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The following comments were based on recview of approximately
eighty-five percent of the available literature. Some personal
comnunications were missing or incomplete, and certain references
were not available for use. Since some of the data cited in
the document were reordered, recalculated, or otherwise used,
it was sometimes difficult to trace their origins. Consequently
some of the comments herein mav not be applicable. 1In this report,
references (numbers in parentheses) are citations specific to

each table.

SUMMARY OF PFINDINGS

The following summary is based upgn a review of the
proposed criteria dcvelopment methodoloagv document and approxi-
mately eighty-give percent of the references cited therein.

MR

The proposed MATC calculations are too restrictive. The
criteria preclude using actual MATC data even if the actual MATC
data prove that a toxicant is less harmful than predicted by
calculation.

Inadeguate Chronic Data Base

The ¢uidelines of the criteria methods indicate that no
criterion should bhe recommended without chronic values and acute
continuous flow tests where actual toxicant concentrations are
measured in the test chambers. Chronic tests require a long
time, and few facilities for chronie¢ testing eoxist, Since fow
chroni¢ studies have been repeated, we question the reproducibility
of chronic test data. Chronic studies are subject to many vari-
ables not usually experienced in acute tests--for example, seasonal
and shorter cycle temperature variations, changes in test water
quality over the period of exposure, and feedina and nutritional
problems. Chronic test values have greater variahility than do
acute tests, due to problems associated with larval viability,
spawning times, egg production rates, hatchability rates, and
the like,

We feel that chronjc data can be used to establish water
aquality criteria, provided additional efforts to confirm re-
ported chronic resuits are carried out.

Different Water Characteristics

The criteria method devclopment document cons not meet its
stated objective, namely, to "provide a basis f{or deriving




criteria specific to different water characteristics for pollutants
whose toxicity varics significantly under different conditions."
This is based on 'the obviocus hias for soft-water data (and

other factors), as indicated by the selection of data from cited
roferences. If the criteria development methods were set up to
meet this objective, the design methods and rationale were not
presented. We therefore cannot comment on the methods and ap-
plications relative to the stated objective.

Water Quality Interactions

Variations in such physical parameters as temperature and
in such chemical parameters as pH and hardness affect the sensitivity
of organisms to many pollutants. Yet the data used to develop
static vs. flow-through, nominal vs. measured, and time of ox-
posure correction fa¢tors were selectgd under a wide range of
temperature and water quality regimes. These data should not be
grouped to develep a single correction factor under the above
nhvsical and chemical variables.

The corrcction factor for sensitivityv does not allow for
water quality interactions that affect organism sensitivity to
toxicants. "More information is needed avout the effects of
water quality in chronic toxicity for the sake of extrapolating
from one exposure condition to another."” (Andrecws, ct al., un-
published.)

Identification of Data

As noted above, much of the data in the tables was difficult
to trace to original references, because the data had been re-
calculated and rcordered (especially refercences in Table 4, 242 a-o).
Additionally, a number of transcription errors in our partial
review of cited references were identified,

Inappropriate Units

Data are unitless throughoul the tables. We found that in
most of the references, data were reported as ma/l, but the units
for some data included in the tables were actually ,,g/1. These
unitless values were treated by EPA as numerical ecqguivalents in
data manipulations, resulting in inaccurate correction factors.
These 'factors should be recalculated.

Data Selecticn

Some data were sclected from refercenced citations. Other
relevant data in the same citations were not used--a practice
which may well bias the correction factors. The rationale for
this partial selection should have been presented.

Most of the data used to develop the corrcection factors
were based on pesticide toxicity. This probably skews the cor-
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rection factors toward pesticides,

Data presented in the tables were sclected from predominantly
soft-water conditions. Much of the hardwater data in the samn
reafercnces were not used. Again, this selection biases the cor-
rection factors, since some toxicants, especially heavy metals,
are more toxic to orcanisms in soft water than in hard water.,

LCSO Determination

values in the referecnces cited were calculated by dif-
ferent Rgthods, such as graphic interpclation (which has no con-
fidence limits), computerized probit analysis (several methods),
and moving averaces. The data should all be calculated by the
same method so as to reduce error in quosequent correction factor
calculations.

LCBO and ECSO Values

LC¢q and FCqj values were treataed as numerical eguivalents
in all calculations. They are not measures of the same thina.
ELS values are mcasures of immobilization of an oraganism, whoreas
LCey values are measures of death. Not only is immobilization
more difficult te quantify accurately, but also it mav be ternor-
arily followed by subscquent animal recovery. §iCrpy valurs being
Tmore restrictive than LCc, values, use of FCs, data resulted
in correction factors that are too strinaent.

Species Sensitividy

As expected, dif{ferent species have different scnsitivitices
to toxicants. Thin is due to different habitat and envirenmental
requirements, phyvsiological requirements, 2ge amnd size differences,
reproductive cvcles, and other factors. Wo suspmct that 1i 13
invalid to lump all fish data and all invertebrates data together
to determine correction factors.

Acclimation of Tegt Specices

Improper acclimation of test svecies mav modify the sensi-
tivity of organisms to toxicants. Scme references thiat wo oxe
amined did not spucify the source of the tost organisms, and
others specified icld populations that miv have been strearoed
by pollutants in the natural habitat. Still other reference:n
did not state their methods for acclimating organisms Lo test
conditions prior to toxicant exposurce. We therefore do not fonl
that these data should be used for correcticn factor calculations,

Test Mecthodoloay

Data collected by static, static-with-ronewal, and continuous-
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flow technigques probably will not give the same LC5 values. In
table 4, data from all three exposure methods were gsed to gen-
erate correction factors. This is inappropriate,

RECOMMENDATIONS

1. EPA should conduct an experiment specifically designed
to test the validity of their correction factors. The experiment
should be designed with the aid of a statistician and should
include simultaneous tests on the following variables: differ-
ent species; distinctly different classes of compounds and various
states of these compounds that would be found in the environment;
progressive lengths of exposure, for example, readings at 24,
48, 72, and 96 hours; different physie¢al/chemical water quality
regimes: and test conditions, such as static flow-through. Analysis
of variance and covariance (see Wickramarartne) should be used to
establish and correct for these interrelationships prior to any
calculations of correction factors,

2. Actual MATC values should be used when they exist. If
actual MATC data are excluded, the reason for exclusion should
be stated.

3. A more balanced data pool--that is, a pool not so heavily
skewed to pesticides--should be used to calculate correction
factors. EPA should not use data where the history of origin
and acclimation of test organisms arc not documented or are
guestioned. These data should bc eliminated prior to re-
calculation. \

4. EPA should add the data in tho c¢iteé references which

were not used in calculations and as well should seek additional
data to balance soft-water and hard-water conditions in order

to approximate the range of water qualities in the United States.
Appropriate statistical methods should then be used to auantify
these interactions. The same comment applies to pl, temperature,
and type of toxicant (based on its mode of action, solubility,
ionic or chelation state, and the like).

5. All data in the tables should be compared to the original
literature sources, and the values should be corrected prior to
recalculation of geomctric means and variance (or, nreferably,
regression analysis, analysis of variance, and analysis of co-
variance. (sco Wickramarartne). The data should all be
converted to consistant units before any calculations are made.

6. Only LCgy data with stated confidence limits should be
used in any calculations. All values derived by graphic inter-
polation should be eliminated prior to recalculation.
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Table 1

Table 2

7. Quotiecnts of HC/LCq, or LCg, should be recalculated.
Quotients shouid be based on I.C;4 or 1C divided by the ILC.
or LCgp, respectively. The LCypy and FCyy data basce should Do
used to compensate for random death of test organisms that ocgurs
under experimental conditions. Where LCyy and EC data are
not available, then we suggest this value be calculated and used
to correct for random death. This approach would broaden the
data basec and affect the geometric mcan.

8. The criteria development document should (a) clearly
refercnce the source of data points; (b) indicate how and why
data were recalculated prior to inclusion in the tables; and
{(c) state wnich criteria werc used in partial selection of data
from the original references. )

»
9., Tne document should include o staterment about how

the "basis for developing criteria specific to different water
characteristics”" was determined.

SPECITIC COMMITNTS

It 1s trun, as stated, that LF%O values are nos alwnes
comparable; but there arve manvy factors in addition to theoze
nared, lenath nof exposure concentration, and tvpe of teoat
system.  The Jdiscussion in rthe deocumen® iannres the interaction
of the more obvious phvsical/chemical pararaters such as vempera-
ture, pH, water hardness (and other wvater quality factor=s),
and the cffect of previous aceclimation and history on toest
organisms.

Temperature influcnces organism sensitivity, and most organ-
isms are more sensitive to toxicants at hicher teomperatures,
Toxicitics of trace metals, am-onin, cortain phenclics, and zone
resticides are affected by variatien: in pY and/or water hardness.
These interactions are ignored throuchout all correction factor
calculations. Examination of cited data showed that temperaturces
ranged from 8§8° to 28°C and hardress valucs from <40 to >300upm.

NO conuments.

Quatients prescented mav refleect data which would invalidate
use. Specifically:

(1) Temnperature

(a) Values ranged from 12° te 28°C, as determined by
examination of seleccted roefersnces in the table:
and

Scveral papers did not state test tomperatures.
(References 2, 5, 6, £, 12, 13.)
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Hardness

The majority of data were sclected for "soft water”
(generally a worst case), that 1s, hardness .60ppm.

A significant amount of data for'well-defined "hard
water" in these same references were iagnored. This
practice skews the data to a "worst case" situation
and biases the correction factor. More importantly,
it is inconsistent with the stated objective, of pro-
viding a "basis for deriving criteria specific to
different water conditions." We should call attention
to the use of one reference (19) which has several
toxicity values reflecting hard-water conditions
(300mg/1).

Water Quality Data -

In one paper examined (reference 14), no water chemistry
data were presented. (We did not examine all references.)
Without assurance that water quality data meet strict

EPA bigassay guidelines, the toxicity data should not

be used in calculations of correction factors.

Calculations

LCg and ECqg values were computed in several ways--
Litchfield~Wilcoxcn, computer probit analyses, graphical
interpolation, and so on. It is not appropriate to
combine these values in correction factor calculations,
Thev should all be converted to a standard calculation.
Graphic interpolation values, especially, either should
be converted to a stronger calculation that has stated
confidence intervals, or should not be used.

Incomplete Data Usage

Data existed for some additional compounds in the
references EPA cited, but these values were not used.
For exanmple,

Reference Compound

6 Toxaphone
4 101 compounds {(only one cited)
10 Morcury

For several papers, 24-, 48-, or 72-hour iLgy values

were not reported, yet cquotients were reported (Table
references 3, 11, 33, 35, 38).
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Refercnces 7 and 15 contained information for certain
fish gpecies which were not used. 1In reference 11,

no LCgy values for mercuric chloride were %dentifigd.
We presume the LCg, value for methylmercuric chloride
was used. )

Table 3 Data in Table 3 (of thosc references we verified) werc
based on toxicity studies conducted on five species of fish.
Experimental conditions varied as follows:

Temperature =-- 17° to 25°C,
Hardness -- assumed 40 to 210mg/l, and
Calculations -- various methods, including graphic
interpolation.
[ ]
Please see information in Table 2 for discussion of these
factors.

Three notable errors were identified.

(1) Reference 4

In the nickel study, one 96-hour LCgqy value, 27 mg/l,
was a nominal--not measured--concentration. The

ratios developed in the water quality document of
continuous flow to static flow data were derived from
28/32 = 0.88 and 25/27 = 0.93. I4{ is not clear whether
both the static and flow-through tests were run
simultaneously., We could conceivably calculate 25/32 =
0.78 and 25/27 = 1.04 based on the guoted refercnce

and increase the range of the ratios.

Reference 5

The static 96-hour LCgqy value of 9 mg/) came from a
different study, and it was divided into an arithmetic
mean value of 10.45 mg/l. If thoe data in Table 7 of
reference 5 are interpreted correctly, the bluraill
data were not included in the water quality criteria
document. In this instance, the ratios obtainable for
blueqills could ranage from 0.77 to 1.31, in contrast
to the 1,16 reported for the fathcad minnow.

Referonce 6

The 96-hour LCrO value for endrain (0.3Y) was alven in
the text, but 1t is not clear whether the valuec canme
from rescarch presented in the paper (6), other un-
reported research, or another paper. Reference 6
suggests that fathead minnow sensitivity to endrin
varied by a threefold factovr when comparing various
studies. Furthermore, it is not clcar whether theoreti=-
cal concentrations of endrin were used to estimate LCqp
valucs.,
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In conclusion, most of the data are for pesticides and may
introduce a bias in the correction factor for other compounds.

able 4 Most of the data, especially the last sections, were difficult
to comprehend due to the method of citation. This was especially
true for reference 42, and where there were many citations and
the numbers were rearranged.

The data might be comparable for any given toxicant or cita-
tion. It would be hard to acknowledge, however, that all data
in Table 4 taken as a whole are comparable. In light of the
data we examined, we found:

(1) Physical/Chemical Parameters (see Table 2 for a dis-
cussion of significance)

L)
Temperature -- 10° to 26°C (4, 13)
Hardness -~ soft to 375 mg/l (38)
pPH -=- varies with hardness
(2) Biological Parameters

The data base consisted of at least 20 species of
fish (12) and different sizes or ages of fish (4).

(3) Testing Procedures

(a) Calculations -- different methods
(b) Conditions -- static, flow-through, and static-
renewal
(c) Concentrations -- some values were nominal not
measured (39)
(d) Solvent controls -- not reported (39)

(4) Units of Reporting

Not all values were corrected to mg/l, and some data
were reported as yg/1 (21, 29). These values were
not corrected to mg/l before the geometric mean was
calculated.

_(5) Incipient Values

Incipient LC values were used for comparative purposes
when 96-~hour values were available (23). LCc, inci-
pient values arc not the same as standard acute tests
because the time interval on an incipient value is not
fixed. The 7-day incipient lethal value is 0.009 mg/l
endosulfan, and it is reported as 0.09.

lable 5 We had difficulty determining how some MATC values werc
‘ calculated from the ¢ited literature. Not all of the MATC values
were in the same units (mg/l and ug/l). For examples, sce refer-

ence 15 and 18.
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Table 6

'able 8

-0=

The authors of reference 15 concluded that the safe con-
centration of HCN for bluegills was 5.2 ma/1. They arrived at
this value because 5.2 mg/l inhibited spawning behavior, and if
a "complete life history is to be accomplished in cyanide-polluted
waters," the level must be lower. The water quality criteria
document uses 17.4 as the MATC from refcrence 15.

The general comments in Table 2 apply to Table 6. Errors
in data transcription are noted helow.

Reference Criteria Citation Correct Value
1 0.48 2.06
1 0.67 ' 0.94
2 0.31 = 0.002
2 0.97 Nn.0no97
2 0.40 n.n4
2 0.76 0.076
4 .43 0.57
5 0,01 0,007
5 0.01 0,004
R 0.060 0.065
5 Nn.22 0.25
& 0.423 n.13
£, 0.85 0.0nas5
G 0,013 n.ns%
7 0.06 0.6
The correction factors should be recalculated. We were

unable to chock the wvalues in referencn 3.

We have no problems with the data presented. However, since
21l data used in this table are bascd on pesticides, the correction
factor will be biased against all other compounds.

Those data we could trace were accurate., The upper tart of
the table was inconsistent in units used (mg/] and ;. a/1). e
assume that these were not corrected prior to correction factor
calculation.

_Errors in data transcription include revortine a 24-liour
TLn (1). The values for zinc, nickel, and cadmium were for
snail eqgs, adult snails, or both (1). Forv thiodan (13), the
value should be 7% and not 175. Data for Lavhnia maana were re-
ported in reference 13, but they were not Included in the document.
The temperaturc range used in reference 13 was from 8¢ to 19-C.
This table includes fish data cven thoucgh it is labelled for in-
vertebrates (refercnce 2). For cooper, EPA cites data from
references 8 and 9; we could not ident:i1fy the copper valuce for
reference 8.
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The MATC value for toxaphene could not be traced. If we
agsume that it was from reference 42F, then no value was cal-
culated or implied in the reference. Again MATC values were
presented in mg/l and ,g/l, and we assume that calculations were
made without correction to comparable units.

Only references 3 and 9 were available for study. Again,
many of the corments discussed above apply, for example, lumping
of data sets for species, habitat, different LC methodologies,
and the like. For reference 3, 4.8 was the 96-lour LCSO for LAS
obtained from a static test where the concentratinns were cal-
culated, not measured. For the continuous-flow test, the 96-hour
LC value was 4.35, and this value was measured. The document
implied that the data from reference 9 are on an effluent, but
they are for purce industrial chemicals. There were errors in
reporting the data. Line 6 (p. 21518% should be 0.25/0.55 = 0.45;
line 15 (p. 21518) should be 5000/1000 = 0.5; and line 16 (p. 21518)
should be 3200/6000 = 0.53. The table includes guotients of the
highest concentration effecting or killing 0 - 10% of the organisms
divided by the 96-hour LCgqgqy or LCgqn valuz. Where 0 and 10%
mortality data were available, the data were selected to include
only the highest concentration killinag 0% of the population;
data where there was a 10% kill (or random death) were ignored.
For example, see page 21517, column 3, lines 73 (25/40=0.613),

76 (7/11 = 0.64) 77 (450/550 = 0.82), and 83 (180/290 = 0.62).
Pertinent data where there was only a 10%, and not 0%, mortality
reported (see tables of reference 9) were ignored. The 0.44
mean value was calculated for data where there was no observed
effect or an observed 10% effect. Whey could not a calculated

LClO value be used to obtain the same information?




