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I. 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 21St 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 lIlA 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 ig/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 isH3B03.Although
boron is an element essential for plant growth, in excess of 2.0 mg/L in
irrigation water, it is 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 rng/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 is another important source of boron. Coal ash ponds may contain boron
concentrations approaching 20 rng/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 is 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 Illinois 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 mgIL. 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
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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 21st 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 fluoridation procedure.

In Illinois, 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 Illinois 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:/bnv.epa.gov/storet/dbtop.html). The receiving streams (unnamed tributary to
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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 21st 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 ig/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 (Mn02)
and psilomelane. Manganese is used in steel alloys, batteries, and food
additives.

The common aqueous species are the reduced Mn2 and the oxidized
Mn4.The aqueous chemistry of manganese is similar to that of iron.
Since groundwater is oflen anoxic, any soluble manganese in groundwater
is usually in the reduced state (Mn2).Upon exposure to air or other
oxidants, groundwater containing manganese usually will precipitate black
Mn02.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 ig/L.

Manganese is an essential nutrient for microorganisms, plant, and animals (WHO 2004).
WHO (2004) lists the maj or 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 Illinois 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
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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 Illinois 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-l4. 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 is 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
is 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.
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The existing General Use and non-open water Lake 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.
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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 Ill. 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 (R7 1-14, 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.

III. 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 303.3 12). 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 identified have been reverse osmosis, which is 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
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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 35 111. Adrn. 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 Advisoryfor 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
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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 rng/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 Ill. 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 Ill. 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
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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 suppiy 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 Agency 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 enviromnental 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 Illinois.
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 0.0 19 mg/L. Exhibit E provides a summary of this data (presented in
jig/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, Kohl 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 Illinois 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 R7 1-14 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 LC5O (concentration
lethal to 50 percent of the tested organisms) was compiled for each species and was used
to develop a Genus Mean Acute Value (GMAV) for each genus. Geometric means,
rather than arithmetic means, were used to calculate GMAVs because the distributions of
sensitivities of species within a genus are typically lognormal. The GMAVs 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. 0 of Exhibit F).
The FAV is the value protective of at least 95% of species at the LC5O level of effect.
The FAV was then divided by 2 in order to convert the acute value from an LC5O level of
protection to a level that is protective at the No Observable Adverse Effect Level
(NOAEL, 35 III. Adm. Code 3 02.603). Chronic standards for boron and fluoride were
developed using the Acute-Chronic Ratio (ACR) approach, which requires ACRs flom
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 LC5O 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 GMAVs 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 is 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 Ill. 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
Illinois 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 refmed 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 mgtL). 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 mgIL, 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. Dethioff 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
0.

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 0, 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 Dethioff 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 Hyaiella 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
Borgmam water, chloride concentrations remained consistent across treatments and a
small, negative relationship between boron toxicity and hardness was observed. This
confinns 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
rng/L in this case) with an equation utilizing the pooled acute slope (“V”), the natural log
of the geometric mean of LC5Os (“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 (e = in W(V*(lnXlnZ))) is the Species Mean Acute Value
(SMAV) at the selected hardness concentration (Z). The GMAV 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 LC5O 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 rng/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
0 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 0, 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) is 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 azieca at 50
mg/L hardness is estimated at 1.08 mg/L (Exhibit L). As stated in 35 Iii. 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 Illinois 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 Hyaleila
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
rng/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-specific 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 is 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 is 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 Ill. 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 Iii. Adm. Code 302.102.

Cyanide 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 35 111. 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 Ouality Criteria: Pursuant to 35 Ill. Adm. Code 3 02.595 and
302.669, water quality criteria derived by Illinois EPA following regulations within 35
Ill. Adm. Code 302.2 10 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 Illinois 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 Iii. Adm. Code
302.504(a) were adopted in ig!L (adopted in R02-1 1), 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 Ill. 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 Iii. 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 III.
Adm. Code 302.208(e)) and was adopted in the R02-1 I rulemaking. The data initially
filed with the IPCB and used in deriving the existing chronic zinc 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 R02-1 1 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 azieca, 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 jig/L nominal zinc treatment, whereas no effect was noted
in the 100 ig/L nominal zinc treatment. The measured zinc concentrations that were to
be used in the MATC calculation were 108 p.g/L and 42.3 jig/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 ig/L, which is derived by taking the geometric mean of the measured
concentrations that resulted in no observable adverse effect (42.3 ig/L) and the lowest
observable adverse effect (108 ig/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 jig/L (normalization
calculation is given in Exhibit X), which is markedly different from the existing GMCV
of 18.8 tg/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 azieca data, is included in Exhibit X. The revised FCV at 50
mg/L hardness is 17.62 ig/L and replaces the errant FCV of 12.16 ig/L (at a more
typical Illinois hardness of 200 mg/L, the corresponding values are 57 and 39 .tg/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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110 WATER QUALITY CRITERIA

It is easier for calcium to replace sodium in the exchange
complex than fof?sodium to replace calcium, and unless
the sodium in the soil solution is considerably in excess of
the calcium, no calcium 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 eations o the soil, more
sodium will be absorbed than if calcium is the only clivalent
cation present (281). It has been widely recommended

/ NaXlOOthat the percentage of sodium
Na+ Ca + Mg + K

in irrigation water should not exceed 50-60, in order to
avoid the deleterious effects on soil which have been de
scribed above. Where the soil has a high cation exchange
capacity and where the irrigation water is very dilute,
values above 50 may be within safe limits (2386).

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

In 1954 -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 ratio expresses the.
relative aalivity of sodium ions in the exchange reactions
with soil. It is defined as follows:

NaSAR
= [3(Ca + Mg)]”2 -

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

lOONa
Na%=

Na+Ca+Mg -

then OAR can be expressed in terms of the milliequiva
lents per liter of sodium and the sodium percentage as
follows:

2Na 1/2
OAR = Nah12[100

— Na %]
A thorough description of the OAR and its use is con

tained in Agricultural Handbook No. 60, U.S. Depart
ment of Arieu1ture (1642). Chapter 5 of this handbook

- is an excellent treatise on the entire subject of the quality
of irrigation water.

Based on a OAR scale from 0 to 30 and conductivity
values of 100 to 5000 micromhos per cm at 25° C a
diagram has been prepared for classifying irrigation
waters with respect to sodium and salinity hazards, tak
ing into account that a given OAR represents a greater
hazard when the total concentration of ions is high than
when it is low. This diagram appears as Figure 25 of
U.S.D.A. Handbook No. 60 and it is reproduced here
with as Figure 5-1.

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

mental effects. With increasing salinity, less exeha
able sodium can be tolerated and more leaching ‘cviJ
required to prevent salinity damage. Waters with -
OAR value greater than 10 will present an apprej
sodium hazard in fine-textured soil having high C5t-;
exchange capacity, especially as the salinity luCre
Water in the 52 range may be b.sed on eoarse-tert
Or organic soils with good permeability (1642, 2387).
further analysis of this diagram, the reader sho-cid ci
suit U.S.D.A. Handbook No. 60.

Doneen (2385, 2388) uses the term “sodium
or “permeability index.” to combine the effects of
sodium and bicarbonate ions and the total concentraj
of cations (c) in the irrigation water, all measured
milliequivalents per liter, thus:
For a water having 5 meq/l of sodium, 4 of bicarbon

and 8 of total cations, the index would be
° j— x io

or 87.5. Doneen (2388) preents curves to show the reat:
of the permeability index and the total ionic concentrat4
for three types of soil and three classes of irrigation wat:

BICARBONATE EFFECTS

The sodium hazard is also increased if the water c
talus a high concentration of bicarbonate ions, for as
soil solution becomes more concentrated there is a ti
ency for calcium and magnesium to precipilate as
bonates and for the relative proportion of sodium
increased as a consequence. Therefore the biearbofi
concentration of the water has been suggested as
additional eriteron for irrigation water. It has
found convenient to express the bicarbonate value of tl
water in terms of the ‘‘residual sodium earbonaW
(RSC) concentration, a concept devised by Eaton (24.
and defined as follows:

RSC = (COi + HCO2j — (Ca + Mg

when the ionic constituents are expressed as milliequwa
lents (meq.) per liter.

Analyses of irriation water and soil samples at th
Salinity Laboratory have led to the conclusion th5c
wateis contaming less than 1 25 meq pei liter of rend
ual sodium carbonate are probably safe; those containip
1.25-2.5 meq. per liter are marginal; and tbos with m
than 2.6 meq. per liter are not suitable. Marginal watei
might be used successfully where good managemi
practices are followed (1642, 2389).

BORON IN IRRIGATION WATERS -

Boron is found in almost all waters used for irrigati°
in the U.S.A., in concentrations from a trace to OV.

100 mg/I. It occurs naturally in the form of bor:
berates, boric acid, and various borosiicates, such .
tourmaline, which are of magmatic origin. It can
be found in fertilizers and certain waste-waters, SUCh i:
those from citrus washing. In most natural waters, bor
probably occurs as almost completely undissoeiated boip
acid (2379, 2390). Although traces of boron are esSent.

for all plant growth, it is doubtful whether more tb8i:
0.5 mg/i can be applied continuously to soils itbO1i

ultimately producing some plant injury (265, 275). .



liiWATER QUALITY CRITERIA

FIGURE 5-1. DIAGRAM FOR THE CLASSIFICATION OF

IRRIGATION WATERS (from USDA handbook No. 60)

• ,Agricu1tra1 authorities agree that for irrigation
atez’ the critical concentration is 0.4 to 0.5 mg/i; but

• because plants vary in their sensitivity to boron, waters

Y be classified not only according to their boron con-
• tent, but also according to the tolerance of the crops to

Whieb they are applied. Tables grouping plants in the
order to their sensitivity to boron will be found in sev

eral papers, including the fOllowing references (246, 263,

264, 269, 274, 1642, 2391). The most sensitive drops are

citrus, nuts, and deciduous fruits; seniitoleraut are truck

crops, cereals, and cotton; most tolerant are lettuce, al

faifa, beets, asparagus,’ and da±e palms.
While some crops such as alfalfa and date palms are

stated to be uninjured by as much as 20 to 100 mg/i of

SALINiTY HAZARD



boron, it is considered that the maximum concentration
safe for even the least sensitive plants is about 4.0 mg’l
(276).

Symptoms of boron injury can be distinguished easily
from those of most other types of injury, although occa
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, drainage,
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, hut the absorptive
capacity of the soil may delay it. Parenthetically, it is
essential to remember that when boron in the irrigation
-water is 05 mg/I, its concentration in the soil solution•
may be more than 4 mg/I (265).

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

STOCK AND WILDLIFE WATERING

ParadoxicaUy, data with respect to the water-quality
requirements of animals are both abundant and sparse.
There is a wealth of information about the LD50 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 data 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 quality; 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 substancea 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, 286).

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

TABLE 5—10
PERMISSIBLE LIMITS FOR CONCENTRATION OF BORO

IN SEVERAL CLASSES OF WATER FOR IRRIGATION
(After Sce5etd) (263)

Co-ncentratlon of Boron n mg/i
For Crops That Are

Semitolerant
Less than 0.67 Less than

0.67-1.33 LU-i 0 ‘

Over 2.50 Over 3.75

It has been assumed that water safe for human coj
sumption may be used safely by- stock; indeed, it
been recommended -that stock, for their highest prodj
tion, should have such water (284, 285). On the otJ
hand, it appears that animals can tolerate higher sa1j.
ities than men, and it is conceivable also that they diffe:
in their tolerance of specific substances.

The use of highly mineralized waters can cause ,amo
animals, as well as among men, physiological dizti$.
anees of varying degrees of severity, such as gastroiute
tinal symptoms, wasting disease, and death. Among th
functions of animals, lactation and reproduction a
generally the first to be disturbed by continuous use
waters with unfavorable mineral concentrations, so thaj
milk and egg production are reduced, if not terminate

It has been stated that no animal will choose to drin/
saline water if better water is available: Within limitsi
however, animals can adjust to the use of saline water
that at :flrst were impossible to consume. On the otheIi
hand, sudden changes from slightly mineralized to hig]ilj
mineralized -water may cause acute salt poisoning aiidi
rapid death (282) The tolerance of animals to salts in I
water depends also on other independent factors, ineludti
ing their species, age, and physiological condition, th
season of year, and the salt content of the diet, as well ad;,
the quality nd quantity of salts present.

The officers of the Department of Agriculture and
government chemical laboratories of Western Austrah;i
(282, 2393) have listed the threshold concentrations of
salinity tolerated by livestock in that region. The tota-
salts include the chlorides, sulfates, and biearbonateso;;/iJ
sodium, calcium, and magnesium, with sodium ehlorid.ø:
constituting as much as 75 percent of the total sahmty4
In. general, it is stated that waters containing less thaii
300 grains per Imperial gallon (about 5000 mg/I c
be used continuously by all livestock. Sheep are mo;i
tolerant than cattle, and cattle are more tolerant th8d
horses or pigs The standards us use us Western Australia
as the safe upper limits for stock are reported as followS

Threshold Bain, (joneerion8 ;e

Animal grains per Imperial gallon ‘flU?!

200 2860,
300
450 643.’
500
700 iO,O0r,
900 ,

12

When total salts exceed the above listed conCefltr-E)
tions, practical tests are needed to show whether or
the -water is safe. When green feed is available, amm
can tolerate more saline -water than when “bush or.

scrub” is the only feed. ‘Where feed is low in salt COTh,

tent, water of higher salinity is also tolerable. SbeeP
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Class of Water
Excellent
Good
Prmlssible
Doubtful
Unsuitable

Sensitive
Less than 0.33

0.22-367
0.67—1.0
3.0—1.25

Over 1.25

Animal
Beef cattle
Dairy cattle
Horses
Swüie
Sheep and goats
Chickens
Turkeys

Poultry
Pigs
Horses
Cattle, dairy
Cattle, beef
Adult dry sheepWater consumption in

gpd per head, escepf as noted

7-12
10-16

8-12
3-5
1-4
8-10 (per 100 birds)

10-15 (per 100 birds)



In U S. waters that support a good. fish fauna, 5 per
jat of such waters have less than 40 mg/i of bicarbon
ate, 50 percent have less than 90 mg/i, and 95 percent
have less than 180 mg/I (310).

BIOCHEMICAL OXYGEN DEMAND
(see also Dissolved Oxygen, Oxygen Consumed)
As in tests for alkalinity, acidity, color, turbidity, and

pecific conductance the determination of biochemical
oxygen demand (B.O.D.) does not reveal the concentra
tion of a specific substance. Instead it measures the effect
of a combination of substances and conditions. The rate
at which B.O.D. is exerted generally follows the unimo
Jocular pattern as shown by equations in Chapter II.

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

B.O.D. is important only insofar as it produces septi
city or decreased dissolved oxygen, or subsequent growth
o,f saprophy-tic bacteria which increase the turbidity or
other undesirable charaetristics of the streams. In a
low, sluggish stream, a 5-day B.OD. of 5 mg/I might
be sufficient to produce deoxygenation resulting in anae
robic conditions,. whereas a swift mountain stream can
easily handle 50 mg/I of 5-day B.O.D. without appreci
able ‘depletion of dissolved oxygen. Each stream must be

• considered in its own right, and until the reaeration
characteristic of the stream is known the limiting values
of B.O.D. cannot be set.

Many state and interstate agencies include ELO.D.V lim
itations in stream standards while others specify that
effuents shall riot exceed a given concentration of B.O.D.
or that B,.O.D. reduction by treatment shall reach or
exceed a stated efficiency. For details of these state and
1terstate standards, see Chapter III of this report and
the appendices thereto.

‘BLAST
(see Chapter X)

B.o.D.
(see Biochemical Oxygen Demand)

QRANEs
(see Boron)

(see Sodium Borate)

BORIC ‘ACfl
(see Boron)

OEoN
• 1. 0-eneraL Never found in nature in its elemental
°inI, boron occurs as sodium borate (borax) or as cal
0Jborate (colemanite) in mineral deposits and natural

6—
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waters of southern California and in Italy. Elemental
boron is used in ‘nuclear installations as a shielding
material (neutron absorber). it is also used in metal
lurgyto harden othei metals (364, 2121).

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

Boron may be substituted for carbon in many organic
eompounds, e.g., boron trichloride, boron tribrom,ide. It
may also be synthesized directly with hydrogen to form
‘boranes, such or diborane, B2116, a gas with a nauseating
odor; pentaborane, B5H9, a volatile liquid with a sweet
ish odor; and a decaboranc, B10H14, a crystalline solid
with a bitter-chocolate odor. The boranes are used as
rocket fuels arid may be encountered in other situations
where high-energy fuels are desired.

2. Cross References. Sodium Borate, Sodium 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 or
animal nutrition (2121). It is present in the ordinary
human diet to the extent of 10 to 20 mg/day, with fruts
and vegetables as the largest contributors. In food or in
water it is rapidly and completely absorbed by the hu
man system, but it is. also promptly excreted in urine
(2121).

The ingestion of excessive doses of borates may cause
nausea, cramps, convulsions, coma, and other symptoms
of distress. ‘The fatal dose for adults has been reported as
5 to 20 grams (364) and as 20 to 45 grams (2121). Nor
mal adults ‘were fed 3 grams of boric acid daily for 11
to 16 days without apparent tOxic 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 80 mg/i are not
harmful in drinking water. Above this concentration, it
may interfere with digestion because of its preservative
action on foods (353, 1055, 1056). Quantities up to 0.5
grams per day of either borax or boric acid have no ira-
mediate effect of any kind on healthy individuals (997).
Hoskins, however, has recommended a boron limit of 20
mg/i 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 essential element’ in the nutrition
of higher plants, yet concentrations of boron in irrigation
waters in excess of 0.5 mg/I may be deleterious for cer
tain crops. Crops such as asparagus, date palms, sugar
beets, aLfalfa, onions, turnips, cabbages, lettuce, and car
rots can tolerate boron concentrations of 2.0 to 4.0 mg/I.
Crops such as potatoes, tomatoes, peas, wheat, corn, oats,
and lima beans can grow well at ‘1.0 to 2.0mg/i of boron.
Among the sensitive crops are.pecans, artichokes, plums,
pears, , 4pples, cherries, grapes, peaches, oranges, aye
cadós, grap’efrüits, and lemom, winch can tolerate no
mor than 0.5 to 1.0 mg/I of boron (2391).
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BSM -11, BUFFEN 30, BUTROL
(see Chapter IX)

BUTADIENE
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Plant roots take up small quantities of dissolved boron ical processes and industrial wastes (189, 346). The prj:.
from the soil solution Boron adsorbed on the soil is not cipal deleterious effect of such wastes is their high B.O j
utilized by plants (3352). The absorbed boron is moved It has been reported (465) that yeast wort is harmIe
to the leaves, where the water is lost by transpiration, fish in a dilution of 1 :40.
Boron remains in the leaf and tends to accumulate in
the tip and margin. As the process continues, the boron BROMINE
concentration becomes sufficiently high to be toxic to the - . . .

leaf fissue. This type of injury is found only on mature A dark reddisn-brown fuming liquid, elemental b
leaves, thus differing from baron-deficiency symptoms mine is relatively soluble in water. It is used for medj5

• that appear only on the new growth (3266). usi compounds, dyestuffs, and antiknock eompo1m f
c. Stock and Wildlife Watering. The lethal dose of gasoline motors. It has also been used for sterilizatjo

boric acid for animals varies from 1.2 to 3.45 grams per swimming-pool water. Sources of molecular bromine
jii:V.V

kg of body weight according to the species (2121) Con water are chemical industries and salt works effluen.
centrations of 2500 mg”l of boric acid in cirinlung water Bromine, like other halogens, is antiseptic and disinfect
have been detrimental to animals only insofar as growth ant; hence at may possibly interfere with bacterial ai
was inhibited (2121). A dairy cow received 16 to 20 other natural purification processes.
grams of borax daily over a 40-day period without ifi A concentration of 10 mg/I of bromine in soft wat -

effects but the concentration of boron in the milk rose has killed Daphnia rnag1ac (313). Jones (2920) repor:;
from 0.7 to 3.0 mg/I. The synthetic boranes are far more that 20 mg/i of bromine killed goldfish at 18-23°C. ji
toxic to animals than natural boron compounds, for ex- (3350) indicated that 1.0 mg/i of bromine showed i5
ample the LD50 for deeaborane administered orally to irritant response from marine fish, but 10 mg/i eans
rats was reported as 64.3 mg/kg (3267, 3268). ‘riolent irritant activity.

d. Fish and Other Aquatic Life. LeClerc and Dcv
lainiuck (2942, 2943, 2944) reported the minimum lethal
dose- for minnows exposed to boric acid for six hours at
20°C to be 18,000 to 19,000 mg/i in distilled water and
19,000 to 19,500 mg/I in hard water. Wallen et al. (2940) CHst=CHCH=01j
tested the effect of boric arid and sodinm borate in highly A colorless gas, 1, 3-butadiene is insoluble in water.tirbid water on the mosquito-fish ( Gambusa afllnis), is used as a. polymer component in the synthesis of riii1with the following results.

aonceraton i, ,ng,’z her. According to Garrett (2959), the 24-hour TLm I
• Tempera.ure 24-hour 48-o-ur 96-hour the marine pinperch (Lagodon rhornebodies) is 715i

Uhemica Re,içO pH Raoge TLm TLm TLm mg/I. blo deaths occurred at cO mg/I.
Boric acid 20-23CC 5.4-7.3 18,000 10,500 5,600
Sodium borate 22-26CC 8.6-9.1 12,000 8,200 3,600 BUTANONE

Wiirtz (1054) has reported the results of- a study of (see Methyl Ethyl Ketone)
the effects of boric acid on one rainbow trout and one
rudd. A solution of 2,000 mg/i of boric acid was harm- BUTYL ACETATE CH3COOC
less to both fish; 5,000 mg/I caused only a slight darken- Normal butyl acetate is a liquid highly soluble
hag of the skin of the trout. Th trout became immobile water. It is used in the manufacture of plastics, lacqs
and lost its balance in a few minutes in concentrations artificial leather, and photographic films (364) The orat ‘

up to 80,000 mg/I but recqvered rapidly when it was LD,,c for rats has been reported as 4.13 grams/kg ?1
transferred to fresh water, even after immersion in the body weight and for mice 7.06 grams/kg (3242).
boric-acid solution for 30 minutes. The rudd appeared Bringxnann and Kuhn (2158) found that the me&i
unharmed by concentrations up to 80,000 mg/I for short threshold effect of n-butyl acetate toward phivia di
periods; however, it died after 18 hours in a 6,250 m/1 hag a two-day exposure at 23°C occurred at a concenta
solution of boric acid. A roach an 6,250 pig/i solution tioia of 44 mg/i. For &enedèsmus at 24°C for 4 days, t:
also died, after 46 hìours, median effect occurred at 320 mg/i; but for E

Boric acid can be toxic to fresh water fish without low- 27°C, no effect was apparent at concentrations less tlsp’
cring the pH to 5.0. Thus, pH is not a reliable index of 1000 mg/I.
dangerous pollution by boric acid (361).

Turubull et al. (2093) found the 24-hour TLm of boron B’UTYL ALCOHOL C4HO,
trffluoride toward the bluegill sunfish in Philadelphia Normal butyl alcohol, a colorless liquid, is used exter
tap water at 20 C to be 15,000 mg/I. sive1’ in industry being prepared from cornstarch f,

To produce a 50-percent inhibition of the 5-day oxy- from acetylene. It’ may occur iii. many tpes of wast
gen utilization of synthetic sewage, Herman (2923) including those from the paint, varnish, and chein:
found that over 1000 mg/I of boric acid was required. industries. The oral LD50 of n-butyl alcohol for rats ]:

been reported as 4.36 mg/kg of body weight (364) and
BREWERY WASTES 275 mg/kg (3248). According to Ettinger et al. (2l

(see also B.O.D., Sugars, Detergents, Soaps) 3269) the median response to the odor threshold

For a thorough discussion of the nature of brewery n-butyl alcohol occurred at a concentration of about /:
wastes, the reader is referred to a standard text on chem- mg/I.

-1i
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year-old girl
was caused by ingestion of 1500 mg of

FeCl2.

FERROUS OXIDE
Using highly turbid water at 16-23°C and the mosquito

fish (Gambusia affinis) as the test organism. Wallen et
al. (p940) found the 96-hour TLm of. ferrous oxide to be
over 10,000 mg/i. V

1. GeneraL The anhydrous and crystalline forms of
this substance are highly soluble in water, and the salts
are used in many industrial operations. Sources of pollu
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 used as a coagulant in water and
sewage treatment..

2. Cross References. Iron, Distilled Water, Sulfates,
and other iron salts.

3. Effects Upon Beneficial Uses. V

a. Fish and Other Aquatic Life. The threshold con
centration of ferrous

sulfate for immobilization of
Daphwia magua in Lake Erie water was

found

to be

less than 152 mg/i (358).
V

The following concentrations of ferrous. sulfate have
been harmful. or lethal to flsh.in the time specified:

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

V

the time
specified

Time of

Exposure
24 hours
1 hour
7 days
24 hours.

Ferrous sulfate has also been reported to be lethal to
fish at the following concentrations of iron:
Concsatratión Type of Time of Type of
of iroa mg/i Water Exposure EisJ Refere,we

1.93 distiUed 24 hours fish 1459
258 —_ 2-10 hourS goldfish ___.., 1466

On the other had, 3’T mg/i of iron has not been harm
ful to goldfish in 100 hours (1466).

V

FERROUS SULFIDE
V

V

V

FeS
This black solid is

highly insoluble ha water. Wallen
et al. (2940) reported its 96-hour. TLm toward mosquito-
fish in highly turbid water at 20-26°C to be over 10,000
mg/i. Undoubtedly the ferrous sulfide remained in sus
pension or settled out of suspension, for it would not be
expected to go into solution.

V

FERROUS SULFITE FeSO32H2O
Using highly turbid water at 20-21°C, Waflen et al.

(2940) found the 24-, 48-, and 96-hour TLm concentra
tions toward the mosquito-fish (Gambusia affinis) to be V

350 mg/L V

FERTILIZER T!ANUFATURING PLANT WASTES
Ellis (611) reported that wastes from a fertilizer

manufacturing plant in. Mississippi V constituted no haz..
ard. to fish. V

FLUORIDES V V

1. General As the arost reactive nonmetal, fluorine
is never found free in nature but it is a constituent of
fluorite or fluorspar, calcium fiupride, 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

V

in detri
mental concentrations in ground waters (152). V

Fluorides are used as insecticides, for disiufeeting
brewery apparatus, as a flux in the manufacture of steel,
for preserving wood and mucilages, forthe nianufacture
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 concentrations resulting from
spillage. V

V

V

2. Cross References. Hydrogen Fluoride and various
fluoridu salts. V

3. Effects Upon. Beneficial Uses. V

V

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 fatal dose has also been reported (1161) V

0.5 gms per kg of body weight and as 2.5 grams (3481).
There are numerous articles describing the effects of

fluoride-bearing waters on dental enamel of children and
a few papers pertaining

VtO skeletal damage. The effects
reported in many of these references, summarized in
Table 6-5, lead to theV generalization that water contain-
aug. tess than 0.9 to 1.0 mg/i of fluoride will seldom

V

cause mottled enamel in children, and for adults coneen
trations less than 3 or 4 mg/i are not likely to cause

V

endemic cumulative fluorosis and skeletal effeCts.
V

Abundant literature, is also available describing the
advantages of maintaining 0.8 to 1.5 mg/I of fluoride

The effects of disposal of as much as 3000 tons per

day of acid ferrous sulfate solution at sea
have been in

vestigated independently by Arnold and Royce (1466)
V FeO and R.edfleld and Walford (1467, 1561). They found no

evidence of significant changes or harmful results among
the aquatic life in the areas studied.

FERROUS SULFATE FeSO4 and FeSO7H2O

Qoncentra- Type of
Don in mg/i’ Water

V
2.9 dIstilled
6.4 —

100 —

100

133
315
500

1,000
1.000
1,000

1.000
1.390
2,721
6,980

10,000
10.000
13,900

dletllled

hard

tax)

TIme of V

Exposure Species of Ytsi, ReferencE
424 hours shiners, suckers, Carp... 313 V

24 hours shiners, suckers, carp.. 959
24 hours minnows, goldfish,

V V tr5ut___..._ V 359.
4.2—7da bass I0351030
2.5-3.5 dayS sunfish 1035, 1030
24 hours brook trout _. 359
3 hours minnows ___.__ 313
1.3-5 days goldfish ___________ 1030
9-23 hours bass 1030
48 hours very young carp _._ 1459
5-30 hours goldfish 1030
2.9-9 hours bass ____.._ 1030
2-lOhours goldfIsh .._.__ 313
144 minutes . minnows 991
31-66 minutes trout, salmon 313
104 minutes minnows . 991
1 week tench V 1459
1 day other fish____._._ 1459
CSininuteS minnows ______ 991

Concen
tration
4nn,/Z

S
17.1.
50
50

100

100
100
380

1,000

Type of
Water

hard

8peis of Eis1
carp, shiners, suckers
minnows
bass, blueglUVs__..V.._
trout _-_

bass, sunfish
96 hours goldfish
7 days goldfish
7 days goldfish _L._

carp, teoch
185 minutes minnows
over 1 week mature fish

Reference
359
362

1459
359

1035, 1030, 359
.313

1035. 1030
1459
2459V

1459



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 significant to note that the presence of about 1.0 mg/i
of fluoride ion in natural waters may be more beneficial
than detrimental.

There is evidence to support the eontçntion that flu
orides in excess of the threshold for mottling of teeth
and up to 5 mg/i produce no harmful effects other than
mottling (1463, 1564, 1566). Radiologic snrveys of 114
persons who had lived. foi over 15 years at Bartlett,
Texas where water had S mg/i of fluoride revealed mm
ima.I evidence of an increase in density of bones of only
12 percent of those examined, but in no case was there
found any’ interference with the i.se of bones or joints.
Comparisons of mortality rates from nephritis, heart
diseae, or cancer in high or low fluoride areas has failed
tc show an association of these diseases with the fluoride
content of water (1563, 1564). It has been estimated
that daily intakes of about 15-20 mg of fluoride. over a
period of several years are required to induce chronic.
fluorosis in an adult man (1567).

The taste of sodium fluoride is salty, but less so than
sodium chloride. A solution of sodium fluoride at . a
concentration of 2.4 mg/i of fluoride can be distin
guished from distilled water (1568).

Shay (729, 730) used statistical evidence to show that
the incidence of poliornyelitis is lower in distriets where
the surface waters contain over 1.0 mg/I of fluoride than
in areas where. the fluoride cOntent is lower. Felleuberg.
(1163) investigated the -correlation between goiter mci.
deuce and fluoride in the drinking water, but reached no
definite conclusions.

The USPHS Drinking Water Standards (2036) of
1962 set a mandatory limit on fluorides that is based on
-the annual average of maximum daily air temperatures
in accordance with the following 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 consumption (1563,
1564, 1565). .

Recomeuied ContoZ
Annnai Average of Maxineum LlmOts of Fuaride
Daily Air TempWratures “F Concen’frSCions, imp/i

Ltnoer . Optimum Upper
600537 0:9 1.2 1.7
53.8-58.3 _.._... 0.5 1.1 -1.5
58.4-63.8 b.8 1.0 1.3
63.9—70.6 __L 0.7 0.9 1.2
70.1-79.2W _ ‘__-_. 0.7 0.8 1.0
79.3-90.6 . 0.6 0.7 . 0.8

The -WHO International 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
1.5 mg/I.

TABLE 6-5.
REPORTED EFFECTS OF FLUORIDES IN DRINKING

WATER FOR HUMANS
Reported R’ect Reference

Mottled teeth in 1 percent of children - 1164
No effects at this concentration, or lower 555
Mild dental ituorosis in 8.5 percent

of children 24o1
0.8 ‘- No effects at this concentration,

or lower 16, 1165
0.8 to 0.9 . Mild taottllng of teeth —. _ 1188
0.8 to 1.5 Threshold for mottling of teeth....,. l9

b. Industrial Water Supplied. Excessive fluorides may
be harmful in. certain industries, particularly those in-
valved in the production of food, beverages, pharma
ceutical and medical items, according to Bratton (1569).
If wet milling of corn is carried on with water contain
ing one. mg/I of fluoride, it is estimated that the con
centrated steep water. will contain more than 6 mg/I
and the corn syrup more than 5 mg/i Ialt syrup made
with similar water may contain up to 8 mg/I of fluoride.
Weir (1570) points out that fluoride tip to 10 mg/i in
dough water has no effect on bread, that onb mg/i sthnu
lated the yeast fermentation of malt, that 10 mg/I may’
stimulate Or depress yeast fermentation, and that 25
mg/I inhibits yeast activity.

In brewing, fluoride concentrations of 1 to 5 mg/I
appear to stimulate yeast metabolism. Continued re-use
of yeast in wort containing 10 mg/I of fluoride results
in severe deterioration after six fermentations (2349).
Côneentrations of fluoride permissible in. domestic water
should have no deleterious effects on brewery processes
(2348).

Fluoride concentrations of 1.0 mg/I caused no change
in the amount or rate of corrosion of iron, copper, or

lead. (3482). Fluoride limits have been recommended for
some industrial processes, as described in Chapter V and
tabulated below:

Recommendecl ThresiioM
ase .

Values in 154)/i

Brewing 1.0
Carbonated beverages 0.2 to 1.0
Food canning and freezing 1.0
Food equipment washing 1.0
Food processing, general 1.0
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Concentration of
Fluorides, in imp/i

0.9
0.9

0.9
1.0
1.0

1.0

LO to 2.0
1.2
1.4
1.5

1.7 to 1.8

2.0

2.0 to 2.0
2.0 to 3.0
2.5

2.5
3 to 4

3 to 6
3.5 to 6.2

4.0
4.0
4.4 to 12

2.0-

6.0
6.0
6.0

8.0

10
11.8

12
13.7

115
180

2000

Reported Effect ‘ Reference
Mild mottling of teeth 1165, 1167
Mottling occurred as a result of

high water use 353
Critical concentration for mottling 555, -1168
Threshold for mottling of teeth - 741
10 percent of children had -

mottled teeth 1169, 1184
110 percent of children had

mottled teeth 11-70
Mild to moderate mottling 1168
No ejXect at this concentration 253
No skeletal schierosis found 153
Limiting concentration for

drInking water _. 1171
50 percent of children bad

mottled teeth 1169, 1164
Gave mottling and weakening of -

tooth structure - 1112
Itetained in system 556
Moderate to severe mottling 1165
75 to 80 percent children -

bad mottled teeth 552. 1189
-No evidence of skeletal fluorosis .. 1452
Not likely to cause endemic cumulative

taxiS fluorosis in adults 1173,: 1174 - -

Gave severe mottling - 1166 -

No adverse effect on carpol bones -

of children _.. 3450
90 percent of children had mottled, teeth 1164
No disorders other than dental mottling 8464
Caused chronic fluorosla and affected

skeletal system 1175, 1116
Thin concentration had no effect on

height, weight or bone .. 1177
Threshold for appreciable effect on bones 1168
100’percentdf children had mottled teeth 1184
Gave pitting and chipping of

tooth enamel - ,__ 1165
1To deleterious bone changes except

dental mottling - 3456
Some cases of skeletal Suorosis - 3455.
Gave chronic fluorIne intoxication -

to adults .__._ _—__ 1178
Affects deciduous teeth- , __ 1179
100 percent of children had

mottled teeth ____________ 383
Sub-lethal In drinking water 152.
Toxic, to maC in drinking water — 655
Lethal doze In drinking *ater,,. 152

Concentration of
Fluorides, in mg/Z

0.2
0.6 -

0.7



TABLE 6-6

REPORTED EFFECTS OF FLUOR)DES IN DRINKING.
WATER FOR LIVESTOCK

Confrudton
4 /5 Dose Ansmai Remarks Reference
1.0 — cattle harmless ._.__ 292
1,0 ._ sheen fluoride poisonlng_. 1183
14—45 —— mice mottling of. teeth__ 3460

0.4 mg per-kg cattle no mottling __ 353
-— lmgperkg rats mottled teeth -353
—— 1 mg per kg cattle mottled teeth 1190; 3462

3 mgperkg cattle bone damage and -

- death 353 -

dogs gave hypotenslon, 3461
sheep mottled and pitted

- teeth ____.. __ 1184
6.0 .._ COWS disliked water .. 8457

- 6.0 sheep slight dental. mot- - -

- - . (ling ____ 1571
6 to 16 .. hogs etc. severe mottling_...... 1.0 05
11.78 . cows mottled teeth - 1118
15 - mice -- affected thyroid and
- kidney 3460

cows slowly -increasing
-

. fluorosis 1190
-— sheep 5 percent reduction

- in Weight 157-1. -

25—100 —— young .
--

- cattle teeth lesions _._ 3464
44—61 -

-— sheep chronic flnori,ie
poisoning 1164so hamsters dental fluorosts in -

10 weeks . 1185
55 -— cows - disliked such -water

- and drank less_ 1186
-— . 60mg per day Sheep affected teeth and

- bones .. -1187
rio effect on organs 3452
threshold for gen

es-al health 1167
lethal dose __....._ 353
no economic harm_ 3463

- e. Fish and Other Aquatic Life. Fluoride ions ap
pear to have direct toxic 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

Contentratioc
of Fluoride, Salt Type of

- mg/i saud - flair Edeet Refurense

5.5 -- - eggs oloweraadpeorerhatciihr’ 247
2.2-7.1 NaP trout - TL at 15CC. s soft water 3465, 1486
2.5—6.0 NaP trout Tl,, at 13’C. jn soft water 3465, 3456
1.74.7 Na? ttol TI.m 3467
5.5-7.5 NaP trout TL0 at 7.5CC. in soft water 3465, 1466
7.7 -- minnows not harried us coo hour 363
64 KS? -- - 19-day TL,,, 2467
73—91 NaP carp TJ,a, 3457
lUCY -- goldfish survived over 4 days

- 353
321) -- goldfish killed isa 4 days 2468
258 NaP raiabowtrout tssicinooftwator 1756
413 NaP mosqusto-8sh 56-hour TLm an turbid waler 2840
578 Nh? Thus osdgsru lethal dose 3271
1000 .. goldfish - kiiledlsal0to2lhouruinuoflwatep 3. . 353
1001) -- goldfish killed in 63 to 102 hours in hard

, -
- waler 353
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the fish (1189). The following effects of fluorides on fish
-have been reported

e. Irrigation Water. Concentrations of fluoride li.kely
to be found in natural waters. or in polluted streams ap
parently will have no detrimental effects on plants. More
over, fluoride added to soil or water has little or no effect
on the fluoride content of plants grown in such soil (1049,
1182, 3457). At high concentrations, fluoride has been
reported to produce the following effects:
Conentrat6on of

-

Fluesre, mg/i - - Effect Re/erence
10 No Injury to peach, tomato, and buckwheat

plants 3450
100 Peach and buckwheat plants severely injured -

In 3 daya_......___ 3458
100—500 InhibIted sprouting of beans_... 1180 -

180 Did not injure buckwheat at pH over 5.S____ 1459
- 200 Killed peach, tomato,and buckwheat in short

time
__________

‘

160 Injurious to peach and buckwheat even at pH
6.5_ - —

1000 Stunted 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 indicates that 1.0
mg/I appears to be the threshold value below which no
harm results. It is interesting to note that the addition
of fluorides to a cow’s ration or drinking water had no
influence on fluorides in the nilth (1181, 1188), and doses
of 500 mg/i in the drinking water did not increase the
milk fluoride above (15 mg/i (1186). - -

—— 5mg
4.0

- 18

20

- For toxicities toward lower aquatic organisms, see- -

Sodium fluoride. - -

4. Summary. On the basis of the foregoing informa
tion, it appears that the following concentrations -of
fluoride will not interfere with the -specified beneficial
uses:

-
-

a. Domestic water supply -_ 0.7 to 1.2 mg/i
b. Industrial water supply_ 1.0 mg/I - -

c. Irrigation water 20.0 mg/i --

d. Stock watering - .-_ 1.0 mg/i
- a. Aquatic life ._., 1. mg/I

FORMALDEHYDE - . . - - HOHO
This simple aldelyde is formed by the oxidation of

methyl alcohol by air in the presence of metallic silver
or copper at:high temperatures -(300°C). It results also
from - the incomplete combustion of many organic sub
stances and is found in the atmosphere over- cities. -It
also occurs in some tannery wastes, penicillin wastes, and
effluent from the manufacture of plastics and resins. At
ordinary temperatures it is a colorless, flammable gas
with a pungent suffocating odor, -and it is intensely irri
tating to mucous membranes, It is very soluble in water, -

and a 37-40 percent solution in water is sold as “forma
liti”. Because of its toxicity to lower forms of life, for-.
maldehyde. is used for preserving biological specimens.

The odor- of RCHO is reported to be detectable at 50
mg/i (2983) and also at 20 mg/i (3483). The oral LD
for rats is given as 800 mg/kg of body weight (3484).

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

- lethal eoneentraton was also 50 mg/i (190, 344). In
stabilized tap water saturated with oxygen, minnows
were harmed by a short exposure to 146 mg/i (362). For
rainbow trout; the critical level of formaldehyde was re
ported (2091) as less than 31.8 mg/i and for young
chinook salmon less than 28.2 mg/i. Clemens and Sneed
(2979, 2981) investigated the toxicity of formalin (37
percent formaldehyde - by .weight) toward fingerling
channel catfish. They found ‘the 24-hour TL to - be 32
mg/I as formaldehyde while the 48- and 96-hour TL
concentrations were - 25 mg/i. All fish survived at 18
mg/i as formaldehyde. If they. are given a chance to do
so, during short-term exposure, fish will avoid sohtions

-- Osnsgperday dogs
-— 120 rngperday sheep

-- 200mgpetkg rabbits
100 —— eat-tie -
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Conoentration Time of Type of
in. mrj/1 Rxposure Fish Reference

300 long-time stickleback 1460
400 stickleback 2920
500 4 days stickleback 1460

1500 2 days stickleback 1460
1820 14-16 hours stickleback 595
2000 one day stickleback 1460

12500- goldfish 313

IAGNES11JM OXIDE MgO
(see also Magnesium)
ICnvn :in the dry state as “magnesia”, this oxide

combines with water to form manesitun hydroxide,
which is sparingly soluble at high pH values. It Is used
medicinally as an antacid and laxative, in doses of 0.25
to 8.0 grams. One authority (1254) reports that drinking
water should contain some magnesium and calcium
oxides; the most satisfactory ratio of calcium oxide to
magnesium oxide is said to be 7:1. In the soft-drink in
dustry, magnesium oxide in the wash water gradually
elouds” the bottles, causing unsightliness (180).

MAGNESIUM SII,ICOFLUORIDE MgSiF66H2O.
This highly soluble salt is used for mothproofing fab

rics. The oral IiDss in guinea pigs is given as 200 mg/kg
of body weight (364). A concentration of 50 mg/I is
reported to kill tench (3271).

MAGNESIUM SULFATE
V

MgSO4. .H20
1. General. Known also as Epsom salt, this compound

is freely soluble in water. It occurs in natural deposits
and soils, thereby contributing to the Concentration in
natural waters. It is used in weighting cotton and silk,
in dyeing and printing calico, in tanning processes, and
in fertilizers, explosives, and matches (364).

2. Cross Refrrenees. Dissolved SOlids, Magnesium,
Sulfates.

V

V

3. Effects on Beneficial Uses. V

V

a. Domestic Water Supplies. The taste threshold of
magnesIum sulfate is 400 to 600 mg/I (621, 3241). A
dose of 30 grams of magnesium sulfate is toxic and 120
grams fatal for

(284).

Magnesimn sulfate in excessive concentrations in
drinking water may

have purgative effects (628). The
most sensitive individuals are affected at about 400 mg/i

and the average person at about 1000 mg/I (3392).
Waters containing 1200 mg/i of magnesium sulfate and
500 mg/I of sodium sulfate have caused diarrhea in hu—
mans. Ordinarily, according to ¶raylor (36) waters con

taining half this quantity would be regarded as ruts-nit-
able for domestic. use. V

Dosages of 1 to 2 grains of magnesium sulfate have a
purgative, effect; therefore, in drinking-water standards
magnesium V sulfate should be limited to 100(1 to 2000

mg/I Concentrations below this limit are physiologically
harmless (621). V

b. Industrial Water Supplies. The following concen
trations of magnesium sulfate have been recommended
for industrial waters: V V

Cnceniration,
Optimum Mao,imum Reference

60-90 ‘ 170
60-120 170
60 170
60 170

100 ‘ 170
200 173

— 130 173

c. Irrigation. See Calcium, Hardness, and Chapter
V-Irrigation.

V

V d. Stock and Wildlife Watering. High concentra
tions Of magnesium sulfate in the drinking water of rats
and other small animals 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/i have been harmful to rats. A. com
bination of 5000 mg/i of rnagnesitun sulfate and 20,000
mg/I of sodium chloride has inhibited. the growth of rats
(640) (see also Dissolved Solids). On the Other hand,
5000 mg/I in drinking water haá not been harmful to

V rats (287). Livestock will tolerate 2050 mg/i of mag
nesium sulfate without laxative effects (2394). In drink
ing water, 12,000 mg/I had no effect on the water and
food consumption of male rats (2398).

e. Fish and Other Aquatic Life. The following eon
eCntrations of

V

magneshrm sulfate have been reported to
have killed fish:.

V

Concentration. Type of
in. mg/i Water

15,500 turbid
20,900-28,400 cistern
24,600-27,500 - well

The maximum concentration of magnesium sulfate
tolerated by young eels for over 25 hours was reported
to be about 12,000 mg/i (1459).

V

MALATHION
V V (see Chapter IX)

MALIC ANIIYDRIDE
V

V

V

VC4HSOS

This V solid dIssolves readily in water, Thrming maleic
acid, 11000110=01100011. It is used in, the manu
facture of alkyd4ype resins, dye V intermediates, and
pharmaceuticals (364). - Wallen et al. (2940) exposed
mosquito-fish (Gambusia affn-is) to maleic anhydride in
turbid water at 20-23° C. They found the 24-. and 48-
hour Turn values to be 240 mg/I and the 96-hour TLm
was 230 mg/I. The pH value was lowered from 8.0 to
5.8 and the 128 mg/I of turbidity was càagulated and V

removed by- this compound. VUsing bluegill sunfish
V

(Lepomis macrochirus) in Philadelphia tap water at
2000, Turnbnll et aL (2093) found the 24-hour TLrn to
be 150 mg/i and the 48-hour TLrn to be 138 mg/i. They
estimated a safe concentration to be 35 mg/I. V

V V

MANGANESE
V -

V 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 V used extensively in
steel alloys, for dry-cell batteries, in glass and ceramics,
in the manufacture of paints and varnishes, in inks and

V

dyes, in matches and fireworks, and in agriculture to

oncentrations of magnesium nitrate have been reported
tokilifish-: V

Process
Brewing, pale ales, I

pale ales, II
mild ales
stout

Brewing
Brewing, light or dark
Ice, raw water

V

Time of
&cposure

96-hour TLm
14 days

V

78 days

Type of Referenoc
V

Fish V

mosqultoI1sh 2940
perch 644
perch 644



enrich manganese-deficient soils (2121). Like iron, it
occurs in the divalent and trivalent form. The chlorides,
nitrates, and sulfates are highly soluble in water; but
the oxides, carbonates, and hydroxides are only spar
irigly soluble. For this reason, manganic or manganous
ions are seldom present in natural surface waters in con
centrations above 1.0 mg/i. In ground -water subject to
reducing conditions, .anganese 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 References. Iron, Manganese Salts, Potas
sium Permanganate, Turbidity, Tastes.

3. Effects Upon Beneficial Uses.
a. Domestic - Water Supplies. The 1962 Drinking -

Water Standards of the USPHS (2036) set ‘a recoin-.
mended limit for manganese of 0.05 mg/i. The 1958
WHOinternational Standards (2328’) prescribe a “per
missible limit” of 0.1 mg/I and an “excessive limit” of
0.5 mg/i, but no maximum allowable limit is given. -The
1961 WHO European Standards have a recommended
limit of 0.1 mg/I. -

These limits have been established on th? 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 mang4uese result in impaired or abnormal growth,
symptoms of - central nervous system disturbance,
anemia,’ and possibly interference with reproductive
functions (2121, 2129).. The daily intake from a normal
hi]man diet is about 10 mg (2129).. It is absorbed very
slightly and deposits mainly in the liver and kidneys
(2129). ‘ - - - ‘

-

In concentrations not causing unpleasant tastes, man
ganese is regarded by ‘most investigators, to be of no:

• toxicological significance in drinking water (633, 1077).
However, some eases of manganese poisoning have been
reported in the literature. A. small outbreak of an

- encephalitis-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). Excess manganese in the drinking
water is also believed- to be the cause of a rare disease

• -endemic in Manehukuo That manganese may be toxic, is
also indicated by the reports that 0.5 to 6.0’ grams of
manganese per kilogram of body weight, administered
daily to rabbits had stunted’ growth and, interfered with
bone development (921).

Despite the possible toxic effects of manganese under
unusu4l circumstances, it cannot be eonsidered a physio
logical hazard because the normal dietary intake is far
higher than the amount that would be télerated esthet
icallyin drinking water.

Manganese is undesirable in domestic water’ supplies
because it causes, unpleasant tastes, deposits on food dur
inig cooking, stains and discolors laundry and plumbing
fixtures, and ‘fosters the growth of some microorgan.isms
in reservoirs, filters, aced ‘distribution -systems’ (1,593,
3539, 3540, 3541, 3542) (see Fish and Other Aquatic
Life, below).

It has been reported by one observer that manganese
salts impart a metallic taste to water at concentrations
above 0.5 mg/I (945) ; and by another reference at
above 20 mg/i (759). Cohen et al: (3301) found the
taste threshold for manganous’ ion ‘in spring water to
occir at about 180 mg/I for the median of a large panel,
but.at 32 mg/I for the most’ sensitive members. In dis
tilled water the taste thresholds were much lower, about
35 mg/I for the median and about 0.9 mg/I for the most
sensitive pariel members (3301). Manganese in excess of
0.15 mg/i has also been reported to eduse turbidity in
water (1594). ‘ .

For domestic water supplies a maximum concentration
of manganese, or of iron and manganese together, as low
as 0.017 mg/i has been recommended (1256). Concentra
tions as low as ‘0.1 mg/I are reported to. cause laundry
trouble (219, 284) concentrations of 0.2 to 0.4. mg/I are
likely to Cause complaints (36) ; and, in general, limiting,
concentrations from 0.02 to 0.5 mg/I häve’been recom
mended (499, 555, 628, 1257, 3541).

b. Industrial ,Water Supplies.. Excessive manganese
is undesirable in water for use in many industries, in.
eluding textiles (255, 256, 257); dyeing (261); food
processing, distilling, and brewing (240, 224, 284); ice
(234) ; paper (212, 879) ; and. many others. (see Chapter
V). The following tabulation summarizes the recom
mendations as to maximum permissible concentrations of
manganese in industrial waters :- ,

finu,a Pc mssilil-c Conceztion
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Manganese
Insris1 Use in sag/i

Air conditioning 0.5

Baking - . 0.2
Brewing, light’ and dark 0.1
Canning - . 0.2
Carbonated beverages 0.2

Confectionary ‘ 0.2
Cooling water 0.2

0.5.
Dyeing . . 0
Food processing , 0.2
Ice ‘ 0.2
M31k industry 0.03.0.1
Paper and pulp 0

Groundwood , 0.5
0.1

Kraft pulp 0.1,
- Soda and sulfate , 0.05

0.05
ighgrade paper 0.05.
Fine paper 0.05
ICraft paper

bleached’ . 0.1
nubleached 0.5

Photography - 0
Plastics (clear) 0.02
Rayon and viscose’

Pulp production- 0.03
Marrafacture , 0

0.02
Tanning 0.2
Textiles, geneal 0.25

- 0.1
dyeing 0.25
wool scouring : 1.0
bandages ‘ 0.2

Iron + Manganese
lame/i

0.2
.0.1
0.2
0.2
0.1
0.2

‘02
0.5
0
0.2
0.2

0
1.0

02
0.1

0.1
0.1

0
0.02

- 0.05
0

02
0.25
0.1

0.25
1.0
0.2

Referenae

182
152

162, 152
162,152
162,. 152
162,152, 184

.17
162 152

152
162

“36 -

162,152 -

162,152,234
2344

86
162,152

244
162,152
162,152

.245
162,152

350

351
851
36

162, 152

162,152
162,152
550;405
162,152
162,152

852
-256

162, 152
162,152
152,152

‘I
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c. Irrigation. Manganese is essential for plant growth,
apparently as an ensyme 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 cohtain the highest eon
centratins (22.7 mg/kg) and sea foods the lowest (0.25
mg/kg). Tea diffuses enough so that the normal liquid
has 1 to 7 mg/I (2121). Manganese has hren used to en
rich soil, yet in some concentrations it may be phytotoxic
(219, 277, 563).

Manganese in the nutrient solutions has been reported
to be toxic to many plants, as grown in solution cultures.
The sensitIvity and response Of. the plants to th pres
ence of manganese varies both with the species of plant
and the composition Of the nutrient solution. Symptoms
of manganese injury have been intensified in the pros
ence of molybdenum, vanadium (1595), or nitrate
(1596). Symptoms of manganese injury have been di
minished in the presence of cobalt (1499), iron, molyb
denum, aluminum, phosphorus deficiency (1458), am
monium or ammonirnu nitrate (1596). The following
concentrations of manganese have been reported to be
harluful to plants in solution culture:
Uoneenfrafion of

Manganese in ,ng/l Type of Pleat Reference

0.5 Various plants 1597
1-10 Varioni legumes 1597
3.5 Various plants 1597
5 Orange and mandarin seedlings 1524
5-10 Tomatoes 1499
10-25 Soybean, flax 1595
25-100 Flax 1458
50 Flax 1596
02.5 Various plants 1597
150-500 Oats 1462

It has also been reported that 0.25 mg/i of manganese
has permitted good growth of tomatoes, and that up to
5.0 mg/i of manganese has reduced the severity of cobalt
poisoning in tomatoes (1499). In the presence of am
monium or of ammonium nitrate, 50 mg/i of manganese
was not harmful to flax, although this concentration was
harmful in the presence of nitrate without .ammonimn
(1596). Mangaxtese sulfate, at a concentration of 100.
mg/i as manganese caused no apparent injury to oat.
plants (1462).

d. Stock and Wildlife Watering. A defleienc,r of
manganese in animals produces ovarian disfunction,.
testicular degeneration, poor lactation, lack of growth,
bone abnormalties, . and symptoms of central nervous
disturbance (2121). Cattle are reported to have received
dosages Of 50 to 600 mg/kg in the diet for 20 to 45 days

• without serious effects. Birds have received single oral
• dosages of up to 600 mg/kg without adverse effects, but

the continuous excess of manganese in fodder was sus
pected as an etiologicai factor in the occurrence of. infec
tious anemia in horses. Manganese appears to oxidize
vitamin B in the horse body, roducing avitaminosis
(1049).

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

However, 1000 mg/kg in the dry ration was not toxic
(1551)

e Fish and Other Aquatic Life, The toxicity- of man
ganese toward fish is dependent upon. many factors.
Jones (2941) gives the lethal concentration for the
stickleback as 4Q mg/I; however, the toxic action is slow
and manganeSe does not appear to precipitate the gill
secretions. According to Oshima (3545) and. Iwao (3546)
the toxicities of manganous chloride and manganous sul
fate are slight, being about 2400 and 1240. mg/l of man
ganese respectively. Manganese appears . to be. somewhat.
antagonistic to the toxic action of nickel toward fish
(1468).

The following concentrations of manganese have been
tolerated by fish under the stated conditions:
Concentration Time.of T!Ipu of

in inçy/ Exposure Fish
1 ——

15 Tdays
40 . 4 days
50 3 days
27.00 50 hours

from mongrceoe assdium versesate
5frorn rnangaoese sulfate

Manganese and iion in concentrations, above 0.1 mg/i
stimulate .the growth of certain organisms, such as Crn
othriz,Gallionefla, and other related forms in reservoirs,
filters, and distribution systems (152, 921, 945, 1258).
The addition of as little as 0.0005 mg/I of manganese re
suited in increased 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/i had a toxic effect. on some algae.

The threshold concentration of manganese for the flat
worm PoyceUs tigr has been reported to be 700 mg/I
as manganese. chloride and . 660 mg/i as manganese
nitrate (608). Crustacea,, worms, and insect larvae were
.not harmed by. 15 mg/i. of manganese during a 7-day
exposure (2151).

The permanganates are much more toxic to fish than
th mãngan.ous salts. Permanganates killed fish in 8 to
18 hours at concentrations of 2.2 to 41 mg/I of man-•
ganese (3545, 3546). HOwever, permanganates are not
stable for long in water.

4. Summary... On the basis of the literature surveyed,
it appears that ‘the following concentrations. of man
ganese”wffl not be deleterious to the stated beneficial uses:

a. Domestic water mpply 0.05 ong,’l
b. Industrial water supply 0.05mg/i
e. Irrigation 0.50 mg/i
d. Stock watering .__

10.0 nigjl
e. Fish and aquatic life 1.0mg/i

MANGANESE CHLORIDE Mn012and Mn013
(see also Manganese, Chlorides)

• This highly soluble salt, occurring generally in the
manganous form, is used in dyeing operations, in dis
infecting, in linseed oil driers, and in electric battries
(364). In fresh water, 12 mg/I has been reported as fatal
to minnows (Puszclulus) ‘within six days (1459), but
other fish have been found to be much more tolerant of
MnCl2.For the small fresh-water fish (Orizizs), the 24-
hour lethal concentration was about 7850 mg/i (1459) and
for other fish 5500 mg/I (3545’, 3546). The higheSt coneen

river crayfish
teuch, carp, trout
fingerling catfish
stickleback
eels

Reference
2977
2151
2981
1459
1459
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tration tolerated by young eels for 50 hours was 6300
mg/i (1459). The first toxic effects of MuC12 for fish
were observed at 330 mg/i but the lethal concentration
did not occur until 800 mg/i (2977).

Toward lower organisms thereis similarly a wide vari
ation in reported toxicity. For immobilization of Darplvais
magna in Lake Erie water, the threshold concentration
was found (598) to be 50 mg/I of MnC12.In River Ravel
water at 23°C, the threshold effect of MnC13 occurred
at 50 mg/i of manganese (2158). For the flatworm,
Foycels aigra, the threshold concentration of Mn012
was reported to be 700 mg/i (608).

MANGANESE DIFLUORIDE MnF2
(see also Manganese, Fluorides)
This highly soluble manganous salt is reported to be

lethal to tench in 48 hours at a concentration of 500
mg/i (3271).

MANGANESE NITRATE Mn(N03)2-4H20
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/i as manganese (598, 1460). The average survival
times of the fish in different concentrations was as Iol-.
lows: one week at 50 mg/i, four days at 100 mg/i, two
days at 150 mg/i and Only one day at 300 mg/i, all meas
ured as managanese (1460). For the flatworm, PolyoeUs
nigra the threshold concentration has been reported to
be 660 mg/i as manganese nitrate (608).

MAGANESE SULFATE MnSO4I{20
This pale-pink manganous salt, highly slub1e.in water,

is used in dyeing, porcelain glazing, varnishes, and
specialized ferfilizers (364). In culture solution, 100
mg/i as manganese caused no apparent injury to oat
plants, 150-200 mg/i caused ehiorosis, and 500 mg/i pro
duced injury (1462).

Toward fish, the toxicity of manganous sill!!ate is
slight. In tap water, 50 mg/i as manganese did not kill
sticklebacks within three days (1459). YoUng eels, toler
ated 1500 mg/i as manganese sulfate for- more than 25
hours. The ‘first influence of this salt toward fish is re
ported to occur at 500 mg/I as Mn, and at 1000 mg/las
Mn the salt i,s lethal (2977). Japanese investigators
(3545, 3546) report the toxIcity of this salt at 3400
mg/i.

MANOXOL OT
(see Chapter I)

MASONITE MANUFACflTRING WASTES
Ellis (611) investigated wastes from a Masonite plant

in Mississippi, containing chemical compounds, fibers,
pigments, and an unidentified substance with a high
.O.D. that was toxic to fish in one to three days at
1:100,000 dilution. Loose fibers menaced fish for 12 miles
below the plant.

MERCAPTANS, GENBRAI
- (see also Methanethiol)
Mercaptans (RSH) are the sulfur analogs of the alco

hols (RQH) and phenols (R’OH). They are generally

odoriferous and can be detected in very small concentra
tions. They occur in coal tar and in the wastes from
Kraft-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/i (686). The untreated waste from the mill,
containing 12 mg/i of inercaptans; required a dilution of
1:50,000 to render it odorless, i.e., down to a concentra
tion of 0.00024mg/i; but after chlorination to a residual
of 1.5 mg/i, the required dilution was only 1:40,. i.e.
dsun to a concentration of 0.3 mg/L

G-ersdorff (695) shows that phenyl mercaptan,06H5S11
(thiophenol), a liquid with a repulsive, penetrating, gar
lic-odor, and tolyl mercaptan OH3C6H4SH (thiocresol)
have a similar toxic effect on goldfish, but the toxic action
differs from that of phenoL Metatolyl mercaptan is about
four times as toxic, o-tolyl mercaptan about five times,
and p-tOlyl mercaptan about 8.5 times as toxic as phenol
(see Phenols). The relative toxicities of m-o-, p-tolyl
mereaptans are in the ratios 1 to 1.19 to 2.19, a relation
ship nearly the same as that found for the correspondng
cresols. The replacement of the oxygenation of the creo1
molecule by sulfur appears to cimse a fourfold increase
in the toxicity of the compound to goldfish (695).

MERCURIC ACETATE
(see Mereuro-Orgaccie Compounds)

MERCURIC CHLORIDE Hg012
1. General. This salt is soluble in water at 20°C to

the extent of 61,000 mg/i (911). It is ‘used iii embalming,
disinfecting, ‘ preserving, printing of fabrics, tanning,
electroplating, manufacturing ink, and numerous other
processes -(364). It may occur in wastes from- any of
these industries, or in lead mining and chemical wastes
(313).

.

2. Cross References. Mercury, Other Mercury Salts,
Mercuro-Organie Compounds, Chlorides, and Chapter V
—Fish and Other Aquatic and Marine Life. -

3. Effects Upon Beneficial Uses.-
a. Domestic Water Supplies. The ingestion of 1.0 fo

20 grams of mercuric 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- (353). The LD0 value of mercuric chloride f&
rats was given as 37- mg/kg while that for mercurous
chloride (Calomel) was 210 mg/kg (3009, 3067).

c. Fish and Other Aquatic Life. From astudy of the
relation between concentration of the salt and period of
survival, it appears that mercuric chloride is infinitely
toxic to fish, i.e. that infinitesimal traces of the compound
will be toxic if exposure continues long enough (3547).
The following concentrations of mercuric ion from chlo
ride have been shown to injure or kill fish in the time
indicated:
Concsntra±io, of Time of ecies of

. Merciry, in mgJ Ecpoure Fish’ Reference
0.008 sticklebacks - 146% 2941.
0.01 sticklebacks 2962,2920..
0.01 80-92 days . minnows 1459
0.Oil * sticklebacks 598
0.02 . guppies 2921



Attachment 1 — Exhibit D

Site-specific relief granted by the IPCB for boron and
fluoride to date



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

Stream or Lake Name Discharger Parameter Relief (mg/L)

Horseshoe Lake Granite City
Fluoride 4.0

Steel
Unnamed tributary of Vermilion
River downstream to confluence with

General MotorsVermilion River, relief ending 0.9 Fluoride 10.0
Corporationmiles downstream of the Norfolk and

Western Railroad bridge crossing.
Unnamed tributary of Salt Creek
downstream to confluence with Salt Effingharn

Fluoride 5.0Creek; Salt Creek downstream to POTW
confluence with Little Wabash River
Confluence of Salt Creek with Little
Wabash River, downstream to

Effingham
Fluoride 3.2monitoring station C-I 9 on Little

POTWWabash River (2.8 miles downstream
of Louisville, Illinois)
Monitoring station C-19 on Little
Wabash River downstream to
confluence of Buck Creek and Little

Effingham
Fluoride 2.0

POTWWabash River (9.8 miles downstream
of Louisville, Illinois)
Unnamed tributary of Dutch Creek

Modineextending 1,200 yards downstream of Fluoride 5.6Manufacturingfacility 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 1 1.0
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 1.6Salt Creek and extending to Spring Creek



confluence with Illinois River STP
Sangamon River at confluence with Springfield —

Illinois 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 SouthwestMud Run Creek to confluence with
Sewage Boron 3.0Walnut Creek

Treatment Plant
Little Saline Creek to confluence with
South Fork Saline River, downstream

. . So. ILpower
to where South Fork Saline River Boron 9.0

. Coop (SIPC)leaves the SE quarter of Section 6
Ti OSR4E
South Fork Saline River from the
downstream edge of SE quarter of

. SIPC Boron 3.0Section 6 T1OSR4E to confluence
with Middle Fork Saline River
Aux Sable Creek to confluence with

. . . Akzo Nobel Boron 2.0Illinois River
Sugar Creek from Spaulding Darn 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 Sangarnon River;
South Fork Sangamon River CWLP Boron 2.0
confluence with Sangamon River, to
100 yards downstream of Sangarnon
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

. . Dynegy Baldwin Boron 9.9Baldwin Station to 300 feet
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

Dynegy Baldwin Boron 1.2001 discharge, downstream to
confluence with Mississippi River
Duck Creek from the 002 outfall to

CILCO Boron 4.5the confluence with Illinois River
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 jigIL.

Finished Surface Intake Intake Difference
Finished Finished Total Detection Waterintake Total Mn Collection ofSample

Facility Collection Date Mn (,j/L)1 Level tIm/Li Si LtwLLI Dais. % Removal Dates f±1

BREESE 1/7/1998 0 5 01-08 310 1/7/1998 098 0
CLAY CITY 4/13/1999 0 15 C-19 200 4/13/1999 0.93 0
CLAY CITY 4/25/2000 0 15 C-19 220 4/25/2000 0.93 0
EREESE 2/7/1994 0 15 01-08 270 2/8/1994 0.94 1
BREESE 1/7/1997 0 5 01-08 250 1/8/1997 0.98 1
VAN DALIA 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
ILAMERICAN-PONTIAC 10/31/2000 0 10 DS-06 230 11/3/2000 0.98 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 0.94 4
BREESE 1/22/1996 10 15 01-08 300 1/17/1996 0.95 5
HILLSBORO 5/1/2006 24 1 ROL-1 340 4/26/2008 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-l 150 4/18/2000 0.88 6
SLM WATER COMMISSION 10/21/2003 0 15 0-20 580 10/27/2003 0.97 6
BREESE 2/7/1995 0 15 01-08 340 2/14/1995 0.96 7
BREESE 1/24/2007 7 1 01-08 220 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 1/1211999 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
OAKWOOD 4/18/1994 0 15 BPJ-03 290 4/28/1994 0.95 10
SLM WATER COMMISSION 10/18/1994 0 15 0-20 270 10/28/1994 0.94 10
BREESE 5/8)2000 21 15 01-08 300 4/27/2000 0.93 11
MOUNT OLIVE 10/15/2003 140 15 RJG-l 530 10/3/2003 0.74 12
VIENNA I0/15/2003 15 15 RAW-I 300 10/2/2003 0.95 13
SLM WATER COMMISSION l0/29/1996 0 15 0-20 470 10/16/1996 0.97 13
SLM WATER COMMISSION 10/22/2001 0 15 0-20 520 10)9/2001 0.97 13
MARION 5/22/2007 8 I 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 I 01-08 430 2125/2004 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 01-08 260 4/8/1993 0.94 16
NASHVILLE 4/1 4/1 999 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
ILAMERICAN-ALTON 7/18/2001 0 10 1-36 450 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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EXctrrtv SUKMARY

Derivation of nerical national water quality criteria for the

protection of aquatic organisms and their uses is a complex process (Figure

.1) chat uses information from many areas of aquatic toxicology. After a

decision is made chat a national criterion is needed for a particular

material, all available informati.on concerning toxicity to, and bioaccumula—

tion by, aquatic organisms ía collected, reviewed for acceptability, and

sorted. tf enough acceptable data on acute toxicity to aquatic animals are

available1 they are used to estimate the highest one—hour average concentra

tion that should not result in unacceptable effects on aquatic organisms and

their uses. If justified, this concencrarion is made a function of a water

quality characteristic such as pE, salinity, or hardness. Similarly, data on

the chronic toxicity of the material to aquatic animals are used to estimate

the highest four—day average concentration chat should not cause unacceptable

toxicity during a long—care exposure. If appropriate, this concentration is

also related to a water quality characteristic.

Data on toxicity to aquatic plants are examined to determine whether

plants are likely to be unacceptably affected by concentrations that should

not cause unaccepcable effects on animals. Data on bioaccumulacion by

aquatic organisms are used to determine if residues might subject edible

species to restrictions by the U.S. Food and Drug Administration or if such

residues might flare scam wildlife conemsers of aquatic life. All other

available data are examined for adverse effects chat might be biologically

important.

If a thorough review of the pertinent information indicates that enough

acceptable data are available, numerical national water quality criteria are

derived for fresh water or salt water or both to protect aquatic organisms

iv
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their ue8 fr unccepcab1e effects due to exposufee CO high cot1cenca

cioie for short periods of time, tOe cocentracious for longer periods of

Cie, and cobinatioiis of the two.

vi



lnttoduCtIofl

Of the several possible forms of criteria1 the numerical form is the

most comeon, but the narrative (e.g., pollutants misc noc be present in

harmful concentrations) and operational (e.g., concentrations of pollutants

sc not exceed one—tenth of the 96—hr LC50) forms can be used if tjj

criteria are not possible or desirable. If it were feasible, a freshwater

(or saltwater) numerical aquatic Life national criterion* for a material

should be determined by conducting field tests on a wide variety of

unpolluted bodies of fresh (or salt) water. It would be necessary to add

various amounts of the material cc each body of water in order to determine

the highest concentration that would not cause any unacceptable long—term or

short—term effect on the aquatic organisms or their uses. The lowest of

these highest concentrations would become the freshvacer (or saltwater)

national aquatic life water quality crüerion for that material, unless one

or more of the lowest concentrations were judged to be outliers. Because it

is not feasible to determine national criteria by conducting such field

tests, these Guidelines for Deriving Numerical National Water Quality

Criteria for the Protection of Aquatic Organisms and Their Uses (hereafter

referred cc as the National Guidelines) describe an objective, internally

consistent, appropriate, and feasible way of deriving national criteria,

which are intended to provide the same level of protection as the infeasible

field testing approach described above.

Because aquatic ecosystems can tolerate some stress and occasional

adverse effects, protection of all species at all times and places is not

*The tern “national criteria” is used herein because it is more descriptive
than the synonomous term “section 304(a) criteria”, which is used in the-
Water Quality Standards Regulation [11.
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deemed necessary. If acceptable data are avail.able for a large number of

appropriate caxa from an appropriate variety of caxonomic and functional

groups, a reasonable level of protection viii probably be provided if all.

except a entail fraction of the caxa are protected, unless a coimnercially or

recreati.otially important species is very sensitive. The steall fraction is

set at 0.05 because ocher fractions resulted in criteria that seemed coo high

or too low in comparison with the sets of data from which they were

calculated. Use of 0.05 to calculate a Pinal Acute Value does not imply chat

this percentage of adversely affected ccxc should be used to decide in a

field situation whether a criterion is too high or coo low or just right.

Determining the validity of a criterion derived for a particular body of

water, possibly by modification of a national. criterion to reflect local.

conditions (l,2,3J, should be based on an operational definition of

“protection of aquatic organisms and their uses” that cakes into account the

praccicalities of field monitoring programs and the concerns of the public.

Monitoring programs should contain sampling pOintS at enough times and places

chat all unacceptable changes, whether caused directly or indirectly, will be

detected. The programs should adequately monitor the kinds of species of

concern to the public, i.e., fish in fresh water and fish and

macroinvercebraces in salt water. If the kinds of species of concern cannot

be adequately monitored at a reasonable cost, appropriate surrogate species

should be monitored. The kinds of species most likely to be good surrogces

are chose chat either (a) are a major food of the desired kinds of species or

(b) utilise the same food as the desired species or (c) both. Zven if a

major adverse effect on appropriate surrogate species does not directly

result in an unacceptable effect on the kinds of species of concern to the

public, it indicates a high probability that such an effect will occur.
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to be acceptable Co the public and useful in field situations,

protection of aquatic organisms and their uses should be defined as

prevention of unacceptable long—term and short—term effects on (1)

commercially, recreationai.ly, and other important species and (2) (a) fish

ad benthic invertebrate assemblages in rivers and streams, and (b) fish,

benchic invertebrate, and zaoplankcon assemblages in lakes, reservoirs,

estuaries, and oceans. Monitoring programs intended to be able to detect

unacceptable effects should be tailored to the body of water of concern so

that necessary samples are obtained at enough times and places to provide

adequate data on the populations of important species, as well as data

directly related to the reasons for their being considered important. For

example, for substances chat are residue limited, species that are consumed

should be monitored for contaminants to ensure chat wildlife predators are

protected, FDA action levels are not exceeded, and flavor is not impaired.

Monitoring orograms should also provide data on the number of taxa and number

of individuals in the above—named assemblages that can be sampled at

reasonable coat. The amount of decrease in the number of caxa or number of

individuals in an assemblage that should be considered unacceptable should

cake into account appropriate features of the body of water and its aquatic

coimmrnicy. Because most monitoring programs can only detect decreases of

more than 20 percent, any statistically significant decrease should usually

be considered unacceptable. The insensitivity of most monitoring programs

greatly limits their usefulness for studying the validity of criteria because

unacceptable changes can occur and not be detected. Therefore, although

limited field studies can sometimes demonstrate chat criteria are

underprocective, only high quality field studies can reliably demonstrate

that criteria are not underprotective.

3



tf the purpose of water quality criteria vere to protect only

coarcial.ly and recreationatly important species, criteria specifically

derived to protect such species and their uses from the direct adverse

effects of a material would probably, in most situations, also potect those

species from indirect adverse effects due to effects of the eacerial on ocher

species in the ecosystes. Par example, in most situations either the food

chain would be more resistant than the important species and their uses or

the important species and their food chains would be adaptable enough to

overcome effects of the material on portions of the food chains.

Thea. National Guidelines have been developed on the theory that effects

which occur on a species in appropriate laboratory tests viii. generally occur

on the same species in comparable field situations. All. North American

bodies of water and resdent aquatic species and their uses are meant to 1,.

taken into account, except for a few that may be coo atypical, such as the

Great Salt Lake, brine shrimp, and the siscovac subspciis of lake trout,

which occurs In Lake Superior and contains up to 67% fat in the fillets [4].

Drivation af criteria specifically for the Great Salt Lake or Lake Superior

might have to cake brine shrimp end siscovec, respectively, into account.

Numerical aquatic life criteria derived using these National Guideline8

are expressed as two rners, rather than the traditional one nbar, so that

the criteria more accurately reflect toxicological and practical realities.

If properly derived and used, the combination of a maximum coucencracion and

a continuous concentration should provide an appropriate degree of protection

of aquatic organisms and their uses from acute and chronic toxicity to

animals, toxicity to plants, and bioaccumulatioa by aquatic organisms,

4



without being as restrictive as a one—number criterion would have to be in

order to provide the same degree of protection.

Criteria produced by these Guidelines are intended to be useful for

developing water quality standards, mixing zone standards, effluent limica—

dons, etc. The development of such standards and limitations, however,

might have to take into account such additional factors as social, legal,

economic, and hydrological considerations, the environmental and analytical

chemistry of the material, the extrapolatioti from liioratory data to field

situations, and relationships between species for ihich data are available

and species in the body of water of concern. As an intermediate step in the

development of standards, it might be desirable to derive site—specific

criteria by modification of national criteria to reflect such local

conditions as water quality’, cemparacure, or ecologically important species

[1,2,31. In addition, with appropriate modifications these National

Guidelines can be used to derive criteria for any specific geographical area,

body of water (such as the Great Salt Lake), or group of similar bodies of

water, if adequate information is available concerning the effects of the

material of concern on appropriate species and their uses.

Criteria should attempt to provide a reasonable and adequate amount of

protection with only a small possibility of considerable overprotection or

underprotection. It is not enough that a national criterion be the best

estimate that can be obtained using available data; it is equally important

chat a criterion be derived only if adequate appropriate data are available

to provide reasonable confidence that it is a good estimate. Therefore,

these National Guidelines specify certain data that should be available if a

numerical criterion is to be derived. If all the required data are not
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available, usually a criterion should not be derived. On the ocher hand, the

availability of all, required data does nor ensure that a criterion can be

derived.

A comeon belief is that national criteria are based on “worst case”

assumptions and char local considerations will raise, but not lower,

criteria. For ezmsple, it wilt usually be assumed chat if the concentration

of a material, in a body of water is lower than the national criterion, no

unacceptable effects will occur and no site—specific crierion needs to be

derived. If, however, the concentration of a material in a body of water is

higher than the national criterion, it will usually be assumed that a site—

specific criterion should be derived. In order to prevent the assumption of

the “worst case” nature of national criteria from resulting in the

undarproteccion of coo many bodies of water, national criteria must be

intended to protect al,l or almost all, bodies of water. Thus, if bodies of

water and the aquatic commrnicies in them do differ substantially in chair

sensitivities to a material, national criteria should be at least somewhat

overprotective for a majority of the bodies of water. to do otherwise would

either Ca) require derivation of site—specific criteria even if the site—

specific concentration were substantially below the national criterion or (b)

cause the “worst case” assumption to result in the imderproceccion of

numerous bodies of water. On the other hand, national criteria are probably

underprotective of some bodies of water.

The two factors that will probably cause the most difference between

national and site—specific criteria are the species char will, be exposed and

the characteristics of the water. In order to ensure that national criteria

are appropriately protective, the required data for national criteria include

some species that are sensitive to many materials and national criteria are
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specifically based on tests conducted in water relatively 1.ow in particulate

Tutcer and organic matter. Thus, the ta factors that viii, usually be

considered in the derivation of aite’specific criteria from national, criteria

are used to help ensure chat national criteria are appropriately proceccivu.

On the other hand, some local conditions might require chat site—

specific criteria be Lover than national criteria. Some untested locally

important species might be very sensitive to the material of concern and

local water quality might not reduce the toxicity of the material, to

addition, aquatic organisms tn field situations might be stressed by diseases,

parasites, predators1 ocher pollutants, contaminated or insufficient food1 and

fluctuating and extreme conditions of flow, water quality, and temperature.

Further, some materials might degrade to more toxic materials, or some

important cotmernity functions or species interactions might be adversely

affected by concentrations lower than those that affect individual, species.

Criteria mist be used in a manner that is consistent with the way in

which ‘they were derived if the intended levil of protection is to be provided

in the real world. Although derivation of water quality criteria for aquatic

life is constrained by the ways toxicity and bioconcentracion tests are

usually conducted, there are still many different ways chat criteria can be

derived, expressed, and used. The means used to derive and state criteria

should relate, in the best possible way, the kinds of data that are available

concerning toxicity and bioconcencracion and the ways criteria can be used to

protect aquatic organisms and their uses.

The major problem is to determine the best way chat the statement of a

criterion can bridge the gap between the nearly constant concentrations used

in most toxicity and bioconcentracion tests and the fluctuating concentrations

that usually exist in the real world. A statement of a criterion as a number
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chat is not to be exceeded any time or place is not acceptable because few,

if any, people who use criteria would cake it literally and few, if any,

toxicologists would defend a literal interpretation. Rather than cry to

reinterpret a criterion chat is neither useful nor valid, it is better cc

develop a more appropriate way of stating criteria.

Although some materials might not exhibit chrsholds, many materials

probably do. For any threshold material, continuous exposure to any

combination of concentrations below the threshold will nqt cause an

unacceptable effect (as defined on pages 1—3) on aquatic organisms and their

uses, except chat the concentration of a required trace nutrient might be coo

low. Rowever, 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 reduction in the survival, growth, or reproduction of a

comearcialty or recreacionally important species, will probably occur at, and

possibly even below, the threshold. The Criterion Continuous Concentration

(CCC) is intended to be a good estimate of this threshold of unacceptable

effect. If maintained continuously, any concentration above the CCC is

expected to cause an unacceptable effect. On the ocher hand, the concentra

tion of a pollutant in a body of water can be above the CCC without causing

an unacceptable effect if (a) the magnitudes and durations of the excursions

above the CCC are appropriately limited and (b) there are compensating

periods of time during which the concentration is below the CCC. The higher

the concentration is above the CCC, the shorter the period of time it can be

tolerated. 8ut it is unimportant whether there is any upper limit on

concentrations that can be tolerated instantaneously or even for one minute

because concentrations outside mixing zones rarely change substantially in

such short periods of time.
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An elegant, general approach to the oroblem of defining cOdjtjons (a)

and (b) would be to integrate the concentration over time, caking into

account uptake and depuracion races, transport within the organism to a

critical site, etc. ecaose such an approach is not currently feasible, an

approximate approach is to require that the average concentration not exceed

the CCC. The average concentration should probably be calculated as the

arithmetic average rather than the geometric mean [51. If a suitable

averaging period is selected, the magnitudes and duacions of concentrations

above the CCC will be appropriately limited, and suitable compensating

periods below the CCC will be required.

In the elegant approach mentioned above, the uptake and depuracion races

would determine the effective averaging period, but these rates are likely to

vary from species to species for say particular material. Thus the elegant

approach might not provide a definitive answer to the problem of selecting an

appropriate averaging period. An alternative is to consider that the purpose

of the averaging period is to allow the concentration to be above the CCC

only if the allowed fluctuating concentrations do riot cause more adverse

effect than would be caused by a continuous exposure to the CCC. For

example, if the CCC caused a 10% reduction in growth of rainbow trout, or a

13% reduction ía survival of oysters, or a 7% reduction in reproduction of

smailmouth bass, it is the purpose of the averaging period to allow concen

trations above the CCC only if the total exposure will, not cause any more

adverse effect than continuous exposure to the CCC would cause.

Even though only a few tests have compared the effects of a constant

concentration with the effects of the same average concentration resulting

from a fluctuating concentration, nearly all the available comparisons have

shown that substantial fluctuations result in increased adverse effects

9



(5,61. Thus if the averaging period is not to allow increased adverse

effects, it ist not allow substantial fluctuations. Life—cycle tests with

species such as mysids and daphnida and early life—stage tests with warttwater

fishes usually last for 20 to 30 days. An averaging period that is equal to

the length of the test will obviously allow the worst possible fluctuations

and would very likely allow increased adverse effects.

An averaging period of four days seems appropriate for use wich the CCC

for ti reasons. Pirsc, it is substantially shorter than the 20 CO 30 days

chat is obviously unacceptable. Second, for some species it appears that the

results of chronic tests are due to the existence of a sensitive life stage

at some time during the test [7], rather than being caused by either tong—

term stress or long—term accumulation of the test material in the organism.

The existence of a sensitive life stage is probably the cause of acute—

chronic ratios that are not much greater than I, and is also possible when

the ratio is substantially greater than 1. In addition, some experimentally

determined acute—chronic ratios are somewhat Less than 1, possibly because

prior exposure during the chronic test increased the resistance of the

sensitive life stage (8]. A four—day averaging period will probably prevent

increased adverse effects on sensitive life stages by limiting •c3.Ie durations

and magnitudes of exc,edences* of the CCC.

The coaeiderations applied to interpretation of the CCC also apply to

the QC. For the *C the averaging period should again be substantially less

than the lengths of the teats it is based on, i.e., substantially less than

*Although “exceedence” has not been found in any dictionary, it is used here
because it is not appropriate to use “violation” in conjunction with
criteria, no other word seems appropriate, and all appropriate phrases are
awhvard.
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48 to 96 hours. One hour is probably an appropriate averaging period because

high concentrations of some materials can cause death in one co three hours.

Even when organisms do not die within the first hour or so, it is not known

how many might have died due to delayed effects of this short of an exposure.

Thus it is not appropriate to allow concentrations above the 4C to exist for

as tong as one hour.

The durations of the averaging periods in national criteria have been

made short enough to restrict allowable fluctuations in the concentration of

the pollutant in the receiving water and to restrict the length of time that

the concentration in the receiving water can be continuously above a

criterion concentrations. The statement of a criterion could specify chat

the four—day average should never exceed the CCC and that the one—hour

average should never exceed the CMC. However, one of the most important uses

of criteria is for designing waste treatment facilities. Such facilities are

designed based on probabilities and it is not possible to design for a zero

probability. Thus, one of the important design paremecera is the probability

that the four—day average or the one—hour average will be exceeded, or, in

other words, the frequency with which exceedences will be allowed.

The frequency of allowed exceedeaces should be based on the ability of

aquade ecosystems to recover from the exceedences, which will depend in part

on the magnitudes and durations of the exceedences. It is important to

realize that high concentrations caused by spi1is and similar major events

are not what is meant by an “exceedence”, because spills and ocher accidents

are not part of the design of the normal operation of waste treatment facili

ties. Rather, exceedences are extreme values in the distribution of ambient

concentrations and this distribution is the result of the usual variations in

the flows of both the effluent and the receiving water and the usual
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variations in the concencracione of the material, of concern in both the

effluent and in the upstream receiviog water. aecause xcnedences are the

result of usual variation, moat of the ezceedences will be small and

exceedences as large as a factor of two will be rare. In addition, because

these exceedences are due to random variation, they viii not be evenly

spaced. In fact, because many receiving waters have both one—year and

multi—year cycles and many treatment facilities have daily, weekly, and

yearly cycles, exceedences will often be grouped, rather than being evenly

spaced or randomly distributed, If the flow of the receiving water is

usually much greater than the flow of the effluent, normal variation and the

flow cycles will result in the ambient concentration usually being below the

CCC, occasionally being near the CCC, and rarely being above the CCC. In

addition, exceedences that do occur will be grouped. On the other hand, if

the flow of the effluent is much greater than the flow of the receiving

water, the concentration might be close to the CCC much of the time and

rarely above the CCC, with exceedences being randomly distributed.

The abiiitie of ecosystems to recover differ greatly, and depend on the

pollutant, the magnitude and duration of the exceedenca, and the physical and

biological features of the ecosystem. Dociented studies of recoveries are

few, but some systems recover from small stresses in six weks whereas other

systems take more than ten years to recover from severe stress (31. Although

most exceedences are expected cc be very small, larger exceedezices will occur

occasionally. Most aquatic ecosystems can probably recover from most

exceedences in about three years. Therefore, it does not seem reasonable to

purposely design for stress above that caused by the CCC to occur more than

once every three years on the average, just as it does nor seen reasonable
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to require that these kinds of stresses only occur once every five or ten

years n the average.

If the body of water is not subject to anthropogenic stress ocher than

the exceedences of concern and if exceedences as Large as a factor of two are

rare, it seems reasonable chat most bodies of water could tolerate

exceedences once every three years on the average. In situations in which

exceedences are grouped, several exceedences might occur in one or two years,

but then there vii]. be, for example, 10 cc 20 year during which no

exceedences will occur and the concencration will be substantially below the

CCC most of the time. In situations in which the concentration is often

close to the CCC and exceedences are randomly distributed, some adverse

effeec will occur regularly, and sisal]. additional, unacceptable effects will

occur about every third year. The relative long—term ecological consequences

of evenly spaced and grouped exceedences are unknown, but because most

excsedences will probably be small, the long—term consequences should be

about equal over long periods of time.

The above considerations lead to a statement of a criterion in the

frequency—intensity—duration format char is often used to describe rain and

snow fail and acreem flow, e.g., how often, on che average, does more than

can inches of rain fall in a week? The numerical values chosen for

frequency (or average recurrence interval), intensity (i.e., concentration),

and duration (of averaging period) are those appropriate for nacional.

criteria. Whenever adequately justified, a national criterion may be

replaced by a site—specific criterion [LI, which may include not only site—

specific criterion concentrations [2], but also site—specific durations of

averaging periods and site—specific frequencies of allowed exceedences [3].

13



The concentrations, durations, and frequencies specified in criteria are

based on biological, ecological, and tox.cological data, and are designed to

protect aquatic organisms and their uses from unacceptable effects. Use of

criteria for designing waste treatment facilities requires selection of an

appropriate wasceload allocation model. Dynamic models are preferred for the

application of water quality criteria, but a steady—state model might have to

be used instead of a dyn.ic model in some situations. Regardless of the

model char is used, the durations of the averaging periods and the

frequencies of allowed exceedences must be applied correctly if the intended

level of protection is to be provided. For example, in the criterion

statement frequency refer: to the average frequency, over a long period of

time, of rare events (i.e., exceedences). However, in some disciplines,

frequency is often thought of in terms of the average frequency, over a long

period of rise, of the years in which rare events occur, without any

consideration of how many rare events occur within each of those eventful

years. The distinction between the frequency of events and the frequency of

years ii important for all, those situations in which the rare events, e.g.,

exceedences, tend to occur in group: within the eventful year:. The c ways

of calculating frequency produce the same results in situations in which each

rare event occurs in a different year because then the frequency of events is

the same as the frequency of eventful year:.

Because fresh vacer and salt water have basically different chemical

compositions and because freshwater and saltwater (i.e., escoarine and true

marine) species rarely inhabit the same water simultaneously, these National

Guidelines provide for the derivation of separate criteria for these two

kinds of water. For some materials sufficient data might not be available to

allow derivation of criteria for one or both kinds of water. Even though

absolute toxicicies might be different in fresh and salt waters, such
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relative data as acute—chronic ratios and bioconcentration factors often

appear to be similar in the two waters. When data are available Co indicate

that these ratios and factors are probably similar, they are used inter

changeably.

The material for which a criterion is desired is usually defined in

terms of a particular chemical compound or ion, or a group of closely related

compounds or ions, but it might possibly be defined in terms of an effluent.

These National Guidelines might also be useful for deriving criteria for

temperature, dissolved oxygen, suspended solids, pH, mtc. if the kinds of

data on which the Guidelines are based are available.

Because they are meant to be applied only after a decision has been made

that a national water quality criterion for aquatic organisms is needed for a

material, these National Guidelines do not address the rationale for making

chat decision. If the potential for adverse effects on aquatic organisms and

their uses is part of the basis for deciding whether an aquatic life

criterion is needed for a material) these Guidelines will probably be helpful

in the collection and interpretation of relevant data. Such properties as

volatility might affect the face of a material in the aquatic environment and

might be important when determining whether a criterion is needed for a

material; for example, aquatic life criteria might not be needed for

materials that are highly volatile or highly degradable in water. Although

such properties can affect how much of the material wil,i get from the point

of discharge through any allowed mixing zone to some portion of the ambient

water and can also affect the size of the zone of influence in the ambient

water, such properties do not affect how much of the material aquatic

organisms can tolerate in the zone of influence.

This version of the National Guidelines provides clarifications,

additional details, and technical and editorial changes from the previous
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version [9]. These modifications are the result of coements 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 aquatic toxicology and

related fields. Future versions will incorporate new concepts and data as

their usefulness is demonstrated. The major technical changes incorporated

into this version of the National Guidelines are:

1. The requirement for acute data for freshwater animals has been changed to

include ‘nore tests with invertebrate species. The caxonomic, functional,

and probably the toxicological, diversities among invertebrate species

are greater than those among vertebrate species and this should be

reflected in the required data.

2. When available, 96—hr C5Os based on the percentage of fish immobilized

plus the percentage of fish killed are used instead of 96—br LC5Os for

fish; comparable EC5Os are used instead of LCSOs for other species. Such

appropriately defined C5Os better reflect the total severe acute adverse

impact of the test material on the test species than do LC5Os or narrowly

defined EC5Os. Acute C5Oa chat are based on effects that are not

severe, such as reduction in shell deposition and reduction in growch,

are not used in calculating the Final Ac.ute Value.

3. The Final Acute Value is now defined in cerms of Genus Mean Acute Values

rather than Species Mean Acute Values. A Genus Mean Acute Value is the

geometric mean of all the Species Mean Acute Values available for species

in the genus. On the average, species within a genus are toxicologically

much more similar than species in different genera, and so the use of

Genus Mean Acute Values will prevent data sets from being biased by an

overabundance of species in one or a few genera.
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4. The Final Acute Value is now calculated uiug a method till chat is not

subject to the bias and anomalous behavior chat the prev.ous method was.

The new method is also less influenced by one very low value because it

always gives equal weight to the four values that provide the most

information about the cumulative probability of 0.05. Although the four

values receive the most weight, the other values do have a substantial

effect on the P’mnat Acute Value (see examples in Appendix 2).

5. The requirements for using the results of cest* with aquatic plants have

bean made more stringent.

6. tnstead of being equal to the Final Acute Value, the Criterion 4aximum

Concentration is now equal to one—half the Final Acute Value. The

Criterion Maximum Concentration is intended to protect 95 percent of a

group of diverse genera, unless a coamarcially or recreacionally

important species is very sensitive. Rowever, a concentration that would

severely harm 50 percent of the fifth percentile or 50 percent of a

sensitive important species cannot be considered to be protective of chat

percentile or that species. Dividing the Final Acute Value by 2 is

intended to result in a concentration that will not severely adversely

affect coo many of the organisms.

7. The lower of the two number in the criterion is now called the Criterion

Continuous Concentration, rather than the Criterion Average Concentra

tion, to more accurately reflect the nature of the toxicological data on

which. it is based.

8. The statement of a criterion has been changed (a) to include durations of

averaging periods and frequencies of allowed exceedencea that are based

on what aquatic organisms and their uses can tolerate, and (b) to
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identify’ a specific situation in which sits—specific criteria (1,2,31 are

probably desirable.

In addition, Appendix 1 was added to aid in deteritining whether a species

should be considered resident in North serica and its raxonomic classifica

tion. Appendix 2 expLains the calculation of the Final Acute Value.

The mount of guidance in these National Guidelines has been increased,

but nuch of the guidance is necessarily qualitative rather than quantitative;

much judgmatic viii usually be required to derive a water .uality criterion

for aquatic organisms and their uses. In addition) although this version of

the National Guidelines attempts to cover all major questions chat have

arisen during use of previous versions and drafts, it undoubtedly does not

cover all situations char isight occur in the future. AU. necessary decisions

should be based on a thorough knowledg. of aquatic toxicology and an

understanding of these Guidelines end should be consistent with the spirit of

chess Guidelines, i.e., to sake best use of the available data to derive the

most appropriate criteria. These National Guidelines should be modified

whenever icund scientific evidence indicates chat a national criterion

produced using these Guidelines would probably be substantially

overprotective or underproceccive of the aquatic orgeaism.s and their uses on

a national basis. Derivation of u.rical national water quality criteria

for aquatic organisms and their uses is a complex process and requires

knowledge in many areas of aquatic toxicology; any deviation from these

Guidelines should be carefully considered to ensure chat it is consistent

with other parts of these Guidelines.
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I. Definition of Material of Concern

A. Each separate chemical chat does not ionize substantially in moat

natural bodies of vacer should usually be considered a separate

material, except possibly for structurally similar organic

compounds that only exist in large quantities as comeercial

mixtures of the various compounds and apparently have similar

biological, chemical, physical, and toxicological properties.

B. For chemicals that do ionize substantially in most natural bodies

of water (e.g., some phenols and organic acids, some salts of

phenols and organic acids, and most inorganic salts and

coordination complexes of metals), all forms chat would be in

chamical equilibrium should usually be considered one material.

Each different oxidation state of a metal and each different

nonionizable covalencty bonded organometallic compound should

usually be considered a separate material.

C. The definition of the material should include an operational

analytical component. Identification of a material simply, for

example, as “sodium” obviously implies “total sodium”, but leaves

zoom for doubt. If “total” is meant, it should be explicitly

stated. Even “total” has different operational definitions, some

of idiich do not necessarily measure “all that is there” in all

samples. Thus, it is also necessary to reference or describe the

analytical method that is intended. The operational analytical

component should take into account the analytical and environmental

chemistry of the material, che desirability of using the same

analytical method on samples from laboratory teats, ambient water,
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arid aqueous effluents, and various practical considerations, such

as Labor and equiaetlc requirements and whether the method would

require measurement in the field or would allow measurement after

samples are transported to a laboratory.

The primary requirements of the operational analytical component

are chat it be appropriate for use on samples of receiving water,

chat it be compatible with the availabl, toxicity end bloaccumula—

tion data without making extrapolations that afe coo hypothetical,

and chat it rarely result in underproceccion or overprotection of

aquatic organisms and their uses. Secause an ideal analytical

measurement isill rarely be available, a compromise measurement viii.

usually have to be. used. This compromise measurement must fit with

the general approach chat if an enbient concentration is lover than

the national criterion, unacceptable effects will probably not

occur, i.e., the compromise measurement zac not err on the side of

undcrproc.ction when measurements are made on a surface water.

3ecause the chemical and physical propertie. of an effluent are

usually quite different from those of the receiving water, an

analytical method that is acceptable for analyzing an effluent

might not be appropriate for analysing a receiving water, and vice

versa. If the bient concentration calculated from a measured

concentration in an effluent is higher than the national criterion,

an additional option is to measure th. concentration after dilution

of the effluent with receiving water to determine if the measured

concentration is lowered by such phenomena as complexacion or

sorption. A further option, of course, is to derive a site—

specific criterion [1,2,3]. Thus, the criterion should be based on
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an appropriate analytical measurement, but the criterion is not

rendered useless if an ideal measurement either is not availabLe or

is nor feasible.

IOTE: The analytical chemistry of the material might have to be

taken into account when defining the material or when judging the

acceptability of some toxicity rests, but a criterion should not be

based on the sensitivity of an analytical method. When aquatic

organisms are more aen8Ltlve than routine analytical methods, the

proper solution is to develop better analytical. methods, not to

underprocect aquatic life.

II. Collection of Data

A. Collect all available data on the material concerning (a) toxicity

cc, and bioaccwmzlacion by, aquatic animals and plants, (b) FDA

action levels [12], and (c) chronic feeding studies and tong—term

field studies with wildlife species chat regularly consume aquatic

organisms.

B. All data chat are used should be available in typed, dared, and

signed hard copy (publication, manuscript, letter, memorandum,

etc.) with enough supporting information to indicate that

acceptable cast procedures vera used and chat the results are

probably reliable. In some cases it may be appropriate to obtain

additional written information from the investigator, if possible.

Information that is confidential or privileged or otherwise not

available for distribution should not be used.

C. Questionable data, whether published or unpublished, should not be

used. For example, data should usually be rejected if they are
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from tests that did not cont.ain 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 distilled or deionized water

was used as the dilution water without addition of appropriate

salts.

D. Data on technical grade materials may be used if appropriate, but

data on forilated 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 in the test solutions

were measured often enough using acceptable analytical methods.

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

1. urine shrimp, because they usually only occur naturally in

water uith salinity greater than 35 g/kg.

2. Species that do not have reproducing wild populations in North

America (see Appendix 1).

3. Organisms that were previously exposed to substantial

concentrations of the test material or other contaminants.

G. Questionable data, data on formelated mixtures and

concentrates, and data obtained with non—resident specie’

previously exposed organisms may be used to provide auxiiiary

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

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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consideration. Result8 of acute and chronic toxicity tests with

representative species of aquatic auima).s are necessary so that

data available for tested species can be considered a useful

indication of the sensitivities of appropriate untested species.

Fewer data concerning toxicity to aquatic plants are required

because procedures for conducting tests with plants and

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

Data concerning bioaceumulatiou by aquatic organiatna are only

required if relevant data are available cancerning the significance

of residues in aquatic organisms.

E. To derive a criterion for freshwater aquatic organisms and their

uses, the following should be available:

I. Results of acceptable acute tests (see 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. the family Salmonidae ‘in the class Osteichthyes

b a second family in the cleas Qsteichthyes,

preferably a coamercially or recreationally

important warmvater species (e.g., bluegill, channel

catfish, etc.)

c. a third family in the phylum Chordata (nay be in the

class Osteichchyes or may be an amphibian) etc.)

d. a planktonic crustacean (e.g., cladoceran, copepod,

etc.)

a. a benthic crustacean (e.g., ostracod, isopod,

amphipod, crayfish, etc.)
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f. an insect (e.g., mayfly, dragonfly, damseifly,

seonefly, caddiafly, mosquito, midge, etc.)

g. a family in a phylum other than Arthropoda or

Ghordaca (e.g., Rotifera, Annelida, 4olluaca, etc.)

h. a family in any order of insect or any phylum noc

already represented.

2. Acute—chronic ratios (sac Section VI) with species of aquatic

animals in at least three different families provided that of

the three species:

——at Least one in a fish

—at least one is an invertebrate

—at least one is an acutely sensitive freshwater

species (the ocher two say be saltwater species).

3. Rasults of at least one acceptable test with a freshwater alga

or vascular plant (sac Section VIII). If plants are among ch

aquatic organisms that are st sensitive to the material,

results of * cast with a plant in another phylum (division)

should also be available.

4. Ar least one acceptabi. bioconcaucracion factor dacermiaed

with an appropriate freshwater species, if a maximum permissi

ble tissue concentration is available (see Section IX).

C. o derive a criterion for saltwater aquatic organisms and their

uses, the following should be available:

1. Results of acceptable acute cesr (see Section IV) with at

least one species of saltwater animal in at least eight

different families auth that all, of the following are

included:
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a. two families in the phylum (iordaca

b. a family in a phylum other than Archropoda or

chordata

c. either the Myaidae or Penaeidae family

d. three other families not in the phylum Chordata (miy

include Kyoidae or Penseidae, whichever was not used

above)

1. 407 ocher family.

2. Acute—chronic ratioa (see Section VI) with species of aquatic

animals in at least three different families provided that of

the three species:

——at least one is a fish

—at least on, La an invertebrate

——at least one is an acutely seneitive saltwater species

(the other two may be freshwater species).

3. Results of at teaet one acceptable teat with a saltwater a1ga

or vascular plant (sea Section VIII). If plants are among the

aquatic organisms most sensitive to the material, results of a

teat sith a plant in another phylum (division) should also be

available.

4. At least one acceptable ‘biocoacencracion factor determined

with an appropriate saltwater species, if a maximum permissible

tissue concentration is available (see Section IX).

D. If all the required data are available, a numerical criterion can

usually be derived, except in special cases. !or examp1e, deriva

tion of a criterion might nor be possible if the available acute—

chronic ratios vary by more than a factor of ten with no apparent
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pattern. Also, if a criterion is to be related to a water quality

characteristic (see Sections V and VII), more data will be

necessary.

Similarly’s if all required data are not available1 a numerical

criterion should not be derived except in special cases. For

exmepte, even if not enough acute and chronic data are available,

it might be possible to derive a criterion if the available data

clearly indicate that the Final Residue Value should be imich lower

than either the Final aronic Value or the Final Plant Value.

. Confidence in a criterion usually increases as the ounc of

available pertinent data increases. Thus, additional data are

usually desirable.

IV.. Final Acute Value

A. Appropriate measures of the acute (short—term) toxicity of the

material to a variety of species of aquatic animals are used to

calculate the Final Acute Value. The Final Acute Value is an

estimate of the concentration of the material corresponding to a

culative probability of 0.05 in the acute toxicity values for the

genera vith tiich acceptable acute tests have been conducted on the

material. Bovever, in some cases, if the Species Lan Acute Value

of a co.erciaLly or recreationatly important species is tower than

the calculated Final Acute Value, then chat Species Mean Acute

Value replaces the calculated Final Acute Value in order to provide

protection for chat important species.

E. Acute toxicity tests should have been conducted using acceptable

procedures t13J.
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C. Except for tests with saltwater anne3.ide and mysids, results of

acute tears during which the test organisms were fed should not be

used, unless data indicate that the food did not affect the

toxicity of the test material.

0. ResuLts of acute teats conducted in unusual dilution water, e.g.,

dilution water in which total organic carbon or particulate matter

exceeded 5 mg/L, should not be used, unless a relationship is

developed between acute toxicity and organic carbon or particulate

matter or unless data show chat organic carbon, particulate matter,

etc., do not affect toxicity.

E. Acute values should be based on endpoints which reflect the total

severe acute adverse impact of the rest material on the organisms

used in the test. Therefore, only the following kinds of data on

acute toxicity to aqoacic animals should be used:

1. Tests with daphnids and other cladocerana should be started

with organisms less than 24 hours old and rests with midges

should be started with second— or third—macar larvae. The

result should be the 4$—hr EC5O based on percentage of

organisms immobilized plus percentage of organisms killed. If

such an KC5O is nor availabl.e from a test, the 48—hr LC5O

should be used in place of the desired 48—hr EC50. An EC5O or

LCSO of longer than 48 hr can be used as long as the animals

were nor fad and the control animals were acceptable at the end

of the 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 EC5O based on the percentage of organisms with

incompletely developed shells plus the percentage of organisms

killed. If such an ECSO is not available from a test3 the

lower of the 96—hr EC5O based on the percentage of organisms

with incompletely developed shells and the 96—hr LC5O should be

used in place of the desired 96—hr KC5O. If the duration of

the test was between 48 and 96 hr, the EC50 or LC5O at the end

of the teat should be used.

3. The acute values from tests with all other freshwater and

saltwater animal species and older life stages of barnacles,

bivalve molluscs, sea urchin., lobsters, crabs, shrimps, and

abalones should be the 96—hr EC5O based on the percentage of

organisms exhibiting loss of equilibrium slus the percentage of

organisms immobilized plus the percentage of organisms killed.

If such an C5O is not available from a test1 the 96—hr LC5O

should be used in place of the desired 96—hr gc5G.

4. Tests with single—celled organisms are not considered acute

tents, even if the duration was 96 hours or less.

5. If the tests were conducted properly, acute values reported as

“greater than” values and those which are above the solubilicy

of the test material should be used, because rejection of such

acute values would unnecessarily lower the Final Acute Value by

eliminating acute values for resistant species.
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F. If the acute toxicity of the material to aquatic animals apparently

has been shown to be related 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 Section V.

G. 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 the calculation of the Species Mean

Acute Value because a species can only be considered protected from

acute toxicity if all life stages are protected.

11. The agreement of the data within and between species should be

considered. Acute values that appear to be questionable in

comparison with other acute and chronic data for the same species

and for other species in the same genus probably should not be

used in calculation of a Species 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.

I. 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 result is available, the SKIS should be

calculated as the geometric mean of all available acute values,

i.e., results of flow—through tests in which the concentrations

were not measured and results of static and renewal tests based on

initial concentrations (nominal coucentrecions are acceptable for

most tear materials if measured concentrations are not available)

of test material.

NOT!: Data reported by original investigators should nor be

rounded off. Results of all intermediate calculations should be

rounded [14] to four significant digits.

NOTE: The geometric mean of N numbers is the Nth root of the

product of the N numbers. Alternatively, the geometric mean can be

calculated by adding the logarithms of the N numbers, dividing the

sum by N, and taking the antilog of the quotient. The geometric

mean of two rnsubers is the square root of the product of the two

numbers, and the geometric mean of one number is that number.

Either natural (base e) or comeon (base 10) logarithms can be used

to calculate geometric ieans as long as they are used consiscencly

within each set of data, i.e., the antilog used must match the

logarithm used.

NOT!: Geometric means, rather than arithmetic means, are used here

because the distributions of sensitivities of individual organisms

in toxicity tests on most maceriats and the distributions of sensi

tivities of species within a genus are more likely to be lognormal

than normal. Similarly) geometric means are used for acute—chronic

ratios and bioconcentracion factors because quotients are likely co

be closer to lognormal than normal distributions. In addition,
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division of the geoecric eaan of a eat of neracore by che

of the set of corr.spondin denoin.ators will result

in the gaoestric nasa of the set of corresponding quotients.

J. For each genuS for which one or eore SMAV are avsitable the Genus

Mean Acute Value (1AV) should be calculated as the geonacric nasa

of the SMAVi available for the genus.

K. Order the 1A7s fron high Co by.

L. Assign ranks, R to the Q(kVe fron “1” for the lowest to “N” f

the highest. If t or ore 1AVS are identical, arbitrarily

assign thee eucceseiva ranks.

K. Galculace the conulecive probability ?, for each (AV as

w. Si.ect the four QL&Ve which hwa cuiJ.ativ. probabilities closest

to 0.05 (if there are tees than 59 (AVa, tIiea will always be the

four lowest Q4AVs).

0. Using the selected 4AVs and Ps, calculate

2 £((lii Q4AV)2) E(J. aw.AV))214)S .(p) —

L (Z(ln 4AV) —

A s(/U3) +L

7kV -

(See [11] for deeetosenc of the calculation procedure and Appendix

2 for en ezaple calculation end copuc.r progrsz.)

WOfl: Natural togarichn (logaritbas to base e, denoted as In) are

used herein cerely because they arc easier to use on acne hand
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calcuiatots and coxpucers than con (base 10) logarittxis.

Consistent use of eith.r will produce the se result.

P. If for a cc,ercially or recreationatly important species the

geometric mean of the acute values from floe—through teats it which

the concentrations of test material were measured is 1owe than the

calculated Final Acute Value1 then that geometric sean should be

used as the Final Acute Value instead of th. calculated Final Acute

Value.

Q. Go to Section Vt.

V. Final Acute equation

A. en enough data era available to show that acute toxicity to

c or more species Is similarly related to a water quality

characteristic, the relationship should be taken into account as

described in Sections 5—C below or using analysis of covariance

[15,161. The two methods are equivalent and produce identical

r.sulcs. The manual method described b*low provides an under—

standing of this application of covariance analysis, but

computerized versioas of covarianca analysis are euchore

convenient for analyzing large data sets. U two or more factors

affect toxicity, molcipte regression analysis should be used.

5 For each species for tich comparable acute toxicity values are

available at two or more different values of the water quality

characteristic, perform a least squares regression of the acute

toxicity values oa the corresponding values of th. water quality

characteristic to obciu the slope and its 95% confidence limits

for each species.
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WOTg: 3.csuse the best docenccd reacionship is that bacen

hardness and acute toxicity of netals in fresh water and a log1og

relationahip fits these data1 geoeatric esans and natural

togariches of both toxicity and water quality are used in the rest

of this section. For relationships based on other water quality

characteristics1 such as p, ceeperacure, or salinity, no

cransforeatianor a different tranaforeation eight fit the data

better and appropriate charges will be necessary throughout this

sect ion.

C. Decide ihecher the data for each species is useful, taking into

account the range and niber of the tested values of the water

quality characteristic and cli. degree of agreeeenc within and

between species. For seseple, a slope based on six data points

eight be of limited value if it is based only on data for a very

narrow range of values of the water quality characteristic. A

slope based on only c data points, however, eight b. useful if it

is consistent with ocher inforeacion and if the : points cover a

broad enough range of the water quality characteristic. In

addition, acute values that appear to be questionable in coeparisàn

with other acute and chronic data available for the ae species

and far other spectes in the sees genus probably should not be

For .xple, if after adjuaceenc for the water quality

characteristic, the acute values available for a species or genus

differ by sore than a factor of 10, rejection of sose or alt of the

values is probably appropriate. If useful slopes are not available

for at least one fish and one invertebrate or if the available
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slopes re coo dissimilar or if too few data are available to

adequately define the relationship betwen acute toxicity ad the

water quality characteristic, return to Section IV.C., using the

results of tests conducted under conditions and in waters similar

to chose comeonly used for toxicity tests with the species.

D. individually for each species calculate the geometric mean of the

available acute values and then divide each of the acute values for

a species by the mean for the species. This normalizes the acute

values so chat the geometric mean of the normalized values for each

species individually and for any combination of species is 1.0.

E. Similarly normalize the values of th. water quality characteristic

for each species individually.

F. individually for each species o.rform a least squares regression of

th. normalized acute toxicity values on the corresponding

normalized values of the water quality characteristic. The

resuLrin slopes and 95% confidence Limits will be identical to

chose obtained In Section above. tov, however, if the data are

actually plotted, the Line of best fit for each individual species

will go through the point 1,1 in the center of the graph.

G. treat all the normalized data as if they were all for the same

species and perform a least squares regression of all the

normalized acute values on the correspendini normalized values of

the water quality characteristic to obtain the pooled acute slope,

V, and its 95% confidence limits. If all the normalized data are

actually plotted, the line of best fit will go through the point

1,1 in the center of the graph.
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L For each species calculate the geoetri.c nean, w, ot-the acute

toxicity values and the geonecric nean, X, of the values of the

water quality characteristic. (These were calculated i steps 0

and Z above.)

I. For each species calculac the 1ogaricb, Y, of the SMAY at a

selected value, 1, of the water quality characteristic using the

equation: Y in U V(ln X In Z).

J, For each species calculate the SMAV at Z using the equation: SMAY

SOT!: Alternatively, the SMAVe at Z can be obtained by skipping

step K above, using the equations in steps I and J to adjust each

acute value individually to Z, and then calculating the eoatric

sean of the adjuic.d values for each species individually. This

alternative procedure allows an ezainacioo of the range of the

adjusced acute values for each species.

E Obtain the Final Acute Value at E by using the procedure described

in Section IV.J-O.

I. tf the 514kV at Z of a coercially or recreacionelly inporcanc

species is lover than the calculated Final Acute Value at Z, then

that 511kV should be used as the Final Acute Value at Z instead of

th. calculated Final Acute Value.

K. The Final Acute !quation is written as: Final Acute Value -

(V(lm(wacer quality characteristic)] + in A — V(ln ZI)

where V pooled acute slope and A Final Acute Value at Z.

Because V1 A, and Z are known, the Final Acute Value can be

calculated for any selected value of the water quality character

istic.
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Vt. Final chronic Value

A. Depending on die data that are available concerning chronic

toxicity to aquatic animals, the Final Chronic Value might be

calculated in the sase manner as the Final Acute Value or by

dividing the Final Acute Valu, by the Final Acute—Chronic Ratio. In

so cases it nay not be possible to calculate a Final Chronic

Value.

NOT!: As the nase implies, the acute—chronic ratio (ACa) is a way

of relating acute and chronic Coxicitios. The acute—chronic ratio

is basically the inverse of the application factor, but this new

ne is bettor because it is more descriptive and should help

prevent confusion beten “application factors” sad “safety

factors”. Acute—chronic ratios and application factors are ways of

relating the acute and chronic tozicittes of a material to aquatic

organisms. Safety factors are used to provide an extra margin of

safety beyond the known or ecieated sensitivities of aquatic

organisms. Inocher advantage of the acute—chronic ratio is chat it

will usually be greater than one; this should avoid the confusion

as to whether a large application factor is one chat is close to

unity or one chat has a denominator chat is much greater than the

nterator.

B. chronic values should be based on results of flow—through (except

renewal is acceptable for daphuids) chronic tests in which the

concentrations of test material in the test solutions wnre properly

measured at appropriate times during the test.
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C. Results- of chronic tests in which aurvival, grouch, or reproduc0

in the control. treatnenc yes unacceptably lou should nor be used.

The limits of acceptability will depend on the species.

D. Results of chronic tests conducted in unusual diluciou water,

e.g., dilution water in which total organic carbon or particulate

matter exceeded 5 mg/i, should not be used1 unless a relationship

is developed betwen chronic toxicity and organic carbon or

particulate matter or unless data shou that organic carbon1

particulate matter, etc., do not affect toxicity.

z. Chronic values should be based on endpoints and lengths of

exposure appropriate to the species. Therefore, only results of

the following kinds of chronic toxicity tests should be used:

1. Life—cycle toxicity tests conaisciug of exposures of each of

ti or more groups of individuals of a species to a different

concentration of the test material throughout a Life cycle.

To ensure that all life stages and life processes are

exposed, rests with fish should begin with embryos or newly

hatched young less than 48 hours old, continue through

maturation and reproduction, and should end not Less than 24

days (90 days for salmonids) after the hatching of the next

generation. Tests with daphuids should begin with young lees

than 24 hours old end Last far nor less than 21 days. Tests

with myside should begin with young less than 24 hours old and

continue until 7 days past the median time of first brood

release in the controls. For fish, data should be obtained and

analy:ed on survival and growth of adults and young, maturation

of males and females, eggs spawned per female, embryo viability
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(sal,aonids only), and hatchabilicy. For daphuids, data should

be obtained and analyzed on survival and young per female. For

mysida, data should be obtained and analyzed on survival,

growth, and young per female.

2. Partial life—cycle toxicity tests consisting of exposures of

each of c or more groups of individuals of a species of fish

to a different concentration of the cast material through most

portions of a life cycle. Partial Life—cycle tests are allowed

with fish species chat require more than a year to reach sexual

maturity, so chac all major life stages can be exposed to the

test material in less than 15 mouths. exposure Co the test

material should begin with iemature juveniles at least 2 months

prior to active gonad development, continue through maturation

and reproduction, and end not less than 24 days (90 days for

salmonids) after the hatching of the next generation. Data

should be obtained and analyzed on survival and growth of

adults and young, maturation of males and females, eggs spawned

per female, embryo viability (salmonids only), and

hatchabil.icy.

3. Early life-stage toxicity tests consisting of 28— to 32—day

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

life stages of a species of fish from shortly after

fertilization through embryonic, larval, and early juvenile

development. Data should be obtained and analyzed on survival

and growth.

NOTE: Results of an early life—stage test are used as predic

tions of results of life—cycle and partial life—cycle tests
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with the same atlas. Therefore, when results of a tife—cycle

or partial life—cycle test are available, tesulcs of au early

life—stage test with the same species should not be used.

Also, results of early life—stage tests in which the incidence

of mortalities or abnormalities increased substantially near

the end of the cast should not be uad because results of

tests are possibly not good predictions of the results of

comparable life—cycle or partial lifowcycle tests.

?. A chronic value nay be obtained by calculating the geometric mean

the lower and upper chronic limits from a chronic test or by

analyzing chronic data using regression analysis. A tower chronic

limit is the highest tested concentration Ca) in an acceptable

chronit test, (b) which did not cause an unacceptable amount of

adverse effect on any of the specified biological. measurements, and

Cc) below which no costed concentration caused an unacceptable

effect. Au upper chronic limit is the lowest tested concentration

(a) in an acceptable chronic test, (b) which 414 cause an

unacceptable amount of adversa effect on one or more of the

specified biological measurements, and (c) above which all, tested

concentrations also caused such an effect.

OT! keause various authors have used a variety of terms nd

definitions to interpret and report results of chronic rests1

reported results should be reviewed carefully. The amount of

effect that is considered unacceptable is often based on a statis

tical hypothesis test, but might also be defined in terms of a

specified percent reduction from the controls. A snaIl percent
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reduction (e.g.1 3) ighc be considered acceptable even if it is

statistically significantly different fr the control., whereas a

large percent reduction (e.g., 30Z) might be considered

unacceptable even if it La not statistically significant.

G. If the chronic toxicity of the material to aquatic animals

apparently has been shown to be related to a water quality

characceriatte such as hardness or particulate maccar for

freshwater an4mals or salinity or particulate maccar for saltwater

animals, a Final chronic Equation should be derived based on chat

water quality characteristic. Go to Section VII.

K. tf chronic values are available for species in eight families as

described in Secrions tII.3.l or ttI.C.l, a Species Xeau Chronic

Value (S4CV) should be calculated for each species for which at

least one chronic value is available by calculating the geometric

scan of all chronic values available for th. species, and

anprooriace Genus 1an chronic Values should be calculated. The

Final chronic Value should then be obtained using the procedure

described in Section IV.J-o. Than go to Section VI.t4.

I. For each chronic value for which at least one corresponding

appropriate acute value is availablab calculate an acute—chronic

ratio, using for the numerator the geometric mean of the results of

aI.l acceptable flow—through (except static is acceptable for

daphaids) acute tests in the same dilution water md in which the

concentrations were measured. For fish1 the acute test(s) should

have been conducted with juveniles. The acute test(s) should have

been part of the same study as th. chronic test. If acute tests

were not conducted as part of the same study, acute tests conducted
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in the same laboratory and dilution water, but in a different

study, eay be uaed. If no such acute tests are available, results

of acute tests conducted in the same dilution water in a different

laboratory may be used. If no such acute tests are available, an

acute—chronic ratio should net be calculated.

3. For each species, calculate the species mean acute—chronic ratio as

the geometric mean of all, acute—chronic ratios available for chat

species.

E. For some materials the acute—chronic ratio semes to be the same for

all species, but for other materials the ratio seems to iLicrease or

decrease as the Species !ean Acute Valu (SI4AV) increases. Thus

the Final Acute—Chronic acio can he obtained in four ways,

dependie on the data available:

1. If the species mean acute—chronic ratio seems to increase or

decrease as the SMAV increases, che Final Acute—Chronic aacio

should be calculated as the geometric mean of the acute—chronic

ratios for species whose SNAVi are close to the final Acute

Value.

2, If no major trend is apparent and the acute—chronic ratios for

a ntber of species are within a factor of ten, the Final

Acute—Chronic Ratio should be calculated as the geometric mean

of aU the species mean acute—chronic ratios available for both

freshwater and saltwater species.

3. For acute tests conducted on metals and possibly ocher

substances with embryos and larvae of barnacles, bivalve

molluscs, sea urchins, lobsters, crabs, shrimp, and abalones
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(see Scciou tV.L2), it is probably appropriate to assume chat

the acute—chronic ratio ía 2. Chronic tests are very difficult

to conduct with most such apecies, but it is likely chac the

sensicivicies of embryos and larvae ‘IAuld determine the tesulcs

of life—cycle tests. Thus, if the lowest available SMAVs were

determined with embryos and larvae of ucb species, the Final

Acute—Chronic Ratio should probably be assumed to be 2, so chat

the Final Chronic Value is equal to the Cri.erion Maximum

Concentration (see Section XI.B).

4. If the most appropriate species mean acute—chronic ratios are

less than 2.0, and especially if they are less than 1.0,

acclimation has probably occurred durini the chronic test.

Ucause continuous exposure and acclimation cannot be assured

to provide adequate protection in field situations, the Final

Acute—Chronic Ratio should be assumed to be 2) so chat the

Final Chronic Value La equal to the Criterion Maximum

Concentration (sea Saction XI.3).

If the available species mean acute—chronic ratios do nor fir one

of these cases, a Final Acute—Chronic Ratio probably cannot be

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

1.. Calculate the Final Chronic Value by dividin5 the Final Acute Value

by the Final Acute—Chronic Ratio. If there was a Final Acute

Equation rather than a Final Acute Value, see also Section VtI.A.

K. If the Species )‘an Chronic Value of a coercialty or recreation—

ally important species is tower than the calculated Final Chronic

Value, then that Species Mesa Chronic Value should be used as the

Final Chronic Value instead of the calculated Final Chronic Value.
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L Co to Section VIII.

vti. final chronic !quatiot2

A. A Final Chronic quacion can be derived ui two ways. The procedure

described here in Section A viii result in the chronic slope being

the as the acute slope. The procedure described in Sections

3—N will, usually result in the chronic siope being different froci

the acute slope.

1. If acute—chronic ratios are avail.a1e for enough species at

enough values of the water quality characteristic to indicate

chat the acute—chronic ratio is probably the same for all.

species and is probably independent of the water quality

characteristic, calculate the Final Acute—chronic Ratio as the

geometric mean of the available species mean acute-chronic

ratios.

2. Calculate the Final Chronic Value at the selected value Z of

the water quality characteristic by dividing the Final Acute

Value at Z (see Section V.14.) by the Final Acute—Chronic

Ratio.

3. Use V pooled acute elope (e section V.14.) as L pooled

chronic slope.

4. Co to Section VIIJ4.

B, When enough data arc available to show that chronic toxicity to at

least one species is related to a water quality characceriscic the

relationship should be taken into account as described in Sections

E—G below or using analysis of covariance (15)16]. The two methods

are equivalent and produce identical results. The siaaual method
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described below provides an understanding of this application of

covariance analysis, l,tjt computerized versions of covariance

analysis are ich more convenient for analyzing large data sets.

If c or more factors affect toxicity, multiple regression

analysis should be used.

C. For each species for which comparable chronic toxicity values are

available at two or more different values of the water quality

caracceriscic, perform a l..aec squares r.gress1ou of the chronic

toxicity values on the corresponding values of the water quality

characteristic to obtain the slope and its 95% confidence limits

for each species.

?OTE: keause th. best documented relationship ii chat between

hardness and acute toxicity of metals in fresh water and a log—Log

relationship fits these data, geometric means and natural

loarLchss of both toxicity and water quality are used in the rest

of this section. For relationships based on other vater quality

characteristics, such as pH, temperature, or salinity, no crane—

formation or a different transformation sight fit the data better,

and appropriate changes viii be necessary throughout this section.

It is probably preferable, but not necessary, to use the same

transformation chat was used with the acute values in Sction V.

D. Decide whether the data for each species is useful caking into

account the range and number of the rested values of the water

quality characteristic and the degre. of agreement within and

between specie.. For example, a slope based on six data points

sight be of limited value if it is based only on data for a very

narrow range of values of the water quality characteristic. A
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slop. based on only two data points, however, might be useful if i

is consistent with other information and if the two poics cover a

broad enough range of the water quality characteristic. ti

addition, chronic values than appear to be questionable in

comparison with ocher acute and chronic data available far the same

species and for other apcies in the same genus probably shou.d not

be used. For example, if after adjustment for the water quality

characteristic, the chronic values available for a species or genus

differ by more than a factor of 10, re3accion of some or all, of the

values is probably appropriate. If a useful chronic slope is not

available for at least one species or if the available slopes are

too dissimilar or Lf too fey data are available to adequately

define th. relationship between chronic toxicley and the water

quality characteristic, it might be appropriate no assume chat the

chronic siop. is the same as the acute slope, *iich is equivalent

to assuming that the acute—chronic ratio is independent of the

water quality characteristic. Alternatively, return to Section

Yt., using th. results of tests conducted under conditions and in

waters similar to those comeonly used for toxicity tests with the

species.

Z. Individually for each species calculate the geometric mean of the

available chronic values and then divide each chronic value for a

species by the mean for the species. This normalizes the chronic

values so chat the geometric mean of the normelised values for each

species individually and for any combination of species is 1.0.

F. Similarly normalize the values of the water quality characteristic

for each species individually.
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C. Individually for each spectes perform a least squares regression of

chø nora1i:ed chronic toxicity values on the corresponding normal

ized values of the water quality characteristic. The resulting

slopes and the 95% confidence liiiits will be identical to chose

obtained in Section above. Kow, however, if che data are

actually plotted, the line of best fit for each individual species

will go through the point 1,1 in die cancer of the graph.

1. ra all the normalized data as if they were all for the same

species and perform a Least squares regression of all the normal

ized chronic values on th. corresponding normalized values of the

water quality characteristic to obtain the pooled chronic slope, L,

and its 93% confidence limits. If all the normalized data are

actually plotted, th. line of best fit will go through the point

1,1 in the center of the graph.

I. For each species calculate the geometric mean, K, of the toxicity

values and the geometric mean1 P of the values of the water

quality characteristic. (Theaa were calculated in steps E and F

above.)

J. For each species calculate the logaric, Q, of the Species 4ean

ironic Valu, at a selected value, Z, of the water quality

cheracterisgic usin; the equation: Q lii K — t(ln P — in z).

WOTE: Although it is not necessary, it viii usually be best to use

the same value of the water quality characteristic here a was used

in section V.1.

K. For each species calculate a Species Mean Chronic Value at Z using

the equation: SMCV a eQ.
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NOTE: Alternatively, the Speci. an Chronic Values at z can b

obtained by skipping step J above, using the equations in steps J

and K to adjuet each acute value individuafly to Z and then calcu

lating the geometric neaze of the adjusted values for each species

individually. This alternative procedure allows an exaninacjon of

the rang. of the adjusted chronic vtues for each species.

L. Obtain the Final Chronic Value at Z by using the procedure

described in Section IV.J-O.

?4. tf the Species Mean chronic Value at Z of a coerciaLly or

recreationally i.portanc species is lover than the calculated Final

Chronic Value at then that Species Mean Chronic Value should be

used as ch Final Chronic Value at Z instead of the calculated

Final chronic Value.

N. The Final Chronic Equation 15 written as: Final Chronic Value

(Ltln(vacer quality characteristic)1 + In S — T[1O a!) Iiere

L pooled chronic slop, and S • Final Chronic Value at Z. ecause

L S and Z are known, the Final Chronic Value can be calculated for

any selected value of the water quality characteristic.

Viii. Final Plant Value

A. Appropriate neasures of the toxicity of the naterial to aquatic

plants are used to conpar. the relative sensicivities of aquatic

plants and aniaIs. Although procedures for conducting and

interpreting the results of toxicity tests with plants are not well

developed, results of rests with plants usually indicate chat

criteria which adequately protect aquatic auieats and their uses

will probably also protect aquatic plants and their uses.
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B. A plant value Is the result of a 96—hr cast conducted with an al.ga

or a chronic cast conducted with an aquatic vascular plant.

NOr: A test of the toxicity of a aetal Co C plant usually should

nor be used if the medi contained an ezc.ssivs amount of a

complexing agent, such a; KDTA that might affect the toxicity of

the macat. Concentrations of EDTA above about 200 g/L should

probably be considered excessive.

C. The Final Plant Value should be obtained by selecting the lowest

result from a cast with sn important aquatic plant species in which

cia concentrations of test material were measured and che endpoint

was biotoicalLy important.

tX Final Residue Value

A. The Final Residue Value is intended to (a) prevent concentrations

in coerciatty or recreacionatly important aquacic species from

affecting aericacabilicy because of exceedance of applicable FDA

action levels and (b) protect wildlife, including fishes and birds,

chat consie aquatic organIsms from demonstrated unacceptable

effects. The Final Residue Value is the lowest of the residue

values chat are obtained by dividing naxiam permissible tissue

concentrations by appropriate bioconcetzcracion or bloaccumutac ion

factors. A maximum permissible tissue concentration is either (a)

an FDA action level [12] far fish oil or for the edible portion of

fish or shellfish, or (b) a maximum acceptable dietary intake based

on observations on survival, growth, or reproduction in a chronic

wildlife feeding study or a tong—term wildlif, field study. If no
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maximum per issible tissue corzcerzrration is available, go to

Section X because no Final Residue Value can be derived.

3. oconcencracion factors (BC?s) and bloaccumulation factors (sAps)

are quotients of the concentration of a material in one or more

tissues of an aquatic organism divided by the average concentration

in the solution in which the organism had been living. A BC! i

intended to account only for net uptake directly from water, and

almost has to be measured in a labor.;cory rest. Some uptake

during the bioconcetzcracion teat might not be directly from water

if the food serbs some of the test material before it is eaten by

the test organisms. A BA! La intended to account for net uptake

from both food and water in a real—world situation. A BA! almost

has to be measured in a field situation in which predators

accumulate the material directly from water and by consuming prey

that itself could have accumulated the material from both food and

water. The BC? and BA? are probably similar for a material with a

low BC?, but the BAY is probably higher than the BC? for materials

with high DCI’e. Although BC?a are nor coo difficult to determine,

very few 3APe have been measured acceptably becuee it is necessary

to make enough masuremenrs of the concentration of the material in

water to show that it was reasonably constant for a long enough

period of time over the range of territory inhabited by the

organisms. Because so few acceptable BAYs are available, only BCFs

will be discussed further However, if an acceptable BAY is

available for a material, it should be used instead of any

available BCFs.
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C. If a maximum permissible tissue concentration is available for a

substance (e.g..., parent material, parertc material plus ruecabolires,

etc.), the tissue concentration used in the calculation of the BCF

should be for the same substance. Otherwise the tissue

concentration used in the calculation of the BC? should be chat of

the material and its metaboliten which are structurally similar and

are not ch more soluble in water than the parent material.

D. 1. A BC? should be used çtily if the teat was flow—through, the BC!

was calculated based on measured conceatracions of the test

material in tisane and in the cast solution, and the exposure

continued at least until either apparent steady—state or 28

days was reached. Steady—state is reached when the BC? does

not change significantly over a period of time, such as two

days or 16 percent of the length of the exposure, whichever is

longer. The BC? used from a cast ahould be the highest of (a)

the apparent steady—state BC?, if apparent steady—state was

reached, 0,) the highest BC! obtained, if apparent steady—scare

was nor reached, and (c) the projected steady—state BC?, if

calculated.

2. Whenever a BC? is determined for a lipophilic material, the

percent lipids should also be determined in the tissue(s) for

which the BC? was calculated.

3. A BC? obtained from an exposure that adversely affected the

test organiams may be used only if it is similar to a BCF

obtained with unaffected organisms of the same species at lower

concentrations chat did not cause adverse effects.
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4. Because naximum permissible tissue concentrations are almost

never based on dry weights, a BC! calculated using dry tissue

weights must be converted co a wet tissue weight basis. If no

conversion factor is reported with the BC!, En.1lcip1.y the dry

weight BC! by 0.1. for plankton and by 0.2 for individual

species of fishes and invertebrates (1.7].

5. If more than one acceptable IC! is available for a species, the

geometric mean of the available vaLuer should be used, except

that if the ICPs are from different lengths of exposure and the

BC! increases with length of exposure, the BC! for the Longest

exposure ehould be used.

B, If eqough pertinent data exist, several residue values can be

calculated by dividing mazim permissible tiseuc concentrations

by’ appropriate BC?e:

1. For each available maximum acceptable dietary intake derived

from a chronic feeding study or a long—term field study with

vildIlfe, including birds and aquatic organisms, the

appropriate BC! is based on the whole body of aquatic species

which constitut, or represent a major portion of the diet of

the tested wildlife species.

2. For an 7D action Level for fish or shellfish, the appropriate

IcY is the highest geometric mean species BC! for che edible

portion (muscle for decapods, muscl, with or without skin for

fIshes, adductor muscle for scallops, and total soft tissue for

ocher bivalve molluscs) of a consumed species. The hihesc

species BC! is used because P1A action levels are applied on a

species—by—species basis.

51



. For lipophilic cerials, it night be possible to calculate

additional residue val.ues. Because the steady—state BCF for a

lipophilic material seems to be proportional to percent lipids from

one tissue to another and from one species to another [18—20],

extrapolations can be made from tested tissues or species Co

untested tissues or species on the basis of percent lipids.

I. For each BC! for which the percent lipids is known for the

smee tissue for which the BC? sas measured, normalize the BC!

to a one percent lipid basis by dividing the BC! by the percent

lipids. This adjustment to a one percent lipid basis is

intended to make all the measured BC?s for a material compara

ble rngardlasa of the species or tissue with which the BC? was

measured

2. Calculate the geometric mean normalized BC?. Data for both

saltwater and freshwater species should be used to determine

the mean normalized !C? unless the data show that the

normalized BC?s are probably not similar.

3. CalcuLate all possible reaidue values by dividing the available

maxim permissible tissue concentrations by the mean

normalized BC? and by the percent lipids values appropriate CO

the mazi permissible tissue concentrations, i.e.,

(maximum permissible tissue concenctation)Re.due value
(mean normalized BCP)(appropriaca percent Lipids)

a. For an TDA action level for fish oil, the appropriate

percent lipids value is 100.

b. For an FDA action level for fish, the appropriate percent

lipids value l 11 for freshwater criteria and 10 for
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saltwater criteria because FDA action levels are applied on

a species—by—species basis to coeon1y consined species.

Th. highest lipid contents in the edible portions of

important consuaed species are about 11 percent for both

the freshwater chinook salman and lake trout and about 10

percent for the saltwater Aclancic. herring (21J.

c For a maximum acceptable dietary intake derived from a

chronic feeding study or a long-tmrm field study with

wildlife, the appropriate percent lipids is that of an

aquatic species or group of aquatic species which

constitute a major portion of the diet of the wildlife

species.

G The Final Residue Viu is obtained by selecting the iowsc of

the available residue values.

NOtE: tn some cases the Fiaal Residue Value viii. nor be tow

enough. For example, a residue value calculated froa an FDA action

level will probably result in an average concentration in the

edible portion of a fatty species chat ii at the action level.

Some individual organisms, and possibly some species, will have

residue concentrations higher than the mean value but no mechanism

has been devised to provide appropriate additional protection.

Also, some chronic feeding studies and long—term field studies with

wildlife Identify concentrations chat cause adverse effects but do

not identify concentrations which do not cause adverse effects;

again no mechanism has been devised to provide appropriate

additional protection. These are some of the species and uses chat

are mac protected at all times in all places.
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X. Ocher Data

Pertinent information chat could not be used in earlier sections nihc

be available concerning adverse effects on aquatic organisms and their

uses. The most important of these are data on cuulacive and delayed

toxicity, flavor imnairmenc, reduction ía survival, growth, or

reproduction, or any ocher adverse effect chat has been shown to be

biologically important. Especially important are data for species for

which no other data are available. Data from behavioral, biochemical,

physiological, microcown, and field studios night also be available.

Data night be available from tests conducted in unusual dilution water

(see tV.D and VI.D), from chronic tests in which the concentrations

were not measured (see Vt.B), from tests with previously exposed

organisms (see LI.?), and from tests on formulated mixtures or

emulsifiable concentrates (see 11.0). Such data might affect a

criterion if the data were obtained with an imoorcanc species, the cent

concentrations were measured, and the endpoint was biologically

important.

XL. Criterion

A. A criterion consists of t concentrations: che Criterion Maximum

Concentration and the Criterion Continuous Concentration.

B. The Criterion Maximum Concentration (Q4C) is equal cc one—half the

Final Sute Value.

C. The Criterion Continuous Concentration (ccc) is equal to the lowest

of the Final Qrouic Value, the Final Plant Value, and the Final

Residue Value, unless other data (see Section X) show chat a lower

value should be used. If toxicity is related co a water quality
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characrisc.c, cnn CCC is obtained from the Final Chronic

quacion, the Final Plant Value, and the Final Residue Va1 by

selecting the one, or the combination, that resulta in the lowest

concencracions in the usual range of the water quality

characteristic, unless ocher data (see Section X) show char a tower

value should be u8ed.

D. ROUnd (141 both the CMC and the CCC to two significant digits.

E. The criterion is stated as:

The procedures described in the “Guidelines for Deriving Numerical

National. Water Quality Criteria for the Protection of Aquatic

Organisms and Their Uses” indicate chat, except possibly where a

locally important species is very sensitive, (1) aquatic organisms

and their uses ahoiild not be affected unacceptably if the four—day

average concentration of (2) does not exceed (3) .ig/L more than

once every three years on the average and if the one—hour average

concentration does not exceed (4) jg/L more than once every three

years on th. average.

where (1) insert “freshwater” or “saltwater”

(2) insert name of material.

(3) insert the Criterion Continuous Concentration

(4) Insert the Criterion Maximum Concentration.

XII. Final aeview

A. The derivation of the criterion should be carefully reviewed by

rechecking each step of the Guidelines. Items chat should be

esmecially checked are:
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1. If unpub1.ished data are used, are they well docunerzted?

2. Are all required data available?

3. l the range of acute values for any species greater that) a

factor of 10?

4. Is the range of Species Mean Acute Values for any genus greater

than a factor of 10?

5. ta there nor. than a factor of ten difference between the four

lowest Genus Mean Acute Values?

6. Are any of the four loveec Genus Mean Acute Values

quest ioriab I.?

7. Is the Final Acute Value reasonable in coeparison with the

Sp.cies Mean Acute Values and Genus Mean Acute Values’?

8. For any coercial1y or recreacionalty inperrant species, is

the geosiecric sean of the acute values frog flow—through tests

in which the concentrations of test eacerial were measured

tower than the Final Acute Value?

9. Are any of the chronic values questionable?

10. Are chronic values available for acutely sensitive species?

11. Is the rane of acute—chronic ratios greater than a factor of 10?

12. Is the Final hrouic Value reasonable in cosparison with the

available acute and chroaic data?

13. Is the easur.d or predicted chronic value for any con2llertially

or recreacionalLy important species below the Final Chroniê

Value?

14. Are any of the ocher data important?

15. Do any’ data took like they night be outliers?
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16. Are there any deviations from the Guidelines? Are they

acceptable?

. Ge the basis of all available pertinent laboratory and field

information, determine if the criterion is consistent with sound

scientific evidence. If it is not, another criterion) either

higher or Lover, should be derived using appropriate sodjficttions

of these Gtidelinas.

57



REFERENCE S

1. u.s. EPA. 1983. Water Quality Scandarde Regulation. Federal Regi5cer

48:5140051413. {ovenber 8.

2. U.S. EPA. 1983. Wacer Quality Standards Handbook. Office of Water

Regulations and Standards, Washington, DC.

3. U.S. EPA. 1985. technicat Support Docixeni: for Water Quality—Based

Toxice Control. Office of Water, Washington, DC.

4. Thurecon, C. !. 1962. Pbysical Characteristics and enical Conposition

of two Subspecies of Lake Trout. J. Fish. Rae. Ed. Caaeda 19:39—44.

5. Bodson, P. V., cc ci. 1983. Effect of Fiuccuacin; Lead Exposure on Lead

Accuulacion by Rainbow trout (Salno airdneri). Environ. toxicot. Che.

2:225—238.

6. For expla, see: Ingersoll, C. G. and R. W. Winner. 1982. Effect on

Daprnia putex (Dc Gear) of Daily Pulse Exposures to Copper or Cadmiun.

Environ. Toxicol. Qeis. 1:321—327; Seis, W. L, cc al. 1984. Growth and

Survival, of Devetoning Sceelbead Trout (Salmo airdneri) Continuously or

Incersiccencly Exposed to Copper. Can. 3. Fish. Aquac. Sd. 41:433—438;

Buckley, J.T., at ci. 1982. Chronic Exposure of Cobo Ss1on to

Sublethal Concentrations of Copper—I. Effect on Growth, ott A.ccunulacion

and Distribution of coper, and on Copper Tolerance. Conp. Biochen.

Physiot. 7ZC:15—19; Irown, V. K., at at. 1969. The Acute toxicity to

Rainbov Trout of Fiuccuacin; Concentrations and Mixtures of Aonia,

Phenol and Zinc. 3. Fish Biot. 1:1—9; Thurscon, R. V., cc al. 1981.

Effect of Fluctuating Exposures on the Acute toxicity of Amonia to

Rainbow Trout (Salno gairdneri) and Cutthroat trout (S. clarkii). Water

Res. 15:911—917.

58



7. ro ixpl, see: Horning, W. B. and T. W. Neiheie1. 1979.

Efácc of Copper on the Bluntness Minnow, Pinephales nocatus

(Bfinsaque). Arch.. Kuviron. Contazs. Toxicol. 8:545—552.

8. For expte, see: Chapau, C. A. 1982. Letter to Charles E. Scephan.

U.S. EPA, Duluth, Minnesota. December 6; Qiapean, C. A. 1975. toxicity

of Copper, Cadmit and Zinc to Pacific Norcwesc Salmonids.

Haport. 3.S. EPA, Corvallis, Oregon; Spehar, K. L. 1976. Cadmi and

Zinc Toxicity to Flagfich, .Ierdanella floridse. J. Fish. Boa. Board Can.

33:1939—1945.

9. U.S. EPA. 1980. Water Quality Criteria Docencs; Availability.

federal !agüter 45:79318—79379. November 28.

10. U.S. EPA. 1984. Water Quality Criteria; Baquest for Coents. Federal

Register 49:4551—4554. February 7.

11. Ericssou, K. .3. and C. E. Stephen. 1.983. CalcuLation of the Final Acute

Value for Water Quality Criteria for Aquatic Organisms. National

Technical Information Service, Springfiel.d, Virginia.

12. U.S. Food and Drug Mminiscratioa. 1981. Compliance Policy Guide.

Compliance Guidelines Branch, Washington, DC.

13. For good examples of acceptable procedures, see:

ASTh Standard K 729, Practice for Conducting Acute Toxicity Tests with

Fishes, Macroinvertebraces, and Amphibians.

ASfl4 Standard K 724, Practice for Conducting Static Acute Toxicity

Teats with Larvae of Pour Species of Bivalve *Lluacs.

14. Ruth, K. .3., et at. 1978. Council of Biology Editors Style ManuaL, 4th

Ed. Council of Biology Editors, Inc., Bethesda, Maryland. p. 117.

15. Dixon, W. .3. and H. S. Brown (ads.). 1979. SHOP Biomedical Computer

Programs, P—series. University of California, Berkeley. pp. 521—539.

59



.1. and W. Wassernan. 1974. Applied Linear Scatistical t1odels.

truin, tP-, Romewood, tilinois.

17. mc values of 0.1 and 0.2 were derived from data published in:

KDiffect, W. F. 1970. Ecology 51:975—988.

Brocksen, a. w., et. 1968. .3. Wildlife Kanagsnc 32:52—75.

Guins, . W. , cc at. 1973. Ecology 54:336—345.

Pesticide kialytical Manual, Volume I, Food and Drug Administration,

1969.

Love, R. K. 1957. tn: K. S. Brown (ed.), The Physiology of Fishes,

Vol. 1. Academic Press, Kem York. p. 411.

Ruccuer, F. 1963. Fuedemenral.s of Lienology, 3rd 54. Trans. by D. G.

Prey and F. 5. .3. Fry. University of Toronto Press, Toronto.

Bose additional values can be found in:

Scutchorpa, C. D. 1967. Th. Biology of Aquatic Vascular Plants.

Arnold Publishing, Lcd., London.

18. He1ink,. .3. L., ec el. 1971. A Proposal: Exchange Equi1ibia Control

the Degree chlorinated aydrocarbons are Biologically Hagnified in tactic

Environments. Trans. As. Fish. Soc. 100:207—214.

19. Lunsford, C. A. end C. S. BIas. 1982. Annual Cycle of epone Residue in

Lipid Content of the !.scuarine Clam, Rangia cuneata. Estuaries

5:121—130.

20. Schnoor, .3. L. 1982. Field Validation of Water Quality Criteria for

JLydrophobic Pollutants. to: .3. C. Pearson, cc at. (ads.), Aquatic

Toxicology and Razard Assessment. ASTX STP 766. American Society for

Tasting and Materials, Philadelphia. pp. 302—315.

60



21. S-idv11, V. D. 1981. che2ic4l and Nutritional CopOsition of Firifishes,

m1a. Cratacaana, 4ol1usks, and Their Producr. NOAA Technical

Hesorand NMPS F/SC—11. National !tarine Pisheriea Service, Soucheac

Tieheriee Center, Charleston, South Carolina.

61



Apoendiz 1. Resident North erican Species of Aquatic Animals Used in Ticty and
3icconconcracion Tests

tncroductIp..

These lists idenciiy species of aquatic animals which have reproducing wild popula—
cions in North America and have been used in toxicity or bioconcencracin cesca. “North

includes only the 48 contiguous states, Canada, and Alaska; flawaii and Puerto
Rico are not included. Saltwater (i.e., escuarine end truemariae) species are
considered resident in North America if they inhabit or regularly enter shore waters on
or above the continental shelf to a depth of 200 meters. Species do c have to be
native to be resident. Unlisted species should be considered resident North American
species if they can be similarly confirmed or if ohs test or;anisnz, were obtained from a
wild population in North America.

The sequence for fishes is taken from A List of Coesson and Scientific games of
Fishes from the United States and Canada. For ocher species, cite sequence of phyla,
classes, and families is taken from the NQDC Taxonomic Code, Third Rdicion, National
Oceanographic Data Cancer, NOAA, I1ashingcon, DC 20235, July, 1981, and the numbers given
are from chat source to facilitate verification. Within a family, genera are in
alphabetical order, as are species in a genus.

The references given are those usedco confirm chat the species is a resident Notch
American species. (The HODC Tazonomi.c Code contains foreign as veil as Notch American

species.) If no such reference couLd 6, found, the species was judged to Sc nonresidenr.
Ho reference is given for organisms not identified to species; these are considered
resident only if obtained from wild North American populations. A few nonresident species
are Listed in brackets and noted as “nonresident” because they were mistakenly identified
as resident in the past or to save ocher investigators from doing Literature searches on
the sane species.

Freshwater Species

Species
Class Family Coamon Name Scientific Hams Reference

PETt.UK: POftIflNA (36)

Damospougia Spom;illidae Sponge tpbydacia fluvletilis P93
3660 366301

PHYLUM: cHIDARIA (COELENTERATA) (37)

Rydrosoa Rydridan Rydra oliaccis 5318, P112
3701 370601

aydra Iictoralis 5321, P112
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‘reshwacer (Coiciuued)

Species
ciass ‘smi1y Cotjio Nane Sciencific tatne Reference

PwfLm: PLATYHELMINfll!S (39)

Trbetaria Planari.idae Ptatatiat Duesie ctotacepla1a t22.
3901

PI.anarian Dugesi lugubris D24
(gesia otychra)

?1anarin P1eaer pocepha1a [Foocnoce 1]

tPlenerian] tPol.ycelis feline] [nonresident]

Dendroceelidee Plenarien Procotyla fluviacilis £334, P132,
391501 (Dendrocoelum lacceum) 063

PLUH: CASTR0TICHA (44)

Chaeconotoida Chaecoaocidae Geatrocrich Lepide4ermella sguaacum £413
4402 440201

PIYttfl1: ROTIFERA (R0TAGRIA) (45)

Bdelloidea Pliilodinidae Rocifer Philodina acucicoruis Y
4503 450402

Rocifer Philodina roseola £487

t4onogononta kachionidae Rocifer erace11a cochiesris £442, P188
4506 450601

Rocifer etace11a sp. [Foococe 2]

PE’ILUN: AINELIDA (50)

Archiannelids .Aeo1.oscatidae Worm Asoiosona headleyj. £528, P284
5002 500301

Oligocheeca t.umbrLcu1ida Worm t.utabziculus wariegacus £533, P290
5004 500501

Tubificidae Tubificid worm Brsnchiura sowerbyl £534, P289,
500902 GG

tubificid worm Limnodrilus hoffueisteri £536, GG

ifjcid worm Qui.tadri1us mulcisecosus E535, GG
(Peloscolex mulcisecosui)
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Freshwacer (Coudnued)

Species

Ctass Family Gouon Name Sciencific Name Reference

Tubificid worm Rhyacodrilus moncana CC

tubificid worm Spiroopertsa ferox CC
(Peloscotex ferox)

tubificid worm Spirooperma oikolskyi E534, GG
(Peloscolex riegsus)

Tubificid worm y1odri1us heritigianus CC

Tubi.ficid worm tubifex cubifex E536, P289.
CC

Tubificid worm Varicheeca pacifica CC

Naididac Warn Nais p. EP’oocnoce 2]
300903

Worm Parauaia op. [Yoocnote 2]

Worn Prisrina op. [Feocucce 2]

Rirudinea Erpobdollidae [Leech] tErpobdello eccoculaca] (rotiresidenc]
5012 501601 (8E16)

PWftU14: 0LL1ZSCA (5085)

Gascropoda Vivipari.dae Snail Cazopclona decioum P731, l1216
51 510306

3ichyniidae Snail Aiico1a op. [Yoocnoce 2]
(xiicolidae)
(&1iidae)
(aydrobiidae)
510317

Pleuroceridae Snail Goniobacie liveoceno P732
510340

Snail Coniobasis virnica Eij37

Snail Leptoxis carimaca X, 51137
(Nicocris cariaoca)
(Mudalia caritlata)

Snail Witocrie op. (?oocnoce 21
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Freshwater (Continued)

Species
Class Family Common Name Scientific Name Reference

Lymnaeidae [Snail] [Lynnaea acuminatal (nonresident!
511410

Snail Lymnaea cacascopium M328
(Lymnaea emarginaca)
(Stagtdcola etnarginaca)

Snail Lymnae elodes E1127, 435l
(Lymnaea paluscris)

[Snail] (Lymnaea luceola] [nonresident]
(M266)

Snail iymnaea scagnalis Z1127, P726,
t29 6

Snail Lyaea sp. [Footnote 21

P1.anorbidae [Snail] (Biomphalaria glabraca] [nonresident]
511412 (390)

Snail Gyraulus circumscriacus P729, X397

Snail Belisoma campanulacum X445

Snail Keliaoma crivolvis P729, 5Z

Pliystdae Snail Aplaza hypnorum S1126, P727,
511413 !373

(Snail] (Physa foncinalis] [nonresident]
((3 73)

Snail Physa gyrina E1126, P727,
K373

Snail ya heceroscropha M378

Snail Physa incegra P727

Snail Physe ep. (Foocnoce 21

Sivalvia Margar.iciferidae Mussel Hargaritifera E1138, P748,
(Pelecypoda) 551201 mararicifera Jil

55 V

mb1csidae sssel Amblema plicaca AA122
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Freshwater (Continued)

Species

CLass Family Common Name SciencHic Name Reference

Unionidee Mussel Aiiedonca imbecillus 372, AA122
551202

•ussei Caruncz1irta parva J19, ?,A122
(Toxolasma cexasetisis)

Mussel Cyrconsias campicoenis 9759, AA122

Mussel Ellipcio complanaca 313

Corbiculidee Asiatic clam Corbicula fluminea E1159
551545

Asiatic clam Corbicols manilerisis P749

Pisidiidac Fingernail clam Eupeza cubensis E1158, P763,
(Sphseriidae) (Eupera singleyi) G9

551546
Finiermail clam MusculLu craasversum X160, Gil

(Spbaerium craasversum)

Fingernail clam Sphasrium corneum G12

PHYLUM: ARThROPODA (58—69)

Crustaces tytceidae Conchoscracan Lynceus brachyurus E580, P3(4

61 610701

Sididas Cladoceran Diaphaaosoms sp. (Footnote 21
610901

Daohnidae Cladoceran Csriodsphnia acanchina E6l8
610902

Ciadoceran Ceriodaphnia reciculaca E618, P368

Cladoceran Dapbnia ambigua E607) P369

Ciadoceran Daphnia canasta CFoocnoce 3]

(Cladoceranj (Daphnia cucullata) (nonresidenc]

Cladoceran Daphnia galeacs mendozae E610, 9370

Cladoceran Daphnia hyalina (Footnote 4]

Cladocaran Daphnia longispina (Footnote 5]
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FreshwaCer (Continued)

Species

Class Family Can Name Scientific Name Refereace

Cladocerau Dahtiia magna E605, P367

Cladoceran Daphtiia pvula E6H

Cladoceran Daphia pulex £613, P367

Cladoceran Daphni4 pulicaria A

C1adccerai phniasimilis E606 P367

Clacicceran Home mactocopa 5622, P372

Cladoceran Home recrirostris 5623

C1adceran Simocephalus serrularus 5617, P370

Cladoceran Siocephalua vaculus 5617, P370

8osminidae Cladoceran !osmiua loniroscris 5624, P373
610903

Polypheisidae Cladoceran P.a1ypheiui pediculus 5599, P385
610905

Cyprididae Coacracod] [Cyrerca kavacal] (rtonreaidenr]
(Cypridae) (U)
611303

Oscracod Cypridopsia vidua 5720, P430

Diaptomidaa [Copepod] (5udiaptoius padanuzi (ronresider]
611818

Tesorida. Copepod Epiachura lacuacria Z751, P407
611820

Cyclopidee [Copepod] (Cyclops 4yssoruml (nonresident]
612008

Copepod Cyclops bicuspidacus 5807, P405

Copepod Cyclops vernalis 5804, P405

Coppod Cyclops viridis 5803, P397
(Acanthocyclops viridis)

Copepod Acanchocyclope ap. tFoocnoce 2]
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‘reshwater (Continued)

Species
Ciss .ami1y Common 4ame Sciecific Natue Reference

Copepod Diacyclops sp. [Foocaoct 2]

Copepod Eucyclops agilii P403

Copepod esocyclopa leuckarci E812, 2403

4.aellidac (teopodi (Asellus aguacicus] onrsidenr]
616302 (12)

tiopod Aseltus bicrenaca
(Caecidocea bicrenaca) (11,2)

tsopod A..setlus brevicaudus 5875, P447,
I

topod Asellus conunia 5875, P448,
I

teopod keellus incermedius 5875, P448,
I

(Isopodi (As.ttus meridiarzusl [nonresident]

Isoped Asettus rtcoviczai 2449, 1

teopod Lirc.us ilabaiiae 5875, I

Ceis1*aridae Azaphipod Cranonyx pseudogracilis 2459, T68,
616921 FF28

Ampbipod Gaarus fasciacus 5871, P458,
T53

pipod Grus Iscuscris 5877, P458,
TV23

Ampbipod Gaarus pseudotitmaeus 5877, 2458,
148

[AphipodI [Ga=.arus pulexi (nonresident]

Aphipod Gaarus cigrinus L51, FF17

Aiephipod Gaaruz ap. [Footnote 2]
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Freslwacer (Contiausd)

Species
C].asa ami1y Commou Name ScLeacifjc Name Reference

NyfLy Callib&ecis sp. [Foocnoce 21

Mayfly Clocon dipterum 0173

Lepcophlebiida. MayfIy Paraleprophlabia S89, 0233
621,701 pra.pedica

!phemereltidae Mayfly Epheare11a doddei 0245
621702

tayf1y Sphemerella gndie 0245

Kayfly Ephemereila eubvarI.a 119, 0248,
871

Itayft,’ !pberearalla ep. (Footnote 2]

Caanidae Nayfly Catnis dimiuuca S51, 0268
621802

phemeridae Mayfly hemera simulaus S36, 149,
622003 0283

4ayf1y aexagenia bilineaca 119, 839,
0290

Mayfly ezaenia rigida 0290, 841,
119

Hayfly Kezaen,.a ap. (Foocuoce 2]

t.ib.ltutLdge Dragonfly ?antala bym.nea 1115, ‘1603
622601 (Pancala iym.naea)

Co.nagriouidaa Deasaifly Zuallagm.a aspersum DO
(Agrionida.)
(Coati.agLidaa) (Dsa1flyJ [technura slogans] (nonresident]
622904

Damseifly tochnura vercic(a1Ls 1415, E918

Daizesifly technura sp. (Footnote 2]

Ptaronarcidae Scoaefly Preronsrcel.la badia L172
(Pleronarcyida.)
625201 Sconefly Pteronarcya californica L173

Stonofly Preronarcys dorsata 5947
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Freshwater (Cntjuued)

Species
C1a Family Coaoci same Sciencifi Nate

— Raference

Scooefly Pteronarcys sp. [Footnote 2]

1enouridae (Stoneflyl (Nemoura cirierea] (noresidenc
625204

Perlidae Stoaefl.y Acroneuria lycorias N4 E953
625401

Sconefly Acroeuria pacifica E953, L180

Sconefly Claasaenia sabulosa E953

Sconefty Neophasganophora capicata E953, CC407
(Pheeganophora cpicata)

Perlodidae Sonefty Arcynopteryx parallels K954
625402

epidae Water scorpion Ranacra elengaca [nonresident]
627206

Dyti.scidae Eaet).e (Footnote 21
630506

Elmidae Beetle Scenalmia sexilneata W21
(Elninchidae)

631604

RydropLychidee Caddiafly Arccopsyche grandia L2511 1198
641804

Caddie fly ydropeyche bet reni H24

Caddiafly Eydropyche californica L253

Caddiefly Rydropeyche ep. (7ocnoce 21

I4.nephitidae Caddiafly Cliscornia magnifica t1206
641807

Caddiefly Pbilsrccus guiana 12272

Bnachycencnidae Caddiefly Brachyceacrus ap. [Footnote 21
641815

Tipulidas Crane fly ¶ripula ep. [Footnote 2]
650301
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Freshwater (Continued)

Spec lea

Class Coon Name Scientific Xame Reference

Caracopogenida. Biting midge Footnoce 2)
650504

Culicidee 4o6quico Aedee aegypri EE3
650503

Mosquito Culex pipiea E23

Cironoid.te Hidge Chironomus pjumosus L423
(Tandipedidee) (Tetidipee plumosus)
650508

____.—-——- l4idge Chirenomus cencans Q

tMidgel (Chironomus chuiij [nonresident)

Midg. Chironomus ap. [Footnote 2)

Midga Piracinytarsus (Footnote 7]
parthemogenet icus

Midge Tanycarsus dissi2ilis all

Rhagionida. 5oipe fly Atherix ap. (Footnote 2]
(Lapc ida.)
61603

PIThUM: ECTOPROCTA (BRTOZOA) (78)

Phy’lacco— Peccinatelcidae 3ryoaoan Pectinatella magLfica E502, P269
I aeisac a
7817

tophopodldae Eryo:oan Lephopodella cart.ri 8502, P271

Plat.11id.. kyocoam Ptuaat.lla e.arginata 8505k P272
781701

PHYLUM: C0WATh (83S8)

Agnatha P*crcyzontidae Sea lamprey P.tromyaon marinut P11
86 860301

Osceichchyea Anguitlidae keeican eel Aogiiilla roscraca P15
8717 874101

Salmonidse Pink salmon Oncorhynchue gorbuscha P18
875501

Coho salmon Oncorhy-ochus kisutch FiB
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Freshwater (Continued)

Sockeye salmon

Chinook salmon

Mount aim
whitefish

Golden trout

Cutthroat trout

Rainbow trout
(Steelhead trout)

Atlantic salmon

Brown trout

Brook trout

Lake trout

Northern pike

Chise lmouth

Longf in dace

Central
stoneroller

Salmo aguabonica

Salmo clarki

Salmo gairdneri

Salmo salar

Salmo trutta

Salvelinus foritinalis

Salvelinus namaycush

Esox lucius

Acrocheilus alutaceus

Agosia chrysogasrer

Campostoma anomaium

F19

F 19

Fl 9

Fl 9

Fl 9

Fl 9

F19

F20

F2 1

F2 1

F2 1

Carassius auratus

Cyprinus carpie

[Danlo rerio]
((Brachydanio rerio)]

Ericymba buccata

Notemigonus crysoleucaa

Notropis anogenus

F2 1

P21

[nonresident]
(P96)

P21

P23

F23

Species
Class Family Common Name Scientific Name Reference

Oncorhynchus nerka

Oncorhynchus tshawvc) F19

Prosopium williamsoni P19

Esocidae
875801

Cyprinidse
877601

Goldfish

Coamon carp.

[Zebra danio]
[(Zebrafish)]

Silveraw minnow

Golden shiner

Pugnose shiner
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Freshwater (Continued)

Species

Class Family Common (ame Scientific Name Reference

!x2erald shiner Nocropis acherinoides 123

Striped shiner Nocropis chrysocephaus £23

Coimson shiner Nocropia cornucus 123

Pugnose ninnov Nocropis e1iae £24

Spoccail. shiner Nocropis hudaonius £24

aed shiner Nocropis lucrensis £24

Spocfin shiner Nocropis apiloprerus £25

Sand shiner Nocropis scramineus 125

Seelcolor tocropis whipplei F2
shiner

Northern Phoxinus sos 125
redbefly dacs

Sluntnooe minnow Piiaephales nocacus 125

Pirsephates proseJ.as 125

Northern Ptychocheil.us £25
squavfish oregonensia

Btacknose dace Thinichchys acratulus £25

Speckled dace Rhinichthys osculus 125

3iccerling hodeus sericeus 726

audd Scardinius 126
erycbrophchalmua

Creek chub Sersotilu acromaculacus 126

Pearl dace Semotilus eargarita 126

Tench Tinca cinca £26
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Freshwater (Continued)

Species
Class Family Common Name Scientific Name Reference

Cacoscomidae White sucker Carosrotnus coinmersorjj F26
877604

Mountain sucker Caroscomus Dlatyrhynhus F26

Iccaluridee Black bullhead Iccalurus uielas F27
877702

Yellow bullhead Iccaiurus nacalis F27

Brown bullhead Iccalurus nebulosus F27

Channel catfish Iccalurus puncracus F27

Clariidae Walking catfish Clarias barrachus F28
877712

Oryziidae Medaka (Oryzias lacipes] (nonresident]
(F96)

Cvprinodoncidae Banded killifish Fundulua diaphanus P33
880404

Flagfish Jordanella floridae F33

Poeciliidae Mosquicofi.sh Gambusia affinis F33
880408

Isason molly Poecilia formosa P34

Sailfin molly Poecilia lacipinna P34

Molly Poecilia ap.

Guppy Poecilia recicuJ.aca P34
(Lebistas reciculatus, Obs.)

Sout:heru Xiphophorua macularus P34
piety fish

Gaarerosceidae Brook Culsea inconscans P35
881801 scickleback

Threespine Gascerosceus aculeacus P35
a rickleback

Ninespine Pungicius pungicius P35
scickleback
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Freshwater (Continued)

Soecjes
Class Family. Common {ame Scientific Name Refererce

Percichthyidae Wttie perch Horone americana P36
(Roccus emericanus, Cbs.)

Striped bass orone saxacil.is P36
(Roccts saxacilis, Ohs.)

Cencrarchida. RGCk bias Ambtoplices.,xupestris P38
883516

Green sunfish cyanellus P38

Pumpkinseed Lepomis gibbosue P38

Orangespocced Lepomis humilia P38
sum fish

Bluegill Lepomis macrochirus P38

Longear sunfish Lepomie megalocis P38

Radear sunfish Lepo.i: microlophus F38

Ssal1mmurh bass Micropcerus dolomieui P39

Largemouch bass Kicroprerus salmoides F39

Whz.ca crappie Pooxis amnularis P39

8lack crappie Pomoxi, nigroinaculacus P39

Percidae Rainbov darter Echeostome caeruleum P39
883520

Johnny darter Echeoscona nigrum P40

Orang.chroac ch.osto.a speccabile P40
darter

Yellow perch Perca flavescens F43.

Walleye Stizoscedion vicreu P41
vi trr

Sciaenidae Freshwater drum Aplodinotus grunniens P45
883544

Cichlidae Oscar Ascronocus ocellacus P47
883561
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Freshwater (Continued)

Species
Class Fi1y Comoa same Scientific rame Reference

Blue cilapie tilapia aurea F47

ozambique Tilapia ossambica F7
cilaoia

Coccidee Mottled sculpin Coccus bairdi F60
883102

Amphibis Ranidee Bullfrog Rana cacesbeiana’ 3206
89 890302

Green frog Rena clenicans 8206

Pig frog Rena gryiio 8206

River frog Rena heclcacheri 8206

Leopard frog Rana piolens 3205

Wood frog Rana sylvacica 8206

(Frog] (j cemporial tnonresidenc

Leonard frog Rena suenocephala .JJ

Microhylidae tarrow—mouched Gascrophryne S192
890303 toad carolinensis

Bufonidee American toad Bufo americanus 3196
890304

tToad] [Bufobufe] (nonresident

Green toad Bufo debilis Bj.91

Powlers toad Rufo fovleri 8196

Red—spotted toad Bufo punctacus 3198

Woodhouse’s toad Bufo woodhousei 8196

Rylidae Northern cricket Acris crepicans 8203
890305 frog

Southern tray chrysoscelis B201
tree frog

Spring peeper crucifer 8202
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!reshvacer (Coiztinuei)

Species

Class Fity Conon Msie Sciencific same Reference

8arkiug creefrog j graciosa 3201

Squirrel !L squirells 3201
tree frog

Gray cree frog versic6lor 3200

Norchern chorus Pseudacris triseriaca 3202
frog

Pipidae African clawed Xenopus Isevis Z16
frog

AmbysroecLdaa Spocced Amb!atOa maculatum 3176
890502 alander

(Mexican axototi] (Abystoa sexicauumJ [zonresidezc1

Marbled Abyscoma oacum 3176
salanander

Sa1aadridae (eVC Nocophchalmus viridesceus 3179
890504 (Triturus virdecens)
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Foocuoces

I. Apoarently this is an outdated nne (D19, 20). Or!anisms identified as such should only
be used if they were obtained from Ncrch America.

2. 0ranists not identified to species are considered resident only if they were obtained
from wild populations in North America.

3. If from North America, it is resident and should be called 0. similis (C). If not froo
North america, it should be considered nonresident.

If from North America, it is resident acid ‘cay be any one of a number of species such as
D. jaevis, D. dubia, orD. galeaca mendoca (C). If nocfrom North America, it should be
coniiered nonresident.

5. If from North America, it is resident and may be any one of a number of species, such as
0, ambiu*, 1). longiremis, or 0. roses (C). If not from North America, it should be
considered nonresident.

6. This species mighc be established in orcions of the southern United States.

7. The taxonomy of this species and this and similar genera has not been clarified, but
this species should be considered resident.
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Salr.iacer Species

Species
Class Family Coon Name Sciencific Name eference

PHYLUM: CNIDARIA (CDELEN’ItRATA) (37)

Hydrozos Campanulariidae Hydroid Campanularia flexuosa B122, ESt
3701 370401

Hydroid Laomedea lovani (nonresidencj

Hydromedusa PbialLdium sp. [Foocnoce 11
(581.)

Campanulinidaa (Hydroidi tEirene .viridu1a [rionresidenci
370404

PHYLUM: CTSNOPRORA (38)

Tencaculaca Pleurobrachiidae Ccenophore Pleurobrachia pileus 2l8, 5162
3801 380201

MemLidae Ccenophore Mnemiopsis mccrdayi C39, 194
380302

PHYLUM: RHYNCHOCOELA (43)

Heceranetuercea LiacLdae Nemecine wortu Cerebraculus fuacus B252
4303 430302

PHYLUM: KOTIFERA (RorAroalA) (45

Honognonca kachionidee Racifer Brachionus plicacilis 3272
4505 450601

PHYLUM: ANNELIDA (50)

Polychacca PtLyllodocidae Polychacce or Phyilodoce iiaculaca 5334
5001 500113 (AeaicLdes eaculaca)

(Mer’eiphyua tnncu1ca)

Nereida. Polychiece won Neanchei arenaceadencaca E377
500124 (Nerds arenaceodencaca)

(Polychaece won] (Neanches yeah] (nonresidenc]

Polychaete worm Nereü diversicDhor E337, F527
(Neanches diversicolor)
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Salcwacer (Continued)

Spec ie

Ctasa Family Common Name ScLencific Name Reference

Sand worm Nerais vireas S317, E337,
(Neanthes virens) C58

Polychasce worm Nerels ap.

Drvilleidae Polychaece worm 0phrocrocha diadema P23
500136

tPolychaeca wormy [Ophryocrocba tabrunica] [nonresident]

Spionidee Polycbaece worm Polydora webateri E338
500143

Cirraci1idae Polychaece worm Cirrifernia spirabrancliia G253
500150

Cceaodrilidae Polychasce worm Crenodrilus serracus 0275
500153

Capicellidaa Polychaer.e worm Capicetlp capicaca 6358, 337
500160

Arenicolida Polychacce worm Arenicola marina 3369, E337
500162

Sabellidae Polychaece worm Ediscy1ia vancouveri DO
500170

Otigochaeca tubificidas Oligochaece worm Limnodriloides Z
5004 500902 varrucous

Otigochaece worm 4onopy1ephorus Z
cucicularua

Oligocha,ce worm tubificoidee riel1ae Z

PHYLaM: W)LWSCA (5085)

Gacropoda Kaliocidas Black abalone Haliocis eracherodil C88, 017
51 310203

V Red abal.ome Raliocis rufescena 018

Calypcraeidaa Coou Aclancic Crepidula fornicaca C90, 0141
510364 slipperahell

Kuricidae Oyster drill Urosalpinx cinerea 6646, 0179,
510501 (Uroalpiti cinereus) 264
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Salcuacer (Continued)

Species
Class Family Common Name Scientific Name Reference

Helongeuidae Channeled whelk Busycoci canaliculacum 3655, 0223,
(Nepcuneidae) 3264

510507

Nassariidae *4 snail Nassarius obaolecus 3649, 0226,
(Nassidse) (Nassa obsoleca) 3264

510508 (gsaa obsoleca)

ivalvia Mycilidae Northern horse l4odiolus tnodiolus 0434
(Pelecypoda) 550701

55
Blue mussel ytilus edulis 8566, ClOl,

0428, 3299

(Mediterranean (Myci lus [nonresident
mussel] gal1oprovinial1isJ

Peccinidae Day scallop Argopeccen irradians 0447
550905

Oscrei4ae Pacific oyster Crassoscrea gigas Cl02, 0456,
551002 3300

3ascaru oyster Crassoacrea virgimica 0456, 3300

Oyscer Craaaoscrea sp. [Footnote 1]

Oyster Oscrea edulis £300

Cardiidae [Cockle] (Cardiuxn edule] (nonresident
351522

Kacridae Clam Mutina laceralis 0491
551325

Comoa rangia Rangia cuneaca 0491, 3301

Surf clam Spisula solidissima 8599, D489
3301

Tellinidae Clam Macoma inguinace 0507
551531

[Bivalve) [Tetliua teauls] [nonresident:

Veneridee Quahog clam Mercenaria mercenaria 0523, 3301
551547
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Saltwater (Continued)

Soecies
Class ami1y Common Name Scientific Name Reference

Couon Pacific Protochaca sraminea 0526
1.1cc leneck

Japanese Tapes philippinaru 0527
11cc leneck

Myidae Soft—shell arenari B602, 0536,
(Myacidae) clam £302

551701

PHYLUM: ARTHR0POP (58-69)

Merostoeiaca Limulidac Horseshoe crab Limulus polypheinus 3533, £403,
58 580201 H30

CcuscGea Atemiidae t8rine shrimp) (Arcemia sauna] (Footnote 2)
61 610401

Calanidse Copepod Calanus hel.gol.andicus Q25
611801

Copepod Undiriula vu].aris Q29

Eucalanidae Copepod Eucalanus elonacus A.A
611803

Copepod Eucalanus pileacus AA

Pseudocslanidae Copepod Pseudocatanus minucus £447, 1155,
611803 Q43

Echaecidae Copepod Euchaeca marina Q63
611808

Hecridii4ae Copepod Mecridia pacifica X179, 7
611816

Pseudodiftpcoidse Copepod ?seudodiapcomus £447, 1154,
611819 corenacus QiOl.

Temoridse Copepod Eurycemora affinis £450, 1155,
611820 QIll

Poncellidae Copepod Labidacera scocci R157
611827

Acartiidae Copeood Acarcia clausi £447
611829
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Sal twac er (Continued)

Soecies
Claes ‘ami1y Coiamori Name Scientific sane Reference

Copepod Acarcia tonsa £447, 1154

I{aracticidae opepod tigiopus cifricu J7S
6119W

[Copepodj [tigriopus japanicus] [nonresidenc

Tisbidae Copepod tisbe holochuriae BE
611913

Caathocampcidae Copepod Nicocra spinipes Q240
611929

Balanidee Sarnacle Balanus balanoideg 3424, £457
613402

Barnacle Ealanus crenacus 3426, £457

Barnacle Balanus ebuneus 3424, £457

Barnacle Balanus iprovisus B426, £457

ysLdae Mysid Hereroysis fornosa £513, K720
615301

Myai.dopsis bahia U173

Mysid Mysidopsis bigelowi. £513, K720

Mysid Neoyeissp [Footnote LI

Idoceidac tsopod Idocea balcica 3446, £483
616202

(Leopod] (Idocea emarinaca) [nonresidenci

tlsopod] (Idocea neglectal (nonresidencj

.Iauiridae (teopod) tjaera albifrons] [nonresident]
616306

[laopodj (Jaera albifrons seasu] [nonresident]

[Isopod] [Jaera nordmannil (nonresident]

Anpe1iscidae ksphipod Ampelisca abdica £488, 1.136
616902
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Sa1vacer (Coacinued)

Speces

iass P8miLy common Neme Sciencific Name Reference

Eusiridae Amphipod Poncogeneia sp. [Foocnoce I]
(Ponco;eneiidae)

616920

Gammaridae Amphipod Cammarus duebeni L56
616921

Amphipod Gammarus qçnicus 489 L50

Amphipod Gammarus cirinus L51

(Amphipod] tGaarus zaddachi] [nonresidencj

Amphipod (ariuogaarus obtusecus 1.58

1.ysianassidas kaphipod Ano ap. [Foocuoce l
616934

uphausiidae uphauaiid Ephausia pacifica H15
(Thsanopodidae)

617402

Penseidse 8rom shrimp Peziaeus sacecus E518, N17
617101

Pink shrimp Penacus duorarum E518, N17

Whice shrimp Penaeu seciferuB E518, Nil

Etue shri.tp Penaeus scyliroacris [nonresidencl

Pataemonidaa (Shrimp) [Leander paucidens) (nonresident)
617911

(PranJ (Leander sguitlaj (nonresident]
[(Pataeon e1egan)]

Pra Kecobrechimm (Yoocnoce 3]
roeanberi i

Xorsan shrimp ?alaemon macrodaccylus t380

Grass shrimp Palaemooetes puio E521, N59

Grass shrimp Palaemoneces vulgaris 8500, E521)
N 56
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Sa1cvace C Continued)

Species
Class Family Common Name Scientific Name Reference

HipoLycidae Sargassum shrimp Lacreuces fucorutn
617916

Pandalidae Coon stripe Pandalus danse t306, w163
617918 ahrimp

Shrimp Pandalus gorziurus W163

Piik shrimp Pand&us moncagui 8494, £522,
Wi 63

Crangonidae (Sand shrimpl [Crangon crangon] [nonresident
617922

Bay shrimp Crangon franciscorum V176, W164
(Crago franciscorum)

Shrimp Crangpn nigricauda V176, W164

Sand shrimp Craugon sepcemzpinosa 3500, £522,

Nephropsidae American Lobster aodiarus amerieanus 3502, £532
(tlephropidae)
(ffetuaridae)
618101

(Lobster] (aemarus gammarusi [nonresidenc]

Paguridaa ermic crab Pagurus loagicarpus 8514, 5537,
618306 N125

Cancridae Rock crab Cancer irroracus 8518, 5543,
618803 175

Dungenesa crab Cancer magiacer T166, V185,
WI 77

?ortimidae Blue crab Callinecces sapidus 5521, C80,
618901 5543, N168

Green crab Carcinus maenas C80, 5543

Xancbidae Mud crab Eurypanopeus depressus 3522, £543,
(?iii.nidae) 195
618902

Crab Lepcodius floridanus 580

Mud crab Rhichrnpanopeus harrisii 5543, U87
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Saltwater (Concinued)

Class !aily

Craps idae
618907

Ocypdi.daa
618909

PHYLUM: !CHIN0DMATA (81)

Asceroidea Aaceriidae
8104 811703

Ophiuroidea Ophiochricidae
8120 812904

Schinoidea Arl,aciidae
8136 814701

Toxopneuscidae
814802

!chinida.e
814901

Ecbineetridaa
S 14902

Sc rongy—
Locentrocidae

8 14903

Dendraiteridee
815501

PHYLUM: CIIAETOCNATHA (83)

Shore crab

Shore crab

Drift tine crab

C Cr ab I

Yiddler crab

Starfish

3rictle scar

(Sea urchin]

Sea urchin

Sea urchin

[Sea urchini

(Zinoderm)

(Coral reef
.chinoidj

Sea urchin

Sand dollar

Arrov worm

!emigrapsus nudue

Heazigrapsus oregonensis

Sesarna cinereum

[Sesarna heemacocheir]

Uca pugilacor

Ascetics forbesi

0phiocIrix spiculaca

(Arbacia lixulal

Arbacia puocculaca

Lytechinus picrus

[Pseudocencrotus
depreseus]

(Paracencrocus lividus]

(Echino.cra sachaeij

Scrongy locencrocu:
purpu r a cue

Dendraster excencricus

Sagicca hispida

cc

cc

3526, E544,
T22 2

(nonresicienc]

3526, E544,
N232

5728, E578,
0392

0672, t526

(rtonres idenc]

3762, E572

T2 53

(nonresident]

(nonresident)

(nonresident]
[Hawaii only]

0574, t202

0537, V363

E2 18

Species
Cosmon Iame Scientific Name Reference
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Saltwater (Continued)

Species

Class Fily Coon Naee Scientific same Reference

PRTLUM: CI0RDATA (8388)

Chondrichchyes Rajidae [Thoruback ray] clavaca} [nonresident
8701 871304

Osceichchyaa AnuL1lidae American eel Anguilla roscraca
8717 874101

Clupaidae Atlantic menhaden 8rev6rcis tyrannus A17
874701

Gulf menhaden Srevoorcia pacronus P.17

Atlantic herring Clopea harengus harengus P.17

Pacific herring dupes harengue pallasi P.1.7

Clupea barengu A17

ngrau1idae Northern anchovy Engraulis mordax A18
874702

(Nehu] (Scolephorus purpureuaj (nonresidenc
(Hawaii onlyl

Salmomidas Pink sa3.mon Oncorhynchus gorbuacha 1.18
875501

‘u salmon Oncorhynchue keca A18

Coho salrion Oncorhynchus kisutch A18

Sockeye salmon Oncorynchua nerka 1.19

Qinook salmon Oncorhynchus rahawycacha A19

kainbov rouc Salmo airdnari A19
(Steethead trout)

Atlantic salmon Salno suer P.19

Gadidae Atlantic cod Gadus morhus 130
879103

Haddock Melanogratmnus aeglefinus A30

Cyprinodonc idae Sheepehead Cyprinodon variepacus P.33
880404 minnow
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Sa1twcer (Cancinued)

Species
ci Faei1y Common Name SciencifLc Name Referetice

Muurnchog Furtciulus heceroclicus A33

Scriped Fwdu1us majalis A33
killifish

Longnose Fmindulua similia A33
killifish

Poeciliidae Moaquicofish Caisbuaia affinia a33
880408

Sailfin uoily Poecilia tacipinna A34

Atheririidae tnland Memidia beryllina A34
880502 silverside

AcI.ancic Kenidia menidia A34
silvaraide

Tidewacer Menidia pnzu1ae A34
silverside

Gascerosceidae Threespine Gasrerosreus aculeacus A35
881801 scickleback

Fourspine ApeI.ces goadracus A35
scickleback

Syn;nachidaa Norchern Syngnachua fuscus A36
882002 pipefish

Percichchyidae Scriped bass Morome saxaci.is A36
(Rcccus saxacilis, Obs.)

Zuhliidae Houncain bazaj (uh1ia satidvicensisj Inonresideucj
883514 (avaii only]

CsrangLdae Plorida Potapano Trachinocus carolitius A43
883528

Spaz5.dae Pin fish Lagodon rhomboides A45
883543

Sciaenjdae Spoc Leioscomua xanchurus A46
883544

Atlancic croaker Micropogonias undulacus A46
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Saltwater (Conciaued)

Scecies
cias Family Common Name Scientific Name Reference

Red drum Sciaenops ocellarus A46

Embiococidae Shiner perch Cymacogaster aggeara a47
.883560

Dwarf perch 4icromerrua minimits 48

Pomacencridae Slackzmich Chromis punccipinnis At+8
883362

Labridae Conner Tautogotabrus adsprsus A49
883901

3luehead ThaLassotsa bifasciacum A49

MuilLdae [4ullecj [Aidrichetca fteriJ (nonreidencJ
883601

Striped muHec Kugil cephalua A49

White mullet Hugil curema A49

Aznot,dycidae Pacific sand Ammodyces hexapterus A53
884501 Lance

Gbiidae Longjaw mudaucker Cillichchys mirabilis A54
884701

Naked goby Gobiosoma bosci A54

Coctidee Tidepool aculpin Oligococcus maculosus A61
88310Z

Bochidee Spackled sanddeb Cirharichehy.s scigmacus A64
883703

Summer flounder ?aralichthys dencacue A64

Pleoroueceidae IDab] (Llmanda limanda] Inonresidenci
883704

[Plaicej (Pleuroneccea placesea] tnoaresidencj

English sole Parophrys veculus A65

Winter flounder Pseudoml.euronecres A65
americanus

Ba1iidae Planehead Koaacanchus hispidus
886002 filefish



Saltwater (CaocnUcd)

Species
Class amity Common Name Scientific Name Reference

Terraodoncidae Northern puffer Sphoeroides naculacus A6&
886101

Footnotes:

1. Organisms not identified to species are considered resident ly if obtained from wild
popul.arions in North America.

. This species should not be used because it might be coo acypicaL.

3. This species might be established in portions of the southern United States.
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Appendix 2. 8xample Calculation of ina1 Acute Value, Cotspurer Program, and
Printouts

A. zaiuple calculation

N total number of MAVa in data sec 8

Rank AV 1nMAV (1nMAV)2 FR/(N+1)

4 6.4 1.8563 3.4458 0.44444 0.66667

3 6.2 1.8245 3.3290 0.333:33 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 10.0750 — (4.3331)2/4
1.11110 — (2,04875)2/4 87.134

S 9.3346

[4.3331 — (9.3346)(2.04875)]/4 —3.6978

A (9.3346)(j53) — 3.6978 —1.6105

e6105 0.1998
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E. Example coipucer program in BASIC language for calculating the FAV

10 REM THIS PROGRAM CALCULATES TUE FAV WHEN THERE ARE LESS THAN
2OREMS9MAVS IN THE DATA SET.
30 X0
40 X2’O
50 0
60 Y2’0
70 PRINT “HOW MANY 14AVS ARE tN THE DATA SET?”
80 INPUT N
90 PRINT “WHAT ARE TUE P0(3K LOWEST (4AVSV’
100 FOR. R1 TO 4
110 INPUT V
120 X’X+LoG(V)
130 X2X2+(LOG(V))*(L0C(V))
140 P”R/(N+l)
150 Y2’Y2+P
160 Yif+SQR(P)
170 NEXT K
180 S111SQR((X2_X*X/4)/(Y2Y*Y/4))
190 L(X_S*Y)/4
200 A.S*SQR(0.05)+L
210 F’EXP(A)
220 PRINT ‘FAV “F
230 END

C. Example printouts fros program

HOW KANT Z4AVS ARE IN TUE DATA SET?
78
WHAT ARE THE FOUR LOWEST KAVS?
7 6.4
? 6.2
? 4.8
7 .4
PAy — 0. 1998

HOW KANT MAVS ARE IN THE DATA SET?
7 16
WHAT ARE THE FOUR LOWEST HAyS?
7 6.4
7 6.2
7 4.8
7 .4
FAV 0.4365

98



Attachment 1 — Exhibit G

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

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
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Attachment 1 — Exhibit K

Fluoride Standard Derivation Using 1985 Guidelines
Methodology



fluoride Standard Derivation Using 1985 Gud&ines Methodoogv

Actinor,aias pectorosa

Hyallela arteca
Lepomis macrochirus
Ceratopsyche bronta
Hydropsyche occidentails
Hydrapsyche bulbifera
Hydropsyche exocellafa
Hydropsyche lobata
Hydropsyche pellucidula
Chimarra marginata
Cheumatopsyche pettiti
Hexagenia limbata
Lampsilis fasciola
Utterbackia imbecilils
Chironomus tentans
Brachionus calycifiorus
Physa sp.
Lumbricu!us vadegatus
Simocephalus vetulus
Phiodina acuticomis
Alasmidonta raveneliana
Sphaetium simile

lnW V lnX
Hyailela azteca 3.250374492 0.539423 4.718498871
Hexagenia limbafa 3.47506723 0.539423 4.976733742
Ceratopsyche bronfa 2.833213344 0.539423 3.693866996
Sphaerium simile 4.130355 0.539423 4.564348191
Cheumatopsyche pettiti 3.749504076 0.539423 3.693866996
Hydropsyche occidentalis 3.546739687 0.539423 3.693866996
Hydropsyche bulbifera 3.269568939 0.539423 2.827313622
Hydropsyche exoceilafa 3.277144733 0.539423 2.533696814
Hydropsychelobata 3.875359021 0.539423 2.862200881
Hydropsyche peilucidula 3,650658241 0.539423 2.901421594
Chironomus tentans 4.82 1087692 0.539423 4.976733742
Simocephalus vetulus 5.305789381 0.539423 5.521460918
Pimephales promelas 4.976169282 0.539423 4.776900644
Lumbriculus variegatus 4,537961436 0.539423 3.90197267
Chimarra marginata 3,804437795 0.539423 2.533696814
Ceriodaphnia dub/a 5.178603332 0.539423 4.995403607
Daphnia magna 5,331892685 0.539423 4.915592658
Brachionus calyciflorus 5,211287808 0.539423 4.49980967
Physasp. 5.09436351 0.539423 3.586292865
Gasterosteus aculeatus 5,96678112 0.539423 5.014699308
Lamps//is fasciola 5.147494477 0.539423 3.465735903
Phiodina acuticornis 5.356586275 0.539423 3.688879454
Actinonaias pectorosa 5,626960774 0.539423 3.881510655
Utterbackia imbecillis 5,455321115 0,539423 3.526360525
Alasmidonta raveneilana 5.713732806 0.539423 3,33220451
Lepomis macrochirus 5.928524747 0.539423 3.688879454

206.8 136.4 0.502918052 0.667903651 0.809962436 0.984271775
0.193560254 0.214306057
-0.100784069 -0.215112292
-0.595694237 -0.667097416

144.9 118.7 -0.255886289 -0.572208025 0.388007883 0.936861966
0.27085479 0.783780987
0.211216524 0.347063335
-0.078329482 -0.058401773
-0,147855544 -0.500234525

177.4 147.7 0.334825414 0,667556873 0,47229169 0.876197806
0.01 4353519 0.230343066
0.025403355 -0.233229672
-0.374582287 -0.664670267

390.2 150.6 -0.137835502 -0.657990461 0.225105768 0.987652284 *LOW slope precipitation
-0.026609867 -0.031092686 may have occurred w/
0.16444537 0.689083167 increased hardness

277.8 48.5 -0.070132712 -0.549306144 0.127675092 1 *L0W slope, poor
0.070132712 0.549306144 relationship W/ hardness

25.8 112.0 0 0 across all four tests
375.6 40.0 0 0
17.0 40.2 0 0
34.7 40.2 0 0
26.3 16.9 0 0
26.5 12.6 0 0
48.2 17.5 0 0
38.5 18.2 0 0
44.9 12.6 0 0
42.5 40.2 0 0
32.3 145.0 0 0
172.0 32.0 0 0
234.0 34.0 0 0
124.1 145.0 0 0
183.3 90.0 0 0
163.1 36.1 0 0
93.5 49.5 0 0
201.5 250.0 0 0
212.0 40.0 0 0
303.0 28.0 0 0
62.2 96.0 0 0

Pooled Slope (V) = 0.539423386 *Calculated from Ceriodaphnia, Daphnia, and
R squared = 0.86 Pimephales data

Z LNZ Y SMAV

_______

50 3.91 2023005 2.81 5342549 16.70
50 3.912023005 2.900737359 18.19
50 3.912023005 2.950891 798 19.12
50 3.91 2023005 3.778475539 43.75
50 3.912023005 3.867182529 47.81
50 3.912023005 3.66441814 39.03
50 3.912023005 3.854686548 47.21
50 3.912023005 4.020646115 55.74
50 3.912023005 4.441657626 84.92
50 3.912023005 4.195800277 66.41
50 3.912023005 4.246757821 69.88
50 3.912023005 4.437620933 84,57
50 3.91 2023005 4.509634057 90.89
50 3.91 2023005 4.543382822 94.01
50 3.912023005 4.547939176 94,44
50 3.912023005 4.594202499 98.91
50 3.912023005 4.790543745 120.37
50 3.912023005 4.894221934 133.52
50 3.91 2023005 5.270069965 194.43
50 3.912023005 5.371971735 215.29
50 3.912023005 5.388232177 218,82
50 3.912023005 5.476955125 239.12
50 3.91 2023005 5.64341985 282.43
50 3.912023005 5.663356477 288.11
50 3.91 2023005 6.026500462 414.26
50 3.91 2023005 6.048893597 423.64

LN (LC5O / LN (Hardness /
Hardness Geometric GeoMean GeoMean GeoMean

LC5O (ma/LI (gj Mean LC5O Hardness Hardness)
w x

es

Daphnia magna

Pimephales promelas

Ceriodaphnia dub/a

Gasterosteus aculeatus

)gg R squared

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
44.9
42.5
32.3
172
234

124.1
183.33
163.1
93,5

201.5
212
303
62.2

266
169
110
70
67

260
168
112
72

288
186
117
76
78
146
300
28
84
112
40

40.2
40.2
16.9
12.6
17.5
18.2
12.6
40.2
145
32
34
145
90

36.1
49.5
250
40
28
96

GMAV Rank

2
3
4

GMAV
16.70
18.19
19.12
43.75
47.81
56.57
56.57
56.57
56.57
56.57
69.88
84.57
90.89
94.01
94,44
98,91
120.37
133.52
194,43
215.29
218.82
239.12
282.43
288.11
414.26
423.64



Attachment 1 — Exhibit L

Manganese Standard Derivation Using 1985 Guidelines
methodology



Manganese Standard Derivation Using 1985 Guideilnes Methodo’ogy

es

PimephaIns promelon

HyaleIla azteca

Cer/odaphn/a dub/a

Dapho/a magna

Tubifex tub/fcx

Chironomus tentans

Pytchnche/Ius oregonensis
Atsodonta imbecillus

Agosia clnysogaster

Bufo bere us
Physa integra

Bra nh/onus calyciftorus
Megalona/as nervosa

Lampsilis sitiquo/dea

GeoMoan
Hardness Geometric Hardness LN (LC5O / LN (Hardness /

LC5O 1mg/LI jg() Mean LC5O (rn(U GeoMean LC5O/ GeuMean Hardsess( )gp R sgaared

w x
3.54 26 10.396265 69.83676907 -1.076755068 -0.988064111 0.675466164 0.677839398
6.23 50 -0.511749298 -0.334137643
9.35 100 -0.106498163 0.359009537
15.83 200 0.42020755 1.052156718
10.30 48 -0.009108556 -0.374959638
17.28 92 0.508045284 0.275627928
27.44 176 0.970555196 0.924323346
8.56 28 -0.194696946 -0,913956138
3.00 26 10.3708414 100.5484771 -1.240385869 -1.352543432 0.948608781 0.977275646
8.56 80 -0.191897968 -0.228613336
13.70 164 0.278397675 0.489226458
31.00 269 1.094989047 0.984071409
11.00 112 0.058897118 0.107858901
5.70 26 13.2927304 72.95820557 -0.846751127 -1.031790213 0.520161431 0.734117436
14.50 92 0.086931347 0.231901826
14.80 184 0.086931347 0.925049007
9.44 25 -0.342261322 -1.071010926
11.20 50 -0.171303524 -0.377863745
21.20 100 0.466783879 0.315283435
27.30 200 0.7186694 1.008430616
28.70 100 27.7892934 106.5488376 0.032246307 -0.063405106 1.150551122 0.992093377
76.30 267 1.010022123 0.918673366
9.80 45.3 -1.04226843 -0.85526826

26.80 12 95.2496886 93.06388048 -1.268098857 -2.048379494 0.746925146 0.812047797
42.70 45 -0.802302825 -0.726623654
85.90 173 -0.103317916 0.02000545

464.75 305 1.584997882 1.187025632
171.61 245 0.588722716 0.967972066
42.20 100 63.0829612 164.924225 -0.402030484 -0.50031594 0.803853219
94.30 272 0.402030484 0.50031594
189.48 347 189.482 347 0 0
36.20 80 36.2 80 0 0
130.00 224 130 224 0 0
42.30 52.6 42.3 52.6 0 0
147.12 162 147.12 162 0 0
38.70 36.2 38.7 36.2 0 0
31.50 91 31.5 91 0 0
43.30 91 43.3 91 0 0

Pooled Slope (V) 0.746723791

R squared = 0.80

kt I
Hyalella azteca 2.338998158 0.746724 4.61063997 50 3.912023005 1.817324249
P/mephales promelas 2.341446607 0.746724 4.24616065 50 3.912023005 2.091938079
Ceiiudaphn/a dub/a 2.587217302 0.746724 4.28988675 50 3.912023005 2.305057454
Daphnia magna 3.324650816 0.746724 4.66857529 50 3.912023005 2.759715224
Megalona/as nervosa 3.449987546 0.746724 4.51085951 50 3.912023005 3.002822083
Lamps/I/s s/I/quo/dee 3.768152635 0.746724 4.51085951 50 3.912023005 3.320987173
Anodonta imbec/ilus 3.589059119 0.746724 4.38202663 50 3.912023005 3.238096227
Ch/ronomus tentans 4.144450705 0.746724 5.10548613 50 3.912023005 3.253263399
Safe boreuu 3.744787086 0.746724 3.96271612 50 3.912023005 3.706933332
Ages/a ch,yusgaster 4.86753445 0.746724 5,41164605 50 3.912023005 3.747730244
Pytchonba//us oregonensis 5.244294033 0.746724 5.84932478 50 3.912023005 3.797664707
Brach/onus calyciflorus 3.6558396 0.746724 3,58905912 50 3.912023005 3.897004418
Tub/fax tub/fec 4.586501745 0.746724 4.53328614 50 3.912023005 4.092589778
Physa /ntegra 4.99124858 0.746724 5.08759634 50 3.912023005 4.113420007

SMAV GMAV GMAV Rank
6.155366169 6.155366169

8.100599565 8.100599565 2
10.0247542 10.0247542 3

15.79534417 15.79534417 4
20.14230004 20.14230004
27.68766958 27.68766958
25.48515758 25.48515758

25.87464157 25.874641 57
40.72871335 40.72871335

42.42467896 42.42467896
44.59691594 44,59691594
49.25468145 49.25468145
59.89480529 59.89480529
61 .15551258 61 .15551258

W (chronic MATC) 2.01 mg/L, X (test hardness) = 115 mg/L

)o1 LLZ I
Hyalella azteca (chronic) 0.698134722 0.746724 4.74493213 50 3.912023005 0.076181664

MATC
1.079158601



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 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)
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(4130/97)

37 12 11
89 02 30

372011
8855 26

37 2820
88 32 50

37 38 53
88 14 30

37 53 18
88 23 06

37 42 28
8829 31

37 46 05
883225

37 37 22.5
8848 43 5

3738 16
88 4040

3739 19
884548

390637
8739 18

3807 55
87 56 25

382311
87 58 32

38 39 54
87 37 35

385610
8801 10

39 20 43
88 10 15

North End of Dam 53.
East of Olmsted

Co. Rd. Br., 1.0 miles
NE of Belknap

Co. Rd. Br., 2.8 miles
SE of Edoyville

Peabody Br., 1.3 rnDes
E of Gibsonia

Rt. 45 Br., 5.1 mes
NE of Eldorado

Co. Rd Br.. 2.7 miles
SE of Harrisburg

Rt. 34 Br., 2.5 miles
N of Harrisburg

Co. Rd. Br.. 3.4 miles
Crab Orchard

RI. 45 Br., 3.8 miles
SW of CARrier Mills

Co. Rd Br.. 5.1 miles
NE of Creal Sorings

Indiana Rt. 154 Br.
at Hudsonville

Rt. 460 Br.: near
New Harmony. IN

Rt. 15 Br., 0.6 miles
NE of Browns

Co. Rd. 2r.. 1.3 miles
E of Billet

Co. Rd. Br.. at N edge
of St. Marie

Ryan Bridge, County
Rd. 9 miles S of Charlestcn

Criticai
Haroness County

Latitude
Longitude Descnption

Station Code Stream Name

OHIO RIVER BASIN

A 06 Ohio River 88 Pulaski

AD 02 Cache River 125 Johnson

AK 02 Lusk Creek 54 Pope

AT 06 Saline River 233 Gallatiri

ATF 04 N. Fork Saline River 220 Saline

ATG 03 Middle Fork Saline Rv 379 Saline

ATGC Dl Bankston River 998 Saline

ATH 02 S. Fork Saline River 219 Williamson

ATH 05 S. Fork Saline River 317 Saline

ATHG 01 Sugar Creek 400 JVlliarnson

WABASH RIVER 3ASIN

8 06 Wabasn River 223 Crawford

8 07 Wabasn River i90 White

BC 02 Son pas Creek 150 Edwards
Wabasn

BE 01 Embarras River 189 Lawrence

BE 07 Embarras River 254 Jasper

BE 09 Embarras River 250 Cumberlana

1 of 13 indicates no flow data collected note: cntical hardness expressed as CaCC3 (mc’Ll



Longituoe Description

39 47 59 Cc. Rd. Br., west eage
88 10 13 of Camargo

39 00 01 Rt. 33 Br.. 2.8 miles
87 56 52 N of Oblong

3900 16 Twp. Rd. Br., NE of
87 35 50 Palestine near ICRR

39 29 53 Co. Rd. Br.. 1 mile
87 33 11 from Indiana hne

39 40 53 Indiana Rt. 71 Br..
87 3116 0 5 miles N of Blanford

38 07 55 Co. Rd. Br., 4 miles
87 56 25 SE of Georgetown

40 05 53 Grape Creek Rd., 3.5
87 35 37 miles SE of Danville

40 16 13 2 miles W of Bismark
87 38 34 on Co. Rd.

40 04 56 Cci. Rd. Br.. 3 miles
87 46 53 S of Oakwood

-:0 07 59 Co Rd. Br.. 2.5 miles
88 06 15 3 of St. Joseph

400812 Co. Rd. Br.. 1 mile
87 07 55 N of Mayview

40 08 12 Kicka pea St. Park Br..
87 44 45 upstream of 1-74 Br.

3831 08 iV Salem-Mt. Erie Rd Br,.
880755 SWof Blood

38 46 23 Co. Rd. Br.. NE of
88 29 50 Louiville

39 06 13 US 40 Br., 2.2 miles
88 35 33 SW of Efflngham

38 38 05 Co. Rd. Br., 5 miles
88 17 50 SE of Clay City

38 05 31 Main St. Br. in Carmi
880920

Station Code Stream Name

Ambient Water Quality Monitoring Network (AWQMN)
(41301971
Criticai

Hardness County
Latitude

EE 14

EEF 05

BF UI

BM 02

EN 01

2007

BP 01

BPG 09

BPJ 03

BPJ 07

2PJC 03

BPK 07

C 09

C 19

C 21

C 22

C.. ‘c, .

Embarras River

N Fork Embarras Riv

Sugar Creek

Sugar Creek

Brouiietts CreeK

Little Vermiilion Riv

Vermiilion River

N. Fork Verrmilion Riv

Salt Fork Vermitlion Riv

Salt Fork Vermiilion Rv

Saline Br

Middle Fork Verrniilion Riv

Little Wabasri River

Little Wabash River

Little Wabash River

Little Wabash River

Little Wabash River

280

193

294

260

250

244

278

231

239

277

172

334

135

130

143

141

136

Douoias

Orawtord

Crawford

Edgar

‘Je rm iii ion

VermNlion

\Jermiilion

Vermiilion

Vermiflion

Charnoaton

Champaign

\/ermillion

Edwaros

Clay

Effingham

Clay

White

2 of 13 . indicates no flow data collected note: cntical hardness expressed as CaCO3 (r’L)



Ambient Water Qua’ity Monitoring Network (AWQMN)

Rt. 100 Br. at Hardin

Ri 9 Dr. at Pekin

Rt. 17 Br. atLacon

Rt., 26 Br. at Hennepin

Marseilles downstream
from Nabisco Blvd.

Peoria PWS intake

IILinos Power
intake near Havana

Wagaxh RR 8r.. 0.5 miles
B of Valley City

Macoupin Station:
Plainview Rd. Dr.

Rt. 267 Br., 3.5 mites
NW of Kane

Co. Rd. Br., 6 miles
N of Eldred

Co. Rd. Br., 1.5 miles
NE of Merritt

Latitude
Longitude Descnptiori

Mnlers Br. Co. Rd.,
40 miles N of Carrni

Rt. 15 Br., 1.0 miles
N of Wayne City

Co. Rd. Br., 7.5 miles
SE of luka

Price Br. Co. Rd.,
6 miles NE of Fairfield

Kd/30J97
Critical

Station Code Stream Name Hardness

CA 03 Skillet Fork 1 13

CA 05 Skillet FoK 137

CA 06 Skillet Fork 160

CDO1 EfmCreeK 106

ILLINOIS RiVER BASIN

0 01 Illinois River 245

0 05 illinois River 221

0 09 Illinois River 251

D 16 Illinois River 214

0 22 Illinois River 220

.3 30 IlLinois River 216

0 31 Illinois River 242

D 32 Illinois River 252

DA 04 Macoupin CreeK 169

DA 06 Maccu pin Creek 227

DBO1 AppleCreek 233

DDO4 MauvaiseCreek 194

3 of 13 ndicates no flow data collected

Dountv

White

Wayne

Marion

Wayne

Calhoun I

Greene

Peoria /
Thzweil

Marsnall

Putman

LaSalle

Peoria

Mason

Scott

Macoupin

Greene

Greene

Scott

38 09 12
88 09 55

3821 25
8835 00

3631 10
8843 39

382628
88 15 33

390937
9036 55

4034 23
893917

41 01 30
892502

41 1525
89 2045

411940
884510

404330
8932 58

40 1640
900453

3942 10
90 3840

39 12 05
89 58 41

39 14 03
902340

3922 11
903246

3943 53
902426

note: critical hardness expressed as CaCO3 (rnvL)



Ambient Water Quaiity Monitoring Network (AWQMN)

394904 RL1O4Sr.at
90 39 09 Chambersburg

39 52 40 Co Rd. Br.. SW of
90 22 38 Arenzville

4001 31 US Ri. 24 Br. at
90 37 55 Ripley

401945 RL61Br.at.
90 53 55 Colmar

40 0549 RI. 100 Br.. 2 miles
90 24 16 NE of Frederick

40 54 33 US 150 Br.. 3.6 miles
9005 12 SWofWiUiamfjeld

41 03 47 Rt. 17 Br.. 2 miles
89 47 43 W of Wyoming

40 29 24 Ri. 95 0.4 miles
90 20 26 NE of Seville

40 42 51 Bc. at north edge of
90 16 00 Loridcn Mills

40 27 32 Co. Rd. Br.. 2.0 miles
90 08 00 SW of Bryant

40 28 24 Private Rd.. 2.5 miles
90 08 37 NW of Bryant

41 01 06 Co. Rd. Sr., 3 miles
89 50 07 ‘N of Wyoming

40 26 51 Co. Rd. Br.. 4 miles
89 41 28 SSW of S. Pekin

40 35 12 Co. Rd. Br., 4 miles
891642 SEofDoerCreek

403918 US24Br.. Noof
89 39 19 Banonville

41 21 55 Ri. 6 Br. near
89 29 55 Princeton

412157 US6-34 Br. atE
89 34 07 eage of Wyanet

Latitude
Longitude Description

(41301971
Criticat

Station Code Stream Name Hardness County

DE 01 McKee CreeK 249 pike

DF 04 Indian CreeK 272 Cass

00 01 LaMoine River 154 Brown?
Sc h uy I er

00 04 LaMoine River 188 McDonougn

OH 01 Sugar CreeK 245 Schuyier

DJ 02 Spoon River 370 Knox

DJ 06 Spoon River 460 Stark

Dl 08 Spoon River 305 Fulton

Dl 09 Spoon River 335 Fulton

OJB 1 Big Creek 455 Fulton

DJBZ Cl Slug Run 1065 Fuiton

DJLO1 Indian Creek 244 Stark

OK 12 Mackinaw River 279 Tazeweil

OK 13 Mackinaw River 282 Tazeweil

DL 01 Kickapoo CreeK 398 Peoria

DO 03 Big Bureau CreeK 167 Bureau

DOD 01 West Bureau CreeK 267 Bureau

4 of 13 indicates no flow data collected note: critical hardness expressed as CaCO3 (mg/L)



Ambient Water QuaUty Monitoring Network (AWQMN)

Longitude

41 2000
893407

404942
883429

4117 10
885551

4117 10
8821 35

41 2502
88 20 51

4040 16
893448

Description

us 6 Br. in LaSalle

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

Co. Rd. 8r., 3 miles
NE o/ Leonore

Rt. 113 Br. 4 miles
WofCoalCity

US 6 Br.. 6 miles
NE of Morris

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

Rt. 62 Algonquin
Rd. Br.

State St. Br. in
S. Elgin

Rt 176 Br.. 5 miles
ENE of Crystal Lake

Rt. 173 Br. near
Wisconsin line

Mill St. Br. in
Montgomery

Co. Hwy. 18 at
Dayton

E-WTwp. Rd. Br.
1 mule N of Sheridan

US Rt. 47 Br.,
north of Yorkville

us RI. 20 Br.,
Villa St. in Elgin

Winn Rd. Br.. 0.6 miles
W of Spring Grove

Station Code Stream Name

(4/30/97’i
Criticai

Hardness Zountv
Latitude

CR01

CS 06

CS 07

DV 04

DW 01

DZZP 03

DT 06

DT 09

CT 22

CT 35

CT 38

CT 46

DTB 01

DTD 02

DTG 02

DTK 04

Little Vermillion River

Jerrnillion River

Vermullion River

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

340

312

282

265

335

344

299

249

300

252

275

241

311

364

329

335

LaSalle

Livingston

LaSalle

Grunoy

Gwndy

Tazeweil

McHerury

Kane

McHenry

Lake

Kane

LaSalle

LaSatle

Kendall

Cook

McHenry

4209 59
88 1725

415940
88 1740

42 1644
881331

4228 45
88 1042

41 43 46
8820 19

41 23 14
884721

41 3237
8841 12

414018
8826 29

4201 35
88 1520

4226 37
88 1451

5 of 13 indicates no flow data collected note: critical hardness expressed as CaCOD (nL’)



Ambient Water QuaHty Monitoring Network (AWQMN)
(4130/97’)
Critical Latitude

Hardness County Longitude DescriptionStation Code S)ream Name

Lincoln Trail Br.,
5 miles SE of Niantic

Decatur PWS intake,
near dam

Rt. 48 Br. at Decatur

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

Rt. 123 Br.,
E of Petersburg

Rt. 97 Br. near
Oakford

Old Rt. 36, W of
Riverton

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

Rt. 136 Br,, 0.75 miles
E of Fisher

Rt. 29 Br., 4 miles
NJ of Greenview

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

Twp. Rd., 2.6 miles
SE of Harts burg

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

Co. Rd Br., 1.75 miles

Rt. 54 Br., 2 miles
NE of Comland

Bwris Lane Br.. NW
edge of Spnngfield

E 05

E 06

6 09

6 16

6 24

6 25

6 26

6 28

E 29

El 02

El 06

EID 04

EIE 04

EIE 05

EIG 01

EL 01

SANGAMON RiVER BASIN

Sangamon River

Sangarnon River

Sangamon River

Sangamon River

Sangamon River

Sangamon River

Sangamon River

Sangamon River

Sangamon River

Salt Creek

Salt Creek

Sugar Creek

Kickapoo Creek

Kickapoo Cceek

Lake Pork

Spring Creek

394748
890615

394928
88 5720

3949 52
8858 35

3944 32
8923 57

4000 37
895042

4007 25
895905

395034
8932 52

400408
883807

40 1840
881920

400801
894408

4 006 54
890257

401320
8924 12

40 1520
890740

401130

242

238

215

280

238

286

263

261

292

299

254

166

315

300

286

197

Macon

Macon

Macon

Chnsnan I

Sangamon

Menara

Menard)
Mason

Sangamon

Piatt

Champaign

Mason

DeWtt

Logan

DeWitt

Logan

Logan

Sangamon

89 21 40 N of Lincoln

395700
8941 16

:3949 16
894116

6 of 13 indicates no flow data collected note: cntical hardness expressed as CaCO3 (rng/L)



Ambient Water QuaHty Monitoring Network (AWQMN)
(4/30/97)
Critical Latitude

Hardness County Longitude Descnption

140 Sangarnor 39 45 50 Rt. 29 Br., 1.5 miles
89 3343 NWof Rochester

230 Christian 393444 Rt. 104 Br., 1 mile
89 23 31 E of Kinkaid

250 Sangamon 39 47 07 Rt., 29 Br., 1 mile
89 35 20 SE of Springfield

210 Sangamon I 39 39 05 New City Rd., Lake
Christian 89 29 07 Sarigchris Dam

180 Chnstian 39 33 14 Old Rt. 29 Br., I mile
89 1512 5 of Taylorville

41 2048
8811 11

41 09 36
87 4007

41 0029
874922

404925
8734 55

40 37 50
8743 25

422039
875618

422922
87 55 32

41 3547
880407

41 5711
8751 15

42 04 55
875325

Stream Name

South Fork

South Fork

Sugar Creek

Clear Creek (Lake Sangchrrs)

Flat Branch

Station Code

ED 01

ED 02

EOA 01

EOD 01

60H 01

F 01

F 02

FL 02

FL 04

FLI 02

KANKAKEE RIVER BASIN

Kankakee River 279 Will

Kankakee River 305 Kankakee

Iroquois River 262 Kankakee

roquois River 312 Iroquois

Sugar CreeK 277 Iroquois

DES PLAIN ES RIVER / LAKE MICHIGAN BASIN

G 07 Des Plaines River 248 Lake

G 08 Des Plaines River 395 Lake

G 11 Des Plaines River 246 ‘Mll

G 15 Des Plaines River 257 Cook

G 22 Des Plaines River 286 Cook

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

Hwy 1 Br.. at
Mornence

Co. Rd. Br., 5 miles
Wof Anne

US 52 Br. at Iroquois

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

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

Russel Rd. Br., 1 mile
downstream of Wisconsin

Division St. Br. at
Lockport

living Park Rd. Br.
at Schiller Park

Central Ave. Br.
at Des Plaines

7 of 13 ‘indicates no flow data collected note: critical hardness expressed as CaCO3 rv/L)



Description

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

Barry Point Rd.
at Riverside

Plaini9eidlNaperville
Rd. Br.

RI. 52 at Shorewood

RI. 56 Butterfield Rd Br.
near Warrenville

Rt. 64/St. Charles Rd.
Br. N of W Chicago

Rt. 34 Br. near Lisle

Washington St. Br.
at Joliet

135th St. Br. at
Rorneovi lie

Division St. Br. at
Lackport

Wolf Road Br.

Washington Blvd. Br.
in 8ellwood

Rt. 83 Br., 3 mile
NE of Lemont

Hohman Ave. Br..
N of Munster

Thornton/Lansing Rd.
Br. in Thornton

Touhy Ave. Br.
in Niles

LakelCook Co. Line Rd.
Br. Chicago River

Ambient Water Quality Monitoring Network (AWQMN)
(413019T)
Critical Latitude

Station Code Stream Name Hardness County Longitude

G 23 Des Plaines River 205 Will 41 32 18
880500

G39 Des Plaines River 275 Cook 41 49 20
8809 58

GB 10 DuPage River 270 Will 41 41 24
88 09 58

GB 11 DuPage River 288 Will 41 3120
881135

GEK 05 West Branch DuPaae River 372 DuPage 41 49 22
88 10 23

GBK 09 West Branch DuPage River 204 DuPage 41 54 39
881044

GEL 10 East Branch DuPage River 218 DuPage 41 48 02
880453

GGO2 Hickory Creek 191 Will 4131 10
8804 10

GI 01 Sanitary & Shio Canal 192 Will 41 38 27
8803 36

Cl 02 Sanitary & Ship Canai 187 Will 41 34 11
88 0442

GL 09 Salt Creek 234 Cook 41 49 35
87 5400

GLA 02 Addison Creek 286 Cook 41 52 48
875207

H 01 Caiumet-Sag Channei 218 Cook 41 41 45
875611

HS 42 Litile Calurnet R S 343 5Jj 41 34 07
8731 18

I-iDE 04 Thom Creek 321 Cook 41 34 05
8738 30

I-ICC 07 North Branch Chicago River 199 Cook 42 0044
874745

HCCC 02 Middle Fork North Brancn 234 Lake I Cook 42 09 10
874907

8 of 13 indicates no flow data collected note: critical hardness expressed as CaCO3 (mg/L)



Ambient Water Qua[ty Monitoring Network (AWQMN)
(4I30/97
Critical Latitude

Hardness County Longitude DescnptionStation Code Stream Name

37 1300
89 2750

375722
894222

37 12 12
891529

38 57 07
902212

383542
9005 18

384001
900356

3839 58
900356

3849 28
89 5829

38 53 03
900720

4023 37
91 22 27

3926 35
904745

400834
91 20 14

41 0005
9051 15

411115
905805

MISSISSIPPI RIVER SOUTH BASIN

84 Mississippi River 226 Alexander

II 03 Marys River 773 Randolph

IX 04 Cache River 102 Alenxander /
Pulaski

MISSISSIPPI RIVER SOUTH CENTRAL BASIN

J 05 Mississippi River 196 Jersey

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

JN 02 Cahokia Canal - 313 Madison

JNA 01 Canteen Creek 344 Madison

JO 05 Cahokia CreeK 130 Madison

JR 02 Wood River 288 Madison

MISSISSIPPI RIVER NORTH CENTRAL BASIN

K 04 Mississippi River 167 Hancock

KCA 01 Bay Creek 168 Pike

ç’-s,&q
K102 BeyCreek 157 Adams

LD 02 Henderson River 222 Henderson

LF 01 Edwards River 251 Mercer

at Thebes, 1L

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

Co. Rd. Br., 0.7 miles
E of Sandusky

near E!sah Rm. 214.8

Lake Drive at Frank
Holten State Park

Sand Prarie Lri. Br.
SE of Horseshoe Lake

Sand Prane Ln. Br.
SE of Horseshoe Lake

RI. 143 Br. NWof
Edwardsvilte

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

at Keokuk, Iowa

Twp. Rd. Br. at
west edge of Nebo

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

Rt. 94 Br.. 1 mile
S of Bald Bluff

RI. 17 Br.. 2 miles
NE of New Boston

9 of 13 - indicates no flow data collected note: critical hardness expressed as CaCO3 (mgiL)



Station Code

Ambient Water Quality Monitoring Network (AWQMN)
(4/30/97)
Critical Latitude

Stream Name Hardness Counry Longitude Descnotion

RI. 15 Br., 3.0 miles
W of Mt. Vernon

Dam Access Rd. Br.,
2.5 miles NW of Benton

RI. 149 Br.. 0.7 miles
W of Plurnñeld

RI. 127 Br. S of
Murpriys boro

RI. 127 Br., 6 miles
NNE of Alto Pass

dwnstrm o Crissenberry
Dam, Murphysboro

Co. Rd. Br.. 2.0 mtles
W of Vergennes

Di)nger Rd. Br.. 3.2 miles
NE of Carbondate

Crab Orchard Lake Spillway
Road

RI. 13 Br,, 1.3 miles
EofMarion

Co. Rd. Br., 1.3 miles
E of Elkville

RI. 136 Br. at Fulton

US 52 Br. at E edge
of Savanna

US 20 Br., 2 miles
W of Elisabeth

US 20 Br. at Gatena

MISSISSIPPI RIVER NORTH BASIN

M 04 Mississippi River 156 Whiteside 41 46 53
90 1504

Ml 01 Plum River 306 Carroll 42 05 50
9007 38

MN 03 Apple River 345 Jo Daviess 42 19 07
90 15 18

MQ 01 Galena River 450 Jo Daviess 42 24 50
9025 40

BIG MUDDY RIVER BASIN

N 08 Big Muddy River 108 Jefferson 38 18 36
88 59 18

N 10 Big Muddy River 86 Franklin 38 02 30
885730

N 11 Big Muddy River 120 Franklin 37 54 05
890050

N 12 Big Muddy River 250 Jackson 37 45 30
89 1938

NA 01 Cedar Creek 58 Jackson 37 40 15
89 1921

NB 01 Kinkaid Creek 74 Jackson 3746 38
8927 14

NC 07 Beauccup Creek 832 Jackson 37 54 12
89 22 36

ND Dl Crab Orchard Creek 128 Jackson 37 46 18
89 10 49

NDO2 Crab Orchard Creek 100 Williamson 374251
890934

ND 04 Crab Orchard Creek 429 Williamson 37 43 52
8853 21

NE 05 Little Muddy River 237 Jackson 37 54 03
89 12 31

10 of 13 indicates no now data collected note: cntical hardness express€d as CCQ3 (rnglL)



Oescnption

Co. Rd. Br., 0.5 miles
S of W Frankfort

Co. Rd. Br., 2.7 miles
SSE of Benton

Rt. 37 Br., 3 miles
S of ML Vernon

Twp Rd. Br. 2.4 miles
N of Waltoriville

Local Rd. Br. in
Cook Mills

Rt. 127 Br., 2.3 miles
S of Carlyle

US Rt. 51 Br. at SE
edge of Vandalia

RI. 128 Br., 2 miles
SE of Cowden

Rt. 16 Br. atShelbyville
near dam

Rt 121 Br.. 1 mile
N of Allenvñle

RI 160-1 77 Br.. 4.3
miles NW of Okawville

Co. Rd. Br., 2.7 miles
W of Ellis Grove

Co. Rd. Or., 4 miles
W of Hayes

Rt. 1565 Br.. 1.6 miles
NE of Heclcer

RI. 40 Br., 2.7 miles
SE of Troy

RI. 460 Br., 2.2 miles
SE of Freeburg

Ambient Water Quality Monitoring Network (AWQMN)
(4130/97’j
Critical Latitude

Station Code Stream Name Hardness County Longitude

NG 02 Pond CreeK 98 Franklin 37 54 03
8855 54

NH 06 Middle Fork Big Muddy River - 132 Franklin 3756 58
8854 00

NJ 07 Casey Fork 116 Jefferson 381610
88 5355

NK Cl Rayse Creek 93 Jefferson 38 15 14
890223

KASKASKIA RIVER BASiN

0 02 Kaslcaskia River 218 Coles 39 34 59
88 2450

0 07 Kaskaskia River 150 Clinton 38 34 28
89 22 C9

0 08 Kaskaskia River 240 Fayette 38 57 35
890520

0 10 Kaskaskia River 245 Shelby 39 13 50
88 5033

0 1 1 Kaskaskia River 205 Shelby 39 24 25
884850

3 15 Kaskaskia River 298 Moultrie 39 34 22
8831 53

0 20 Kaskaskia River 180 Clinton / 38 27 02
Washington 89 37 39

0 30 Kaskaskia River 190 Rancoiph 38 00 58
8957 14

0 31 Kaskaskia River 249 Dougias 39 51 53
882152

OC 04 Richland Creek 291 St. Clair 38 19 26
89 58 15

CD 06 Silver Creek 183 Madison 38 43 00
894945

3D 07 Silver Creek 191 St. Clair 3824 22
895226

11 of 13 indicates no flow data collected note: cntical hardness expressed as CaCOS rnG/L



383229
893738

38 3635
892940

39 0346
893246

38 3350
89 0301

383025
89 1624

3841 20
890555

384625
890915

3855 21
89 14 14

3855 30
8902 20

39 12 04
8901 53

3942 15
8839 51

393603
88 3243

38 0848
895035

393711
883617

Ri 92 Br., 2 miles
S of Joshn

US RI. 30 Br., 2
miles W of Rock Falls

Station Code Stream Name

Ambient Water Quality Monitoring Network (AWQMN)
(4/30197
Criticai

Hardness County

OH 01 Sugar CreeK 116 Clinton

0! 08 Shoal Creek 157 Clinton

0! 09 Shoal Creek 198 Montgomery

0J07 Crooked Creek 118 Marion

0J08 Crookeo Creek 134 Washington

OK 01 East Fork Kaskaskia 92 Marion

0KA 01 North Fork Kaskaskia 106 Marion

OL 02 Hurncane Creek 208 Fayette

ON 01 Hickory Creek 175 Fayette

OQ 01 Beck Creek 182 Shelby?
Fayette

OT 02 West Okaw River 262 Mouttrie

QU 01 Jonathon Creek 329 Moultne

OZC 01 Plum Creek 300 Randolph

OZZT 01 Asa Creek 258 Moultrie

ROCK RIVER BASIN

p 04 Rock River 250 Henry /
Rock Island

P 06 Rock River 235 Whiteside

Latitude
Longitude Descripton

RI. 161 Br., 0.5 miles
WofAlbers

RI. 50 Br.. 1.4 miles
S of Breese

Co. Rd. Sr. 523, 3 miles
NW of Panama

Co. Rd Br., 3.1 miles
SofOdin

Hoyleton Rd. Br.. 2.2
miles SW of Hoffman

RI. 51 Br., 5.2 miles
NJ of Sandoval

Old Patoka Rd Bridge

RI. 140 Br., 1.0 mile
B of Mulberry Grove

Co. Rd. Br., 2.7 miles
S of Bluff City

Co. line Rd. Br., 2
miles W of Hemck

RI. 32 Br.. NWof
Lovington

RI. 121 Br,, 2.5 miles
S of Sullivan

Co. Rd. Br., 2.5 miles
S of Baldwin

Co. Rd. Sr.. 0.8 miles
N of Sullivan

41 33 35
90 10 55

41 4700
894458

12 of 13 indicates no ifow data collected note: critical hardness expressed as Ca003 (mo/Ll



Ambient Water Quality Monitoring Network (AWQMN)

Longitude

4207 18
89 1509

42 26 55
890411

41 5323
8925 10

41 3536
894122

41 2920
9009 30

41 4014
9001 34

41 54 10
8941 40

41 5950
89 1730

42 1206
885843

42 15 40
884300

42 11 45
88 5956

420937
890434

420540
885400

42 1058
883828

422539
891144

42 18 13
893657

42 1656
9001 34

(4/30/97)
Critical Latitude

Station Code Stream Name Hardness County

P 14 Rock River 241 Ogle

P 15 Rock River 277 VVinneoago

p 20 Rock River 244 Ogle / Lee

PB 02 Green River 338 Whiteside

PB 04 Green River 323 Henry

PP 05 Rock Creek 349 Whitesiae

PH 16 Elkhorn Creek 338 Whiteside

PL 03 Kyle River 275 Ogle

P0 02 Kishwaukee River 277 Winnebago

P0 10 Kishwaukee River 323 Boone

P0 12 Kishwaukee Rrer 279 ‘Mnneoago

P06 02 Kilbuck Creek 336 Winnebago

POC 06 South Branch K:shwaukee River 281 DekaIb

POF 07 Coon Creek 336 McHenry

PW 01 Pecatonica River 333 Winnebago

PW 08 Pecatonica River 327 Stephenson

PWN 01 Yellow Creek 336 Stephenson

Description

RI. 72 Br. at Byron

Ri 75 Br. at Rocklon

RI. 2 Br., near Grand
Detour; county line

RI. 88 Br., 1 mile
S of Deer Grove

RI. 82 Br., N of
Geneseo

RI. 2 Br., 3 miles
NEofErie

2 miles NW of Penrose
Co. Rd. Br.

Honey Crk Rd. Br.
1 mile E of Daysville

Perryville Rd. Br.,
ner S. Branch

Co. Rd Br.. 0.5 miles
N of Graden Prane

Blackhawk Rd. Br.

US 251 Br., 4 miles
S of Rockford

Co. Rd. Br., 0.5 miles
N of RI. 72

Riley-Harmon Rd.
0.8 miles SW of Riley

Rt. 75 Br. at Harrison

RI. 75 Br., Westbound
at Freeport

Hollywood Road at SE
edge of Freeport

13 of 13 indicates no flow data collected note: critical hardness expressed as CaCC3 (mgIL)



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,
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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 oftest 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 ofboron to invertebrates. No published data exist for
mollusks so we included a native fmgernail 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 vivzpara. 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 lOOa” 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 1 0 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 bOb” (Table 1),
at 22 °C and a 16:8 (L:D) photoperiod. H. azteca were fed Pseudokirchneriella
subcapitata (3.0 X 1 0’ cells/mi) 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 lOOa” 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 lOOa” 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 (Ankistrodesmusfalcatus) 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 viviara 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 1 OOa” 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 (Na2B4O7.1 0HO, 99.5+%, CAS # 1303-96-4) and boric
acid (H3B03,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
(H3B03)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. vivzara, were conducted using our “hard 1 OOa” 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 (—400, 300, and 500 mgJL as CaCO3)
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 H.
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 MgSO4,CaSO4,and in the case of H azteca, CaCl2
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 NaHCO3depending 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. vivzpara, 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. vivzpara, 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 AB1 5 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 jim 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. azteca 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 50mg B/L) and a control
with no boron added. The control and dilution water was our “hard 1 OOb” recipe (Table
A. 1). Test chambers were 300-ml, high form beakers and 200 ml of test solution was
used per test chamber. Organisms were 7- to l4-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 jil of a 5 gIL 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 transfened 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 lOOa” recipe (Table 1).
The test was initiated with embryos -1 4 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-mi 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 mgIL 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 0.00 1 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 LC5O 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 LC5O
divided by the MATC. For the ACR, we used the LC5O 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 CaCO3,
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 LC5O 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 LC5O 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 LC5Os for C. dubia ranged from 91 for the pH 6.5 test to 165 mg B/L for
the first hard 1 OOa test (Table A.5). Investigating the effects ofpH on boron toxicity, we
included all tests conducted at various pH values with hardness of—90 mgIL (n = 6) and
conducted regression analysis of pH versus log LC5O. The resulting line was positively
sloped, but the regression was not statistically significant at the c = 0.05 level (R2 =

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 of8.0 (n = 4). Conducting a log hardness versus log LC5O regression resulted in a
negatively sloped (the higher the hardness the lower the LC5O), but statistically
insignificant line (R2 = 0.5329, p = 0.2700).



We conducted similar analyses of the LC5Os for H. azteca. The 96-h boron LC5Os for
this species ranged from 64 for the pH 8.5 test to 269 mg B/L for the hard lOOc test
(Table A.5). Comparing pH versus log LC5O for the tests with hardness values of —1 00
mg/L (n =4) resulted in a plot that was best fit by an upside down, U-shaped line. While
the R2 value was high (0.93 1 1), 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 (R2 =

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 LC5Os (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 E24 1-05 (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 mgIL. 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 mgIL
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 mgIL 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.
A.2).

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 mgIL) 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 mgIL 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 mgIL, and using the 96-h LC5O of 79.7 mg/L produced an ACR of 5.0. ForH
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 mgJL, and
with the 96-h LC5O of 107 mgIL, the ACR was 11.5.



Table A.2. Test conditions for acute toxicity bioassays with various freshwater

Organism
Parameter P. promelas C.’ dubia H. azteca A. vivzara S. simile
1. Temperature (CC) 25±1 25±1 22±1 12±1 22±1
2.Testchambersize 250m1 5Oml 50m1 250ml 150 ml
3. Test solution vol. 200 ml 40 ml 40 ml 200 ml 120 ml
4. Age of organisms <7-d <24-h 7-14 d 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
ll.Control%Surv. >90 >90 90 >90 >90

Table A. 1. Salt concentrations (mg/L) added to deionized water for generation of
dilution watersd used for definitive boron toxicity testing with freshwater species.
Water name KC1 NaHCO3 MgSO4(an) Ca504(an) CaCl2 B ratio’s
hard lOOa 4 96 60 60 0 82/18
hard lOOb 4 96 30 50 50 82/18
hard lOOc 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
hard300c 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 93.2 / 6.8
pH 8.5a 4 400 60 60 0 75.7 / 24.3
nH8.5b 4 400 30 50 50 75.7/24.3
*B ratio = ratio of% boron added to highest test concentration as boric acid / borax.
a hard 1 OOa 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.
bhard 300a, hard 500a, pH 6.5a, pH 7.5a, pH 8.5a were used for tests with C. dubia.
Chard lOOb & c, hard 300b & c, hard 500b & c, pH 6.5b, pH 7.5b, pH 8.5b were used for

tests with H. azteca.
d hard lOOc, 300c, and 500c also had 1 mg/L NaBr.



Table A.3. 96-h boron LC5Os and measured water quality conditions* for toxicity tests
with three freshwater species.
Species temp. (s.d) pH (s.d) hardness (s.d.) LC5O (95% C.I.)

°C S.U. mIL as CaCO3 mg B/L
24.7 (0.3) 8.0(0.1) 91 (1) 79.7 (72—88)
21.1 (0.1) 7.9 (0.1) 102 (3) >447 (n.a.)

. 11.2 (0.1) 7.9(0.1) 98(3) 476(401-566)

Pimephales promelas
Sphaerium simile
Allocapnia viviDara

- -

Swater 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 filtereda (dissolved B) samples from the 96-h acute toxicity test with the fingernail
clam (Sphaeriunz simile).
Nominal total B dissolved B ratiob total B dissolved B ratio
concentration day 0 day 0 day 0 day 4 day 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 170c 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
a samples were filtered with 0.45 tm pore sized cellulose nitrate filters.
b ratio = dissolved B divided by total B.
C 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 LC5Os 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.) LC5O (95% C.L)

°C S.U. mg/L as CaCO3 mg B/L
hard lOOa (boric acid) 24.0 (0.1) 7.4 (0.3) 90 (4) 102 (82— 126)
hard lOOa (first) 24.3 (0.1) 8.0 (0.2) 91 (3) 165 (137— 198)
hard lOOa (second) 25.0 (0.0) 8.1 (0.1) 89 (2) 109 (93 — 128)
hard300a 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)
pH6.5a 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.) LC5O (95% C.I.)

°C S.U. m/L as CaCO mg B/L
hard lOOb 22.2 (0.4) 8.1 (0.0) 106 (4) 107(70— 163)
hard300b 21.5 (0.1) 8.1 (0.1) 302(4) 151 (110—207)
hard500b 22.2(0.4) 8.1(0.1) 507(9) 170(121—239)
hard lOOc 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)
pH6.5 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)
oH=8.5 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 Pimephalespromelas and
Hvalella azteca.

Pimephales promelas 32-d chronic test
Parameter mean* 5th %ile 9Sth%ile) mm max
Temperature (CC) 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

Hyalella azteca 42-d chronic test
Parameter mean* 5th %ile 9Sth%ile mm max
Temperature (CC) 22.5 22.2 23.3 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/L) 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 in water out water 5th 95th mm max
Conc. meana mean mean %ile %ile
Control1’ 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 mgIL 5.7 5.6 5.8 5.4 6.2 5.2 6.3
llmgfL 11.2 11.0 11.5 10.0 12.0 10 12
22 mgIL 23.0 22.4 23.6 21.9 24.3 21 27
44mg/L 44.5 43.5 45.8 41.8 47.0 40 47
a All means are geometric means.
b 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) daya % hatch total’

before thinning of hatch after thinning survival
Control 93.3 3.0 (0.5) 100 88.6
2.8mg/L 98.3 3.1 (0.5) 100 90.9
5.7mg/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
a days after initiation of test
b total survival = (% embryo survival before thinning/i 00)*% 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 95th mm max
Conc. meana mean mean %ile %ile
Controlb 0.07 0.05 0.09 0.0 0.2 <0.02 0.29
3.13 mg/L 3.2 3.3 3.1 3.0 3.4 2.8 3.4
6.25 mg/L 6.6 6.7 6.3 5.9 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
SOmg/L 51.1 51.2 50.6 48.0 54.0 48 54
a All means are geometric means.
b 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 1 OOa) in a 32-d chronic, static renewal
bioassay. Asterisks indicate mean is significantly different (p <0.05) from control on
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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 1 OOa) at the end of a 32-d chronic, static renewal
bioassay with fathead minnows (Fimephales promelas). Different capital letters indicate
means are significantly different from the control (p <0.05).
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Figure A.3. Mean (enor bars = standard deviation) percent survival ofHyalella azteca in
five boron concentrations and a control (Hard 1 OOb) 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 1 OOb) 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 1 OOb) 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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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 oftest 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 tm) 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 # 768 1-49-4, 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 1 4-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 jim 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-mi, 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 Pseudokirchneriella subcapitata (1 mg dry
solid) and 200 jil 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 LC5O 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 LC5O
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 mgJL 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 CaCO3.

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 0.94 1, 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 LC5O 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 of14 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 of42 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.l). 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 mgIL) was
significantly different from the control.

Chronic values —The NOAEC (6.7 mgIL) and LOAEC (11.7 mgIL) 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 LC5O 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 (mgIL) added to deionized water for generation of
dilution waters used for acute and chronic fluoride toxicity testing with Hyalella azteca.
Water name KC1 NaHCQ3 MgSO4(an) CaSO4(an) CaCl2 NaBr
Borgmann 4 84 30 0 111 1

Table B.2. Nominal and measured fluoride concentrations (mg F/L) for unfiltered (total
F) and filtereda (dissolved F) samples from the 96-h acute toxicity test with Hyalella
azteca.
Nominal total F dissolved F ratiob total F dissolved F ratio
concentration day0 davO day0 day4 day4 day4
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
a samples were filtered with 0.45 im pore sized cellulose nitrate filters.
b ratio = dissolved F divided by total F.



Table B3 Water data for chronic hioassavs with ,,#,,,-.,,
— -- -— — — - £

Parameter mean* 5th %ile 95th%i1 mm max
Temperature (CC) 22.7 22.4 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 95th mm max
Conc. meana mean mean %ile %ile
Control1’ <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 mgJL 3.3 3.3 3.2 3.2 3.5 2.8 3.5
7 mg!L 6.7 6.7 6.6 6.6 6.8 6.5 6.8
l4mg/L 11.7 11.4 12.1 10.0 13.0 10 14
28m/L 16.7 15.5 18.5 13.1 21.0 14 24
a All means are geometric means.
b Fluoride was never found in detectable concentrations in the control.

Table B.5. Nominal and measured fluoride concentrations (mg FIL) for unfiltered (total
F) and filtereda (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 ratiob total F dissolved F ratio
concentration sample 1 sample 1 sample 1 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
3.5 3.3 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

OverallGeometric mean of sample 1 values = 0.975, and sample 2 values = 0.991.
geometric mean = 0.983
a samples were filtered with 0.45 im pore sized cellulose nitrate filters.
1’ dissolved F divided by total F.
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Figure B. 1. Mean (enor bars = standard deviation) percent survival ofHyalella 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.O5).
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Figure B.3. Mean (error bars = standard deviation) dry weight of individual amphipods
in four fluoride 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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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 (cnished and sieved to
<500 tim) 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 (MnSO4H2OCertified ACS, CAS # 10034-96-5, Fisher
Scientific, Fairlawn, NJ) and manganese chloride tetrahydrate (MnC124H2OCertified
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 testprocedures

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 1 4-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 AB 15 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 confinnation 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 im 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 6mg Mn!L) and a control
with no manganese added. The control and dilution water was Borgmann water (Table
1). Test chambers were 300-mi, 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 rim) 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 transfened 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 LC5O 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 LC5O
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 CaCO3.

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 LC5O was 11.0mg MnJL (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 mgIL, and with the 96-h LC5O of 11.04
mg/L, the ACR was 5.5.

Table C. 1. Salt concentrations (mgIL) added to deionized water for generation of
dilution waters used for acute and chronic manganese toxicity testing with Hyalella
azteca.
Water name KC1 NaHCO3 MgSO4(an) CaSO4(an) CaCI2 NaBr
Borgmann 4 84 30 0 111

Table C.2. Water quality data for 42-d chronic Mn bioassay with Hyalella azteca.

Parameter mean* 5th %ile 9Sth%jle mm max
Temperature (DC) 22.8 22.1 23.3 22.0 23.6
D.O. (mg/L) 7.8 7.0 8.4 6.4 8.5
pH 7.8 7.6 8.2 7.5 8.3
Hardnessa(mgIL) 115 112 118 112 125
Alkalinity (mgJL’) 52 50 54 50 60

Mean of 24 measurements throughout the test.
a 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 in water out water 5th 95th mm max
Conc. meana mean mean %ile %ile
Controib <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 mgIL 0.7 0.7 0.7 0.6 0.8 0.6 0.8
1.5mgIL 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
6mg/L 5.7 5.7 5.7 5.5 6.1 5.5 6.1
a All means are geometric means.
b Manganese was detected on one occasion in the control.



Table CA. Nominal and measured manganese concentrations (mg MnJL) for unfiltered
(total Mn) and filtereda (dissolved Mn) samples from the 42-d chronic toxicity test with
Hyalella azteca. Six different sets of samples were measured for total and dissolved Mn.
Nominal set 1 (in) set 2 (out)
concentration total dissolved ratiob 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 ratiob 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 ratiob 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.
Overall geometric mean of ratios = 0.98 1
a samples were filtered with 0.45 jim pore sized cellulose nitrate filters.
b ratio = dissolved Mn divided by total Mn.
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Figure C. 1. Mean (error bars = standard deviation) percent survival of Hyalella azieca 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<O.O5).
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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 jig Zn g 1, 7.1/16 jig Pb g1 and 56/90 jig Hg g’ dry weight. Con
centrations of lead and mercury in control animals were substantially lower (1.3 jig Pb g’ and 0.4 jig
Hg g - 1), but concentrations of zinc in controls (74 jig g -

a) 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 100 , mortality were not sig
nificantly different from controls (79 jig g - 1) 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 modesius) and
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Artemia sauna after 3 hr ranged from 280 to
920 jig g - ‘ dry weight, even though A. sauna 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 a!.,
1982) and the amphipod Bathyporeia piosa
(Khayraliah, 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 eta!., 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 a!., 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 showrt to be
associated with toxicity. The relationship between
cadmium accumulation and toxicity to H. azteca
has already been established (Borgmann et a!.,
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 eta!. (1989b), and bioassay procedures fol
lowed Borgmann et at. (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 130mg 1- 1, alkalinity 90 mgi - 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 ofTetra-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 a!. (1 989b). 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 eta!. (1991) using the
procedure of Stephenson & Mackie (1988).
Twenty-five jil of 70 nitric acid was added to
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1 to 4 amphipods (0.5 to 2 mg dry weight), and
allowed to sit for 1 week. Then 17 jil of 30 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.
QC blanks 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
& Wigfleld (1989). Four ml of double distilled
water and 1 ml of 35(w/v) sodium hydroxide
were delivered to the reduction chamber, a midget

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 chloride and 12.5 ml 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 jig 1_i
nominal lead solution were 96.1 jig l 1 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 (g g ‘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.

Nominalcopper Control 5.6jgl’ 10pgl 18gl’ 32igl’ 56gl’ 100ugl’
concentration:

Measured concentration
jig 1’ 3.5 ± 1.4 7.7 ± 1.8 10.7± 1.3 16.7± 1.6 25.4±2.8 43.8±8.2 81.3±9.0
n 20 20 20 20 20 20 16

Week 6 (n = 4)
Surviva1() 71±14 68±3 69±13 63±9 41±23** 36±22 3±3
Weight 2.1±0.6 2.1±0.9 2.1±0.9 2.0±0.4 1.8±0.4 1.4±0.3 0.1±0
Young 0.3 ±0.4 0.6±0.4 0.6± 1.0 0.2± 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 3.5± 1.1 4.0±0.6 3.6±0.7 4.3±0.5 3.4±0 —

Young 3.4±3.0 3.9±1.3 3.7±3.0 1.9±1.3 1.3±1.2 0.8±0

Cu in Hyalella 79±20 91± 11 92± 14 95±26 88±13 80±5 —

n 8 8 8 8 8 4 —
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Table 2. Percent Survivai, wet weight (mg) and total number of young produced per initial animal added (± S.D.) by week 6 and
10, and zinc accumulated (jig g ‘ dry weight ± S.D.) by week 10. Lowest concentration with significantly reduced survival
(chisquare, P< 0.01) or elevated zinc in Hyalella azteca (ANOVA, p< 0.01) indicated with ‘.

Nominal zinc Control 32 jig 1 56 jig 1 -‘ 100 jig 1 ‘ 180 pg 1 320 pg 1-’ 560 pg 1
concentration:

Measured concentration
jig 1_I 5.6 ± 3.8 13.0 ± 8.9 21.2 ± 8.9 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±17** 8±12
Weight 1.4±0.3 1.8±0.6 1.5±0.4 1.9±0.2 1.7±0.3 1.7±0.3 1.8±0.6
Young 0.1± 0.1 0.2±0.4 0.3 ±0.4 0.5± 0.2 0 0 0

Week 10(n=4)
Survival 63±8 50±8 56±23 51±11 35±17** 6±5 3±3
Weight 3.7±0.2 3.6±0.9 3.7± 1.1 3.1±0.5 3.0±0.9 4.2± 1.8 3.6±2.3
Young 1.9± 1.0 2.2± 1.2 2.0± 1.1 2.7± 0.9 1.0±0.4 0 0

Zn in Hyalella 74±27 66±7 85±14 126±46** 136±39 167±22 167±53
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 (jig g1 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.<O.O5, if different from P<0.01).

Nominallead Control l8pgl’ 32jigl 56pg1’ lOOpgl’ 180pg11 320pg1’
concentration:

Measured concentration
pg11 0.4±0.6 3.3± 1.9 2.6±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 (a = 4)
Survival() 73±12 69±27 74±8 68±3 35±8** 13±6
Weight 1.7±0.3 2.2±0.6 2.0±0.8 2.6± 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 4±5
Weight 3.5±0.7 4.0±0.3 3.3± 1.4 4.4±0.7 3.4±0.9 4.5± 1.0 2.1±2.8
Young 4.2±3.0 5.8±1.5 4.0±1.9 3.6±3.0 1.8±0.7 0.4±0.6 0

Pb in Hyalella 1.3 ± 1.4 5.8 ± 3.8** 7.1 ± 3.6 15.8± 5.7 19,2 ± 16.4 30.0± 15.4 20.9 ± 0.9
n 29 17 20 15 11 4 2

in the same flask were 26.8 tg 1 ‘before acidifi
cation, and 96.7 tg 1’ after acidification of the
entire flask. The difference between measured and
nominal concentrations is, therefore, due to ad-

sorption of metal to the glass, gauze and/or food
and detritus in the flasks. This adsorption was
relatively fast; measured lead concentrations
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 (JLg 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

Nominalmercury Control 3.2jgl 5.6jgl’ 10g11 18ugl’
concentration:

Measured concentration
jig I -‘ 0.05 ± 0.48 0.62 ± 0.52 1.12 ± 0.57 2.42 ± 1.46 3.96 ± 1.48
n 10 10 10 10 5

Week 6 (n = 2)
Surviva1() 88± 11 58±4 70±14 25±0** 0
Weight 1.8±0.1 1.3±0.3 2.1±0.4 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 4.3 ± 0.3 5.0 ± 1.2 —

Young 2.4± 1.1 2.9±0.8 1.9 0.9± 1.3 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 jig 1-’ respectively
(P<0.0l). Zinc was significantly toxic at
320 jigl’ after week 6 and at 180 jigl’ by
week 10. The lowest nominal concentration of
lead which was toxic was 100 jig 1 ‘ after
6 weeks, but by week 10 significant mortality oc
curred at 56jig1’ as well (P<0.05, Table3).
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 pg 1-’ or higher concen
trations of lead was highest in the initial 2 weeks.
At 56 pg 1- 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 eta!., 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. azieca 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



Time (weeks)

Fig. 1. Time course of mortality at selected metal concentra
tions. Numbers following the metal symbol represent nominal
concentrations in ig 1

log Final Metal Concentration (j.tg ii,
Fig. 3. The relationship between metal accumulation (dry
weight basis) and final measured metal concentrations. Data
for cadmium are from Borgmann et al. (1991). Bars represent

± 1 standard deviation.

log Final Metal Concentration (igl)

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 etaL (1991).
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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.

was unable to regulate zinc as effectively.
Although zinc accumulation increased with in
creasing exposure, the difference between metal
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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 R2 for the
regression of log metal accumulated against log final measured metal concentration. The data for cadmium are from Borgmann
eta!. (1991).

Metal Concentration (JLgg1 dry wt.) Regression coefficients

Control Highest Lowest a b R2
non-toxic toxic

Cu 79 95 88 (1.94) 0 —

Zn 74 126 136 1.46 0.35 0.82
Pb 1.3 7.1 16 0.40 0.77 0.44
Hg 0.4 56 90 1.62 0.90 0.76
Cd 2.4 23 30 1.71 0.52 0.65

a Not significantly different from control.

log Metal Accumulated (tg g1)

Fig. 4. The relationship between survival after 6 weeks and
metal concentrations accumulated by Hyalella azieca. Data
for cadmium are from Borgmann eta!. (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
tachiorophenol and PCBs to H. azieca (Borg
mann eta!., 1989b, 1990), but contrasts with the

chronic toxicity ofmany 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 at., 1989b). This consistent response of H. az
teca to toxicants simplifies comparison of the
relative toxicities ofdifferent 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

25
and 2, Fig. 3). This was somewhat surprising,
since another amphipod, Gammarus zaddachi,
regulated zinc reasonably well, but not copper
(Amiard eta!., 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, Aiorchestes 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 tg i’ (Johnson & Jones,
1989), but Gammaruspulex demonstrated no zinc
regulatory ability (Bascombe et at., 1990). The
apparent copper and zinc regulatory abilities of

Pb Cd HgCuZn
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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
Aiorchestes campressa 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

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 tg l 1 the regulatory mechanism breaks
down, resulting in elevated tissue concentrations.
The maximum accumulation tolerated is about

Table 6. Copper accumulated (pg g’ dry weight ± S.D.) by
4 wk old Hyalella azieca after 1 wk exposure to various cop
per additions (pg 1 ‘ ± S.D.). Amphipod wet weight aver
aged 0.94 ± 0.40 mg. Accumulation at all concentrations was
significantly greater than in the control (P< 0.01).

Nominal Measured Cu accumulated n
concentration in water in Hyalella

0 1.3±0.4 98±21 16
5.6 4.8±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

0

2.5

15)

5) 2.3

.5

(0

log Final Copper Concentration (j.tg L)

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 I week exposure experiment.

0 0.5 1.0 1.5 2.0 2.5
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200 ig 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 ig
1 1 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
65Zn 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 ig g ‘in the soft tissues of Gammarus
pulex (Bascombe et a!., 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 g g 1 wet weight

for the amphipod Bathyppreia pilosa. By compari
son, our highest non-toxic body burden (56 jig Hg
g -‘ dry weight) is equivalent to approximately
13 jig g - 1 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 jig g dry weight respec
tively. Methyl mercuric chloride was toxic at the
lowest methyl mercury concentration tested,
which resulted in accumulation of 16 jig Hg g - 1

(Biesinger et at., 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 50 mor
tality in barnacles (Elminius modestus) and Ar
temia sauna ranged from 280 to 920 jig g - 1 dry
weight, but the exposure time was only 3 h and
mercury accumulated at 50 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 eta!., 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 Exposure Comments Reference
(drywt) time

Daphnia magna 39 20 wk Highest non-toxic conc. Borgmann et aL, 1989a
87 Lowest toxic conc.

Amphipods:
Hyalella azieca 23 6 wk Highest non-toxic cone. Borgman et al., 1991

30 Lowest toxic cone.

Pontoporeia affinis 80—90 265 d Juvenile mortality Sundelin 1983

Allorchestes compressa 80 4 wk Minimum effect concentration Ahsanullah & Williams, 1991

Shrimp:
Palaemonetes puglo 20—3 5 21 d 10—25 mortality Vernberg et a!., 1977

Callianassa australiensis 24—29 14 d 14 d LC5O Ahsanullah et a!., 1981

Crayfish:
Orconectes virilis 28 14 d 25 mortality Mirenda, 1986

Cambarus latimanus 15 5 mo 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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