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EXECUTIVE SUMMARY

Water quality samples taken from five surface water stations and one rain water station were
analyzed for the year beginning October, 1994 and ending September, 1995. Results from these
analyses and analytical methodologies are provided in this report.

All work was contracted to the Virginia Polytechnic and State University, Department of

Biological Systems Engineering. The Principal Investigator was Saied Mostaghimi, Ph.D. The
Project Engineer was Phillip McClellan.
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INTRODUCTION

In recent years preservation and protection of Chesapeake Bay has been a focus of
attention in Virginia. As a result of concern over these environmental issues, the
Commonwealth of Virginia mandated local governments to implement legislation and
regulations to control land use practices in their respective jurisdictions. These regulations are
designed to protect water quality. A number of governmental agencies and other organizations
routinely conduct water flow and water quality monitoring within the Commonwealth.
However, none of these monitoring programs focuses on describing the efficacy of emerging
land use regulations in protecting water quality.

In April 1993 CBLAD initiated a water quality monitoring program in the Polecat
Creek drainage. The primary goal of the monitoring program is to describe the efficacy of
emerging land use regulations and policies in protecting adjacent water quality during urban
development activities. Of course, the land use regulations and policies being tested are those
developed by the CBLAD and the county governments in response to the Chesapeake Bay
Preservation Act. The Polecat Creek monitoring system will provide information about the
background state of water quality and about trends in water quality responsive to local land use
regulations. This will be accomplished by measuring baseline levels of chemical, physical,
and biological parameters and statistically evaluating any changes as the drainage is developed.

The Polecat Creek watershed lies in the south central section of Caroline County,
Virginia (Figure 1). The headwaters rise in the piedmont, flow through the fall zone, and
converge with the Mattaponi River in the coastal plain. The drainage area is about 30,000
acres and is located in the headwaters of the Mattaponi River which is one of the main
tributaries to the York River. The predominant land cover in the watershed is forest, followed
by open fields and pastureland. About two thirds of the watershed is designated as primary
growth area in the Caroline County comprehensive plan. Significant urban development
activity is expected in the area over the next ten years.

The project is divided into three components: a system of water quality monitoring
networks that will provide quantitative information about chemical, physical, and biological
parameters; a database of land use activities and land cover characteristics in the watershed
with a method to monitor changes in each over the life span of the project; and a geographic
information system (GIS) which will link water quality data and land use/land cover data to a
digital geographic base map.

The system of water quality monitoring networks is comprised of two different types of
station networks, "axle" stations, and "wheel" stations. The "axle" is a network of stations
that comprise the "back bone" of the monitoring program, and it is data collected from these
stations which will be used to perform statistical trend analyses. These are fixed stations (that
means that the station location does not change) at which samples are taken using standard
operating procedures describing collection techniques at specific time intervals, using specific
collection, preservation, and analytical techniques. These methodologies will not change over
the life of the project (with the possible exception of chemical analytical methodologies).



POLECAT CREEK

FIGURE 1.




Trend ("axle") monitoring will occur in four networks of stations in the Polecat Creek
drainage (Figure 2). These will include:

1. a network of five stations equipped with automatic sampling equipment which will
monitor chemical and physical parameters (among those constituents to be monitored
will be flow, a suite of nutrients, temp, pH, DO, fecal coliform and fecal streptococci
bacteria). Data from these stations will be used to identify long-term changes or trends
in water quality. Flow data are essential in identifying long term trends in water
quality data because they allow concentration data to be converted to loading data and
allow concentration data to be normalized for season. Routine trend monitoring water
samples will be collected every 28-35 days.

2. a network of ten biomonitoring sites, including two off-stream sites. Biomonitoring
efforts will include monitoring benthic macroinvertebrate community structure (EPA's
Rapid Bioassessment Protocol III) and fish community structure (Index of Biotic
Integrity - IBI). These monitoring efforts will in the short-term describe biological
community structures and in the long-term record any changes in the community
structures. Biomonitoring is integral to any water quality monitoring program, but is
particularly important to the Polecat Creek project since this project will assess the
effectiveness of best management practices and land use regulations in the watershed.
It has long been recognized that "assessing the integrated response of biological
communities to highly variable pollutant inputs offers a particularly useful approach for
monitoring nonpoint source impacts and the effectiveness of certain BMPs (USEPA
1989)." Data analysis will be performed using the EPA recommended metrics
analysis. Samples for RBP III and fish IBI will be collected quarterly and three times

per year, respectively.

3. an off-stream network of rainfall gages and a weather station. These will record
quality, quantity and intensity of rainfall. Water quality parameters will include
nutrients, pH, and sulfate. These data are required in an effective nonpoint source
monitoring program for two reasons. Rain water is a potential source of nutrients as
well as pH and temperature changes to surface water. Secondly, quantity and intensity
of rain fall will describe how much and in what time frame water moves through the

system.

4. a network of ground water monitoring stations. CBLAD is currently planning the
implementation of a ground water monitoring component to this project.

In the network design, "wheels" are networks of stations that are actually special
studies or intensive stream surveys. Typically, a special study network is an intensive
sampling effort with a limited time frame and a specific information purpose related to a
particular water quality problem that needs further definition. The "wheels" of the Polecat
Creek project will be used to determine the potential sources or reasons for the changes in
water quality. Examples of some special study networks include: monitoring during highflow
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events; monitoring logging and/or construction activities; monitoring base flow and high flow
events near potential agricultural, commercial, or industrial nonpoint sources; and monitoring
septic system discharges through groundwater to nearby streams.

The development of a land use/land cover data base and a GIS are integral components
of the Polecat Creek Project. These will allow the linkage of land use/land cover data, water
quality data and geographic data. The GIS will also be used to develop a nonpoint source
pollution model for the watershed (using soils, digital elevation model, stream network, land
use, land cover, flood plain, USF&WS wetlands, and other available digital data sets).

PROJECT DELIVERABLE

This project proposal was written to fund chemical analysis of water quality data
collected in the trend monitoring network of the Polecat Creek project. Samples were taken
from five surface water stations (Table 1) and one rain gage. Samples were analyzed for a
suite of nutrients, temp, pH, DO, and fecal coliform bacteria (Table 2).

All data (1994 and 1995) from the five surface water stations and rain gage are in
Appendix A. Quality assurance, operating procedures, and analytical methodologies are
located in Appendix B, Appendix C, and Appendix D, respectively.



TABLE 1. MONITORING STATIONS

QPA (Station A) -

QPB (Station B) -

QPC (Station C) -

QPD (Station D) -

QPE (Station E) -

PP1

This station is located in the headwaters of Polecat Creek, 100 feet
downstream of State Route 601, approximately 2 2 miles east of its
intersection with State Route 1. This station is on the Hewlett, Virginia
USGS 7 %2 minute quadrangle. This is a first order stream.

This station is located on Stevens Mill Run downstream of the Lake
Caroline dam on the Ruther Glen, Virginia USGS 7 %2 minute
quadrangle. This is a third order stream.

This station is located on an unnamed tributary to Polecat Creek,
approximately 400 feet NNW of the Atkinson home on the Ruther Glen,
Virginia 7 2 minute quadrangle. This is a first order stream.

This station is located on Polecat Creek approximately 100 feet upstream
of State Route 654. The station is on the Ruther Glen, Virginia USGS 7
2 minute quadrangle. Polecat Creek is third order at this station.

This station is located on Polecat Creek approximately 200 feet upstream
of State Route 601. The station is on the Penola, Virginia USGS 7 %2
minute quadrangle. Polecat Creek is fourth order at this station.

This is the rain fall collection station. It is located at the Polecat Creek
Waste Water Treatment Plant,

TABLE 2. PARAMETERS MEASURED IN THE LAB

Total Suspended Solids (measures turbidity)

Ammonia
Nitrate

Total Kjeldahl Nitrogen
Filtered Total Kjeldahl Nitrogen

Total Phosphorus
Ortho-phosphorus

Filtered Total Phosphorus

pH
. Total Organic Carbon

Bacteria, fecal coliform



APPENDIX A

CHEMICAL DATA
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Polecat Creek: Total Coliform, Fecal Coliform (MPN/100 ML)

and Fecal Strep (Colonies/100 ML)

Site

QPA
QPA
QPA
QPA
QPA
QPA
QPA
QPA
QPA
QPA
- QPA
QPA
QPA
QPA
QPA

QPB
QPB
QPB
QPB
QPB
QPB
QpPB
QPB
QPB
QPB
QPB
QPB
QPB
QPB
QPB

QPC
QPC
QPC
QPC
QPC
QPC
QPC
QPC
QPC
QPC
QPC
QPC
QPC
QPC
QPC

Date

9/21/94
10/20/94
11/17/94
12/15/94
01/12/95

02/9/95

03/7/95

04/6/95
05/04/95
06/01/95
06/29/95
0726/95
08/24/95
09/20/95
10/19/95

9/21/94
10/20/94
1117/94
12/15/94
01/12/95

02/9/95

03/7/95

04/6/95
05/04/95
06/01/95
06/29/95
0726/95
08/24/95
09/20/95
10/19/95

9/21/94
10/20/94
11/17/94
12/15/94
01/12/95

02/9/85

03/7/95

04/6/95
05/04/95
06/01/95
06/29/95
0726/95
08/24/95
09/20/95
10/19/95

Sample# Total

©OWNOU &WN =

Fecal

Fecal

Coliform Coliform Strep

2200
400
400

<200
500

20
<20
20
20
40
500
110
1700
80
20

3000
230
200

<200

60
20
40
20
20
800
90
70
140
40
<20

1400
500
400

<200
800

90
20
40
40
800
1100

220
1100

<200
<200
<200
<200
<20
0
<20
20
20
40
500
40
110
40
20

170
230
<200
<200
<20
0
<20
20
20
800
90
70
20
20
<20

20
40
<200
<200
<20

<20
20
40
40

800
170

40
300

230
54
70

8
11
12
8
2
80
0

191

150

310

146
23

172

210
191
70
124
80
16

270
54
430
36
15

26
153
82

144

134
52



QPD
QPD
QPD
QPD
QPD
QPD
QPD
QPD
QPD
QPD
QPD
QPD
QPD
QPD
QPD

QPE
QPE
QPE
QPE
QPE
QPE
QPE
QPE
QPE
QPE
QPE
QPE
QPE
QPE
QPE

9/21/94
10/20/94
11/17/94
12/15/94
01/12/95

02/9/95

03/7/95

04/6/95
05/04/95
06/01/95
06/29/95
0726/95
08/24/95
09/20/95
10/19/95

9/21/94
10/20/94
11/17/94
12/15/94
01/12/95

02/9/95

03/7/95

04/6/95
05/04/95
06/01/95
06/29/95
0726/95
08/24/95
09/20/95
10/19/95

200
300
<200
200
340
20
110
40
70
70
40
130

60
270

700
120
<200
200
700
0
140
70
40
700
340
140
40
170
40

<200
80
<200
<200
<20
20
<20
20
70
70
40
130

60
170

40
<20
<200
<200
<20
0
<20
20
40
700
340
140
<20
110
40

360

270

230
29
31

15

64

180
102
200

92
48

80
162
18
20
31

10

48
280
160
290

26
106

13



Appendix B

Field and Laboratory Quality Assurance Evaluation Form



This checklist is adopted from Taylor (1987) for use by the Audit Committee to appraise the program of the field and
laboratory. Each item should be considered individually and the appropriate score entered in the box. Intermediate
values may be chosen.

An average score of 3.5 is acceptable, but not laudatory. A score of 2.5 or lower is considered to be unacceptable and
indicates that serious risk exists in filed and laboratory operations. Intermediate scores will require a review of the QA
program to identify and rectify major deficiencies.

Even in the case of an acceptable average score, a low score for any item (<3) should be considered for possible
corrective actions.

[11. Field and Laboratory QA Program

Written plan adopted/implemented/in use 5
Definite, but informal program 3
Information/variable program 1

[12.  Mastery of Specific Technology

State-of-the-art accuracy and precision always attained 5
Average accuracy and precision attained
Accuracy and precision needs improvement I

[13.  Use of Written (Before Use) Methodology

Exclusively 5
Majority of time/for all critical data 3
Few or none used 1

[14.  Adherence to specific SOPs

SOPs developed and used regularly 5

SOPs for most critical operations

SOPs little/not used 1
[]15. Control Chart Use

Maintained for all critical operations 5

Variable but significant use in organization

Little or no use 1

[]6.  Uncertainty Limits for Data

Limits for all data outputs/policy enforced 5

Most of the time/at least where critical 3

Minority of cases 1
[17.  Reports/Proposals

Pre- and post-screened for QA aspects 5

Those deemed critical are screened

Variable/seldom done : 1

[]18.  Facilities Maintenance

Excellent (showplace condition) 5
Good (acceptable, but not excellent) 3
Poor (reservation, no-no areas) 1

[19. Equipment Maintenance and Calibration
Regular maintenance and calibration with records kept,
control charts as appropriate 5
Good maintenance and calibration, but documentation of



[]10.

[]11.

(l12.

[113.

[]14.

[115.

such has some deficiencies
Irregular maintenance and calibration practices

Records
Laboratory and filed records judged excellent by any standards
Some reservation, could be difficulties in spots
Variable, need considerabie improvement

Training New Employees
Formal QA indoctrination
Informal QA indoctrination
Assumed not needed/not done

Professional Interactions
Majority and all key staff active in some professional organization

Reasonable level of activity
Little or don’t know

Management and Statistics
High level of knowledge and ability to use at a supervisory level
(General awareness and reasonable usage
Variable comprehension/use

QA Manual
Easily available to all employees
Available to some
Not available

Overall Opinion of QA Status
No known weaknesses that are not subject of corrective actions
Known QA weaknesses, but less than vigorous action to correct
Little or no basis for judgement

AVERAGE SCORE [ ]

Explanation/Comments on Evaluation Above (by item number)
Attach Additional Sheets as necessary.

Evaluation By:

NAME(s):

TITLE(s):

DATE:




APPENDIX C

OPERATING PROCEDURES

ANALYTICAL EQUIPMENT



C.1. General Operating Procedures for Technicon AutoAnalyzer IT

This analyzer is a dual channel system: one channel is dedicated to orthophosphorus analysis, the
other to total phosphorus analysis.

System Startup:

1. Tighten tubes across pump so that the end blocks are in the end position on each side; put
on the pump cover (paten).

2. Turn on the pump power switch; allow distilled water to run through the analyzer.

3. Turn on sample power.

4. Check and make sure the water flow is going through the correct channel. Hookup the
sample flow tube; pull through tube and waste tube in the correct channel. Check and
make sure the 660 ml filter is in the correct channel. Turn the polarity switch in the
correct direction.

S. Place the correct reagents lines in the specific reagents (the lines are labeled for each
reagent). .

6. Turn on recorder and set amplitude to 50%. Allow 15 minutes to warm up.

7. Turn on colorimeter light source; allow 15-20 minutes to warm up.

8. Empty all waste containers into the appropriate waste jugs and make sure there is plenty
of fresh wash and reagents available.

9. Plug in heating bath.

System Calibration and Operation:

The Auto Analyzer II is calibrated using prepared standards before each analysis run.
Orthophosphorus and total phosphorus are analyzed on the Auto Analyzer II. The same
maintenance is performed on the Auto Analyzer II as is performed on the CFA 200. Additional
information can be found in the attached “Technician Autoanlzyer Troubleshooting Guide”. All
calibration and maintenance operations are recorded in the Technician AutoAnalyzer II
calibration/maintenance log books when performed.

1.
2.

W

Set the node switch to normal position.

Adjust the baseline using the alignment adjust knobs on top of the colorimeter. Turn the
channel adjust clockwise to lower the baseline, counter clockwise to raise the baseline. If
a baseline cannot be obtained use the opposite channel adjustment in the reverse manner.
Insert pen in recorder and adjust chart paper.

Load standards and samples in the samples (clockwise). Standards are analyzed form
highest to lowest value.

Start the sampler by hitting the power button.

Adjust the standard peak height so that the highest level standard is at least 70% full scale.
Peak heights can be adjusted with the calibration (std.calb) switch.

Check reagents and wash periodically; do not allow the reagents to run out.



System Shutdown:

1. Place all reagent and wash lines in distilled water; allow water to flow through analyzer (at
least 20 minutes).

2. Turn off colorimeter.

3. Unplug heating bath.

4, Turn off all analyzer power switches; remove pump top and release the pump tube end
blocks.

5. Turn off sampler power.

6. Empty waste containers.

C.2. General Operating Procedures for Scientific CFA 200 Auto Analyzer

System Start Up:

1. Tighten pump tubes across pump so that the pump tube end blocks are in the middle slots;
lower the pump cover (platen).

2. Turn on the main power switch and the pump switch; run on the Var (variable) speed

option. The pump speed selector should be set on 8.5. Allow distilled-deionized water to
flow through the analyzer.

3. Turn on the sampler and set the sampler command knob in the wash position.

4. Check the analytical cartridge and make sure all valves are in the correct position; check
to see if any tubes are leaking and make sure the heating bath is operating if it is necessary.

5. Make sure the correct filter is in position.

6. Place the long white reagent tube in reagent A and wait 5 minutes. Place the blue reagent
line in reagent B. (Note: Make sure the correct wash solutions being used.)

7. Turn on the recorder and set the amplitude to 50%. Allow 15 minutes to warm up.

8. Turn on colorimeter and light source; allow 15-20 minutes for warm up.

9, Empty all waste containers and make sure plenty of wash and reagents are on hand.

System Calibration and Operation:

The CFA 200 auto analyzer is calibrated using prepared standards before each analysis run.
Ammonia, nitrate, and total Kjeldahl nitrogen tests are run on the CFA 200. The following items
should be inspected routinely during each run: tightness of fittings, cleanliness and integrity of
tuning, and proper fit and operation of mechanical parts. The pump tubes should be changed
monthly or whenever they show signs of wear. The lamp should be dusted with a lint free cloth
every 3 months and connections should be tightened. If the lamp shows blackness, it should be
replaced. Every week a SN sodium hydroxide solution should e run through the analyzer for 3
minutes followed by 15 minutes of deionized water. Next, a 1N hydrochloric acid solution should
be run through the analyzer for 7 minutes followed by 15 minutes of deionized water. Every
other week, air should be pumped through the analyzer. All calibration and maintenance
operations are recorded when performed in the CFA 200 Calibration/Maintenance Log Book.
Additional information can be found in the “Operation and Service Manual for CFS 200"



1. Set the mode switch to normal; turn display switch AA; loosen the prism lock screw.

2. Adjust the absorbance display with the prism adjustment wheel so that the display reads
.010 units. Tighten the lock screw. (Note: Make sure you have a stable baseline before
you start this procedure.)

3. Turn the mode switch to the damp 2 position and correct the baseline with the baseline

adjustment switch.

4, Insert pen in recorder and adjust chart paper.
5. Load standards and samples in the sampler (left to right, back to front).
6. Set sample time, wash time, and sample number.
7. Turn the sample command knob to the auto position; press program reset twice and then
press ‘START”.
8. Adjust the standard peak heights to the desired level with the standard calibration
~ (std.calb.) adjustment.
9. Check reagents and wash periodically; do not allow reagent A to run out.

System Shutdown:

1. Place all reagent and wash lines in distilled water; allow water to flow through analyzer (at
least 20 minutes).

2. Turn off colorimeter and light source.

3. Turn off all analyzer power switches; remove pump top and release the pump tube end
blocks. ‘

4. Turn the samples command knob to sample; turn off sampler.

5. Empty waste containers.

C.3. Digestion Block - Technicon BD-40
Calibration and Maintenance

The digestion block should be calibrated once per quarter. Insert a digestion tube filled with 35
mL of mineral oil and a high temperature thermometer into the block. Set the block for 380°C
and allow it to reach the entered temperature (at least one hour). Read the temperature from the
thermometer, it should be within + 5% of the set temperature. If the temperature is outside of the
5% range, the procedure should be repeated after the block has cooled. If the temperature is still
outside of the 5% range on the second trial, the block cannot be used and the manufacturer should
be contacted for repair. The holes in the digest block should be cleaned of foreign material every
month. Addition information can be found in the “Operation Manual for the Technicon Block
Digester”. All maintenance operations are recorded in the Block maintenance log. On the week
of May 22, 1989, every position in the digestion block was tested and found to be within + 5% of
each other.



C.4. Incubator - Precision
Calibration and Maintenance

The incubator temperature is checked twice per day while the incubator is in operation.
Temperatures are recorded in the incubator maintenance log. If the incubator temperature
deviates by more than 5% from the desired temperature, it is sent to Laboratory Services for
service and repair. Any spills are cleaned up immediately; the incubator should be cleaned once
per quarter, or as needed. The incubator is used in the biological (bacterial) testing of water; it is
operated at 35.0°C at all times. The thermometer was calibrated by measuring the boiling and
freezing pints of water. It was found to be accurate.

C.5. Oven - Fisher Isotemp 300 Series
Calibration and Maintenance

The oven motor blower is oiled once per month using household mechanical oil. The oven should
be cleaned once per month. The oven temperature is checked once per day and recorded in the
Oven Log Book. If the temperature deviates more than 5% for the desired set temperature , the
oven must be returned for repair. The temperature range for this oven is 40°C tp 200°C. The
range for the thermometer is -5°C to 230°C. The thermometer was calibrated by measuring the
boiling and freezing points of water. It was found to be accurate.

C.6. pH Meter - Fisher Accumet Model 750 [Laboratory Unit]
Calibration and Maintenance:

The pH meter is calibrated daily using prepared purchased buffer solutions. The buffer solutions
are stored capped at room temperature. Subaliquots are taken weekly to calibrate the pH meter
(or as needed). The buffers are replaced before they reach their expiration date. The pH probe
and meter are checked quarterly using EPA quality control standards. The meter is calibrated and
the EPA standard is measured in the same manner as a normal water sample. The pH reading
should fall within the 95% confidence interval provided by the EPA; if the reading falls outside of
the confidence interval, the pH meter is recalibrated using new standard buffers. The EPA
standard is measured again. If the reading is still not within the confidence interval, the probe is
checked. Make sure the probe is filled with plenty of KCL/AgCI saturated solution and check to
see if the ceramic wick is clean. Recalibrate the meter after corrections have been made to the
probe and retest the EPA standards. If the reading is still out of bounds, replace the pH probe
and try again. If this does not work, send the pH meter to the manufacturer for repair.

The pH probe is stored in electrode storage solution when the meter is not in use. The pH meter
should be cleaned every month. Additional information can be found in the attached “Fisher

Accumet Model 750 Operating Manual”.



C.7. 'Water Bath - Precision
Calibration and Maintenance

The temperature of the water bath is checked twice per day when it is in operation. The
temperature should not fluctuate by more than + 2°C from the set temperature. If the
temperature exceeds this, the experiment must be repeated to ensure accuracy. The bath is filled
with distilled ionized water so that the water level is within two inches from the top. The water in
the bath should be checked daily during the experiments. The bath is emptied and cleaned
quarterly. If the bath fails to maintain the desired temperature [+ 2°C] it should be sent to
Laboratory Services for repair. See Precision Water Bath Operating Procedures Manual for more
information. The water bath is used in the biological (bacterial) testing of water; it is maintained
at a constant temperature of 44.5°C. The thermometer is calibrated manually and found to be
accurate.

C.8. Conductivity Meter - Fisher
Calibration and Maintenance

The conductivity meter is calibrated electronically every quarter. The calibration is checked with
and EPA Quality Control standard every quarter. If the results are outside of the 95% confidence
interval, the meter is recalibrated and the standards are retested. If the results are still not
acceptable the meter should be returned to the manufacturer for repair or a new conductivity
probe should be used. The conductivity probe is rinsed well with deionized distilled water after
each use. Additional information can be found in the “Fisher Digital Conductivity Meter
Operating Manual”. The EPA conductivity standards are also used to check the conductivity
meter during daily operation, the readings should be within the 95% confidence interval. If the
reading is outside the 95% interval, the conductivity meter is recalibrated.

C.9. Automatic Diluter - Hamilton Micro Lab M
Calibration and Maintenance

The pipet in the diluter is washed with deionized-distilled water before and after each dilution is
performed. The diluter is calibrated automatically each day the diluter is used. The calibration is
checked by diluting standards and EPA control samples of known value. The samplers are tested
for reproducibility and recovery within the limits of the tests. If the samples do not fall within the
accepted limits for reproducibility (+ 3%) and recovery for all tests, the diluter is recalibrated and
the samples are rediluted and retested. If the samples still do not meet the accepted requirements,
the diluter must be sent to the manufacturer for repair. The diluter is cleaned once per moth. All
calibration results and maintenance operations are recorded in the diluter maintenance notebook.
Additional information can be found in the Hamilton Micro Lab M diluter manual.



B.10. Refrigerators/Walk-In Cooler - Various Manufacturers
Calibration and Maintenance

The laboratory refrigerators/walk-in cooler are maintained at 4°C + 2°C. To ensure this setting,
the thermometer is monitored with a laboratory grade, liquid filled thermometer having and
accuracy of + 1°C or better and a resolution of 1°C or better and placed in each unit. Placement
of the thermometer is in the approximate center of the samples/stocks within the refrigerator. The
temperature is monitored and recorded (in refrigerator by log book) each day. Adjustments to the
thermostat setting are made if required. If adjustments are made, more frequent monitoring is
performed until the temperature has stabilized.

C.11. Balance - Fisher Scientific Series XA
Calibration and Maintenance

The balance should be calibrated once per day for every day that it is in operation. The balance
should be kept free of dust and dirt; it should be cleaned once per week. Chemicals should never
be weighed directly on the balance, they should be placed in an aluminum or plastic weight boat.
Additional information can be found in the attached “Fisher Scientific Series XA Instruction
Manual”. All calibration and maintenance operations are recorded in the Fisher Scientific XA
balance log book when it is performed. The balance is calibrated with an interval 100g or a 50g
NBS class S weight. The balance is checked with the 50g NBS weight. The balance range is
0.0001 to 50g and 0.001 to 250g.



APPPENDIX D

STANDARD OPERATING PROCEDURES FOR

NUTRIENT SAMPLES ANALYSIS



Appendix D-1 Procedures for Sample Check-in/Sample Custody

Scope:

Purpose:

This operating procedure will discuss methods for sample identification, sample cus-
tody, and sample tracking for nutrients and pesticides in the Agricultural Fngineering
Water Quality Laboratory.

The purpose of this procedure is to ensure samplc infcgrity, accountability, and sample
custody responsibility.

1. Samples are retricved at the sampling sites by the ficld observer; they are then
assigned field numbers which are recorded on the log-in sheets. The bottle
numbers for the samples arc also recorded on the log-in sheets. Each sample will
have an individual field number and boltle number. The retneval dates, times,
and methods are also recorded on the log-in sheets.  After the samples are re-
trieved and checked-in they are transported to the refrigerator located at the main
site and stored at 4°C.

2. The samples are retrieved and fransporied fo Virginia Tech on a monthly basis.
The samples are collected by the field technician and arc checked off against the
fog-in sheets. Any missing samples or any snple problems are recorded in the
trip log kept by the field technician. Aftcr the samples have been checked off, the
field technician records a field out date, his initials, and any comments on each
log-in sheet. The samples are then transported by truck 1o Virginia Tech and are
stored in the walk-in cooler at 4°C upon arrival. Sample problems are discussed
with the project engineer and the lab manager within 24 hours of sample arrival.

3. Log-in sheets arc scparated by the lab manager by sitc; cach sample is assigned a
separate lab number, and all samples arc assigned a group code. All nutrient
water samples have letter prefixes before their lab numbers (ie. Z1234). The
samples are numbered by site in the order of their ficld numbers, Lab numbers
for all samples are recorded on the log-in sheets.  If there are more than 120
samples, the samples are separated into 1wo groups; cach group code consists of
two letters (i.e. AB).

4, Samples are retricved from the cooler and brought to the lab. The samples are
separated by site and a lab number is tecorded on the top and side of each sample.
Samples are checked off on the log sheets as they are numbered. 1f there is more
than one bottle for a sample (ficld number), a composite sample is required.
(Precipitation is often shipped in more than one bottle because of the large
amount of sample collected for each rainfall cvent.) The number of bottles con-
taining a samplec is listed on the log-in sheet; an cqual portion of sample from
each bottle is required for the composite sample. The volume of the composite
sample never exceeds 500 ml.. Fach sample bottle is shaken vigorously and a
portion of the sample is mcasurcd out using a gradualed cylinder. The sample
portion is then added to a clean sample container. This procedure is repeated for
every sample bottle that has the samc ficld number. The composite sample is
then labeled with a lab number, ficld number, and site code.

5. Any sample irrcgularities arc recorded in the laboratory fog-in notebook. After
all samples for cach shipment have been logged in, the log sheets are assigned a
log-in date and initiated by the lab manager. Copics of the original log shects are
made and passed on to the project cngincer. Al this time sample problems are
discussed with the project enpincer; all decisions on sample status are made.
Sample numbers and reasons for nonanalysis arc recorded in the lab log-in note-
book. After the samples are analyzed, they arc stored in the walk-in cooler at 4
°C for six months. The samplcs are stored so that information recorded on bot-
tles can be cross checked with lab, log-in, and clectronic information.



Appendix D-2 Sample Preparation/Sample Storage

Scope:

Purpose:

Procedures:

This operating procedure will describe the methoads for sample analysis and sample
slorage preparation.

The purpose of this procedure is to define the correet methods for sample preparation
and storage so that all obtained results arc as accurate and correct as possible.

After all samples are brought into the lab and logged in, they are prepared for analysis
and storage. Samplcs are filtercd in the lab within 48 hours of receipt from the field.
The samples are filtered for ammonia, nitrate, orthophosphorus, filtered TKN and
filtered total phosphorus. The remaining sample is acidified with H,S0, to lower the
pH below two, and it is stored at 4°C. The filtered portion of the sample is not
acidified due to interferences caused by acidification. The filtered portion of the
sample, used for filtered TKN and filtered total phosphorus testing, is acidified to a
pH below two and stored at 4°C.

[.  Samples to be filtered are removed from the refrigerator. No more than thirty
samples should be removed at one timc.

2. Tiltered sample storage containers (Dilute-it vials) are numbered for every sample
that is removed from the refrigerator. A duplicate filtered sample is required, and
duplicates are filtered for all samples whose lab numbers are multiples of ten.
Spikes are also created and are filtered for all samples whose lab numbers arc
multiples of ten.

3. A cone folded filter paper is placed in the top of cach storage container (particle
retention size of 2.5-1.6 microns, Whatman GF-A; Gelman type A/L;
Fisherbrand G6). One sample is shaken vigorously (at lcast twenty times) and
poured into the filter on the appropriately numbcred storage container. An in-
dentation is made in each filter to allow proper flow of filtered sample into its
storage container. A spatula is used to indent the filter; it is rinsed with
distilled-deionized water between each sample. For every new package of filters
that is used, a filter blank is created. Distilled-deionized water if filtered and the
filtrate tested for nutirient contamination. If a filtered sample shows contam-
ination from solid materials (cloudy appearance or pariiculate matenal in fiftercd
portion of the sample), the sample must be refiltered using a new filter and the
previous filtrate discarded.

4. The filtered samples are transferred from the sample storage containers to
autoanalyzer cups. Three cups are needed for cach sample, duplicate, and spike.
The autoanalyzer cups are labeled with the appropriate lab numbers and the fil-
tered samples are transferred so that no contamination between samples can oc-
cur. The filtercd samples stored in autoanalyzer cups are capped and kept al
4°C until they are analyzed.

5. The unfiltered samples are again shaken and filicred as in step 3; the same filter
can be used. At least 20ml. of filtered sample is collected for each of the samples.
The filtered samples are acidified with onc drop (mcasured with a Pastcur pipet)
of conc. 11,50,. These samples are capped amd stored at 4°C until they are ana-
lyzed. The unfiltered samples arc acidificd with scven drops of conc. 11,580,
(sample volume of 450-850 m1)). These samples are stored at 4°C until they are

analyzed.

Ammonia, nitrate, and orthophosphorus arc analyzcd within scven working days of
sample filtration. TKN and total phosphorus (filtcred and non-filtered) are analyzed
within 28 days of sample receipt. All samples are stored in polypropylene containers.
Samples stored in autoanalyzer cups are stored in containers made of polystyrene.
All types of water samples used for nutrient analysis arc trcated in the same manner.



Appendix D-3 Procedures for the Determination of Total Suspendel Solids

A well-mixed water sample is filtered through a weighed standard glass-fiber and the residue retained
on the filter is dried to a constant weight at 103-105°C. The incrcasc in weight of the filter represents

the total suspended solids.

Interferences:

1
2.

Apparatus:

N

Procedures:

-

e T

——

Calculations:

. mg total suspended solids/I. =

where

Limit the sample size to no more than 200 mg of residue.
Rinse the filtration apparatus well with distillcd-deionized water for samples that
contain large amounts of suspended materials (> 100mg)
Remove any non-representative particulates such as leaves and sticks from the

filtered solids.

Vaccum Pump

Glass-fiber Filters

Aluminum Weighing Pans

Gelman Filtration Units

Oven .

Analytical Balance.

Wash clean glass-fiber filters (Gelman Type A/I%) with 20 mL distilled water.

Dry filters in an oven at 105°C. for 24 hours

Store dried filters in a desicator.

Label aluminum weighing pans with the appropriate lab number (only 12 samples
at a time).

Place a dry, washed filter in each pen.

Weigh the pan and filter on an analytical balance and record weight.

Set up filtration apparatus for 12 samples.

FFilter -12 samples. Record the sample volume used. Never use more than 150
ml, of sample {5) mL for average samples, 100 ml. for clcan samples, and 25 ml.
for “dirty” samples.

Dry filter, pan, and residue in an oven at 105°C for at fcast 24 hours!,

Remove samples from the oven and dry in a desicator for 30 minutes.

1. Weigh the pan, filter, and restduc on an analytical balance; record the weight.

(A — B) x 1000
sample volume, ml,

A = weight of filter, pan and residue (#11)
B = weight of filter and pan (#6)

2. reporied total suspended solids = measurced s. solids/l, = blank s solids/L,

QA/QC:

—

One duplicate is run for every 40 samples.

One blank sample is run for every 40 samples. A blank sample is prepared by
filtering S0 mL. of distilled-deionized water and obtaining the weight of suspended
solids.

' At the beginning of this project a comparison was made belween the constant weight method and the 24
hour method. No significant difTerence was detecied (differences less than the standard deviation). The
time period for sample drying was adapted from Method 209c. Standard Methods for the FExamination
of Water and Wastewater



Precision and Accuracy:

Ave. Standard Deviation = 0.74 mg/I,
Minimum detection limit = 0.015 mg/1,
Standard deviation is determined quarterly

Reference:

This procedure is based on these methods.

I. EPA Methods for Chemical Analysis of Water and Wastes, VSEPA-600/4-79-020,
Residue, [Filterable; Method 160.2.

2. Standard Metho.ds for the Examination of Water and Wastewater, 16th Edition,
p.96; Methad 209c.




Appendix D-4 Procedures for the Determination of Total Phosphorus

'This method covers the determination of total phosphorus in water. The range for this method is
0.05 to 20 mg-P/L.

Ammonium molybdaic and antimony potassium tartrate react in an acid medium with dilute sol-
utions of phospharus to form an antimony phospho-molybdate complex. This complex is reduced
to a blue dye by ascorbic acid.

Interferences:

1. Turbidity must be removed from the sample before it can be analyzed.

Reagents:

1. Total Phosphorus Salt

5g Sodium Chloride (NaCl)
1000 mL distilled waier

Dissolve 5 g of NaCl in = 800 ml. of distilled watcr and fill to [ liter.
2. Ascorbic Acid

15 g Araboascorbic Acid

0.5 mL Acetone

250 mL distilled water

Dissolve 15 g of araboascorbic acid in ~ 175 ml, of distilled water; add about
7 drops of acetone and fill to 250 ml, with distilled water. Prepare daily.
3.  Molybdate-Antimony

8.0g  Ammonium Molybdatc
0.2g  Antimony Potassium Tartratc

Dissolve 8 g of Ammonium Molybdate and 0.2 g of Antimony Potassium
Tartrate in ~ 800 ml. of distilled water and fill to { liter with distilled-deionized
water.

4.  Wash Solution (2.0 N 11,50,)

60 ml. Concentrated Sulfuric Acid (11,50,)
2-3 drops Wetting Agent (I.cvor 1V)

Slowly add 60 ml. of conc. 11,50, to =~ 800 m1, distilled water. Cool the sol-
ution and fill to 1 liter with distilled water.

Standards:
1. Stock standard A (100 ppm).

Dissolve 0.4393 g of potassium phosphate monobasic (KI1,PQ,) that has been
dricd at 105°C for | hour in = 800 ml. distilled water. Fill to 1 liter with distilled
watler. This standard can be stored for up to 6 months.

2. Stock Standard B (20 ppm)

Transfer 20 mL of stock standard A into a {00 ml. volumetric flask. Dilute to
100 ml, with distilled water. This standard is prepared fresh when working
standards are prepared. ‘

3. Prepare working standards in 100 mI. volumetric flasks.

volume of stock standard B concentration of work-

ing standard, ppm




1.0 ml, 0.2

2.0 0.4
3.0 0.6
4.0 0.8
5.0 1.0

Dilute the standards with total P wash solution to 100 ml.. The standards are stable
for 28 days.

Apparatus:
. Technicon Auto Analyzer I System
2. Strip chart recorder
3. Block digester
4. 660 nm filter
Procedures:
Note: The same digested samples arc used for TKN and total phosphorus testing.
1. Label clean dry 50 mL folin-wu tubes with sample numbers.
2. Add 10 mL of shaken sample to its tube with a calibrated pipet (up to 35 samples).
3. Add 1.5-2.0 g catalyst to each tube with a spoon
4. Add 3 mL of concentrated sulfuric acid to each tube with a calibrated auto-pipet.
S. Heat in a digestion block overnite at 120°C toy drive off 11,0 .
6. Raise the block temperature to 200°C for | hour.
7. Cap each tube with a small funnel.
8. Raise the block temperature to 380°C and digest samples for 3 hours.
9. Turn off digestion block and allow samplcs to cool (2-3 hours). After the samplcs
have cooled transfer them from the block to the fume hood.
10. Rinse the funncls with distilled water.
11. Slowly add distilled water to the samples. Bring the volume in the tube up to
approximately 35 ml, and Ict stand ovemite.
12. Vortex mix the samples until the solids are dissolved. Add distilled water to each
sample so that the volume of sample is cxactly 50 ml..
13. Cover and invert 20 times.
14. Transfer the samples into auto analyzer cups.
Calculations:
1. A standard curve is preparcd based on the peak heights of each standard. The
sample concentrations are determined using lincar regression techniques.
QA/QC:

Note: 40 tubes are prepared for each digest, 35 samples, 2 duplicates, 2 EP’As, and one
blank. Two EPA quality control samples are digested to cnsure there will be a value
available in case one of the samples is destroyed or comtaminated. If both samples are
available, an average s taken from their mecasured valucs.

One duplicate is prepared for the first 20 samples, and [ for the next 15.

Two EPA samples are digested with cach set of samples.

One blank is run with each digest; the ppm value of the blank is subtracted from
the sample and standard values,

4.  Please see Appendix D-13 for more detailed information.

Badi S

Precision and Accuracy:

Ave. Standard Deviation = 0.056 mg/l. bascd on 60 samples
Ave. Percent Recovery = 91-94% based on 20 samples
Minimum Detection Limit = 0.05 mg/l. is defined as 2 times the recorder noise when

operating at maximus sensitivity. Precision and Accuracy values are updated quarlerly.



Reference:

1. EPA Methods for Chemical Analysis of Water and Wastes, USEPA-600/4-79-020,
Phosphorus. All forms; Method 365.1




Appendix D-5 Procedures for the Determination of Orthophosphates

This method covers the determination of orthophosphates in water. T'he range for this method is
0.01 to 1.0 mg P/L.

Ammonia molybdate and antimony potassium tartrate react in an acid medium with dilute sol-
utions of phosphorus to form an antimony phospho-molybdatc complex. This complex is reduced
to an intensely bluc colored dye by ascorbic acid. Orthophosphate is the only form of phosphorus
to form a blue dye in this method.

Interfercnces:

Reagents:

Standards:

[

High concentrations of iron can precipitate and causc a phosphorus loss.
Turbidity must be removed from the sample before it can be analyzed.

Orthophosphate Salt

20g Sodium Chloride (NaCl)
40 mL Sulfuric Acid (11,8Q,)

5 drops Wetting Agent (Ievor 1V)
1000 mL  Distilled Water

Dissolve 20 g of sodium chloride in =~ 750 ml. of distilled water. Slowly add 40
mL of concentrated sulfuric acid and 5 drops of l.cvor IV, Fill to 1 liter.

Ascorbic Acid
158 Araboascorbic Acid
0.5mL Acetone
250 mL Distilled Water

Dissolve 15 g of araboascorbic in ~ 150 ml.s of distilled water. Add 0.5 ml. of
acetone and fill to 250 mL. Prepare daily.

Molybdate-Antimony

80¢g Ammonium Molybdate
0.2g Antimony Potassium Tartrale

Dissolve 8.0 g of ammonium molybdate and (1.2 g of antimony potassium tartrate
in ~ 750 ml, of distilled water and fill to | liter.

Wash Solution
100 mL Distilled Water

2-3drops  levor IV
Add 2-3 frops of Levor 1V {o | liter of distilled water.

Reagents are stored in dark polyethylenc bottles at all times. Some reagents are
stored at 4°C as indicated.

Stock Standard A

Dissolve 0.439 g of potassium phosphatc monobasic (K11,PO,) that has been
dried at 105°C for 1 hour in = 750 ml, of distilled water. Fill to 1 liter with
distilled-deionized water. Stable for 6 months.

Stock Standard B.

Transfer 20 ml, of stock standard A into a 100 m volumetric flask. Fill the flask
to volume with distilled water. Prepare fresh when preparing working standards.
Prepare the working standards in 100 ml. volumetric flasks.



ard mg/L,

volume of stock standard B concentration of working stand-

1.0 ml. 0.2
2.0 0.4
3.0 0.6
4.0 0.8
5.0 1.0

Working standards are stable for 60 days if stored at 4°C. Standards are tested for every
run with EPA quality control samples; the samples analyzed value must fall within the
stated 95% confidence interval. If the samples fall outside the confidence interval, they
are rerun. If the GPA standards still fall outside the confidence interval new working

standards are prepared.

Procedures:

Apparatus:

—

Calculations:

1.
2.

QA/QC:

NEA LN -

Filter samples as described in Appendix D-2.
Transfer the filtrate into an auto analyzer cup. Sce Appendix 13-2.
Analyze samples using an auto analyzer.

Technicon Auto Analyzer Il System
Strip Chart Recorder
660 mm Filter.

A standard cutve is prepared based on the peak heights of each standard. The
sample concentrations are determined using lincar regression techniques.

Blank values are subtracted from mecasurcd values for reporting.  Distilled-
deionized water is used for blank measurements.

One duplicate is run for every 20 samples.

One EPA standard is run for cvery 40 samples.
One spike is run for every 40 samples.

One blank is run daily.

Please see Appendix D-13 for more information.

Precision and Accuracy:

Ave, Standard Deviation = 0.013 mg/l. based on 52 samples
Ave. Percent Recovery = 89-94% bascd on 20 samples
Minimum Detection Limit = 0.05 mg/l,

Precision and Accuracy results arc calculated quarterly. Minimum detection limit is
defined as 2 times the recorder noisc when operating at maximum sensitivity.

Reference:

1.
2

EPA Methods for Chemical Analysis of Water and Wastes, USEPA-600/4-79-020,

Phosphorus, All Forms; Method 365.1.
"Orthophate in (Waste) Water”, Technicon AAII Product Information.



Appendix 1)-6 Procedures for the determination of Total Kjcldahl Nitrogen

This method covers the analysis of total Kjeldahl nitrogen in water. ‘The procedure converts ni-
trogen components of biological origin such as amino acids, proteins, and peptides to ammonia.
The range for this test is 0.1 to 10 mg/LL TKN. The range may be extended by sample dilution.

Water samples are heated in the presence of sulfuric acid, potassium sulfate, and mercuric sulfate
at 200°C for | hour and then at 380°C until digestion is complete. The samples are then cooled
and diluted to 50 mL using distilled-deionized water. The samples arc then analyzed for TKN.

Regeants:

Standards:

L.

Buffer Stock Solution

134 ¢ Sodium Phosphate, dibasic (Na, HPO, 7H,0)
200 g Sodium Hydroxide (NaQII)
1000 mL Distilled water

Dissolve 200 g of NaOIl in =~ 800 ml. of distilled water, cool water. Next, dissolve
20 g of NaOH and fill to volume with distilled water.

Sodium Potassium Tartrate
200 g Potassium Sodium Tartrate

Dissolve 200 g of potassium sodium tartralc in = 800 ml, of distilled water, fill io
1 liter.

Working Buffer Reagent A

Amount Amount Amount

20% kNa tart solution 62.5 125 250 mL

Buffer Stock Solution 50 100 200 mL

20% NaOh Solution 62.5 125 250 ml,

Dichloroisocyanurate (1.25g 0.5g 1.0g

Distilled water 250 500 1000
mlL

Combine rcagents in specificd order, add distilcd water and dissolve the
dichloroisocyanurate. Fill to volume with distilled water. Stable for 2 days, do
not refrigerate.

Sodium Salicylate Reagent B
80g sodium salicylatc
03g sodium nitroferricynide

Dissolve 80 g of sodium salicylate in ~ 800 ml. of distilled water, add 0.3 g of
sodium nitroferricyanide and dissolve. IYill to | liter with distilled water. Store in
a dark bottle at 4°C, stablc for 30 days. '

Reagents are stored in dark polycthylene bottles af all times. Some reagents are
slored at 4°C as indicated.

Stock Solution (100 ppm)

Dissolve 0.383 g of ammonium chloride dricd at 105°C for 2 hours in ~ 800 ml,
of distilled water, fill to 1 liter with distilled-dcionized water. Stable for 6 months.
Working Standards

10



Preparcd the working standards in 100 ml. volumctric flasks. Fill to 100 ml. with
TP wash. Standards are stable for 30 days if stored at 4°C.



-

Apparatus:

bl ad e

Procedures:

volume of stock standard (ml.) concentration of working standard mg/L

1.0 ml 1.0
2.0 - 20
3.0 3.0
4.0 4.0
5.0 ’ 5.0

Fill to 100 mL with TP wash.

CFA 200 Scientific Auto Analyzer System
Strip chart recorder or data handling system
Block digester

660 nm filter

Note: The same digested samples are used for TKN and total phosphorus testing.

PPN NB LN —

-

—
g

—
=S

Calculations:

1.
2.
QA/QC:

Label clean dry 50 mL folin-wu tubes with sample numbers

Add 10 mL of shaken sample to its tube with a calibrated pipet (up to 35 samples)
Add 1.5-2.0 g catalyst to each tube with a spoon

Add 3 mL of concentrated sulfuric acid to each tubc with a calibrated autopipet.
Heat in a digestion block overnite at 120°C to drive off Il2

Raise the block temperature at 200°C for 1 hour

Cap each tube with a small funncl

Raise the block temperature to 380°C and digest samples for 3 hours

Turn off digestion block and allow samples to cool (2-3 hours). After the samples
have cooled, transfer them from the block to the fumc hood

Rinse the funnels with distilled water ‘

. Slowly add distilled water to the samples. Bring thc volume in the tube up to

approximately 35 mL. Stand overnite

Vortex mix the samples until the solids are dissolved. Add distilled water to each
sample so that the volume of sample is exactly 50 ml .,

Cover and invert 20 {imes

Transfer the samples into auto analyzer cups

A standard curve is preparcd based on the peak height of each standard. The
sample concentrations are determincd using lincar regression techniques.
Blank values are subtracted from all measurcd values for each digestion sct.

Note: 40 tubes are prepared for each digest; 35 samples, 2 duplicates, 2 EPAs, and one
blank. Two EPA quality conrol samples are digested to ensure there will be a value
available in case one of the samples is destroyed or contaminated. If both samples are
available, an average is taken from their mecasurcd values.

1.
2.
3

4,

One duplicate is prepared for the first 20 samples and 1 for the next 15

Two EPA samples are digested with each sct of samples

One blank is run with each digest; the ppm value of the blank is subtracted from
the sample and standard valucs.

One spike is run for every 40 samples. Please sce Appendix D-13 for more infor-
mation.

Precision and Accuracy:

Ave. Standard Deviation - 0.126 mg/1. based on 40 samples




Ave. Percent Recovery - 97-101% based on 20 samples
Minimum Detection Limit - 0.10 mg/l.

Minimum Detection Limit is defined as 2 times the recorder noise when operating at
maximum sensitivity.

Reference:

I. EPA Methods for Chemical Analysis of Water and Wastes, USEPA -
600/4-79-020, Nitrogen, Kjeldal Total; Mcthod 151.2

2. ”Block Digester, Total Kjeldahl Nitrogen”, Scientific Instruments Product Infor-
mation. . :




~ Appendix D-7 Procedures for the Determination of Ammonia

This method covers the determination of ammonia in water. The range for this test is 0.01 to 1.5
mg/L. NH, as N. Iligher concentrations can be determined by sample dilution.

Alkaline phenol and hypochlorte react with ammonium to form idophenol blue that is propor-
tional to the ammonium concentration. The blue color formed is intensified with sodium

nitrofericyanide.

Reagents:

Standards:

Hypochlorite Reagent A

65¢g Sodium 1lydroxide (NaQll)

23 mL Sodium Ilypochlorite (5% homchold bleach)
1000 mL Distilled 11,0

5 drops Wetting Agent (Brij-35)

Dissolve 6.5 g NaOlH in = 750 ml. of water. ARcr cooling, add 23 mL sodium
hypochlorite and fill to 1 liter. Store in a dark bottlc, at 4°C stable for 14 days.

Phenol Reagent B

16.5 " Phenol (C11,011)
0.135 Sodium Nitroferricyanidc (Na,l'c(CN), - NO 211,0)
1000 mL distilled water .

Dissolve 16.5 of phenol in ~ 750 mL of water. Next, dissolve 0.135 of sodium
nitroferricyanide and fill to [ liter. Store in a dark bottle, at 4°C, stable for 14

days.
Wash Solution

1000 mL Distilled water
5 drops Wetting agent (Brij-35)

Add five drops of Brij-35 to 11, of distilled water.

Stock standard A (100 ppm)
Dissolve 0.382 g of ammonium chloride, NIT,Cl dricd at 105°C for 1 hours in ~

750 mL distilled water. Fill to | liter.

Stock standard B (20 ppm)
Transfer 20 ml, of stock standard A into a 100 ml. flask. Fill the flask to volume

with distilled water.

Prepare the working standards in 100 ml. volumetric flasks.

volume of stock standard B concentration of working standard mg/L
1.0 ml 0.2
20 04
3.0 0.6
40 0.8
5.0 1.0

Working standards are stable for 14 days il storcd at 4°C. Standards are tested for
every run with EPA quality control samples; the samples analyzed value must all
within the stated 95% conlidence interval. If the samples fall oustide the confi-
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dence interval, they are rerun. If the LP’A standards still fall outside the confidence
internval, new working standards are prepared. If a measured sample concen-
tration is greater than 1.5 mg/l., the sample can be diluted and rerun so that the
mg/L value wil fall within the analytical range for this test.



Apparatus:

—

2.
3.
Procedures:
1.
2.
3.
Calculations:
1
2.
QA/QC:
l.
2.
3.
4,
5.

CFEA 200 Scientific Auto Analyzcr.
Strip chart recorder or data handling system
660 nm filter

Filter samples as described in Appendix 1)-2.
Transfer the filtrate into an autoanalyzer cup (scc Appendix D-2)
Analyze samples using an autoanalyzer.

A standard curve is prepared based on the pcak height of each standard. The
sample concentrations are determined using lincar regression techniques.

Blank values are subtracted from measured values for reporting.  Distilled-
deionized water is used for blank measurements.

One duplicate is run for every 20 samples

One EPA standard is run for every 40 samples
One spike is run for every 40 samples

One blank is run daily.

Please see Appendix D-13 for more information.

. Precision and Accuracy:

Ave. Standard Deviation - 0.060 mg/l, based on 49 samples
Ave. Percent Recovery - 98-102% based on 20 samples
Minimum Detection Limit - 0.01 mg/}.

Precision and accuracy results are calculated quarterly. The minimum detection limit
is defined as 2 times the recorder noise when opcraling at maximum sensitivity.

Reference:

EPA Methods for Chemical Analysis of Water and Wastes VSIIPA-600/4-79-020,
Nitrogen, Ammonia; Method 350.1.




3.

QA/QC:

h—

Reference:

Add 2.5 mL of sample, standard for 11,0 for blanks to cach appropriate tube.
Duplicates are required for all samples, standards, and blanks. Cap the tubes.
Shake all tubes. Preheat oven to 150°C.

Digest samples at 150°C for 2 hours. Make surc there is an oven pan below the
samples while they are being digested. Make surc the cxhaust fan above the oven
is on.

After 2 hours, remove the samples from the oven and allow them to cool to the

touch.
Read samples, blanks, and standards on a spectrophotometer at 600 nm. Reading

using %T, use the blank as 100% T.

Calculate the results using the formula A = log(I/t). Plot a line vsing the stand-
ards of absorbance vs. concentration. Avcrage the absorbance of the sample du-
plicates and compare their absorbance with the standard plot. Use the blank
valves as a zero reading.

Duplicates are run for every sample.
1 EPA sample is run for every 20 samples. if the EP’A sample result is not within
the specified 95% confidence interval, the samplc analysis must be repeated.

- The spectrophotometer is auto calibrated and zerocd for each use. -

This procedute is based on these methods.

1.  EPA Methods for Chemical Analysis of Water and Wastcs, USIIPA-600/4-79-020, Chemical

Oxygen Demand; Method 410.4
2. Standard Methods for the Examination of Water and Wastcwater, 16th Fdition, p. 537;

Method 508C.

A



Appendix D-10 Methods of Using Laboratory Notchooks

There are several types of notebooks used in lab to store various types of information. Notebooks
are used to store raw data read from strip charts, data read dircetly from instruments, and infor-
mation regarding samples status and equipment maintenance. All notcbook entries are made in ink.

Personal notebooks are used to store results read from a sirip chart. ‘T'he tests that are recorded in
personal notebooks include Total kjeldahl nitrogen (filtcred and nonfiltered), total phosphorus
(filtered and nonfiltered), ammonia, nitrates, and orthophosphorus. The first two pages of the
personal notebook are used as a table of contents. The table of contents includes the type of tests
recorded in the notebook, the page number, and from which chart the data was read. Each page
of the lab notebook has 3 columns: the first for the lab number, the second for the peak height,
and the third for the calculated value of the data. ‘The chart numnber and the data of reading are
recorded on each page of the personal notebook.

The pH-conductivity notebook is used to record test results dircctly from instrument readouts. The
results are tabulated using 3 columns: the first for the lab numbecr, the sccond for the pll reading,
and the third for the conductivity reading. The analysts initials and date are also recorded in the

notebook for every set of samples tested.

The COD notebook is used to store COD data. The first column is uscd for the lab number, the
second is used for the percent transmittance reading for the first duplicate, the third column is used
for the second duplicate reading, and the fourth column is used to record the calculated ppm value.
The analysts initials and date of testing are recorded for cach sct of testing,

The solids notebook is used to record the results of the calculated valucs for nonfilterable solids
tests. Five columns are used to record the solids data: the first column is used for the lab number,
the second is used to record the dry filter and pan weight, the third is used to record the dry filter,
pan, and sample weight, the fourth column is used to record the volumc of sample filtered, and the
fifth column is used to record calculated grams/liter data.

Notebooks used to store sample status and equipment maintenance information are recorded in
paragraph form. All entries are signed and dated by lab personncl.

22



Table D-10 Typical Notebook Page for Sample Calculations
Sample Peak Ieight

Conclusion
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Appendix D-11 Mecthods for Laboratory Data Collection, Reporting, and Storage

The purpose of this procedure is to define methods for data collection, data rcporting, and data
storage so that all reported data is correct and accurate. The procedure also provides investigators
and outside agencies with a method for data tracking and validation.

Water samples are analyzed for various chemical species including: orthophosphorus, ammonia,
nitrate, total kjeldahl nitrogen, soluble total kijcldahl nitrogen, total phosphorus, soluble total
phosphorus, total suspended solids, chemical oxygen demand, pll, and conductivity. There are
various methods for recording and calculating the results from thesc tests.  Afier the results have
been processed, they are entered on the main report file and then transferred to the 1IAS SAM data
base. This procedure will describe individual methods for collecting and reporting the various forms

of data.

A large majority of data is collected on a strip chart recorder. The strip chart consists of a roll of
graph paper on which peaks corresponding to samples and standards arc recorded. Data for
orthophosphorus, ammonia, nitrates, total kjedahl nitrogen, and total phosphorus tests are all re-
corded using strip charts. Livery strip chart used in the lab is assigned a lab number that consists
of a lab number with a C prefix (i.e. C21). After the chart has been assigned a lab number, data
can be recorded on it. When all the data has been collected from a sample run, the chart is removed
from the recorder. The data, test identification, chart lab number, and initials of the analysts are
recorded on the end of the chart paper. The strip chart roll is then placed in the "To Be Read File”
kept by the lab manager. The chart is now ready to be read. The data from the chart is read,
calculated, and recorded in a lab notebook. The strip charts arc stored in the "Read File” by the
lab manager. The charts are stored by lab number and are kept for a minimum of one year.

The CFA-PC data handling system is also used to collect data [rom orthophosphorus, ammonia,
nitrate, total kjedahl nitrogen, and total phosphorus tests. (Sce CI'A-PC operation manual.) A file
is created for each set of samples that is going to be run on the Scientific auto analyzer. Each file
is given a lab number that consists of the test abbreviation code and a file number (i.e. TKNS3).
After the file has been created, data generated by the analyzer for cach sample and standard is re-
corded directly into a CIA-PC file. When the analysis is complete, the raw data is calculated using
the CFA-PC system software. A report of the calculated data is created and stored by the fab
manager. The report includes the filename, data, analysts initials, and data for each sample and

* standard. The results are transferred from the CFA-PC report to the main report file by laboratory

personnel and verified by the lab manager.

Data for chemical oxygen demand tests are rccorded in the COD nolchook. Raw data for the
samples and standards, the date of the tests, and the analysts initials arc recorded for each run. The
raw data is calculated and stored in the COD notebook. The calculated data is transferred to the
main report file by lab personnel and verificd by the lab manager.

pll and Conductivity tests results are recorded in the pll notchook. The date of the tests, and the
initials of the analysts are recorded for each set of tests. The resulis of these tests are entered directly

into the IIAS SAM data base.

Pata from the total suspended solids tests arc recorded in the solids notebook. Three values are
required for solid measurements: dry pan and filter weight; the dry pan, filter and sample weight,
and the volume of filtered sample. The amount of solids for each sample is calculated and recorded
in the solids notebook. The calculated solids data is then transferred 1o the main report file by
laboratory personnel and verified by the lab manager.

The main report file is used to store the results obtained from the various tests. The file is used to -
enter completed data on the 1IAS SAM system and is also used as a backup to the HHAS SAM
System. The main repori file consists of pages that contain sample identification information and
test results for each sample. The pages have areas to rccord the lab number, site code, group
nutnber, field number, and test results for each sample. (Sce attached sample file page.) After all
the sample information and results have been entered for onc group of samples; that information
is transferred to the 1TAS SAM system. Once the data has been transferred, it is verified for cor-
rectness by lab personnel. Verification is accomplished by having onc person read the values from
the original lab books while another person compares the spoken values with those written in the
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T1AS SAM system files. All incorrect entries and sample problems are recorded in the 1IAS SAM
notebook and reported to the lab manager. Corrections are authorized or made by the lab manager
and are checked off in the ITAS SAM notebook. After all corrections have been made, the samples
are flagged as complete and the project engineer is notificd. The main report file is stored in the fab
by the lab manager.
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Appendix D-12 Distilled-Deionized Water/Glassware Cleaning

Scope:

Purpose:

Procedure:

This operating procedure will discuss methods for the production of distilled-deionized
water and the cleaning of glassware in the Water Quality 1.ab.

The purpose of this procedure is {o ensure the proper quality of reagent grade water
is produced and that all glassware is cleaned in the correct fashion.

Tap water is distilied using an electric still (Corning MP3-A) and a stem still
(Bamstead A 1013). Distilled water is collected in two 100 gallon polypropylene
containcrs. The distilled water is then gravity fed through a mixed bed high-resistance
cartridge (Bamstead Ultrapure) into a ten gallon storage carboy. Distilled-deionized
water is tested every week for conductivity. The conductivity of the water is required
to be less than 1 micromho/em. [f the distilled-deionized water has conductivity
greater than | micromho/cm, the dcionization column is replaced and the water re-

tested.

Glassware is washed with tap water and a laboratory detergent (Versa- clean). The
glassware is then rinsed with tap water. Next the glassware is rinsed in an actd bath.
The acid bath is a 15% IICL solution; IICL is used to prevent nitrogen contam-
ination. The glassware is thoroughly rinsed with the acid solution so that all surfaces
are coated. The glassware is then rinsed with distillcd-decionized water and allowed to
air dry so that no dust can fall into the glasswarc. After the glassware is dry, all -
openings are covered with parafilm and the glassware is stored.
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Appendix D-13  Laboratory Quality Control Procedures for Nutrient Data

This procedure discusses the use and theory of control charts. It also defines the methods used for
quality control in the different analysis performed by the laboratory. Definitions and calculations

are also provided in this procedure.

Quality Control Charts:

Quality control charts are used to help determine if a set of data is accurate and precise. One ad-

.vantage of controi charts is that sample sets that are incorrect (out of control) can quickly be de-

tected, Control charts can also_visualize trends in sample analysis. T'wo types of control charts are
used; X_-charts and R-charts. X-charts are used to record statistical data for check standards and
spikes. R -charts are used to record statistical data for duplicate analysis.

X - charts use a calculated mean and the standard deviation to determine whether as set of samples
is out of bounds. For check standards, a mean value is calculated and compared to the theoretical
value of the check standard. (Check standards are EPA quality control samples; the mean should
fall within the 95% intervals provided by the EPA). The standard deviations of the check standards
are then calculated; the 95% confidence interval for the standards is cqual to Xbar:e.f:f.pm1.965,
where X is the mean and § is the standard deviation. The upper and lower control limits are de-
termined by X 12.58S, this is equivalent to the 99% confidence interval. There is a $% chance that
the calculated data point will fall outside the 95% interval but only =~ 0.3% chance that the data
will fall outside the UCL or the 1.CL (upper and lower control limits). Any check standard that
falls outside the control limits is suspect; the check standard and the sct of samples that was ana-
lyzed with it should be rerun. The values of the check standards should fall equally above and
below the mean value. There is only a 13% chance that 3 conscculive data points will fall on one
side of the mean. If more than 5 data points fall on one side of the mean, some action should be
taken to cotrect the analysis so that no samples will go out of control (prepare new reagents, cali-
brate instruments, etc.).

R -charts use the absolute value of the differcnce between two duplicate samples to determine
whether a set of samples is out of bounds. The mean valuc_of the variance is calculated (R) and
plotted on a graph; also lines are plotied for 0.845 R, 2.456Rthe 95% confidence limit, and 3.27
R the 99% confidence limit. 50% of the calculate variance should fall above the 0.845R line. Data
that falls outside the 99% confidence limit is suspect and the sample group should be rcanalyzed.
The R -chart is interpreted like the X-chart.
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X-chart.

LCL

Mean - the average value of the standard being tested

UWL-LWL (Upper and lower warning limits) - they are the 95% confidence interval lines;
95% of all values will fall within this range. X 4+ 1.968 wherce S is the standard deviation

UCI -L.CL (Upper and lower control limits) - all data should fall within the UCL and the
LCL, if data falls outside these limits it is considered out of bounds. X + 2.58S where S is the
standard deviation.

R-Chart

UL (3.27R) 99%

WL (2.456R) 95%

Mean - the average value for the variance of a sct of samples

M1, (middle line) - 50% of all points should fall above or below this line; used to detect trends
of analysis

WL (warning limit) - 95% confidence limit; onc out of cvery 20 points should fall above this
limit.

UL, (upper limit) - 99% confidence limit; if dafa falls above this limit it is out of bounds.
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Procedures:

A. Quality control methods for ammonia, nitrate, orthophosphate, TKN, and total
phosphorus tests.

1. A series of standards are prepared for each sct of tests. Standard curves are gen-
erated from these standards and arc checked for accuracy. The correlation of each
curve must be greater than 0.99 and less than or cqual to 1.0. If the correlation
is not correct; standards that seem to be inaccuraic arc remade and the curve is
regenerated.

2. An EPA quality contro! sample is run with each sct of new standards. The con-
centration of EPA sample is calculated using the gencrated standard curve. The
value of the EPA sample must all within the 95% confidence interval provided
by the EPA. If the sample falls outside the interval, it should be rerun and recal-
culated. If it is still not within the limits, a new sct of standards is made and an-
other EPA quality control sample is analyzed. The IIPA sample is sent to another
lab to verify its accuracy.

3. Every month a X-quality control chart is prepared for check standard results; an-
other chart is prepared for spiked sample results. R-quality control charts are
prepared monthly for duplicate result data,

4. Results from check standards and spiked samples arc compared to the previous
months X-control charts. The data should fall within the 95% confidence inter-
vals, if it does not, the sample set associated with the standard or spike should be
rerun.

5. Results from duplicate samples are compared 1o the previous months R -control
chart. The data should fall within the 95% confidence interval, if it does not, the
sample set associated with the duplicate should be rerun.

B. Quality control methods for Solids analysis

1. A R-control chart is prepared monthly for duplicates run during solids testing.
The duplicate results are compared to the previous months control chart and the
results should fall within the 95% confidence interval. If the data does not fall
within the cxpected range, the sct of samples as<<m’1|cd with the out of control
duplicate must be rerun.

2. An EPA quality control sample is run for cvery 200 samples. The value of the
solids should fall within the provided 95% confidence interval. H the valuc falls
outside the expected results, thc procedure and technician techniques should be
reviewed.

C. Quality control methods for COD analysis

I. A standard curve is prepared for cach sct of samples that are analyzed; the corre-
lations of the curve should be between (.88 and 1.0, If the correlation is low, the
standards that secm to be incorrect should dropped out.

2. An X-control chart is preparcd using EIPA quality control standards; the control
chart is prepared quarterly. The control standards are compared with the X-con-
trol charts, the values should fall within the 95% confidence intervals. If the re-
sults fall outside the confidence intcrvals, the sample sct associated with the out
of control standard are rerun.

D. General quality control methods

1. Petrformance evaluation samples are analyzed quarterly and the results are tabu-
lated by an independent testing lab. The results arc tabulated by an independent
lab. The results from these tests are used to determine the quality of the lab re-

sults.
2. Blind samples are run monthly for each test parametcr; the results are compared
to the control charts for each test. Blind samples arc used as a measure of the

laboratory’s quality.
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1.

Ii. Preparation of spiked samples

3 mL of a water sample to be used as a spike is removed from its autoanalyzer and
transferred to a new auto analyzer cup. ‘The sample is transferred in 3 aliquots
using a calibrated 1 mL pipet. ‘

2. | mL of a mid to high range standard is added to the autoanalyzer cup that con-

tains the 3 ml, of sample. The sample is capped and shaken vigorously.

3. The spike sample is run as a normal sample.
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Calculations:

1. Standard Curve Calculations (use linear regression techniquces)

Standard Values Peak Tleight

1.0 46.9

8 39.1

6 299

4 204

2 10.7
correlation = (.9989
slope = 0.9857
value at 0 = -0.0209

2. Duplicate variance

Standard value = 2.0
n=3
Duplicates Absolute Variance
0.203 0.003
0.205 0.005
0.198 0.002
0.197 0.003
0.208 0.008
1.011 0.021

sum of the absolute variance/n = 0.0042
0.845R = 0.0035

2.456R = 0.0103

3.27R = 0.0137

mean variance
middle line

95% confidence limit
99% confidence limit

nnuan

3. Standard deviation

2
=Y LZ_’_
J 1 le
n

Sy =—————— - standard deviation

4. Spike and Check Standard Calculations

Mean (X) = average standard value of check standards or average value of percent recovery
for spikes

X 4+ 1.965 where S is ihc standard deviation

95% confidence interval

99% confidence interval = X + 3.0S where § is the standard deviation.

Percent recovery - the actual value obtained from an analyzed spike divided by the theoretical
value times 100;

actual

T X IOO = % .
theoretical h rccovery
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Theoretical value - the calculated value of a spiked sample.

i.e. One sample is run twice and an average of the results is taken. A spiked samples i prepared
by adding 1/4 of a known standard to 3/4 of the analyzed sample. A theoretical value can then

be obtained.

Average value = 3.0 ppm
Standard = 10.0 ppm 3.0 (.75) + 10.0 (.25) = 4.75 ppm theorctical value,

Calculations for COD analysis
a. convert % T to absorbance using A = log (1/T)

ie. 93%T = log (1/0.93) = 0.032A
b. plot the calculated absorbance values versus the concentrations of the measured standards.

c. calculate the unknowh sample concentrations using the standard curve.
Supsended solids

a.
(A - B) x 1000

total suspended solids/l. = ——————
me fota P solids/ samplc vol. mL.

where
A = weight of filter, pan and residue
B = weight of filter and pan
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Table D-13 Reagents and Supplics for the Water Quality [.ab

Item Use Supplier Type
Mercuric Oxide Catalyst, TKN and TP  Fisher Scientific ACS grade
Potassium Sulfate Catalyst, reagents Fisher, Baxter ACS grade
TKN and TP powdered
Sodium Phosphate Reagents Baxter, Fisher ACS grade
Dibasic
Sodium Hydroxide Reagents, Baxter, Fisher ACS grade
pIl adjustment
Sodium Potassium Reagents Baxter, Fisher ACS grade
Tartrate
Dichloroisocyanurate Reagents Kodak ACS grade
Sodium Salicylate Reagents Tiisher ACS grade
Sodium Nitroferricyanide ~ Reagents Baxter ACS grade
Ammonium Chloride Reagents, standards Fisher, Baxter Primary
standard
Ammonium Molybdate Reagents Fisher ACS grade
Antimony Potassium Reagents IFisher ACS prade
Tartrate
SI.S® Wetting agent Scientific Instruments  N/A
Araboascorbic Acid Reagent Kodak ACS grade
Potassium Dihydrogen Standards TFisher ACS primary
Phosphate standard
Sulfanilamide Reagent Baxtcr, lisher ACS grade
N- I-naphthylenediamine Reagent Kodak ACS grade
Dihydrochloride
Brij — 35® Wetting agent IFisher N/A
Cadmimum Reduction column Fisher ACS grade
Chloroform Preservative Fisher ACS reagent
Sodium Hypochlorite Reagent Various Purex
Phenol Reagent Fisher ACS grade
Gelman Type A/E Suspended solids ffisher N/A

Filters
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Table ID-13 (cont.) Reagents and Supplies for the Water Quality 1.ab

Whatman Type GF-A

Auto Analyzer Cups
and Caps.

Dilute — it® Vials
Sulfuric Acid
Hydrochloric Acid
Phosphoric Acid
Potassium Chloride 2N

Safnple filtration

"Sample holding

Sample holding
Rcagents
Acid bath
Rcagents

Ammonia extraction
for soils

I“isher, Baxfer

Pisher

Fisher

IFisher, Baxter
IFisher, Baxter
Iisher, Baxter

Frisher, Baxter

N/A
4 ml,

J0 ml,

ACS reagent
ACS rcagent
ACS reagent
ACS grade
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