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Facts in Support of Changing Water Quality Standards for Boron,
Fluoride, and Manganese

1. Background
Boron.

Boron is a naturally occurring metalloid element that is only found in the environment in
a combined form, usually as borax or boric acid. The 21% Edition of Standard Methods
for the Examination of Water and Wastewater (2005) gives the following account for
boron:

Boron (B) is the first element in Group IITA of the periodic table; it has an
atomic number of 5, and atomic weight of 10.81, and a valence of 3. The
average abundance of B in the earth’s crust is 9 ppm; in soils it is 18-63
ppm; in streams it is 10 pg/L; and in groundwater it is 0.01 to 10 mg/L.
The most important mineral is borax, which is used in the preparation of
heat-resistant glasses, detergents, porcelain enamels, fertilizers, and
fiberglass.

The most common form of boron in natural water is H3BOs. Although
boron is an element essential for plant growth, in excess of 2.0 mg/L in
irrigation water, it 1s deleterious to certain plants and some plants may be
affected adversely by concentrations as low as 1.0 mg/L (or even less in
commercial greenhouses). Drinking waters rarely contain more than 1 mg
B/L and generally less than 0.1 mg/L, concentrations considered
innocuous for human consumption. Seawater contains approximately 5 mg
B/L and this element is found in saline estuaries in association with other
seawater salts.

Boron is naturally present in fruits and vegetables and is nutritionally important in the
human diet (Murray 1995). It has been well established that boron is an essential
micronutrient for plants, and there is also a growing body of evidence that suggests boron
may be essential for early development of frogs and fish. The dose-response curve for
boron exposure to rainbow trout, zebrafish, and African clawed frogs has been
characterized as U-shaped (Eckhert 1998, Rowe et al. 1998, Fort et al. 1999), consistent
with the distinguishing shape of an essential micronutrient. A U-shaped dose-response
curve is characterized by adverse effects at extremely low concentrations, stimulated
growth and/or survival at intermediate concentrations, and adverse effects at higher
concentrations. Adverse effects at extremely low concentrations result from deficiencies
of the substance, while at higher concentrations a toxic threshold is eventually reached.
For example, Eckhert (1998) found that growth of rainbow trout embryo-larvae
chronically exposed to <0.11 mg/L boron was significantly lower than that of rainbow
trout exposed to 0.11-10.1 mg/L boron, with greatest growth occurring at the 10.1 mg/L
boron treatment. In a similar chronic study by Rowe et al. (1998), embryo-larval rainbow



trout were exposed to higher boron concentrations, with only the highest treatment (108.1
mg/L boron) resulting in adverse effects on survival.

Sources of boron in Illinois waters include domestic wastewaters that contain boron from
detergent boosters. Treated municipal sewage typically contains about 0.5 mg/L boron.
Coal ash 1s another important source of boron. Coal ash ponds may contain boron
concentrations approaching 20 mg/L. Some effluents from air emission control systems
at coal-fired power plants in Illinois have boron concentrations in the hundreds of mg/L.
Another minor source of boron is from certain discharges from nuclear power plants
where boron 1s used in reactivity control in nuclear reactors. Given the high solubility of
boron and its resistance to treatment technologies that are employed for metals, treatment
to remove boron in any of these sources is non-existent.

Boron is naturally occurring in soils and is an essential micronutrient for plants. Boron
can also be toxic to plants and a fairly narrow range of concentration exists between the
required amount and detrimental amounts. Some groundwaters in Illinois have
significant boron concentrations that approach the current surface water standard. These
are believed to be natural sources.

The linois EPA’s Ambient Water Quality Monitoring Network (AWQMN) historically
has gathered chemical and physical water quality data from over 200 established stream
stations across the State. Nine collections are made per year going back in many cases
over a thirty year period. While this monitoring network has been cut back in recent
years, a good understanding of the distribution of boron in Illinois waters exists. Waters
that have no point sources of boron, such as sewage treatment plant effluents, generally
have boron concentrations of between 0.01 and 0.05 mg/L boron. Both total and
dissolved boron are measured in the network, but nowhere is there a large difference in
the values given the high solubility of boron. The Illinois River, which carries the vast
majority of treated sewage effluent in the State, as well as some of the coal ash pond
discharges, has an average concentration of almost 0.2 mg/L at low river flows when the
boron contributions from point sources are most prevalent. The highest boron
concentrations are found in streams that receive coal-fired power plant effluents. Sugar
Creek at Springfield, a stream with a natural 7Q10 flow of zero, has boron concentrations
up to 17 mg/L. Little Saline Creek in southern Illinois at times will have a concentration
of 9 mg/L. Highly urbanized streams in NE Illinois receiving most of their flow from
sewage treatment plants have the highest boron concentrations apart from the receiving
streams for coal ash ponds. Addison Creek in Cook County averages about 0.5 mg/L
with high values up to 0.9 mg/L (http://www.epa.gov/storet/dbtop.html).

Fluoride.

The Second Edition of Water Quality Criteria by McKee and Wolf (1963) gives the
following account for fluoride:

As the most reactive non-metal, fluorine is never found free in nature but
it is a constituent of fluorite or fluorspar, calcium fluoride, in sedimentary



rocks and also of cryolite, sodium aluminum fluoride, in igneous rocks.
Owing to their origin only in certain types of rocks and only in a few
regions, fluorides in high concentrations are not a common constituent of
natural surface waters, but they may occur in detrimental concentrations in
ground waters.

Fluorides are used as insecticides, for disinfecting brewery apparatus, as a
flux in the manufacture of steel, for preserving wood and mucilages, for
the manufacture of glass and enamels, in chemical industries, for water
treatment, and for other minor uses. While not normally found in
industrial wastes, they may be present in traces or in higher concentrations
resulting from spillage.

Additionally, the 21% Edition of Standard Methods for the Examination of Water and
Wastewater (2005) gives the following account regarding the benefits of fluoridated
drinking water:

A fluoride concentration of approximately 1.0 mg/L in drinking water
effectively reduces dental caries without harmful effects on health.
Fluoride may occur naturally in water or it may be added in controlled
amounts. Some fluorosis may occur when the fluoride level exceeds the
recommended limits. In rare instances the naturally occurring fluoride
concentration may approach 10 mg/L; such waters should be
defluoridated.

Accurate determination of fluoride has increased importance with the
growth of the practice of fluoridation of water supplies as a public health
measure. Maintenance of an optimal fluoride concentration is essential in
maintaining effectiveness and safety of the fluoridatton procedure.

In Mlinois, public water utilities are required to fluoridate between 0.9 and 1.2 mg/L for
human health benefits. Sewage treatment plants discharge fluoridated water, and this is
the largest source of human-sourced fluoride in Illinois. Other sources include steel
manufacturers due to the use of fluoride in their process. Fluoride can also enter surface
waters in higher concentrations through the discharge of cooling tower blowdown in
which fluoridated city water which has been recycled and subsequently evaporated,
resulting in increased fluoride concentrations. Although more localized, high fluoride
concentrations may be found in sewage treatment plant effluents due to the use of
fluoride compounds as brighteners in the truck washing industry.

The AWQMN does not measure fluoride routinely, but rather only at selected sampling
stations. The [llinois River averages about 0.35 mg/L. Streams with no sewage
treatment plant effluents typically range from <0.1 to 0.3 mg/L. A NE Illinois stream
receiving many sewage treatment plant effluents, Salt Creek in Cook County, averages
about 0.6 mg/L with high values sometimes exceeding 1.0 mg/L
(http://www.epa.gov/storet/dbtop.html). The receiving streams (unnamed tributary to




Salt Creek and Salt Creek) for the City of Effingham’s sewage treatment plant may have
concentrations of fluoride up to 5 mg/L due to the presence of two truck wash facilities in
that relatively small community.

Manganese.

The 21% Edition of Standard Methods for the Examination of Water and Wastewater
(2005) gives the following account for manganese:

Manganese (Mn) is the first element in Group VIIB in the periodic table; it
has an atomic number of 25, an atomic weight of 54.94, and common
valences of 2, 4, and 7 (and more rarely, valences of 1, 3, 5, and 6). The
average abundance of Mn in the earth’s crust is 1060 ppm; in soils it is 61
to 1010 ppm; in streams it is 7 pg/L. and in groundwaters it is <0.1 mg/L.
Manganese is associated with iron minerals, and occurs in nodules in
ocean, fresh waters, and soils. The common ores are pyrolusite (MnO,)
and psilomelane. Manganese is used in steel alloys, batteries, and food
additives.

The common aqueous species are the reduced Mn*" and the oxidized
Mn™*. The aqueous chemistry of manganese is similar to that of iron.
Since groundwater is often anoxic, any soluble manganese in groundwater
is usually in the reduced state (Mn®*"). Upon exposure to air or other
oxidants, groundwater containing manganese usually will precipitate black
MnO,. Elevated manganese levels therefore can cause stains in
plumbing/laundry, and cooking utensils. It is considered an essential trace
element for plants and animals. The United Nations Food and Agriculture
Organization recommended maximum level for manganese in irrigation
waters is 0.2 mg/L. The U.S. EPA secondary drinking water standard
MCL is 50 pg/L.

Manganese is an essential nutrient for microorganisms, plant, and animals (WHO 2004).
WHO (2004) lists the major anthropogenic sources of environmental manganese as
including municipal wastewater discharges, sewage sludge, mining and mineral
processing, emissions from alloy, steel, and iron production, combustion of fossil fuels,
and, to a much lesser extent, emissions from the combustion of fuel additives.

Unlike boron and fluoride, manganese often occurs in Illinois at concentrations above the
existing General Use water quality standard. A more stringent manganese standard
applies to waters designated for Public and Food Processing Water Supply use and, as
later discussed in this document, this standard is exceeded in the majority of waters
designated for this use. Although manganese is sometimes elevated in coal mine
effluents, the high manganese concentrations in most lllinois streams and lakes are
believed to be naturally occurring from the weathering of soils and the decomposition of
plant material, as evidenced by the lack of coal mines or other point source contributions
of manganese in these watersheds. There is a north to south increase in background



manganese concentrations. The Illinois River in central Illinois has average manganese
concentrations of about 0.1 mg/L with high levels at about 0.2 mg/L. Lusk Creek in far
southern Illinois lies entirely within the Shawnee National Forest and has no mine or
other effluent sources. Manganese averages about 0.2 mg/L with high values
occasionally over 1.0 mg/L. A high percentage of this manganese is dissolved whereas in
the Illinois River a greater proportion of the manganese is suspended rather than
dissolved. Groundwater is known to be high in manganese and this may account for
some of the dissolved manganese in southern I1linois streams. The Little Muddy River in
Jackson County is typical of many southern Illinois streams in that manganese averages
about 1.0 mg/L. with many samples up to 4.0 mg/L. Almost all this manganese is in the
dissolved form (http://www.epa.gov/storet/dbtop.html).

II. Existing Water Quality Standards for Boron, Fluoride, and Manganese

General Use and Lake Michigan Basin Water Quality Standards. The existing
General Use and Lake Michigan Basin Standards for boron, fluoride, and manganese
were adopted by the Board in the March 7, 1972 standards rulemaking, “Water Quality
Standards Revisions”, R71-14. The standards were largely based on the opinions of
McKee and Wolf (1963), a water quality criteria document published for the California
State Water Quality Control Board. The reviews provided by McKee and Wolf (1963)
for boron, fluoride, and manganese are presented in Exhibits A, B, and C, respectively.
Below is a summary of the reasoning behind the Board’s adoption of the existing boron,
fluoride, and manganese standards.

The existing General Use and non-open water Lake Michigan Basin standard for boron is
1.0 mg/L. The Board’s adopting opinion gives this description (slip opinion at page 6):

Boron. The May 12 and today adopted level of 1.0 mg/I is based on
evidence that higher levels can harm irrigated crops. While 100%
irrigation 1s unlikely in Illinois, the uncontrolled discharge of large
quantities of boron is clearly undesirable. We have proposed no effluent
standard because of the lack of evidence as to treatment methods. The
testimony suggests that compliance with the stream standard should not be
very difficult.

The existing General Use and non-open water Lake Michigan Basin standard for fluoride
1s 1.4 mg/L. The Board’s adopting opinion gives this description (slip opinion at page 7):

Fluoride. Fluoride can delay the hatching of fish eggs and has been
reported by McKee and Wolf to kill trout at concentrations ranging from
2.3 to 7.2 mg/l. They recommend a standard of 1.5 mg/l. The figure of
1.4, here repeated from the May 12 draft, is in line with that
recommendation and also should assure a potable supply.



The existing General Use and non-open water LLake Michigan Basin standard for
manganese is 1.0 mg/L.. The Board’s adopting opinion gives this description (slip
opinion at page 7):

Manganese. There is no existing aquatic standard. The standard of 1.0
(May 12 and today) is based upon McKee and Wolf’s report as to fish
toxicity and should be easy to meet.

Open Waters of Lake Michigan Standards.

The Open Waters of Lake Michigan standards are based on background conditions of
Lake Michigan rather than protection of human health or aquatic life. The existing
manganese standard is 0.15 mg/L and will remain unchanged. Presently there are no
particular boron or fluoride standards for the Open Waters of Lake Michigan, therefore
the existing Lake Michigan Basin Standards for these substances are applicable in these
waters.

Secondary Contact and Indigenous Aquatic Life Standards. The existing Secondary
Contact and Indigenous Aquatic Life standards for fluoride and manganese are 15 mg/L
and 1 mg/L, respectively. No standard for this designated use currently exists for boron.
At this time, the Agency intends to address all standards for Secondary Contact and
Indigenous Aquatic Life Use waters in the “Use Attainability Analysis of the Des Plaines
and Chicago Waterways” rulemaking (R08-09).

Public and Food Processing Water Supply Standards. There are no existing Public
and Food Processing Water Supply standards for boron or fluoride, therefore the General
Use standards for these substances are applicable in these waters and are protective of
Public and Food Processing Water Supply use. The existing Public and Food Processing
Water Supply standard for manganese is 0.15 mg/L, which is based on aesthetics rather
than human health. The standard is in place to assure that finished drinking water does
not contain manganese at concentrations greater than the maximum contaminant level
(MCL) of 0.15 mg/L (35 Ill. Adm. Code 611.300(b)). The finished drinking water MCL
is set at 0.15 mg/L due to the potential of manganese to stain laundry and plumbing.
Pursuant to 35 Ill. Adm. Code 611.300e, the following supplementary conditions apply to
the MCL for manganese:

1) CWS [Community Water System] suppliers that serve a population of
1000 or fewer, or 300 service connections or fewer, are exempt from
the standards for iron and manganese.

2) The Agency may, by a SEP [Special Exemption Permit] issued
pursuant to Section 611.110, allow iron and manganese in excess of
the MCL if sequestration tried on an experimental basis proves to be
effective. If sequestration is not effective, positive iron or manganese
reduction treatment as applicable must be provided. Experimental use
of a sequestering agent may be tried only if approved by a SEP issued
pursuant to Section 611.110.



Public and Food Processing Water Supply standards are intended to represent the
maximum allowable concentration of a substance at the point of surface water intake that
will allow for attainment of the finished drinking water MCL for that substance following
conventional treatment. Conventional treatment is defined in 35 Tll. Adm. Code 302.303
as consisting of coagulation, sedimentation, filtration, storage and chlorination, or other
equivalent treatment processes. Because the Public and Food Processing Water Supply
standard and finished drinking water MCL are both set at 0.15 mg/L, the existing
regulations do not account for any removal of manganese from surface waters that may
occur during conventional treatment. The March 7, 1972 Board opinion (R71-14, slip
opinion at page 9) provides the following justification for setting the manganese Public
and Food Processing Water Supply standard equivalent to that of the finished water
standard:

The remaining standards are based largely upon the Public Health Service
standards, as amplified by the Green Book and by McKee and Wolf.
While the PHS explicitly states that its standards are intended to prescribe
the quality of finished rather than of raw water, it is clear from the
evidence that many of the metals and other contaminants here listed are
not substantially affected by ordinary water supply treatment, and
therefore, as the Green Book recommends, the raw water must itself meet
the standard to assure satisfactory finished water.

I11. Site-Specific and Adjusted Standards for Boron and Fluoride.

The Board has granted special relief from boron and fluoride on several occasions upon
request by permitted facilities, special relief for manganese has not been granted by the
Board to date. Exhibit D summarizes the IPCB granted relief from boron and fluoride
water quality standards. In addition to the adjusted standards and site-specific relief in
Exhibit D, the Board has also established a fluoride standard of 5 mg/L for waters with
zero 7Q10 flow that receive effluent from the mines and mills of the fluorspar mining and
concentrating industry (35 Ill. Adm. Code 303.312). The Agency intends on repealing
this standard.

IV. Treatment to Reduce Concentrations of Boron, Fluoride, and Manganese.

Due to several petitions for relief that have come to the IPCB in recent years for both
boron and fluoride water quality standards downstream of wastewater discharges, Illinois
EPA, under its obligation to address the merits of these petitions, has investigated
treatment options for these substances. Both these substances are highly soluble and this
characteristic generally confounds attempts at treatment. Boron does not respond to the
usual method of treating metals by raising pH and precipitating the metal to sludge.
Fluoride likewise does not respond to this manner of treatment. The only methods of
treatment 1dentified have been reverse osmosis, which 1s seldom acceptable as it results in
a high concentration wastewater that still must be disposed of, and various non-
conventional treatment processes that are very expensive and have not seen routine use.
In every case for site-specific water quality standards or adjusted standards brought



before the IPCB, Illinois EPA has concluded that no reasonable treatment exists for boron
and fluoride to reduce effluent concentrations.

Unlike boron and fluoride, manganese does respond to treatment by raising pH and
thereby forcing precipitation. A few coal mines use this technology periodically to meet
permit limits for manganese. A chemical is added to a basin which raises effluent pH
causing manganese to precipitate. The proposed change in the manganese water quality
standard may relieve future mine outfalls from manganese treatment, however,
manganese permit limits may still be dictated by 35 Ill. Adm. Code Subtitle D: Mine
Related Water Pollution effluent standards. The Agency is not aware of other industries
that treat for manganese other than public water supply treatment plants that remove
manganese from surface water to meet drinking water standards and then must filter or
settle suspended manganese particles from the wastewater. Issues of these facilities
having problems meeting permit limits have not arisen.

V. Proposed Revisions to Boron, Fluoride, and Manganese Standards
A. Public and Food Processing Water Supply and Open Waters of Lake Michigan

Boron and Fluoride - There are no existing Public and Food Processing Water Supply
Standards for boron or fluoride, therefore the existing General Use standards for these
substances are applied to these waters by default. As later discussed, the newly proposed
General Use standards for boron and fluoride are higher than the existing standards of 1.0
mg/L and 1.4 mg/L, respectively. Given that the existing General Use standards are
currently protective of Public and Food Processing Water Supply use, we are proposing
to designate 1.0 mg/L boron and 1.4 mg/L fluoride as Public and Food Processing Water
Supply standards. The standards would be applied at the point of surface water intake
and would be regulated as one-number, not to be exceeded standards. Because there are
no specific Open Waters of Lake Michigan standards for boron and fluoride, the Lake
Michigan Basin standards for these substances are currently applicable. Relocating the
existing Lake Michigan Basin standards of 1.0 mg/L boron and 1.4 mg/L fluoride into the
Open Waters of Lake Michigan standards will provide a measure of protection against
harmful loadings of these substances within these waters, and will continue to allow these
waters to be utilized for Public and Food Processing Water Supply use.

There is no evidence to suggest that boron and fluoride can be removed by conventional
treatment such as coagulation/flocculation, sedimentation, filtration, or chlorination,
therefore the Public and Food Processing Water Supply standards for these substances
must be set at concentrations lower than the thresholds believed to adversely affect
human health or other parameters (e.g., aesthetics). Finished drinking water containing
boron or fluoride at or below the proposed standards will have no adverse effects on
human health, nor will it lead to aesthetic or organoleptic (taste, color, or odor) problems.
According to the U.S. EPA document Drinking Water Health Advisory for Boron
(USEPA 2008) the lowest boron human health advisory is 2 mg/L, which is based on the
Longer Term Health Advisory for children. Setting the Public and Food Processing
Water Supply standard for boron at 1.0 mg/L is not a change from the existing applicable



standard and will be protective of human health and the irrigative uses of domestic waters
(watering of house plants, greenhouses, etc.).

Although Illinois public water utilities are required to fluoridate drinking water to achieve
0.9-1.2 mg/L fluoride, adverse effects to human health may occur at higher fluoride
concentrations. EPA currently has a fluoride drinking water standard of 4 mg/L
(protection against bone disease) and also has a secondary fluoride standard of 2 mg/L for
protection against dental fluorosis (staining or pitting of teeth in children). Illinois has
adopted both of these federal drinking water standards for fluoride, which are located in
35 IlI. Adm. Code 611.301 and 611.908, respectively. Finished drinking water is not to
exceed 4 mg/L fluoride, and utilities are required to notify the public in instances when
the secondary fluoride standard of 2 mg/L is exceeded in drinking water, as mandated in
35 1ll. Adm. Code 611.908. Setting the Public and Food Processing Water Supply
standard for fluoride at 1.4 mg/L is not a change from the existing applicable standard
and will assure that finished drinking water standards will not be exceeded due to fluoride
in surface waters withdrawn for public water supply use.

Manganese — The manganese Public and Food Processing Water Supply and Open
Waters of Lake Michigan standards are presently set at 0.15 mg/L.. Open Waters of Lake
Michigan standards are based on background conditions of Lake Michigan rather than
protection of human health or aquatic life, therefore the existing manganese standard for
these waters will remain unchanged. According to the Illinois Integrated Water Quality
Report and Section 303d List - 2008, 85 of 121 General Use waters designated for Public
and Food Processing Water Supply use were found to be impaired due to manganese.
Fifty-five of these impaired waters were lakes, and 30 were rivers/streams. Thirteen
additional sites located in the Open Waters of Lake Michigan were assessed and were not
found to be impaired due to manganese. Total Maximum Daily Load (TMDL) studies on
these impaired waters have concluded that the majority of manganese loadings to these
waters are from natural sources rather than point source dischargers. The East Fork
LaMoine River Watershed TMDL Report (2007) provides the following information
regarding manganese:

For manganese, the primary sources are natural sources, including soils
and groundwater. Manganese reductions are needed during mid- to low
flow conditions. Soils naturally enriched in manganese can settle in the
river and contribute to manganese exceedances during low flow, when
colloidal manganese and, if anoxia develops, dissolved manganese, are in
the water column. The extent to which these forms of manganese and
chemical release mechanisms contribute to the exceedances of manganese
is not known; however, controls targeted at reducing wet weather loads of
sediment and manganese may also reduce sedimentation and subsequent
release of soluble manganese during low flow periods.

Due to past uncertainty of the effectiveness of manganese removal through conventional
treatment, the existing Public and Food Processing Water Supply manganese standard has
been set equivalent to the finished drinking water MCL. However, recent publications



suggest that manganese can be effectively removed from surface waters via conventional
treatment. The conventional process of chemical oxidation followed by sedimentation
and filtration is estimated to remove as much as 90-100% of manganese from waters
withdrawn for public water supply use (Hamann et al. 1990, Casale et al. 2002). In areas
where hard water must be treated prior to distribution, lime softening is often employed
and provides a secondary benefit by enhancing manganese removal. However, due to
increased operating expenses, this treatment is only deemed practical in instances where
water softening is required (Casale et al. 2002). Treatment consisting of chemical
oxidation, sedimentation, and filtration is commonplace in Illinois. This degree of
treatment is economically reasonable and technically feasible for any utility that requires
treatment to reduce common raw water constituents, including naturally elevated
concentrations of manganese in their water supply.

It is difficult to quantify the amount of manganese removal presently occurring at
conventional treatment plants in Illinois. Public water utilities are required to report the
amount of manganese in their finished water to the Ageney at least once per year, but are
not required to report the amount of manganese in their raw water intake prior to
treatment. Manganese removal in Illinois can best be estimated by compiling finished
manganese data from utilities withdrawing from waters impaired due to manganese, and
comparing this data to raw surface water data collected in these waters as part of the
Agency’s surface water monitoring programs. Finished water data is available in
electronic format from 1993-2009, but a significant amount of the surface water data
from these impaired waters is not electronically available or is of little use in regards to
this analysis. For example, some of these lakes and streams are not part of the Agency’s
ambient monitoring programs, therefore the amount of surface water data from these
water bodies is limited and is unsuitable for this type of analysis. Furthermore, several of
the impaired lakes and streams are backup public water supplies that are used sparingly,
if ever, therefore surface water quality from these waters has no correlation to the
finished water quality reported by these utilities. An additional limitation to this analysis
is that several utilities use non-conventional treatment technologies such as lime
softening, ion exchange, or reverse osmosis. Although not used specifically for
manganese removal at these utilities, these advanced treatments are effective at removing
manganese and may lead to greater manganese removal efficiencies compared to
conventional treatment. Since Public and Food Processing Water Supply waters are
intended to assure that finished water MCLs are attained following conventional
treatment, more advanced technologies such as lime softening, ion exchange, or reverse
osmosis were not considered in this analysis. And lastly, utilities that serve a population
of 1000 or fewer, or 300 service connections or fewer, are exempt from meeting the
finished drinking water MCL for manganese and therefore were not included in this
analysis.

The amount and form (soluble or particulate) of manganese in surface waters can be
highly variable throughout the year due to fluctuations in dissolved oxygen levels
resulting from environmental factors such as lake stratification, lake turnover, and
rainfall. Given the high seasonal variability of manganese in the environment, it is
impractical to compare finished manganese data annually collected from one specific
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month (e.g., February) to raw surface water manganese data collected in other months
(e.g., July, August, September). This is especially important given that the vast majority
of surface water data is collected by the Agency during summer months, whereas finished
water data from public water utilities is collected during all months. To limit potential
discrepancies between raw and finished manganese data, the available data was further
minimized to meet the following criterion: Manganese must be >0.15 mg/L in surface
water samples and must have a corresponding finished water sample taken within +7
days from the local public water utility. The results from this analysis suggest that
approximately 96% of manganese is being removed by conventional treatment in Ilinois.
When expanding the dataset to include finished water samples taken within 30 days of
surface water samples containing >0.15 mg/L manganese, removal of manganese was
estimated at 94%. When compiling all paired data, the average concentration of
manganese in the surface waters was 0.34 mg/L, whereas the average finished water
concentration was 0.019 mg/L. Exhibit E provides a summary of this data (presented in
pg/L for ease of review).

Based on removal estimates within published literature, as well as data collected from
conventional treatment plants in Illinois, it is apparent that >90% of manganese can be
removed through conventional treatment. The highest surface water manganese
concentration used in the analysis of Illinois data was 0.9 mg/L. Four days prior to
collection of the surface water sample, the utility withdrawing from this water body
reported a finished sample containing 0.032 mg/L. manganese. Consistent with these
findings, Koh! and Medlar (2006) performed detailed manganese surveys on 52 utilities
and concluded that high influent concentrations of manganese are not problematic to
properly equipped utilities. For example, one utility within the survey utilizing
conventional gravity settling (rapid mix, flocculation, settling, and granular media
filtration) reported a maximum and average influent concentration of 4.5 mg/L and 2.1
mg/L manganese, respectively, and a maximum and average finished water concentration
of 0.025 and 0.019 mg/L, respectively. The authors further explained that utilities with
influent that contains intermediate, markedly variable manganese loadings may be more
susceptible to manganese removal problems than utilities with high manganese, as these
utilities may be unaware that manganese is occasionally present at elevated
concentrations as a result of naturally occurring fluctuations, especially in lakes.

The existing manganese Public and Food Processing Water Supply standard of 0.15 mg/L
is overly protective of the finished manganese standard, as the finished MCL of 0.15
mg/L can easily be attained following conventional treatment of surface waters
containing >0.15 mg/L. manganese. By conservatively estimating that 90% of manganese
can be removed at conventional utilities in Illinois, and back-calculating the amount of
manganese in surface waters that would still allow for attainment of the 0.15 mg/L
finished MCL, it is apparent that a maximum surface water concentration of 1.5 mg/L
would not be problematic to Illinois utilities withdrawing this water. However, in order
to provide an additional measure of conservancy, the Agency is proposing to set the new
manganese Public and Food Processing Water Supply standard at 1 mg/L (total
manganese). The standard would be applied at the point of surface water intake and
would be regulated as a one-number, not to be exceeded standard. As concluded in
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Agency TMDLs, manganese is naturally high in [llinois ground water and surface water
primarily due to the weathering and deposition of manganese-enriched soils and plant
matter. Other than the intake and subsequent discharge of manganese from their water
supply, very few point source dischargers in Illinois are known to contribute significant
loadings of manganese to surface waters as a byproduct of their operation. Modification
of the existing standard should not result in an increase in manganese loadings to waters
currently meeting the existing manganese standard of 0.15 mg/L, as NPDES facilities are
not a significant source of manganese loadings to these waters. This is especially true
given that the majority of impaired Public and Food Processing Water Supply waters
(due to manganese) are lakes which do not receive discharges from NPDES facilities.

B. General Use and Lake Michigan Basin Aquatic Life-Based Standards

The existing General Use and Lake Michigan Basin standards for boron, fluoride and
manganese are remnants from the Board’s first standards rulemaking in 1972 entitled
“Water Quality Standards Revisions”, R71-14. Including these substances, the majority
of standards adopted in this rulemaking were based on the opinions of McKee and Wolf
(1963), a water quality criteria document published for the California State Water Quality
Control Board. Although the publication provided water quality criteria
recommendations for numerous substances, the authors emphasized in the foreword that
the publication merely served as a survey and evaluation of the existing literature and that
it should not be used to establish specific standards for the State of California or the
Public Health Service. The water quality criteria recommendations within the publication
were often rudimentary estimates based on the limited data available to the authors at that
time. In the years since this publication, the amount and quality of literature available for
water quality standards development has substantially increased, and USEPA methods
are now available to develop standardized, scientifically valid water quality standards. It
is now well known that environmental factors such as pH and hardness can substantially
mitigate or increase the toxicity of many substances, therefore most new standards are
developed dependent of specific water chemistry parameters. Consequently, many
standards adopted in the R71-14 rulemaking have since been revised due to more recent,
detailed information regarding the threshold of toxicity for these substances in the
presence of a variable water quality parameter (usually hardness). Similarly, the
proposed revisions to the existing boron, fluoride, and manganese standards are the result
of new findings regarding the toxicity of these substances and the influence (or lack
thereof) of water chemistry on toxicity.

The newly proposed standards for General Use and Lake Michigan Basin waters were
developed using USEPA guidelines for deriving numerical water quality criteria. The
U.S. EPA “1985 Guidelines” methodology (USEPA 1985, Exhibit F) is commonly used
to derive standards (or USEPA “national criteria’) for substances that display a classical
dose-response relationship whereupon mortality is the endpoint of concern. This
conventional methodology was used in deriving acute and chronic standards for boron,
fluoride, and manganese. Given that fluoride and manganese toxicity is known to be
influenced by the hardness of test water, standards for these substances were developed to
account for hardness-dependent relationships. Literature reviews and additional
laboratory tests studying the influence of water chemistry on boron toxicity had
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confounding results, therefore boron standards were developed independent of water
chemistry. The following paragraph provides a brief overview of the 1985 Guidelines
procedures used in deriving the proposed standards. Further detail regarding the
additional procedures required for deriving the hardness-based fluoride and manganese
standards will be provided in a later section.

Only data from toxicity tests conducted on appropriate organisms using valid test
methods, appropriate laboratory waters, and proper endpoints were used in deriving the
proposed standards. For each substance, acute data expressed as an LC50 (concentration
lethal to 50 percent of the tested organisms) was compiled for each species and was used
to develop a Genus Mean Acute Value (GMAYV) for each genus. Geometric means,
rather than arithmetic means, were used to calculate GMAV's because the distributions of
sensitivities of species within a genus are typically lognormal. The GMAV's were ranked
by sensitivity and were used to develop the Final Acute Value (FAV), which was derived
by calculating the 0.05 cumulative probability of each dataset using the four lowest
GMAVs and the total number of GMAVs (see formula in Section IV. O of Exhibit F).
The FAV is the value protective of at least 95% of species at the LC50 level of effect.
The FAV was then divided by 2 in order to convert the acute value from an LC50 level of
protection to a level that is protective at the No Observable Adverse Effect Level
(NOAEL, 35 1ll. Adm. Code 302.603). Chronic standards for boron and fluoride were
developed using the Acute-Chronic Ratio (ACR) approach, which requires ACRs from
animals in at least three different families of which one species is a fish, one species is an
invertebrate, and one is an acutely sensitive freshwater species. An ACR is calculated by
dividing the acute LC50 of a species by the Maximum Acceptable Toxicant
Concentration (MATC, 35 Ill. Adm. Code 302.603) of the same species derived from a
chronic test conducted in the same laboratory under test conditions identical to the acute
test. The Final Acute-Chronic Ratio (FACR) was then calculated by taking the geometric
mean of all available ACRs for each species. Chronic standards were then obtained by
dividing the FAV of each substance by the FACR. As later discussed, the chronic
manganese standard was not developed using the ACR approach because the resulting
standard was not protective of Hyalella azteca, the most sensitive species. Rather, the
chronic manganese standard was based off the Hyalella azteca MATC to afford proper
protection for this organism and other untested, closely related organisms.

Organisms used in standards derivation were restricted to those meeting Illinois data
requirements, as specified in 35 Ill. Adm. Code 302.612 (General Use waters) and
302.553 (Lake Michigan Basin waters). In Illinois, family Salmonidae only naturally
exists in Lake Michigan Basin waters, therefore these organisms are included in Lake
Michigan Basin standards derivation but are excluded from General Use standards
derivation. Given that family Salmonidae organisms are typically more sensitive to
pollutants than other Illinois organisms, the resulting Lake Michigan Basin standards are
typically more stringent than the corresponding General Use standards calculated without
these organisms. However, in regards to boron, manganese, and fluoride toxicity, family
Salmonidae genera are no more sensitive than other Illinois organisms and are not one of
the four lowest GMAV's within the datasets. Thus, inclusion of these organisms in the
database results in Lake Michigan Basin standards that are less stringent than General
Use standards, as the inclusion of additional GMAVs into each dataset increases the
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confidence of the cumulative probability estimate of the FAV. It is impractical to
regulate Lake Michigan Basin waters with standards that are relaxed in comparison to
General Use standards, therefore we are proposing that the proposed General Use
standards be applied to both categories of waters.

Use of Hyalella azteca data — Hyalella azteca, a freshwater amphipod (order
Amphipoda) native to Illinois, is considered a valuable species for standards derivation
due to its standing as both an important component of the state’s stream ecosystems and a
pollutant sensitive species. Along with the two other orders of organisms in Class
Malacostraca (Decapoda and Isopoda), organisms within this class are common in Illinois
waters (predominately in rivers/streams) and represent a niche of organisms that until
recently, were not commonly represented in the toxicity database for most substances.
For acute standards derivation a benthic macroinvertebrate is required to meet Tier I data
requirements (35 Ill. Adm. Code 302.612). Other benthic macroinvertebrates commonly
used in toxicity testing (e.g. Lumbriculus sp., Chironomus sp., Physella sp., etc.) are
acceptable for meeting data requirements but are typically recognized as tolerant species.
As previously discussed, the FAV determination is highly dependent on the distribution
of the four lowest GMAVs, therefore it is pertinent that species suspected as being most
sensitive to a given toxicant be tested so as to determine an accurate FAV. Given that
Hyalella azteca is a recognized as a sensitive species, and in the case of boron, fluoride
and manganese this sensitivity has been documented in acute tests, it 1s appropriate to
conduct chronic tests on this organism rather than a more tolerant benthic
macroinvertebrate. For chronic standards derivation, ACRs are required from animals in
at least three different families of which one species is a fish, one species is an
invertebrate, and one is an acutely sensitive freshwater species. For each substance,
exclusion of chronic Hyalella azteca data would result in only two families being
represented in each database, therefore Tier II chronic procedures (35 Ill. Adm. Code
302.565(b)) would be required which would result in a default ACR of 18 being used in
place of Hyalella azteca ACRs. Given that all chronic Hyalella azteca data was the result
of EPA-funded research and was conducted specifically to meet Tier I chronic data
requirements (35 IlI. Adm. Code 302.565(a)), it is appropriate to use this data in
standards derivation.

Although toxicity testing with Hyalella azteca has been standardized with ASTM
methods and has been used in past EPA national criteria recommendations as well as
[linois EPA standards, test methods for Hyalella azteca are currently being refined due
to recent findings regarding the importance of chloride (and possibly bromide) to
Hyalella azteca survival. For toxicity testing EPA typically recommends using
moderately hard reconstituted water (MHRW) which has a very low chloride content (1.9
mg/L chloride). However, several laboratories have reported difficulty in obtaining
acceptable survival and growth of Hyalella azteca during not only toxicity testing, but
during culturing with MHRW. In fact, it is not uncommon for cultures to fail in MHRW
within one week, without any toxicant added. Consequently, several researchers are
currently developing specific culture waters and foods to improve survival, growth, and
reproduction of Hyalella azteca. Dr. David Soucek of the Illinois Natural History Survey
is at the forefront of this research and was contracted by Illinois EPA to conduct Hyalella
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azteca tests using these refined methods. Rather than using MHRW, Smith water (34
mg/L chloride) or Borgmann water (72 mg/L chloride) was used in acute and chronic
Hyalella azteca toxicity testing. Ambient waters in Illinois contain chloride at
concentrations higher than those found within MHRW (1.9 mg/L). A review of data
from all Illinois AWQMN stream stations from January, 1999, to February, 2004, found
the average chloride concentration to be 87.5 mg/L, and the median concentration to be
40.4 mg/L.. The average concentration of chloride is much higher due to the seasonal
impacts of road salting. Ambient conditions (in terms of chloride) in Illinois are much
more similar to that of Smith or Borgmann water compared to MHRW. Given that
Hyalella azteca survival, growth, and reproduction is maximized in these dilution waters,
the results of Dr. Soucek’s testing are much more reflective of the true tolerance of this
organism to boron, fluoride, and manganese.

Boron — Acute and chronic toxicity data used in deriving the proposed boron standards
are summarized in Exhibits G and H, respectively. Data that were initially considered
potentially useful for standards derivation but were later discarded are marked with
strikethrough. A brief explanation of the shortcomings of each study is highlighted in
bold within the “Notes™ column. Exhibit I provides a ranked summary and illustration of
the GMAVs used in developing the FAV and acute standard for boron. A summary of
the valid ACRs and the resulting FACR used in determining the chronic standard for
boron is also provided.

The relationship between water chemistry and boron toxicity to aquatic life has
previously been studied with varied results. Maier and Knight (1991) found that variable
hardness and sulfate concentrations did not significantly affect mortality of Daphnia
magna when exposed to boron. Dethloff et al. (2009) studied the effects of several water
quality parameters on boron toxicity to Ceriodaphnia dubia and observed some positive
correlations, as waters with high hardness (>500 mg/L. CaCO3) and dissolved organic
carbon (2.6-11.4 mg/L) significantly diminished the toxicity of boron. However, it
should be noted that the magnitude of these influences on boron toxicity was far less than
the typical relationship seen between water hardness and metal toxicity. Additional tests
conducted by Dethloff et al. (2009) at variable chloride, sulfate, alkalinity, and pH had
insignificant or inconclusive results; these individual test results are included in Exhibit
G.

Due to limited substantiation of whether boron toxicity is strongly correlated to water
chemistry, it was decided to conduct additional boron toxicity tests at two variable
parameters commonly known to influence the toxicity of metals, hardness and pH. Tests
were conducted at various water chemistries by Dr. Soucek and by Great Lakes
Environmental Commission (GLEC). Three boron-sensitive species were chosen as the
test organisms, Pimephales promelas, Ceriodaphnia dubia, and Hyalella azteca. All
individual boron toxicity tests conducted on these species at variable hardness and pH are
included in Exhibit G, and graphical representations of these relationships are provided in
Exhibit J. In addition to hardness and pH-dependent toxicity tests, Dr. Soucek and GLEC
conducted boron toxicity tests on additional organisms to fulfill Tier I data requirements
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for acute and chronic standards development. A summary of this data is provided in
Exhibits G and H.

In contrast to the hardness relationship found with fluoride and manganese toxicity data,
no consistent, significant relationship between boron toxicity and hardness or pH was
observed. Hardness-dependent testing with Ceriodaphnia dubia resulted in small,
contrasting slopes when comparing data from the Dethloff and Soucek laboratories.
Hardness-dependent testing with Hyalella azteca from the Soucek laboratory resulted in
slightly larger slopes, but the slopes were contrasting dependent on the dilution water
used. In tests using Smith water, higher hardness concentrations appeared to mitigate
boron toxicity. However, given that Hyalella azteca prefer waters with higher chloride,
and that the higher hardness treatments in Smith water tests had increased chloride
concentrations, the mitigating effect observed may be more so attributed to increased
chloride rather than hardness. When tested at variable hardness concentrations in
Borgmann water, chloride concentrations remained consistent across treatments and a
small, negative relationship between boron toxicity and hardness was observed. This
confirms that chloride was the ameliorating factor for Hyalella azteca in the Smith water
tests.

Similar to hardness-dependent tests, confounding results were also observed amongst
species exposed to boron in pH-dependent toxicity tests. Ceriodaphnia dubia and
Pimephales promelas survival was positively correlated with increased pH, whereas
Hyalella azteca survival was negatively affected at high pH. Developing a pH based
standard using slopes derived from Ceriodaphnia dubia and Pimephales promelas testing
would result in less stringent boron standards at high pH, but the standards would be non-
protective of Hyalella azteca which are more sensitive to boron under these conditions.
Similarly, when considering the contrasting relationships seen with hardness-based tests
on Ceriodaphnia dubia and Hyalella azteca, it is also impractical to develop hardness-
based boron standards. Given that a clear, consistent relationship between water
chemistry and boron toxicity does not exist, aquatic life standards for boron were
developed independent of water chemistry.

Given that the existing General Use standard for boron is based on the sensitivity of
irrigated crops, it was appropriate to research the effects of boron to aquatic plants.
Although an essential nutrient for plant growth, chronic exposures of boron can be toxic
to aquatic plants at elevated concentrations. A literature search for valid aquatic plant
data was conducted with little success, as all data was deemed inappropriate due to
improper test conditions, durations, and/or endpoints. Plant data that were initially
considered useful for standards derivation but were later discarded are marked with
strikethrough in Exhibit H. A brief explanation of the shortcomings of each study is
highlighted in bold within the “Notes” column. Upon consultation with U.S. EPA,
Illinois EPA concluded that plant data will not be of use in deriving the boron standards.
Excluding criteria for herbicides (e.g., atrazine), most national criteria documents do not
use aquatic plant data in the derivation of criteria. For example, the recently proposed
EPA draft ammonia criteria do not incorporate plant data, as aquatic animals are more
sensitive to ammonia toxicity and therefore drive the criteria. The 1985 Guidelines
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(Exhibit F) provides the following guidance in regards to the acknowledgment of aquatic
plant data when deriving aquatic animal-based criteria.

Appropriate measures of the toxicity of the material to aquatic plants are
used to compare the relative sensitivities of aquatic plants and animals.
Although procedures for conducting and interpreting the results of toxicity
tests with plants are not well developed, results of tests with plants usually
indicate that criteria which adequately protect aquatic animals and their
uses will probably also protect aquatic plants and their uses.

No aquatic plant toxicity tests on boron with valid methods, endpoints, and test
conditions that would be applicable for standards derivation in Illinois were found in
literature searches. Nonetheless, by evaluating the relative sensitivity of aquatic plants to
chronic exposures of boron, it is apparent that the proposed chronic boron standard would
adequately protect aquatic plants and their uses.

Fluoride and Manganese — Many substances can adversely affect aquatic organisms by
interfering with osmoregulation, whereupon the substances can bind with gill membranes
and impair the ability of the gills to properly regulate ions. Waters with high hardness
are known to mitigate the toxic effects of these substances by competitively binding with
gill membranes and promoting osmoregulation. Similarly, upon review of the available
literature it is apparent that the toxicity of fluoride and manganese to aquatic life is
diminished in response to increased water hardness. Given this finding, it is necessary to
develop water quality standards for these substances that account for this hardness-
dependent relationship. The 1985 Guidelines (Exhibit F) explains this methodology in
great detail in “Section V. Final Acute Equation”. A brief summary of this procedure
and the resulting fluoride and manganese standards are provided below.

The relationship between hardness and acute toxicity is typically non-linear, therefore the
relationship must be linearized by logarithmically transforming the data and performing a
least squares regression to obtain the pooled slope (“’V”) of the line describing the
relationship. Because toxicity tests are conducted at different hardness concentrations,
data for each species must be normalized to an arbitrary hardness denoted as “Z” (50
mg/L in this case) with an equation utilizing the pooled acute slope (“V?), the natural log
of the geometric mean of LC50s (“W?”) and hardness (“X”) for each species, and the
natural log of the selected hardness concentration (“Z”) to be used in normalization. The
result of this equation (eY = In W-(V*(InX-InZ))) is the Species Mean Acute Value
(SMAYV) at the selected hardness concentration (Z). The GMAYV for each genera is then
compiled and sorted in order to rank the sensitivities of each genera. It is important to
note that the hardness concentration selected for data normalization has no affect on the
resulting standards, as it is merely used to normalize the data so that organism
sensitivities can be ranked. Exhibits K and L summarize the results of the GMAV
calculations for fluoride and manganese, respectively. The FAV at a hardness of 50
mg/L is then calculated by applying the four lowest GMAVs and the total number of
GMAVs into the FAV formula. The FAV is then divided by two in order to convert the
acute standard from an LC50 level of protection to a level that is protective at the
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NOAEL. The resulting value is the acute standard at a hardness of 50 mg/L, and this
value is used in deriving the intercept that is incorporated into the equation which
expresses the acute standards at variable hardness. Exhibits M and N summarize the
acute standards developed upon completion of these calculations for fluoride and
manganese, respectively. Example calculations at various hardness concentrations are
provided to illustrate the effect of hardness on the resulting standards. Acute and chronic
toxicity data used in deriving the proposed fluoride standards are summarized in Exhibits
O and P, respectively, and acute and chronic toxicity data used in deriving the proposed
manganese standards are summarized in Exhibits Q and R, respectively. To aid in
fulfillment of Tier I data requirements, Dr. Soucek and GLEC conducted manganese and
fluoride toxicity tests on additional organisms. A summary of this data is provided in
Exhibits O, P, Q, and R.

Similar to boron, the chronic standard for fluoride was developed using the ACR
approach. The FACR was calculated by taking the geometric mean of all available ACRs
for each species. The hardness-dependent chronic standard was then obtained by
dividing the FAV (normalized at 50 mg/L hardness) by the FACR, which gives the
chronic fluoride standard at a hardness of 50 mg/L.. The chronic equation used to
calculate fluoride standards at variable hardness is similar to the acute equations used for
each substance, with the one exception being that the chronic intercept (derived using the
chronic standard calculated at 50 mg/L hardness) replaces the acute intercept within the
equations. The chronic equation and example calculations of chronic standards for
fluoride at various hardness concentrations are provided in Exhibit M.

The chronic standard for manganese was not developed using the ACR approach because
the resulting standard was not protective of Hyalella azteca, the most sensitive species in
the database. The Hyalella azteca ACR (5.48) 1s the highest in the database and when
combined with lower ACRs from the five other species the resulting FACR is 3.34. By
dividing the FAV by the FACR the resulting chronic manganese standard at 50 mg/L
hardness would be 1.52 mg/L, whereas the chronic MATC for Hyalella azteca at 50
mg/L hardness is estimated at 1.08 mg/L (Exhibit L). As stated in 35 [ll. Adm. Code
302.627(d), if a resident species whose presence is necessary for sustainment of a
waterbody’s ecosystem will not be protected by the calculated chronic standards then the
MATC for that species should be used in developing the chronic standard. Given that
this organism represents a class of benthic macroinvertebrates common in [llinois waters
and is considered ecologically important, the chronic manganese standard was developed
to protect at a concentration equivalent to the Hyalella azteca chronic MATC. This was
done by replacing the FACR-based chronic intercept of 1.52 mg/L with the Hyalella
azteca chronic MATC of 1.08 mg/L (Exhibit N).

Chronic Fluoride Standard for Protection of Wildlife and Livestock - Waters
designated for General Use or Lake Michigan Basin Use are required to have standards
that are protective of aquatic life, as well as human health through physical contact with
water and consumption of fish. In the case of boron, fluoride, and manganese, aquatic
life are sensitive to these substances at concentrations far lower than standards that would
be calculated for human health based on incidental ingestion of water and consumption of
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fish. Given that aquatic life-based standards for these substances are protective of aquatic
life use, human health will not be adversely impacted through these exposure routes.
However, another use to be protected by General Use standards is the consumption of
surface waters by wildlife and livestock that could potentially depend on ambient waters
for drinking water. When calculated for water bodies with higher hardness
concentrations (Exhibit M), the resulting chronic fluoride standards far exceed the 4
mg/L drinking water standard for fluoride. The skeletal effects of fluoride in drinking
water on wildlife and livestock are similar to those exhibited in humans and are believed
to occur at equivalent exposure levels (McKee and Wolf, 1963). The Integrated Risk
Information System (IRIS) safe exposure level for fluoride has been determined to be
0.12 mg fluoride/kg/day for human adults, which was derived from a NOAEL of 2
liters/day of water containing 4 ppm fluoride in addition to dietary fluoride contributions.
Given that chronic fluoride standards calculated for protection of aquatic life in high
hardness waters would exceed the 4 mg/L drinking water standard, it is appropriate to cap
the chronic fluoride standards at 4 mg/L for protection of wildlife and livestock.

Because hardness is variable amongst Illinois watersheds, the resulting fluoride and
manganese standards will be site-specitfic based on ambient hardness. Hardness is
defined by Standard Methods as “the sum of calcium and magnesium concentrations,
both expressed as calcium carbonate, in milligrams per liter”. For aquatic toxicity
testing, USEPA typically recommends the use of MHRW which has a hardness of 90
mg/L. In Illinois, most waters are generally classified as hard or very hard waters. As
can be seen in Exhibit S, only about 2.5% of Illinois waters are expected to have hardness
values below 90 mg/L during low flow events based on the findings of the Ambient
Water Quality Monitoring Network. To produce the “Critical” hardness values in the
document, data from a 15-year period from all stations in the network (approximately 135
samples per each of over 200 stations) were analyzed. Samples from the 10th percentile
low stream flows were segregated and, of this data, the 10th percentile hardness value
was determined. Therefore, the hardness values given in Exhibit S represent the lowest
hardness expected in streams when they are at vulnerable low flows. There is a north-
south pattern to hardness in Illinois. Northern Illinois streams and lakes typically have
hardness values in the 200-300 mg/L range. This is due to the limestone bedrock that
underlies most of the northern 90% of the state. In contrast, several Southern Illinois
streams are in areas where bedrock is comprised of sandstone or a limestone and
sandstone mix that results in low hardness. However, where mining occurs in Southern
Illinois, hardness is often elevated due to exposure of mine overburden to rainwater.

Conversion Factor Multiplier for Manganese — Toxicity results are typically reported
as the total amount of toxicant present in a test, yet for metals, it is the dissolved fraction
that is bioavailable for uptake across gill membranes and is the toxic component. Factors
such as precipitation and sorption with suspended solids can reduce the dissolved fraction
of a metal and reduce bioavailability, therefore it is necessary to measure total and
dissolved metal concentrations when developing toxicity-based water quality standards.
Aquatic life water quality standards for metals are expressed in the dissolved form.
However, because permit limits for metals are expressed in the total form, water quality
standards for metals are written with a conversion factor multiplier to convert from total
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to dissolved standards. A conversion factor multiplier is based on the total and dissolved
metal concentrations that exist in test chambers throughout toxicity testing. Given that
manganese is a metal and 1s known to exist in ambient waters at a dissolved fraction less
than 100%, a conversion factor multiplier is necessary to properly regulate manganese in
permitting and water quality standards attainment. A conversion factor for boron (a semi
metal) and fluoride (a halogen) are not needed given that these substances are not true
metals and are found in nature in dissolved form. However, for convenience in setting
permit limitations these standards will be expressed in the total form.

The conversion factor multiplier for manganese was derived from total and dissolved
manganese data collected during the chronic Hyalella azteca test conducted by Dr.
Soucek. Total and dissolved manganese was measured for each treatment six separate
times throughout the length of the static-renewal test. Total manganese was determined
by measuring each sample without filtration, and dissolved manganese was determined
by filtering each sample to remove suspended manganese. Three sets of samples were
collected immediately after sample renewal (“in” samples), and three sets of samples
were collected prior to sample renewal after four days of exposure (“out” samples). For
each treatment, the filtered results were divided by the unfiltered results to calculate the
percent of dissolved manganese. Exhibit T summarizes the results of these calculations.
By observing the geometric means of “in” and “out” samples it is apparent that the
amount of dissolved manganese 1s lower in “out” water, likely due to sorption with
increased amounts of suspended solids resulting from feeding of the test organisms. The
geometric mean of all “in” and “out” conversion factors is 0.9812, which is the multiplier
which will be used to convert total manganese test results to dissolved manganese
standards. A comprehensive summary of this data, as well as all other data acquired
through boron, fluoride, and manganese toxicity tests conducted by Dr. Soucek is
included in Exhibit U. A detailed summary of additional boron, fluoride, and manganese
toxicity data conducted by GLEC is included as Attachment 6 to the Agency’s Statement
of Reasons.

VI. Conclusions and Recommended Standards

Protection of aquatic life in General Use and Lake Michigan Basin waters will be fully
achieved through implementation of the numerical standards for boron at 35 Ill. Adm.
Code 302.208(g) and 302.504(a), respectively, and the hardness dependent equations for
fluoride and manganese specified in 35 Ill. Adm. Code 302.208(¢e) and 302.504(a),
respectively. Protection of Public and Food Processing Water Supply use and Open
Waters of Lake Michigan use will be achieved by inclusion of the applicable standards
specified in 35 I1l. Adm. Code 302.304 and 302.504(c), respectively.

Along with the proposed changes to boron, fluoride, and manganese standards, various
housekeeping changes are proposed in order to modify/eliminate outdated regulations,
improve comprehension of regulations, and to fix typographical errors. An overview of
some of the more noteworthy changes is as follows:
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Mixing zones: Small changes are proposed within this section in order to improve
comprehension of mixing zone language. No changes to mixing zone policies are
proposed. However, language within 35 Ill. Adm. Code 302.208(d) has been replaced
and other language has been removed from this section to eliminate redundant references
to 35 1ll. Adm. Code 302.102.

Cyvanide standards: No changes will be made to the cyanide standards. However, the
existing regulations are silent on the type of cyanide that must meet the water quality
standards of 35 Ill. Adm. Code 302.208(e) and 302.504(a). The correct form of cyanide
to be assessed against the existing acute and chronic standards is either weak acid
dissociable cyanide (as in Standard Methods) or available cyanide as in USEPA’s
Method OIA-1677 Available Cyanide by Flow Injection, Ligand Exchange, and
Amperometry (USEPA 1999). Appropriately, cyanide is now listed as weak acid
dissociable or available cyanide.

STORET Codes: STORET is no longer a viable data system at USEPA, therefore we are
proposing to drop STORET codes from the regulations that are open for amendment in
this proposal. STORET codes, as they appear in current [IPCB water quality standards,
are no longer maintained and updated, therefore they are of little use in instructing the
reader on what form of the substance is regulated.

Listing of Derived Water Quality Criteria: Pursuant to 35 Ill. Adm. Code 302.595 and
302.669, water quality criteria derived by Illinois EPA following regulations within 35
I11. Adm. Code 302.210 and 302.540 are required to be published quarterly in the Illinois
Register. Derived water quality criteria are currently published and updated on the
Agency’s website, therefore publishing this list in the [llinois Register results in a
duplication of effort. We are proposing to make it a requirement for Illinois EPA to
publish criteria on our website rather than in the Illinois Register.

Toluene standards: A typographical error was identified in the Lake Michigan Basin
toluene standards, as the toluene standards contained within 35 Ill. Adm. Code
302.504(a) were adopted in pg/L (adopted in R02-11), yet were incorrectly entered into
the regulatory language as being expressed in mg/L.. Additionally, the Open Waters of
Lake Michigan human health standard for toluene (35 IlI. Adm. Code 302.504(d)) is no
longer needed and will be removed from this subsection (adopted in R97-25), as this
value is superseded by the more stringent Lake Michigan Standards and is no longer
applicable.

Mercury: Most metals standards in 35 Ill. Adm. Code 302.208 are specifically
designated as applicable in the dissolved form because this is the form that is toxic to
aquatic life. Exceptions are designated as applicable in the total metal form. The
existing General Use human health standard for mercury (35 Ill. Adm. Code 302.208(f))
has no designation and to avoid confusion, it is desirable to clarify that for human health
purposes, mercury in subsection (f) should be designated as total mercury. Total mercury
was the form intended by the adopted standard due to the potential for total mercury to
become methylated and subsequently bioaccumulate in aquatic life.
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Zinc: The existing chronic aquatic life standard for zinc is hardness-based (See 35 Il1.
Adm. Code 302.208(¢e)) and was adopted in the R02-11 rulemaking. The data initially
filed with the JPCB and used in deriving the existing chronic zine standard is provided in
Exhibit V. Exhibit V is an excerpt from the original water quality standard derivation
worksheet (labeled as Exhibit S in the documentation for the R02-11 rulemaking). The
standard was developed using Tier I methodology and therefore, similar to the acute
procedures detailed for the proposed fluoride and manganese standards, is highly
dependent on the distribution of the four lowest chronic values in the database. An error
was made in regards to the chronic toxicity value reported for Hyalella azteca, which was
at that time considered the most sensitive organism within the chronic dataset. In Table 2
of Borgmann et al. 1993 (Exhibit W), a significant effect (% survival at week 10) was
noted as occurring in the 180 pg/L nominal zinc treatment, whereas no effect was noted
in the 100 pg/L nominal zinc treatment. The measured zinc concentrations that were to
be used in the MATC calculation were 108 png/L and 42.3 pg/L, however the percent
survival values that resulted at these concentrations (35% and 51%) were mistakenly used
to develop the MATC of 42.25. The correct MATC from the Borgmann et al. study
should be 67.59 pg/L, which is derived by taking the geometric mean of the measured
concentrations that resulted in no observable adverse effect (42.3 pg/L) and the lowest
observable adverse effect (108 pg/L). The test was conducted at hardness 130 mg/L and,
when normalized to a hardness of 50 mg/L (as were all data in the zinc rulemaking), the
resulting genus mean chronic value for Hyalella azteca is 30.08 pug/L (normalization
calculation is given in Exhibit X)), which is markedly different from the existing GMCV
of 18.8 ng/L. The adopted chronic value for Hyalella azteca was erroneously calculated
and resulted in a chronic zinc standard that was not representative of the true dataset. A
summary of the four lowest mean chronic values and the resulting final chronic value
(FCV) at 50 mg/L hardness for the existing zinc standard, as well as the revised standard
with the corrected Hyalella azteca data, is included in Exhibit X. The revised FCV at 50
mg/L hardness is 17.62 pg/L and replaces the errant FCV of 12.16 ng/L (at a more
typical Illinois hardness of 200 mg/L, the corresponding values are 57 and 39 ug/L). Due
to this change, the equation representing the chronic zinc standard must be modified to
include the appropriate intercept (the slope remains unchanged). The revised equation is
included in Exhibit X.
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It is easier for caleiurn to replace sodium in the exchange
complex than for sodium to replace calcium, and unless
the sodium in the soil solution is considerably in excess of
the caleium, no caleium will be replaced. It must be borne
in mind that the soil solution is always more concentrated
than the irrigation water. If magnesium constitutes a high
proportion of the total replaceable cations of the soil, more
sodium will be absorbed than if calcium is the only divalent
cation present (281). It has been widely recommended
' Na X 100
Ca + Mg + XK
in 1rrigation water should not exceed 50-60, in order to
avoid the deleterious effects on soil which have been de-
seribed above. Where the soil has 2 high cation exchange
capacity and where the irrvigation water is very dilute,
values above 50 may be within safe limits (2386).

that the percentage of sodium (Na T

Aluminum, as ‘well as caleium, in soluble form and in
appreciable quantities, has been found to counteract the
injurious effects of sedinm on clay; and hence applica-
tions of these cations may be-used to remedy such in-
Jury (283, 348).

In 1854 the staff of the U.S. Salinity Laboratory pro-
posed that the sodium (or alkali) hazard of irrigation
water can best be expressed in terms of the Sodium Ad-
sorption Ratio, or SAR (1642). This ratic expresses the.
relative activity of sodium ions in the exchange reactions
with soil. It is defined as follows:

- . Na
[22(Ca + Mg)*72

where Na, Ca. and Mg are concentrations of the respee-
tive ions in milliequivalents per liter of water. If sodium
percentage is defined as

100Na
Na % = Na + Ca 4 Mg
then SAR ean be expressed in terms of the milliequiva-

lents per liter of sodium and the sodium percentage as
follows:

SAR

SAR = Nate[-2N8 7 ]"2

100 — Na %

A thorongh deseription of the SAR and its use is con-
tained in Agricultural Handbook No. 60, U.S. Depart-
ment of Agriculture (1642). Chapter 5 of this handbook
is an excellent treatise on the entire subject of the quality
of irrigation water.

Based on a SAR seale from 0 to 80 and conductivity
values of 100 to 5000 micromhos per em at 25° C a
diagram hag been prepared for classifying irrigation
waters with respect to sodimm and salinity hazards, tak-
ing into account that a given SAR represents a greater
hazard when the total coneentration of ions is high than
when it is low. This diagram appears as Figure 25 of
UR.D.A. Handbook No. 60 and it is reproduced here-
with as Figure 5-1.

Water in the C1-SI area of the diagram can be used
on. almost all soils and for almost all crops without detri-

. sodium hazard in fine-textured soil having high cag

mental effects. With increasing salinity, less exchy,
able sodium can be tolerated and more leaching Wﬂhg
required to prevent salinity damage. Waters wj

SAR value greater than 10 will present an appreg;

exchange capacity, especially as the salinity inepe
Water in the S2 range may be used on coarse-text
or organic soils with good permeability (1642, 2337),
further analysis of this diagram, the reader should ¢
sult U.S.D.A. Handbook No. 60.

Doneen (2385, 2388) uses the term ‘‘sodivm ingg
or ‘‘permeability index’’ to combine the effects of
sodivm and bicarbonate ions and the total concentray
of cations (c¢) in the irrigation water, all measureg
milliequivalents per liter, thus: ;

For a water having 5 meq/l of sodium, 4 of bicarbong

and 8 of total cations, the index would be 5 _g 2 X 1

or 87.5. Doneen (2388) presents curves to show the relst
of the permeability index and the total ionic concentyat
for three types of soil and three classes of irrigation waj

BICARBONATE EFFECTS

The sodium hazard is also increased if the water ¢
tains a high concentration of bicarbonate ions, for as
soil solution becomes more concentrated there is a ter
ency for calecium and magnesium to precipitate as e
bonates and for the relative proportion of sodinm to
increased as & consequence, Therefore the bicarbon;
concentration of the water has been suggested as’
additional ecriterion for irrigation water. It has b
found convenient to express the bicarbonate value of
water in terms of the ‘‘residual sodium earbonaf
{RSC) concentration, a coneept devised by Haton (24)
and defined as follows:

RSC = (COy-— 4+ HCOy) — (Catt + Mgt

when the jonic constituents are expressed as milliequs
lents (meq.) per liter.

Analyses of irrigation water and soil samples at |
Salinity TLaboratoery have led to the eonclusion i
waters containing less than 1.25 meq. per liter of resl
ual sodinm carbonate are probably safe; those contain
1.25-2.5 meq. per hter are marginal ; and those with m
than 2.5 meq. per liter are not switable. Marginal wab
might be used successfully where good managem
practices are followed (1642, 2389).

BORON iIN IRRIGATION WATERS

Boron is found in almost all waters used for irrigatt
in the U.S.A., In concentrations from a trace to 0
100 mg/l. It occurs naturally in the form of bor
borates, boric acid, and various borosilicates, such
tourmaline, which are of magmatic origin. It can 2
be found in fertilizers and certain waste-waters, such
those from citrus washing. In most natural waters, bor
probably occurs as almost completely undissociated bo
aeid (2379, 2390). Although traces of boron are esse
for all plant growth, it is doubtful whether more tb
0.5 mg/] can be applied continuously to seils with
ultimately producing some plant injury (265, 275)-
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FIGURE 5-1. DIAGRAM FOR THE CLASSIFICATION OF

IRRIGATION WATERS (from USDA handbook Na. 60)

Agricultural authorities agree that for irrigation eral papers, including the following references (246, 263,

. Water the critical concentration is 0.4 to 0.5 mg/1; but
!- . because plants vary in their sensitivity to bhoron, waters

Mmay be classified not only according to their boron eon-
: te!{t, but also according to the tolerance of the erops to
“Which they are applied. Tables grouping plants in the
’ , Otder to their sensitivity to boron will be found in sev-

264, 269, 274, 1642, 2391). The most sensitive crops are
citrus, nuts, and deciduous fruits; semitolerant are truck
erops, eereals, and cotton; most tolerant are lettuee, al-
falfa, beets, asparagus, and date palms.

‘While some crops such as alfalfa and date palms are
stated to be uninjured by as much as 20 to 100 mg/1 of
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boron, it is considered that the maximum concentration
safe for even the least sensitive plants is about 4.0 mg/1
(276).

Symptoms of boron injury can be distinguished easily
from those of most other types of injury, although oceca-
sionally they are confused with those of sulfate poison-
ing. Among trees, advanced damage will result in leaf-
yellowing and burning, premature leaf drop, and
reduced yield (276, 277). The quality of soil, drainags,
and climatic and other environmental factors, such as the
amount of rainfall and total amount of irrigation water
applied, can modify the safe concentration Limits. How-
ever, symptoms of boron injury may not become ap-
parent for as long as several years. They develop more
rapidly in light than heavy soils. Concentration of the
soil solution owing to evaporation and transpiration
tends to accelerate their apearance, but the absorptive
capacity of the soil may delay it., Parenthetically, it is
essential to remember that when boron in the irrigation

water is 0.5 mg/l, its concentration in the so0il solution -

may be more than 4 mg/l (265),

It has been suggested that where the boron, concentra-
tion in irrigation water is high and cannot be reduced
economically, an effort should be made to grow more-
resistant crops in the area affected. A widely used elassi-
fication of water according to its boron concentration is
shown in.Table 5-10.

STOCK AND WILDLIFE WATERING

Paradoxically, data with respect to the water-quality
requirements of animalg are both abundant and sparse.
There is a wealth of information about the LiDs, values
of thousands of compounds fed to laboratory animals,
mostly rats, mice, and guinea pigs, either in their diet or
in their drinking water. Yet, there are very few quanti-
tative dats concerning the water-quality tolerances of
livestock and poultry. Veterinarians and animal-husban-
dry personnel in this country do not appear to be par-
ticularly concerned over water qualify ; but in Australia
and South Africa, where water for livestock is fre-
quently highly mineralized, considerable attention has
been directed to this problem.

Since the total quantities of substances ingested daily
are the critical values for animal metabolism, the permis-
sible concentrations of such substances in water will de-
pend, to some extent, on the daily water consumption of
the animals. The daily water requirements of animals
vary with a number of factors, such as the temperature
and humidity of the atmosphere, the water content of the
diet, the degree of exertion by the individual with a
resulting loss of water as sweat, and the salinity of the
available supply (284, 288).

The quantity of water required for livestock and poul-
try has been estimated as follows (284, 286, 2392) :

Water consumption in

Animal god per head, except as noted
Beef cattle . 7-12

Dairy eattle . 10-16

Horses 8-12

Swine 35

Sheep and goats 14

Chickens 8-10 (per 100 hirds)

Turkeys 10-15 (per 100 birds)

“ities than men, and it is coneeivable also that they dify,

- saline water if better water is’ available. Within limi

- {282, 2393) have listed the threshold coneentrations

~ TABLE 5-70
PERMISSIBLE LIMITS FOR CONCENTRATION OF BORO
IN SEVERAL CLASSES OF WATER FOR IRRIGATION

(After Scofield) (263)

Concentration of Boron in mg/1
For Crops That Are i

Glass of Water Sensitive Semitolerant Tolerany
Excellent Less than 0.33 Less than 0.67 Less thay 1,
Good = 0.33-0.67 0.67-1.33 1.0-2.0
Permissible 0.67-1.0 1.33-2.0 2.0-3.9
Doubttul 1.0-1.25 2.0-2.5 3.0-3.7%
Unsuitable Over 1.25 QOver 2.50 Over 3,75

It has been assumed that water safe for human ¢
sumption may be used safely by stock; indeed, it hgg
been recommended -that stock, for their highest prod
tion, should have such water (284, 285). On the oth
hand, it ‘appears that animals can tolerate higher sa

in their tolerance of specific substances.

The use of highly mineralized waters can cause amg
animals, as well as among mén, physielogical distur
ances of varying degrees of severity, such as gastroint
tinal symptoms, wasting disease, and death. Among ¢
functions of animals, lactation and reproduction ars
generally the first to be disturbed by continuous use of
waters with unfavorable mineral coreentrations, so th
milk and egg production are reduaced, if not terminate

It has been stated that no animal will choose to dri

however, animals ean adjust to the use of saline wate
that at first were impossible to consume. On the oth
hand, sudden changes from slightly mineralized to highl
mineralized water may cause acute salt poisoning an
rapid death (282). The tolerance of animals to salts
water depends also on other independent factors, inclu
ing their speecies, age, and physiological condition, tl
season of year, and the salt eontent of the diet, as well
the quality and quantity of salts present.

The officers of the Department of Agriculture and th
government chemical laboratories of Western Australi

galinity tolerated by livestock in that region. The fo
salts include the chlorides, sulfates, and bicarbonates
sodium, calecium, and magnesium, with sodium chlori
constituting as mueh as 75 percent of the total salinit
In. general, it is stated that waters containing less th
300 grains per Imperial gallon (about 5000 mg/l ¢
be used continuously by all livestock. Sheep are mo
tolerant than cattle, and cattle are more tolerant th
horses or pigs. The standards in use in Western Australia
as the safe upper limits for stock are reported as follow

Threshold Salinity Concentrations

Animal grains per Imperial gallon
Poultry 200
Pigs 300
Horses 450
Cattle, dairy 500
Catfle, beef T
Adult dry sheep 900

When total salts exceed the above listed eoncentr
tions, practical tests are needed to show whether or
the water is safe. When green feed is available, anim
can tolerate more saline water than when ‘‘bush
serub’’ is the only feed. Where feed is low in salt 0
tent, water of higher salinity is also tolerable. She
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In U, S. waters that support & good fish fauna, 5 per-
ent of such waters have less than 40 mg/l of bicarbon-
ate, 50 percent have less thar 90 mg/l, and 95 percent
have less than 180 mg/1 (310).

BIOCHEMICAL OXYGEN DEMAND
(see also Dissolved Oxygen, Oxygen Consumed)

As in tests for alkalinity, acidity, color, turbidity, and
gpecific conductance the determination of biochemical
oxyzen demand (B.0.D.) does not reveal the concenira-
tion of a specifiec substance. Instead it measures the effect
of a combination of sabstances and conditions. The rate
at which B.0.D. is exerted generally follows the unimo-
leenlar pattern as shown by equations in Chapter II.

. As a parameter of the detrimental effects of organie
matter upon a surface water, the 5-day B.0.D. value
alone means very little. In itself, B.0.D. is not a pollu-
tant and exercises no direet harm. Only by depressing
the dissolved-oxygen content to levels that are inimical
to fish life and other beneficidl uses does B.0.D. exert an
indirect effect. Where reaeration, dilation, and/or photo-
synthetic action offset or minimize this depletion, B.0.D,
does not interfere with the reasonable uses of the water.

B.0.D. is important only insofar as it produces septi-
eity or decreased dissolved oxygen, or subsequent growth

- of saprophytic bacteria which increase the turbidity or

other undesirable characteristics of the streams. In a
glow, slugeish stream, a 5-day B.O.D. of 5 mg/l might
be sufficient to produce deoxygenation resulting in anae-
robie conditions,  whereas a swift mountdin stream ean
easily handle 50 mg/1 of 5-day B.0.D. without appreci-

able depletion of dissolved oxygen. Hach stream must be -
‘considered in its own right, and until the reaeration

characteristie of the stream is Imown the limiting values
of B.0.D. cannot be set. .

- Many state and interstate agencies include B.O.D. lim-
itations im stream standards while others specify that
efffuents shall riot exceed a given coneentration of B.0.D.
or that B.0.D. reduction by treatment ghall reach or
exceed a stated efficiency. For details of these state and
Interstate. standards, see Chapter III of this report and
the appendices thereto.

BLAST

:{see Chapter X)
BO.D.

. {see Biochemieal Oxygen Demand)
BORANES

(see Boron)

BORAX
(see Sodium Borate)
BORIC" ACID
# (see Boron)
Boron

-1 General. Never found in nature in its elemental
10rm, boron oeceurs as sodium borate (borax) or as cal-

“um borate (colemanite) in mineral deposits and nataral

6

147
waters of southern California and in Italy. Elemental
boron is used in mueclear installations as a shielding
material (neutron absorber). It is also used in metal-
lurgy-to harden other metals (364, 2121).

Borie acid and boron salts are used extensively in in-
dustry for weatherproofing wood, fireproofing fabries,
manufacturing glass and poreelain, production of leather
and carpets, cosmetics, photography, artificial gems, and
many other purposes. Borie acid is used as a bactericide
and fungicide. Finally, boron in the form of boron hy-
drides or borates is used in high-energy fuels (354,
2121).

Boron may be substituted for ecarbon in many organie
compounds, e.g., boron trichloride, boron tribromide. It
may also be synthesized directly with hydrogen to form
‘boranes, such or diborane, BoHs, a gas with a nauseating
odor ; pentaborane, B;H,, a volatile liquid with a sweet-
ish odor; and & decaborane, B;oHys, a crystalline solid
with a bitter-chocolate odor. The boranes are used as
rocket fuels and may be encountered in other situations
where high-energy fuels are desired.

2. Cross References. Sodimm Borate, Sodinm Perbo-
rate, Chapter V—Irrigation Waters. :

3. Effects Upon Beneficial Uses. ¢ ,

a. Domestic Water Supplies. Although boron is es-
sential in the nutrition of higher plants, there is no evi-
dence that it performs any vital function in human ¢r
animal nutrition (2121). It is present in the ordinary
hamean diet to the extent of 10 to 20 mg/day, with fruits
and - vegetables as the largest contributors. In food or in
water it is rapidly and completely absorbed by the hu-
man gystem, but it is also promptly excreted in urine
(2121). : :

The ingestion of excessive doses of borates may cause
nausea, eramps, convulsions, coma, and other symptoms
of distress. The fatal dose for adults has been reported as
5 to 20 grams (864) and as 20 to 45 grams (2121). Nor-
mal adults were fed 8 grams of borie acid daily for 11
to 16 days without apparent toxie effects (3265).

Boron in drinking water is not generally regarded as
a hazard to human beings (633). Goudey and others have
reported that boron concentrations up to 30 mg/1 are not
harmful in drinking water. Above this concentration, it
may interfere with digestion because of ifs preservative
action on foods (853, 1055, 1056). Quantities up to 0.5

_grams per day of either borax or boric acid have no im-

mediate effect of any kind on healthy individuals (997).
Hoskins, however, has recommended a boron limit of 20
mg/1 in drinking water (1057).

b. Irrigation. The problem of boron in irrigation
water is covered extensively in Chapter V under ‘‘Irri-
gation.’”” Boron is an egsential element in the nutrition
of higher plants, yet concentrations of boron in irrigation
waters in excess of 0.5 mg/l may be deleterious for cer-
tain crops. Crops such as asparagus, date palms, sugar
beets, alfalfa, onions, turnips, cabbages, lettnce, and car-
rots can tolerate horon eoncentrations of 2.0 to 4.0 mg/l.
Crops such as potatoes, tomatoes, peas, wheat, corn, odts,
and lima beans can grow well at1.0 to 2.0 mgy/1 of boron.
Among the sensitive erops are.pecans, artichokes, plums,
pears, apples, cherries, grapes, peaches, oranges, avo-
cados, grapefruits, and lemons, whick can tolerate no
more than 0.5 to 1.0 mg/1 of boron (2391).
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Plant roots take up small quantities of dissolved boron
from the soil solution Boron adsorbed on the soil is not
utilized by plants (3352). The absorbed boron is moved
to the leaves, where the water is lost by transpiration.
Boron remains in the leaf and tends to accumulate in
the tip and margin. As the process continues, the boron
concentration becomes sufficiently high to be toxzie to the
leaf tissue. This type of injury is found only on mature
leaves, thus differing from boron-deficiency symptoms
" that appear only on the new growth (3266).

e. Stock and Wildlife Watering. The lethal dose of
boric acid for animals varies from 1.2 to 3.45 grams per
kg of body weight, according to the species (2121). Con-
centrations of 2500 mg/1 of borie acid in drinking water
have been detrimental to animals only insofar as growth
was inhibited (2121). A dairy cow received 16 to 20
grams of borax daily over a 40-day period without ill
effects, but. the concentration of boron in the milk rose

- from 0.7 to 8.0 mg/]. The synthetic boranes are far more
toxic to animals than natural boron compounds, for ex-
ample the LDy, for decaborane administered orally to
rats was reported as 64.3 mg/kg (3267, 3268).

d. Fish and Other Aquatic Life. LieClerec and Dev-
laminck (2942, 2943, 2944) reported the minimum lethal
dose for minnows exposed to boric aeid for six hours at
20°C to be 18,000 to 19,000 mg/1 in distilled water and
19,000 to 19,500 mg/l in hard water. Wallen et al. (2940)
tested the effect of borie acid and sodium borate in highly
turbid water on the mosquito-fish (Gembusia affinis),

with the following results: :
. Uoncentration in mg/1

Temperaiure 24-hour 48-hour 96-hour
Ohemical Range pH Bange FLm TLm TLm
Boric acid 20-23°C 5473 18,000 10,500 5,600
Sodium borate 22-26°C 8.6-91 12,000 8,260 3,600

-Wurtz (1054) has reported the resulis of s study of
the effects of boric acid on one rainbow trout and- one
rudd. A solution of 2,000 mg/l of boric acid was harm-
Tess to both fish; 5,000 mg/1 caused only a slight darken.
ing of the skin of the trout. The trout became immobile
and lost its balance in a few minutes in concentrations
up to 80,000 mg/1 but recovered rapidly when it was
transferred to fresh water, even after immersion in the
. boric-acid solution for 30 minutes. The rudd appeared
unharmed by eoncentrations up to 80,000 mg/1 for short
periods ; however, it died after 18 hours in 2 6,250 mg/1
solution of boric acid. A roach in 6,250 mg/l solution
also died, after 46 hours.

Boric acid can be toxie to fresh water fish without low-
ering the pH to 5.0. Thus, pH is not a reliable index of
dangerous pollution by boric acid (361).

Turchull et al. (2093) found the 24-hour T1, of boron
trifluoride toward the bluegill sunfish in Philadelphia
tap water at 20°C to be 15,000 mg/1.

To produce a 50-percent inhibition of the 5-day oxy-
gen utilization of synthetic sewage, Herman (2923)
found that over 1000 mg/l of boric acid was required.

BREWERY WASTES
(see also B.0.D., Sugars, Detergents, Soaps)

For a thorough discussion of the nature of brewery
wastes, the reader is referred to a standard text on chem-

~ fish in a dilution of 1:40,

irritant response from marine fish, but 10 mg/] eaugey

ieal processes and indusirial wastes (189, 346). The prin
cipal deleterious effect of such wastes is their high B.g
It has been reported (465) that yeast wort is harmleg

BROMINE B:

A dark reddish-brown fuming liquid, elemental by
mine is relatively soluble in water. It is used for medj,
nal compounds, dyestuffs, and antikmock compounds £
gasoline motors. It has also been used for sterilization
swimming-pool water. Sources of molecnlar bromine
water are chemical industries and salt-works efflyep;
Bromine, like other halogens, is antiseptic and disinf
ant; hence it may possibly interfere with bacterial
other natural purification processes.

A concentration of 10 mg/1 of bromine in soft wats
has killed Daphnia magne (313). Jones (2920) reportg
that 20 mg/1 of bromine killed goldfish at 18-23°C. His;
(8350) indicated that 1.0 mg/l of bromine showed n

violent irritant activity.

BSM - 11, BUFFEN 30, BUTROL
(see Chapter IX)

BUTADIENE CH,=CHCH=CFH;

A colorless gas, 1, 3-butadiene is insoluble in water
is used as a polymer component in the synthesis of r
ber. According to Garrett (2959), the 24-hour TLy,
the marine pinperch (Lagodon rhomebodies) is 7
mg/). No deaths occurred at 50 mg/1.

BUTANONE
" (see Methyl Ethyl Ketone)

BUTYI, ACETATE OH,CO0CH;

Normal butyl acetate is a liquid highly soluble
water. It 1s used in the manufacture of plastics, lacq
artificial leather, and photographic films (364). The o
LDse for rats has been reported as 4.13 grams/kg
body weight and for mice 7.06 grams/kg (3242).

Bringmann and Kuhn (2158) found that the med
threshold effect of n-butyl acetate toward Daphaia 4
ing a two-day exposure at 23°C occurred at a concen
tion of 44 mg/l. For Scenedesmus at 24°C for 4 days,
median effect oceurred 2t 320 mg/l; but for E. coli
27°C, no effect was apparent at concentrations less tb
1000 mg/1.

BUTYL ALCOHOL CHs08

Normal butyl aleohol, a colorless liguid, is used ex
gively ‘in industry, being prepared from cormstarch
from acetylene. It may occur in many types of was
including those from the paint, varnish, and eheml
industries. The oral LDsy of n-butyl aleohol for rats
been reported as 4.36 mg/kg of body weight (364) and
975 mg/ke (3248). According to Ettinger et al. (2F
3269) the median respomse to the odor threshold
n-butyl aleohol oceurred at a concentration of about

meg/l1.
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year-old girl was caused by ingestion of 1500 mg of
T 6012

FERROUS OXIDE : - FeO

Usmg h10'h1y turbid water at 16- 23°C and the mosquito-
fish (Gambusia affinis) as the test organism. Wallen et
al. (2940} found the 96-hour TL,, of ferrous oxide to be
over 10,000 mg/L .

FERROUS SULFATE FeSO0, and FeS04 TH,O

1. General. The anhydrous and erystalline forms of
this substance are highly soluble in water, and the salts
are used in many industrial operations. Sources of poliu-
tion by ferrous sulfate include canneries, tanneries, tex-
tile mills, mines containing pyrites, and metal-cleaning
operations involving the use of pickling liquors, Ferrous
sulfate is sometimes nsed as a2 coagulant in water and
sewage treatment.. .

2. Cross References.
and other iron salts.

3. Effects Upon Beneficial Uses. : _

a. Fish and Other Aquatic Life. The threshold con-
centration of ferrous sulfate for immobilization of

Iron, Distilled Water, Sulfates,

Daphnia magne in Lake Hrie water was found to be‘

less than 152 mg/1 (358).
The following concentrations of ferrous sulfate have

"been harmful. or lethal to fish,in the time specified:

Concentra- Typeof Timeof
Mon tn myfl Waley Exposure '

2.9  distilled 4£-24 hours

Species of F{sh Referencs
shiners, suckers, carp_. 313 .

6.4 __ 24 hours shiners, suckers, carp- 359
100 — 24 hours m,mno:vs, goldfish, 259
- . out . _ ..
100 — 4.2-7 days bass _ ——— 1035 1030
. 25-3.5days sunfish _______ ~ 1035, 1030
133 . 24 hours brook trout __ 359

315 distilled 3 hours minNoOWs o 313
500 - . 1.3-5 days goldfish __.___ 1030
1,000 — 9-23 hours-. bass .. ____ © 1030
1,000 -— 48 hours very young ca.rp —— 1459
1,000 5-30 hours goldfish o s 1030
2.5-9 hours Pass —vereeeea— 1030
1,000 hard 2-10'hours goldfish _______ 313
1,390 —— 144 minutes . minnows R 891
2,721  tap - 31-66 minutes irout, salmon —- - 213
6,850 — 104 minutes minnows — . 991
10,000 — 1 week tench ... - 1459
10,000 _ 1 day otherfish_______ 1459
13,900 . minnows . ___ 991

68 minutes

The following concentrations of ferrous sulfate have
been reported as not harmful to fish within the time

specified :
Concen~
tration . Typeof Time of .
mmg/l Water Exposure Bpeciss of Fish Referesice
B [— 24 hours carp, shiners, suckers 359
171 — Thowr = WmMinNNOWS e 362
B0 - 7days bass, bluegllls__w”... 1459
50 - 24 hours - frout e 359
bass, sunfish .-_____ 1035, 1030, 359
100 hard 96 hours goldfish .____- ____
-{ days goldiish . 1035, 1030
100 _ { days goldfish ... ___ 14569
. 100 — carp, teneh o __ 1459
280 - 185 minutes minnows ...._______ 353
1,000 - over 1 week mature fish . ____ 1459

Ferrous sulfate has also been reported to be lethal to
. fish at the following eoncentrations of iron:

Concentration Type of Time of rype of
offron, mg/l Water Eaposure F{sh Reference
1.28 distilled 24 hours i 1459
368 - 2-10 hours goldﬁsh._.____..__.___. 1466

On the other had, 87 mg/1 of iron has not been harm-
ful to goldfish in 100 hours (1466). .

The effects of disposal of as much ag 3000 fons per
day of acid ferrous sulfate solution at sea have been in-
vestigated independently by Arnold and Royce (1466)
and Redfield and Walford (1467, 1561). They found no
evidence of significant changes or harmful results among
the aguatie life in the areas studied.

FERROUS SULFIDE ' " FeS

This black solid is highly insoluble in water. Wallen
et al. (2940) reported its 96-hour. TL,, toward mosquito-
fish in highly turbid water at 20-26°C to be over 10,000
mg/l Undoubtedly the ferrous sulfide remained in sus-
pension or settled out of suspension, for it would nof, be
expected to go into solution.

FERROUS SULFITH FeS04-234H-0

Using highly turbid water at 20-21°C, Wallen et al.
(2940) found the 24- 48- and 96-hour TL, concentra-
tions toward the mosqmto ﬁsh (Gambusia affinis) to be.
350 mg /L

FERTILIZEB. MANUFACTURING PLANT WASTES

Ellis (611) reported that wastes from a fertilizer
manufaicturing planf, in Mississippi. constituted o haz-
ard to fish,

FLUORIDE’S Co ¥
1. General As the most reactive non:metal, fluorine
is never found free in nature but it is a-constituent of
fluorite or fluoxspar, calcium flupride, in sedimentary
rocks and also of eryolite, sodium aluminum ﬂuonde,
igneous rocks. Owing to their ongm only in eertam
types of rocks and only in a few regions, fluorides in
high eoncentrations are mot a common - constltuent of
natural surfacé waters, but they may oceur in detri-

- mental coneentrations in ground waters (152).

Fluorides are used as insecticides, for disinfecting
breweéry apparatus, as a flux in the manufacture of steel,
for preserving wood and mucildges, for the manufacture
of glass and enamels, in chemical industries, for water
treatment, and for other minor uses (364). While not

' normally found in industrial wastes, they may be pres-

ent in traces, or in higher coneentratlons resulting from
spillage. .

2. Cross References.
fluoride salis. :

3. Effects Upon Beneficial Uses. .
. a. Domestic Water Supplies. Fluorides in sufficient
quantity are toxic to humans, with doses of 250 to 450
mg giving severe symptoms and 4.0 grams causing death
(364). The fatdl dose has also been reported (1161) as -
0.5 gms per kg of body weight and as 2.5 grams (8481).

There are numeroug articles deseribing the effects of
fluoride-bearing waters on dental enamel of children and
a few papers pertaining to skeletal damage. The effects
reported in many of these references, summa.nzed in
Table 6-5, lead to the generalization that water contain-
ing  less than 0.9 to 1.0 mg/1 of fluoride will seldom
cause mottled enamel in children, and for adults concen-

Hydrogen Fluoride and various

- tratiohs less thau 3 or 4 mg/l are not likely to cause

endemic cumulative fluorosis and skeletal effeéts.
Abundant literature. is also available describing the
advantages of maintaining 0.8 to 1.5 mg/l of flzoride



‘190 ) _ WATER QUALITY CRITERIA

ion in drinking water to aid in the reduction of dental
decay, especially among children. -A review of such
treatment processes is not relevant to this report, but it
is 31gn1ﬁcant to note that the presence of about 1.0 mg/1
~of fluoride ion in natural waters may be more beneficial
than detrimental.

There is evidence to support the contention that flu-
orides in excess of the threshold for mottling of teeth
and up to 5 mg/1 produce no harmful effects other than
mottling (1463, 1564, 1566). Radiologic surveys of 114
persons who had lived for over 15 years at Bartleti,
Texas where water had 8 mg/1 of fluoride revealed min-
imal evidence of an inerease in density of bones of only
12 percent of those examined, but in no case was there
found any interferénce with the use of bones or joints.
Comparisons of mortahty rates froin nephritis, heart
disease, or eancer in high or low fluoride areas has failed
to show an association of these diseases with the fluoride
content of water (1563, 1564). It bas been estimated
that daily intakes of about 15-20 mg of fluoride over a

period of several yeéars are reguired to induce chromc‘

fluorosis in an adult man (1567).

The taste of sodivm fluoride is salty, but less so than
sodium chioride. A solution of sodium fluoride at a
concentration of 2.4 g/l of fluoride can- be distin-
guished from distilled water (1568).

Shay (729, 730) used statistical evidence to show that
the incidence of poliomyelitis is lower in districts where
. the surface waters contain over 1.0 mg/l of fluoride than

in areas where the fluoride content is lower. Fellenberg_

(1163) mveotlgated the correlation bétween goiter inei-
dence and fluoride in the drinking water but reached no
definite conclusions..

The USPHS Drinking Water Standards (2036) of
1962 set a mandatory hmlt on fluorides that is based on
the annual average of maximum daily air temperatures
in accordance mth the fo]lowmg table. It is reasoned
that children drink more water in warm climates and
hence the fluoride content of the water should be lower

/to prevent excessive total fluoride consumptmn (15863,
1564, 1565). : .

Recommended Conitiol

Annual Average of Mazimum Limits of Fluoride,
Dally dir Temperatures, °F - Concentrations, mg/l

. Lower - Optimum Upper

B0.0-53.7 0.9 1.2 1T
53.8-58.3 .l 0.8 1.1 1.5
58.4-63.8 - 0.8 1.0 1.3
63.9-70.6 — 0.7 0.9 1.2
70.7-79.2 " __ - 0.7 0.8 1.0
79.3-90.5 0.6 01 0.8

The - 'WHO Intemamonal Drinking Water Standards
{2328) of 1958 do not set a limit on fluoride concentra-
tion, but the WHO European Drinking Water Stand-
ards (2329) of 1961 prescribe a recommended Limit of
1.5mg/l

TABLE &-5.
REPORTED EFFECTS OF FLUORIDES IN DRINKING
WATER FOR HUMANS

Concentration of

Fluorides, in mg/Z Repotrted Effect Reference
0.2 Mottled teeth in 1 percent of children __- 1164
0.6 | No effects at this concentration, or lower 555
0.7 Mild dental fluorosis in 8.5 percent
of children 3451
0.8 No effects at this concentru.tlon,
- or lower - 36, 1165
0.3t0 0.9 Mifd imottling of teeth - 1168
0.8to 1.5 Threshold -£or mottling of testh. 219

Concesitration of Ref :
ererence

Fluorides, in 'm..q/ 1 Reported Effect
0.9 Mild mottling of teeth__..________ 1165, 1167
0.9 Mottling occurred as & result of
high water use 353
0.9 Critical concentration for mottlm:, 555, 1168
1.0 Threshold for mottling of teeth ... 741
1.0 10 percent of children had
mottled teeth __________ _____ 1169, 1164
1.0 90 percent of, chlldren had
mottled teeth . . ___ —— 1170
1.0 to 2.0 Mild to moderate motthng ____________ 1166
1.3 No effect at this concentration —________. 353
1.4 No skeletal schlerosis found _________ 353
1.5 Limiting concentration for )
drinking water 1171
1.710 1.8 - b0 percent of ch]ldren had
. motiled teeth ...
2.0 Gave mottling and w
L tooth structure __.__..
2.0 to 3.0 Retained in system ... __
2.0 to 3.0 " Moderate to severe mottling ]
2.5 75 to_80 percent children -
had mottled teeth e ._. ~ 555, 1169
2.5 X ‘No evidence of skeletal fluorosis ._____ 3452
3tod Not likely to cause endemic cumulative
) . toxie fluorosis in adults ______ 1173,:1174
3tob Gave severe mottling oo __ e 1165
3.5t0 6.2 No adverse effect on carpol bonss . C
of children 3453
4.0 90 percent of children had mottled teeth 1164
4.0 . No disorders other than dental mottling 3454
- 4.4t012 Caused chronje fluorosis and affected .
i skeletal system . __.___ 1175, 1176
5.0- . This concentra.tmn had no effect on - .
ight, weight or bone . 1177
5.9 ’I‘hre 0ld for appreciable effect on bones 1168
6.0 100 percent of children had mottled teeth 1164
6.0 Gave pitting and chlpping of
tooth enamel __ 1168
8.0 - No deleterious bone cha.nges except
dental mottling 3458
10 Some cases_of skeletal fluorosis ... 3455-
11.8 Gave chronic flucrine intoxication ’
to ‘adults 11178
12 - Affects deciduous teeth . 1179
13.7 100 percent of children ha.d . ‘
mottled teeth : 353
115 - Sub-lethal in drinking water 153.
180 Toxic_to man in drinking water 555
2000 ) Lethal dose in drinking witer___ 153

b. Industrial Water Suppli¢s. Exeessive fluorides may
be harmful in certain industries, particularly those in-
volved in the production of food, beverdges, pharma-
ceutical and medical 1tems, according to Bratton (1569).
If wet milling of corn is carried on with water contain-

- ing ome mg/l of flworide, it is estimated that the con-

centrated steep water will contain more than 6 mg/l
and the dorn syrup roore than 5 mg/l. Malt syrup made
with similar water may eontain up to 8 mg/1 of fluoride.
Weir' (1570) points out that fluoride up to 10 mg/l in
dongh water has no effect on bread, that one mg/1 stimu-

lated the yéast fermentation of malt that 10 mg/l may -

stimulate or depress yeast fermentamon and that 25
mg/1 inhibits yeast activity.

In brewing, fluoride concentratmns of 1 to 5 mg/l
appear to stimulate yeast metabolism. Continued re-use
of yeast in wort ‘containing 10. mg/1 of fluoride results
in severe deterioration after six fermentations (2349).
Concentrations of firoride permissible in domestic water

- should have no-deleterious effects on brewery processes

(2348).

~ Fluoride concentrations of 1.0 mg/] caused no change

in the amount or rate of corrosion of irom, copper, or

lead. {3482). Fluoride limits have been recommended for

some industrial processes, as deseribed in Chapter V and

tabulated below: _ i
Recommended Threshold

Use o . Values in mg/l
Brewing y — e 10
Carbonated beverages . ___ 0.2 to1.0

~Food canning and freezing _._
Food equipment washing _._ .
Food processing, gemeral .

ad
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¢. Irrigation Water. Concentrations of fluoride likely
to be found in matural waters. or in polluted streams ap-
parently will have no detrimental effects on plants. More-
over, fluoride added to soil or water hag little or no effect
on the fluoride content of planis grown in such soil (1049,
1182, 3457). At high concentrations, Huoride has been
reported to produce the following ei‘fects
Concentration of

Fluoride, mg/l Ejfect Reference
10 No injury to peach, tomato, and buckwheat
_ plants 3458
100 Peach and buckwheat plants severely injured
in 3 days 3458
100-500 Inhihited xproutmg of beans_______________ 1180 -
180 Did not injure buckwheat at p¥ over 5.5_.__. 34569
1200 Klged .peach, toma.to, and buckwheat in short 3458
360 Ingusnous to peach and buckwheat even at pH‘ 3459
1000 S;unteq growth of large bean plants________ 1180

The use of fluoride-bearing insecticides. appears to
cause no harmful concentrations of fluoride in the soil
moisture (1182).

d. Stock and Wildlife Watering. The effects of fluo-
rides in drinking water for animals is analogous to those
~ for humans. Table 6-6 lists the reported effects-as re-

-ported in the survey literature, and indieates that 1.0
mg/l appears to be the threshold valué helow which no
harm results. It is mterestmcr to note that the addition
of fluorides to & cow’s ratlon or drinking water had no
influence on fluorides in the milk (1181, 1188), and doses
of 500 mg/1 in the drinking water did not inerease the
milk ﬂuorlde above 0.5 mg/1 (1186). :

TABLE &-6 .
REPORTED 'EFFECTS OF FLUORIDES IN' DRINKING .
W'ATER FOR LIVESTOCK

Fhwﬂds . .
Conceniration,
inmg/l Dose Animal Remarks - Refersnoe
1.0 - — . cattle harmless ... - 292
1.0 — sheep ﬂuonde poxsonjng__ 1183
1.4-45 . __ o mice mottling of teeth... 3460 -
— 0.4 mg per-kg cattle no mottling _-____ 35
. 1 mg per kg ‘raty . mottled teeth ... 853
_— 1 mgperkg cattle motiled teeth _____1190 3462
— ’ 3mgperke  cattle - bone damage and
. death oo 353 -
— - Bmg - dogs gave hypotension.__ 3461
4.0 — sheep mottled and pitted .
‘ . teeth . .~ 1184
5.0 ~— cows disliked water ____ 2457
5.0 - ‘sheep slight dental. mot-~
S Hing o 1571
6to 16 — . hogs, ete. severe mottling .._.. 1005
11.78 - — . cows mottled teeth _____. 1178
15 : _— mice affected thyroid and
5 kidney — 3460
18 _— COWS slowly increasing.
- . -+ . fluorosis . __ 1190
20° _— sheep 5 percent reductmn
) . : in weight _______ 1571
25-100 _— young .
. K cattle teeth lesions____ __ 3454
44-61 _— sheep chromnic flucride
’ 3 polsoning __.__ 1184
50 - hamsters dental fluorosis in |
. 10 weeks______ - 1185
55 — cows. disliked such water
S and drank less.. 1186
— 60 mg per day  sheep affected teet:h ‘and
. bones ... 1187
- 65 mg perday dogs no effect on organy 3452
— 120 mg per day sheep threshold for gen- .
_ " eral health ... 1187
— 200mg per kg rabbits Tethal doge _____._ 353
100 — - cattle . no economic harm. 3483

e. Fish and Other Aquatic Life. Fluoride ioms ap-
pear to have direct toxie properties toward aquatic life,
and in addition there seems to be a relationship between
the fluorides in water and the condition of the teeth of

the fish (1189). The following effects of flnorides on fish

-have been reported :

Concentration
of Fluoride, | Salt Type of
. mg/l used | - fish Bifect Reference
1.5 - eggs slower and poarer hatching_ ... 247
2.3-7.3 NaF trout TLm at 18°C. in soft waker_ .. 3445, 3466
2.6-6.0 NaF trout TLm ab 13°C. in soft water_ 3465, 3489
2.7-4.7 NaF trout e emmmm o ez 3467
5.8-7.5 trout Tl at 7.5°C. in z0ft wal 3463, 3460
7.7 - minnows pot harmed in ons hour.._ 353
64 XF - ' 10-day Tl 2407
7591 Na¥F carp TLm 3467
00 - galdfish survived over 4 days. 353
120 - goldfish killed in 4 days..—. 3468
358 NaF rainbow frout toxie in soft water_______ - 1756
419 NaF mosquito-fish 96-hour TLm in tuwhid water-___.. 2040
678 NeF | Tince mdgaris | letheldose . _.. 3271
1000 - goldfish - iuiledmm to29huutsmsoftwuter 5§, .33
1000 - goldfish Kiled § M;n 60 1o 102 hours in hard
. . Wi 353

- For toxicities toward lower aquatic organisms; see
Sodium fluaeride.

4. Summary. On the basis of the foregoing informa-
tion, it appears that the following concentrationg -of
ﬂuo_ride_will not interferé with the -specified heneﬁcial ‘
uses: ) . ‘
4. Domestic water supply_—_._. e "07tol2 mc-/l

b. Industrial water supply . __ 1.0 mg/T
_c. Irrigation water : 10.0 mg/1

d. Stock watering _. - - 1.0mg/1 -

e. Aqguatie life _— tem . 1.5 mg/l

FORMALDEHYDE HCHO.

This simple aldehyde is formed by the oxidation of .
methyl aleohol by air in the presence of metallic gilver
or copper at-high temperatures (300°C). It results also
from - the incomplete eombustion of many organic sub-
stances and is found in the atinosphere over-.cities. -It
also oecurs in some tannery wastes, penieillin Wastes, and
effluent from the manufaeture of plastms and resins. At
ordinary temperatures it is a colorless, flammable gas
with a pungent suffoeating odor, and it is intensely irri-’
tating to mucous membranes. It is very soluble in water,
and g 37-40 percent qolunon in.water is sold as “forma.
1in?’. Because of its toxicity to lower forms of life, for-
maldehyde is wsed- for preserving biological specimens.

The odor of HCHO is reported to be detectable at 50
mg/1 (2983) and also at 20 mg/1 (3483). The oral LiDsy

- for rats is given as 800 mg/kg of body weight (3484).

In a concentration of 10 mg/l, formaldehyde had no
apparent effect on rainbow trout in three days but 50
mg/1 killed them in one to three days of exposure (659).
For killing shiners in 120 hours at 18°C, the minimum

-lethal coneentration was also 50 mg/1 (190 344). In

stabilized tap water saturated with oxygen, minnows
were harmed by a short exposure to 146 mg/1 (362). For
rainbow trout, the eritical level of formaldehyds was re-
ported (2091) as less than 81.8 mg/l and for young
chinook salmon less than 28.2 mg/l. Clemens and Sneed
(2979, 2981) inveéstigated the toxicity of formalin (87
percent formaldehyde by .weight) toward ' fingerling
chamnel catfish. They found -the 24-hour TLg to be 32
mg/l as formaldehyde while the 48- and 96-hour TLy,

concentrations were. 25 mg/l. All fish survived at 18
rag/1 as formaldehyde. If they are given a chance to do
so; during short-term exposure, fish will avoid solutions
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concentrations of magnesium nitrate have been reported
to kill fish:

G’ancentratwn Time of Type of . .
inmg/l Bzposure . Fish Reference
300 long-time stiekleback . 1460
400 — stiekleback 2920
500 4 days stickleback 1460
1500 2 days stickleback 1460
1820 14-16 hours stickleback 598
2000 one day stickleback 1460
12500 — - goldfish 313
MAGNESIUM OXIDE : MgO

(see also Magnesinm)
Known .in the dry state as ”magnesm” this oxide

combines with water to form magnesiumn hydroxide, -

which is sparingly soluble at high pH values. It is used
mediecinally-ag an antacid and laxative, in doses of 0.25
to 3.0 grams. One authority (1254) reports that drinking
water should ‘eontain some magnesium and caleium
oxides; the most satisfactory ratio of caleium oxide to
magnesium oxide is said to be 7:1. Iu the soft-drink in-
dustry, magnesium: oxide in the wash water gradually
““clouds’’ the bottles, causing unsightliness (180). -

MAGNESIUM SILICOFLUORIDE MgSiF,-6H20

This highly soluble salt is used for mothprocfing fab-
ries. The oral LDg, in guinea pigs is given as 200 ma/kg
of body weight (864). A concentration of 50 mg/l is
reported to kill tench (3271)

' MAGNESIUM SULFATE MgSOy’THéO

1. General. Known dlso as Epsom salt, this compound
is freely soluble in water. It occurs in natural deposits
and soils, thereby contnbutmg to the concentration in
natural waters. It is used in weighting cotton and silk,
in dyeing and printing calico, in tanming processes, and
" in fertilizers, explosives, and matches (364).

2. Cross References.
Sulfates.

3. Effects on Beneficial Uses.

a. Domest‘lc Water Supplies.
magnesium sulfate is 400 to 600 mg/l (621, 8241). A
dose of 30 grams of magnesiam sulfate is tomc and 120
grams fatal for man (284).

Magnesinm sulfaté in excessive concentrations in
drinking water may have purgative effects (623). The
‘most sénsitive individuals are affected at about 400 mg/1
and the average person at about 1000 mg/1 (8392).
‘Waters containing 1200 mg/! of magnesium sulfate and
500 mg/1 of sodium sulfate have caused diarrhea in hu-
mans. Ordinarily, according to Taylor (36) waters con-

taining half this quantity wounld be rega.rded as unsmt-

able for domestic use.

Dosages of 1 to 2 grams of magnesium sulfate have a
purgatlve effect ; therefore, in drinking-water standards
magnesiom. sul'fate should be limited to 1000 to 2000
mg/1. Concentrations below this limit are physiologically
harmless (621). ° .

b. Industrial Water Supphes The following concen-
trations of magmesium sulfate have been recommended
for industrial waters: W n

Dissolved Solids, Magnesium,

The taste threshold of -

C’oﬁcentrution, g/l

Process

Optimum Mezimum Reference

Brewing, pale ales, I 60-90 R 170
pale ales, 1T 60-120 — 170

mild ales 60 P 170

) stout 60 R 170
Brewing 100 —— 170
Brewing, light ordark ___ 200 1738
Ice, raw water - 130 173

c. Irrigation. See Caleium, Hardness, and Chapter

~ V-Irrigation.

d. Stock and Wildlife Watering, High concentra-
tions 0f magnesium sulfate in the drinking ‘water of rats
and other small animalg have retarded growth, caused
emaciation, rough coat, diarrhea, and increased mortality
among the young (284 287, 640) Concentrations from
10,000 to 25,000 mg/1 have been harmful to rats. A com-
bination of 5000 mg/]1 of magnesium snifate and 20,000
mg/1 of sodium chloride has mhibited the growth of rats
(640) (see also Dissolved Solids). On the other hand,
5000 mg/l in drinking water has not been harmful to

‘rats (287). Livestoek will tolerate 2050 mg/l of mag

nesium sulfate without lazative effects (2394). In drmk-
ing water, 12,000 mg/1 kad no effect on the water and
food consumption of male rats (2398). .

e. Fish and Other Aquatic Life. The following con-
centrations of magnesium sulfate have been reported to
have killed fish:.

Concentration Type of T'iime of ) Type of Reference
in mg/l Water Bzposure = Fish . :
15,500 turbid 96-hour TL. mosquito-fish 2840
20,900-28,400 cistern 14 days’ perch 644
24,600-27,600 . well 78 days perch 644

" The mammum congentration of -magnesimo sulfate
tolerated by young eels for over 25 hours was reported
to be about 12,000 mg/1 (1459).

MALATHION
.(see Chapter IX) '
MALEIC ANHYDRIDE C.H0;
This solid dissolves readily in wa.ter, formmg maleic
acid, HOOCHC = CHCOOH. It is used in the manu- -
faetm:e of alkyd-type résins, dye: mtermedlates -and
pharmaceuticals (364). “Wallen et al. (2940) exposed
mosquito-fish (Gembusia e¢ffinis) to maleiec anhydride in
turbid wdter at 20-23°C. They found the 24- and 48-
hour TLy, values to be 240 mg/l and the 96-hour TL,,
wasg 230 mg/L. The pH value was lowered from 8.0 to
5.8 and the 128 mg/l of turbidity was coagulated and .
removed by this compound Using bluegill sunfish_
(Lepomis macrochirus) in Philadelphia tap water at
20°C, Turnbull et al. (2093) found the 24-hour TLi, to
be 150 mg/1 and the 48-hour TLy {0 be 188 mg/l. They
estimated a safe concentratlon to be 35 mg/l

MANGANESE o ' Mn

- 1. General. Manganese metal is not found pure in
nature, but its ores are very common and widely dis-
tributed. The metal or its salts are. used extensively in
steel alloys, for dry-eell batteries, in glass and ceramics,
in the manufacture of paints and varmshes, i inks and
dyes, in matches and fireworks, and in agrienlture to
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~enrich manganese-deficient soils (2121). Like irom, it
occurs in the divalent and trivalent form. The chlorides,
nitrates, and snlfates are highly soluble in water; but

the 0x1des, carbonates, and hydromdes are only spar-

ingly soluble. For this reason, manganic or Manganous
ioms dre seldom present in natural surface waters in eon-
centrations above 1.0 mg/l. In ground water subject to
reducing conditions, manganese can be leached from the
‘soil and occur in high concentrations. Manganese fre-
quently accompanies iron in such ground.waters and in
the literature the two are often linked together.

2. Cross Reférences. Irom, Manganese Salts, Potas-
sium Permanganate, Turbidity, Tastes. .

3. EBffects Upon Beneficial Uses.

“a. Domestic Water Supplies. . The 1962 Drmkmg_"

Water Standards of the USPHS (2036) set a recom-
mended limit for manganese of 0.05 mg/l. The 1958
‘WHOQ International Standards (2328) preseribe a “‘per-
missible limit’” of 0.1 mg/1 and an “excessive limit”’ of

0.5 mg/l, but no maximum allowable limit is given. The
1961 WHO European Standards have a recommended
limit of 0.1 mg/L

These limits have been established om the basis of

esthetic and economic considerations rather than physio-
logical hazards. Manganese is essential for the nutrition

of both plants and animals (2121, 2129). Diets deficient |
in martigdnese result in impaired or abnormal growth,
symptoms of ~central mnervous system disturbance,
anemia, and possibly interference with reproductive

functions (2121, 2129 ). The daily intake frem a nermal
human diet is about 10 mg (2129). It is absorbed very
sllghtly and deposits mamly in the llver and kidneys
(2129).

In concentrations not causmg unpleasant tastes, man- -

ganese’ is regarded by most investigators. to be ‘of no
- toxieologieal significance in'drinking water (633, 1077)-.
However, some cases of manganese poisoning have been
reported in the literature., A small outbreak of an
-enicéphalitis-like disease, with early symptoms of leth-
argy and edema, was traced to manganese in the drink-

ing water in a village outside of Tokyo; three persons

- died as a result of poisoning by well water contaminated
by manganese derived from dry-cell. batteries buried
nearby (36, 1225). BExcess manganese in the drinking
water is alsc believed to be the cause of a rare disease
" endemic in Manchukuo. That manganese may be toxic is
also indicated by the reports that 0.5 to 6.0 grams of
manganese per Lilogram of body weight administered
daily to rabbits had stunted growth and interfered with
bone development (921).

Despite the possible toxie effects of manganese under
unusudl cirecumstanees, it cannot be considered a physio-

logical hazard be_cause the normal dietary intake is far

‘higher than the amount that would be tolerated esthet-
ically in drinking water. o

* Manganese is undesirable in domestic water- supplies
because it causes unpleasant tastes, deposits on food dur-

ig cooking, stains and discolors laundry and plumbmg )

fixtures, and fosters the growth of some micro-organisms
in reservoirs, filters, and -distribution -systems (1593,
3539, 3540, 3541, 3542) (see Fish and Other Aqua.tm

Life, below)

It has been reported by one observer that manganese
salts impart a metallic taste to water at concentrations
above 0.5 mg/l (945); and by another reference at
above 20 mg/l (759). Cohen et al.” (3301) found the
taste threshold for manganous ion .in spring water to
ocetir at about 180 mg/1 for the median of a large panel,
but:at 32 mg/l for the most sensitive members. In dis-

- tilled water the taste thresholds were much lower, about
'35 mg/1 for the median and about 0.9 mg/1 for the most

sensitive panel members (3301). Manganese in excess of
0.15 mg/1 has also been reported to cause turbidity in
water (1594).

- For domestic water supphes a maximum coneentratmn
of manganese, or of iron and manganese together, as low
as 0.017 mg/1 has been recommended (1256). Concentra-
tions as low as 0.1 mg/1 are reported to. cause laundry
trouble (219, 284) ; concentrations of 0.2 to 0.4 mg/1 are
likely to ¢ause complamts (38) ; and, in general, limiting
concentrations from 0.02 to 0.5 mg/l have been Tecom-
mended (499, 555, 628, 1257, 3541).

b. Industrial . Water Supphes FExcessive manganese
is undesirable in water for use in many 1ndustr1es in-
cludmg textiles (255, 256, 257); dyeing (261); food
processing, distilling, and brewmg (240, 224, 284) ice
(234) ; paper (212, 879); and many others. (see Chapter
V). The following tabulatlon summarizes the recom-

mendatjons as to maximum permissible coneentratlons of _

manganese in mdustrlal wa.ters -
. Mazimum Permwszble G’oncentmtmn
Manganese Iron 4+ Manganese Reference

Industriol Use in.mg/l inmg/l
Adr coxnditioning - 0.5 o 05 .o 182
0.5 — 152
Baking 0.2 ’ 0.2 162, 152
Brewing, light-and dark 61 - 01 162,152
. Canning - 0.2 02 162, 152
Carbonated beverages 02 - 02 T 162,152,184
_ — 01 Y ]
Confectionary . - 0.2 - 02 162, 152
Cooling water ) 0.2 C02 . 152
) 0.5.- 0.5 L 182
Dyeing .0 0 36 .
Food processmg . 0.2 L 02 162,152
Ice : 0.2 0.2 - 162,152,234
Milk industry 0.03-0.1 _— 2344
Papeér and pulp 0 .0 36
Groundwood .08 1.0 162, 152
81 - — 244
Kraft puilp 0.1 . 02 - - 162,152
. Boda and sulfate | 0.05 01 162,152
. 0.05 R B ” 1
Highgrade paper 0.05. 0.1 162,152 |
Fine paper 0.05 0.1 350
Kraft paper , .
bleached .01 : —_— : 351
unbleached 0.5 _ 351
* Photography 13 0 36
Plastics (clear) 0.02 0.02 162,152
Rayon and viscose . o '
Pulp production - 0.03 - 0.05 162,152
Manufacture 0 . (1 162,152
: 002 — 550,405 -
Tanning 02 0.2 162,152
Textiles, general 0. 24) 0.25 162,152
o ) 0.1 - 852
. . 0.1 . . — -2568
dyeing 025 025 162,152
wool seouring 210 Cr 1.0 . 162, 152
bandages 0.2 - - 02 162,152

|
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¢. Irrigation. Manganese is essential for plant growth,
apparently as an enzyme activator (3543). It is espe-
cially abundant in the reproductive parts of plants,
seeds being highest while woody sections contain the
least manganese (3544). Nuts contain the highest con-
centrations (22.7 mg/ke) and sea foods the lowest (0.25

mg/kg). Tea diffuses enough so that the mormal liquid

has 1 to 7 mg/1 (2121). Manganese has been used to en-
rich soil, yet in some concen’sratlons it may be phytotoxm
(219, 277 563).

Manganese in the nutrient solutlons has been reported
to be toxic to many plants, as grown in solution culturss.

- The sensitivity and response -of the plants to the pres-

ence of manganese varies both with the species of plant
and the comp‘osition of the nutrient solution. Symptoms
of manganese injury have been intengified in the pres-

" ence of molybdenum, vanadium (1095), or nitrate

(1596). Sympioms of manganese injury have heen di-

minished in the presence of eobalt (1499), iron, molyb-
~ denum, aluminiim, _phosphorus deficiency (14'58), am-

monium or ammonium nitrate (1596). The following
concentrations of manganese have been reported to be
harmful to plants in solutien culture: :

Concentration of

Manganese in mg/l Type of Plant Referenca
05 - Various plants ' i : 1597
1-10 Various legumes 1597
3.5 Various plants . 1597
5 Orange and mandarin seedlings 1524
5-10 . Tomatoes 1498
1025 -  Soybeap, flax : .- 1595
25-100 . ' Flax . . 1458
50 . ¥lax 1596

“62.5 Various plants C ~ 1897 .
100—500 Oats ” ) 1462 -

It has also been reported that 0 25 mg/1 of manganese
has permitted good growth of tomatoes, and that up 1o
5.0 mg/1 of manganese has reduced the severity of cobalt
pmsomnv in tomatoes (1499). In the presence of am-
monium or of ammonium nitrate, 50 mg/1 of nanganese
was not harmful to flax, aIthough this concentration was
harmful in the presence. of nitrate without ammonium
(1596). Manganese sulfate, at a concentration of 100

mg/l as manganese caused no appa.rent 1n3ury to oat.

plants (1462).

d. Stock and Wildlife Watering. A deﬁcleney of
manganese in animals produces ovarian disfunetion,
testicular degeneration, poor lactation, laek of growth
bone abnormalties, and ‘symptoms of central netvous
disturbance (2121). Cattle are reported to have reeeived

-dosages of 50 to 600 mg/kg in the diet for 20 to 45 days

without serious effeets. Birds have received single oral

. dosages of up to 600 mg/ke without adverse effects, but
" the cortinuous exeess of manganese m fodder was sus-
Pected as an etiological factor in the oceurrence of infee- .

tious anemia in horses. Manganese appears to- oxidize
vitamin B in 'the horse body, producing avitaminosis
(1049).

The metabolism of manganese is closely related to that
of caleium, phosphorus, iron, eopper, and possibly other
minerals, a.nd the proper balance must bé maintained.
The manganese requirement for chicks has been reported
to be 30-50 mg/kg (dry ration); for hens, 40-50 mg/kg.

However, 10006 mg/kg in the dry ra.tmn was not toxic
(1551):

e. Fish and Other Aquatic Life. The toxzmty of man-
ganese foward fish is dependent upon many factors.
Jones (2941) gives the lethal concentration for the
stickleback as 40 mg/l ; however, the toxic action is slow
and manganese does not appear to precipitate the gill
seeretions. According to Oshima (8545) and Iwao (3546)
the toxieities of manganous chloride and manganous sul-
fate ave glight, being about 2400 and 1240.mg/1 of man-
ganese respectively. Manganese appears to be.somewhat.
antagomstzc to the toxie action of nickel toward ﬁsh
(1468).

The following concentrations of manganese have been
tolerated by fish under the stated conditions:

Concentration Pime-of Pype of
in my/l Haposure Figh  Reference
1 — river crayfish - o277
15 T days tench, earp, trout 2151
40% 4 days fingerling catfish . . 2981
50+ 3 days stickieback 1459
2700 50 hours eels . : 1459

® from mangicese dfsodtum versenate
**from manganese sulfzte

Manganese and i iron in eoncentratlons above 0.1 mg/l
stimulate the growth of certain-organisms, such as Cren- -
othriz, Gallionells, and other related forms in reservoirs,
filters, and distribution systems -(152, 921, 945, 1258),
The addition of as little as 0.0005 mg/1 of manga.nese re-
sulted in inereased growth and multiplication of various
microbiota in sea water (1259). Guseva (584, 1260), on
the other hand, found that concentrations of manganese
above 0,005 mg/l hiad a toxie effect. on some algae.

The threshold concentration of manganese for the flat-
worm Polycelis nigrg hag been reported to be 700 mg/1
as manganese - chloride and - 660 mg/l as manganese
nitrate (608). Crustacea, worms, and insect larvae were

not harmed by 15 mg/l of manganese during a 7-day’
~ exposure (2151).

The permanganates are much more toxic to fish than
the manganous salts. Permanganates killéd fish in 8 to
18 hours at coneentrations of 2.2 to 41 mg/l of man-
ganese (3545, 3546) However, permanganates are not
sta.hle for long in water, '

4. Summary.. On the basis of the literature surveyed '
it appears that the following econecentrations. of- man-
ganese will not be deleterious to the stated beneficial uses:

a. Domestic water supply 0.05 mg/1

b. Industrial water supply 0.05mg/1

e. Irrigation ._ 0.50mg/l |

d. Stock watering 10.0 mg/1

e. Fish and aquatie life 1.0mg/1
MANGANESE CHLORIDE MnCle and MnCls

(see also Manganese, Chlorides)
- This highly soluble salt, occurring generally in the
manganons form, is used in dyeing operations, in dis-

“infecting, in linseed oil driers, and in electric batteries

(864). In fresh water, 12 mg/1 has been reported as fatal
to minnows (Pundulus) within six days (1459), but
other fish have been found to be much more tolerant of
MnCly. For the small fresh-water fish (Orizigs), the 24-
hour lethal concentration was abotit 7850 mg/1 (1459) and
for other fish 5500 mg/1 (3545, 3546 ). The highest concen-
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tration tolerated by young eels for 50 hours was 6300
mg/1 (1459). The firsi toxic effects of MnCly for fish
were observed at 330 mg/1 but the lethal concentration
did not occur until 800 mg/1 (2977).

Toward lower organisms there is similarly a wide vari-

ation in reported toxicity. For immobilization of Daphnin
magne in Liake Brie water, the threshold concentration
was found (598) to be 50 mg/l of MnCly. In River Havel
water at 23°C, the threshold effect of MnClg océurred
at 50 mg/1 of manganese (2158). For the flatworm,
Polycelis nigra, the threshold coneentration of MnClo
was reported to be 700 mg/1 (608).

MANGANESE. DIFLUORIDE
(see also Manganese, Fluorides)
This highly soluble manganous salt is reported to be

‘lethal to tench in 48 hours at a concentratmn of 500

mg/1 (3271).

MANGANESE NITRATE ’V[n(NOs)g 4]-120

This manganous salt is very .soluble . in water. For
sticklebacks in tap water, the minimum lethal concen-
tration of manganese nitrate has been reported to be
40 mg/1 as manganese (598, 1460). The average survival

MDF2

. times of the fish in chfferent concentrations was as fol- -

lows: one week at 50 mg/); four days at 100 meg/l, two
days at 150 mg/1 and only one day at 300 mg/1, all meas-
ured as managanese (1460). For the Hatworm, Polycelis
nigra, the threshold concentration has been reported to
be 660 mg/1 as manganese nitrate (608). ,

" MANGANESE SULFATE MnS0;-H0

This pale-pink manganous salt, highly soluble.in water, -

is used in dyeing, porecelain glazmg, varnishes, and
specialized fertilizers (864), In. culture solutlon, 100
mg/l as manganese caused no apparent injury to oat
plants, 150-200 mg/1 eansed chlorosts, and 500 mg/1 pro-
duced injury (1462).

Toward fish, the toxicity of manganous sulfate is
slight. In tap water, 50 mg/l as manganese did not kill
sticklebacks within three days (1453). Young eels. toler-
. ated 1500 rog/]1 as manganese sulfate for- more than 25
hours. The first influence of this salt toward fish is re-
ported to occur at 500 mg/1 as Mn, and at 1000 mg/1 as
Mn. the salt is lethal (2977). Japanese investigators
(3545, 8546) report the toxieity of this salt at 3400

mg/L

MANOXOL OT
(see Chapter X)

MASONITE MANUFACTURING WASTES

"Ellis (611) investigated wastes from a Masonite plant ‘

in Mississippi, containing chemical compounds, fibers,
pigments, and an unidentified substance with a h1gh
B.0.1. that was texic to fish in one to three days at
1: 100,000 dilution. Lioose fibers menaced fish for 12 miles
below the plant

MERCAPTANS GENERAL

.- (see also Methanethlol)

Mercaptans (RSH) are the sulfur analogs of the aleo-
hols (ROH) and phenols (R’OH). They are generally

odoriferous and can be detected in very small concentra-
tions. They occur in coal tar and i the Wastes from
Krafi-process pulp mills.

The threshold concentration for taste and odor of mer-

captans from Kraft mill wastes has been reported at less = -

than 0.02 mg/1 (686). The untreated waste from the mill,
containing 12 mg/1 of mercaptans, required a dilution of
1:50,000 to render it odorless, i.e., down to a concentra-
tion of 0.00024 mg/1; but aiter chlormatmn to a residual
of 1.5 mg/l, the requlred dilution was only 1:40, ie.
down to a concentration of 0.3 mg/l

Gersdorff (695) shows that phenyl mercaptan CeH;SH
(thiophenol), a liquid with a repulsive, penetrating, gar-
lic-odor, and tolyl mercaptan CHzCeHLSH (thiocresol)

- havea sumlar toxie effect on goldfish, but the toxie action

differs from that of phenol. Metatolyl mercaptan is about

-four times ag toxie, o-tolyl mercaptan about five times,

and p-tolyl mercaptan about 8.5 times as toxic as phenol
(see Phenolg). The relative toxieities of m-o-, p-tolyl
mercaptans are in the ratios 1 to 1.19 t0 2.19, 3 relatmn—
ship nearly the same as that found for the correspond_mg
cresols. The replacement of the oxygenation of the eresol
molecule by sulfur appears to cause a fourfold increase
in the toxicity of the compound to goldﬁsh (695). ‘

) MERCURIC ACETATE -

(see Mereuro-Organic Compounds)

MERUURIC CHLORIDE - HgCl,

1. General. This salt is soluble in water at 20°C to
the extent of 61,000 mg/l (911) Tt is used in exsbalming,
disinfecting, - preserving, printing of fabries, tahning,
electroplating, manufacturing ink, and numerous other
processes -(364). It may oceur in wastes from- any of
these) industries, or in lead mining and chemmal wastes
(313

2. Cross. Referenees Mercury, Other Mereury Salts,
Mercuro-Organie Compounds, Chlorides, and Chapter V. .
—Figh and Other Aquatic and Marine Life. . ’

8. Bffects Upon Beneficial Uses.” T

a. Domestic Water Supplies. The ingestion of 1. 0 to
2.0 grams of mereuric chloride is frequently fatal to hu- -
man beings.

b. Stock and Wildlife Watering. The lethal dose for
dogs has been reported as 10 to 15 mg per.kg of body
weight (383). The LiDso value of mercuric chloride for
rats was given as 37 mg/kg while that for mereurous
chloride (Oalomel) was 210 mg/kg (3009, 3067).

¢. Fish and Other Aquatie Life. From a study of the
relation between concentration of the salt and period of
survival, if appears that mercuric chloride is infinitely
toxiec to ﬁsh i.e. that infinitesimal traces of the compound
will be tox1c if exposure continnes long enough (3547).
The following concentrations of mercirie ion from chlo-
ride have been shown to injure or kill ﬁsh in the time

.indicated :

Conceniretion of Time of Species of :

Mercury, inmg/l  Baposure Fisk: Reéference
0.008 — sticklebacks . 1460, 2041
0.01 — gticklebacks 2962,.2920..
0.01 80-92 days . minnpws © 1459

: 8.011 * - ‘sticklebacks 598
.02 e

guppies 2921
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Exhibit D: Site-specific relief granted by the IPCB for boron and fluoride to date.

Stream or Lake Name Discharger Barameter | Relief (mg/L)
Horseshoe Lake Granite City Fluoride 4.0
Steel
Unnamed tributary of Vermilion
River downstream to confluence with General Motors
Vermilion River, relief ending 0.9 Corporation Fluoride 10.0
miles downstream of the Norfolk and P
Western Railroad bridge crossing.
Unnamed tributary of Salt Creek
downstream to confluence with Salt Effingham Fluoride 50
Creek; Salt Creek downstream to POTW ’
confluence with Little Wabash River
Confluence of Salt Creek with Little
Wabash River, downstream to Effincham
monitoring station C-19 on Little P O%W Fluoride 32
Wabash River (2.8 miles downstream
of Louisville, Illinois)
Monitoring station C-19 on Little
Wabash River downstream to Effincham
confluence of Buck Creek and Little P O%W Fluoride 2.0
Wabash River (9.8 miles downstream
of Louisville, Illinois)
Unnamed tributary of Dutch Creek Modine
extending 1,200 yards downstream of . Fluoride 5.6
N Manufacturing
facility discharge ©
Unnamed tributary of Wood River
Creek to confluence with Wood River | Dynegy Midwest
Creek; Wood River Creek Generation — Boron 15
downstream to confluence with Wood River
Mississippi River
Sangamon River downstream of
Spring Creek STP Outfall 007 and Springfield —
extending until 182 yards Spring Creek Boron 11.0
downstream of confluence with STP
Spring Creek
Sangamon River 182 yards
downstream of confluence with Springfield —
Spring Creek, downstream to Spring Creek Boron 4.5
confluence with Salt Creek (39 river STP
miles)
Sangamon River at confluence with Springfield — Boron 16

Salt Creek and extending to

Spring Creek




confluence with Iilinois River

STP

Sangamon River at confluence with Springfield —
[llinois River and extending 100 Spring Creek Boron 1.3
yards downstream STP
Unnamed tributary of South Branch
Edwards River to confluence with Galva Northeast
South Branch Edwards River; South Sewage Boron 3.0
Branch Edwards River downstream to | Treatment Plant
confluence with Edwards River
. Galva Southwest
Mud Run Creek to confluence with
Walnut Creek Sewage Boron 3.0
Treatment Plant
Little Saline Creek to confluence with
South Fork Saline River, downstream So. IL. bower
to where South Fork Saline River CO'O (gIP Q) Boron 9.0
leaves the SE quarter of Section 6 P
T10SR4E
South Fork Saline River from the
downstream edge of SE quarter of
Section 6 TIOS%ME to cgnﬂuence SIPC Boron 3.0
with Middle Fork Saline River
AL}x Sabl; Creek to confluence with Akzo Nobel Boron 20
Illinois River
Sugar Creek from Spaulding Dam to Springfield City
the confluence with Springfield S.D. Water Light and Boron 11.0
discharge 008 Power (CWLP)
Sugar Creek from Springfield S.D.
discharge to confluence with South CWLP Boron 5.5
Fork Sangamon River
Confluence of South Fork Sangamon
River with Sugar Creek, downstream
to confluence with Sangamon River;
South Fork Sangamon River CWLP Boron 2.0
confluence with Sangamon River, to
100 yards downstream of Sangamon
River confluence with Spring Creek
Kaskaskia River from 310 feet Dynegy Baldwin
upstream of Baldwin Station 001 Station (Illinois Boron 2.7
discharge to the Plant intake structure Power)
Kaskaskia River from 310 feet
upstream of Outfall 001 of the .
Baldwin Station to 300 feet Dynegy Baldwin | Boron 29
downstream
Kaskaskia River from 300 feet
downstream of the Baldwin Station Dynegy Baldwin Boron 2.7

discharge to 2,000 feet downstream




Kaskaskia River from 2,000
downstream of the Baldwin Station

001 discharge, downstream to Dynegy Baldwin Boron 1.2
confluence with Mississippi River

Duck Creek from the 002 outfall to

the confluence with Illinois River CILCO Boron 4.5
Illinois River from the confluence

with Duck Creek downstream for 100 CILCO Boron 4.4

yards
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Exhibit E: Manganese removal estimations at conventional utilities located on impaired Public
and Food Processing Water Supply waters with Mn exceeding 150 pg/L.

Finished Surface intake Inta ke Difference
Finished Finished Total petection Waterintake TotalMn Collection of Sample
Eacility Gollection Date  Mn (ug/l)!  Level(ug/L) Site (ug/l)  Date % Removal Dates(#
BREESE 1/7/1998 0 5 01-08 310 1/7/1998 098 0
CLAY CITY 4/13/1999 Q 15 Cc-18 200 4/13/1999 093 )
CLAY CITY 4/25/2000 0 15 C-19 220 4/25/2000 0.93 0
BREESE 2/7/1994 0 15 0l-08 270 2/8/1994 0.94 1
BREESE 1/7/1997 0 5 0O1-08 250 1/8/1997 0.98 1
VANDALIA 7/24/2007 0 1 0-08 300 7/23/2007 1.00 1
FLORA 4/12/1999 0 5 C-19 200 4/13/1999 0.98 1
IL AMERICAN-PONTIAC 10/31/2000 0 10 DS-06 230 11/3/2000 0.96 3
MARION 10/29/2004 5 5 RNL 240 10/26/2004 0.98 3
MOUNT OLIVE 7/15/2003 32 15 RJG-1 900 7/11/2003 0.96 4
SLM WATER COMMISSION 10/21/2002 0 15 0-20 250 10/25/2002 094 4
BREESE 1/22/1996 10 15 01-08 300 1/17/1996 095 5
HILLSBORO 5/1/2006 24 1 ROL-1 340 4/26/2006 0.93 5
VANDALIA 7/13/2004 0 1 0-08 170 7/19/2004 0.99 6
HILLSBORO 4/24/2000 18 15 ROL-1 150 4/18/2000 0.88 6
SLM WATER COMMISSION 10/21/2003 0 15 0-20 580 10/27/2003 097 6
BREESE 2/7/1995 0 15 01-08 340 2/14/1995 0.96 7
BREESE 1/24/2007 7 1 0l-08 220 1/17/2007 0.97 7
HILLSBORO 5/14/2008 12 15 ROL-1 280 5/6/2008 0.95 8
CLAY CITY 5/21/2003 0 15 C-19 171 5/13/2003 0.91 8
BREESE 1/12/1999 0 5 01-08 300 1/21/1999 0.98 9
NASHVILLE 4/23/2007 10 1 ROO-1 360 5/2/2007 0.97 9
MOUNT OLIVE 10/10/2006 81 15 RJG-1 840 10/20/2006 0.90 10
OAKWQOD 4/18/1994 0 15 BPJ-03 290 4/28/1994 095 10
SLM WATER COMMISSION 10/18/1994 0 15 0-20 270 10/28/1994 0.94 10
BREESE 5/8/2000 21 15 0lI-08 300 4/27/2000 093 11
MOUNT OLIVE 10/15/2003 140 15 RJG-1 530 10/3/2003 0.74 12
VIENNA 10/15/2003 15 15 RAW-1 300 10/2/2003 095 13
SLM WATER COMMISSION 10/29/1996 0 15 0-20 470 10/16/1996 097 13
SLM WATER COMMISSION 10/22/2001 0 15 0-20 520 10/9/2001 097 13
MARION 5/22/2007 8 1 RNL 250 6/5/2007 0.97 14
NASHVILLE 5/3/2004 11 5 ROO-1 190 4/19/2004 0.94 14
CLAY CITY 4/7/1998 0 15 C-19 200 4/21/1998 0.93 14
SLM WATER COMMISSION 10/24/1995 0 15 0-20 560 11/7/1995 0.97 14
SLM WATER COMMISSION 10/21/1998 0 15 0-20 230 10/7/1998 0.93 14
BREESE 2/10/2004 1.9 1 01-08 430 2/25/2004 1.00 15
MOUNT OLIVE 4/1/2003 78 15 RJG-1 190 4/16/2003 0.59 15
BREESE 3/23/1993 0 15 0l-08 260 4/8/1993 0.94 16
NASHVILLE 4/14/1999 32 15 ROO-1 210 4/30/1999 0.85 16
BREESE 1/9/2002 2 15 01-08 260 1/30/2002 0.94 21
IL AMERICAN-ALTON 7/18/2001 0 10 J-36 450 6/27/2001 0.98 21
SLM WATER COMMISSION 10/12/1999 0 15 0-20 780 11/2/1999 0.98 21
CLAY CITY 4/23/2001 0 15 C-19 430 5/15/2001 0.97 22
IL AMERICAN-GRANITE CITY 7/16/2007 18 15 J-36 280 8/15/2007 0.94 30

"Where finished Mn results were lower than the detection level, the detection level was used in calculating the

removal estimates.
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EXECUTIVE SUMMARY

Derivatiocn of numerical nacional water qualicty criteria for che
procection of aquacic organisms and cheir uses is a complex process (Figure
.1} chat uses information from many asreas of aquacic coxicology. Afcer a
decision is made chac a cacional cricerion iz needed for a parcicular
wmaterial, all availasble informarion concerning toxicity to, and bioaccumula-
tion by, aquacic organisms is collected, reviewed for acceptabilicy, and
sorced. If enough ascceptaeble dats on scute toxicicy co aquacic animals are
availsble, cthey are used to esctimace che highesc one-hour average councentra-
tion thsr should notr result in unacceprable effeccs on aquatic organisms and
their usaa. 1If justified, chis concentration is made a funcction of a water
qualicy characteristic such as pR, salinity, or hardness. Similarly, daca onm
the chronic toxicity of the macerial to aquaecic animals are used to estimate
the highest four-day average concentration thac should not cause unaccepcable
coxicity during & long-tarm exposure. If appropriace, thiz comcentraction is
alsc related co a water gqualitry characceristic.

Dats on toxicity to aquacic plants are exsmined to determine vhecher
plancs are likely to be unaccepctably affected by concentracions chat should
not cause unaccepctable effecte on animals. Dacz on bicaccumulacion by
aquatic organisms gre used to decermine if residues might subject edible
species to rescrictions by the U.S. Food and Drug Administracion or if such
residues might harm some wildlife consumers of aquatic life. All ocher
availeble data are exszamined for adverse effects chac wmighct be biologically
importanc.

1f a chorough review of the pertinent informacion indicaces that emough
accepteble daca are available, numerical national wacer qualicy criteria are

derived for fresh water or salc wacer or boch to proctect aquatic organisms

iv
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and their uses from unacceptable effects due to exposures o high concencra-

tions for short pariocds of time, lower concencracions for longer periods of

time, and combinacions of cthe two.
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Introduccion

0f the several posaible forms of criceria, the numerical form is che
most common, but the narracive (e.g., pollutancs wmusc not be presenc in
harmful concentrations) and operatiomal (e.g., concentracions of pollucants
must not exceed one-tenth of the 96=hr LCS50) forms can be used if numerical
criteria are not possible or desirable. If it were feanible, a freshwater
(or salcwarer) numerical aquacic life naciomal cricerion* for a marerial
should bs decermined by conducting field tests on 2 wide variety of
unpolluted bodies of fresh (or salt) water., It would be necessary to add
various smounts of the wataerial to each body of water in order to determine
the highest concencraction thar would not ceuse any unaccepcable long-cterm or
shorc-term effect on the zquacic organisms or cheir uges. The lowest of
these highesc concentracions would become the freshwacer (or salcwacer)
national aquatic life water quality cricerion for thac macerial, unless one
or more of the loweat concentracioms were judged to be outliers. Because it
is not feasible to derermine national criteria by conduccing such field
tests, these Guidelines for Deriving Numerical WNacional Water Quality
Criceria for the Protection of Aquaric Organisms and Their Uses (hereafcer
referred to as the Nacional Guidelines) describe an objeccive, internally
consistent, appropriasce, and fessible way of deriving nacional criceria,
which are intended to provide che same level of proceccion as che infeasible
field tescing approach described above,

Because aquatic ecosyscems can tolerace some sctress and occasional

adverse effects, protection of all gpecies ac all vimes and places is not

*The term "national criteria” is used herein because it is more descripcive
than the synonomous term “section 304(a) criceria", which is used in che
Water Quality Standards Regulation [1].
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deemed necessary. If acceptable daca are available for a large aumber of
appropriace tsxa from an appropriace variecy of tazonomic and funccional
groups, a reasonable level of proctection will probably be provided if all
except & small fraction of che taxa are proteccted, unlese & commercially or
recreationally imporcanc species is very sensicive. The small fraccion is
get at 0.05 because ocher fraccions resulced in criteria thac seemed coo high
or too low in comparison with the sets of daca from which chey were
calculated. Use of 0.05 to calculacte a Final Acuce Value does not imply chac
this percentage of adversely affected raza should be used to decide in a
field situation whether a2 criterion is coo high or coo low or jusc righe.
Decermining the validicy of a criterion derived for a particular body of
water, possibly by modification of a national criterion to reflecc local
condicions [1,2,3], should be based on an operacional defimicion of
“proteccion of aquatic organisms and cheir uvses" chat ctakes inco account the
praccicalicties of field monitoring programs and the concerns of the public.
HMonicoring programs should contain sampling points at enough times and places
char all unaccepcable changes, whether caused direccly or indireccly, will be
detected. The progrems should adequately monitor che kinds of species of
concern co the public, i.a., fish ia fresh wacevr anud figh and
wacroinvercebrates in salt water. If the kinds of species of concern cannot
be adequately monitored at a reasonable cost, appropriate surrogare species
should be monicored. Tha kinds of species mosc likely to be good surrogices
are those that either {(2) sre a major food of the desired kinds of species or
(b) utilize the same food as the desired gpecies or (c) boch. Even if a
major adverse effect on appropriace surrogate species does not direccly
resulc in an unacceptable effect on the kinds of species of comcern to the

public, ic indicatea a high probability chat such an effect will occur.
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To be acceptable to the public and useful in field situacions,
procection of aquatic organisms and cheir uses should be defined as
prevention of unacceptable long-term and shorc-term effeccs on (1)
commercizlly, recreacionally, and octher importanc species and (2) (a) fish
and benthic invertebrate assemblages in rivers and streams, and (b) fish,
benthic invercrebrare, and zooplankton assemblages in lakes, reservoirs,
escuaries, and oceans. Mounitoring programs intended to be able to decect
unacceptable effecra should be tailored to the body of water of concern so
that necessary ssmples &re obtained at enough times and places to provide
adequate data on the populations of importanc species, as well as daca
direccly relaced co che reasons for their being considered imporcanc. For
example, for subsrancaes chat are rasidue limited, species that are consumed
should be monitored for coantaminants to ensure chat wildlife predacors are
protected, FDA acrion levels are not exceeded, and flavor is no:‘impaited.
Momitoring progrezms should also provide dacta ou cthe number of taxa and onumber
of individuals in che sbove-named sssemblages that can be sampled at
reasonable cost. The amount of decrease in che number of caxa or number of
individuals in an assemblage that should be considered unacceptable should
take inco account appropriace feacures of che body of wacer and ics aquacic
community. Because most monitoring programs can only detect decreases of
more chan 20 percent, any statiscically significanc decrease should usually
be considered unaccepcable. The insensitivicy of most monicoring programs
greacly limits their usefulness for scudying che validicy of criteria because
unacceptable changes can occur and noc be decected. Therefore, alchough
limited field studies can somerimes demonstrace chac criteria are
underproteccive, only high qualicy field scudies can reliably demonstrace

that criceria are not underproteccive.



If the purpose of wacter qualicy criteria were to protecc omly
commercially and recreationally important species, criceria specifically
derived co protect such species and cheir uses from the direct advarse
effects of a material would probably, in most situacions, also procect those
species from indirect adverse effects due to effects of the macerial gn octher
species in the ecosystem. For sxample, in most situatiome aicher the food
chain would ba more resistanc than the important species and their uses or
the imporcant species and their food chains would be edaprable enough to
overcome effects of the macerial oa portions of the food chains.

These Haciomal Guidglines have bean developed on the theory thac effects
which occur on a species in esppropriatas laboratory teste will generally occur
on the same spacieze in comparszble field sictuacions. All Horth American
bodiees of water and resident aquacic species and their uses are meant to be
taken into accounc, sxcept for & few that may be coo atypical, such as the
Great Salt Lake, brine shrimp, and the siscowat subspecias of lake crouc,
which occurs {n Lake Superior and contaiaz up ro 67Z fac in che fillers [4].
Derivation of cricteria specifically for the Gresr Salt Lake or Lske Superior
might have to taka brine shrimp aund siscowec, respeccively, iato accouar.

Kumerical squacic life criteria derived using these Kacional Guidelines
are expressed 2g two numbars, racher than the tradicional one number, so thac
the criteria mora accurectely raflect toxicological and practical realicies.
If proparly derived aend used, the combinacion of a waximus councencracion and
a continuoug concentracion should provide an sppropriace degree of protection
of aquatic organisms and their uses from acute and chromic toxicicy to

enimals, toxicity to plgancs, snd bioaccumulscion by aquatic organisms,



without being as restrictive as a one-number critrerion would have rto be in
order to provide the same degree of protectiom.

Criteria produced by these Guidelines are intended to be useful for
developing warer qualicy standards, mixing zone scandards, effluent limica-
tions, etc. The developmant of such standards and limitacions, however,
might have to take inco account such additiomal factors as social, legal,
economic, and hydrological considerstions, che eaviroumental and snalycical
chemistry of the marerial, the extrapolacion from laboracory dats to field
situacions, and relationships between species for vhich datsa are available
and species in the body of water of concern. 45 en intarmediate scep in the
development of scandards, it might be dasirable to derive site-specific
criteria by modification of nacional criteris to reflect such local
conditions as water quality, temperature, or ecologically important species
[1,2,3]. 1In addicion, wich appropriace modifications these National
Guidelines can be used to derive criteria €or any specific geographical area,
body of water (such as the Great Salc Lake), or group of similar bodies of
wacter, if adaquate informacion is avsailable concerning the effacts of the
material of concern on appropriate species and their uses.

Criteria should sctempt co provide a reasonsble and adequate amounc of
protection with only a small poseibility of considerable overprotection or
underprotection. It is not emough that & anational criterion be the besc
escimate that can be obtained using svailable daca; it is equally iwmporcamc
that a criterion be derived only if adequate appropriate dats are available
to provide reasonable confidence that it is a good estimace. Therefore,
these NWacional Guidelines specify certein daca char should be available if a

numerical criterion is to be derived. If all the required data are not



available, usuzlly a criterion should not be derived. On che ocher haud, the
availabilicy of all required daca does not ensure that a cricerion can be
derived.

A common belief is rhat national cricteris are based on "worsc case'
assumptions and that local considerations will raise, buc noc lower,
cricerie. PFor exzmple, it will usually be assumed cthac if the coucentracion
of a wmacerial in a body of wacer is lower chan the national cricerion, no
unacceptable effects will occur and no site-specific criferion needs to be
derived. 1If, however, the concentration of & material in a body of wacer is
higher than the national cricerion, it will usually be assumed that z site-
specific criterionm should be derived. In order to prevenc che azssumption of
the "worsc case" nature of national criceria from resulcing in the
undarprotection of coo many bodies of water, nationsl criteria must be
incended to protect all or almosc all bodies of water. Thus, if bodies of
wacer and the aquatic communities in them do differ substancially in cheir
sensicivities to a material, nacional criteria should be ac lesst somewhac
overprotective for a majoricy of che bodies of water. To do ocherwise would
either (a) require derivation of sice-specific criceria even if the sice-
specific concentracion were substantially below the nacional cricerion or (b)
cause the "worst case™ assumpcion to result in the underprotection of
numercus bodies of water. On che other hand, nacionzl criceria are probably
underprotactive of some bodies of warter,

The two factors that will probably cause che most difference becween
national and site—specific criceria are che species char will be exposed and
the characteristics of che water. In order to ensure cthat national criteria
are appropriately proteccive, che required daca for national criteria include

some species that are gsensitive co many macerisls and nactional criceria are
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specifically based on tests conducted in water relacively low in parciculace
macter and organic marter. Thus, the two Eaccors»chat will usually be
considered in the derivation of site-specific criteria from national critaria
are used to help ensure that nacional criceria are appropriately proceccive.

On the other hand, some local conditions mighct require thac site-
apecific crireria be lower than natiomal criteria. Some uncested locally
importanc apecies might be very sensictive to the material of concern, and
local water gquality might noc reduce the toxicity of the material. 1In
addition, aquaric organisms in- field siruacions might be stressed by diseases,
parasites, predacors, other pollutancs, contaminated or insufficient food, and
fluctuaring and extreme condicions of flow, water quality, and temperature.
Further, soms macerials might degrada to more toxic waterials, or some
important community fuanctions or species interactions might be adversely
iffected by concentracions lower than those thac affect individual species.

Criteria must be used in a2 menner that is cousiscenr wicth tche vnj in
which they were derived if the incended level of procection is to be provided
in the real world. Alchough derivacion of water quality criteriz for aquacic
life is constrained by the ways toxicicty and bioconcentration tests are
usually conducted, cthere are still meny different ways chat criteria can be
derived, exprassed, and used. The mesns used to deriva and astate criteria
should relate, in the best possible way, tha kinds of data chac are avgilnble
concerning toxicicy and bioconcentracion and the ways criceria can be used to
protect aquatic organisms and thair uses.

The major problem is to determine the best way chac the stacement of s
criterion can bridge the gap between rche nearly conscant concencrations used
in most toxicity and bioconcentratiom tests and che fluctuating concentrations

that usually exist in the real world. A scactement of & cricerion as a number
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thar ig not to be exceeded any time or place is noct acceptable because few,
if any, people who use criteria would cake it literally and few, if any,
toxicologists would defend 2 literal imcterpretacion. Racher chan ctry co
reinterprec a cricerion chat is neichar useful nor valid, ic is beccer co
develop & more appropriace way of stacring criceria.

Alchough some materials might noc exhibit chrésholds, many wmacterials
probably do. For any threshold material, coantinuous exposure co amy
combinacion of coucentrations below the cthreshold will ngt cause an
unaccepcable effect (as defined on pages 1-3) on aquatic organisims and their
uses, except thac the concencration of a required crace nutrient might be too
low. WHowever, it is important to note that this is a threshold of
unacceptable effect, not a threshold of adverse effect. Some adverse effect,
possibly even a small reduccion in the survival, growch, or reproduction of a
commarcially or recrearionally imporcant species, will probably occur ac, and
possibly even below, the chreshold. The Criteriom Concinuous Concencracion
(CccC) is inrended to be 2 good estimate of this threshold of unacceptable
effecc. If maintsined concinuoualy, any concencracion above the CCC is
expected to cause gn unacceptable affecc. On the ocher hand, che conceatrra-
tion of a pollutanc in a body of wacer can be above the CCC wichout causing
an unacceprable sffecc if (a) the magnitudes and durations of the excursiomns
abaove the CCC are appropristely limited and (b) chere are compensating
periods of time during which che concentracion is below the CCC. The higher
the concencraction is ebove che CCC, the shorcter che period of time it can be
tolerated. Bur it is unimporctant whecher chere is any upper limic om
concencracions that can be rolerated imscancaneously or even for one minuce
because concencrations outside mixing zones rarely change subscanctially in

such short periods of time.



An elegant, general approach to che problem of defining conditions (a)
and (b) would be to integrace che concentration over time, faking inco
account uptake and depuracion races, transport within che organism to a
cricical site, etc. Because such an approach is not currencly feasible, an
approximace approach is to require cthat the average concentracion not exceed
the CCC. The average concencration should probably be calculaced as che
arichmetic average rarher than the geometric mean [3]. If a suicable
averaging pericd is selecred, the magnicudes and duracions of concentrations
above che CCC will be appropriately limited, and suitable compensacing
periods below che CCC will be required.

In the elegant approach mentioned above, the uptake and depuracion races
would decermine che effective averaging period, but thesa rates are likely co
vary from aspecies ¢o species for any particular macerial. Thus che elegant
approach might not provide a definitive answer to the problem of selecting an
appropriate averaging period. An alternactive is to consider that the purpose
of the averaging period is to allow the concencration to be above the CCC
only if che allowed fluctuacing concentracions do not cause more adverse
effect than would be caused by a continuous exposure to che CCC. Por
example, if the CCC caused & 10Z reducction in growch of rainbow trout, or a
13% reduccion in survival of oyscers, or & 7% reduction in reproduccion of
smallmouth basg, it is cthe purpose of the averaging period to allow concen~
trations above the CCC only if the coral exposure will not cause any more
adverse effect than conCtinuous exposure to the CCC would cause,

Even chough only a few tests have compared cthe effects of a constant
concentracion with the effects of the same average concentration resulring
from a fluctuating concentration, nesrly all che available comparisons have

shown that substancial fluctuations result in increased sdverse effects
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{5,6]. Thus if che averaging periocd is not to allow increased adverse
effects, it mustc not allow subscancial €luctuations. Life-cycle tescs wich
species such as mysids and daphnids and early life-stage tests wich warmwacer
fishes usually last for 20 to 30 days. An averaging period chac is equal co
the lengch of che tesc will obviously allow che worst possible fluctuacions
and would very likely allow increased adverse effeccs.

An sveraging pericd of four days seems appropriace for use with the CCC
for two reasons. ¥Firsct, it is subscancially shorcer chan che 20 co 30 days
that is obviously unacceptable. Second, for some species it appears that cthe
resulcs of chromic tests are due to the existence of a sensicive life stage
at some time during the test [7], rather than being caused by either long-
term scress or long-term accumulation of che test macerial in che orgenism.
The existence of a sensicive life stage is probably the cause of acute~
chronic ratios that are not much greacer than 1, and is also possible when
the ratio is subsctancislly greater than l. In sddicion, some experimentcally
determined acuce-~chronic racios are somevhat less cham 1, possibly because
prior exposure during the chronic tesc increassed cthe resiscance of the
sengicive life scage [8]. A four—day averaging period will probably prevent
increased adverse effects on sensitive life stages by limiting the duracions
and magnictudes of exceedencas* of the CCC.

The congiderations spplied to incerprecaction of che CCC also apply to
the CHMC. For che CMC the averaging period should again be subsctancially less

than the lengthe of che cescs ic is based on, i.e., subscanctially less chan

#Alchough "exceedence” has noct been found in any dictionary, ic is used here
because it is not eppropriace to use "violation" in conjunction with
criteria, no other word seems appropriace, and all appropriate phrases are
awkward,
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48 to 96 hours. One hour is probably an appropriacte averaging period because
high concentrations of scme macerials can cause dgach in one to.chree hours.
Bven when organisms do not die withino che fi?sc hour or so, it is not known
how many mighc have died due to delayed effects of chis short of an exposure.
Thus it is not appropriace to allow concentracions above the CMC to exisc for
as long as one hour.

The durations of the averaging periods in national criteria have been
made short enough to rescrict allowable fluccuations in the concentraction of
the pollutant in the receiving water and to restricc che length of cime that
the concentracion in the receiving water can be continuously asbove a
criterion concencrations. The scatement of a cricerion could specify thac
the four—day average should never exceed the CCC and that che one~hour
average should never exceed che CMC. However, one of the mosc importanc uses
of criteria is for designing wasce creatment faciliries. Such facilities are
designed based on probabilicies and it is not possible to design for a zero
probabilicy. Thus, one of che importanc design parzmeters is the probabilicy
that the four-day sverage or the one~hour average will be exceeded, or, in
other worda, the frequency wich which exceedences will be allowed.

The frequency of allowed exceedences should be based on che abilicy of
aquatic ecosystems to recover from che exgeedenceu, wvhich will depend in parc
on che magnitudes and durarions of the exceedences. It is important to
reeslize that high concentrations caused by spills and similar major evencs
are not what is meant by an "“exceedence", because spills and ocher accidents
are not part of the design of the normal operacion of wasce Creatmenc facili~
tiea. Rather, exceedences are extreme values in che distribucion of ambienc
concentrations and chis discribution is che result of che ususl variacions in

the flows of bocth the effluent and che receiving wacer and che usual
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variations in the conceatracions of the material of concern im both the
effluent and in the upstrezm receiving water. Because exceedences are the
result of usual variation, wmost of the exceedences will be small and
exceedences as large as a factor of two will be rare. In addiciom, because
these exceedences are due co random variation, chay will not be evenly
spaced. In facc, because many receiving waters have boch one-year and
multi-year cycles and many trestment facilities have daily, weekly, and
yearly cycles, exceedences will often be grouped, rather thaa being evenly
spaced or randomly discributed. If the flow of the receiving water is
ususlly much greaver than the flow of che effluent, normal variacion and the
flow cycles will result in the ambient concentracion ususlly being below the
CCC, occasionglly being near che CCC, end rarely being above che CCC. 1In
addicion, exceedences that do occur will be grouped. On the other hand, if
the flow of the effluent is wmuch greater than the flow of the receiving
wacer, the concentration might be close to the CCC much of che time and
raraly above the CCC, with axceedences being randcmly discributed.

The abilities of ecosystema co recover differ greacly, and depend on the
pollucant, the magnicude and duration of che exceedenca, and che physical and
biological features of the ecoaystem. Documentced studies of recoveries are
few, but some systems recover from small scresses in six weeks whereas other
systems rake more than ten years to recover from severe sctress [3]. Alchough
most exceedences sre azpected to be very small, larger exceedences will oaccur
occasionally. Most aquatic ecosystems can probably recover from wost
exceedences in sbouc three years. Therefore, it does notr seem ressonable to
purposaly design for sctress above cthat caused by the CCC to occur more than

once every chree years on the average, just as it does not seem reasonable
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to require that these kinds of stresses only occur once every five or cen
years on cthe average.

1f the body of water is not subject to anchropogenic stress ocher chan
the exceedences of concern and if exceedences as large as a factor of two are
rare, it seems reasonable cthat wmost bodies of wacer could tolerace
exceedences once every three years on the sverage. In situationms in which
exceedences are grouped, several exceedences might occur in ome or two years,
but chen there will be, for example, l0 to 20 years during which no
exceedences will occur and rhe concencration will be gsubstancially below the
CCC mosec of the time. In situatious in which cthe concentracion is often
close to the CCC and exceedences are randomly discribuced, some adverse
effect will cccur regularly, and small additional, unacceptable effects will
occur sbout every third year. The relative long-term ecological censequences
of evenly epaced and grouped exceedences are unknown, buc because most
exceedences will probably be small, cthe long-term consequences should be
gbout equal over long periods of time.

The above conaideracions lead to a stacement of a cricerion in the
frequency-intensity—-duration format chat is often used to describe rain and
snow fall and scresm flow, e.g., how ofcen, on the average, does more than
ten inches of rain fall in a week? The numerical values chosen for
frequency (or average recurrence intarval), incenmsity (i.e., concentracion),
and duration (of averaging period) are chose appropriate for national
criteria. Whenever adequacely juscified, a nactional criterion may be
replaced by a site-specific cricerion [l], which may include not only sice-
specific cricerion concentracions (2], buc also site-specific duratioms of

averaging periods and site-specific frequencies of allowed exceedences [3].
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The concentcrarions, duracions, and frequencies specified in criteria are
based om biological, ecological, and toxicological data, and are designed to
protect aquatic organisms and their uses from unacceprable effects. Use of
criceria for designing waste treatmenc facilicies requires selection of an
appropriate wasteload allocacion model. Dynsmic models are preferred for the
applicacion of wacer qualicy criteria, but a sceady-state model might have ro
be used instead of & dynemic medel in some sicuactions. Regardless of the
model chat is used, the durations of che averaging pericds and the
frequencies of allowed exceedences wust be applied correcely if the incended
level of protection is to be provided. For example, in the criterion
statement frequency refers to che average frequency, over &4 long period of
time, of rare events (i.e., exceedences). However, in some disciplines,
fraequency is often chought of in terms of the average frequency, over a lomg
period of rime, of the years in which rare eveancs occur, wichout any
considerarion of how many rare events occur within each of those evencful
years. The distinccion between the frequency of aveancs and the frequency of
years is importanc for all chose sicuations in which che rare eveacts, e.g.,
exceedences, tend ro occur in groupe within the evencful years. The two ways
of calculating frequency produce che same results in eicuscions in which each
rare evenr occurs in & different year because then che frequency of events is
the szme as the fraquency of eventful years.

Because fresh water and salt warter have basically differenc chemical
compositions and becsuse freshwater and salcwater {i.e., escuarine and true
marine) species rarely inhabic the same warer gimulraneously, these Naciomal
Guidelines provide for the derivation of separate cricteria for these ctwo
kinds of water. For some macerials sufficient dara mighc noc be available to
allow derivation of criceria for one or both kinds of water. Even though

abgoluce toxicicies might be different in fresh and salr wacters, such

14



relacive dara as acute~chromic ratios and bioconcentration factors ofcen
appear to be similar in the two waters. When daca are available to indicace
that chese ratios and factors are probably similar, they are used inrer-~
changeably.

The material for which a criterion is desired is usuvally defined in
termse of 2 parcicular chemical compound or iom, or a group of closely ralaced
compounds or ions, but it might possibly be defined in terms of an effluenc.
These Warionsl Guidelines mighcr 2lso be useful for deriving criteria for
temperature, dissolved oxygen, suspended solids, pH, rere., 1if the kinds of
data on which che Guidelines are based are availsble.

Because they sre meant to be applied only afrer a dacision has been made
that a narional water quality critarion for aquatic organisms is needed for a
material, these Hational Guidelines do not address the racionale for making
thac decision. If che potentisl for adverse effecrs on aquatic orgamisms and
their uses is part of the basis for deciding whecher an zquatic life
¢riterion ia needed for & material, these Guidelines will probably be helpful
in the collecrion and interprecacion of relevanc daca. Such propercies as
volarilicy mighc affect cthe fate of a material in che aquatic eavirommeat and
might be imporcanc when detarmining vhecher a criterion is needed for a
materisl; for example, aquacic life criteria might not be needed for
materials that are highly volacils or highly degradable in wacter. Alchough
such properties can affect how much of che material will gec from the poinct
of discharge through any sllowed mixing zoune co some portion of the gmbient
water and can also affect the size of the zone of influence in che ambient
water, such properties do nmot zffect how much of che marerial aquacic
organisma can Colerate in the zone of influence.

This version of che Wational Guidelines provides clarifications,

addicional decails, and technical and editorial changes from che previous
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version [9]. These modifications are the result of comments on the previous

version and subsequent drafts [10], experience gained during the U.S. EPA's

use of previous versions and drafts, and advances in aquacic toxicology and

related fields. Furure vergions will incorporate new concepts and daca as

their usefulness is demonstraced. The major technical changes incorporated

inco this version of the Nacional Guidelinez are:

10

The requirement for scuce daca for freshwarer animals has been changed to
include more cesce with invertebrace speciea. The caxonomic, functional,
and probably the toxicologicel, diversicies esmong invartebrate species
are greater chan cthose smong vertebrate species end chis should be
reflected in the required daca.

Yhen available, 96-hr EC503 based on the percentage of fish immobilized
plus the percentage of fish killed are used inscead of 96-hr LC50s for
fish; comparable EC50s are used instead of LC50s for other species. Such
appropriately defined BEC50s becrer raflecr the toral severe acuce adverse
impact of the ctest marerial on the teat species than do LC50s or narrowly
defined EC50s. Acute EC50s thac are based on effeccs chac are nor
severe, such as reduction in shell deposition and reduction in growch,
are not used in calculating che Final Acute Value.

The Pinal Acute Value is now defined in cerms of Genus Msan Acure Values
rather than Species Mean Acute Values. A Genus Msan Acute Yalue is che
geometric mean of all the Species Mean Acute Values available for species
in the genus. Oa the zverage, species within a genus are toxicolegically
much more similar chan species in different genera, and so the use of
Genus Mean Acute Values will prevent dara sets from being biassed by an

overabundance of species in one or a few genera.
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The Final Acuce Value is now calculated using a mechod [11l] cthac is noc
gubject to the biss and anomalous behavior chac che previous method waa.
The new method is also less influenced by one very low value because it
alwaye gives equal weight to che four values chac provide the mosc
informacion about the cumulative probabilicy of 0.05. Although the four
values receive che most weighr, che other values do have a subscancial
effect on the Final Acute Value (see examples in appemndix 2).

The requirements for using the results of cests with gquacic plancs have
bean made more stringent.

Instead of being equal to che Final Acute Value, the Cricerion Maximum
Concencration is now equal to one-half the Final Acuce Value. The
Criterion Maximum Concentration is intended to protect 95 percent of a
group of diverse geners, unlass a commercially or recreacionally
important species is very sensitive. However, a concentration cthat would
seversly harm 50 percent of the fifth percentile or 50 parcent of a
sensitive important species cannot be considered to be protective of chac
percenctile or that species. Dividing the Final Acuce Value by 2 is
inctended to result in s concencracion thar will not severely adversely
affect too many of the organisms.

The lower of che two numbers im the cricerion is now called che Criterion
Continuous Concentration, rather than the Criterion Average Concentra-
tion, to more accurataly reflect rthe nature of the toxicological data on
which ic is based.

The statement of a criterion has been changed (a) to include duracions of
averaging periods and frequencies of allowed exceedences that are based

on what aquacic organisms and cheir uses can tolerate, and (b) to
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identify a specific situation in which site-specific cricerie [1,2,3] are
probably deairabla.
In addicion, Appendix 1 was added to aid in determining whecher a species
should be considered resident in North America and its caxonomic classifica-
tion. Appendiz 2 explains the calculation of the Final Acute Value.

The amount of guidance ian chese Harional Guidelines has been increased,
but much of the guidance is necessarily qualitative rather than quancicative;
much judgment will usually be required to darive 2 wacer quality criterioun
for aquatic organisms and their uses. In addition, alchough this version of
the National Guidelines attempts to cover all major quescions chat have
arisen during use of previous versions and drafce, it undoubtedly does not
cover all situations chat might occur in che future. All necessary decisions
should be based on a thorough knowledge of aquatic toxicology and an
understanding of chese Guidelines and should be consistent with che spiric of
these Guidelines, i.e., to make beat use of the gvailable daca to derive the
most appropriace criterie. These Hational Guidelines should be modified
whenever sound scientific evidence indicates that a narional cricerion
produced using these Guidelines would probably be substautially
ovarprotective or underprotective of the squatic organisms and cheir uses on
a nactional bagis. Derivacion of numerical netiomal water quality criteria
for aquacic organisms end their uses is a complex process and requires
knowladge in many areas of aguatic coxicology; any deviation from these
Guidelines should be carefully considered to ensure that it is consiscent

with other parta of these Guidelines.
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1. Definition of Material of Concerm

A, Each separace chemical that does noc iomize subscantially in most
natural bodies of wacer should usuaily be considered a separatce
material, except possibly for struccurally similar organic
compounds that only ezisc in large quantities as commercial
mixtures of the various compounds and apparently have similar
biological, chemical, physicel, and coxicological propercies.

B. For chemicals that do ionize subscancially in most nacural bodies
of water (e.g., some phenols and organic acids, some salcs of
phenols and organic acids, and most inorganic salce and
coordinacion complezas of metals), all forms that would be in
chemical equilibrium should usually be considered one material.
Bach different oxidacion sctace of a maral and each different
nonionizable covalently bonded organometallic cowpound should
usually be considered & separace macarial.

C. The definition of the macerial should include an operacional
analycical component. Idencification of a macerial simply, for
exsmple, as "sodium" obviously implies "tocal sodium", buc leaves
room for doube. If "cocal”™ is meant, it should be explicicly
stated. Even "toral" has different operacional definitions, some
of vhich do not necesssrily measura *all thac is chere" in all
samples. Thus, it is also necessary to reference or describe the
analytical method that is incended. The operacional analytical
component should take incto accounc cthe anmalyctical and environmental
chemigcry of che material, the desirabilicy of using the same

anglytical method on samplee from laboratory tests, ambient wacter,
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and- aqueous effluencs, and various practical considerations, such
as labor 2nd equipment requiremencs and whecher the method would
require measurement in che field or would allow measurement afcer
ssmples are tranaported to & laboracory.

The primery requirements of the operscional snalytical componenc
are thac it be sppropriate for use on samples of receiving wacer,
that ic be compatible with the available toxiciry and bioaccumula~
tion date wichout making extrapolatiouns thac afe too hypocherical,
and cthat it rarely result in underprocection or overprorectioun of
aquatic organisma and cheir uses. Because an ideal analycical
wmeasurement will rarely be available, a2 compromise messuremenc will
usually have to be. used. This compromise measurement must fit wich
the general approach chet if an embient conceatracion is lover than
the nacional cricerionm, unacceptable effaccs will probably noc
occur, i.e8., the compromise ®Waasuremenc must not err on the side of
underprotection when measuremeuts are made on a surface water,
Bacause the chemical and physical propercties of an effluent are -
usvally quite different froem thoss of the receiving warer, an
analycical method thac is scceptable for analyzing an effluent
might not ba appropriace for aunalyzing 2 receiving water, and vice
versa. If the smbient concentration calculatad from a measured
concencration in an effluent is higher chan che nacional cricerion,
an edditional option is ro measure the coancentration after dilucion
of the affluent with receiving wacer to determine if the measured
concentration is lowered by such phenomens as complexacion or
sorpcion. A further option, of coursa, ies to derive a site-

spacific criterion [1,2,3]. Thus, cthe criterion should be based on
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an appropriace snalytical measuremenc, but the criterion is noc
rendered useless if an ideal measurement either is not available or
is not feasible.

HOTE: The analycical chemiscry of the macerial mighc have cto be
taken into account when defining che macerial or when judging the
acceptability of some toxicity tests, bur a criterion should not be
based on the sensitivicy of an analytical method. When aquacic
organisms are more sensitive tham routine analycical mechods, che
proper solutionm is to develop betrter analycical mechods, not to

underprocect aquacic life.

I1. Collection of Data

A‘

Collect all available dara on the macterial concerning (&) coxicicy
to, and biocaccumularion by, aquatic animals and plancs, (b) FDA
action levels [12], and (¢) chronic feeding sctudies and long-term
field studies wich wildlife apeciea that regularly consume aquatic
organisms.

All data that are used should be available in cyped, dated, and
signed hard copy (publicacion, manuscripc, letcer, memorandum,
etc.) with enough supporting informarion to indicate that
gccepcable test procedures were used and that che resulrs are
probably reliable. 1In sowe cases it may be appropriate to obtain
additional wricten informacion from che invesrigator, if possible.
Informarion chat is confidencial or privileged or ocherwise not
gvailable for discribution should not be used.

Questionable data, whecher published or unpublished, should not be

used, For example, data should usually be rejected if they are
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from tescs that did not contain a control treatment, tests in which
too many organisms in the control treatment died or showed signs of
stress or disease, and tests in which discilled or deionized water
was used as the dilution water without addition of appropriate
salcs.

D, Data on technicalrgrade materials may be used if appropriacte, but
data on formulated mixtures and emulsifiable concentrates of the
material of concern should not be used.

E. For some highly volatile, hydrolyzable, or degradable materials it
is probably appropriate to use only results of flow-through tests
in which the concentrations of test material is rhe test solutions
were measured often enough using acceptable analytical methods.

P. Data should be rejected if they were obtained using:

l. Brine ghrimp, because they usually only occur naturslly in
water with salinity greater than 35 g/kg.

2. Species that do not have reproducing wild populations in North
America (see Appendix l).

3. Organises that were previously exposed to substantial
concentractions of the test material or other contaminants.

G. Quescionable daca, data on formulated mixtures and emulsifiable / o
concentractes, and data obtained with non-resident specie:ﬁg?
previously exposed organisms may be used to provide auxiliary

information but should not be used in the derivation of criceria.

III. Required Data
A. Certain data should be available to help ensure that each of the

four major kinds of possible adverse effects receives adequate
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consideracion.

Results of acute and chronic toxicicty tests with

representative species of aquatic animals are necessary so that

dara available for tested species can be considered a useful

indication of the sensitivities of appropriate uncested species.

Fewer data councerning toxicity to aquatic plants are required

because procedures for conducting tescs with plants and

interpreting the results of such tests are not as well developed.

Data concerning bicaccumulation by aquatic organisms are only

required if relevant data are available concerning the significance

of residues in aguatic organisms.,

To derive a criterion for freshwater aquatic organisms and their

uses, the following should be available:

1. Results of acceptable acute tests (sae Section IV) with at

least one species of freshwater animal in at least eight differ-

ent families such that all of the following are included:

a.

b.

the family Salmonidae in the class Osteichthyes

a2 second family in the clags Osteichthyes,
preferably a commercially or recreationally
important warmwater species (e.g., bluegill, chsannel
catfish, etc.)

@ third family in the phylum Chordata (may be in the
class Osteichthyes or may be an amphibian, etc.)

a planktonic crustacesn (e.g., cladoceran, copepod,
etc.)

a benthic crustacean {(2.g., ostracod, isopod,

amphipod, crayfish, etc.)
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f. an insect (e.g., mayfly, dragonfly, damselfly,
stonefly, caddisfly, mosquico, midge, etc.)

g. a family in a phylum other than Arthropoda or
Chordata (s.g., Botifera, Annelida, Mollusca, ecc.)

h. a family in any order of insect or amy phylum aoc
already represented.

2. Acute~chromic ratios (see Section VI) with species of aquatic
animals in at least three differenc femilies provided that of
the three gpecias:

--at least ona is a fish

—at least one is en invertebrace

-~at least one is an acurely sensitive freshwater
species (the other two may be saltwater species).

3. Basulcs of at least one acceprable tesc with a2 freshwacer alga
or vascular planc (see Sectiom VIII). If plants sre smong che
gquatic organisms thec are most sensicive to the macerial,
resulce of 2 test with a plant in snocher phylum (division)
should elso be availabla.

4. At lsast one acceptable bdbiocoucencration factor datermined
with an appropriace freshwacer spacies, if a wmaximum permissi-
ble tissue concentration is aveilable {see Section IX).

To derive 8 criterion for saltwacer aquatic organisme and cheit

uses, the following should be availablae:

1. Results of scceptable acute tests (see Section IV) with at
least one spaecies of saltwacer animal in ac least eight
differenc fesmilies such thac all of the following are

included:
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D.

&, two families in the phylum Chordata

b. a feamily in a phylum other than Archropoda or
Chordaca

¢. either the Mysidae or Penaeidae family

d. three other familias not in the phylum Chordaca (may
include Myesidae or Penaseidae, whichever was not used
above)

@. auy ocher family.

2. Acute-chronic ratios (see Sectiom VI) with species of aquatic
gnimals in at least three differenc families provided that of
the three apecies:

==a¢ least ona is a fish

—gat least one is an invercebrace

--at least one is an acutely sensitive saltwater species
(the other two may ba freshwater species).

3. Basulcs of at least ome acceptable test wicth a saltwacer alga
or vascular plant (see Bectiom VIII). 1f plants sre smong the
aquatic organisms most sengitive to che material, resulcs of a
test with a plant in anocher phylum (division) should also be
available.

4. Acr least one acceptable bioconcentration factor determined
with gn appropriate saltwater species, if 8 maximum permissible
tissue coucentration is available (see Section IX).

If sll the required daca are available, a numerical criteriom can

ugually be derived, except in special ceses. For example, deriva-

tion of a criterion might not be possible if the available acute-

chronic racios vary by more than a factor of ten with no apparent
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iv.

Final

pactern. Also, if a cricerion is to be related to a water qualicy
characteristic (see Sections V and VII), more data will be
necassary.

Similarly, if all required data are not available, a numerical
cricarion should not be derived except in special cases. Por
exsmple, even if not enough acute and chronic daca are available,
it might be possible ro deriva a cricericn if che available daca
clearly indicace that the Final Rasidus Value should be much lower
than either che Final Chromic Value or the Final Plant Value.
Confidence in & criterion usually increases as the emount of
available pertinent data increasee. Thus, sddicionasl daca are

ugually desirable.

Acuce Value

Appropriate measures of the acute (short-term) toxicity of che
macerizl co a variecty of species of zquatic animals are used to
calculace the Final Acuce Value. The Final Acute Value is an
estimate of the conceantration of the material corresponding to a
cumulative probabilicy of 0.05 in che acute coxicicty velues for che
genera with which acceptable acute tescs have bean conducced on che
maceriasl. Howaver, in some cases, if che Species Maan Acute Value
of a commercially or recreacionally important species is lower chan
the calculated Pinal Acute Value, then that Species Mean Acuce
Value replaeces the calculated Final Acute Value in order to provide
procection for chat imporcant species.

Acute toxicity tests should have been conducted using accepcable

procedures [13].
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Bxcept for tests with salcwarer aonelids and mysids, resulcs of
acute tasts during which che cest organisus were fed should not be
used, uanless data indicate cthat the food did not affecc the
toxicicy of che test macerial.

Results of acute tests conducted in unusual dilurion wgcer, e.g.,

dilucion wacer in which total organic carbon or particulace maccer

exceeded 5 mg/L, should not be used, unless a relaciomship is
developed betweeu acute rtoxicity and orgenic carbon or particulace
macrter or unless daca show chat organic carbon, particulste matter,
ecc., do not affect coxicity.

Acute values should be based on eadpoincs which reflect che tocal

severe acute adverse impect of che cest material on che organisms

used in che test. Therefore, only cthe following kinds of dara on
acucte coxicity ro aquatic animals should be used:

1. Tescs with daphnids and ocher cladocerans should be starced
with organisme less than 24 hours old and tests with midges
should be scarted with second- or third=-instar larvae., The
result should be the 48-hr EC50 based on percentage of
organisms immobilized plus percencage of organisms killed. If
guch an BCS0 is not available from a cesc, the 48-hr LCS0
gshould be ueed in place of the desired 48-hr EC50. An EC50 or
LC50 of longer chan 48 hr can be used as long as the animals
vera not fed and the concrol animals were acceptable at che end
of cthe test.

2. The result of a test with embryos and larvae of barnacles,

bivalve molluscs (clams, mussels, oysters, and scallops), sea
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urchins, lobsters, crabs, shrimp, and abalones should be the
96~hr ECS0 based on the percentage of organisms with
incompletely developed shells plus the percentage of organisms
killed. If such an EC50 iz not available from a test, the
lower of the 96-hr EC50 based on the percentage of organisms
with incompletely developed shells and the 96~hr LC50 should be

veged in place of the desired 36-hr EC50, If cthe duration of

tha test was between 48 and 96 hr, the EC50 or LC50 at the end

of the test should be uged.

The acute values from tests with all other freshwater and
saltwater animal epecies and older life stages of barnacles,
bivalve molluscs, sea urchins, lobsters, crabs, shrimps, and
abalones should be the 936~hr EC50 based on the percentage of
organisms exhibiting loss of equilibrium plus the percentage of
organisms immobilized plus che percentage of organisms killed.
If such an EC50 is not available from a test, the 96-hr LC50
should be used in place of the desired 96-~hr EC50.

Tests with single-celled organisms are not considered acute
tests, even if the duration was 96 hours or less.

If the teecs were conducted properly, acute valuea reported as
"greater than" values and those vhich are above the solubilicy
of the test material ghould be used, because rejection of such
acute values would uannecessarily lower the Final Acute Value by

eliminating acute values for resistant species,
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1f the acute toxicity of the material to aguatic animals apparently
has been shown to be relarted to a water quality characteristic such
as hardness or particulate matter for freshwater animals or
salinity or particulate matter for saltwater animals, a Final Acute
Equation should be derived based on that water quality
characteristic. Go to Sectiom V.

If the available data indicate that one or more life stages are at
least a factor of two more resistant than one or more other life
stages of the same species, the data for the more resistant life
stages should not be used in cthe calculation of the Species Mean
Acute Value becsuse a species can only be conaidered protected frem
acute toxicity if all life stages are protected.

The agreemant of the data within and between species should be
considered. Acure values that appear to be questionable in
comparison with other acute and chronic data for the same species
and for other spacies in the same genus probably should not be

used in calculation of a Speciez Mean Acute Value, For example, if
the acute values available for a species or genus differ by more
than a factor of 10, some or all of the values probably should not
be used in calculations.

For each species for which at least one acute value is available,
the Species Mean Acute Value (SMAV) should be calculated as the
geometric mean of the results of all flow—through tests in which

the concentrations of test material were measured. For a species
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for which no such resulct is available, che SMAV should be
calculated as che geometric mean of all available acute values,
i.e., resules of flow-through tescs in which the concencracions
waere not measured and resulcs of scatic and renewal cescs based on
initial concentracions (nominal concentrations are acceptable for
mosc cest macerials if measured concenctracions are not available)
of cest material.

NOTE: Data reported by original invescigacora should not be
rounded off. Resulrs of all intermediace calcularions should be
rounded [14] to four significanc digics.

NOTE: The geomectric mesn of N numbers is che NED roor of the
product of the H numbers. Alcsrnatively, the geomecric mean can be
calculated by adding che logarithms of the N numbers, dividing che
sum by N, and caking che antilog of the quotienc. The geomecric
mean of two numbers is the square root of the product of che two
numbers, and the geometric mean of one number is thar number.
Bicher natural (base e) or common (base 10) logarithms can be used
to calculate gecmetric means as long as cthey are used consistencly
wicthin each sec of dacs, i.e., che ancilog used musc match the
logaricha used.

NOTE: Geometric means, racher than arithmetic means, are used here
bacause the distributions of sensitiviries of individual organisms
in toxicity cests on mosc materigls and che discributions of sensi-
tivicies of epecies within a genus are more likely to be lognormal
than normal. Similarly, geometric means are used for acute-chronic
ratios and bioconcentration factors because quocients are likely co

be closer to lognormal than normal discributions. In addicion,
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K.

L.

divigion of the geomecric maan of a sar of numerators by the
geometric mesn of the ser of corresponding dencminators will resulr
in the gecmsatric mean of the set of corresponding quociencs.

For sach genus for which one or more SMAVs are available, che Genus
Msan Acute Value (CMAV) should be calculated as the geowetric mean
of cha SMAVe availeble for the genus.

Order the &AVe from high co low.

Agsign ranks, B, to the GMAVs from "1 for the lowest to "N" for
the highaest. If two or more GMAVs are idencical, arbicrarily
ageign them successive renka.

Calculaca cthe cumulacive probabilicy, P, for each GMAV as R/(H+l).
Salect the four GMAVs which have cumslative probabilities closesc
to 0.05 (if chere ars less than 59 (MAVe, these will always be che
four lowesc GHAVs).

Using the selacted GMAVs and Ps, calculate

g2 » EUnoun?d) - ((=(1g cuAV))2/8)
{?) = ((HV?))/8)

L = (Z(1n @MaV) - S(X/B))) /4
A = 3(/0.0%) L

FAV = oA
A= ,/;«Fﬂ‘/
(8ee [l1] for development of rhe calculation procedure and Appendix
2 for sn example calculation and computer program.)

WOTE: Watural logarichms (logarithms co base e, denoted as ln) are

used herein merely becsuse they are easier ro ude om some hand
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caleulators and computers chan coemon (base 10) logarithms.
Congiscent use of eicher will produce the same resulc.

P. 1f for a2 commercially or recreationally iwmportant species che
geometric maan of the acute values from flow-through tescs in which
the concencracions of test sacerial were woasured is lower chan the
calculated Final scute Value, then chat geomecric mesn should be
used a2z the Pinal Acute Value insteasd of che calculated Final Acuce
Value.

Q. Go to Section VI.

V. Final Acute Bquacioam
A, When enough data are availeble to show that acute coxicity to

two or more species ie similarly related co 2 warer qualicy
characceriscic, the relacionship should be caken into eccount as
described in Saeccions B~C belov or using analysis of covariance
[15,16]. The tw methods are equivalenme and produce identical
resulcs. Tha masnuval wethod described below provides an under—
standing of this spplicaction of covarience amalyais, buc
computerized versions of covarisnce anslysis ere much amore
convenienc for smalyzing large daca secs. 1f two or more faccors
affact toxicity, multiple regression analysis should be used.

B. Por sach speciss for which comparable acute coxicicy values are
available ac two or more differenc values of che water qualicy
characteriascic, perform a least squares ragression of the acuce
coxicity velues on che corresponding values of the water qualicy
characteriscic to obtain the slope and its 95% confidence limics

for each gpecics.
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C.

BOTE: Bacsuse the best documenced relarionship is thac becwsen
herdness and scute tozicity of metals in fresh wacer and & log-log
relacionship fits chese daca, gecmecric maans and natural
logarithms of both tomicicy and water qualicy are used in the resr
of chis saccion. For relacionships based on ocher water qualicy
characteriscics, euch as pH, temperatura, or salinity, no
transformacion or & different transformationm might fic che daca
better, and appropriate chamges will be anmcessary chroughout chis
section.

Decide vhecher the dacas for each species ia useful, taking inco
esccount the rsnge and number of tha tested values of the water
qualicy chsracteriscic and che degree of agresment wichin and
betwaen species. For ezample, a slope based on 2iz darsz poincse
mighc be of Limiced value if it is based only oo daca for a very
narrow caege of values of the water quality characceriscic. 4
slope based on only two data points, however, might be useful if ic
is consistent with ocher informacica and if che two poincs cover a
broad enough range of che warer quallcy characceriscic. 1In
addition, acute values thar appear to b8 quesciomable in comparison
with other ecute and chromic daca svaileble for the same gpecies
end for octher spacies in tha same genus probably should nor be
uged. For example, if after adjustment for che water quality
charactaristic, the scute values availsbla for s species or genus
differ by more than a factor of 10, rejeccion of some or all of the
values is probably appropriace. If useful slopes are noc available
for at least one fish and onea invertebrace or if the availadble
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G.

slopas are too dissimilar or if too few daca are avazilable to
adequately define the relationship between acuce toxicicy aud che
water qualicy characteristic, retura to Section IV.G., using che
resulcs of cests conducted under conditions and in wacers similar
to those commonly used for coxicity tescs wich the species.
Individually for each species calculste the gecmecric mean of che
available acure values and chen divide each of the acuce values for
a species by the mean for the species. This normalizes che acuce
values go that the geomarric wmean of che normalized values for each
species individually and for any combinacion of species is 1.0.
Similarly normalize cthe values of the water quality characteristic
for each spacies individuslly.

Individually for each species perform a2 least squares regression of
the normalized acute toxicity values on che corresponding
normalized values of the water quality characteristic. The
resulting slopes and 95% confidence limics will be identcical co
those obtained in 3ection B sbove. HNow, however, if rthe datas are
accually plotred, the line of best fit for each individual species
will go through the point l,l in cha center of the graph.

Treat all che normaliszed data as if chey were all for the same
species and perform & leasr squares regression of all che
normalized acute values on che corresponding normalized values of
the water quality characceristic to obtain che pooled scute slope,
Vv, and ice 95% confidenc§ limics. 1If all che normalized data are
actually plocced, che line of besc fir will go chrough the poinc

1,1 in che center of the graph.
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B’.

Por aach species calculace che geometric meen, W, of-the acuce
toxicicy valuas and the gaomecric mean, I, of che values of che
wvacer qualicy characteriscic. (These were calculaced in sceps D
and E gbove.)

For each spacies calculacs the logarithm, ¥, of the SHAV a¢ &
selecced value, Z, of the water qualicy characteriscic using che
equacion: Y 2 lan ¥ - ¥(lu X = 1a Z).

Por each species calculace the SMAV at Z using che equacion: SMAV =

a¥

KOTE: Alcernatively, tha SMAVs at Z can bé obtained by skipping

scep H sbove, using che equacions in sceps I and J to adjusc each
acucte value individuelly co Z, and then calculating the gecmetrric
megn of the adjusced values for each species individually. This
alternative procedure allcws an axaminacion of che range of che
adjusced acute values for each species.

Obtain che Final Acuce Value at 2 by using che procedure described
in Sectiom 1V.J-0.

If chae SHAV ac Z of a commercially or recreacionally imporcanc
spacies is lower chan the calculated Final Acute Value ac Z, cthen
thac SHAV ahould be used 28 the Finmal Acute Value at Z instead of
the calculacted Pinal Acute Value.

The Pinal Acuce Zquation is writtem as: Final Acute Value =

'(V[ln(vntcr qualicy characceriatic)] + In A - V[1ln 2])
9

where ¥ = pooled acute slope and A = Pinal Acute Value ac Z,
Because V, A, and Z are known, the Final Acute Value can be
calculared for any selecred value of the wacer qualicy characrer-
iscie.
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vI.

Pinal Chromic Value

A.

Depending on che daca that are available concerning chronic
roxicity to aquactic animals, cthe Final Chronmic Value might be
calculaced in che same manner as the Final Acucte Value or by
dividing the Final Acuce Value by the Pinal Acuce-Chronic Ratio. In
some c£888 it may not be posgsible to calculeate a Final Chronic
Value.

HOTE: As che neme implies, che acute-chroaic racio (ACR) is a way
of velating acute and chromic toxmicities. The acute-chroumic racio
is basically the inverse of the applicarion factor, but this new
nems is becrter because it is more descriptive and shcould help
prevent confusion between "applicacion factors™ and "safecy
fectors”. Acu:c;chrouic racios and applicacion factors are ways of
relacing the acuce and chroaic coxicities of & material to aquatic
orgenisms. Safety factors are used to provide an extra margin of
safecy bayond che known or estimaced sensicivicies of aquacic
orgenisms. Another advancage of the acute—chromic ratio is chat ic
will usuzlly be greacer thaa one; this should avoid the confusion
as to whecther a large applicacion factor is one thac is close to
unicy or oue thac has a denominator thac is wuch greater chan che
BUBETALOT .

Chrounic values should be based on resulcs of flow-through (except
renswal is acceptable for daphnids) chronic tescs in which che
concentractions of tesc material in the test solutions were properly

measured ac appropriace times during the cesc:
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C.

Resulcs of chromic tests in which survival, groweh, or reproduccion
in che control treatment was unacceptably low should not be uszed.
The limice of acceptabilicy will depend on che species.

Resulrcs of chromic tegts conducred in unusuel dilucion warer,

8.8., dilution warer in which tocral organic carbom or parciculace

macter exceeded 5 mg/L, should not be used, unless & relationship

is developad becween chronic toricity and organic carbon or
particulace matter or unless daca show thac organic carbon,
particulace matter, ete., do nor affecc coxzicicy.

Chronic values should be based on endpoints and laengche of

exposure approprisce to the species. Therefore, only resulcs of

the following kiunds of chronic comicicy cases should be used:

1. Life-cycla toxzicicy tescs consisting of exposures of each of
two or more groups of individudls of a species to a different
concentracion of the test marerial throughout a life cycle.

To ensure that all life stages and life procaesses are

exposed, tests with fish should begin wich embryocs or newly
hacched young lese chan 48 hours old, coanctinue chrough
maturation and reproduccion, and should end not less than 24
daye (90 days for salmonida) after the hacching of che nexc
genaracion. Tests with daphnides should begim witch young less
than 24 hours old aend last for oot lese chan 21 days. Tescs
victh mysids should begin with young less chan 24 hours old and
continue uncil 7 days past the median time of firsc brood
ralaase ip the controls. FPor figh, dara should be obrained and
analyzed on survival and growth of adulcs and young, maturacion

of males and females, eggs spawned per female, embryo viabilicy
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(salmonids ouly), and hatchasbilicy. FPor daphnids, daca should
be obrained and analyzed on survival and young per female. For
mysids, daca should be obrained and analyzed on survival,
growch, and young per female.

Partial life-cycle toxicicy tests consiscing of exposures of
each of two or more groupe of individuals of a species of fish
to a diffarant concencracion of che cest marerial chrough most
porcions of a life cycle. Parcial life-cycle tests are allowed
wich fish species that require more chan a year to reach sexual
macuricy, 90 chac all major life scages can be exposed to the
cest macerial in less than 15 months. Exposure to cthe cest
macerisl should begin with immacure juveniles ac least 2 months
prior co active gonad development, continue chrough maturacion
and reproduction, aud eud not less chan 24 days (90 days for
salmonids) after the hacching of the next generacion. Dara
should be obrained and analyzed om eurvival and growch of
adulcs and young, macturaction of males and Females, eggs spawned
per female, embryo viabilicy (salmonids only), and
hactchabilicy.

Early life-ascage toxicity tcests consiscing of 28~ co 32-day

(60 days post hatch for salmonids) exposures of the early

1ife estages of a species of fish from shorctly afrer
fertilizacion chrough embryonic, larval, and early juvenile
development. Daca should be obtained and analyzed on survival
and growth.

ROTE: Resulcs of an early life~etage test are used as predic-

ctiona of resulecs of life-cycle and partial life-cycle rests
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F.

with the same species. Therefore, when resulcs of a life-cycle
or partial life~cycle tesc are avdilable, results of an early
life~stage teacr wicth che sama species should aocr be used.
Alao, results of early life-stage tests in which the incidence
of mortalities or sbnormalicias increased subscantially near
the and of cthe test should not be usad bacause rvresulcs of such
cescs are possibly not good prediccions of the resulcs of
comparable life-cycle or parcial lifarcycle tescs.
A chronic value may be obcazined by calculating che geometric mean
of cthe lower and upper chrouic limics from & chroumic tesc or by
analyzing chronic data using regression amalysis. A lower chromic
limir is the highest tested concentraciom (@) in an acceprabls
chronic cesc, (b) which did not cause an umaccepcable amount of
adverse effact on sny of che specified biological measuremencs, and
(¢) below which no tesced concentracion caused an unacceptable
affecc. An upper chronic limic is the lowest cesced concentration
(2) in am acceptable chronic tesc, (b) which did cause an
unaccepcable emount of adverse effect on one or more of the
specified biological measurements, and (¢) above which all resced
concentrations slsc caused such an effecc.
!235: Bacause various auchors have used a variety of terms gnd
definicions to interprev and report rasults of chrouic tescs,
reported results should be reviewed carefully. The amount of
affect thac is considered unaccepcable is ofren based on a statis-
rical hypothesis test, buc might also be defined in terms of a

gpecified percent reduction from che controls. 4 small percent
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reduction {(e.g., 3%) might be considered acceptable even if it is
scacistically significancly diffarenc from the councrrol, whereas a
large percent reducction (e.g., 30%Z) might be conasidered
unacceprable even if ic ie not scaciscically significanc.

If che chronic coxicicy of the material to aquactic animals
apparencly has been shown to be relacted to 2 water qualicy
characreriseic such as hardness or particulace macter for
freshwacar amimales or salinicty or particulace maccer for salcwacer
animals, a Final Chronic Equacion should be derived based on chac
wacer qualicy characceriscic. Go co Secctiom VIL,

1f chrounic values are availeble for species in eighc families as
described in Seceions LII.B.1 or III.C.1, a Species Msan Chronic
Yalue (SMCV) should ba calculaced for each spacies for which ac
least one chromic value is available by calculacing che gecmscric
mean of all chromic values available for cthae species, and
approvriace Genus Mean Chronic Values should be calculaced. The
Final Chronic Value should chen be obcained using che procedure
described in Seccion IV.J-0. Then g0 to Seccion VI.M.

For each chrounic value for which ac least one corresponding
appropriace acute value is available, calculacte an scute~chronic
ractlio, uvsing for che numeracor the geometric maan of the rasulcs of
all acceptable flow-through {except static is accepcable for
daphnids) acute tescs in che same dilution wacer and in which the
concencracions were measured. For fish, the acuce teat(s) should
have been conducted with juveniles. The acute tesc{s) should have
been parc of the same study as the chronic test. If acuce cescs

wara not coanducted as parc of the same scudy, acuce tescs conducted
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in the seme laboratory and dilucion wacer, bur in a differenc

-:hdy, may be used. Lf no such acuce cests are available, resulcs

of acute tests conducred in the same dilution vwacer in a differenc

laboratory may be used. 1If no such acuce cests are available, an
acute-chronic racio should not be calculaced.

For each species, calculacte tha species masn acute-chronic racio as

the gacmetric mesn of all acute-chronic racios available for thac

species.

For some macerials che acute~chronic racio seems co be che seme for

all |pccinl, but for other macarials the racio seems to increase or

decrease as the Spacies Msan Acuce Velue (SMAV) increases. Thus
the Final Acute~Chronic Racio can ba obrained in four ways,
depending on the daca svailsble:

1. If the species wamn scuce-chronic racio seems to increase or
decrease as rthe SMAV increases, the Final Acure-Chronic Ratio
should be calculaced ae the geomerric mesn of che acute-chronic
ratios for species whose SMAVs are close to the Final Acure
Value.

2. If no major trend is appareac and cthe acucte-chronic racios for
a number of species are wichin a faccor of ten, che Final
Acuzce-Chrouic Racio should be calculated as the geomerric mean
of all the species mean acute-chronic racios availgble for boch
freshwacer and salcwater specias,

3. Por acuts tescs conducced on matals and possibly ocher
substances with embryos and larvae of barnacles, bivalve

molluscs, sea urchins, lobsters, crabs, shrimp, and abalones
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(sse Section IV.E.2), it is probably appropriate to assume chatr
the acuce-chronic vacio is 2. Chronic teses are very difficulc
co conduct wich mosc such species, buc it is likely chac che
sensitivicies of embryoa and larvee would determine rhe resulcs
of life-cycle tests. Thus, if che lowesc available SMAVs were
decermined with embryos sand lesrvae of such species, rthe Final
Acute-Chronic Ratio should probably be assumed to be 2, so chacr
tha Final Chronic Value is equal to che Crigerion Maximum
Concencration {(eee Secczion XIL,B).

I1f ‘the wosr appropriete species mean acute-chronic ratios are
less than 2.0, and eapecially if cthey are lass tham 1.0,
acclimacion has probably accurred during chae chronic ceset.
Because continuous exposure and acclimacion cannot ba assursd
to provide adequate proteccion in field eituvacioms, the Final
Acute=Chronic Racio should be assumed co be 2, so thac che
Final Chrouic Value is equal to the Crirerion Maximum

Conceutracion (sea Seccion XI.B).

If cthe available species mesm acuce~chronic racios do not fic one

of these cases, a Final Acure~Chronic Racio probably cannor be

obtained, and a Final Chronic Value probably cannot ba calculated.

Calculate the Final Chronic Value by dividing che Final Acute Value

by the Pinal Acuce~Chronic Racio. 1If chere was a Final Acute

Equation rather thaan & Final Acuce Value, seas also Section VII.A.

If che Species Msan Chronic Value of a comsercially or recreacion-

ally imporcant epecies is lower than cthe calculaced Final Chronic

Value, chen that Specias Mean Chronic Value should be used as che

Final Chronic Value inscead of the calculaced Final Chronic Vialue.
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vil.

H.

Go to Ssction VIII.

Final Chronic Equation

A.

A Pinel Chronic Equation can be derived in two ways. The procedure
described here in Secrion A will resulc in the chromic slope being
the same as the scute slope. The procedure described in Secrions
B=H will usually result in the chronic slope being differenc from
tha acute 2lope.

1. 1If acuce-chromic ratios are available for enough species at
enough values of the wacter qualicy characceriscic to indicace
thac che acute=chronic ratic is probably che same for all
spacies and is probably independenc of cthe water qualicy
characteristic, calculace the Final Acucte-Chronic Racic a2 the
gacmecric mean of the available species mean acuce-chromic
recios,

2. CGalculace the Final Chromic Value at che selected value Z of
the varer qualicy characcteriscic by dividing che Pinal Acuce
Value et 2 (see Sectiom V.M.) by the Final Acute~Chronic

Ratio.

3. Use V = pooled acute slope (see section V.M.) as L = pooled

chrenic slope.
&4, Go to Section VIL.H.
When enough data are available to show chac chronic ctoxicity to at
lazat one species is related to & water qualicy characceriscic, che
relacionship should be taken inco account as dascribed in Sections
B-C below or using enalysis of covariance [15,156]. The two mechods
are equivalent and produce identical results. The manual mechod
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deseribed below provides an underscanding of chis applicacion of
covariance enalysis, but compucerized vgraionn of covariance
analysis are much more convenient for analyzing large dacs secs.
If cwo or more facrtors affect roxicicry, mulciple regression
analysis should be used.

FPor each species for which comparsble chroanic toxicity values are
available st two or more different values of cthe watar qualicy
characteristic, perforam a least squeras regression of cthe chromnic
toxicity values on the correspounding values of the water qualicy
characteriscic to obcein cthe slope and its 95% confidence limits
for each spacies.

BOTE: Because the best documanced relationship ie that between
hardnass and scuce toxzicicy of mecals in fresh water and 2 log-log
relacionship fics theze daca, geomacric means and nacural
logarithms of boch toricicy and warer quality are used in the rest
of this section. Por relacionships based on other water qualicy
charscteriscics, such as pH, Cemperature, or salinicy, no crans-
formation or & different transformation might fit the daca becter,
and appropriace changes will be necessary throughouc this seccion.
It iz probably preferable, but not necssseary, to use the same
transformation that was uvsed with the acute values in Secction V.
Decide whether che daca for each gpecies is useful, taking into
account che rezage and number of the tested values of the wacter
qualicy characteristic and che degree of zgresment wichin and
batwaen speciss. For example, a slope based on six data pointa
might be of limiced value if it is based only on daca for a very

narrow range of values of the water qualicy characteriscic. A
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slope based on only two daca points, however, might be useful if ic
is consistent with ocher informacion amd if che two poincs cover a
broad aancugh tange of the water quality characteristic. 1In
addition, chronic values thac gppear to be quescionable in
comparison with ocher acuce and chromic dacs available for che same
species and for other species in the same genus probably should not
be uged. For example, if afrar adjustmenc for the water qualicy
characteristic, che chronic values available for z epecies or genus
differ by more than a factor of 10, rejecrion of some or all of che
values is probably appropriaca. I1f a usaful chronic slope is not
available for at least one epecies or if the asvailsable slopes are
too dissimilar or if too fov dats are svailable to adesquarely
daefine che relacionship becwesn chromic tozicity and cthe wacer
quality characteriacic, it might be appropriate ro essume that che
chronic slopa is the szme 23 the acute slope, which is equivalent
to assuming that che acute—-chronic ratio is independanc of che
water quality characteristic. Alcernacively, recurn co Secrion
v1.H, using the resuvlcs of ceasts conducred under conditions and in
vaters similer to those commonly used for coxicity tests with the
spacies.

Individually for sach species calculate the geomecric mean of che
availegble chronic values and then divide each chronic value for a
species by che meau for the spacies., This normalizes che chronic
values so thar che geocmetric mesan of cthe normslized values for each
species individually end for any combinacion of species is 1.0,
Similarly normalize the values of the water quslity characteristic

for egach species individually,
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Individually for each species perform a leasc squares regression of
the normalized chronic toxicicy values on the corresponding normal-
ized valuss of che water quality characceriscic. The resulcing
slopaes and che 95% confidence limits will be idencical to chose
obtained in Seccion B above. WNow, however, if che dara are
actually plotted, the line of best fit for each individual species
will go through the poinmt 1,1 in che cencer of the graph.

Trest all the normslized daca as if they ware all for the same
species and perform a leesst squares regression of all che normal-
igzed chronic values on the correspondiang anormalized values of the
water qualicy characceristic co obcein the pooled chronic slopa, L,
and its 957 confidence limics. If all che normalized data are
sccually plotted, cthe line of besc fic will go through cthe point
1,1 in the cencsr of cha graph.

Por easch species calculace che geometric mean, M, of the toxicicy
values and the geomatric waan, P, of che values of che wacer
qualicy characteristic. (These were calculaced in steps E and F
above.)

For each species calculate che logarichm, Q, of che Species Mean
Chronic Value at & gelected valus, Z, of cthe wacer qualicy
charscteriscic using che equacion: Q=2 ln M~ L{la P - In 2).
ROTE: Alchough it ie not necessary, it will ususlly be best to use
the same valua of cthe water qualicy characterisctic here as was used
in saeccion V.I.

For each species calculacs & Species Mean Chronic Value at Z using

the equacion: SMCV = eR,

46



VIIIL.

Final

A

ROTE: Alcernarively, the Species Mean Chronic Values ac 2 can be
obtained by skipping scep J sbove, using che equations in steps J
and K to adjuec each scucre value individually te Z and cthen calcu-
lacing the geometric meauns of the adjusted values for each species
individually. This alcernative procedure allows an examinacion of
the range of the adjusted chromic valuee for each species.

Obcain the Final Chromic Value ac Z by using che procedure
described inm Section IV.J-0,

If the Species Mean Chronic Value ac 2 of s commercially or
recreationally importanc spacies is lower chan the calculaced Final
Chronic Value st Z, cthen chac Species Msan Chronic Value should be
used as the Final Chronic Value ac Z inscead of the calculaced
Final Chronic Value.

The Pinzl Chronic¢c Equacion is wricten as: Final Chronic Value =
e(L{1ln(wacer qualicy characceriscic)] + 1n 8 - L[ln Z]), vhere

L = pooled chronic slope and S = Pinal Chronic Value ac Z. Because
L, S and Z are known, the Finmal Chroanic Value can be calculated for

sny selected value of che water qualicy characteristic.

Plant Value

Appropriate measures of che coricicy of the macerial cro aquaric
plancs ere used to compare the relative senaicivicies of aquatic
plants and enimala. Although procedures for conduccing and
interpreting the results of toxicicy cests wicth plants are noc well
developed, results of tesce wich plancs usually indicace chat
criteria which adaquately protect aquatic animals and cheir uses

will probably alsc proctect squatic planta and their usges.
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IX.

B.

Final

A plent value is the result of a 96~hr test conducted wich en algas
or a chronic test conducred wicth an aquacic vascular plaac.

NOTE: A tesc of the toxicity of a metel co a plant usually should
not be used if the medium conctained an excessive smount of a
complexing agant, such as EDTA, thac mighc asffect the ctoxicicy of
cthe mecal. Conceatracions of EDTA above abour 200 ug/L should
probably be comsidered excessive.

The Final Plant Value should be obcained by selecting che lowesc
resulc from 2 test wicth an imporcant aquatic planc species in which
che coancentrations of ctest material were measured amd cthe endpoinc

vas biologicsally imporcant.

Residue Value

The Final Residue Value is iuntended to (a) prevear comcencrations
in commercislly or recreacionally important aquacic species from
affecting markecabilicy because of exceadence of applicable FDA
gccion levels and (b) prorect wildlife, including fishes and birds,
that consume aquatic ovrganisms from demomstrated unacceprable
gffects. The Pinal Residue Value is the lowest of the residue
values that are obcained by dividing maximum permissible cissue
concantracions by appropriace biocconcentratioa or biocaccumulacion
factors. A maximum permissible tiseue conceantracion is eirther (a)
#n FDA action level [12] for fish oil or for the edible portion of
figh or shellfish, or (b) a maximum acceptable diecary intake based
on observations on survival, growth, or reproduction in a chronic

wildlife feeding study or & long-term wildlife field scudy. If no
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maximum permissible tissue concentracion is availeble, go to
Gection X because no Final Residue Value can be derived.
Bioconcentracion facrors (BCPs) and bioaccumulation factors (BaFs)
are quotients of che concentrarion of a macerial in ocne or more
rigsuas of an squatic organism divided by the average concencracion
in che solucion im which rche orgenism had been living. A BCF is
incendaed to account omly for ner uprake diractly from water, aund
thus almost hes to be maasured in a laborgrory tesc. Some uptake
during the bicconcencration cest might not be direcely from water
if che focd iotbn some of the test macerial before it is eacen by
the test organisms. A BAP is intended co account for net uptake
from bocth food and water in & resl-world eicuarion. A BAF almosc
has co be measured in & field situacion in which predacors
accuzmulacte the macerial direccly from wacer and by consuming prey
that itself could have accumulated the macerial from boch food and
water. The BCP and BAF are probably similar for a wmacerial wich a
low BCF, but cthe BAF is probably higher than the BCF for macerials
with high BCFs. Alchough BCFs sre not too difficule to determine,
vary few BAFs have been mezsured zcceptably because it is necessary
to make enough measuremencs of the concentrzrion of che macerial in
water to show that it was reasonably conscant for a long enough
period of time over the range of territory inhabiced by che
organisms. Bacause so few acceprable BAFs are available, only BCFs
will be discussed furcher. However, if an acceprabls BAF is
available for a material, it should be used instead of any

available BCPe.
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If 2 maximum permissible tissue concencrarion is available for a

substance (e.g., parent material, parent macerial plus mecabolites,

etc.), the tissue concentracion used in che calculacion of the BCF

should ba for the same substance. Ocherwise che cissue

concencration uged in che calculation of the BCF should be thac of

che macerial and its wecrabolices which ere scruccurally similar and

are not much more goluble in wacer chan che parenc macerial.

L.

2,

3.

A BCZ should be used ounly if the ceet was flow-chrough, che BCF
was calculated besed on measured concentractions of the cesc
material in tissue and in che test solucion, and the exposure
continued ac least uncil either appareanc scsady—-scace or 28
days was reached. Steady—-gscace is reached when the BCF doas
not change significancly over a pariod of time, such as cwo
days or 16 percent of che length of the exposure, whichever is
longer. The BCP used from & test should be che highest of (a)
the apparent steady—scste BCF, if apparenc sceady-scate was
reached, (b) cthe highesc BCF obcained, if apparenc steady-scace
waa noc reached, and (c) cthe projected nceady-scaci BCP, if
calculaced.

Whenever & BCF is determined for a lipophilic macerial, che
percent lipids should s2lso be decermined in che cissue(s) for
which che BCF was calculated.

A BCF obrained from am exposure chac adversely affecced che
test organisms may be used only if ic ie similar co a BCF
obtained with unaffecced organisms of the same species ac lower

concencrations thac did not cause adverse effecrs.

50



E‘

Because maximum permissible tisgsue concentracions are almosc
sever based oa dry weights, & BCF calculaced using dry tissue
veights muat be converted to a wet tissue waight basis. If no
conversion factor is reported wich the BCF, multiply che dry
weight BCF by 0.1 for plankcon and by 0.2 for individual
spacias of fishes and invertebrates {[17].

1f more than one acceprable BCF is available for a species, the
gecmetric mean of the available valuegs should be used, excepc
thac if che BCFs are from differenr lengche of exposure and the
BCF increases with lengch of expoeure, the BCF for che longest

exposure should be used.

1f egough pertineanc dacs exist, several residue values can ba

calculated by dividing maximum permissible tissue coacentrations

by appropriace BCFs:

1'

Por each available waximum accepctabdle diatary incake derived
from a chronic feeding study or a loag-cerm field study wich
wildlife, including birde and aquacic organisme, che
appropriate BCF iz based on the whole body of aquatic species
which constitute or represent s major portion of che diet of
the tesced wildlife apecies.

For en FDA accion leval for fish or shellfish, the appropriace
BCF is the highest gecumetvic mean species BCF for the edible
porction (muscle for dacapods, muscle with or without skin for
fishes, adductor muscle for scallops, and toral soft cissue for
other bivalve molluecs) of a consumed epecies. The highest
species BCF is used becguse FDA action levels are applied on a

apecies-by~species basis.
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Por lipophilic maceriale, it might be possible to calculate

edditional residue values. Bacause the sceady-scate BCF for a

lipophilic material seems to be proportional ro perceat lipids from

one tissue to anocher and from one species to anocher [18-20],

extrapolations can be made from tested tissues or species to

uncestad cissues or species on the basis of parcent lipids.

1.

For ezch BCF for which the percent lipids is known for che

ssme cissue for which the BCP was wmeasured, normalize cthe BCF
to a one paccenc lipid basia by dividing che BCF by che percent
lipids. This adjustment £o & ona percent lipid basis is
intended to maks all the measured BCFs for z marerial compara-
ble regardless of the species or rissue with which the BCF was
measured.

Calculate the geometric mean normalized BCP. Daca for both
saltwacaer and freshwater species should be used to decermine
the mean normalized BCF, unless the daca show thart che
aormalized BCPs sre probably not eimilar.

Calculete all possible residue values by dividing the svailable
maximum permissible tissue conceatrations by the mean
normalized BCF and by the percent lipids values appropriace to
the maxism permissible tissue concentrations, i.e.,

(maximim permissible cisaue concentracion)
(mean normalized BCF)(appropriate percent lipids)

Rgsidue value =

a. Por an FDA actioun level for fish oil, che appropriace
percenr lipide value is 100.
b. For an FDA action level for fish, the appropriate percenc

lipids value is 11 for freshwarer criceria and 10 for
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saltwvater criteria becauss FDA accion levels are applied on
e species~by~species basis to commonly consumed species.
The highest lipid contencs in the edible porcions of
important consumed species are about 1l percemt for boch
the freshwater chinook zslmon and lake trour and abour 10
percent for the salcwarer Atlencic herring (21].
¢. PFor & mazimum acceptable dietary intske derived from a

chroanic feeding study or 2 long-term fisld scudy wich
wildlife, the appropriate percent lipids is thac of an
aquatic species or group of aquacic spaecies which
constitute a2 major portion of rthe diet of the wildlife
spacies,

The Final Residue Valus iz obtained by selecting cha lowesr of

the availeble residue valuss.

HOTE: 1In sowe cases the Final Residue Value will mot be low

enough. For exampls, a residue value calculated from an FDA accion

leval will probably result in an average conceucration in the

edible portion of a farty species chat is ac che accion level.

Some individual organisms, and possibly some species, will have

residue councentracions higher than the mean value but no mechanism

has basn deviged to provide appropriate addicional proteccion.

Also, some chronic feeding studies and long-cerm field studies wich

wildlife ldentify concentracions chac cause adverse effects buc do

not identify concencrations which do not cause adverse effeccs;

again no mechanism has been devised to provide appropriace

sdditional protection. These are scme of che species and uses chac

are noct proctected ac all times ian &ll places.
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X. Ocher Daca
Pertinent informacion thac could noc be used in earlier seccions mighc
be availsble concerning advarse effeccs on aquatic organisms and cheir
uses. The most imporctant of these are daca on cumulacive and delayed
toxicicty, flavor impsirment, reduction in survival, growth, or
reproduction, or any octher adverse effect thac has been shown co be
biologically immortanc. Espaecially importanc are data for species for
which no other daca are available. Daca from behavioral, biochemical,
physiological, microcosm, and field scudies might also be available.
Daca might be availsble from teses conducted in unugual dilucion wacter
(see IV.D and VI.D), from chronic cescs in which che concencracions
were not measured (see VI.B), from tests wich praviously exposed
organisms (see 11.F), and from cests on formulaced mixtures or
esulgifishle concentraces (seae IX.D). Such daca might affecc a
cricerion if the data were obrained wich an important species, che cesc
concencrations were measured, and the endpoint was biologically

imporcant.

XI. Cricterioa

A. A cricerion consists of two concencrarione: che Crirerion Maximum
Concencracion and che Cricrerion Coutinuous Concentcracion.

B. The Cricerion HMaximum Concentracion (CHC) is equal co one~half che
Final Acuce Value.

C. The Criterion Continuous Concancration (CCC) is equal co che lowesc
of che Final Chronic Value, the Final Plant Value, and the Final
Regidue Value, unless ocher daca (see Section X) show thar a lower

value should be used. 1If toxicity is relaced co a wacer quality
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characcariscic, tha CCC is obcained from che Final Chronic
Equacion, cthe Final Planc Value, and che Final Residue Value by
selecring the one, or the combinacion, that resulcs in che lowest
concencracions in the usual vrange of the wacer qualicy
characceriscic, unless other daca {see Seccion X) show char a lower
valua should be used.

D. Round [l4] boch the éHC and che CCC to two significanr digics.

E. 'The criterion is staced asg:
The procedures described in the "Guidelines for Deriving Numerical
National Wacer Qualicy Criceria for the Proceccion of Aquatic
Organisms and Their Usee" indicate that, excepc possibly whers 2
locally ieportanc epecies is very semsicive, (1) aquacic orgaunisms
send their uees should not be affected unaccepcably if the four-day
sverage concencraction of (2) doee nor exceed (3) ng/L more chan
once every three years on the average and if the one-hour average
concencration does not exceed (4) sg/L more than once every three
years on the average.
vhare (1) = inserc "freshwatex" or "saltwacer"

(2) = inserc nzme of material
(3) = inserc che Cricerion Continuous Concencracion

(6) = jingert che Criterion Maximum Concencraciom.

XiI. Pinal Review
A. The derivacion of the cricerion should be carefully reviewed by

rechecking sach scep of the Guidelinee. Irems chat should be

especially checked are:
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10.
11.

12.

13'

14.

15.

I1f unpublished daca are used, are they well documented?

Are all required data available?

1s che range of acuce values for any species greacer than a
faccor of 107

Is the range of Species Maan Acuce Values for any genus greater
than a faccor of 107

Is thera more chan a faccor of cen diffesrence between the four
lowest Genus Meaa Adcute Values?

Are any of the four lowest Genus Mean Acute Velues
gquestionable?

Is the Final Acuce Value reascnable in comparison with the
Species Meen Acure Values and Genus Mean Acuce Values?

For any commercially or recreacionally importanc species, is
the geomecric @ean of the acuce values from flow-through tescs
in which the concencracions of cest material were measured
lower chan che Finsl Acute Value?

Are any of cha chronic values questionable?

Are chronic values svailable for scucely sensitive species?

Is cthe range of acuce~chronic racios greacer chan a faccor of 107
Iz the Final Chronic Valus reasonasble in comparison with che
available acuce and chroanic daca?

Is the measured or prediccted chronic value for any coumercially
or recreacionally importent species below che Pinal Chronic
Value?

Are any of the ocher data imporcant?

Do any dacta look like chey mighc be oucliers?
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16. Are chere any deviations from the Guidelines? Are chey

accepcable?
On the basis of all availeble pertinent laboracory snd field
information, derermine if che criterion is conmsiscent with sound
sciencific evidence. If it is not, another criterion, either

higher or lower, should be derived using appropriace modificacions

of chese Guidelines.
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Apoendix 1. Residenc North American Species of Aquartic Animals Used in Toxicicy and
3ioconcencration Tescs

Incroduction

These liscs idencify species of aquacic animals which have reproducing wild popula-
tions in North America and have been used in toxicity or bioconcencracin cescs. "Norch
America" includes only rhe 48 conciguous scaces, Canada, and Alaska; Hawaii and Puerco
Rico are not included. Salcwacar (i.e., escuarine snd crue maring) species are
considered residenc in Norch America if chey inhabic or regularly encer shore wacers on
or above che concinencal shelf to a dapch of 200 mecers. Species do not have to de
native to be residenc. Unlisced spacias should be considered resideme North 4merican
species if chey can be similarly confirmed or if che test organisms; were obtained from a
wild population in Worch America.

The sequence for fishes is ctaken from A Lisc of Common and Scientific Names of
Fishes from the Uniced Scares and Canada, For ochar species, che sequeance of phyla,
classes, and families is cakean from the NODC Taxonomic Code, Third Edicion, Nacional
Ocesnographic Daca Cencer, NOAA, Washingcom, DC 20235, July, 1981, and the numbers given
are from chac source to facilicace verificacion. Wichin a family, genera sre in
alphabetical order, as are species in a genus.

The references given are thosa used to confirm that the spacies is a residentc Norch
Amarican species. (Tha NODC Taxonomic Code contazins foreign as well as Horch American
species.) If no such refsrence could be found, che species was judged ro be nonresidenc.
Mo referenca is given for organisms noc identified co species; these are considered
resideac only if obrained from wild Norch Americam populacions. A few nonresident species
are lisced in brackaecs 2nd noted a&s 'nonresidant” bacausa cthey were miscakenly idencified
a5 rasident in thea past or co save ocher invescigacors from doing literature gearches on
the sema spacies.

Freshwactaer Species

Species
Class Family Common Name Sciencific Nama Reference
PHYLUM: PORIFERA (36)
Demospongia $poagillidae Sponge Ephydaria fluviascilis P93
3660 366301
PHYLUM: CHIDARIA (COELENTERATA) (37)
Hydrozoa Hydridae Rydra Bydra oligaccis E318, Pli2
3701 370602
Hydre Hydra liecoralis E321, Pl12
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Freshwacer (Concinued)

Specias
Class Family Common Name Sciencific Name Refarence
PHYLUM: PLATYHELMINTHES (39)
Turbellaria Planariidae Planarian Dugesia dorotocephala D22
390l
Planarian Dugesia lugubris D24
(Dugesia polychroa)
Plansrian Planaria gonocephala (Foornoce 1]
"[Planarian] [Polycelis felinal [nonresidenc]
Dendrocoelidae Planarian Procoryla fluviacilis E334, P132,
391501 : (Dendrocoelum lacceum) D63
PHYLUM: GASTROTRICHA (44)
Chaeronotoida Chaetonocidae Gastrotrich Lepidodermells squamatum  E413
4402 440201
PHYLUM: ROTIFERA (ROTATORIA) (45)
Bdelloidea Philodinidae Rocifer Philodina acucicornis Y
4503 450402
Rocifer Philodina roseola E487
Monogononta Brachionidae - Rorifer Keracella cochlearis E442, P188
4506 450601
Rocifer Reracella sp. [Foocaoce 2]
PHYLUM: ANNELIDA (50)
Archiennelida Asoloscmatidae YWorm Aeolosoma headleyi E528, P284
5002 500301
Oligochaeca Lumbriculidad Yora Lumbriculus variegacus E533, P290
5004 500501
Tubi ficidae Tubificid worm Branchiura sowerbyi E534, P289,
500902 GG
Tubificid worm Limnodrilus hoffmeigcari ES536, GG
Tubificid worm Quistadrilus multisecosus £33, GG
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Freshwacer (Concinuad)

Species
Class Fawmily Common Name Sciencific Name Reference
Tubificid worm Rhyacodrilus montana GG
Tubificid worm Spirosperma ferox GG
(Peloscolex ferox)
Tubificid worm Spirosperma nikolskyi E534, GG
{Peloscolex ggriggl:ul)
Tubificid worm Scylodrilus haringianus GG
Tubificid worm Tubifex cubifex 536, P289,
GG
Tubificid worm Varichaeca pacifica GG
Naididae Yorm Hais sp. [Footnote 2]
500903
Horm Paranais sp. [Footnote 2]
Waorm Priscina sp. [Foocnoce 2]
Hirudinea Erpodbdellidaa [Leech] {Erpobdella octoculacal (nonresident]
5012 501601 {BB16)
PHYLUM: HOLLUSCA (5085)
Gastropcda Viviparidae Snail Campeloms decisum P731, M216
51 510306
Bichyniidae Saail Aenicola sp. [Footnoce 2]
(Asnicolidae)
(Bulimid ae)
(Bydrobiidaa)
510317
Pleuroceridae Snail Goniobasis livescens P732
510340
Snail Goniobssia virginica EL1]137
Saail Leptoxis carinaca X, E1137
(Nitocris carinaca)
(Mudalia carinaca)
Snail Hitocris sp. {Footnore 2}
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Freshwacer (Continued)

Species
Class Family Common Name Sciencific Name Reference
Lymnaeidaa [Snail] [Lymnaes acuminaca] [nonresident]
511410
Spail Lymnagea cacascopium M328
(Lymnasea emarginaca)
(Stagnicola emarginaca)
Snail Lymnaea elodes E1127, M351
{(Lymnaea palustris)
(Snail] {Lywnseas luceola] {nonresident]
(M266)
Snail Lyemaea stagnalis E1127, P726,
M296
Snail Lymnaea sp. [Footnore 2]
Planorbidae [Snail] {Biomphalaria glabraca] {nonresidenc]
511412 (M390)
Snail Gyraulus circumscriatus P729, M397
Snail Beligsoma campanulatum M445
Snail Helisoma crivolvis P729, M452
Physidae - Snail Aplexa hypnorum £1126, P727,
511413 M373
[8nail) [Physa foncinalis) [nonresidenc]
. (4373)
Snail Fhysa gyrina E1126, P727,
4373
Saail Phyaa hererostropha M378
Snail Physa inregra P727
Snail Physa ap. [Foocnoce 2]
Bivalvia Margaritiferidae Mussel Margaricifera E1138, P748,
(Pelecypoda) 551201 margaricifera J11
55
Amblenidae Mussel dmblema plicaca AAl22
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Freshwacer (Concinued)

Species
Class Family Common Name Scientific Name Refearence
Unionidae Mussel Anodonca imbecillus J72, AAl22
551202
Mussel Carunculina parva J19, asl22
(Toxolasma cexasensis)
Mussel Cyrtonaias tampicoenis P759, Aal22
Hugsel Ellipcio complanaca JL3
Corbiculidae Asiagtic ¢lam Corbicula fluminea E1159
551545
Asiacic clam Corbicula wmanilensis P749
Pisidiidae Fingeranail clem  Eupera cubensis E1158, P763,
(Sphaeriidae) (Eupers singlevi) G9
551546
Fingerneail clam Musculium transversum ¥160, Gll
(Schaerium transversum)
Fingernail clam Sphaarium corneum Gl2
PHYLUM: ARTHROPODA (58-69)
Cruacacea Lynceidae Conchostracan Lynceus brachyurus E580, P344
61 610701
Sididaa Cladoceran Disphanosoma sp. {Footnoce 2}
610901
Daphnidae Cladoceran Ceriodaphnia acanchina £618
610902
Cladoceran Cariodaphnia reciculaca E618, P38
Cladoceren Daphnia gmbigua E607, P349
Cladoceran Daphnia carinaca [Foocnote 3]
[Cladoceran] [Daphnia cucullaca) (nonresident]
Cladoceran Daphnia galeaca mendotaze E610, P370
Cladoceran Daphnia hyalina [Foornote &}
Cladoceran Daphois longispina {Footnocte 5]
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Freshwacer (Continued)

Specles
Class Family Commmon Name Sciencific Name Reference
Cladoceran Dzphnia magna E&QS, P347
Cladoceran Daphnia parvula E6l1
Cladocaran Daphnia pulex E6L3, P367
Cladoceran Daphaia pulicaria A
Cladoceran Daphnia similis E606, P367
Cladoceran Hoina macrocopa E622, P372
Cladoceran Moina rectiroscris E623
Cladoceran Simocephalus serrulacus E§L7, P370
Cladoceran Simocephalus vetulus E6L17, P370
Bosminidae Cladoceran Bosmina longiroscris E624, P373
610903
Polyphemidae Cladocaran Polyphemug pediculus ES599, P38S
610903
Cyprididae {Ostracod] [Cyprecca kawacsi] {nonresideac)
(Cypridae) (w)
611303
Oscraced Cypridopais vidua E720, P430
Diaptomidae [Copepod] {2udiapromus padanus] (noaresidenc]
611818
Temoridae Copepod Epiechura lacustrise E751, P4Q7
611820
Cyclopidae {copeped] [Cyclops abyssorum] {aonresidenc]
612008 .
Copepod Cyclops bicuspidatus E807, P4OS
Copepod Cyclops verualis B804, P4&40S
Copepod Cyclops viridis E803, P397
(Acanthocyclops viridis)
Copepod Acanchocyclops sp. [Foornoce 2]
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Freshwacer {Continuead)

Specias
Class FPamily Common Name Scientific Name Reference
Copepod Diacyclops sp. (Footnore 2]
Copepod Bucyclops agilis P403
Copepod Magsocyclops leuckarci E812, P403J
Apellidae {1soped] (Asellus eguaticus] [nonresident]
616302 (12)
Isopod Asellus bicrenacs HH
(Caecidocea bicrenaca) (11,2)
Isopod Asellus brevicaudus ?875, P44T,
Isoped Asellus communis ?875, P448,
Isopod Asellus intermedius E875, P448,
I
(1soped] (Asellus meridianus] (nonresidenc]
Isopod Asellus racoviczai P449, L
Isopod Lirceus slabamae E875, I
Gezmaridae Amphipod Crangonyx psaudogracilis P459, Té68,
616921 FF28
Aupbipo& Gemmarus fasclacus E877, P658,
53
Amphipod Gammarug lacuscris 877, P4s8,
FF23
Amphipod Gammarus pseudolimnaeus E877, P458,
{ Amphipod] [Gapmarus pulex] [:Z:resideuc]
Amphipod Gammarus cigrinus LS1, FF1?
Amphipod GCammarys 4p. {Foocnote 2)
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Freshwacer (Continued)

- Species
Class Family Common Name Sciencific Name Reference
Hyalellidae Amphipod Hyalalla azteca EB876, P&457,
(Talicridae) (Hyalella knickerbockeri) Tl154
616923
Palaenconidae [Prawm] [Macrobrachium lemarrei] [noanresident)
617911
Malaysian prawa. Macrobrachium [Foocuote 6}
rosenbergii
Prawa Palaemoneres kadiakensis EB81, P484
Ascacidae Crayfish Cambarus lacimanus E897
618102
Crayfiash Faxonella clypeacus E890
Crayfish Orconecces immunis E894, P482
Crayfish Orconectes limosus E893, P482
Crayfish Orconectas propinguus £894, PA82
Crayfish Orconectes nais E894
Crayfish Orconectes rusCicus EB93, P4B82
Crayfish Orconectas virilis E894, P4B3
Crayfish Pacifastacus trowbridgii ES83
Crayfish Procambarus acutus P482
Crayfish Procgmbarus clarki E885, P482
(Procembarus clarkii)
Crayfish Procambarus gsimulans E888, P482
Crayfish Procambarus sp. {Poocnoce 2]
Insects Haptageniidae Mayfly Stenonema ithacsa 5173, Q205
62-65 621601
Mayfly Stenonema rubrum s178, 0205
Baetidae Mayfly Callibaetis skokianus s1i6, N9
621602
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Freshwater (Continued)

Specias
Class Pamily Common Name Sciencific Name Refarence
Mayfly Callibaecis sp. [Foocnoce 2}
Mayfly Clogon dipterum 0173
Lepcophlebiidae Mayfly Paralepcophlebia $89, 0233
621701 praspedics
Ephemerallidae Mayfly Ephemerella doddsi 0245
621702
Mayfly Ephemerella grandis 0245
Mayfly Ephemarella subvaria N9, 0248,
: 571
Mayfly Ephemarella sp. [Foocnore 2]
Caenidae Hayfly Caenis diminuca S51, 0268
621802
Ephemeridae Mayfly Ephexzera siwulans 536, N9,
622003 0283
Mayfly Hexagenia bilineara N9, S39,
0290
Mayfly Hexagenia rigida 029Q, Ssal,
' N9
Mayfly Hezagenia sp. {Foocnoce 2}
Libellulidae Dragonfly Pancala hymenasa N15, V603
622601 (Pancala hymenaea)
Coenagrionidae Damselfly Ensllagms ssparsum DD
(Agrionidae)
{Coenagriidsa) (Damselfly] [Tschnura elegans] {nonresident]
622904
Damselfly lschoura vercicalis N15, E918
Demselfly lechnura sp. {Foocnote 2]
Ptaronarcidae Sctonefly Preronsarcella badia L172
(Pleronarcyidae)
625201 Stonafly Preronarcys californica L173
Stonsfly Pereronarcys dorsata £947
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Freshwater (Concinued)

Species
Class Family Common Name Sciencific Namae Reference
Sconefly Preronarcys sp. (Footnoce 2]
Hemouridae {Stoneflyl] {Kemoura cinereal {nonresident
625204
Perlidae Stonefly Acroneuria lycorias N4, E953
625401
Sconefly Acrotteuris pacifica E953, L1380
Stonefly Classseniz sabulosa E953
Sctonefly Heophasganophora capicaca E953, CC4Q7
(Phasganophora capicaca)
Parlodidae Stonefly Arcynopteryx parallela E954
625402
Nepidae . Water gscorpion Ranacra elongeta [nonresident]
627206
Dytiscidae Beetle {Footnote 2]
630506
Elmidae Bzacle Scenslwmis szxlineaca w2l
{(Elminchidae)
631604
Bydropsychidae Caddisfly Arccopsyche grandis L251, 1198
641804
Caddisfly Rydrepsyche betceni N24
Caddisfly Hydropeyche californica 1253
Caddisfly Hydropsyche op. [Pootnore 2]
Limnephilidae Caddisfly Cliscornia magnifica 11206
541807
Caddisfly Philarctus quaeris 11272
Brachycentridae Caddisfly Brachycentrus sp. {Foornoce 2]
641815
Tipulidaa Crane fly Tipula sp. [Foocnote 2]
650301
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Fréshwacer (Continued)

Spacies
Class Family Common Name Scientific Name Reference
Caractopogonidae Bicing wmidge - (Footnote 2]
650504
Culicidae Mosquico Aedes aegypci EE3
650503
Mosquico Culex pipiens EE3
Chironomidae Midge Chironomus plumosus L4623
{Tandipedidae) (Tendipas plumoaus)
650508
e Midga Chironomus tentauns Q
f”];;i:;;;;:;;vv0‘4 79{ (Midge] {Chironomue chummi ] [nonresidentc]
plih‘vjtu‘d__#J' Midge Chironomus sp. [Footnoce 2]
- T Midge Paracanyrarsus (Footaoca 7]
parcthenogeneticus
Midge Tanytaraus dissimilis Ril
Rhagionidse Saipe fly Atherix sp. [Footnoce 2]
(lepcidae)
651603
PHYLUM: ECTOPROCTA (BRYOZOA) (78)
Phylacto~ Peccinscelcidae 3ryozoan Pectinatalla maguifica ES502, P269
laenrata
7817 ,
Lophopodidaa Bryozoan Lophopodells carceri E502, P271
Plusacellidas Bryosoen Plumatella emarginaca E505, P272
781701 v
PHYLUM: CHORDATA (8388)
Agnatha Pecromyzontidae Sea lamprey Pacromyzon marinus F1I
86 860301
Osceichthyes  Anguillidae dmerican eel Anguilla rosctraca F15
8717 874101
Salmonidae Pink salmon Oncorhynchus gorbuscha F13
875501
Coho salmon Oncorhynchus kisucch F18
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Freshwater (Continued)

Specias
Class Family Common Name Scientific Name Rafarence
I? :
Sockeye salmon Oncorhynchus nerka »’Eigl,/ A
Pl .—/'”
Chinook salmon Oncorhynchus ctshawvcdcha; F19
Mountain Prosopium williamsoni Flo
whicefish

Golden trout Salmo aguabonica F19
Cuctthroat crout Salmo clarki F1l9
Rainbow trout Salmo gairdneri F19
(Steelhead trouc)

Atlancic salmon Salmo salar  F19

Brown troucr Salmo trucca Fl9

Brook trout . Salvelinus fontinalis Fl9

Lake trout Salvelinus namaycush Fl9

Esocidae Norchern pike Esox lucius F20
875801
Cyprinidae Chiselmouch Acrocheilus alutaceus F21
877601
Longfin dace Agosia chrysogaster F21
Central Campostoma anomalum Fil
stonaroller

Goldfish Carassiug auratus F21
Common carp. Cyprinus carpio F21

[Zebra danio] [Danio rerio] [nonresident]
[(Zebrafish)} {{Brachydanio rerio)] (F96)
Silverjaw minnow Ericymba buccara F21
" Golden shiner Notemigonus crysoleucas F23
Pugnose shiner Notropis anogenus F23
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Fregshwacer (Continued)

Speciaes
Class Family Common Name Scientific Name Raference
Emerald shiner Nocropis acherinoides F23
Scriped shiner Notropis chrysocephalus  F23
Coumon shiner Nocropis cornucus F23
Pugnose minnow Hotropis em#liae F24
Spotcail shiner MHotropis hudsonius F24
Réd shiner Hocropis lucrensis P24
Spocfin shianer Hocropis spilopterus F25
Sand shiner Nocropis stramineus F25
Steelcolor Hocropis whipplei P25
shiner
Rorthern Phoxinus eos F25
redbally dace
Bluncnose minnow Pimephales nocatus F25
Fathead minnow Pimephales prowmalas F25
Norchern Prtychocheilus F25
squawfish oregonensis
Blacknose dace Rhinichchys atraculue F25
Speckled dace Rhinichchys osculus F25
Biccerling Rhodeus sericeus 726
Budd Scardinius F26
erychrophchalmus
Creek chub Semotilus scromaculatus  F26
Pearl dace Semocilus margarica F26
Teuch Tinca rinca F26
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Freshwacer {(Continued)

B - Species
Class Family Common Name Sciencific Name Reference
Cacostomidae Whice sucker " Catostomus commersoni F26
877604
Mouncain sucker Catoscomus platyrhynchus F26
Icraluridae Black bullhead Icctalurug nmelas F27
877702
Yellow bullhead Ictalurus nacalis F27
Brown bullhead Iccalurus nebulosus ’ F27
Channel cacfish Iccalurus punctacusg F2?
Clariidae Walking cacfish Clarias bacrachus F28
877712
Oryziidae Medaka {Oryzias lactipes] [nonresidenc]
(F96)
Cyprinodontidae Banded killifish Fundulus diaphanus F33
880404
Flagfish Jordanella floridae " F33
Poeciliidae Mosquicofish Gambusia affinis F33
880408 ‘
Amazon molly Poecilia formosa F34
Sailfin molly Poecilia latipinna Fi4
Molly Poecilia sp.
Guppy Poecilia reciculaca Fl4
(Lebiasces reticulatus, Obs.)
Southermn Xiphophorus maculacus Fl4
placyfish
Gasterosteidae Brook Culaea inconstans F35
881801 stickleback
Threespine Gascercosceus aculeacus F35
sctickleback
Ninespine Pungicius pungicius F35
grickleback
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Freshwacer (Continued)

Species
Class Family. Common Name Sciencific Name Reference
Percichehyidaae Whice perch Morone americana Fi6
{Roccus americanus, Obs.)
Scriped bass Morone ssxacilis r36
(Roccus saxacilis, Obs.)
Cencrarchidae Rock bass Amblgglicesftupes:ris F3i8
8813516 N
Green sunfish Lepomis cyanellus F38
Pumpkinseed Lepomia gzibbosus Fi8
Orangespocced Lepomis humilis F38
sunfish
Bluegill Lepomis macrochirus F38
Longear sunfish Lepomis megalocias F3s
Raedesr sunfish Lepomig micralophus F38
Smallmourh bass Micropterus dolomieul F39
Largemouch bass Micropterus salmoides F39
Whice crappie Pomoxis annularis F39
Black crappie Pomoxis nigromaculacus F39
Percidae Rainbow darter Echeostoma czeruleum F39
883520
Johnny darcer Etheostoma nigrum F40
Orangethroat Brheostoma spactabile F40
darter
Yellow parch Perca flavescens Fa4l
Walleye Stizoscedion vitreum F&4l
vitreum
Sciaenidae Freshwater drum Aplodinotus grunniens F45
883544
Cichlidae Oscar Agtronotus ocellacus F&7
883561
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Freshwarer (Concinued)

Specles
Class Family Common Name Sciencific Name Reference
Blue cilapia Tilapia surea F47
Moz ambique Tilapia mossambica F47
cilapia
Cotcidae Moccled sculpin Cotcus bairdi F60
883102 .
TN hvd
Anmphibia Ranidae Bullfrog Rana cacesbeiana B206
89 890302 —
Green frog Rana clamitans B206
Pig frog Rana grylio B206
River frogz Rana heckscheri B206
Leopard frog Rana pipiens B205
Wood frog Rana sylvacica B206
[Frog] [Rana cemporial {nonresidear
Leovard frog Rana spenocephala JJ
Microhylidae Narrow-mouched Gascrophryne 8192
890303 toad carolinensis
Bufonidae dmerican foad Bufo americanus B196
890304
{Toad] [Bufo bufel [nonresidenc
Grean toad Bufo debilis B197
Fowlar's coad Bufo fowleri B196
Red-sported coad Bufo puncracus B1958
Woodhouse's toad Bufo woodhousel Bl196
Hylidae Northern cricket Acris crepicans B203
890305 frog
Souchern gray Hyla chrysoscelis B201
treefrog
Spring peeper Hyla crucifer B202
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Preshwacer (Comtinued)

Species
Class Pamily Common Name Sciencific Hane Reference
Barking creefrog Hyla gratiosa B201
Squirrel Hyla squirella 3201
creefrog
Gray treefrog Hyla versicolor B20Q
Rorchern chorus Pseudacris criseriata B202
frog
Pipidae African clawed Xenopus laevis zZ16
frog
Ambystomacidae Spocted Ambystoma maculacum Bl76
890502 salamander
.[Maxican axolotl] [Ambyscoma wmexicanum] {nonresidenc]
Marbled Ambystoma opacun B176
salamander
Salamandridae Newt Notophthalmus viridescens Bl79
3890504 {(Triturug viridescens)
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Foocrnoctes:

L.

Apparencly chis is 2n oucdaced name (D19, 2Q0). Organisms idencified as such should anly
be used if chey were obrained from Norch America.

Organisms noct idencified to species are considered residenc only if thev were obcained
from wild populactions in Norch America.

1f from Norch America, it is resident and should be called D. similis (C). If noc from
Norch America, it should be considered nonresidenc.

I1f from Norch America, it is residenc and may be any one of a number of species such as
D. laevis, D. dubis, or D. galeaca mendoca (C). 1If naoc from Norch America, it should be
considered nonresidenc. :

1f from Norch America, i: is resident and may be any one of 2 number of species, such as
D. ambigua, D. longiremis, or D. rosea (C). 1If not from North America, it should be
considered nonresident.

This species might be established in porcions of the souchera Uniced Scaces.

The taxcnomy of this species and this and similar genera has noct been clarified, bucr
chis species should be considered residenc.
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Salcwacer Species

Species
Class Family Common dame Sciencific Name Reference
PHYLUM: CNIDARIA (COELENTERATA) (37)
Hydrozoa Campanul ariidae Hydroid Campanularia flexuosa B122, EB1
3701 370401
Hydroid Laomedea loveni [nonresidenc]
Hyd romedusa Phialidium sp. [Foocnoce 1]
(E81)
Campsnulinidae [Hydroid] [Eirene viridula] [nonresidenc]
370404 ’
PHYLUM: CTENOPHORA (38)
Tencaculaca Pleurobrachiidae Crenophore Pleurobrachia pileus B218, E162
3801 380201
Mnemiidae Ccenophore Mnemiopsis mccrdayi 39, 194
380302
PHYLUM: RHYNCHOCOELA (43)
Heceronemerctez Lineidae Nemercine worm Cersbratulus fuscus B252
4303 430302
PHYLUM: ROTIFERA (ROTATORIA) (457
Monogononaca Brachionidae Rocifer Brachionus plicacilis B272
4505 450601
PHYLUM: ANNELIDA (50)
Polychaetca Payllodocidaa Polychaste worm Phyllodoce maculaca E334
5001 300113 (Anaicides maculaca)
(¥ereiphylla maculaca)
Hereidae Polychaete worm Neanches arenaceodencaca E377
500124 (Nereis arenaceodencaca)
[Polychaece worm] {Neanches vaali] [noaresident]
Polychsere worm Nereis diversicolor E337, F527

83

(Neanches diversicolor)




Salcwacer (Concinued)

Species
Class Family Common Name Sciencific Name Reference
Sand worm Nereis viraos 8317, E337,
(Neanches virens) cs8
Polychaere worm  Nereis sp.
Dorvilleidae Polychaere worm Ophryocrocha diadema P23
5001216
[Polychaace worm] [Ophryotrochsa labruamica] ([nonresidenc]
Spionidae Polychaere worm Polydora websteri E338
500143
Cirraculidae Polychaete worm Cirriformie spirabranchia G253
500150
Crenodrilidae Polychaate worm Ctenodrilus serracus G275
500153
Capitellidae Polychsere worm Capicells cspicaca B358, EA37
500160
Arenicolidae Polychaecre worm Arenicola marins 3369, E337
500162
Sabellidae Polychaece worm Eudistylia vancouveri DD
500170
Oligochaeca Tubificidae Oligochaete worm Limnodriloides 4
5004 500902 VArTuUcosus
Oligochaece worm Monopylephorus z
guciculacus
Oligochaece worm Tubificoidas gabriellse Z
PHYLUM: MDLLUSCA (50853)
Gascropoda Haliocidae Black abalone Haliocis cracherodii c8g, D17
51 510203
: Red abaloas Haliocis rufescens Dl
Calyptraeidas Comman Arlancic  Grepidula formicaca €90, Dlal
510364 slippershell
Muricidae Oyscer drill Urosalpinx cinerea B646, D179,
510501 (Urosalpinx cinereus) E264




Salrwacer (Continued)

Species
Class Family Common Name Sciencific Name Reference
Melongenidae Channeled whelk  Busycon canaliculacum B655, 0223,
(Nepcuneidae) E264
510507
Nassariidae Mud snail Nassarius obsolecus B649, D226,
(Nassidae) (Nassa obsolera) E264
510508 (Icyanzsss obsolera)
Bivalvia Myrilidae Norcthern horse Modiolus wodiolus D434
(Pelecypoda) 550701 mussel
55
Blue mussel Mycilus edulis B566, Cl101,
D428, B299
(Hedicerranean (Mycilus [nonresidenc
musgel] galloprovinciallis] .
Peccinidae Bay scallop Argzopeccten irradians D447
550905
Oscreidae Pacific oyater Crassostrea gigas €102, D456,
551002 : E300
Eascern oyster Crassoscrea virginica D456, EjOO
Oyster Crassostrea &p. [Footnote 1]
Oyscer Oscrea edulis E300
Cardiidage {Cocklel (Cardium edule] {aonresidentc
551522
Hacridae Clam Mulina laceralis D491
551525 :
Common rangia Rangia cuneaca D491, E301
Surf ¢clam Spisula solidissima B599, D489,
£301
Tellinidae Clan Macoma inquinaca D507
551531
{Bivalve) [Telling tenuis] [nonresidenc.
Veneridae Quahog clem Mercenaria mercenaria 0523, E301
551547
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Salcwacer (Concinued)

Specles
Class Family Common Name Sciencific Name Reference
Common Pacific Protochaca stcaminea D526
litcleneck
Japanese Tapes philippinarum D527
liccleneck
Myidae Sofc~sghell Mya arenarig B602, D536,
(Myacidae) clem £302
551701

PHYLUM: ARTHROPODA (58-69)

Meroscomata

58

Cruscacea
61

Limulidae
580201

Artemiidae
610401

Calanidae

611801

Eucalanid ge
611803

Pseudocalanidae
611808

Euchaecidae
611808

Hecridiidae
611816

Pseudodiapcomidae
611819

Temoridae
611820

Poncellidae
611827

Acartiidae
611829

Horseshoe crab Limulus polyphemus

{Brine shrimp} {Artemia salina)

Copepod Calanus helgolandicus
Copepod Undinula vulgaris
Copepod Eucalanus elongacus
Copepod Eucalanus pileacus
Copepod Pseudocalanus minutus
Copepod Euchaeca marina
Copepod Mecridia pacifica
Copepod Pseudodiapromus
coronacus
Copepod Eurytemora affinis
Copepod Labidocera scorci
Copepod Acarcia clausi
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B533, EA403,
#30

[Fooctnoce 2}

Q25
Q29
Al
AA
E447, 1155,
Q43
Q63

£179, Y

447, 1154,

Qlol

E450, 1155,
Qlll

R157

E447



Salcwater (Concinued)

Spacies
Class Family Common Nawe Scientific Name Reference
Copepod Acarcia tonsa E447, I154
Harpacticidae Copepod Tigriopus califormicus 318
611910
[Copepod] [Tigriopus japanicus] [nonresidenc
Tisbidae Copepod Tisbe holochuriae BB
611913
Canchocampt idae Copepod Nicocra spinipes Q240
611929
Balanidae Barnacle Balanus balanoides B424, E4S7
613402
Barnacle Balanus crenatus B426, E457
Barnacle Balanus eburneus B424, E457
Barnacle Balanug improvisua B426, E457
Mysidae Mysid Heceromysis formosa E513, K720
615301
Mysid Mysidopsis bahia Ul?3
Mysid Mysidopsis bigelowi ES13, K720
Mysid Neomysis -sp. [Foocnote 1]
Idoceidae Isopod Idotea balcica B446, E4LS83
616202 —— ———
(Isopod] [Idoces emarginaca] {nonresidenc]
{Isopod] (Idoces neglectal (nonresidenc]
Janiridae (Isopad] {Jaera albifrons) [nonresidenc]
616306
[Iaopod] [(Jaera albifrons sensu] [nonresidenc]
[Isopod) [Jaera nordmannil] {nonresidenc)
Ampeliscidae Amphipod Ampelisca abdica E488, L136
616902

87



Salcwacer (Concinued)

Species
Class Panily Common Name Sciencific Name Reference
Bugiridae Amphipod Poncogeneia sp. [Footnote 1)
(Poncogeneiidas)
616920
Gammaridae Amphipod Gazmmarus duebeni L36
616921
Amphipod Gammarus ocganicus E489, LS5O
Amphipod Gammarus cigrinus L51
[Amphipod] (Gammarus zaddachi} [nonresidenc]
Amphiped Marinogemmarus obrusacus L58
Lysisnassidae Amphipod Anonyx sp. [Foornoce 1]
616934
Euphasusiidae Euphausiid Euphausia pacifica M1S
{Thysanopodidas)
617402
Penaeidae Brown shrimp Penaseus azcrecus ES18, W17
617701 ;
Pink shrimp Pansaeus duyorarum ES518, W17
¥hite shrimp Penaeus sectiferus E518, NL7
Blue shrimp Penaeus styliroscris [nonresidenc]
Palaemonidse {Shrimp] [Lesnder paucidens] [nonresident]
617911
[Prawn] [Leander squills] [nonresidenc]
{(Palgemon elegans)]
Prava Hacrobrachium [Foornora 3]

Korean shrimp

Grass ghrimp

Grass shrimp

aa

rosenbergii

Palaemon macrodacrylus

Palaemonecres pugio

Palaemoneres vulgaris

T380
E521, N59

BS00, ES521,
N56



Salcwarer (Continued)

Specles
Class Family Common Name Scilencific Name Re ference
Hippolycidae Sargassum shrimp Lacreutes fucorum N78
617916
Pandalidae Coon scripe Pandalus danse T306, W63
617918 shrimp
Shrimp A Pandalus goniurus W163
Pink shriwmp Pandalus monct agui B494, E522,
Wié3
Craogonidae {Sand shrimp] [Crangaon crangon]) (nonresident
617922
Bay shrimp Crangen frenciscorum Viv7e, Wies
(Crago franciscorum)
Shrimp Crangon nigricauda V176, W14
Sand shrimp Crangon septemspinoss B500, ES522,
Nephropsidae . American lobscer Hodiarus smericanus B302, E532
(Hephropidae)
(Homaridase)
613101
{Lobscer] {Homarus gammarus] {nonresidenc]
Paguridas Hermic crab Pagurus longicarpus B514, ES37,
618306 N125
Cancridae Rock crab Cancer irroratus B518, ES&43,
613803 N175
Dungeness crab Cancer magister Tl66, Vi8S,
W17y
Portunidae Blue crab Callinectas sapidus BS21, €80,
613901 ' E543, N168
Green crab Carcinus maenas €80, ES43
Xanchidae Mud crab Eurypanopeus depressus B522, E543,
(Pilumpidae) N195
618902
Crab Leprodius floridanus 580
Hud crab Rhichropencpeus harrisii ES543, N187
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Salrwarer (Concinuad)

Species
Class Pamily Common Wame Scientific Name Reference
Grapsidae Shore crab Hemigrapsus nudus cc
618907
Shore crab Hemigrapsus oregonensis cc
Drifc line crabd Sesarma cineraum B526, E5344,
w222
[Crab) [Sesarma haematocheir] (nonresident]
Ocypodidae Fiddler crab Uca pugilator B526, ES44,
618909 N232
PHYLUM: ECHINODERMATA (81)
Ascteroidea Asceriidae Starfish Ascarias forbesi B728, E578,
8104 811703 0392
Ophiuroidea Ophiochricidae Briccle scar Ophiochrix spiculaca 0672, TS526
8120 812904
Echinoidea Arbaciidae [Sea urchin] {Arbacia lixula) (nonresidenc]
81386 814701 i
Sea urchin Arbacia punctulaca B762, ES572
Toxopneuscidae Sea urchin Lytechinus piccus T253
814802
[8ea urchin] [Pseudocencrotus [nonresidenc]
depresaus|
Echinidae [{Echinodera] [Paracencrocus lividus] [nonresidenc]
814901
Echinomstridae {Coral reef [Echinomatra mathseil] [nonresidenc]
814902 echinoid) (Hawaii omly]
Scroagy- Sea urchin Scrongylocentrotus 0574, T202
locentrocidae purpuracus
814903
Dendrasteridae Sand dollar Dendrascer excentricus 0537, V363
815501
PHYLUM: CHAETOGNATHA (83) Arrow worm Sagictcs hispida E218
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Saltwacer (Continued)

Species
Class Family Common Name Sciencific Name Reference
PHYLUM: CHORDATA (8388)
Chondrichthyes Rajidae [Thornback ray] [Raja clavacal [nonresidenc
8701 871304
Osreichchyes Anguillidae Amarican esl Anguilla roscraca AlS
8717 874101 ’
Clupeidae Aclantic menheden Brevgdrria tyrannus al?
874701
Gul f menhaden Brevoortia pacronus Al7
Atlancic herring Clupea harengus harengus Al7
Pacific herring Clupes herengus pallasi Al7
Herring Clupea harangus Al7
Engraulidae Norchern anchovy Engraulis mordax Al8
874702 ,
{¥ehu] [Stolephorus purpureus) (noaresidenc]
(Hawaii only]
Salmonidas Pink salmon Oncorhynchus gorbuscha AlB
875501
Chum salmon Oncorhynchus keca Al8
Coho salmon Oncorhynchuas kisucch Al8
Sockaye salmon Oncorhynchus nerka Al9
Chinook salmon Quncorhynchus tshawytacha Al9
Rainbow trouc Saleos gairdnaeri Al9
(Sceelhead crour)
Atlantic salmon  Salwmo salar Al9
Gadidae Arlantic cod Cadus morhua A30
879103
Haddock Melanogrammus seglefinus A30
Cyprinodouridae Sheepshead Cyprincdon variegacus A33
880404 minnow
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Salcwacer {Continued)

Species
Class Family Common Name Scientific Name Reference
Mummichog Fundulus heceraclicus A3l
Striped Fundulus majalis A33
killifish
Longnose Fundulus similis A33
%illifish
Poecliliidae Mosquicofish Gambusia affinias A33
880408
Sailfin molly Poecilia lacipiuna A34
Atherinidae Inland Menidia berylline A34
880502 silverside
Arlancic Yenidia menidia A34
gilverside
Tidewacer Henidia peninsulse A34
gilverside
Gascerosceidae Threespine Gascerosreus aculeatus A3S
881801 stickleback
Fourspine Apeltes gquadracus A3S
gtickleback
Syngnachidaa NHorchern Syngnacthus fuscus A36
882002 pipefish
Percichchyidae Scriped bass Morone saxacilis A36
{Roccus saxatilis, Obs,)
Ruhliidae {Mouncain bass] {Kuhlia sandvicensis] [nonresidenc]
883514 (Hawaii oaly)
Carangidae Florvida Powpano Trachinoctus carolinus A43
883528
Sparidae Pinfish Lagodon rhomboides A4S
883543
Scisenidae Spot Leioascomus xanchurus A4
883544
Atlantic croaker Micropogonias undulacus A46
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Salcwacer (Continued)

Svecles
Family Common Name Sciencific Name Reference
Red drum Sciaenops ocellatus A4S
Embiococidae Shiner perch Cymacogaster aggregaca AL7
883560
Dwarf perch Micromerrus minimus a8
Pomacencridae Blacksmich Chromis punccipinals A4S
883562 o
Labridae Cunner Taucogolabrus adspersus A49
883901
Bluehead Thalassoma bifasciacum Ab9
Mugilidae (Mullec] [Aldrichecca forsteri] (nonresidenc]
883601 ’ :
Scriped mullec Mugil cephalus ALY
Whice mullec Mugil curema ALY
Amnodyc idae Pacific sand Ammodyces hexapterus AS3
884501 lance
Gobiidae Longjaw mudsucker Gillichcthys mirabilis ASé
8as70l :
Naked goby GCobiosoma bosci A54
Coctidae Tidepool sculpin Oligocottus maculosus A6l
883102
Bothidae Speckled sanddeb Citharichchys scigmaeus  Abb
885703
Summer Elounder Peralichchys dencacus AbL
Pleuronectidae (Dab] (Limanda limanda] {nonresident]
885705
[Plaice] [Pleuronecces placessal {aonresident]
Eaglish sole Parophrys veculus a65
Wincer flounder Pseudopleuronectes AdS
americanus
Balistidae Planehead Monacancthus higpidus A6
886002 filefish
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Salcwater (Continued)

Species
Class Family Coumon Name Scientific Name Reference
Tetrraodoncidae Norcharn puffer Sphoeroides maculacus AG6

886101

Foocnatas:

I. Organisms noc identified to species are considered residenc ofily if obtained from wild
populacions in North America.

2. This spacies should not be used because it might be too arypical.

3. This species might be established in porctions of the southern Uniced Scaces.
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Appendix 2. Example Calculacion of Final Acute Value, Compurer Program, and
Printouts

A, Exsmple calculacion

N = gocal number of MAVs in data sec = 8

Rank MAV LnMAV (1aMAV)2 p=R/(N+1) VP
4 6.4 1.8563 3.4458 0.44444 0.66667
3 6.2 1.8245 3.3290 0.33333 0.57735
2 4.8 1.5686 2.4606 0.22222 0.47140
1 0.4 ~0.9163 0.8396 0.11111 0.33333

Sum: 4.3331 10.0750 1.11110 2.04875

2
2 10,0750 - (6.33300%/8 _
® 1.11110 - (2.04875)%/4 87.134

5= 9.3346
L = [4.3331 - (9.3346)(2.04875)]1/4 = -3.6978
A = (9.3346)(y0.05) - 3.6978 = -1.6105

FAV = ¢~1.6105 & ¢,1998
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B, Example computer program in BASIC language for calculating the FAV

10 REM THIS PROGRAHM CALCULATES THE FAV WHEN THERE ARE LESS THAN
20 REM 59 MAVS IN THE DATA SET.

30 X=0

40 X2=0

50 Y=0

60 Y2=0

70 PRINT "HOW MANY MAVS ARE [N THE DATA SET?"
80 INPUT R

90 PRINT "WHAT ARE THE POUR LOWEST MAVS?"™
100 POR RBR=]l TO 4

110 INPUT V

120 X=X+LOG(V)

130 X2aX2+(LOG(V))#*(LOG(V))

140 P=R/(N+1)

150 Y2=Y2+P

160 Y=Y+SQR(P)

170 BEXT R

180 S=SQR({X2~X*X/4)/(12-1%%/4))

190 L=(X-S*Y) /4

200 A=8#SQR(0.05)+L

210 F=EXP(A)

220 PRINT "FAV = "P

230 END

C. Example priarouts from program

HOW MANY MAVS ARE IN THE DATA SET?
? 8
WHAT ARE THE FOUR LOWEST MAVS?

HOW MANRY MAVS ARE IN THE DATA SET?
? 16
WHAT ARE THE FOUR LOWEST MAVS?

o0 on
o b &

) 3 D eI

IA
FAV = 0,4365
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Attachment 1 — Exhibit G

Acute Toxicity Data used in Boron Standard Derivation
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Chronic Toxicity in Boron Standard Derivation
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Attachment 1 — Exhibit I

Boron standard Derivation using 1985 Guidelines
Methodology
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Attachment 1 — Exhibit J

Influence of hardness and pH on boron toxicity



Exhibit J: Influence of hardness and pH on boron toxicity

LN pH

6.0
y =-0.2528% + 6.7757
5.5 B R7-09825 & Hyalella {(Borgmann
= 5 water)
= _
® 5.0 y-oszo—ogxgga.zmzv % Hyalella (Smith
£ 9—}64’ water)
o
(73] . .
g 45 VE=0.0862X ¥ 50903 ¢ Cer'Odakphn'a
2 R = 0.8094 (Soucek)
4.0 4 Ceriodaphnia
y = 0.1831x + 2.9689 (Dethloff)
3.5 R®=0911 , Data was restricted
4.0 5.0 7.0 to tests in which
pH ranged from
LN Hardness (mg/L) 7.3-8.1
5.5
y =1.9631x + 0.7727
2 _
o |y=-1788x+81511 R”=0.9987
3 R?=0.
Py 0.3778 & Ceriodaphnia
£ a
2 4.5 e £ Hyalella (Smith
] A water)
=R y = 2.4945x - 0.4049 A Pimephales
R?=0.7481
Data was restricted
3.5 T ; . , to tests in which
1.8 1.9 2.0 21 hardness ranged

from 82-110 mg/L




Attachment 1 — Exhibit K

Fluoride Standard Derivation Using 1985 Guidelines
Methodology



Fluoride Standard Derivation Using 1985 Guidelines Methodoloay

Species

Daphnia magna

Pimephales promelas

Ceriodaphnia dubia

Gasterosteus aculeatus

Actinonaias pectorosa

Hyallela azteca
Lepomis macrochirus
Ceratopsyche bronta
Hydropsyche occidentalis
Hydropsyche bulbifera
Hydropsyche exocellata
Hydropsyche lobata
Hydropsyche pellucidula
Chimarra marginata
Cheumatopsyche pettiti
Hexagenia limbata
Lampsilis fasciola
Utterbackia imbecillis
Chironomus tentans
Brachionus calycifforus
Physa sp.

Lumbricujus variegatus
Simocephalus vetulus
Philodina acuticomis
Alasmidonta raveneliana
Sphaerium simile

Hyallela azteca
Hexagenia limbata
Ceratopsyche bronta
Sphaerium simile
Cheumatopsyche pettiti
Hydropsyche occidentalis
Hydropsyche bulbifera
Hydropsyche exocellata
Hydropsyche lobata
Hydropsyche pellucidula
Chironomus tentans
Simocephalus vetulus
Pimephajes promelas
Lumbriculus vanegatus
Chimarra marginata
Ceriodaphnia dubia
Daphnia magna
Brachionus calyciflorus
Physa sp.

Gasterosteus aculeatus
Lampsilis fasciola
Philodina acuticornis
Actinonaias pectorosa
Utterbackia imbecillis
Alasmidonta raveneliana
Lepomis macrochirus

LC50 (ma/L)

342
251
187
114
112.2
190
179
134
125
248
180
182
122
340
380
460
259
298
25.8
375.6
17
34.7
26.3
26.5
48.2
38.5
449
42.5
32.3
172
234
124.1

In W

3.250374492
3.47506723

2.833213344

4.130355

3.749504076
3.546739687
3.269568939
3.277144733
3.875359021
3.650658241
4.821087692
5.305789381
4.976169282
4.537961436
3.804437795
5.178603332
5.331892685
5.211287808
5.09436351

5.96678112

5.147494477
5.356586275
5.626960774
5.455321115
5.713732806
5.928524747

Hardness

{mall)

266
169
110
70
67
260
168
12
72
288
186
117

v
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423
0.539423

Geometric
Mean LC50
w
206.8

144.9

177.4

390.2

277.8

25.8
375.6
17.0
34.7
26.3
26.5
48.2
38.5
449
42.5
32.3
172.0
234.0
124.1
183.3
163.1
93.5
201.5
212.0
303.0
62.2

InX
4.718498871
4.976733742
3.693866996
4.564348191
3.693866996
3.693866996
2.827313622
2.533696814
2.862200881
2.901421594
4.976733742
5521460918
4.776900644
3.90197267
2.533696814
4.995403607
4.915592658
4.49980967
3.586292865
5.014699308
3.465735903
3.688879454
3.881510655
3.526360525
3.33220451
3.688879454

GeoMean
Hardness

X
136.4

118.7

147.7

150.6

48.5

112.0
40.0
40.2
40.2
16.9
12.6
17.5
18.2
12.6
40.2

145.0
32.0
34.0

145.0
90.0
36.1
49.5

250.0
40.0
28.0
96.0

Pooled Slope (V) =
R squared =

LN (LC50/
GeoMean

LC50)

0.502918052
0.193560254
-0.100784069
-0.595694237
-0.255886289
0.27085479
0.211216524
-0.078329482
-0.147855544
0.334825414
0.014353519
0.025403355
-0.374582287
-0.137835502
-0.026609867
0.16444537
-0.070132712
0.070132712

[=NoleNoNoleNoleNelolelNeloloNeNoNeNoNeNo Nl

LNZ
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005
3.912023005

LN (Hardness /

GeoMean
Hardness)

0.667903651

0.214306057
-0.215112292
-0.667097416
-0.572208025
0.783780987
0.347063335
-0.058401773
-0.500234525
0.667556873
0.230343066
-0.233229672
-0.664670267
-0.657990481
-0.031092686
0.689083167
-0.549306144
0.549306144

DO0O00DO0OO00DO0OO00DO0OO0DODODOODOOOO

0

Slope

0.809962436

0.388007883

0.47229169

8:225405768

0427675082

R squared

0.984271775

0.936861966

0.876197806

0.987652284

*Low slope, precipitation
may have occurred w/
increased hardness
*Low slope, poor
relationship w/ hardness
across all four tests

0.539423386 *Calculated from Ceriodaphnia, Daphnia, and

0.86

Y
2.815342549
2.900737359
2.950891798
3.778475539
3.867182529
3.66441814

3.854686548
4.020646115
4.441657626
4.195800277
4.246757821
4.437620933
4.509634057
4.543382822
4.547939176
4.594202499
4.790543745
4.894221934
5.270069965
5.371971735
5.388232177
5.476955125
5.64341985

5.663356477
6.026500462
6.048893597

Pimephales data

SMAV GMAV GMAV Rank
16.70 16.70 1
18.19 18.19 2
19.12 19.12 3
43.75 43.75 4
47.81 47.81

39.03 56.57

47.21 56.57

55.74 56.57

84.92 56.57

66.41 56.57

69.88 69.88

84.57 84.57

90.89 90.89

94.01 94.01

94.44 94.44

98.91 98.91

120.37 120.37

133.52 133.52

194.43 194.43

215.29 215.29

218.82 218.82

239.12 239.12

282.43 282.43

288.11 288.11

414.26 414.26

423.64 423.64



Attachment 1 — Exhibit L

Manganese Standard Derivation Using 1985 Guidelines
methodology



Manganese Standard Derivation Using 1985 Guidelines Methodology

GeoMean
Hardness Geometric Hardness LN (LC50 /
Species LC50 {ma/l}  (mall} MeanLC50 (mail) GeoMean LC50}
w X
Pimephales promelas 3.54 26 10.396265 69.83676907 -1.076755068
6.23 50 -0.511749298
9.35 100 -0.106488163
15.83 200 0.42020755
10.30 48 -0.008108556
17.28 92 0.508045284
27.44 176 0.970555196
8.56 28 -0.194696946
Hyalella azteca 3.00 26 10.3708414 100.5484771 -1.240385869
8.56 80 -0.191897968
13.70 164 0.278397675
31.00 269 1.094989047
11.00 112 0.058887115
Ceriodaphnia dubia 5.70 26 13.2927304 72.95820557 -0.846751127
14.50 92 0.086931347
14.50 184 0.086931347
9.44 25 -0.342261322
11.20 50 -0.171303524
21.20 100 0.466783879
27.30 200 0.7196694
Daphnia magna 28.70 100 27.7892934 106.5458376 0.032246307
76.30 267 1.010022123
9.80 453 -1.04226843
Tubifex tubifex 26.80 12 95.2496886 93.06388048 -1.268089857
42.70 45 -0.802302825
85.90 173 -0.103317916
464.75 305 1.584887882
171.61 245 0.588722716
Chironomus tentans 42.20 100 63.0829612 164.924225 -0.402030484
94.30 272 0.402030484
Pytchocheilus oregonensis 189.48 347 189.482 347 [¢]
Anodonta imbeciflus 36.20 80 36.2 80 0
Agosia chrysogaster 130.00 224 130 224 0
Bufo boreus 42.30 526 423 526 o
Physa inlegra 147.12 162 147.12 162 0
Brachionus calyciflorus 38.70 36.2 387 36.2 o
Megalonaias nervosa 31.50 91 315 91 0
Lampsilis siliquoidea 43.30 91 433 91 0
Pooled Slope (V) =
R squared =
nw v nXx z wmz
Hyalella azteca 2338998158 0.746724 4.61063887 50 3.912023005
Pimephales promelas 2341446607 0.746724 4.24616065 50 3.912023005
Ceriodaphnia dubia 2587217302 0.746724 4.28988675 50 3.912023005
Daphnia magna 3.324650816 0.746724 4.66857529 50 3.912023005
Megalonaias nervosa 3.449987546 0.746724 4.51085851 50 3.912023005
Lampsilis siiquoidea 3.768152635 0.746724 4.51085951 50 3.912023005
Anodonta imbecillus 3.589059119 0.746724 4.38202663 50 3.912023005
Chironomus lenlans 4.144450705 0.746724 5.10548613 50 3.812023005
Bufo boreus 3.744787086 0.746724 3.86271612 50 3.912023005
Agosia chrysogaster 4.86753445 0.746724 5,41164605 50 3.812023005
Pytchocheilus oregonensis 5.244294033 0.746724 5.84932478 50 3.912023005
Brachionus calyciflorus 3.6558386 0.746724 3.58905912 50 3.912023005
Tubifex tubifex 4.556501745 0.746724 4.53328614 50 3.912023005
Physa integra 4.99124858 0.746724 5.08759634 50 3.912023005
Caleulation of Chronic Intercept 8ased on MATC of Hyalella azteca
W (chronic MATC) = 2.01 mg/L, X (test hardness) = 115 mg/L
nw v nx z NZ

Hyalelta azteca (chronic) 0698134722 0.746724 4.74493213 50 3.912023005

LN (Hardness/
GeoMean Hardness)

-0.988064111
-0.334137643
0.359009537
1.052156718
-0.374959638
0.275627928
0.924323346
-0,913956138
-1.352543432
-0.228613336
0.489226458
0.98407 1409
0.107858801
-1.031790213
0.231901826
0.925049007
-1.071010926
-0.377863745
0.315283435
1.008430616
-0.063405106
0.918673366
-0.85526826
-2.048379494
-0.726623654
0.62000545
1.187025632
0.967972066
-0.50031594
0.50031594
0

o oo0cooo

o
0.746723791
0.80

Y
1817324249
2.091938079
2.305057454
2759715224
3.002822083
3.320987173
3.238096227
3.253263399
3.706933332
3.747730244
3.797664707
3.897004418
4.092589778
4.113420007

Y
0.076181664

Slope

0.675466164

0.948608781

0.520161431

1.150551122

0.746925146

0.803553219

SMAV
6.155366169
8.100599565

10.0247542
15.79534417
20.14230004
27.68766858
25.48515758
25.87464157
40.72871335
4242467836
44.59691594
49.25468145
59.89480529
61.15551258

MATC
1.079158601

R squared

0.677839398

0.977275646

0.734117436

0.892093377

0.812047797

GMAV
6.155366168
8.100599565

10.0247542
15.79534417
20.14230004
27.68766858
2548515758
25.87464157
40.72871335
42.42467896
4459691584
49.25468145
59.89480528
61.15551258

GMAV Rank

1

2
3
4



Attachment 1 — Exhibit M

Acute and chronic fluoride standards at variable hardness
using 1985 Guidelines Methodology
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Attachment 1 — Exhibit N

Acute and chronic manganese standards at variable
hardness using 1985 Guidelines Methodology
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Attachment 1 — Exhibit O

Acute Toxicity Data Used in Fluoride Standard
Derivation
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Attachment 1 — Exhibit P

Chronic toxicity data used in fluoride Standard Derivation
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Attachment 1 — Exhibit Q

Acute toxicity used in manganese Standards Derivation
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Attachment 1 — Exhibit R

Chronic toxicity data used in manganese Standard
Derivation
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Attachment 1 — Exhibit S
Ambient Water Quality Monitoring Network (AWQMN)



Ambient Water Quality Monitoring Network (AWQMN)

Station Code Stream Name

OHIO RIVER BASIN

A Q6 Ohto River

AD 02 Cache River

AK 02 Lusk Cresx

AT 08 Saline River

ATF 04 N. Ferk Saline River
ATG C3 Middle Fork Saline Riv

ATGC D1 Bankston River

ATH 02 S. Fork Sailne River

ATH 05 S. Fork Saline Rwer

ATHG 51 Sugar Creex

WABASH RIVER 2ASIN

B 06 Wabasn River
B Or Wabasn River
BG &2 Bonpas Creek
BE 01 Embarras River
BE 07 Embarras River
BE (¢ Embarras River

10f 13~ indicates no flow data collected

(4/30/97)
Critical Latitude
Haraness  County Longiude Descnption
88 Pulaskl 371211 North £nd of Dam 53.
8902 30 East of Olmsted
125 Johnson 372011 Co. Rd. 8r., 1.0 miles
88 5526 NE of Belknap
54 Pope 372820 Co.Rd.Br.. 2.8 mles
88 3250 SE of Edayville
- 233 Gallatin 37 3853 Peabody Br., 1.3 miles
88 14 30 E of Gibsonia
220 Sahne 375318 Rt 45Br.. 5.1 miles
882306 NE of Eldorado
379 Saline 37 4228 Co. Rd Br.. 2.7 miles
882931 SE of Harnsburg
588 Sahne 37 4605 Rt 34 Br,, 2.5 miles
883225 N of Harnsburg
219 Williamson 37 37 22.5 Co. Rd. Br.. 3.4 miles
88 48 43 5 Crab Orchard
317 Saline 373816 Rl 458Br., 2.8 miles
88 40 40 SW of CARner Milis
1400 ‘Nifhamson 3723919 Co.Rd B8r.. S.1 miles
88 45 48 ME of Creal Springs
223 Crawford 3906 37 Indiana Rt. 154 Br.
87 38 18 at Hudsonville
180 White 3807 55 Rt 460 Br.; near
87 56 25 New Harmony, IN
150 Edwards- 382311 Rt 15 Br., 0.6 nuies
wWabasn 87 58 32 NE of Browns
189 Lawrence 3839 54 Co.Rd. 2r.. 1.3 mlles
87 37 35 E of Billet
254 Jasper 3856 10 Co. Rd. Br., at N edga
88 01 10 of St. Marie
250 Cumberiana 392040 Rvan Bridge, County

88 10 15 Rd. ¢ miles S of Charlestcn

note: critical hardness expressed as CaCClmere;



Station Ceode

3E 14 Embarras River

BEF 05 N Fork Embarras Riv

BF 01 Sugar Creek

BM 02 Sugar Creek

EN 01 Brounetts Creek

3007 Little Vermilfion Riv

BP 01 Vermulion River

BPG 0% N. Fork Vermuition Riv

BRJ 03 Salt Fork Vermnlion Riv

BEPJCT Salt Fork Vermiilion R

3PJC 33 Sahne Br

oPK 07 Middle Fork Vermithon Riv

Ccos Little Wabash River

C 19 Liitle Wabash River

c 2t Little Wabash River

c22 Little Wabash River

c2a3 Little Wabash River
20f13 ‘ndicates no flow data collected

Ambient Water Quality Monitoring Network (AWQMN)

Stream Name

(4/30/97)
Critical
Hardness

280

193

278

231

172

334

135

130

143

141

136

County

Oouglas

Crawiord

Crawford

Edgar

Vermilion

Vermilion

Vermilion

Vermillion

Vermiition

Champaian

Champaign

Vermillion

Edwaras

Clay

Effingham

Clay

White

Latitude
Longnuae Descnption

394753 Co.Rd. Br., west eoge
881013  of Camargo

290001 Rt 33Br.. 2.8 miles
87 86 52 W of Obtang

33900168 Twp. Rd. Br., NE of
87 3550 Palesune near ICRR

392953 Co.Rd. 8., 1 mile
873311 fromindiana line

294053 Indiana Rt 74 Br..
87 3116 05 miles N of Blanford

380755 Co.Rd. Br., 4 miles
87 56 25 SE of Georgetown

400553 Grape Creek Rd., 3.5
87 3537 miles SE of Danville

4016 13 2 miles W of Bismark
87 38 34 on Co. Rd.

4004 56 Coi Rd. Br.. 3 miles
87 46 53 3 of Qakwood

200759 Co Rd. Br., 2.5 miles
8806 15 M of St. Joseph

4008 12 Co. Rd. Br.. 1 mile
87 07 55 N of Mayview

40 08 12 Kickapoo St. Park Br.,
87 44 45 upstream of |1-74 Br.

383108 ‘N Salem-tt. Erie Rd Br..
8807 55 SW of Blood

384623 Co. Rd. 8r., NE of
88 2950 Louwille

390613 US408Br., 2.2 mies
88 3533 SWof Effingham

383805 Co. Rd. 8r., 5 miles
88 17 50 SE of Clay City

380531 Man St Br. in Carmu
880920

note; cntical hardness expressed as CaCOJ (mg-l)



Station Code

Ambient Water Quality Monitoring Network (AWQMN)

Stream Name

CAD3 Skiilet Fork

CA 0t Skiliet Fork

CA 03 Skillet Fork

CD 01 Elm Creek

ILLINOIS RIVER BASIN

DO llinots River

005 lnois River

D 09 inois River

D 16 lliinois River

022 llhnois River

D3¢ Ihnots River

D31 linols River

D32 inots River

DA 04 Macoupin Creek

DA 056 Macoupin Creek

DB 01 Apple Creek

0D 04 Mauvaise Creek

20of13 " indicates no flow data collected

(4/30/97)
Crittcal Latitude
Haroness  County Longitude Descnptton
113 ‘White 380912 ‘Minters Br. Co. Rd.,
880955 4.0 mies N of Carmi
137 Wayne 382125 Rt 158Br., 1.0 miles
883500 N of Wayne City
160 Marion 3831130 Co.Rd. Br., 7.5 miles
88 4339 SE ofluka
106 Wayne 382628 Price Br. Co. Rd.,
88 1533 6 miles NE of Fairfield
245 Calhoun / 3909 37 Rt 100 8r. at Hardin
Greene 80 36 53
221 Peoria / 40 3423 Rt 9 Br. at Pekin
Tazwell 893917
251 Marsnall 410130 Rt 17 Br. at Lacon
89 2502
214 Putman 411523 Rt., 26 Br. at Hennepin
89 20 45
220 LaSalle 41 19 40 Marsellles downstream
884510 from Nabisco Blvd.
218 Peora 40 43 30 Peoria PWS intake
8932 ¢:8
242 Mason 40 16 40 llinois Power
80 04 53 intake near Havana
252 Scott 3942 10 Wagaxh RR Br., 0.5 miles
90 38 40 E of Valley City
169 Macoupin 39 12 05 Macoupin Station;
89 58 41 Plainview Rd. Br.
227 Greene 3914 03 Rt 267 Br., 3.5 miles
902340 NW of Kane
233 Greene 392211 Co. Rd. Br., 6 miles
90 32 45 N of Eldred
194 Scort 394353 Co.Rd. 8r., 1.5 miles

90 24 26 NE of Merntt

note: critical hardness expressed as CaCQ3 (mal)



Slation Code

DE G

DF 04

DG 0f

OG 04

OH 1

0J o2

0J 08

0J 08

DJ 09

DIB 12

DJBZ ™

DOJL Ot

DK 12

DK 13

DL 01

DQ 03

DQD 01

40of 13

Ambient Water Quality Monitoring Network (AWQMN)

Siream Name

McKee Creek

Indian Creek

LaMoine River

L.aMoine River

Sugar Crezk

Spoon River

Spoon River

Spoon River

Spoon River

8ig Creek

Stug Run

Indian Creek

Mackinaw River

Mackinaw River

Kickapoo Creek

Big Bureau Creex

West Bureau Creek

- indicates no flow data collected

{4130/87\
Critical
Hardness

249

272

154

188

370

480

306

335

455

1065

244

279

167

267

~ounty

Pike

Cass

Brown /

Schuyler

McDonougn

Schuyier

Knox

Stark

Fulton

Fulton

Fuiton

~uiton

Stark

Tazewel

Tazewell

Peona

Bureau

Bureau

Lattude

Longnude

354804
80 3% 09

3952 40
2022 38

4001 31
80 37 55

40 19 45
90 53 55

40 05 48
90 24 16

40 54 33
80 05 12

4103 47
88 47 43

4029 24
90 20 26

40 42 51
90 16 00

40 27 22
20 08 00

4028 24
8008 37

410106
89 50 07

40 26 51
89 41 28

403512
89 16 42

40 39 18
89 39 16

472155
89 29 55

412157
89 34 07

Deascription

Rt 104 Br., at
Champersburg

Co. Rd. Br.. SWof
Arenzville

US Rt 24 Br. at
Ripley

Rt. 61 Br. at
Colmar

Rt 100 Br.. 2 miles
NE of Frederick

US 150 Br.. 3.6 miles
SW of Williamfield

Rt 17 Br., 2 miles
W of Wyoming

Rt. 95 0.4 miles
NE of Seville

8r. at nonth edge of
Londecn Mills

Zo. Rd. Br.. 2.0 miles
SW of Bryant

Private Rd.. 2.5 miles
NW of Bryant

Co. Rd. Br., 3 miles
W of Wyoming

Co. Rd. Br.. 4 miles
SSWof 8. Pekin

Co. Rd. Br., 4 miles
SE of Deer Creek

US 24 Br., No of
Banonville

Rt. 6 Br. near
Princeton

US §-34 Br. atE
edge of Wyanet

note: critical hardness expressed as CaCO2 {mg/l)



Station Ccde

OR 01

DS 08

bS a7

OV 04

DWW 01

DZZP 03

DT 06

DT 09

DT 2z

DT 35

DT 48

DTB 01

OTD 02

DTG 02

DTK Q4

50f 13

Ambient Water Quality Monitoring Network (AWQMN)

Stream Name

Little Vermilhon River
Vermtlion River
Vermdhén Rwer
Mazon River

Aux Sable Creek
Farm Creek

FOX RIVER BASIN
Fox River

Fox River

Fox River

Fox River

Fox River

Fox River
Somonauk Creek
Blackberry Creek
Poplar Creek

Nippersink Creek

" indicates no flow data collected

(4/30/97)
Critical
Hardness  County

340 LaSalle
312 Livingston
282 LaSalle
285 Grunay
335 Grundy
244 Tazewell
299 McHenry
249 Kane
300 McHenry
252 Lake
275 Kane
241 LaSalle

- 3N LaSalle
364 Kendall
328 Cook
335 McHenry

Latitude

Longitude Description

412000
89 34 07

4049 42
88 34 29

4117 10
88 55 51

4117 10
88 21 35

412502
88 20 51

40 40 16
89 34 48

42 09 59
8817 25

4159 40
88 17 40

4216 44
88 13 31

4228 45
88 1042

4143 46
8820 19

412314
88 47 21

413237
88 41 12

414018
88 26 29

420135
881520

42 26 37
88 14 51

US 6 Br. in LaSalle

Co. Rd. Br., 0.5 miles
E of McDowell

Co. R4. Br., 3 miles
NE& of Leonore

Rt 113 Br. 4 miles
W of Coal City

US 6 Br.. 6 miles
NE of Morns

Camp St. Br., NE of
Peoria, 400 ft. from Br.

Rt. 682 Algonguin
Rd. Br.

State St. Br.in
S. Eigin

Rt 176 Br., S miles
ENE of Crystal Lake

Rt. 173 Br. near
Wisconsin line

Mill St. 8r, 1n
Montgomery

Co. Hwy. 18 at
Dayton

E-W Twp. Rd. Br.
1 mile N of Shendan

US Rt 47 Br.,
north of Yorkville

US R 20 Br.,
Villa St. in Elgin

W’mn Rd. Br., 0.6 miles
W of Spring Grove

note: cntical hardness expressed as CaCOZ (ML)



Station Code

E 05

E 06

E 09

E 16

€24

E25

E 26

€28

E 29

Elo2

Ei 06

EID 04

EIE 04

EIE 05

EiG 01

ELO1

6 of 12

Ambient Water Quality Monitoring Network (AWQMN)

Siream Name

(4/30/97)
Critical
Hardness

SANGAMON RIVER BASIN

Sangamon River

Sangaman River

Sangamon River

Sangamon River

Sangamon River

Sangamon River

Sangamon River

Sangamon River

Sangamon River

Salt Creek

Sait Creek

Sugar Creek

Kickapoo Creek

Kickapoo Creek

Lake Fork

Spring Creex

* indicates no flow data coliected

242

T 238

215

280

238

288

263

261

292

299

254

166

315

300

286

197

County

Macon

Macon

Macon

Chnsuan /

Sangamon

Menard

Menard /

Mason

Sangamon

Piatt

Champaign

Mason

Dewitt

Logan

Dewitt

Logan

Logan

Sangamon

Latitude

Longitude Oescrption

3847 48
8906 15

394928
88 57 20

334952
88 58 35

3844 32
892357

4000 37
89 50 42

4007 25
895805

39 50 34
89 32 52

40 04 08
88 38 07

40 18 40
88 19 20

40 08 01
89 44 08

4 006 54
89 02 57

4013 20
8924 12

401520
89 07 40

4011 30
892140

3957 00
89 41 16

39 49 16
8941 16

Lincoin Trail Br.,
5 miles SE of Niantic

Decatur PWS intake,
near dam

Rt. 48 8r. at Decatur

Co. Rd. Br., 4.5 miles
S of Machanicsburg

Rt. 123 Br.,
E of Petersburg

Rt. 97 Br. near
Oakforg

Old Rt. 36, W of
Riverton

Co. Rd, Br., 4.5 miles
SW of Monticello

Rt. 136 Br., 0.75 miles
£ of Fisher

Rt 28 Br., 4 miles
N of Greenview

Co. Rd. Br., 2 miles
NE of Kenney

Twp. R4., 2.6 mies
SE of Hartshurg

Co. Rd. Br., 0.75 miles
N of Waynesville

Co. Rd Br., 1.75 miles
N of Lincoin

Rt. 54 Br., 2 miles
NE of Comtand

Bruns Lane Br., NW
edge of Spnngfield

note: cntical hardness expressed as CaCO3 (mg/L)



Station Code

EO 01

EO 02

EOA 01

EOD 01

EOH 01

F Ol

F o2

FL 02

FLO4

FLI 02

G 07

G 08

G 11

G 15

G22

7 0f13

* indicates no flow data collected

Ambient Water Quality Monitoring Network (AWQMN)

Stream Name

South Fork

South Fork

Sugar Creek

Clear Creek (Lake Sangchris)

Flat Branch

KANKAKEE RIVER BASIN

Kankakee River

Kankakee River

Iroquois River

lroquols River

Sugar Creek

{4/30/87)
Critical
Hardness

140

230

250

210

180

279

305

262

312

277

County

Sangamon

Christian

Sangamon

Sangamon /

Christian

Chnistian

will

Kankakee

Kankakee

troquois

iroquois

DES PLAINES RIVER / LAKE MICHIGAN BASIN

Des Plaines River

Des Plaines River

Des Plaines River

Des Plaines River

Des Plaines River

248

385

246

257

286

Lake

Lake

Will

Cook

Cook

Latitude

Longitude Descnption

394550
89 33 43

39 34 44
89 23 31

39 47 07
893520

38 39 05
83 25 07

3833 14
89 1512

4120 48
8811 \1

4109 36
87 4007

4100 2¢
87 49 22

404825
87 34 55

40 37 50
87 43 25

422039
87 56 18

422922
87 55 32

413547
88 04 07

4157 11
875115

4204 55
875325

Rt. 29 Br,, 1.5 miles
NW of Rochester

Rt 104 Br., 1 mile
E of Kinkaid

Rt., 28 Br., 1 mile
SE of Springfield

New City Rd., Lake
Sangchris Dam

Old Rt. 29 Br., 1 mile
E of Tayiorville

Old Rt. 29 8r., 1 mie
E of Wilmington

Hwy 1 Br., at
Momence

Co. Rd. Br., 5 miles
W of Anne

JS 52 Br. at Iroquais

Co. Rd. Br.. 1 mile
W of Millord

Rt. 120, Belvidere Rd.
Br., € of Grayslake

Russel Rd. Br., 1 mile
downstream of Wisconsin

Division St. Br. at
Lockport

Irving Park Rd. Br.
at Schiller Park

Central Ave. Br.
at Des Plaines

note: critical hardness expressed as CaCO3 {mgiv)



Ambient Water Quality Monitoring Network (AWQMN)

(4/30/97)
Criticai
Staticn Code Stream Name Hardness
G 23 Des Plaines River T 205
G3s Des Plaines River 275
GB 10 DuPage River 270
GB8 11 OuPage River 288
GBK 05 West 8ranch DuPage River 372
GBK 09 West Branch DuPage River 204
GBL 10 East Branch DuPage River 218
GG 02 Hickory Creek 191
Gl 01 Sanitary & Ship Canat 182
Gl 02 Santary & Ship Canal 187
GL 99 Salt Creek 234
GLA 02 Addison Creek 286
HO1 Calumet-Sag Channet 218
HB 42 Litte Calumet R S. 343
HDB 04 Thom Creek 321
HCC 07 North Branch Chicago River 199
HCCC 02 Middle Fork North Brancn 234
8 of 13 T indicates no flow data collected

County

Wlt

Cook

WAl

Wil

DuPage

DuPage

DuPage

- Wil

Will

WAll

Caook
Cook
Cook
S
Cook
Cook

Lake f Cock

Latitude
Longitude Description

413218 Rt 53 (Ruby St. Br)
880500 in Joliet

414920 Barry Point Rd.
88 09 58 at Riverside

4141 24 Plainfield/Naperville
880258 Rd. Br.

413120 Rt 52 at Shorewood
88 11 35

4149 22 Rt 56 Butterfield Rd Br.
88 10 23 near Warrenville

41 54 38 Rt 64/St. Charles Rd.
88 10 44 Br. N of W Chicago

4148 02 Rt 34 Br. near Lisle
88 04 53

413110 Washington St. Br.
88 04 10 at Joliet

4138 27 135th St. Br. at
88 0336 Romeoville

41 34 11 Division St Br. at
88 04 42 Lockport

414235 Wolf Road Br.
87 54 00

41 52 48 Washington BIva. 8r,
87 52 07 in Bellwood

414145 RL 83 Br, 3 mile
87 56 11 NE of Lemont

41 34 07 Hohman Ave. Br..
87 31 18 N of Munster

413405 Thomton/Lansing Rd.
87 38 30 Br.n Thomnton

42 00 44 Touhy Ave. Br.
8747 45 in Niles

4209 10 Lake/Cook Co. Line Rd.
87 49 07 Br. Chicago River

note: critical hardness expressed as CaCO3 (ma/l)



Station Code

Ambient Water Quality Monitoring Network (AWQMN)

(4/30/97)
Cribcal
Siream Name Hardness  County

MISSISSIPPI RIVER SOUTH BASIN

184 Mississippl River 226 Alexander

103 Marys River 773 Randolph

IX 04 Cache River . 102 Alenxander /

Pulask

MISSISSIPPI RIVER SOUTH CENTRAL BASIN

J 05 Mississippl River y 196 Jersey

JMAC 02 Harding Ditch {Cahokia Canal# * 311 St. Clair

JN D2 Cahokia Canat - 313 Madison

JNA 01 Canteen Creek - 344 Madison

JQ 05 Cahokia Creex 130 Madison

JR 02 Wood River ' 288 Madison
MISSISSIPP! RIVER NORTH CENTRAL BASIN

K 04 Mississippi River 167 Hancock

KCA 01 Bay Creek 168 Pike
Sy

K! 02 Bay Creek 157 Adams

1.0 02 Henderson River 222 Henderson

LF 01 Edwards River 251 Mercer

gof 13 - indicates no flow data coilected

Latitude

Longitude Descnption

371300
89 27 50

37 57 22
89 42 22

371212
89 15 29

38 57 07
9022 12

38 3542
8005 18

38 40 01
9003 56

383958
80 03 56

384928
89 58 29

38 53 03

9007 20

40 23 37
912227

39286 35
90 47 45

40 08 34
812014

410005
90 51 15

411115
90 58 05

at Thebes, IL

Co. Rd. Br., 0.3 miles
E of Welge

Co. Rd. Br., 0.7 miles
£ of Sandusky

near Elsah Rm. 214.6

Lake Drive at Frank
Holten State Park

Sand Prare Ln. Br.
SE of Horseshoe Lake

Sand Prane Ln. Br.
SE of Horseshoe Lake

Rt. 143 8r. NW of
Edwardsville

R1. 3 Br. at Milton Rd.
Junction in Alton

at Keokuk, lowa

Twp. Rd. 8r. at
west edge of Nebo

Co. Rd. Br., 2.2 miles
NE of Marcelline

Rt. 94 8r., 1 mile
S of Bald Bluff

Rt 17 Br., 2 miles
NE of New Boston

note: critical hardness expressed as CaCO3 {mg/L)



Ambient Water Quality Monitoring Network (AWQMN)

(4/30/97)
Criticat Latitude
Station Code Stream Name Hardness  County Longitude ODescnption

MISSISSIPPI RIVER NORTH BASIN

M O4 Mississippt River 156 Whiteside 4146 53 RL 136 Br. at Fulton
80 15 04

MJ 01 Plum River 306 Carroll 420550 US52Br. at £ edge
8007 38 of Savanna

MN 03 Apple River 345 Jo Daviess 421807 US208r., 2 miles
90 1518 W of Elisabeth

MQ 01 Galena River 450 Jo Daviess 4224 50 US20Br. at Galena
90 25 40

BIG MUDOY RIVER BASIN

N 08 Big Muddy River 108 Jefferson 381836 R 15Br., 3.0 miles
885818 W of Mt Vernon

N 10 8ig Muddy River * 86 Franklin 380230 Dam Access Rd. Br,,
88 57 30 2.5 mies NW of 8enton

N 11 Big Muddy River 120 Frankiin 37 54 05 Rt 149 Br., 0.7 miles
8300 80 W of Plumfielg

N12 Big Muddy River 250 Jackson 374530 RL 127 Br. Sof
89 19 38 Murphysboro

NA 01 Ceodar Creek : 58 Jackson 374015 Rt 127 Br., 6 miles
831921 NNE of Alto Pass

NB 01 Kinkaid Creek . 74 Jackson 37 46 38 dwnstrm fo Crissenberry
8927 14 Dam, Murphysboro

NC 07 Beaucoup Craek 832 Jackson 3754 12 Co.Rd. Br.. 2.0 miles
832236 WofVergennes

ND 01 Crab Orchard Creek 128 Jackson 37 46 18 Diliinger Rd. Br., 3.2 miles
89 1049 NE of Carbondale

ND 02 Crab Orchard Creek 100 Williamson 37 42 51 Crab Orchard Lake Spiliway
8909 04 Road

ND 04 Crab Orchard Creek 429 Williamson 374352 Rt 13 Br., 1.3 miles
88 5321 E of Marion

NE 05 Little Muddy River 237 Jackson 375403 Co.Rd. Br., 1.3 miles
8912 31 E of Elkville

10 of 13 “indicates no flow data collected note: cntical hardness exprassed as CeCO2 (mg/L)



Ambient Water Quality Monitoring Network (AWQIN)

(4/30/97)
Critical Latitude

Station Code Stream Name Hardness  County Longitude Descnption

NG G2 Pond Creex 98 Frankhn 3754 03 Co. Rd. Br,, 0.5 miles
88 5554 S of W Frankfort

NH 06 Middie Fork Big Muddy River - 132 Franklin 375658 Co. Rd. 8r., 2.7 miles
88 54 00 SSE of Benton

NJ 07 Casey Fork 116 Jefferson 381610 Rt 37 Br., 3 miles
88 5355 S of Mt. Vemon

NK 01 Rayse Creek 93 Jefferson 381514 TwpRd. Br. 2.4 miles
830223 N of Waltonville

KASKASKIA RIVER BASIN

Q02 Kaskaskia River 218 Coles 393459 tLocalRd. Br.in
88 24 50 Cook Mills

007 Kaskaskia River 150 Clinton 383428 Rt 127 Br., 2.3 miles
892203 S ofCarlyle

008 Kaskaskia River 240 Fayerte 385735 USRL 518r. at SE
890520 edge of Vandalia

010 Kaskaskia River 245 Sheiby 391350 Rt 128 Br., 2 miles
88 50 33 SE of Cowden

O 11 Kaskaskia River 205 Shetby 3924 25 RUL 16 Br. at Shelbyville
88 46 50 neardam

015 Kaskaskia River iy 288 Moultrie 333422 R 1218Br., 1 mie
88 3153 N of Allenville

020 Kaskaskia River 180 Clinton / 382702 Rt160-177 Br., 4.3

Washington 89 37 33 miles NW of Okawville

Q30 Kaskaskia River 190 Randolph 380058 Co.Rd. Br., 2.7 mies
8957 14 W of Ellis Grove

0 31 Kaskaskia River ’ 249 Dougias 395153 Co.Rd.8r., 4 mies
882152 Wof Hayes

OC c4 Richlang Creek v 291 St. Clar 381926 Rt 1565 Br., 1.6 mies
89 58 15 NE of Hecker

oD 05 Silver Creek 183 Madison 384300 Rt 40 8r., 2.7 miles
894945 SE of Troy

QoD 07 Silver Creek 191 St. Clar dg 24 22 RI. 460 8r., 2.2 miles

B9 52 26 EE of Freeburg

11 0f 13 " indicates no flow data coliected note: crntical hardness expressed as CaCOG (:ma/L)



Station Code

OH 01

Ol 08

oloe

0J 07

0J 08

OK 01

OKA 31

oL 02

ON 01

0Q 01

OT 0z

QU o1

OZC 01

OZZT 01

P 04

P06

12 0of 13

Ambient Water Quality Monitoring Network (AWQMN)

Stream Name

Sugar Creek

Shoal Creek

Shoal Creek

Croaoked Creek

Crookea Creek

East Fork Kaskaskia

North Fork Kaskaskia

Hurncane Creek

Hickory Creek

Beck Creek

West Okaw River

Jonathon Creex

Plum Creek

Asa Creek

ROCK RIVER BASIN

Rock River

Rock River

“1indicates no flow data collected

(4/30/37)
Critical
Hardness

1186
157
198
118
134

92

208

175

‘ 182
282
328
300

258

250

235

County

Clinton

Clinton

Montgomery

Marion

Washington

Marion

Marion

Fayertte

Fayette

Shelby /

Fayeue

Moultne

Mouitrne

Randoiph

Mouttre

Henry /
Rock Island

Whiteside

Latitude

Longitude Description

38 3229
8937 36

383635
89 29 40

3503 46
8932 46

383350
8903 01

38 3025
89 16 24

384120
880535

38 46 25
8909 15

38 55 21
89 14 14

385530
890220

3914204
890133

3942 15
88 32 51

383603
88 32 43

3808 48
8350 35

3937 11
88 36 17

413335
90 10 85

414700
88 44 58

RY 161 Br., 0.5 miles
W of Albers

Rt. 50 Br., 1.4 miles
£ of Breese

Co. Rd. Br. 523, 3 miles
NW of Panama

Co. Rg Br., 3.1 miles
S of Odin

Hoyleton Rd. Br., 2.2
miles SW of Hoffman

Rt. 51 Br., 5.2 miles
N of Sandoval

Old Patoka Rd Bridge

Rt. 140 Br., 1.0 mile
E of Mulberry Grove

Co. Rd. Br., 2.7 miles
S of Bluff City

Co.line Rd. Br., 2
miles W of Hermnck

Rt 32 Br.. NW of
Lovington

Rt. 121 Br., 2.5 miles
€ of Sullivan

Co. Rd. Br., 2.5 miles
S of Baldwin

Co. Rd. Br., 0.8 miles
N of Sulhvan

Rt 92 Br., 2 miles
€ of Joslin

USRL 308Br, 2
miles W of Rock Falls

note: cntical hardness expressed as CaZ03 (mo/L)



Station Code

P14

P15

P20

PBO2

P8 04

PE 05

PH 18

PLO3

PQ 02

PQ 10

PQ 12

FQB 02

PQC (8

PQF 07

PW 01

PW (08

PWN 01

130f13

" indicates no flow data collected

Ambient Water Quality Monitoring Network (AWQMN)

Stream Name

Rock River

Rock River

Rock River

Green River

Green River

Rock Creek

Elkhorn Creek

Kyte River

Kishwaukee River

Kishwaukee Riwver

Kishwaukee River

Kilbuck Creek

South Branch Kishwaukee River

Coon Creek

Pecatonica River

Pecatonica River

Yellow Creek

(4/30/97)

Critica!

Hardness

241

277

244

338

323

349

338

275

277

323

278

338

2814

336

333

327

336

County

Ogle

Winneoago

Ogle / Lee

Whiteside

Renry

Whitesiae

Whiteside

Qgle

Winnebago

Boone

Winneoago

Winnebago

DeKalb

McHenry

Winnebago

Stephenson

Stephenson

Latitude
Longitude

42 07 18
89 15 08

42 26 55
89 04 11

41 53 23
892510

413538
894122

412820
90 08 30

4140 14
90 01 34

4154 10
89 41 40

4159 50
8817 30

421208
88 58 43

42 15 40
88 43 00

42 11 45
88 58 55

42 09 37
89 04 34

42 06 40
88 54 00

42 10 58
88 38 28

42 25 39
89 11 44

421813
89 36 57

42 16 56
90 01 34

Descnption

Rt. 72 Br. at Byron

Rt. 75 Br. at Rockion

Rt. 2 Br., near Grand
Detour; county line

Rt. 88 Br.. 1 mile
S of Deer Grove

Rt, 82 Br., N of
Genesea

Rt. 2 Br., 3 miles
NE of Erie

2 miles NW of Penrose
Co. Rd. Br.

Honey Crk Rd. Br.
1 mile £ of Daysville

Perryville Rd. Br.,
ner S. Branch

Co. Rd 8r., 0.5 miles
N of Graden Prane

Blackhawk Rd. Br.
US 251 Br., 4 miles
S of Rockford

Co. Rd. Br., 0.5 miles
Nof Rt. 72

Riley~-Harmon Rd.
0.8 rmiles SW of Rilay

Rt. 75 Br. at Harrison
Rt. 75 Br., Westbound
at Freeport

Hollywood Road at SE
edge of Freepon

note: cntical hardness expressed as CaCC3 (mg/L)



Attachment 1 — Exhibit T

Calculation of the conversion factor multiplier for
manganese standards derived from total and dissolved
manganese data collected during the chronic Hyalella
azteca test. For each treatment, the filtered (dissolved)
results were divided by the unfiltered (total) results to
calculate the percent of dissolved manganese
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Attachment 1 — Exhibit U

Final Report, Acute and Chronic Toxicity of Boron,
Fluoride, and Manganese to Freshwater Organisms, by
David J. Soucek and Amy Dickinson, Illinois Natural
History Survey, dated October 14, 2010
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1816 S. Oak St.

Champaign, IL 61820

Submitted to:

Brian Koch and Robert Mosher
1llinois Environmental Protection Agency
1021 North Grand Avenue East
Springfield, Illinois 62794-9276

October 14, 2010



A.BORON

PURPOSE
This study was designed to generate further data on acute and chronic boron toxicity in
support of an effort by Illinois Environmental Protection Agency (IL EPA) to update
their State general-use standard for boron. First, we conducted acute toxicity tests with
boron on a variety of freshwater species, including a fingernail clam and a stonefly, as
well as several commonly used standardized test organisms. Next, we sought to further
clarify whether hardness or pH affect boron toxicity by conducting tests at three
hardnesses and three pHs with two different test organisms, C. dubia and the amphipod
Hyalella azteca. Finally, we conducted chronic boron toxicity tests with two species (H.
azteca and P. promelas) in an effort to generate acute to chronic ratios (ACRs) for use in
a chronic boron standard.

MATERIALS AND METHODS
Culture and holding of test organisms

Five species (four invertebrates and one vertebrate) were selected to generate acute
toxicity data for boron based on data gaps in the literature, and the need for acute to
chronic ratios (ACR) for use in chronic standard development. Useful data are available
from the literature for a number of fish species, but we included fathead minnow,
Pimephales promelas, because of the need to generate an ACR. There are relatively
fewer data available on toxicity of boron to invertebrates. No published data exist for
mollusks so we included a native fingernail clam, Sphaerium simile. The only insect data
point available in the literature is for Chironomus (Maier and Knight, 1991), which is the
least sensitive species tested, so we chose a winter stonefly, Allocapnia vivipara. Finally
we tested the crustaceans Ceriodaphnia dubia and Hyalella azteca because of their
greater availability and usefulness in testing under a variety of water quality conditions.

The cladoceran, C. dubia, and the amphipod H. azteca were cultured in-house (Soucek
laboratory, Illinois Natural History Survey) according to U.S. EPA methods (USEPA
2000, 2002). C. dubia were cultured in moderately hard reconstituted water (USEPA
2002), which will also be referred to as our “hard 100a” water (Table 1), at 25 °C and a
16:8 (L:D) photoperiod. C. dubia were fed approximately 0.3 ml of a
YTC/Pseudokirchneriella subcapitata (3.0 X 107 cells/ml) mixture (1:1, v.v) daily.
Amphipods, H. azteca, were cultured in a “reformulated moderately hard reconstituted
water, RMHRW?” (Smith et al. 1997), which will be referred to as “hard 100b” (Table 1),
at 22 °C and a 16:8 (L:D) photoperiod. H. azteca were fed Pseudokirchneriella
subcapitata (3.0 X 10 cells/ml) and TetraMin® (TetraWerke, Melle, Germany) flake
food. Other details of crustacean culturing followed recommendations of USEPA (2000,
2002). For use in tests with different hardnesses and pHs, C. dubia were cultured in test
water for at least two generations prior to use in testing. H. azteca were cultured in test
water for the different hardnesses, but for the different pH tests, organisms were
acclimated to test water for three to four days prior to testing.



Pimephales promelas for use in both acute and chronic testing were obtained as embryos
from Aquatic Bio Systems, Fort Collins, CO, and upon receipt, were transferred to
aquaria containing our “hard 100a” water. Embryos were received <24 h after
fertilization and chronic bioassays (see below) were initiated upon receipt. A separate
cohort for acute testing was maintained in aquaria at 25 °C and a 16:8 (L:D) photoperiod,
and upon hatching, larvae were fed brine shrimp (Brine Shrimp Direct, Ogden, UT) twice
daily. Other details of fathead minnow holding followed recommendations of American
Society of Testing and Materials (ASTM) method E 1241-05 (2005).

Sphaerium simile were field-collected from Spring Creek, near Loda, IL, in Iroquois
County. Clams collected from this site were previously identified to species by Dr.
Gerald Mackie of the University of Guelph, Department of Zoology, Guelph, Ontario,
Canada. Clams were collected as adults, returned to the laboratory (at INHS, Champaign,
IL) in site water, and they subsequently released juveniles from their brood chambers in
the laboratory. Juveniles were used for testing. The juvenile clams were gradually
acclimated to laboratory conditions for approximately two weeks. Twenty percent of the
water was changed daily until holding water was 100% “hard 100a” water; afterward,
50% of the water was changed daily. The temperature of the clam holding water was
gradually adjusted (1 °C/day) from the water temperature at the time of collection to a
test temperature of 22 = 1 °C. The clams were held in aquaria containing 6 L with a
photoperiod of 16:8 (L:D). Prior to testing, clams were fed daily a suspension of the
green alga (Ankistrodesmus falcatus) at a rate of 1.25 mg (d.w.) per gram of clam (w.w.).
Other details of clam holding conditions followed recommendations of ASTM E729
(2002).

Allocapnia vivipara were field-collected from Stoney Creek, near Muncie, IL, in
Vermilion County, as later instar nymphs at 4 °C. Stoneflies were returned to the
laboratory in site water, and were gradually acclimated to laboratory conditions for
approximately two weeks; temperature was gradually adjusted (1 °C/day) to a test
temperature of 12 = 1 °C, and 50% of the water was changed every third day until
holding water was 100% “hard 100a” water. The stoneflies were held in 6 L aquaria with
a photoperiod of 16:8 (L:D). Prior to testing, stoneflies were fed maple leaves that were
collected from Stoney Creek and rinsed with deionized water. Other details of stonefly
holding conditions followed recommendations of ASTM E729 (2002).

Test chemicals and dilution waters

The boron source for both acute and chronic toxicity tests was a combination of sodium
tetraborate decahydrate or borax (Na;B407 *10H,0, 99.5+%, CAS # 1303-96-4) and boric
acid (H3;BOs, reagent grade, CAS# 10043-35-3). Previous studies investigating boron
toxicity to invertebrates have used both boric acid and borax. In two studies that used
boric acid as the boron source, pH of various treatments ranged from 6.7 to 8.1 (Gersich
1984), and 7.1 to 8.7 (Lewis and Valentine 1981). Maier and Knight (1991) used borax
as their boron source, and the pH of their treatments was 9.1, while the pH of their
controls ranged from 7.3 to 8.6. Because it was our intention to study the effect of pH on
boron toxicity, having a range of pHs in treatments within a given test was undesirable.



Both boric acid and borax readily dissolve in water to form undissociated boric acid
(H3BO3) and borate anion (B(OH)4"), and different proportions of these two species are
present depending on pH (Power and Woods 1997). Therefore, we decided to use boric
acid and borax as a buffer system in which a given combination of the two salts would be
used to match the desired pH of the dilution water, thereby allowing for a relatively
constant pH for all treatments within a given test. In most cases 82% of the boron in
solution was as boric acid and 18% was as borax, allowing for a test pH of ~8.0. Tests
with different target pHs had different ratios of boric acid to borax (detailed in Table 1).
We also conducted one acute test with C. dubia using only boric acid to determine if the
boron source used affected its toxicity.

We used a variety of dilution waters depending on the species tested, the desired
hardness, and the desired pH. Waters were formulated by adding a combination of four
to five salts to distilled/deionized water (Table A.1). All tests with P. promelas, S. simile,
and A. vivipara, were conducted using our “hard 100a” water, which is called Moderately
Hard Reconstituted Water (MHRW) in U.S. EPA (2002). Tests with C. dubia and H.
azteca were conducted at three different hardnesses (~100, 300, and 500 mg/L as CaCOs)
and three different pHs (6.5, 7.5, and 8.5), but different recipes were used for the two
species to achieve these water quality formulations because the formulations for A.
azteca were based on a water recipe developed by Smith et al. (1997), and Borgmann
(1996), which were both specifically developed for use with Hyalella. Different
hardnesses were achieved by adding MgSQ4, CaSQs, and in the case of H. azteca, CaCl,
in the same ratios as found in the corresponding hardness = 100 recipe. All toxicity tests
were conducted as static, non-renewal tests; therefore, pH could not be varied by the
addition of acid because the alkalinity of the dilution water would change the pH too
much by 48 hours after the start of the test (DJS personal observation). Instead we added
different amounts of NaHCO3 depending on the desired test pH (Table A.1). This
resulted in relatively stable pH readings for the duration of the 96-h acute tests, and
between changeovers in the chronic bioassays.

Acute test procedures

For P. promelas, C. dubia, H. azteca, S. simile, and A. vivipara, static, non-renewal, acute
toxicity tests were conducted according to guidelines detailed in ASTM E729-96 (2002).,
Treatments were comprised of a 50% dilution series. Five to six concentrations were
tested using various dilution waters (as described above (Table A.1)) as both the diluent
and control with four replicates tested per concentration. Tests with C. dubia were
conducted for 48 h with a 16:8 (L:D) photoperiod with all others being 96 h in duration.
Further details on test conditions for each species are provided in Table A.2. For H.
azteca and A. vivipara, nitex mesh was added to each test chamber to provide substrate
for these benthic invertebrates. Percent survival in each replicate was recorded every 24
h and at the end of the exposure period. A dissecting microscope was used to assess
survival of all species. At the end of 96 h tests, fingernail clams were transferred to
boron free dilution water with food for evaluation of survival. Individuals with
undetectable foot movement or ciliary motion were considered dead.



Standard water chemistry parameters were measured at both the beginning and the end of
each exposure period, including temperature, pH, conductivity, dissolved oxygen,
alkalinity and hardness. The pH measurements were made using an Accumet™ (Fisher
Scientific, Pittsburgh, PA, USA) model AB15 pH meter equipped with an Accumet® gel-
filled combination electrode (accuracy < + 0.05 pH at 25 °C). Dissolved oxygen was
measured using an air-calibrated Yellow Springs Instruments (RDP, Dayton, OH, USA)
model 55 meter. Conductivity measurements were made using a Mettler Toledo® (Fisher
Scientific, Pittsburgh, PA, USA) model MC226 conductivity/TDS meter. Alkalinity, and
hardness were measured by titration as described in American Public Health Association
(APHA) et al. (2005). At both the beginning and end of acute tests, water samples from
each treatment were collected and submitted to Underwriters Laboratories, South Bend,
IN, for confirmation of boron concentrations by inductively couple plasma - atomic
emission spectrometry according to U.S. EPA method 200.7 (Martin et al. 1994). To
address the potential need to account for total versus dissolved boron, samples from the
acute toxicity test with S. simile (selected at random), were analyzed for both total and
dissolved boron at the beginning and at the end of the test. For measurement of dissolved
boron, samples were filtered using 0.45 um cellulose nitrate filters (Whatman®,
Maidstone, England). Total boron was determined with unfiltered samples.

Chronic test procedures

Hyalella azteca -- A 42-d, water only, static-renewal, chronic reproduction bioassay was
conducted with H. azfeca using recommendations detailed in the U.S. EPA sediment
toxicity testing guidelines (USEPA 2000), but with modifications. Treatments included
five nominal boron concentrations (3.125, 6.25, 12.5, 25, and 50 mg B/L) and a control
with no boron added. The control and dilution water was our “hard 100b” recipe (Table
A.1l). Test chambers were 300-ml, high form beakers and 200 ml of test solution was
used per test chamber. Organisms were 7- to 14-d old at the beginning of the test, and we
loaded 10 into each of four replicate chambers per treatment. A 1.2- by 2.5-cm
conditioned maple leaf strip was added to each test chamber for food and substrate, and
200 pl of a 5 g/L Tetramin® suspension (in deionized water) was added each time test
solutions were changed. Test solutions were not aerated. Every three to four days,
complete water renewals were conducted, with test organisms being transferred to new
beakers containing fresh test solutions. Survival was evaluated with every changeover.
After the first appearance of mating pairs (day 25), the number of pairs per test chamber
was recorded daily, and discarded tests solutions (after changeovers) were carefully
searched for young. Young began to appear on day 35, and the number produced was
recorded until the end of the test (day 42). At the end of the test, adult amphipods were
sexed and then dried in an oven (60 to 70 °C) for at least 48 h before they were weighed
to the nearest 0.001 mg. Endpoints calculated included % survival, mean dry weight (per
individual), number of mating pairs, # of young per female.

Pimephales promelas -- A 32-d, water only, static-renewal, chronic early life-stage
toxicity test bioassay was conducted with P. promelas using guidelines detailed in ASTM
E 241-05 (2005), but with modifications. The primary modification was that the test was
conducted as a static-renewal test rather than a flow-through test. Treatments included



five nominal boron concentrations (2.75, 5.5, 11, 22, and 44 mg B/L) and a control with
no boron added. The control and dilution water was our “hard 100a” recipe (Table 1).
The test was initiated with embryos ~14 h post fertilization; 60 embryos were placed into
each of six 1 L beakers containing a test solution (described above). Beakers were
aerated vigorously to prevent accumulation of fungus. On day two, percent survival of
embryos was assessed and then the number of organisms was thinned to 40 per treatment,
and 10 embryos were placed into each of four replicate 600-ml beakers per treatment.
Embryos began to hatch on day two, and by day four, hatching was completed. Only two
embryos failed to hatch, both in the 5.5 mg/L treatment. Test solutions were not aerated.
Fish were fed brine shrimp (Artemia sp.) following ASTM (2005) guidelines.
Approximately every three days, complete water renewals were conducted, with test
organisms being transferred to new beakers containing fresh test solutions. Survival was
evaluated daily until the end of the test (day 32). At the end of the test, fish were dried in
an oven (60 to 70 °C) for at least 48 h before they were weighed to the nearest 0.001 mg.
Endpoints calculated included % survival of embryos before thinning, % survival after 32
d, total survival (= [% embryo survival before thinning)]/100 * % survival at the end of
32 d), and mean dry weight per fish.

Fish test water chemistry — Temperature and dissolved oxygen were measured daily in
each test replicate for the fish test. Care was taken to minimally disturb the fish during
this process. Other standard water chemistry parameters were measured at the beginning
of the test and in the “in” and “out” water from every changeover for both species; these
included pH, conductivity, alkalinity and hardness. In addition, total ammonia was
measured frequently during the fish test. The pH, dissolved oxygen, conductivity,
alkalinity and hardness measurements were made as described above. Ammonia was
measured using a Thermo® Orion 4-Star ion selective electrode meter with a Thermo®
Orion ammonia probe (model # 9512). Renewal “in” water and discarded “out” water
samples from each treatment were collected at each changeover and submitted to
Underwriters Laboratories, South Bend, IN, for confirmation of boron concentrations by
inductively couple plasma - atomic emission spectrometry according to U.S. EPA method
200.7 (Martin et al. 1994).

Statistical analysis

All LC50 values were calculated using the trimmed Spearman-Karber method (USEPA
2002). For chronic toxicity tests, we followed guidelines detailed in U.S. EPA (2002).
Briefly, data for survival, and sub-lethal endpoints (amphipod dry weight, # females, #
young per female, fathead minnow dry weight) were tested for normality using the
Shapiro-Wilk’s Test, and homogeneity of variance using Bartlett’s test. Data that passed
both of these tests were analyzed for differences among means using Dunnett’s test. For
the Hyalella chronic test, one replicate beaker was lost resulting in unequal numbers of
replicates so Bonferroni’s test was used to analyze weight and reproduction data, while
Fisher’s exact test was used to analyze survival data. Those that did not pass normality
or homogeneity of variance tests were analyzed using Steel’s Many-One test. The No
Observable Adverse Effects Concentration (NOAEC) was the highest concentration
whose mean for a given endpoint was not significantly different from that of the control,



and the Least Observable Adverse Effect Concentration (LOAEC) was the lowest
concentration whose mean was significantly different from the control. We also
calculated Maximum Acceptable Toxicant Concentrations (MATC) as the geometric
mean of the LOAEC and the NOAEC, and Acute to Chronic Ratios (ACR) as the LC50
divided by the MATC. For the ACR, we used the LC50 that was generated for a given
species in the same dilution water as was used in the chronic test.

RESULTS
Acute toxicity

For the 96-h boron toxicity tests with fish, clams, and the stonefly, mean water
temperatures remained within 1 °C of targets, mean pH values ranged from 7.9 to 8.0
with low variability within tests, and hardnesses ranged from 91 to 102 mg/L as CaCOs,
again with low variability within tests (Table A.3). For the fingernail clam test, both total
and dissolved boron was measured, and with the exception of one spurious value (day
zero, 100 mg/L treatment), total and dissolved boron measurements were similar for the
day zero samples, with a mean ratio of dissolved to total B of 1.009 (Table A.4). On day
four, more variability was observed, with some ratios being greater than one, and some
being less. Ratios of dissolved to total boron did not appear to be related to
concentration, and the day four geometric mean was 0.981, with the overall geometric
mean ratio being 0.994.

The 96-h LC50 values based on measured boron concentrations ranged from 79.7 mg B/L
(fathead minnow) to >447 mg B/L for S. simile (Table A.3). For the S. simile test, no
clams died in any test concentration, and therefore an LC50 could not be calculated.

For the 48- or 96-h boron toxicity tests with the crustaceans C. dubia and H. azteca, mean
water temperatures remained within 1 °C of targets. Mean pH values and hardness were
variable due to the experimental design, but within given tests, pH values were stable
from day zero to day four and had low variability (Table A.5). The one exception to this
was the C. dubia test using only boric acid as the boron source. In this test, pH values
ranged from 6.8 in the highest test concentration on day zero to 7.8 in the control. The
geometric mean of all measured pH values in this test was 7.4.

The 48-h boron LC50s for C. dubia ranged from 91 for the pH 6.5 test to 165 mg B/L for
the first hard 100a test (Table A.5). Investigating the effects of pH on boron toxicity, we
included all tests conducted at various pH values with hardness of ~90 mg/L (n = 6) and
conducted regression analysis of pH versus log LC50. The resulting line was positively
sloped, but the regression was not statistically significant at the o= 0.05 level (R* =
0.5708, p=0.0823). Likewise, we investigated the influence of hardness on boron
toxicity to C. dubia by including all tests conducted at various hardness levels but with
pH of ~8.0 (n =4). Conducting a log hardness versus log LC50 regression resulted in a
negatively sloped (the higher the hardness the lower the LC50), but statistically
insignificant line (R* = 0.5329, p = 0.2700).



We conducted similar analyses of the LC50s for H. azteca. The 96-h boron LC50s for
this species ranged from 64 for the pH 8.5 test to 269 mg B/L for the hard 100c test
(Table A.5). Comparing pH versus log LC50 for the tests with hardness values of ~100
mg/L (n = 4) resulted in a plot that was best fit by an upside down, U-shaped line. While
the R” value was high (0.9311), the p-value was insignificant (0.2624), due to low sample
size. For the hardness solutions based on Smith et al (1997) water (the “b” series),
increasing hardness decreased boron toxicity in a marginally significant manner (R* =
0.9933, p = 0.0522). However, the 300 and 500 mg/L hardness test solutions also had
higher chloride concentrations than the 100 mg/L hardness solution (Table A.1), thus
presenting a potential confounding factor. Using Borgmann (1996) water as a base, thus
keeping chloride concentration constant (the “c” series), increasing hardness resulted in
lower LC50s (Table A.5), suggesting the reduced toxicity at higher hardness in the “b”
series tests was actually due to increased chloride.

Chronic toxicity

Fathead minnows - Basic water quality parameters in the 32-d chronic static renewal
bioassay with Pimephales promelas (Table A.6) met the basic acceptability requirements
as outlined in ASTM E241-05 (2005). Temperature variability was within acceptable
limits, and dissolved oxygen did not drop below 5 mg/L (Table A.6). Unionized
ammonia concentrations never reached 0.05 mg/L. Measured boron concentrations were
generally similar to nominal concentrations (Table A.7), with no major differences
between “in” water and “out” water samples. The overall geometric mean percent
difference between nominal and measured concentrations was 2.7%.

Percent survival of embryos before thinning was high, with no treatment having a percent
survival lower than 93% (Table A.8). Most larvae emerged on day three with no
substantial differences among treatments in average day of hatch, and hatching rates were
high with all eggs hatching in every treatment except for two individuals in the 11.2 mg/L
treatment (Table A.8). After thinning, survival was relatively high in all treatments until
~day 17, when survival in the 44.5 mg/L treatment began to drop (Fig. A.1). At the end
of the 32-d test, three treatments (control, 2.8, and 11.2 mg/L) had greater than 90%
survival and 87.5% of the fish had survived in the 5.7 mg/L treatment. Two treatments
had significantly lower survival than the control: 23 mg/L (80%) and 44.5 mg/L (15%).
Because embryo % survival before thinning was high for all treatments, total survival
values were similar to % survival values of thinned fish at the end of the test (Table 8,
Fig. A.1). Dry weights of individual fish in controls met acceptability requirements of
0.25 mg, but after excluding treatments for which survival was significantly lower, no
significant differences among treatments were observed in mean dry weight per fish (Fig.
A2).

Amphipods - Basic water quality parameters in the 42-d chronic static renewal bioassay
with Hyalella azteca were similar to those observed in the fish test, but with slightly
higher hardness because of the different dilution water used (Table A.6). Temperature
variability was within acceptable limits, and dissolved oxygen did not drop below 6.6
mg/L (Table A.6). As with the fathead minnow test, measured boron concentrations were



generally similar to nominal concentrations (Table A.9), with no major differences
between “in” water and “out” water samples. The overall geometric mean percent
difference between nominal and measured concentrations was 3.5%.

At the end of 42 d, % survival of the controls was 90%, and although survival in the four
lowest boron treatments (3.2, 6.6, 13.0, and 25.9) ranged from 72.5 to 87.5%, only the
highest concentration (51.1 mg/L, 37.5%) had significantly lower survival than the
control (Fig. A.3). After excluding the highest treatment (51.1 mg/L) from further
analysis because of its lower survival rate, there were no differences among treatments in
the number of females present (Fig. A.4) or dry weight of individual amphipods (Fig.
A.5). However, there were significant differences from the control in # offspring
produced per female, with both the 13.0 and the 25.9 mg/L having significantly lower
means (Fig. A.4).

Chronic values — Because there were no significant differences among treatments in
fathead minnow dry weight, the NOAEC (23.0 mg/L) and LOAEC (11.2 mg/L) values
for P. promelas were derived from survival data. The resulting MATC from these values
was 16.0 mg/L, and using the 96-h LC50 of 79.7 mg/L produced an ACR of 5.0. For H.
azteca, the NOAEC (13.0 mg/L) and LOAEC (6.6 mg/L) values were derived from the
number of offspring produced per female. This resulted in an MATC of 9.3 mg/L, and
with the 96-h LC50 of 107 mg/L, the ACR was 11.5.



Table A.1. Salt concentrations (mg/L) added to deionized water for generation of
dilution waters®>>® used for definitive boron toxicity testing with freshwater species.

Water name KCl NaHCO3; MgSOg4fan) CaSOgs(an) CaCl,  Bratio®

hard 100a 4 96 60 60 0 82/18
hard 100b 4 96 30 50 50 82/18
hard 100c 4 84 30 0 111 82/18
hard 300a 4 96 192 192 0 82/18
hard 300b 4 96 90 150 150 82/18
hard 300c 4 84 30 190 111 82/18
hard 500a 4 96 320 320 0 82/18
hard 500b 4 96 150 250 250 82/18
hard 500c 4 84 30 408 111 82/18
pH 6.5a 4 4 60 60 0 99.1/0.9
pH 6.5b 4 4 30 50 50 99.1/0.9
pH 7.5a 4 40 60 60 0 93.2/6.8
pH 7.5b 4 40 30 50 50 932/6.8
pH 8.5a 4 400 60 60 0 75.7/24.3
pH &.5b 4 400 30 50 50 75.7/24.3

"B ratio = ratio of % boron added to highest test concentration as boric acid / borax.

hard 100a was used for tests with P. promelas, S. simile, A. vivipara, and C. dubia. For
C. dubia, and additional acute test was conducted in this water using boric acid only.

®hard 300a, hard 500a, pH 6.5a, pH 7.5a, pH 8.5a were used for tests with C. dubia.

“hard 100b & ¢, hard 300b & c, hard 500b & ¢, pH 6.5b, pH 7.5b, pH 8.5b were used for
tests with H. azteca.

¢ hard 100c, 300c, and 500c also had 1 mg/L NaBr.

Table A.2. Test conditions for acute toxicity bioassays with various freshwater
organisms.

Organism
Parameter P. promelas C. dubia H. azteca __A. vivipara _S. simile
1. Temperature (°C) 25+ 1 25+1 22+1 12+1 22+1
2. Test chamber size 250 ml 50 ml 50 ml 250 ml 150 ml
3. Test solution vol. 200 ml 40 ml 40 ml 200 ml 120 ml
4. Age of organisms <7-d <24-h 7-14d nymphs juveniles
5. # org./chamber 10 5 5 5 5
6. # chambers/trt. 4 4 4 4 4
7. Feeding none none none none none
8. Aeration none none none none none
9. Test duration 96-h 48-h 96-h 96-h 96-h
10. Endpoints survival  survival survival survival survival

11. Control % Surv. > 90 > 90 > 90 > 90 > 90




Table A.3. 96-h boron LC50s and measured water quality conditions for toxicity tests
with three freshwater species.

Species temp. (s.d) pH (s.d) hardness (s.d.) LC50(95% C.L.)
°C S.U. mg/L as CaCOs mg B/L
Pimephales promelas  24.7 (0.3) 8.0 (0.1) 91 (1) 79.7 (72 - 88)
Sphaerium simile 21.1(0.1) 7.9 (0.1) 102 (3) >447 (n.a.)
Allocapnia vivipara 11.2 (0.1) 7.9 (0.1) 98 (3) 476 (401-566)

“water quality values are geometric means of measurements taken in all test
concentrations throughout the duration of the test.

Table A.4. Nominal and measured boron concentrations (mg B/L) for unfiltered (total B)
and filtered® (dissolved B) samples from the 96-h acute toxicity test with the fingernail
clam (Sphaerium simile).

Nominal total B dissolved B ratio® total B dissolved B ratio
concentration day O day 0 day 0 day 4 dav 4 day 4
Control <0.2 <0.2 na <0.2 0.51 na

25 26 26 1.000 32 30 0.938
50 54 56 1.037 54 56 1.037
100 110 170° na 120 110 0.917
200 220 220 1.000 230 240 1.043
400 440 440 1.000 460 450 0.978

Geometric mean of day 0 values = 1.009, and day 4 values = 0.981. Overall geometric
mean = 0.994

*samples were filtered with 0.45 pm pore sized cellulose nitrate filters.

® ratio = dissolved B divided by total B.

¢ measurement for this sample was extreme and because the day 4 sample was similar to
the nominal concentration, the ratio for day 0 at this concentration was not calculated.




Table A.5. Mean boron LC50s for Ceriodaphnia dubia and Hyalella azteca at various
levels of water hardness and pH .

Ceriodaphnia dubia 48-h tests

Test water temp. (s.d) pH (s.d) hardness (s.d.) LC50 (95% C.1.)
°C S.U. mg/L as CaCOs3 mg B/L
hard 100a (boric acid) 24.0 (0.1) 7.4 (0.3) 90 (4) 102 (82— 126)
hard 100a (first) 24.3(0.1) 8.0 (0.2) 91 (3) 165 (137 —198)
hard 100a (second)  25.0 (0.0) 8.1(0.1) 89 (2) 109 (93 - 128)
hard 300a 25.0 (0.0) 8.1(0.1) 282 (3) 104 (87 —123)
hard 500a 25.0 (0.0) 8.1 (0.1) 469 (1) 93 (77— 114)
pH 6.5a 25.0(0.2) 6.7 (0.1) 85 (1) 91 (79 - 106)
pH 7.5a 24.9 (0.1) 7.6 (0.0) 87 (1) 115 (108 —122)
pH 8.5a 25.0 (0.0) 8.4 (0.1) 84 (1) 142 (130 —155)
Hyalella azteca 96-h tests
Test water temp. (s.d) pH (s.d) hardness (s.d.) LC50 (95% C.1.)
°C S.U. mg/L as CaCOs3 mg B/L
hard 100b 22.2 (0.4) 8.1 (0.0) 106 (4) 107 (70 — 163)
hard 300b 21.5(0.1) 8.1(0.1) 302 (4) 151 (110 —207)
hard 500b 22.2(04) 8.1(0.1) 507 (9) 170 (121 —239)
hard 100c 22.0(0.2) 8.1 (0.1) 111 (1) 269 (223 —326)
hard 300c 22.1(0.1) 8.1(0.1) 291 (3) 203 (170 - 232)
hard 500c 22.1(0.1) 8.1 (0.1) 475 (4) 188 (154 —230)
pH=6.5 21.0 (0.0) 6.6 (0.1) 102 (1) 104 (78 — 140)
pH=7.5 21.0(0.0) 7.6 (0.0) 102 (1) 127 (90— 178)
pH=28.5 21.0(0.0) 8.4 (0.1) 103 (1) 64 (41 —101)

* . . .
water quality values are geometric means of measurements taken in all test

concentrations throughout the duration of the test.



Table A.6. Water quality data for chronic bioassays with Pimephales promelas and
Hyalella azteca.

Pimephales promelas 32-d chronic test

Parameter mean’ 5" opile  95M9%ile) min max
Temperature ("C) 24.7 24.4 25.0 23.6 25.5
D.O. (mg/L) 6.50 5.75 7.12 5.13 7.50
pH 8.0 7.6 8.2 7.5 8.2
Hardness (mg/L) 89 87 92 84 94
Alkalinity (mg/L) 67 60 80 58 86
Hvalella azteca 42-d chronic test
Parameter mean’ 51 o4ile 95%%ile min max
Temperature ("C) 22.5 222 233 22.1 23.8
D.O. (mg/L) 7.3 6.8 7.6 6.6 8.0
pH 7.9 7.6 8.1 7.5 8.1
Hardness (mg/I.) 105 102 108 102 110
Alkalinity (mg/L) 69 62 84 60 86

Table A.7. Boron measurement data from samples collected on 19 occasions throughout
the 32-d chronic bioassays with Pimephales promelas.

Nominal overall inwater out water 5t 95t min max
Conc. mean® mean mean Y%ile Yile

Control® 0.03 0.02 0.03 0.0 0.1 <0.02 0.14
2.75 mg/L. 2.8 2.7 2.9 2.7 3.1 2.6 3.1

5.5 mg/L. 5.7 5.6 5.8 5.4 6.2 52 6.3

11 mg/L 11.2 11.0 11.5 10.0 12.0 10 12

22 mg/L 23.0 22.4 23.6 21.9 243 21 27

44 mg/L 44.5 43.5 45.8 41.8 47.0 40 47

? All means are geometric means.
® Means shown for controls are for samples that had measureable boron. Nine of 19
control samples had boron less than detection limit of 0.02 mg/L.



Table A.8. Embryo survival, total survival, and hatching data for the 32-d chronic
bioassays with Pimephales promelas.

Treatment embryo % survival  mean (s.d) day® % hatch total®
before thinning of hatch after thinning _ survival
Control 93.3 3.0 (0.5 100 88.6
2.8 mg/L 98.3 3.1(0.5 100 90.9
5.7 mg/L 100 3.3(0.4) 95 87.5
11.2 mg/L 95 2.8 (0.6) 100 90.3
23.0 mg/L 96.6 3.1(0.5) 100 77.3
44.5 mg/L. 93.3 3.4(0.5) 100 14.0

2 days after initiation of test
® total survival = (% embryo survival before thinning/100)*% survival on day 32.

Table A.9. Boron measurement data from samples collected on 18 occasions throughout
the 42-d chronic bioassays with Hyalella azteca

Nominal overall in water out water 5th g95th min max
Conc. mean’ mean mean %ile Y%ile

Control ® 0.07 0.05 0.09 0.0 0.2 <0.02 0.29
3.13 mg/L 32 33 3.1 3.0 3.4 2.8 34

6.25 mg/L 6.6 6.7 6.3 59 7.1 5.8 7.2
12.5 mg/L 13.0 13.1 12.8 12.0 14.0 12 14

25 mg/L 25.9 26.2 25.3 24.9 27.2 24 27

50 mg/L. 51.1 51.2 50.6 48.0 54.0 48 54

2 All means are geometric means.
® Data shown for controls are means and percentiles of samples that had measureable
boron. Five of 18 control samples had boron less than detection limit of 0.02 mg/L.
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Figure A.1. Mean daily percent survival of fathead minnows (Pimephales promelas) in
five concentrations of boron plus a control (Hard 100a) in a 32-d chronic, static renewal
bioassay. Asterisks indicate mean is significantly different (p < 0.05) from control on
day 32.
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Figure A.2. Mean (error bars = standard deviation) dry weight per 10 fish in three boron
concentrations and a control (Hard 100a) at the end of a 32-d chronic, static renewal
bioassay with fathead minnows (Pimephales promelas). Different capital letters indicate
means are significantly different from the control (p < 0.05).
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Figure A.3. Mean (error bars = standard deviation) percent survival of Hyalella azteca in
five boron concentrations and a control (Hard 100b) at the end of a 42-d chronic, static
renewal bioassay. Different capital letters indicate means are significantly different from
the control (p < 0.05).
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Figure A.4. Mean (error bars = standard deviation) number of females per replicate and
number of offspring produced per female in four boron concentrations and a control
(Hard 100b) at the end of a 42-d chronic, static renewal bioassay with Hyalella azteca.
Different capital letters indicate means are significantly different from the control (p <
0.05).
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Figure A.5. Mean (error bars = standard deviation) dry weight of individual amphipods
in four boron concentrations and a control (Hard 100b) at the end of a 42-d chronic, static
renewal bioassay with Hyalella azteca. Different capital letters indicate means are
significantly different from the control (p < 0.05).



B. FLUORIDE

PURPOSE
The purpose of these experiments was to generate both acute and chronic fluoride
toxicity data with Hyalella azteca in the same dilution/control water so that an Acute to
Chronic Ratio (ACR) can be developed.

MATERIALS AND METHODS
Culture of test organisms

The amphipod Hyalella azteca was cultured in-house (Soucek laboratory, Illinois Natural
History Survey) according to U.S. EPA methods (USEPA 2002) with some
modifications. Amphipods were cultured in “Borgmann water” (Borgmann 1996), at 23
°C and a 16:8 (L:D) photoperiod, and were fed ~0.5 mg dry flakes (crushed and sieved to
<500 pm) of TetraMin® (TetraWerke, Melle, Germany) daily. Approximately 30 adults
were held in a 1-L beaker containing 1 L of Borgmann water. Young were removed at
least every week or more frequently when a tighter age range was required.

Test chemicals and dilution waters

The fluoride source for both acute and chronic toxicity tests was sodium fluoride (NaF
99+%, CAS # 7681-49-4, Acros Organics, Geel, Belgium). The dilution water for both
the acute test and the chronic test was Borgmann water (Table B.1).

Acute test procedures

Static, non-renewal, acute toxicity tests were conducted according to guidelines detailed
in ASTM E729-96 (2002). Treatments were comprised of a 50% dilution series. Five
concentrations were tested using Borgmann water (Table B.1) as both the diluent and
control with four replicates tested per concentration. Organisms were 7- to 14-d old at
the beginning of the test. The test was conducted for 96 h with a 16:8 (L:D) photoperiod
at 23+ 1 °C. Test chambers were 50 ml glass beakers with 40 ml of test solution and a 2-
by 2-cm piece of nitex mesh was added to each test chamber to provide substrate for
these benthic invertebrates. Tests were not fed or aerated. Percent survival in each
replicate was recorded every 24 h and at the end of the exposure period. A dissecting
microscope was used to assess survival. Acceptable control survival was set at 90%.

Standard water chemistry parameters were measured at both the beginning and the end of
the exposure period, including temperature, pH, conductivity, dissolved oxygen,
alkalinity and hardness. The pH measurements were made using an Accumet® (Fisher
Scientific, Pittsburgh, PA, USA) model AB15 pH meter equipped with an Accumet® gel-
filled combination electrode (accuracy < & 0.05 pH at 25 °C). Dissolved oxygen was
measured using an air-calibrated Yellow Springs Instruments (RDP, Dayton, OH, USA)
model 55 meter. Conductivity measurements were made using a Mettler Toledo® (Fisher
Scientific, Pittsburgh, PA, USA) model MC226 conductivity/TDS meter. Alkalinity and



hardness were measured by titration as described in American Public Health Association
(APHA) et al. (2005). At both the beginning and end of the acute test, water samples
from each treatment were collected and submitted to Underwriters Laboratories, South
Bend, IN, for confirmation of fluoride concentrations using an automated electrode
according to U.S. EPA method 380-75WE. To address the potential need to account for
total versus dissolved fluoride, samples from the acute toxicity test were analyzed for
both total and dissolved fluoride at the beginning and at the end of the test. For
measurement of dissolved fluoride, samples were filtered using 0.45 pm cellulose nitrate
filters (Whatman®, Maidstone, England). Total fluoride was determined with unfiltered
samples.

Chronic test procedures

Hyalella azteca -- A 42-d, water only, static-renewal, chronic reproduction bioassay was
conducted with H. azteca using recommendations detailed in the U.S. EPA sediment
toxicity testing guidelines (USEPA 2000), but with modifications. Treatments included
five nominal fluoride concentrations (1.75, 3.5, 7, 14, and 28 mg F/L) and a control with
no fluoride added. The control and dilution water was Borgmann water (Table 1). Test
chambers were 300-ml, high form beakers and 200 ml of test solution was used per test
chamber. Organisms were 7- to 14-d old at the beginning of the test, and we loaded 10 in
to each of four replicate chambers per treatment. A 2.5- by S5-cm piece of nitex mesh was
added to each test chamber as a substrate, and Pseudokirchneriella subcapitata (1 mg dry
solid) and 200 pl of a 5 g/L Tetramin® suspension (in deionized water) was added each
time test solutions were changed. Test solutions were not aerated. Every three to four
days, complete water renewals were conducted, with test organisms being transferred to
new beakers containing fresh test solutions. After each changeover, “in water” and “out
water” samples from each treatment were collected and submitted to Underwriters
Laboratories, South Bend, IN, for confirmation of fluoride concentrations using an
automated electrode according to U.S. EPA method 380-75WE. Survival was evaluated
with every changeover. After the first appearance of mating pairs, the number of pairs
per test chamber was recorded daily, and discarded tests solutions (after changeovers)
were carefully searched for young. Young began to appear on day 28, and the number
produced was recorded until the end of the test (day 42). At the end of the test, adult
amphipods were sexed and then dried in an oven (60 to 70 °C) for at least 48 h before
they were weighed to the nearest 0.001 mg. Endpoints calculated included % survival,
mean dry weight (per individual), number of mating pairs, # of young per female.

Statistical analysis

The LC50 value was calculated using the trimmed Spearman-Karber method (USEPA
2002). For the chronic toxicity test, we followed guidelines detailed in U.S. EPA (2002).
Briefly, data for survival, and sub-lethal endpoints (amphipod dry weight, # females, #
young per female) were tested for normality using the Shapiro-Wilk’s Test, and
homogeneity of variance using Bartlett’s test. Data that passed both of these tests were
analyzed for differences among means using Dunnett’s test. Those that did not pass
normality or homogeneity of variance tests were analyzed using Steel’s Many-One test.



The No Observable Adverse Effects Concentration (NOAEC) was the highest
concentration whose mean for a given endpoint was not significantly different from that
of the control, and the Least Observable Adverse Effect Concentration (LOAEC) was the
lowest concentration whose mean was significantly different from the control. We also
calculated Maximum Acceptable Toxicant Concentrations (MATC) as the geometric
mean of the LOAEC and the NOAEC, and Acute to Chronic Ratios (ACR) as the LC50
divided by the MATC.

RESULTS
Acute toxicity

For the 96-h fluoride toxicity test with Hyalella azteca, mean water temperatures
remained within 1 °C of the target (22.7 = 0.1 SD), the mean pH value was 8.0 £ 0.1, and
mean dissolved oxygen was 8.0 = 0.3 mg/L. Hardness, measured at the beginning of the
test only, decreased with increasing fluoride concentration with the control/dilution water
having a hardness of 112 mg/L and the 56 mg F/L nominal treatment having a hardness
of 50 mg/L. The geometric mean hardness of all the treatments, excluding the highest
fluoride concentration was 104 mg/L as CaCOs.

Both total and dissolved fluoride were measured for this test (Table B.2). Ratios of
dissolved to total fluoride were higher at the beginning of the test as expected with an
overall geometric mean ratio of 1.132 on day zero. The geometric mean of the dissolved
to total fluoride ratios at the end of the test was 0.941, with ratios tending to be lower at
the higher fluoride concentrations (Table B.2).

In the 96-h fluoride toxicity test with Hyalella azteca, control survival was 95% at the
end of the test, and the measured 96-h LC50 was 25.8 mg F/L (20.1 —33.1 95%
confidence interval).

Chronic toxicity

Basic water quality parameters in the 42-d chronic static renewal bioassay with Hyalella
azteca are provided in table B.3. Temperature variability was within acceptable limits,
and dissolved oxygen did not drop below 5.6 mg/L. As was the case with the acute
fluoride toxicity test, measured fluoride concentrations were generally similar to nominal
concentrations up to nominal concentrations of ~14 mg/L, but in the 28 mg/L nominal
treatment, measured fluoride concentrations were consistently lower than nominal, likely
due to precipitation (Table B.4). However, variability within treatments was relatively
low, particularly in the treatments with fluoride concentrations of 14 mg/L or lower.

At the end of 42 d, % survival of the controls was 90%, and although survival in the four
lowest fluoride treatments (measured 1.7, 3.3, 6.7, and 11.7 mg/L) ranged from 70 to
95%, only the highest concentration (16.7 mg/L, 22.5%) had significantly lower survival
than the control (Fig. B.1). After excluding the highest treatment (16.7 mg/L) from
further analysis because of its lower survival rate, there were no differences among
treatments in the number of females present (Fig. B.2). However, there were significant



differences from the control in # offspring produced per female, with both the 11.7 mg/L
treatment having a significantly lower mean (Fig. B.2). Analyzing dry weight data for
individual amphipods, ANOVA indicated that there was no significant difference among
treatment means when the 16.7 mg F/L treatment was excluded because of its
significantly lower survival; however, when a post-hoc Dunnett’s test was performed
comparing the individual treatments to the control, the lowest treatment (1.7 mg/L) was
significantly different from the control.

Chronic values ~The NOAEC (6.7 mg/L) and LOAEC (11.7 mg/L) values were derived
from the number of offspring produced per female. This resulted in an MATC of 8.8
mg/L, and with the 96-h LC50 of 25.8 mg/L, the ACR was 2.9. Because the survival and
reproductive data indicated significant differences at much higher fluoride concentrations
than did the dry weight data, and because the ANOVA for the weight data was not
statistically significant, we suggest, that the significant difference at the lowest fluoride
concentration be ignored.

Table B.1. Salt concentrations (mg/L) added to deionized water for generation of
dilution waters used for acute and chronic fluoride toxicity testing with Hyvalella azteca.
Water name KCl NaHCO; MgSOy4(an) CaSOg(an) CaCl, NaBr
Borgmann 4 84 30 0 111 1

Table B.2. Nominal and measured fluoride concentrations (mg F/L) for unfiltered (total
F) and filtered® (dissolved F) samples from the 96-h acute toxicity test with Hyalella

azteca.

Nominal total F dissolved F  ratio® total F dissolved F  ratio
concentration day 0 day 0 day 0 day 4 day 4 dav 4
Control <0.1 0.2 na <0.1 <0.1 na

3.5 3.5 3.6 1.029 3.7 3.6 0.973
7.0 7.1 7.1 1.000 6.8 7.1 1.044
14 11 14 1.273 13 12 0.923
28 19 23 1.211 17 15 0.882
56 35 41 1.171 37 33 0.892

Geometric mean of day 0 values = 1.132, and day 4 values = 0.941. Overall geometric
mean = 1.032

® samples were filtered with 0.45 um pore sized cellulose nitrate filters.
® ratio = dissolved F divided by total F.



Table B.3. Water quality data for chronic bioassays with Hvalella azteca.

Parameter mean’ 5% %ile 95Mosile min max
Temperature (°C) 22.7 224 22.9 22.0 22.9
D.O. (mg/L) 7.6 6.6 8.4 5.6 8.8
pH 7.8 7.4 8.0 7.3 8.2
Hardness (mg/L) 114 100 120 86 124
Alkalinity (mg/L) 55 50 60 50 60

" Mean of 24 measurements throughout the test.

Table B.4. Fluoride measurement data from samples collected on 22 occasions
throughout the 42-d chronic bioassay with Hyalella azteca.

Nominal overall in water out water 5th 95t min max
Conc. mean® mean mean Yoile Yile

Control® <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
1.75 mg/L 1.7 1.7 1.7 1.6 1.8 1.6 1.8
3.5 mg/L 3.3 33 32 32 35 2.8 3.5
7 mg/L 6.7 6.7 6.6 6.6 6.8 6.5 6.8
14 mg/L 11.7 11.4 12.1 10.0 13.0 10 14
28 mg/L 16.7 15.5 18.5 13.1 21.0 14 24

? All means are geometric means.
® Fluoride was never found in detectable concentrations in the control.

Table B.5. Nominal and measured fluoride concentrations (mg F/L) for unfiltered (total
F) and filtered® (dissolved F) samples from the 42-d chronic toxicity test with Hyalella
azteca. Both sample 1 and sample 2 were “out” water samples.

Nominal total F dissolved F  ratio® total F  dissolved F  ratio
concentration sample 1 sample 1 samplel sample?2 sample?2 sample 2
Control <0.05 <0.05 na <0.05 <0.05 na
1.75 1.7 1.6 0.941 1.7 1.6 0.941
35 33 3.2 0.970 3.2 3.2 1.000
7 6.6 6.7 1.015 6.5 6.6 1.015
14 13 13 1.000 12 12 1.000
28 21 20 0.952 20 20 1.000

Geometric mean of sample 1 values = 0.975, and sample 2 values = 0.991. Overall
geometric mean = 0.983

*samples were filtered with 0.45 pm pore sized cellulose nitrate filters.
® ratio = dissolved F divided by total F.
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Figure B.1. Mean (error bars = standard deviation) percent survival of Hyalella azteca in
five fluoride concentrations and a control (Borgmann water) at the end of a 42-d chronic,
static renewal bioassay. Different capital letters indicate means are significantly different
from the control (p < 0.05).
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Figure B.2. Mean (error bars = standard deviation) number of females per replicate and
number of offspring produced per female in four fluoride concentrations and a control
(Borgmann water) at the end of a 42-d chronic, static renewal bioassay with Hyalella
azteca. Different capital letters indicate means are significantly different from the control
(p <0.05).
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C. MANGANESE

PURPOSE
The purpose of these experiments was to generate both acute and chronic manganese
toxicity data with Hyalella azteca in the same dilution/control water so that an Acute to
Chronic Ratio (ACR) can be developed.

MATERIALS AND METHODS
Culture of test organisms

The amphipod Hyalella azteca was cultured in-house (Soucek laboratory, Illinois Natural
History Survey) according to U.S. EPA methods (USEPA 2002) with some
modifications. Amphipods were cultured in “Borgmann water” (Borgmann 1996), at 23
°C and a 16:8 (L:D) photoperiod, and were fed ~0.5 mg dry flakes (crushed and sieved to
<500 um) of TetraMin® (TetraWerke, Melle, Germany) daily. Approximately 30 adults
were held in a 1-L beaker containing 1 L of Borgmann water. Young were removed at
least every week or more frequently when a tighter age range was required.

Test chemicals and dilution waters

The manganese source for both acute and chronic toxicity tests was a combination of
manganese sulfate monohydrate (MnSO4-H,O Certified ACS, CAS # 10034-96-5, Fisher
Scientific, Fairlawn, NJ) and manganese chloride tetrahydrate (MnCl,-4H,O Certified
ACS, CAS # 13446-34-9, Fisher Scientific, Fairlawn, NJ). For both acute and chronic
tests, 44% of the Mn was as manganese sulfate, and 56% was as manganese chloride.
This combination was used to keep chloride and sulfate concentrations in solution
relatively lower than if either salt was used alone. The dilution water for both the acute
test and the chronic test was Borgmann water (Table C.1).

Acute test procedures

Static, non-renewal, acute toxicity tests were conducted according to guidelines detailed
in ASTM E729-96 (2002). Treatments were comprised of a 50% dilution series. Five
concentrations were tested using Borgmann water (Table C.1) as both the diluent and
control with four replicates tested per concentration. Organisms were 7- to 14-d old at
the beginning of the test. The test was conducted for 96 h with a 16:8 (L:D) photoperiod
at 23 + 1 °C. Test chambers were 50 ml glass beakers with 40 ml of test solution and a 2-
by 2-cm piece of nitex mesh was added to each test chamber to provide substrate for
these benthic invertebrates. Tests were not fed or aerated. Percent survival in each
replicate was recorded every 24 h and at the end of the exposure period. A dissecting
microscope was used to assess survival. Acceptable control survival was set at 90%.

Standard water chemistry parameters were measured at both the beginning and the end of
the exposure period, including temperature, pH, conductivity, dissolved oxygen,
alkalinity and hardness. The pH measurements were made using an Accumet® (Fisher



Scientific, Pittsburgh, PA, USA) model AB15 pH meter equipped with an Accumet® gel-
filled combination electrode (accuracy < = 0.05 pH at 25 °C). Dissolved oxygen was
measured using an air-calibrated Yellow Springs Instruments (RDP, Dayton, OH, USA)
model 55 meter. Conductivity measurements were made using a Mettler Toledo® (Fisher
Scientific, Pittsburgh, PA, USA) model MC226 conductivity/TDS meter. Alkalinity and
hardness were measured by titration as described in American Public Health Association
(APHA) et al. (2005). At both the beginning and end of acute tests, water samples from
each treatment were collected and submitted to Underwriters Laboratories, South Bend,
IN, for confirmation of manganese concentrations by inductively couple plasma - atomic
emission spectrometry according to U.S. EPA method 200.7 (Martin et al. 1994). To
address the potential need to account for total versus dissolved manganese, samples from
the acute toxicity test were analyzed for both total and dissolved manganese at the
beginning and at the end of the test. For measurement of dissolved manganese, samples
were filtered using 0.45 pm cellulose nitrate filters (Whatman®, Maidstone, England).
Total manganese was determined with unfiltered samples.

Chronic test procedures

Hyalella azteca -- A 42-d, water only, static-renewal, chronic reproduction bioassay was
conducted with H. azteca using recommendations detailed in the U.S. EPA sediment
toxicity testing guidelines (USEPA 2000), but with modifications. Treatments included
five nominal manganese concentrations (0.38, 0.75, 1.5, 3, and 6 mg Mn/L) and a control
with no manganese added. The control and dilution water was Borgmann water (Table
1). Test chambers were 300-ml, high form beakers and 200 ml of test solution was used
per test chamber. Organisms were 7- to 14-d old at the beginning of the test, and we
loaded 10 in to each of four replicate chambers per treatment. A 2.5- by 5-cm piece of
nitex mesh was added to each test chamber as a substrate, and organisms were fed dry
flakes (crushed and sieved to <500 um) of TetraMin® (TetraWerke, Melle, Germany)
three times per week. Feeding rates were as follows: week 1 - 1 mg per test chamber,
weeks 2 and 3 — 1.25 mg per test chamber, weeks 4, 5, and 6 — 2.5 mg per test chamber.
Test solutions were not aerated. Every three to four days, complete water renewals were
conducted, with test organisms being transferred to new beakers containing fresh test
solutions. After each changeover, “in water “ and “out water” samples from each
treatment were collected and submitted to Underwriters Laboratories, South Bend, IN, for
confirmation of manganese concentrations by inductively couple plasma - atomic
emission spectrometry according to U.S. EPA method 200.7 (Martin et al. 1994).
Survival was evaluated with every changeover. After the first appearance of mating
pairs, the number of pairs per test chamber was recorded daily, and discarded tests
solutions (after changeovers) were carefully searched for young. Young began to appear
on day 28, and the number produced was recorded until the end of the test (day 42). At
the end of the test, adult amphipods were sexed and then dried in an oven (60 to 70 °C)
for at least 48 h before they were weighed to the nearest 0.001 mg. Endpoints calculated
included % survival, mean dry weight (per individual), number of mating pairs, # of
young per female.



Statistical analysis

The LCS50 value was calculated using the trimmed Spearman-Karber method (USEPA
2002). For the chronic toxicity test, we followed guidelines detailed in U.S. EPA (2002).
Briefly, data for survival, and sub-lethal endpoints (amphipod dry weight, # females, #
young per female) were tested for normality using the Shapiro-Wilk’s Test, and
homogeneity of variance using Bartlett’s test. Data that passed both of these tests were
analyzed for differences among means using Dunnett’s test. Those that did not pass
normality or homogeneity of variance tests were analyzed using Steel’s Many-One test.
The No Observable Adverse Effects Concentration INOAEC) was the highest
concentration whose mean for a given endpoint was not significantly different from that
of the control, and the Least Observable Adverse Effect Concentration (LOAEC) was the
lowest concentration whose mean was significantly different from the control. We also
calculated Maximum Acceptable Toxicant Concentrations (MATC) as the geometric
mean of the LOAEC and the NOAEC, and Acute to Chronic Ratios (ACR) as the LC50
divided by the MATC.

RESULTS
Acute toxicity

For the 96-h acute manganese toxicity test with Hyalella azteca, mean water
temperatures remained within 1 °C of the target (22.7 £ 0.3 SD), the mean pH value was
7.8 £0.1, and mean dissolved oxygen was 8.2 + 0.3 mg/L.. Hardness, measured in the
controls only because manganese is a divalent cation that interferes with the hardness
measurement was 112 mg/L. as CaCOs.

In the 96-h fluoride toxicity test with Hyalella azteca, control survival was 95% at the
end of the test, and the measured 96-h LC50 was 11.0 mg Mn/L (8.6 — 14.1 95%
confidence interval).

Chronic toxicity

Basic water quality parameters in the 42-d chronic static renewal bioassay with Hyalella
azteca are provided in table C.2. Temperature variability was within acceptable limits,
and dissolved oxygen did not drop below 6.4 mg/L.. Measured manganese concentrations
were generally similar to nominal concentrations in all treatments, with relatively little
variability (Table C.3). Ratios of dissolved to total manganese concentration were
determined on six occasions throughout the 42-d test (Table C.4): three times with “In
water” samples or new water to be used for changeovers, and three times with “Out
water” samples or water removed from test chambers during a changeover. The
geometric mean of ratios (dissolved Mn/total Mn) for “in water” sets was 0.989, and for
“out water” sets it was 0.973. The overall geometric mean of ratios throughout the test
was 0.981.

At the end of 42 d, % survival of the controls was 92.5%, and survival in the three lowest
manganese treatments (measured 0.3, 0.7, and 1.4 mg/L) was relatively high, ranging



from 80 to 94.7%. Both of the highest two concentrations (2.9 and 5.7 mg/L) had
significantly lower survival than the control (Fig. C.1). After excluding the highest two
treatments from further analysis because of their lower survival rates, there were no
differences among treatments in the number of females present, the number of young
produced per female (Fig. C.2) or mean dry weight per individual (Fig. C.3).

Chronic values —The NOAEC (1.4 mg/L) and LOAEC (2.9 mg/L) values were derived
from the survival data as no significant differences were observed in the sub-lethal
endpoints. This resulted in an MATC of 2.0 mg/L, and with the 96-h LC50 of 11.04
mg/L, the ACR was 5.5.

Table C.1. Salt concentrations (mg/L) added to deionized water for generation of
dilution waters used for acute and chronic manganese toxicity testing with Hyalella
azteca.

Water name KCl NaHCO3  MgSOy(an) CaSOgu(an) CaCl, NaBr
Borgmann 4 84 30 0 111 1

Table C.2. Water quality data for 42-d chronic Mn bioassay with Hvalella azteca.

Parameter mean” 5" o4ile 95%04ile min max
Temperature (°C) 22.8 22.1 23.3 22.0 23.6
D.O. (mg/L) 7.8 7.0 8.4 64 8.5
pH 7.8 7.6 8.2 7.5 8.3
Hardness® (mg/L) 115 112 118 112 125
Alkalinity (mg/L) 52 50 54 50 60

" Mean of 24 measurements throughout the test.
? Hardness measured in control only. Mn is a divalent cation and interferes with hardness
measurement.

Table C.3. Manganese measurement data from unfiltered (total Mn) samples collected on
24 occasions throughout the 42-d chronic bioassay with Hyalella azteca

Nominal overall inwater out water 5th 95t min max
Conc. mean® mean mean Yile %ile

Control ® <0.01 <0.01 <0.01 <0.01 0.011 <0.01 0.011
0.38 mg/L 0.3 0.4 0.3 0.3 0.4 0.2 0.4
0.75 mg/L 0.7 0.7 0.7 0.6 0.8 0.6 0.8
1.5mg/L 1.4 1.4 1.4 1.3 1.5 1.3 1.6
3 mg/L 2.9 2.9 2.9 2.8 3.1 2.8 3.1

6 mg/L 5.7 5.7 5.7 5.5 6.1 5.5 6.1
* All means are geometric means. :
b M d . .

anganese was detected on one occasion in the control.




Table C.4. Nominal and measured manganese concentrations (mg Mn/L) for unfiltered
(total Mn) and filtered® (dissolved Mn) samples from the 42-d chronic toxicity test with
Hyvalella azteca. Six different sets of samples were measured for total and dissolved Mn.

Nominal set 1 (in) set 2 (out)
concentration total dissolved  ratio® total dissolved  ratio
Control <0.01 <0.01 na <0.01 <0.01 na
0.38 0.38 0.38 1.000 0.38 0.34 0.895
0.75 0.77 0.76 0.987 0.78 0.71 0.910
1.5 1.6 1.5 0.938 1.5 1.4 0.933
3 3.1 3.0 0.968 3.1 2.8 0.903
6 6.1 6.1 1.000 6.1 5.5 0.902
Nominal set 3 (in) set 4 (out)
concentration total dissolved  ratio® total dissolved  ratio
Control <0.01 0.01 na <0.01 0.013 na
0.38 0.35 0.35 1.000 0.35 0.35 1.000
0.75 0.70 0.69 0.986 0.68 0.73 1.074
1.5 1.4 1.4 1.000 1.4 1.5 1.071
3 2.8 2.8 1.000 2.9 2.9 1.036
6 5.5 5.5 1.000 5.6 5.9 1.054
Nominal set 5 (in) set 6 (out)
concentration total dissolved  ratio® total dissolved  ratio
Control <0.01 0.029 na <0.01 0.014 na
0.38 0.36 0.35 0.972 0.23 0.22 0.957
0.75 0.72 0.71 0.986 0.59 0.58 0.983
1.5 1.4 1.4 1.000 1.3 1.3 1.000
3 2.8 2.8 1.000 2.9 2.7 0.931
6 5.7 5.7 1.000 5.7 5.6 0.982

Geometric mean of ratios for “in water” sets = 0.989, and for “out water” sets = 0.973.
Qverall geometric mean of ratios = 0.981

® samples were filtered with 0.45 pm pore sized cellulose nitrate filters.
® ratio = dissolved Mn divided by total Mn.
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Figure C.1. Mean (error bars = standard deviation) percent survival of Hyalella azteca in
five manganese concentrations and a control (Borgmann water) at the end of a 42-d
chronic, static renewal bioassay. Different capital letters indicate means are significantly
different from the control (p < 0.05).
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Figure C.2. Mean (error bars = standard deviation) number of females per replicate and
number of offspring produced per female in four manganese concentrations and a control
(Borgmann water) at the end of a 42-d chronic, static renewal bioassay with Hyalella
azteca. Different capital letters indicate means are significantly different from the control

(p <0.05).
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Figure C.3. Mean (error bars = standard deviation) dry weight of individual amphipods
in four manganese concentrations and a control (Borgmann) at the end of a 42-d chronic,
static renewal bioassay with Hyalella azteca. Different capital letters indicate means are
significantly different from the control (p < 0.05).
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Abstract

Zinc, lead and mercury accumulation in the amphipod Hyalella azteca increases with increasing expo-
sure to metals. During 10 week chronic toxicity tests, metal accumulated at the highest non-toxic/lowest
toxic concentration was 126/136 ug Zng~!, 7.1/16 ug Pb g~ ! and 56/90 ug Hg g~ ! dry weight. Con-
centrations of lead and mercury in control animals were substantially lower (1.3 ug Pb g~ and 0.4 ug
Hg g~ '), but concentrations of zinc in controls (74 ug g~ ') were about one half those of the lowest toxic
concentration. Copper was completely regulated. Accumulated copper concentrations after 10 weeks
exposure to all waterborne copper concentrations resulting in less than 1009, mortality were not sig-
nificantly different from controls (79 ug g~ !). Lead and mercury concentrations in wild H. azteca should
be useful indicators of potential toxicity. Zinc accumulation may also be a useful indicator of zinc toxicity,
but careful comparison with control or reference animals is necessary because of the small differences
between toxic and control concentrations. Copper is not accumulated by H. azteca under chronic ex-
posure conditions and body burdens of field animals cannot be used as an indicator of exposure or
potential toxic effects. Short term exposures to copper, however, result in elevated copper concentra-
tions in H. azteca, even at concentrations below those causing chronic toxicity. Short term bioaccumu-
lation studies might, therefore, provide a useful indication of potential chronic copper toxicity.

Introduction

Although most aquatic toxicity studies with met-
als have related toxicity to waterborne concen-
trations, the toxicity of non-regulated metals to
crustacea may be much easier to predict from
concentrations measured in the animals them-
selves, rather than in the medium. For example,
chronic toxicity of cadmium to the amphipod Hy-
alella azteca in the presence of various complex-
ing agents or sediments varied over a 5200-, 36-,

or 2.6-fold range depending on whether toxicity
was expressed as Cd added, Cd measured in
water (i.e. not adsorbed to sediments), or Cd ac-
cumulated in H. azteca, respectively (Borgmann
et al., 1991). Similarly, the toxicity of organic and
inorganic forms of mercury differs greatly when
expressed as concentration in water, but accumu-
lation in equitoxic solutions is often remarkably
similar. For example, mercury accumulated at
concentrations resulting in approximately 50%,
mortality in barnacles (Elminius modestus) and
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Artemia salina after 3 hr ranged from 280 to
920 pug g~ ! dry weight, even though A. salina were
100 to 5000 times more resistant to mercury than
barnacles, and amylmercuric chloride was 20 to
1000 times more toxic than mercuric chloride
(Corner & Rigler, 1958). Organic and inorganic
forms of mercury also had approximately equiv-
alent toxicity to Daphnia magna (Biesinger et al.,
1982) and the amphipod Bathyporeia pilosa
(Khayrallah, 1985) on a body burden basis, but
not as a function of concentration in water. These
studies suggest that measurements of metal ac-
cumulation in field animals should be a much
more reliable indicator of potential metal toxicity
to natural populations of crustacea than the con-
centration in water. However, much more data is
needed on the relationship between toxicity and
accumulation of metals before body burdens can
be widely used to estimate the impacts of envi-
ronmental contamination by metals.

For non-regulated metals such as cadmium,
lead and mercury, accumulation within a given
medium is usually an allometric function of
waterborne concentrations, but copper and zinc
are regulated in many fish and higher inverte-
brates (e.g. Amiard et al., 1987). Lower inverte-
brates, however, demonstrate varying degrees of
copper and zinc regulation (Amiard et al., 1987,
Rainbow & White, 1989). If potential copper and
zinc toxicity are to be inferred from concentra-
tions in aquatic biota collected from the field, then
species displaying poor regulatory capabilities for
these metals should be chosen.

Hyalella azteca is an ideal organism for the as-
sessment of metal toxicity because it is very sen-
sitive to metals (Borgmann et al., 1989b), is found
throughout most of North America, is easy to
identify, and is amenable to laboratory culture
and toxicity testing. It is a benthic organism and
can be used for testing the toxicity of both water-
borne contaminants and sediments (Borgmann &
Munawar, 1989). It can also be readily collected
in the field for studies on metal levels in wild
populations (e.g. Stephenson & Mackie, 1988). It
should, therefore, be a useful organism for eluci-
dating the relative contributions of different met-
als to toxicity, both in the field and in laboratory

assays (e.g. sediment toxicity tests), by compar-
ing metal concentrations accumulated by H. az-
teca with body burdens previously shown to be
associated with toxicity. The relationship between
cadmium accumulation and toxicity to H. azteca
has already been established (Borgmann etal.,
1991). This paper describes the relationship be-
tween copper, zinc, lead and mercury accumula-
tion and toxicity, and examines the ability of
H. azteca to regulate copper and zinc during
chronic exposure.

Methods

Amphipods were cultured as described in Borg-
mann et al. (1989b), and bioassay procedures fol-
lowed Borgmann et al. (1991), except that exper-
iments lasted a full 10 weeks to ensure that effects
on reproduction were adequately assessed. Tox-
icity tests were initiated with twenty 0—1 week old
young in 250 ml of dechlorinated Burlington City
tap water (originating from Lake Ontario, hard-
ness 130 mg 17!, alkalinity 90 mg 1~ !, pH 7.9-8.6)
in 500 ml Erlenmeyer flasks with loose fitting glass
covers and one 5 by 10 cm piece of pre-soaked
cotton gauze as substrate. Experiments were con-
ducted in an incubator at 25 °C with a 16 h light:
8 h dark photoperiod. The animals were placed in
fresh flasks with renewed water and metals once
a week, at which time the number of survivors
were counted, young were counted and removed,
and 5 mg of Tetra-Min fish food flakes were added
as food. Samples of the water were acidified and
saved for metal analysis. Additional food was
added during the week as required. The animals
were weighed on weeks 4, 6, 8 and 10 as described
in Borgmann et al. (1989b). Four replicates were
run for each control, copper, zinc and lead con-
centration (2 were set up one week, and 2 another
week), and 2 replicates for each mercury concen-
tration.

At the end of the experiments the surviving
amphipods were dried at 60 °C, and digested as
described in Borgmann eral. (1991) using the
procedure of Stephenson & Mackie (1988).
Twenty-five ul of 709 nitric acid was added to



1 to 4 amphipods (0.5 to 2 mg dry weight), and
allowed to sit for 1 week. Then 17 ul of 309, hy-
drogen peroxide was added, followed after 24 hr
by 1 ml of double distilled water.

In addition to the 10 week experiments, copper
and zinc accumulation were also determined in
4 week old H. azteca exposed to copper or zinc
for only 1 week. All other parameters were iden-
tical to the 10 week chronic tests.

Water and digested samples were analyzed for
copper, zinc and lead using a Varian SpectraAA
400 graphite furnace atomic absorption spectro-
photometer with Zeeman background correction.
Copper was measured in a partition tube without
modifier. Zinc and lead were analyzed using a
platform and ammonium phosphate modifier.
QCblanks and standards were run every 10th
sample.

Mercury samples were analyzed by cold va-
pour atomic absorption spectrophotometry using
a Laboratory Data Control (LDC) UV monitor
(Model 1205) with a 30 cm double beam gas flow
cell following a procedure modified after Daniels
& Wigfield (1989). Four ml of double distilled
water and 1 ml of 35% (w/v) sodium hydroxide
were delivered to the reduction chamber, a midget
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impinger, and the top secured. The monitor was
then adjusted to zero with the gas flow on. The
gas flow was then turned off, 1 ml of reduction
solution (2 g stannous chloride, 0.2 g L-cysteine,
1 g sodium chioride and 12.5ml concentrated
sulphuric acid in 100 ml double distilled water)
and 1 ml of sample were added, the impinger was
sealed and the gas flow turned on. The absor-
bance peak at 254 nm was recorded on a chart
recorder and compared to a standard curve.

Results

Measured metal concentrations in water at the
end of each week of exposure and prior to the
addition of fresh toxicant were always lower than
nominal concentrations, except at the lowest cop-
per concentrations (Tables 1 to 4). This decrease
was most severe for lead, and least for copper.
Detailed studies showed that if the flasks were
acidified before the water samples were removed,
then most of the metal was recovered. For exam-
ple, measured concentrations of a 100 ugl™!
nominal lead solution were 96.1 ug1~! initially.
After one week the measured lead concentrations

Table 1. Percent Survival, wet weight (mg) and total number of young produced per initial animal added ( + S.D.) by week 6 and
10, and copper accumulated (ugg~! dry weight + S.D.) by week 10. Lowest concentration with significantly reduced survival
(chi-square, P<0.01) indicated with **. Copper acumulated at each concentration was not significantly different from control.

Nominal copper Control 5.6 ugl™!? 10 ugl™! 18ugl™! 2ugl™? 56ugl! 100 ug1~!
concentration:
Measured concentration
ugl™!? 35+14 7.7+1.8 10.7+1.3 16.7 + 1.6 254+28 43.8+8.2 81.3+9.0
n 20 20 20 20 20 20 16
Week 6 (n=4)
Survival (%) 71+ 14 68 +3 69+ 13 63+9 4] +23%* 36+22 3+3
Weight 2.1+0.6 2.1+0.9 2.1+0.9 20+04 1.8+0.4 14+0.3 0.1+0
Young 0.3+0.4 0.6+0.4 0.6+1.0 02+0.3 0.1+0.3 0.04 +0.10 0
Week 10 (n=4)
Survival 54+18 54+13 50+4 40+ 14 29 +25** 6+13 0
Weight 4.0+0.7 35+1.1 4.0+0.6 3.6+0.7 43+05 34+0
“Young 34+3.0 39+13 3.7+3.0 1.9+1.3 1.3+1.2 08+0 -
Cu in Hyalella 79420 91+11 92+14 95+ 26 88+13 80+5 -
8 8 4 -

n 8 8 8
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Table 2. Percent Survival, wet weight (mg) and total number of young produced per initial animal added (+ S.D.) by week 6 and
10, and zinc accumulated (ugg~' dry weight +S.D.) by week 10. Lowest concentration with significantly reduced survival
(chi-square, P<0.01) or elevated zinc in Hyalella azteca (ANOVA, p<0.01) indicated with **.

Nominal zinc Control P2pugl!? 56 ugl™! 100 ugl-! 180 pgl~? 320 ugl-!? 560 ugl-!
concentration:

Measured concentration

ugl! 5.6+3.8 13.0+8.9 21.2+89 42.3+16.6 108 + 32 185+ 67 316+ 129
n 20 20 20 20 20 20 20
Week 6 (n=4)
Survival (%) 75+5 65 +9.1 69+ 14 72+10 68 + 10 32 4 17 8+12
Weight 1.4+ 0.3 1.8+0.6 1.5+04 1.9+0.2 1.7+0.3 1.7+0.3 1.8+ 0.6
Young 0.1+0.1 02+04 0.3+0.4 0.5+0.2 0 0 0
Week 10 (n=4)
Survival 63+8 50+8 56 +23 S1+11 35+ 17 6+5 3+3
Weight 3.7+0.2 3.6+0.9 37+1.1 3.1+0.5 3.0+0.9 42+1.8 36+23
Young 1.9+1.0 2.2+1.2 2.0+1.1 2.7+0.9 1.0+04 0 0
Zn in Hyalella 74+27 66 +7 85+14 126 + 46** 136 + 39 167+ 22 167 ¢A53
n 15 15 15 28 19 4 2

Table 3. Percent Survival, wet weight (mg) and total number of young produced per initial animal added (+ S.D.) by week 6 and
10, and lead accumulated (ugg~! dry weight + S.D.) by week 10. Lowest concentration with significantly reduced survival
(P<0.01) or elevated lead in Hyalella azteca (P<0.01) indicated with ** (or with * at p<0.05, if different from P<0.01).

Nominal lead Control 18ugl-! 32ugl ! 56 ugl=! 100 pgl=! 180 ugt-! 320 pugl-?
concentration:

Measured concentration

ygl’l 0.4+ 0.6 3.3+1.9 26+1.3 11.6 + 8.6 8.8+7.5 12.6+ 7.9 24.0+19.4
n 25 15 15 15 20 15 11

Week 6 (n=4)
Survival (%) 73+ 12 69 + 27 74+8 68+3 35+ 8% 13+6 4+
Weight 1.7+ 0.3 22+0.6 2.0+0.8 26+1.0 0.9+1.0 2.0+0.7 1.1+1.4
Young 0.4+0.4 0.5+0.3 0.1+0.2 0.4+0.6 0.1+0.1 0 0

Week 10 (n=4)
Survival 66+ 10 60 + 25 65+ 6 48 + 13* 31 + 8** 11+5 +
Weight 3.5+0.7 4.0+0.3 33+1.4 4.4+0.7 34+0.9 45+1.0 2.1+2.8
Young 42+3.0 5.8+1.5 40+ 1.9 3.6+3.0 1.8+0.7 0.4+0.6 0

Pb in Hyalella 1.3+14 5.8+ 3.8*%* 7.1+3.6 15.8+5.7 19.2+ 164 30.0+15.4 20.9+0.9
n 29 17 20 15 11 4 2

in the same flask were 26.8 ug 1~ ! before acidifi- sorption of metal to the glass, gauze and/or food

cation, and 96.7 ug1~! after acidification of the and detritus in the flasks. This adsorption was

entire flask. The difference between measured and relatively fast; measured lead concentrations

nominal concentrations is, therefore, due to ad- dropped to approximately one half of nominal
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Table 4. Percent Survival, wet weight (mg) and total number of young produced per initial animal added ( + S.D.) by week 6 and
10, and mercury accumulated (ug g~! dry weight + S.D.) by week 10. Lowest concentration with significantly reduced survival
(P<0.01) or elevated mercury in Hyalella azteca (P<0.01) indicated with **.

Nominal mercury Control 32pugi-! 5.6pugl! 10pgl-? 18 ugl~!
concentration:
Measured concentration
ugt! 0.05+0.48 0.62+0.52 1.12+0.57 2424146 396+ 1.48
n 10 10 10 10 5
Week 6 (n=2)
Survival (%) 88+11 58+4 70+ 14 25 £ 0 0
Weight 1.8+0.1 1.3+0.3 2.1+04 1.9+0.7 -
Young 0.2+0.1 0.02+0.04 0 0 0
Week 10 (n=2)
Survival 72+4 58+4 65+7 20+ 0% 0
Weight 4.0+0.1 3.2+0.2 43+0.3 50+1.2 -
Young 24+ 1.1 2.9+0.8 44+1.9 09+13 0
Hg in Hyalella 0.42 +0.06 25+ 6% 56+ 14 90+ 32 -
n 4 4 4 4

within 2 hr. Initially, and during the weekly water
changes, therefore, fresh flasks with food and tox-
icant were set up at least 2—4 hr before the ani-
mals were added, ensuring that animals were not
exposed to conditions far from equilibrium. The
nominal concentrations, therefore, represent the
total metal to which the animals were exposed
(including metal adsorbed to food, detritus, gauze
and the flasks), whereas the measured concentra-
tions are closer to the mean exposure concentra-
tions in water (including free metal, complexed
dissolved and fine particulate).

None of the metals resulted in any significant
reduction in growth, as judged by wet weight, or
reproduction at any concentration which did not
also cause significant chronic mortality (Tables 1
to 4). The lowest nominal concentration of cop-
per and mercury resulting in mortality after either
6 or 10 weeks was 32 and 10 ug 1~ ! respectively
(P<0.01). Zinc was significantly toxic at
320 ug1~! after week 6 and at 180 ugl™' by
week 10. The lowest nominal concentration of
lead which was toxic was 100ugl~! after
6 weeks, but by week 10 significant mortality oc-
curred at 56 ugl~' as well (P <0.05, Table 3).
The time course of mortality was not the same for

all metals. Copper and zinc toxicity continued
throughout the 10 week exposure, but mortality
due to mercury and 100 ug 1~ ! or higher concen-
trations of lead was highest in the initial 2 weeks.
At 56 ug 1™, lead toxicity was low but continued
throughout the 10 week exposure, becoming sta-
tistically significant by week 10 (Fig. 1).

In spite of differences in the time course of
mortality, the shape of the survival: concentration
curve was similar for all metals (Fig. 2), including
cadmium (Borgmann et ¢l., 1991). The order of
toxicity was Cd>Hg>Pb>Cu>Zn, based on
final measured metal concentrations. If expressed
as a function of nominal metal concentrations in
water, the toxicity of copper is greater than lead;
the relative toxicity of the other metals remain the
same.

Copper concentrations in H. azteca were not
significantly different from controls at any expo-
sure concentration (Table 1). Zinc, lead and mer-
cury concentrations in H. azteca, however, were
always significantly elevated starting at exposure
concentrations lower than those resulting in sig-

nificant mortality (Tables 2 to 4). Hyalella azteca,

therefore, was capable of regulating copper at all
concentrations which are chronically toxic, but it
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Fig. 1. Time course of mortality at selected metal concentra-
tions. Numbers following the metal symbol represent nominal
concentrations in pgl~ 1.
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Fig. 2. The relationship between survival after 6 weeks and
final measured metal concentrations at the end of each week
before water and metal renewal. Data for cadmium are from
Borgmann et al. (1991).

was unable to regulate zinc as effectively.
Although zinc accumulation increased with in-
creasing exposure, the difference between metal

log Metal Accumulated (ug g™

log Final Metal Concentration (ug E’)

Fig. 3. The relationship between metal accumulation (dry
weight basis) and final measured metal concentrations. Data
for cadmium are from Borgmann ez al. (1991). Bars represent
+ 1 standard deviation.

accumulation at the lowest toxic concentration
and the control was only about 2-fold, much lower
than for lead, mercury or cadmium (Table 5).

Of the 5 metals studied, lead was accumulated
least by H. azteca (Fig. 3). The slope of the ac-
cumulation:exposure relationship was highest for
mercury (approximately 1) and lowest for copper
and zinc (Table 5). Copper is completely regu-
lated and the low slope for zinc may be indicative
of partial regulation.

The survival:accumulation curves were similar
for each of the non-regulated metals (Fig. 4), but
were usually steeper than the survival:exposure
curves (Fig. 2). The survival:accumulation curve
for zinc was similar to that for the non-regulated
metals, except that metal concentrations in the
control were much closer to toxic concentrations,
The survival:accumulation curve for copper was
a vertical line, since this metal was regulated. The
order of toxicity was the same as that observed
for toxicity as a function of metal concentrations
added, except that toxicity was highest for lead
(Fig. 4). Concentrations of lead tolerated in the
body of H. azteca were quite a bit lower than for
all other metals, even cadmium and mercury.
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Table 5. Metal concentration in Hyalella azteca for control exposure, the highest exposure concentration showing no significant
toxicity, and the lowest concentration with toxicity. Also shown are the intercept (a) and slope (b) coefficients and R? for the
regression of log metal accumulated against log final measured metal concentration. The data for cadmium are from Borgmann

etal. (1991).

Metal Concentration (pgg~ ' dry wt.) Regression coefficients
Control Highest Lowest a b R?
non-toxic toxic

Cu 79 952 (1.94) 0 -
Zn 74 126 1.46 0.35 0.82
Pb 1.3 7.1 0.40 0.77 0.44
Hg 0.4 56 1.62 0.90 0.76
Cd 2.4 23 1.71 0.52 0.65

* Not significantly different from control.
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Fig. 4. The relationship between survival after 6 weeks and
metal concentrations accumulated by Hyalella azteca. Data
for cadmium are from Borgmann et al. (1991).

Discussion

The most sensitive indicator of chronic toxicity
was survival. There were no effects on growth or
reproduction at any concentration which did not
also cause significant chronic mortality (Tables 1
to 4). This is consistent with previous observa-
tions on the chronic toxicity of cadmium, pen-
tachlorophenol and PCBs to H. azteca (Borg-
mann et al., 1989b, 1990), but contrasts with the

chronic toxicity of many metals to Daphnia magna,
for which reproductive impairment is often a more
sensitive indicator of toxicity than is chronic mor-
tality (Biesinger & Christensen, 1972; Borgmann
et al., 1989b). This consistent response of H. az-
teca to toxicants simplifies comparison of the
relative toxicities of different contaminants. It also
eliminates the need for measuring growth and re-
production on a routine basis, at least in studies
with the toxicants just mentioned.

Hyalella azteca demonstrated an ability to reg-
ulate copper at all concentrations not resulting in
complete mortality during chronic exposure, but
it was unable to completely regulate zinc (Table 1
and 2, Fig. 3). This was somewhat surprising,
since another amphipod, Gammarus zaddachi,
regulated zinc reasonably well, but not copper
(Amiard et al., 1987). Neither copper nor zinc
were completely regulated by the amphipod Echi-
nogammarus pirloti, although zinc accumulation
was slow, suggesting some attempt at regulation
(Rainbow & White, 1989). Both metals were reg-
ulated by the amphipod, Allorchestes compressa,
but copper accumulation at all exposure concen-
trations, although constant, was higher than in
the control (Ahsanullah & Williams, 1991). Gam-
marus duebeni regulated zinc up to external zinc
concentrations of 200 ug 1~ ! (Johnson & Jones,
1989), but Gammarus pulex demonstrated no zinc
regulatory ability (Bascombe et al., 1990). The
apparent copper and zinc regulatory abilities of



86

amphipods, therefore, appear to vary somewhat
from one study to another.

The observed differences in the degree of cop-
per regulation appear to be related, at least in
part, to the duration of the experiment. Although
H. azteca are excellent regulators of copper dur-
ing long term exposure (Table 1), this regulation
is not instantaneous. Copper was significantly el-
evated in 4 week old H. azteca exposed to vary-
ing copper additions following only 1 week of ex-
posure, even at concentration below those causing
chronic toxicity (Table 6, Fig. 5). It is interesting
to note that a lack of copper regulation by Gam-
marus zaddachi was observed after a 4 day expo-
sure (Amiard et al., 1987), whereas regulation by
Allorchestes compressa was observed after a
4 week exposure at 19 °C (Ahsanullah & Will-
iams, 1991). Poor regulation by Echinogammarus
pirloti was observed after 3 weeks of exposure,
but this was done at 10 °C (Rainbow & White,
1989), a lower temperature which may have
slowed down the rate of acclimation to copper.
Some of the discrepancies regarding copper reg-
ulation by amphipods in the literature may, there-
fore, also be due to the time required for amphi-
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Fig. 5. Comparison of copper accumulation during 10 week
chronic (solid symbols) and 1 week (open symbols) exposure
to various final copper concentrations. The horizontal line
represents the concentration of copper in control amphipods
in the 1 week exposure experiment.

pods to adapt to a copper stress, after which
regulation is possible.

Our results suggest that copper concentrations
in wild H. azteca, and in H. azteca exposed to
copper under chronic conditions in the labora-
tory, cannot be used to accurately infer the pres-
ence or absence of copper toxicity. However,
short term exposures in the laboratory will result
in elevated copper accumulation at concentra-
tions well below those resulting in chronic toxic-
ity. Short term bioaccumulation could, therefore,
potentially be used as an indicator of chronic ef-
fects.

Unlike copper, regulation of zinc was not ob-
served during chronic exposure (Table 2). Fur-
thermore, preliminary experiments suggested that
1 week exposures to elevated zinc concentrations
in water result in accumulation similar to that
obtained following 10 weeks of exposure. Con-
centrations of zinc in H. azteca can, therefore,
indicate exposure to toxic levels of zinc, but only
a small (2 fold) elevation in body zinc concentra-
tion can be associated with toxicity (Table 5), so
careful measurement of zinc concentrations in
control animals will be required. This is similar to
observations with shrimp. Palaemon elegans, for
example, regulates zinc at about 80 ug g~ ' dry
weight. At external zinc concentrations above
316 ug 1~ ! the regulatory mechanism breaks
down, resulting in elevated tissue concentrations.
The maximum accumulation tolerated is about

Table 6. Copper accumulated (ugg~' dry weight + $.D.) by
4 wk old Hyalella azteca after 1 wk exposure to various cop-
per additions (ugl~ !+ S.D.). Amphipod wet weight aver-
aged 0.94 + 0.40 mg. Accumulation at all concentrations was
significantly greater than in the control (£<0.01).

Nominal Measured Cu accumulated n
concentration in water in Hyalella
0 1.3+04 98 + 21 16
5.6 48+0.5 122 +22 16
10 8.0+0.6 123 +22 16
18 13.3+2.0 159 +41 16
32 22.8+1.1 150+ 42 14
56 39.2+2.3 196 +43 16
100 65.1+7.7 252+ 38 12
180 124 + 19 288 + 140 9




200 ug g~ ' (Rainbow & White, 1989). The total
range in body burdens of zinc observed in am-
phipods and shrimp, from control to toxic con-
centrations, is, therefore, much less than obtained
with non-regulated metals.

The observation of regulation (for copper) or
partial regulation (for zinc) does not imply that
metal concentrations in amphipods are controlled
by active excretion. For example, exposures to
elevated zinc concentrations as high as 1000 ug
17! result in increases in whole body zinc con-
centrations in talitrid amphipods of only about
2 fold, but all zinc accumulated is retained and
there is no evidence of zinc excretion (based on
85Zn uptake studies). The relatively low degree of
metal accumulation is the result of a low uptake
rate and dilution of accumulated zinc in the in-
creased body mass as the amphipods grow
(Weeks & Rainbow, 1991).

The relationships between toxicity and metal
accumulation presented here apply to chronic ex-
posures only. Toxicity could occur at lower body
burdens under acute exposure. At higher, acutely
toxic, metal concentrations, damage may occur to
sensitive tissues (e.g. respiratory epithelia) before
extensive metal accumulation occurs. At lower
metal concentrations and long term exposures,
such as those reported here, gradual metal uptake
could result in metal deposition in non-critical
tissues (e.g. perhaps the exoskeleton) resulting in
a higher overall body metal concentration but a
lower metabolically active fraction. In the present
study metal accumulation was measured only
after 10 weeks of exposure, and the ‘safe’ con-
centrations of accumulated metals reported
should not be construed as being safe under short
term exposure conditions to higher metal concen-
trations.

There are relatively few published data on the
concentrations of accumulated lead and mercury
associated with toxicity to crustacea. Mortality
was observed at accumulated lead concentrations
above 20 ug g~ ! in the soft tissues of Gammarus
pulex (Bascombe et al., 1990), similar to H. azteca
(Table 5) although our data are for whole ani-
mals. Khayrallah (1985) obtained a critical toxic
mercury concentration of 3.8 ug g~ ' wet weight
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for the amphipod Bathyporeia pilosa. By compari-
son, our highest non-toxic body burden (56 ug Hg
g~ ! dry weight) is equivalent to approximately
13 pug g~ ' wet weight. Accumulation of mercury
by Daphnia magna exposed to the highest non-
toxic and lowest toxic mercuric chloride concen-
trations were 15 and 23 pg g~ ' dry weight respec-
tively. Methyl mercuric chloride was toxic at the
lowest methyl mercury concentration tested,
which resulted in accumulation of 16 uyg Hgg™!
(Biesinger et al., 1982). Hyalella azteca, therefore,
appears to tolerate slightly higher mercury con-
centrations in its tissues than Bathyporeia pilosa
or Daphnia magna. Mercury accumulated at con-
centrations resulting in approximately 509, mor-
tality in barnacles (Elminius modestus) and Ar-
temia salina ranged from 280 to 920 ugg~! dry
weight, but the exposure time was only 3 h and
mercury accumulated at 509, survival decreased
with increasing exposure times (i.e. decreasing
concentrations, Corner & Rigler, 1958). These
accumulation values are, therefore, probably not
directly comparable with the chronic exposure
studies.

Data on cadmium accumulation by crusta-
ceans at toxic waterborne concentrations are
more numerous than for lead and mercury (Ta-
ble 7). The reported critical body burdens are all
within a factor of approximately 2 of the critical
body burden of cadmium to H. azteca.

The tissue concentrations listed in Table 5 can
be used for preliminary estimation of the poten-
tial toxicity of lead, mercury and cadmium to H.
azteca collected from the field. With appropriate
control or reference animals, elevated zinc accu-
mulation may also be indicative of exposure to
toxic zinc concentrations. However, some cau-
tion must be used when interpreting data from the
field animals because the relationship between
toxicity and accumulation can vary somewhat
with variations in water hardness and the pres-
ence of sediments (Borgmann et al., 1991). The
results in Table 5 are based only on experiments
conducted without sediments. Furthermore, the
possibility that prolonged, multigeneration expo-
sure to elevated metals might result in metal tol-
erant populations with different toxicity:accumu-
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Table 7. Cadmium concentrations accumulated by crustacea at or near toxic waterborne cadmium concentrations.

Species ngg™! Exposure Comments Reference
(dry wt) time
Daphnia magna 39 20 wk Highest non-toxic conc. Borgmann et al., 1989a
87 Lowest toxic conc.
Amphipods:
Hyalella azteca 23 6 wk Highest non-toxic conc. Borgman et al., 1991
30 Lowest toxic conc.
Pontoporeia affinis 80-90 265d Juvenile mortality Sundelin 1983
Allorchestes compressa 80 4 wk Minimum effect concentration Ahsanullah & Williams, 1991
Shrimp:
Palaemonetes pugio 20-35 21d 10-25Y%, mortality Vemberg et al., 1977
Callianassa australiensis 24-29 14d 14d LC50 Ahsanullah et al., 1981
Crayfish:
Orconectes virilis 28 14d 25% mortality Mirenda, 1986
Cambarus latimanus 15 5mo No significant mortality Thorp et al., 1979
22 Significant mortality

lation relationships has not been investigated in
this species.

An alternative to measuring metal concentra-
tions in field amphipods is to expose laboratory
animals to contamination, either in the lab or in
situ. Accumulation during relatively short term
exposures should provide an indication of poten-
tially toxic metal concentrations, even for copper,
which is regulated during longer exposures.
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Attachment 1 — Exhibit X

Revised chronic zinc standard using the corrected
Hyalella azteca MATC
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