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I. Citation and Requirements
A. Citation of Seetion-ef-the Clean Water Act

The Missouri Department of Natural Resources (MoDNR) is responsible for the implementation
and administration of the Federal Clean Water Act (C\WA) in Missouri.— Pursuant to Section 40
of the Code of Federal Regulations (CFR) 130.7, States—Ferritories-orstates, territories and
authorized Fribestribes must submit biennially to the United States Environmental Protection
Agency (EPA) a list of watergualitywaters with limited (impaired) segments;water quality, any
known pollutants causing wapairmentthe impairments, and the priority ranking of waters targeted
for Total Maximum Daily Load-(FMBL} development. Federal-Under federal regulation atof 40
CFR 130.7-alsorequires-StatesTerritories, states, territories, and authorized Fribestribes are also

required to submit to EPA a written methodology document describing the entityState’s
approach in considering, and evaluating existing readily available data used to develop their
303(d) list of impaired water bodies.— The Hsting-methedelegyListing Methodology Document
(LMD) must be submitted to the-EPA eachin the same year as the Section 303(d) list-is-due.
While EPA does not approve or disapprove ef-the listing methodology, the agency eensidersdoes
consider the methodology during its review of the statesstate’s 303(d) impaired waters list and
theits determination to list or not to list waters.

Following approval by the Missouri Clean Water Commission apprevak(C\WC), the Section
303(d) Listlist, the 305(b) report, and the assessment data on the remaining waters of the state, is
submitted to EPA through EPA’s Assessment, Total Maximum Daily Load (TMDL) Tracking
and Implementation System (ATTAINS).— This fulfills Missouri’s biennial submission

reguirementsrequirement of an integrated report as required under Sections 303(d), 305(b) and
314 of the QJean—\A#ate#Aet—CWA —ln—yeamwhen—ne—w&egmted—%peﬁ—s—s%%ed—the

B. U.S. EPA Guidance

In 2001, the Office of General Counsel and the Office of Wetlands, Oceans, and Watersheds
developed a recommended framework to assist EPA regions in the preparation of their approval
letters for the States’ 2002 Section 303(d) list submissions.— This was to provide consistency in
making approval decisions, along with guidance for integrating the development and submission
of the 2002 Section 305(b) water quality reports and Section 303(d) list of impaired waters.*:

The following sections provide an overview of EPA Integrated Report guidanreeGuidance
documents-frem-calendaryear 2002 through-2015, available from EPA’s website

(https://www.epa.gov/tmdl/integrated-reporting-quidance-under-cwa-sections-303d-305b-and-
314)-:

! Additional information can be obtained from EPA’s website:
http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/guidance.cfm).


https://www.epa.gov/tmdl/integrated-reporting-guidance-under-cwa-sections-303d-305b-and-314
https://www.epa.gov/tmdl/integrated-reporting-guidance-under-cwa-sections-303d-305b-and-314
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The 2002 Integrated Water Quality Monitoring and Assessment Report Guidance” was the first
document EPA provided to the States,Ferriteriesstates, territories, and authorized Fribestribes
with directions on how to integrate the development and submission of the 2002 Section 305(b)
water quality reports and Section 303(d) list of impaired waters.

Fhe-At that time, EPA guidance recommended that StatesFerriteriesstates, territories and
authorized Fribestribes submit a combined integrated report that-weultd-satisfysatisfying the
Clean-Water-ActC\WA requirements for both the Section 305(b) water quality reports and
Section 303(d) list.— The final 2002 Integrated Report was to include:

e Delineation of water quality assessment units based on the National Hydrography Dataset
(NHD);

e Status of and progress toward achieving comprehensive assessments of all waters;

e Water quality standardstandards (WQS) attainment status for every assessment unit;

e Basis for the water-guality-standard\WOS attainment determinations for every assessment
unit;

e Additional monitoring that may be needed to determine waterguatity-standard\WVOS

attainment status and, if necessary, to support development of tetal-maximum-dathy-loads
{TMDLs) for each pollutant/assessment unit combination;

e Schedules for additional planned monitoring-planned for assessment units;
e Pollutant/assessment unit combinations still requiring TMDLSs; and

e TMDL development schedules reflectingthat reflect the priority ranking of each pollutant/
assessment unit combination.

The 2002 EPA guidance described the requirements underof the CWA Section 303(d)-ef-the
Clean-Whater-Act-where, under which states-were, territories, and authorized tribes are required to
deseribedetail the methodology used te-developin developing their 303(d) list.— EPA’s guidance
recommended-the states provide: (1) a description of the methodology used to develop Section
303(d) list; (2) a description of the data and information used to identify impaired and threatened
waters; (3) a rationale for not using any readily available data and information; and (4)
information on how interstate or international disagreements concerning the list are resolved.
Lastly (5), EPA#H-Hs recommended that “prior to submission of its Integrated Report, each state
should provide the public the opportunity to review and comment on the methodology.”— #aIn
accordance with EPA guidance, the departmentreviewsDepartment continues to review and

updatesupdate the Listing-Methedelogy-Document{LMD) every two years.— Once Fhe-updated,
the LMD is made available to the public for review and comment. at-the-same-time-thestate’s

303(d)-impatred-waters-listispublished-forpublic-comment: -Following the 60 day public
comment period, the departmentDepartment responds to public comments and provides EPA

with a decumentsummarizingsummary of all comments received and Department responses
iven.




Methodology for the Development of the
20202022 Section 303(d) List in Missouri
Page 3 of 7399

In July 2003, EPA issued new guidance entitled “Guidance for 2004 Assessment, Listing and
Reporting Requirements Pursuant to Sections 303(d) and 305(b) of the Clean Water Act.”— This
guidance gave further recommendations about listing of 303(d) and other waters.

In July 2005, EPA published an amended version entitled “Guidance for 2006 Assessment,
Listing and Reporting Requirements Pursuant to Sections 303(d), 305(b) and 314 of the Clean
Water Act” (US EPA 2005; see Appendix A for Exeerptexcerpt).

In October 2006, EPA issued a memorandum entitled “Information Concerning 2008 Clean
Water Act Sections 303(d), 305(b) and 314 Integrated Reporting and Listing Decisions.”— This
memorandum serves as EPA’s guidance for the 2008 reporting cycle and beyond.— This
guidance recommended the-use-efthat each state uses a five-part categorization scheme and that
each-state-provides a comprehensive description of the waterguatity-standards\WVOS attainment
status of all segments within athe state (reference Table 1-below).— The guidance also defined a
“segment” as being ysed-synonymous with the term “assessment unit” used in previous
Integrated Report Guidance documents.— Overall, the selected segmentation approach should be
consistent with the state’s water-guality-standards\WOS and be capable of providing a spatial
scale that is adequate to characterize the water-guality-standards\VOS attainment status for the
segment.

Hwas-intheThe 2006 EPA guidance that-ERA-recommended all waters of the state be placed
#into one of the five categories described below-—:

Table 1. Placement of Waters within the Five Categories in the-2006>-EPA’s Assessment,
Listing and Reporting Guidance

Category 1 | All designated uses are fully maintained.— Data or other information supporting
full use attainment for all designated uses must be consistent with the state’s

Listing-Methodology-Decument{EMD).— The departmentDepartment will

place a water in Category 1 if the following conditions are met:

e The water has physical, ard-chemical data-(at a minimum, water
temperature, pH, dissolved oxygen, ammonia, total cobalt, and total copper
for streams;; and pH, dissolved oxygen, total nitrogen, total phosphorus,
and seeehi-depth-forSecchi depth, suspended solids, chlorophyll-a, and
algal toxins for lakes), anrd-biological, and pathogenic water quality data (at
a minimum;, Escherichia coli, hereafter E. coli,-erfecal-coliform-bacteria)

that indicates attainment with-of W&t&l’—q%l&“—t—y—&tﬁ-ﬂd-&l‘—dsm

e The level of mercury in fish fillets-er-plugstissues used for human
consumption is 0.3 mg/kg (wet weight) or less.— Only samples of higher
trophic level species (largemouth, smallmouth and spotted bass, sauger,
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walleye, northern pike, trout (rainbow and brown trout), striped bass, white
bass, flathead catfish and blue catfish) will be used.

e The water is not rated as “threatened.”

Category 2

One or more designated uses are fully attained but at least one designated use
has inadequate data or lacks information to make a use attainment decision
consistent with the state’s LMD.— The departmentDepartment will place a
water in Category 2 if at least one of the following conditions are met:

e There is inadequate data for water temperature, pH, dissolved oxygen,
ammonia, total cobalt or total copper in streams to assess attainment with

water-guahity-standards\WVOS or inadequate data for total nitrogen, total
phosphorus, chlorophyll-a, or seeehiSecchi depth in lakes.

e There is inadequate Escherichia coli (E. coli) or fecal coliform bacteria
data to assess attainment of the whole body contact recreational use.

e There areis insufficient fish fillet-tissue,-erplug data available for-mercury
to assess attainment of the fish consumption use for mercury.

Category 2 waters will be placed in one of two sub-eategeries:-subcategories:

Categery-2A:.  Waters will be placed in this subcategory if available data,
using best professional judgement, suggests compliance with
numertealnumeric water quality criteria efFables-A-erB-in Missouri’s

Water-Quality-Standards\WOS (10 CSR 20-7.031) or other quantitative

thresholds for determining use attainment.

Category-2B:.  Waters will be placed in this subcategory if the available data,
using best professional judgment, suggests noncompliance with
numeric water quality criteria efFables-A-6rB-in Missouri’s
Water-Quality-Standards;\WOS or other quantitative thresholds
for determining use attainment, and these data are insufficient to
support a statistical test or to qualify as representative-data.
Category 2B waters will be given high priority for additional
water quality monitoring.

Category 3

Water quality data are netadeguateinadequate to assessmake a use attainment
decision consistent with the state’s LMD for any of the designated beneficial

uses-consistent-with-the LMD-.— The departmentDepartment will place a water
in Category 3 if data are insuffictentlacking to support a statistical test or to
qualify as representative data-to-assessfor assessing any of the designated uses.
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Category 3 waters will be placed in one of two sub-categeries:subcategories:
Category

3A._ Waters will be placed in this subcategory if available data, using best
professional judgment, suggests compliance with aumericaltnumeric
water quality criteria ef Fables-A-er-B-in Missouri’s WaterQuahity
Standards\WOS (10 CSR 20-7.031) or other quantitative thresholds for
determining use attainment.— Category 3A waters will be tagged for
additional water quality monitoring; but-wiH-be given lower priority than
Category 3B waters.

Category-3B._ Waters will be placed in this subcategory if the available data,

using best professional judgment, suggestsuggests
noncompliance with aumericalnumeric water quality criteria of

TFables-A-orB-in Missouri’s Water Quality-Standards\WOS or
other quantitative thresholds for determining use attainment.
Category 3B waters will be given high priority for additional
water quality monitoring.

Category 4 | State waterquatity-standards\WOS or other criteria, as per the requirements of
Appendix B & C of this document, are not attained; but a Fetal-Maximum

DaHy-Lead{TMDL) study is not required.
Category 4 waters will be placed in one of three sub-eategories.subcategories:

Categery-4A._ EPA has approved a TMDL study that addresses the
impairment.— The departmentDepartment will place a water in Category
4A if both the following conditions are met:

e  Any portion of the water is rated as being in non-attainment with

state-water-guality-standards\WOS or other criteria, as explained

in Appendix B & C of this document, due to one or more discrete
pollutants or discrete properties of the water,>; and

o EPA has approved a TMDL for al-peHutants-thatarethe
pollutant(s) causing

non-attainment.

Categery-4B._ Water pollution controls required by a local, state or federal
authority; are expected to correct the impairment in a reasonable period
of time.— The departmentDepartment will place a water in Category 4B
if both ef-the following conditions are met:

3 A discrete pollutant or a discrete property of water is defined here as a specific chemical or other attribute of the water (such as
temperature, dissolved oxygen, or pH) that causes beneficialdesignated use impairment and that can be measured quantitatively.
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e  Any portion of the water is rated as being in non-attainment with
state-water-guality-standards\W QS or other criteria, as explained
in Appendix B & C of this document, due to one or more discrete
pollutants or discrete properties of water®;; and

e A water quality based permit that addresses the pollutant(s)
causing the designated use; impairment has been issued, and
compliance with the permit limits will eliminate the impairment;
or other pollution control requirements have been made that are
expected to adequately address the pollutant(s) causing the
impairment.— This may include implemented voluntary
watershed control plans as noted in EPA’s guidance document.

Category-4C._ Any portion of the water is rated as being in non-attainment

with state-water-guahity-standards\WOS or other criteria, as explained in
Appendix B & C of this document, and a discrete pollutant{s} or-ether

discrete property of the water® does not cause the impairment.—Discrete

Category 5 | At least one discrete pollutant has caused non-attainment with state-water
guahity-standards\WOS or other criteria, as explained in Appendix B & C of this
document, and the water does not meet the qualifications for listing as either
Categories 4A or 4B.— Category 5 waters are those that are candidates for the
state’s 303(d) Listlist.

If a designated use is not supported and the segment is impaired or threatened,
the fact that a specific pollutant is not known does not provide a-basisreason for
excluding a segment from Category 5.

Category 5- waters will be placed in one of two subcategories:

5. These segments must be listed as Category 5, unless the state can
demonstrate that no discrete pollutant(s) causes or contributes to the
impairment.— Pollutants causing the impairment will be identified
through the 303(d) assessment and listing process before a TMDL study
is written.— The TMDL should be written within the time frame preferred

4 The proposed state 303(d) Listlist is determined by the Missouri Clean Water Commission-and-the. -The final list is determined
by the- U.S-Environmental-Protection-Ageney .
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wspecified by EPA guidance for TMDL development, wherand as it fits
within the state’s TMDL prioritization sehemeschedule.

Category-5-alt. A water body assigned to 5-alt is an impaired water

withoutbedy lacking a completed TMDL but-assighed-a-tow
prierity-for FMDL-development, because an alternative restoration

approach is being pursued-, has been assigned a low priority for
TMDL development.— This alse-prevides-subcategorization
increases public transparency to-the-public-that athe state is
pursuing restoration activities #-theseon such waters to achieve

- water quality standards. The addition of this sub-
category-wil-facthitate WQS.— This subcategory also facilitates

tracking alternative restoration approaches ofin 303(d) listed waters
in priority areas.

Threatened | When-awaterA water body is considered “threatened” when it is currently
Waters attaining all designated uses, but the data shows an inverse (time) trend i |n
water quality for a discrete water-guatity-poHutants-indicating-pollutant.—

such waters, the waterdata trend suggests that use attainment will ne%eemmue
to-meet-these-usescease before the next listing cycle.— Sueh-waterwit-be
considered“threatened"—A threatened water will-therefore; be treated as an
impaired water and be placed in the appropriate Categerycateqory (4A, 4B, or
5).

In subsequent years, EPA has provided additional guidance, but only limited new supplemental
information has been provided since the 2008 cycle.

In August 2015, the EPA provided draft guidance that would include a Category 5-alternative
(5-alt)«; reference Table 1-abeve).— Additional information can be found at EPA’s website:
http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/guidance.cfm.

Missouri has additional requirements for the LMD in the Code of State Requlations 10 CSR
20-7.050. NoAH-efthe requirements outlined in 10 CSR 20-7.050 havene-conflict with EPA’s

guidance.



http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/guidance.cfm
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I1. -The Methodology Document

A. Procedures and Methods Used to Collect Water Quality Data

e Department Monitoring

The major purposes of the department’sDepartment’s statewide water quality monitoring
program are to:

characterize background or reference water quality conditions;

better understand daily; flow event-andevents, seasonal water quality variations, and their
underlying processes;

characterize aquatic biological communities;
assess trends in water quality;
characterize local and regional effects of point and nonpoint sources pollutants on water

quality;
o check for compliance with water-guatty-standards\WVOS and/or wastewater permit limits;
and to

o support development of mitigative strategies, including Fetal-Maximum-Daily
LoeadsTMDLs, to returarestore impaired waters to attainment ofeemphance with-Aater

Cpbeleprae Ao oo cboecpc e clalonde s sonne

e Coordination with Other Monitoring Efforts in Missouri

To maximize efficiency, the departmentDepartment routinely coordinates #s-monitoring
activities with other agencies to avoid overlap, and to give and receive feedback on monitoring
design.— Data from other sources are used for meeting the same objectives as Ddepartment-
sponsored monitoring.— The data must fit the criteria described in the data quality considerations
section of this document.— The agencies most often involved are the U.S. Geological Survey;
(USGS), the U.S. Army Corps of Engineers; (USACE), EPA, the Missouri Department of
Conservation (MDC), and the Missouri Department of Health and Senior Services—Fhe
Department-of Natural-Reseurees (MDHSS). The Department- also tracks the monitoring efforts
of the National Park Service; the U.S. Forest Service; several of the state’s larger cities; the states
of Oklahoma, Arkansas, Kansas, lowa, and Illinois; and graduate level research conducted at
Missouri universities-within-Missouri..— For those wastewater discharges where the
departmentDepartment has required instream water quality monitoring, the
departmentDepartment may also use monitoring data acquired by the wastewater dischargers as a
condition of discharge permits issued by the departmentDepartment.— In 1995, the
departmentDepartment also began using data collected by volunteers that have passed Volunteer
Water Quality Monitoring Program Quality Assurance/Quality Control (QA/QC) tests.
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e Existing Monitoring Networks and Programs

The following is-a-Hist-and-a-brief-deseription-ef-the kinds-efare water quality monitoring
activities presently eceurringconducted in Missouri-:

1. Fixed Station Network

a) Objective= - To better characterize background or reference water quality conditions;; to
better understand daily; flow events, anre-seasonal water quality variations, and their
underlying processes;; to assess trends; and to check for compliance with waterguatity
standards\WQOS.

b) Design Methodology:- - Sites are chosen based on one of the following criteria:

Site is believed to have water quality representative-ofthat represents many
netghberingsimilarly sized streams efsimHar-sizein the region due to

stmiaritylikeness in watershed geology, hydrology, and land use, and-the-as well as
an absence of any-impact from a-significant point or discrete nonpoint watersource
pollution-seuree.

Site is downstream of a significant point sedree-or discrete nonpoint source pollution
area.

c) Number of Sites, Sampling Methods, Sampling Frequency, and Parameters:

MoDNR/U-S-Geslogical-SurveyUSGS cooperative network: monitors approximately
70 sites statewide, collecting horizontally and vertically integrated grab samples; four
to twelve times per year.— Samples are analyzed for major ions (e.g-., calcium,
magnesium, sulfate, and chloride), nutrients (e.g-.. phosphorus and nitrogen),
temperature, pH, dissolved oxygen, specific conductance, bacteria (e.g-., Escherichia
esli-or-E. coli}; and fecal coliform) and flow on all visits;-twe-to-four-times
annuathy; for suspended solids and heavy metals; two to four times annually; and for
pesticides six times annually at four sites.

MoDNR/University of Missouri-Columbia’s lake monitoring network—Fhispregram
has monitored about 249 lakes since 1989.— Abeut-More than 75 lakes are monitored
each year.— Each lake is usually sampled a minimum of four times during-the

stmmerMay through September and-abeut-12-are-monitored-spring-through-fal-for
nutrients, chlorophyll, turbiditySecchi depth (transparency), ang-suspended solids,

and algal toxins.

DepartmentreutineRoutine Department monitoring of finished public drinking water
supplies for bacteria and trace contaminants.

Routine bacterial monitoring for E. coli of swimming beaches at Missouri’s state

parks during the recreational season by the department’s-MissedrtDepartment’s
Division of State Parks.
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e Monitoring of sediment quality by the departmentDepartment at appreximatehy-up to
20 10-—12-discretionary sites annually.— Sites are monitored for several-heavy metals

(e.g-., arsenic, cadmium, copper, lead, mercury, nickel, zinc-ete-}) andfor organic
contaminants (e.g-., polycyclic aromatic hydrocarbons;ete-). or PAHS).

2. Special Water Quality Studies

a) Objective:—Specialwaterguality-studies-are-used-to - To characterize water quality

effects from a specific pollutant source area.
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b)

Design Methodology:- - These studies are designed to verify and measure the
contaminants of concern based on previous water quality studies, effluent sampling,
andfor Missouri State Operating Permit applications.— These studies employ multiple
sampling stations downstream and upstream (if appropriate).— If contaminants of concern
have significant seasonal or daily variation, the sampling design must account for such
variation.

Number of Sites, Sampling Methods, Sampling Frequency and Parameters:— The
departmentDepartment conducts, or contracts-tp-te, upwards of 10-te-—15 special studies
annually, as funding allows.— Each study has multiple sampling sites.— The number of
sites, sampling frequency and parameters all vary greatly depending on the study.
Intensive studies would alse-require multiple samples per site collected over a relatively
short time frame.

3. Toxics Monitoring Program

The fixed station network and many of the department’sDepartment’s intensive studies
monitor for acute and chronic toxic chemicals.’— n-addition,-majerMajor municipal and
industrial dischargers must- monitor for acute and chronic toxicity in their effluents as a
condition of their Missouri State Operating Permit.

4. Biological Monitoring Program

a)

b)

Objectives: jecti i i itori grams-are-to - To develop
numeric blologlca crlterla (blocrlterla) descrlblng - >fish and and aquatic
macroinvertebrate and-fish reference” communities in Misseuri’sMissouri streams, to

implement these criteria within state water-guatity-standards\WOS, and-te maintain a

statewide fish and aquatic macroinvertebrate monitoring program.

Design Methodology—Develepment—ef—bqeemem Biocriteria development for fish and

aquatic marceinvertebratesmacroinvertebrates® involves identification of reference
streams in each of Missouri’s aquatic ecoregions and its 17 ecological-drainage
wnits;Ecological Drainage Units (EDUs), respectively.— HThis process also includes
intensive sampling of invertebratemacroinvertebrate and fish communities to quantify
temporal and spatial variatienvariations in reference streams within and between

ecoregions-and-variation-ameng-ecoregionsand-the-samphing-of, as well as to assess the
aquatic communities in chemically and physically impaired streams-to-assess-the-aguatic

community.

e)}—Number of Sites, Sampling Methods, Sampling Frequency and Parameters:— The

departmentDepartment has conducted biological sampling of aquatic macroinvertebrates
for many years.— Since 1991, the department’sDepartment’s aquatic macroinvertebrate
monitoring program has consisted of standardized monitoring of approximately 45-te—55

5 As defined in 10 CSR 20-7.031(1)
6 For additional information visit: http://dnr.mo.gov/env/esp/wgm/biologicalassessments.htm
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sites twice annually.— In addition,-the MDC presently has a statewide fish and aquatic
macroinvertebrate monitoring program, the Resource Assessment and Monitoring (RAM)
Program, designed to monitor and assess the health of Missouri’s stream
reseureesstreams on a rotating basis.— This program samples a minimum of 450 random
and 30 reference sites every five years.

0

5. Fish Tissue Monitoring Program

a)

b)

Objective:—Fish-tissue-menitering-addresses-two-objeectives—1) - To assess the
assessment-of-ecological health of the aquatic system and/or the health of the aquatic

biota (usually accomplished by-meniteringvia whole fish samples); and {2)to assess the
assessment-ofpotential risk to human health risk-based on thelevel-ofcontamination

efcontaminant levels in fish tissue-plugs-erfiHets.
Design Methodology:—Fish-tissue-menttoring-skes - Sites are chosen based on one of the

following criteria:
e Site is believed to have water and sediment quality representative-ofthat represents

many retghberirgsimilarly sized streams or lakes ef-simiarsizein the region due to
stmiaritylikeness in geology, hydrology, and land use, and-the-as well as an absence

of any-knewn-impact from a-significant point seuree-or discrete nonpoint watersource
pollution-seuree.

e Site is downstream of a significant point seuree-or discrete nonpoint source pollution
area.

e Site has shown fish tissue contamination in the past.

Number of Sites, Sampling Methods, Sampling Frequency and Parameters:

e The departmentDepartment planste-maintains a fish tissue monitoring program to
collect whole fish composite samples’ at approximately 13 fixed sites.— In previous

years, this was a cooperative effort between EPA and the Ddepartment through
EPAsSEPA’s Regional Ambient Fish Tissue (RAFT) Monitoring Program.— Each site

with-beis sampledsampled once every two years.— Fhe-preferredPreferred species for

these-sitessampling are eitherCommen-Garpcommon carp (Cyprinus carpio) or one
of the Redhorse{ak-a-redhorse sucker} species (Moxostoma sp.). These samples are

analyzed for chlorinated hydrocarbon insecticides, polychlorinated biphenyls (PCBs),
lead, cadmium, mercury, and fat content.

7 A composite sample is one in which several individual fish (whole fish in this case) are combined to produce one sample.
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o The departmentDepartment, EPA, ard-MDC, and DHSS also sample 46-t6—508
discretionary sites annually for twe-fish fillet composite samples or fish tissue plug
samples (mercury only) from fish of similar size and species.— Ore-sSamples areis
collected from efa top carnivore, -such as Largemeuth-Basslargemouth bass
(Micropterus salmoides), Smatmeuth-Basssmallmouth bass (Micropterus dolomieu),
Waleyewalleve (Sander vitreus), or Saugersauger (Sander canadensis)-, for
bioaccumulative contaminants.- Fhe-eOther samples isare collected fromer a-species
of a lower trophic level, such as catfish species (Siluriformes), Commen
Garpcommon carp (Cyprinus carpio), or sucker species (Catostomidae), for organic

contaminants-. This program occasionally samples fish eggs for certain fish species
at selected locations.

6. Volunteer Monitoring Programs

Two major volunteer monitoring programs generate water quality data in Missouri.— Fhe
dataData generated from these programs are used-ferutilized to inform the statewide 305(b)
repertingreport on general water quality health, used as a screening level tool to determine
where additional monitoring is needed; or-used to supplement other water quality data for
watershed planning purposes.

e Lakes of Missouri Volunteer Program (LM\/P).®— This is a cooperative program
consists-ofbetween persensfrem-the Ddepartment, the University of Missouri-Columbia,
and volunteers who monitor approximately 137 sites on 66 lakes across the state,
including Lake Taneycomo, Table Rock Lake, and several lakes in both the Saiat. Louis
and Kansas City areaareas.— Lake volunteers are trained to collect samples for total
phosphorus, total nitrogen, chlorophyll, ane-inorganic suspended sediments, and algal
toxins.— Data from this program is used by the uriversityUniversity as part of a long-term
study on the limnology of mid-westeramidwestern reservoirs.

e Volunteer Water Quality Monitoring Program—Fhe-\elunteer Water Quality-Menitering
Program® (VWQM). "%~ VWQM is an activity of the Missouri Stream Team Program,

which is a cooperative project sponsored by the Ddepartment, the-Misseuri-Department
of ConservationMDC, and the Conservation Federation of Missouri—Fhe-program
nvelves-volunteers-whe (CFM).— Volunteers involved in the VWQM Program monitor

water quality of streams throughout Missouri.— There are currently over 5,000 Stream
Teams and more than 3, 600 tralned water quallty monltors across the state.

9 A-visith n g
10 For addltlonal program mformatlon visit: http //dnr mo. qov/env/wpp/VWQl\/I htm
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Afer-Training for VOQWM follows a tiered structure.— All volunteer monitors are

required to attend the-an Introductory elassLevel workshop.— After completing the
Introductory course, many volunteers attend at least one mere-elassadditional training
workshop of a higher level-training: Levels 1, 2, ardor 3-and-4.— Each level of training is
a prerequisite for the next higher level, as is appropriate data submission.— Data
generated by volunteers in Levels 2, 3, -and-4-and the Cooperative Stream Investigation
(CSI) Program velunteers-represent increasingly higher quality assurance. For CSI
projects, the-volunteers have completed a guality-assurancelguatity-control QA/OC
workshop, eompleteda field evaluation, and/er have been trained to collect samples
following departmentDepartment protocols.— Upon completing Introductory-and, Level
1, and 2 training, volunteers will have received the basic level training needed to conduct
visual stream surveys, stream discharge measurements, biological monitoring, and to
collect physical and chemical measurements for pH, conductivity, dissolved oxygen,
nitrate, and turbidity.

Of those completing an Introductory course, about 35 percent proceed to Levels 1 and 2.
The CSI Program uses trained volunteers to collect samples and transport them to
laboratories approved by the departmentDepartment.— Volunteers and
departmentDepartment staff work together to develop a monitoring plan.— All Level 2, 3,
and 4-velunteers;as-weH-asal-CSl trained volunteers, are required to attend a validation
session every three3 years to ensure equipment, reagents, and methods meet program
standards.

Identification of All Existing and Readily Available Water Quality Data Sources

Data Solicitation Request

Two calendar years prior to the current listing cycletn-the-calendaryear2-yearspriorto-the
eurrent-Hsting-eyele, the departmentDepartment sends out a request for all available water

quality data (chemical, physical, and biologicall—Fhe-data).— In the solicitation, the
Department requests water quality data ferfrom within a time frame of approximately a-two

yeartimeframeyears prior to and including the current calendar year (up to October 31% of
the current year).— The data solicitation request is sent to multiple agencies, neighboring
states, and organizations.— In addition, and as part of the data solicitation process, the
departmentDepartment queries available water quality data from national databases such as
the Water Quality Portal*! consisting of EPA’s Storage-and-Retrieval {STORET)/Water
Quality Exchange (WQX) data warehouse,'?; and the USGS -Water-Quality-PortalNational
Water Information System (NWIS).*3:

1 https://www.waterqualitydata.us/

12 https://www.epa.gov/waterdata/water-quality-data-woxhttp:tiwmepa-govistoret/dwhome-html
13 https://waterdata.usgs.gov/nwishttp-iwann-watergualitydata-us/
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The data must be-spatially and temporally representative-of the actual annual ambient
conditions of the water body.— Sample locations should be characteristic and representative
of the main water mass or distinct hydrologic areas.— With the exception of-the data collected
for those designated uses that require seasonally based data (e.g., whole body contact
recreation, biological community data, and critical season dissolved oxygen), data should be
distributed over at least three seasons, over two years, and should not be biased toward
specific conditions (such as runoff, season, or hydrologic conditions).

Data meeting the following criteria will be accepted-:

—

o Samples must be collected and analyzed under a Quahity-Assurance/Quakity-Control
{QA/QC) protocol that follows the-EPA requirements for quality assurance project

plans: (QAPPs);
o Samples must be analyzed following protocols that are consistent with the-EPA or
Standard Method procedures:;

o All data submitted must be accompanied by a copy of the organization’s QA/QC
protocol and standard operating procedures-;

o All data must be reported in standard units as recommended in the relevant
approved methods:;

o All data must be accompanied by precise sample location(s), preferably in either
decimal degrees or Universal Transverse Mercator (UTM):) coordinates;

All data must be received in a Microsoft Excel or compatible format-; and
All data must have been collected within the requested period of record.

All readily available and acceptable data are uploaded intoeto the department’sDepartment’s

Water Quality Assessment (WQA) Database,'*; where the data undergoes quality control
checks prior to 303(d) or 305(b) assessment processes.

e Laboratory Analvytical Support

The following are laboratories used for each of the various monitoring efforts conducted in
MissouriZ2—Laberatories-used:

o Department/U.S-Geslogical-SurveyUSGS Cooperative Fixed Station Network:— U-S-
Geological-SurveyUSGS Lab; in Denver, Colorado

o Intensive Surveys:— Martesvaries, many are dene-completed by the dDepartment’s
Environmental Services Program (ESP)

o Effluent Toxicity Testing-efEffluents—Many:— many commercial laboratories

o Biolegical-CriteriaBiocriteria for Aquatic Macroinvertebrates:— department’s
EorsopmonSoprens Proceane gnd Mo Doseseni o Copepeanlion

14 https://apps5.mo.gov/mocwis_public/wga/waterbodySearch.dohttp:/dnr-me-gevime
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o Fish Tissue:— EPA Region VII Laboratory; in Kansas City, Kansas, ané
mlscellaneous contract Iaboratorles and éMﬁse&H—Depamﬂem—ef—GensewanenM DC:

o MISSOUI’I State Operatlng Permlt - Seliself monltorlng or commermal laboratories

o Department’s Public Drinking Water Monitoring:— department’s Environmental
Services-ProgramESP and commercial laboratories™

o Other water quality studies:— Manymany commercial laboratories

B. Sources of Water Quality Data

The following data sources are used by the departmentDepartment to aid in the compilation of
the state’s integrated report (previeushy-a.k.a the 305(b) report).— Where quality assurance
programs are deemed acceptable, additional sources would also be used to develop the state’s
Section 303(d) list.— These sources presently include, but are not limited to:

1. Fixed station water quality and sediment data collected and analyzed by the-department’s
Envirenmental- Services-Program  personnel.

2. Fixed station water quality data collected by the U-S-—Geslogical-SurveyUSGS under
contractual agreements with the departmentDepartment, or organizations other than the

Department.

4.3.Fixed station water quality, sediment quality, and aquatic biological information collected

by the U-S-Geelogical-SurveyUSGS under their National Stream Quality Accounting
Network and the National Water Quality Assessment Monitoring Programs.

5.4.Fixed station raw water quality data collected by the Kansas City Water Services
Department, the St. Louis City Water Company, the Missouri American Water Company
(formerly St. Louis County Water Company), Springfield City Utilities, and Springfield’s
Department of Public Works.

6-5.Fixed station water quality data collected by the U-S-Army-Cerps-efEngineers: USACE.

The Kansas City, St. Louis, and Little Rock Corps Districts have monitoring programs for
Corps-operated reservoirs in Missouri.

7-6.Fixed station water quality data collected by the Arkansas Department of Environmental
Quality, the Kansas Department of Health and Environment, the lowa Department of
Natural Resources, and the Illinois Environmental Protection Agency.

8.7.Fixed station water quality monitoring by corporations.

9.8.Annual fish tissue monitoring programs by EPA/the Department, MDC, DHSS, and EPA.

10:9. Special water quality surveys conducted by the departmentDepartment.
Most of these surveys are focused on-the water quality impacts of specific point source

15 For additional information visit: http://dnr.mo.gov/env/wpp/labs/
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wastewater discharges.— Some surveys are of well-delimited nonpoint sources, such as
abandoned mined-tanrdsmining areas.— Fhese-sSurveys often include physical habitat
evaluation and monitoring of aquatic macroinvertebrates, as well as water chemistry
m-@-ﬂ-l-teﬂ-ng- i .

1110. Special water quality surveys conducted by U-S-Geolegical-SurveyUSGS,
including but not limited to:

a) Geology, hydrology and water quality of various hazardous waste and abandoned
mining area sites;;

S19) Hydrology and water quality of urban nonpoint source runoff in
metropolitan areas of Missouri (e.g-., St. Louis, Kansas City, ard-Springfield);); and
&) Bacterial and nutrient contamination of streams in southern Missouri.
12.11. Special water quality studies by other agencies such as MDC, MDHSS, and
the U.S. Public Health Service,-and-the-Missouri-Department-ofHealth-and-Senior
Seproas,
13:12. Menitering-of-fishFish occurrence and distribution monitoring by MDC.
14.13. Fish Kill and Water Pollution Investigations Reports published by MDC.
15:14. Selected graduate research projects pertaining to water quality and/or

aquatic biology.

16:15. Water quality, sediment, and aquatic biological data collected by the
departmentDepartment, EPA or their contractors at hazardous waste sites in Missouri.

1716. Self-monitoring of receiving streams by cities, sewer districts and
industries, or contractors on their behalf, for those discharges that require this kind of
monitoring.— This meniteringeffort includes chemical and sometimes toxicity monitoring
of some-of-the larger wastewater discharges, particularly those that discharge to smaller
streams and have the greatest potential to affect instream water quality.

18:17. Compliance monitoring of receiving waters by the departmentDepartment
and EPA.— This can include chemical and toxicity monitoring.

19.18. Bacterial monitoring of streams and lakes by county health departments,
community lake associations, and other organizations using acceptable analytical methods.
20:19. Other monitoring activities done under a guality-assurance-project

plarQAPP approved by the departmentDepartment.
21-Fixed station water quality and aquatic macroinvertebrate monitoring by volunteers who

have successfully completed the Melunteer\Water-Quality-Menitoring\/\WOM Program
Level 2 training workshop.— Data collected by volunteers who have successfully completed
a trathing-Level 2 workshop is considered to be Data Code One (see Data Codes below
under “Data Type, Amount, and Information Content’).— Data generated from Molunteer
TFrainingVWOM Levels 2, and 3 -and-4-are considered “screening” level data and can be
useful in providing an indication of a-water quality preblemproblems.— For this reason, the
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data are eligible for use in distinguishing between waters in Categories 2A and 2B or
Categories 3A and 3B.— Mest-of-thisThis data are-is not used to place waters in main
Categories {12,-3--4; and 5} because analytical procedures do not use EPA-ef, Standard
Methods, or other departmentDepartment approved methods.— Data from volunteers who
have not yet completed a Level 2 training workshop do not have sufficient quality
assurance to be used ferin assessment.— Data generated by volunteers while participating in
the department’s-Cooperative-Site-trvestigationDepartment’s CSI Program (Section 11
C1)), or other volunteer generated data that otherwise meets the quality assurance outlined
in Section Il C2 of this LMD, may be used in Section 303(d) assessment.

20.

The following data sources {22-23}-cannot be directly used to rate a water as impaired
(Categories 4A, 4B, 4C or 5); however, these data sources may be used to directiarget
additional monitoring that would allow a-water quality assessment for Section 303(d) listing-:

e Fish Management Basin Plans published by MDC.

e Fish Consumption Advisories published annually by the Misseuri-Department-of-Health
and-Senier-Services:MDHSS .— Note: the Ddepartment may instead use data from data

sources listed as-Number-9-above; to list individual waters as impaired due to
contaminated fish tissue.

As previously stated, the departmentDepartment will review all data of acceptable quality that
arehave been submitted to the departmentDepartment prior to the first public notice of the draft
303(d) list.— However, the departmentDepartment will reserve the right to review and use data
of acceptable quality submitted after this date if the new data results in a change to the
assessment outcome of thea water- body.

C. Data Quality Considerations

¢ DNR Quality Assurance/Quality Control Program

The departmentDepartment and EPA Region VII have completed a Quality Management
Plan.— All environmental data generated directly by the departmentDepartment, or through
contracts funded by the departmentDepartment, or EPA require a Quatity-Assurance
Project-PlanQAPP.1°— The agency or organization responsible for collecting and/or
analyzing enwronmental data must write and adhere to a Quatity-Assurance-Project
PlanrQAPP approved through the department’sDepartment’s Quality Management Plan.
Any environmental data generated via a monitoring plan with a departmentDepartment

approved Quality-Assurance-ProjectRPlanQAPP are considered suitable for use in water

quality assessment and the 303(d) listing.— This includes data generated by volunteers
participating in the department’sDepartment’s CSI Program.— Under this program, the
department’s Environmental Serviees ProgramDepartment’s ESP will audit select

laboratories.— Laboratories that pass this audit will be approved for the CSI Program.

16 For additional information visit: http://www.epa.gov/quality/gapps.html
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Individual volunteers who collect field samples and deliver them to an approved laboratory
must first successfully complete departmentDepartment training on how to properly collect
and handle environmental samples.— The types of information that wiH-allow the
departmentDepartment to make a judgment on the acceptability of a quality assurance
program are: (1) a description of the training; and work experience of the persons involved
in the program, (2) a description of the field meters andas well as maintenance and
calibration procedures, (3) a description of sample collection andas well as handling
procedures, and (4) a description of all laboratory analytical methods-used-in-the-laberatory
for analysis.

e Other Quality Assurance/Quality Control Programs

Data generated in the absence of a departmentDepartment-approved Quakity-Assurance

ProejectPlanQAPP may be used to assess a water body if the departmentDepartment
determines that the data are adequate after reviewing and accepting the quality assurance

procedures plan used by the data generator.— This review would include: (1) names of all
persons involved in the monitoring program, their duties, and a description of their training
and work related experience, (2) all written procedures, Standard Operating Procedures, or
Quality-Assurance-ProjectPlansQAPPs pertaining to this-the monitoring effort, (3) a
description of all field methods used, brand names and model numbers of any equipment,
andas well as a description of calibration and maintenance procedures, and (4) a description
of laboratory analytical methods.— This review may also include an audit by the

department’s-Environmental-Services PregramDepartment’s ESP.

o Data Qualifiers

Data-The Department will handle data qualifiers wi-be-handled-in different ways
depending upon the qualifier, the analytical detection limit, and the numeric WQS::

o Less Than Qualifier “<” —- Ferthis-qualifier-the-department The Department will use

half ef-the reported less than value—Unless, unless circumstances cause issues with
assessment.— Examples of this include but are not limited to:
= |ess than values for bacteria.— Since we-caleulatethe Department calculates a
geometric mean, any value less than 1.0 could cause the data to be skewed
when using the geemetric-mean-caleulation-method of multiplying the values
then dividing by the n'" root.
= Less than values below the criterion but still close to the criterion; or less than
values that are above the criterion-.— In these cases, the departmentDepartment
will not use the data for assessments.

o Non-detection Qualifier “ND” —- The departmentDepartment treats these the same
as the less than ¢“<*y-qualifiersqualifier, with-the-exception that-for when a value is
not reported. For these cases, the departmentDepartment will use the method
detection limit as the reported less than value.

o Greater Than Qualifier “=2">" —- The departmentDepartment will only consider
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data with these-guakifiersthis qualifier for assessments when H-pertainspertaining to
bacteria.— In the cases of bacteriabacterial data, the reported greater than ¢“=>)-value

is doubled thenbefore being used in the assessment calculation.— In circumstances
where this practice is the sole reason for impairment-then, the greater than value(s)
will be used atas the reported value-(i.-e—net-doubled(s) in the assessment calculation-
(i.e., not doubled).

o Estimated Values “E” —- These values, reported as an estimate, are usually
characterized as being above the laboratory quantification limit but below the

laboratory reporting limit-and-are-thusreported-as-estimated-(“E™)—Semetimes.— High
bacteria values are sometimes reported as estimated(E™)-at-the-high-end

andestimates due to the partictaranalytical method used-feranalysis-this.— This
usually means a-dHution-ef-the sample was-used-had to be diluted during analysis

because the true bacteria count iswas higher than the method reporting maximum.
The departmentDepartment will not use estimated ¢“E*)-values if the value reported is
near the criterion.— If the value is well above or well below the criterion, then it will
be used in assessments.

Data Age

—Fer-More recent data are preferable for assessing present conditions,+ere-recent-data-are

preferable; however, older data may also be used te-assesspresent-conditions-if the data
remains representativereflective of present conditions.

o If the departmentDepartment uses data older than seven years to make a Section
303(d) list decision, a written justification for the use of such data will be provided.—

o If awater body has not been listed previously and all data indicating an impairment is
older than #seven years, then the water body shall be placed into Category 2B or 3B
and prioritized for future sampling.

o A second consideration is the age of the data relative to significant events that may
have-an-effectenaffect water quality.— BataFor example, data collected prior to the
initiation, closure, or significant change in a wastewater discharge, or prior to a large
spill event or the reclamation of a mining or hazardous waste site, fer-example-may
not be representative of present conditions.— SuehEven if the data were less than
seven vears old, such “pre-event” data would not be used to assess present conditions

cven if it was less than seven vears old. Such “pre-event” datacan

be used to show trends or determine changes in water quality before and after thean

event-orto-shew-water-guakity-trends.

Data Type, Amount, and Information Content
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EPA recommends establishing a series of data codes;and-rating that rate data quality by the
kind and ameuntquantity of data present at a particular location (EPA 1997%7).— The codes
are single-digit numbers from one to four, indicating the relative degree of assurance the
user-hasheld in the-valde-of-a particular environmental datasetdataset.— Data Code One
indicates the least assurance or the least number of samples or analytes and Data Code Four
indicates the greatest.— Based on EPA’s guidance, the departmentDepartment uses the
following rules to assign code numbers to data-:

o Data Code!® One:— All data not meeting the requirements of the other data codes.

o Data Code Two:
o Chemical data collected quarterly to bimonthly for at least three years;; or
) :

o Intensive studies that monitor several nearby sites repeatedly over short
periods of time;; or at

o At least three composite or plug fish tissue samples per water bodys;: or at

o At least five bacterial samples collected during the recreational season of
one calendar year.

o Data Code Three:
o Chemical data collected at least monthly for more than three years on a

variety of water quality constituents including heavy metals and
pesticides; or a

o A minimum of one quantitative biological monitoring study of at least one
aquatic assemblage (fish, macroinvertebrates, or algae) at multiple sites,
multiple seasons (spring and fall), or multiple samples at a single site
when data from that site is supported by biological monitoring at an
appropriate control site.

o Data Code Four:
o Chemical data collected at least monthly for more than three years that
provides data on a variety of water quality constituents including heavy
metals and pesticides, and ireluding-chemical sampling of

sedimentssediment and fish tissue; or a

e—A minimum of one quantitative biological monitoring study of at least two
aquatic assemblages (fish, macroinvertebrates, or algae) at multiple sites.
O

17 Guidelines for the Preparation of the Comprehensive State Water Quality Assessments (305b) and Electronic Updates, 1997.
(http://water.epa.gov/type/watersheds/monitoring/repguid.cfm)

18 Data Code One is equivalent to data water quality assurance Level One in 10 CSR 20-7.050 General Methodology for
Development of Impaired Waters List, subsection (2)(C), Data Code Two is equivalent to Level 2, etc.
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In Missouri, the primary purpose of Bata-Code One data is to provide a rapid and
inexpensive method of screening large numbers of waterswater bodies for obvious water
quality problems and to determine where more intensive monitoring is needed.— In-the
preparation of the state’s Integrated Report, data from all four data quality levels are used.
Most of-the-data isare of Data Code One quality, and without Bata-Code One data, the
departmentDepartment would not be able to assess a majority of the state’s waters.

In general, when selecting water bodies for the Missouri 303(d) Listlist, only Bata-Code
Two data (or higher) are used, unless the preblemDepartment can be-accurately
characterized-by-Dataand confidently characterize the problem using Code One data.*®
TFhereason-s-thatData-Code Two data provides a higher level of assurance that a \Water
Quality-Standard\WOS is not-aetualy being attained and that a TMDL study is necessary.
All water bodies placed in Categories 2 or 3 receive high priority for additional monitoring
so that data quality is upgraded to at least Data Code Two.— Category 2B and 3B waters
will be given higher priority than Categories 2A and 3A.

EPA suggests that states use these codes as a way of describing the type of information
collected the frequency of data coIIectlon the the spatial/temporal coverage and the data data

eetleeted—andthe%pathalﬁemperakeevetage—Mlssourl has followed thls qwdance in using

the data codes to explain the information type, collection frequency, and spatial/temporal
coverage; however, its application differs in regard to data quality. For data quality, the
departmentDepartment reviews the data-en-a-project-specificbasisand-ooksat, as well as
the laboratory-analysis-and-collection methods and laboratory analyses used to generate the
data-, on a project-specific basis. If the data is of acceptable quality-we-mark, the
Department marks the project and all ef-ts-underhyingassociated data as QA acceptable.
We-shewldThe Department only be-usirguses QA acceptable data for assessments, unless
thatthe data provides additional corroboration of impairment or attainment status.

Data Collection Considerations -

¢ Dissolved Oxygen and Flow

Dissolved-oxygen-nln streams-, dissolved oxygen is highly dependent on flow. For the
assessment-of streamsstream assessments, dissolved oxygen measurements must be
accompanied by asame-day flow measurementtaken-on-the-same-day-as-the-dissolved

exygen-measurement—The-disselved-oxygen-measurements-. Dissolved oxygen must also
be eeHectedmeasured from the flowing portion of the stream and must-not be influenced by

flooding or backwater conditions.

19 When a listing; amendment or delisting of a 303(d) water is made withusing only-Data Code One data, a document will be
prepared that includes a display of all data and a presentation of all statistical tests or other evaluative techniques that
deeumentsdocument the scientific defensibility of the data.- This requirement applies to all Bata-Code One data identified in
Appendix B of this document.
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D. How Water Quality Data is Evaluated to Determine Whether-orNoet-Waters-are

tmpairedImpairment Status for 303(d) Listing Purposes

Physical, Chemical, Biological and Toxicity Data

During each reporting cycle, the departmentDepartment and stakeholders review and revise
the guidelines for determining water quality impairment.— The guidelines, shown in
Appendix B & C, provide the-general rules of data use and assessment-and.— Additionally,
Appendix D provides details about the-specific analyticalprocedurestatistical analyses
used—-addition—f in impairment determinations.— If trend analysis indicates that
presently unimpaired waters will become impaired prior to the next listing cycle, these
“threatened waters” will be judged as impaired.— Where Missouri’s WQOS antidegradation

provisions in-Misseuri’s-Water Quality-Standards-apply, those provisions shall be upheld.
TFhe-numericalNumeric criteria included-in-Appendix-B-have been adopted into the-state

water-guahty-standards—10-CSR-20-7031\WOS and are used, as described in Appendix B,

to make use attainment decisions.

Weight of Evidence Approach

When evaluating narrative criteria described in-the state water-guality-standards;10-CSR
20-7-031the-department\WOS, the Department will use a weight of evidence analysis for
assessing numerical translators that-have-not been-yet adopted into state water-guality

standards\WOS (see Appendix C).— Under the weight of evidence approach, all available
information is examined and the greatest weight is given to data providing the “best
supporting evidence” for an attainment decision.— Determination of “best supporting
evidence” will be made using best professional judgment;-censidering by Department staff
that consider factors such as data quality; and site-specific environmental conditions.— For
those analytes with numeric thresholds, the threshold values given in Appendix C will
trigger a weight of evidence analysis to determine the existence or likelihood of a use
impairment and the appropriateness of proposing a 303(d) listing based on narrative
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criteria.— This weight of evidence analysis will include the use of other types of
environmental data when it is available, or collection of additional data to make the most
informed use attainment decision.— Examples of other relevant environmental data might
include physical or chemical data, biological data on fish for aguatic macroinvertebrates

(I.e., Fish Index of Biotic Integrity (fIB1}}-eraguatic-macreinvertebratef) and
Macromvertebrate Stream Condition Index (MSCI3}-seores), respectively), fish tissue data,

ef and water or #sediment toxicity testing-ef-water-or-sedimentsdata.

Biological data will be given greater weight in a weight of evidence analysis for making
attainment decisions for aquatic life use and subsequent Section 303(d) listings.— Whether
or not numeric translators of bielegical-eriteriabiocriteria are met is a strong indicator for
the attainment of aquatic life use.— Moreover, the departmentDepartment retains a high
degree of confidence in an attainment decision based on biological data that is
representative of water quality eenditienconditions.

When the weight of evidence analysis suggests; but does not provide strong scientifically
valid evidence of impairment, the departmentDepartment will place the water body in
question in Categories 2B or 3B.— The departmentDepartment will produce a document
showing all relevant data and the rationale for the attainment decision.— All such
documents will be available to the public at the time of the first public notice effor the
proposed 303(d) list.— AOnly after full consideration of all comments on the proposed list

will a fmal recommendation be made on the Ilstlng of a water body based on narratlve

Biological Data

Methods for assessing biological data typically receive considerable attention during the

public comment period of development of the Listing-Methedelogy-Boeument.LMD.

Currently, a defined set of biocriteria?® are used to evaluate biological data for assessing
compliance with water-guality-standards:\WWQS.— These biolegical-criteriabiocriteria contain
numeric thresholds, that when exceeded relative to prescribed assessment methods, serve as
a basis for identifying candidate waters for Section 303(d) listing.— Biocriteria are based on
three types of biological data;-eluding: (1) aquatic macroinvertebrate community data; (2)
fish community data; and, (3) a catch-all class referred to as “other biological data.”

In general, ferinterpretation-ofwhen interpreting macroinvertebrate data where Stream
Habitat Assessment Project Procedure (SHAPP}-{; MoDNR 2016b) assessment-scores
indicate habitat is less than 75 percent of either reference or appropriate control stream
scores; and-ir-the-absenee-of other data indicating impairment by a discrete pollutant is
absent, a water body judged to be impaired will be placed in Category 4C.— When
interpreting fish community data, a provisional multi-metric habitat index called the

20 This refers to Missouri’s Water Quality Standards (10 CSR 20-7.031) Section 5 (Specific Criteria) (R) (Biocriteria). Although
the Department uses the term “criteria” in association with biological metrics and indices throughout this document, numeric
biological criteria have not been promulgated in the rule. This document uses the developed numerical biological metrics and
indices as translators for the Biocriteria portion of 10 CSR 20-7.031(5)(R) [3/31/2018].
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QCPHL1 index is used to identify stream habitat in poor condition.— The QCPHL1 index
separates adequate habitat from poor habitat using a 0.39 threshold value; whereby,
QCPHL1 scores <-0:39-indicate-stream-habitatis-of poor-quality,—and-scores-greater than
0.39 indicate available stream habitat is adequate, and scores <less than 0.39 indicate
stream habitat is poor.— In the absence of other data indicating impairment by a discrete
pollutant, impaired fish communities with poor habitat will be placed in Category 4C.
Additional information about QCPHL1 is provided in the Considerations for the Influence of
Habitat Quality and Sample Representativeness section.

The sections below describe the-methods used to evaluate the three types of biological data
(macroinvertebrate community, fish community, and other biological data:).; aleng-with
bBackground information is included on the development and scoring of bielegical
eriteriabiocriteria, procedures for assessing biological data, methods used to ensure sample
representativeness, and additional information used to aid in assessing biological data, such
as the weight of evidence approach.

Aquatic Macroinvertebrate Community Data

The departmentDepartment conducts aquatic macroinvertebrate assessments to determine
macroinvertebrate community health as a function of habitat and water quality-and-habitat.
The health of a macroinvertebrate community is directly related to habitat and water quality

and-habiat.— Almost all macroinvertebrate evaluation-consists-of-comparingevaluations
compare the health of the “target” community ef-the-“targetto healthy-the health of
macroinvertebrate communities from reference streams of the same general size and

usually #n-the same Eeslogical Brainage Unrt{EDU)-.

The department’sDepartment’s approach to monitoring and evaluating aquatic
macroinvertebrates is largely based on Biological Criteria for Wadeable/Perennial Streams

of Missouri (MoDNR 2002).— This document provides the framework for aumerical
bielegical-eriteria-{numeric biocriteria} relevant to the protection of aquatic life use for
wadeable streams in the state.— Biocriteria were developed using wadeable reference
streams that occur in specific EDUs, as mapped by the Missouri Resource Assessment
Partnership (MORAP: reference Figure 1-belew).— For macroinvertebrates, the aumerical
bieeriteriopnumeric biocriteria translator is expressed as a multiple metric index referred to
as the MSCI.— The MSCI includes four metrics:— Taxa Richness (TR); Ephemeroptera,
Plecoptera, and Trichoptera Taxa (EPTT); Biotic Index (BI); and the Shannon Diversity
Index (SDI).— These metrics are considered indicators of stream health;-anéd that change
predictably in response to the environmental condition of a stream.

Metric values are determined directly from macroinvertebrate sampling.— To calculate the
MSCI, each metric is normalized to unitless values of 5five, three3, or one, which are then
added together for a total possible score of 20.— MSCI scores are divided into three levels
of stream condition:
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o Fully Biologically Supporting (16-—-20),
o Partially Biologically Supporting (10—-14), and
e Non-Biologically Supporting (4--8).

Partially and Non-Biologically Supporting streams may be considered impaired and are
candidates for Section 303(d) listing.

Missouri Ecological Drainage Units (EDUs)
and Biological Reference Locations

I Coriral Fains/Mishabotna/Platie
Genlral Plins/Osage/Sauth Grand

I Central Plsins/CubresSan

I Cenira Plains/Das Moinas:

= Pe—
OzarkNeosro

Crart/Gasconade
I Ozarionppiioachim
Qrarkiteromee

l&SJE

Figure 1: Missouri Ecological Drainage Units (EDUs) and Biological Reference Locations

UnitlessThe unitless metric values (five5, three3, or onel) were developed from the lower
quartile of theeach metric’s distribution-ef-each-metrie, as calculated from reference
streams for each EDU.— The lower quartile (25" percentile) of each metric equates to the
minimum value still representative-efrepresenting unimpaired conditions.— In operational
assessments, metric values below the lower quartile of reference conditions are typically
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judged as impaired (United-States-Environmental-Protection-AgeneyUS EPA 1996, Ohio
Envirenmental-Protection-AgencyEPA 1990, Barbour et al. 1996).— Meoreover—usingUsing

the 25" percentile of reference conditions for-each-metric-as a standard for impairment for
each metric allows the Department to filter out natural variability-to-be-fHtered-eut—.

For metrics with values that decrease with increasing impairment (TR, EPTT, SDI), any
value above the lower quartile of the reference distribution receives a score of five.— For
the BI, whose value increases with increasing impairment, any value below the upper
quartile (75" percentile) of the reference distribution receives a score of five.— The
remainder of each metric’s potential quartile range below the lower quartile is bisected; and
scored either a three or a one.— If the metric value is less than or equal to the quartile value
and greater than the bisection value, it is scored a three.— If the metric value is less than or
equal to the bisection value, it is scored a one.

MSCEIMSCI scores meeting data quality considerations may be assessed for the protection
of aquatic life using the following procedures-:

Determining Full Attainment of Aquatic Life Use:

e For seven or fewer samples, 75 percent% of the MSCI scores must be 16 or
greater.— Fauna achieving these scores are considered to be very similar to
biocriteria reference streams.

e For eight or more samples, results must be statistically similar to
representative reference or control streams.

Determining Non-Attainment of Aquatic Life Use:

o For seven or fewer samples, 75 percent% of the MSCI scores must be 14 or
lower.- Fauna achieving these scores are considered to be substantially
different from biocriteria reference streams.

o For eight or more samples, results must be statistically dissimilar to
representative reference or control streams.

Data will be judged inconclusive when outcomes do not meet requirements for
decisions of full or non-attainment.

As noted, when eight or more samples are available, results must be statistically
similar or dissimilar to reference or control conditions in order to make an
attainment decision.— To accomplish this, a binomial probability with an
appropriate level of significance (a=alpha), is calculated based on the null
hypothesis that the test stream would have a similar percentage of MSCI scores that
are 16 or greater as reference streams.— The significance level is set at 0=0.1,
meaning if the p-value of the hypothesis test is less than a, the hypothesis is
considered statistically significant.— The significance level of a is in fact the
probability of making a wrong decision and committing a Type | error (rejecting a
true null hypothesis).— When the Type | error rate is less than a=0.1, the null
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hypothesis is rejected. Inversely, when the Type | error rate is greater than a=0.1,
the null hypothesis is accepted.

For comparing samples from a test stream to samples collected from reference
streams in the same EDU, the percentage of samples from reference streams scoring
16 or greater is used to determine the probability of “success” and “failure” in the
binomial probability equation.— For example, if 84 percent% of the reference
stream MSCI scores in a particular EDU are 16 or greater, then 0.84 would be used
as the probability of success and 0.16 would be used as the probability of failure.
Note that Appendix D states to “rate a stream as impaired if the frequency of
biocriteria reference streams with fully supporting biological scores is greater

- rate a stream as impaired if biological criteria reference stream frequency of

fully-biologicaly-supperting-scoresis-greater-than five percent more than the test
stream,” thus, a value of 0.79 (0.84 - 0.05) would actually be used as the probability

of success in the binomial distribution equation.

Binomial Probability Example:

Reference streams from the Ozark/Gasconade EDU classified as riffle/pool stream
types with warm water temperature regimes produce fully biologically supporting
streams 85.7 percent% of the time.— In the test stream of interest, six out of ten
samples resulted in MSCI scores of 16 or more.— Calculate the Type | error rate for
the probability of getting six or fewer fully biologically supporting scores in ten
samples.

The binomial probability formula may be summarized as:
p" + (N1 XI(n-X)!*p"g") =1

Wherewhere,

Sample Size (n) = 10

Number of Successes (X) =6

Probability of Success (p) = 0.857 - 0.05 = 0.807
Probability of Failure () = 0.193

Excel has the BINOM.DIST function that will perform this calculation-:

=BINOM.DIST(number_s,trials,probability_s,cumulative)
=BINOM.DIST(6,10,0.807, TRUE)

Using Excel's Binomial Function
Probability of Success ‘ 0.807
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Sample Size 10

# of Successes 6
Type 1 Error Rate 0.109

Since 0.109 is greater than the test significance level (minimum allowable Type |
error rate) of o= 0.1, we accept the null hypothesis that the test stream has the same
percent of fully biologically supporting scores as the same type of reference streams
from the Ozark/Gasconade EDU.— Thus, this test stream would be judged as
unimpaired.

If under the same scenario, there were only 5 samples from the test stream with
MSCI scores of 16 or greater, the Type | error rate would change to 0.028, and

since this value is less than the significance level of a=0.1, the stream would be
judged as impaired.

Within each EDU, MSCI scores are categorized by sampling regime (glide/pool vs.
riffle/pool) and temperature regime (warm water vs. cold water).— The percentage of fully
biologically supporting scores for the Mississippi River Alluvial Basin/Black/Cache EDU
Is not available due to the lack of reference sites in this region.— Percentages of fully
biologically supporting samples per EDU is not included here; but can be made available
upon request.— The percentage of reference streams per EDU that are fully biologically
supporting may change periodically as additional macroinvertebrate samples are collected
and processed from reference samples within an EDU.

Sample Representativeness

TFhe-departments-fieldField and laboratory methods used by the Department to collect and
process macroinvertebrate samples are contained in the document Semi-Quantitative
Macroinvertebrate Stream Bioassessment (MoDNR 2015).— Macroinvertebrates are
identified to levels following standard operating procedures contained in Taxonomic Levels
for Macroinvertebrate Identifications (MoDNR 2016b).— Macroinvertebrate monitoring is
accompanied by physical habitat evaluations, as described in the document Stream Habitat
Assessment (MoDNR 2016a).— For the assessment of macroinvertebrate samples, available
information must meet datacodelevelsthreeData Code Levels 3 and four4, as described in
Section I1.C of this LMD.— Data coded as levels-threel_evels 3 and fourd represent
environmental data providing the greatest degree of assurance.— Thus, at a minimum,
macroinvertebrate assessments include multiple samples from a single site, or samples
from multiple sites within a single reach.

It is important to avoid situations where poor or inadequate habitat prohibits
macroinvertebrate communities from being assessed as fully biologically supporting.
Therefore, when assessing macroinvertebrate samples, the quality of available habitat must
be similar to that of reference streams within the apprepriatesame EDU.— The
department’sDepartment’s policy for addressing this concern has been to exclude MSCI
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scores from an assessment when accompanying habitat scores are less than 75 percent of
the mean habitat scores from reference streams of the-appropriatea given EDU.— The
following procedures outline the department’sDepartment’s method for assessing
macroinvertebrate communities from sites with poor or inadequate habitat.

Assessing Macroinvertebrate Communities from Poor or /Inadequate Habitat:

e If less than half the macroinvertebrate samples in an assessed stream segment
have habitat scores less than 75 percent of the mean score for reference streams in
that EDU, any sample that scores less than 16 and has a habitat score less than 75
percent of the mean reference stream score for that EDU, is excluded from the
assessment process.

o If at least half the macroinvertebrate samples in an assessed stream segment have
habitat scores less than 75 percent of the mean score for reference streams in that
EDU and the assessment results in a judgment that the macroinvertebrate
community is impaired, the assessed segment will be placed in Category 4C
impairment due to poor aquatic habitat.

e If one portion of the assessment reach contains two or more samples with habitat
scores less than 75 percent of reference streams from that EDU while the
remaining portion does not, the portion of the stream with poor habitat scores
could be separately assessed as a eategoryCategory 4C stream, permitting low
MSCI scores.

Macroinvertebrate sampling methods vary by stream type.— One method is used in
riffle/pool predominant streams, and the other method is for glide/pool predominant
streams.— For each stream type, macroinvertebrate sampling targets three habitats.

e For riffle/pool streams, the three habitats sampled are flowing water over coarse
substrate, non-flowing water over depositional substrate, and rootmat substrate.

e For glide/pool streams, the three habitats sampled are non-flowing water over
depositional substrate, large woody debris substrate, and rootmat substrate.

In some instances, one or more of the habitats sampled can be limited or missing from a
stream reach, which may affect an-MSCI scores.— Macroinvertebrate samples based on
only two habitats may have an MSCI score equal to or greater than 16, but it is also
possible that a missing habitat may lead to a decreased MSCI score.— Although MoDNR
stream habitat assessment procedures take into account a number of physical habitat
parameters from the sample reach (ferexample;e.q., riparian vegetation width, channel
alteration, bank stability, bank vegetation protection;-ete-);), they do not exclusively
measure the quality or quantity of the three predominant habitats from each stream.— When
evaluating potentially impaired macroinvertebrate communities, the number of habitats
sampled, in addition to the stream habitat assessment score, will be considered to ensure
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MSCI scores less than 16 are properly attributed to poor water quality or poor or
finadequate habitat condition.

Biologists responsible for conducting biological assessments will determine the extent to
which habitat availability is responsible for a non-supporting (<16) MSCI score.— If it is
apparent that a non-supporting MSCI score was due to limited habitat, these effects will be
stated in the biological assessment report.— This limitation will then be considered when
deciding which Listing Methodology eategoeryCategory is most appropriate for an
individual stream.— This procedure, as part of the Department’s an-MBNR-biological
assessment, will aid in determining whether impaired macroinvertebrate samples have
MSCI scores based on poor water quality conditions versusor habitat limitations.

To ensure assessments are based on representative macroinvertebrate samples, samples
collected during or shortly after prolonged drought, shortly after major flood events, or any
other conditions that fall outside the range of environmental conditions under which
reference streams in the EDU were sampled, will not be used to make an attainment
decision for a Section 303(d) listing or any other water quality assessment purposes.
Sample “representativeness” is judged by Water Protection Program (WPP) staff after
reading the biomonitoring report for that stream, and if needed, consultingatien with
biologists from the department’s-Environmental-Services-Program-Department’s ESP.
Regarding smaller deviations from “normal” conditions, roughly 20 percent of reference
samples failing to meet a fully biologically supporting MSCI score were collected
following weather or felimateclimatic extremes; as a result, bielogical-eriteriabiocriteria for
a given EDU are inclusive of samples collected during not only ideal macroinvertebrate -
rearing conditions, but also during the weather extremes that Missouri experiences.

Assessing Small Streams

Occasionally, macroinvertebrate monitoring is needed to assess streams smaller than the
typical wadeable/perennial reference streams listed in Table I of Missouri’s Water-Quality
Standards:\WWOS.— Smaller streams may include Class C streams (streams that may cease
flow in dry periods but maintain permanent pools which support aquatic life) or those that
are unclassified.— Assessing small streams involves comparing test stream and candidate
reference stream MSCI scores first; to Wadeable/Perennial Reference Stream (WPRS)
criteria, and then second to each other.

In MoDNR’s Biological Criteria Database, there are 16 candidate reference streams labeled
as Class P, 23 labeled as Class C, and 24 labeled as Class U.— In previous work by
MoDNR, when the MSCI was calculated according to WPRS criteria, the failure rate for
sueh-candidate reference streams was 31%-percent for Class P, 39 percent% for Class C,
and 70 percent% for Class U.— The data trend showed a higher failure rate for increasingly
smaller high--quality streams when scored using WPRS biological criteria.— This trend
demonstrates the need to include the utilization of candidate reference streams in biological
stream assessments.
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Prior to the 2014 revision of the Missouri WaterQuality-Standards\WOS there was no size

classification for streams.— The 2014 revision codified size classification for rivers and
streams based on five size categories for Warm Water, Cool Water, and Cold Water
Habitats.— The size classifications are defined as Headwater, Creek, Small River, Large
River and Great River.— -Water permanence continues to be classified as Class P (streams
that maintain permanent flow even in drought periods); Class C (streams that cease flow in
dry periods but maintain permanent pools which support aquatic life); and the newly
adopted Class E (streams that do not maintain permanent surface flow or permanent pools,
but have surface flow or pools in response to precipitation events).

Table I of Missouri’s WaterQuality-Standards\WOS lists 62 wadeable/perennial reference
streams that provide the current basis for numeric bielogical-eritertabiocriteria.

Wadeable/perennial reference streams are a composite of Creek and Small River size
classes.— Interpretation of Creek (Size Code 2) and Small River (Size Code 3) is based on
the Missouri-Reseurce-Assessment-ParthershipMORAP Shreve Link number found in
Table 2.— These wadeable/perennial reference streams were selected previousprior to the
2014 revision of the Missouri Water-Quakity-Standards\WOS and were based on the former
Table H (Stream Classifications and Use Designations).— All, or a portion, of seven
wadeable/perennial reference streams are Class C; and all, or a portion, of 57
wadeable/perennial reference streams are Class P.

As part of the 2014 revision of the Missouri Water-Quahity-Standards\WQS, classified

streams were changed from only waters listed in Table H to include a modified version of
the 1:100,000 National Hydrography Dataset: (NHD).— This dataset provides a geospatial
framework for classified streams and is referred to as the Missouri Use Designation Dataset
(MUDD).— The streams and rivers now listed in MUDD contain approximately 100,000
miles of newly classified streams, many of which are the Headwater size class.
Interpretation of Headwater size (Size Code 1) is based on the Misseuri-Resouree

Assessment-PartrershipMORAP Shreve Link number found in Table 2.

Table 2.
_Missouri Resource Assessment Partnership Shreve Link Number for Stream Size
Code
Stream Size Size Code Plains Shreve Link Number Ozark Shreve Link Number
Headwater 1 1-2 1-4
Creek 2 3-30 5-50
Small River 3 31-700 51-450
Large River 4 701-maximum 451- maximum
Great River 5 Missouri & Mississippi Missouri & Mississippi
Unknown 0

In natural channels, biological assessments will be based on criteria established from
comparable stream size and permanence.-Current WPRS criteria and the MDC fIBI metrics
only apply to Creek and Small River size categories. MDC fIBI metrics apply exclusively
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to the Ozarks ecoregion.-Biocriteria have not been established for the size categories of
Great River, Large River, or Headwater. The need for alternate criteria for Headwater size
class streams is supported by the higher failure rate (70 percent%) for small size streams
when scored using wadeable/perennial reference stream bielogical-eriteriabiocriteria
(MoDNR, unpublished data).-Since headwater stream biocriteria have not been established,
the utilization of candidate headwater reference streams and draft criteria will be necessary
to perform biological stream assessments of headwater size streams until scientifically

defenS|bIe criteria have been developed (quure 2) Ihe—Z@%Fexﬂsqen—ef—Mrsseaﬂ—s—Waeer
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Biological Criteria by Stream Size
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Figure 2. Biological criteria based on stream size classification.

For test streams that are smaller than wadeable perennial reference streams, the Department
MBNR samples five candidate reference streams of same or similar size and Valley
Segment Type (VST) in the same EDU twice during the same year the test stream is
sampled (additional information about the-selectingen small control streams is provided
below).— Although in most cases the DepartmentMBNR samples small candidate reference
streams concurrently with test streams, existing data may be used if a robust candidate
reference stream data-set exists for the EDU.

If the ten small candidate reference stream scores are similar to wadeable perennial
reference stream criteria, then they and the test stream are considered to have a Class C or
Class P general-warm water habitat designatedbenefieial use, and the MSCI scoring system
in the LMD should be used.— If the small candidate reference streams have scores lower
than the wadeable perennial reference streams, the assumption is that the small candidate
reference streams, and the test stream, represent designated uses related to stream size that
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are not yet approved by EPA in the state’s water-guakity-standards\WOS.— The current
assessment method for test streams that are smaller than reference streams is stated below.

e |f 75 percent% of the ten candidate reference stream scores are 16 or greater when
compared to WPRS criteria, then the test stream will be assessed using MSCI
based procedures in the LMD.

o If 75 percent% of the ten candidate reference stream scores are below 16 when
compared to WPRS criteria then:

a) The test stream will be judged “unimpaired” if test stream scores meet
criteria developed from the candidate reference stream scores. If 75 percent%
of the test stream scores are 16 or greater when compared to criteria
developed from the candidate reference streams, the stream will be judged
“unimpaired.”-

b) The test stream will be assessed as having an “impaired” macroinvertebrate
community if test stream scores do not meet criteria developed from the
candidate reference stream scores. If 75 percent% of the test stream scores
are below 16 when compared to criteria developed from the candidate
reference streams, the stream will be judged “impaired.”-

c) The test stream will be judged “inconclusive” if the requirements in a) and b)
are not met.

All work will be documented on the macroinvertebrate assessment worksheet and be made
available during the public notice period.

Selecting Small Candidate Reference Streams

Accurately assessing streams that are smaller than reference streams begins with properly
selecting small candidate reference streams.— Candidate reference streams are smaller than
WPRS streams and have been identified as “best available” reference stream segments in
the same EDU as the test stream according to watershed, riparian, and in-channel
conditions.— The selection of candidate reference streams is consistent with framework
provided by Hughes et al. (1986) with added requirements that candidate reference streams
must be from the same EDU and have the same or similar values for VST parameters.— If
candidate reference streams perform well when compared to WPRS, then test streams of
similar size and VST are expected to do so as well.— VST parameters important for
selection are based on temperature, stream size, flow, geology, and relative gradient, with
emphasis placed on the first three parameters.

The stepwise process for candidate reference stream selection is listed below.
Documentation of the steps in this process will be available upon request and will include
but are not limited to: GIS layers used, segment 1Ds eliminated at the various steps,
candidate stream list for field verification, etc.
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1. Determine test stream reaches to be assessed.— Missouri Department of Natural
Resources staff in the Water Protection Program’s Monitoring and Assessment Unit will
use data that indicates potential impairment to determine where additional studies are
needed.— Department staff with the Environmental Services Program’s Aquatic
Bioassessment Unit will be used to conduct studies requested by the WPP.

2. ldentify appropriate EDU.— The Ecological Drainage Unit in which the test stream is
located will be identified so that applicable biological criteria can be used to score
macroinvertebrate data collected by Department biologists.

3. Determine five variable VST of test stream segments (1st digit = temperature; 2nd
digit = size; 3rd digit = flow; 4th digit = geology; and 5th digit = relative gradient).— This
five-digit VST code provides a description of the test stream for later use in selecting
appropriate candidate reference streams that are similar to the test stream (giving
temperature, size, and flow the highest importance).

4. Filter all stream segments within the same EDU for the relevant five variable VSTs
(1st and 2nd digits especially critical for small streams).— The five VST features of the test
stream will be determined by checking the “AQUATIC.STRM SEGMENTS” layer in GIS
software (e.g., ArcMap).— This layer has an associated Attribute Table that has, among
many other features, the five-digit VST code for classified Missouri streams.— During the
filtering process, the five-digit code (listed as “VST 5VAR” in the Attribute Table) of the
test stream is chosen in an ArcMap tool called “Select by Attributes.”— The five-digit
code of the test stream is entered into this ArcMap tool, which can then be used to list
only streams with the same five VST variables while excluding (i.e., “filtering out”) all
other streams with different variables.

5. Filter all potential VST stream segments for stressors against available GIS layers
(e.g.. point sources, landfills, CAFOs, lakes, reservoirs, mining, etc.).— A GIS layer that
includes the stream segments selected in Step 4 will be created.— The proximity of these
selected stream layers will be evaluated relative to stressor layers cataloged in GIS using
filtering steps similar to those described above.— Stream segments with stressors having
documented impacts will be eliminated from further consideration.— The presence of a
single potential stressor will not automatically lead to a stream reach being rejected;
rather, the aggregate of potential stressors in a watershed will be evaluated.

6. Filter all potential VST stream segments against historical reports and databases.— Past
accounts of occurrences that may result in a stream failing to meet the “best available,
least impaired” criteria will be evaluated.— These incidents may include events such as
fish kills, combined sewer overflows, or past environmental emergencies (e.g., releases of
toxic substances). Exceptions can be made when the cause of the incident no longer exists
and there are no lingering effects. In contrast, historical reports may also include studies
by other biologists that support the use of a stream segment as a candidate reference
stream.
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7. Calculate land use categories of candidate reference streams (e.g., percentage of forest,
grassland, impervious surface, etc.) in GIS mapping software using available land cover
datasets (Sources of land use data that are currently used are- NLCD 2011 and MoRAP
2005%%), Candidate reference streams with the same or similar AES type as the test stream
(within the EDU) will be given preference throughout the selection process. In addition,
candidate reference streams should also be chosen from candidate reference stream
watersheds whose land use composition is representative of test stream’s AES, and
generally representative of EDU land uses.— Candidate reference stream watersheds will
be excluded if impervious area covers greater than 10 percent% of the watershed area
(Center for Watershed Protection, 2003).

8. Develop candidate stream list with coordinates for field verification.

9. Field verify candidate list for actual use (e.g.. animal grazing, in-stream habitat,
riparian habitat), migration barriers (e.g., culverts, low water bridge crossings)
representativeness, (gravel mining, and other obvious human stressors).— Biologists can
make additional fine-scale adjustments to the list of candidate streams by visiting sites in
person.— Certain features visible on-site may have been missed with GIS and other
computer based filtering. Stream flow must be field verified to be similar to test streams.

10. Of the sites remaining after field verification and elimination, at least five of the top
ranked candidate sites will be subjected to additional evaluation outlined below.

For steps 4-9: These steps occur at the EDU level identified in step
2. These steps look at all streams within the identified EDU
including those in the same Aquatic Ecological System (AES) Type
as the test stream. Streams in the same AES Type as the test stream
(within the identified EDU) will be given preference and be selected
to go through the remaining steps (10-13) below.

11. Collect chemical, biological, habitat, and possibly sediment field data.— Collection of
physical samples is the ultimate manner in which the quality of a stream is judged.
Although factors evaluated in the previous steps are good indicators of whether a stream
is of reference quality, it is the evaluation of chemical, physical and biological attributes
in relation to other candidate reference streams that is the final determinant. If chemical
sampling documents an exceedance of water quality standards, the candidate reference
stream will be eliminated from consideration.

12. After multiple sampling events evaluate recent field data against available historical
chemical, physical, biological, and land use data from each corresponding candidate
reference stream.— Aquatic systems are subject to fluctuation due to weather, stream flow,
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and other climatic conditions.— Land use in the watershed of a candidate reference also
can change over time.— It is therefore important to compare recent data to available
historical data to evaluate if watershed conditions have changed over time. If this
evaluation indicates that the candidate reference stream conditions are similar to or have
improved relative to historical conditions, they will be retained. If historical data are not
available to make the comparisons, the candidate reference streams will be retained.

13. If field data are satisfactory, retain candidate reference stream label in database.
Reference streams and candidate reference streams are labeled as such in a database
maintained by the Department’s Aquatic Bioassessment Unit in Jefferson City, Missouri.

Fish Community Data

The departmentDepartment utilizes fish community data to determine if aquatic life use is
supported in certain types of Missouri streams.— When properly evaluated, fish
communities serve as important indicators of stream health.— In Missouri, fish communities
are surveyed by the-MDC.— Each year, MDC selects an aquatic subregion to-sample-each
year—and-therein—surveysfrom which randomly selected streams-of-2" to 51 order in
sizesized streams are surveyed.— Fish sampling follows procedures described in the
document Resource Assessment and Monitoring Program: Standard Operational
Procedures--Fish Sampling (Fischer & Combes 2011).— Numeric biocriteria for fish are
represented by the fish-lndex-of Biotic-tntegrity(fIB1)..— Development of the fIBI is
described in the document Biological Criteria for Stream Fish Communities of Missouri
(Doisy et al. 2008).

The fIBI is a multi-metric index made up of nine individual metrics, which include:
e number (No.#) of native individuals;
e #No. of native darter species;
e #No. of native benthic species;
e No.# of native water column species;
e No. # of native minnow species;
e No.# of all native lithophilic species;
e percentage-{%) of native insectivore cyprinid individuals;
percentage %-of native sunfish individuals; and,
percentage %-of the three top dominant species.

Values for each metric, as directly calculated from the fish community sample, are
converted to unitless scores of oneZ, three3, or five5 according to criteria in Doisy et al.
(2008).— The fIBI is then calculated by summingadeing these unitless values togetherfor a
total possible score of 45.— Doisy et al. (2008) established an impairment threshold of 36
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(where the 25" percentile of reference sites representedrepresent a score of 37), with values
equal to or greater than 36 representing unimpaired communities; and values less than 36
representing impaired communities.— For more information regarding fIBI scoring,-please
see Doisy et al. (2008).

Based on consultation between the departmentDepartment and MDC, thea fIBI impairment
threshold value of 36 was used as the numeric biocriterion translator for making an
attainment deeistondecisions for aquatic life (Appendix C).— Werk-byHowever, because
the work of Doisy et al. (2008) focused on streams 3™ to 51" order in size; and-the fIBI was
only validated for streams in the Ozark ecoregion;- (not for streams in the Central Plains

andor Mississippi Alluvial Basin—Fherefore-when-assessing-streams-with-the), fIBIthe

index may only be applied tewhen assessing streams 3™ to 5™ order in size from the Ozark
ecoregion.— Assessment procedures are outlined below.
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Full Attainment
e For seven or fewer samples and-foHowingcollected using MDC RAM fish
community protocols, 75 percent% of fIBI scores must be 36 or greater.
Fauna achieving these scores are considered te-be-very similar to Ozark
reference streams.

e For eight or more samples, the pereent-of samplespercentage scoring 36 or
greater must be statistically similar to representative reference or control

streams.— To determine statistical similarity, a binomial probability Type I
error rate (0.1) is calculated based on the null hypothesis that the test stream
would have the same percentage (75 percent%) of fIBI scores greater than
36 as reference streams.— If the Type | error rate is more than the
significance level 0=0.1, the fish community would-beis rated as
unimpaired.

Non-Attainment
e For seven or fewer samples and-felowingcollected using MDC RAM fish
community protocols, 75 percent%— of the fIBI scores must be lower than
36.— Fauna achieving these scores are considered to-be-substantially
different thanfrom regional reference streams.

e For eight or more samples, the perecent-efsamplespercentage scoring 36 or
less must be statistically dissimilar to representative reference or control

streams.— To determine statistical dissimilarity, a binomial probability Type
| error rate is calculated based on the null hypothesis that the test stream
would have the same percentage (75 percent%) of fIBI scores greater than
36 as reference streams.— If the Type I error rate is less than 0.1, the null
hypothesis is rejected and the fish community weuld-beis- rated as impaired.

Data will be judged inconclusive when outcomes do not meet requirements for
decisions of full or non-attainment.

With the exception of two subtle differences, use of the binomial probability for fish
community samples will follow the example provided for macroinvertebrate samples in the
previous section.— First, instead of test stream samples being compared to reference

streams of the same EDU, they will only be compared to reference streams from the Ozark
ecoregion.— Secondly, the probability of success used in the binomial distribution equation
will always be set to 0.70 sinree-(see Appendix D for details:).states-to-—rate-a-stream-as

Although 1% and 2" order stream data will not be used to judge a stream as impaired for
Section 303(d) purposes, the departmentDepartment may use the above assessment
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procedures to judge 1%t and 2" order streams as unimpaired.— Moreover, should samples
contain fIBI scores less than 29 (Doisy et al. 2008), the departmentDepartment may judge
the stream as “suspected of impairment” using the above procedures.

Considerations for the Influence of Habitat Quality and Sample Representativeness

Low fIBI scores that are substantially different than reference streams could be the result of
problems with water quality-preblems, habitat-problems, or both.— When low fIBI scores
are establisheddetermined, it is necessary to review additional information to differentiate
between an impairment caused by water quality and one that-is-caused by habitat.— Fhe
eollection-ef-a-fishFish community sample collection is-alse accompanied by a survey of
physical habitat from the sampled reach.— MDC sampling protocol for stream habitat
follows procedures provided by Peck et al. (2006).— With MDC guidance, the
departmentDepartment utilizes this habitat data and other available information to assure
that ana fish-based assessment of aquatic life attainment based-en-fish-data-is only the
result of water quality, and that an impairment resulting from poor or inadequate habitat is
categorized as such.— This section describes the procedures used to assure low fIBI scores
are the result of water quality problems and not habitat degradation.

The information below outlines the department’sDepartment’s provisional method to
identify unrepresentative samples and low fIBI scores withof questionable habitat
condition, and to ensure eerrespending-resulting fish-1BI scores are not used for Section
303(d) listing.

a) Following recommendations from the biocriteria workgroup, the
departmentDepartment will consult MDC about the habitat condition of
particular streams when assessing low fIBI scores.

b) Samples may be considered for Section 303(d) listing ONLY if they were
collected in the Ozark ecoregion, and, based upon best professional judgment
from MDC staff, the samples were collected during normal representative
conditions, based upon hest professional judgment from MDC staff,.
Samples collected from the Central Plains and Mississippi Alluvial Basin
cannot be appropriately evaluated and are excluded from Section 303(d)
listing.

¢) Only samples from streams 3" to 5" order in size may be considered for
Section 303(d) listing.— Samples from 1% or 2" order stream-sizesstreams are
excluded from Section 303(d) consideration; however, they may still be
placed into Categories 2B and 3B if impairment is suspected, or into
Categories 1, 2A, or 3A if sample scores indicate a stream is unimpaired.
Samples from lower stream orders are surveyed under a different RAM
Program protocol than 3" to 5™ order streams.
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d) Samples that are ineligible for Section 303(d) listing include those collected

from or in close proximity to losing streams, as defined by the Bepartment-of
Geology-and-Land-SurveyMissouri Geological Survey;-ereoHected-inr-close
proximity-to-lesing-streams..— Additionally, ineligible samples may include
those collected enfrom streams that-were-censidered-to-havewith natural flow
issues (such as streams reduced predeminately-to predominately subsurface
flow) preventingthat prevent good fish-1BHf1B1 scores from being obtained, as
determined through best professional judgment of MDC staff.

Fish IBI scores must be accompanied by habitat-samples-with-a QCPH1
habitat index score.— MBC-was-asked-to-analyzeAfter analyzing meaningful
habitat metrics and identifyidentifying samples where habitat metrics seemed

to indicate potential habitat concerns—As-a+esult;, MDC developed a

prOV|S|onaI index named QCPleasrdeveleped QGPH&—v&lHeHessJehan

habﬁastav&Hable—The QCPHl comprlses Six sub metrlcs indicative of
substrate quality, channel disturbance, channel volume, channel spatial
complexity, fish cover, andas well as tractive force and velocity. QCPH1
values less than 0.39 indicate poor habitat, and values greater than 0.39
suggest adequate habitat.

The QCPHL1 index is calculated as follows:

QCPHL1 = ((Substrate Quality*= * Channel Disturbance* * Channel Volume *
Channel Spatial Complexity * Fish Cover * Tractive Force & Velocity)*®)

Wherewhere sub-metrics are determined by:

Substrate Quality = [(embeddedness + small particles)/2] * [(filamentous algae
+ aquatic macrophyte)/2] * bedrock and& hardpan

Channel Disturbance = concrete * riprap * inlet/outlet pipes * relative bed
stability * residual pool observed to expected ratio

Channel Volume = [(dry substrate+ + width depth product + residual pool +
wetted width)/4]

Channel Spatial Complexity = (coefficient of variation of mean depth +
coefficient of variation of mean wetted width +
fish cover variety)/3

Fish Cover = [(all natural fish cover + ((brush ard& overhanging vegetation +
boulders + undercut bank + large woody debris)/4) + large types of
fish cover)/3]
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Tractive Force & Velocity = [(mean slope + depth * slope)/2]

Unimpaired fish-HBI1B1 samples (fIBI >36) with QCPH1 index scores below the 0.39
threshold value, or samples without a QCPH1 score altogether, are eliminated from
consideration for Category 5 and, instead placed into Categories 2B or 3B should an
impairment be suspected.— Impaired fish communities (fIB1 <36) with QCPH1 scores
<below 0.39 can be placed into Category 4C (non-discrete pollutant/habitat impairment).
Impaired fish communities (fIB1 <36) with adequate habitat scores (QCPH1 >0.39) can be
placed into Category 5.— Appropriate-streams-with-unimpairedUnimpaired fish
communities (fIBI >36) and adequate habitat (QCPH1 >0.39) may be used to judge a
stream as unimpaired.

SimHar-to-macroinvertebrates,assessment  of fish community
nformationcommunities must be based on data coded level-threel evel 3 or fourd as
described in Section 11.C of this decumentl_VID.— Data coded as levelsthreel evels 3 and
four4 represent environmental data with the greatest degree of assurance; and thus;indicate
that assessments will include multiple samples from a single site; or samples from multiple
sites within a single reach.

Following the department’sDepartment’s provisional methodology, fish community
samples available for assessment (using procedures in Appendix C & D) include only those
from 3" to 5" order Ozark Plateau streams;- with adequate habitat collected under normal;

representative conditions;-where-habitat seemed-to-be-good-and where there were no issues

with inadequate flow or water volume.

IV.  Other Biological Data

On a case by case basis, the departmentDepartment may use biological data other than
MSCI or fIBI scores for assessing attainment of aquatic life.— Other biological data may
include information on single indicator aquatic species that are ecologically or
recreationally important, or individual measures of community health that respond
predictably to environmental stress.— Measures of community health could be represented
by aspects of structure, composition, individual health, and processes of the aquatic biota.
Examples could include measures of density or diversity of aquatic organisms, replacement
of pollution intolerant taxa, or even the presence of biochemical markers.

Acute or Chronic Toxicity Tests

If toxicity tests are to be used as part of the weight of evidence, then accompanying media
(water or sediment) anakysisanalyses must accompany the-toxicity test results— (e.g.-Metals,
It metals are a concern, then metals concentrations in the sediment sample used for an acute
toxicity test must accompany the toxicity test results-H-metals-are-a-concern; or, if PAHS
are a concern, then PAHs concentrations and the Total Organic Carbon (TOC)
concentration must accompany toxicity test results).— The organism, its developmental
stage used for the toxicity test, and the duration of the test must also accompany the results.
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Other biological data should be collected under a well vetted study that is documented in a
scientific report, a weight of evidence approach should be established, and the report
should be referenced in the 303(d) listing worksheet.— If other biological data is a critical
component of the community and has been adversely affected by the presence of a
pollutant or stressor, then such data would indicate a water body is impaired.— The
department’sDepartment’s use of other biological data is consistent with EPA’s policy on
independent applicability for making attainment decisions, which is intended to protect
against dismissing valuable information when diagnosing an impairment of aquatic life.

The use of other biological data is infrequent in water body assessments-eeeurs
nfreguently, but when available, it is usually assessed in combination with other
information collected within the water body of interest.— The departmentDepartment will
avoid using other biological data as the sole justification for a Section 303(d) listing;
however, other biological data will be used as part of a weight of evidence analysis for
making the most informed assessment decision.

V. Toxic Chemicals

Water

For-the-interpretation-of toxicity-test-data-standardStandard acute or chronic bioassay
procedures using freshwater aquatic fauna such as, but not limited to, \Water Flea
(Ceriodaphnia dubia), Fathead Minnows (Pimephales promelas),— Amphipod (Hyalella
azteca), or Rainbow Trout (Oncorhynchus mykiss)?? will provide adequate evidence of
toxicity for 303(d) listing purposes.— Microtox®toxicity tests may be used to list a water as
affected by “toxicity” only if-there-are data of another kind (freshwater toxicity tests,
sediment orehemistry; water chemistry, or biological sampling) thatalso indicate water
quality impairment.

For any given water, available data may occur throughout the system and/or be concentrated
in certain areas.— When the location of pollution sources are known, the department
Department reserves the right to assess data representative of impacted conditions separately
from data representative of unimpacted conditions.— Pollution sources include those that
may occur at discrete points along a water body, or those that are more diffuse.

Chronic Toxicity Events
ParametersThe parameters in WQS-that-are labeled as chronic criterion can be
assessed in two ways:

1. Continuous Data Sondes

22 Reference 10 CSR 20-7.015(9)(L) for additional information
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e For data that has been collected consecutively over time, (eg—Ae.0., a
data sonde collecting pH information every 15 minutes for a two--
week time period) the data will be used as is after QA/QC procedures.

2. Grab Samples

e For samples that have not been collected consecutively, (eg—Grabe.q.,
a grab sample collected once a week) the hydrologic flow conditions
of the stream or the closest USGS gage will be used to verify the
sample was collected during stable flow conditions.— If the flow
conditions were unstable, then the sample will not be assessed against
the chronic criterion.— If the flow conditions were stable, then the
sample will be assessed against the chronic criterion. There are three
categories of stable flow conditions: High, Medium, and Low.

i. High Stable Flow —- is-greater than the 50" percentile
exceedance flow, and less than 10 percent% change in flow
over a 48--hour period.

ii. Medium Stable Flow — is-between the 90" percentile
exceedance flow and the 50" percentile exceedance flow, and
less than 15 percent% change in flow over a 48--hour period.

iii. Low Stable Flow —- is-less than the 90" percentile exceedance
flow or less than one cubic foot per second, and less than 20
percent% change in flow over a 48--hour period.

Sediment

For toxic chemicals occurring in benthic sediments, data-interpretation-witk-nclude

ealewlation-of-a geometric mean will be calculated for specific toxins from an adequate
number of samples—and-comparing-thatvalue.— The calculated geometric mean will then be

compared to athe corresponding Probable Effect Concentration (PEC) given by MacDonald
et al. (2000).— The PEC is the level of a pollutant above which harmful effects on the

aquatic community are likely to be observed.— MaeBenald-et-al.{2000)-gave-an-estimate-of
aceuracy-forthe-ability-ef-individual PECs-to-predicttoxieity- Refer to MacDonald et: al.

(2000) for the estimated accuracy of individual PECs to predict toxicity.— For all metals
except arsenic, pollutant geometric means will be compared to 150 percent% of the
recommended PEC values. These comparisons should meet confidence requirements
applied elsewhere in this decument—LMD. When multiple metal contaminants occur in
sediment, toxicity may occur even though the level of each individual pollutant does not
reach toxic levels.— The method of estimating the synergistic effects of multiple metals in
sediments is described below.

The sediment PECs given by MacDonald et- al. (2000) are based on-seme additional data

assumptions.— Those assumptions include a 1 percent% Fotal-Organic-Carben{TOC)
content and that the sample has been sieved to less than 2 mm.

The-department Department uses 150 percent% of the PEC values to account for some
variability in our assessment of sediment toxicity. Alse-see-See the Equilibrium
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Partitioning Sediment Benchmark section further belowen-page-39- for more information
on TOC and sulfide considerations for metals toxicity in sediment.

For the sample sieving assumption, the departmentDepartment will use non-sieved (bulk)
sediment concentrations for screening level data (Data Code One).— Current impairments
that have used bulk sediment data as evidence for impairment will remain on the 303(d) list
of-impaired-streams until sieved data can be collected to show either that the water bodyit
should remain on the list or that the sieved concentrations are below the 150 percent% PEC
values.— Data that has been sieved to less than 2. mm or smaller will be used for comparison
to the 150 percent% PEC values.

The Meaning of the Sediment Quotient and How to Calculate It

Although sediment criteria in the form of aPECPECs are given for several individual
contaminants, it is recognized that when multiple contaminants occur in sediment, toxicity
may occur even though the level of each individual pollutant does not reach toxic

levels.— The MacDonald et al. (2000) method effor estimating the synergistic effects of
multiple pollutants in sediments-given-n-MacDonald-et-al{(2000) includessediment utilizes
the calculation of a Probable Effects Concentration Quotient (PECQ-)—. PECQs greater than
0.75 will be judged as toxic.

This calculation is made by dividing the pollutant concentration in the sample by the PEC
value for that pollutant.— For single samples, the quotients are summed, and then normalized
by dividing that sum by the number of pollutants in the formula.— When multiple samples
are available, the geometric mean (as calculated for specific pollutants) will be placed in the
numerator position for each pollutant included in the equation.

Example:- - A sediment sample contains the following results in mg/kg:
Arsenic- 2.5, -Cadmium -4.5, Copper 17, Lead -100, ard-Zinc 260.

——The PEC values for these five pollutants in respective order are:
33, 4.98, 149, 128, and 459 mg/kg.

PECQ =

[(2.5/33) + (4.5/4.98) + (17/149) + (100/128) + (260/459)]/5 = 0. 488

Using PECQ to Judge Metals Toxicity
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Based on research by MacDonald et al. (20003}), 83 percent% of sediment samples with a
PECQ less than 0.5 were non-toxic; while 85 percent% of sediment samples with a PECQ
greater than 0.5 were toxic.— Therefore, to accurately assess the synergistic effects of
sediment contaminants on aquatic life, the departmentDepartment will judge a PECQ
greater than 0.75 as toxic.

Using Total PAHSs to Judge Toxicity

Polyeyelic-Aromatic Hydrocarbens{PAHSs) are organic compounds containing only carbon
and hydrogen fermingthat form aromatic rings (cyclic molecular shapes). Fhe-presence-of

Unexpeeted-PAHS in the environment-when-rotexpected can be of {natural seureesorigin,
such as -ean-be-from coal and oil deposits,} or man-made (anthropogenic) +esut-from the

use and breakdown hydrocarbon compounds.— There are three different sources of
hydrocarbon compounds: plants (phytogenic), petroleum (petrogenic), and the combustion
of petroleum, wood, coal, etc. (pyrogenic). Mestin streams, the most common sources of
PAHs-ia-stream are from anthropogenic sources such as sealants (coal tar) and other
treatments of roads, driveways, and parking lots.

Mount et al. (2003) indicates that individual PAH sediment-guidelines (PECs) are based on
the samples also having an elevated presence of additionratother PAHs;.— This potentially
overestimatingoverestimates the actual toxicity of an individual PAH PEC value.— AThe-use
of-a Total PAH guideline (e.g., PEC) reduces variability and provides a better representation
of toxicity than-the-use-ofwhen compared to individual PAH PECs.

Based on research by MacDonald et- al. (2000}), 81.5 percent% of sediment samples with a
Total PAH value less than 22.8 mg/kg {ppm)-were non-toxic; while 100 percent% of
sediment samples with a Total PAH value greater than 22.8 mg/kg-{ppm} were toxic.
Therefore, to accurately assess the toxicity to aquatic life of total PAHs in sediment, the
departmentDepartment will judge Total PAH values greater than 150 percent %-of the PEC

value (34.2 mg/kg) as toxic. FGFPAHsJehe%wq%Hh&geemememe&nﬁemLPAH

What compounds are considered in calculating Total PAHs and how will they be
compared to the 150 perceni% PEC value?

To calculate Total PAHSs for a sample, Mount et- al. (2003) recommends following Ynited

StatesEnvironmental Protection-Ageneysthe EPA Environmental Monitoring Assessment
Program’s definition of Total PAHs-by-the ERA-Environmental-Monitoring-Assessment

Program’s-definition-of Total-PAHsProgram.— This definition includes 34 PAH
compounds; 18 parent PAHs and 16 alkylated PAHs—(See (see Table 3 belew-for a list of

these compounds-}).— Mount et- al. (2003) shews-indicates that using less than the 34 PAH
compounds can underestimate the toxicity of PAHs in sediment.— Fotal- Organic-Carbon
{TOC) has the potential to affect the bio-avatlabititybioavailability of PAHs.— Organic
carbon can provide a binding phase for PAHSs, but the extent of that binding capacity is
unknown.— Through the weight of evidence approach (see seetienrSection D. 11}.), the
departmentDepartment will consider the effects of TOC on a case by case basis.
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Commenly-enlyOnly 14-te—18 of the 34 PAH compounds are commonly requested for
analysis.— Therefore, the process to judge toxicity due to tetalTotal PAHSs is as follows:

o HWhen samples are analyzed for fewer than the 34 PAH compounds-then:

= |f the sum {sum-of the geometric means for more than one sample }-of these
compounds is greater than the 150%- percent PEC, then the sample(s) will be
judged as toxic.

= |f the sum {sum-of the geometric means for more than one sample} of these
compounds is greater than the 100 percent %-RPEGC-but less than 150 percent%
of the PEC, then the sample(s) will be judged as inconclusive.

= |f the sum {sum-of the geometric means for more than one sample} of these
compounds is less than the 100 percent% PEC, then the values will be judged
as non-toxic.

o HWhen samples are analyzed for theall 34 PAH compounds-then:

= |f the sum {sum-of the geometric means for more than one sample} of these
compounds is greater than the 150 percent %-PEC, then the sample(s) will be
judged as toxic.

= |f the sum {sum-of the geometric means for more than one sample} of these
compounds is less than the 150% PEC, then the values will be judged as non-
toxic.

Table 3. List of 34 polycyclic aromatic hydrocarbon (PAH) compounds that are
considered for the calculation of tetal Total PAHS.

Parent PAHSs (18) Alkylated PAHs (16)
Acenaphthene C1-Benzanthracene/chrysenes
Acenphthylene C1-Fluorenes
Anthracene* C1-Naphthalenes
Benz(a)anthracene* C1-Phenanthrene/anthracenes
Benzo(a)pyrene* C1-Pyrene/fluoranthenes
Benzo(b)fluoranthene C2-Benzanthracene/chrysenes
Benzo(e)pyrene C2-Fluorenes

Benzo(qg,h,i)perylene

C2-Naphthalenes

Benzo(k)fluoranthene

C2-Phenanthrene/anthracenes

Chrysene*

C3-Benzanthracene/chrysenes

Dibenz(a,h)anthracene

C3-Fluorenes

Fluoranthene*

C3-Naphthalenes

Fluorene* C3-Phenanthrene/anthracenes
Indeno(1,2,3-cd)pyrene C4-Benzanthracene/chrysenes
Naphthalene* C4-Naphthalenes

Perylene C4-Phenanthracene/anthracenes
Phenanthrene*

Pyrene*
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2000)

*Listed in Table 3 of MacDonald et al. (2000)

Equilibrium Partitioning Sediment Benchmark (ESB) Data

Another type of analysis efthefor sediment metal toxicity ef-metals-in-sedimentis based on
the EPA (2006) paper that discusses ESBs and their useuses.— The department
wiHDepartment does not currently be-coHeeting-this-type-ofcollect ESB data but will
consider theESB data collected by other entities under the weight of evidence approach.— To
be considered, the data must be accompanied by the name of the laboratory thathaving
completed the analysis-and, along with a copy of their laboratory procedures and QC
documentation.— Sieved sediment samples will be judged as toxic for metals in sediment if
the sum of the simultaneously extracted metals minus acid volatile sulfides-then, divided by
the fractional organic carbon [(XSEM-AVS)/FOC] is greater than 3000.— If additional
sieved sediment samples also show toxicity for a particular metal(s}), then that particular
metal(s) will be identified as the cause for toxicity.

Pictorial Representationsrepresentations (flow charts) for how these different sediment
toxicity procedures could be used in the weight of evidence procedureanalysis are displayed
in Appendix E.

VI. Duration of Assessment Period

Except where the assessment period is specifically noted in Appendix B, the time period during
which data will be used in making the assessments will be determined by data age and data
code considerations, as well as representativeness considerations such as those described in
footnote 14.

VII.  Assessment of Tier Three Waters

Waters given Tier Three protectionProtection by the anti-degradation rule at 10 CSR 20-
7.031(23) shall be considered impaired if data indicate water quality has been reduced in
comparison to its historical quality.— Historical water quality is determined from past data
that best describes a water’s bedy s-water-quality following promulgation of the anti-
degradation rule and at the time the water was given Tier Three pretectienProtection.

Historical data gathered at the time a water body was were-given Tier Three
protectionProtection will be used if available.— Because historical data may be limited, the
historical quality of the-waters may be determined by comparing data from the assessed
segment with data from a “representative” segment.— A representative segment is a body or
stretch of water that best reflects the conditions that probably existed at the time the anti-
degradation rule first applied to the waters being assessed.— Examples of possible
representative data include 1)-data from stream segments upstream of assessed segments
that receive discharges, and 2)-data from other water bodies in the same ecoregion
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havingthat have similar watershed and landscape eharaeters-characteristics.— These
representative stream segments alse-would also be characterized byas having the guality and
guantity of receiving discharges similar to the-guahity-and-guantity-efthose of the historic
discharges of the assessed segment.— The assessment may also use data from the assessed
segment gathered between the time ef-the initiation-of-Tier Three protectionProtection was
initiated and the last known time in which upstream discharges, runoff, and watershed
conditions remained the same, provided that the data do not show any significant trends of
declining water quality during that period.

The data used in the comparisons will be tested for normality and an appropriate statistical
test will be applied.— The null hypothesis for statistical analysis will be that water quality at
the test segment and representative segment isare the same.— This will be a one-tailed test
(the test will consider only the possibility that the assessed segment has poorer water

| quality) with the alpha level (o) of 0.1-meaning.— This means that the test must show
greater than a 90 percent probability that the assessed segment has poorer water quality than
the representative segment before the assessed segment can be listed as impaired.

VIIl.  Other Types of Information

1. Observation and evaluation of waters for noncompliance with state narrative water
quality criteria.— Missouri’s general (narrative) water quality criteria, as described in 10
CSR
20-7.031 Section (34), may be used to evaluate waters when a quantitative
(rarrativenumeric) value cannot be applied to the pollutant.— These narrative criteria
apply to both classified and unclassified waters and prohibit the following in waters of
the state:

a. Waters shall be free from substances in sufficient amounts to cause the formation
of putrescent, unsightly, or harmful bottom deposits or prevent full maintenance
of beneficial uses;

b. Waters shall be free from oil, scum, and floating debris in sufficient amounts to be
unsightly or prevent full maintenance of beneficial uses;

c. Waters shall be free from substances in sufficient amounts to cause unsightly
color or turbidity, offensive odor, or prevent full maintenance of beneficial uses;

d. Waters shall be free from substances or conditions in sufficient amounts to result
in toxicity to human, animal, or aquatic life;

e. Waters shall maintain a level of water quality at their confluences to downstream
waters that provides for the attainment and maintenance of the waterguality
standardsWOS of those downstream waters, including waters of another state;

e-f. There shall be no significant human health hazard from incidental contact with the
water;

£0. There shall be no acute toxicity to livestock or wildlife watering;
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g-h.Waters shall be free from physical, chemical, or hydrologic changes that would
impair the natural biological community; and

k1. Waters shall be free from used tires, car bodies, appliances, demolition debris,
used vehicles or equipment, and solid waste as defined in Missouri’s Solid Waste
Law, section 260.200, RSMo, except aswhere the use of such materials is
specifically permitted pursuant to sections 260.200-260.247, RSMo.;

2—Evaluation of aquatic habitat to further inform assessment decisions.— Habitat
assessment protocols for wadeable streams have been established and are conducted in
conjunction with sampling aquatic macroinvertebrates and fish.— Methods for evaluating
aquatic macroinvertebrate and fish community data include assessment procedures that
account for the presence or absence of representative habitat quality.— The
departmentDepartment will not use habitat data alone for assessment purposes.

2.

E. Other 303(d) Listing Considerations

e Adding to the Existing List or Expanding the Scope of Impairment to a Previously Listed
Water Body-:

data-following Followmg the gwdellnes set forth in this deeumeht—QheLMD the Ilsted

portion of an impaired water body may be increased, or one or more new pollutants may

be added to thea listing-fera-water-body-already-en-the-list, based on more recent

monitoring data-feHewing-these same-guidehnes—. Waters not previously listed may also
be added to the list foeHewingunder the guidelines set forth in this deeumentL M D-.

e Deleting from the Existing List or Decreasing the Scope of Impairment to a Previously
Listed Water Body:

Following the guidelines set forth in this LMD, the
The I|sted portlon of an |mpa|red water body may be decreased-based-en-recent
—One, 0r one or more

poIIutants may be deleted from the Ilstlng—fer—a—water—leeely—a#eadyen—the#st based on
more recent monitoring data foHewing-guidehnes-in(see Appendlx D).— Waters may also
be completely removed from the list for several reasons;?%; the most common being
Bthat the water hasreturned-to-comphanee-withis attammg SO
standards\WOS, or 2)that the water has an EPA approved TMDL stuey-or pRermit--in-
Llieu of a TMDL.

e Listing Length of Impaired Segments:

2 See, “Guidance for 2006 Assessment, Listing and Reporting Requirements Pursuant to Sections 303(d), 305(b) and 314 of the
Clean Water Act”. USEPA, Office of Water, Washington DC.
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The meaasured length of a 303(d) listing is currently based on the \Waterbody

Identification (WBID) length from the-Missouri’s WQS.— The departmentDepartment is
using the WBID as the assessment unit to report to UJSERPAEPA.— When the
departmentDepartment gains the database capability to further refine assessment units
into segments smaller than WBIDs, while maintairmaintaining a transparent link to the
WBID and Missouri’s WQS, then the departmentDepartment will do so-ard.— Upon
further refinement of the assessment unit, the Department will provide
justificationjustifications for sphtting-the-WBIB-updividing WBIDs into smaller
assessment units #on the assessment worksheets and ean-be-diseussedwill welcome
discussion of such divisions during the public notice precessperiod.

F. Prioritization of Waters for TMDL Development

Section 303(d) of the Clean-Water-ActC\WA and federal regulation 40 CFR 130.7(b)(4) requires
states to submit a priority ranking of waters requiring TMDLS.— The departmentDepartment will
prioritize development of TMDLSs based on several variables including:

e social impact/public interest and risk to public health;

« complexity and cost (including consideration of budget constraints);-):

¢ availability of -data of sufficient quality and quantity for TMDL modeling;
e court orders, consent decrees, or other formal agreements;

e source of impairments;

e existence of appropriate numeric quality criteria-;

e implementation potential and amenability of the problem to treatment;; and
e Integrated Planning efforts by municipalities and other entities.

The department’sDepartment’s TMDL schedule-wiH-represent-its and prioritization are included
on the 303(d) Listlist.— The TMDL Program develops the TMDL schedule and framework.

maintainrs-HattheMore information is available from the following website:
http://www.dnr.mo.gov/env/wpp/tmdl/.

G. Resolution of Interstate/International Disagreements

The depaﬁmen{Departmen WI|| reV|eW the draft 303(d) l:istsllsts of allether states Wlth WhICh it
shares a border {H ; -
or other interstate waters (e.Q., I\/Ilssourl River, I\/I|55|5$|pp| River, Des Momes Rlver ﬂanelJeheLSt
Francis River:).— Where the listing ferthe-same-water-bedy-in another state is different than the
one in Missouri for the same water body, the departmentDepartment will request the data and the
listing justification—Fhese from the other state.— The data will be reviewed following the
evaluation guidelines in this dectmentLMD.— The draft Missouri Seetion-303(d) list may be
changedsubject to change pending the results of any such evaluation-ef-this-additional-data.
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H. Statistical Considerations

The most recent EPA guidance on the use of statistics in the 303(d) Hsting-methodolegy
doeumentLMD is given in Appendix A.— Within this guidance there-are three major
recommendations regarding statistics:

°  Provide a description of analytical tools used by the state uses-under various circumstances;

°  When-conducting-hypethesis-testingexplairExplain the various circumstances under which

the burden--of--proof is placed on proving the water is impaired and when it is placed on
proving the water is unimpaired; (applicable to hypothesis testing); and

° Explain the level of statistical significance (o) used under various circumstances.

e Description of Analytical Tools

Appendix D; describes the analytical tools the departmentDepartment will use to determine
whether a water body is impaired and whether or when a listed water body is no longer
impaired.

e Rationale for the Burden-of-Proof

Hypothesis testing is a common statistical practiee-analysis in which an assumed observation, or
alternate hypothesis, is tested by comparison with a null hypothesis.— The procedure involves
first stating a testable observation (alternate hypothesis-you-wantto-test;), such as—the, “The
most frequently seen eslor-en-clothing color at a St. Louis Cardinals game is red”,” and then the
opposite-e+, which becomes the null hypothesis “red(“Red is not the most frequently seen eeler
en-clothing color at a St. Louis Cardinals game->—TFhen-a.”").— A statistical test is then applied to
the data (e.0., a sample of the predominant eeler-of-clothing color worn by 200 fans at a St.
Louis Cardinals game on July 12, 2019) and based on an-anakbysisthe result of that dataanalysis,
one of the two hypotheses is chosen as correct.

In hypothesis testing, the burden-of-proof is always on the alternate hypothesis.— In other
words, therethe data must be veryespecially convincing data-to make us eenclude-thatreject the
null hypothesis is-ret-true-and that-we-must-accept the alternate hypothesis as being true.— How
convincing the data must be is stated as the “significance level” of the test.— A significance
level of o= = 0.10 means that there must be at least a 90 percent probability that the alternate
hypothesis is true before we can accept it and reject the null hypothesis.

For analysis of a specific kind of data, either the test significance level or the statement of null
and alternative hypotheses, or both, can be varied to achieve the desired degreelevel of
statistical rigor.— The departmentDepartment has chosen to maintain a consistent set of null and
alternate hypotheses for all eur-statistical procedurestests.— The null hypothesis will be that the
water body in question is unimpaired, and the alternate hypothesis will be that it is impaired.
MaryingtheThe Department’s desired level of statistical rigor will be accomplished by varying
the test significance level.— For determining impairment (Appendix D)}-test), significance levels
are set at either oo = 0.1 or a = 0.4, meaning the data must show at minimum a 90 percent% or
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60 percent% probability, respectively, that the water body is impaired.— However, if the
departmentDepartment retained these same test-significance levels ir-determiningto determine
when an impaired water body hadhas been restored to an unimpaired status (Appendix D)),
some undesirable results can occur.

For example, when using a 8-1-significance level of o = 0.1 for determining both impairment
and non-impairment, if the-sample data indicate thea stream had a 92 percent probability of
being impaired, it would be rated as impaired.— If subsequent data were collected and added to
the database, and the data now showed the water had an 88 percent ehanceprobability of being
impaired, it would be rated as unimpaired.— Judging as-unimpaired-a water body with only a 12
percent probability of being unimpaired as unimpaired is clearly a poor decision.— To correct
this problem, the departmentDepartment will use a test significance level of o = 0.4 for some
analytes and o = 0.6 for others.— This will increase eurDepartment confidence in determining
WQS compliance wr%h—emenerto 40 percent and 60 percent respectlvelyl under the worst--case
conditions. = .
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e Level of Significance Used in Tests

Fhe-choice-ofsignificaneceSignificance levels istargelyrelated-to-are chosen with two concerns

in mind.— The first concern is-withinvolves matching decision error rates with the severity of the
consequences of makinrgcommitting a decision error.— The second concern addresses the need
to balance, te-the-degreepracticablewithin practicality, Type | (the error of rejecting a null
hypothesis when it is actually true) and Type Il (the error of not rejecting a null hypothesis
when the alternative hypothesis is true) error rates:

— For relatively small numberofsamplessample numbers, the disparity between Type | and
Type Il errors can be large.— Fhe-tablesTables 4 and 5 belew-shews-display calculated error
rates ealewlated-using the binomial distribution for two very similar situations.— Type | and
Type Il error rates are based on a stream with a 10 percent and a 15 percent WQOS exceedance

Fateef—a—st&ndaFd—, respectlvely - Note that when sample size remains the same; (Table 4), Type
Il error rates increase as Type | error rates decrease-{(Fable-4)..— Also note that for a given Type
| error rate, the Type Il error rate declines as sample size increases (Table 5).

Table 4-

._Effects of Type I error rates on Type Il error rates- when sample sizes are equal.— Type | and
Type |l error rates are based on a stream with a 10 percent exceedancerate-of a-standard-and
Fype-H-errorratesfora-stream-withand a 15 percent WOS exceedance rate-ef-a-standard,

respectively.

Total No. No. Samples Type | Type 1l

of Samples Meeting Std. Error Rate Error Rate
18 17 0.850 0.479
18 16 0.550 0.719
18 15 0.266 0.897
18 14 0.098 0.958
18 13 0.028 0.988

Table 5. Effects of Type I error rates and sample size on Type 1l error rates.— —Type | and
Type Il error rates are based on a stream with a 10 percent and a 15 percent WQS

exceedance rate, respectlvely

Total No. No. Samples Type | Type 1l

of Samples Meeting Std. Error Rate Error Rate
6 5 0.469 0.953
11 9 0.303 0.930
18 15 0.266 0.897
25 21 0.236 0.836
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Use of the Binomial Probability Distribution for Interpretation of the 10 Percent Rule

There are two options for assessing data for compliance with the 10 percent rule?*.— One is to
simply calculate the percent of time the criterion value is not met, and to judge the water to be
impaired if this value is greater than 10 percent.— The second method is to use semean
evaluative procedure that can review the data and provide a probability statement regarding
compliance with the 10 percent rule.— Since the latter option allows assessment decisions
relative to specific test significance levels and the firstformer option does not, the latter option is
preferred.— The Department uses precedure-chosen-is-the binomial probability distribution and
calculation of the Type | error rate as the evaluative procedure.

Other Statistical Considerations

Prior to ealeutation-efcalculating confidence limits, the normality of the data-set will be
evaluated.— If normality is improved by-a data transformation, the confidence limits will be
calculated on the transformed data.

Time of sample collection may be biased and interfere with an accurate measurement of the
frequency of criterion exceedance-ef-a-criterion.— Data sets composed mainly or entirely of
storm water data or data collected only during a season when water quality problems are
expected could result in a biased estimate of the true exceedance frequency.— In these cases, the
departmentDepartment may use methods to estimate the true annual frequency and display these
calculations whenever they result in a change in the impairment status of a water body.

For waters judged to be impaired based on biological data where data evaluation procedures are
not specifically noted in Table 1, the statistical procedure used, test assumptions, and results
will be reported.

Examples of Statistical Procedures

Two Sample “t” Test for Color

Null Hypothesis: AmeuntThe amount of color is no greater in a test stream than in a control
stream. As stated, this is a one-sided test, meaning that we are only interested in determining
whether or not the color level in the test stream is greater than in a control stream.— If the null
hypothesis had been “the amount of color is different in the test and control streams,” we would
have been interested in determining if the amount of color was either less than or greater than
the control stream, a two-sided test.

24Guidelines for preparation of the Comprehensive State Water Quality Assessments (305(b) Reports) and Electronic Updates

(1997) Supplement Volume 2. Refer to page 80, section on conventionals (dissolved oxygen, pH, temperature).

https://www.epa.gov/sites/production/files/2015-

09/documents/quidelines_for preparation _of the comprehensive state water quality assessments 305b_reports_and_electroni

c_updates 1997 supplement-volume2.pdf#page=80
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https://www.epa.gov/sites/production/files/2015-09/documents/guidelines_for_preparation_of_the_comprehensive_state_water_quality_assessments_305b_reports_and_electronic_updates_1997_supplement-volume2.pdf
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Significance Level: a. =0.10

Data Set: Platinum-Cobalt color unitsscale data for the test stream and a control stream-samples.
Samples were collected at each stream on the same date.

Test Stream (T) 70 45 35 45 60 60 80
Control Stream (C) 50 40 20 40 30 40 75
Difference (T-C) 20 5 15 5 30 20 5

Statistics for the Difference: Mean = 14.28, standard deviation = 9.76, n = 7

Calculated “t” value = (square root of n)(mean)/standard deviation = 3.86

Tabular “t” value is taken from a table of the “t” distribution for 2 alpha (0.20) and n-1 degrees
of freedom.— Tabular “t” = 1.44-

Since the calculated “t” value is greater than tabular “t” value, we reject the null hypothesis and
conclude that the amount of color in the test stream is greater than the control stream (i.e., the
test stream is impaired by color).

Statistical Procedure for Mercury in Fish Tissue

Data Set:—data- (in pg/Kg):— 130, 230, 450.— Mean = 270, Standard Deviation = 163.7

Fhelf the 60% Lower Confidence Limit (LCL) Interval = the sample mean minus the quantity:;
and

((0.253)(163.7)/square root 3) = 23.9.— FhusThen, the 60 percent %-LCL Cenfidence-Interval is
246.1 pug/Kg.

The criterion value is 300 pg/Kg. Fhereforesince-Since the 60 percent %-LCL-Cenfidence
Interval is less than the criterion value, the water is judged to be unimpaired by mercury in fish
tissue, and the water body is placed in either Category 2B or 3B.
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Appendix A

Excerpt from Guidance for 2006 Assessment, Listing and Reporting Requirements Pursuant to
Sections 303(d), 305(b) and 314 of the Clean Water Act.— July 29, 2005. USERAUS EPA pp. 39-
41.

The document can be read in its entirety from the US. EPA web site:
http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/upload/2006irg-report.pdf

G-How should statistical approaches be used in attainment determinations?

The state’s methodology should provide a rationale for any statistical interpretation of
data for the purpose of making an assessment determination.

Description of statistical methods to be employed in various circumstances

The methodology should provide a clear explanation of which analytic tools the state
uses and under which circumstances. EPA recommends that the methodology explain
issues such as the selection of key sample statistics (arithmetic mean concentration,
median concentration, or a percentile), null and alternative hypotheses, confidence
intervals, and Type | and Type Il error thresholds. The choice of a statistic tool should
be based on the known or expected distribution of the concentration of the pollutant in
the segment (e.g., normal or log normal) in both time and space.

Past EPA guidance (1997 305(b) and 2000 CALM) recommended making non-
attainment decisions, for “conventional pollutant325 ”—TSS, pH, BOD, fecal coliform
bacteria, and oil and grease — when more than “10% of measurements exceed the
water quality criterion.” (However, EPA guidance has not encouraged use of the
“10% rule” with other pollutants, including toxics.) Use of this rule when addressing
conventional pollutants, is appropriate if its application is consistent with the manner
in which applicable WQC are expressed. An example of a WQC for which an
assessment based on the ten percent rule would be appropriate is the EPA acute WQC
for fecal coliform bacteria, applicable to protection of water contact recreational use.
This 1976-issued WQC was expressed as, “...no more than ten percent of the samples
exceeding 400 CFU per 100 ml, during a 30-day period.” Here, the assessment
methodology is clearly reflective of the WQC.

On the other hand, use of the ten percent rule for interpreting water quality data is
usually not consistent with WQC expressed either as: 1) instantaneous maxima not to
be surpassed at any time, or 2) average concentrations over specified times. In the
case of “instantaneous maxima (or minima) never to occur” criteria use of the ten
percent rule typically leads to the belief that segment conditions are equal or better

% There are a variety of definitions for the term “conventional pollutants.” Wherever this term is referred to in this guidance, it
means “a pollutant other than a toxic pollutant.”
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than specified by the WQC, when they in fact are considerably worse. (That is,
pollutant concentrations are above the criterion-concentration a far greater
proportion of the time than specified by the WQC.) Conversely, use of this decision
rule in concert with WQC expressed as average concentrations over specific times can
lead to concluding that segment conditions are worse than WQC, when in fact they are
not.

If the state applies different decision rules for different types of pollutants (e.g., toxic,
conventional, and non-conventional pollutants) and types of standards (e.g., acute vs.
chronic criteria for aquatic life or human health), the state should provide a
reasonable rationale supporting the choice of a particular statistical approach to each
of its different sets of pollutants and types of standards.

1. Elucidation of policy choices embedded in selection of particular statistical approaches
and use of certain assumptions EPA strongly encourages states to highlight policy
decisions implicit in the statistical analysis that they have chosen to employ in various
circumstances. For example, if hypothesis testing is used, the state should make its
decision-making rules transparent by explaining why it chose either “meeting WQS” or
“not meeting WQOS” as the null hypothesis (rebuttable presumption) as a general rule
for all waters, a category of waters, or an individual segment. Starting with the
assumption that a water is “healthy’” when employing hypothesis testing means that a
segment will be identified as impaired, and placed in Category 4 or 5, only if substantial
amounts of credible evidence exist to refute that presumption. By contrast, making the
null hypothesis “WQS not being met” shifts the burden of proof to those who believe the
segment is, in fact, meeting WQS.

Which “null hypothesis” a state selects could likely create contrasting incentives
regarding support for additional ambient monitoring among different stakeholders. If the
null hypothesis is “meeting standards,” there were no previous data on the segment, and
no additional existing and readily available data and information are collected, then the
“null hypothesis” cannot be rejected, and the segment would not be placed in Category 4
or 5. In this situation, those concerned about possible adverse consequences of having a
segment declared “impaired”’ might have little interest in collection of additional
ambient data. Meanwhile, users of the segment would likely want to have the segment
monitored, so they can be ensured that it is indeed capable of supporting the uses of
concern. On the other hand, if the null hypothesis is changed to “segment not meeting
WQS,” then those that would prefer that a particular segment not be labeled “impaired”
would probably want more data collected, in hopes of proving that the null hypothesis is
not true.

Another key policy issue in hypothesis testing is what significance level to use in deciding
whether to reject the null hypothesis. Picking a high level of significance for rejecting the
null hypothesis means that great emphasis is being placed on avoiding a Type | error
(rejecting the null hypothesis, when in fact, the null hypothesis is true). This means that if
a 0.10 significance level is chosen, the state wants to keep the chance of making a Type I
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error at or below ten percent. Hence, if the chosen null hypothesis is “segment meeting
WQOS,” the state is trying to keep the chance of saying a segment is impaired — when in
reality it is not — under ten percent.

An additional policy issue is the Type Il errors (not rejecting the null hypothesis, when it
should have been). The probability of Type Il errors depends on several factors. One key
factor is the number of samples available. With a fixed number of samples, as the
probability of Type | error decreases, the probability of a Type Il error increases. States
would ideally collect enough samples so the chances of making Type | and Type Il errors
are simultaneously small. Unfortunately, resources needed to collect such numbers of
samples are quite often not available.

The final example of a policy issue that a state should describe is the rationale for
concentrating limited resources to support data collection and statistical analysis in
segments where there are documented water quality problems or where the combination
of nonpoint source loadings and point source discharges would indicate a strong
potential for a water quality problem to exist.

EPA recommends that, when picking the decision rules and statistical methods to be
utilized when interpreting data and information, states attempt to minimize the chances of
making either of the two following errors:

* Concluding the segment is impaired, when in fact it is not, and
* Deciding not to declare a segment impaired, when it is in fact impaired.

States should specify in their methodology what significance level they have chosen to
use, in various circumstances. The methodology would best describe in “plain English”
the likelihood of deciding to list a segment that in reality is not impaired (Type | error if
the null hypothesis is “segment not impaired”). Also, EPA encourages states to estimate,
in their assessment databases, the probability of making a Type Il error (not putting on
the 303(d) list a segment that in fact fails to meet WQS), when: 1) commonly-available
numbers of grab samples are available, and 2) the degree of variance in pollutant
concentrations are at commonly encountered levels. For example, if an assessment is
being performed with a WQC expressed as a 30-day average concentration of a certain
pollutant, it would be useful to estimate the probability of a Type Il error when the
number of available samples over a 30 day period is equal to the average number of
samples for that pollutant in segments state-wide, or in a given group of segments,
assuming a degree of variance in levels of the pollutant often observed over typical 30
day periods.
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Appendix B

METHODS FOR ASSESSING COMPLIANCE WITH WATER- QUALIY-STANBARDS{WOS} USED FOR 303(d) LISTING
PURPOSES: NUMERIC CRITERIA THAT ARE INCLUDED IN STATE WATER QUALHY-STFANBARDBSWOS (10 CSR 20-

7.031)
DATA COMPLIANCE WITH WATER
DES IUGS'\é'gTED DATA TYPE QUALITY | QUALIFY-STANDARDS'STANDARDS Notes
CODE fWQOSY
No data. Evaluated Data Type Note:- This data type is _usegl only
Overall use b . . . . . for wide-scale assessments of aquatic biota and
- ased on similar land Not Given same rating as monitored stream with - -
protection (all use/-geology as stream applicable | same land use and geology aquatic habitat for 305(b) Report purposes.
designated uses) with water quality data ' This data type is not used in the development of
' the 303(d) Listlist.
No data available or Where models or other dilution calculations
where only effluent indicate noncompliance with allowable
Any designated | data is available. Not pollutant levels and frequencies noted in this
uses Results of dilution applicable | table, waters may be added to Category 3B
calculations or water and considered high priority for water quality
quality modeling. monitoring.
Compliance with Water Quality
Standards\WOS Note:— Some sampling
periods are wholly or predominantly during the
critical period of the year when criteria
violations occur.— Where the monitoring
program presents good evidence of a
Full:— No more than 10 percent %-of all demarcation between seasons where criteria
Dissolved oxygen, samples exceed criterion. exceedances occur and seasons when thfey do
i water temperature, pH, 14 Non-Attainment: Requirements for full not, the 10 percent% exceedance rate will be
Protec.tlon_ of total dissolved gases, - attainment not met. based on an annual estimate of the frequency of
Aguatic Life oil and grease- exceedance.
Requirements: A minimum sample size of 10 | continuous (e.g-., sonde) data with a quality
samples during the assessment period (see rating of excellent or good will be used for
Section VI above). assessments.
Chto He-pH will be u_seel ththe L "IFB oRty-H
Streams E-coli-bacteria exceed-criterion:
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Appendix B

METHODS FOR ASSESSING COMPLIANCE WITH WATER- QUALIY-STANBARDS{WOS} USED FOR 303(d) LISTING
PURPOSES: NUMERIC CRITERIA THAT ARE INCLUDED IN STATE WATER QUALHY-STFANBARDBSWOS (10 CSR 20-

7.031)
DATA COMPLIANCE WITH WATER
DES IUGSI\IIE'QTED DATATYPE QUALITY | QUALITY-STANDARDS'STANDARDS Notes
CODE {WQSY
opmcRbRe s
Z0-CSR20-F03HENHS)
Eull: No more than one acute toxic event in Compliance with Water-Quality
three years that results in a documented die- | StaneardsWOS Note:—For
off of aquatic life such as fish, mussels, and | hardness--based metals with eight or fewer
orotection of crayfish (does not include die-offs due to samp:es, t_TlebhardngstS vallue f‘isot‘:r:ated ‘;‘”th the
rotection o _ . iqin) — sample will be used to calculate the acute or
Hon Toxic—eChemicals 1-4 natural origin).— No more than one |
Aquatic Life 1 Fine) exceedance of acute or chronic criterion in | chronic thresholds.
the last three years for which data is For hardness—-based metals with more than eight
available. samples, the hardness definition provided in
Non-Attainment:— Requirements for full state water quality standards yvlll be used to
PO calculate the acute and chronic thresholds.
attainment not met.
| ake Nnutrients-in Full: Nutrient levels do not exceed water _ . _

_ Lakeslakes (total quality standards\\/QS following procedures | Semphance with- Water Quality Standards
Protection of phosphorus 14 stated in Appendix D and F. Note:—Ecoregional-Rutrient eriteria-will-be
Aguatic Life - ' . . used-only-H-these-eriteria-are-approved-by-the

total nitrogen,-and Non-Attainment: Requirements for full U.S-Environmental Protection Agency-
chlorophyll-a) attainment not met.
Full: Water quality does not exceed water
Human ChemicalsChemical quality-standards\WV QS following procedures
Health - Fish (water) 1-4 stated in Appendix D.
Consumption Non-Attainment: Requirements for full
attainment not met.
Full: Water Quality-Standards\WQS not
Drinking Water 14 exceeded following procedures stated in Designated Use Note:— Raw water is water

Supply- (-Raw)
Water:

Chemical (toxics)

Appendix D.

Non-Attainment: Requirements for full
attainment not met.

from a stream, lake or groundwater prior to
treatment in a drinking water treatment plant.
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Appendix B

METHODS FOR ASSESSING COMPLIANCE WITH WATER- QUALIY-STANBARDBS{WOS} USED FOR 303(d) LISTING
PURPOSES: NUMERIC CRITERIA THAT ARE INCLUDED IN STATE WATER QUALHY-STFANBARDBSWOS (10 CSR 20-

7.031)
DATA COMPLIANCE WITH WATER
DES IUGSI\IIE'QTED DATATYPE QUALITY QHAEH%MNDARQS‘SIANDARDS Notes
CODE fWosy
Full: Waterguality-standards\WQS not
i exceeded following procedures stated in
Drinking Water | oo ey (sulfate, Appendix D.
Supply (-Raw) . . 1-4
\Water. chloride, fluoride) _ _
Non-Attainment: Requirements for full
attainment not met.
Compliance with Water Quality
Full: No Maximum Contaminant Level Standards\W QS Note: Finished water data will
Drinking Water (MCL) violations baseq on Safe Drinking not be used for analytes where water quality
Supply (- Chemical (toxics) 14 Water Act data evaluation procedures. problems may be caused by the drinking water
Finished) Water _ _ treatment process such as the-formation-of
Non-Attainment: Requirements for full Trihalomethanes (THMs) formation, or
attainment not met. problems that may be caused by the-distribution
system (bacteria, lead, copper).
Compliance with Water-Quality
Where there are at least five samples per year | Standards\WOS Note:— A geometric mean of
Whole -Body - taken during the recreational season: 206 cfu/100 ml for E. coli will be used as a
Contact ) criterion-value for Category B Recreational
Recreation Full: Water-guality-standards\WQS not Waters.Beeause- Misseouri’s Feeal-Coliform
and& Fecal-coliform-or-E. 2.4 exceeded as a geometric mean, in any of the | Standard-ended-December-31-2008any-waters
Secondary coli count last three years for which data is available, appearing-on-the-2008-303(d)-List-as-a-result-of
Contact for samples collected during seasons for the-Fecal-Coliform-Standard-will-beretained-on
Recreation which bacteria criteria apply. St i = a”
Non-Attainment: Requirements for full the-status-oi-thewater
attainment not met.
Whole -Body - Full:—= No more than 10 percent% of all
Contact 1-4 samples exceed criterion.
Esg% tlon E. coli count Non-Attainment: Requirements for full

Streams

attainment not met.
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Appendix B

METHODS FOR ASSESSING COMPLIANCE WITH WATER QUALITY- STANDARDS(\WWOS) USED FOR 303(d) LISTING
PURPOSES: NUMERIC CRITERIA THAT ARE INCLUDED IN STATE WATER QUALITY-STANBARDSWOS (10 CSR 20-
7.031)

DATA COMPLIANCE WITH WATER
DES L(BSI\é/gTED DATA TYPE QUALITY | QUALITY-STANDARDS! Notes
CODE {WQSY
The criterion for E. coli is 126 counts/100 ml.
10 CSR 20-7.031 (4)(C)
Full: Waterguality-standards\W QS not
Irrigation _ exceeded following procedures stated in
Livestockand | Chemical (metals, 1-4 Appendix D.
Wildlife Water | 1019 . .
Non-Attainment: Requirements for full
attainment not met.

' See section on Statistical Considerations, Appendix C &-and D.
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Appendix C

METHODS FOR ASSESSING COMPLIANCE WITH WATER- QUALITY-STANBARDBS{WOS} USED FOR 303(d) LISTING
PURPOSES: NARRATIVE CRITERIA BASED ON NUMERIC THRESHOLDS NOT CONTAINED IN STATE WATER QUALIY
STANBARDBSWOS (10 CSR 20-7.031)

BENEFICIAL
USES

DATATYPE

DATA
QUALITY
CODE

COMPLIANCE WITH WATER
QUALITY STFANBARDS*STANDARDS

(WQS)“

Notes

Overall use
protection (all
beneficial
uses)

Narrative
criteria for
which
guantifiable
measurements
can be made-

1-4

Full: Stream condition typical of reference or
appropriate regional control streams-in-this
region-of the state,

Non-Attainment: Fhe-weight\Weight of
evidence, based on the narrative criteria in 10

CSR

20-7.031(3), demonstrates the observed
condition exceeds a numeric threshold
necessary for the attainment of a beneficial
use.

Forexample:
Color Example: Color as measured by the
Platinum-Cobalt visual method (SM 2120 B)

in a water body is statisticaHy-significantly
higher (statistically) than a control water.

Objectionable Bottom Deposits Example: The
bottom that-is-covered by anthropogenic

substances (e.q., sewage sludge, trash;-ef
ial hi
anthropegenic-sourees) exceeds the amount in

reference or control streams by more than 20
percent.

Note: Waters in mixing zones and
unclassified waters that support aquatic life on
an intermittent basis shall be subject to acute
toxicity criteria for protection of aquatic life.
Waters in the initial Zone of Dilution shall not
be subject to acute toxicity criteria.
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Appendix C

METHODS FOR ASSESSING COMPLIANCE WITH WATER- QUALIY-STANBARDBS{\WOS) USED FOR 303(d) LISTING
PURPOSES: NARRATIVE CRITERIA BASED ON NUMERIC THRESHOLDS NOT CONTAINED IN STATE WATFER QUALH-Y

STFANBARDSWOS (10 CSR 20-7.031)

BENEFICIAL DATA

USES DATATYPE

CODE

QUALITY

COMPLIANCE WITH WATER
QUALITY STFANBARDS*STANDARDS

(WQS)“

Notes

Toxic
Chemicals 1-4

Protection of
Agquatic Life

Toxic
Chemicals

(cont.)

Protection of
Aquatic Life

(cont.)

See above.

Full: No more than one acute toxic event in
three years (does-netinchude-excluding
natural die-offs of aquatic life-due-to-natural
ofigin):).— No more than one exceedance of
acute or chronic criterion in three years for all
texiestoxins.

Non-Attainment:— Requirements for full
attainment not met.

See above.

Compliance with Water Quality-Standards\\/OS Note:— Fhe

testTest result must be representative of water quality for the
entire time period for which acute or chronic criteria apply.
For ammonia, the chronic and acute exposure periee-isperiods
are 30 days;-for and one hour, respectively.— For all other
toxics, the chronic and acute exposure periods are 96 hours:

TFhe-acute-exposure-period-for-al-toxiesis and 24 hours, exeept
for-ammenia-which-has-a-one-hourexposure-period—The
departmentrespectively.— The Department will review all
appropriate data, including hydregraphie-datahydrography, to
ensure only representative data are used.— Except on large
rivers where storm water flows may persist at relatively
unvarying levels for several days, grab samples collected
during storm water flows will not be used for assessing chronic
toxicity criteria.

Compliance with Water Quality-Standards\VOS Note:—

the-case-ofFor toxic chemicals occurring in benthic sediment
rather than in-water, the numeric thresholds used to determine
the need for further evaluation will be the Probable Effect

Concentrations prepesed-in—BDevelopmentand-Evalnation-of
Consensus-Based-SedimentQuality-Guidelinesfor-Freshwater

Eeosystems™(PECs) proposed by MacDonald;-B-B- et al.
Arch-Environ-Contam-Toxicol-39,20-31-(2000).'~ These
Probable-Effect-ConeentrationsPEC thresholds are as follows:

33(in mg/kg) 33 As; 4.98 mglkg-Cd; 111 mglkg-Cr; 149 mglkg
Cu; 48.6 mglkg-Ni; 128 mglkg-Pb; 459 mglkg-Zn; 561and (in
g/kg) 561-naphthalene; 1170 Hg/kgL170-phenranthrene; 1520
) ; el Bl ;1
22,800 Hg,lkgttotal seleveleoramare ociocnrbons
676 pgtkg-total PCBs; 17.6 chlordane 176-ugtkg; 31.3 Sum
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Appendix C

METHODS FOR ASSESSING COMPLIANCE WITH WATER- QUALIY-STANBARDBS{\WOS) USED FOR 303(d) LISTING
PURPOSES: NARRATIVE CRITERIA BASED ON NUMERIC THRESHOLDS NOT CONTAINED IN STATE WATFER QUALH-Y

STFANBARDSWOS (10 CSR 20-7.031)

BENEEICIAL DATA COMPLIANCE WITH WATER
USES DATATYPE | QUALITY | QUALITY STANDARDS"STANDARDS Notes
CODE (wos)
DDE 313-ugfkg:: 4.99 lindane (gamma-BHC) 4.99-ugfkg.
Where multiple sediment contaminants exist, the Prebable
Effect ConeentrationsPECQ Quetient-shall not exceed 0.75.
See Appendix D and Section Il. D for more infermation-on the
Probable-Effect Concentrations  -Quotient.
Full: For seven or fewer samples-and
following-BNR-wadeable-streams
. i luati
proetoeols-, 75 percent% of the-stream
condition index scores must be >16-er-greater: . . .
c o = Data Type Note:— DNR invertmacroinvertebrate protocol will
consi dﬁL Iles vaecrt;/";/rlr?i?atrhti)sf esgci(()):]e:I are not be used for assessment in the Mississippi Alluvial Basin
Biological: reference streams. For greater than seven (beethe_elBootheel area) due to lack of reference streams for
Aquatic samples or for other sampling and evaluation comparison.
Macro- ?or?‘faocrcélssénrtzi?\l?rr:fltjasrzrtl)(?esgaru(:sgr?t?g?,sst:’?;rlzr Data Type Note:— See Section I1.D- for additional criteria used
orotection of invertebrates - P " | to assess biological data.
rotection o sampled using - . .
Aquatic Life following Non-Attalr!ment. For seven or fewer samples Compliance with W, Ouality-S | \WOS Note:— See
DNR and Ig.”g“' 'g-DNR-wac e able streams - Appendix D.— For test streams that-are-significantly smaller
Department Ractoiaveriebrate sampling ana- evaluatio than biocriteria reference (bioreference) streams where both
Protocol- m’ i?}%%?rgrj:?ﬁtim | bioreference streams and small candidate reference streams are
F Samples achieving these scores are " | used to assess the test stream’s biological integrity-ef, the test
4.~ SaMPIEs 1g thes stream;-thedata assessment ef-the-data-should display and take
considered-te-be substantially different from - . iocriteria ref .
regional reference streams.— For more than w both bioreference
seven samples or for other.sémpling and streams and candidate reference streams.
evaluation protocols, results must be
statistically dissimilar to control or
representative reference streams.
Biological: Full: For seven or fewer samples-and Data Type Note:— See Section Il. D- for additional criteria
MDC RAM 3-4 following-MDC-RAM-fish-community used to assess biological data.
Fish protoeols, 75 %-percent of the-fIBI scores
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Appendix C

METHODS FOR ASSESSING COMPLIANCE WITH WATER- QUALIY-STANBARDBS{\WOS) USED FOR 303(d) LISTING
PURPOSES: NARRATIVE CRITERIA BASED ON NUMERIC THRESHOLDS NOT CONTAINED IN STATE WATFER QUALH-Y

STFANBARDSWOS (10 CSR 20-7.031)

DATA COMPLIANCE WITH WATER
BENE;;(S:IAL DATATYPE | QUALITY | QUALITY STANDARDS"STANDARDS Notes
CODE (WQS)"
Community must be >36-or-greater—Fauha.— Samples Compliance with Water Quality-Standards\WOS Note:
AN achieving these scores are considered to-be MDC fIBI scores are from “Bielegical-Criteriafor-Streams-and
Protocol very similar to regional reference streams. Fish-Communities-in-Missouriby-Doisy et al. (2008).%— If
(Ozark For greatermore than seven samples or for habitat limitations (as measured by either the QCPH1 index or
Plateau only) other sampling and evaluation protocols, other appropriate methods) are judged to contribute to low fish
results must be statistically similar to communityfIBI scores and this is the only type of data
representative reference or control streams. available, the water body will be included in Category 4C, 2B,
or 3B.— If other types of data exist, the weight of evidence
Suspected of Impairment; Data rot approach will be used as described in this deeumentLIVID.
eenchusiveinconclusive (Category 2B or 3B).
For first1°' and secend2™ order streams, fIBI Compliance with WaterQuality-Standards\WOS Note: For
Protection of seere-<-scores <29- determining influence of poor habitat on theseimpaired
Aquatic Life samples-thatare-deemed-as-Hnpaired—consuliation-with, MDC
Non-Attainment:— First1* and secend2™ order | RAM staff will be utiizedconsulted.— If, through this
streams will not be assessed for non- consultation, habitat is determined to be a significant
attainment.— When assessing third3™ to pessibleprobable cause for impairment, the water body will not
fifth5"" order streams with data-sets-ef-seven be rated as impaired, but rather as suspeetsuspected of
or fewer samples-colected-by-folowingMBEC | impairment (categeriesCategories 2B or 3B).
RAMHish-community-protoesls, 75 %
of the-fIBI scores must be lower-than-<36. Compliance with Water Quality-Standards\VOS Note:— See
FauraSamples achieving these scores are Appendix D.— For test streams-that-are significantly smaller
considered-te-be substantially different from than bioreference streams where both bioreference streams and
regional reference streams.— For more than small candidate reference streams are used to assess the test
seven samples or for other sampling and stream’s biological integrity-ef, the test-stream-thedata
evaluation protocols, results must be assessment ef-the-data-should display and take-inte
statistically dissimilar to control or aceountconsider both biocriteria reference streams and
representative reference streams. candidate reference streams.
Full:— Results must be statistically similar to
Other representative reference or control streams. _ N o
Biological 34 _ o Data Type Note:— See Section Il._ D- for additional criteria
Data Non-Attainment: Results must be statistically | used to assess biological data
dissimilar to control or representative
reference streams.
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Appendix C

METHODS FOR ASSESSING COMPLIANCE WITH WATER- QUALIY-STANBARDBS{\WOS) USED FOR 303(d) LISTING
PURPOSES: NARRATIVE CRITERIA BASED ON NUMERIC THRESHOLDS NOT CONTAINED IN STATE WATFER QUALH-Y

STFANBARDSWOS (10 CSR 20-7.031)

BENEEICIAL DATA COMPLIANCE WITH WATER
USES DATATYPE | QUALITY | QUALITY SFANDARDSH*STANDARDS Notes
CODE (WQS)!!
Toxicity
testing of Full: No more than one test result of
SI tleeu 5o statistically significant deviation from controls
using 2 in acute or chronic test in a three-year period.
aquatic
organisms Non-Attainment: Requirements for full
(streams or attainment not met.
lakes)
Compliance with WaterQuality-Standards\WOS Note:
Fish tissue threshold-levelsthresholds arer-chlordane chlordane®
0.1 mg/kg—(GFel#HA—R—]:QSQﬁMew—T-Hggeﬁéea%lsfé#
office-memeorandum—, mercury Juﬂe—lré—}g%g)—me#eu%y 0.3
mMg/kg-based-on=Watcr-OQuality-Criterion-torProteetion-of
Human Health:- Methyhmercury”™, PCBs” 0 -EPA-823-R-01-
Full:— Contaminant levels in fish tissue levels m_l_@_peB&QB mg/ kg—MDHSS—MemerandeAugust—S&
Human Health A-(fillets, tissue plugs, and-eggs) do not ; .
- Fish Chemicals 1-2 eX((:eed guideline[s). J 99°) l:rmﬂ—tables— and keaellead6 0.3 mg/kg{—WeHd—Heal&h
; tissue Croonization A0 i L o e L L L
Consumpion | {052 Non-Attainment: Requirements for full and the Contaminants Mercury, Lead and Cadmium, " WHO
attainment not met. Technical-Report-Series-No-505-Sixteenth-Report-on-the-Joint
FAO/ : : ) litives.
pp— Assessment of Mereurymercury will be based on samples
solely from the following higher trophic level fish species:
walleye, sauger, trout, black bass, white bass, striped bass,
northern pike, flathead catfish and blue catfish.— tr-a-2012
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Appendix C

METHODS FOR ASSESSING COMPLIANCE WITH WATER- QUALIY-STANBARDBS{\WOS) USED FOR 303(d) LISTING
PURPOSES: NARRATIVE CRITERIA BASED ON NUMERIC THRESHOLDS NOT CONTAINED IN STATE WAFER QUALH-Y
STFANBARDSWOS (10 CSR 20-7.031)

BENEFICIAL DATA COMPLIANCE WIT!_—| WATER
USES DATATYPE | QUALITY QUALITY STANDARDS*STANDARDS Notes
CODE (WQS)

I - I Fish Fil Vv

- See section on Statistical Considerations and Appendix D.

! MacDonald, D.D, Ingersoll, C. G., Berger, T. A. 2000. Development and evaluation of consensus-based sediment quality quidelines for freshwater ecosystems. Arch. Environ. Contamination
Toxicology. 39, 20-31.

2 Doisy, K.E., C.F. Rabeni, M.D. Combes, and R.J. Sarver. 2008. Biological criteria for stream fish communities of Missouri. Final Report to the United States Environmental Protection
Agency. Missouri Cooperative Fish and Wildlife Research Unit, Columbia, MO. 91.

3 Crellin, J.R. 1989. “New Trigger Levels for Chlordane in Fish-Revised Memo.” MO Dept of Health inter-office memorandum.— June 16, 1989

4 US EPA. 2001. Water quality criterion for protection of human health: methylmercury. EPA-823-R-01-001. http://www.epa.gov/waterscience/criteria/methylmercury/merctitl.pdf

5 MDHSS. 2006. “Development of PCB Risk-based Fish Consumption Limit Tables. ” MO Dept of Health and Senior Services Memorandum. August 30, 2006.

8 World Health Organization. 1972. “Evaluation of Certain Food Additives and the Contaminants Mercury, Lead and Cadmium.” \WHO Technical Report Series No. 505,

Sixteenth Report on the Joint FAO/WHO Expert Committee on Food Additives.
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DESCRIPTION OF ANALYTICAL TOOLS USED FOR DETERMINING THE STATUS OF MISSOURI WATERS (11” X 14” FOLD OUT)
Determining when waters are impaired Determining when waters are no longer impaired
. .. Criterion Used Significance .. Criterion Used | Significance
Designated Analytes Analytical Tool Decision RL.“e/ with the Decision Level Decision RL.”e/ with the Decision Level Notes
Use Hypothesis Hypothesis
Rule' (o) Rule (o)
Null
Hypothesis Hmo Reject Null
Test—Two o - Hypothesis if Same
difference in i Same . .
Color Sample, two calculated “t” value | 0.1 . Same Criterion Significance
color between s Hypothesis
sample, one exceeds tabular “t Level
tailed t-Test teststreamand | o116 for test alpha
control stream.
Reject Null
Hypothesis if 60
percent %-Lower
Confidence Limit
Null (LCL) of mean
Narrative H . percent fine
o ypothesis: - .
Criteria - sediment deposition
Solids of (pfsd) in stream is
. Hypothesis anthropogenic P Criterion Note:— If data is non-normal a
BottomObject T .. less greater than the sum s . il b q .
ionalObiectio est, Tweo origin cover of the pfsd in the Same o ame nonparametric test will be used as a comparison
toratbjectio Sampletwo than-<20 0.4 . Same Criterion Significance | of medians.— The-same 20 percent% difference
nable bottom | f control and 20 Hypothesis | ill anpli ith fw h
deposits sample, one percent% o ercent %.-more of Leve sti app |es.;W|t current software, the Mann-
tailed “t<-Test stream bottom percent’ Whitney test is used.
. the stream bottom.
where velocity [i.e., where the-pfsd
is lessthan<05 | - " P
feet/second is egpressed asa
' decimal, test -stream
pfsd > (control
stream pfsd)+( +
0.209)]




Methodology for the Development of the
20202022 Section 303(d) List in Missouri

Page 75 of 7399

Appendix D

DESCRIPTION OF ANALYTICAL TOOLS USED FOR DETERMINING THE STATUS OF MISSOURI WATERS (11” X 14” FOLD OUT)

Determining when waters are impaired

Determining when waters are no longer impaired

milogicall

. .. Criterion Used Significance .. Criterion Used | Significance
Designated Analytes Analytical Tool Decision RL.“e/ with the Decision Level Decision Rl’.”e/ with the Decision Level Notes
Use Hypothesis i Hypothesis
Rule (o) Rule ()

For-DNR Invert
protocol:
S_ample
sizessample size | Using DNR
of 7 or less, 75 Invert: Protocol,
percent% of +Null Reject Null
samples must Hypothesis: Hypothesis if
score 14 or Frequency of frequency of fully
lower: full sustaining sustaining scores on | Net Same Same
For-RAM Fish | scores for test test stream is ApplicableN/ Hvoothesis Same Criterion Significance
1BHIBI stream is the significantly less A yp Level

Biological protocol: same as for than for bielegical

Agquatic Life | monitoring Sorsle blologienl eriteriabiocriteria

(Narrative) sizessample size | eriteriabiocriteri | reference streams:
of 7 or less, a reference
75% percent of | streams:
samples must
score less-than
<36-

Rate as impaired if
; the Trequency ot
A direct the fr_e uenc of
comparison of blocrlterla_ reference
Fer—DNR Invert f . streams with fully o . . he ref
rotocol andOR | frequencies supportin Crlterlon.Note.—fFor mvert_s, the re erence

P = | between testand | S-PPONY . Same number will change depending on which EDU
RAM fIBI - . biological scores is Same o S .

. bielegical 0.1 . Same Criterion Significance | the stream is in (X percent %-5% percent), for
protocol with opionio e | dreater thanRate-as Hypothesis | les th il al
sample sizes of eriteriabiocriteri | - S Leve RAM samples the reference number will always

T a reference HRpAIFee H o be 70 (75% percent-5 percent%).
8 or more: : biolegical criteria
. ; streams will be
Binomial made refereneestream
Probability ' frequency-of fully
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Appendix D
DESCRIPTION OF ANALYTICAL TOOLS USED FOR DETERMINING THE STATUS OF MISSOURI WATERS (11” X 14” FOLD OUT)
Determining when waters are impaired Determining when waters are no longer impaired
. .. Criterion Used Significance .. Criterion Used | Significance
Designated Analytes Analytical Tool Decision RL.“e/ with the Decision Level Decision RL.”e/ with the Decision Level Notes
Use Hypothesis Hypothesis
Rule' (a) Rule (a)
- .
greaterthan five
percent more than
test stream.
Biological
monitoring Null
(Narrative) Hypothesis: ; Reject Null
Community Hypothesis if metric
metric(s) in test | scores for test Same Same
A e Lif stream is the stream are 0.1 . Same Criterion Significance
Eioorl(())tri]s;l data | sameas in for-a | significantly less Hypothesis Level
(eont) 9 . reference stream | than reference or
an appropriate
" or control control streams.
parametric or
. streams.
nonparametric
test will be
used-
Other biological
monitoring to be | Dependent upon Dependent Same
. . upon Same _— o
determined by available . . Same Criterion Significance
. . available Hypothesis
type of data. information- . } Level
information-
Toxic No more than
. . . . Not N/ASame
chemicals,#r | Not applicable one toxic event, . . N/ASame N/ASame P,
water : (N/A) toxicity test otapphicableN/A AE heablel/ Hypothesis Crteren IE g | FaRee
(Numeric) failure or -
exceedance of
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Appendix D

DESCRIPTION OF ANALYTICAL TOOLS USED FOR DETERMINING THE STATUS OF MISSOURI WATERS (11” X 14” FOLD OUT)

Determining when waters are impaired

Determining when waters are no longer impaired

Criterion Used

Significance

Criterion Used

Significance

Des:j;nated Analytes Analytical Tool Decision RL.“e/ with the Decision Level Decision Rl’.”e/ with the Decision Level Notes
se Hypothesis Ruleii Hypothesis
ule (o) Rule (o)
acute or chronic
criterion in 3
years.
Compliance with Water Quality Standards
Note:— In the case of toxic chemicals occurring
in benthic sediment rather than in water, the
numeric thresholds used to determine the need
for further evaluation will be the Probable Effect
Concentrations (PECs) proposed i
R
Based-Sediment-Quality-Guidelines-for
Agquatic Life Ml FEreshwater Ecosystems™by MacDonald-B-B- et
(cont.) Ml cudoodiebe al. Areh—Environ—Coentam-—Toxicol-39;20-31
Toxic . judged-to-be upimpaired-t For metals, use (2000).* These Probable Effect
chemicals,-n Compatrl_son of impaired-if For mitggsﬁtésg 150 Net pParameter 150 percent% of Net ConeentrationsPECs are as follows _(in mg/kg):
sediments : gfgnég r\I/ZIT;aQr pParameter % d— The . Ny | 9eomean is PEC threshold. . N/ 33 mglkg-As; 4.98 mglkg-Cd; 111 mgtkg-Cr;
(Narrative) . ' geomean |- apphicableN/ equal to or less | The PECQ applicablelN/ 149 mglkg-Cu; 48.6 mglkg-Ni; 128 mglkg-Pb;
calculation of a PECQ threshold A . A k :
PECQ value. e_xceeds PE.C, or | \alue is 0.75. than PEC, or threshold value is 459 mgtkg-Zn; and (in po/kg) 563pgikg
site PECQ is site PECQ 0.75. AtsatRnieas e e s henontaoneE20
exceeded. equaled or not pgtkg-pyrene—1050-pgikg-benzol(ajanthracene;
exceeded. 1290-pglkg-chrysene:-1450-pglkg
benzo(a)pyrene; 22,800 pgltkg-total
- polyeyelicaromatic-hydrocarbons:—676

pgtkg-total PCBs; 17.6 chlordane-17-6-ugiks;
31.3 Sum DDE-3%+3-ugtkg;— 4.99 lindane

(gamma-BHC)-4-99-ugtkg.— Where multiple
sediment contaminants exist, the Prebable

Effect ConcentrationsPECQ Quetient-shall not
exceed 0.75.— See Appendix D and Section Il. D
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Appendix D

DESCRIPTION OF ANALYTICAL TOOLS USED FOR DETERMINING THE STATUS OF MISSOURI WATERS (11” X 14” FOLD OUT)

Determining when waters are impaired

Determining when waters are no longer impaired

. .. Criterion Used Significance .. Criterion Used | Significance
Desgg;ted Analytes Analytical Tool Dﬁ's'g?hsslfsle/ with the Decision Level Dﬁ'S'g?hssLi'sle/ with the Decision Level Notes
yp Rulefi (o) yp Rule (o)
for more information on the-Probable Effect
Coneentrations  -Ouotient,
fomes - netan:
Temperature, Data-collectedHn-a-time-seriestashion-will-be
pH, total H;gothesis No looked-atona-4-day-period—H-an-entire-4-day
diss-dissolved " Reject Null S period-is-autside-of-the-6-5—9-0-efiterion-range
gases, oil and | Binomial n;?;:r:?;%] olfO Hypothesis if the Netl_ leN/ Same Same Criterion LS/A i thatwill-eountas-a-chronietoxieity-event—Meore
ili percent i — i Lavel dromenceiRcer o e seRs o
Aquatic Life gr[s:fjei,ssolved probebilly samples exceed ;I(}sﬂs) ?[l:a?wrz)oirate ® A riypothests msoroR st Rs e R ens
(cont.) 0X .en the water o Grab-Samples: |
: ygen quality criterion. i .

(Numeric) Data collected as-grab-samples-will be treated as
is and the binomial probability calculation will
be used for assessment.

N
Hypothesis-—Neo Reiect Null
Losing i Eiremial Ehmethesisithe Some o o
Streams ' probability I Typeterrorrate-is . Hypothesis Same-Criterion Significance
ecepethe Level
wate .E|HlEl|IF§
Null
Human Toxic Hypothesis: Reject Null Reject Null
Health — chemicals —in Hypothesis test: | Levels-of Hypothesis if the 60 Same Hypothesis if the | Same
(F:Icfrr:sumption water i(-)sr:l(‘jizgnce limit m%g g?éggzenrtt??arl; %%3 ® o4 Hypothesis iessogfeaféfiﬂ;# t?e_ Egglﬂcance
(Numeric) P T——— S I
in water do not | criterion value. criterion value.
exceed criterion.
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Appendix D
DESCRIPTION OF ANALYTICAL TOOLS USED FOR DETERMINING THE STATUS OF MISSOURI WATERS (11” X 14” FOLD OUT)
Determining when waters are impaired Determining when waters are no longer impaired
. - Criterion Used Significance . Criterion Used | Significance
Des:gnated Analytes Analytical Tool Decision RL.“e/ with the Decision Level Decision RL.”e/ with the Decision Level Notes
se Hypothesis Ruleii (@) Hypothesis Rule (@)
Human Null
Health — Four of more Hypothesis:
Fish Toxic samples: LevelsContamin | Reject Null Reject null
Consumption chemicals-in | H F())thésis test ant levels in Hypothesis if the 60 Same hypothesis if the Same
. * yp fitlet percent% LCL is 0.4 . 60 percent% UCL | Significance
tissue 1-sided fill han th Hypothesis . han th Lovel
(Narrative) confidence s_amplesl ets or | greater than the is greater than the eve
limit fish-eggs do not | criterion value. criterion value.
exceed criterion.
Null
Hypothesis: . .
. b s of Reject Null Reject null
Toxic TZF doggesw test: : Co Hypothesis if the 60 Same hypothesis if the Same
chemicals - coRtaminantst o percent% LCL is 0.4 . 60 percent% UCL | Significance
confidence ntaminant levels Hypothesis
(Numeric) limit 4o not exceed greater than the is greater than the | Level
L L criterion value. criterion value.
Drinking criterion.
Water Supply
(Raw) Null
Hypothesis: . .
. |y Is of Reject Null Reject null
Non-toxic T_);Fdoetgesw test - Co Hypothesis: if the 60 Same hypothesis if the Same
chemicals - . —— | percent% LCL is 0.4 . 60 percent% UCL | Significance
. confidence ntaminant levels Hypothesis :
(Numeric) limit do not exceed greater than the is greater than the | Level
I criterion value. criterion value.
criterion.
M Mat! Methods
Drinking . stipulatedStipul | stipulatedStipul - . Same
Toxic stiputatedStipulated | pulated by Same o o
Water Supply . ated by Safe ated by Safe P . Same Criterion Significance
- chemicals s o by Safe Drinking Safe Hypothesis
(Finished) Drinking Water | Drinking Water Water Act. Drinking Level
Act: Act: Water Act:
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Appendix D
DESCRIPTION OF ANALYTICAL TOOLS USED FOR DETERMINING THE STATUS OF MISSOURI WATERS (11” X 14” FOLD OUT)
Determining when waters are impaired Determining when waters are no longer impaired
. .. Criterion Used Significance .. Criterion Used | Significance
Des:j;nated Analytes Analytical Tool Decision RL.“e/ with the Decision Level Decision Rl’.”e/ with the Decision Level Notes
se Hypothesis Ruleii Hypothesis
ule (o) Rule (o)
Null Reject Null Llet Same Same Criterion et
Whole Body | Bacteria Geometric mean | Hypothesis: Hypothesis: if the ApphieableN/ | Hypothesis applicable
Contact and (Numeric) Levelsof geometric mean is A N/A
& Secondary contaminantsCo | greater than the
Contact ntaminant levels | criterion value.
Recreation do not exceed
criterion.
Null
Hypothesis: No Reiect Null
Losing Binomial more than 10 Hypothesis if the Same S m .
E.coli — percent% of . 0.1 VT Same Criterion Significance
Streams probability Type | error rate is Hypothesis -
samples exceed | _5% Level
the water —
quality criterion.
Null
o _ Hypothesis test Hypothesis: Reject Nu_II _ Reject nu_II _
Irrigation & Toxic 1-Sided Levelsof Hypothesis if the 60 Same hypothesis if the Same
Livestock chemicals - contaminantsCo | percent% LCL is 0.4 . 60 percent% UCL | Significance
Water (Numeric) c_on_f idence ntaminant levels | greater than the Hypothesis is greater than the | Level
limit o N
do not exceed criterion value. criterion value.
criterion.
Lake Reject Null Hypothesis Test Note: State nutrient criteria
nutrients i Null hypothesis: | Hypothesis if 60 Same Same require at least four samples per year taken near
fakes Hypothesis test | Criteria are not | percent% LCL value | 0.4 H . Same Criterion Significance | the outflow point of the lake (or reservoir)
. : ypothesis
Protection of | (Numeric — exceeded. is greater than Level between May 1 and August 31 for at least four
Aquatic Life Site Specific) criterion value. different, not necessarily consecutive, years.
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Appendix D
DESCRIPTION OF ANALYTICAL TOOLS USED FOR DETERMINING THE STATUS OF MISSOURI WATERS (11” X 14” FOLD OUT)

Determining when waters are impaired

Determining when waters are no longer impaired

. .. Criterion Used Significance .. Criterion Used | Significance
Designated Analytes Analytical Tool Decision Rgle/ with the Decision Level Decision Rl’.”e/ with the Decision Level Notes
Use Hypothesis Hypothesis
Rule' (o) Rule (o)
- ﬁ - - -
o Lake See See Appendix Methods M”E. ; implementation Plan-was de_uelsaed s
quaticLite nutrients i Nutri FMethods Metheds-stipulated | stipulated-by Same e;m_add_um abaspect of the Lake Netrient
takes . LERsloEanRnteR SE-'SE.IE“EE % by-Nutrient . futrient . Same . Same Criterion Significance mﬁemerﬂaﬂer%lanspeﬂ%em—heweeeregﬁqal
(Numeric — Appendix Blostion: SRR oEnReR Implementati | Hypothesis Lovel lal . iteriawil See
Ecogregional tantAppendix Implementation | PlanSee Appendix F | en-PlanSee . . o
; B ; Appendix F for the-implementation-planmore
Ecoregional) Plaa Appendix F information

" Where hypothesis testing is used for media-other-than-fish-tissuefor-data sets with five samples or fewer; (for media other than fish tissue), a 75-pereent percent% confidence interval around the appropriate central tendencies will be used
to determine use attainment status.— Use attainment will be determined as follows:— (1) If the criterion value is above this interval (all values within the interval are in confermanceagreement with the criterion), rate as unimpaired; (2) If the
criterion value falls within this interval, rate as unimpaired and place in Category 2B or 3B; (3) If the criterion value is below this interval (all values within the interval are not in eenfermaneceagreement with the criterion), rate as impaired.
For fish tissue, this procedure will be used with the following ehanges-amendments: (1) it will apply only to sample sizes of less than four and, (2) a 50 percent% confidence interval will be used in place of the 75 percent% confidence

interval.

1 MacDonald, D.D, Ingersoll, C. G., Berger, T. A. 2000. Development and Evaluation of Consensus-Based Sediment Quality Guidelines for Freshwater Ecosystems. Arch. Environ. Contamination Toxicology. 39, 20-31.
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Appendix E
PICTORIAL REPRESENTATIONS OF THE WEIGHT OF EVIDENCE PROCEDURE FOR JUDGING TOXICITY OF
SEDIMENT DUE TO METALS AND PAHS

Biological Weight of Evidence Decision Chart - Sediment Toxicity (Metals)

BIOLOGICALS COMMUNITY [TOMICITY TEST DATA|
AVAILABLE?
1
nll I“

DOES IT SHOW AN IMPAIRMENT? TSEM-AVS DATA AVAILABLE?
1

1
[ 1
NO OR
INCONCLUSIVE
FSEM-AVE DETA AVAILABLE? TSEM-AVS NTA AVAILABLE?
1 1
E I E
ISEM-AVS

I
GEOMEAN OF
E SAMPLES FOR METAL B
>00 ""> 150% PEC =00

,—I—| ’—|—| -
=] [=]

=] =] =]
| I
NOT IMPAIRED [(zsEM-avs)/Foc] INOT IMPAIRED INCONCLUSIVE 2 NOT IMPAIRED [[ESEM-AVS)/FOC]
=130 = 3000
I . 1

IMPAIRED FOR [{Esem- IMPAIRED FOR IMPAIRED FOR
unknown cause 2 [l VsV Foc] UNKNOWN CALSE * MIETAL "X 2
>130
|
]
Ex Ex = |

K" > 150%

l—|—|

[ 1
[ | =
IMPAIRED FOR [(ESEM-AVSYFOC] NOT GE oF
3 e — [ESEMHAVS]fFOC] INCONCLUSIVE
e > 3000 I . zmg ! - SAMPLES FOR METAL
| - )" = 150% PEC

T !
|
\ ron GEOMEAN OF SAMPLES NOT IMPAIRED INCONCLUSIVE ? POTENTIAL
T AL IR METALS
UNKNOWRN CALISE = 1508 PEC AIRMENT *

V—I—\

Notes:

1 - If there are Numeric WQS violations (unrelated to sediment) then follow LMD Procedure in LMD Appendix B. Do Not Continue.
2 - Note waterbody for further investigation related to metals or habitat issues.

3 - Note waterbody for Biological Sampling.
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Biological Weight of Evidence Decision Chart - Sediment Toxicity (PAHS)

BIOLOGICAL / COMMUNITY / TOXICITY TEST DATA AVAILABLE?

DOES IT SHOW
AN IMPAIRMENT?

GEOMEAN OF SAMPLES FOR
TOTAL PAHs > 150% PEC

NO OR
INCONCLUSIVE

I\ ]

GEOMEAN OF SAMPLES FOR GEOMEAN OF SAMPLES FOR
TOTAL PAHs > 150% PEC TOTAL PAHs > 150% PEC

POTENTIAL TOTAL
PAHS IMPAIRMENT?

NOT IMPAIRED

IMPAIRED FOR IMPAIRED FOR NOT IMPAIRED
UNKNOWN CAUSE 2 TOTAL PAHs 2

Notes:

1 - If there are Numeric WQS violations (unrelated to sediment) then follow LMD Procedure in LMD Appendix B. Do Not Continue.
2 - Note waterbody for further investigation.

3 - Note waterbody for Biological Sampling.
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Appendix F

Missouri’s Nutrient Criteria

Missouri Lakes and Reservoirs

For the purposes of Missouri’s nutrient criteria and this document, all lakes and reservoirs are referred to
as “lakes” [10 CSR 20-7.031(5)(N)1.A.]. Missouri’s lakes are more appropriately classified as
impoundments and have very different physical, chemical, and biological characteristics when compared
to naturally-formed glacial or mountainous lakes found in other states. Many of Missouri’s major lakes
were constructed primarily for flood control, hydroelectric power, and water supply. The riverine
habitats and species that existed before impoundment over time transitioned into the current state of
aguatic life dominated by self-sustaining populations of sport and non-sport fishes. The numeric nutrient
criteria and implementation methods proposed by the Department are structured to ensure the
deleterious impacts of nutrient enrichment to Missouri’s lakes are mitigated without adverse impacts to
the health and vitality of the self-sustaining populations of aguatic life that live there.

Missouri’s nutrient criteria apply to all lakes that are waters of the state and have an area of at least ter
£10) acres during normal pool condition, except the natural lakes (oxbows) in the Big River Floodplain
ecoregion [10 CSR 20-7.031(5)(N)2.]. The criteria apply to, and assessments will be conducted for, the
entire water body as found in Missouri’s WQS regulation. As noted in the Rationale for Missouri Lake
Nutrient Criteria (DNR, 2017), the Department has structured Missouri’s nutrient criteria as a decision
framework that applies at an ecoregional basis. This decision framework integrates causal and response
parameters into one WQS that accounts for uncertainty in linkages between causal and response
parameters. The decision framework includes response impairment thresholds, nutrient screening
thresholds, and response assessment endpoints. This framework appropriately integrates causal and
response parameters and is based on the bioconfirmation guiding principles that EPA (2013) has
suggested as an approach for developing nutrient criteria.

Numeric Criteria for Lakes [10 CSR 20-7.031(5)(N)]

Missouri’s WQS contain response impairment threshold values for chlorophyll-a (Chl-a) and screening
threshold values for total nitrogen (TN), total phosphorus (TP), and Chl-a, all of which vary by the
dominant watershed ecoregion. Lakes are determined to be impaired if the geometric mean of samples
taken between May and September in a calendar year exceeds the Chl-a response impairment threshold
value more than once in three years’ time. A duration of three or more years is necessary to account for
natural variations in nutrient levels due to climatic variability (Jones and Knowlton, 2005). If a lake
exceeds a screening threshold value, it will be designated as impaired if any of five response assessment
endpoints also are identified in the same calendar year.
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Chl-a Response Nutrient Screening Thresholds (ug/L)
Lake Ecoregion Impairment
Thresholds (ug/L) TP TN Chl-a
Plains 30 49 843 18
Ozark Boarder 22 40 733 13
Ozark Highland 15 16 401 6

The five response assessment endpoints are:
e Occurrence of eutrophication-related mortality or morbidity events for fish and other aquatic
organisms
Epilimnetic excursions from dissolved oxygen or pH criteria
Cyanobacteria counts in excess of 100,000 cells/mL
Observed shifts in aguatic diversity attributed to eutrophication
Excessive levels of mineral turbidity that consistently limit algal productivity during the period of
May 1 — September 30

All scientific references used for numeric nutrient criteria derivation are contained in the Rationale for
Missouri Lake Nutrient Criteria (DNR, 2017) and supplemental materials maintained by the
Department. The Department maintains a copy of these references and makes them available to the
public for inspection and copying at no more than the actual cost of reproduction.

Narrative Criteria [10 CSR 20-7.031(4)]

Missouri’s WQS contain general (narrative) water quality criteria that are used to protect waters from
nutrient enrichment caused by excessive nitrogen and/or phosphorous loading. Missouri’s general
criteria protect waters from “unsightly or harmful bottom deposits” and “unsightly color or turbidity,”
which are potential consequences of excess nutrients in freshwater systems. Narrative criteria do not
provide numeric thresholds or concentrations above which impacts to designated uses are likely to
occur. However, because the bioconfirmation approach integrates causal and response variables to
ensure attainment of the aguatic habitat protection use, the proposed numeric nutrient criteria and
screening thresholds serve as an enforceable interpretation of Missouri’s general criteria at 10 CSR 20-
7.031(4). Additionally, implementation of the numeric nutrient criteria and screening thresholds also
will ensure protection of downstream waters as required by 10 CSR 20-7.031(4)(E) and 40 CFR

131.10(b).

Site-Specific Numeric Criteria [10 CSR 20-7.031(5)(N)]

Missouri’s WQS also contain numeric nutrient criteria for specific lakes. Each of the lakes listed in
Table N of the WQS have site-specific criteria for TN, TP, and Chl-a, based on the annual geometric
mean of a minimum of three years of data and characteristics of the lake. Additional site-specific criteria
may be developed to account for the unique characteristics of a water body.

Data Requirements for Assessment




Methodology for the Development of the
20202022 Section 303(d) List in Missouri
Page 86 of 7399

In order to assess a lake against the numeric nutrient criteria in 10 CSR 20-7.031(5)(N), the following
data requirements must be met:

1. At least four samples collected between May 1 and September 30 under representative conditions;
2. Each sample must have been analyzed for at least Chl-a, TN, TP, and Secchi depth;
3. At least three years of samples (years do not have to be consecutive). Data older than seven years

will not be considered, consistent with the Department’s Listirg-Methodelogy-DPocument{L MD);
4. Data collected under a QAPP.

If these requirements are not met, the lake will be placed into Category 3 of Missouri’s Integrated Water
Quality Report (i.e., Missouri’s 305(b) Report) until further information can be collected. In the case of
lakes that have some data, but not enough to make an assessment, these lakes will be prioritized for
additional sampling. Lakes with limited data where water quality trends or field observations point to
possible impairment will receive the highest priority.

Criteria for Assessment

Each lake will be evaluated against the appropriate ecoregional or site-specific criteria located in Tables
L, M, and N of 10 CSR 20-7.031 (reproduced below).

Table L: Lake Ecoregion Chl-a Response Impairment Threshold Values (ug/L)

Lake Ecoregion Chl-a Response Impairment Thresholds
Plains 30
Ozark Border 22
Ozark Highland 15
Table M: Lake Ecoregion Nutrient Screening Threshold Values (ug/L)
L ake Ecoregion Nutrient Screening Thresholds
TP TN Chl-a
Plains 49 843 18
Ozark Border 40 733 13
Ozark Highland 16 401 6
Table N: Site-Specific Nutrient Criteria
Site-Specific Criteria
Lake | (ua/L)
Ecoregion Lake SR
TP | IN | Chl-a
Bowling Green Lake Pike 21 502 | 6.5
Plains | Bowling Green Lake (old) Pike 31 506 5
Forest Lake Adair 21 412 | 43
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Fox Valley Lake Clark 17 | 581 | 63
Hazel Creek Lake Adair 27 616 | 6.9
Lincoln Lake — Cuivre River State Park | Lincoln 16 413 | 43
Marie, Lake Mercer 14 | 444 | 36
Nehai Tonkaia Lake Chariton 15 418 | 2.7
Viking, Lake Daviess 25 509 | 7.8
Waukomis Lake Platte 25 293 11
Weatherby Lake Platte 16 363 | 5.1

Ozark Goose Creek Lake St Francois 12 383 3.2

Border | wauwanoka, Lake Jefferson 12 | 384 | 6.1
Clearwater Lake Wayne-Reynolds 13 220 | 2.6
Council Bluff Lake Iron 7 229 | 2.1
Crane Lake Iron 9 240 | 2.6
Fourche Lake Ripley 9 236 2.1
Loggers Lake Shannon 9 200 | 2.6

Ozark | Lower Taum Sauk Lake Reynolds 9 203 | 26

Highland | Noblett Lake Douglas 9 211 2

St. Joe State Park Lakes St Francois 9 253 2
Sunnen Lake Washington 9 274 | 2.6
Table Rock Lake Stone 9 233 | 2.6
Terre du Lac Lakes St Francois 9 284 | 1.7
Timberline Lakes St Francois 8 276 | 15

Assessment Methodology

1. Site-Specific Lake Nutrient Criteria

Lakes with site-specific numeric nutrient criteria (see Table N of 10 CSR 20-7.031) will be assessed
using the current listing methodology. Missouri has a state requlation, 10 CSR 20-7.050, which
requires a methodology be created and followed for the development of an impaired waters list.
Missouri develops and provides public notice of the methodology every two years concurrently with
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the 303(d) list. The methodology is approved by the Missouri CWC before the Department can use it

for assessments. The Department currently assesses against the existing site-specific lake nutrient

criteria in the water quality standards. {rewTable-N-of 10-CSR 20-7.031)See-the Departiment’s
020 detatls—TFable A

b
aala aYa Q Q aYa ala
v o1 v v v

ble 1 Listof ivod Lal ith Si i L
Year | WBID | Waterbody WB Size | Units | 1U Pollutant
2014 | 7003 | Bowling Greenlake-Old | 7 Acres | AQL | Chl-a
2012 | 7003 | Bowling Green Lake-Old | 7 Acres | AOL | TN
2012 | 7003 | Bowling Green Lake-Old | 7 Acres | AQL | FR
2014 | 7326 | Clearwater Lake 1635 Acres | AQL | Chl-a
2016 | 7326 | Cleanwaterlake 1635 Acres | AQL | TR
2016 | 7334 | Cranelake 109 Acres | ADL | Chl-a
2016 | 7334 | Cranelake 109 Acres | AQL | FR
2010 | 7151 | Forestlake 580 Acres | ADL | Chl-a
2010 | 7151 | Forestlake 580 Acres | AQL | TN
2010 | 7151 | Forestlake 580 Acres | AQL | FR
2018 | 7324 | FourchelLake 49 Acres | AQL | Chl-a
2018 | 7324 | Fourchelake 49 Acres | AOL | TN
2014 | 7008 | Fox-\MalleyLake 89 Acres | AQL | Chl-a
2014 | 7008 | Fox\alleylLake 89 Acres | AOL | TN
2010 | 7008 | Fox-\Malley-Lake 89 Acres | AQL | FR
2010 | 7152 | Hazel CreekLake 453 Acres | ADL | Chl-a
2018 | 7152 | Hazel Creek Lake 453 Acres | AOL | TN
2018 | 7049 | Lake-Lincoln 88 Acres | AQL | Chl-a
2018 | 7301 | MonsantolLake 18 Acres | AQL | Chl-a
2016 | 7301 | Monsanto-Lake 18 Acres | AOL | FN
2018 | 7301 | MonsantolLake 18 Acres | AQL | FR
2014 | 7316 | NoblettLake 26 Acres | AQL | Chl-a
2014 | 7316 | NoblettLake 26 Acres | AQL | TR
2002 | 7313 | Fable Rocklake 41747 Acres | AQL | Chl-a
2002 | 7313 | Fable-RockLake 41747 Acres | AQL | TN
2012 | 7071 | Weatherby-Lake 185 Acres | AOQL | Chl-a
2010 | 7071 | Weatherby-Lake 185 Acres | AQL | TN
2014 | 7071 | Weatherby-Lake 185 Acres | AOL | FR

2. Ecoregional Lake Nutrient Criteria
Lakes with ecoregional nutrient criteria (see Tables L and M of 10 CSR 20-7.031) will be assessed
using the following:

a. For lakes with ecoreqgional criteria, a yearly geometric mean for Chl-a, TN, and TP will be
calculated for the period of record. The latest three years (do not have to be consecutive) of data
will be used for assessment. These data are collected by the SLAP and the LMVP.
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b. If the geometric mean of Chl-a exceeds the response impairment threshold in more than one of
the latest three years of available data, the lake will be placed into Category 5 of Missouri’s
Integrated Report (IR) and go on the 303(d) list for Chl-a. If only two years of data are available
and the geometric mean of Chl-a exceeds the response impairment threshold in both years, the
lake will be placed into Category 5 of Missouri’s IR and go on the 303(d) list for Chl-a.

c. If the geometric mean of Chl-a, TN, or TP exceeds the nutrient screening threshold, then
additional response assessment endpoints will be evaluated (see Assessment Methodology
Section #3 “Additional Lake Response Assessment Endpoints” below). If data for any of the
response assessment endpoints indicates impairment in the same year that Chl-a, TN, or TP
exceeds the nutrient screening threshold, the lake will be placed into Category 5 of Missouri’s
IR. If sufficient data are not available to assess the response assessment endpoints or they do not
show impairment, then the water will be placed into Category 3B or 2B, respectively (assuming
other uses are attaining) and prioritized for additional monitoring and ongoing evaluation of
response assessment endpoints (see Monitoring Efforts Section). If a lake that is sampled in the
LMVP is placed in Category 3B or 2B, then it may be moved to the SLAP to ensure all nutrient
screening threshold data needed to complete a full assessment are available. The Department is
committed to providing the data needed to complete the full assessment.

d. If the geometric mean of Chl-a, TN, or TP does not exceed the nutrient screening threshold, the
water will be placed into the appropriate IR category based on the attainment of the other uses.

e. The period of record for the lake will be reviewed for the purpose of determining long-term trends
in water quality. If a lake is determined to be trending towards potential impairment, the lake will
be further scrutinized and prioritized for additional monitoring.

3. Additional Lake Response Assessment Endpoints
For lakes where the geometric mean of Chl-a, TN, or TP exceeds the ecoregional nutrient screening
thresholds, the additional response assessment endpoints listed below will be evaluated. Each of
these endpoints is linked to the protection of the aquatic habitat designated use and will be used to
assess compliance with the numeric nutrient criteria when screening values are exceeded. When one
of these endpoints indicate a eutrophication impact in the same year as a nutrient screening threshold
exceedance, the lake will be placed into Category 5 and on the 303(d) list.

Response assessment endpoints observed in lakes without sufficient data for Chl-a, TP, or TN will
be prioritized highest for additional sampling of Chl-a, TP, and TN.

a. 10 CSR 20-7.031(5)(N)6.A. — Occurrence of eutrophication-related mortality or morbidity
events for fish and other aquatic organisms (i.e., fish kills)

e Following the Department’s LMD, two or more fish kills within the last three years of
available data will result in the water being placed into Category 5 as well as the 303(d) list.




Methodology for the Development of the
20202022 Section 303(d) List in Missouri
Page 90 of 7399

e Fish kills as a result of nutrient enrichment (eutrophication) in a lake indicate that current
water guality may not be protective of the aquatic habitat designated use. The Department
maintains contact with the Misseuri-Bepartment-of Conservation{MDC) on fish Kills that
occur throughout the state. MDC, as well as the Department’s Environmental Emergency
Response and Water Protection Program, receive notifications of observed fish kills. MDC
investigates all reported fish Kills and provides a summary report of the species, size, and
number of fish and other aquatic organisms Killed. These reports are provided shortly after
the investigation. Annual fish Kill reports are compiled and provided to the Department.

One such example of a fish Kill annual report is MDC’s Missouri Pollution and Fish Kill
Investigations 2017 (published April 2018). The Department will continue to request these
data and annual reports from MDC. This document includes fish kill data and causes as well
as describes the methods used by MDC to assess fish Kills.

e The Department will review reports for information pertaining to the cause of death as well
as the potential sources. Fish populations can have seemingly random small die-offs related
to disease, virus, or other natural causes. The Department will focus on die-offs related to
DOdissolved-oxygen, temperature, pH, algal blooms, and the toxins associated with algal
blooms. More than one fish kill within 10ten years or one large (>100 fish and covering more
than ten percent of the lake area) fish kill documented to be caused by dissolved oxygen
excursions, pH, algal blooms, or the toxins associated with algal blooms will constitute
evidence of impairment.

b. 10 CSR 20-7.031(5)(N)6.B. — Epilimnetic excursions from dissolved oxygen or pH criteria

In lakes, DO is produced by atmospheric reaeration and the photosynthetic activity of aquatic
plants and consumed through respiration. DO production by aquatic plants (primarily
phytoplankton in Missouri reservoirs) is limited to the euphotic zone where sufficient light exists
to support photosynthesis. In some lakes, reaeration and photosynthesis may be sufficient to
support high DO levels throughout the water column during periods of complete mixing.
Missouri lakes however, do not stay completely mixed and thermally stratify during the summer.
The duration, depth, and areal extent of stratification in any lake is a function of site-specific lake
variables and environmental factors. During the stratified period, the epilimnion (surface water
layer) receives oxygen from the atmosphere and is dominated by primary production from
phytoplankton and other aguatic plants. In contrast, the hypolimnion (deep, cool water zone) is
largely separated from the epilimnion (surface layer) and is dominated by respiratory processes
that use organic matter derived from autochthonous (in-lake) and allochthonous (watershed)
sources. The strong temperature gradient between the epilimnion and hypolimnion generally
restrict gas and nutrient circulation and limits the movement of phytoplankton between the
layers. As a result, respiration in the hypolimnion creates hypoxic conditions during the
stratification period.

Data collected by the MU demonstrates that hypoxic hypolimnetic conditions (absent of DO)
consistently occur during the summer in Missouri lakes regardless of trophic condition. Further,
anoxic hypolimnetic conditions have even been measured in Missouri’s high-quality oligotrophic
lakes. It is apparent from the science and available data that low hypolimnetic DO conditions are
the result of natural processes and should be expected in all lakes across the state. Thermal




Methodology for the Development of the
20202022 Section 303(d) List in Missouri
Page 91 of 7399

stratification and resulting anoxic hypolimnia limit the area where some more sensitive fish
species thrive to the epilimnion. Assessment of DO in the epilimnion of lakes will ensure the
protection of aquatic life and aguatic habitat designated use and the maintenance of a robust
aguatic community. Therefore, it would be inappropriate to apply the 5.0 milligrams per liter DO
criterion throughout the entire water column.

DO and pH criterion will apply only to the epilimnion during thermal stratification. DO and pH
criteria will apply throughout the water column outside of thermal stratification.

Excess nutrient input into lakes causes an increase in primary productivity of a lake. This
increase in productivity comes with an increasing demand for DO through both the living and the
decaying portions of aquatic life. Increased productivity also causes algal populations to have
exponential growth and decay rates that can cause swings in DO concentrations. Sudden drops in
DO concentrations or low levels of DO concentrations can cause fish Kills.

Similar to DO, water column pH levels are linked to photosynthesis and impacted by thermal
stratification. During periods of high photosynthesis, carbon dioxide (CO>) is removed from the
water column and pH increases. Conversely, when respiration and decomposition is high, CO»
levels increase and pH decreases. As described above, the natural temperature gradients during
the summer growing season create conditions whereby the epilimnion is dominated by primary
production and the hypolimnion is dominated by respiration. Therefore, the pH levels will
typically be higher in the epilimnion and lower in the hypolimnion. Because the nutrient criteria
are focused on the biological response variable Chl-a, which is highest in the epilimnion in the
summer, it is appropriate to limit pH assessments to the epilimnion.

Excessive algal production can cause the pH of the epilimnion to rise above 9.0 in some cases.
When pH falls outside of this range due to algal blooms and their eventual decomposition,
aqguatic life which requires a stable range of pH conditions to survive can suffer. As mentioned
for dissolved oxygen, assessment of pH in the epilimnion of lakes against WQS will ensure the
protection of aquatic life and the aquatic habitat designated use, and the maintenance of a robust
aguatic community.

e At the time of sample collection, DO, water temperature, and pH will be measured near the
surface as well as via sonde probe throughout the depth of the epilimnion (water surface to
the thermocline). The sonde probe continuously collects data for a short period of time as it is
lowered through the water column. This data is currently collected by the SLAP.

e Following the LMD procedure for DO: If more than 10% percent of the measurements are
below the 5.0 mg/L minimum to protect aquatic life, the binomial probability will be used for
to determine whether the criterion has been exceeded.

e Following the LMD procedure for pH: If more than 10 %percent of the measurements are
outside the 6.5 to 9.0 range to protect aquatic life, the binomial probability will be used to
determine whether the criterion has been exceeded.

c. 10 CSR 20-7.031(5)(N)6.C. — Cyanobacteria counts in excess of one hundred thousand
(100,000) cells per milliliter (cells/mL)




Methodology for the Development of the
20202022 Section 303(d) List in Missouri
Page 92 of 7399

Cell counts of cyanobacteria (blue-green algae) greater than 100,000 can be indicative of a
harmful algal bloom (HAB) and the increased probability of algal toxins in the lake. Certain
species of blue-green algae can produce toxins harmful to both aquatic life and terrestrial life
(including humans and pets). Microcystis can produce microcystin (liver toxin) and anatoxin-a
(neurotoxin). Dolichospermum, in addition to producing microcystin and anatoxin-a, also can
produce cylindrospermopsin (liver toxin) and saxitoxin (nerve toxin). These toxins can cause
adverse effects on aquatic life, as well as humans recreating on surface waters. The Oregon
Health Authority has developed recreational guidelines for issuing public health advisories in
relation to algal toxins (Oregon Health Authority, 2018). Until EPA develops Section 304(a)
criteria for algal toxins, the values contained in the Oregon Health Authority document will serve
as a surrogate indicator that Section 101(a) uses (i.e., aquatic habitat protection and recreational
uses) are not being met. Direct measurement of cyanobacteria cell counts is limited and currently
prohibitively expensive. Until this method becomes more widely adopted or technology
improves to reduce the cost, the Department will collect data on algal toxin concentrations as a
surrogate indicator for cyanobacteria counts.

e Cyanobacteria counts greater than 100,000 cells/mL suggest the presence and impact of a
HAB in the water body. HABs and the algal toxins they produce pose a threat to the aquatic
habitat protection and recreational designated uses (Oregon Health Authority, 2018). This
data may be collected by agencies or county governments and, when available, the
Department will request and use this information. The cyanobacteria cell count is based on
the threat of unacceptable levels of algal toxins, which are currently being collected by the
SLAP and the LMVP.

e Any algal toxin values exceeding the following thresholds during the same year one of the
nutrient screening levels was exceeded will constitute evidence of impairment. Two of these
toxins currently are collected by the SEAR-and-the-L MVP. The SLAP-wiHl beganin collecting
all four in 2018.

Microcystin 4.0 po/L
Cylindospermopsin 8.0 pg/L
Anatoxin-a 8.0 no/L
Saxitoxin 4.0 ug/L

These toxin levels are associated with a total toxigenic algal species cell count greater than or
equal to 100,000 cells/mL. They also are associated with an algal cell count of greater than or
equal to 40,000 cells/mL of Microcystis or Planktothrix species.

d. 10 CSR 20-7.031(5)(N)6.D. — Observed shifts in aqguatic diversity attributed to eutrophication

The health of an ecosystem can be assessed by looking at different aspects, one of which is the
food web or chain. Chemical measurements can be taken to assess the nutrients and chlorophyll
(as a surrogate for algae). Relative abundances of fish at the various levels of the food chain can
be surveyed to see if it is in balance. High nutrient inputs along with high levels of suspended
solids can cause a decrease in the number of sight-feeding predators and an increase in the
number of the prey that the predators are unable to catch. More numerous prey put a strain on the
resources available, resulting in smaller prey and smaller, less numerous predators. This
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imbalance in the number and/or size of fish, or a shift to less sight-feeding fish in favor of
bottom-feeding fish such as carp, due to eutrophication is a cause for concern.

As the state agency responsible for the protection and management of fish, forest, and wildlife
resources, MDC reqularly monitors populations of primary sport fishes (black bass, crappie,
catfish) in major reservoirs (typically annually) to ensure the agency has appropriate regulations
in place to manage these fish populations for today and into the future. These populations of
piscivorous (i.e., fish eating) sport fish, and the many planktivorous (i.e., plankton eating) non-
sport fish that are their prey, are self-sustaining in Missouri’s major reservoirs. Correspondence
with MDC Fisheries Division confirms the agency does not conduct supplemental stocking for
primary sport fishes (i.e., apex predators), nor does the agency conduct supplemental stocking of
non-sport fish lower down the food chain (MDC, 2018).

Although MDC does not stock the primary sport and non-sport fishes noted above, MDC does
stock additional fish species to provide a “bonus” or “specialty” sport fishing opportunity.
Species included in the bonus or specialty fishing opportunities include (but are not limited to)
paddlefish, rainbow trout, brown trout, striped bass, hybrid striped bass, walleye, and
muskellunge. Many of these fish species are non-native and would not be capable of reproducing
or sustaining populations in Missouri lakes.

MDC uses various sampling techniques including electrofishing, netting, creel surveys, and
angler surveys to collect information related to fish populations and angler satisfaction over time.

These data help to inform MDC’s regulations for the capture of fish within Missouri lakes to
ensure self-sustaining populations of sport- and non-sport fishes. The Department, in
consultation with MDC, will use these data to determine whether shifts in aquatic diversity
attributed to eutrophication are occurring in a lake. These data are contained within MDC'’s
Fisheries Information Network System (FINS) and annual reports of fish stocking activities such
as the “Fish Stocking for Public Fishing and Aquatic Resource Education.” In support of this
approach, the last eight calendar year reports (CY 2010 — 2017) generated by MDC and
supporting data have been included with this submittal.

e The Department will request any available information on the potential biological shifts in
fish or invertebrate communities related to eutrophication. This includes data from other
agencies (such as the U.S. Fish and Wildlife Service) that monitor the populations of game
fish.

e The MDC reqularly monitors fish populations of primary sport fishes (black bass, crappie,
catfish) in major reservoirs (typically annually) to ensure the agency has appropriate
requlations in place to manage these fish populations for today and into the future. These
populations of sport-fish, and the non-sportfish that are their prey, are self-sustaining in
Missouri’s major reservoirs.

e The MDC uses various sampling technigues including electrofishing, netting, creel surveys,
and angler surveys to collect information related to fish populations and angler satisfaction
over time. These data in consultation with MDC will be used to determine whether shifts in
aguatic diversity attributed to eutrophication are occurring in a lake.
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e The MDC produces annual fishery management reports for Missouri’s major lakes and
reservoirs that detail the health of the fishery and includes number of species, catch per unit
effort, relative density of fish and measures of fish condition and population size structure.
One such example of an annual fishery management report is the Stockton Reservoir 2017
Annual Lake Report (published March 2018). The data supporting MDC’s annual fishery
management reports can also be made available to the Department. MoDNR will request
these annual reports and data from MDC.

e. 10 CSR 20-7.031(5)(N)6.E. — Excessive levels of mineral turbidity that consistently limit algal
productivity during the period May 1 — September 30 (i.e., light limitations)

It is widely recognized that mineral turbidity reduces transparency and thereby limits algal
production (Jones and Hubbart, 2011). Excessive mineral turbidity and reduced water column
transparency can suppress Chl-a levels despite high levels of nutrients. Pronounced and extended
turbidity events could have the effect of reducing Chl-a on an average annual basis but still allow
for periodically high peaks or algal blooms after sedimentation of mineral turbidity and increased
transparency. Under such conditions, waterbodies experiencing harmful algal blooms may go
undetected when assessed as an average annual geomean. The intent of this response variable is
to identify such waterbodies that might otherwise go unidentified as impaired.

There are several ways to determine light availability in a lake. Some examples include: Secchi
depth, light attenuation and photosynthetically active radiation (PAR), Chl-a/TP ratios, and
measurements for turbidity and suspended sediments. All these methods can provide additional
information on the amount of light available in the epilimnion and how deep it penetrates into the
lake. These data will be used to determine whether the lake has excess sediment in relation to
nutrients for eutrophication impacts to occur.

e Excessive mineral turbidity can reduce light penetration within the photic zone of lakes and
limit algal productivity due to the lack of sunlight. Water clarity can be expressed through
measurements such as Secchi depth, turbidity, and suspended solids. These data are collected
by the SLAP and the LMVP under a cooperative agreement with the Department.

e Measured lake Secchi depths less than 0.6 meters in the Plains, 0.7 meters in the Ozark
Border, and 0.9 meters in the Ozark Highlands is likely an indicator of excessive mineral
turbidity that limits algal productivity in the water body (MDC 2012). This data is collected
by the SLAP and the LMVP under a cooperative agreement with the Department. Yearly
average Secchi depths below the applicable ecoregional value may constitute evidence of
impairment. Additional analysis of average Chl-a/TP ratios will also be conducted before
determining impairment status, as described below.

e The ratio of the average Chl-a to the average TP is an additional indicator of chlorophyll
suppression in lakes due to mineral turbidity. A mean Chl-a/TP ratio less than or equal to
0.15 and a mean inorganic suspended solids value greater than or equal to 10 mg/L is
suggestive of excessive mineral turbidity which limits algal productivity (Jones and Hubbart,
2011). Unless attributed to other physical factors, Chl-a/TP ratios at or below 0.15 and an ISS
value greater than or equal to 10 mg/L as determined by yearly means will serve as an
indicator of excessive mineral turbidity and constitute evidence of impairment. Assessment
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threshold values for Secchi depth, Chl-a/TP ratio, and ISS shall all be exceeded before
determining a water is impaired.

e The Department will use data collected using a Li-Cor guantum sensor. Data collected with
this equipment consists of light attenuation and photosynthetically active radiation (PAR).
Until scientific literature on this new technology can be developed, the Department will rely
on best professional judgment for when the data indicate light availability is limiting algal
production to the point that if there were less or no limitation then the Chl-a values would be
likely to exceed the criterion. Fhis-data-wil-be-coHected-by-the SLAP-starting-H-2018-under
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Figure 3. Missouri Ecoregional Numeric Nutrient Criteria Decision Framework based on the
Bioconfirmation Approach.
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TN — Total Nitrogen
TP — Total Phosphorus

DO - Dissolved Oxygen
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Trend Analysis

The Department currently reports on physiographic region trends in Missouri’s 305(b) Report. The latest
version as well as past versions can be found on Missouri’s 303(d) website:
https://dnr.mo.gov/env/wpp/waterquality/303d/303d.htm. These trends have been reported every cycle
in the 305(b) Report since 1990. Trends for the physiographic regions are calculated based on at least 20
years of data. Trends are developed for Secchi depth, total phosphorus, total nitrogen, total chlorophyll,
nonvolatile suspended solids, and volatile suspended solids.

The Department will evaluate individual lake trends for total phosphorus, total nitrogen, and Chl-a.
Nutrients and chlorophyll can be seasonally variable, as well as wet and dry weather dependent. A
minimum of ten years of data will be necessary to confidently evaluate water quality trends in Missouri
lakes due to significant annual variability and differing hydrologic conditions. Longer time periods are
needed for more accurate predictions of impairment.

e \When evaluating trends, confounding, or exogenous Vvariables, such as natural phenomena (e.q.,
rainfall, flushing rate and temperature), must be controlled for.

e The trend must be statistically significant. This process involves standard statistical modeling, such
as least squares regression or Locally Weighted Scatterplot Smoothing (LOWESS) analysis. To be
considered statistically significant, the p value associated with the residuals trend analysis must be
less than 0.05.

e Impairment decisions based on trend analysis should, at a minimum, demonstrate that the slope of
the projected trend line is expected to exceed the chlorophyll criterion within 5five years and that
there is evidence of anthropogenic nutrient enrichment. If the slope of the projected trend line is
expected to exceed the chlorophyll criterion in greater than fives years, the lake will be prioritized
for additional monitoring and identified as a potential project for a 319 protection plan. A list of
lakes that have increasing trends of nutrients or Chl-a will be added as an appendix to Missouri’s
future 305(b) Reports.



https://dnr.mo.gov/env/wpp/waterquality/303d/303d.htm

Methodology for the Development of the
20202022 Section 303(d) List in Missouri
Page 99 of 7399

The Department will look for statistically significant trends in the DO/pH profile of lakes throughout the
entire water column. Areas the Department will look at may include, but are limited to, mixing volumes,
mixing depths, and severity of anoxia in the hypolimnion.




