National Emissions Standards for Hazardous 
Air Pollutants (40 CFR, Part 61). 

OSHA Standards for Hazardous Substances 
(29 CFR, Part 1910). 

National Interim Primary. Drinking Water 
Regulations (40 CFR, Part 141). 

Public Health Service Drinking Water 
Standards (42 CFR, Part 72). 

EPA Toxic Pollutant Effluent S t a n d a r d s  
(40 CFR, Part 405-460). 

Regulations for Protection Against 
Kadlatlon (i0 CFR, Part 20). 

FDA Declaration 

ETA National Emissions Standards for 
Hazardous Air Pollutants, Candidate List. 

EPA Toxic Pollutant Effluent Standards, 
Candidate List. 

ETA Consent Decree List. 

NCI List of Carcinogens to Man. 

ACGIH designation as carcinogen, simple 
asphyxiant, or nuisance particulate. 

ETA Star Document subject. 

NIOSH Criteria Document subject. 

Chemical Industry Institute of Toxicology 
Priority Chemical Lists. 
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marius under each of these headings. In addi- 
tion to these items, calculations of MATE's and 
EPC's are also presented in the summaries. 

MEG' METHODOLOGY 

A methodology for evaluating and ranking 
pollutants for the purpose of environmental 
assessment, has been developed which can be 
used to delineate MEG's for a large number of 
compounds. The system requires certain em- 
pirical data which are extrapolated through 
simple models to yield EPC's or MATE's. The 
methodology addresses both Ambient Level 
Goals and Emission Level Goals based on am- 
bient factors. 

Existing or proposed Federal standards, 
criteria, or recommendations are acknowledg- 
ed as previously established goals and have 
been utilized wherever applicable. For those 
subs tances  not  addressed by cur ren t  
guidelines, consideration in arriving at MEG's 
goals has been given to the following: (1) 
established or estimated human threshold 
levels; (2) acceptable risk levels for lifetime ex- 
posure  to suspec ted  ca rc i nogens  or  
teratogens; (3) degrees of contamination con- 
sidered reasonable for protection of existing 
ecosystems; (4) cumulative potential in aquatic 
organisms, livestock, and vegetation; and (5) 
hazards to human health or to ecology induced 
by short term exposure to emissions. It is 
recognized that there are several other criteria 
pertinent to MEG's that have not been incor- 
porated into the methodology developed thus 
far (for example, quatity of the receiving media 
before in t roduct ion of the substance,  
characteristics of transport and dispersion ~3f 
emissions, consideration of location and abun- 
dance of sources emitting a given pollutant, 
numbers of populations affected, synergisms, 
antagonisms, and other secondary pollutant 
associations); new research is needed before  
more refined models of estimation can be 
developed to alIow inclusion of these criteria. 

Three  d i s t i n c t  a s p e c t s  o f  MEG 's  
methodology development h a v e  been ad- 
dressed so far. These are: 

1) assembling and collating all existing or 
proposed Federal guidelines pertinent 
to each chemicat substance on the 
Master List. 

2) defining models to translate empirical 
data into EPC's) estimated permissible 
concentrations "for continuous ex- 
posure to chemical toxicants in air, 
water, and land). 

3) defining models to translate empirical 
data into values describing MATE's 
(minimum acute toxicity effluents safe 
for short term exposure; such effluents 
may be gases, liquids, or solids). 

Federal Guidelines 
Investigation of Federal Guidelines has 

yielded not only values to serve as MEG's, but 
also insight into the variety of approches ap- 
plied in standard setting thus far. For example, 
the National Emissions Standards for Hazar- 
dous Air Pollutants established for mercury and 
beryllium take into consideration estimated 
safe ambient levels of these pollutants (1 #g/3 
for  Hg, 0 .01  #g/m 3 for  Be). ~ Emission 
guidelines may be expressed in many different 
units such as the ratio of mass or volume of 
pollutant to the mass of feedstock or p=oduct. 
Ambient gbidelines may also be expressed in 
units tither than concentration units, for exam- 
ple, certain water quality criteria for protection 
of aquatic life specify application factors to be 
applied to the 96-hr LC5o. 

Existing Federal Guidelines fall far short of 
providing MEG's for all the chemica~ sub- 
stances of concern, in fact, our survey of the 
Federal guidelines showed only about 40 
specific contaminants receive attention by 
more than one set of emissions or ambient 
guidelines. The MEG's list, as mentioned 
earlier, includes more than 600 specific 
chemica] substances. 

Estimated Permissible 
Concentrations (EPC's) 

To delineate Multimedia Environmental Goals 
a defined frame of reference for each substance 
must be established as a common reference 
point to allow comparison of various char- 
acteristics among similar and diverse sub- 
stances. Translation of various forms of data 
into EPC's meets this need. 

Two types of EPC's are generated through 
modeling. Empirical data concerning the effects 
of chemical substances on human health and 

' the ecology are translated into a set of toxicity- 
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based EPC's. Another set of EPC's is supplied 
by a system relat ing carc inogenic or 
teratogenic potential to media concentrations 
considered to pose an acceptable risk. 

The methodology defines a total of 22 dif- 
ferent kinds of EPC's, many of them inter- 
related (EPC's for water, for example, may be 
derived from EPC's for air). Although multiple 
EPC's are calculated on the background infor- 
mation summaries, only the most stringent EPC 
for a given media/criteria combination will ap- 
pear on the MEG chart for a given substance. 

EPC's have been coded by subscripts for 
easy identification. EPCAH l, for example, is the 
toxicity based EPC for air based on human 
health effects (derived from air model #1); 
EPCwB applies to water and is based on 
ecological effects (water model #1 is used); 
EPCAc I is for air and is based on carcinogenic 
potential (established by carcinogen model 
#1). 

Several of the models incorporated were 
developed or suggested by previous re- 
searchers; other models were designed or 
modified specifically for MEG's application. 
The significance of the methodology lies not in 
any specific model, but in the array of models 
which allows MEG's to be defined on the basis 
of a variety of data items. Empirical data re- 
quired for the various health based EPC's and 
interrelationships defined i,~ the methodology 
are listed in Table 2. EpC's based on ecological 
effects are defined in Table 3. Most specific 
types of data required have been compiled 
previously by others and are largely available in 
tabulated form within secondary sources of in- 
formation. 

Minimum Acute 
Toxicity Effluents (/VIA TE" s) 

The system established to describe MATE 
values as Emission Level Goals is analogous to 
that developed for EPC's. The basic difference 
is that the MATE's refer to concentrations ap- 
propriate for short term exposure whereas 
EPC's consider lifetime continuous exposure. 
Fourteen different kinds of MATE values are 
defined currently. 

APPLICATION OF 
METHODOLOGY FOR 
DESCRIBING MEG's 

Presentation in detail of all the models sup- 
porting the =-PC and MATE derivations is 
beyond the scol~e of this paper. However, a 
few general comments are required to permit 
some perspective into the methodology. First, 
erl of the modeling schemes require that certain 
assumptons be made ard a worst case ap- 
proach has been taken to keep the MEG values 
conservative. ;n some instances, arbitrary con- 
stants are incorporated in an effort to correlate 
the vario'Js sets of EPC's. Efforts have been 
made to incorporate judgments of others 
relative ;o the levels of pollutants safely 
tolerated by I~uman beings. In this regard, 
heavy reliance in the methodology has been 
ptacec' on TLV's established by the American 
Conference o = Governmental Industr ial 
Hygienists (ACGIH). 5 

So far, 216 chemical substances from the 
MEG's Master List have been addressed utiliz- 
ing the previously oescribed format and 
methodology. While the rapid increase in 
voEume of date accessible in recent months has 
increased the ,eliability of assessment schemes 
based o'~ modeling techniques, data gaps re- 
main a problem over a wide range of the en- 
tries. These gaps make ;t impossible to provide, 
for every substance addressed, goals for each 
medium on the basis of all the applicable 
models. However, when provision is made for 
utiliz!ng data ;n a variety of forms, it becomes 
possible to describe MEG's which are 
reasonable based on at least some of the 
selected criter;a. As a result of this adaptability, 
the methodology provides a practical, workable 
system for determining goals in an ever increas- 
ing percen~.ac, e of cases. Of the 216 sub- 
stances addressed, only 6 emerge with no 
numerica' MEG values, providing a good ;ndica- 
tion that the methodology is sufficiently broad 
in its bases tc provide the comparison criteria 
needed for envi,onmental assessment. 

Six samples taken from the MEG's compila- 
tions follow the text. 
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TABLE 2 

DERIVATION OF HEALTH RASED EPC's 

Data Interrelationship Specific EPC Derived 

TLV or NIOSH Recommendation 
(occupational exposure) 

LDs0, LDLo 

Bioassay data (carcinogen testing) 

Bioassay data (teratogen testing) 

LDS0 

TLV ~LD50* 

EP~4 H = EPCAH** 

EPic ~ EPCAc** 

EPCwT = EPCAT** 

EPCLH ~ EPCwH 

EPCLc ~ EPCwc 

EPCLT ~ EP~wT 

EPc l, EPCAc 1 

EPCAII2 

EPCAc 2 

EPCAT 

EPC i 

EPC~I 2 

EPCwc 

EPC  

EPCLH 

EPCLc' 

EPCLT 

6 Relationship established by Handy and Schindler. 
7 Relationship suggested by Stokinger and Woodward. 

Subscript Key: A (air); W (water); L (land); H (health effects); C (carcinogenicity); 
T (teratogenicity); numbers refer to specific models. 
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TABLE 3 

DERIVATION OF ECOLOGY BASED EPC's 

O~ 

Data Interrelationship Specific EPC Derived 
,, . . . . . . . . .  , ,,, , 

Air concentration causing an effect EPCAE 
in vegetation 

LC50 or TLm 

Tainting Level 

Cumulative Potential 

Application Factor* 

Hazard Level* 

EPCLE = EPCwE 

EPCwE 1 

EPCwE 2 

EPCwE 3 

EPCwE 4 

EPCwE 4 

EPCLE 

Value supplied in Water Quality Criteria 

Subscript Key: A (air); W (water); L (land); E (ecological effects); 
numbers refer to specific models. 



CONCLUSIONS 

The MEG's project represents an  important 
step in EPA's efforts to systematically address 
a multiplicity of chemical substances :for the 
purpose of establishing priorities in en- 
vironmental assessment programs. MEG's pro- 
vide a ranking system furnishing the decision 
criteria needed in source assessment. The 
MEG's may also be used for establishing 
priorities among the pollutants to be ultimately 
addressed b y  regulations, and thus, may in- 
fluence control technology development in the 
future. In every case care has been taken to ar- 
rive at conservative but reasonable figures bas- 
ed upun the array of possible options supplied 
by the methodology. 

It is expected that this initial work addressing 
Multimedia Environmenta Goals will provide a 
springboard for  further research in developing 
MEG's and that it will stimulate exploration into 
• more sopt~isticated approaches that make use 
of empirical data evolving from research efforts 
currently in progress. 
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CATEGORX: lOC WL.~N: L66J CZ 

2-AMINONAPHTHALENE: CloHg~ (2-naphthylamine, STRUCTURE: 

~-naphthylamine). ~ ~H2 

White crystals that darken on exposure to l i gh t  and a i r ;  vo la t i l e  with steam. 

PROPERTIES: 

Holecular wt: 143.19; mp: l l 3 ;  bp: 306; d: 1.0614~8; yap. press.: 1 mm 

at I08 a C; volatile in steam; slightly soluble in cold water. 

NATURAL OCCURRENCE r CHARACTERISTICSfASSOCIATEO COMPOUNDS: 

Z-Naphthylamine does not occur as such in nature, but is formed by the pyrol ists of nitrogen-containing 

organic matter. It has been isolated from coal-tar (ref. ~). It has, in general, the characteristics of 

primary aromatic amines. I t  is a weak base. 

TOXIC PROPERTIES~ HEALTH EFFECTS.: 

EptdL, qniological studies have shown that occupottonal exposure to 2-amtnonaphthalene ts strongly associated 

with the occurrence of bladder cancer. There tS no doubt l~at the compound is a human bladder carcinogen 

{ref .  44). 2-Amtnonaphthalene Is also reported to cause cancer tn several animal species. 

The EPA/NIOSH ordering number is 7628. The lowest dose to induce a carcinogenic response is reported 

as 18 ~J/kg. The adjusted ordering number ts 423.8, 

LDS0 Coral, ra t } :  727 mg/kg. 
Aquatic tox i c i t y :  Tl.m 96: lO-1 ppm (ref .  2). 

REGULATORY ACTIONS, STANOAROSv CRITERIA, RECOGNITIONr CANOIOATESTATUSFORSPECIFIC REGUI.JkTION: 

Z-Amtnonaphthalene is recognized by ACG[H as acarctn~Jenic agent in humans. No TLV has been assigned. 
~-Naphthylamtne ~ls the subject of a H[0SH Hazard Review Document (ref .  43). 

OSHA standards dealing with exposure of employees to 2-n4phthylamtne has been established taking into 

consideration substantial evidence that 2-naphthylamtne is known to cause cancer (ref .  17). 

MINIMUM ACUTE TOXICITY CONCENTRATIONS: 

A i r ,  Health: 7 x 1041423.8 - 165 ,g/m 3 

Water, Health: 15 x 165 • 2.5 x 103 ug/z 
Land, Health: 0,002 x 2,5 x 103 • 5 ug/g 

Air ,  Ecology: 

Water, Ecolo<Jy: 

Land, Ecology: 

100 x 1 • 100 ug/z 

0.002 x 100 • 0.2 ,g/g 

ESTIMATED PERMISSIB LE CONCENTRATIONS: 

EPCAH 2 - 0.107 x 727 - 78 '~g/m 3 
EPCAH 3 - 0.081 x 727 • 59 ug/m 3 

EPC,~H 1 - 15 x 59 - 3,500 ,g/z 

EPCIJH2 - 0.4 x 727 • 291 ~g/¢ 

EPCLH = 0,002 x 291 • 0.6 ~g/g 
EPCAc 2 • 103/C6 x 423.8) • 0.4 ,g/m 3 

EPCwc - 15 x 0.4 • 6 ~g/¢ 

EPCLc • 0.002 x 6 - 0.012 ~g/g 

EPCwE 1 - 50 x 1 • 50 ug/z 

EPCLE - 0.002 x 50 • 0.1 ~g/g 
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CATEGORY: 18A WL_...NN: 

CRESOLS: CBH40HCH 3 (cresylic acid, methylpheno], nydroxytoluene). S'rRUCTURE: 

m-cresol: colorless or yellowish liquid, phenolic odor; OH OH OH 

o-cresol: crystals or liquid, phenolic odor; ~ C H 3  ~ ~ 
~-cresol: crystals, bheno]ic odor. 

pROPERTIES: ~ meta CH3 
Molecular wt: 108.37; density O: 1.034-1.047; ortho CH 3 
yap. d: 3.72; soluble in water. 

para 
mp bp yap. press. 

m-cresol Ill 202 0.I53 mm at 25°C 
o-creeD: 30 lgl 0.2~5 mm at 25°C 
~-cresol 35.5 ZOI 8 0.108 ~ at 25°C 

NATURAL OCCURRENCE, CHARACTERI$'rlC~rjL~c~'ICIATE O COMPOUNDR: 

Cresols are methyl-substituted hydroxy benzene co~ounds, i .e.  methyl phenols. 0rtho, 
meta and para compounds OCCUr. The meta isomer predominates in mixtures (ref. 24) 

Odor recognition level for cresols ranges from 0.9 to 1.21 mg/m 3 or 0.20 to 0.27 ppm 
(ref. 3). 

The odor thresnold in air for p-cresol is reported as O.O01 ppm or 4 'g/m 3 (ref. 2g). 

Cresols are obtained from coal tar (ref. 24). Due to the low vapor pressure and dis- 
agreeable odor, cresols usually do not present an acute inhalation hazard (ref. 63). 

Cresols are highly resistant to biological oxidation (ref. 67). 
TOXIC PROPERTIES I HEALll"IEFFEC~: 

Toxic properties of cresols are similar to those of phenol. Cresols may be absorbed through the skin. 
Resbiratory hazard is low because of low volat i l i ty.  Absorption may cause damage to l iver, kidney and 

nervous system (ref. g). Order of toxicity beginning with most toxic IS reported to be as follows: 
p-cresol; o-cresol; phenol; m-cresol (ref. 4) 

LD5O (oral, rat) 

m-cresol 242 mg/kg 
o-cresol 121 mg/kg 

p-cresol 207 mg/kg 

Toxicity to aquatic l l fe:  tainting of fish may result from concentrations of 0.07 ~J/Z of mixed cresol 
isomers (ref. 28). The toxic concentration of p-cresol is 5 ppm for rainbow trout (ref. 36). The g6-hour 

LC50 for p-cresol is reported as Ig mg/z (ref. 68). For mixed cresol isoaw~rs, the g6-hour ~m is reported 
.as 10-1 pom (ref. 2). 

REGULAI~RY ACTIONS ~rANOAROS, C~,ITERIA, RECOGNITION, q~DIDATE~'rATUSFQRSPE~IFIC REGUI.ATI~II: 
TLV for Cresol (a l l  isomers): 22 mg/m 3 (5 bpm). 

EPA 1976 Water Quality Criteria (proposed): 1 ug/~ of phenol (including phenolic co~oounds) for d~s t l c  
water Supply (welfare) and to protect against fish flesh tainting (ref. 33). 

NAS/NAE 1972 Water Quality Criteria: l ug/z of phenolic comoounds In public water supply sources to 
prevent odor from chlorinated phenols. To prevent taintln~ and to~ic effects in aouatlc l l fe:  Concentration 
no gpeate, tham IO0 ug/r.at any time or place; apbllcation ~actor oT 0.05 (for phenols) (ref. 28). 

U,8. Public Health Service Drinking Water Regulations, Ig62--Levels for alternate source selection: 
1 ug/~ (for phenols) (ref. 65), 

MINIMUM ACUTE TOXICITY CONCENTRATION,~: 

Air, Health: 2.2 x 104 ug/m 3 (5 ppm) 

Water, Health: 5 x I • 5 'g/9. 

Land, Health: 0.002 x 5 - O.Ol -,gig 
ESTIMATED PERMI~IBLE CONCENTRATIONR: 

EPCAH 1 = 103 x 22/420 • 52 ;g/m 3 

EPCAHIa - 5/420 = O.01ppm 
EP~H l - 15 x 52 = 780 ug/~ 
EPC-WH 2 = 13.8 x 22 - 304 ug/z 
EPCwH S " I ~g/~ (phenolic compounds) 
EPCLH = 0.002 x l - 0.002 ..g/g 

Air, Ecology: 

Water, Ecology: 100 x 5 • 500 ug/L 
Land, Ecology: 0.002 x 500 - I ug/g 

EPCwE l • SO x I - 50 ' g / ¢  

EPCwE 2 • 70 ug/z 
EPC, wE S " 100 ,,g/z (phenolic compounds) 
EPCLE " 0.002 x 50 • O.l ~g/g 
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CATEGORY: 21 WL__.NN: LB666J 

PHENANTHRENE: C14H~o. $ T R ~ R E :  
Honocltntc crystals fro~ alcohol; solutions exhtbtt 
fatnt blue fluorescence. 

PROPERTIES: 

Holecu;ar wt: 178; ~p: 101; bp: 340; d: 0.98004; yap. press.: 1 mm at 118.3; yap. d: 6.14; 
insoluble In water; so lub i l i t y  may be enhanced by surfactant Impurities In water (ref. Se); 
l i~ td  solubtl fW: 2 percent so|utton tn oltve ot] (ref. 72). 

NATURAL OCCURRENCE, CHARA~TERIS~I. (~, AMIOCI~TED COMPOUND~ 

~henan~hrene ts amon~ the lower molecular weight polycycllc hydrocarbons comprising the volat t le  

portlon of the benzene-soluble frac:ton of coal tar (ref. 4). Concentrations of 0.6102 ug/1,500 m 3 
and 5 ~g/1,000 m 3 tn urban atr are reported I ref .  1). This ts equivalent to 0.0004 to 0.006 ug/m 3. 
Phenanthrone ts associated with part iculate polycvcltc aromattc hydrocarbons, PPAH, (Per. 71). The 
following concentrations of PPAH have been estimated or reported: Atr (urban environment tn winter 
In seven selected ~.S. ¢tt tes): 21.6 ng/m 3 . 14~ ng/m 3 (ref. 71); groundwater and surface-treated 

water: 0,001 ,g/~ - 0,025 ug/~ {ref.  AAS); upper layer of Earth's crust: I00 ug/kg - 1,000 ug/kg 
(ref, ~8}, 

TOXIC PROPERT!E$~..HEALTHEFFEC'rs: 

LDS0 (oral,  mouse): 700 mg/kg. 

Phenanth~ne may be present tn soot, coal tar,  and Dttch, whtch are known to be carcinogenic to man. 

Carcinogenic polycycl|c aromattc hydrocarbons may tnduce tumors at the site of application (ref. S9). 
Phenanthrene ts ~ncluded ]n ~he NZOSH Suspected Carcinogens List. The EPA/NZOSH ordertng number Is 
3~21. The lowest dose to tnduce an oncogentc response ts reported as 71 mg/kg. The adjusted ordertng 
number ts 44. 

REGULATORY ACTIONS. STANOARDB. CFIITERIA. RE¢OONITION, CANDIDATES'rATU~FORSI~CIFIC REGULATIQN: 

Phenanthrene appears on EPA Consent Decree Ltst wtth an asstgned prtort ty of 1. 

TLV (coal-tar pttch volat t les) :  0.Z mcJ/m 3, CThe specif ication tnoludes ne0hthaleee, anthracene, 
acridine, phenanthrene, and fluorene, col lect ive ly .  The purpoae of Me TLV ts to mlntmtze concen- 
trations of htgher wefght ~ l ycyc l l o  hyd~carbons which are carcinogenic (ref. 4)]. 

MINIMUM ACUTETOXICITYCONC~NTRATIONS: 

Air, Health: 7 x 104/44 • 1.59 x 103 ~g/m 3 

Water, Health: 15 x I.S9 x 103 • 2.39 x 104 ~g/H 
Land, Health: 0,002 x 2.39 x 104 • 47.8 ug/g 

Air,  Ecology: 

Water, Ecology: 
Land, Ecology: 

F.$.~... MATED PERMI .SSlBLE CONCENTRATIgNS: 

EPCAH 2 • 0.107 x 700 - 75 ,'g/m 3 
EPC~3 - 0.081 x 700 • 57 ~g/m 3 

EP~I I • 15 x 57 • 855 u91£ 
EPC,~I 2 • 0.4 x 700 - 280 ~91H 
EPCLH " 0.002 x 280 " 0.56 '~g/9 
EPCAc 2 • I031(6 x 44) • 3.8 ~glm 3 
EPC~c - 15 x 3.g • S7 uglH 

£PCLc • 0,002 x 57 • 0.114 ~g/g 
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CATEGORY: 21 

BENZla)ANTHRI&CENE: ClsHl2 (benzo(b)phenanthrene, 
1,2-benzanthracene, 2,3-benzophenanthrene, BA}. 

Crystallizes in the form of plates from ethanol. 

Solutions exhibit greenish-ye]low fluorescence. 

PROPERTIES: 

WLN: L D6 B666J 

STRUCTURE: 

Molecular wt.: 228.28; mp: 158-g; bp: 4000 C; sublimes; insoluble in water; solubi l i ty  

may be enhanced by surfactant impurities in water (ref. 58); l ip id  solubi l i ty :  0.6 mg/0.2 m] 
neutral, ster i le olive oi l  (ref. 72). 

NATURAL OCCURRENCE~CHAR/~b'~rERIS'rlC~r~IATEDOGMPOUNOS: 

Benz(a)anthracene occurs in coal tar and is associated with particulate poIycyclic aromatic 

hydrocarbons, FPAH. The lowest urban ai r  concentration reported for benz(a)anthracene is 
44.69 ug/m 3 (ref. l) .  This is equivalent to 0.029 ug/m 3, 

Concentrations of BA in soils (nonindustrial areas) ranging from 5-20 ug/kg have been 
reported (ref. 73). 

Other concentrations of BA are reported as Follows: (a) drinking water - 23.2 ug/m3; 

(b) cooked meat or fish -18g ug/kg; (c) vegetables - 230 ag/kg; (d) roasted coffee - 
14.2 ug/kg (ref. 73). 

.1OXIC PROPERTIES= HEALTH EFFECTS: 

LOLo (intravenous, mouse): 10 mg/kg. 

Benz(a)antbracene may be present in Soot, coal tar, and pitch, which are known to be 

carcinogenic to man. Carcinogenic polycycIic aromatic hydrocarbons may induce tumors at 

the site of application (ref. 5g). Eenz(a)anthracene is included in the NIOSH Suspected 

Carcinogens List. The EPA/NIOSH ordering number is 3124. The lowest dose to induce a 

carcinogenic response is reported as 2 mg/kg. The adjusted ordering number is 1562. 

REGULATORY ACTIONS, STANDARDS, CRITERIA, RECOGNITION, CANOIOATESTATUSFORSP~CIFIC REGUtrATION: 

TLV = 0.2 mg/m 3 [ f o r  particulate poIycyc l ic  aromatic hydrocarbons (PPAH). This TLV recognizes 
the carcinogenic potent ia l  of PPAH c o l l e c t i v e l y ] .  

Benz(a)anthracene appears on the EPA Consent Decree List with an assigned pr ior i ty  of I .  

MINIMUM ACUTE TOXICITY CONCENTRATIONS: 

Ai r ,  Health: 7 x 104/1,562 • 44.8 ug/m 3 

Water, Health: 15 x 44.8 • 672 ug/~ 

Land, Health: 0.002 x 672 = 1.34 ~g/g 

A i r ,  Ecology: 

Water, Ecology: 

Land, Ecology: 

ESTIMATED PERMI~IBLE CONCENTRATIONS: 

EPCAH 2 • 0.107 x 10 = 1.07 ug/m 3 

EPCAH 3 = 0.081 x 10 • 0.81 ug/m 3 

EPCWH 1 • lS x 0.81 = 12.2 ug/t. 

EPCwH 2 = 0.4 x 10 • 4.0 ug/Z 

EPCLH " 0.002 x 4 -- 0:008 ~g/g 

EPCAc 2 " 103I(6 x 1,562) = 0 . l l  l:g/m 3 

EPCwc = 15 x 0.11 • 1.65 ug / l  

EPCLc • 0,002 x 1.65 • 0.003 ug/g 
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CATEGORY: 54 WLN..: H2 SE 
HYDROGEN SELEN~D~: H2SI (selenfum hydride). STRUCTURE: 

ColorTess poisonous gas; disagreeable odor of decayed 
horseradish. HzSe 

PROPERTIES: 
Holecular ~¢: 80.98; mp: -60.4; bp: -41.5; gas denstty: 3.564750 
(atr ) ;  yap. press: 10 at= at 23.4 ° C; so lub i l i t y  (tn water: 270 
~/100 m at 22.5% 

NATURAL OCCURRENCE, CHARACTERICrlCEIA841OCIAllDCOMPOUNOS: 

Hydrogen selentde ts formed by the ectton of d i lu te  acids on meta111¢ selentdes. Selentum wt l l  combtne 

dtrect ly wtth hydrogen at ~omPeratures below 250 a C to form H2Se. Hydrogen selentde unties dtrect ly wtth 
most mal~ls to form metal selentdes. The odor recognition level for hydrogen selentde Is 1.00 ~/m 3 

(ref. 3). Hydrogen selenide gas ts lmporl:an~ as an a i r  contar~tnant. Because the gas ts htghly soluble 
tn water, t t t s  also a potential water contaminant. 

TOXIC PROPERTIES~ HEALTH EFFECTS: 

Sys~omtc poisoning as well as pulmonary I r r i t a t i on  may result from exposure to hydrogen selentde. 
Ltver damage ts reported from exposed experimental antmals (ref. 41. I t  ts generally considered to be 
more toxic than elemental selenium. The lowest toxtc dose affecting the central nervous system of a 

~'Jmn is 0.2 ppm. See also Selenium and Selentom Compounds, 

LOS0 (Inhalation, gutnea ptg): 1 mg/m3/8 hr. 

REGULATORY ACTIONS,~TANOARDS. CRITERI/IRECOGNITION. CANOIDATECTATUSFORgq[CIFIC REGULATION: 
TL¥ • 0.2 mg/mJ (0.05 ppm). 
Standards and crl~erta appltc|ble to selentum compounds tnclude the fol lowing: 
Selentom ts a candidate for the 11st for Toxic Pollutant Effluent Standards (ref .  10). Zt ts tn¢luded tn the 

EPA Consent 0ecroe Ltst, Prtortty IZZ. 
,latona1 |ntertm Prtmry O~tnktng Mater Standards: 0.01 ~J/z, as Se (ref.  102). 
U.S. Publlc Health Se~lce Drtnktng ~l ter  Standards, Levels for Source R~ectton: 0.01 mg/L, is So (ref. (6). 
EPA 1976 Mater Qualtty Crtterta (proposed): For domesttc water supply (health)--10 ug/¢; for martne and 

fresh.leer aquatic 11fe--appttcatlon factor: 0.01 (to be applled to 96-hr LC~n) (ref. 33). 
NAS/NAE Mater Quality Cr i ter ia ,  1972: For public water supply souroes--0.0T ~j/¢ for  mrtne acNattc l i f e :  

hizard level--0.01 mg/¢; mtn1~1 rtsk of deleterious effects-*0.005 mcj/t; application factor--0.01 (to be 
applt ld to the ~ - h r  LOs0); for 11vestock--0.05 ~J/ i ;  for  trrtgatton--O.02 nR/L for continuous use on a l l  
sotls ( ~ f .  28). 

MINIMUM ACUTE TOXICITY CONCENTRATIONS: 

AtP. Heelth: 200 ,g/I, J (0.05 ppm) 

~ t e r ,  Health: S x 10 • 50 ,g/~, aS Se 
Land, HRlth: 0.002 x 50 - 0.1 ,~g/g, as Se 

EJrrlMATED PERMlUlBLE CONCENTRATIONS: 

EPCAH 1 - 103 x 0.21420 • 0.5 w/m 3 

[PCAHla - 0.05/420 - 0.0001 PI~ 
EPC~I • 15 x 0.5 • 7.5 ,g/L 
EPCwH 2 • 13.8 x 0.2 • 2.8 ~g/~ 
EPC~s • 10 =g/L 
EPCLH • 0.002 x 10 " 0.02 ~g/g 

Atr.  Ecology: 

Mater. Ecology: 
Land. Ecology: 

S x 5 -  2 5 . g / l ,  Is Se 
0.002 x 25 • 0.05 .gig.  as Se 

EPC~s • S .g/L 
[POLE • 0.002 x 5 • 0.01 ,g/g 
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CATEGORY: 78 WLN: CU 

COPPER AND COPPER C0)|POUNDS (AS COPPER), Cu (cuprum): S'rRUCTIJRE: 

An orange, duct i le,  malleable metal. Cu Cu + Cu +2 

PROPERTIES: Atomic nu~er: 29; group lb;  atomic wt: 63.546; 

mp: 1,083 ~ 0 . I ;  bp: 2336; d: 8.92; insoluble; yap. press: 

1 mm at 1628°C. 

NATURAL OCCURRENCE r CHARACTERISTICS, ASSOCIATED COMPOUNDS: 

Copper forms two series of conl}ounds, cuprous (Cu ÷1) and cupric (Cu+Z). Cupric co~ounds are the 
more stable. They ionize in aqueous solution. 

Rural background concentration in a i r  is re~orCed as 0.01 to 0.41 ug/m 3 (ref. I ) .  Another source 
reports concentrations ranging from 0.06 to 0.078 as a constituent of suspended particulates in non- 
urban a i r  (r  e l .  3). Copper salts are in the form of dusts and mists: metall ic copper may occur as 
fume (ref. 4). 

Concentration in freshwater as indicated from hydrologic benchmark samples ranges from zero to 
40 ug/¢; out of 126 samples 87 were zero (ref. 64). Another report indicates that the average fresh- 
water copper concentration in U. S. surface water is 13.8 ug/~ with a range of 0.8-280 ug/z ( ref .  28). 
Natural concentration in seawater is reported as 0.001 mg/L (ref. 28) to 0.02 mg/L (ref. 24). Copper 
imparts a taste to water in concentrations as low as I mg/z (ref.  33). Occurrence in earth's crust is 
70 ppm (ref.  24). Copper is found in soils at about 20 ~g/g (ref. 128). 

Copper is an essential element in plants and animals; adult intake of copper is from 2 to 2.S mg 
dai ly (ref. 4). 

TOXIC PROPERTIES 1 HEALTH EFFECTS,: 

Copper in the form of salts may cause i r r i b l t t o n  to the gastrointestinaY t ract  i f  ingested; 
chronic exposure may result  in anemia. Exposure to metal l ic copper fume may cause respiratory 
i r r i t a t i on ,  and eye and skin i r r i t a t i ons .  Damage to the l i ve r ,  kidneys, and nervous system may 
result from exposure to copper (ref. 4,9). 

LOSO ( intraperi toneal,  mouse): 3500 ug/~. 
LOS0 (oral,  rat) :  140 mg/kg for CuCl2; this is equivalent to 66 mg/kg as Cu +2. 
Aquatic tox ic i t y :  Copper has a synergistic action with zinc, cadmium, and mercury. Concentration 

of calcium and magnesium influence the tox ic i ty  of copper. 
The 95 hr LCEo for PieDhales oromelas (fathead minnow) Is 0.05 ppm for CuSO 4 in soft water, 1.4 ppm 

in hard water (re~. 2B).~in-'k'Tb'T~'-photosynthesis of giant kelp, at 0.06 mg/¢ and i t  is toxic 
to oysters at 0 . l  mg/~ (ref.  28). I t  has a concentration factor of 30,000 in marine phytoplankton, 
and l,ODO in nw1rine fish (ref. 28). 

Phytotozicity: Copper concentrations of 0.I to l.O mg/~ in nutrlent solutions are toxic to a 
nuni~er of plants (ref. 28). 

REGULATORY ACTIONS, STANDAROS, CRITE~IA~RECOGNITION, CANDIDATESTATUSFORSPICIFIC REGULATION,: 

TLV (metal l ic  copper fume): 0~2 mg/m 3. 
TLV (dusts and mists): 1 mg/m J. 
Copper is included on ErA Consent Oecree Priority III List. 
U.S. Public Health Service Drinking Water Regulations, 1962, Levels for Alternate Source 

Selection: l.O mg/c (ref. 66). 
[PA Ig76 Water Quality Criteria (proposed): For domestic water supplies {welfare): l.O mg/(; 

for freshwater and marine aquatic llfe: application factor--O.l (to be applied to g6-hour LC60, 
nonaerated bioassay)(ref. 33). 

NAS/NAE Ig71 Water Quality Criteria: For public water supply sources: l mg/z; for freshwater 
aquatic life: application factor--O,l (to be applied to 96-hour LCso); for marine aquatic llfe: 
hazard level--O.O5 mg/L; minimal risk of deleterious effects--O.Ol mg/~; application factor-- 
0.01 (to be applied to 96-hour LCso); for livestock: 0.5 mg/L; for irrigation: 0.20 mg/{ for 
continuous use on all soils (ref. 28). 

Recommendation of U. S. Oeparlzaent of Agriculture and Land Grant Instltutlons: Copper concentra- 
tion for most solls--250 kg/hectere (ref. 112). 

MINIMUM/LJ~UlqETOXICII~fG'X}NCENrrRATIONS: 

Air ,  Health: ZOO ~g/m 3 

Water, Health: 5 x 1000 - 5,000 ug/~ 

Land, Health: 0.002 x 5,000 • 10 ug/g 

EStiMATED PERMISSIBLE CONCENTRATIONS: 

EPCAH | = 10 3 x 0.2/420 • 0.5 :g/m 3 

EPCwH l • 15 x 0.5 - 7.5 ug/z 

EPCwH 2 = 13.8 x 0.2 = 3 ugl~ 

EBCWH s • 1,000 ug/z 
EPCLH - 0.002 x 1000 = 2 ~9/9 

Air,  Ecology: 

Water, Health: 

Land, Ecology: 

5 x l O -  50 ug/¢ 

0.002 x 50 • 0.1 wg/g 

EPCwE S = 10 uglt 
EPCLE - 0.002 x 10 - 0.2 ug/g 
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