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1.0 Introduction

The original objective of this handbook is to report/explain the procedures used and
products developed from the Red River Watershed Assessment Protocol Project. This
document was also created to provide guidance to water quality staff from the Red Lake
Watershed District and other groups and agencies conducting water quality monitoring
programs. The information and methods contained in this document were pulled together
from a large number of sources in order to provide a very robust methods document. It
serves as a methods handbook for water monitoring project development, water quality
data collection, and data management. This document helps ensure continuity in data
analysis, even throughout changes in personnel. Although it is, at times, focused on the
Red Lake Watershed District and the Minnesota side of the Red River Basin, it is
intended to also be useful to other agencies collecting water quality data. This will be a
living document. Changes in methodology, newly developed data analysis methods, or
any methods overlooked by this document will be included in future editions. Hopefully,
the time spent creating this handbook will help save time in the future and prove to be an
efficient resource for its users.

Figure 1. Location of the Red Lake Watershed District
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Figure 2. Red River Basin.

The purpose of the Red River Watershed Assessment Protocol Project was to establish
procedures for developing water quality reports, field and lab standard operating
procedures, quality assurance project plans, and statistical analysis techniques for the Red
River Basin, providing needed coordination as identified in county water plans. The
project was funded by a Minnesota Board of Water and Soil Resources Challenge Grant.
There are many organizations that are monitoring water quality within the Red River
Basin. However, until recently, the sharing of data among agencies was limited. The Red
River Watershed Assessment Protocol project is meant to help agencies take a step in the
right direction towards better coordination of monitoring efforts and comparability of
data. This project recommends the use of standard methods by all these agencies so that
data is comparable due to similar collection and analysis methods. The coordination of
data collection efforts among agencies will lead to less duplication of sampling efforts,
and greater number of sites that will be monitored across the RLWD by one agency or
another. Other products of the Red River Watershed Assessment Protocol Project include
the RLWD website and water quality database, Standard Operating Procedures for Water
Quality Monitoring in the Red River Valley, Statistical Methods for Analyzing Censored
Water Quality Data Sets, 2004 Red Lake Watershed District Water Quality Report, River
Watch Quality Assurance Project Plan (QAPP), and the RLWD QAPP.



2.0 Data Storage

2.1 Database Design and Agency Coordination

Some of the RLWD’s needs that were fulfilled by the Red River Watershed Assessment
Protocol Project were the needs for a website for public outreach, a central database for
the storage of water quality data, a tool for viewing GIS data and creating maps, and data
analysis tools. Houston Engineering was contracted to create the RLWD website, which
meets all of the aforementioned needs. Along with the other features of the website that
were created (see Section 6.3), a central Microsoft Access database was created. It is
stored, along with all other files related to the website, on a Houston Engineering-owned
server. Data is stored in a set of interrelated tables. There are tables within this database
for water quality data, site information, organization information, and site pictures. The
tables are linked by site ID number and organization name. A set of web pages are used
to display the data within these tables.

| Microsoft Access QIE-'_J%|
File Edit View Insert Format Records Tools ‘Window Help
M- H ey By CglE | vE T AR B B,
ot & Favorites ~ | Go - | [ Lt
Qpen ggesign ’EINBW el ke organid | organname |
id 1/ Red Lake ¥Watershed District
Objects Eﬂ Create table in Design view 2 Clearbrook-Sonvick Riverwatch |
= E‘j Create table by using wizard || 13! Crookston Riverwatch
: ET:J Create table by entering data
S organization - — e |
£ e id | siteid | siten|
" e 1] 157 4802046796202583 100
bt D_ . 156 4802045796202953 100
Yl s » 124 4789676796274200 108
M =
iR | siteid | sitenar
||+ 1475580169534 1300 3 Mile Road
|+ 4793690095685317 37
I +148061317959383217 39
SOl wiq : Table
= id date sitename
. || 8/5/2003 a0 CH/SH
- id | Wi eeorgn | 4/30/2003 40 CH/SH
— 1Al r 32002003 40 CH/SH
i 2 Clearwater River, #58 — PRy s PR |
£ |
Latitude and Longituéle combined For the site. 16 digits This field is réqﬁiréd. | [ ML

T = 1

Figure 3. RLWD Water Quality Database.



The database was originally updated RLWD staff using an online data entry form. The
data entry pages were password protected so only RLWD staff can enter data. Data is
entered into the database by the RLWD. This page features a blank cell and a flag cell for
each water quality parameter that may be entered into the database. For the online data
entry form to work properly, a numerical value must be entered in every cell. There are
cases, however, when data results are not represented by a number. A method was needed
for distinguishing among results below the reporting limit, zero values, and missing
values. For results that fall into one of these categories, a zero is entered into the cell and
a value is selected from a flag field that specifies whether the value is below the detection
limit, equal to zero, or if there is no value for the field. The online data entry format was
not as convenient as it was intended to be. The RLWD has gotten rid of the online data
entry form and has switched to a more direct and simpler method of data entry.

Red Lake Watershed District
*Dodicated tfo Water Managarment™

Water Quality Database Maintenance Page - Wator Quality Maintenance Page

Badid Reecord (Water Quality Record)
" Denotes required ficlds.
Hote: if there is "o deta” for a parsmeien, you must enter a @ and set the Mlag field to -39,

"Escherichia Colifierm Bacteria (coloniesiidmik I

‘St |0 [477 3528395206750
vategomadangr|
“Tirne (Miitary Formy: [—
‘Observers (Initials)e I
“Organization: | Select Organization =]
Air Temp. (CK
wisatten: |
*Stream Flow (efsk | “Fage| 1 (Volid Valug) E|
*Stroam Gage tA: | *Fragg] 1 (Valid Valug) E|
“Watar Tomp. ()| "Flags] 1 (Viakid Value) =l
“Lab Water Temp. (K | m[ 1 (Valid Valug) =]
‘o rielag: | “Fiag 1 (Valid Valug) K|
“ph (Labe | Flage 1 (Volid Value) B
“Specific Conductance (Field) (uSiem): Flagy | (Valid Velue)
‘Specific Conductancs (Lab) usiem): | Flag] 1 (Valid Velue)
Akalinity (motL: "Flage| 1 (Valid Value)
"Dissoleed Ouygen (% soturation): | “Fhage] 1 (Valicl Valug)
Turbidity (TU): | “Flagd 1 (¥ahid Value) =]

“Turbidity (Measured in tubses) (cm) I

“Fiage] 1 (Valid Value)

*Amvmonia NH3 fmgiL: |

‘Flags 1 (Valid Value)

“Mitrates (mgA I

'ﬁmJ 1 (Valid Value)

Hitrates plus Wtrites lm[

‘Frage] 1 (Valid Valug)

“Orthophosphorus (reactive) l'rl'llfl-kl

‘Hag| 1 (Velid Valuz)

“Grganic Phosphorus (molk |

‘Flage] 1 (velid Valua)

*Total Phosphorus (mgiLk |

‘Flage] 1 (Velid Valus)

*Fecal Coliform Bacteria (cobonies A 00mi): I

“Flagy 1 (alid Value)

“Flagy| 1 (Valid Valug)

"Total Coliform Bacteria (enhnh!ﬂmltl

“Frage| 1 (Valid Value)
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Flml 1 (velid Walue)
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Figure 4. Online data entry form that was used by the RLWD.




Data entry forms have recently been added to the Access database itself that make data
entry even easier than online entry. After data has been added to the Microsoft Access
database, the database file located on the ftp server is simply replaced with the new,
updated version.

|

—

T
[
T

i
Ef—.

Figure 5. Microsoft Access Database Entry Form.

Data in the database can be downloaded by anyone visiting the RLWD website
(www.redlakewatershed.org). After a successful search for water quality data from a
particular monitoring site on the RLWD website, this set of web pages will appear for the
site. These pages include a report card page, site information page, data viewing page,
analyze and download data page, and a site location map. Information displayed on the
site information page is stored in the site and picture tables in the database. The report
card page performs calculations using data in the water quality data table (entitled “wq™)
and compares the results to the standards in the percentiles table in order to produce a
letter grade for each monitoring site. The View Data and Analyze and Download Data
pages link to the water quality data table to display the data, calculate summary statistics,
create time series plots of the data, and load data into the StatCrunch program for
additional statistical analysis options.
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Figure 7. A report card webpage is linked to the water quality data table in the
database to create "'grading curves” and give a site a grade based upon the curves.
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Figure 8. A site information page is generated for each site and is linked to a site
information table in the database.
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Hom# Page | Search far Water Guality Site
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Figure 9. The View Data webpage simply displays data from the selected site - it is
linked to the water quality data table within the database.
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Figure 10. Analyze or Download Data Page.

Quiality control measures can be incorporated into an Access database. Examples include
a range of allowable values for a data entry cell, or even special procedures for entering
data into a database. The Red Lake Department of Natural Resources uses a data entry
system that involves duplicate data entry and data verification. If any data entered during
the second round of entry does not match data from the first round of entry, an error
message is displayed and the user must double-check the original data sheet to verify the
correct value. This helps to eliminate data entry errors. Some common types of data entry
errors include entering data into the wrong cell or field, misplacing a decimal point,
adding an additional digit (accidentally hitting too many keys), and omitting data
altogether.

In a data entry form like the figure below, validation rules can be added to each field.
Number fields should accept only number values. Fields can also be made to reject or
question values that do not fall within a specified range. For pH, for example, the range
of possible values is 0-14, so if a value of 72.6 is entered, the value will be rejected and
the user will have to check the results and enter the correct value. So, for example, a user
may have misplaced the decimal point on the first try and, after receiving an error
message, has a chance to replace 72.6 with the correct value of 7.26.
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A normal range can be defined for a parameter as well. This function would question the
data entry personnel about whether a value is correct or not if it falls outside a normal
range for the parameter. Abnormally high values can still be recorded by verifying the
number, but false values caused by extra or misplaced keystrokes will be checked and
corrected. Validation rules can be added within the design view of the database. Right
click on the cell and select Properties to access the window, shown below, in which
validation rules and other controls can be added to the cell.

BIGH [P 5 gt ey

u Text Box: ph_field ) %

Formatl Data I Ewvent I Other Al |

Name ... )

Control Source . ... ... ph_field |

“4 ImputMask........... ..
Default alug oo

Validation Rule . . ..o <11

] validation Text. .. ..., ..

=] status Bar Text .. /

+:|::::] Enter Key Behavior . ... ... Default
Allow AukoCarrect ..o Yes

Figure 11. Adding a validation rule to a data entry form cell.

Finding these errors during data entry is important for getting data into STORET since
the database will reject data that is out-of-range. Data will then have to be corrected and
re-submitted, thereby delaying the entry of the data into STORET. See Section 4.3 for
more tips on getting data into the STORET database.

2.2 Data Storage in Microsoft Excel

Although Microsoft Access is one of the best options for storing a large amount of data,
especially for linking tables and querying data, Microsoft Excel is the program most
likely to be used for data analysis. There are two ways to have data available in Microsoft
Excel for the purposes of data analysis. It can either be entered directly or it can be
imported from another program. An alternative method of data storage and analysis
would be to export data from Microsoft Access and import it into Microsoft Excel or
another statistical analysis program to analyze the data. The RLWD has entered data
directly into both Microsoft Access and Microsoft Excel. Having updated Microsoft
Excel spreadsheets on-hand is valuable because data analysis can be performed quickly.
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The RLWD will be switching to Excel spreadsheets that are linked to the Access
database. This way, there will be updated Excel spreadsheets available for analyzing data,
but data can be imported from the RLWD’s Access database instead of entered cell by
cell.

1. Know the location of the Microsoft Access database from which you will be
importing data.

2. Begin anew query: Data => Get external Data => Database Query (you may
need to have your Microsoft Office CD ready in order to install this feature)

£ Microsoft Excel - Book1 [ |
%] ple Edn Yiew jrsert Fgrmat Tools | Date Mindow Help Acogst =%

e &Ry B o- 8§ st =10 « B f U FEAMEB , 49 5- -
e i #q e ’
[ B3 - - Sulphotals...
; A B (¥ i} Copeabsa, . | 1] K L M H 0 Z
2 Giroup and Outline ¥
i [ prectrable and Prorchert Roport..,
: & Run Seve Query...
; ¥ £5 Maw el Quary,.
; B St |
10 5] Import Text File...

1
12
13
1
15 x
18
v
1

3. Select MS Access Database in the Choose Data Source window and click OK.

Choose Data Source

Databages l Gueres ] OLAP Cubes ]
BIBER_ExPORT*® -~

BIBEF_IMPORT* - ﬂ
BIRER 3¢

BIBER_w3_1® Erowse...
BIBER_w3_z*

BIBER_w3_3 Optionz. ..
dBASE Files®

Excel Files® Delets

WS Access Databaze™

@ v Lze the Querny Wizard to create/edit quernies
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4. Browse to the location of the database from which you will be importing data and
click on the OK button.

Select Database E|
Databaze Name Directories:
|r|w-:|_wqdl:u_2l}l}l}.mdl:u WL

Cancel
rwd wgdb 61005 me [= ““CoreyhMy Docu | 4

- District Monitori =
riwd wadb._2000_STO B Dist - T;”F omng = Help
riwd_wadb_97mdb £ Ciy temp
- - £ Clearwater subwa [~ Read Only

(1 Duplicate Sample _
£ Field Blank Sampi (@) | Eecusve

List Files of Type: Drives:

|Pv:|:ess Diatabases *.m j | = “\Coreyh'My Docu ﬂ Metwor..

5. In the Query Wizard — Choose Columns window, choose the table and columns
that you want to import into your spreadsheet. Click on the Next button.

Query Wizard - Choose Columns

YWhat colurmnz of data do you want b0 incliude in pour quen?
A ailable tables and columns: Calurmnz in wour querny:
[ = ~ [ >_] [STORET StstiorID A
id b Project_Station_[D S
siteid < date —
i < me
Froject_ID J Praoject_Personnel_Mame
R ecreational _Suitability - Dr_ganizatinn
Physical_Condition Air_Temp_C
+ lninue | ake Praiect 10 >3 "'_“'IETE.'thE_r >
Frestiew of data in selected columnn;
@| Options. .. Mead = Cancel
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6. In the next window (Filter Data), you may choose to filter the data by date, site,
etc. If your water quality data table within Access contains data for more than one
site, for example, you may filter the data by site name and only import data from
one particular site.

Query Wizard - Filter Data

Filter the data to specify which raws to include in your quen.
[F wou dan't want ba filker the data, click Hest.
Colurnn to filter: Orly inchude rows where:

Froject_Station_[D

|equals j b urray Bridge

¢ And O Or

Project_Ferzonnel_Ma
orgarization | ﬂ | J
Air_Temp_C - '
weather
C_INST_cfs | J | J
Staff_gage_ft
Temp_C _ . - -
®| < Back Mead = Cancel |

7. The Sort Order window of the Query Wizard is where you can signify how the
data should be organized within the table. The example below will place the data
in a chronological order.

Query Wizard - Sort Order

Specify how vau want your data sarted.
[f wou don't want ba zort the data, click Mest.
Sart by - il
* Azcending
date - ;
| J " Descending
Then by
7] Dicendn
Lme .
. " Descending
Then by
| = -
i -
®| < Back Mest = Cancel |
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8. Inthe next window, leave “Return Data to Microsoft Excel” selected and click
Finish.

Query Wizard - Finish

What wauld vau like ta do next?

% FReturn Data to Microzoft Excef Save Query..

" Wiew data ar edit query in Microzaft Query

" Create an OLAP Cube from this queny

@ < Back | Finizh | Cancel

9. Choose a worksheet as a destination for the data.

Returning External Data to ... E[XI

Where do you want to put the data? Ok

{+ Existing worksheet:
Cancel

¥

" Mew worksheet e

" PjvotTable report

IA:

10. You now have an excel spreadsheet that can be updated from the Access database
with a push of a button.
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11. Display the External Data toolbar to make refreshing data easy:
View=>Toolbars=>External Data

E! Microsoft Excel - Murray Bridege.xls

®] Fle Edr View Jsert Fgrmat Tools Data Window Help Acropat == x|
DFrdas LY B I LA mOE T oA =10 - B S U FEEME , 25 d-A-7
il HFef ! AHO .
C16 ;l = 1993 12.00.00 AM
A 8 C 1] E F G =
1 STORET_ Station |0 Frojed Sstion_ I dale lime Project_Personnel_Noame organization Air_Temp_C v—
& ATFEETITIINGENEE  Muray Wndge 2REMTT 000 1/0MS00 1215 WP Hed Lake Wabsiahed Dhslnel -1
3 ATSZINTITNENE:  Murray SHMEET 0D 1001300 1200 WP Had Laka Watershad Distnct 192
4 ATSEINTITORIGE  Murray Bigge 12BMEEE 000 1701300 1025 WP Had Laka Watershad Disinct 1
5 ATSFITITOTONENER  Muray BnXga ESTMSER 0000 1071500 11:00 WRERRAD Hizd Laks Wabtsrahad Diginet e
6 ATIFINITATONE0NY  Murray Bind 9158 0000 1001300 10050 WP Rizd Lake Wabershad Disinct LN
I ATSEITITATNGNES  Mumay Bndg T2 1388 0000 1071300 1010 WRFLS Rizd Lake Wabershad Disinct =1
B ATHEITITATONE0XY  Munay Bridge Li/1959 0:00 14001500 1050 WP Red Lake YWatershed District 15
8 ATHEITITATONE0NY  Munmy Bridge THBMSES 000 1001550 10-10 W48 Red Lake Watershed Distnct 241
10 ATHEATITATONG0Y  Murmay Bridg Red Lake Watershed Distnct 92
1 ameamiranniaay ey Bndgd Refresh Data Button on Fied Lake Watorshad District B3
12 ATS2ATITOTOIR0EE  Murray Bridg el e e Fied Lake Watershad Distict 16
13 amemimaTiien:  weeay Bided  EXternal Data Toolbar Risd Laks Watershed Digtrict 4
14 ATSEITITITOIR0ES  Mumay Bridg Foed Lak Watershed Digtnct 18
18 ATSZITITOTOIR0GE  Murray Bridge 1120802 0000 1011500 1020 DF/KA R Lak VWa a Distnct a
| 16 J4T4237T1707016065  Murray Biidge I 2rA3E83 00 1/0/11%00 0000 DFBGY Foed Lake VWatershed Distnct H
17 ATSEITITIT0N6033  Muray Bridge B30M1533 0000 101300 10.52 DF/CD Red Lake Yatershed Distnct 15.5
18 A7SZINTIT0NE0ES  Murray Bndge 117415393 0000 1/0M500 1910 DF Hed Lake Watershed Dhsinct 1
19 A7SE3TIT970M6033  Muray Bndge 2119 000 OF /B Hied Lake Wabsished Dhslnct 1
I ATFERENTIENEE Muray Bidge 29T 0000 10N 1115 DFTA Hed Lake Wabsiahed Dhslnel 0
21 ATSEINITATONRES  Murray Bndge ERTIF5 100 1701300 10:30 DF/RR Had Laka Watershad Disinct 21
22 ATIEITITITONRNES  Murray Bndge FR6MFD5 000 1/0M300 11:30 DF/SS Had Laka Watershad Disinct 12
I3 ATEIITITAT0NE0EE  Murray Bndge 2IAMF9E 0000 101500 1130 DFSS Hizd Laks Wabtsrahad Diginet -2
M ATHEINTATNGNES  Munay Bndge ALAMFI6 0000 100300 1130 DF Rizd Lake Wabershad Disinct ]
5 ATHITITATNE0XY  Munay Bridge TAAMESE 000 17001550 12-30 DF/RI Red Lake YWatershed District Fut)
36 ATHITITATONE0XY  Munay Bridge 1164M%56 0-00 1/0/1550 12-00 DF/RI Red Lake YWatershed District 1]
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29 ATSATITYTOMR0ES  Murray Bridge SATMEET 0000 1/0M1200 11:00 MLSL Ried Lake Watershad District 72
I ATEZATITOTOMG0EY  Murray Bridge 1297 0000 1/0MS00 10:34 MLEY Ried Lake Watershed District
3 ATIEITITIT0IR0ES  Muray Bridge SM3MFEE (000 101900 10,32 ROUML Foed Lake VWatershed Digtnct L
i a» [ sheer 1, Sheetd / [« —
Opaw- I 5 Agmshapes- W OO AE - LF-A-S=ZE0W-
Ready

No strict protocols will be established by this document for the organization of data in
Microsoft Excel due to the different needs of different monitoring projects and the
flexibility of the program. There are, however, some relatively universal tips that help
make a clean, useful Microsoft Excel spreadsheet for water quality data. The name of
each parameter in its respective column (or row) heading should be clearly stated. Units
(mg/L, NTU, ft, etc.) should be indicated if applicable. Dates should be in Excel format
(mm/dd/yyyy or mm/dd/yy). A Microsoft Excel workbook (entire file) can contain many
worksheets (separate spreadsheets). Each worksheet is represented by a tab at the bottom
of the window (defaults = Sheet 1, Sheet 2, and Sheet 3). Some user may choose to have
only one workbook for all their monitoring sites, or a separate workbook for each site
with multiple worksheets dedicated to data analysis results. The RLWD uses a separate
workbook for each long-term monitoring site, but will also combine sites into one
workbook for smaller, short-term monitoring projects. Within a workbook, raw data
should be stored in one worksheet. Other worksheets can be used for pivot tables,
summary tables, assessments, graphical analysis, and statistical analysis. Methods for
conducting these different types of analysis can be found in the following chapter.

One thing that can cause problems with data entry and analysis is water quality parameter

data that isn’t represented in numerical format. This may include lab results that are
below the minimum detection limit (MDL). These results are reported with a < symbol in
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front of the value of the MDL. Lab results that are too numerous to count are another
example. If you wish to use your data for analysis, it will be necessary to create modified
columns next to the original data columns into which data can be transformed into
useable numeric data. If your data is going to be submitted to a database such as the
EPA’s STORET database, fields containing flags or remark codes will need to be added
next to the original data. When data that is below the minimum detection/reporting limit
or greater than the maximum detection limit is submitted to STORET, the detection limit
is entered into a column under the parameter and units heading and the remark code is
placed in a column directly to the right of this one (with a heading of RC of FLAG). See
Section 3.1 for more information on using censored data.

A limitation of Microsoft Excel is its storage efficiency for large amounts of data.
Microsoft Access can efficiently handle a larger amount of data than Excel. Even Access
has its limitations and large scale databases will require programs such as Microsoft SQL
and Oracle. The EPA’s modern STORET water quality data, for example, is stored using
an Oracle database. These databases are generally only used by agencies that need to
store a very large amount of data (USEPA, USGS) and large companies that need to store
a large amount of transaction data.

3.0 Data Analysis

Before beginning data analysis, think about what questions you want to answer. Here are
some examples:

e Are designated uses generally supported in the watershed?

e Did the levels of pollutants violate state water quality standards? How many times
or what percent of the samples at each site? Where? When?

0 See section 3.53 for directions on assessing water quality data for the
determination of impairment.

e How does the water quality compare with ecoregion water quality standards?
Ecoregion values are often expressed as percentiles, so you will need to calculate
the corresponding percentiles for your results in order to compare them to the
ecoregion values.

0 See Section 3.54 for ecoregion values and Section 3.21 to learn about
calculating percentiles.

e How do results compare over time? How might any changes be explained?

0 See Section 3.3 to learn about trend analysis.
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How does one parameter compare to another?
o See Section 3.25 to learn about measures of association.

How do sites compare spatially (upstream vs. downstream)? How might any
changes be explained?

o0 This can be done by comparing summary statistics (Section 3.21).
Are specific stressors affecting the health or human use of the water body?

How do the results upstream of a suspected source of pollution compare with the
results from downstream?

Would any of the monitoring streams qualify as reference (unimpacted, pristine)
streams?

What is the natural background water quality like in the watershed?

Did you collect the required number of samples from the minimum number of
sites (completeness)?

0 See Section 3.22 to learn about quality assurance calculations.

How will the sensitivity of the methods and equipment you used affect the
results? (Section 3.22)

How did quality assurance results (from split, duplicate, spiked, replicate, known,
unknown, and blank samples) compare with expected results? Did they meet your
data quality objectives? (Section 3.22)

Did you sample frequently enough and at the right times?

What is the degree of change that is significant for each parameter, considering
natural baseline and variability?

Do the field notes coincide with the data? Are there any data entry errors?
0 See Section 2.0 on data storage.

How much of a particular water quality parameter (i.e. sediment) is being
transported past a monitoring site?

0 See Section 3.4 to develop load estimates.
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e How healthy is a particular lake? How suitable is it for recreation or aquatic life?

0 See Sections 2.51 and 2.52 to learn about the Carlson’s Trophic State
Index and water column temperature and dissolved oxygen profiles.

3.1 Using Censored Data

One thing that can cause problems with data entry and analysis is water quality parameter
data that isn’t represented in numerical format. This may include lab results that are
below the minimum detection limit (MDL). Laboratory analysis techniques have a
limited accuracy. The smallest amount of a parameter such as nitrates, total suspended
solids, or fecal coliform that laboratory methods can detect is referred to as the minimum
detection limit (MDL). Results that fall below this limit are reported as either BDL or < a
number. These values are not useable when calculating summary statistics such as the
mean or median. Removing this data from the data set is not a good option because the
statistical analysis results would be biased and misleading. Since the value of these
measurements is unknown, questions arise as to what should be done with this data so
that it can still be used for statistics.

Lab results that are too numerous to count are another example. Transparency tubes are
also recorded in such a way that analysis cannot be performed on raw, untransformed
data. There are two readings taken for each measurement and sometimes transparency
values are greater than the highest reading possible on the tube as well.

In order to be able to use this data for analysis without losing the original results, a
modified column can be created to the right of the original data column for each
parameter. The modified column is a numerical representation of the original data. While
the modified field is needed for analysis, a different field, the flag or remark code field is
required for the submission of data to the MPCA’s STORET database.

If you plan on using your Excel spreadsheet for storing data in a STORET acceptable
format, you will need to insert a flag field (or remark code) column to the right of any
data columns that include any results that are MDL, BDL, > than detection limit, etc.
Place the value of the minimum/maximum detection/reporting limit in the data column
and, in the flag field column, input the appropriate flag character. See Section 4.3 for
more details on these flag fields and entering data into STORET. If you will be using the
spreadsheet for analysis only, then follow the directions in the following paragraph.

Lab results that are less than the minimum detection limit (BDL , <.02, <1, etc.) can be
transformed to a numerical format in the modified column. This allows the censored data
to be used in data analysis. The value in the modified column should be equal to one half
of the minimum detection limit. The same value should be used in place of every BDL
result for a parameter even if the reporting limits change over time.

A study entitled Statistical Methods for Analyzing Censored Water Quality Data Sets was
completed by Houston Engineering, Inc. for the Red Lake Watershed District in 2002.
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This study was conducted as a part of the Red River Watershed Assessment Protocol
Project. The purpose of the study was to find the best method for dealing with censored
data. The study examined the simple substitution method; distributional methods such as
the probability plot, maximum-likelihood estimation (MLE), and fill-in with expected
MLE values techniques; and the Helsel’s Robust Method.

The study recommended using the simple substitution method when dealing with BDL
values. For the simple substitution method, the BDL result is replaced by an actual value.
This value may be 0, the MDL, or a value equal to one-half the MDL. Since substituting
0 or the MDL may still bias the results of statistical analysis. Therefore, the study
recommends using either the %2 MDL value, or calculating summary statistics from the
substitution of both 0 and 1 and averaging these results. The study is included in this
document in Appendix A. This topic is also covered in Sections 2.1 and 4.3.

Detection limits may change over time and may differ among laboratories, equipment,
and methods. If detection limits, for example, get smaller over time and different %2 BDL
values are entered into the modified column for use in data analysis, the decreasing BDL
values may impart a false decreasing trend. The reason this trend would be false is
because, whether the reporting limit is .4 mg/L or .1 mg/L, the actual value is unknown,
S0 one cannot automatically assume that the actual concentration of a sample is higher
with a MDL of .4 than it is with a MDL of .1 mg/L. So, if there are multiple reporting
limits, what value should be used for all the results? The censored data study completed
by Houston Engineering (see Appendix A and/or Section 3.1) recommends applying the
highest MDL to all data, while We Have Stream Data, Now What?! recommends
applying the smallest MDL to all the data. The justification for using the smallest MDL is
that %2 of the larger MDL may be equal to an actual reading that was recorded while the
smaller MDL was in use. The justification of using the larger (less sensitive) MDL is that
it is necessary to censor quantified values that are less than the largest MDL in order to
prevent artificial trends. The RLWD will follow the recommendations of the Houston
Engineering censored data study.

Now, what is to be done with results that exceed the highest value that can possibly be
measured? A value can be entered into the modified column that is equal to the highest
possible reading plus one. So, if a transparency reading is recorded as >100 cm, it may be
recorded as 101.

However, we run into a problem with changing maximum detection limits that is similar
to the problem we have with minimum detection limits. The solutions discussed in the
following paragraphs will use transparency tube readings as an example since they are a
widely used water quality measurement device and there are several different tube
lengths available. The concepts discussed in the following paragraphs can also be applied
to other parameters such as turbidity.

Since there are different lengths of transparency tubes, there may be data sets that contain

values of 60+ cm, 100+ cm, or even 120+ cm. For these, We Have Stream Data, Now
What?! recommends using the lower of these two numbers and even excluding data from
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the longer tube. This method has some merit because some of the actual transparency
conditions recorded as 60+ cm may not have been greater than 100 cm. So, this method
avoids any false statements by not changing 60+ cm to 100+ cm. Also, when the lower
maximum value is used for all measurements, any results from the 100 cm tube that are
greater than 60 cm must be transformed from their original value to 60+ cm. If it is
necessary to transform 100+ cm readings to 61 cm, than all readings greater than 60 cm
must be transformed to 61 cm, not just the “100+” readings. This does avoid false
statements or assumptions about the data. For example, results from the 100 cm tube of
65, 80, or 100+ cm are greater than 60 cm.

Censoring all the data that is greater than the maximum value of the shortest tube used in
a dataset may prevent the appearance of false trends, but may prevent the determination
of any trend at all. For example, a stream was monitored for 5 years with a 60 cm tube
and then for five years with a 100 cm tube. If the water quality in this stream has been
deteriorating over the last 10 years from an average transparency of <100 to an average
transparency of 70 cm, this trend wouldn’t be detectable if all values were changed to 61
cm. With this method, you are losing data for both periods of time. An argument for this
method would be that all the values would be true (100 is greater than 60). This method
would work better for streams with transparency values that are normally below the
maximum of the shorter tube than it would for cleaner streams with transparencies that
are normally greater than the shorter tube’s maximum.

Increasing all the “greater than the detection limit” values to the maximum height on the
taller tube would allow for more of the data from the taller tube to be used. Data from at
least one of the tubes will be completely represented in the analysis data set. No data
censoring occurs in this method beyond the limitations of the equipment at the time that
the data was recorded. This method may be helpful in cleaner waters that exhibit
transparencies that are close to the maximum value on the taller tube — where trends
would be masked if all results are reduced to the maximum of the smaller tube (plus one).
This method may create false assumptions about the data from the shorter tube,
unfortunately. If values are rarely near or above the maximum of the taller tube and/or are
frequently below the maximum on the shorter tube, this method definitely should not be
used. Using a value of 101 cm in the modified column for a reading of 60+ cm for a
stream with an average transparency of 45 would be unacceptable. Using a value of 101
cm in the modified column for a reading of 60+ cm for a stream that has an average
transparency of 99 cm may be more acceptable.

The method you use for your analysis may depend upon your data. You may even have to
try multiple methods for you may find a trend with one method that you couldn’t find
with another. The best solution to the problem, however, is to use consistent methods and
equipment so the problem of multiple maximum readings is not encountered.

Another option is to conduct separate trend analysis for different monitoring methods or
equipment. This, perhaps, may be the best method to use if more than one type of tube
has been used and values are frequently greater than the lesser of the maximum detection
limits that were used.
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