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Public Hearing on the Draft 2018 303(d) Listing Methodology Document (LMD) 

Issue: The Federal Water Pollution Control Act, Section 303(d) requires states to biennially 
(once every two years) submit to the U.S. Environmental Protection Agency (EPA) a list of 
impaired waters for which adequate pollution controls have not yet been required. 

Background: The department has a public participation process for revision of the Listing 
Methodology Document (LMD) that runs concurrently with the public notice for the 303(d) List. 
The proposed 2018 LMD was placed on public notice October 1, 2015 and will continue through 
January 31, 2016. All comments provided during the public availability meetings held on 
November 3, 2015 and December 1, 2015, and during the biological workgroup meeting held on 
November 18, 2015, can be found in the meeting discussion summaries provided in the 
Commission packet. 

The draft 2016 LMD updates the 2014 LMD approved by the Commission in July 2014 and 
incorporates revisions related to reformatting and consolidation of information presented in the 
document, the addition of clarifying statements or information relating to biological assessment, 
and minor corrections to tables. 

As of December 11, 2015 the department has received one (1) 'Yritten comment on the proposed 
listing methodology document. The comment was received from the EPA Region 7. Written 
comments will continue to be accepted through January 31, 2016. All public comments, along 
with the department's responses, will become part of the administrative record for the LMD and 
will be made available on the department' s website. 

Recommended Action: No action is requested. This is an opportunity for staff, and the public, 
to present and comment on the draft 2018 Listing Methodology Document. 

Suggested Motion Language: Hearing only. 

List of Attachments: 
• Proposed 2018 303(d) Listing Methodology Document. Additions from the 2016 LMD 

are shown in track changes and comment boxes. 
• Summaries of Public Availability Meeting discussions held on November 3, 2015 and 

December 1, 2015 (under tab 1). 
• Summary of Public Availability and Biological W orkgroup Meeting discussions on the 

draft 2018 LMD held on November 18, 2015. 
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I. Citation and Requirements 

A. itation of Section of Clean Water Ac~ 

frhe Missouri Department of Natural Resources (MDN R))is responsible for the implementation 
and administration of the Federal Clean Water Act in Missouri. Under Section 40 CFR 130.30, 
State=-s, Territories or authorized Tribes must submit to the United States Environmental 
Protection Agency (EPA) a list of impaired or threatened water_bodies. - EPA also requires 
States, Territories, and authorized Tribes to submit a written methodology document describing 
their approach in considering. and evaluating existing readily available data used to develop their 
303(d) list of impaired water_bodies. The listing methodology must be submitted to the EPA 
each year the Section 303(d) list is due. EPA does not approve or disapprove the listing 
methodology, but considers the methodology during its review of the states 303(d) impaired 
waters li st~ 

Following the Missouri Clean Water Commission approval , Section 303(d) is submitted to EPA. 
This fulfills Missouri"s biennial submission requirements of an integrated report required under 
Sections 303(d). 305(b) and 314 of the Clean Water Act. In years when no integrated report is 
submitted, the department submits a copy of its statewide water quality assessment database to 
EPA. 

B. 

In 200 I 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 1

• 

The following sections provide an overview of EPA Integrated Report guidance documents from 
calendar year 2002 through 201 5. 

The 2002 Integrated Water Quality Monitoring and Assessment Report Guidance was the first 
document EPA provided to the States. Territories. and authorized Tribes with directions on how 
to integrate the development and submission of the 2002 305(b) water quality reports and 
Section 303(d) list of impaired waters. 

The guidance recommended that States. Territories and authorized Tribes submit a combined 
integrated report that would satisfy the Clean Water Act requirements for both Section 305(b) 
water quality reports and Section 303(d) list. The 2002 Integrated Report was to include: 

1 
Additional infonnation can be obtained from EPA's website: 

http://water.epa.gov/l awsregsilawsguidance/cwa/tmdl/guidance.cfinl . 

Comment (D2]: Previous comments indicated 
this section was confusing. This section has been 
updated to clarify EP As requirements for the 
development of a I isling methodology. 

Comment (D3]: Moved tlus paragraph up to 
place EPA Guidance discussions in numeric order. 
The first two sentences were slightly reworded for 
sentence structure. 

Item number 4 was not previously numbered. 

Moved reference regarding the methodology is 
biennially reviewed in order to place it more in 
sequential order with other information discussed in 
paragraph. 

Conu1*lt (R4]: This section was updated to add 
additional background relating to EPA's Integrated 
Reporting Guidance documents. 

Other grammatical changes were also made. 
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• Delineation of water quality assessment units based on the National Hydrography Dataset 
ili!iQ)_; 

• Status of and progress toward achieving comprehensive assessments of all waters; 
• Water quality standard attainment status for every assessment units ; 
• Basis for the water quality standard attainment determinations for every assessment units ; 
• Additional mon itoring that may be needed to determine water quality standard attainment 

status and. if necessary. to support development of total maximum daily loads CTMDLs) 
for each pollutant/-assessment units combination; 

• Schedules for additional monitoring planned for assessment units; 
• Pollutant/-assessment units combinations still requiring TMDLs; and 
• TMDL development schedules reflecting the priority ranking of each pollutant/ 

assessment units combination. 

The 2002 EPA guidance described the requirements under Section 303(d) of the Clean Water 
Act where states were required to describe the methodology used to develop their 303(d) list. 
EPA 's guidance recommended the states provide: (I) 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). it is recommended that "prior to submission of its Integrated Report. 
each state should provide the public the opportunity to review and comment on the 
methodology." In accordance with EPA guidance. the department reviews and updates the 
Listing Methodology Document (LMD) every two years. The LMD is made available to the 
public for review and comment at the same time the state ' s 303(d) impaired waters list is 
published for public comment. Following the public comment period, the department responds 
to public comments and provides EPA with a document summarizing all comments received. 

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 of303(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" (see Appendix A for Excerpt). 

ln 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 of a five-part categorization scheme and that each state provides a 
comprehensive description of the water quality standards attainment status of all segments within 
a state (reference Table I below). The guidance also defined a "segment" as being used 
synonymous with the term "assessment unit" used in previous Integrated Report Guidance. 
Overall. the selected segmentation approach shou ld be consistent with the state ' s water quality 
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standards and be capable of providing a spatial scale that is adequate to characteri ze the water 
quality standards attainment status for the segment. 

It was in the 2006 guidance that EPA recommended all waters of the state be placed in one of 
five categories described below. 

Table 1. Placement of Waters within the Five Categories in the 20062 EPA Assessment, 
Listin2 and Reportm2 Guidance 

I Categorv 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 Document (LMD). The department will place a water in 
Category I if the following conditions are met: 

I Categorv 2 

• The water has physical and chemical data (at a minimum, water 
temperature, pH, dissolved oxygen, ammonia, total cobalt, and total copper 
for streams, and total nitrogen, total phosphorus and secchi depth for lakes) 
and biological water quality data (at a minimum, E. coli or fecal coliform 
bacteria) that indicates attainment with water quality standards. 

• The level of mercury in fish fillets or plugs used for human consumption lli 
0.3 mg/kg or less. Only samples of higher trophic level species 
(largemouth, smallmouth and spotted bass, sauger, walleye, northern pike, 
trout, striped bass, white bass, flathead catfish and blue catfish) will be used. 

• The water is not rated as "threatened." 

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

• There lli_inadequate data for water temperature, pH, dissolved oxygen, 
ammonia, total cobalt or total copper in streams to assess attainment with 
water quality standards or inadequate data fo r total nitrogen, total 
phosphorus or secchi depth in lakes. 

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

• There are insufficient fish fillet tissue, or plug data available for mercury to 
assess attainment of the fish consumption use. 

Category 2 waters will be placed in one of two sub-categories. 

Category 2A: Waters will be placed in this category if available data, using best 
professional judgement, suggests compliance with numericfil 
water quality criteria of Tables A or Bin Missouri ' s Water 

I 2 htto://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/upload/2005 08 11 tmdl 20061RG report 2006irg-sec5 .odf 
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Quality Standards (I 0 CSR 20-7.031) or other quantitative 
thresholds for determining use attainment. 

Category 28: Waters will be placed in this category ifthe 
available data, using best professional judgment, suggests 
noncompliance with numeric water quality criteria of Tables A or 
8 in Missouri's Water Quality Standards, 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 28 waters will be given high 
priority for additional water quality monitoring. 

Catei:;on: 3 Water quality data are not adequate to assess any of the designated beneficial 
uses consistent with the LMD. The department will place a water in Category 3 
if data are insufficient to support a statistical test or to qualify as representative 
data to assess any of the designated uses. Category 3 waters will be placed in 
one of two sub-categories. 

Category 3A. Waters will be placed in this category if available data, using best 
professional judgment, suggests compliance with numericfil water 
quality criteria of Tables A or Bin Missouri ' s Water Quality 
Standards ( 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 will be given lower 
priority than Category 38 waters. 

Category 38. Waters will be placed in this category ifthe available data, using 
best professionaljudgment, suggest noncompliance with 
numericfil water quality criteria of Tables A or 8 in Missouri ' s 
Water Quality Standards or other quantitative thresholds for 
determining use attainment. Category 3 8 waters will be given 
high priority for additional water quality monitoring. 

Catei:;on: 4 State water qualitv standards or other criteria, as per the requirements of 
n~ & C of this document, are not attained, but a Total Maximum Daily 

Load (TMDL) study is not required. Category 4 waters will be placed in one of 
three sub-categories. 

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

• Any portion of the water is rated as being in non-attainment with 
state water qualitv standards or other criteria as explained in 

Comment [DS]: Since WQ data are not adequate 
to assess any of the designated uses, EPA suggested 
that these waters should also be given high prionty 
for additional WQ monitoring 

{ C-.-t [R6]: PreV10usly referenced Table I 
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~dix B & C1of this document due to one or more discrete 
pollutants or discrete properties of the water3

, and 
[ Comment [R7]: Previously 11'ferenced Table I l 

• EPA has approved a TMDL for all pollutants that are causing 
non-attainment. 

Category 48. Water pollution controls required by a local , state or federal 
authority, are expected to correct the impairment in a reasonable 
period of time. The department will place a water in Category 48 
if both of the following conditions are met: 

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

I state ~ater guality ~tandards or other criteria as explained in 
QJ>endix B & C of this document due to one or more discrete 

pollutants or discrete properties ofwater2
, and 

[ Comment [R8]: Previously 11'fe11'nced Table I ) 

I 
_• __ 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 

I control plans as noted in EPA's guidance document. 

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

I state water quality standards or other criteria as explained in 
.pn.endix B & Cjofthis document, and a discrete pollutant(s) or ( Comment [R!I]: Previously .,,f..,,nced Table I ) 

other discrete property of the water2 does not cause the 
impairment. Discrete pollutants may include specific chemical 
elements (e.g., lead, zinc), chemical compounds (e.g. , ammonia, 
dieldrin, atrazine) or one of the following quantifiable physical, 
biological or bacteriological conditions: water temperature, 
percent of gas saturation, amount of dissolved oxygen, pH, 
deposited sediment, toxicity or counts of fecal coliform or E. coli 

I bacteria. 

I 
Cate~O!J'. 5 At least one discrete pollutant has caused non-attainment with state water 

quality standards or other criteria as explained in .pQendix 8 & C of this , ( Comment [R10]: P11'viously referenced Table I ) 
document, and the water does not meet the qualifications for listing as either 
Categories 4A or 48. Category 5 waters are those that are candidates for the 

I state ' s 303(d) List4. 

3 A discrete 11ollutant or a discrete llrDIJet1):' of water is defined here as a SQ!;Cific chemical or other attribute of the water (such as 
temQerature dissolved ox):'gen or 11H) that causes beneficial use imQainnent and that can be measured guantitativel):'. 
4 The JlrDllQSed state 303(d) List is detennined b):' the Missouri Clean Water Commission and the final list is detennined b):' the 
U.S. Environmental Protection Agenc):' . 

11 
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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 basis f~r 
excluding a segment from Category 5. 

Category 5. These segments must be li sted 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 in EPA guidance for TMDL development, when it 
fits within the state' s TMDL prioritization scheme. 

Category 5-alt. A water body assigned to 5-alt is an impaired water without a 
completed TMDL but assigned a low priority for TMDL 
development because an alternat ive restoration approach is being 
pursued. This also provides transparency to the public that a state is 
pursuing restoration activities in those waters to achieve water 
quality standards. The addition of this sub-category will faci li tate 
tracking alternative restoration approaches in 303(d) listed waters in 
priority areas. 

frhreatened When a water is currently attaining all designated uses, but the data shows an 
Wated inverse (time) trend in quality for one or more discrete water quality pollutants 

indicating the water will not continue to meet these uses before the next listing 
cycle. Such water will be considered " threatened." A threatened water will be 
treated as an impaired water and placed in the appropriate Category (4A, 48, or 
5). 

[n subseguent _yeari EPA has 12rovided additional guidance, but onl_y limited new su1212lemental 
information has been 12rovided since the 2008 c_ycle. 

In August 2015. the EPA provided draft guidance that would include a Categor_y 5-alternative {5-
alt) {reference Table 1 above). Additional information can be found at EPA's website: 
htt12://water.epa.gov/ lawsregs/ lawsguidance/cwa/tmdl/guidance.cfm. 

Comment [D11]: Revised the wording ofthos 
definition. 

Comment [D12]: Moved this so the 2008 and 
beyond Integrated Repon information followed 
2006. Any substantial and future Integrated Repon 
guidance information will be added below. 

Added 2016 IR information here regarding TMDL 
prioritization and the additional creation of Category 
5- alt. 

Moved the "Placement of Waters within the five 
category in the 2006 EPA Assessment, Listmg and 
Reporting" section into a table so it could be 
referenced with the text . 
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11. The Methodology Document 

A. Procedures and Methods Used to Collect Water Quality Data 

Department Monitoring 

The major purposes of the department ' s water quality monitoring program are to: 

• characterize background or reference water quality conditions; 
• better understand daily, flow event and seasonal water quality variations and their 

underlying processes; 
• characterize aquatic biological communities; 
• assess time-trends in water quality; 
• characterize local and regional effects of point and nonpoint source.§. pollutants on water 

quality; 
• check for compliance with water quality standards and/or wastewater permit limits; 
• support development of strategies, including Total Maximum Daily Loads, to return 

impaired waters to compliance with Water Quality Standards. All of these objectives 
are statewide in scope. 

Coordination with Other Monitoring Efforts in Missouri 

To maximize efficiency, the department routinely coordinates its 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 department-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, the U.S. Army 
Corps of Engineers, EPA, the Missouri Department of Conservation (MDC), and the Missouri 
Department of Health and Senior Services. The Department of Natural Resources 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, Iowa,, and Illinois~and graduate level 
research conducted at universities within Missouri . For those wastewater discharges where the 
department has required instream water quality monitoring, the department may also use 
monitoring data acquired by wastewater dischargers as a condition of discharge permits issued 
by the department. fn 1995, the department also began using data collected by volunteers that 
have passed Volunteer Water Quality Monitoring Program Quality Assurance/Quality Control 
tests. 

Existing Monitoring Networks and Programs 

The fo llowing is a list and a brief description of the kinds of water quality monitoring activities 
presently occurring in Missouri. 
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1. Fixed Station Network 

a) Objective: To better characterize background or reference water quality conditions, to 
better understand daily, flow event~, and seasonal water quality variations and their 
underlying processes, to assess trends and to check for compliance with water quality 
standards. 

b) Design Methodology: Sites are chosen based on one of the following criteria: 
• Site is believed to have water quality representative of many neighboring streams of 

similar size due to similarity in watershed geology, hydrology and land use, and the 
absence of any impact from a significant point or discrete nonpoint water pollution 
source. 

• Site is downstream of a significant point source or discrete nonpoint source area. 

c) Number of Sites, Sampling Methods, Sampling Frequency, and Parameters: 
• MDNR/U.S. Geological Survey cooperative network: approximately 70 sites 

statewide, horizontally and vertically integrated grab sample~, 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. E. coli and fecal coliform) and flow on 
all visits, two to four times annually for suspended solids and heavy metals, and for 
pesticides six times annually at four sites. 

• MDNR/University of Missouri-Columbia' s lake monitoring network. This program 
has monitored about 249 lakes since 1989. About 75 lakes are monitored each year. 
Each lake is usually sampled four times during the summer and about 12 are 
monitored spring through fall for nutrients, chlorophyll, turbidity and suspended 
solids. 

• Department routine 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 gepartment' s Missouri State Parks. 

• Monitoring of sediment quality by the department at approximately I 0::.12. 
discretionary sites annually . .S,ites are monitored for several heavy metals u 
arsenic, cadmium, copper, lead, mercury, nickel, zinc, etc.) and/or organic 
contaminants (e.g. polycyclic aromatic hydrocarbons, etc.). 

2, Special Water Quality Studies 

a) Objective: Special water quality studies are used to characterize water quality effects 
from a specific pollutant source area. 
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b) Design Methodology: These studies are designed to veri fy and measure the contaminants 
of concern based on previous water quality studies, effluent sampling and/or Missouri 
State Operating Permit applications. These' studies employ multiple sampling stations 
downstream and upstream if appropriate). ~f contaminants of concern have significant 
seasonal or daily variation, the sampling design must account for such variation. 

c) Number of Sites, Sampling Methods, Sampling Frequency and Parameters: The 
department conducts or contracts 1!Q..!Q_I 0 to_! 5 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 also require multiple samples per site over a relatively short time frame . 

I 3. _Toxics Monitoring Program 

The fixed station network and many of the department 's intensive studies monitor for acute 
and chronic toxic chemicals2" In addition, major 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) Objectives: The objectives of the Biological Monitoring programs are to develop 
numeric criteria describing "reference" aquatic macroinvertebrate and fish communities 
in Missouri's streams, to implement these criteria within state water quality standards and 
to maintain a statewide fish and aquatic macroinvertebrate monitoring program. 

b) Design Methodolo~y: Development ofbiocriteria for fish and aquatic 
marcoinvertebrates involves identification ofreference streams in each of Missouri ' s 
aquatic ecoregions and 17 ecological drainage units. respectively. It also includes 
intensive sampling of invertebrate and fish communities to quantify temporal and spatial 
variation in reference streams within ecoregions and variation among ecoregions, and the 
sampling of chemically and physically impaired streams to test sensitivity of various 
community metrics to differences in stream quality. 

c) Number of Sites, Sampling Methods, Sampling Frequency and Parameters: The 
department has conducted biological sampling of aquatic macroinvertebrates for many 
years. Since 1991 , the department's aquati c macroinvertebrate monitoring program has 
consisted of standardized monitoring of approximately 45 to 55 sites twice annually. ln 
addition, the MDC presently has a statewide fish and aquatic macroinvertebrate 
monitoring program, the Resource Assessment and Monitoring (RAM) Program, 
designed monitor and assess the health of Missouri ' s stream resources on a rotating basis. 
This program samples a minimum of 450 random and 30 reference sites every five years. 

5 As defined in 10 CSR 20-7.031 (1) 
6 For additional infonnation visi t: http://dnr.mo.gov/env/esp/wqm/biologicalassessments.hhn 

{ Comment [D13]: Streamlined sentence wording 
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5. Fish Tissue Monitoring Program 

a) Objective: Fish tissue monitoring addresses two objectives: (1) the assessment of 
ecological health or the health of aquatic biota (usually accomplished by monitoring 
whole fish samples); and (2) the assessment of human health risk based on the level of 
contamination offish tissue plugs, or fillets. 

b) Design Methodology: Fish tissue monitoring sites are chosen based on one of the 
following criteria: 
• Site is believed to have water and sediment quality representative of many 

neighboring streams or lakes of similar size due to similarity in geology, hydrology 
and land use, and the absence of any known impact from a significant point source or 
discrete nonpoint water pollution source. 

• Site is downstream of a significant point source or discrete nonpoint source area. 
• Site has shown fish tissue contamination in the past. 

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

The department plans to maintainJ! fish tissue monitoring program to collect whole fish 
composite samples7 at approximately_l l fixed sites. In previous years, this was a 
cooperative effort between EPA and the department through EPAs Regional Ambient 
Fish Tissue CRAFT) Monitoring Program. Each site will be sampled once every two 
years. The preferred species for these sites are either Common Carp (Cvprinus carpio) 
or one of the Redhorse (a.k.a. sucker) species (Afoxostoma sp.). 

The department, EPA, and MDC also sample 40 to 50 discretionary sites annually for two 
fish fillet composite samples or fish tissue plug samples (mercury only) from fish of 
simi lar size and species. One sample is of a top carnivore such as Largemouth Bass 
(Micropterus salmoides), Small mouth Bass (Micropterus dolomieu) , Walleye (Zander 
vilreus). or Sauger (Zander lucioperca). The other sample is for a species of a lower 
trophic level such as catfish, Common Carp or sucker species (Catostomidae). This 
program occasionally samples fish eggs for certain fish species at selected locations. 
Both of these monitoring programs analyze for several chlorinated hydrocarbon 
insecticides, PCBs, lead, cadmium, mercury, and fat content. 

6. Volunteer Monitoring Program 

Two major volunteer monitoring programs generati< water quality data in Missouri. The data 
generated from these programs are used for statewide 305(b) reporting 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. 

7 A composite sample is one in which several individual fish are combined to produce one sample. 



Methodology for the Development of the 
20 I ~ Section 303(d) List in Missouri 
Page 11 of62 

• Lakes of Missouri Volunteer Programli. This cooperative program consists of persons 
from the department, the University of Missouri-Columbia, and volunteers who monitor 
approximately 137 sites on 66 lakes, including Lake Taneycomo, Table Rock Lake.and 
several lakes in the Kansas City area. Lake volunteers are trained to collect samples for 
total phosphorus, total nitrogen. chlorophyll and inorganic suspended sediments. Data 
from this program is used by the university as part of a long-term study on the limnology 
of mid: western reservoirs. 

• Volunteer Water Quality Monitoring Program. The Volunteer Water Quality Monitoring 
Program9 is an activity of the Missouri Stream Team Program, which is a cooperative 
project sponsored by the department, the Missouri Department of Conservation, and the 
Conservation Federation of Missouri._ The program involves volunteers who monitor 
water quality of streams throughout Missouri. There are currently over 5,000 Stream 
Teams and more than 3,600 trained water quality monitors. Approximately 80,000 
citizens are served each year through the program. Since the beginning of the Stream 
Team program. 494,232 volunteers have donated about 2 million hour:s valued at more 
than $38 million to the State of Missouri. 

After the Introductory class, many attend at least one more class of higher level training: 
Levels I, 2, 3 and 4._ Each level of training is a prerequisite for the next higher level, as is 
appropriate data submission. Data generated by Levels 2, 3, and 4 and the new 
Cooperative Site Investigation (CSI) Program volunteers represent increasingly higher 
quality assurance. -For CSI projects, the volunteers have completed a quality 
assurance/quality control workshop, completed field evaluation, and/or have been trained 
to collect samples following department protocols. Upon completing Introductory and 
Level I and 2 training, volunteers will have received the basic level training to conduct 
visual stream surveys, stream discharge measurements, biological monitoring, and collect 
physical and chemical measurements for pH, conductivity, dissolved oxygen, nitrate, 
phosphate, and turbidity. 

Of those completing an Introductory course, about 35 percent proceed to Levels I and 2. 
To date, 104 volunteers have reached Level 3 and six volunteers have reached Level 4. 
The CSI Program uses trained volunteers to collect samples and transport them to 
laboratories approved by the department._ Volunteers and department staff work together 
to develop a monitoring plan. Currently there are 39 volunteers qualified to work in the 
CSI Program. All Level 2, 3, and 4 volunteers, as well as all CSI trained volunteers, are 
required to attend a validation session every 3 years to ensure equipment, reagents and 
methods meet program standards. To date 106 individuals have attended a validation 
session at least once. 

8 For additional program infonnation visit : http://www.lmvp.org/ 
9 For additional program infonnation visit : http://dnr.mo.gov/env/wppNWOM.hhn 
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Identification of All Existing and Readily Available Water Quality Data Sources 

pata Solicitation Reques 

In calendar year 2014, the department sent out a request for all available water quality data 
(chemical and biological). The data solicitation requested water quality data for 
approximately a two year timeframe prior to the current listing year. The data solicitation 
request was sent to multiple agencies, neighboring states, and organizations. In addition, 
and as part of the data solicitation process, the department queries available water quality 
data from national databases such as EPA' s Storage and Retrieval (STORET)/Water 
Quality Exchange (WQX) data warehouse 10

, and the USGS Water Quality Portal 11
• 

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. 

• Samples must be collected and analyzed under a Quality Assurance/Quality Control 
(QA/QC) protocol that follows the EPA requirements for quality assurance project plans. 

• Samples must be analyzed following protocols that are consistent with the EPA or 
Standard Method procedures. 

• All data submitted must be accompanied by a copy of the organization ' s QA/QC protocol 
and standard operating procedures. 

• All data must be reported in standard units as recommended in the relevant approved 
methods. 

• All data must be accompanied by precise sample location(s), preferably in either decimal 
degrees or Universal Transverse Mercator (UTM). 

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

All readily available and acceptable data are uploaded into the department's Water Quality 
Assessment Database 12

, where the data undergoes quality control checks prior to 303(d) or 
305(b) assessment processes. 

10 htto://www.epa. gov/storet/dw home .html 
11 http://www.watergualitydata. us/ 
12 htto://dnr.mo.gov/mocwis public/wga/water bodySearch .do 

Comment [R14 ]: Added an overview of the Data 
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Laboratory Analytical Support 

Laboratories used: 

• Department!U.S. Geological Survey Cooperative Fixed Station Network: U.S. Geological 
Survey Lab, Denver, Colorado 

• Intensive Surveys: Varies, many are done by the department ' s Environmental Services 
Program 

• Toxicity Testing of Effluents: Many commercial laboratories 
• Biological Criteria for Aquatic Macroinvertebrates: department ' s Environmental Services 

Program and University of Missouri-Columbia 
• Fish Tissue: EPA Region Vil Laboratory, Kansas City, Kansas, and miscellaneous contract 

laboratories (Missouri Department of Conservation or U.S. Geological Survey' s Columbia 
Environmental Research Center) 

• Missouri State Operating Permit: Self-monitoring or commercial laboratories 
• Department's Public Drinking Water Monitoring: department's Environmental Services 

Program and commercial laboratories13 

!_Other water quality studies: Many commercial laboratories 

B. Sources of Water Quality Data 

The following data sources are used by the department to aid in the compilation of the 
state' s integrated report (previously 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: 

I. Fixed station water quality and sediment data collected and analyzed by the 
gepartment's Environmental Services Program personnel. 

2. Fixed station water quality data collected by the U.S. Geological Survey under 
contractual agreements with the department. 

3. Fixed station water quality data collected by the U.S. Geological Survey under 
contractual agreements to agencies or organizations other than the department. 

4. Fixed station water quality, sediment quality, and aquatic biological information 
collected by the U.S. Geological Survey under their National Stream Quality 
Accounting Network and the National Water Quality Assessment Monitoring 
Programs. 

5. 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. LQuis County Water Company), Springfield City Utilities, 
and Springfield ' s Department of Public Works. 

6. Fixed station water quality data collected by the U.S. Army Corps of Engineers. The 

13 
For additional information visit : http ://dnr.mo.gov/env/wppllabs· 
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Kansas City, St. Louis, and Little Rock Corps Districts have monitoring programs for 
Corps-operated reservoirs in Missouri. 

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

8. Fixed station water quality monitoring by corporations. 

9. Annual fish tissue monitoring programs by EPA/Department RAFT Monitoring 
Program and MDC. 

10. Special water quality surveys conducted by the department. Most of these surveys 
are focused on the water quality impacts of specific point source wastewater 
discharges. Some surveys are of well-delimited nonpoint sources such as abandoned 
mined lands. These surveys often include physical habitat evaluation and monitoring 
of aquatic macro invertebrates as well as water chemistry monitoring. 

11. Special water quality surveys conducted by U.S. Geological Survey, including but not 
limited to: 

a) Geology, hydrology and water quality of various hazardous waste sites, 

b) Geology, hydrology and water quality of various abandoned mining areas, 

c) Hydrology and water quality of urban nonpoint source runoff in metropolitan 
areas of Missouri (e.g. St. Louis, Kansas City, and Springfield}, and 

d) Bacterial and nutrient contamination of streams in southern Missouri. 

12. Special water quality studies by other agencies such as MDC, the U.S. Public Health 
Service, and the Missouri Department of Health and Senior Services. 

13. Monitoring of fish occurrence and distribution by MDC. 

14. Fish Kill and Water Pollution Investigations Reports published by MDC. 

15. Selected graduate research projects pertaining to water quality and/or aquatic biology. 

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

17. 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 monitoring 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. Compliance monitoring of receiving waters by the department and EPA. This can 
include chemical and toxicity monitoring. 

19. Bacterial monitoring of streams and lakes by county health departments, community 
lake associations, and other organizations using acceptable analytical methods. 

20. Other monitoring activities done under a quality assurance project plan approved by 



Methodology for the Development of the 
20 l ~ Section 303(d) List in Missouri 
Page 15 of 62 

the department. 

21. Fixed station water quality and aquatic macroinvertebrate monitoring by volunteers 
who have successfully completed the Volunteer Water Quality Monitoring Program 
Level 2 workshop. Data collected by volunteers who have successfully completed a 
training Level 2 workshop is considered to be Data Code One. Data generated from 
Volunteer Training Levels 2, 3 and 4 are considered "screening" level data and can be 
useful in providing an indication of a water quality problem. For this reason, the data 
are eligible for use in distinguishing between waters in Categories 2A and 2B or 
Categories 3A and 3B. Most of this data are not used to place waters in main 
Categories (I , 2, 3, 4, and 5) because analytical procedures do not use EPA or 
Standard Methods or other department approved methods. Data from volunteers who 
have not yet completed a Level 2 training workshop do not have sufficient quality 
assurance to be used for assessment. Data generated by volunteers while 
participating in the department ' s Cooperative Site Investigation Program (Section II 
CI) or other volunteer data that otherwise meets the quality assurance outlined in 
Section II C2 'may be used in Section 303(d) assessment. 

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

22. Fish Management Basin Plans published by MDC. 

23 . Fish Consumption Advisories published annually by the Missouri Department of 
Health and Senior Services. Note: the department may use data from data source 
listed as Number 9 above. to list individual waters as impaired due to contaminated 
fish tissue. 

As previously stated, the department will review all data of acceptable quality that are submitted 
to the department prior to the first public notice of the draft 303(d) list. However, the department 
will reserves the right to review and use data of acceptable quality submitted after this date if the 
data results in a change to the assessment outcome of the water. 

C. Data Quality Considerations 

• DNR Quality Assurance/Quality Control Program 

The department and EPA Region VII have completed a Quality Management Plan. All 
environmental data generated directly by the department, or throuf h contracts funded by 
the department, or EPA require a Quality Assurance Project PlanL . The agency or 
organization responsible for collecting and/or analyzing environmental data must write 
and adhere to a Quality Assurance Project Plan approved through the department ' s 

14 
For additional information vi sit: http://www.epa .gov/guality/gapps.html 
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Quality Management Plan. Any environmental data generated via a monitoring plan with 
a department approved Quality Assurance Project Plan are considered suitable for use in 
water quality assessment and the 303(d) listing. This includes data generated by 
volunteers participating in the department' s CSI Program. Under this program, the 
department ' s Environmental Services Program will audit selected non-profit 
(governmental and university) laboratories. Laboratories that pass this audit will be 
approved for the CSI Program. Individual volunteers who collect field samples and 
deliver them to an approved laboratory must first successfully complete department 
training on how to proper.ly collect and handle environmental samples. The !.YQ§ of 
information that will allow the department to make a judgment on the acceptability ofa 
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 and 
maintenance and calibration procedures, (3) a description of sample collection and 
hand I ing procedures, and ( 4) a description of all analytical methods used in the laboratory 
for analysis. 

• Other Quality Assurance/Quality Control Programs 

Data generated in the absence of a department-approved Quality Assurance Project Plan 
may be used to assess a water_ body ifthe department determines that the data are 
adequate after reviewing and accepting the quality assurance procedures ]2@n_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 Project Plans pertaining to this monitoring effort, (3) a description of all field 
methods used, brand names and model numbers of any equipment, and a description of 
calibration and maintenance procedures, and ( 4) a description of laboratory analytical 
methods. This review may also include an audit by the gepartment' s Environmental 
Services Program. 

• Other Data Quality Considerations 

3.1 Data Age. For assessing present conditions, more recent data are preferable; 
however, older data may be used to assess present conditions ifthe data remains 
representative of present conditions. 

If the department 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. 

A second consideration is the age of the data relative to significant events that may have 
an effect on water quality. 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, for example, may not be representative of present 
conditions. Such data would not be used to assess present conditions even if it was less 
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than seven years old. Such "pre-event" data can be used to determine changes in water 
quality before and after the event or to show water quality trends. 

3.2 Data Type, Amount and Information Content. EPA recommends establishing a 
series of data codes, and rating data quality by the kind and amount of data present at a 
particular location (EPA l 99i 5

). The codes are single-digit numbers from one to four, 
indicating the relative degree of assurance the user has in the value of a particular 
environmental data set. Data Code One indicates the least assurance or the least number 
of samples or analytes and Data Code Four the greatest. Based on EPA' s guidance, the 
department uses the following rules to assign code numbers to data. 

• Data Code 16 One: All data not meeting the requirements of the other data codes. 

• Data Code Two: Chemical data collected quarterly to bimonthly for at least three 
years, or intensive studies that monitor several nearby sites repeatedly over short 
periods of time, or at least three composite or plug fish tissue samples per water 
body, or at least five bacterial samples collected during the recreational season of 
one calendar year. 

• Data Code Three: 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 minimum of one quantitative biological monitoring study of at 
least one aquatic assemblage (fish, macroinvertebrates, or algae) at multiple sites, 
or multiple samples at a single site when data from that site is supported by 
biological monitoring at an appropriate control site. 

• Data Code Four: 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 including chemical sampling of sediments and fish 
tissue; or a minimum of one quantitative biological monitoring study of at least 
two aquatic assemblages (fish, macroinvertebrates, or algae) at multiple sites. 

In Missouri, the primary purpose of Data Code One data is to provide a rapid and 
inexpensive method of screening large numbers of waters 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 is of Data Code One quality, and without Data Code One data, the 
department would not be able to assess a majority of the state' s waters. 

15 Guidelines fo r the !'reparation of the Comprehensive State Water Quality Assessments (305b) and Electronic Updates, 1997. 
(h11p;//water.epa.gov/type1watersheds/monitoring/repguid .cfm) 
16 Data Code One is equivalent to data water quality assurance Level One in 10 CSR 20-7 .050 General Methodology for 
Development of ~npaired Waters Li st, subsection (2)(C), Data Code Two is equi valent to Level 2, etc. 
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In general, when selecting water bodies for the Missouri 303(d) List, on ly Data Code 
Two or higher are used, unless the problem can be accurately characterized by Data Code 
One data. 17 The reason is that Data Code Two data provides a higher level of assurance 
that a Water Quality Standard is not actually being attained and that a TMDL study is 
necessary. All water bodies placed in Categories 2B or 3B receive high priority for 
additional monitoring so that data quality is upgraded to at least Data Code Two. 
Category 28 and 38 waters will be given higher priority than Categories 2A and 3A. 

D. How Water Quality Data is Evaluated to Determine Whether or Not Waters are 
Impaired for 303(d) Listing Purposes 

• Physical. Chemical. Biological and Toxicity Data 

During each reporting cycle, the department and stakeholders review and revise the 
guidelines for determining water quality impairment. The guidelines shown in endi 
'B & C provide~ the general rules of data use and assessment and end ix provide~ 
details about the specific analytical procedure used. In addition, iftrend analysis 
indicates that presently unimpaired waters will become impaired prior to the next listing 
cycle, these "threatened waters" will be judged as impaired. Where antidegradation 
provisions in Missouri 's Water Quality Standards apply, those provisions shall be upheld. 
The numericfil criteria included in endix have been adopted into the state water 
quality standards, I 0 CSR 20-7.031, and are used, as described in ndix to make 
use attainment decisions. 

• fweight of Evidence ApproacR 

When evaluating narrative criteria described in the state water quality standards, I 0 CSR 
20-7.03 1, the department will use a weight of evidence analysis for assessing numericfil 
translators that have not been adopted into state water quality standards (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" wi ll be made using 
best professional judgment, considering factors such as data quality, and site-specific 
environmental cond itions. 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 biological data on fish I Fish Index ofBiotic Integrity (flBI)] or 
aquatic macroinvertebrate [Macroinvertebrate Stream Condition Index (MSCI)] scores, 
fish tissue, or toxicity testing of water or sediments. 

17 When a li sting, amendment or delisting of a 303(d) water is made with 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 documents the 
scientific defensibility of the data. This requirement applies to all Data Code One data identified in Appendix B of this 
document . 
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Biological data wi II be given greater weight in a weight of evidence analysis for making 
attainment decision~ for aquatic life use and subsequent Section 303(d) listin~. Whether 
or not numeric translators of biological criteria are met is a strong indicator for the 
attainment of aquatic life use. Moreover, the department retains a high degree of 
confidence in an attainment decision based on biological data that is representative of 
water quality condition. 

When the weight of evidence analysis suggests, but does not provide strong scientifically 
valid evidence of impairment, the department will place the water body in question in 
Categories 28 or 38. The department 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 of the proposed 303(d) list. A final 
recommendation on the listing of a water_body based on narrative criteria will only be 
made after full consideration of all comments on the proposed list. 

• Biological Da 

Methods for assessing biological data typically receive considerable attention during the 
public comment period of development of~Listing Methodology Documents. 
Currently, a defined set ofbiocriteria are used to evaluate biological data for assessing 
compliance with water quality standards. These biological criteria 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, including: (I) aquatic macroinvertebrate community data; 
(2) fish community data; and, (3) a catch-all class referred to as "other biological data~'\ 

In general, for interpretation of macroinvertebrate data~ where habitat assessment scores 
indicate habitat is less than 75 percent of reference or appropriate control stream scores, 
and in the absence ofother data indicating impairment by a discrete pollutant, 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 QCPH I index is used 
to identify stream habitat in poor condition,,_ The QCPH )_index separates adequate 
habitat from poor habitat using a 0.39 threshold value; whereby, QCPH l scores < 0.39 
indicate stream habitat is of poor quality, and scores greater than 0.39 indicate available 
stream habitat is adequate. 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 QCPH I is provided in the Considerations for 
the Influence o(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), along 
with background information on the development and scoring of biological criteria, 
procedures for assessing biological data, methods used to ensure sample 

Comment [D20]: Blend text with the previous 
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representativeness, and additional information used to aid in assessing biological data 
such as the weight of evidence approach. 

Aquatic Macroinvertebrate Community Data 

The department conducts aquatic biological assessments to determine macroinvertebrate 
community health as a function of water quality and habitat. The health of a 
macroinvertebrate community is directly related to water quality and habitat. Almost all 
macro invertebrate evaluation consists of comparing the health of the community of the 
"target" to healthy macroinvertebrate communities from reference streams of the same 
general size and usually in the same Ecological Drainage Unit (EDU). 

The department 's approach to monitoring and evaluating aquatic macroinvertebrates is 
largely based on Biological Criteria for Wadeable/Perennial Streams of Missouri 
(MDNR 2002). This document provides numericfil biological criteria (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 EDUs1 as 
mapped by the Missouri Resource Assessment Partnership. For macroinvertebrates, the 
numericfil biocriterion translator is expressed as a multiple metric index referred to as the 
MSC!. The MSC! includes four metrics : Taxa Richness (TR); Ephemeroptera, 
Plecoptera, and Trichoptera Taxa (EPTT); Biotic Index (Bl); and the Shannon Diversity 
Index (SDI). These metrics are considered indicators of stream health, and change 
predictably in response to the environmental condition of a stream. 

Metric values are determined directly from macroinvertebrate sampling. To calculate the 
MSC!, each metric is normalized to unitless values of 5, 3, or I , which are then added 
together for a total possible score of20. MSC! scores are divided into three levels of 
stream condition: 

• Fully Biologically Supporting ( 16-20), 
• Partially Biologically Supporting (I 0-14 ), and 
• Non-Biologically Supporting (4-8). 

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

Unitless metric values (5 , 3, or I) were developed from the lower quartile of the 
distribution of each metric as calculated from reference streams for each EDU. The lower 
quartile (25th percentile) of each metric equates to the minimum value still representative of 
unimpaired conditions. In operational assessments, metric values below the lower quartile 
of reference conditions are typically judged as impaired (United States Environmental 
Protection Agency 1996, Ohio Environmental Protection Agency 1990, Barbour et al. 
1996). Moreover, using the 25th percentile of reference conditions for each metric as a 
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standard for impairment allows natural variability to be filtered out. 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 Bl , whose 
value increases with increasing impairment, any value below the upper quartile (75th 
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. lfthe metric value is less than or equal to the 
bisection value it is scored a one. 

MSCI 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: 
• For seven or fewer samples, 75% of the MSC! scores must be 16 or greater. 

Fauna achieving these scores are considered to be very similar to biocriteria 
reference streams. 

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

Determining Non-Attainment of Aquatic Life Use: 
• For seven or fewer samples, 75% of the MSC! scores must be 14 or lower. 

Fauna achieving these scores are considered to be substantially different from 
biocriteria reference streams. 

• 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 fuJI 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 a=O. l , 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 I error (rejecting a true null hypothesis). When the 
Type ! error rate is less than a=0.1, the null hypothesis is rejected. Inversely. when 
the Type I error rate is greater than a=O. l , 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 
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binomial probability equation. For example, if 84% 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 ppendix q states to "rate a stream as impaired if biological criteria reference 
stream frequency of fully biologically supporting scores is 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% of the time. In the test stream of interest, six out of k!J....samples 
resulted in MSC! scores of 16 or more. Calculate the Type I 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" + (n! / X!(n-X)!*p"q"-x) = 1 

Where, 
Sample Size (n) = JO 
Number of Successes (X) = 6 
Probability of Success (p) = 0.857 - 0.05 = 0.807 
Probability of Failure (q) = 0.193 

Binomial Distribution Coefficients = n! / X!(n-X)! 

The equation may then be written as: 

= I - ((0.807'' I 0) + ((l0*(0 .807"9)*(0.193))) + ((45*(0.807" 8)*(0. I 93"2)) + 
((120*(0.807" 7) * (0.193"3))) 

= 0.109 

Since 0.109 is greater than the test significance level (minimum allowable Type I 
error rate) of a= 0. I, we accept the nu! I 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 
MSCJ 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=O. l , the stream would be. 
judged as impaired. 

( Comment [R21]: Previously Table B-1 
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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 with in an EDU. 

Sample Representativeness 
The departments field and laboratory methods used to collect and process 
macroinvertebrate samples are contained in the document Semi-Quantitative 
Macroinvertebrate Stream Bioassessment (MDNR 20 l 2a). Macroinvertebrates are 
identified to levels following standard operating procedures contained in Taxonomic Levels 
for Macroinvertebrate Identifications (MDNR 2012b). Macroinvertebrate monitoring is 
accompanied by physical habitat evaluations as described in the dqcument Stream Habitat 
Assessment (MDNR 2010). For the assessment of macroinvertebrate samples, available 
information must meet data code levels three and four as described in Section 11.C of this 
LMD. Data coded as levels three and four represent environmental data providing the 
greatest degree of assurance. Thus, at a minimum, macro invertebrate 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 appropriate EDU. The department's 
policy for addressing this concern has been to exclude MSC! scores from an assessment 
when accompanying habitat scores are less than 75 percent of the mean habitat scores from 
reference streams of the appropriate EDU. The following procedures outline the 
department's method for assessing macroinvertebrate communities from sites with poor or 
inadequate habitat. 

Assessing Macroinvertebrate Communities from Poor/Inadequate Habitat: 
• Ifless 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. 

• !fat 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 
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macroinvertebrate community is impaired, the assessed segment will be 
placed in £ ategory 4C impairment due to poor aquatic habitat. 

• 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 category 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. 

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

• 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 score. 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 MSC! score. Although MDNR stream habitat 
assessment procedures take into account a number of physical habitat parameters from the 
sample reach (for example, riparian vegetation width, channel alteration, bank stability, 
bank vegetation protection, etc.), 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 MSCI scores less than 16 are 
properly attributed to poor water quality or poor/inadequate 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 biologica l assessment report. This limitation will then be considered when 
deciding which Listing Methodology category is most appropriate for an individual stream. 
This procedure, as part of an MDNR biological assessment, will aid in determining whether 
impaired macroinvertebrate samples have MSCI scores based on poor water quality 
conditions versus habitat limitations. 

To ensure assessments are based on representative macroinverterbrate 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. 
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Sample "representativeness" is judged by Water Protection Program (WPP) staff after 
reading the biomonitoring report for that stream, and if needed, consultation with biologists 
from the department's Environmental Services Program. Regarding smaller deviations 
from "normal" conditions, roughly 20 percent of reference samples failing to meet a fully 
biologically supporting MSC! score were collected following weather/climate extremes; as 
a result, biological criteria 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 
typical the wadeable/perennial reference streams listed in Table I of Missouri ' s Water 
Quality Standards. 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 MSC! scores first, to Wadeable/Perennial Reference Stream (WPRS) 
criteria, and second to each other. In MDNR'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 MDNR, when the MSC! was calculated according to WPRS 
criteria, the failure rate for such candidate reference streams was 31 % for Class P, 39% for 
Class C. and 70% 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. 

For test streams that are smaller than wadeable perennial reference streams, MDNR also 
samples five candidate reference streams (small control 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 selection small control streams is 
provided below). Although in most cases the MDNR 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 kn_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 beneficial use, and the MSC! 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 are not yet 
approved by EPA in the state' s water quality standards. The current assessment method for 
test streams that are smaller than reference streams is stated below. 
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• If the ten candidate reference stream (small control stream) scores are similar to 
WPRSs and meet LMD criteria for an unimpaired macroinvertebrate community, 
then the test stream will be assessed using MSCI based procedures in the LMD. 

• If the .wi_candidate reference stream scores are lower than those of WPRSs and 
do not meet the LMD criteria for an unimpaired macroinvertebrate community, 
then: 

a) The test stream will be assessed as having an unimpaired macroinvertebrate 
community ifthe test stream scores meet the LMD criteria for an unimpaired 
community; 

b) The test stream data will be judged inconclusive if test stream scores are 
similar to candidate reference stream scores; 

c) The test stream will be assessed as having a "suspect" macroinvertebrate 
community if its scores are found to be low but statistically close to 
candidate reference streams; or, 

d) The test stream will be assessed as having an "impaired" macroinvertebrate 
community if its scores are found to be statistically lower than the candidate 
reference streams. 

This method of assessing small streams will be used only until such time as the aquatic 
habitat protection use categories based on watershed size classifications of Headwater, 
Creek, Small River, Large River and Great River are ffi promulgated into Missouri Water 
Quality Standards and appropriate biological metrics are established for stream size and 
permanence. 

The approach for determining a "suspect" or "impaired" macroinvertebrate community will 
be made using a direct comparison between all streams being evaluated, which may include 
the use of percent and/or mean calculations as determined on a case by case basis. 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. 
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The stepwise process for candidate reference stream selection is listed below. 

I. Determine test stream reaches to be assessed. 
2. Identify appropriate EDU. 
3. Determine five variable YST oftest stream segments (1st digit = 

temperature; 2nd digit = size; 3rd digit = flow; 4th digit= geology; and 5th 
digit = relative gradient). 

4. Filter all stream segments within the same EDU for the relevant five 
variable YSTs (I st and 2nd digits especially critical for small streams). 

5. Filter all potential VST stream segments for stressors against available 
GIS layers (e.g. point source, landfills, CAFOs, lakes, reservoirs, mining, 
etc.). 

6. Filter all potential YST stream segments against historical reports and 
databases. 

7. Develop candidate stream list with coordinates for field verification. 
8. Field verify candidate list for actual use (e.g. animal grazing, in-stream 

habitat, riparian habitat, migration baiTiers. representativeness, gravel 
mining, and other obvious human stressors). 

9. Rank order candidate sites, eliminate obvious stressed sites, and select at 
least top five sites. 

10. Calculate land use-land cover and compare to EDU. 
11. Collect chemical , biological, habitat, and possibly sediment field data. 
12. After multiple sampling events evaluate field data, land use, and historical 

data in biological assessment report. 
I 3. If field data are satisfactory, retain candidate reference stream label in 

database. 

Fish Community Data 

The department 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. MDC selects an aquatic subre~ion to sample each year, and therein, surveys 
randomly selected streams of 2nd to 5t order in size. Fish sampling follows procedures 
described in the document Resource Assessment and Monitoring Program: Standard 
Operational Procedures--Fish Sampling (Combes 20 I I). Numeric biocriteria for fish are 
represented by the fish Index of Biotic Integrity (fl Bl). _Development of the fl BI is 
described in the document Biological Criteria for Stream Fish Communities of Missouri 
(Doisy et al. 2008). 

The flBI is a multi-metric index made up of nine individual metrics, which include: 
• number(#) of -native individuals; 
• # of native darter species; 



Methodology for the Development of the 
20 I_!!. Section 303( d) List in Missouri 
Page 28 of 62 

• # of native benthic species; 
• # of native water column species; 
• # of native minnow species; 
• #of all native lithophilic species; 
• percentage(%) of native insectivore cyprinid individuals; 
• % of native sunfish individuals; and, 
• % of the three top dominant species. 

Values for each metric, as directly calculated from the fish community sample, are 
converted to unitless scores of I , 3, or 5 according to criteria in Doisy et al. (2008). The 
flBl is then calculated by adding these unitless values together for a total possible score of 
45. Doisy et al. (2008) established an impairment threshold of 36 (where the 25th 
percentile ofreference sites represented a score of37), with values equal to or greater than 
36 representing unimpaired communities, and values less than 36 representing impaired 
communities. For more information regarding flBI scoring, please see Doisy et al. (2008). 

Based on consultation between the department and MDC, the fIBI impairment threshold 
value of 36 was used as the numeric biocriterion translator for making an attainment 
decision for aquatic life endix . Work by Doisy et al. (2008) focused on streams 3rd 
to 5th order in size, and the flBI was only validated for streams in the Ozark ecoregion, not 
for streams in the Central Plains and Mississippi Alluvial Basin. Therefore, when assessing 
streams with the flBI , the index may only be applied to streams 3rd to 5th order in size from 
the Ozark ecoregion. Assessment procedures are outlined below. 

Full Attainment 
• For seven or fewer samples and following MDC RAM fish community 

protocols, 75% offlBI scores must be 36 or greater. Fauna achieving these 
scores are considered to be very similar to Ozark reference streams. 

• For eight or more samples, the percent of samples 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%) offlBI scores greater than 36 as reference streams. 
If the Type l error rate is more than the significance level a=O. l, the fish 
community would be rated as unimpaired. 

Non-Attainment 
• For seven or fewer samples and following MDC RAM fish community 

protocols, 75% of the flBI scores must be lower than 36. Fauna achieving 
these scores are considered to be substantially different than regional 
reference streams. 

[ COmment [R22]: Previously Table 1.2 
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• For eight or more samples, the percent of samples scoring 36 or less must be 
statistically dissimilar to representative reference or control streams. To 
determine statistical dissimilarity, a binomial probability Type I error rate is 
calcul~ted based on the null hypothesis that the test stream would have the 
same percentage (75%) of fl BI 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 would be 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 oftest stream samples being compared to reference streams 
of the same EDU, they will 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 since _end ix D states to " rate a stream as impaired if biological criteria 
reference stream frequency of fully biologically supporting scores is greater than five 
percent more than the test stream." 

Although I st and 2"d order stream data will not be used to judge a stream as impaired for 
Section 303(d) purposes, the department may use the above assessment procedures to judge 
!fil_and 2"d order streams as unimpaired. Moreover, should samples contain flBI scores 
less than 29, the department may judge the stream as "suspected of impairment" using the 
above procedures. 

Considerations for tile Influence of Habitat Quality and Sample Representativeness 
Low fl BI scores that are substantially different than reference streams could be the result of 
water quality problems, habitat problems, or both. When low flBI scores are established, it 
is necessary to review additional information to differentiate between an impairment 
caused by water qua] ity and one that is caused by habitat. The collection of a fish 
community sample is also 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 department utilizes this habitat data and other 
available information to assure that an assessment of aquatic life attainment based on fish 
data is only the result of water quality, and that an impairment resulting from habitat is 
categorized as such. This section describes the procedures used to assure low fl BI scores 
are the result of water quality problems and not habitat degradation. The information 
below outlines the department ' s provisional method to identify unrepresentative samples 
and low flBI scores with questionable habitat condition, and ensure corresponding fish 181 
scores are not used for Section 303(d) listing. 

[ Comment [R23): Previously B-1 
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a) Following recommendations from the biocriteria workgroup, the department 
will consult MOC about the habitat condition of particular streams when 
assessing low fl BI scores. 

b) Samples may be considered for Section 303(d) listing ONLY if they were 
collected in the Ozark ecoregion, and the samples were collected during 
normal representative conditions. based upon best professional judgment from 
MDC staff: . Samples collected from the Central Plains and Mississippi 
Alluvial Basin are excluded from Section 303(d) listing. 

c) Only samples from streams 3rd to 5th order in size may be considered for 
Section 303(d) listing. Samples from lst or 2nd order stream sizes are 
excluded from Section 303(d) consideration; however, they may be placed 
into Categories 28 and 38 if impairment is suspected, or into Categories I, 
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 3rd to 5th order streams. 

d) Samples that are ineligible for Section 303(d) listing include those collected 
from losing streams, as defined by the Department of Geology and Land 
Survey, or, collected in close proximity to losing streams._ Additionally, 
ineligible samples may include those collected on streams that were 
considered to have natural flow issues (such as streams reduced predominately 
!Q.. subsurface flow) preventing good fish IBI scores from being obtained, as 
determined through best professional judgment of MOC staff. 

e) Fish IBI scores must be accompanied by habitat samples with a QCPHI 
habitat index score. MOC was asked to analyze meaningful habitat metrics 
and identify samples where habitat metrics seemed to indicate potential 
habitat concerns. As a result, a provisional index named QCPH I was 
developed. QCPH I values less than 0.39 indicate poor habitat, and values 
greater than 0.39 suggest adequate habitat is available. The QCPHI 
comprises six sub-metrics indicative of substrate quality, channel disturbance, 
channel volume, channel spatial complexity, fish cover, and tractive force and 
velocity. 
The QCPH 1 index is calculated as follows: 

QCPH I= ((Substrate Quality*Channel Oisturbance*Channel Volume* 
Channel Spatial Complexity * Fish Cover* Tractive Force & 

Velocity) 116
) 

Where sub-metrics are determined by: 

Substrate Quality = {(embeddedness + small particles)/2} * 
[(filamentous algae+ aquatic macrophyte)/2} *bedrock and hardpan 
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Channel Disturbance = concrete * riprap * inlet/outlet pipes * 
relative bed stability * residual pool observed to expected ratio 

Channel Volume = l(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 = I(all natural fish cover + ((brush and overhanging 
vegetation+ boulders + undercut bank + large woody debris)/4) + 
large types of fish cover)/3} 

Tractive Force & Velocity = l(mean slope + depth* slope)/2} 

Unimpaired fish !BI samples (flBI 2:36) with QCPH I index scores below the 0.39 
threshold value, or samples without a QCPH I 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 (flBI <36) with QCPHI scores <0.39 
can be placed into Category 4C (non-discrete pollutant/habitat impairment). Impaired fish 
communities (flBI <36) with adequate habitat scores (QCPH I >0.39) can be placed into 
Category 5. Appropriate streams with unimpaired fish communities and adequate habitat 
(QCPH I >0.39) may be used to judge a stream as unimpaired. 

Similar to macroinvertebrates, assessment offish community information must be based on 
data coded level three or four as described in Section 11.C of this document. Data coded as 
levels three and four represent environmental data with the greatest degree of assurance, 
and thus, assessments will include multiple samples from a single site, or samples from 
multiple sites within a single reach. 

Following the department ' s provisional methodology, fish community samples available 
for assessment (using procedures in _ ~ndix C & D include only those from 3rd to 5th 
order Ozark Plateau streams, collected under normal, representative conditions, where 
habitat seemed to be good, and where there were no issues with inadequate flow or water 
volume. 

• Other Biological Data 

On a case by case basis, the department may use biological data other than MSC! or flBI 
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 

[eon-it [R24]: Previoualy Table 1.2, B-1 & 
B-2 
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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. 

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 ' s use ofother 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 in water_ body assessments occurs infrequently, but when 
available, it is usually assessed in combination with other information collected within the 
water_ body of interest. The department 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. 

• Toxic Chemicals 

Water 
For the intemretation of toxicity test data, standard acute or chronic bioassay procedures 
using freshwater aquatic fauna such as, but not limited to, Ceriodaphnia dubia. Fathead 
Minnows (Pimephales prome/as). Hya/ella azteca. or Rainbow Trout (Oncorhynchus 
mykisd8 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 ifthere 
are data of another kind (freshwater toxicity tests, sediment chemistry, water chemistry, or 
biological sampling) that 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 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. 

Sediment 
For toxic chemicals occurring in benthic sediments, data interpretation will include 
calculation of a geometric mean for specific toxins from an adequate number of samples, 
and comparing that value to a corresponding Probable Effect Concentration CPEC) given by 
MacDonald et al. (2000). The PEC is the level of a pollutant above which harmful effects 

18 
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on the aquatic community are likely to be observed. - MacDonald (2000) gave an estimate 
of accuracy for the ability of individual PECs to predict toxicity. For all metals except 
arsenic, pollutant geometric means will be compared to 150% of the recommended PEC 
values. This comparison should meet confidence requirements applied elsewhere in th!§. 
document~ When multiple 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 pollutants in sediments is described below. 

The Meaning of the Sediment Quotient and How to Calculate 1 

Although sediment criteria in the form of a PEC_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 method of estimating the synergistic effects of multiple pollutants in sediments given 
in MacDonald et al. (2000) includes the calculation ofa PECO. 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 geomean (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, and Zinc 260. 

The PEC values for these five pollutants in respective order are: 

33, 4.98, 149, 128, and 459JTIELkg. 

PECQ_= 

1(2.5/33 ) + ( 4.5/4.98) + ( 17/1 49) + (100/1 28) + (260/459)}/5 = 0. 488 

Using PECQ to Judge Toxicity 

Based on research by MacDonald et al. (2000) 83% of sediment samples with PECQ less 
than 0.5 were non-toxic while 85% of sediment samples with PECQ greater than 0.5 were 
toxic. Therefore, to accurately assess the synergistic effects of sediment contaminants on 
aquatic life, the department will judge PECQ greater than 0. 75 as toxic. 

• Duration of Assessment Period 

Except where the assessment period is specifically noted in c0Jendix B, the time period 
during which data will be used in making the assessments will be determined by data age and 

i Comment [D25]: Moved the previous Appendix ] 
Dhere 

( Comment [R26]: Previously Table I . I 
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data code considerations, as well as representativeness considerations such as those described 
in footnote 14. 

• Assessment of Tier Three Waters 

Waters given Tier Three protection by the antidegradation rule at I 0 CSR 20-7.031 (2)~ 
shall be considered impaired if data indicate water quality has been reduced in comparison 
to its historical quality. Historical quality is determined from past data that best describes a 
water body's water quality following promulgation of the antidegradation rule and at the 
time the water was given Tier Three protection. 

Historical data gathered at the time waters were given Tier Three protection 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 antidegradation rule first applied 
to the waters being assessed. Examples of possible representative data ~nclude I) data from 
stream segments upstream of assessed segments that receive discharges, and 2) data from 
other water bodies in the same ecoregion having similar watershed and landscape 
characters. These representative stream segments also would be characterized by receiving 
discharges similar to the quality and quantity of historic discharges of the assessed 
segment. The assessment may also use data from the assessed segment gathered between 
the time of the initiation of Tier Three protection 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 analvsis will be that water quality at 
the test segment and representative segment is 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 of 0.1 , meaning 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. 

• Other Types of Information 

I. Observation and evaluation of waters for noncompliance with state narrative water 
quality criteria. Missouri 's narrative water quality criteria, as described in I 0 CSR 20-
7.03 I Section (3), may be used to evaluate waters when a quantitative (narrative) value 
can 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. l\vaters 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; 

[ Comment [D27] : reananged wording to provide ] 
clanty . 

Comment [D28]: Replaced the summarized 
wording with the wording stated in WQS. 
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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. There shall be no significant human health hazard from incidental contact with the 
water; 

f. There shall be no acute toxicity to livestock or wildlife watering; 

g. Waters shall be free from physical. chemical. or hydrologic changes that would 
impair the natural biological community; 

h. 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 as the use of such materials is specifically 
permitted pursuant to sections 260.200- 260.247, RSMo; 

2. 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 
department will not use habitat data alone for assessment purposes. 

E. Other 303( d) Listing Considerations 

• Adding to the Existing List or Expanding the Scope of Impairment to a Previously Listed 
Water~ 

The listed portion of impaired water bodies may be increased based on recent monitoring 
data following the guidelines in this document. One or more new pollutants may be 
added to the listing for a water body already on the list based on recent monitoring data 
following these same guidelines. Waters not previously listed may be added to the list 
following the guidelines in this document. 

• Deleting from the Existing List or Decreasing the Scope of Impairment to a Previously 
Listed Water 

The listed portion of an impaired water body may be decreased based on recent 
monitoring data following the guidelines in this document. One or more pollutants may 
be deleted from the listing for a water body already on the list based on recent monitoring 
data following guidelines in Appendix D. Waters may be completely removed from the 
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list for several reasons 19
, the most common being(\) water has returned to compliance 

with water quality standards, or (2) the water has an approved TMDL study or Permit in 
Lieu of a TMDL. 

F. Prioritization of Waters for TMDL Development 

Section 303(d) of the Clean Water Act and federal regulation 40 CFR l 30.7(b)( 4) require 
states to submit a priority ranking of waters requiring TMDLs. The department will 
prioritize development ofTMDLs based on several variables including: 

• 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 
• court orders, consent decrees, or other formal agreements 
• source of impairments 
• existence of appropriate numeric quality criteria, and 
• implementation potential and amenability of the problem to treatment~ 

The department' s TMDL schedule will represent its prioritization. The TMDL Program 
develops the TMDL schedule and maintains it at the following website: 
http://www.dnr.rno.gov/env/wpp/tmdl/. 

4. Resolution oflnterstate/International Disagreements 

The department will review the draft 303( d) Lists of all other states with which it shares a 
border (Missouri River, Mississippi River, Des Moines River and the St. Francis River) or 
other interstate waters. Where the listing for the same water body in another state is 
different than the one in Missouri, the department will request the data and the listing 
justification. These data will be reviewed following the evaluation guidelines in this 
document. The Missouri Section 303(d) list may be changed pending the evaluation of this 
additional data. 

G. Statistical Considerations 

The most recent EPA guidance on the use of statistics in the 303(d) listing methodology document 
is given in Appendix A. Within this guidance there are three major recommendations regarding 
statistics: 

• Provide a description of analytical tools the state uses under various circumstances, 
• When conducting hypothesis testing, explain 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, and 

!__Explain the level of statistical significance Jg)_ used under various circumstances. 

19 See "Guidance for 2006 Assessment Li sting and Reporting Req uirement s Pursuant to Sections 303(d) 305(b) and 3 14 of the 
Clean Water Act". USE PA Office of Water Washinb1on DC. 
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• Description of Analytical Tools 

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

• Rationale for the Burden-of-Proof 

Hypothesis testing is a common statistical practice. The procedure involves first stating a 
hypothesis you want to test, such as "the most frequently seen color on clothing at a St. Louis 
Cardinals game is red" and then the opposite or null hypothesis "red is not the most frequently seen 
color on clothing at a Cardinals game." Then a statistical test is applied to the data (a sample of the 
predominant color of clothing worn by 200 fans at a Cardinals game on July 12) and based on an 
analysis of that data, 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, 
there must be very convincing data to make us conclude that the null hypothesis is not true and that 
we must accept the alternate hypothesis. How convincing the data must be is stated as the 
"significance level" of the test. A significance level of a=O. I 0 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 degree of statistical rigor. The 
department has chosen to maintain a consistent set of null and alternate hypotheses for all our 
statistical procedures. The null hypothesis will be that the water body in question is unimpaired and 
the alternate hypothesis will be that it is impaired. Varying the 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 a=O. l or a=0.4, meaning the data must show at minimum 90% 
or 60% probability. respectively~ that the water body is impaired. _However, ifthe department 
retained these same test significance levels in determining when an impaired water body had been 
restored to an unimpaired status ppendix Q) some undesirable results can occur. [ Comment [D29J: Previously Table B-2 

For example, using a 0.1 significance level for determining both impairment and non-impairment, if 
the sample data indicate the 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 chance of being impaired, it would be rated as unimpaired. Judging as 
unimpaired a water body with only a 12 percent probability of being unimpaired is clearly a poor 
decision. To correct this problem, the department wi II use a test significance level of 0.4 for some 
analytes and 0.6 for others. This will increase our confidence in determining compliance with 
criteria to 40 percent and 60 percent, respectively under the worst case conditions, and for most 
databases will provide an even higher level of confidence. 
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• Level of Significance Used in Tests 

The choice of significance levels is largely related to two concerns. The first concern is with 
matching error rates with the severity of the consequences of making a decision error. The second 
addresses the need to balance, to the degree practicable, Type I and Type II error rates. 
For relatively small number of samples, the disparity between Type land Type II errors can be 
large. The table~ 2.0 and 3.0 below shows error rates calculated using the binomial distribution for 
two very similar situations. Type I error rates are based on a stream with a I 0 percent exceedence 
rate of a standard, and Type II error rates are based on a stream with a 15 percent exceedence rate of 
a standard. Note that when sample size remains the same, Type II error rates increase as Type l 
error rates decrease able .0). Also note that for a given Type I error rate, the Type II error rate [ eomment (R30]: Previously B-3 

declines as sample size increases (Table 3.0). 

able 2_.d,. Effects of Type I error rates on Type II error rates. Type I error rates are based on a ( Comment (R31]: Previously Table B-3 

stream with a I 0 percent exceedence rate of a standard and Type 11 error rates for a stream with a 15 
d f d d percent excee ence rate o a stan ar . 

Total No. No. Samples Type I Type II 
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 

able J.. 1• Effects of Type I error rates and sample size on Type II error rates. Type I error rates ( COmment (R32]: Previously Table B-4 

are based on a stream with a 10 percent exceedence rate of a standard and Type II error rates for 
t "th 15 t d t f t d d as ream w1 a percen excee ence ra e o as an ar . 

Total No. No. Samples Type I Type II 
of Samples Meeting Std. Error Rate Error Rate 

6 5 0.469 0.953 
II 9 0.303 0.930 
18 15 0.266 0.897 
25 2 1 0.236 0.836 

I • Use of the Binomial Probability Distribution for Interpretation of the I 0 Percent Rule 

There are two options for assessing data for compli ance with the .LQ_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 l.Q_percent. The second method is to use some evaluative procedure that 
can review the data and provide a probability statement regarding compliance with the l.Q_percent 
rule. Since the latter option allows assessment decisions relative to specific test significance levels 
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and the first option does not, the latter option is preferred. The procedure chosen is the binomial 
probability istributio11 and calculation of the Type I error rate. 

• Other Statistical Considerations 

Prior to calculation of 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 frequency 
of exceedance of 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 exceed_!!nce frequency. In these cases, the department 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 I, the statistical procedure used, test assumptions, and results will be 
reported. 

• Examples of Statistical Procedures 

Two Sample "t " Test for Color 

Null Hypothesis: Amount of color is no greater in ~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 ii) a control stream. If the null hypothesis had been "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. 

Significance Level: a=0.10 

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

Test Stream 70 45 35 45 60 60 

Control Stream 50 40 20 40 30 40 
Difference (T-C) 20 5 15 5 30 20 

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 

80 
75 
5 

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. 

Comment (033): Removed from sentence "for 
data sets up to size 30. Use of the binomial 
probability is difficult for huger sample sizes. And 
for these larger data sets impairment will be 
determined by malcing direct oomparison of percent 
of samples oot compliant with the criterion value 
with the ten percent guideline." 
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Since calculated "t" value is greater than tabular t value, reject the null hypothesis and conclude that 
the test stream is impaired by color. 

Statistical Procedure for Mercury in Fish Tissue 

Data Set: data in µg/Kg 130, 230, 450. Mean = 270, Standard Deviation = 163.7 
The 60% Lower Confidence Limit Interval = the sample mean minus the quantity: 

((0.253)(163.7)/square root 3) = 23.9. -Thus the 60% LCL Confidence Interval is 
246.088 µg/Kg: 

The criterion value is 300 µg/Kg. Therefore, since the 60% LCL Confidence 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 28 or 38. 
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[!pend ix 

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. USEPA pp. 39-41. 

The document can be read in its entirety from the US. EPA web site: 
http:!lwater.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 I and Type fl 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 pollutant 10

" - TSS, pH, BOD, fecal coliform 
bacteria, and oil and greasef 3 - 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 19 7 6-issued WQC was expressed as, " ... no more than ten percent of the samples 
exceeding 400 CFU per JOO 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: I) instantaneous maxima not to 
be surpassed at any time, or 2) average concentrations over specified times. Jn 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 

20 There are a variety of definitions for the tenn "conventional pollutants." Wherever this tenn is referred to in this guidance it 
means "a pollutant other than a toxic pollutant." 

Comment [D34]: This entire section was updated 
with the exact wording from EP As guidance 
document. A web link was also added for quick 
reference. 
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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 afar 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. 

L 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 WQS" 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 I error 
(rejecting the null hypothesis, when in fact, the null hypothesis is true) . This means that if 
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a 0.10 significance level is chosen, the state wants to keep the chance of making a Type l 
error at or below ten percent. Hence, if the chosen null hypothesis 2006 JR Guidance 
July 2005 41 is "segment meeting WQS, " 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 JI errors (not rejecting the null hypothesis, when it 
should have been). The probability of Type II errors depends on several/actors. One key 
factor is the number of samples available. With a fixed number of samples, as the 
probability a/Type I error decreases, the probability of a Type ff error increases. States 
would ideally collect enough samples so the chances of making Type I and Type II 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/or 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/act it is not, and 
•Deciding not to declare a segment impaired, when it is in/act 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 I 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 ff 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 II 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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~ooendix B 
METHODS FOR ASSESSING COMPLIANCE WITH_WATER QUALITY STANDARDS USED FOR 303(d) LISTING 
PURPOSES: NUMERIC CRITERIA THAT ARE INCLUDED IN STATE WATER QUALITY STANDARDS (JO CSR 20-

7.031) 

DESIGNATED DATA TYPE DATA COMPLIANCE WITH WATER Notes 
USES QUALITY QUALITY STANDARDS; 

CODE 

Overall use No data. Not applicable Given same raring as monitored stream Data Type Note: This data type is used only 
protection (all Evaluated based with same land use and geology. for wide-scale assessments of aquatic biota and 
designated uses) on similar land aquatic habitat for 305(b) Report purposes. 

use/ geology as This data type is not used in the development of 
stream with water the 303( d) List 
quality data. 

Any designated No data available Not applicable Where models or other di lution calculations 
uses or where only indicate noncompliance with allowable 

effluent data is pollutant levels and frequencies noted in 
available. Results this table, waters may be added to Category 
of dilution 38 and considered high priority for water 
calculations or quality monitoring. 
water quality 
modeling 

Protection of !Dissolved 1-4 Full : No more than I 0% of all samples Compliance with Water Quality Standards 
Aquatic Life oxygeii water exceed criterion. Note: Some sampling periods are wholly or 

temperature, pH. Non-Attainment: Requirements for full 
predominantly during the critical period of the 

total dissolved 
attainment not met. 

year when criteria violations occur. Where the 
gases, oi l and monitoring program presents good evidence of 
grease. a demarcation between seasons where criteria 

exceedences occur and seasons when they do 
not, the I 0% exceedence rate will be based on 
an annual estimate of the frequency of 
exceedence. 

Chronic gH will be used in the~OI~ LMD onl~ 
if these criteria ag~ar in the Code of State 
Regulations and aggroved b;i the U.S. 
Environmental Protection Agenc~. 

~[DH]: DO""' coni>ined with this 
row because ii conmunicalcd the same information andf _ _ 

( ~ [D37]: Pn:viousl} 2016 
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b. B 

METHODS FOR ASSESSING COMPLIANCE WITH.WATER QUALITY STANDARDS USED FOR JOJ(d) LISTING 
PURPOSES: NUMERIC CRITERIA THAT ARE INCLUDED IN STATE WATER QUALITY STANDARDS (10 CSR 20-
7.031) 
DESIGNATED DATA TYPE DATA COMPLIANCE WITH WATER Notes 

USES QUALITY QUALITY STANDARDS; 
CODE 

Losing E. coli bacteria 1-4 Full : No more than I 0% of all samples 
Streams exceed criterion. 

Non-Attainment: Requirements for full 
attainment not met. 
The criterion for E.coli is 126 
counts/ IOOml. 10 CSR 20-7.031 (4){C) 

Protection of Toxic chemicals 1-4 Full : No more than one acute toxic event in 
Aquatic Life three years that results in a documented die-

off of aquatic life such as fish, mussels, and 
crayfish (does not include die-offs due to 
natural origin). No more than one 
exceedence of acute or chronic criterion in 
the last three years for which data is 
available. 

Non-Attainment: Requirements for full 
attainment not met. 

Protection of Nutrients in Lakes 1-4 Full : Nutrient levels do not exceed Jl:'.ater Compliance with Water Quality Standards 
Aquatic Life (total phosphorus, guality ~andards following procedures Note: Nutrient criteria will be used in the~ 

total nitrogen, stated in. f•n~n.<;. rl. LMD only if these criteria appear in the Code 

~ Non-Attainment: Requirements for full 
of State Regulations, and approved by the U.S. 

chlorophyll) 
attainment not met. 

Environmental Protection Agency. 

Human Health - Chemicals (water) 1-4 Full: Water quality does not exceed Jl:'.ater 
Fish guali ty ~tandards following procedures 
Consumption stated in !Aooendix nl 

Non-Attainment : Requirements for full 
attainment not met. 

·1 Comment[ll35]: ......_.,. Tlble 11. 
FoomoteslllOYedto"--

l Comment (039): Pioviously 2016 

(Comment [040): PioviouslyTable B-1 
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METHODS FOR ASSESSING COMPLIANCE WITH_WATER QUALITY STANDARDS USED FOR JOJ(d} LISTING 
PURPOSES: NUMERIC CRITERIA T HAT ARE INCLUDED IN STATE WATER QUALITY STANDARDS (JO CSR 20-
7.031 ) 
DESIGNATED DATA TYPE DATA COMPLI ANCE WITH WATER Notes 

USES QUALITY QUALITY STANDAR DS1 

CODE 

Drinking Water Chemical (toxics) 1-4 Full: Water Quality Standards not exceeded Designated Use Note: Raw water is water 
Supply-Raw following procedures stated in ~rl•x ri. from a stream, 1ake or groundwater prior to 
Water. 

Non-Attainment: Requirements for full 
treatment in a drinking water treatment plant. 

attainment not met 

Drinking Water Chemical (sulfate, 1-4 Full: Water gual i!)' standards not exceeded 
Supply- Raw chloride, fluoride) foll owing procedures stated in IAnn•ndix d. 
Water 

Non-Attainment: Requirements for full 
attainment not met. 

Drinking Water Chemical (toxics) 1-4 Full: No Maximum Contaminant Level ~ompliance w ith W ate r Quality Standards 
Supply-Finished (MCL) violations based on Safe Drinking Note: Finished water data will not be used for 
Water Water Act data evaluation procedures. analytes where water quality problems may be 

Non-Attainment: Requirements for full 
caused by the drinking water treatment process 
such as the formation ofTrihalomethanes 

attainment not met. 
(THMs) or problems that may be caused by the 
distribution svstem (bacteria, lead, copper). 

Whole-Body- Fecal coliform or 2-4 Where there are at least five samples per Compliance w ith Water Q uality Standards 
Contact E. coli count year taken during the recreational season: Note: A geometric mean of206 cfu/ 100 ml for 
Recreation and Full: Water guali!)' standards not exceeded 

E. coli will be used as a criterion val ue for 
Secondary " Category B Recreational Waters. Because 
Contact 

as a geometric mean, in any of the last three 
Missouri 's Fecal Coliform Standard ended 

Recreation I! years for which data is avai lable, for 
December 3 I, 2008, any waters appearing on 

samples collected during seasons for which 
bacteria criteria apply. 

the 2008 303(d) List as a result of the Fecal 
Coliform Standard will be retained on the list 

), 

Non-Attainment: Requirements for full with the pollutant listed as "bacteria" until 

' I, 
attainment not met. sufficient E. coli sampling has determined the 

status of the water. 

[ ~ (IUIJ: P,..ioully Tllbte I. I. 
--to"Nolel"cohmm 

(~[Ml]: Pm1oally Tllbte B-1 

( ~(M2]: PreviouslyTllbteB-1 

c.orn.r.nt [D43]: This note v1as 100\'Cd from the 
"Compliance "ith W-Qualily Slanduds" column 
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METHODS FOR ASSESSING COMPLIANCE WITH_WATER Q UA LITY STANDARDS US ED FOR 303(d) LISTING 
PURPOSES: NUMERIC CRITERIA THAT ARE INC LUD ED IN STAT E WAT ER Q UALITY STANDARDS (10 CSR 20-
7.031) 
DESIGNAT ED DATA T YPE DATA CO MPLIANCE WITH WATER Notes 

USES QUALITY QUA LITY STAN DARDS; 
CODE 

Irrigation, Chemical 1-4 Full : Water guaJiIY standards not exceeded •••. ··1 ·!' 
Livestock and foll owing procedures stated in r'--·nrl1• n. 
Wi ldlife Water 

Non-Attainment: Requirements for fu ll 
attainment not met. I' 

1 See section on Statisti caJ Considerations,J .A .. ft.-.,f;x C & d 

( CiDnllWlt [1135]: Pmiously Tlble I.I. F_lllOYCd.,._. _ 

( CiDnllWlt [R44]: Pmiously Table B·I 

I CiDnllWlt [045]: Pl<Yiousty Table B-t & B-2 
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METHODS FOR ASSESSING COMPLIANCE WITH WATER QUALITY STANDARDS USED FOR JOJ(d) LISTING 
PURPOSES: NARRATIVE CRITERIA BASED ON NUMERIC THRESHOLDS NOT CONTAINED IN STATE WATER 
OUALITY STANDARDS 10 CSR 20-7.031) 
BENEFICIAL DATA DATA COMPLIANCE WITH WATER Notes 

USES TYPE QUALITY QUALITY STANDARDSil 
CODE . 

Overall use Narrative 1-4 Full : Stream l:onditiotj typical of 
protection (all criteria for reference or appropriate control streams 
benefi cial which in this region of the state. 
uses) quantifiable 

Non-Attainment: The weight of 
measurement 

evidence, based on the narrative criteria 
scan be 
made. 

in IO CSR 20-7.03 1(3), demonstrates the 
observed conditi on exceeds a numeric 
threshold necessary for the attainment of 
a benefi cial use. 

For example: 
Color: Color as measured by the 
Platinum-Cobalt visual method (SM 
2 120 B) in a water body is stati stically 
significantly higher than a control water. 

Objectionable Bottom Deposits: The 
bottom that is covered by sewage sludge, 
trash~ or other materials reaching the 
water due to anthropogenic sources 
exceeds the amount in reference or 
control stream s by more than 20 percent. 

Note: Waters in mixing zones and 
unclassified waters that support aquati c 
life on an intennittent basis shall be 
subject to acute toxicity cri teria for 
protection of aquatic li fe. Waters in the 
initial Zone of Dilution shall not be 
subject to acute toxi city cri teri a. 

I~ CD47J: Previously"appcaran;c" J 
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I~ [W]: Pleva.lyT-12 
FOOlllOleSmovedillo "- · commn 

METHODS FOR ASSESSING COMPLIANCE WITH WATE R QUALITY STAN DARDS USED FOR JOJ(d) LISTING 
PURPOSES: NAR RATIVE C RITER IA BASE D O N NUMERIC TH RESH OLDS NOT CONTAINED IN STATE WATE R 
QUALITY STANDA RDS I IO CSR 20-7.0JI) 
BENEFICIAL DATA DATA COMPLIANCE WITH WATER Notes I 

USES TYPE QUALITY QUALITY STANDARDSii 
CODE 

Protecti on of Toxic 1-4 Full : No more than one acute toxic event Compliance with Water Quality Standards Note: The test 
Aquatic Life Chemical s in three years (does not include die-offs resuJt must be representative of water quality for the entire time 

of aquatic Ii fe due to natural origin). No period for which acute or chronic criteria apply. For ammonia the 
more than one exceedence of acute or chronic exposure period is 30 days, for all other toxics 96 hours. 
chronic criterion in three years for all The acute exposure period for al l toxics is 24 hours, except for 
toxics. ammonia which has a one hour exposure period. The department 

For hardness based metals with ~ight or 
will review all appropriate data, including hydrographic data, to 

fewer samples the hardness value ensure only representati ve data is used. Except on large rivers 

a~~Q;;iated with the ~ample will be used 
where storm water flows may persist at relatively unvarying levels 

to calculate the acute or chronic for several days, grab samples collected during stonn water flows 

thresholds. 
will not be used for assessing chronic toxicity criteria. 

FQr hardness based metals with more Compliance wi th Water Quality Standards Note: In the case of 

than eight samQles the reference toxic chemicals occurring in benthic sediment rather than in water, 

gers;:entile hardness 12:rovided in state the numeric thresholds used to detennine the need for further 

water gualitx standards will be used to evaluation will be the Probable Effect Concentrations proposed in 

calculate the acute and chronic "Development and Evaluation of Consensus-Based Sediment 

thresholds. Quali ty Guidelines for Freshwater Ecosystems" by MacDonald, 
D.D. el al. Arch. Environ. Contam. Toxicol. 39,20-3 1 (2000). 

Non-Attainment: Requirements for full These Probable Effect Concentrations are as follows: 33 mg/kg 
attainment not met. As; 4.98 mg/kg Cd; 111 mg/kg Cr; 149 mg/kg Cu; 48.6 mg/kg Ni ; 

128 mg/kg Pb; 459 mg/kg Zn; 56 1 µg/kg naphthalene; 11 70 µg/kg 
phenanthrene; 1520 µg/kg pyrene; 1050 µg/kg 
benzo(a)anthracene, 1290 µg/kg chrysene; 1450 µg/kg 
benzo(a)pyrene; 22,800 µg/kg total polyaromatic hydrocarbons; 
676 µg/kg total PCBs;~l 7.6 ug/kg; Sum DOE 31.3 
ug/kg; lindane (ganuna-BHC) 4.99 ug/kg. Where multiple 
sediment contaminants exist, the Probable Effect Concentrations 
Quotient shall not exceed 0. 75. See Appendix D and Section IL D 
for more information on the Probable Effect Concentrations 
Quotient. 
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( ~ [WJ: Pm'ioasly Tlble 1.2 
l'c>olMes......tiaro "Nalm" column 

METHODS FOR ASSESSING COMPLIANCE WITH WATER QUALITY STANDARDS USED FOR 303(d) LISTING 

PURPOSES: NARRATIVE CRITERIA BASED ON NUMERIC THRESHOLDS NOT C ONTAINED IN STATE WATER 
QUALITY STANDARDS 10 CSR 20-7.031) 
BENEFICIAL DATA DATA COMPLIANCE WITH WATER Notes 

USES TYPE QUALITY QUALITY STANDAROSil 
CODE 

Protection of Biological : 3-4 Full : For seven or fewer samples and Data Type Note: DNR invert protocol wi ll not be used for 
Aquati c Life Aquatic following DNR wadeable streams assessment in the Mississippi Alluvial Basin (bootheel area) due to 

Macr0:. macroinvertebrate samp1ing and lack of reference streams for comparison~ 

invertebrates evaluation protocols, 75% of the stream 
Data Type Note: See ~onnlfi). for additional criteria used t ~ [-]: Pmiously Appendix E 

sampled condition index scores must be 16 or assess biological data. 
using DNR greater. Fauna achieving these scores 

Protocol. are considered to be very similar to Compliance with Water Quality Standards Note: See 
regional reference streams. For greater ~n~~ix d. For test streams that are signifi cantly smaller than [ ~ [-): Pmiously Tlble B·I and B-2 

than seven samples or for other sampling bioreference streams where both bioreference stream s and small 
and evaluation protocols, results must be control streams are used to assess the bi ological integrity of the 
statistical ly similar to representative test stream, the assessment of the data should display and take into 
reference or control stream . account both types of control streams. 

Non-Attainment: For seven or fewer 
samples and foll owing DNR wadeable 
streams macroinvertebrate sampling and 
evaluation protocols, 75% of the stream 
condition index scores must be 14 or 
lower. Fauna achi eving these scores are 
considered to be substanti ally different 
from regional reference streams. For 
more than seven sampl es or for other 
sampling and evaluation protocols, 
results must be statistically dissimilar to 
control or representati ve re ference 
streams. 

Protection of Biological : 3-4 Full : For seven or fewer samples and Data Ty pe Note: See Section 11.Q. for additional cri teria used tel ~[111111): Pmiously Appendix E 

Aquatic Life MDC Fish following MDC RAM fi sh communi ty assess biological data. 
Community protocols. 75% of the fI BI scores must Compliance with Water Quality Standards Note: MDC" fl BI 
(RAM) be 36 or greater. Fauna achieving these 

scores are from "Biological Criteria for Streams and Fish 
Protocol scores are considered to be very similar 

Communities in Missouri"Jiy_Doisy et al. <2008). If habitat 
(Ozark to regional reference streams. For greater 

limitati ons (as measured bv ei ther the OCPH I index or other 

I 

[ 

I 
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METHODS FOR ASSESSING COMPLIANCE WITH WATER QUA LITY STANDARDS USED FOR 303(d) LISTING 
PURPOSES: NARRATIVE CRITERIA BASED ON NUMERIC THRESHOLDS NOT CONTAINED IN STATE WATER 
QUALITY STANDARDS I 10 CSR 20-7.031) 
BENEFICIAL DATA DATA COMPLIANCE WITH WATER Notes 

USES TYPE QUALITY QUALITY STANDARDSil 
CODE 

Plateau only) than seven samples or for other sampling appropriate methods) are judged to contribute to low fish 
and evaJuation protocols, results must be community scores and this is the only type of data available, the 
statistica1ly si milar to representative water body wi ll be included in Category 4C, 2B, or 3B. If other 
reference or control streams. types of data exist, the weight of evidence approach will be used 

Sus~ted of lmnairment: Data not 
as described in this document. 

conclusive (Category 2B or 3B). For first Compliance with Water Quality Standards Note: For 
and second order streams !lBI score < detennining influence of poor habitat on those samples that are 
29. deemed as impaired, consultation with MDC RAM staff wi ll be 

( Colmmlt[W]: ~Tllble 12 
F-.....climo"-"calamn 

Non-Attainment: First and second order utilized._ If, through this consultation, habitat is determined to be a 

streams will not be assessed for non- significant possible cause for impainnent, the water body will not 

attainment. When assess ing third to fifth be rated as impaired, but rather as suspect of impainnent 

order streams with data sets of seven or (categories 2B or 3B). 

fewer samples collected by following Compliance with Water Quality Standards Note: See 
MDC RAM fish community protocols, ~dix q For test streams that are significantly smaller than I ColMmlt [R51): -Jy Tllble B-1 am B-2 ] 
75% of the 11 BI scores must be lower bioreference streams where both bioreference streams and small 
than 36. Fauna achieving these scores candidate reference streams are used to assess the biological 
are considered to be substantially integrity of the test stream, the assessment of the data should 
different from regional reference display and take into account both biocriterla reference stremns 
streams. For more than seven samples or and candidate reference streams. 
for other sampling and evaluation 
protocols, results must be statistically 
dissimilar to control or representative 
reference streams. 

Protection of Other 3-4 Full : Results must be statistically similar Data Type Note: See ~ectioo 11.D. for additional criteria used tq ColMmlt [R52]: -Jy Appendix E I 
Aquatic Life Biological to representative reference or control assess biological data 

Data streams. 

Non-Attainment: Results must be 
statistically dissimilar to control or 
representative reference streams. 
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k\poendix 
( eiomn-t[W]: P....-JyTable 1.2 
F-moved;,.. "Noles" column 

METHODS FOR ASSESSING COMPLIANCE WITH WATER QUALITY STANDARDS USED FOR 303(d) LISTING 
PURPOSES: ARRATIVE CRITERIA BASED ON NUMERIC THRESHOLDS NOT CONTAINED IN STATE WATER 
QUALITY STANDARDS 10 CSR 20-7.031) 
BENEFICIAL DATA DATA COMPLIANCE WITH WATER Notes 

USES TYPE QUALITY QUALITY STANDARDSil 
CODE 

Protection of Toxicity 2 Full : No more than one test result of 
Aquatic Life testing of statistically significant deviation from 

streams or controls in acute or chronic test in a 
lakes using three-year period. 
aquatic 

Non-Attainment: Requirements for full 
organisms 

attainment not met. 
Human Health Chemical s 1-2 Full: Contaminant levels in fish ti ssue Compliance with Water Quality Standards Note: Fish ti ssue 
::._Fish (tissue) levels in fillets, tissue plugs, and eggs do threshold levels are; chlordane 0. 1 mg/kg (Crellin, J.R. 1989, 
Consumption not exceed guidelines. "New Trigger levels for Chlordane in Fish-Revised Memo " Mo. 

Non-Attainment: Requirements for full 
Dept. of Health inter-office memorandum. June 16, 1989); 

attainment not met. 
mercury 0.3 mg/kg based on " Water Q uali ty Criterion for 
Protection of Human Health: Methylmercury" EPA-823-R-0 1-
001. Jan. 2001. 
htm://www.eua.gov/waterscience/criteria/methy:lmercu!):'./merctitl. 
lli!f; PCBs 0. 75 mg/kg, MDHSS Memorandum August 30, 2006 
"Development of PCB Risk-based Fish Consumption limit 
Tables;" and lead 0.3- mg/kg (World Health Organization 1972. 
"Evalualion of Certain Food Addilives and the Conlaminanls 
Mercury, l ead and Cadmium." Wl-10 Technical Report Series 
No. 505, Sixteen th Report on the Joint FAO/Wl-10 Expert 
Committee on Food Additives. Geneva 33 pp. Assessment of 

I Mercury will be based on samples solely from the following 
higher trophic level fish species : Walleye, ,S_auger, I rout, !)_lack 
!)_ass, ~hite !)_ass, ,S_triped !)_ass, J::!orthem f ike, [ lathead .Catfi sh 
and !l_lue J;:atfish. In a 20 12 DHSS memorandum (not yet 
approved, but are being considered for future LMD revisions) 
threshold values are proposed to change as follows: ch lordane 0.2 
mg/kg ; =n!..0.27 mg/kg ; and PCBs ~ 0.540 ; lead has not 
changed, but they do add atrazine and PDBEs (Fish Fillet 
Advisorv Concentrations ffFACs) in Missouri). 

ll5 Stt !ll"dion on S tatis tical Consideration and l.& ......... nd: .. n:. I COm-[D53]: Pn:viously Table B-1 & B·2 I 
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Apnendix D 
DESCRIPTIO N OF ANA LYT ICAL TOOLS US ED FOR DETERMI NING T HE STATUS OF MISSOURI WATERS II I " X 14" FOLD Olfl'I 

Designated 
Use 

Narrati\'e 
Criteria 

Analytcs 

Color 

Bottom 
deposits 

A na lyt ica l Tool 
Decision Rule/ 

Hy11othcsis 

C ri terion Used 
with th e Decision 

Rule111 

Significance 
Le\' cl 
l.!!l 

Hypothesis Test: Null Reject Null 0.1 
Two Sample, one Hypothesis : 
tai led t-Test There is no 

Hypothesis if 
calculated ··t" \'o.luc 

difference in exceeds tabular ·'t" 
color between \'alue for test alpha 
test stream and 
control stream. 

Hypothesis Test, Null 
Two Sample, one Hypothesis : 
tailed ·1 "'Test Solids of 

anthropogenic 
origin co\'er 
less than 200/o 
of stream 

Reject Null 0.4 
Hypothesis if 60% 
Lower Confidence 
Limit (LCL) of 
mean percent fine 
sediment 
deposition (pfsd) in 

bottom where stream is greater 
"eloc ity is less than the sum of the 
than 0.5 pfsd in the conlTol 
feetls1XOnd. and 20 % more of 

the stream bottom. 
i.e., where the pfsd 
is expressed as a 
decimal , test 
stream pfsd > 
(control stream 
ofsd)f{0.20 l 

Dttision Rule/ 
Hy1mthcsis 

Same 
Hypothesis 

Same 
Hypothesis 

C riterio1 Used 
with t he Decision 

Rule 

Same Criterion 

Same Criterion 

Significance 
Lc\·el 

l.!!l 
0.4 

Same 
Significance 
Level 

Notes 

Criteri on Note: If data is non-normal a 
nonparametric test will be used as a comparison 
of medians . The same 200/o difference still 
applies . With current software the Mann­
Whitney test is used . 

I eo-t[Dll)1 .......... yT .. ~B-2 
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Anoendix D 
DESCRIPTION OF ANALYTICAL TOOLS USED FOR DETERMINING T HE STATUS OF MISSOURI WATERS Ill " XI~" FOLD Olfl'l 

betcnni•i•ao wh1 waters are imnaired betermi1i10 1d1e1 widen ire 10 lo1wr imnaired 

Designated Decision Rule/ 
Criterion Used Significa nce 

Decision Ruic/ 
Criterion Used Significance 

Analylcs Analytical Tool with the Decision Le\' cl with the Decision Lc\'el 
Use Hypot hesis Rulc1K l!!l 

Hypot hesis 
Ruic l!!l 

Aquatic Life Biological For DNR lm·crt Using DNR Reject Null Not Same Same Criterion Same 
monitoring protocol : Sample Invert. Hypothesi s- if App licable Hypothesis Significance 
{Narrative) sizes of 7 or less, Protocol: Null frequency of fully Level 

75% of samples Hypothesis : sustaining scores 
must score 14 or Frequency of on test stream is 
lower fu ll sustaining sign ificantly less 

scores for test than for biological 
For RAM Fish stream is the criteria reference 
IBI protocol : same as for streams. 
Sample sizes of 7 biological 
or less, 75% of criteria 
samples must reference 
score less than streams. 
36. 
For DNR Invert A direct Rate as impaired if 0.1 Same Same Criterion 0.4 
protocol and comparison of biological criteria Hypothesis 
sample size of 8 frequencies reference stream 

between test frequency of fu lly 
Binomial and biological biologicall y 
Probability criteria supporting scores is 

reference greater th an Ii vc 
For RAM Fish streams will be percent more than 
!Bl protocol and made. lest stream. 
sample size of8 

Binomial 
Probabi li tv. 
For other Null Reject Null 0.1 Same Same Criterion 0.4 
biological data an H}tp0thesis, Hypothesis if Hypothesis 
appropriate Community metric scores for 
parametric or metric(s) in test stream are 

c:o.-.t(Dl4): PravioutlyTablo R-1 

~(DA)1 '""-9tyTablelJ..2 

Notes 

C riterion Note: For inverts, the reference 
number will change depending on \\hich EDU 
the stream is in (Xo/o-5% ), for RAM samples the 
reference number will always be 70 (75%-5%). 
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Annendix D 
DESCRIPT ION O F ANA LYTICAL TOOLS USED FOR DETERM INING T HE STATUS OF MISSOURI WATERS 111 • X \~" FOLD Olff 

Designated 
Use 

Aquatic Life 
(cont.) 

Analytes Analytical Tool 
Decision Ruic/ 

Hypolhcsis 

nonparametric test stream is 
test will be used . the same as for 

a reference 
stream or 
control 
streams. 

Toxic Not applicable 
chemicals 
in water: 
(Num eric) 

Toxic Comparison of 
chemicals geometric mean 
in to PEC value, or 
sediments: calculation of a 
(Narrati\'e) PECQ val ue. 

Other 
biological 
monitoring to 
be determined 
bv tvue of data. 
No more than 
one toxic 
e\'cnt. toxici ty 
test failure or 
cxcccdcnce of 
acutcor 
chronic 
criterion in 3 
vears. 
Waters are 
judged to be 
impaired if 
parameter 
geomean 
exceeds PEC, 
or site PECQ is 
exceeded. 

Crilerio n Used 
with the Decision 

Rulern 

significantly less 
than reference or 
control streams. 

Dependent upon 
available 
information . 

Not applicable 

For metals use 
150"/o PEC 
threshold. The 
PECQ threshold 
value is 0. 75 . 

Significance 
Le\·el 
l!!l 

Dependent 
upon 
available 
information. 

Not 
applicable 

Not 
applicable 

Decision Ru le/ 
Hypoth esis 

Same 
Hypothesis 

Same 
Hypothesis 

Water is 
judged to be 
unimpaired if 
parameter 
geomean is 
equal to or less 
than PEC, or 
site PECQ 
equaled or not 
exceeded . 

Cri1eri o1 Used 
with the Decision 

Rule 

Same Criterion 

Same Criterion 

For metaJ s use 
150%orPEC 
threshold. The 
PECQ threshold 
value is 0. 75 . 

Signifi cance 
Lc\•el 

l!!l 

Same 
Significance 
le\'cl 

Same 
Significance 
Lc"cl 

Not 
applicable 

Notes 

Compli ance with Water Q ua lity Stan da rds 
Note: In the case of toxic chemicals occurring 
in benthic sediment rather than in water, the 
num eric thresholds used to determine the need 
for further evaluation will be the Probable Effect 
Concentrations proposed in ··Development and 
Evaluation of Consensus· Based Sediment 
Quality Guidelines for Freshwater Ecosystems" 
by MacDonald, D.D. et al. Arch. Environ. 
Contam. Toxicol. 39,20·31 (2000). These 
Probable Effect Concent~ations are as follows : 

I c:o-.t(DM): PmKiullyT9blo B-1 

Jeo-t[DU):PrcMoulyTlbkB-2 
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A1mendix: D 
DESCRIPTIO N OF ANALYTICAL TOOLS USED FOR DETERMI NING THE STAT US OF MISSOURI WATERS Ill " X 1;• FOLD OUTI 

betcnaiaiatr. wllea waten aft imDaimi'. bewrmiai•tr. wltH wakn ire 10 loater imoaired 

Designated Decision Ruic/ 
C rite rio n Used Significance 

Decision Ruic/ 
C r itcrio1 Used Significance 

Analytcs Analytical Tool wi th the Decision Le\'el w ith the Decision Le\'CI 
Use Hypothes is 

Rule111 
l!!l 

Hy pothesis 
Rule l!!l 

Aquatic Life 
(cont. ) 

Tcmperatu Binomial Null Reject Null Not Same Same Criterion Sam e 
re, pH, probabi lity Hypothesis : Hypothesis if the applicable Hypothesis Significance 
total diss. No more th an Type I error rate is Lc\"el 
gases, oi l 100/oof less than 0.1. 
and grease, samples exceed 
diss . the water 
oxygen qual ity 
lNumeriel criterion. 

Losing E.coli Binomial Null Reject Null 0.1 Same Same Criterion Same 
Stream s probability Hypothesis: Hypothesis if the Hypothesis Signifi cance 

No more than T ypc I error rate is Level 
10% or Jess than 0.1. 
samples exceed 
the water 
quality 
criterion. 

c-.t[DM): PIMJU!y TabkB-1 J 
eo-tt (DR): PreviouJ~· Tabk 8-2 I 

Notes 

33 mg/kg As ; 4.98 mg/kg Cd; 111 mg/kg Cr; 
149 mg/kg Cu: 48.6 mg/kg N;: 128 mg/kg Pb: 
459 mg/kg Zn: 56 1 µg/kg naphthalene; 1170 
µg/kg phcnanthrenc: 1520 µg/kg pyrcnc: 1050 
µg/kg bcnw(a)anthraccnc, 1290 µg/kg 
chryscnc: 1450 µg/kg bcn7,0(a)pyrcne: 22,800 
µg/kg total polyaromatic hydrocarbon s; 676 
µg/kg total PCBs: ~1 7.6 ug/kg: Sum 
DOE 3 1.3 ug/kg: l!nl!lm£_(gamm a-BHC) 4.99 
ug/kg. Where multiple sedim ent contaminants 
exist, the Probable Effect Concentrations 
Quotient shall not exceed 0. 75 . Sec Appendix. 
D and Section II . D for more information on the 
Probable Effect Concentrations Quoti ent. 
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A1mendix D 

DESCRIPTION OF ANALYTICAL TOO LS US ED FOR DETERMINING THE STATUS OF MISSO URI WATERS 111 " XI~" FOLD Olffl 

l0t1ermiaia• ld1c• walen are imoairecl'. loctermiaia• wH• walen are ao IHRr i---~-A eo-t(DM]: ~> Teblo ~1 I 

Designated Decision Rule/ 
Criterion Used Significance 

Decision Rule/ 
C rit erio• Used Significan ce c::a-t (Dll): Prcmwily Tablo ~2 I 

Analytcs A na l)•ti c11I Tool with the Decision Level with t he Decision Le,•cl Notes 
Use Hn)Oth cs is Rule1w l!!l 

Hypoth esis 
Ruic l!!l 

Human Toxic Hypothesis test: Null Reject Null 0.4 Same Reject Null Sarne 
Health - chemicals l ·sided Hypothesis: Hypothesis if the Hypothesis Hypothes is if the Significance 
Fish in water confidence limit Levels of 600/o LCL is greater 60% UCL is Level 
Consumption (Numeric) contaminants than the criterion greater than the 

in water do not value. criterion value. 
exceed 
criterion. 

Toxic Four or more Null Reject Null 0.4 Same Reject null Same 
chemicals samples : Hypothesis: Hypothesis if the Hypothesis hypothesis if the Signifi cance 
in tissue Hypothesis test Le\'cl s in fillet 600/o LCL is greater 60% UCL is Level 
(Narrative) I-sided sampl es or fi sh than the cri terion greater than the 

confidence limit eggs do not value. criterion value. 
exceed 
criterion. 

Drinking Toxic Hypothesis test: Null Reject Null 0.4 Same Reject null Same 
Water chemicals I-sided Hypothesis : Hypothesis if the Hypothesis hypothesis if the Significance 
Supply (Numeric) confidence limit Le\"els of 60% LCL is greater 60% UCL is Le,·el 
(Raw) contaminants th an the criterion greater than the 

do not exceed value. criterion value. 
criterion. 

Non·toxic Hypothesis test: Null Reject Null 0.4 Same Reject null Same 
chemicals l ·sidcd Hypothesis : Hypothes is : ifthe Hypothesis hypothesis if the Significance 
(Numeric) confidence limit Levels of 60% LCL is greater 60% UCL is Level 

contam inants than the criterion greater than the 
do not exceed value. cri terion value. 
criterion. 

Drinking Toxic Methods Methods Methods s ti pulated Methods Same Same Criterion Same 
Water chemicals stipulated by stipulated by by Safe Drinking stipul ated by Hypothesis Sign ificance 
Supply Safe Drinking Safe Drinking Water Act. Safe Le,·el 
(Fin ished) Water Act Water Act. Drin king 

Water Act. 
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Designated 
A na lytes A na lytical Tool 

Decision Ruic/ 
Use Hy1>oth esis 

Whole Body Bacteria Geometric mean Null 
Contact and (Num eric) Hypothesis : 
Second ary Lc,•cl s of 

contam inants 
do not exceed 
criterion. 

Irrigation & Toxic Hypothesis tes t Null 
Li vestock chemicals J.Sided Hypothesis : 
Water (N um eric) confidence limit Levels of 

contam inants 
do not exceed 
criterion. 

Protection of Nutrients Hypothesis test Null 
Aquatic Life in lakes hypothesis: 

(Numeric) Criteri a arc not 
exceeded. 

Cr iterion Used 
wit h the Decision 

Rule111 

Reject Null 
Hypothes is: ifthe 
geometric mean is 
greater than the 
criterion value. 

Significance 
l.,c, ·cl 

l.!!l 
Not 
Applicable 

Reject Null 0.4 
Hypothes is if the 
60% LCL is greater 
than the criterion 
va lue. 

Reject Null 0.4 
Hypothesis if 60'/o 
LCL value is 
greater than 
cri terion \'alue. 

Decision Ruic/ 
H)'l>oth esis 

Same 
Hypothesis 

Same 
Hypoth esis 

Same 
Hypothes is 

Criterion Used Significa nce 
with the Decision Leni Notes 

Ra lc l.!!l 
Same Criterion Not 

applicable 

Reject null Same 
hypoth esis if the Signifi can ce 
60% UCL is Level 
greater th an the 
criterion value. 

Same Criterion Same Hypothesis Test Note: State nutrient criteria 
Significance req uire at least four samples per year taken near 
Le\'el the outflow point of the lake (or reservoir) 

between May I and August 3 I for at least fou r 
different, not necessarily eonsecuti \'e, years. 

:'.:_ Wht.,-e hypothesis testing is used for media other than fish tissue, for dal.a !tel, with five Mmples or fewer, a 75 percent confidence interval around the appropriate central tendencies will be used lo detCfl!line use at1.ainmcnt status. Use 
attainment will be detcnnined as fo llows: (I) ff thecntcrion value is above this intcrval (all values within the interval arc in confonnance with the criterion). rate as unimpeired: (2) ff the criterion value falls \\1thtn this interval, rate as 
unimpaired and place in Category 29 or 30; (3) if the criterion value is below this inlcrval (all values within the interval are not in confonnance with the cri terion), rate as impaired. For fish tissue , this procedure v.111 be U3Cd with the 
following changes: ( I ) it will apply only to sample sizes ofless than four and, (2) a SO%confidence interval v.1 11 be used in pl11ee of the 7S%confiden£e interval_ 

a.-.t(DMJ: Prwioutl.y T.WCB-1 I 
a.-.t(Dll)I Pr4MOU.lly Tabte8-2 I 
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MISSOURI 
DEPARTMENT OF 
NATURAL RESOURCES 

Date: November 18, 2015 

Time: 9:00 am to 4:00 pm (adjourned early) 

Meeting: Bioassessment Workgroup Meeting 

Subject: Proposed 2018 Listing Methodology Meeting Notes 

Attendees: 

Trish Rielly, MoDNR 
Randy Sarver, MoDNR 
Dave Michaelson, MoDNR 
Steve Walker, MoDNR 
Sam McCord, MoDNR 
Robert Voss, MoDNR 
John Hoke, MoDNR 
Bill Whipps, MoDNR 
Colleen Meredith, MoDNR 
Liz Evans, Missouri Department of Health and Senior Services 
Matt Combes, Missouri Department of Conservation 
Mike McKee, Missouri Department of Conservation 
Leslie Holloway, Missouri Farm Bureau 
Robert Brundage, Newman, Comley and Ruth 
Trent Stober, HOR 
David Carani, Geosytenc 

trish. rielly@dnr.mo.gov 
randy. sarver@dnr.mo.gov 
dave.michaelson@dnr.mo.gov 
steve.walker@dnr.mo.gov 
samuel.mccord@dnr.mo.gov 
robert.voss@dnr.mo.gov 
john.hoke@dnr.mo.gov 
bill.whipps@dnr.mo.gov 
colleen.meredith@dnr.mo.gov 
elizabeth.evans@health .mo.gov 
matt.combes@mdc.mo.gov 
mike.mckee@mdc.mo.gov 
lholloway@mofb.com 
rbrundage@ncrpc.com 
trent.stober@hdrinc.com 
dcarani@geosyntec.com 

The meeting was scheduled to allow stakeholders the opportunity to provide comments or ask clarifying 
questions regarding the proposed 2018 Listing Methodology Document (LMD). Agenda items were 
requested from stakeholders prior to the meeting. A suggested agenda was provided, but it was stated 
that other topics were welcome for discussion. The proposed 2018 LMD discussions started in a format 
that allowed participants the opportunity to provide page-by-page comments. In doing so, other 
specific topics or concerns were raised and discussed. Below is a summary of the discussions. 

Overview of updates from the 2016 Listing Methodology Document 
Trish Rielly provided an overview of the purpose of the meeting and the general updates that were 
made to the 2016 LMD. Overall, the majority of the updates related to reformatting the document by 
moving information previously provided in the appendix and blending the information with similar 
information provided in the main body of the document. Where possible, tables were merged and table 
footnotes (e.g., Tables B, C and D) were moved under the "Notes" column header. Other updates were 
more grammatical in nature. 
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Data Codes 
Questions were raised regarding a wording addition to Data Codes Two, Three and Four (page 17), and 
the reason for the additional wording "composite or plug" and "a minimum of one". The additional 
wording was added to clarify what type of sample was actually being collected by the department. It 
was suggested to add clarification to explain what is involved in a quantitative biological monitoring 
study. For example, multiple data collection events for a quantitative macroinvertebrate study includes: 
monitoring of multiple stream reaches and habitat conditions, stream habitat survey, water quality 
sampling, and the collection of aquatic macroinvertebrate data from multiple seasons. Staff will add 
additional clarification to this section. 

Weight of Evidence Approach 
It was noted the italicized sentence below was removed under the Weight of Evidence Approach (page 
18). It was suggested that if the process described is being followed, the sentence should be retained. 
Staff explained that the sentence was inadvertently removed during the LMD update and merging of 
information. It was agreed that this wording should be maintained. 

For those analytes with numeric thresholds, the threshold values given in Table 1.2 (now 
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 
criteria. 

It was suggested that examples of other relevant environmental data be included with fish, aquatic 
macroinvertebrate scores, fish tissue, or toxicity testing of water or sediment. The addition of physical 
and chemical data should be included with biological and toxicity data to better understand toxicity 
assessments, in particular sediment toxicity. Suggested wording will be provided by stakeholder 
comment letter. 

Regarding the assessment of sediment data, it was also suggested the department consider multiple 
lines of evidence or sediment toxicity tests instead of basing sediment toxicity thresholds on the 
probable effect concentration {PEC) values developed by McDonald, et al. Staff stated that further 
discussions may be warranted and that the professionals who developed the PEC thresholds should be 
present to participate in the discussion. Specific streams were discussed where stakeholders believed 
additional lines of evidence are necessary. Additional comments will be provided by stakeholder 
comment letter. 

Aquatic Macroinvertebrate Community Data 
It was suggested that wording pertaining to "aquatic macroinvertebrate assessments" be retained, 
instead of using "aquatic biological assessments" to describe macroinvertebrate community health as a 
function of water quality and habitat (page 20). To ensure clarity, staff will add this wording back into 
the document. 

Within the same paragraph, the term "usually" was also added in association with comparing test 
streams to reference streams within the same Ecological Drainage Unit (EDU). Clarification was 
requested by stakeholders and staff provided clarification regarding the addition of this word (page 20). 
Staff stated that there are instances when similar EDUs may be combined. When EDUs are combined, it 
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generally relates to cold water streams, and/or when there is only one reference stream within an 
ecological region of the state (e.g. Mississippi Alluvial Plains) . 

Assessing Small Streams 
There was significant discussion regarding how headwater streams and effluent dominated streams will 
be assessed against candidate reference streams. Several questions were raised regarding stream class 
sizes and how those class sizes are defined. Other questions were asked about the status of a current 
project being completed by the University of Missouri-Columbia (UMC) regarding the process/methods 
for establishing headwater reference streams (page 26). Stakeholders requested additional discussions 
on this topic. Once the UMC project is completed, the department plans to have the results of the work 
presented at an appropriate Water Protection Forum meeting. 

Specific questions were raised on how land use-land cover statistics are calculated, and what types of 
barriers are considered as a migration barrier (page 27) . Staff described how land use-land cover 
information is derived. Examples of migration barriers were provided, including how low water bridge 
crossings or culverts may operate as barriers. Staff stated that field surveys would be necessary to 
identify if a migration barrier was present on a stream or stream reach. 

Appendix C 
It was suggested that the word "significantly" be removed (pages 52 and 53) from the "notes" column 
since it was not mentioned in the text on page 25. "Headwater" or "smaller than wadeable/perennial" 
were suggested alternative wording. Discussions continued regarding the definitions of stream 
classifications provided in the water quality standards. It was suggested that a reference to Table I of 
the water quality standards be included following the wording for bioreference streams. Staff agreed 
the removal and addition of specific wording could be made. A stakeholder stated they would also 
supply suggested wording via comment letter. 

Assessing Macroinvertebrate Communities from Poor/Inadequate Habitat 
Discussion was requested on how macroinvertebrate samples would be assessed if MSCI scores are less 
than 16, and the habitat score less than 75 percent (page 23). Horse Creek was provided as an example 
for how a water body in this situation would be assessed. 

It was suggested the percent habitat score from reference be added to the assessment worksheets. 
Staff agreed this additional information could be added to future biological assessment worksheets. 

Age of Data 
There was considerable discussion on how the department considers the age of data when conducting 
assessments. In the past, it was agreed that the department would add a statement to the assessment 
worksheet providing a justification for using older data. Staff recalled this agreement and indicated a 
statement would be added to future assessment worksheets. 

Mercury in Fish Tissue 
There is reference to a Missouri Department of Conservation survey within the LMD and fish tissue 
assessment worksheets; the status and availability of that MDC document were discussed. It was stated 
that this document was currently being revised but would be made available by the Missouri 
Department of Conservation. 
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Clarification was also provided regarding Department of Health and Senior Services, Department of 
Conservation, and EPA's values regarding mercury in fish tissue, and if they were consistent with EPA 
guidance. Staff stated the mercury in fish tissue assessments follow and are consistent with EPA 
guidance. 

Follow-up to the 2016 Listing Methodology Meeting Discussions held in February 2014 
Stakeholders asked if all the suggested updates were made to the 2016 LMD. Staff stated that all 
updates were made, with the exception of adding a statement to assessment worksheets when older 
data was used during an assessment cycle. Staff will include a statement, as needed, on future 
assessment worksheets. 

Assessment of pH with the clarification in water quality standards 
The current water quality standards rulemaking is proposing to clarify pH as a 4-day chronic criterion. 
Stakeholders were interested in whether this proposed revision would have an effect on assessing pH in 
the future. Staff presented USGS pH data by EDU to illustrate the current median pH values per EDU. It 
was suggested by stakeholders that staff look at the pH data by stream size, and time of day to see if 
that would have an effect. For continuous data, a method was presented to consider how to 
incorporate a 4-day chronic period and 10 percent exceedance rate. Discussions will continue on how to 
potentially handle discrete and sonde data at the December 1 public availability meeting. Staff and 
stakeholders will continue to look at continuous and discrete data sets, and how neighboring states 
assess pH. 

Meeting adjourned early at approximately 12:30 pm after all stakeholder questions were answered. 

The department will hold a second public availability session for the 2016 303(d) List and 2018 LMD on 

December 1, 2015. The public hearing for these documents is scheduled for January 6, 2016, and the 

public notice period will close on January 31, 2016. 
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