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BEFORE THE ILLINOIS POLLUTION CONTROL BOARD

IN THE MATTER OF: )
)

WATER QUALITY STANDARDS AND )
EFFLUENT LIMITATIONS FOR THE ) R08-9
CHICAGO AREA WATERWAY SYSTEM ) (Rulemaking - Water)
AND THE LOWER DES PLAINES RIVER: )
PROPOSED AMENDMENTS TO 35 Ill. )
Adm. Code Parts 301, 302, 303 and 304 )

PRE-FILED TESTIMONY OF JENNIFER WASIK REGARDING MWRDGC
PROPOSAL FOR AQUATIC LIFE USES AND WATER QUALITY CRITERIA IN THE

CAWS

Introduction

I am Jennifer Wasik, and I have been a biologist in the Aquatic Ecology and Water

Quality Section at the District for over 9 years, and am currently the Supervising Aquatic

Biologist.  I have a Bachelor of Science degree in Biology from the University of Michigan and a

Master of Science degree in Environmental Management from the Illinois Institute of

Technology.  In addition to overseeing the collection of biological, habitat, and sediment samples

for our Ambient Water Quality Monitoring (AWQM) Program, I manage the Illinois Waterway

Monitoring Program, and the District’s Continuous Dissolved Oxygen Monitoring Program.  I

serve on various local water quality-related committees and am very involved in reviewing and

assessing water quality standards that are proposed for waterways in the District’s service area.

The purpose of my testimony is to describe the District’s proposed water quality criteria

and Aquatic Life Uses (ALUs) for the Chicago Area Waterway System (CAWS) along with the

rationale in support of this proposal. The District proposes three categories of ALUs for the

CAWS:  CAWS Category 1 (Modified Warm Water Aquatic Life Use), CAWS Category 2

(Limited Warm Water Aquatic Life Use), and CAWS Category 3 (Severely Limited Water

Aquatic Life Use).
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The District is proposing minimum dissolved oxygen (DO) criteria for CAWS Categories

1 and 2 that are identical to those proposed by IEPA.  The proposed criteria are 4.0 milligrams

per liter (mg/L) for CAWS Category 1 and 3.5 mg/L for CAWS Category 2. However, the

District proposes a narrative criterion to prevent offensive conditions for CAWS Category 3

Waters, similar to section 302.206a of the Illinois General Use Standard. Another difference

between the District proposal and the original IEPA proposal is that we do not believe a 7-day

mean of minima or early life stage DO standard are appropriate for the CAWS, as I will explain

in my testimony. Finally, the District proposes a wet weather provision from the DO water

quality standard due to the significant and unavoidable negative impact of precipitation on the

CAWS.1

The District believes that our proposal of DO minima ranging from 3.5-4.0 mg/L is

actually more stringent than is needed to support the current and potential aquatic life in the

CAWS for the following reasons, which are supported in my testimony:

1) The LimnoTech Habitat Evaluation Report (filed with IPCB on January 6, 2010,

PC Number 284) summarized in Scott Bell’s testimony for the District indicates

that physical habitat explains most of the variation in the CAWS fish community

beyond natural variation, and that factoring in DO makes very little difference.

Therefore, increasing the DO in the CAWS is unlikely to result in a measurable

improvement in fish community.

2) Popular game fish such as largemouth bass for which adequate physical habitat

exists in the CAWS can withstand periods of low DO according to the scientific

literature.

1 This proposal is subject to approval by the District's Board of Commissioners as to any expenditures that would be
needed to comply with the District's proposed DO standards.
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3) Our proposed DO minima standards are as protective as those set forth in the

Illinois General Use standards and also those described in the 1986 USEPA

Ambient Water Quality Criteria Document for DO (IEPA Attachment X).

4) Waterways in other states with similar physical characteristics to the CAWS are

subject to DO minimum standards between 1-2 mg/L to protect their ALUs.

The District is also proposing an alternative chronic cyanide criteria to support ALUs in

the CAWS.  As I testified previously in R08-9, IEPA has proposed a chronic cyanide standard of

5.2 µg/L, which is identical to the Illinois General Use Water Quality Standard (General Use

Standard).  We propose a standard of 10 µg/L in order to be consistent with the site-specific

chronic cyanide water quality standard that has been applied to several of the General Use

Waters of Cook County.

Finally, the District believes the proposed criteria for chronic zinc should be corrected to

reflect an error that IEPA discovered in the General Use Standards.  The standard proposed for

the CAWS is identical to the erroneous General Use Standard which IEPA reported in

November, 2010.

1. DESIGNATED AQUATIC LIFE USES

In determining the uses that should be designated for various segments of the CAWS, the

District relied principally on the findings of the Habitat Evaluation and Habitat Improvement

reports that have been prepared for the District by LimnoTech.  As stated in the testimony of Dr.

Mackey, and as confirmed by the Habitat Evaluation Report, the primary limiting factor

affecting the structure and function of the biotic communities in the CAWS is the lack of

physical habitat.  In the Habitat Evaluation Report, physical habitat characteristics were assessed

throughout reaches of the CAWS and data were evaluated to develop a habitat index that is
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uniquely applicable to these urban waterways. This index was used along with fish data to

assess the relative importance of physical habitat compared to water quality factors in the

CAWS. Subsequently, the Habitat Improvement Report estimated habitat index scores based on

potential habitat improvements in various reaches of the CAWS. The District believes that those

index scores should be considered in determining the appropriate designated uses for each

segment. Other important environmental factors should be considered when the habitat and

habitat improvement index scores are borderline or inconclusive, including sediment toxicity and

unique flow conditions.

The District is proposing three aquatic life use categories for the CAWS. The categories,

and the rationale for designating individual waters in one of the three categories, are described

below.

Chicago Area Waterway System Modified Warm Water Aquatic Life Waters (CAWS

Category 1)

The Habitat Evaluation Report indicates that the North Shore Channel, upper North

Branch Chicago River, and Little Calumet River habitats have relatively high index scores as

compared to other segments. These waterways would be classified as CAWS Category 1

Waters. The CAWS Category 1 Waters are artificially constructed or channelized and contain

reaches with earthen banks (steeper than most found in natural systems) and some areas of

instream cover (e.g., overhanging riparian vegetation, fixed aquatic vegetation, boulders, or

woody debris). Relatively lower depth areas may be present in these waters.  Commercial

navigation is generally absent in Category 1 Waters, with the exception of the Little Calumet

River. While fine sediments may be widespread in the CAWS Category 1 Waters, a majority of
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sediment samples were demonstrated to be non-toxic. The habitat features that are important to

sustaining healthy and balanced warmwater aquatic communities as discussed in Dr. Mackey’s

testimony are not widespread in Category 1 Waters.  However, the physical habitat in Category 1

Waters is relatively better than other waterways in the CAWS. Physical habitat in these reaches

is not adequate to support a warmwater aquatic community that fully meets the goals of the

Clean Water Act, nor do they have the potential to do so. Based on the physical habitat data

collected by the District and the UAA contractors, a number of habitat attributes prevent

Category 1 waters from maintaining a biological condition that meets the Clean Water Act’s

Aquatic Life goal.  Such conditions are not reversible in the foreseeable future, however, some of

the physical habitat limitations in reaches of Category 1 Waters may be improved to a degree as

described in the LimnoTech Habitat Improvement Report.

A stable and tolerant fish community with representative species from various trophic

levels exists and thrives in the CAWS. The abundance (number and weight) of largemouth bass

and bluegill is significantly higher in Category 1 Waters than Category 2 Waters. In addition,

the abundance of these fish species has increased more in Category 1 Waters than in Category 2

Waters, even though water quality improved throughout all of these waterways.  The District

believes this can be attributed to the slightly better physical habitat conditions present in

Category 1 Waters.

The abundance and weight of intolerant fish, such as smallmouth bass, are also

significantly higher in CAWS Category 1 Waters, but they are almost exclusively found at

sampling stations in close proximity to Lake Michigan, particularly the Calumet River. The

physical habitat characteristics generally prohibit these intolerant species from becoming

widespread in the CAWS, even in Category 1 Waters.
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Since physical habitat limits the biological condition of the CAWS, the management goal

for Category 1 Waters is to maintain current fish populations that have demonstrated tolerance of

its irreversible physical habitat features.

The District believes that there are other segments, not extensively analyzed in the

Habitat Evaluation Report, that contain habitat attributes similar to Category 1 Waters: the

Calumet River and Lake Calumet. The Calumet River, south of 130th Street to the O’Brien Lock

and Dam, has a substantial continuous reach which contains certain physical habitat attributes

that are either absent or found in isolated pockets in the rest of the CAWS. A side channel

shallow (approximately 3 feet depth) area with relatively abundant fixed aquatic vegetation is

present where the channel widens. A gradually sloping bank with emergent vegetation is present

in this reach of the Calumet River to an extent not found in other areas of the CAWS.  In

addition, the Calumet River north of the O’Brien Lock and Dam has a direct hydrological

connection to Lake Michigan, without a control structure, where fish species uncommon to the

rest of the CAWS are sometimes found. Lake Calumet also exhibits several shallow areas, and

instream cover consisting of woody debris and extensive overhanging vegetation near the

shoreline. As a result, the District is proposing that the five previously mentioned CAWS

segments be included in use Category 1.  As noted below, these waters would be covered by a

dissolved oxygen (DO) standard of 4.0 mg/L, to be met at all times except for time periods

during which the wet-weather provision applies.

Chicago Area Waterway System Limited Warm Water Aquatic Life Waters (CAWS

Category 2)

The Habitat Evaluation Report indicates that the habitat scores for the South Branch

Chicago River, the Chicago Sanitary & Ship Canal, and the Cal-Sag Channel are significantly
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lower than those for the Category 1 Waters. Therefore, these segments should be designated

Category 2 Waters, with lower aquatic life attainment goals. CAWS Category 2 Waters are

artificially constructed or channelized and generally lack significant reaches of earthen banks and

instream cover (e.g., overhanging riparian vegetation, fixed aquatic vegetation, boulders, or woody

debris). Lower depth areas are rare in these waters.  Most of the commercial navigation in the

CAWS occurs in the Category 2 Waters. A majority of sediment samples tested from some of

the Category 2 Waters were demonstrated to be toxic.

There are two segments that do not fall obviously into a category based on the habitat

index scores that also belong in Category 2: the Chicago River main stem, and the lower North

Branch of the Chicago River. Both of these segments are “borderline” in the habitat index.

However, available information concerning habitat improvement potential, the physical nature of

these segments, and/or sediment toxicity, indicate that they belong in Category 2 rather than

Category 1.

Potential index scores after physical habitat improvements listed on page 57 of the

Habitat Improvement Report indicate that, unlike the other waterway reaches, the Chicago River

demonstrates no potential for habitat improvement due to 97% vertical wall armored banks and

the lack of overhanging vegetation and bank pocket areas. As stated on page 49 of the  Habitat

Improvement Report, “because of the developed urban nature of the riparian land of the Chicago

River, it is assumed that any measure requiring significant use of that riparian land for habitat

improvement would be infeasible.”

While the habitat index scores in the upper and lower North Branch Chicago River are

similar (49 and 47, respectively), the lower North Branch should be in Category 2 due to the
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important distinctions observed between these two reaches. The primary physical habitat

attributes which distinguish the lower North Branch from the upper reach include a

preponderance of vertical wall banks, a lower incidence of overhanging vegetation, and fewer

bank pocket areas.  The lower North Branch is also subject to commercial navigation, unlike the

upper North Branch.

Moreover, sediment toxicity data show that half the sediment samples collected from the

lower North Branch Chicago River are considered to be toxic.  This frequency of toxic sediment

is uncharacteristic of Category 1 waters, but is more often associated with waterways classified

as Category 2. The sediment toxicity present in the lower North Branch Chicago River is likely

to limit further improvements in the biological communities of macroinvertebrates and fish

regardless of further water quality improvements that would be required to meet higher DO

standards.

The IEPA UAA report classified the Lake Calumet Connecting Channel as Aquatic Life

Use B. The Lake Calumet Connecting Channel is very deep and its shoreline consists of vertical

sheet piling and rip rap. There is no instream cover or overhanging vegetation. While the

Habitat Evaluation Report does not assess this segment, available information leads the District

to believe that it belongs in Category 2.

The fisheries management goal in Category 2 Waters would also be to maintain current

fish populations, recognizing that with even more severe physical habitat limitations and fewer

opportunities for habitat improvement, these populations will not reach the levels present in

Category 1 Waters.
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As explained below, Category 2 Waters will comply with a DO standard of 3.5 mg/L, to

be met at all times except for time periods during which the wet-weather provision applies.

Chicago Area Waterway System Severely Limited Aquatic Life Waters (CAWS Category

3)

The habitat index score in the south fork of the south branch of the Chicago River

(Bubbly Creek) is in the range of other CAWS Category 2 Waters, but other factors indicate that

its attainable aquatic uses are considerably more limited than other segments in the CAWS.  In

addition to significant sediment contamination, Bubbly Creek also exhibits a unique flow regime.

It is stagnant during dry weather, and it is dominated by high-velocity CSO flows from the

Racine Avenue Pumping Station during wet-weather periods.

Similarly, the Grand Calumet River exhibits stagnant conditions during dry weather.

Seventy-five percent of sediment samples from the Grand Calumet River show toxicity.

Between 2001 and 2008, only 3 fish species were collected from the Grand Calumet River.

Other information regarding beneficial use impairments on the Grand Calumet River can be

found on the USEPA website, as an area of concern (AOC) at

http://www.epa.gov/glnpo/aoc/grandcal.html#Beneficial. The Grand Calumet River was not

evaluated by LimnoTech during the physical habitat assessment.  However, because of the

stagnant conditions during dry weather and a preponderance of fine grained, organic, toxic

sediments, the Grand Calumet River is designated as a Category 3 Water.

There are several other segments, such as the North Branch Canal, the Collateral

Channel, and other off-channel slips, that are similarly stagnant. These isolated, quiescent
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waters should be treated in the same way as other quiescent waters under the IEPA water quality

standards, which are covered by narrative provisions rather than numeric DO criteria.

Additional information and technical support for the District’s proposal for Aquatic Life

Use designations in the CAWS is contained in Attachment 1.

2. DO CRITERIA AND NARRATIVE STANDARDS

The Habitat Evaluation Report indicates that the limited physical habitat in the CAWS

has much more influence on aquatic communities than DO. The statistical analysis of the

relative importance of water quality and physical habitat showed that “DO alone can only

explain between 2% and 27% of the fish data variability, while the physical habitat can explain

48%.” (Page 125 Habitat Evaluation Report). Moreover, while the Habitat Improvement Study

found that a limited potential for enhancements to physical habitat in the CAWS exists, it was

unable to conclude that they would result in significant benefits to the CAWS fish communities.

Therefore, in considering appropriate standards for the three designated use categories explained

above, the District focused on the DO standards necessary to support the existing biotic

communities.

It should be noted that for other highly modified water bodies around the country, DO

criteria have been adopted that are substantially less stringent than the criteria in IEPA’s proposal

(see Attachment 2). For instance, the standards for the Cuyahoga River in Ohio contain a

minimum DO level of 1.5 mg/L. The Wisconsin water quality standards for the Milwaukee

River contain a DO variance of 2.0 mg/L. Similar to the IEPA proposal, the District

recommends a minimum DO standard of 4.0 mg/L for Category 1 Waters and a minimum DO

standard of 3.5 mg/L for Category 2 Waters. The District believes that these criteria support the
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existing biotic communities in these segments. The waters in Category 3, which are stagnant and

support limited biotic assemblages, cannot (and do not need to) meet a specific numeric criterion

on a consistent basis, and so these waters will instead be protected by narrative requirements,

designed to protect against offensive conditions (such as odors) and to protect the limited

ecologic functions and biotic assemblages that are present.

There are several elements of the IEPA DO criteria that were not incorporated into the

District’s proposal because the District does not believe that these criteria are justified or

appropriate. For instance, IEPA’s proposed DO criteria for “early life stage present” are not

included in the District proposal. Fish species that require higher DO are limited by the scarcity

of spawning habitat in the CAWS rather than DO conditions. If early life stages of more tolerant

fish are currently present in the CAWS, more stringent DO criteria than proposed by the District

are not necessary to support this current biotic community.

Published scientific studies suggest that juvenile largemouth bass, for instance, do not

exhibit behavioral changes until DO falls below 2 mg/L (Hasler et al., 2009), and that “all sizes

of largemouth bass may briefly tolerate hypoxic exposure” (Burleson et al., 2001). There is no

basis to conclude that more stringent DO criteria will promote spawning in the CAWS, or

significantly improve or expand the current biotic community.  As a result, special and more

stringent DO criteria to support early life stages are not appropriate for inclusion in standards for

the CAWS.

The District is also proposing to eliminate the 7-day mean of daily minima proposed by

IEPA. For CAWS Category 1 Waters, the 4.0 mg/L 7-day mean of daily minima would be

redundant since the District is proposing that the DO will never go below 4.0 mg/L.  Thus, it
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would be arithmetically impossible to meet the minimum DO criteria while violating the 7-day

mean of daily minima. Furthermore, the 7-day mean of daily minima is not warranted in these

man-made or modified channels comprising either Category 1 or 2 Waters.  The 1986 USEPA

Ambient Water Quality Criteria Document for DO (IEPA Attachment X) states on page 36:

“Because repeated exposure to dissolved oxygen concentrations at or near the acute lethal
threshold will be stressful and because stress can indirectly produce mortality or other
adverse effects (e.g., through disease), the criteria are designed to prevent significant
episodes of continuous or regularly recurring exposures to dissolved oxygen
concentrations at or near the lethal threshold. This protection has been achieved by
setting the daily minimum for early life stages at the subacute lethality threshold, by the
use of a 7-day averaging period for early life states, by stipulating a 7-day mean of
minimum value of other life stages…”

The italicized portion of this quote suggests that the 7-day mean of minimum standard is

meant to protect fish communities from predictable consistent daily low DO concentrations that

may occur due to diurnal DO fluctuations, for instance.  Testimony provided by the District

based on continuous monitoring data throughout the system has shown that diurnal DO

fluctuation rarely occurs in these deep draft waters.  Rather, low DO in the CAWS is

unpredictable, infrequent (at most stations), and transient based on weather conditions.  The

behavior of this system during wet weather events is such that low DO concentrations do not

occur throughout the system all at once, thus allowing fish to avoid the low DO areas (see

Attachment 3 of my testimony for evidence of fish avoidance of low DO areas). As such, the 7-

day standard would be inappropriate for the CAWS. There is no evidence that such criteria are

necessary to support the existing biotic community, or that application of such criteria will

improve or expand the biotic community currently present in the CAWS.
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Existing Illinois Standards and USEPA Guidance

The minimum DO standard to protect adult life stages in General Use Waters of Illinois

is 3.5 mg/L.  The District proposes minimum DO standards for the CAWS that are as stringent as

for the General Use Waters for Category 2 Waters and more stringent for Category 1 Waters (4.0

mg/L).  These standards have been approved by the IPCB and deemed protective of adult life

stages of fish in General Use Waters.  It has been established that the CAWS waterways have

lower ALU potential than General Use Waters and that the majority of physical habitat in the

CAWS is not and cannot become conducive for spawning of most fish species.  As such, the

District’s proposed DO criteria for the CAWS would be protective for the CAWS dominant fish

community and consistent with the previous IPCB Rulemaking on General Use Waters.

Furthermore, DO minima of 3.5-4.0 mg/L are consistent with the DO criteria described

for Other Life Stages of fish in Nonsalmonid Waters in the 1986 USEPA Ambient Water Quality

Criteria Document for DO.  This document lists 3.0 mg/L as the DO limit to avoid acute

mortality.  The DO standards proposed by the District allow for an extra margin of safety for the

protection for CAWS fish species.

Narrative standard for Category 3 Waters.  The waters in Category 3, which are stagnant

and support limited biotic assemblages, cannot (and do not need to) meet a specific numeric

criterion on a consistent basis, and so these waters will instead be protected by narrative

requirements, designed to protect against offensive conditions (such as odors) and to protect the

limited ecologic functions and biotic assemblages that are present.  There is precedent for

narrative DO criteria in Section 302.206a of the General Use Water Quality Standards for

Illinois, which states:

“General use waters at all locations must maintain sufficient dissolved
oxygen concentrations to prevent offensive conditions as required in
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Section 302.203 of this Part. Quiescent and isolated sectors of General Use
waters including but not limited to wetlands, sloughs, backwaters and
waters below the thermocline in lakes and reservoirs must be maintained at
sufficient dissolved oxygen concentrations to support their natural
ecological functions and resident aquatic communities.”

Stagnant waters in the CAWS should be treated in the same way as other quiescent

waters under the IEPA water quality standards, which are covered by narrative provisions rather

than numeric DO criteria.

Additional information and technical support for the District’s proposal for DO criteria in

the CAWS is contained in Attachment 3.

3. WET WEATHER PROVISION

During and after precipitation, wet weather impacts can affect stream DO concentrations

and cause excursions from water quality standards. DO in certain reaches can be significantly

reduced (sometimes to zero) for up to a week after some wet weather events.  The lingering

effects of precipitation on DO in the CAWS differ greatly based on the magnitude of the storm

and the location in the system (Alp and Melching, 2009). The existing biotic community appears

to be tolerant of these conditions.  For example, fish kills do not occur following wet weather

events in the CAWS except under extremely rare circumstances (e.g., in the case of a high

intensity rain event following a prolonged antecedent dry period in the midst of  extremely hot

weather >90° F).

Wet weather conditions must be considered when setting water quality standards for the

CAWS since these events will occur whether or not there is a wet weather provision for the DO

standard. Because the proposed DO standard cannot possibly be met during and for periods after

wet weather events, the District believes that a Wet Weather Limited Use (WWLU) designation
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should apply when wet-weather events cause DO levels to fall below the DO standard (4.0 or 3.5

mg/L, as appropriate for each segment).

  This designation would apply to water receiving or otherwise affected by wet weather

flows and may remain in effect during, and up to a predefined maximum amount of time after, a

wet weather event.  When the WWLU designation is in effect, the DO standard would be

temporarily suspended.  The WWLU designation could be applied in each segment of the CAWS

when all of the following criteria are fulfilled:

1. A “trigger,” such as a CSO discharge or specified rainfall amount occurs.

2. There are DO standard exceedances during or following the trigger event for a

predefined maximum period.

3. There were no DO standard exceedances prior to the trigger event.

The District would use data from CSO discharges, rainfall gages, and continuous DO

monitors to keep track of the number of hours in which the WWLU is applied throughout the

CAWS and report this to IEPA on an agreed upon schedule. To ensure that the amount of time

below the DO minimum levels is minimized, sources would be subject to appropriate operational

requirements set forth in applicable permits (for sources such as MS4s) or Long-Term Control

Plans (for CSOs).  At all other times, the DO criteria set forth in 302.710 and 302.715 would

apply to the CAWS.  The WWLU designation would be reassessed over time as significant

changes were made to the CAWS, such as the progress of TARP reservoir construction.

The details regarding the District’s wet weather provision proposal are covered in

Adrienne Nemura’s testimony filed February 2, 2011.
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4. OTHER WATER QUALITY CRITERIA

Chronic Cyanide Criteria

The District proposes a chronic cyanide standard of 10 µg/L or higher as recommended

in my earlier testimony in R08-9 (Exhibit 230).  While the Illinois General Use Standard is 5.2

µg/L, an IPCB ruling in R95-14 favored a higher site-specific chronic cyanide standard for Salt

Creek, Higgins Creek, the West Branch DuPage River, and the Des Plaines River because it was

considered protective of the fish species that reside in these waters.  From the final IPCB ruling:

“The current cyanide CS standard of 5.2 µg/L was established based upon a calculation that

included toxicities to rainbow trout, brook trout, yellow perch, and bluegill.”

As described in my previous testimony:  “The rainbow trout are the most cyanide-

sensitive fish considered and are a coldwater fish species.  As such, they should not be

considered in warmwater aquatic environments.  By removing rainbow trout and adding the next

most cyanide-sensitive species, black crappie, the calculated chronic standard for cyanide would

be 9.8 µg/L, which was rounded up to 10 µg/L in the final ruling.  Incidentally, brook trout do

not occur in the General Use waterways of Cook County or the CAWS either, however, this

species was not removed from the calculation for the purposes of the R95-14 Rulemaking.”

Clearly, a water quality standard in the CAWS should not be based on the tolerance levels of

coldwater species like trout.  Since the chronic cyanide standard was amended due to absence of

rainbow trout in the General Use waterways of Cook County, the absence of rainbow trout in the

CAWS should also be acknowledged, and the chronic cyanide standard should be 10 µg/L or

higher.
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Chronic Zinc Criteria

An error in the derivation of the current General Use chronic zinc standard, which is

identical to what has been proposed by IEPA for the CAWS, was described on pages 9 and 10 of

the Statement of Reasons for IPCB Case Number R2011-018 (Triennial Review of Water Quality

Standards for Boron, Fluoride, and Manganese: Amendments to 35 Ill Adm. Code 302. Subparts

B, C, E, F and 303.312, Attachment 4).  Apparently,  an incorrect chronic toxicity value for

Hyalella was used to determine the final chronic value (FCV) equation for zinc.  In order to

correct this error, the equation used to calculate the chronic zinc standard should be changed

from:

FCV = e(0.8473[ln(hardness)] – 0.8168 to FCV = e(0.8473[ln(hardness)] – 0.44599

This amendment should also be reflected in the proposal for the chronic zinc water

quality standard for the CAWS.

Conclusion

The District is proposing DO minimum criteria that are protective of the CAWS

dominant fish community and are supported by multiple lines of evidence.  In addition to being

identical to the IEPA proposed minimum DO criteria, more stringent than the IPCB-approved

DO minimum criteria for General Use Waters of Illinois, and consistent with the USEPA Criteria

document for DO, the District’s proposed DO criteria are actually more stringent than those that

have been adopted for similar waterways in several other states.  The 7-day mean of daily

minima DO criteria proposed by IEPA is inappropriate for the CAWS because this standard is

designed to protect aquatic life against, “continuous or regularly recurring exposures to

dissolved oxygen concentrations at or near the lethal threshold” (USEPA, 1986), whereas DO

sags that occur in this system are episodic and unpredictable.  Furthermore, the 4.0 mg/L 7-day
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mean of daily minima would be arithmetically redundant in Category 1 Waters where the District

proposes a daily minimum DO of 4.0 mg/L.   Early Life Stage DO criteria are not required in the

CAWS because the permanent physical habitat in the CAWS limits spawning of fish species like

smallmouth bass and channel catfish.  Studies have shown that adult and juvenile largemouth

bass, an abundant and popular game fish species in the CAWS, are tolerant of occasional DO

sags down to approximately 2 mg/L.

A wet weather provision also needs to be part of the CAWS standards because wet

weather sources of pollution have been shown to decrease DO significantly for days to weeks

following precipitation events (Alp and Melching 2009).  The DO impact of these events needs

to be acknowledged in the Aquatic Life Use designations for the CAWS because it is not feasible

to eliminate or capture the wet weather sources in the foreseeable future.

The District proposes a chronic cyanide standard of 10 µg/L to be consistent with the

site-specific standard that has been applied to several General Use Waters in Cook County.  As

described in the final Opinion and Order from R94-14, the chronic cyanide standard is derived

from studies on sensitive fish that are not even found in General Use Waters of Cook County, let

alone CAWS waters.

Finally, the District urges the proposed chronic zinc standard for the CAWS be updated

as previously described in order to correct a known error in its calculation.

Thank you for the opportunity to present the District’s alternative recommendations for

water quality criteria to protect aquatic life in the CAWS.
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TECHNICAL SUPPORT FOR AQUATIC LIFE USE DESIGNATION
PROPOSAL IN THE CAWS

The purpose of this document is to provide a more detailed basis for the Aquatic Life Use

designations that the District is proposing for the Chicago Area Waterway System (CAWS).

Key findings from the LimnoTech Habitat Evaluation and Improvement reports (filed with IPCB

on January 6, 2010, PC Number 284) that were used to inform the District’s proposal are

summarized herein. The relative importance of physical habitat versus dissolved oxygen (DO) in

affecting the potential CAWS fish community has been statistically quantified and is explained.

Also included in this document is a discussion of the dominant fish community that has

adapted to the irreversible physical habitat features of these waterways and can exist in the

CAWS.

The CAWS habitat index created by LimnoTech was used to calculate current and

potential habitat index scores for the CAWS reaches.  These scores were utilized for

classification of CAWS reaches into one of three ALU designation categories. Other

environmental factors were considered when the scores did not provide an obvious basis for

classification.  The exact procedure utilized by the District for ALU designation is described

below.

LimnoTech Habitat Evaluation and Improvement Reports

The District contracted LimnoTech to assess physical habitat limitations in the CAWS, to

provide the technical information needed to determine the extent to which physical habitat is the

limiting stressor in the system, and to develop a habitat index specifically for the CAWS in order

to determine the relative range in habitat quality across the CAWS for use in developing

appropriate Aquatic Life Use designations for each waterway.  The results from the Chicago
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Area Waterway System Habitat Evaluation and Improvement Study are presented in 2 reports,

entitled, “Habitat Evaluation Report” and “Habitat Improvement Report.”

Physical Habitat as Limiting Stressor.  The Habitat Evaluation Report outlines the

process of the habitat index development and explains the physical habitat attributes in the

CAWS which are expected to most influence fish communities.  Page 104 of the Habitat

Evaluation Report identifies the methods for reducing the initial set of 241 habitat variables to

the final 16 variables that were compared through multiple regression with fish data.  The six

habitat variables that were statistically most predictive of fish data were as follows:  Maximum

depth of channel, off-channel bays, percent of vertical wall banks in reach, percent of riprap

banks in reach, manmade structures in reach, and percent macrophyte cover in reach.  The model

consisting of these six variables accounts for 48 percent of the variability in fish data in the

CAWS.  Habitat index scores for the CAWS waterways are shown on page 139 of the report.

Other habitat variables of interest identified and discussed in the report were bank pocket areas,

large substrate in shallow and deep parts of the channel, organic sludge, and overhanging

vegetation.  Anthropogenic factors such as navigation were deemed crucial limitations to aquatic

life use in the CAWS (pages 91-93 of the Habitat Evaluation Report describe navigation

impacts).

The Illinois EPA proposed water quality standards for the CAWS included proposed  DO

criteria that were higher than existing conditions. The Habitat Evaluation Report therefore

included an evaluation of whether improvements in DO could lead to potential improvements in

the fish community in the CAWS.

Various key DO metrics were then compared to fish metrics and it was determined that

the percent of time that DO was less than 5 mg/L at each station from June through September
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was the DO metric most highly correlated with fish metrics (a negative correlation).  However,

multiple regression analysis indicates that, “DO alone can only explain between 2% and 27% of

the fish data variability, while the physical habitat can explain 48%. The addition of the key DO

metric to the main habitat variables only resulted in a 4% improvement over using habitat alone.”

(Page 125, Habitat Evaluation Report).  The report also explains that “Of the half of fish data

variability that is not explained by these physical habitat variables, as much as 70% of that half

can be explained by variation in fish sampling results from year to year.” (Page 125).   This

analysis lead LimnoTech to conclude that water quality, including DO, was of relatively less

importance to aquatic life than physical habitat which is the limiting stressor in the system.

Increased DO is not likely to facilitate improved fish metrics.

This conclusion is consistent with the testimony of Dr. Scudder Mackey, an aquatic

habitat expert, who discussed physical habitat limitations and lack of critical habitat linkages in

the CAWS.  For instance, on pages 15-16 of his pre-filed testimony for the District, Dr Mackey

explains, “In my opinion, the substantial investments needed for infrastructure to provide

incremental increases in DO and/or reductions in temperature will not yield a proportionate

biological response with respect to attaining sustainable fish communities and/or other beneficial

uses. The lack of diverse bank-edge and instream habitats within the CAWS may be a much

more significant limitation on the development of sustainable fish communities than current

levels of DO or temperature. Without suitable habitat pattern and diversity, sustainable

populations of these species can not be established irrespective of how much improvement there

is in water quality” (emphasis in original).

CAWS Habitat Index Scores. The CAWS Habitat Evaluation Report determined

habitat index scores for all of the CAWS reaches between the Wilmette Pump Station, Chicago
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River Controlling Works and O’Brien Lock and Dam, and the Lockport Lock and Dam.  The

results of this evaluation are presented in Table 7-7 on page 139 of the report.  This table

indicates that on a scale of 0 to 100, the current CAWS habitat index scores are 75 for the upper

North Shore Channel, 60 for the lower North Shore Channel, 52 for the Little Calumet River, 49

for the upper North Branch Chicago River, 47 for the lower North Branch Chicago River, 45 for

the Chicago River, 37 for Bubbly Creek, 37 for the Calumet Sag Channel, and 34 for both the

South Branch Chicago River and the Chicago Sanitary and Ship Canal.

Habitat Improvement Potential. The Habitat Improvement Report evaluated the

potential for physical habitat enhancement in each of the CAWS reaches, the cost, and the

likelihood that the enhancements would improve fisheries condition in the CAWS.

Recognizing that the CAWS is irretrievably altered due to severe and irreversible

hydrological modifications, channelization, watershed urbanization and substrate alteration

and contamination, the study did not attempt to evaluate strategies for restoration of native or

natural conditions.  Rather, the study evaluated improvements that could potentially optimize

habitat in the reaches that have the best current habitat index scores (North Shore Channel)

and that could potentially elevate physical habitat quality in other reaches to levels

approaching the North Shore Channel, which represents the optimum achievable habitat for

this system

Table 4-1 on page 57 of this report presents the potential index scores after described

habitat improvements.  This table indicates that on a 100 point scale, the potential CAWS habitat

index scores are 80 for the upper North Shore Channel, 71 for the lower North Shore Channel,

58 for the upper North Branch Chicago River, 57 for the Little Calumet River, 56 for the lower

North Branch Chicago River, 48 for Bubbly Creek, 47 for the South Branch Chicago River, 45
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for the Chicago River, 44 for the Calumet Sag Channel, and 43 for the Chicago Sanitary and

Ship Canal.

Several major irreversible limiting physical habitat attributes in the CAWS were reported

to have no potential for improvement.  For example, it would not be feasible to alter channel

depth, channel complexity (alternating riffle-pool habitat), hydrologic pattern, floodplain

connectivity, lack of large substrates, presence of organic sludge, and water clarity, in the

CAWS.  As a result, potential habitat improvements resulted in small to modest increases in the

projected habitat index scores. Therefore, these enhancements are unlikely to substantially

improve the composition of aquatic life in the CAWS.

Since so many physical habitat attributes that have positive effects on fish metrics cannot

be improved, the fish species currently present in the CAWS  are indicative of the types of fish

that can tolerate these irreversible physical habitat conditions and the presence of commercial

navigation. The District now believes that physical habitat is limiting further changes in aquatic

life in the CAWS. LimnoTech reported on page 94 of the Habitat Evaluation Report:  “The

constructed and heavily modified conditions within the CAWS, combined with the management

of the system for its intended uses of wastewater conveyance and navigation, have limited the

structural and functional conditions for aquatic habitat. These limited habitat features have

resulted in a biotic community (as measured by fish) that is tolerant of the modified conditions

and appears to be thriving. These conditions also impose a significant limitation on the potential

of the CAWS to support fish communities different than what presently exist there.”

The existing tolerant fish community has achieved a sustainable balance of its own with

the existing limitations for fish living in an urban waterway with other major uses such as

navigation and wastewater conveyance.
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Fish Community in the CAWS

The CAWS fish species assemblage is composed primarily (96%) of fish in three

families, including the herring family (Clupiedae – 40% of all fish collected), the carp and

minnow family (Cyprinidae – 37%), and the sunfish family (Centrarchidae -19%). The most

abundant sunfish were largemouth bass, bluegill, and pumpkinseed sunfish, which are popular

game fish species.  The dominant community has representation from all trophic levels,

suggesting that it represents a relatively complete fish community of mostly tolerant species.

Abundance of largemouth bass and bluegill has increased more dramatically in Category

1 (Modified Warm Water Aquatic Life Use) than Category 2 (Limited Warm Water Aquatic Life

Use),  and Category 3 (Severely Limited Water Aquatic Life Use) Waters over the past 3

decades.  Since water quality has improved across all of the waterways, it is likely that the

increase is more significant among Category 1 Waters due to their incrementally better physical

habitat features.

ALU Categories for the CAWS

Three aquatic life use designations were developed by the District based on the goal of

sustaining the CAWS fish community.  The District utilized the habitat index scores as a starting

point for grouping reaches into aquatic life use categories with relatively high and low capability

of providing habitat suitable for optimizing the CAWS fish community.

Aquatic Life Use Categories 1 and 2. The upper and lower North Shore Channel

reaches, the upper North Branch Chicago River, and the Little Calumet River had the highest

scores and represent the optimum CAWS fish community putting them into Category 1 Waters.

Evaluating the many appreciable habitat differences between the upper and lower North

Branch Chicago River caused the District to propose that these two reaches should be in different

Electronic Filing - Received, Clerk's Office, February 2, 2011



7

categories despite their close index scores (49 and 47 currently and 58 and 56 potentially,

respectively).  Pages 48-49 of the Habitat Improvement Report discuss several of the significant

habitat attributes that set the upper and lower North Branch segments apart.  Vertical wall banks

are much more prevalent in the lower North Branch Chicago River.  In addition, “Overhanging

riparian vegetation varies from 25% in the upper North Branch Chicago River to 5% in the lower

North Branch Chicago River,” and “The number of bank ‘pocket areas’ is relatively high in the

upper North Branch Chicago River, but low in the lower North Branch Chicago River.”

Table 7-5 on page 136 of the Habitat Evaluation Report also shows that other key habitat

variables indicate better physical habitat in the upper North Branch, including more large

substrate in “shallow” areas, and less organic sludge than the lower North Branch.

Toxic sediments present in the lower North Branch Chicago River further support its

inclusion in Category 2. Fifty percent of sediment samples collected from Grand Avenue and

Diversey Parkway in the lower North Branch in 2005 exhibited toxicity to Chironomus tentans.

(Attachment 1).  The District believes that these properties combine to limit the full realization of

the fish community in the lower North Branch Chicago River and it is thereby designated as a

Category 2 waterbody.

The habitat index score for the Chicago River (45) is similar to the upper North Branch

(49), and consequently could be designated as a Category 1 Water.  However, with the exception

of sediment toxicity, the same physical habitat limitations apply here, including 97% vertical

walls and 0% overhanging vegetation in the reach, as were discussed for the lower North Branch

Chicago River and the Habitat Improvement Report concluded that there was no opportunity for

physical habitat enhancement in the Chicago River as described on pages 49-50, so it was

subsequently designated as a Category 2 Water.
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The South Branch Chicago River, Chicago Sanitary and Ship Canal, and Cal-Sag

Channel all had appreciably lower CAWS Habitat Index scores, with correspondingly lower

quality fish community which justifies classification as Category 2 Waters.  For instance, catch

per unit effort (CPUE) for popular game fish was significantly higher in Category 1 than

Category 2 Waters between 2001-2008.  CPUE (in number of fish per 30 minutes of sampling)

for largemouth bass was 11.9 and 3.9, respectively, for Category 1 and 2.  Bluegill CPUE was

7.2 and 3.8, respectively.

Aquatic Life Use Category 3. The full potential of the CAWS fish community is even

lower in Bubbly Creek because of dry-weather stagnant conditions and periodic combined sewer

discharges from the Racine Avenue Pumping Station (RAPS).  On page 1-8 of the CAWS UAA

report, it states, “The South Fork is a stagnant waterbody that receives no flow unless the Racine

Avenue Pump Station, storm sewers or other CSOs are discharging.”  The report further

describes the extensive DO nonattainment issues in Bubbly Creek.  IEPA has thus acknowledged

the unusual conditions in Bubbly Creek, which were highlighted in Dr. Samuel Dennison’s

testimony in IPCB R08-9.

During dry weather, Bubbly Creek is stagnant and stream DO can often plummet to zero.

The fine sediments deposited throughout most of the creek exhibit a heavy oxygen demand.  In

2001, the District measured a sediment oxygen demand (SOD) of 3.64 g/m2/day at Interstate

Highway 55 on Bubbly Creek.  During 2008, DO was below the IPCB Secondary Contact DO

standard of 4.0 mg/L in Bubbly Creek 61 and 22 percent of the time at 36th Street and Interstate

Highway 55, respectively (Gallagher et al., 2009).

During significant precipitation events when RAPS discharges to Bubbly Creek, the

water elevation can rise over three feet and flow velocity in the narrow creek can reach in excess
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of five feet per second. Following a CSO discharge from RAPS, the organic content of the flow

from RAPS as well as re-suspended sediments from the creek bed exert an oxygen demand for a

number of days, severely impacting DO in the channel (Garcia et.al. 2010). The District

continuous DO data indicates that DO recovery at Bubbly Creek stations sometimes takes

several days longer than at other stations in the CAWS. Figure 1 indicates that DO at 36th Street

on Bubbly Creek remains at 0.0 mg/L for over 3 days.

Various technologies were assessed by the District for meeting proposed water quality

DO standards in Bubbly Creek.  The CAWS water quality model indicates that in addition to

flow augmentation, three supplemental aeration stations would have to be constructed within the

1.3 mile length of Bubbly Creek in order to comply with the IEPA proposed DO standards 100%

of the time (Melching, et.al. 2010). However, supplemental aeration stations would likely cause

re-suspension of the fine silt sediments deposited in Bubbly Creek, further contributing to

oxygen demand and biological impairment. (Garcia et.al. 2010).

In addition to these issues, 50 percent of sediment samples collected from Bubby Creek

between 2002-2007 exhibited toxicity to macroinvertebrates in bioassays. (Attachment 1).

In light of the impaired sediment, wet-weather CSO overflows at the RAPS, and the

extreme variability in flow, the District recommends that Bubbly Creek be classified as a CAWS

Category 3 Water.

Waterways not assessed by Habitat Evaluation and Improvement Study

Among the CAWS waterways that were not assessed by LimnoTech were the Grand

Calumet River, Calumet River, Lake Calumet Connecting Channel, Lake Calumet, as well as

several stagnant segments, such as the North Branch Canal, the Collateral Channel, and other

off-channel slips, that were not assessed.  Therefore, these waterways do not have a CAWS
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Habitat Index score at this time.  However, based on the available physical habitat and aquatic

life information, we propose to include Lake Calumet and the Calumet River in the higher ALU

tier (Category 1), the Connecting Channel in the lower ALU tier (Category 2), and the Grand

Calumet River in the lowest ALU tier (Category 3). These designations are consistent with

IEPA’s proposal with two exceptions. The District believes the Calumet River should be

included in Category 1 and that the Grand Calumet River be included in Category 3.  The IEPA

had classified the Calumet River as an ALU B Water and the Grand Calumet River as an ALU A

Water.  The IEPA did not include stagnant segments of the CAWS, like the North Branch Canal,

the Collateral Channel, and other off-channel slips in their proposal, but these segments would

reasonably be Category 3 Waters since they do not receive flow.

The fish community in the Grand Calumet River was assessed by the District during 2003

and 2007. The total number of fish collected near Burnham Avenue on the Grand Calumet River

was 0 and 5, respectively. Attachment 1 shows that 75% of the sediment samples collected from

the Grand Calumet River for sediment toxicity testing are toxic.  The results from a chemical

assessment of Grand Calumet River sediments by the District and others confirm elevated levels

of heavy metals and organic compounds in the sediment (Cahill et al, 1999 and District

testimony by Wasik in IPCB R08-09). Given the extremely limited aquatic life present in the

Grand Calumet River, stagnant conditions during dry weather, severe sediment toxicity, and

elevated levels of heavy metals and organic compounds in sediments, the Grand Calumet River

is designated as a Category 3 Water and would have a narrative DO standard in accordance with

our proposal.
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FIGURE 1: DISSOLVED OXYGEN CONCENTRATION MEASURED HOURLY
AT 36TH STREET ON BUBBLY CREEK

FROM AUGUST 2, 2006 THROUGH AUGUST 8, 2006
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Dried
Weight

Ash-free
Dried

Weight
WATERWAY SITE YEAR Survival (mg/org) (mg/org)

# (%)

North Shore Channel 35 Central St. Side 2005 96 NA 1.47

North Shore Channel 35 Central St. Center 2005 96 NA 1.35

North Shore Channel 102 Oakton St. Side 2005 80 NA 1.62

North Shore Channel 102 Oakton St. Center 2005 79 NA 1.16

North Shore Channel 36 Touhy Ave. Side 2005 95 NA 1.25

North Shore Channel 36 Touhy Ave. Center 2005 94 NA 1.23

North Shore Channel 101 Foster Ave. Side 2005 51a NA  0.17e

North Shore Channel 101 Foster Ave. Center 2005 94 NA 1.4

North Branch Chicago River 37 Wilson Ave. Side 2005 93 NA 1.44

North Branch Chicago River 37 Wilson Ave. Center 2005 84 NA 0.93

North Branch Chicago River 73 Diversey Parkway Side 2005 49a NA  0.43e

North Branch Chicago River 73 Diversey Parkway Center 2005 86 NA 0.98

North Branch Chicago River 46 Grand Ave. Side 2005 13a NA  0.13e

North Branch Chicago River 46 Grand Ave. Center 2005 93 NA 0.88

Chicago River 74 Lake Shore Drive Side 2002 99 1.07 0.76

Chicago River 74 Lake Shore Drive Center 2002 94 1.09 0.79

Chicago River 74 Lake Shore Dr. Side 2006 ND ND ND

Chicago River 74 Lake Shore Dr. Center 2006 98 NA 0.92

Chicago River 100 Wells St. Side 2002 99 0.9 0.64a

Chicago River 100 Wells St. Center 2002 94 0.97 0.67a

Chicago River 100 Wells St. Side 2006 98 NA 1.54

Chicago River 100 Wells St. Center 2006 88 NA 1.46

South Branch Chicago River 39 Madison St. Center 2002 91 0.83a 0.62a

South Branch Chicago River 39 Madison St. Side 2006 80 NA 0.65

South Branch Chicago River 39 Madison St. Center 2006 90 NA 1.06

South Branch Chicago River 108 Loomis St. Side 2002 83 0.86 0.61a

South Branch Chicago River 108 Loomis St. Center 2002 90 0.70a 0.53c

South Branch Chicago River 108 Loomis St. Side 2006 95 NA 0.88

South Branch Chicago River 108 Loomis St. Center 2006 98 NA 1.22

Bubbly Creek 99 Archer Ave. Side 2002 59c 0.25c 0.16c

Bubbly Creek 99 Archer Ave. Center 2002 14c 0.24c 0.14c

Bubbly Creek 99 Archer Ave. Side 2006 75 NA 0.54a

Bubbly Creek 99 Archer Ave. Center 2006 66 NA 0.52a

Chicago Sanitary and Ship Canal 40 Damen Ave. Side 2002 80 0.67c 0.48c

Chicago Sanitary and Ship Canal 40 Damen Ave. Center 2002 76 0.62c 0.44c

Chicago Sanitary and Ship Canal 40 Damen Ave. Side 2006 88 NA 0.61

Chicago Sanitary and Ship Canal 40 Damen Ave. Center 2006 85 NA 0.79

Chicago Sanitary and Ship Canal 75 Cicero Ave. Side 2002 93 1.17b 0.81a

Chicago Sanitary and Ship Canal 75 Cicero Ave. Center 2002 93 0.64c 0.46c

Chicago Sanitary and Ship Canal 75 Cicero Ave. Side 2006 94 NA 0.63a

Chicago Sanitary and Ship Canal 75 Cicero Ave. Center 2006 98 NA 0.7

Chicago Sanitary and Ship Canal 41 Harlem Ave. Side 2002 89 1.53 1.04

Chironomus tentans  10-Day Test

LOCATION
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Chicago Sanitary and Ship Canal 41 Harlem Ave. Center 2002 91 1.48 1.16

Chicago Sanitary and Ship Canal 41 Harlem Ave. Side 2006 90 NA 0.48a

Chicago Sanitary and Ship Canal 41 Harlem Ave. Center 2006 93 NA 0.95

Chicago Sanitary and Ship Canal 92 Lockport Side 2002 98 1.28 0.95a

Chicago Sanitary and Ship Canal 92 Lockport Center 2002 90 0.58c 0.43c

Chicago Sanitary and Ship Canal 92 Lockport Side 2006 93 NA 1.41

Chicago Sanitary and Ship Canal 92 Lockport Center 2006 63* NA 0.65

Calumet River 49 Ewing Ave. Side 2003 8a 0.63 0.36a

Calumet River 49 Ewing Ave. Side 2007 91 1.61 1.05

Calumet River 49 Ewing Ave. Center 2007 58a 0.37a 0.27a

Calumet River 55 130th St. Side 2003 98 1.61 1.1

Calumet River 55 130th St. Center 2003 95 1.33 0.99

Calumet River 55 130th St. Side 2007 84 1.73 1.41

Calumet River 55 130th St. Center 2007 74 1.11 0.80a

Wolf Lake 50 Burnham Ave. Side 2003 36a 0.45a 0.18a

Wolf Lake 50 Burnham Ave. Center 2003 19a 0.65 0.55

Wolf Lake 50 Burnham Ave. Side 2007 90 1.39 1.03

Wolf Lake 50 Burnham Ave. Center 2007 79 2.10 1.53

Grand Calumet River 86 Burnham Ave. Side 2003 25a 0.19a 0.19a

Grand Calumet River 86 Burnham Ave. Center 2003 86 0.51a 0.46a

Grand Calumet River 86 Burnham Ave. Side 2007 58a 1.07 0.88

Grand Calumet River 86 Burnham Ave. Center 2007 14a 0.28a 0.22a

Little Calumet River 57 Ashland Ave. Side 2003 84 0.84a 0.68a

Little Calumet River 57 Ashland Ave. Side 2007 94 1.63 1.20

Little Calumet River 56 Indiana Ave. Side 2003 55d 0.29a 0.21a

Little Calumet River 56 Indiana Ave. Center 2003 58a 0.38a 0.30a

Little Calumet River 56 Indiana Ave. Side 2007 94 1.64 1.07

Little Calumet River 56 Indiana Ave. Center 2007 96 1.65 1.08

Little Calumet River 76 Halsted St. Side 2003 89 0.34a 0.25a

Little Calumet River 76 Halsted St. Center 2003 3a 0.25a 0.17a

Little Calumet River 76 Halsted St. Side 2007 100 1.05a 0.79a

Little Calumet River 76 Halsted St. Center 2007 30a 0.18a 0.17a

Cal-Sag Channel 58 Ashland Ave. Side 2003 19a 0.14a 0.11a

Cal-Sag Channel 58 Ashland Ave. Center 2003 84 0.54a 0.47a

Cal-Sag Channel 58 Ashland Ave. Side 2007 90 0.52a 0.46a

Cal-Sag Channel 58 Ashland Ave. Center 2007 73a 0.51a 0.45a

Cal-Sag Channel 59 Cicero Ave. Side 2003 0a NA NA

Cal-Sag Channel 59 Cicero Ave. Center 2003 9a 1.06 0.65

Cal-Sag Channel 59 Cicero Ave. Side 2007 7.5a 0.23a 0.17a

Cal-Sag Channel 59 Cicero Ave. Center 2007 2.5a 0.24a 0.21a

Cal-Sag Channel 43 Route 83 Side 2003 0a NA NA

Cal-Sag Channel 43 Route 83 Center 2003 11a 0.83 0.52

Cal-Sag Channel 43 Route 83 Side 2007 43a 0.18a 0.17a

Cal-Sag Channel 43 Route 83 Center 2007 33a 0.24a 0.20a

a Significantly different than the West Bearskin Lake control results.
b Significantly different than the Negative Control-Sand control results.
c Significantly different than the West Bearskin Lake and Negative Control-Sand control results.
d Not statistically different due to high variability among replicates.
e Not formally compared since survival data were statistically different.
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Ohio Dissolved Oxygen Standard

The Ohio Environmental Protection Agency (OEPA) has established the following seven
Aquatic Life Use (ALU) designations for surface waters in Ohio: (1) warmwater; (2) limited
warmwater; (3) exceptional warmwater; (4) modified warmwater; (5) seasonal salmonid; (6)
coldwater; and (7) limited resource waters (OEPA, Use Designations, Aquatic Life Habitat,
OAC 3745-1-07).

Surface waters in the State of Ohio designated as limited resource waters are subject to a
use attainability analysis (UAA).  “The UAA must demonstrate that the extant fauna is
substantially degraded, and that the potential for recovery of the fauna to the level characteristic
of any other aquatic life habitats is realistically precluded due to natural background conditions
or irretrievable human-induced conditions” (OEPA, OAC 3745-1-07).  Limited resource waters
are highly modified surface waters that have been irretrievably altered (e.g., dredged navigation
channel) and do not possess the stream morphology and habitat characteristics necessary to
support any appreciable assemblage of aquatic life.

The Federal Navigational Channel (Cuyahoga River Ship Channel) is a distinct segment
of the Lower Cuyahoga River. The Navigational Channel is a federally maintained navigation
channel which originates at the Newburgh and South Shore Railroad Bridge and flows
approximately 5.6 miles through the City of Cleveland before emptying into Lake Erie.

The channel has an average width of 270 feet and is maintained by the United States
Army Corp of Engineers at a mean dredged depth of approximately 29 feet.  Over the years, the
Cuyahoga River Ship Channel has not only been deepened, but also widened and largely
straightened with limited meandering to accommodate commercial shipping.  As a result of the
extensive physical alterations and modifications to the channel, the velocity has been
substantially reduced resulting in widespread sediment deposition.  It takes water approximately
12 days to travel the 5.6 river miles. The predominate substrates includes silt and clay.  The
riverbanks along the channel are typically armored with steel sheet piling and concrete bulkheads
resulting in a limited floodplain and riparian corridor.  The watershed draining the Navigation
Channel is heavily industrialized providing facilities for a wide range of commerce.  Twenty-one
industrial outfalls from the ISG complex (formerly LTV Steel) discharge to the channel.  The
Cuyahoga River Ship Channel also receives combined sewer overflows from the Northeastern
Ohio Regional Sewer District.  The channel characteristics highlighted above have a significant
impact on attainable water uses and water quality standards.

Water quality modeling of the Navigational Channel has shown that levels of oxygen
demanding materials are sufficient to depress dissolved oxygen (DO) below the warmwater
habitat criteria.  However, the ship channel is used by warmwater fish during the spring months
as a migratory route.

For the period of June through January, and during the remaining months of the year
whenever the river flow is less than 703 cfs measured in the Cuyahoga River at the US
Geological Survey gage at Independence, “the aquatic life use shall be limited resource water –
navigation maintenance, as defined in rule 3745-1-07 of the Administrative Code” (OEPA,
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OAC 3745-1-26).  During the months of February through May whenever the river flow equals
or exceeds 703 cfs measured at the US Geological Survey gage at Independence, “the aquatic life
use shall be fish passage” (OEPA, OAC 3745-1-26).  “The fish passage use is defined as those
rivers that have been the subject of a UAA and have been found to be incapable of supporting
and maintaining a balance, integrated, adaptive community of warmwater organisms but are
capable of supporting the passage of warmwater fish during migratory periods” (OEPA, OAC
3745-1-26).

The minimum DO criterion during the months of June through January for limited
resource water – navigation maintenance use of the ship channel is 1.5 mg/L.  There is no daily
mean (average) DO criterion for the channel during the seven month period (OEPA, OAC 3745-
1-26).

During the months of February though May, the minimum DO criterion measured during
a 24-hour period for the fish passage use in the Navigation Channel is 5.0 mg/L (OEPA, OAC
3745-1-26).

Paragraph 5 of OEPA Administrative Code 3745-1-26 recommends that in addition to
point and nonpoint source controls, remedial action planning should consider innovative means
for improving DO in the Navigation Channel such as off channel reaeration, sediment
remediation, and flow augmentation.

Texas Dissolved Oxygen Standard

To account for local environmental conditions, the Texas Commission of Environmental
Quality (TCEQ) may amend designated water uses and numeric criteria for specific surface
waters in Texas (TCEQ, Texas Surface Water Quality Standards, TAC 307.2).  A site-specific
standard is an explicit amendment to the Texas Surface Water Quality Standards.  An
amendment which establishes a site-specific water quality standard for a waterway in the State of
Texas requires a use attainability analysis.

Six subcategories of aquatic life use for surface waters in Texas have been established by
the TCEQ.  The subcategories include, exceptional, high, intermediate, limited, and minimal (no
significant) aquatic life and oyster waters (TCEQ, Texas Surface Water Quality Standards, Site-
Specific Uses and Criteria, TAC 307.7).

The Houston Ship Channel originates upstream from US 59 in Harris County and flows
approximately 50 miles through the City of Houston before emptying into Galveston Bay at
Morgan’s Point.  The TCEQ has subdivided the ship channel into three distinct segments (1005,
1006, and 1007).  Segment 1005 extends from Galveston Bay to US 10.  Segment 1006
continues from the confluence with the San Jacinto River to a point immediately upstream of
Green’s Bayou.  Segment 1007 extends from Green’s Bayou to US 59.

Over the years, the Houston Ship Channel has been periodically widened and deepened
by the United States Army Corps of Engineers to accommodate large ocean going commercial
ships.  Currently, the channel is 530 feet wide and 45 feet deep.  The islands in the ship channel
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are part of an ongoing widening and deepening project.  The dredge disposals are used to form
the islands.  As a result of the extensive physical alterations and modifications to the channel, the
velocity has been substantially reduced resulting in widespread sediment deposition.  The
predominate substrates includes course silt and clay.  The riverbanks along the Houston Ship
Channel include a combination of natural earthen banks and armoring with steel sheet piling and
concrete bulkheads.  Much of the ship channel is associated with various petrochemical
refineries and heavy industry that provides facilities for a wide range of commerce.  Numerous
industries and urban stormwater discharge to the channel.  The ship channel characteristics
highlighted above have a significant impact on attainable water uses and water quality standards.

No aquatic life use category has been assigned to segments 1006 and 1007 in the Houston
Ship Channel (TCEQ, Texas Surface Water Quality Standards, Site-Specific Water Uses and
Standards, TAC 307.10, Appendix A). Other uses assigned to segments 1006 and 1007 are
navigational and industrial water supply.  No contact recreation is allowed in segments 1006 and
1007.  Segment 1005 has been designated as a high aquatic use water.

The minimum dissolved oxygen (DO) criterion measured during a 24-hour period for
segment 1006 in the Houston Ship Channel is 2.0 mg/L (TCEQ, Texas Surface Water Quality
Standards, Site-Specific Water Uses and Standards, TAC 307.10, Appendix A).  DO criteria of
2.0 mg/L are allowed a daily variation down to 1.5 mg/L for no more than eight hours during a
24-hour period.  The minimum DO criterion at any time for segment 1007 is 1.0 mg/L (TCEQ,
Texas Surface Water Quality Standards, Site-Specific Water Uses and Standards, TAC 307.10,
Appendix A).   There is no daily mean (average) DO criterion for ship channel segments 1006
and 1007.

Dissolved Oxygen Criteria for Use II Waters in Maryland (Patapsco River;
Chesapeake Bay UAA)

Maryland has a 5.0 mg/L DO minimum for all “Use I Waters – Water Contact Recreation
and Protection of Nontidal Warmwater Aquatic Life.”  Less stringent DO standards were set in
portions of the Patapsco River after the Chesapeake Bay UAA, which involved several states
including Maryland.  Uses were designated for the Patapsco River and “applied spatially and
temporally based on the needs of living resources and the hydrology and bathymetry of the
Patapsco River.”

UAA factors 1, 3, and 4 were relevant to these tidal tributaries to the Chesapeake Bay
(naturally occurring pollutant concentrations, human caused conditions, and hydrologic
modifications, respectively). The Patapsco River channel was dredged and widened to allow for
a commercial port in Baltimore Harbor, and has been further deepened to various degrees
between 1838 and the present. The benthic community in these deep dredged channels is
characterized as “unstable due to frequent disturbances, such as the 42-foot dredging project,
annual maintenance dredging and prop-washes associated with ship movements, and is though to
consist primarily of opportunistic species.”

While the Patapsco River can be compared to the CAWS based on commercial
navigation uses and limited aquatic habitat, the Patapsco River navigation channels are up to
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about 20 feet deeper than the deepest CAWS waterways (such as the Chicago Sanitary and Ship
Canal and Calumet River), and are estuarine, tidal waters.

The DO criteria for certain subcategories of Use II Waters, as defined by the Chesapeake
Bay UAA are as follows:

Seasonal Deep-Water Fish and Shellfish Subcategory

(i) Greater than or equal to 3.0 milligrams/liter for a 30-day averaging period from
June 1 through September 30;

(ii) Greater than or equal to 2.3 milligrams/liter for a 1-day averaging period from
June 1 through September 30;

(iii) Greater than or equal to 1.7 milligrams/liter as an instantaneous minimum from
June 1 through September 30;

(iv) The open-water fish and shellfish subcategory criteria apply from October 1 to
May 31;

(v) For the dissolved oxygen criteria restoration variance for Chesapeake Bay
Mainstem Segment 4 mesohaline (CB4MH) seasonal deep-water fish and shellfish
subcategory, not lower for dissolved oxygen in segment CB4MH than the stated
criteria for the seasonal deep-water seasonal fish and shellfish use for more than 7
percent spatially and temporally (in combination), from June 1 to September 30;
and

(vi) For dissolved oxygen criteria restoration variance for Patapsco River mesohaline
(PATMH) seasonal deep-water fish and shellfish subcategory, not lower for
dissolved oxygen in segment PATMH than the stated criteria for the deep-water
seasonal fish and shellfish use for more than 7 percent spatially and temporally
(in combination), from June 1 to September 30.

Seasonal Deep-Channel Refuge Subcategory

(i) Greater than or equal to 1.0 milligrams/liter as an instantaneous minimum
from June 1 through September 30 except for Chesapeake Bay segments subject to
variances;

(ii) For dissolved oxygen criteria restoration variance for Chesapeake Bay
Mainstem Segment 4 mesohaline (CB4MH) deep-channel refuge subcategory, not
lower for dissolved oxygen in segment CB4MH than the stated criteria for the
seasonal deep-channel refuge for more than 2 percent spatially or temporally
(in combination), from June 1 to September 30; and

(iii) The same as for the open-water fish and shellfish subcategory from October 1
to May 31.
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Notice there are both less stringent standards in place as well as a variance allowing for
the criteria to be violated 7 or 2 percent spatially or temporally.  These variances are based on
water quality modeling and are to be reviewed at least every 3 years. They may be modified
based on new data or assumptions incorporated into the model.

Patapsco River Dissolved Oxygen Standards

The Maryland Department of the Environment (MDE) water quality standards for the
Patapsco River build off of general MDE standards and those for the Chesapeake Bay, with some
standards specific to the Patapsco.  MDE has defined four primary designated aquatic life uses
for surface waters in Maryland: Nontidal Warmwater Aquatic Life (Use I), Estuarine and Marine
Aquatic Life (Use II), Nontidal Cold Water (Use III), and Recreational Trout Waters (Use IV),
with additional subcategories for Use II waters (COMAR 26.08.02). These Use II subcategories
include Shellfish Harvesting, Seasonal Migratory Fish Spawning and Nursery, Seasonal
Shallow-Water Submerged Aquatic Vegetation, Open-Water Fish and Shellfish, Seasonal Deep-
Water Fish and Shellfish, and Seasonal Deep-Channel Refuge Use (COMAR 26.08.02-1).  In
addition to water quality criteria for the specific subcategories, MDE’s water quality standards
include restoration variances allowing limited nonattainment of dissolved oxygen criteria for
designated waterbody segments.

A restoration variance is a temporary modification that allows for the realistic recognition
of current conditions, while retaining the designated use and setting attainment as a future goal.
A restoration variance allows dissolved oxygen to violate applicable criteria for a specified
spatial and temporal extent in certain specific areas, recognizing that fish do not live in a single
location within the water column, and some spatial and temporal flexibility can be incorporated
without harming the aquatic community.  .  This modification to the water quality standards was
necessary because in certain areas, dissolved oxygen requirements could not be met, despite
spending billions of dollars to reduce pollutant loadings. A restoration variance was chosen as a
more “protective” and politically palatable alternative than permanently lowering the standard.
The State is required to review the restoration variances at least every three years (based on EPA
regulations), and adjust it accordingly.

With regard to DO, the Patapsco River Mesohaline (PATMH) segment is designated as a
Use II Tidal Water, with several use subcategories at certain locations and during specific
periods.  These are summarized below, with the corresponding DO criteria:

 Open Water Fish and Shellfish Use: January 1 to December 31, inclusive (applies
throughout the water column and time period, with the exception of the dates and
locations indicated for the other subcategories)

o 5.5 mg/l 30-day average, low salinity waters
o 5.0 mg/l 30-day average, high salinity waters
o 4.0 mg/l 1-day average
o 3.2 mg/l instantaneous minimum

 Migratory Spawning and Nursery Use: February 1 to May 31, inclusive
o 6.0 mg/l 7-day average
o 5.0 mg/l instantaneous minimum
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 Seasonal Deep Water Fish and Shellfish Use: applies only in the upper pycnocline
to lower pycnocline from June 1 to September 30, inclusive

o 3.0 mg/l 30-day average
o 2.3 mg/l 1-day average
o 1.7 mg/l instantaneous minimum
o Patapsco River mesohaline segment (PATMH) restoration variance: not

lower than above criteria for more than 7 percent spatially and temporally
(in combination)

 Seasonal Deep Channel Refuge: applies only from the lower pycnocline boundary
to the  bottom from from June 1 to September 30, inclusive

o 1.0 mg/l instantaneous minimum
o Patapsco River mesohaline segment (PATMH) restoration variance: not

lower than above criterion for more than 2 percent spatially and
temporally (in combination)

In addition to a restoration variance, there has been ongoing discussion between MDE and EPA
with regard to further changes in water quality standards for the navigation channel.  MDE had
proposed a subcategory for the dredged navigation channel that would have included a seasonal
dissolved oxygen criterion of 0 mg/l.  MDE’s TMDL analysis for the Patapsco indicated that
existing criteria could not be met even with source reductions of “everything, everywhere, by
everybody.”  EPA did not accept MDE’s conclusions nor the 0 mg/l criterion for the navigation
channel, and has recommended that MDE conduct a UAA.  MDE is currently developing a
strategy to address the situation.

CAWS Applicability

The Maryland standards for DO may provide guidance relevant to the CAWS with regard to
developing appropriate subcategory designations for attainability, similar to those considered for
the Patapsco River (EPA 2006).  Patapsco River subcategories were developed to take into
account considerations such as deep water, dredged navigation channel, and other site-specific
characteristics affecting attainment of DO criteria.  Similarly, subcategory assignments for DO
may be appropriate within the CAWS because of the varying channel types, depths, dredged
channels, and hydraulic controls found within the CAWS that affect DO attainment. Similarities
between the CAWS and the Patapsco River include industrialized and urbanized channels,
dredged navigational channels, and modified shorelines. However, the Patapsco River criteria are
not directly applicable to the CAWS, due to the complex interactions of the tidal and saline
influences that affect Patapsco River DO.  The restoration variance approach, in which criteria
are allowed to be violated on a limited basis, could also be appropriate within the CAWS
because there are irreversible human alterations and no realistic expectation of attainment

Reference:
EPA. 2007. National Management Measures to Control Nonpoint Source Pollution from
Hydromodification. http://www.epa.gov/owow/nps/hydromod/index.htm#10 , accessed May
2009. Version July 2007.
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EPA. 2006. Technical support document for identifying Chesapeake Bay designated uses and
attainability. http://www.epa.gov/region03/chesapeake/uaasupport.htm , accessed May 2009.
Version December 2006.

Chesapeake Bay Dissolved Oxygen Standards

The Maryland Department of the Environment (MDE) has defined four primary
designated aquatic life uses for surface waters in Maryland: Nontidal Warmwater Aquatic Life
(Use I), Estuarine and Marine Aquatic Life (Use II), Nontidal Cold Water (Use III), and
Recreational Trout Waters (Use IV), with additional subcategories for Use II waters (COMAR
26.08.02). These Use II subcategories include Shellfish Harvesting, Seasonal Migratory Fish
Spawning and Nursery, Seasonal Shallow-Water Submerged Aquatic Vegetation, Open-Water
Fish and Shellfish, Seasonal Deep-Water Fish and Shellfish, and Seasonal Deep-Channel Refuge
Use (COMAR 26.08.02-1).  In addition to water quality criteria for the specific subcategories,
MDE’s water quality standards include restoration variances allowing limited nonattainment of
dissolved oxygen criteria for designated waterbody segments.

A restoration variance is a temporary modification that allows for the realistic recognition
of current conditions, while retaining the designated use and setting attainment as a future goal.
A restoration variance allows dissolved oxygen to violate applicable criteria for a specified
spatial and temporal extent, specifically in this case in some of the deepest areas of the
Chesapeake Bay.  The restoration variance acknowledges the reality that fish do not live in a
single location within the water column, and some spatial and temporal flexibility can be
incorporated without harming the aquatic community.  This modification to the Chesapeake Bay
water quality standards was necessary because in those few deep areas, dissolved oxygen
requirements could not be met, despite spending billions of dollars to reduce nitrogen,
phosphorus, and sediment pollution to clean up the rest of the Bay. A restoration variance was
chosen as a more “protective” and politically palatable alternative than permanently lowering the
standard. The State is required to review the restoration variances at least every three years
(based on EPA regulations), and adjust it accordingly.

The Use II Seasonal Deep-Water Fish and Shellfish Subcategory has the following
dissolved oxygen criteria (COMAR 26.08.02.03-3 C(8)(e)):

 June 1 through September 30:
o 3.0 mg/l 30-day average
o 2.3 mg/l 1-day average
o 1.7 mg/l instantaneous minimum
o Chesapeake Bay Mainstem Segment 4 mesohaline (CB4MH) restoration

variance: not lower than above criteria for more than 7 percent spatially
and temporally (in combination)

 October 1 through May 31:
o 5.5 mg/l 30-day average, low salinity waters
o 5.0 mg/l 30-day average, high salinity waters
o 4.0 mg/l 1-day average
o 3.2 mg/l instantaneous minimum
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The Use II Seasonal Deep-Channel Refuge Subcategory has the following dissolved
oxygen criteria (COMAR 26.08.02.03-3 C(8)(f)):

 June 1 through September 30:
o 1.0 mg/l instantaneous minimum
o Chesapeake Bay Mainstem Segment 4 mesohaline (CB4MH) restoration

variance: not lower than above criterion for more than 2 percent spatially
and temporally (in combination)

 October 1 through May 31:
o 5.5 mg/l 30-day average, low salinity waters
o 5.0 mg/l 30-day average, high salinity waters
o 4.0 mg/l 1-day average
o 3.2 mg/l instantaneous minimum

CAWS Applicability

The Maryland standards for DO may provide guidance relevant to the CAWS with regard to
developing appropriate subcategory designations for attainability similar to those considered for
the Chesapeake Bay.  Chesapeake Bay subcategories were developed to take into account
considerations such as deep water, dredged channel, stratification, and other site-specific
characteristics affecting attainment of DO criteria.  Similarly, subcategory assignments for DO
may be appropriate within the CAWS because of the varying channel types, depths,
stratification, dredged channels, and hydraulic controls found within the CAWS that affect DO
attainment.  In addition, the restoration variance approach, in which criteria are allowed to be
exceeded on a limited basis, could also be appropriate within the CAWS because there are
irreversible human alterations and no realistic expectation of attainment. The specific DO criteria
for the Chesapeake Bay are not directly applicable to the CAWS because the saline conditions,
depths, bathymetry and complex tidal influences found within the Chesapeake Bay are much
different than the CAWS.  Nonetheless, the conceptual basis for the subcategories, criteria, and
restoration variance have relevance to the CAWS.

Reference:
EPA. 2007. National Management Measures to Control Nonpoint Source Pollution from
Hydromodification. http://www.epa.gov/owow/nps/hydromod/index.htm#10 , accessed May
2009. Version July 2007.

EPA. 2006. Technical support document for identifying Chesapeake Bay designated uses and
attainability. http://www.epa.gov/region03/chesapeake/uaasupport.htm , accessed May 2009.
Version December 2006.

Wisconsin Dissolved Oxygen Standard

“It is the goal of the State of Wisconsin that, wherever attainable, an interim goal of water
quality which provides for the protection and propagation of fish, shellfish, and wildlife and
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provides for recreation in and on the water be achieved by 1983.  Certain waters of the state may
not meet these goals for the following reasons: (a) the presence of inplace pollutants; (b) low
natural streamflow; (c) natural background conditions; and (d) irretrievable cultural alterations.
Where it is determined that one or more of these factors may interfere with the attainment of the
statutory objectives, a variance from the criteria necessary to achieve those objectives is
provided” (Wisconsin Department of Natural Resources, Uses and Designated Standards,
Intrastate Waters, Wisconsin Administrative Code NR 104.01).

The Wisconsin Department of Natural Resources has established the following Aquatic
Life Use (ALU) categories for surface waters in Wisconsin: (1) coldwater communities; (2)
warm water communities; (3) warm water forage communities; (4) limited forage fish
communities, and (5) limited aquatic life (Wisconsin Department of Natural Resources, Water
Quality Standards for Wisconsin Surface Waters, Categories of standards, Wisconsin
Administrative Code NR 102.04).  Surface waters receiving a water use variance are classified as
a “Special Variance Water A or B” (Wisconsin Department of Natural Resources, Uses and
Designated Standards, Variances and Additions Applicable in the Southeast District, Wisconsin
Administrative Code NR 104.06).

The Milwaukee Harbor Estuary is a distinct segment of the mainstem of the Milwaukee
River.  The waterway segment originates at the site of the former North Avenue dam and flows
approximately 3.1 river miles through the City of Milwaukee before merging with the
Kinnickinnic River.

Over the years, the Milwaukee River below the former North Avenue dam has been
largely straightened with limited meandering.  The physical alterations and modifications to the
Milwaukee River Estuary segment have resulted in a non-wadable river with reduced stream
velocity, widespread sediment deposition, reduced instream and riparian vegetative cover, and a
decrease in substrate diversity.  The river banks along the segment are typically concrete
bulheads resulting in a limited riparian corridor and floodplain.  The watershed draining the 3.1
mile reach of the Milwaukee River below the former North Avenue dam is predominantly urban
(50-60% imperviousness).  The Milwaukee Harbor Estuary segment receives combined sewer
overflows from the Milwaukee Metropolitan Sewerage District.  The waterway characteristics
described above have a significant impact on attainable water uses and water quality standards.

Variances for dissolved oxygen (DO) for a number of surface waters in the State of
Wisconsin have been established by the Wisconsin Department of Natural Resources.  These
variances are described in Wisconsin Administrative Code NR 104.02 (3) and NR 104.06 (2).

The Milwaukee Harbor Estuary segment of the Milwaukee River is subject to a DO
variance.  The surface waters of the 3.1 mile segment of the mainstem of the Milwaukee River
downstream from the former North Avenue dam “shall meet the water quality standards for fish
and aquatic life except that the dissolved oxygen may not be lowered to less than 2.0 mg/L at
anytime” (Wisconsin Department of Natural Resources, Uses and Designated Standards,
Variances and additions applicable in the southeast district, Wisconsin Administrative Code NR
104.06).
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Site Specific Dissolved Oxygen Standard for the Upper South Platte River
Segment 15 in Colorado

Segment 15 of the South Platte River is a 26-mile reach of the mainstem from the
Burlington Ditch diversion in Denver, Colorado, ending below the confluence with Big Dry
Creek near Fort Lupton, Colorado.  The physical habitat in Segment 15 of the Upper South Platte
River has been drastically altered from its natural state by commercial, agricultural, flood
control, and water supply activities which have affected the hydrology and morphology of the
river.  The river is channelized and regulated by water storage and diversion facilities.  Flow in
Segment 15 is dominated by effluent from the Denver Metro Wastewater Reclamation District’s
Central Treatment Plant (CTP), which constitutes 100% during low flow.  The annual average
monthly flow from the CTP is about 185 million gallons per day (mgd).  Aquatic habitat
limitations include channelization, low diversity of streambed structure, limited cover, stream
size, and flow fluctuation, and habitat mapping of the area revealed low to moderate habitat
quality along the reach.

As such, studies conducted by the Denver Metro supported a site-specific dissolved
oxygen (DO) standard for Segment 15, which was implemented in the late 1990s and approved
by USEPA.  In 2004 the same standard was applied to the next segment downstream of Segment
15 as well.  Target fish species for Segment 15 were studied in order to propose appropriate and
protective DO standards.  These fish species included the fathead minnow, johnny darter, yellow
perch, largemouth bass, sand shiner, longnose dace, and central stoneroller, the first 4 of which
are present to varying degrees in the CAWS.

While the South Platte River shares certain common characteristics with the CAWS
(channelized, effluent dominated, habitat limited) it is a non-navigable waterway and not
technically man-made.  Channel depth and width is substantially lower in the South Platte than in
the CAWS.  As a result, low DO concentrations generally result from diurnal fluctuation and
occur at night.

The site specific DO standard for the applicable segments of the South Platte River are as
follows:

Early Life Stage Protection Period (April 1 through July 31)

1-Day 1.5.6 3.0 mg/L (acute)

7-Day Average 1.2.4. 5.0 mg/L

Older Life Stage Protection Period (August 1 through March 31)

1-Day 1.5 2.0 mg/L (acute)

7-Day Mean of Minimums 1.3. 2.5 mg/L

30-Day Average 1.2. 4.5 mg/L

Certain footnotes to the standards which may be worth considering for the CAWS site
specific standard include:
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“However, if during the ELS period multiple measurements are below 3.0
mg/L during the same nighttime period, the multiple measurements shall be
considered a single exceedance of the acute standard.” (from Footnote 5).

“In July, the DO level in Segment 15 may be lower than the 3.0 mg/L acute
standard for up to 14 exceedances ain any one year and up to a total of 21
exceedances in three years before there is a determination that the acute DO
standards are not being met.” (from Footnote 6).

Nevada Dissolved Oxygen Standard

Nevada water quality standards contained in Nevada Administrative Code (NAC)
445A.120 through 445A.225, inclusive, apply to all natural surface waters (streams, creeks,
lakes), reservoirs, impoundments, and other specified waterways, unless excepted on the basis of
existing irreparable conditions which preclude such water use.  Man-made waterways, unless
otherwise specified, must be protected of public health and the water use for which the waterway
was developed (Nevada Division Environmental Protection, Standards for Water Quality,
Applicability, NAC 445A.120).

The Nevada Division Environmental Protection has established the following beneficial
aquatic life use categories for surface waters in the State of Nevada: (1) class A waters (relatively
undisturbed by man’s activity); (2) class B waters (moderately influenced by man’s activity); (3)
class C waters (considerably altered by man’s activity); and (4) class D waters (highly altered by
man’s activity) (Nevada Division Environmental Protection, Standards for Water Quality,
Description, Beneficial Uses, Quality Standards, NAC 445A.124-445A.127).

Class D waters or portions of surface waters are located in areas of urban development,
highly industrialized districts, or intensively used areas for agriculture or a combination of all of
the above, and where effluent sources including a municipality discharging wastewater from a
highly altered watershed (Nevada Division Environmental Protection, Standards for Water
Quality, Beneficial Uses, NAC 445A.127).  The beneficial uses of class D waters include
recreation not involving contact with the water, aquatic life, propagation of wildlife, irrigation,
and industrial supply water except for food production.

Seven waterways in the State of Nevada (Sillwater Marsh, Quinn River, Humbolt River,
Long Valley Creek, Steamboat Creek, Gleason Creek, and Murray Creek) are designated class D
waters (Nevada Division Environmental Protection, Standards for Water Quality, Beneficial
Uses, NAC 445A.127).  The class D surface waters in Nevada are not comparable or equivalent
to the man-made waterways or highly altered natural rivers in the Chicago region.

The dissolved oxygen standard for class D waters in Nevada is ≥ 3.0 mg/L (Nevada
Division Environmental Protection, Standards for Water Quality, Beneficial Uses, NAC
445A.127).
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Oklahoma Dissolved Oxygen Standard

Title 82 of the Oklahoma Statutes, Section 1085.1 provides as follows: “It is hereby
declared to be the public policy of this state to conserve and utilize the waters of the state and to
protect, maintain, and improve the quality thereof for public water supplies, for the propagation
of wildlife, fish, and aquatic life and for domestic, agricultural, industrial, recreational and other
legitimate beneficial uses” (Oklahoma Water Resources Board, Oklahoma’s Water Quality
Standards, General Provisions, OAC 785:45-5-1).

Title 82 of the Oklahoma Statutes, Section 1085.30 provides that the Oklahoma Water
Resources Board “… is authorized to adopt, amend, and otherwise promulgate rules to be known
as Oklahoma Water Quality Standards which establish classifications of uses of waters of the
state, criteria to maintain and protect such classifications, and other standards or policies
pertaining to the quality of such waters” (Oklahoma Water Resources Board, Oklahoma’s Water
Quality Standards, General Provisions, OAC 785:45-5-1).

The Oklahoma Water Resources Board “may amend water quality standards to
downgrade a designated use of any waters of this state, may establish subcategories of a use for
less stringent criteria in those circumstances permissible under the Federal Water Pollution
Control Act” (Oklahoma Water Resources Board, Oklahoma’s Water Quality Standards, General
Provisions, OAC 785:45-5-1).

The beneficial water use classification Fish and Wildlife Propagation consists of several
aquatic life use subcategories which are capable of sustaining different climax communities of
fish and shellfish.  The aquatic life use subcategories are trout fishery, cool water aquatic
community, warm water aquatic community, and habitat limited aquatic community (Oklahoma
Water Resources Board, Oklahoma’s Water Quality Standards, General Fish and Wildlife
Propagation, OAC 785:45-5-12).

The subcategory habitat limited aquatic community is defined as a biological community
that is not adequate to support a warm water aquatic community because of the following
factors: (1) natural occurring water chemistry that prevents attainment of use; (2) natural
occurring ephemeral, intermittent or low flow conditions that prevent attainment of use; (3)
human caused conditions that prevent attainment which cannot be remedied; (4) dams,
diversions, and other hydrologic modifications that prevent attainment of use; and (5) physical
conditions such as the lack of proper substrate, cover, flow, depth, pools, an riffles that prevent
attainment of use (Oklahoma Water Resources Board, Oklahoma’s Water Quality Standards,
Fish and Wildlife Propagation, OAC 785:45-5-12).

Numerous waterways in the State of Oklahoma (e.g., Tar Creek, Chambers Creek, Mossy
Creek, Riddle Creek, and Children Creek) are designated as habitat limited aquatic community
waters (Oklahoma Water Resources Board, Oklahoma’s Water Quality Standards, Appendix A,
OAC 785:45).  Habitat limited aquatic community surface waters in Oklahoma are not
comparable or equivalent to the man-made waterways or highly altered natural rivers in the
Chicago region.
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During the summer, fall, and winter (6/16-3/31), the minimum dissolved oxygen (DO)
standard for habitat limited aquatic community waters in Oklahoma is 3.0 mg/L (Oklahoma
Water Resource Board, Oklahoma’s Water Quality Standards, Appendix G, OAC 785:45).  The
minimum DO standard for early life stages of fish in habitat limited aquatic community waters is
4.0 mg/L during the spring (4/1-6/15).

Man Made Water Body Classification and Dissolved Oxygen Standards for the New Iberia
Southern Drainage Canal and W-14 Main Diversion Canal in Louisiana

The State of Louisiana has established three categories of water bodies that are eligible to
receive an exception classification on a case-by-case basis, including a Man-Made Water Body
category (Described in LAC 33:IX.1109.C).

A man-made water body is defined in the LAC as,

“a ditch, canal or channelized stream created specifically and used primarily
for drainage or conveyance of water. Some natural streams have been
channelized to such an extent that conveyance of water is the principal use,
usually precluding reasonable primary contact recreation and balanced fish
and wildlife propagation. Such natural, channelized streams may be
considered for classification as man-made water bodies.”

The regulation goes on to state that,

“the physical characteristics of man-made water bodies that may fall under
this exception are not conducive to the establishment of a balanced
population of aquatic biota or to the full support of recreational activities.”

Classification of a man-made water body may involve a Use Attainability Analysis for
justification, whereupon revised water quality criteria and uses are established.

The New Iberia Southern Drainage Canal from headwaters to ICWW (NISDC) is one of
the water bodies classified as man-made and having site-specific dissolved oxygen (DO)
standards. This waterway is considered “Limited Aquatic Life and Wildlife Use,” and has the
following DO standard:

“Designated Man-Made Water Bodies; Seasonal DO Criteria: 3.0 mg/L
November-April, 2.0 mg/L May-October…” (LAC  33:IX.1307)

Another man-made water body example, the W-14 Main Diversion Canal-From
headwaters to Salt Bayou, is designated “Fish and Wildlife Propagation.”  The DO standard is
defined as

“Designated Man-Made Water body; Seasonal DO Criteria: 4.0 mg/L
November-March, 2.5 mg/L April-October; Subcategory Fish and Wildlife
Use, Blue Crab Use.”
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Similarities between the NISDC and the CAWS are limited to both being man-
made and channelized.  The NISDC is estuarine and shallow.  According to the City of
New Iberia Wastewater Department, they no longer discharge into the NISDC, so it is
not likely an effluent dominated water body, and its function is generally stormwater
conveyance.
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TECHNICAL SUPPORT FOR DISTRICT DISSOLVED OXYGEN
CRITERIA PROPOSAL IN THE CAWS

The purpose of this document is to provide the scientific and technical basis for assigning

minimum dissolved oxygen (DO) criteria for three proposed Aquatic Life Uses for the Chicago

Area Waterway System (CAWS). The District proposes minimum DO criteria identical to those

proposed by IEPA. The proposed criteria are 4.0 milligrams per liter (mg/L) for CAWS

Category 1 (Modified Warm Water Aquatic Life Use); 3.5 mg/L for CAWS Category 2 (Limited

Warm Water Aquatic Life Use), and a narrative criterion for CAWS Category 3 (Severely

Limited Water Aquatic Life Use). The District does not propose 7-day mean of minima or early

life stage DO standards because they are inappropriate for the CAWS, as described in this

document.  Finally, the District proposes a wet weather provision from the applicable DO

standard in the CAWS as described in detail in Adrienne Nemura’s testimony submitted

February 2, 2011.

The Habitat Evaluation Report (filed with IPCB on January 6, 2010, PC Number 284)

indicates that physical habitat is more of a limit to the fish community in the CAWS than water

quality factors including DO.  Furthermore, waterways in other states with similar physical

characteristics to the CAWS are subject to DO minimum standards between 1-2 mg/L, as

discussed below.  For the reasons highlighted in this document, the District believes that our

proposal of DO minima ranging from 3.5-4.0 mg/L is actually more stringent than is needed to

support the current and potential aquatic life in the CAWS.

Physical Habitat is the Limiting Factor affecting Fish in the CAWS

The Habitat Evaluation Report assessed the relative importance of DO versus physical

habitat on the fish communities in the CAWS using data from 2001 to 2008.  Discussion of this

analysis is presented on pages 123-125 of the Habitat Evaluation Report and in detail in its
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Appendix C. The statistical analysis performed by LimnoTech indicated that DO explained 2-27

percent of the variability in fish data, whereas physical habitat explained 48 percent.  Multiple

regression analyses were performed with several key DO metrics to determine whether they

significantly improved habitat models predicting fish data.  The DO metric with the strongest

(negative) relationship to CAWS fish data was found to be percent of time between June and

September that DO was below 5 mg/L. However, adding this metric to the habitat variable model

only improved the model by 4 percent.  These results indicate that physical habitat is more

important to the biological integrity of CAWS fish than DO.  Since physical habitat is the

limiting stressor in the CAWS, improving DO would not result in a statistically significant, or

measureable, improvement in fish populations in any of the CAWS reaches.  Therefore, the DO

standards the District is proposing are designed to protect the dominant CAWS fish community.

This CAWS community contains fish species representing the various trophic levels as

shown in Figure 1.  The tolerant and moderately tolerant fish species listed in this figure

represent 92% of the total number of fish (25,493) collected in the CAWS between 2001-2008.

The Hierarchical Cluster Analysis (HCA) that was performed by LimnoTech to determine the

dominant CAWS fish community is described in Attachment 1.
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Figure 1:  Trophic levels of the CAWS dominant fish community.

Low DO tolerance of Largemouth Bass

There are extensive studies regarding the DO tolerance of largemouth bass in the

scientific literature.  Since largemouth bass are a popular game fish that have been collected

throughout the CAWS, the DO tolerance of these fish should be considered as part of these

proceedings.  Several studies indicate that largemouth bass can tolerate low DO concentrations

and practice avoidance of low DO waters.  Hasler et al., 2009, describes behavioral and

physiological responses of largemouth bass to various DO gradients. Experimental fish avoided

DO concentrations of <2.0 mg/L and showed behavioral signs like gulping air at this

concentration. However, fish exposed to 2.0 mg/L did not undergo changes in tissue lactate,

which would have indicated a physiological response to low DO, ie. anaerobic metabolism.

Burleson, 2001 concluded that “all sizes of largemouth bass may briefly tolerate hypoxic

exposure to the lowest levels of dissolved oxygen used in this study.” Oxygen sensitive receptors
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on fish gills allow for avoidance and selection responses to various DO levels. It should be noted

that juvenile stages of largemouth bass migrated to lower DO concentrations and are thought to

have wider tolerance ranges  than the adults (Burleson et al., 2001).

A document entitled, Dissolved Oxygen Requirements for Fishes (Doudoroff et al, 1970)

that was often referenced in the 1986 USEPA DO Criteria document stated, “We have worked

much with juvenile largemouth bass and have found them to be very tolerant of O2 deficiency.

They not only survived for weeks but also grew, and they swam continuously for 24 hours at a

fairly high speed in summer, at O2 levels near 2 mg/L and temperatures near 25°C.”

These and other studies suggest that 2.0 mg/L is a critical DO threshold for largemouth

bass.  Based on these results, this game fish common to the CAWS would be adequately

protected by minimum DO standards of 4.0 and 3.5 mg/L for CAWS Category 1 and 2 Waters,

respectively.

7-Day Mean of Daily Minima Standard is Unnecessary for the CAWS

The 7-day mean of daily minima is not included in the District’s alternative aquatic life

use proposal. A 4.0 mg/L 7-day mean of daily minima standard would be redundant to the 4.0

mg/L daily minimum DO standard proposed by the District for Category 1 Waters. Moreover,

this standard is also inappropriate for Category 2 Waters. A study simulating diurnal DO

fluctuations conducted by Camp Dresser & McKee Inc. (CDM) for Denver Metro Wastewater

Reclamation District found that significant behavioral effects were not observed in largemouth

bass until the 7-day mean of minima exposure was as low as 0.86 mg/L.  Opercular rates were

affected when the 7-day mean of daily minima was 2.81 mg/L.  The proposed 7-day mean of

daily minima criteria of 4.0 mg/L is much higher than required for protection of fish species

expected to reside in the CAWS.
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Furthermore, the rationale for the 7-day mean of daily minima standard described in the

1986 USEPA Ambient Water Quality Criteria Document for DO (IEPA Attachment X) applies

to natural waterways that incur frequent diurnal DO fluctuations on a regular basis. The deep

draft waters of the CAWS, with few shallow littoral areas compared to the channel width, are

generally not subject to diurnal DO fluctuations. Because unpredictable CSOs triggered by wet

weather events are usually the cause of an unexpected decrease in DO in the CAWS, a 7-day

mean of daily minimum for DO would not be appropriate.  As described in Dr. Sam Dennison’s

testimony about District DO monitoring, wet weather events do not cause the entire system to

suffer low DO at one time.  A slug of low-DO waters can originate near a pumping station, for

instance, and then slowly make its way downstream.  Waters recover to pre-event conditions

within hours or days and the effect of the slug is diminished as it moves downstream.  This

system behavior is thought to enable the resident fish to practice avoidance of the lowest DO

areas in the CAWS.

A number of studies confirm that fish will avoid areas where DO is limited. Larval,

juvenile and adult fishes that were tested responded to oxygen gradients by moving upwards or

laterally away from waters with physiologically stressful or potentially lethal dissolved oxygen

concentrations.  Most fish avoid oxygen concentrations that would reduce growth or require

increased energy expenditure in addition to avoiding lethal concentrations (Breitburg, 2002). A

study of wet weather discharges in the Thames River noted that fish species actively avoid low

DO well above lethal values, protecting fish populations as long as they avoid the hypoxic front

or find refuge in side channels (Jacobs, 2006).
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DO Standards for Early Life Stages are Inappropriate for the CAWS

In order to protect and support early life stages of fish, the Illinois Environmental

Protection Agency (IEPA) has proposed in R08-9, a 5.0 mg/L dissolved oxygen (DO) standard

for Aquatic Life Use A Waters in the CAWS during March through July.

Mr. Roy Smoger with IEPA testified on March 10, 2008 (pages 70-71), that the DO

standards proposed for the CAWS were consistent with the United States Environmental

Protection Agency’s 1986 ambient water quality criteria for DO.  In his April 24, 2008 testimony

(pages 98-99), Mr. Smoger referenced the protection of early life stages of smallmouth bass,

channel catfish, and largemouth bass relative to the proposed 5.0 mg/L DO standard.  Therefore,

in order for an aquatic life use and an early life stage DO standard for smallmouth bass and

channel catfish to be applicable in the CAWS, consideration should be given to whether the

waterways offer suitable physical habitat for spawning and the development of early life stages

of channel catfish, smallmouth bass, and largemouth bass.

Length and weight measurements of fish collected by District personnel suggest that

juvenile largemouth bass may be present in the CAWS but, as discussed above, they have DO

requirements much less than 5 mg/L. Early life stages of relatively intolerant species like

smallmouth bass are rare in the CAWS, other than in direct proximity to Lake Michigan in the

Calumet or Chicago Rivers. According to the Illinois Department of Natural Resources (IDNR)

Public Comment Number 505, they observed young of the year channel catfish during the Asian

carp fish poisoning event which occurred near Lockport in the Chicago Sanitary and Ship Canal.

However, this information is difficult to verify since the tables included in the IDNR comment

lacked fish size and abundance data from the event (see February 2, 2011 pre-filed testimony of

Scudder Mackey). As the District has previously described in testimony from Scudder Mackey
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and  Samuel Dennison, the CAWS has limited areas that are suitable for spawning.  To the extent

that channel catfish are able to find suitable nesting grounds in the CAWS, it appears that current

DO conditions are adequate for spawning and survival of young of the year.  Since the physical

habitat in the CAWS only provides small pockets of potential nesting areas for a fish species like

channel catfish, and these pockets may or may not be adjacent to appropriate nursery habitats for

fish, there is no reason to expect that increasing DO without improving habitat would promote

additional catfish spawning.

During the 1980s, the United States Fish and Wildlife Service (USFWS) reviewed the

physical habitat requirements and chemical water quality referenced in the scientific  literature

for  157 species  of  animals  (fish, amphibians, birds, and mammals).  Specific habitat suitability

information was summarized for early life stages and adult smallmouth bass, channel catfish, and

largemouth bass in technical reports authored by Edwards et al. (1983), McMahon and Terrell

(1982), and Stuber et al. (1982), respectively.

Smallmouth Bass.  Edwards et al. (1983) identified six physical habitat features

(dominant substrate, % pools, depth of pools, % cover, water level fluctuations, and stream

gradient) and eight chemical water quality parameters required for early life stages and adult

smallmouth bass.  A summary of these physical habitat variables follows.

Smallmouth bass require clean stone or broken rock substrate for spawning.  Nests are

common in coarse gravel or broken rock substrate, near boulders, submerged logs, or other

cover.  Nests are usually located in shallow water (1 to 3 feet).  A slow rise in water level before

spawning is also required.  Most early life stages remain in shallow water during their

development.
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Optimal riverine physical habitat for adult smallmouth bass is characterized by cool, clear

water, abundant shade and cover, moderate current, gravel/rubble substrate, and alternating

riffles and pools.  Adult smallmouth bass exhibit little tolerance for siltation and turbidity.

The physical habitat characteristics described above are absent from the CAWS

indicating that the habitat is unsuitable for both early life stages and adult smallmouth bass.

District fish data collected in the field show that smallmouth bass are absent or infrequently

collected from the CAWS (CDM, 2007).

Channel Catfish.  McMahon and Terrell (1982) described four physical habitat variables

(% pools, % cover, substrate for food, and velocity) and nine chemical constituents required for

early life stages and adult channel catfish.  A summary of the physical habitat attributes follows.

Spawning by channel catfish is inhibited if suitable nesting cover is unavailable.  Shallow

areas are required for spawning.  Nests are built in cavities, burrows of muskrats and beavers,

under rocks, and in other protected areas.  Channel catfish usually spawn in shallow, flooded

backwater areas.  Catfish fry are commonly found aggregated near cover in protected, slow-

moving areas of rocky riffles, debris covered gravel, or sand bars in clear riverine ecosystems.

Adult channel catfish prefer a diversity of depths and velocities characterized by

alternating pools and riffles, low or moderate gradient, rubble gravel substrate, and abundant

structural features (submerged logs, boulders, and backwaters) that provide adequate cover and

food.

While there are a relatively small number of channel catfish in isolated areas of the

CAWS, the lack of ideal physical habitat as described above limits their abundance in this

system.
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Largemouth Bass.  Stuber et al. (1982) documented eleven physical habitat variables (%

pool, % bottom cover for adult and juvenile, percent bottom cover for fry, substrate composition

for embryo, water level fluctuation for adult and juvenile, maximum water level fluctuation for

embryo, water level fluctuation during growing season, current velocity for adult and juvenile,

maximum current velocity for embryo, current velocity during summer for fry, and stream

gradient) and ten water quality parameters required for early life stages and adult largemouth

bass.  A summary of some of these physical habitat variables follows.

Successful spawning by largemouth bass is determined by the composition of the

substrate and the stream velocity.  In order to spawn, a gravel substrate is required by largemouth

bass.  Silty bottom substrates are unsuitable for spawning.  Nests are common in gravel substrate.

Largemouth bass prefer to spawn in pools with low velocity currents.

Optimal riverine physical habitat for adult largemouth bass is characterized by large slow

moving rivers with pools, a low gradient, soft bottoms, and some aquatic vegetation.

The physical habitat characteristics described above for early life stages of largemouth

bass are rare in the CAWS indicating unsuitable habitat.  However, near optimal physical habitat

for adult largemouth bass is confirmed by the fact that largemouth bass are a dominant game fish

species in many waterway reaches in the CAWS (CDM, 2007).

A 5.0 mg/L DO standard for the CAWS was proposed by the IEPA in order to protect

early life stages of smallmouth bass, channel catfish, and largemouth bass.  Several studies in the

scientific literature described previously in this document demonstrate that juvenile largemouth

bass can tolerate much lower DO concentrations, even lower than their adult counterparts.

Physical habitat information in USFWS habitat suitability index reports show that the CAWS

provides a poor, unsuitable physical habitat for early life stages of smallmouth bass and channel
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catfish. The CAWS are also a poor habitat for adult smallmouth bass and channel catfish, which

is consistent with the relatively low abundance of these fish in the CAWS.  However, habitat

suitability data in a USFWS report demonstrate near optimal physical habitat for adult

largemouth bass in the CAWS which is confirmed by the abundance of largemouth bass in the

waterways.

The limited area of physical habitat for early life stages of smallmouth bass and channel

catfish in the CAWS, and the DO tolerance levels of juvenile largemouth bass indicate that a 5.0

mg/L DO standard for early life stages is not required for the CAWS.  Since the optimal habitat

for various stages of these fish is limited in the CAWS, increasing the DO will not result in an

increase in their abundance.

DO Minima for Similar Waterways in Other States Show Proposed Minima are Protective

In developing the rationale for assigning appropriate DO standards for the CAWS, the

District performed an extensive search of existing water quality criteria in other states for

waterways that resemble the CAWS. Table 1 describes DO standards in 8 other states

(Colorado, Louisiana, Maryland, Nevada, Ohio, Oklahoma, Texas, and Wisconsin) for

waterways that have several similar physical habitat features to the CAWS.  Site specific

standards, variances, and separate aquatic life use tiers are among the regulatory mechanisms

used to assign DO criteria in these other states.  In the four waterways that most resemble the

CAWS (Cuyahoga River Ship Channel in Ohio, Houston Ship Channel in Texas, Patapsco River

in Maryland, and the Milwaukee river in Wisconsin) minimum DO standards are generally in the

1-2 mg/L range. For instance, the standards for the Cuyahoga River in Ohio contain a minimum

DO level of 1.5 mg/L. The Wisconsin water quality standards for the Milwaukee River contain a

DO variance of 2.0 mg/L.
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These DO standards are much less stringent than the minimum DO standards that the

District has proposed for the CAWS, yet they are considered protective of aquatic life in similar

waterways.
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Table 1: Summary of Decreased DO Standards in Other States and their Applicability to the CAWS

STATE and WATERWAY CLASSIFICATION/
TIER

DO STANDARD TIER DESCRIPTION CAWS APPLICABILITY

Ohio
Cuyahoga River Ship Channel

Limited Resource Waters
Fish Passage

June-Jan: 1.5 mg/L min, Feb-
May: 5.0 mg/L min

Fauna substantially degraded,
Irretrievably altered

29 ft depth, 270 ft wide, low velocity,
sediment deposition, sheet pile, CSOs,
commercial shipping

Texas
Houston Ship Channel
Segment 1006 and 1007

Site Specific, no aquatic life use
category assigned

Segment 1006- 2.0 mg/L min,
1.5 mg/L for <8 hrs/day
Segment 1007-1.0 mg/L min

No ALU tier assigned. Other uses
include navigation and industrial
water supply

45 ft depth, 530 ft wide, low velocity,
sediment deposition, sheet pile and natural
banks, industrial and urban stormwater
drainage, commercial shipping

Maryland
Patapsco River

Use II Waters  subcategories:
Seasonal deep water fish and
shellfish

Seasonal deep channel refuge

June-Sept: 3 mg/L 30-day
avg, 2.3 mg/L 1-day avg. 1.7
mg/L min.
Oct-May: Open water fish and
shellfish subcat.
June-Sept: 1mg/L min
Oct-May: Open water fish and
shellfish subcat.

Estuarine and Marine Aquatic Life Deep dredged navigational channels,
industrialized and urban, unstable
sediments, modified shorelines, estuarine
habitat.

Wisconsin
Milwaukee River below the North
Avenue dam

DO variance 2.0 mg/L min. Shall meet the WQ standards for
fish and aquatic life except DO.

Straightened channel, low velocity,
sediment deposition, low vegetative cover,
concrete bulheads, urban land use, 50-60%
impervious surfaces, CSOs

Colorado
South Platte River Segment 15

Site-specific DO standard
April-July: 3.0 mg/L min,
5.0 mg/L 7-day avg.
Aug-March: 2.0 mg/L min,
2.5 mg/L 7-day mean of mins,
4.5 mg/L 30-day avg.

No ALU tier, site specific DO
standard for 2 segments now

Non-navigable waterway, low depth and
width, channelization, effluent dominated,
habitat limited.

Nevada
Stillwater Marsh, Quinn River,
Humboldt River, Long Valley Creek,
etc.

Class D 3.0 mg/l min. Highly altered by man’s activity
Seven waterways in Nevada are considered
Class D. They are generally small creeks
and not comparable to the CAWS.

Oklahoma
Tar, Chambers, Mossy, Riddle, and
Children Creeks, etc.

Habitat limited aquatic
community

June 16-March: 3.0 mg/L min
April-June 15: 4.0 mg/L min

Not adequate to support a warm
water aquatic community b/c of 5
UAA factors.

Several waterways have this designation,
but they are not comparable to the CAWS.

Louisiana
New Iberia Southern Drainage Canal
and W-14 Main Diversion Canal

Site-specific DO standards for 3
categories including “Man-made
water body,” considered Limited
Aquatic Life and Wildlife Use or
Fish and Wildlife Use, Blue
Crab Use

NISDC- Nov-Ap: 3.0 mg/L
min
May-Oct: 2.0 mg/L
W-14- Nov-March: 4.0 mg/L
Ap-Oct: 2.5 mg/L

A channelized stream created
specifically and used primarily for
drainage or conveyance of water
(incl. certain altered natural
streams). Evaluated on case-by-
case basis and may require UAA.

Man-made, channelized waterways,
NISDC is estuarine, shallow, and functions
for stormwater conveyance.
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DATE: January 14, 2010 TECHNICAL MEMORANDUM 

FROM: Tim Towey  
Doug Bradley 
Scott Bell 
 

 

PROJECT: Chicago Area Waterways Habitat Evaluation and Improvement Study 

TO: Tom Granato, Ph.D (Metropolitan Water Reclamation District of Greater Chicago) 
Sam Dennison, Ph.D (Metropolitan Water Reclamation District of Greater Chicago) 

CC: Jennifer Wasik  (Metropolitan Water Reclamation District of Greater Chicago)  
 

SUBJECT: Cluster Analysis of Fish  Abundance Data in the CAWS. 

 

Introduction 

This memo documents statistical cluster analysis of fish abundance data from the Chicago Area 

Waterway System (CAWS) as a means to help describe the dominant fish community in the 

managed part of the CAWS. This work was completed as part of the CAWS Habitat Evaluation 

and Improvement Study, under contract to the Metropolitan Water Reclamation District of 

Greater Chicago (the District). 

Cluster analysis is a multivariate statistical technique used to group similar observations or 

variables into discreet groups. Cluster analysis was applied to the fish abundance data collected 

in the CAWS to identify groups of fish species (communities) that tend to be found together. 

This analysis was undertaken to provide the Metropolitan Water Reclamation District of Greater 

Chicago (District) with information about the current fish communities that exist in the CAWS 

and to support decision-making related to the determination of appropriate biological endpoints 

(that is, target fish communities) for system management and habitat restoration efforts. 

Data Description and Treatment 

The District has been collecting fish data annually since 1974 (with the exception of 1981 and 

1982) within the CAWS and surrounding area. In 2001, the District formalized their Ambient 

Water Quality Monitoring (AWQM) program for waterways managed by the District, which 

include the CAWS. For the purposes of this analysis, LimnoTech has limited the fish data 

analysis to the fish data collected between 2001 through 2008. During this period, the District 

has collected fish data at 43 stations within the CAWS. Twenty-six of these 43 stations are part 

of the District’s AWQM program, including three locations outside of the managed area; six 

stations are located at the District’s five Side Elevated Pool Aeration (SEPA) locations; three 

stations are sites of particular interest to the District on Bubbly Creek; three stations are 
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supplemental sites sampled only in 2007
1
; and five stations are supplemental sites sampled only 

in 2008. The District collected fish data within the CAWS using boat electrofishing procedures 

following standard protocols.  

Sixty-seven different species were collected at the 43 District monitoring stations between 2001 

and 2008.  For the purpose of this analysis, the species that were only observed during a single 

collection event were not included, leaving 50 species observed during 148 events. 

Cluster Methodology 

Hierarchical cluster analysis (HCA) was performed using the R statistical environment. HCA is 

an agglomerative clustering method, meaning that each variable, fish species in this case, begins 

as an independent cluster. The algorithm proceeds in a stepwise fashion, with the two most 

similar clusters merged at each step until all the variables are grouped into a single cluster. The 

determination of cluster similarity depends on two factors: the distance measurement method and 

the cluster linkage method.  The distance measurement is the method used to measure distance 

between two points, while the linkage method determines between what points the cluster 

similarity criterion is applied.  

For this analysis, the Bray-Curtis, or Sorenson, distance measurement was used. This is a 

commonly used distance measurement in ecological applications. The Bray-Curtis distance (dBC) 

between species i and j for n observations is calculated as follows: 

 

�����, �� 	  
∑ |
�,� � 
�,�|
�
���
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where y is the number of fish collected at each observation (k). 

Two candidate linkage methods were evaluated: complete linkage and Ward’s linkage. Complete 

linkage merges clusters based on the distance between the furthest observations in the clusters, 

while Ward’s linkage minimizes the intracluster sum-of-squares distance. Both of these linkage 

methods tend to produce multiple clusters with many members and relatively few clusters with 

only one or two members. However, in this case, the complete linkage method produced several 

clusters associated with a single species and one very large cluster that included nearly all of the 

species found in the CAWS. Ward’s linkage produced clusters with several members, and was 

determined to be the better method for this application. 

To determine the appropriate number of clusters to retain for further evaluation, a plot of the 

maximum cluster dissimilarity was plotted as a function of the number of clusters (Figure 1). 

Generally, a value in the range of the “knee-of-the-curve” is chosen as the appropriate number of 

clusters. The knee for this analysis occurs at, approximately, the six cluster level, suggesting that 

the six cluster model should be evaluated further. Results from a six-cluster analysis were 

evaluated and were determined to yield informative results. 

                                                 
1
 These three supplemental sites were all in the Cal-Sag Channel and were identified as Cal Sag – 104

th
, Cal Sag – 

Kedzie, and Cal Sag – SW Highway. In 2007, electro-fishing was performed at these three sites and the data from 

those samples were included in the analysis. Fyke net data were also collected from the Cal Sag – SW Highway site, 

but were not included in the analysis. 
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Figure 1. Plot of distance or dissimilarity as function of the number of clusters. The six cluster value was 

chosen as the approximate knee of the curve. 

Results 

The cluster analysis using six clusters produced several clusters with multiple species. A 

dendrogram showing the clusters is provided in Figure 2. The dendrogram shows the six clusters 

retained for further evaluation (bracketed in red) and the relationships between species within 

each cluster. The species that have the greatest tendency to occur together in the CAWS are 

bracketed furthest to the left. 

Five of the six clusters include at least one species with a minimum count of 45 fish collected. 

The sixth cluster, which includes steelcolor shiner, only contains three species, none of which 

had more than 5 total fish observed. This cluster does not appear to represent an important 

community in the CAWS and was not included in the evaluations of fish traits and geographic 

distribution. 
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Figure 2. Dendrogram showing groupings of fish species found in the CAWS. The height axis represents a 

measure of dissimilarity. The groupings bracketed in red are the six clusters retained for further evaluation.
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One cluster comprised the majority of the most abundant fish species, including largemouth bass, 

bluegill, common carp, and a number of minnow and sunfish species. This group was observed 

at every station in the CAWS. For this evaluation, that cluster will be referred to as the 

“dominant fish community.” The remainder of the clusters will be referred to by the two most 

abundant species in that group. 

Distribution of Traits within Clusters 

The traits of the fish species in the clusters were evaluated using species trait data assembled 

from a variety of sources. Although no single source covered all species found within the 

CAWS, the majority of the trait data was derived from local sources. Where available, trait 

assignments were first established using state level data (IDNR 2000; 2008), then using data 

collected in the Midwest (Lyons et al., 2001), then using national level data (Meador and 

Carlisle, 2007), and finally using species-specific references where the relevant information was 

not available in the previously cited documents. The traits examined in this analysis include 

trophic level, substrate association, and parameters related to pollution tolerance.  

Table 1 presents the percentage of total fish in each cluster that are associated with various 

trophic levels. 

Table 1. Percentage of total fish collected in each cluster associated with various trophic levels. Many species 

are associated with more than one trophic level, so the percentages do not sum to 100%. 

  Carnivore Invertivore Planktivore Detritivore Herbivore 

Black crappie/Yellow perch 73% 90% 24% 3% 2% 

Rock bass/Smallmouth bass 63% 66% 2% 22% 22% 

Dominant community 15% 35% 14% 20% 47% 

Channel catfish/Mosquitofish 36% 79% 1% 0% 0% 

White perch/Yellow bass 90% 100% 0% 10% 0% 

 

An evaluation of the distribution of the trophic levels (food chain links) represented within the 

clusters indicates that the dominant community has the most complete representation from all 

trophic levels, while other clusters primarily consist of fewer components of the food web. This 

suggests that the dominant community represents a relatively complete fish community, in the 

sense that its members occupy most trophic levels. The other clusters lack the components (such 

as prey base) to exist as independent communities.  

Notably, the dominant community appears to contain trophic relationships found, or managed 

for, within other warm-water systems. For example, the strongest associations in this group 

appear between largemouth bass (a top predator) and bluegill (prey and omnivore), a commonly 

recommended combination of warm-water species found in angler management programs within 

lakes and reservoirs (Becker, 1983; Hayes et al., 1998). No formal fisheries management strategy 

has existed within the CAWS, so the community relationships are essentially self-regulated. 

Because of the unique characteristics of the CAWS, it is impossible to compare the existing, 

dominant community composition to a reference system or target community. However, recent 

work of Overman et al. (2009) posits that the trophic makeup of urban lake fisheries is 

commonly shaped by the forage fish component (gizzard shad and emerald shiner), and that 
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these communities can differ among systems. This suggests that the current species composition 

within the CAWS may be appropriate for the limits of the system. The lack of fish management 

within the CAWS has resulted in a self-forming fish community that may be unique, but the 

community includes regionally important species and contains a general structure similar to 

natural lake systems. 

The association of the various clusters with differing substrates was also examined to determine 

if substrate was a potential differentiating factor in the occurrence of the clusters. Table 2 

presents the percentage of total fish in each cluster that are associated with various substrate 

types. The distribution of substrate types among the different groups suggests that the 

differentiation of the clusters may be, at least in part, due to habitat preferences found within the 

habitat-limited environment of the CAWS. In particular, the rock bass/smallmouth bass group 

consists primarily of fish that are associated with large substrates (boulder, cobble, and gravel), 

while most of the other fish in the CAWS tend to be associated with mud, sand, and vegetated 

substrates. 

Table 2. Percentage of total fish collected in each cluster associated with various substrate types. Many 

species are associated with more than one substrate type, so the percentages do not sum to 100%. 

  Boulder 

Cobble/  

Rubble  Gravel Mud Sand Vegetated 

Black crappie/Yellow perch 0% 15% 3% 52% 68% 49% 

Rock bass/Smallmouth bass 39% 46% 85% 0% 0% 24% 

Dominant community 0% 0% 9% 16% 30% 31% 

Channel catfish/Mosquitofish 0% 34% 1% 26% 35% 16% 

White perch/Yellow bass 0% 0% 0% 67% 10% 0% 

 

The clusters were also evaluated with respect to their pollution tolerance. Meador and Carlisle 

(2007) conducted an extensive analysis of numerous fish species and their associations with a 

variety of physiochemical variables using data from the USGS National Water Quality 

Assessment Program. This effort resulted in a database of tolerance assignments for most fish 

species. Table 3 presents the percentage of total fish in each cluster that are classified as tolerant, 

moderately tolerant, and intolerant according to the Meador and Carlisle analysis.  

Table 3. Percentage of total fish collected in each cluster classified according to their pollution tolerance.  

  Tolerant 

Moderately 

tolerant Intolerant 

Black crappie/Yellow perch 52% 33% 15% 

Rock bass/Smallmouth bass 31% 2% 66% 

Dominant community 89% 11% 0% 

Channel catfish/Mosquitofish 98% 9% 4% 

White perch/Yellow bass 81% 19% 0% 

 

The distribution of pollution tolerances among the clusters indicates that all but one of the 

clusters are dominated by tolerant species. The exception to this is the rock bass/smallmouth bass 
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cluster. The geographic distribution analysis discussed below and depicted in Figure 4 indicates 

that this may be due to proximity to Lake Michigan.  

Geographic Distribution of Clusters  
The geographic distribution of the clusters was evaluated to determine if there are differences 

among the CAWS reaches in terms of species composition. The fraction of the total number of 

individual fish collected that belong to each cluster was calculated for each fish collection event. 

The fractions were then averaged by station. Figure 3 (included at the end of this memorandum) 

shows a map with pie charts indicating the average composition at each sampling station.  The 

figure shows that the dominant community makes up a large fraction of the fish observed at 

every station, with the exception of AWQM 49, which is located very close to Lake Michigan. 

This suggests that there are no locations on the CAWS that do not have the conditions to sustain 

this community. On average, this cluster represents 93% of the fish collected at each event.  

However, because this cluster is found in such high proportions across the entire system, it is not 

particularly useful for differentiating between reaches, despite the fact that the dominant 

community cluster contains fishes considered regionally important (for example, largemouth 

bass, bluegill, gizzard shad and emerald shiner). Therefore, an additional map was generated 

using only the clusters outside of the dominant community to attempt to identify geographic 

differences within the CAWS. This map is included as Figure 4.  

Figure 4 does illustrate some geographic trends of species abundance. The rock bass/ smallmouth 

bass group appears to occur in the highest proportions in areas where some water exchange with 

Lake Michigan occurs, such as: the North Shore Channel, the Chicago River, and the Calumet 

and Little Calumet Rivers in the vicinity of the O’Brien Lock and Controlling Works. The single 

exception to this trend is at one of the 2007 supplemental stations (LimnoTech ID 1092), where a 

single smallmouth bass was the only fish observed outside of the dominant community.  

Other clusters also exhibit some geographic trends. The channel catfish/mosquitofish cluster 

tends to occur in higher proportion in the Chicago Sanitary and Ship Canal, while the white 

perch/yellow bass are most prevalent in the Cal-Sag Channel and the Little Calumet River. No 

clear geographic trend was observed for the black crappie/yellow perch group.  

A final map is included as Figure 5 which is limited to the sampling stations with more than a 

single collection event. This map illustrates similar geographic trends as noted previously, 

however the trends appear more consistent among the reaches. 

Conclusions 

The hierarchical cluster analysis performed on the CAWS fish abundance data demonstrated 

that: 

• There is a dominant fish community that occurs throughout the CAWS. This population 

includes species representing multiple trophic levels, an abundant and diverse prey base, 

and predator-prey relationships commonly observed in natural waterways within the 

region.  
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• The ubiquity of the dominant community suggests that the CAWS is supporting a viable, 

structurally complete, and regionally appropriate fish community under the existing, 

unmanaged conditions.  

• The clusters outside of the dominant community generally consisted of fewer, less 

abundant species, and they did not comprise the same diversity of trophic levels. 

Additionally, these clusters occurred in conjunction with the dominant community, 

suggesting that these are not independent communities, but rather groups of species that 

occur with the dominant community under certain conditions.  

• Some species traits and geographic trends associated with these clusters outside of the 

dominant community were observed, suggesting that habitat, water quality, or other 

factors may affect their occurrence. 

This analysis was performed to help describe the current state of fish communities in the CAWS. 

Further investigation may be warranted to better understand the factors that relate to the 

occurrence of particular clusters or species outside of the dominant community. Additionally, 

further investigations would be needed to better understand certain aspects of the dominant 

community, including:  

• the factors impacting the overall abundance of the group, 

• the geographic distribution of the sub-clusters, and 

• the conditions that promote desirable proportions of species within the community. 
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applicability

pursuant
to

Sections
27

and
28

ofthe
A

ct
and

S
ection

5-40
ofthe

Illinois
A

dm
inistrative

P
rocedure

A
ct.

415
IL

C
S

5/27
and

28,
5

IL
C

S
100/5-40,

35
Iii.

A
dm

.

C
ode

102.106(a)(3)
and

(b)(1).
In

evaluating
these

proposed
rules,the

B
oard

is
required

to
take

into
account

“the
existing

physical
conditions,

the
character

of the
area

involved,
including

the
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character
of

surrounding
land

uses,
zoning

classifications,the
nature

ofthe
existing

air
quality,

or
receiving

body
of

w
ater,

as
the

case
m

ay
be,

and
the

technical
feasibility

and
econom

ic

reasonableness
of m

easuring
or

reducing
the

particular
type

of pollution.”
415

IL
C

S
5/27(a).

T
his

S
tatem

ent
ofR

easons
w

ill
address

the
purpose

and
effect

ofthis
regulatory

proposal

and
outline

the
specific

am
endatory

language
being

proposed.
A

technical
support

docum
ent

w
as

prepared
by

the
B

ureau
of

W
ater

in
support

of the
proposed

changes
to

the
boron,

fluoride

and
m

anganese
w

ater
quality

standards
and

is
included

as
A

ttachm
ent

Ito
this

Statem
ent

of

R
easons.

II.
R

E
G

U
L

A
T

O
R

Y
P

R
O

P
O

S
A

L
:

P
U

R
P

O
S

E
A

N
D

E
F

F
E

C
T

A
.

H
istory

of
the

E
xisting

B
oron,

F
lu

o
rid

e
and

M
anganese

w
ater

quality
stan

d
ard

s

T
he

existing
G

eneral
U

se
and

L
ake

M
ichigan

B
asin

Standards
for

boron,
fluoride,

and

m
anganese

w
ere

adopted
by

the
B

oard
in

its
1972

standards
rulem

aking
establishing

the
initial

B
oard

w
ater

quality
standards

and
have

not
been

updated
since

that
tim

e.
See,

R
71-14

(M
arch

7,

1972).
T

he
existing

G
eneral

U
se

and
non-open

w
ater

L
ake

M
ichigan

B
asin

standard
for

boron
is

1.0
m

g/L
.

T
he

existing
G

eneral
U

se
and

non-open
w

ater
L

ake
M

ichigan
B

asin
standard

for

fluoride
is

1.4
m

g/L
.

T
he

existing
G

eneral
U

se
and

non-open
w

ater
L

ake
M

ichigan
B

asin

standard
for

m
anganese

is
1.0

m
g/L

.

T
he

O
pen

W
aters

o
fL

ake
M

ichigan
standards

are
based

on
background

conditions
of

L
ake

M
ichigan

rather
than

protection
ofhum

an
health

or
aquatic

life.
T

he
existing

m
anganese

standard
is

0.15
m

g/L
and

w
ill

rem
ain

unchanged.
Presently

there
are

no
boron

or
fluoride

standards
specifically

adopted
for

the
O

pen
W

aters
ofL

ake
M

ichigan,
therefore

the
existing

n
o

n

open
w

aters
L

ake
M

ichigan
B

asin
Standards

for
these

substances
are

applicable
in

these
w

aters.
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T
he

Secondary
C

ontact
and

Indigenous
A

quatic
L

ife
standards

for
fluoride

and

m
aiganese

are
15

m
g/L

and
1

m
g/L

,
respectively.

N
o

standard
for

this
designated

use
culT

ently

exists
for

boron.
A

t
this

tim
e,

the
A

gency
intends

to
address

all
standards

for
Secondary

C
ontact

and
Indigenous

A
quatic

L
ife

U
se

w
aters

in
the

“U
se

A
ttainability

A
nalysis

of the
D

es
Plaines

and
C

hicago
W

aterw
ays”

rulem
aking.

S
ee,R

08-09
(S

ub-D
ocket

D
).

T
here

are
no

existing
Public

and
Food

P
rocessing

W
ater

Supply
standards

for
boron

or

fluoride, therefore
the

G
eneral

U
se

standards
for

these
substances

are
applicable

in
these

w
aters

and
are

protective
o
fP

ublic
and

Food
Processing

W
ater

Supply
use.

T
he

existing
Public

and

Food
Processing

W
ater

S
upply

standard
for

m
anganese

is
0.15

m
g/L

,
w

hich
is

based
on

aesthetics
rather

than
hum

an
health.

B
.

P
urpose

and
E

ffect
of

the
P

roposal

1.
B

oron,
Fluoride

and
M

anganese
W

ater
Q

uality
Standards

T
he

A
gency’s

rulem
aking

proposal
updates

the
w

ater
quality

standards
for

boron,

fluoride
and

m
anganese.

C
hanges

are
proposed

to
the

G
eneral

U
se

standard
itself

as
w

ell
as

the

to
the

Public
and

Food
P

rocessing
W

ater
Supply

standards
in

Subpart
C

of
Part

302
and

the
L

ake

M
ichigan

standards
in

S
ubpart

E
of Part

302.

W
ith

no
existing

P
ublic

and
Food

P
rocessing

W
ater

Supply
w

ater
quality

standards
for

boron
or

fluoride,
the

existing
G

eneral
U

se
standards

for
these

substances
are

applied
to

these

w
aters

by
default.

A
s

the
B

oard
stated

in
R

71-14
“S

ince
general

criteria
apply

to
all

w
aters

designated
for

public
supply,

the
present

regulation
om

its
separate

requirem
ents

for
those

param
eters

w
hose

general
standards

are
tight

enough
to

protect
public

supplies;
boron,

chrom
ium

,
copper,

fluoride,
m

ercury,
silver

and
zinc.”

See,
R

71-14,
M

arch
7,

1972,
Slip.Op. at

9.
Since

the
proposed

new
G

eneral
U

se
standards

for
boron

and
fluoride

are
higher

than
the

4
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existing
standards

of
1.0

m
g/L

and
1.4

m
g/L

,
respectively,

Illinois
E

PA
is

proposing
to

designate

1.0
m

g/L
boron

and
1.4

m
g/L

fluoride
as

Public
and

Food
P

rocessing
W

ater
Supply

standards.

T
he

proposed
standards

w
ould

be
applied

at the
point

of
surface

w
ater

intake
and

w
ould

be

regulated
as

one-num
ber,

not
to

be
exceeded

standards.
B

ecause
there

are
no

specific
O

pen

W
aters

of
L

ake
M

ichigan
standards

for
boron

and
fluoride

in
Subtitle

E
,the

L
ake

M
ichigan

B
asin

standards
for

these
substances

are
currently

applicable.
R

elocating
the

existing
L

ake

M
ichigan

B
asin

standards
of

1.0
m

g/L
boron

and
1.4

m
g/L

fluoride
into

the
O

pen
W

aters
of

L
ake

M
ichigan

standards
w

ill
provide

a
m

easure
of protection

against
harm

ful
loadings

ofthese

substances
w

ithin
these

w
aters,

and
w

ill
continue

to
allow

protection
of these

w
aters

for
Public

and
Food

Processing
W

ater
Supply

uses.

For
m

anganese,
the

P
ublic

and
Food

Processing
W

ater
Supply

and
O

pen
W

aters
of L

ake

M
ichigan

standards
are

presently
setat

0.15
m

g/L
.

O
pen

W
aters

of
L

ake
M

ichigan
standards

are

based
on

background
conditions

of
L

ake
M

ichigan
rather

than
protection

of
hum

an
health

or

aquatic
life,

therefore
the

existing
m

anganese
standard

for
these

w
aters

w
ill

rem
ain

unchanged.

Public
and

F
ood

P
rocessing

W
ater

Supply
standards

are
intended

to
represent

the

m
axim

um
allow

able
concentration

of
a

substance
at

the
point

of
surface

w
ater

intake
that

w
ill

allow
for

attainm
ent

o
f the

finished
drinking

w
ater

m
axim

um
contam

inant
level

(“M
C

L
”)

for

that
substance

follow
ing

conventional
treatm

ent.
A

s
explained

in
the

A
gency’s

technical
support

docum
ent

(A
ttachm

ent
1,pages

9-12),the
existing

m
anganese

Public
and

Food
Processing

W
ater

Supply
standard

o
f

0.15
m

g/L
is

overly
protective

ofthe
finished

m
anganese

standard,
as

the
finished

M
C

L
of

0.15
m

g/L
can

easily
be

attained
follow

ing
conventional

treatm
ent

of

surface
w

aters
containing

greater
than

0.15
m

g/L
m

anganese.
B

ecause
m

anganese
often

occurs

in
Illinois

at
concentrations

above
the

existing
w

ater
quality

standards,
the

Public
and

Food

5
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Processing
W

ater
Supply

standard
is

exceeded
in

m
any

surface
w

aters
w

ith
public

w
ater

supply

intakes
and

Illinois
E

PA
has

been
forced

to
listthese

w
aters

on
the

C
lean

W
ater

A
ct

Section

303(d)
list

and
establish

T
otal

M
axim

um
D

aily
L

oads
(“T

M
D

L
”)

unnecessarily
for

w
aters

w
ith

naturally
occurring

sources
of

m
anganese

that w
ill

be
adequately

addressed
by

conventional

drinking
w

ater
treatm

ent.
B

y
conservatively

estim
ating

that
90%

of m
anganese

can
be

rem
oved

at
conventional

utilities
in

Illinois,
and

back-calculating
the

am
ount ofm

anganese
in

surface

w
aters

that
w

ould
still

allow
for

attainm
ent

ofthe
0.15

m
g/L

finished
M

C
L

.
it

is
apparentthat

a

m
axim

um
surface

w
ater

concentration
of

1.5
m

g/L
w

ould
be

sufficiently
protective

ofthe
Public

and
Food

P
rocessing

W
ater

Supply
use

designation.
H

ow
ever,

in
order

to
provide

an
additional

m
easure

ofconservancy,
the

A
gency

is
proposing

to
setthe

new
m

anganese
Public

and
Food

P
rocessing

W
ater

S
upply

standard
at

1
m

g/L
(total

m
anganese).

T
he

standard
w

ould
be

applied

atthe
point

of
surface

w
ater

intake
and

w
ould

be
regulated

as
a

one-num
ber,

not to
be

exceeded

standard.T
he

proposed
updates

to
the

G
eneral

U
se

and
L

ake
M

ichigan
B

asin
w

ater
quality

standards
for

boron,
fluoride

and
m

anganese
w

ere
developed

using
U

.S.
E

PA
guidelines

for

deriving
num

erical
w

ater
quality

criteria.
See,

A
ttachm

ent
1,E

xhibit
F.

T
he

U
.S.

E
PA

“1985

G
uidelines”

m
ethodology

is
com

m
only

used
to

derive
state

standards
and

U
.S.

E
PA

national

criteria
docum

ents
for

substances
that

are
toxic

to
aquatic

life.
T

his
conventional

m
ethodology

w
as

used
in

deriving
acute

and
chronic

standards
for

boron,
fluoride,

and
m

anganese.
G

iven
that

fluoride
and

m
anganese

toxicity
is

know
n

to
be

influenced
by

the
hardness

oftest
w

ater,

standards
for

these
substances

w
ere

developed
to

account
for

hardness-dependentrelationships.

L
iterature

review
s

and
additional

laboratory
tests

studying
the

influence
of

w
ater

chem
istry

on

6
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boron
toxicity

had
confounding

results,
therefore

boron
standards

w
ere

developed
independentof

w
ater

chem
istry.

T
he

new
ly

derived
boron,

fluoride
and

m
anganese

standards
w

ere
the

result
of

collaborative
w

ork
betw

een
the

A
gency,

U
.S.

E
PA

and
D

r.
D

avid
Soucek

of
Illinois

N
atural

H
istory

Survey
(IN

H
S).

A
literature

review
com

piled
by

the
A

gency
determ

ined
that

insufficient

data
w

as
available

to
derive

T
ier

I
acute

and
chronic

standards
for

each
substance,

therefore
it

w
as

necessary
to

conduct
toxicity

tests
to

supplem
ent

the
dataset

for
each

param
eter.

T
he

A
gency

consulted
w

ith
U

.S.
E

PA
to

determ
ine

w
hich

test
organism

s
w

ould
best

fillthe
data

gaps

in
order

to
derive

fully
protective

aquatic
life

standards.
U

.S.
E

PA
then

contracted
G

reat
L

akes

E
nvironm

ental
C

om
m

ission
(G

L
E

C
)

and
IN

H
S

to
conduct

toxicity
tests

on
boron

(acute
tests

using
the

fathead
m

innow
P

im
ephalesprom

elas
(variable

pH
),

C
eriodaphnia

dubia,
and

the

freshw
ater

m
ussels

L
am

psilis
siliquoidea,

L
igum

ia
recta,

and
M

egalonaias
nervosa;

chronic
test

using
P

im
ephales

prom
elas),

fluoride
(acute

tests
using

the
fingernail

clam
Sphaerium

sim
ile

and

the
am

phipod
H

yalella
azteca)

and
m

anganese
(acute

tests
using

L
am

psilis
siliquoidea

and

M
egalonaias

nervosa).
See

A
ttachm

ent
6.

T
he

A
gency

additionally
contracted

TN
H

S
to

conduct

additional
toxicity

tests
on

boron
(acute

tests
using

the
stonefly

A
llocapnia

vivipara,Sphaerium

sim
ile,

Pim
ephales

prom
elas,

the
w

aterfiea
C

eriodaphnia
dubia

(variable
hardness

and
pH

)
and

H
yalella

azteca
(variable

hardness
and

pH
);

chronic
tests

using
P

im
ep

hales
prom

elas
and

H
yalella

azteca),
fluoride

(acute
and

chronic
tests

using
H

yalella
azteca),

and
m

anganese
(acute

and
chronic

tests
using

H
yalella

azteca).
See,

A
ttachm

ent
1,E

xhibit
U

.

Standards
for

each
substance

w
ere

then
developed

in
accordance

w
ith

1985
G

uidelines

m
ethodology.

T
he

follow
ing

is
a

general
overview

ofthe
1985

G
uidelines

procedures
used

in

7
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deriving
the

proposed
standards.

Further
detail

regarding
the

additional
procedures

required
for

deriving
the

hardness-based
fluoride

and
m

anganese
standards

is
provided

in
A

ttachm
ent

1.

O
nly

data
from

toxicity
tests

conducted
on

appropriate
organism

s
using

valid
test

m
ethods,

appropriate
laboratory

w
aters,

and
proper

endpoints
w

ere
used

in
deriving

the
proposed

standards.
For

each
substance,

acute
data

expressed
as

an
LC

5O
(concentration

lethal
to

50

percent
ofthe

tested
organism

s)
w

as
com

piled
for

each
species

and
w

as
used

to
develop

a
G

enus

M
ean

A
cute

V
alue

(G
M

A
V

)
for

each
genus.

T
he

G
M

A
V

s
w

ere
ranked

by
sensitivity

and
w

ere

used
to

develop
the

Final
A

cute
V

alue
(FA

V
).

T
he

FA
V

is
the

value
protective

ofat
least

95%

of
species

atthe
LC

5O
level

of
effect.

T
he

FA
V

w
as

then
divided

by
2

in
order

to
convertthe

acute
value

from
an

LC
5O

level
of protection

to
a

level
that

is
protective

at the
no

observable

adverse
effect

level.

C
hronic

standards
for

boron
and

fluoride
w

ere
developed

using
the

A
cute-C

hronic
R

atio

(A
C

R
)

approach,w
hich

requires
A

C
R

s
from

anim
als

in
at

least
three

different
fam

ilies
ofw

hich

one
species

is
a

fish,
one

species
is

an
invertebrate,

and
one

is
an

acutely
sensitive

freshw
ater

species.
A

n
A

C
R

is
calculated

by
dividing

the
acute

LC
5O

of
a

species
by

the
M

axim
um

A
cceptable

T
oxicant

C
oncentration

(M
A

T
C

)
ofthe

sam
e

species
derived

from
a

test
conducted

in
the

sam
e

laboratory
under

test
conditions

identical
to

the
acute

test.
T

he
Final

A
cute-C

hronic

R
atio

(FA
C

R
)

w
as

then
calculated

by
taking

the
geom

etric
m

ean
of

all
available

A
C

R
s

for
each

species.
C

hronic
standards

w
ere

then
obtained

by
dividing

the
FA

V
of

each
substance

by
the

FA
C

R
.

T
he

chronic
m

anganese
standard

w
as

not
developed

using
the

A
C

R
approach

because

the
resulting

standard
w

as
not

protective
ofH

yalella
azteca,

the
m

ost
sensitive

species.
R

ather,

the
chronic

m
anganese

standard
w

as
based

offthe
H

yalella
azteca

M
A

T
C

to
afford

proper

protection
for

this
organism

and
other

untested,
closely

related
organism

s.

8
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T
he

procedures
used

by
Illinois

E
PA

in
deriving

acute
and

chronic
standards

for
all

three

param
eters

are
described

in
m

ore
detail

in
A

ttachm
ent

1.

2.
O

ther
P

roposed
C

hanges
to

Part
302

and
303

In
addition

to
the

updated
w

te
r

quality
standards,

the
A

gency
is

proposing
a

handful
of

m
inor

am
endm

ents
to

Part
302.

a.
D

erived
W

ater
Q

uality
C

riteria
p

u
b

licatio
n

req
u
irem

en
t

In
R

88-2
1(A

)
the

procedures
in

S
ubpart

F
of

Part
302

for
deriving

site-specific
w

ater

quality
criteria

for
toxic

param
eters

w
ere

adopted
by

the
B

oard.
O

ne
im

portantprocedural

com
ponent

of this
m

ethod
for

establishing
criteria

w
as

to
require

periodic
public

notice
ofthe

criteria
that have

been
developed.

In
R

97-25,
parallel

procedures
w

ere
included

in
Subpart

E
for

publication
of derived

criteria
developed

for
the

L
ake

M
ichigan

B
asin.

T
he

A
gency

is
required

to
and

does
publish

notice
ofderived

w
ater

quality
criteria

in
the

Illinois
R

egister
every

quarter
pursuant

to
302.595

for
L

ake
M

ichigan
B

asin
criteria

for

bioaccum
ulative

chem
icals

of
concern

and
pursuant

to
3 02.669

for
all

other
toxicity

criteria

derived
pursuant

to
Subpart

F.
T

he
A

gency
has

also
m

aintained
a

list
of

derived
criteria

on
its

w
ebsite.

T
he

A
gency

is
proposing

to
sim

ply
change

the
required

m
ethod

of public
notice

to

updating
the

list
on

its
w

ebsite
not

less
frequently

than
quarterly,

rather
than

requiring

publication
in

the
Illinois

R
egister.

b.
C

o
rrectio

n
to

E
rro

r
in

Z
inc

G
en

eral
U

se
w

ater
quality

stan
d

ard
derivation

T
he

existing
G

eneral
U

se
chronic

w
ater

quality
standard

for
zinc

is
hardness-based

and

w
as

adopted
by

the
B

oard
in

the
R

02-1
1

rulem
aking.

See,In
the

M
atter

o
f

W
ater

Q
uality

T
riennialR

eview
:

A
m

endm
ents

to
35

Ill.
A

dm
.

C
ode

302.105,
302.208fr-(g,L

302.504(’a,),

9
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302.575(’d,),
309.141(h);

and
P

roposed
35

Iii.
A

din.
C

ode
301.267,

301.313,
301.413,

304.120,

and
309.157,

R
02-11

(D
ecem

ber
19,2002).

D
uring

the
R

02-11
proceeding,

the
A

gency

identified
a

num
ber

of m
athem

atical
and

clerical
errors

in
its

proposal
to

the
B

oard
by

subm
ittal

of
three

different E
rrata

Sheets.
See,

A
ttachm

ent
8.

In
E

rrata
SheetN

um
ber

3, the
A

gency

addressed
corrections

to
the

zinc
values

in
its

original
proposal

that
w

ere
eventually

adopted
by

the
B

oard.
T

he
A

gency
has

discovered
an

additional
error

in
the

chronic
w

ater
quality

standard

for
zinc

that
w

as
not

identified
in

the
R

02-1
1

proceeding.

A
n

error
w

as
m

ade
in

regards
to

the
chronic

toxicity
value

reported
by

the
A

gency
for

H
yalella

azteca.
T

his
value

w
as

taken
from

T
able

2
ofB

orgm
ann

et
al.

1993
w

hich
is

included

as
A

ttachm
ent

1,E
xhibit

W
to

this
Statem

ent
ofR

easons.
A

transcription
error

resulted
in

the

A
gency

using
an

incorrect
value

from
that

T
able

in
its

derivation
ofthe

chronic
zinc

w
ater

quality
standard.

A
n

explanation
of the

error
is

provided
on

page
22

of
A

ttachm
ent

1
and

both

the
incorrect

and
corrected

values
and

equations
are

provided
in

A
ttachm

ent
1,E

xhibit
X

.
D

ue

to
this

change,
the

intercept
value

in
the

equation
representing

the
chronic

zinc
standard

m
ust

be

m
odified

from
A

-0.8
165

to
A

-0.4456.
T

he
adopted

chronic
value

for
H

yalella
azteca

w
as

erroneously
calculated

and
resulted

in
a

chronic
zinc

standard
thatw

as
not

representative
ofthe

true
dataset

and
the

A
gency

is
proposing

that
the

B
oard

correctthis
error.

c.
E

lim
ination

of
S

T
O

R
E

T
references

ST
O

R
E

T
is

defined
in

S
ection

301.405
as

“the
national

w
ater

quality
data

system
of

the

federal
E

nvironm
ental

P
rotection

A
gency.”

ST
O

R
E

T
codes,

as
they

appear
in

current
B

oard

w
ater

quality
standards,

are
no

longer
m

aintained
and

updated
by

U
.S.

E
PA

,therefore
they

are
of

little
use

in
instructing

the
reader

on
w

hat form
ofthe

substance
is

regulated.
B

ecause
the

S
T

O
R

E
T

database
is

no
longer

being
supported

by
U

.S.
E

PA
,

the
A

gency
is

proposing
to

drop

10
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ST
O

R
E

T
codes

from
throughout

the
regulations

w
hen

those
regulations

are
opened

for
other

am
endm

ents.

d.
C

o
rrected

cross-references

In
developing

these
am

endm
ents,

the
A

gency
discovered

a
handful

of typographical

errors
in

cross
references.

T
hose

incorrect
or

outdated
cross-references

w
ere

found
in

Sections

302.303,
302.553,

302.648,
302.657.

e.
L

anguage
C

larificatio
n

in
302.208

In
addition

to
changes

to
the

w
ater

quality
standards

in
302

.208,
the

A
gency

is
proposing

to
reorganize

the
language

in
each

paragraph
to

m
ore

clearly
identify

how
the

acute,
chronic,

hum
an

health
and

single-value
standards

are
interpreted.

T
hese

changes
generally

involve

splitting
up

the
language

inexisting
subsection

(d)
into

the
applicable

language
in

subsections
(a)

through
(c).

In
addition,

language
is

added
to

subsection
(d)

to
clarify

the
interpretation

ofthe

single-value
standards

in
subsections

(g)
and

(h).
See

below
for

the
specific

changes
proposed.

f.
C

larificatio
n

s
of

references
to

C
yanide,

M
ercu

ry
,

C
hloride

and
T

oluene
in

T
ables

T
he

A
gency

is
proposing

a
handful

of
am

endm
ents

to
clarify

the
applicability

ofthe

w
ater

quality
standards

for
toxic

param
eters.

In
3 02.208,

the
A

gency
has

proposed
changing

the

term
“m

etal”
to

“chem
ical

constituent”
to

m
ake

clear
that

not
all

ofthe
param

eters
regulated

in

that
Section

are
m

etals.

For
m

ercury
and

chloride,
the

A
gency

has
proposed

adding
the

phrase
“(total)”

follow
ing

the
param

eter
in

the
tables

to
clarify

that
the

substance
is

regulated
in

its
total

form
,

rather
than

dissolved
fonns.

For
chloride,

this
is

done
to

create
consistency

throughout
the

B
oard’s

w
ater

quality
standard

regulations.
For

m
ercury,

it
is

done
to

clarify
that,

unlike
the

aquatic
life

standards
w

hich
are

based
on

dissolved
m

ercury,
the

hum
an

health
standard

for
m

ercury
relies

11
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on
total

m
ercury

given
the

potential
for

total
m

ercury
to

becom
e

m
ethylated

and
subsequently

bioaccum
ulate

in
aquatic

life.

T
he

current
G

eneral
U

se
standard

does
not

specify
the

form
of

cyanide,
but

it
is

interpreted
as

allow
ing

either
of tw

o
test

m
ethods

for
cyanide:

the
w

eak
acid

dissociable
(W

A
D

)

form
or

the
available

form
.

C
urrently.

the
L

ake
M

ichigan
B

asin
standards

in
Subpart

E
ofPart

302
refer

to
the

w
eak

acid
dissociable

(W
A

D
)

form
,

w
hile

the
total

form
is

used
in

the
existing

S
econdary

C
ontact

and
Indigenous

A
quatic

L
ife

standard
and

the
effluent

standard
of

0.10
m

g/L
.

T
otal

C
yanide

refers
to

all
ofthe

C
N

groups
in

cyanide
com

pounds
that

can
be

determ
ined

as
the

cyanide
ion

(C
N

).
A

vailable
cyanide

consists
of

cyanide
ion

(C
N

),
hydrogen

cyanide
in

w
ater

(H
C

N
aq)

and
the

cyano-com
plexes

of
zinc,

copper,
cadm

ium
,

m
ercury,

nickel,
and

silver.

C
yanide

(W
A

D
)

is
the

hydrogen
cyanide

(H
C

N
)

that
is

liberated
from

a
slightly

acidified
(pH

4.5
to

6.0)
sam

ple
under

the
prescribed

distillation
conditions.

T
otal

cyanide
and

cyanide

(W
A

D
)

are
determ

ined
using

standard
m

ethods,
w

hile
available

cyanide
m

ethods
are

taken
from

E
P

A
-82

I -R
-99-0

13
(A

ugust
1999).

T
he

A
gency

is
proposing

clarifications
in

both
the

L
ake

M
ichigan

and
G

eneral
U

se
standards

that
clarify

that
the

W
A

D
and

available
cyanide

are
the

tw
o

form
s

of cyanide
tests

that
m

ay
be

used
in

assessing
attainm

ent
w

ith
the

G
eneral

U
se

cyanide

w
ater

quality
standard.

T
w

o
m

inor
changes

are
proposed

to
the

toluene
standards

in
Part

302.S
ubpart

E.
In

302.504(a),
the

table
m

istakenly
identifies

the
toluene

standard
in

m
illigram

s
per

liter,
rather

than

m
icrogram

s
per

liter.
In

addition,
the

toluene
standard

in
302.504(d)

is
proposed

for
deletion

because
it

is
less

stringent
than

the
acute

standard
in

302.504(a)
and

therefore
unnecessary.

In

R
02-1

1, the
B

oard
updated

the
toluene

standard
in

302.504(a)
to

include
the

acute
and

chronic

standards
of 2,000

and
610

respectively.
T

his
standard

w
as

published
and

adopted
in

error
in

12
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m
illigram

s
per

liter
units

instead
of m

icrogram
s

per
liter.

T
o

dem
onstrate

that
this

w
as

m
erely

a

typographical
error,

the
A

gency
directs

the
B

oard
to

the
transcript

ofthe
M

arch
6,

2002
hearing

in
R

02-l
1

w
here

the
B

oard
questions

for
the

A
gency

w
itnesses

correctly
identified

the
toluene

standard
proposed

as
being

m
easured

in
m

icrogram
s

per
liter.

See,
R

02-l
1, H

earing
T

ranscript,

M
arch

6,2002,
pp.

104-105.

g.
R

epeal
of

S
ection

303.312

A
s

explained
in

m
ore

detail
below

,
the

A
gency

has
proposed

repeal
of

a
site-specific

fluoride
standard

in
303.312

as
obsolete

and
inconsistent

w
ith

the
new

w
ater

quality
standards.

III.
R

E
G

U
L

A
T

O
R

Y
P

R
O

P
O

S
A

L
:

R
E

G
U

L
A

T
O

R
Y

L
A

N
G

U
A

G
E

T
he

A
gency

is
proposing

additions
and

changes
to

35
Ill.

A
dm

.
C

ode
Part

302
and

one

change
to

Part
303.

T
he

specific
Sections

affected
are

Sections
302.208,

302.303,
302.304,

302.504,302.553,
302.595,

302.648,
302.657,

302.669
and

303.3
12.

S
U

B
P

A
R

T
B

:
G

E
N

E
R

A
L

U
S

E
W

A
T

E
R

Q
U

A
L

IT
Y

S
T

A
N

D
A

R
D

S

A
ll

of
the

proposed
language

changes
in

P
art

302,
Subpart

B
are

contained
in

Section

302.208.
T

he
relevant

am
endm

ents
are

included
below

for
reference

w
ith

the
exception

of
the

deletion
of

S
T

O
R

E
T

num
bers

in
the

T
ables.

S
ection

302.208
N

um
eric

S
tan

d
ard

s
for

C
hem

ical
C

onstituents

a)
T

he
acute

standard
(A

S)
for

the
chem

ical
constituents

listed
in

subsection
(e)

shall
not

be
exceeded

at
any

tim
e

except
for

those
w

aters
for

w
hich

a
zone

of
initial

dilution
(Z

ID
)

applies
pursuant

to
Section

302.lO
2as

provided
in

b)
T

he
chronic

standard
(C

S)
for

the
chem

ical
constituents

listed
in

subsection
(e)

shall
not

be
exceeded

by
the

arithm
etic

average
of

at
least

four
consecutive

sam
ples

collected
over

any
period

of
at

least
four

days,
except

for
those

w
aters

1
—

,
I.)
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in
w

hich
the

A
gency

has
approved

a
m

ixing
zone

or
allow

ed
m

ixing
pursuant

to
Section

302. lO
2as

providcd
in

subsection
(d).

T
he

sam
ples

used
to

dem
onstrate

attainm
ent

or
lack

of
attainm

ent
w

ith
a

C
S

m
ust

be
collected

in
a

m
anner

that
assures

an
average

representative
of

the
sam

pling
period.

F
or

the
chem

ical
constituents

m
etals

that
have

w
ater

quality
based

standards
dependent

upon
hardness,

the
chronic

w
ater

quality
standard

w
ill

be
calculated

according
to

subsection
(e)

using
the

hardness
of

the
w

ater
body

at
the

tim
e

the
m

etals
sam

ple
w

as
collected.

T
o

calculate
attainm

ent
status

of
chronic

m
eals—

standards,
the

concentration
of

the
chem

ical
constituent

m
etal

in
each

sam
ple

is
divided

by
the

calculated
w

ater
quality

standard
for

the
sam

ple
to

determ
ine

a
quotient.

T
he

w
ater

quality
standard

is
attained

if
the

m
ean

of
the

sam
ple

quotients
is

less
than

or
equal

to
one

for
the

duration
of

the
averaging

period.

c)
T

he
hum

an
health

standard
(H

H
S)

for
the

chem
ical

constituents
listed

in
subsection

(f)
shall

not
be

exceeded
w

hen
the

stream
flow

is
at

or
above

the
harm

onic
m

ean
flow

pursuant
to

Section
302.658

nor
shall

an
annual

average,
based

on
at

least
eight

sam
ples,

collected
in

a
m

anner
representative

of
the

sam
pling

period,
exceed

the
H

H
S

except
for

those
w

aters
in

w
hich

the
A

gency
has

approved
a

m
ixing

zone
or

allow
ed

m
ixing

pursuant
to

Section
302.lO

2as
provided

in
subsection

(d).

d)
T

he
standard

for
the

chem
ical

constituents
of

subsections
(g)

and
(h)

shall
notbe

exceeded
at

any
tim

e
except

for
those

w
aters

in
w

hich
the

A
gency

has
approved

a
m

ixing
zone

or
allow

ed
m

ixing
pursuant

to
S

ection
302.102.

In
w

aters
w

here
m

ixing
is

allow
ed

pursuant
to

Section
302.102,

the
follow

ing
apply:

1)
T

he
A

S
shall

not
be

d
e
d

in
cxcept

for
those

w
hich

the
A

gency
has

approved
a

zone
of

initial
dilutions

(Z
ID

)
pursuant

to
Section

302.102.

2)
T

he
C

S
shall

not
be

exceeded
outside

of
w

aters
in

w
hich

m
ixing

is
allow

ed
pursuant

to
Section

302.102.

T
he

H
H

S
shall

not
bc

u
t
s
i
d
e
-
e
f

in
w

hich
m

ixing
is

allow
ed

pursuant
to

S
ection

302. 102.

(‘y
(’(’r’

.
.
-
1

,
,
1

‘x
y
fltr’y

,

u
i
T

r
r
c

ST
O

R
E

T
A

S
C

S
C

onstituent
N

um
ber
(1L

gIL
)

(p.gIL
)

*
*
*

B
oron

(total)
40,100

7,600

3)

e)
N

um
eric

W
ater

Q
uality

S
tandards

for
the

P
rotection

of
A

quatic
O

rganism
s

14
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*
*

*

C
yanide

00718
22

5.2
(W

eak
acid

dissociable
or

available)
A

--B
n(H

)
A

+
B

In(H
)

F
luoride

e
-e

,but
shall

not
exceed

(total)
w

here
A

=
6.7319

4.0
m

g/L

andB
0.5394

w
here

A
=

6.0445

andB
=

0.5394

M
anganese

Bm
n(H

)X
0.98

12*
+

r
n
n

H
X

0.98
12*

(dissolved)
—

_
_
_
_
_
_
_
_
_
_
_

—

w
here

A
=

4.9187
w

here
A

=
4.0635

andB
=

0.7467
andB

=
0.7467

*
*

01090
X

0.978*,
e
A

X
0.986*,

Z
inc

(dissolved)
w

here
A

=
0.9035

w
here

A
—

—
0.8

165
andB

=
0.8473

A
=

-
0.4456

andB
=

0.8473

w
here:

g
lL

=
m

icrogram
s

per
liter

ex
=

base
of

natural
logarithm

s
raised

to
the

x-
pow

er
ln

(H
)

=
natural

logarithm
of

H
ardness

(ST
O

R
E

T
00900)

*
=

conversion
factor

m
ultiplier

for
dissolved

m
etals

f)
N

um
eric

W
ater

Q
uality

S
tandard

for
the

P
rotection

of
H

um
an

H
ealth

S
T

O
R

E
T

C
onstituent

N
um

bcr
(L

g/L
)

M
ercury

(total)
71900

0.012

g)
S

ingle-value
standards

apply
at

the
follow

ing
concentrations

for
these

substances:C
onccntrations

of
thc

follow
ing

chem
ical

constituents
shall

not
bc

exceeded
except

in
w

atcrs
for

w
hich

m
ixing

is
allow

cd
pursuant

to
Section

302.102.

15
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S
T

O
R

E
T

C
onstituent

U
nit

N
um

ber
S

tandard

B
arium

(total)
m

g/L
01007

5.0

B
oron

(total)
m

g/L
01022

1.0

C
hloride

(total)
m

gIL
00940

500

F
luoride

m
gIL

00951
1.4

Iron
(dissolved)

m
g/L

01046
1.0

M
anganese

(total)
m

g/L
01055

1.0

w
here:

m
gIL

=
m

illigram
s

per
liter

and

tigIL
=

m
icrogram

s
per

liter

h)
W

ater
quality

standards
for

sulfate
are

as
follow

s:T
he

follow
ing

concentrations
for

sulfate
m

ust
not

bc
cxcccdcd

except
in

receiving
w

aters
for

w
hich

m
ixing

is
allow

ed
pursuant

to
S

ection
302.102:

*
*
*

A
s

explained
above,

the
A

gency
is

proposing
to

am
end

the
language

in
Subsection

302.208(a),
(b)

and
(c)

to
include

the
language

from
existing

subsection
302.208(d)

that

addresses
how

each
type

of standard
is

applied.
Subsection

(d)
is

replaced
w

ith
language

from

subsections
(g)

and
(h)

describing
how

the
single-value

standards
are

applied.
T

his
change

is

intended
to

assist
the

reader
in

understanding
how

each
type

of
standard

(acute,
chronic,

hum
an

health
and

single-value)
w

ill
be

applied.

A
lso

in
Section

302.208,
the

A
gency

is
proposing

to
delete

references
to

ST
O

R
E

T

num
bers

and
to

change
the

term
“m

etal”
to

“chem
ical

constituent”
in

subsection
(b)

for
accuracy

and
for

consistency
w

ith
the

other
subsections.

T
he

A
gency

is
proposing

to
add

an
“s”

to

m
illigram

and
m

icrogram
in

the
equation

keys
in

subsections
(e)

and
(g)

and
adding

“of’

betw
een

base
and

natural
in

the
key

in
subsection

(e).
In

subsection
(e)

the
phrase

“(W
eak

acid

16
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dissociable
or

available)”
to

the
table

after
cyanide

and
“(total)”

is
added

to
m

ercury
in

subsection
(0.

T
he

A
gency’s

proposal
in

Section
302.208

also
corrects

the
error

to
the

derivation
ofthe

chronic
zinc

w
ater

quality
standard

that
w

as
explained

above.
T

his
correction

of
the

error
in

the
existing

form
ula

for
the

e
n

e
ra

l
U

se
chronic

w
ater

quality
standard

for
zinc

results
in

a

change
in

the
equation

in
the

T
able

in
S

ection
302.208(e)

from
A

=
-0.8165

to
A

=
-0.4456.

F
inally,

the
outdated

boron,
fluoride

and
m

anganese
standards

are
deleted

from

subsection
(g)

and
the

new
proposed

standards
are

added
to

subsection
(e).

S
U

B
P

A
R

T
C

:
P

U
B

L
IC

A
N

D
F

O
O

D
P

R
O

C
E

S
S

IN
G

W
A

T
E

R
S

U
P

P
L

Y
S

T
A

N
D

A
R

D
S

T
he

follow
ing

am
endm

ents
(in

addition
to

the
deletion

ofall
ST

O
R

E
T

num
bers

in
the

T
able)

are
proposed

for
35

Ill.
A

dm
.

C
ode

Part
302,

Subpart
C

,
Sections

302.303
and

302.304:

S
ection

302.303
F

inished
W

ater
S

tandards

W
ater

shall
be

of
such

quality
that

w
ith

treatm
ent

consisting
of

coagulation,
sedim

entation,
filtration,

storage
and

chlorination,
or

other
equivalent

treatm
ent

processes,
the

treated
w

ater
shall

m
eet

in
all

respects
the

requirem
ents

of
P

art
j6

O
4

.
(N

ote:
P

rior
to

codification,
T

able
I,

R
ule

304
of

C
h

6:
Public

W
ater

S
upplies.)

S
ection

302.304
C

hem
ical

C
onstituents

T
he

follow
ing

levels
of

chem
ical

constituents
shall

not
be

exceeded:

C
O

N
S

T
IT

U
E

N
T

S
T

O
R

E
T

N
U

M
B

E
R

C
O

N
C

E
N

T
R

A
T

IO
N

(m
g/I)

B
oron

(total)
*
*
*

C
hloride

(total)
00940

2
5
0

*
*
*

IA
F

luoride
(total)

*
*
*

M
anganese

(total)
01055
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N
itrate-N

itrogen
00620

1
0

*
*

*

Sulfates
00945

2507
T

otal
D

issolved
Solids

70300
5007

In
S

ection
303.303

the
A

gency
is

deleting
a

cross-reference
to

Part
604,

w
hich

has
been

repealed,
and

replacing
it

w
ith

the
appropriate

cross-reference
to

the
drinking

w
ater

standards
in

Part
611.

In
S

ection
303.3

04,the
A

gency
is

proposing
to

delete
all

ST
O

R
E

T
num

bers
(even

those
not

repeated
above)

and
a

handful
ofm

isplaced
periods

or
decim

al
points.

T
he

term

“(total)”
is

added
after

chloride
in

the
table

and
the

current
G

eneral
U

se
w

ater
quality

standards

for
boron

and
fluoride

are
m

oved
to

this
Section

applicable
atPublic

W
ater

Supply
intakes.

T
he

am
ended

P
ublic

and
Food

Processing
W

ater
Supply

standard
for

m
anganese

of
1

m
g/liter

is
also

included.

S
U

B
P

A
R

T
E

:
L

A
K

E
M

IC
H

IG
A

N
B

A
S

IN
W

A
T

E
R

Q
U

A
L

IT
Y

S
T

A
N

D
A

R
D

S

T
he

proposed
changes

to
Subpart

E
are

being
m

ade
to

35
Iii.

A
dm

.
C

ode
302.504,

302.553
and

302.595.
In

addition
to

the
deletion

of
all

ST
O

R
E

T
num

bers
from

the
T

ables,
in

Section
302.504

the
A

gency
proposal

contains
the

follow
ing

language:

S
ection

302.504
C

hem
ical

C
onstituents

T
he

follow
ing

concentrations
of

chem
ical

constituents
m

ust
not

be
exceeded,

except
as

provided
in

Sections
302.102

and
302.530:

a)
T

he
follow

ing
standards

m
ust

be
m

et
in

all
w

aters
of

the
L

ake
M

ichigan
B

asin.
A

cute
aquatic

life
standards

(A
S)

m
ust

not
be

exceeded
at

any
tim

e
except

for
those

w
aters

for
w

hich
the

A
gency

has
approved

a
zone

of
initial

dilution
(Z

ID
)

pursuant
to

Sections
302.102

and
302.530.

C
hronic

aquatic
life

standards
(C

S)
and

hum
an

health
standards

(H
H

S)
m

ust
not

be
exceeded

outside
of

w
aters

in
w

hich
m

ixing
is

allow
ed

pursuant
to

Section
302.102

and
302.530

by
the

arithm
etic

average
of

at
least

four
consecutive

sam
ples

collected
over

a
period

of
at

least
four

days.
T

he
sam

ples
used

to
dem

onstrate
com

pliance
w

ith
the

C
S

or
H

H
S

m
ust

be
collected

in
a

m
anner

w
hich

assures
an

average
representation

of
the

sam
pling

period.
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C
onstituent

ST
O

R
E

T
U

nit
A

S
C

S
H

H
S

N
um

ber
*
*
*

B
oron

(total)
m

gIL
4
i

*
*
*

C
yanide

00718
jiglL

22
5.2

N
A

(W
eak

acid
dis sociable

or
available)

F
luoride

(total)
explA

expFA
V

+B
ln(H

)1
+

B
ln(H

)1

w
here

A
=

but
shall

not
6.7319

exceed
4.0

a
n
d
B

=
m

gIL
0.5394

w
here

A
=

6.0445

andB
=

V

0.5394
*
*
*

M
anganese

exp[A
exp[A

(dissolved)
+

B
ln(H

)1
X

+
B

ln(H
)1

X

0.9812*
0.9812*

w
here

A
=

w
here

A
=

4.9187
4.0635

andB
=

and
B

0.7467

0.7467
*
*
*

T
oluene

78131
jiglL

m
g

2000
610

51.0
iLl:;

*
*
*

W
here:

N
A

=
N

ot
A

pplied
E

xp[x]
=

base
of

natural
logarithm

s
raised

to
the

x-pow
er
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ln(H
)

=
natural

logarithm
of

H
ardness

(S
T

O
R

E
T

00900)
*

=
conversion

factor
m

ultiplier
for

dissolved
m

etals

b)
T

he
follow

ing
w

ater
quality

standards
m

ust
not

be
exceeded

at
any

tim
e

in
any

w
aters

of
the

L
ake

M
ichigan

B
asin,

unless
a

different
standard

is
specified

under
subsection

(c)
of

this
Section.

C
onstituent

ST
O

R
E

T
U

nit
W

ater
Q

uality
Standard

N
um

ber
*
*
*

01022
m

g/L
B

oron
(total)

*
*
*

F
luoride

00951
m

g/L
*

*
*

M
anganese

(total)
01055

m
g/L

4-9
*

*
*

c)
In

addition
to

the
standards

specified
in

subsections
(a)

and
(b)

of
this

Section,
the

follow
ing

standards
m

ust
not

be
exceeded

at
any

tim
e

in
the

O
pen

W
aters

of
L

ake
M

ichigan
as

defined
in

S
ection

302.501.

C
onstituent

ST
O

R
E

T
U

nit
W

ater
Q

uality
Standard

N
um

ber
*

*
*

B
oron

(total)
m

g/L

*
*

*

C
hloride

(total)
90949

m
g/L

12.0

F
luoride

(total)
m

g/L
1.4

*
*

*

M
anganese

(total)
01055

m
g/L

0.15

d)
In

addition
to

the
standards

specified
in

subsections
(a),

(b)
and

(c)
of

this
S

ection,
the

follow
ing

hum
an

health
standards

(H
H

S)
m

ust
not

be
exceeded

in
the

O
pen

W
aters

of
L

ake
M

ichigan
as

defined
in

Section
302.50

1
by

the
arithm

etic
average

of
at

least
four

consecutive
sam

ples
collected

over
a

period
of

at
least

four
days.

T
he

sam
ples

used
to

dem
onstrate

com
pliance

w
ith

the
H

H
S

m
ust

be
collected

in
a

m
anner

w
hich

assures
an

average
representation

of
the

sam
pling

period.
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C
onstituent

S
T

O
R

E
T

U
nit

W
ater

Q
uality

Standard
N

um
ber

*
*
*

T
olucnc

78131
m

g/L
*
*
*

T
he

A
gency

has
proposed

elim
ination

of
ST

O
R

E
T

num
bers

throughoutthis
Section.

S
ubsection

(a)
contains

the
new

boron,
fluoride

and
m

anganese
w

ater
quality

standards
w

hich

are
in

line
w

ith
those

proposed
for

G
eneral

U
se

w
aters.

T
he

phrase
“or

available”
is

added
after

“w
eak

acid
dissociable”

follow
ing

the
cyanide

standard
in

subsection
(a).

A
n

error
in

the
toluene

units
is

corrected
from

m
illigram

s
to

m
icrogram

s
in

subsection
(a).

T
he

outdated
boron,

fluoride

and
m

anganese
standards

are
deleted

from
subsections

(b),
w

hile
the

sam
e

standards
for

boron

and
fluoride

are
added

to
the

O
pen

W
aters

of
L

ake
M

ichigan
language

in
subsection

(c).
T

he

term
“(total)”

is
added

after
“chloride”

in
subsection

(c).
Finally,

the
duplicative

and

unnecessary
toluene

standard
is

deleted
from

subsection
(d).

N
o

changes
are

proposed
to

subsection
(e).

T
he

follow
ing

am
endm

ents
are

proposed
for

S
ection

302.553(d)
and

302.595(a):

S
ection

302.553
D

eterm
ining

the
L

ake
M

ichigan
A

quatic
T

oxicity
C

riteria
or

V
alues

-

G
eneral

P
rocedures

T
he

L
ake

M
ichigan

A
quatic

L
ife

C
riteria

and
V

alues
are

those
concentrations

or
levels

of
a

substance
at

w
hich

aquatic
life

is
protected

from
adverse

effects
resulting

from
short

or
long

term
exposure

in
w

ater.

*
*

*
*

d)
If

data
for

acute
effects

are
not

available
for

all
the

eight
fam

ilies
listed

above,
but

are
available

for
the

fam
ily

D
aphnidae,

a
T

ier
II

value
shall

be
derived

according
to

procedures
in

Section
302.563.

If
data

for
chronic

effects
are

not
available

for
all

the
eight

fam
ilies,

but
there

are
acute

and
chronic

data
available

according
to

S
ection

302.565(b)
so

that
three

acute
to

chronic
ratios

(A
C

R
s)

can
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be
calculated,

then
a

T
ier

I
chronic

criterion
can

be
derived

according
to

procedures
in

Section
302.565.

If
three

A
C

R
s

are
not

available,
then

a
T

ier
II

chronic
value

can
be

derived
according

to
procedures

in
Section

302.565(be).

T
he

cross-reference
to

Section
302.565(e)

found
in

Section
301553(d)

is
incorrect,

because
that

subsection
does

not
exist

in
the

B
oard’s

rules.
It

is
being

replaced
w

ith
the

correct

cross-reference
to

S
ection

302.565(b).

Section
302.595

L
isting

of
B

ioaccum
ulative

C
hem

icals
of

C
oncern,

D
erived

C
riteria

and
V

alues

a)
T

he
A

gency
shall

m
aintain

a
listing

of
toxicity

criteria
and

values
derived

pursuant
to

this
Subpart.

T
his

list
shall

be
m

ade
available

to
the

public
and

updated
periodically

but
no

less
frequently

than
quarterly,

and
w

hen
updated

shall
be

published
on

the
A

gency’s
w

ebsite
w

hen
updated

in
the

Illinois
R

egister.

*
*
*
*

T
he

am
endm

ent
to

this
subsection

is
designed

to
replace

the
duplicative

effort
ofm

aking

the
list

ofderived
w

ater
quality

criteria
available

on
both

the
Illinois

E
PA

w
ebsite

and
in

the

Illinois
R

egister
as

discussed
above.

S
U

B
P

A
R

T
F

:
P

R
O

C
E

D
U

R
E

S
F

O
R

D
E

T
E

R
M

IN
IN

G
W

A
T

E
R

Q
U

A
L

IT
Y

C
R

IT
E

R
IA

In
S

ubpart
F

of
Part

302,
the

A
gency

is
proposing

changes
to

Sections
302.648,

302.657

and
302.669.

T
he

follow
ing

changes
are

proposed
to

Section
302.648

and
302.657:

Section
302.648

D
eterm

ining
the

H
um

an
T

hreshold
C

riterion

T
he

H
T

C
is

calculated
according

to
the

equati6n:

*
*

*

W
=

P
er

capita
daily

w
ater

consum
ption

equal
to

2
liters

per
day

(L
id)

for
surface

w
aters

at
the

point
of

intake
of

a
public

or
food

processing
w

ater
supply,

or
equal

to
0.01

liters
per

day
(L

id)
w

hich
represents

incidental
exposure

through
contact

or
ingestion

of
sm

all
volum

es
of

w
ater

w
hile

sw
im

m
ing

or
during

other
recreational

activities
for

areas
w

hich
are

determ
ined

to
be

public
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access
areas

pursuant
to

Section
302.102302.201(b)(3),

or
0.001

liters
per

day
(L

id)
for

other
G

eneral
U

se
w

aters;

*
*
*

Section
302.657

D
eterm

ining
the

H
um

an
N

onthreshold
C

riterion

T
he

H
N

C
is

calculated
according

to
the

equation:

*
*
*

W
=

P
er

capita
daily

w
ater

consum
ption

equal
to

2
liters

per
day

(L
/d)

for
surface

w
aters

at
the

point
of

intake
of

a
public

or
food

processing
w

ater
supply,

or
equal

to
0.01

liters
per

day
(L

/d)
w

hich
represents

incidental
exposure

through
contact

or
ingestion

of
sm

all
volum

es
of

w
ater

w
hile

sw
im

m
ing

or
during

other
recreational

activities
for

areas
w

hich
are

determ
ined

to
be

public
access

areas
pursuant

to
Section

302.102302.201(b)(3),
or

0.001
liters

per
day

(L
id)

for
other

G
eneral

U
se

w
aters;

*
*
*

B
oth

ofthese
Sections

contain
a

cross-reference
to

S
ection

302.20
1(b)(3).

T
hat

referenced

provision
does

not
exist

and
is

being
am

ended
to

the
reference

the
correct

and
existing

Section

302.1
02(b)(3).

T
his

w
as

likely
sim

ply
a

typographical
error

in
the

existing
rules.

T
he

follow
ing

language
is

proposed
for

Section
302.669:

Section
302.669

L
isting

of
D

erived
C

riteria

a)
T

he
A

gency
shall

develop
and

m
aintain

a
listing

of
toxicity

criteria
pursuant

to
this

S
ubpart.

T
his

list
shall

be
m

ade
available

to
the

public
and

updated
periodically

but
no

less
frequently

than
quarterly,

and
w

hen
updated

shall
be

published
on

the
A

gency’s
w

ebsite
w

hcn
updated

in
the

Illinois
R

egister.

T
he

A
gency

is
proposing

one
final

am
endm

ent
to

P
art

302,
w

hich
is

to
elim

inate
the

requirem
ent

in
Section

302.669
to

publish
derived

criteria
quarterly

in
the

Illinois
R

egister
and

to
instead

publish
quarterly

updates
on

the
Illinois

E
P

A
w

ebsite.

P
A

R
T

3
0

3
,

S
U

B
P

A
R

T
C

:
S

P
E

C
IF

IC
U

S
E

D
E

S
IG

N
A

T
IO

N
S

A
N

D
S

IT
E

S
P

E
C

IF
IC

W
A

T
E

R
Q

U
A

L
IT

Y
S

T
A

N
D

A
R

D
S
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T
he

A
gency

is
also

proposing
one

change
at

this
tim

e
to

35
Iii.

A
dm

.
C

ode
P

art
303.

T
his

change
is

a
repeal

of
Section

303.3
12:

S
ection

303.312
W

aters
R

eceiving
F

lu
o
rsp

ar
M

ine
D

rainage
(R

epealed)

a)
T

he
fluoride

standard
of

Section
3 02.209

shall
not

apply
to

w
aters

w
hich:

1)
receive

effluent
from

the
m

ines
and

m
ills

ofthe
fluorspar

m
ining

and
concentrating

industry,
and

2)
have

been
designated

by
the

Illinois
State

W
ater

Survey
as

stream
s

w
hich

once
in

ten
years

have
an

average
m

inim
um

seven
day

low
flow

ofzero.

b)
Such

w
aters

shall
m

eetthe
follow

ing
standard

w
ith

regard
to

fluoride:.

C
O

N
S

T
IT

U
E

N
T

STO
PSET

N
U

M
B

E
R

C
O

N
C

E
N

T
R

A
T

IO
N

m
g/i

Fluoride
00950

T
his

provision
provided

site-specific
relieffrom

the
fluoride

standard
to

tw
o

com
panies:

O
zark-M

ahoning
and

M
inerva

O
il

w
ho

perform
ed

F
luorspar

m
ining

in
Pope

and
H

ardin

C
ounties

in
southern

Illinois.
See,

In
the

M
atter

of:
P

roposed
A

m
endm

ents
to

R
ules

203
and

408
ofthe

Illinois
W

ater
P

ollution
C

ontrol
R

egulations,
R

73-15
(M

arch
6,

1975)
(A

ttachm
ent4).

T
he

receiving
stream

s
im

pacted
by

discharges
from

these
tw

o
com

panies
are

outlined
in

pages
3

and
4

of the
B

oard’s
M

arch
6,

1975
O

pinion
and

O
rder.

B
oth

com
panies

have
ceased

production

and
term

inated
their

discharge
perm

its.
In

fact,
according

to
the

Illinois
State

G
eologic

Survey

there
are

currently
no

com
panies

conducting
fluorspar

in
Illinois

or
anyw

here
in

the
U

nited

States.
See,

A
ttachm

ent
5.

If
fluorspar

m
ining

w
ere

to
resum

e
in

Illinois,
it

is
likely

that
such

activity
could

com
ply

w
ith

the
new

,
less

stringent,
G

eneral
U

se
fluoride

w
ater

quality
standards.

If
additional

relief w
ould

be
necessary,

the
A

gency
believes

thatthe
affected

party
should

justify

such
future

reliefto
the

B
oard

under
the

current
science

and
the

new
,

updated
fluoride

w
ater

quality
standards.
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IV
.

F
A

C
T

S
IN

S
U

P
P

O
R

T

T
he

proposal
before

the
B

oard
relies

on
the

technical
support

docum
ent

prepared
by

B
ureau

of
W

ater
staffatthe

Illinois
E

PA
and

a
variety

of
studies

and
papers

cited
in

that
report.

T
he

facts
in

support
of

this
proposal

are
outlined

in
detail

in
A

ttachm
ent

1.
In

particular,
the

A
gency

relied
extensively

on
the

results
of

tests
conducted

by
D

r.
Soucek

ofthe
Illinois

N
atural

H
istory

Survey.
D

r.
Soucek’s

R
eport

ofthe
studies

conducted
is

included
this

rulem
aking

subm
ittal

as
E

xhibit
U

to
A

ttachm
ent

1.
T

he
docum

ents
relied

on
and

m
ethods

for
obtaining

underlying
data

are
explained

below
and

a
com

prehensive
list

of
E

xhibits
and

docum
ents

relied

upon
in

developing
this

rulem
aking

proposal
is

provided
at the

end
ofthis

Statem
ent

ofR
easons.

V
.

T
E

C
H

N
IC

A
L

F
E

A
S

IB
IL

IT
Y

A
N

D
E

C
O

N
O

M
IC

JU
S

T
IF

IC
A

T
IO

N

Section
27

ofthe
A

ct
requires

the
B

oard
to

consider
the

technical
feasibility

and

econom
ic

reasonableness
of

all
rulem

aking
proposals.

A
.

T
echnical

F
easibility

Illinois
E

PA
has

investigated
the

treatm
ent

options
for

boron
and

fluoride
as

a
result

of

the
A

gency’s
obligation

to
provide

recom
m

endations
to

the
B

oard
in

response
to

petitions
for

site
specific

regulatory
relieffrom

these
w

ater
quality

standards.
B

oth
substances

are
highly

soluble
and

this
characteristic

generally
confounds

attem
pts

attreatm
ent.

B
oron

does
not

respond
to

the
usual

m
ethod

o
ftreating

m
etals

by
raising

pH
and

precipitating
the

m
etal

to

sludge.
Fluoride

likew
ise

does
not

respond
to

this
m

anner
oftreatm

ent.
T

he
only

m
ethods

of

treatm
ent

identified
have

been
re’erse

osm
osis,w

hich
is

seldom
acceptable

as
it results

in
a

high

concentration
w

astew
ater

that
still

m
ust

be
disposed

of,
and

various
non-conventional

treatm
ent

processes
that

are
very

expensive
and

have
not

seen
routine

use.
In

every
case

for
site-specific

w
ater

quality
standards

or
adjusted

standards
brought

before
the

B
oard,

Illinois
E

PA
has
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concluded
that

no
reasonable

treatm
ent

exists
for

boron
and

fluoride
to

reduce
effluent

concentrations.
See,

A
ttachm

ent
1,E

xhibit
D

.

U
nlike

boron
and

fluoride,
m

anganese
does

respond
to

treatm
ent

by
raising

pH
and

thereby
forcing

precipitation.
A

chem
ical

is
added

to
a

basin
w

hich
raises

effluent
pH

causing

m
anganese

to
precipitate.

T
he

proposed
change

in
the

m
anganese

w
ater

quality
standard

m
ay

relieve
future

m
ine

outfalls
from

m
anganese

treatm
ent,

how
ever,

m
anganese

perm
it

lim
its

m
ay

still
be

dictated
by

35
Ill.

A
dm

.
C

ode
Subtitle

D
:

M
ine

R
elated

W
ater

Pollution.
O

ther
than

som
e

coal
m

ines,
the

only
facilities

know
n

to
treat

for
m

anganese
are

public
w

ater
supply

treatm
ent plants

that
rem

ove
m

anganese
from

surface
w

ater
to

m
eet

thinking
w

ater
standards

and

then
m

ust
filter

or
settle

suspended
m

anganese
particles

from
the

w
astew

ater.
T

he
A

gency
does

believe
this

rulem
aking

w
ill

result
in

the
need

to
im

plem
ent

additional
treatm

ent
technologies

beyond
those

required
by

the
existing

regulations.

B
.

E
conom

ic
Ju

stificatio
n

In
addition

to
technical

feasibility,
the

B
oard

is
required

to
exam

ine
the

econom
ic

im
pacts

of any
new

technology
required

by
this

rulem
aking

proposal.
T

he
A

gency
does

not

expect that
any

of these
w

ater
quality

standards
changes

w
ill

require
any

new
technology

upgrades
to

achieve
com

pliance.
A

lthough
the

proposal
m

akes
a

num
ber

of
changes

to
the

boron,
fluoride,

and
m

anganese
standards

applicable
to

the
L

ake
M

ichigan
B

asin,
Public

and

Food
P

rocessing
and

G
eneral

U
se

w
ater

quality
standards,

these
standards

should
not

becom
e

m
ore

stringent than
the

existing
standards

in
any

w
aters

ofthe
State

ofIllinois.
T

he
only

w
ater

quality
standard

that
could

becom
e

m
ore

stringent
than

the
existing

standard
is

in
G

eneral
U

se

w
aters

w
here

the
am

bient
hardness

is
less

than
45

m
illigram

s
per

liter
w

hich
w

ould
result

in
a

chronic
m

anganese
standard

of
less

than
1

m
illigram

per
liter.

T
he

A
gency

is
not

aw
are

of
any
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facilities
thatw

ill
be

required
to

install
upgrades

to
achieve

com
pliance

w
ith

this
proposal.

T
he

only
foreseeable

exception
to

this
w

ill
be

if
any

ofthe
facilities

currently
granted

regulatory

reliefthat
is

not
m

oot
as

a
result

ofthis
standard

are
unable

to
dem

onstrate
thatthey

can
either

m
eet

the
new

standard
or

are
no

longer
able

to
m

eetthe
standards

for
the

grant
of regulatory

reliefby
the

B
oard.

A
s

explained
below

,
this

is
expected

to
be

a
sm

all
group

of
sources

and
the

A
gency

hopes
these

sources
w

ill
com

e
forw

ard
and

address
their

concerns
as

part
ofthe

rulem
aking

proceeding.
For

these
reasons,

the
A

gency’s
proposed

changes
are

clearly

technically
feasible

and
econom

ically
reasonable.

V
I.

A
F

F
E

C
T

E
D

F
A

C
IL

IT
IE

S
A

N
D

O
U

T
R

E
A

C
H

A
.

A
ffected

F
acilities

T
his

rulem
aking

proposal
w

ould
establish

revised
am

bient
w

ater
quality

standards
and

does
not

seek
to

establish
any

specific
effluent

standards
or

other
requirem

ents
targeted

at

specific
facilities

or
classes

offacilities.
H

ow
ever,

if
a

discharger
in

the
State

of
Illinois

has

perm
it

lim
its

driven
by

w
ater

quality
standards

rather
than

or
in

addition
to

technology
based

lim
its,

they
could

potentially
be

affected
by

one
or

m
ore

ofthe
various

standards
being

proposed.

In
the

case
of

dischargers
w

ho
are

currently
in

com
pliance

w
ith

the
existing

w
ater

quality

standards
for

boron,
fluoride

and
m

anganese,
there

should
be

no
im

pact.
Illinois

E
PA

expects

that
for

those
facilities,the

applicable
w

ater
quality

standard
is

either
staying

the
sam

e
or

becom
ing

less
stringent,

so
there

w
ill

be
no

im
pact.

T
he

only
classes

of facilities
the

A
gency

considers
to

be
potentially

im
pacted

negatively
by

this
proposal

are
those

facilities
w

ith
existing

regulatory
relieffrom

the
current

standard
or

facilities
that

discharge
to

receiving
w

aters
w

ith

less
than

45
m

g/L
hardness

and
have

a
reasonable

potential
to

discharge
greater

than
1.0

m
illigram

s
per

liter
ofm

anganese
as

a
long

term
average.

A
s

further
detailed

on
page

19
of
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A
ttachm

ent
1,critical

hardness
concentrations

in
Illinois

w
aters

are
rarely

less
than

90

m
illigram

s
per

liter
and

no
am

bient
w

ater
quality

m
onitoring

netw
ork

stations
are

know
n

to

possess
a

critical
hardness

of
less

than
45

m
illigram

s
per

liter.
See

also,
A

ttachm
ent

1,E
xhibit

S.

A
com

plete
list

ofpotentially
affected

facilities
w

ith
existing

regulatory
relieffrom

the

currentw
ater

quality
standards

is
provided

as
E

xhibit
D

to
A

ttachm
ent

1.
T

his
list

ofaffected

facilities
and

stream
segm

ents
includes

four
facilities

w
ith

fluoride
relief

and
eight

facilities
w

ith

boron
relief.

T
here

is
also

currently
a

site-specific
rule

that
sets

a
w

ater
quality

standard
of

5

m
g/L

in
w

aters
receiving

discharges
from

fluorspar
m

ining
activities

in
303.312.

T
hatreliefw

as

originally
adopted

to
im

pacttw
o

com
panies

-
O

zark-M
ahoning

and
M

inerva
O

il.
See,R

73-15

(M
arch

6,
1975).

Since
there

is
no

longer
any

fluorspar
m

ining
in

the
U

nited
States

and
since

this
reliefw

as
granted

thirty-five
years

ago,the
A

gency
is

proposing
to

repeal
thatprovision

at

this
tim

e.In
the

B
oard

O
pinion

in
In

the
M

atter
o
f

C
ity

o
fG

alva
Site

S
pecflc

W
ater

Q
uality

S
tandard

fo
r

B
oron

D
ischarges

to
E

dw
ards

R
iver

and
M

ud
R

un
C

reek:
35111.A

dm
.

C
ode

303.447
and

303.448
the

B
oard

found:

T
he

B
oard

notes
that

the
record

indicates
the

A
gency

is
cooperating

w
ith

the
Illinois

N
atural

H
istory

Survey
(IN

H
S)

to
generate

additional
boron

toxicity
studies

to
supplem

ent
the

current
database.

Such
data

w
ould

help
to

ensure
that

boron
general

use
standards

proposed
in

the
future

w
ould

be
protective

ofaquatic
life.

T
he

results
ofthe

A
gency/IN

H
S

study
is

expected
to

bolster
the

scientific
justification

for
the

revision
of

the
general

use
boron

w
ater

quality
standard.

Ifthe
A

gency/IN
H

S
study

results
in

new
boron

toxicity
inform

ation
that

raises
any

concerns
w

ith
the

site
specific

standards
or

renders
such

standards
as

m
oot,the

B
oard

expects
the

A
gency

to
address

those
concerns

as
part

of
its

proposal
to

revise
the

general
use

standards.
T

he
B

oard
notes

that
in

the
past,

the
B

oard
has

revised
existing

site
specific

rules
to

m
ake

them
consistent

w
ith

the
adopted

revisions
to

the
rule

of
general

applicability.
See

P
roposed

N
ew

and
U

pdated
R

ules
for

M
easurem

ent
and

N
um

erical
Sound

E
m

issions
Standards

A
m

endm
ents

to
35

Ill.
A

dm
.

C
ode

901
and

910,
(R

03-9)
M

arch
2,

2006.
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See,
R

09-1
1

(A
ugust

6,
2009).

See
also,

In
the

M
atter

o
f

P
roposed

Site
Specific

R
ule

fo
r

C
ity

o
fSpringfield,

illinois,
O

ffice
o
fP

ublic
U

tilities,
C

ity,
W

ater,
L

ight
and

P
ow

er
and

Springfield

M
etro

S
anitary

D
istrictfron?

35
Ill.

A
dm

.
C

ode
302.208(g):

N
ew

35
Ill.

A
dm

.
C

ode
303.446,

R
09-8

(M
ay

21,
2009).

O
fthe

facilities
w

ith
fluoride

regulatory
relief

granted
by

the
B

oard,
there

are
none

that

have
reliefthat

w
ould

exceed
the

proposed
acute

standard.
H

ow
ever,

the
A

gency
also

had
to

consider
w

hether
any

ofthe
affected

facilities
w

ould
exceed

the
proposed

chronic
standard.

T
he

relief
granted

to
G

ranite
C

ity
Steel

in
In

the
M

atter
o

f
G

ranite
C

ity
D

ivision
o

f

N
ationalSteel

P
etition

fo
r

A
djusted

S
tandardfrom

35
Ill.

A
dm

.
C

ode
302.208:

N
um

eric

S
tandard

fo
r

F
luoride,

A
S

90-4
(A

pril
8,

1993)
should

becom
e

m
oot

because
the

chronic

fluoride
standard

w
ill

be
the

sam
e

as
the

never
to

be
exceeded

standard
granted

in
H

orseshoe

L
ake.

B
ased

inform
ation

contained
in

D
ischarge

M
onitoring

R
eports,

it
appears

thatthe
fluoride

relief
granted

to
M

odine
M

anufacturing
in

In
the

M
atter

o
f

S
ite-S

pecic
L

im
itation

fo
r

the

M
odine

M
anufacturing

C
om

pany
Facility,

R
ingw

ood,
illinois,

R
87-36

(M
ay

24,
1990)

and
to

the

C
ity

of
E

ffingham
in

In
the

M
atter

o
fSite

Specific
R

ule
fo

r
C

ity
o

f E
ffingham

T
reatm

entP
lant

F
luoride

D
ischarge,

35
Ill.

A
dm

.
C

ode
304.233,

R
03-1

1
(D

ecem
ber

18,
2003)

should
no

longer

be
necessary.’

F
or

M
odine

M
anufacturing,

the
com

pany’s
D

ischarge
M

onitoring
R

eports
show

that
the

facility
no

longer
has

elevated
fluoride

levels
in

its
discharge,

so
the

relief
granted

by
the

B
oard

in
R

87-36
m

ay
no

longer
be

necessary.
F

or
the

C
ity

ofE
ffingham

,
the

D
ischarge

M
onitoring

R
eports

show
thatthe

highest
fluoride

value
reported

since
July

of2005
is

4.0
m

g/L
.

T
he

fluoride
reliefgranted

to
the

C
ity

of
E

ffingham
required

com
pliance

w
ith

a
2.0

m
g!L

w
aterquality

standard
at

the
C

ity
of

Flora’s
public

w
ater

supply
intake.

T
hat

relief,
as

w
ritten,

w
ould

have
caused

the
A

gency’s
proposed

Public
and

Food
P

rocessing
W

ater
Supply

standard
to

be
exceeded.

H
ow

ever,
since

the
B

oard
opinion

w
as

issued
in

R
03-l

1, the
C

ity
of Flora

has
connected

to
the

G
atew

ay
R

egional
W

ater
Supply

System
and

no
longer

has
a

surface
w

ater
intake

in
the

L
ittle

W
abash

R
iver

so
com

pliance
w

ith
the

proposed
new

Public
and

Food
Processing

W
ater

Supply
fluoride

w
ater

quality
standard

o
f

1.4
m

g/L
w

ill
not

be
a

problem
.
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B
ased

on
this

inform
ation,

itappears
that

E
ffingham

w
ould

not
need

regulatory
relief

in
order

to

com
ply

w
ith

the
proposed

chronic
fluoride

standard
of4.0

m
g/L

as
a

m
onthly

average.

G
eneral

M
otors

is
the

only
facility

granted
regulatory

reliefby
the

B
oard

from
the

fluoride
w

ater
quality

standard
that

the
A

gency
has

identified
w

ill
stillneed

the
B

oard
relief

upon
adoption

ofthe
A

gency’s
fluoride

proposal.
See,In

the
M

atter
o
f

P
etition

o
f G

eneral

M
otors

C
orporation

to
A

m
end

35
Ill.

A
dm

.
C

ode
303.222

(Site
Specific

R
egulation

for
Fluoride),

R
93-13

(January
11,

1995)
and

A
ttachm

ent
1,E

xhibit
D

.

For
the

site-specific
regulatory

relieffrom
the

boron
w

ater
quality

standards,
none

ofthe

dischargers
w

ould
cause

an
exceedance

ofthe
proposed

acute
boron

standard
of40.1

rng!L.
A

s

w
ith

fluoride, the
A

gency
investigated

w
hether

the
chronic

standard
of

7.6
m

g/L
w

ould
be

m
et

in

all
cases.T

he
follow

ing
three

facilities
have

relief
from

the
boron

standard
thatw

ill
clearly

becom
e

m
oot

upon
adoption

of the
A

gency’s
proposal:

C
ity

of
G

alva
(N

ortheast
ST

P)(In
the

M
atter

o
f

C
ity

o
fG

alva
Site

Specific
W

ater
Q

uality
S

tandard
fo

r
B

oron
D

ischarges
to

E
dw

ards
R

iver
and

M
ud

R
un

C
reek:

35111.
A

dm
.

C
ode

303.447
and

303.448,
R

09-1
1

(A
ugust

6, 2009)),A
kzo

N
obel

(In
the

M
atter

o
f

P
etition

ofA
kzo

C
hem

icals,
Inc.

for
an

A
djusted

S
tandard

from
35

ill.

A
dm

.
C

ode
304.105

and
302.208,

A
593-8

(S
eptem

ber
1,

1994))
and

C
IL

C
O

(D
uck

C
reek)(In

the

M
atter

o
f

P
etition

o
fC

entral Illinois
L

ight
C

om
pany

(D
uck

C
reek

Station)fo
r

A
djusted

S
tandardfrom

35111.
A

dm
.

C
ode

302.208
and

35111.
A

dm
.

C
ode

304.105
R

egarding
the

P
aram

eter
B

oron,
A

S96-8
(June

20,
1996)).

T
hese

standards
w

ill
becom

e
m

oot
because

the

never-to-be-exceeded
reliefgranted

by
the

B
oard

in
these

proceedings
is

low
er

than
the

new

chronic
standards

proposed
by

the
A

gency.
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R
eview

of the
relief

granted
and

the
D

ischarge
M

onitoring
R

eports
and

discussions
w

ith

interested
parties

has
led

the
A

gency
to

conclude
that

the
chronic

standard
w

ill
be

consistently

m
et

and
therefore

the
boron

relief
granted

by
the

B
oard

should
no

longer
be

needed
for

four
of

the
rem

aining
five

facilities.
T

hese
facilities

are
C

ity
of

Springfield,
Spring

C
reek

ST
P;

D
ynegy

B
aldw

in
S

tation
(Illinois

Pow
er);

S
outhern

Illinois
P

ow
er

C
ooperative

(SIPC
);

and
D

ynegy

M
idw

est
G

eneration
—

W
ood

R
iver

Station
(Illinois

Pow
er).

See,In
the

M
atter

o
f

P
roposed

Site
Specjfic

R
ule

for
C

ity
o
fSpringfield,

Illinois,
O

ffice
o
fP

ublic
U

tilities,
C

ity,
W

ater,
L

ight

and
P

ow
er

and
S

pringfield
M

etro
S

anitary
D

istrictfrom
35111.

A
dm

.
C

ode
302.208(g):

N
ew

35

Ill.
A

dm
.C

’ode
303.446,

R
09-8

(M
ay

21,
2009);

In
the

M
atter

o
f

P
etition

o
f Illinois

P
ow

er

C
om

pany
(B

aldw
in

P
ow

er
P

lant)fo
r

A
djustedS

tandardfrom
35111.

A
dm

.
C

ode
302.208

and
35

Ill.
A

dm
.

C
ode

304.] 05
R

egarding
the

P
aram

eter
B

oron,A
S96-1

(M
ary

2,
1996);

In
the

it’Iatter

o
f

P
etition

o
f South

illinois
P

ow
er

C
ooperative

(M
arion

Pow
er,)fo

r
A

djusted
S

tandardfrom
35

Ill.
A

dm
.

C
ode

302.208’e,),
A

S
92-I0

(July
1,

1993);
and

In
the

M
atter

o
f

The
P

roposed

A
m

endm
ent

to
R

ule
203

ofthe
W

ater
P

ollution
R

egulations
(R

76-18)(M
ay

25,
1978).

W
hile

there
w

as
initially

a
potential

thatrelief
granted

to
these

facilities
could

have
resulted

in

exceedance
ofthe

chronic
boron

w
ater

quality
standard

in
one

ofthe
im

pacted
stream

segm
ents,

further
investigation

revealed
that

B
oard

relief from
the

new
chronic

standard
w

ould
no

longer

be
necessary

for
these

facilities.

B
ased

on
the

A
gency’s

initial
investigations,

it
appears

that
the

boron
relief

granted
by

the
B

oard
w

ill
still

be
necessary

for
at

least
one

o
f

the
identified

segm
ents

for
one

ofthe
affected

facilities.
T

his
facility

is
Springfield

C
ity

W
ater

L
ight

and
Pow

er
and

the
im

pacted
segm

entis

Sugar
C

reek
from

Spaulding
D

am
to

S
ew

age
T

reatm
ent

Plant
only.

See,
In

the
M

atter
o
f
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P
etition

o
f the

C
ity

o
f Springfield,

O
ffice

o
fP

ublic
U

tilitiesfo
r

an
A

djusted
S

tandard
from

35
Ill.

A
dm

.
C

ode
302.2O

8(e), A
S94-9

(D
ecem

ber
1,

1994).

In
addition,

there
are

several
classes

offacilities
that

have
the

potential
to

benefit
from

this
proposal.

D
ischargers

to
stream

s
w

ith
Public

and
Food

P
rocessing

W
ater

Supply
intakes

m
ay

benefit
from

rem
oval

of
som

e
stream

s
from

the
303(d)

L
ist

for
m

anganese.
It

is
also

possible
that

coal
m

ines
and

other
industrial

or
m

unicipal
dischargers

w
ith

w
ater

quality
based

effluent
lim

its
m

ay
benefit

from
the

new
G

eneral
U

se
standards

for
boron,

fluoride
and

m
anganese.

W
ith

regard
to

the
proposed

correction
to

the
zinc

w
ater

quality
standard,

it
is

possible
that

correction
ofthis

error
w

ill
benefit

som
e

facilities
that

are
currently

having

difficulty
m

eeting
their

perm
it

lim
its.

T
he

A
gency

has
identified

all
facilities

in
the

State
w

ith

perm
it

lim
its

for
zinc

and
has

included
that

list
ofpotentially

im
pacted

facilities
at

A
ttachm

ent
7

to
this

Statem
ent

ofR
easons.

B
.

O
u

treach

Illinois
E

PA
shared

a
draft

rulem
aking

proposal
w

ith
approxim

ately
120

stakeholders
on

Septem
ber

17,
2009.

T
hese

stakeholders
included

representatives
of

state
and

federal

governm
ent

agencies,
universities,

environm
ental

groups,
industrial

dischargers,
m

unicipal

dischargers,
trade

associations
and

consulting
engineers.

A
m

eeting
w

as
held

on
O

ctober
19,

2009
atthe

Illinois
E

P
A

H
eadquarters

in
Springfield

to
explain

the
draft

proposal
and

respond
to

any
questions

or
com

m
ents.

A
pproxim

ately
25

stakeholder
representatives

attended.
T

he
A

gency
m

ade
presentations

on
the

different

com
ponents

ofthe
draft

proposal
and

answ
ered

questions
on

the
presentations.

T
he

A
gency

also

distributed
copies

ofthe
various

presentations
follow

ing
the

m
eeting.

T
he

A
genda

and
Sign

In

.3
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list
from

the
stakeholder

m
eeting

are
included

as
A

ttachm
ents

2
and

3
to

this
S

tatem
ent

of

R
easons.T

he
A

gency
accepted

w
ritten

com
m

ents
from

the
stakeholders

follow
ing

the
m

eeting.

C
om

m
ents

w
ere

received
from

the
Springfield

M
etropolitan

Sanitary
D

istrict
and

the
Illinois

E
nvironm

ental
R

egulatory
G

roup.

F
ollow

-up
em

ails
w

ere
sentto

the
stakeholders

on
July

8,
2010

and
N

ovem
ber

10,2010.

T
hese

em
ails

updated
the

stakeholders
on

changes
to

the
proposal

as
a

result
o

fadditional
tests

and
inform

ation
becom

ing
available

and
the

A
gency’s

progress
and

tim
eline

tow
ards

filing
this

proposal
w

ith
the

B
oard.

V
II.

S
Y

N
O

P
S

IS
O

F
T

E
S

T
IM

O
N

Y

P
re-filed

T
estim

ony
w

ill
be

subm
itted

by
tw

o
Illinois

E
PA

w
itnesses,

B
ob

M
osher

and

B
rian

K
och.

A
.

B
ob

M
osher,

M
anager,

W
ater

Q
uality

S
tan

d
ard

s
U

nit,
D

ivision
of

W
ater

P
ollution

C
o

n
tro

l,
B

ureau
of

W
ater,

Illinois
E

P
A

M
r.

M
osher

w
ill

present
testim

ony
on

the
background

and
history

ofthe
current

G
eneral

U
se,

L
ake

M
ichigan

B
asin

and
Public

and
Food

P
rocessing

W
ater

Supply
w

ater
quality

standards
for

boron,
fluoride

and
m

anganese.
H

e
w

ill
also

present
testim

ony
on

the
proposed

change
to

the
derived

w
ater

quality
criteria

publication
provision

and
the

additional
non-

substantive
updates

to
the

regulatory
language

in
Part

302.
M

r.
M

osher
w

ill
also

be
available

to

answ
er

general
questions

on
the

w
ater

quality
standards

program
and

the
triennial

review

process.B
.

B
rian

K
och,

E
n
v
iro

n
m

en
tal

P
ro

tectio
n

S
pecialist,

W
ater

Q
uality

S
tan

d
ard

s
U

nit,
D

ivision
of

W
ater

P
ollution

C
ontrol,

B
ureau

of
W

ater,
Illinois

E
P

A

33
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M
r.

K
och

w
ill

presenttechnical
testim

ony
regarding

the
developm

ent
ofthe

proposed

changes
to

the
boron,

fluoride
and

m
anganese

G
eneral

U
se,

L
ake

M
ichigan

B
asin

and
Public

and

Food
P

rocessing
W

ater
Supply

w
ater

quality
standards.

H
e

w
ill

testify
about

the
literature

surveyed
and

new
toxicity

tests
perform

ed
in

support
ofthis

w
ater

quality
standard

proposalto

the
B

oard.
H

e
w

ill
be

available
to

answ
er

technical
questions

regarding
the

toxicity
ofboron,

fluoride
and

m
anganese

to
aquatic

life
and

the
w

ater
quality

standard
derivation

process
for

these

param
eters.

M
r.

K
och

w
ill

also
explain

and
answ

er
questions

related
to

the
error

discovered
by

the
A

gency
in

the
derivation

ofthe
zinc

w
ater

quality
standard

and
the

correction
ofthat

error
in

this
proceeding.

C
.

T
estim

ony
in

S
u
p
p
o
rt

of
the

A
gency’s

proposal

A
t

this
tim

e,
M

r.
M

osher
and

M
r.

K
och

are
the

only
anticipated

w
itnesses

in
support

of

this
rulem

aking
proposal

that
Illinois

E
P

A
intends

to
call

to
provide

testim
ony.

B
oth

w
itnesses

are
expected

to
subm

it
Pre-filed

T
estim

ony
to

the
B

oard
as

directed
by

the
H

earing
O

fficer.
T

he

A
gency

also
reserves

the
rightto

subm
it

testim
ony

from
additional

w
itnesses

if
necessary

to

address
any

questions
or

concerns
raised

by
the

public
or

the
B

oard
w

ith
respectto

this
proposal

and
to

have
additional

A
gency

staff present
atthe

B
oard

hearings
on

this
proposal

to
answ

er

unforeseen
questions

that
m

ay
arise.

V
III.

S
U

P
P

O
R

T
IN

G
D

O
C

U
M

E
N

T
A

T
IO

N

A
.

S
tatem

ent
R

eg
ard

in
g

C
om

pliance
w

ith
5

IL
C

S
100/5-40(3.5)

P
ursuant

to
the

Illinois
A

dm
inistrative

Procedure
A

ct,
the

B
oard’s

procedural
rules

provide
that rulem

aking
proponents

m
ust

subm
it

to
the

B
oard

“A
descriptive

title
or

other

description
o
fany

published
study

or
research

report
used

in
developing

the
rule,

the
identity

o
f

the
person

w
ho

perform
ed

such
study,

and
a

description
o
f w

here
the

public
m

ay
obtain

a
copy

34

Electronic Filing - Received, Clerk's Office, February 2, 2011



o
fany

such
study

or
research

report.
Ifthe

study
w

as
perform

ed
by

an
agency

or
by

a
person

or

entity
that

contracted
w

ith
the

agency
for

the
perform

ance
o
fthe

study,
the

agency
shall

also

m
ake

copies
o
f the

underlying
data

available
to

m
em

bers
o
fthe

public
upon

requestf
the

data

are
notprotectedfrone

disclosure
under

the
F

reedom
o
fInform

ation
A

ct
[5IL

C
S

140].
[5

IL
C

S

100/5-40(3.5)].”
35

111.A
dm

.
C

ode
102.202(e).

T
o

assist
the

B
oard

in
com

pliance
w

ith
these

requirem
ents,the

A
gency

has
attem

pted
to

file
as

A
ttachm

ents
to

this
proposal

the
bulk

of the
inform

ation
relied

on
in

developing
this

proposal
to

the
B

oard.
See

S
ection

B
below

for
the

L
ist

of
A

ttachm
ents

that
provides

the

relevant
identifying

inform
ation

for
these

A
ttachm

ents.
In

addition,
the

A
gency

has
provided

a

second
list

in
Section

C
below

ofdocum
ents

relied
upon,

but
not

subm
itted

to
the

B
oard

as

A
ttachm

ents
to

this
rulem

aking
proposal.

M
any

ofthese
docum

ents
are

U
.S.

E
PA

guidance

docum
ents

and
B

oard
opinions

that
are

readily
accessible

by
the

B
oard

and
the

public.

W
ith

regard
to

studies
conducted

by
the

A
gency

or
by

an
entity

that
contracted

w
ith

the

A
gency

for
perform

ance
ofthe

study,
the

A
gency

has
provided

sum
m

aries
ofthe

underlying
data

from
those

studies
as

A
ttachm

ents
to

the
Statem

ent
ofR

easons
and

T
echnical

Support

D
ocum

ent.
T

o
the

extent
thatthe

A
gency

relied
on

studies
w

ith
volum

inous
am

ounts
ofraw

data

or
docum

ents
that

are
subjectto

copyright
protection,

the
A

gency
w

ill
m

ake
such

underlying

data
and

supporting
docum

ents
available

to
m

em
bers

ofthe
public

atthe
Illinois

E
PA

L
ibrary

w
hich

is
located

at the
A

gency
H

eadquarters
at

the
follow

ing
address:

Illinois
E

nvironm
ental

P
rotection

A
gency

1021
N

orth
G

rand
A

venue
E

ast
P.O

.
B

ox
19276

S
pringfield,

Illinois
62794-9276

T
he

studies
relied

on
in

developing
these

proposals
w

hich
are

sum
m

arized,
but

not
attached

are
identified

both
in

the
list

ofreferences
in

A
ttachm

ent
I

and
in

Subsection
C

below
.
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B
.

L
ist

of
A

ttachm
ents

A
ttachm

ent
1

—
Facts

in
Support

of C
hanging

W
ater

Q
uality

Standards
for

B
oron,

Fluoride,
and

M
anganese

(Illinois
E

PA
,

B
ureau

of
W

ater,
2010)

E
xhibit

A
—

W
ater

Q
uality

C
riteria

(B
oron),

M
cK

ee
and

W
olf

(1963)
E

xhibit
B

—
W

ater
Q

uality
C

riteria
(F

luoride)
M

cK
ee

and
W

olf (1963)
E

xhibit
C

—
W

ater
Q

uality
C

riteria
(M

anganese)
M

cK
ee

and
W

olf
(1963)

E
xhibit

D
—

Site-specific
relief

granted
by

the
IPC

B
for

boron
and

fluoride
to

date
E

xhibit
E

—
M

anganese
rem

oval
estim

ations
at

conventional
utilities

located
on

im
paired

Public
and

Food
P

rocessing
w

ater
Supply

w
aters

w
ith

M
n

exceeding
150

ugIL
E

xhibit
F

—
G

uidelines
for

deriving
num

erical
N

ational
W

ater
Q

uality
C

riteria
for

the
protection

of
aquatic

organism
s

and
their

uses
E

xhibit
G

—
A

cute
T

oxicity
D

ata
used

in
B

oron
Standard

D
erivation

E
xhibit

H
—

C
hronic

T
oxicity

in
B

oron
S

tandard
D

erivation
E

xhibit
I

—
B

oron
Standard

D
erivation

using
1985

G
uidelines

M
ethodology

E
xhibit

J
—

Influence
of hardness

and
pH

on
boron

toxicity
E

xhibit
K

—
Fluoride

Standard
D

erivation
U

sing
1985

G
uidelines

M
ethodology

E
xhibit

L
—

M
anganese

Standard
D

erivation
U

sing
1985

G
uidelines

M
ethodology

E
xhibit

M
—

A
cute

and
chronic

fluoride
standards

atvariable
hardness

using
1985

G
uidelines

M
ethodology

E
xhibit

N
—

A
cute

and
chronic

m
anganese

standards
atvariable

hardness
using

1985
G

uidelines
M

ethodology
E

xhibit
0

—
A

cute
toxicity

data
used

in
fluoride

Standard
D

erivation
E

xhibit
P

—
C

hronic
toxicity

data
used

in
fluoride

Standard
D

erivation
E

xhibitQ
—

A
cute

toxicity
used

in
m

anganese
Standards

D
erivation

E
xhibit

R
—

C
hronic

toxicity
data

used
in

m
anganese

Standard
D

erivation
E

xhibit
S

—
A

m
bient

W
ater

Q
uality

M
onitoring

N
etw

ork
(A

W
Q

M
N

)
E

xhibit
T

—
C

alculation
ofthe

conversion
factor

m
ultiplier

for
m

anganese
standards

derived
from

total
and

dissolved
m

anganese
data

collected
during

the
chronic

H
yalella

azteca
test.

For
each

treatm
ent,the

filtered
(dissolved)

results
w

ere
divided

by
the

unfiltered
(total)

results
to

calculate
the

percent
of

dissolved
m

anganese
E

xhibit
U

—
Final

R
eport,

A
cute

and
C

hronic
T

oxicity
of

B
oron,

Fluoride,
and

M
anganese

to
F

reshw
ater

O
rganism

s,
by

D
avid

J.
Soucek

and
A

m
y

D
ickinson,

Illinois
N

atural
H

istory
Survey,

U
niversity

of
Illinois,

O
ctober

14,
2010

E
xhibit

V
—

E
xcerpts

from
E

xhibit
S

to
A

gency
R

ulem
aking

Proposal
in

R
02-1

1
E

xhibit
W

A
ccum

ulation,
regulation

and
toxicity

of
copper,

zinc,
lead

and
m

ercury
in

H
yalella

azteca,
U

.
B

orgm
aun,

W
.P.

N
orw

ood
&

C
.

C
larke,

H
ydrobiologia,

259:
79—

89
(1993)

E
xhibit

X
:

R
evised

chronic
zinc

standard
using

the
corrected

H
yalella

azteca
M

A
T

C

A
ttachm

ent
2

—
W

ater
Q

uality
Standards

S
takeholders

M
eeting

A
genda,

dated
O

ctober
19,

2009

2
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A
ttachm

ent
3

—
W

ater
Q

uality
Standards

Stakeholders
M

eeting
Sign

in
list,

dated
O

ctober
19,

2009

A
ttachm

ent
4

—
O

pinion
and

O
rder

ofthe
Illinois

P
ollution

C
ontrol

B
oard,

In
the

M
atter

of:
P

roposed
A

m
endm

ents
to

R
ules

203
and

408
ofthe

Illinois
W

ater
Pollution

C
ontrol

R
egulations,

R
73-15

(M
arch

6,
1975)

A
ttachm

ent
5

—
Inform

ation
from

the
Illinois

State
G

eological
Survey

A
ttachm

ent
6

—
G

reat
L

akes
E

nvironm
ental

C
om

m
ission

Final
R

eport
(O

ctober
22,

2010)
(excerpts

pertaining
to

boron,m
anganese

and
fluoride

tests
only)

A
ttachm

ent
7

—
F

acilities
w

ith
N

P
D

E
S

Perm
it

L
im

its
B

ased
on

the
Incorrect

C
hronic

Standard
for

Z
inc

A
ttachm

ent
8

—
A

gency
E

rrata
Sheets

1,2
and

3
from

R
02-1

1

C
.

L
ist

of
D

ocum
ents

R
elied

U
pon

B
ut

N
ot

A
ttach

ed

G
uidance

D
ocum

ents

M
ethod

O
IA

-1677
A

vailable
C

yanide
by

Flow
Injection,

L
igand

E
xchange,

and
A

m
perom

etry,
821-R

-99-013,
U

nited
States

E
nvironm

ental
P

rotection
A

gency
(A

ugust,
1999).

Standard
M

ethods
for

the
E

xam
ination

of
W

ater
and

W
astew

ater:
C

entennial
E

dition.
21St

E
dition.

E
aton,

A
D

,
L

S
C

lesceri,
E

W
R

ice,
A

E
G

reenberg,
and

M
A

H
Franson

(editors).
ISB

N
:

0875530478.
A

m
erican

P
ublic

H
ealth

A
ssociation.

2005.
W

ashington,
D

.C
.

P
ollution

C
ontrolB

oard
O

pinions:
R

ulem
akings

o
f

G
eneralA

pplicability

In
the

M
atter

o
f

W
ater

Q
uality

T
riennialR

eview
:A

m
endm

ents
to

35
A

dm
.

C
ode

302.105,
302.208

fr,)-(g,),
302.504(a),

302.575(d),
309.141(h);

and
P

roposed
35

Iii.
A

dm
.

C
ode

301.267,
301.313,

301.413,
304.120,

and
309.157,

R
02-l1

(D
ecem

ber
19,

2002).

in
the

M
atter

o
f

C
onform

ing
A

m
endm

entsJbr
the

G
reatL

akes
Initiative:

35
ill.

A
dm

.
C

ode
P

art•
302.10];

302.105;
302.S

ubpartE
;

303.443,
and

304.222,
R

97-25
(

In
the

M
atter

o
f

P
roposed

A
m

endm
ents

to
T

itle
35,

Subtitle
C

7’oxins
C

ontrol,),
R

88-21
—

D
ocket

A
(January

25,
1990).

in
the

M
atter

o
f

W
ater

Q
uality

S
tandards

R
evisions,

R
71-14

(C
onsolidated

w
ith

R
70-8

and
R

7l-20)
(M

arch
7,

1972).

P
ollution

C
ontrolB

oard
O

pinions:
S

ite
S

p
ecic

R
ulem

akings
and

A
djusted

S
tandards
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B
oron

In
the

M
atter

o
f

C
ity

o
f G

alva
Site

Specific
W

ater
Q

uality
S

tandardfo
r

B
oron

D
ischarges

to
E

dw
ards

R
iver

and
M

ud
R

un
C

reek:
35111.

A
dm

.
C

ode
303.447and303.448,

R
09-11

(A
ugust

6,
2009).

in
the

M
atter

o
f

P
roposed

Site
Specific

R
ule

for
C

ity
o
f Springfield,

illinois,
O

ffice
o

fPublic
U

tilities,
C

ity,
W

ater,
L

ight
and

P
ow

er
and

S
pringfield

M
etro

S
anitary

D
istrictfro

m
35

111.A
dm

.
C

ode
302.208(g):

N
ew

35
Ill.

A
dm

.
C

ode
303.446,

R
09-8

(M
ay

21,
2009).

in
the

M
atter

o
f

P
etition

o
f C

entral illinois
L

ight
C

om
pany

(D
uck

C
reek

S
tation) fo

r
A

djusted
S

tandard
from

35
Ill.

A
dm

.
C

ode
302.208

and
35

Ill.
A

dm
.

C
ode

304.105
R

egarding
the

P
aram

eter
B

oron,
A

S
96-8

(June
20,

1996).

In
the

M
atter

o
f

P
etition

o
f illinois

P
ow

er
C

om
pany

(B
aldw

in
P

ow
er

P
lant)fo

r
A

djusted
S

tandard
from

35
Ill.

A
dm

.
C

ode
302.208

and
35

Ill.
A

dm
.

C
ode

304.105
R

egarding
the

P
aram

eter
B

oron,
A

S
96-1

(M
ay

2,
1996)).

In
the

M
atter

o
f

P
etition

o
f the

C
ity

o
f Springfield,

O
ffice

o
fP

ublic
U

tilities fo
r

an
A

djusted
S

tandard
from

35
Ill.

A
dm

.
C

ode
302.208(e),

A
S

94-9
(D

ecem
ber

1,
1994).

In
the

M
atter

o
f

P
etition

ofA
kzo

‘hem
icals,

Inc.fo
r

an
A

djusted
S

tandardfroni
35

Ill.
A

dm
.

C
ode

304.1
05

and
302.208,

A
S93-8

(S
eptem

ber
1,

1994).

In
the

M
atter

o
f

P
etition

o
f South

illinois
P

ow
er

C
ooperative

(M
arion

P
ow

er)fo
r

A
djusted

S
tandardfrom

35
Ill.

A
dm

.
C

ode
3

0
2

2
0

8
(,

A
S

92-10
(July

1,
1993).

In
the

M
atter

o
f

T
he

P
roposed

A
m

endm
ent

to
R

ule
203

o
fthe

W
aterP

ollution
R

egulations,
R

76-18
(M

ay
25,

1978)(Illinois
P

ow
er

W
ood

R
iver

Station).

F
luoride

In
the

M
atter

o
f

G
ranite

C
ity

D
ivision

o
f N

ational
Steel P

etition
fo

r
A

djusted
S

tandard
from

35
Ill.

A
dm

.
C

ode
302.208:

N
um

eric
S

tandard
for

F
luoride,

A
S

90-4
(A

pril
8,

1993).

In
the

M
atter

o
f

P
etition

o
f G

eneral M
otors

C
orporation

to
A

m
end

35111.
A

dm
.

C
ode

303.222
(Site

Specific
R

egulation
for

Fluoride),
R

93-13
(January

11,
1995).

In
the

M
atter

o
f

Site-Specific
L

im
itation

for
the

M
odine

M
anufacturing

C
om

pany
Facility,

R
ingw

ood,
Illinois,

R
87-36

(M
ay

24,
1990)

In
the

M
atter

o
f Site

Specific
R

ule
fo

r
C

ity
o
f E

ffingharn
T

reatm
ent P

lant
F

luoride
D

ischarge,
35

Ill.
A

dm
.

C
ode

304.233,
R

03-11
(D

ecem
ber

18,
2003).
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T
oxicity

S
tudies

and
D

ata
used

in
D

erivation
o
f P

roposed
W

ater
Q

uality
standards

and
sum

m
arized

iii A
ttachm

ent
1,

E
xhibits

G
,H

,
0

,
P,Q

and
R

:

B
eleau,

M
H

and
JA

B
artosz.

1982.
A

cute
toxicity

of
selected

chem
icals:

data
base.

U
.S.

Fish
and

W
ildlife

Service,
C

olorado
R

iver
F

ishery
Project,

R
eportN

o.
6.

Salt
L

ake
C

ity,
U

tah.
3:242-254.

B
iesinger,

K
E

and
G

M
C

hristensen.
1972.

E
ffects

of various
m

etals
on

survival,
grow

th,
reproduction,

and
m

etabolism
ofD

aphnia
inagna.

Journal
ofthe

Fisheries
R

esearch
B

oard
of

C
anada

29:1691—
1700.

-

B
uikem

a.
A

L
,

C
L

See,
and

J
C

airns,
Jr.

1977.
R

otifer
sensitivity

to
com

binations
of

inorganic
w

ater
pollutants.

O
W

R
T

P
roject

A
-07

1-V
A

.
V

irginia
W

ater
R

esources
R

esearch
C

enter
B

ulletin
N

o.
92.

B
lackburg,

V
A

;
42

p.

C
alleja,

M
C

,
G

Persoone,
and

P
G

eladi.
1994.

C
om

parative
acute

toxicity
ofthe

first
50

m
ulticentre

evaluation
of

in
vitro

cytotoxicity
chem

icals
to

aquatic
non-vertebrates.

A
rchives

of
E

nvironm
ental

C
ontam

ination
and

T
oxicology

26:69-78.

C
am

argo,
JA

and
JV

T
arazona.

1990.
A

cute
toxicity

to
freshw

ater
benthic

m
acroinvertebrates

of
fluoride

ion
(F-)

in
soft

w
ater.

B
ulletin

of
E

nvironm
ental

C
ontam

ination
and

T
oxicology

45:883-
887.

C
am

argo,
JA

and
JV

T
arazona.

1991.
Short-term

toxicity
of

fluoride
ion

(F-)
in

soft
w

ater
to

rainbow
trout

(Salm
o

gairdneri)
and

brow
n

trout
(Salm

o
trutta

fario).
Fluoride

24(2):76-83.

C
am

argo,
JA

,
.JV

W
ard,

and
K

L
M

artin.
1992.

T
he

relative
sensitivity

of com
peting

hydropsychid
species

to
fluoride

toxicity
in

the
C

ache
la

P
oudre

R
iver

(C
olorado).

A
rchives

of
E

nvironm
ental

C
ontam

ination
and

T
oxicology

22:107-1
13.

C
ouillard

Y
,

P
R

oss,
and

B
P

inel-A
lloul.

1989.
A

cute
toxicity

of
six

m
etals

to
the

rotifer
B

rachionus
calyciflorus,

w
ith

com
parisons

to
other

freshw
ater

organism
s.

T
oxicity

A
ssessm

ent
4:45

1-462.

D
avies,

PH
and

SF
B

rinkm
an.

1994.
A

cute
and

chronic
toxicity

of m
anganese

to
exposed

and
unexposed

rainbow
and

brow
n

trout.
Federal

A
id

in
Fish

and
W

ildlife
R

estoration
Job

Progress
R

eport,
C

olorado
D

ivision
of

W
ildlife,

Fish
R

esearch
Section.

Fort
C

ollins,
C

O
,

U
SA

.
Federal

A
id

Project
#F

-243R
-1.

D
avies,

PH
and

SF
B

rinkrnan.
1995.

A
cute

and
chronic

toxicity
of m

anganese
to

brow
n

trout
(Salm

o
trutta)

in
hard

w
ater.

F
ederal

A
id

in
Fish

and
W

ildlife
R

estoration
Job

Progress
R

eport,
C

olorado
D

ivision
of

W
ildlife,

F
ish

R
esearch

Section.
Fort

C
ollins,

C
O

,U
SA

.
Federal

A
id

P
roject

#F-243R
-2.

D
avies,

PH
,

SF
B

rinkm
an,

and
M

M
cIntyre.

1998a.
T

oxicity
of

m
anganese

and
zinc

to
B

oreal
toad

tadpoles
(B

ifo
boreas).

In:
F

ederal
A

id
in

Fish
and

W
ildlife

R
estoration

Job
Progress

Final
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R
eport,

C
olorado

D
ivision

of W
ildlife,

Fish
R

esearch
Section.

Fort
C

ollins,
C

O
,

U
SA

.
Federal

A
id

P
roject #F

-243R
-5.

D
avies,

PH
,

SF
B

rinkm
an,

and
M

M
cIntyre.

1998b.
T

oxicity
of m

anganese
to

early-life
stage

and
fry

of brook
trout

(S
alvelinusfontinalis)

and
rainbow

trout
(O

ncorhynchus
m

ykiss)
in

w
ater

hardnesses
of

30
and

150
m

g/L
.

In:
Federal

A
id

in
Fish

and
W

ildlife
R

estoration
Job

Progress
Final

R
eport,

C
olorado

D
ivision

of
W

ildlife,
F

ish
R

esearch
Section.

Fort
C

ollins,
C

O
,

U
SA

.
Federal

A
id

Project
#F

-243R
-5.

D
ethioff,

G
M

,
W

A
Stubblefield.

and
C

E
Schlekat.

2009.
E

ffects
of w

ater
quality

param
eters

on
boron

toxicity
to

C
eriodaphnia

dubia.
A

rchives
of

E
nvironm

ental
C

ontam
ination

and
T

oxicology
57:60-67.

E
N

SR
.

1990.
U

npublished
in-house

data.

E
N

SR
.

1992a.
A

cute
toxicity

of m
anganese

to
P

irnephalesprornelas
under

static-renew
al

test
conditions

at
four

levels
ofw

ater
hardness.

June
1992.

E
N

SR
.

1992b.
A

cute
toxicity

of m
anganese

to
C

eriodaphnia
dubia

under
static-renew

al
test

conditions
at

four
levels

of
w

ater
hardness.

June
1992.

E
N

SR
.

1 992c.
C

hronic
toxicity

of
m

anganese
to

C
eriodaphnia

dubia
under

static-renew
al

test
conditions

at
four

levels
of

w
ater

hardness.
July

1992.

E
N

SR
.

1996e.
E

arly
life

stage
toxicity

ofm
anganese

to
the

fathead
m

innow
(P

iniephales
prornelas)

under
flow

-through
test

conditions.
M

arch
1996.

Fieser,
A

H
.

1985.
T

oxicity
of

fluorides
to

aquatic
organism

s:
m

odeling
for

w
ater

hardness
and

tem
perature.

D
issertation.

U
niversity

o
f Pittsburgh.

G
ersich,

FM
.

1984.
E

valuation
of

a
static

renew
al

chronic
toxicity

test
m

ethod
for

D
aphnia

m
agna

Straus
using

boric
acid.

E
nvironm

ental
T

oxicology
and

C
hem

istry
3:89-94.

G
reat

L
akes

E
nvironm

ental
C

enter.
O

ctober
22,

2010.
Final

R
eport

on
A

cute
and

C
hronic

T
oxicity

of N
itrate, N

itrite,
B

oron,
M

anganese,
F

luoride,
C

hloride
and

Sulfate
to

Several
A

quatic
A

nim
al

Species.

H
am

ilton,
SJ.

1995.
H

azard
assessm

ent
of

inorganics
to

three
endangered

fish
in

the
G

reen
R

iver,
U

tah.
E

cotoxicology
and

E
nvironm

ental
Safety

30:134-142.

H
am

ilton,
SJ

and
K

J
B

uhl.
1990. A

cute
toxicity

ofboron,
m

olybdenum
and

selenium
to

fry
of

chinook
salm

on
and

coho
salm

on.
A

rchives
of

E
nvironm

ental
C

ontam
ination

and
T

oxicology
19(6):366-373.

40
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H
am

ilton,
SJ

and
K

J
B

uhi.
1997.

H
azard

evaluation
ofinorganics,

singly
and

in
m

ixtures
to

F
lannelm

outh
Sucker,

C
atostom

us
latipinnis,

in
the

San
Juan

R
iver,N

ew
M

exico.
E

cotoxicology
and

E
nvironm

ental
Safety

38:296-308.

H
arding

E
SE

,
Inc.

2001.
A

cute
toxicity

of
strontium

to
O

ncorhynchus
m

ykiss,
and

m
anganese

to
P

hysa
integra,

under
static

test
conditions.

L
aboratory

Project
ID

:
311213.0100.

Septem
ber

2001.

H
erbert,

D
W

M
and

D
S

Shurben.
1964.

T
he

toxicity
offluoride

to
rainbow

trout.
W

ater
and

W
aste

T
reatm

ent.
Sept/O

ct
1964,pp.

141-142.

H
ickey,

C
W

.
1989.

Sensitivity
of

four
N

ew
Z

ealand
cladoceran

species
and

D
aphnia

m
agna

to
aquatic

toxicants.
N

ew
Z

ealand
Journal

ofM
arine

and
F

reshw
ater

R
esearch

23:131-137.

K
eller,

A
E

and
T

A
ugspurger.

2005.
T

oxicity
offluoride

to
the

endangered
unionid

m
ussel,

A
lasm

idonta
raveneliana,

and
surrogate

species.
B

ulletin
ofE

nvironm
ental

C
ontam

ination
and

T
oxicology

74:242-249.

K
hangarot,

B
S.

1991.
T

oxicity
ofm

etals
to

a
freshw

ater
tubificid

w
orm

,
TubU

èx
tubifex

(M
uller).

B
ulletin

ofE
nvironm

ental
C

ontam
ination

and
T

oxicology.
46:906—

912.

L
asier

PJ,
PV

W
inger,

and
K

J
B

ogenrieder.
2000.

T
oxicity

of
m

anganese
to

C
eriodaphnia

dubia
and

H
yalella

azteca.
A

rchives
ofE

nvirom
nental

C
ontam

ination
and

T
oxicology

38(3):298-304.

L
ew

is,
M

.
1978.

A
cute

toxicity
ofcopper,

zinc,
and

m
anganese

in
single

and
m

ixed
salt

solutions
to

juvenile
longfrn

dace,
A

gosia
chrysogaster.

Journal
ofF

ish
B

iology
13:695-700.

L
ew

is,
M

A
and

L
C

V
alentine.

1981.
A

cute
and

chronic
toxicities

ofboric
acid

to
D

aphnia
m

agna
Straus.

B
ulletin

o
f E

nvironm
ental

C
ontam

ination
and

T
oxicology

27:309-3
15.

M
aier,

K
J

and
A

W
K

night.
1991.

T
he

toxicity
of

w
aterborne

boron
to

D
aphnia

m
agna

and
C

hironom
us

decorus
and

the
effects

of w
ater

hardness
and

sulfate
on

boron
toxicity.

A
rchives

of
E

nvironm
ental

C
ontam

ination
and

T
oxicology

20:282-287.

M
etcalfe-S

m
ith,

JL
,

K
E

H
oltze,

G
R

Sirota,
JJ

R
eid,

and
SR

D
e

Solla.
2003.

T
oxicity

of
aqueous

and
sedim

ent-associated
fluoride

to
freshw

ater
organism

s.
E

nvironm
ental

T
oxicology

and
C

hem
istry

22:161-166.

O
ffice

of
P

esticide
P

rogram
s.

2000.
P

esticide
E

cotoxicity
D

atabase
(Form

erly:
E

nvironm
ental

E
ffects

D
atabase

(E
E

D
B

)).
E

nvironm
ental

Fate
and

E
ffects

D
ivision,

U
.S.

E
PA

,
W

ashington,
D

.C
.

Pim
entel,

R
and

R
V

B
ulkley.

1983.
Influence

of
W

ater
H

ardness
on

Fluoride
T

oxicity
to

R
ainbow

T
rout.

E
nvironm

ental
T

oxicology
and

C
hem
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