
discourage little fuzzy critters from considering the box 
home. 

6. Check to be sure the field data sheet is completely filled 
out. Leave this on a clip board in the security box. 

7. Cover and chain the box. 

4.C.6.d. Field Maintenance 
No samples collected 

1. Check the area for signs of vandalism. Determine if the LCD 
is still flashing 01 and the first time interval. If so, halt 
the program. Remove the programmer/distributor from the 
bottle case and lay on the ground beside the box. (Be sure 
there is enough slack in the lines to allow this.) 

2. Cap the 24~ bottle and carefully dump out the remaining ice 
and water. (Do not get water in the sample bottles.) 

3. Clear the sample intake strainer of any accumulated debris. 
4. Test the sampler and activator: restart and activate the 

program by submerging the stage activator. Allow the 
"collected sample" to spill on the ground. Halt the program. 

5. Reflace the ice in the bottle case and remove the cap from the 
24 bottle. Replace the programmer/distributor. 

6. Change the battery, if necessary. 
7. Check the height of the stage activator above the surface of 

the water and reposition if necessary. Reset the activator by 
flipping the toggle switch to reset and then back to latch. 
Press the start program/reset distributor key. Wait the 
interval of your first sample to insure the program is not 
immediately initiated. Place the cover over the 
programmer/distributor. 

8. Cover and chain the box. 

Collection of Samples 

1. 

2. 

3. 

4. 

5. 
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Upon opening the box record the bottle number and the time 
interval left to the next sample from the LCD onto the field 
data sheet. Also record the time and date of the observation. 
Remove the top of the sampler and cap all of the bottles using 
numbered caps. (It will take two people to lift the full 
bottle case out of the security box.) 
Determine the exact time each sample was taken and compare 
these times to your hydrograph and other information you have 
about the storm to be sure the calculated times are 
reasonable. 
Line up the bottles in sequence and make notes on any 
parameters of interest such as turbidity, color or general 
appearance of the sample. Select which samples you will have 
analyzed. 
¢When you transfer the sample to a lab bottle be sure the 
sample is shaken well so as to re-suspend settled solids and 
provide homogeneity to any sub samples. 
Clean the sample bottles before reuse. 
¢The amount of cleaning necessary between events must be 
determined on an individual basis depending upon the 
parameters of interest and the amount of time the sample water 
has been sitting in the bottle. Bottles used to collect 
nutrients and suspended solids can usually be cleaned 
sufficiently in the field with two tap water rinses. 
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4.C.6.e. Quality Assurance 

Replicate Samples: when the sampler is operating in a 
discrete sampling mode, replicate samples can be obtained by 
hand. This should be done at the same time the automatic 
sample is collected. 
Be sure to stand downstream of the automatic sampler intake. 

4.C.7. OPERATION OF ISCO MODEL 2870 BUBBLER FLOW METER 

4.C.7.a. Preparation 

1. Check desiccant (2 external and 1 internal containers). The 
desiccant should be blue. If it is pink replace it. 

2. Determine if you have enough chart paper. Each roll has 65' 
and will last about a 120 days at 1/4" per hour. 

3. Determine if you have a working pen. Check to see if an extra 
pen is in the meter. 

4. You will need a nicad battery as a power source. 
5. It is easier to determine the bubble rate in the lab. A small 

bucket of water is sufficient to determine the rate. Adjust 
the Bubble Rate Adjust (on the side of the meter). A rate of 
1 bubble per second for clean streams and 2 bubbles per second 
if grease, oil, high sediment or domestic raw sewage is 
present. 

4.C.7.b. Set Up 

This set up is for the determination of the water level. 
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nUnless you have a predetermined stage-discharge relationship from 
which to determine the rate constant and exponent you cannot 
determine flow rate. Therefore the Primary Device Characterization 
Module is useful only to define the water depth (ft or M). The 
meters are normally set for feet and the constant scaling switches 
have been set to 0.00 +0 to disable the Total Flow counter and 
conserve power. If you need to change these settings be sure the 
POWER IS OFF. 

1. 

2. 

3. 

4. 
5. 

6. 

7. 

Connect the battery lead to the 12 VDC outlet and fasten the 
retaining straps. 
Turn the power on and allow the meter to warm up for 5 to 10 
minutes. 
Check the inside surface of the end of the bubble line to be 
sure it free of deposits which could interfere with the free 
delivery of air. If necessary cut off 1 to 2 inches. 
Position the end of the bubble line in the stream below the 
lowest expected water level. In fast flowing streams 
(velocity> 5 ft/sec), you may need to isolate the bubble line 
from the stream flow with a stilling well. (See the 
instruction manual page 2-68). 
Verify the bubble rate. 
Place the Display Select switch in the Calibrate Recorder Zero 
position and adjust the zero position of the pen using the 
Recorder Mechanical Zero Adjust knob. 
Select the desired chart full-scale level span from the six 
Level span positions of the Recorder Mode/ Span switch. This 
will usually correspond to the maximum expected level. 
Select the chart recorder speed using the Chart Speed switch. 
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(Usually 1/4" per hour.) 
8. Use the Chart Manual Advance Thumbwheel to synchronize the pen 

position on the chart with the real time of day. Record the 
time and date on the chart. 

9. Select the time interval between automatic purges of the 
bubble line on the Purge switch. If fouling of the bubble 
line is anticipated use 5 minute intervals. Otherwise longer 
intervals will suffice. 

10. Select the mode of the recorder pen operation on the Pen 
operation switch. (The normal position will save power and 
smooth the chart record but cannot react as quickly to sudden 
changes in level.) 

11. Place the Display Select switch in the Level position and 
determine the current level from the liquid crystal display. 
Use the Level Adjust control to adjust the level indicated on 
the liquid crystal display to match the actual level in the 
flow stream. Record location, date, time, span, chart speed 
and starting water level (as determined by staff gage or 
reference mark) on the chart paper. Close up and secure. 

1. 

2. 

4.C.7.c. Service 

When servicing the meter, open up the case and record: 
location, date, time and water level as you did for the set 
up. 

When leaving the meter for an extended period (>1 week) change 
the desiccant on a regular basis. 
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Set-up: 
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1. 

2. 

3. 

4. 

5. 
6. 

4.C.8. REAERATION MEASUREMENTS 

4.c.a.a. Tracer Injection 

Assemble hoses, pumps and electrical cables as in figure 4.C.-
4. 
¢Make all electrical connections through a ground fault 
interrupter. 
Set up ethylene (or propane) cylinder in a safe manner. 
¢If a regulator is attached to the cylinder drain and remove 
the regulator before you move the cylinder. Always place the 
cylinder in an upright position and secure with some type of 
restraining device. The cylinder valve should be open only 
when the cylinder is in use and supplying gas. Before 
installing the regulator, slightly open the cylinder valve for 
an instant and then close it. This will clear the valve seat 
of particulates. However, do not do this with the ethylene 
tank when it is near an ignition source. Move the ethylene 
tank to a safe area before clearing the seat. Introduce 
pressure to the regulator by slowly opening the cylinder 
valve. Never put anything on top of the cylinder or regulator 
that may damage a safety device or interfere with the quick 
closing of the valve. Ethylene or Propane gas flow should not 
occur unless the cylinder pressure is reduced by a regulator. 
Do not drag or roll a cylinder on its side. Always provide 
ventilation when using Ethylene or Propane. Keep Ethylene and 
Propane cylinders away from any source of ignition. 
Shut off ethylene feed line at mixing chamber and pressurize 
ethylene feed line up to 60 psi to check for leaks. Fix any 
leaks. 
Start generator, test ground fault interrupter. Do not proceed 
without a properly operating ground fault interrupter. Any 
connection to the generator MUST be made through the ground 
fault interrupter. 
Test river water pump and dye pump. 
Pour the predetermined amount of dye into dye receptacle and 
bring to desired volume with river water. Mix thoroughly. 
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Release: 

1. Turn off the hose to the River and begin pumping river water 
through the mixing chamber to bypass hose. 

2. Adjust ethylene flow to desired rate. 
3. Begin pumping the dye. Follow progress of dye through plastic 

tube. Adjust dye pump rate to desired rate. 
4. Begin ethylene injection: open valve to river and close valve 

to bypass hose. 
nThe goal is for the ethylene and dye to reach the river at 
the same time. 

5. Record start time for injection, dye and gas flow rates, 
volume of pure dye injected. 

6. Continuously monitor dye and gas delivery rates and keep them 
constant. 
nTilt the dye container to draw out the last of the dye 
solution. 

7. When dye solution is almost gone fill a pail with river water, 
approximately 1 gal, and pour it into dye container just as 
the dye solution is depleted. A leading edge of relatively 
weak dye solution will now be advancing towards the river. 
When it reaches the river, turn up the dye pump to full speed 
in order to flush line quickly. 

8. Turn off the gas flow between the rotameter and the mixing 
chamber. 

9. Note ending time for injection. 

Maintenance: 

1. Continue 
water. 

2. Close the 
regulator 

3. Clean and 

flushing dye receptacle and dye feed line with clear 

cylinder valve, drain the regulator, remove the 
and replace the cylinder cap. 
put away all equipment. 

Reaeration Tracer Study Sampling: Samples can be collected from a 
bri~~e~ngyupadta~or ~~mmecboatl samples with the small sampling can. 

1. At each sampling station, choose a single point in the 
transect for sample collection. This will assure that 
variations in tracer concentrations are due solely to time and 
not variations across the transect. Determine the sampling 
point at the location of greatest velocity (usually in the 
middle). Slack-water locations or side channels should be 
avoided. 

2. Place three pre-labeled bottles in the sampling can and put 
the top on the can. The plastic tubes should go inside the 
sample bottles. 

3. Secure the top with two rubber bands. 
4. Lower the sampling can into the water and fill until no more 

bubbles emerge from the can. 
Perfora the next two steps with the sample can kept in an upright 
position because the headspace created in the sample bottles must be of 
the correct volume. 
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5. Drain the excess water from the sample can through the drain 
hole and carefully remove the cap. The volume displaced by 
the tubes in the bottles will become a headspace (air space) 
in the sample bottle. 

6. Carefully cap the three bottles with septum caps. 
nif a fluorometer is used in the field to monitor the passage 

4.C.-25 



of the tracer dye slug, a sample can be obtained for this 
purpose directly into a cuvette from the excess water that is 
drained from the sampling bucket. 

7. Record the sample time, temperature and any other pertinent 
information on the field data sheet. 

8. Store the bottles upside-down in the dark. 

Sampling Frequency: The sampling frequency should be such that the 
entire ascending and descending portion of the curve is defined by about 
20-25 samples. Sampling should be most frequent at the peak portion of 
the curve, and the ascending portion of the curve. The tail of the 
curve can have less frequent samples. As a general rule of thumb and in 
the absence of specific instructions from the survey chief, determine 
the appropriate sampling interval from the guidance below. 

EstLaated Travel TLDe 
(hours) 

Sample Frequency (minutes) 

Injection point to 
sampling point 

0 - 3 

3 - 6 

6 - 9 

>9 

Ascending and 
peak portion 

3 - 6 

5 - 7 

8 - 12 

13 minimum 

4.C.8.b. Quantitative Dye Analysis 

Turner Fluorometer 
(Model 110 or 111) 

Descending 
portion 

4 - 7 

7 - 11 

12 - 18 

20 minimum 

Instrument Preparation: the fluorometer will need a 1 hour warm 
up time. 
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1. Place the fluorometer on a level, firm base. Place the 
fluorometer in an area where there will be no abrupt air 
temperature changes. Shield from direct or strongly 
reflected sunlight. 

2. Check the filter placement. Green (primary) on right; 
orange and blue (secondary) on left with blue facing 
out. 

3. Turn all panel switches off (down). Plug the power cord 
into the receptacle. 

4. Turn power switch on (up). The pilot light next to dial 
should come on. 
nNote that this is not an indication that the lamp is 
on. 

5. Hold start switch up for 10 seconds, then release, to 
turn on lamp. Verify that the lamp is on by observing 
it through the primary filter. You must re-start the 
lamp if power should ever be interrupted, even 
momentarily. 

6. Allow the fluorometer to warm up for a minimum of one 
hour. 
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Calibration: 

3/94 

nFluorometer calibration is not necessary if you do not need 
to determine the total quantity of dye. (It is usually not 
necessary to determine the total quantity of dye for time of 
passage studies but it is always necessary for reaeration 
studies.) 
nif the fluorometer has had sufficient time to warm up, the 
instrument is not moved, the lamp has not been removed and 
the room temperature remains constant, the calibration should 
hold. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Prepare six Rhodamine WT dye standards which range from 
1 - 100 ugjl. 
nKeep these standards at room temperature and protect 
from the light. 
Adjust the zero: insert the dummy cuvette (black rod), 
close the door, turn the lever actuated lock 
counterclockwise to unlock, turn the blank knob to zero 
and then turn the lever actuated lock clockwise to 
relock. Remove the dummy cuvette and close the door. 
nThe zero setting need not be readjusted unless later 
checks show a change of three or more dial divisions. 
Clean the cuvette you will be using and check it 
carefully for scratches etc. At the top of the cuvette 
make a single vertical mark with a wax pencil. 
nAlways position this mark at the same location when 
inserting the cuvette. This will keep your error factor 
due to imperfections in the cuvette constant. 
Rinse cuvette with D.I. water and once with solution to 
be tested. (This is especially important when testing a 
low concentration after a high concentration.) Fill to 
within one-quarter inch of top. Wipe outside of cuvette 
with tissue. If air bubbles are visible on the inside 
of the cuvette, dislodge them by gently tapping the 
cuvette. Handle cuvettes only near the top. 
Insert cuvette in fluorometer, check scale setting and 
close the door gently but tightly to avoid spillage. 
Observe and record the fluorescence dial reading after 
the dial has stabilized. 
nA jittery dial (! 1/2 dial division) is normal for some 
fluorometer. Once the dial has stabilized, it will tend 
to creep downward as.the sample is heated by the heat 
from the fluorometer. Make the reading before the 
heating becomes significant. Sometimes it may be 
difficult to know when to take the reading. You can 
obtain a fair degree of consistency by lowering the dial 
well below the anticipated reading, inserting the 
cuvette, and taking the reading at the peak of the dial 
climb; just as it starts downward. 
nThe dial can be lowered by shutting the door each time 
the cuvette is removed. 
Read and record the results of each standard on every 
scale. When you insert a sample, partially open the 
door to shield it from ambient light. 
Record the temperature of each standard at the end of 
the reading. 
Observe and record the "dummy" reading after the sixth 
standard. 
nRecalibration is necessary if the change is >3 units. 
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Sample Testing: 

QFor best results, sample should be allowed to stabilize to 
room temperature. Analysis should be completed within 24 hours of 
collection. Always protect samples from exposure to sunlight. 

1. Read the samples as you did the dye standards. 
QFor the greatest sensitivity, read each sample on the 
most sensitive possible and the next most sensitive. 
(The most sensitive scale is the 30X.) 

2. Record the temperature of each sample. 
3. Clean and rinse cuvettes for storage. A thin residue of 

dye may form inside improperly cleaned bottles and 
cuvettes which have contained high concentrations. 

Quality control: 

1. Read and record a reagent blank (the background stream 
sample which was taken before the dye was injected). 
QThere should be a background sample from each station. 

2. Choose a standard whose concentration corresponds to the 
range of the sample concentrations and test this 
standard after every 10 samples. 
QThis periodic standard testing is used to determine if 
the fluorometer is in or out of control. The 
fluorometer is in control if the temperature-corrected 
standard readings do not change by more than ±3%. If 
the standard readings shift by ~3%, recalibrate the 
fluorometer. 

3. Every tenth sample, record the sample temperature in the 
cuvette right after reading fluorometer. 

4. Every tenth sample, observe and record the "dummy" 
readings. Recalibrate if necessary. 

5. When you are finished reading the samples, reread 
every 10~ sample as a replicate. 

6. Observe and record the "dummy" just before turning off 
the fluorometer. 

Determination of Dye Concentrations: 

Qif possible, use only 1 scale to calculate the dye 
concentrations for all samples at a particular sampling 
location. If this is not possible, use the more sensitive 
(larger) scale as the primary scale. When readings are off 
this scale, convert the reading from the next smaller scale 
to a reading for the larger scale. Determine the conversion 
factor by dividing the readings from the larger scale by the 
reading for the same sample on the smaller scale. Use the 
average of several samples to compute the correction factor. 

Dye concentration computation: 
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CS = ( Rx) ( TC ) ( RS11 ) 

where: 
cs = concentration of dye in the sample (ug/1) 
Rx = sample reading on the fluorometer dial on scale X 
(fluorometer units) 
TC = Temperature correction for difference between 
temperature of standard and the temperature of the 
sample from the table below [standard temperature -
sample temperature) (unitless) 
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RSx= Response of instrument to standard on X scale = 
(ug/L dye) I fluorometer units 

Temperature Correction for Dye Analysis: 

oc OF TC oc OF TC 

5.0 9.0 0.875 -5.0 -9.0 1.140 

4.5 8.1 0.885 -4.5 -8.1 1.130 

4.0 7.2 0.900 -4.0 -7.2 1.110 

3.5 6.3 0.910 -3.5 -6.3 1.095 

3.0 5.4 0.925 -3.0 -5.4 1.080 

2.5 4.5 0.935 -2.5 -4.5 1.065 

2.0 3.6 0.950 -2.0 -3.6 1.050 

1.5 2.7 0.960 -1.5 -2.7 1.040 

1.0 1.8 0.975 -1.0 -1.8 1.020 

0.5 0.9 0.990 -0.5 -0.9 1.010 

0.0 0.0 1.000 

4.C.8.c. Ethylene Analysis 

4.C.8.c.1. Instrument preparation 

This should be done 24 hours before analysis. 

1. 

2. 

3. 

4. 

s. 

6. 

7. 
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Secure the compressed air cylinder to an immovable 
object before uncapping. Install the proper fitting 
regulator on the air cylinder. 
Plug the gas chromatograph (GC) into a 110 VAC line and 
connect the air line from the cylinder to the air inlet. 
Use a snug finger tight pressure on all air fittings. 
Do not over tighten the fittings. 
With the recorder plugged in and the power off, hook up 
the leads connecting the GC to the recorder. The 3 lead 
end attaches to the recorder input. Red is connected to 
positive at both ends, black to negative at both ends 
and the gray wire attaches to the chassis ground ( ) of 
the recorder. 
Turn on the GC. Set the GC range control to 10. Set 
the recorder input range to 100 mv (0.1v) and the 
REC/STABY switch to REC. Turn on recorder. 
Slowly open the air cylinder valve and set the secondary 
pressure to 20 psi. Open the small black (needle valve) 
knob to allow the air flow to begin. Set both column 
rotameters at 25 cc/min. 
Set the recorder pen with the recorder zeroing knob to 
50% scale. Set the chart speed at 10 cm/hr and let the 
machine warm up overnight. 
The next morning, set the recorder baseline by using the 
recorder's zeroing knob. Set the baseline on the chart 
paper to 3%. This allows the pen room for some negative 
movement if needed. When ready to analyze samples, set 
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the chart speed to 1 em/min. 

4.C.8.c.2. Instrument Calibration 
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1. Turn the function switch to Test and depress start 
switch. The GC will automatically check itself. The 
display will read: "DIAGNOSTICS RUNNING". 

2. The ethylene analyzer will automatically check for 
zeroing error excess drift, proper functioning of 
electronic circuitry, and range error. If a problem 
exists in one of these areas the display will read: 

1) failed to zero 
Error 
2) excess drift 
error 

3) ADC/DAC 

4) range 

3. If one of the above appears on the display: turn on the 
recorder, set the select switch on test and flip the 
reset switch up. Adjust the span screw on the back of 
the meter until the needle it is on the right hand side 
of the paper. Re-push the start button with the select 
switch on test. Continue this process until the meter 
passes the self diagnostics. 

4. Select a clean gas-tight 1 cc syringe and pump the 
syringe once to purge it. Insert the needle into the 
can of ethylene standard. Press the button on the top 
of the can. The pressure in the can will slowly push 
back the plunger and fill the syringe with the standard 
gas. Fill the syringe to 1 cc. 

5. Push the start button and inject the sample at the sound 
of the beep. 

As quickly as possible, line up the syringe and insert 
the needle into the injection port of column 1. When 
certain the needle is properly inserted, fully depress 
the plunger with a steady, even pressure. The injection 
should take about 10 seconds. Hold the syringe in place 
for 5 seconds before removal from the instrument to 
insure that the entire sample enters the column. 

6. On the recorder paper, mark the time of injection with a 
tic mark and identify the ethylene peak with the 
injection number. Note the time to peak for the 
ethylene. This time to peak is specific to ethylene and 
can be used to identify the ethylene peak from other 
peaks. Let the pen trace return to or near the baseline 
before making another injection. 

7. Record the instrument response to the nearest tenth on 
the worksheet. Each injection should be numbered and 
logged on the GC worksheet noting injection number, 
instrument settings, instrument response and the sample 
of standard identity. 

8. The instrument response is determined by subtracting the 
baseline value from the peak height. 

9. Inject the standard at least 3 times before injecting 
samples. 

OThe instrument calibration procedure should be followed 
whenever the GC is switched to a different scale. Only 
the 1 and the 10 scales should be used. The 100 scale is not 

linear and should be avoided. The 0.1 scale is too 
sensitive and methane, carbon monoxide or hydrogen will 
mask the ethylene peak in this range. 
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QAnalyze standards at least once every 10 samples, more 
frequently if necessary to describe any erratic 
behavior. (For standard preparation see below.) 

4.C.8.c.3. Preparing Water Standards 

Standards are prepared from ethylene saturated distilled water, 
to verify a linear relationship between water concentration and 
headspace concentration. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
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Pour 50 ml distilled water into each of 2 septum 
bottles. For each bottle, run the aquarium hose with 
diffuser stone through a hole in the bottle cap. The 
bottle cap should be loose so that the pressure in the 
bottle is atmospheric pressure. Push enough hose 
through the hole so the airstone will rest on the bottom 
of the bottle. connect the other end of the hose to the 
gang valve. 
Secure the ethylene tank to an immovable object before 
removing the cylinder cap. 
Remove the cylinder cap and connect the ethylene 
regulator to the tank. Attach the reduction fitting to 
the ethylene regulator outlet and connect a length of 
aquarium hose to the fitting and the gang valve. Make 
sure the regulator needle valve and gang valves are 
closed. 
Slowly (too fast may damage the regulators internally) 
open the cylinder valve. Set the regulator pressure to 
3 psi and open the needle valve. Slightly open the 2 
gang valves so that a good rate of bubbling occurs 
equally in each bottle. Record the water temperature 
and the ambient air pressure. Periodically check for a 
good ethylene gas flow. 
After the distilled water has bubbled for 10 minutes, 
remove the cap, hose and airstone assembly from one 
bottle while leaving the gas flow on. Immediately cap 
the bottle. The object is to maintain a pure ethylene 
atmosphere in the bottle. Cap the other septum bottle 
and turn off the ethylene flow. Be sure to keep the 
capped bottles at a constant temperature. 
Pour 10 ml of river water equilibrated to room 
temperature into each of 10 septum bottles. (Use one 
saturated bottle of the ethylene saturated distilled 
water to prepare all of the standards. The other bottle 
serves as a backup.) 
QSpike the bottles containing river water with varying 
amounts of saturated solution to make five different 
standards, in duplicate, which correspond to the 
expected range of river samples. 
Stick the needle of a microsyringe about 1/2 inch into 
an inclined saturated bottle such that the needle point 
is well below the water surface. Slowly, draw the 
plunger all the way back several times to wet down the 
barrel with the water. This water film forms the seal 
needed. Then slowly draw the plunger back to the 
desired measure of water (no air bubbles should be 
present in the syringe). Gently pull the needle out of 
the septum. 
Remove the cap from a bottle of river water and tilt 
until the water comes toward the mouth. Place the tip 
of the needle as far under the water surface as possible 
and gently inject the saturated water into the river 

4.C.-31 



water. Immediately cap the bottle and then gently swirl 
the bottle to mix. 

9. Analyze these samples with the River samples. See 
preceding section. 

4.C.8.c.4. Sample Processing and Analysis 

1. Bring the samples to room temperature. Vigorously shake 
the bottle to be analyzed for at least one minute to 
drive the ethylene into the headspace. 

2. Select a clean gas-tight 1 cc syringe. Insert about 2 
ern of the needle through the septum by holding the 
barrel and the needle. (This method will prevent needle 
damage.) 

3. Flush the syringe once with air from the headspace and 
then withdraw the desired volume (usually 1 cc) and 
remove the syringe by holding the needle hub and lifting 
it straight out. 

4. As quickly as possible, make the injection with the same 
method used to inject the standard. On the recorder 
paper, make a tic mark corresponding to the time of 
injection and number the injection. 
PThe GC is linear up to 10 ppm (v/v) with a 1 cc 
injection. Therefore, the sample should be diluted if 
necessary or injection volumes should be reduced so that 
the GC response is less than the response obtained by a 
1 cc injection of 10 ppm (v/v). 

4.C.8.c.S. Calculation of Ethylene Concentration 

The following equation should be used to calculate relative 
ethylene concentration: 

Where: 

E R*C 
R.*iv 

E= relative ethylene concentration in the water sample (v/v) 
R= response of GC to sample 
~= response of GC to 1 cc of standard 
C = concentration of standard (v/v) 
iv= volume of original headspace sample injected into GC (cc) 
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Solubility of Ethylene in Water at 1 Atmosphere 

I Temp oc Solubility mg/1 II Temp °C Solubility 

0 283 16 170 

1 273 17 165 

2 264 18 161 

3 255 19 157 

4 247 20 153 

5 239 21 149 

6 230 22 146 

7 223 23 143 

8 216 24 140 

9 209 25 137 

10 203 26 134 

11 196 27 131 

12 190 28 128 

13 185 29 126 

14 180 30 123 

15 174 

To correct for various air pressures use the following 
relationships: 

760 
Where: 

ST = solubility at ambient temperature and 1 atm. (mg/1) 
P = ambient pressure (mm Hg) 
Su = solubility at ambient pressure and temperature (mg/1) 

4.C.8.c.6. Troubleshooting and common errors 

1. 

2. 

3. 
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The most common problem encountered is a plugged needle. 
This can cause erratic results. Check needles before 
each injection by injecting some air into a small capful 
of water and checking for bubbles. Replace the septum on 
the GC after every 100 injections. 
Inadequate notes are frequently a problem and prevent 
the analyst from reconstructing the previous events and 
evaluating which things may have caused a perceived 
problem. 
Changed settings can cause the GC to give unexpected 
results. This can occur if any of the following things 
are changed: injection volume, air pressure or flow to 
the GC, room temperature, GC scale, span adjustment on 
back. 

4.C.-33 

•g/1 I 



4. Standards analyzed too infrequently. Standards must be 
analyzed at least once every 10 samples and more 
frequently if necessary to describe any erratic 
behavior. 

4.C.9. YSI MODEL 56 RECORDING DO METER 

4.c.9.a. Instrument preparation 

The day before leaving the shop: 

1. Check the supplies in the compartment within the cover: 
chart paper, charged desiccant (should be blue), 0 ring, 
membranes for probe, electrolyte for probe, D.O. 
saturation table and instrument QA log. 

2. Attach probe and stirrer cable. Insert battery pack. 
3. Turn power on and set the pen input to zero. If the pen 

does not read zero, adjust to read zero on the chart 
paper using the ZERO ADJUST knob. 

4. Turn pen input switch to BATTERY CHECK. A reading of 10 
is fully charged. Recharge batteries if reading is <9.0. 

4.C.9.b. Initial Calibration 

The day before leaving the shop: 

1. If the probe has not been stored in a calibration 
bottle, place a moist piece of tissue paper in the 
bottom of the small plastic calibration bottle. (The 
calibration bottle is a small plastic bottle with the 
bottom cut out. The calibration bottle ensures 100% 
humidity during calibration). Fasten protective collar 
to probe and slide the probe into the calibration 
bottle. The probe membrane must be completely dry but 
in a humid environment. Place the probe where the 
temperature will not change rapidly. 

2. Wait ten minutes for temperature stabilization. 
3. Set chart speed to 10 cm/hr; set pen input to 0 2 & C0

; 

set 0 2 range to 0-10 ag/1; set 0 2 filter to OFF. 
4. Wait for the pen to draw a straight line on the paper. 

This verifies that the probe has stabilized (dashed line 
is temperature and solid line is D.O.). NOTE: probes 
with thick membranes will take longer to equilibrate. 

5. Recheck the zero point. 
6. Switch to C0 and read the temperature. 
7. Determine the 0 2 saturation from the D.O. Saturation 

Table. Switch pen input to 0 2 and adjust the 0 2 Calib 
control until the pen traces at the appropriate reading 
for that temperature and elevation. Switch Chart Speed 
control back to 1 em/hr. 

8. Leave the meter on overnight to allow stabilization of 
the probe. 

4.C.9.c. Locating the meter 

Locate the meter in a secure location well above the likely high 
water mark. Hide it from view as much as possible to prevent 
vandalism. An ideal location is upstream of a sewage treatment 
plant, industry or other private property where the owner can keep 
an eye on the meter for you .. Place the probe outside the chlorine 
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plume of a wastewater treatment plant since chlorine can 
interfere. 

Locate the probe where there is good flow. Secured it to a metal 
fence post that is pounded into the stream bed or to a bridge 
abutment or pilings. Secure the probe cable in such a way as to 
prevent violent oscillations in the current. Ideally, locate the 
probe in a shaded area to minimize fouling with algae. Locate the 
probe outside of the influence of the plumes of discharges or 
tributaries in order to get representative measurements. Be sure 
probe is well below the potential low water mark. 

4.C.9.d. Maintenance 

Replace the membrane if you observe any of the following: 
membrane is damaged or wrinkled 
bubbles have formed under the membrane 
erratic readings 
calibration is not stable or will not calibrate 

Membrane will normally need to be replaced every 2-4 weeks. 
Always store the probe in a humid environment such as in a plastic 
whirl-pac. Remove the batteries when you store the instrument. 
Install a fully charged battery pack each time the meter is 
serviced; at least every 7 days. 

4.C.9.e. Dissolved Oxygen Measurement 

4.C.9.e.1. Initial set-up 
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1. 

2. 

3. 

3. 

4. 

5. 
6. 

7. 

8. 
9. 
10. 
11. 

With the instrument prepared for use and calibrated, 
remove protective collar from probe and thread probe 
onto stirrer. 
Measure and record the D.O. of river water that has been 
made anaerobic through the addition of excess sodium 
sulfite (1 gram/liter) and a trace of cobalt chloride. 
Measure and record the D.O. of river water that has been 
saturated by pouring between two containers. Verify the 
saturation by demonstrating that the meter reading does 
not increase after additional aeration of the sample. 
The measurement of D.O. by the probe should be ± 0.8 
mg/1 of the theoretical value. 
If not, then re-check all maintenance and calibration 
procedures. If the error is still greater than ±0.8 mg/1 
replace membrane. If the error is still greater than 
±0.8 mg/1 replace probe. 
Collect a Winkler sample. Measure the stream 
temperature. Note meter D.O. and stream temperature on 
the lab analysis request form and the field sheet. 
Place the probe in the stream and secure. 
Set chart speed to 1 cmfhr; set pen input to 0 2 & C0

; 

set range to appropriate range (usually 0-20); set the 
power switch to STIR. 
Mark the chart paper with date, time of day, location, 
chart speed and 0 2 range. Measure the stream 
temperature and record on the chart. 
Turn on filter. 
Fill out the QA log and the field data sheet. 
Double check all settings. 
Secure the meter in a locked steel drum. 
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4.C.9.e.2. Field Maintenance 

oservice the meter seven days maximum and more frequently at 
the beginning of a monitoring period. 

1. Check the probe and the meter for signs of vandalism, 
damage or other disruption that could affect data 
quality. Record your observations on the field data 
sheet. 

2. Note and record the river D.O. as measured by the 
continuous meter. 

3. Check stirrer, membrane condition and battery level. 
Turn off filter. 

4. Before making any adjustments, check the meter accuracy 
by measuring the D.O. of river water that bas been 
saturated and that has been made anaerobic. Also check 
the reading in saturated air. Record this information 
in the QA log and on the field data sheet. (If you are 
removing the meter, take a Winkler.) 

5. Replace the membrane if necessary. 
6. Re-calibrate the meter and repeat the steps found in 

section 4.C.9.e. (Dissolved Oxygen Measurement) above. 

4.C.9.e.3. Most Common Sources of Trouble 
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1. The chart is not filled out with date/ time/ speed/ 
scale/ location. 

2. Battery runs out before the meter is serviced. Always 
bring an extra battery so that you can verify the meter 
readings in the event of battery failure. 

3. The filter is left on during calibration which causes a 
very slow response. 

4. Bubbles or debris under the probe membrane. 

4.C.10. PROCEDURES FOR FIXED STATION MONITORING 

See GLEAS Procedure # 50 
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4.D. INLAND LAKE TROPHIC STATUS SAMPLING 

4.0.1. INTRODUCTION 

The purpose of this section is to outline recommended procedures 
for sampling activities related to inland lake trophic status 
determination. The procedures are specifically related to 
quantifying general water quality conditions of a lake. Some of 
the techniques are also applicable to other types of sampling in 
lakes such as point source investigations and Great Lakes 
monitoring. The objective of this section is to establish 
standardized field sampling techniques to insure obtainment of 
representative samples of lake waters with reproducible accuracy. 

Lake surveys are typically conducted during spring turnover and/or 
summer stratification periods. Spring sampling is performed to 
determine the total phosphorus and other parameter levels of the 
lake basin(s) while the lake is well mixed. The total phosphorus 
level is indicative of the productivity potential of the lake. 
These data are used to identify baseline water quality; to support 
water quality based effluent limit recommendations for point 
source phosphorus discharges; and to determine water quality 
standards violations, water quality trends, and regional water 
quality characteristics. 

Summer sampling is performed to determine profiles of important 
physical and chemical parameters in the lake basin(s) during 
maximum water column stratification, as well as to determine 
aquatic macrophyte distribution and density in the littoral zone 
of the lake. These data are used to determine lake trophic status 
as well as water quality standards violations and designated use 
impairments. 

Lakes are generally classified by their physical, chemical and 
biological characteristics into one of several trophic categories 
(i.e oligotrophic, mesotrophic, eutrophic, hypereutrophic). The 
trophic state is a measure of a lake's biological productivity and 
includes such factors as nutrient levels, organic matter content, 
dissolved oxygen levels and water transparency. Although there 
are several methods used to classify lakes, the DNR utilizes the 
Trophic State Index (TSI) developed by Carlson (1977) and modified 
to account for aquatic macrophyte populations. The TSI values are 
derived from calculations based on Secchi disc transparency, 
chlorophyll ~, and summer epilimnetic total phosphorus 
concentrations. 

4.0.2. SAMPLING STRATEGY 

Spring lake surveys should be conducted during spring turnover. 
Generally, lakes in Michigan turnover (e.g. become completely 
mixed) about one to two weeks after "ice-out". Time of ice-out 
depends primarily on geographic location and climatic conditions, 
but generally in Michigan it occurs sometime in April or early 
May. Complete mixing of a water column is indicated by uniform 
temperatures from top to bottom. 

Summer lake surveys should be conducted during maximum 
stratification. Lakes in excess of 25 feet deep will begin to 
stratify after spring turnover and continue to stratify until 
late September or early October. Shallow lakes less than 25 feet 

3/94 4.0.-1 



deep may not stratify at all, or stratify periodically for short 
intervals throughout the summer. To ensure that lakes are sampled 
during maximum stratification periods, samples should be collected 
during late August or early September in the upper peninsula, and 
during September in the lower peninsula. 

During either spring or summer surveys lakes should be sampled in 
the major deep basin. Multiple basins should be sampled if the 
configuration of the lake is such that it has two or more 
completely isolated basins where there is very little interchange 
of water between basins. This results in basins which may have 
very different nutrient characteristics as well as temperature and 
dissolved oxygen profiles. 

The deep areas of a lake can be readily found using DNR 
hydrographic maps and a fathometer. If the lake has not been 
mapped, the deep area(s) should be located by making four or five 
transects (at a minimum) across the lake. Depths and relative 
locations should be noted while making the transects. The general 
shape of unmapped lakes should be obtained from U.S.G.S. 
topographic maps, prior to going into the field. Often the 
location of the deep basin can be determined by asking lake 
residents. Any information obtained from the residents, however, 
should be verified. 

There is no standard list of parameters that would enable one to 
completely assess general water quality conditions in lakes. 
Under "normal" circumstances, at a minimum, lake surveys should 
include the following parameters: dissolved oxygen, temperature, 
pH, alkalinity, conductivity, major cations (Ca, Mg, Na, K), 
major anions (Cl, S04 ), ortho and total phosphorus, 
nitrate/nitrite, ammonia, Kjeldahl nitrogen, and chlorophyll E· 
In addition, water column transparency should be measured at each 
sampling site. 

Measurements or samples are taken at different depths throughout 
the water column at each site to characterize the stratification 
profile of the lake basin. 

4.D.3. SAMPLING PROCEDURE 

All pertinent safety procedures as outlined in the Land and Water 
Management Division's Safety Program Manual must be followed while 
sampling lakes. Proper planning and preparation are important for 
a successful lake sampling trip. Use the equipment checklist when 
loading the vehicle for the trip and file an itinerary with the 
office Chief prior to departing on the trip. 

State highway maps, county maps, and DNR hydrographic maps will 
aid in locating the boat launching sites. The launching ramps 
will range from hard-surfaced to gravel and sand-surfaced ramps. 
For many lakes, information on launching ramps' surface types are 
included in the DNR's Public Boat Launch Directory. Before 
launching the boat, carefully evaluate the condition of the ramp 
as well as the water depths at the launch site. 

All sampling equipment, instruments, bottles, preservatives, 
anchor, motor, gas tank, and safety equipment should be loaded 
into the boat prior to launching. The lake sampling notebook 
which includes laboratory analysis request forms, field data 
sheets, hydrographic maps, sampling procedures, sample 
preservation instructions, and instrument operating manuals should 
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be carried into the boat. 

All pH measurements are made on-shore in the vehicle after the 
samples are brought in from the lake. The pH meter should be set 
up in the back of the vehicle and turned on to standby mode before 
departing for the sampling site. The temperature/conductivity 
meter should be calibrated on-shore prior to sampling as described 
in the conductivity calibration procedures below. 

After launching, motor directly to the sampling site using the 
hydrographic map, fathometer, and shoreline features. Approach 
the sampling site heading into the wind. Overshoot the site and 
carefully lower the anchor to minimize sediment disturbance. Let 
out enough rope to drift back over the sample site. In this 
process avoid contamination of the site by the boat motor exhaust 
gases and oil. Once securely anchored, the date, time and weather 
conditions (i.e. wind velocity and direction, air temperature, 
cloud cover, and precipitation) should be noted on the field data 
sheet. 

When sampling, try to minimize the possibility of contamination. 
Instrument and transparency measurements should be taken first. 
Water samples should be collected next by sampling the various 
depths starting at the surface and working towards the bottom. 
Caps should not be removed from the sample bottles until filling 
the bottles. Bottle caps should always be held in your hand 
rather than laid down in the boat. If a water sample appears non
homogeneous (e.g., some large suspended or floating particles) 
discard and re-sample. If at any time you think the water column 
has been contaminated you should either move at least 200-300 feet 
from the current site but still within the deep basin to re-sample 
or leave the site and return the next day. If sediments are to 
be sampled, these samples should be the last samples collected 
from each site. This will prevent sediment contamination of the 
water samples. 

After sampling be sure to clean up all equipment. Rinse sediment 
off ropes, sampling devices, and the anchors. This will minimize 
contamination of the next sampling site. 

For safety concerns, lake sampling is done by two or more people. 
It is most efficient if one person determines the Secchi disc 
transparency and collects the chlorophyll ~ sample while the other 
person does the temperature/conductivity profiles and locates the 
thermocline. They then proceed with the other samples to be 
collected. The specific techniques are outlined in the paragraphs 
below. 

4.D.3.a. Secchi Disc Measurements 

A Secchi disc (Figure 4.0.-1) is used to determine the 
transparency of the water. Transparency is affected by many 
factors, including phytoplankton, suspended solids, and natural 
water color. The water column depth equal to twice the Secchi 
disc depth is considered to represent the euphotic zone. This is 
the depth that has sufficient light for the growth of aquatic 
plants (Figure 4.0.-2). Secchi disc readings should be taken 
between 10:00 a.m. and 4:00 p.m. if possible. Transparency 
measurements should not be taken when the lake is very rough or 
when the lake is being used by a large number of motor-powered 
boats which may agitate bottom sediments and reduce water clarity. 
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Use the following steps when measuring transparency. 

Anchor the boat before measuring the transparency to ensure 
that the Secchi disc is observed straight down, instead of on 
an angle. 

Attach a graduated line (one foot increments) to the disc. 

Disc measurements should be obtained by lowering the disc 
into the water on the shaded side of the boat. The observer 
should lean over the side of the boat, directly over the disc 
as it is lowered. The depth at which the disc just 
disappears is noted. It is then raised slowly until it again 
becomes visible and that depth is noted. The point half-way 
between the two readings is the Secchi disc measurement. The 
disc should then be raised several feet and the procedure 
repeated and an average for the two values calculated. Round 
results to the nearest one-half foot (e.g., 6, 6~, 7, 7~ 
feet) and record on the field data sheet. If Secchi disc is 
visible at the bottom, note this on the field data sheet. 

4.0.3.b. Chlorophyll ~ Samples 

After the Secchi disc depth has been determined, measure out twice 
this length of rope and mark it with a clip or knot. This is the 
depth of the euphotic zone through which the depth integrated 
composite water sample for chlorophyll ~ will be collected. 

Use the weighted sampling container with two tubes through the 
cap. The tubes provide escape of air and uniform entry of water 
while the container sinks and then is retrieved through the water 
column. See Figure 4.0.-3 for an example of a chlorophyll ~ 
sampler. 

The sampling container should be rinsed with lake water at each 
site prior to collecting the sample. Lower the sampler to a depth 
of twice the transparency and then raise it to the surface. The 
sampler should be lowered and raised at a uniform speed such that 
the sampling container is slightly less than full as it reaches 
the surface. If the sampler is full, do not use it for the 
sample. Empty it and re-sample. The size of the opening in the 
sampler and/or speed of lowering and raising should be adjusted as 
necessary. The object of this procedure is to ensure that water 
is collected from the entire euphotic zone. Figure 4.0.-2 diagrams 
this procedure. 

Extreme care must be taken not to contaminate the sample by 
resuspending the bottom sediments. Therefore for shallow lakes 
with depths less than twice the Secchi disc transparency, the 
sampling container should not be lowered to a depth closer than 
three feet from the bottom. Invery shallow lakes (ie. <10 feet) 
the sampling container may be carefully lowered closer to the 
bottom. 

A subsample should be poured into a 250 ml brown bottle, preserved 
with one drop MgC03 , and handled according to the procedures in 
Chapter 3, Sample Preservation and Handling. 
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Chlorophyll g samples only have a 48 hour holding time prior to 
filtering. If these samples can not be delivered to the lab 
within this time period, they must be field filtered and stored in 
90\ acetone as per the following procedures: 

The chlorophyll g field filtering apparatus consists of a 
Millipore vacuum pump, filter funnel, and flask. 

Connect the vacuum end of the pump to the filter funnel with 
a high-pressure rubber hose and secure filter funnel to 
flask. 

Place a 0.45 u membrane filter on suction pad and secure 
funnel cup. 

Wet pad with chilled distilled water, turn on vacuum pump, 
and set vacuum to 12 to 15 in. Hg. Turn off vacuum pump. 

Shake MgC03 preserved sample vigorously and pour a 50 ml 
aliquot into a graduated cylinder. 

Pour the 50 ml aliquot into the funnel, wash sides of 
graduated cylinder with chilled distilled water into funnel, 
and turn on vacuum pump. 

When all of the sample has filtered through, wash sides of 
filter cup with chilled distilled water and allow all water 
to filter through. Turn off vacuum pump. 

Remove the filter cup, then carefully remove the membrane 
filter from filter pad using forceps. 

Fold membrane filter into quarters and place in fluted test 
tube. 

Dispense 10 ml of 90% acetone into test tube and cap with 
cork stopper. The membrane filter should dissolve in the 
acetone. 

Label test tube and cork stopper with lake name and date, 
mark a line on outside of test tube at level of acetone, and 
seal cork stopper with parafilm wrap. 

Store test tubes in dark container on ice in ice chest. 

4.D.3.c. Temperature and Conductivity 

Lake water column profiles of temperature and conductivity are 
measured using a YSI model 3000 T-L-C meter. Generally, these 
parameters are measured at ten equally spaced depth intervals 
between the surface and within three feet of the bottom. If the 
lake basin is less than 50 feet deep, sample every 5 feet. For 
lakes designated as coldwater fishery lakes by the DNR, additional 
measurements should be taken at 2tn foot intervals through the 
thermocline. Record all measurements on the field data sheet. 

The T-L-C meter should be calibrated before and after each 
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sampling season using the calibration test probe (YSI model 3040). 
The calibration of the meter should be verified daily while in use 
by using the 147 umho and 291 umho conductivity standards prepared 
by the Lab. Notes on the calibration should be recorded on the 
field data sheets. Refer to the instructions manual for the YSI 
model 3000 T-L-C meter for specific operating information. For 
other temperature and conductivity meters, see Introduction and 
General Procedures, Section 4.A. of this chapter for procedures. 

4.D.3.d. Dissolved Oxygen 

Water column dissolved oxygen will often vary from 10 to 0 mg/1 
between the surface and bottom of a lake. Although D.O. meters 
are convenient to use, they cannot be calibrated to accurately 
measure oxygen over this extended range. Additionally, hydrogen 
sulfide which is often present in the D.O. depleted hypolimnetic 
waters of lakes will interfere with the measurements and may ruin 
the probe electrode. Therefore, it is recommended that the 
Winkler method for D.O. analysis be used for lakes (See 
Introduction and General Procedures, Section 4.A. of this chapter 
for specific information on the Winkler method). 

Dissolved oxygen samples should be collected at the surface, mid
water column, and three feet off the bottom of the lake during the 
spring sampling season. For lakes that do not turnover every 
spring, additional D.O. samples should be collected at 10 foot 
intervals and at additional depths through the thermocline. For 
summer stratification, D.O. samples should be collected at the 
same depths that temperature and conductivity were measured. For 
lakes designated as coldwater fishery lakes by the DNR, additional 
D.O. samples should be collected at 21n foot intervals through the 
thermocline. For shallow lakes that do not stratify during the 
summer, D.O. samples should be collected only at the surface, mid
water column, and three feet off the bottom of the lake. 
Dissolved oxygen samples should be collected in standard glass BOD 
bottles using a Kemmerer sampling container as described below. 
Dissolved oxygen samples should be titrated in the field within 
eight hours of collection using the procedures outlined in the 
Introduction and General Procedures, Section 4.A. of this Chapter. 
All results should be recorded on the field data sheet. 

Water samples at specific depths are taken using a Kemmerer, 
VanDorn or other similar depth type sampler. This document 
discusses the use of the Kemmerer sampler. When using other 
equipment, obtain field procedure guidance from manufacturers. 

The Kemmerer sampler is a long, cylindrical container, 
approximately one and one half to two feet in length, open from 
both ends which can be remotely closed and sealed to collect a 
discrete sample at various depths. A Wildco brass 3.2 L Kemmerer 
sampler is used for all inland lake sampling. 

Procedures for using the Kemmerer sampler are as follows: 

Use a rope or line marked in one foot intervals with 
waterproof paint, ink, nail polish, or tape. Mark with 
different colors at 5 or 10 foot increments. 

A seven or eight inch plastic tube should be connected to the 
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sampler outlet mechanism to eliminate air bubbles in the 
dissolved oxygen samples. 

Open both ends of sampler. 

Lower to desired depth, being careful not to touch bottom and 
disturb sediments. Start by sampling the depth closest to 
the surface and proceed down to the next lower depth. 

Drop messenger down to trigger closure of sampler at the 
desired depth. After closing the sampler at the bottom 
depth, lower the sampler to verify that you are within three 
feet of the bottom. 

Retrieve and fill sample bottles. 

The dissolved oxygen bottle should be the first bottle filled from 
each Kemmerer grab sample. Fill the D.O. bottle by running water 
down the inside of the bottle with no agitation. Overfill the 
bottle by 2 to 3 times and insure that any air bubbles are removed 
before capping. 

4.D.3.e. pH 

Water column samples for pH measurements are taken from the 
Kemmerer grab samples at surface, mid-water column, and three feet 
off the bottom depths for spring turnover sampling. For summer 
stratification sampling, these samples are taken from the surface, 
mid-thermocline, and three feet off the bottom depths. All pH 
samples should be kept in plastic 250 ml bottles and stored in a 
styrofoam cooler until analyzed. The samples are analyzed on
shore using a Sargent Welch model 2000 pH meter. The pH meter 
should be calibrated against pH 7 and pH 10 buffers according to 
the following procedures: 

Adjust center outer (clear) dial to 100% on the white slope 
line. 

Adjust center inner (black) dial to temperature of the 
buffer. 

Insert probe in pH 7 buffer; adjust intercept knob so meter 
reads "7". 

Rinse probe and insert into pH 10 buffer; adjust center inner 
(black) dial so that the meter reads "10". 

Adjust center outer (clear) dial to correct temperature. 
This determines the efficiency of the probe. 

The center inner (black) dial should be adjusted to the 
temperature of the individual samples. 

Check calibration at each lake. 

For other pH meters, see Introduction and General Procedures, 
Section 4.A. of this Chapter for calibration procedures. 

Refer to the instructions manual for the Sargent Welch model 2000 
pH meter for specific operating information and glass electrode 
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storage and care instructions. Batteries should be replaced prior 
to spring turnover sampling each year and, if needed, prior to 
summer stratification sampling. 

4.D.3.f. Alkalinity, Major Cations and Anions 

Water column samples for alkalinity and major cations (Ca, Mg, Na, 
K) and anions (Cl, S04 ) are taken from the Kemmerer grab samples 
at surface, mid-water column, and three feet off the bottom depths 
during spring turnover sampling. These samples are kept in 
plastic 250 ml bottles and they should be preserved and handled in 
accordance with the procedures in Chapter 3 of this manual. 
Generally, alkalinity and the major cations and anions are only 
measured once per lake for background levels. 

4.D.3.g. Nutrients 

Water column samples for ortho and total phosphorus, 
nitrate/nitrite, ammonia, and Kjeldahl nitrogen are also taken 
from the Kemmerer grab samples at discrete depths for each lake. 
For spring turnover sampling, these samples are collected at the 
surface, mid-water column, and three feet off the bottom of the 
lake. For summer stratification sampling, these samples are taken 
at the surface and at three feet off the bottom of the lake as 
well as at the mid-thermocline depth. Nutrient samples are kept 
in plastic 250 ml bottles and they should be preserved and handled 
in accordance with the procedures in Chapter 3 of this manual. 

4.D.3.h. Sediment Samples 

Sediment samples should be collected by slowly lowering an Eckman 
dredge to the bottom being careful not to dissipate the sediment 
upon impact or flush it through the top of the dredge. Sediment 
should be skimmed off the top with a teflon spoon or scoop to 
obtain the most recently deposited material. For 
paleolimnological analyses, sediment cores should be taken, 
however for general sediment analyses, the surficial sediment 
layer is most representative of current lake conditions. When 
both inorganic and organic parameters are to be analyzed, a single 
sediment sample should be prepared, thoroughly mixed and then 
subsampled. This will insure that each sample is approximately 
the same percent of total solids. Both percent total solids and 
percent organics should be run on each sample to allow for inter 
sample comparisons. 

4.D.3.i. Macrophytes Survey 

A qualitative macrophyte survey is conducted for each lake during 
the summer sampling period to determine general aquatic plant 
distribution and density around the lake. For most lakes, 300 to 
500 foot sections of the littoral zone along each orientation of 
the lake (usually four or more areas) are surveyed for macrophyte 
types and density. The back of the field data sheet is used to 
tally the species present and location as well as their density in 
general terms (i.e. found, sparse, moderate, dense, impaired use). 
A garden rake is used in shallow water and a weighted multi-tined 
grabbling hook sampler is used for deeper water to bring the 
aquatic plants to the surface for identification. 
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4.D.4. EQUIPMENT INVENTORY CHECKLIST 

Boat, motor, gas tank, oars, anchor, and safety equipment 
Fathometer: meter, transducer, battery 
pH Meter, extra glass electrode, standard buffers 

T-L-C Meter, conductivity standards, pocket thermometer 
Kemmerer sampler 
Secchi disc 
Composite chlorophyll g sampler 
Filter pump and apparatus for chlorophyll g samples 
Rope or line graduated in one foot increments 
Appropriate sample bottles and preservatives 
Hydrographic maps, county maps, state highway map 
Field notebook, field data sheets, and lab sheets 

4.D.S. FIELD NOTES 

Frequently not enough notes are taken while in the field. The 
more information that is obtained, the more meaningful the 
analytical data will be. At a minimum, field notes should include 
the following: 

Name of sampler 
Lake name and location (county and township) 
Date and time of sample collection 
Precise description of sampling location on the lake (include 
basin depth) 
Weather conditions at time of sampling 
Depths sampled 
Location and characteristics of the thermocline 
Percent of shoreline development 
Apparent water color 
Description of bottom material type 
Macrophytes 

Species composition 
Relative abundance (sparse, moderate, dense,etc.) 
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4.E. AQUATIC SEDIMENTS SAMPLING 

4.E.l. INTRODUCTION -THE SEDIMENTARY PROCESSES 

Sediments of freshwater systems can act as reservoirs for 
hazardous substances in the aquatic environment. Freshwater 
ecosystems contain dissolved and suspended particles of organic 
and inorganic substances originating from municipal, industrial 
and agricultural wastes, decomposing organic matter, and soil 
erosion. Sediments accumulate when these materials are deposited 
on stream or lake beds. Table 4.E.-l shows the size range of 
various sedimentary materials, as well as the current velocities 
required to move particles of various sizes along a stream bed. 

Metal and organic contaminants are primarily associated with 
particulate matter in water and are conveyed to underlying 
deposits bound to finegrained materials such as organic debris, 
hydroxides of iron, and manganese or clay minerals. 

The primary mechanism for this association is thought to be 
adsorption - a poorly understood process involving both physical 
factors (typified by van der Waals forces) and chemical factors. 
Adsorption of pesticides on charged clay mineral surfaces can 
occur through various forms of ionic bonding. Several hydrogen 
bonds utilizing oxygen atoms on the clay surface or edge hydroxyls 
have been suggested as possibilities for bonding organic compounds 
to clay minerals. Cationic pesticides such as diquat are adsorbed 
on clay minerals by ion exchange reactions. Acidic pesticides such 
as 2,4-D are only weakly adsorbed by particulate matter via 
anionic bonding. Basic pesticides such as Triazine herbicides are 
physically adsorbed to particulate matter in neutral solutions, 
but they become protonated and ionically adsorbed in acid systems 
or on acid surfaces. The adsorption of polar pesticides to 
organic matter may also be considered of this nature due to the 
high cationic exchange capacity and high surface area of soil 
humus. 

Adsorption of non-polar pesticides such as chlorinated 
hydrocarbons (e.g. DDT, dieldrin) cannot be adequately explained 
in terms of ionic bonding. Rather, the process might be explained 
by hydrophobic bonding similar to that in living systems where 
lipid tissues are primary concentration sites for chlorinated 
hydrocarbons such as DDT and polychlorinated biphenyls. 
Chlorinated hydrocarbons have low water solubilities. Since these 
compounds do not readily dissolve and they do not form hydrogen 
bonds with water, they are readily lost from: the solution phase 
and adhere to lipophilic substances present in soil organic 
matter. 

The above mechanisms describing the binding of organic compounds 
to clay and organic matter have been studied in detail. Although 
there is a lack of information on hydrated sedimentary systems, 
some of these same processes may occur in sediments. For 
instance, behavior of pesticides in sediments may be inferred from 
data describing reactions in moist soil. In general, moisture 
tends to affect pesticides with polarizable moieties more than 
non-polar chlorinated hydrocarbons. 
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T e1b 1 e LJ, E.· -
Relationship~ Letwaen stream velocity and 
sediment particle size 

Critic~! m?:ln current velocity 
cm./scc. 

Type of bed Clear water ~ Iuc!c!y water 

Fine-gr::.incd clay JO so 
Sandy day JO so 
H~rd clay 6o 100 
Fine ~and 20 JO 
Coa:sc sand JD-50 45-70 
Fine gravel 6o 8o 
l\Iedium gravel 6o-8o 8o-1oo 
Coarse gravel 1oo-140 14D-19::> 
Angular stones 170 xSo 

TABI.E A The me~n current velocity of clear and mucidv 
water required to initiate m~Jvcmcr.t along a st~m bed o.f 
various types of hot~om deposit. .:'vioJ~iicd from Schmitz 
(1901). 

Range of phi-
!\~e of pnn:ide size in mm. scale 

Boult!er >250 
, 

-<.) 

Cobble 64-256 -6-J 
Pebble 32-64 -s 

t6-32 -4 
Gravel 8-16 -3 

4-3 -2 
2-4 -I 

Very coarse s;:md 1-2 0 
Coarse sand o·s-x I 

i\Iedium saml Q•2)-Q'j 2 

fine sand o·Izs-o·zs 3 
\r erJ fine sand o·o62s-o· 125 4 
Silt o·oo3 9-o·o62 5 s. 6, 7· s 
Chy <O'OOJ9 9 

~pceJ of flow 
crn./~ec. 

IO 

25 
so 
75 

IOO 

ISO 
200 
JOO 

Diamc:er of rr.inn,d 
particles mc\·cd, ~m. 

0"2 
I•J 
s·o 

u·o 
2o·o 
45'0 
8o·o 

r80·u 

T.'.!,;u: B Th~ ,;pcrd! o( n~'.\' n·,luir···J 
to mo\·c 1.1iner.IJ particles nt uiiTt:rcnt 
size;o. From :'\i!!bc:t (II)5.)i,). 

::Vlesh size and methou.i 
of measuremen.: 

.;ppro:oc. in. u.s. T:;!cr 
:r.m. C• 1uivalent :;ieve no. si'!\·e no. 

D:rect measurement 
Individual wirr. square 
Individual wire square 
t6 o·625 (r5·9 mm.) 
s 0")12 (7'93 nun.) 

4 o·I57 5 ) 

2 o··J787 ro 9 
I 0'039+ 18 16 
o·s 0"0197 35 J:! 
0'25 0'0098 6o 6o 
0"I25 c·OO-t9 I~O II) 

o·c6:.5 o·oo:+ 2JO 2j0 

Se~aratcd by sct~ling 
Separ.:.ted by centriiugc 

TABU: C Suggested tc:r:1inology, catcgori~:s, and method:; for particle-size :malysi3. I\.Iot!ificd from Cummins ( !fJ6:z). 



The organic matter in soil has been found to form bonds with 
pesticides that are 
resistant to aqueous leaching, while clay mineral soils have been 

shown to reversibly hold and release pesticides in dry and moist 
conditions respectively. 

The inter-action of metals with the sediments is usually more 
straightforward. Most metallic salts completely dissociate to 
ionic forms in water. Sedimentary deposits will therefore harbor 
these salts as a mix of ions. Some metallic salts such as mercuric 
chloride (Hgcl,) and cadmium sulfate (CdS0

4
) only weakly 

dissociate in water and are found intact in sediments. 

The process of adsorption can retard bio-degradation. Cationic 
pesticides and nonionic pesticides with low water solubilities 
such as DDT and dieldrin are immobile in soil systems; that is, 
their biological activity is greatly reduced or nonexistent in the 
adsorbed state. In contrast, the weakly adsorbed acidic 
pesticides are mobile in soil and aquatic systems, while the 
biological activity of basic pesticides are greater under alkaline 
or neutral conditions than under acid conditions. However, 
pesticides and metals immobilized in sediments by adsorption may 
enter the food chain through ingestion by mobile life forms, 
absorption by roots or leaves of plants, or chemical leaching into 
the surrounding medium. Thus, these contaminants can pose a very 
real threat to the aquatic environment. 

4.E.2. SEDIMENT SAMPLING PROCEDURES 

Proper collection, preservation and storage of sediment samples is 
vital to the process of contaminant level determination. A 
sampling program must be planned to satisfy the objectives of the 
study, yet remain within the limitations of available manpower, 
time, and money. The survey should use the minimum number of 
sediment samples that adequately represent effluent sites or the 
body of water from which they were taken. A composite sample 
(composed of three or more individual samples) from an area with a 
similar sediment type, should be used unless the objective of the 
study is to determine the variability of contaminants in the area. 

Whenever possible, sample collectors should be very familiar with 
the location of sampling sites before beginning collection 
procedures. Since contaminants adsorb to fine particulate material 
including organic debris, the collector should look for 
depositional zones of fine silts and avoid sand or gravel. When 
the study involves a lake, the sampler should use a hydrographic 
map of the lake bottom: to locate such depositional zones. The 
following sites should be considered for inclusion in any sampling 
program; inlets and outlets, known or potential point and nonpoint 
sources of pollution, across the long axis of the water body via 
grids or transects, and recreational areas such as bathing 
beaches. Potential sampling sites on a lake are shown in Figure 
4.E.-1. 

Small streams should be sampled at background stations upstream 
from the source of contamination, at the suspected source, and 
downstream of the source at various distances to delineate zones 
of pollution. Depositional zones of fine sediments are usually 
located along and just below the concave bank of a curve in the 
stream, or among bars and eddies formed when the stream widens. A 
meandering stream has deposits of fine sediments downstream of the 
midpoint of the curve on the convex bank. 
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Larger streams are usually not well mixed laterally for long 
distances downstream from the pollution sources. Thus quarter
point sampling below the pollution source will reveal channeling. 
Sampling sites on a large stream are shown in Figure 4.E.-2. 

Certain conditions may be more conducive to sediment sampling. 
For instance, better results may be obtained if sediments at a 
source of groundwater contamination or near agricultural runoff 
are sampled after a heavy rain. Also, prevailing winds may favor 
the build-up of contaminants on the leeward side of a lake. One 
study suggests that fall overturn in a stratified lake resuspends 
littoral deposits of fine sediment particles and redistributes 
them across the entire basin. 

Sediment samples must be representative; that is, pertinent 
components must be the same in the sample as in the material being 
sampled. To meet this criteria, sampling equipment and handling 
procedures should be designed so that no significant changes occur 
in the sample before tests are performed. 

Samples for organic and metal contaminant analysis should be 
collected and transferred immediately into clean glass containers 
with screw caps lined with Teflon. Clean bottles should be 
provided by the laboratory, however, if such containers are not 
available bottles and caps should be thoroughly cleansed with 
detergent and hot water, followed by a hot water rinse to remove 
all traces of detergent. Finally, bottles and caps should be 
rinsed three times with laboratory pure water. To prevent 
adsorption of organic constituents to the container, rubber, cork 
and most plastics should be avoided in sampling equipment and 
storage containers. Some plastic containers such as the sterile 
whirl-pak plastic bags can be used as the convenience of the 
container outweighs the minimal adsorption and phthalate leaching 
that can occur. Also, a field notebook should be completed, with 
a description of each sampling station and the physical 
characteristics of each sample. Other pertinent information such 
as weather conditions, air-water temperatures, stream flow, 
turbidity, and presence of aquatic vegetation should be included. 

For sampling sediments in the shallows, a 250 ml wide mouth glass 
bottle can be used to carefully scoop out fine sediments of the 
appropriate depositional zone by hand. The sampler should take 
care not to alter the sample by stirring up the bottom. After 
collection, let the sediment settle in the bottle for a few 
minutes, decant any excess water, then seal with a Teflon-lined 
cap. Attach a sample label to the bottle as described in Chapter 
6, Chain of Custody. 

4.E.3. SAMPLING GEAR 

The Van Donsel-Geldreich sediment sampler shown in Figure 4.E.-3 
collects sediment in sterile whirl-pak plastic bags down to 60 
foot depth. This device operates in the following way. The bag 
mouth is attached to a nosepiece, and the bag is kept shut during 
descent by a bag clamp bar. As the mud plate base contacts the 
bottom, the nosepiece is driven into the sediment by the weight of 
the sampler. As the nosepiece moves downward, the bag slides 
through the bag clamp bar, opens, and fills with sediment. The 
bag is sealed when the double noose tied to the bottom of the bag 
is pulled, before the apparatus is returned to the surface. 
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Grab samplers can also be used to collect sediments, and each type 
has definite advantages for sampling particular substrates. The 
Petersen grab (Figure 4.E.-4a) is used for sampling hard bottoms 
such as sand, gravel, marl and clay in swift currents in deep 
water. It is fairly heavy (30 lb - 70 lb with auxiliary weights) 
and is2manufacture in2sizes that will sample an area of 0.06 to 
0.09 m (.6 to 1.0 ft ). To operate, set the jaws open and lower 
it slowly to the bottom to avoid disturbing lighter bottom 
materials. Rope tension is then eased to release the catch. A 
lever closes the jaws as the grab is raised. 

The Ponar grab (Figure 4.E.-4d) is used in deep lakes and is 
capable of sampling the widest variety of substrates. Its size, 
weight and lever system are similar to those of the Petersen grab, 
although the sample compartment has side plates and a screen on 
the top to prevent loss of a sample during closure. 

The Ekman grab (Figure 4.E.-4e) is useful for sampling softer 
substrates such as silt, mud, and sludge in waters with little 
current. This lightweight (7 lb) device cannot be used on rocky 
or sandy bottoms as small pebbles or grit may prevent proper 
closure of the spring-operated jaws. These jaws on the bottom of 
the sample compartment must be manually locked before the device 
is lowered into position The top of the grab has two hinged 
overlapping lids. These lids are held partially open by water 
passing through the sample compartment for an easy, straight 
descent. Water pressure keeps these lids tightly closed when the 
sampler is being retrieved. The sampler is made in three sizes, 
although the smallest (15 em) is usually the most desirable for 
taking replicate samples. 

The 100 lb Smith-Mcintyre grab (Figure 4.E.-5c) can only be 
operated from a large boat equipped with a winch. However, its 
bulk and weight make it very stable and easy t2 control ~n rough 
water. This device can sample an area of 20m (2.15 ft ). 

The Shipek grab (Figure 4.E.-5a) is used primarily on large lakes 
and marine waters. The sample compartment is composed of two 
concentric half cylinders. When the grab touches bottom, inertia 
from a self-contained weight releases a catch and helical springs 
rotate the inner half cylinder 180 degrees. The sample bucket may 
be disengaged from the upper semicylinder by releasing the two 
remaining latches. This device is designed to take a sample 0.04 
m (1 in x 8 in) in surface area, and approximately 10 em (4 in) 
deep at the center. 

The orange peel grab (Figure 4.E.-5b) is used to sample sandy 
substrates in deep water. This multijawed round grab has a canvas 
closure at the 3op serving as part of the sample compartment. The 
1600 em (100 in ) size is generally used. 

Core samplers are used to sample sediments in depth. Such samples 
can be used to document historic contamination. The are~ 
collected at the mud-water interface is small (2 to 4 in ). The 
widely used Phlegler core 

(Figure 4.E.-4b) operates on the gravity principle. Designs vary 
among manufacturers--some have interchangeable weights that allow 
variations between 17 and 77 lbs., while other fixed weight · 
designs weigh 90 lbs or more. The Wilding or stovepipe sampler 
(Figure 4.E.-4c) is especially useful in sampling sediments among 
dense vascular plant growth. 
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In a study of Southern Lake Huron sediments, the EPA used an 
improved core sampler manufactured by Benthos, Inc., of N. 
Falmouth, Massachusetts. The plastic core liners were outfitted 
with a butterfly valve which decreased resistance to water flow 
through the core during descent through the water column and upon 
impact with the sediments. This alteration, plus the procedure of 
lowering the sampler to a position 5-10 meters above the sediments 
before allowing it to fall freely, kept disturbance of surface 
sediments to a minimum. 

Sediment samples obtained using dredges and corers should be 
processed as soon as possible to ensure that the sample is truly 
representative. After emptying the dredge carefully into a pan, 
the operator should use a clean 250 ml wide mouth glass bottle to 
scoop out the sample from the center of the material. The bottle 
should be sealed with a Teflon-lined cap, and labeled as discussed 
above. • 

Cores are removed from the coring device (smaller hand corers 
usually have a plunger, while longer cores may need to be removed 
by a hydraulic extruding device) and sectioned. In a coarse 
sectioning scheme, the core is cut into the following lengths: 1 
em intervals to 14 em, 2 em intervals to 30 em, and 5 em intervals 
to 60 em depth or to the bottom of the core. In a fine sectioning 
scheme, cuts are made at these points: 
.5 em intervals to 10 em, 1 em intervals to 20 em, 2 em 
intervals to 
30 em, and 5 em intervals to 60 em depth or to the bottom of the 

core. 

The sections are placed in whirl-pak plastic bags and labeled. 
The label should include core length along with the other 
information mentioned above. 

All sediment samples, whether collected by hand, dredge, or coring 
device, must be preserved if the sample is to maintain its 
integrity. Freezing is the best method. This can be done by 
placing the samples in an insulated container with dry ice. If 
freezing is not feasible, the samples should be kept at 4°C in 
insulated containers filled with ice. Sediment samples for 
certain toxic material analyses must not be held longer than two 
days prior to laboratory testing. To avoid photodegradation, 
samples should always be held in the dark when possible. 

The field collector is responsible for the samples collected until 
they are properly dispatched to the receiving laboratory. This 
responsibility extends to making sure that samples are assigned 
laboratory I.D. numbers and that these numbers accurately 
correspond to the samples described on the laboratory sheet. 
Laboratory receipts for samples submitted should be maintained by 
the sample collector until analytical results are received. 

For samples requiring expedited (priority) analysis, Chapter 2 -
Laboratory Priorities and Scheduling, should be consulted. 
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FIGURE 4. E..- I 

Sampling a Lake or Impoundment. (A) inlets, (B) potential source of 
pollution, (B

1
) village, (B

2
) agricultural run-off, (B 3 ) home septic 

tank, (C) multi-point transect, (D) bathing beach and (E) outlet above 
and below dam. 



FIGURE 4 I I= I - J-

Sampling a Large Stream. (A) control station, (B) agricultural pollution, 
(C) industrial discharge, (D) quarterpoint transect (E) tributary, and 
(F) downstream monitoring. 
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FIGURE '1. E I- 3 

Van Donsel-Geldreich Sediment Sampler. (A) sterile 
"Whirl-Pak" plastic bag, (B) nose piece, (C) weight, 
(D) mud plate, (E) slide bar, (F) part of the double 
noose, (G) attachment for the suspension line and 
(H) bag clamp bar. 



Figure 4. r -4b. Phleger core 
sampler. 

Figure 4 l-- -4d. Ponar grab. 

:_cl't 

Figure 4. E -4a. Petersen grab. 

0 
Figure 4 F -4c. Wilding or stovepipe 

sampler. 

1 
i 

Figure 4 F -4e. Ekman grab. 
FIGURE 4 .[ • -4 

Y.E.-tC 



~ 
Figure 4.Q.-Sa. Shipek grab. 

6 
Figure 4.~.-Sc. Smith-Hclnture grab. 

Figure 4.~.-Sb· orange peel sampler. 

~ 

FIGURE 4. F ""5 
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4.F. QUALITATIVE BIOLOGICAL AND HABITAT SURVEYS IN WADABLE STREAMS 

See GLEAS Procedure #51 
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4.G. FISH TASTE AND ODOR STUDIES 

See GLEAS PROCEDURE #55) 

4.H. CAGED FISH CHEMICAL BIOCONCENTRATION STUDY PROCEDURE 

See GLEAS PROCEDURE #62 

4.I. FISH CONTAMINANT MONITORING 

See GLEAS Procedure #31 
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CHAPTER 5. FIELD QUALITY CONTROL PROCEDURES 

5.A. INTRODUCTION 

An integral part of any quality assurance program includes field QC 
samples. These are particularly valuable for evaluating the effective
ness of sampling strategies and estimating the precision and accuracy of 
results. This section describes the general guidance and frequency for 
collecting field replicates and blanks. Specific details on the methods 
used can be found in chapter 4. 

5.B. FIELD BLANKS 

Field blanks are samples of distilled water that demonstrate the 
cleanliness of sample bottles, preservatives, equipment, and the sample 
handling procedures. Deionized water is taken in the field and poured 
into sample bottles at the same time as when field samples are being 
preserved. When preparing the field blank any preservative added to 
investigative samples should also be added to blank samples. When a 
sample is collected with sampling equipment such as automatic samplers 
the blank should be an equipment rinsate. For soil or sediment samples 
the blank should be a sample collected from a background location or a 
site that is known to be uncontaminated. 

Ideally, each batch of samples collected should have a set of 
appropriate field blanks. However, this is not always practical for 
sampling programs that typically collect only a few samples at a time. 
For these programs the number of blanks collected should be sufficient 
to allow an annual assessment of whether contamination of samples is 
occurring from equipment washing or sample handling procedures. For all 
samples except volatile organic samples, as an absolute minimum, one 
blanks should be collected for every 20 investigative samples. However 
for some programs a frequency of one blank for every 10 investigative 
samples may be more appropriate. 

For volatile organic samples, trip blanks will be collected at a 
frequency of one (consists of 2 vials) per cooler that contains volatile 
organic samples. This is to check for possible cross contamination 
during shipping and storage. Trip blanks will be prepared in the 
laboratory by filling sample bottles with organic-free reagent water, 
capped and shipped along with empty sample bottles to the field. The 
trip blanks will remain unopened throughout the whole sampling trip, and 
will be shipped along with filled sample bottles back to the lab for 
analysis. 

5-1 



Field blanks are applicable to most of the parameters analyzed from the 
following sample containers: 

Sample 
Container Code 

GA 

GB 
s 
GN 

MA 
GG 
GP 
MD 
MAD 

MN 
MB 
PO-l 
P0-2 
POV 
ON 
OB 
OA 
OG 
CA 
MX 
ox 

Parameter Groups 

Gen. Chem./Acidic (COD, TOC, phenolics, ammonia, tot. 
phos., Kjel. N.) 
Gen. Chern. Basic (Cyanides) 
Sulfide 
Gen. Chem.jNeutral (nitrate, nitrite, orthophosphate, 
BOD, turbidity, residues and silicates) 
Metals, Total Acidic 
General Chern Phenolics 
General Chern Phenolics- Dechlorinated 
Metals, Dissolved (Lab Filtration and Preservation) 
Metals, Acidic Dissolved (Field Filtration and 
Preservation) +6 
Minerals/Neutral (pH, cond., Cr , anions, cations) 
Minerals/Brine (anions and cations) 
Purgeable Organics, Scan 1 
Purgeable Organics, Scan 2 
Purgeable Organics, soil 
Org./Neutral Extract, Scan 3 
Org.jBasic Ext. GC/MS, Scan 9 
Organics, Acid Extractables (Scan 8) 
Oil and Grease 
Chlorophyll 
Metals EP Toxicity 
TCLP Volatiles 

A field blank should contain all the same preservatives as the 
investigative samples. However, dechlorinating agents are used to 
remove chlorine from some water samples. Because field blanks will not 
contain chlorine, dechlorinating agents should not be added to field 
blanks. 

Sample containers used for field blanks should come from the same supply 
as used for routine samples. The field blank should be entered on the 
sample sheet(s) in the same manner as other samples and identified as a 
"field blank". The time of chemical addition should be entered as the 
time of collection on the sample sheet(s). Field blanks should be 
stored and transported in the same manner as the other containers of the 
same container code. 

Field blanks are not applicable to non-water matrices and some water 
samples. These include: 

Sample 
Container Code 

9/94 

DO 
GS 

MS 
M 
MO 
OS 
OL 
OT 
BC 
POV 

Parameter Groups 

Dissolved Oxygen 
Gen. Chern., Sed.-Soils (Tot-P, Kjel-N., CN, COD, 
Phenolics) 
Metals, Soil, Sediment, Sludge 
Metals, Tissue 
Metals/Oil, Liquid and Solid Waste 
Organics, Sediment, Sludge, Soil 
Organics, Liquid Waste 
Organics, Tissue 
Bacteria 
Purgable volatiles/soil 
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S.C. FIELD REPLICATES 

Field replicates are two independent samples taken from one sampling 
point. Depending on the sampling program and proposed analyses, these 
may be side-by-side grab samples, composite samplers mounted in 
parallel, or samples collected with two different but equally acceptable 
methods. The main purposes of field replicates are to measure the total 
variability of samples including analytical variability and field 
variability. The laboratory quality control data generated from 
duplicate analyses of a single sample measures analytical variability 
only. Analytical variability may be only a small portion of the total 
variability. Field staff must evaluate their own replicate results and 
investigate possible sources of error. 

The frequency of field replicates should be the same as field blanks, or 
as a minimum about one field replicate for every twenty samples. A 
higher frequency may be necessary for special projects or to help 
resolve special sampling problems. Each sampling program will keep 
track of all blank and replicate results and annually summarize results. 
The laboratory does not summarize or analyze field replicate or blank 
results other than to possibly flag obvious discrepancies. 

Overall, goals for field blanks and field replicates are for no 
deterioration over time. For each program beginning with the 1994 
calendar year the annual average, median and 10% exceedance value for 
replicate range and blank results will be calculated from the field 
blank and replicate data. 

S.D. BLIND DUPLICATES 

Blind duplicates are generally splits of a single field sample which has 
been submitted without notifying laboratory personnel. Their major 
purpose is as an external audit on the quality of laboratory data. If 
an adequate quality assurance program is in operation, the additional 
information provided by blind duplicates is very limited. They are of 
no value if routine formal evaluation of the results is not practiced. 
The laboratory should be promptly notified of all blind duplicate 
results after the person submitting them has received the results. The 
results may indicate a problem, but it will generally be too late to 
investigate and correct the cause of the problem if prompt notification 
of the lab is not done. Blind duplicates should be submitted only to 
address special problems or needs. Therefore there is no recommended 
frequency for these samples. 

S.E. SPLIT SAMPLES 

If samples are to be analyzed by two or more different laboratories as a 
check of analytical performance, it is imperative that each laboratory 
is analyzing the same sample to start with. A representative sub-sample 
of a homogenized sample should be submitted to each lab. It should be 
absolutely clear to all participants which parameters are to be analyzed 
and how they are to be reported. 

If there are only two participants, the results should be checked for 
overlapping confidence intervals based on the expected precision of the 
two laboratories. It may be difficult to locate the source of any 
significant differences identified. 
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Some of the most frequent causes of error are: 

the use of an improper method, 
the improper use of a correct method, 
an inadequate quality control program, 
poorly trained laboratory staff, or 
insufficient attention to preservation techniques and holding 
times. 

When more than two laboratories perform split sample analyses, it may be 
easier to identify poorly performing laboratories. Quite often, 
individual performance is measured against a median or mean value. 
Outliers should not be excluded from final statistical evaluation for 
establishing adequate performance. It is possible that a significant 
number of participants may erroneously influence the results through 
common use of biased methods. Different studies may require different 
methods of evaluation depending on individual circumstance. 

S.F. FIELD SPIKES 

Field spikes of standards into actual samples or laboratory supplied 
deionized-distilled water are of interest only for special studies. 
They are not practical for routine use because of the special 
precautions which must be taken. Field spikes are particularly valuable 
for determining the suitability of sample containers for certain 
constituents, the accuracy of methods, and the applicability of holding 
times. The components of a study using field spikes should be evaluated 
on an individual basis. 

S.G. LAB MATRIX SPIKES 

A matrix spike is a sample which has had added to it a volume of a 
standard of known concentration. It is used to measure the recovery of 
a process or as a measure of precision when analyzed in duplicate. The 
use of a sample matrix is intended to include matrix interference 
effects in the precision or accuracy measurement. 

The MDNR Environmental Lab analyzes organic sample matrix spikes at a 
frequency of 1/20. The field staff should periodically submit twice as 
much sample (for organic parameters) to the lab to provide the necessary 
volume of sample for the matrix spikes. 
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CHAPTER 6 - CHAIN OF CUSTODY PROCEDURES 

6.A. INTRODUCTION 

Physical evidence in the form of samples, pictures or other documents, 
may be used to support litigation. Thus, the regulatory agency must be 
able to provide the chain of possession and custody of any samples which 
are offered for evidence or which form the basis of analytical test 
results introduced into evidence. Therefore, it is imperative that 
these written procedures be available and followed whenever samples are 
collected, transferred, stored, analyzed, or destroyed. The primary 
objective of these procedures is to create an accurate written record 
which can be used to trace the possession and handling of the sample 
from the moment of its collection through analysis and its introduction 
as evidence in a court of law. 

6.8. DEFINITIONS 

Custody: A sample is in someone's custody if 

1. It is in one's actual physical possession; or 
2. It is in one's view, after being in one's physical 

possession; or 
3. It is in one's physical possession and then locked up so 

that no one can tamper with it; or 
4. It is kept in a secured area, restricted to authorized 

personnel only. 

Preservation Blank: A sample container filled with distilled and 
deionized water and preserved with the same chemical preservative and in 
the same manner as samples collected in the field. 

Laboratory Sample Custodian: A laboratory employee who has been 
designated to take charge of receiving, storing, and destroying samples. 

Sample Storage Area: A room or area which is either locked or 
access is limited to authorized personnel only. 

Laboratory Report Sheet: The laboratory report sheet will record 
sample location, collection time and date, sampler's signature or 
written initials, custody transfers, laboratory log number, date and 
time received at the laboratory, examiner's name, and is the means of 
conveying laboratory results. 

Sample Preservation: Treatment after collection of the sample to 
stabilize one or more constituents of the sample prior to transport to 
the laboratory for analysis. Procedures used to preserve samples 
include refrigeration, pH adjustment, and chemical treatment. 

Sample Identification: A tag or label affixed to the sample con
tainer used to identify the sample. 

6.C. GENERAL CONSIDERATION 

Confirm the legality of the search; (i.e., consent search, search 
warrant, etc. to be obtained). Trespassing for the purpose of evidence 
collection is an illegal act. 

The number of people handling the samples should be minimized. 

All records must be legible and filled out in waterproof ink. 
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Changes are made by crossing out, not erasing, and initialing. 

Each sample must be accurately and completely identified. 

Proper sampling methods must be utilized. It is necessary to use 
proper sample collection techniques, tools, bottles, 
preservatives, and observe holding times so the samples can be 
used for evidence at a later date. Not following any one of the 
necessary chemical, biological or legal rules could result in the 
evidence not being admitted into the court. It is also very 
important to be sure that cross-contamination between samples does 
not occur. 

6.D. SAMPLE COLLECTION, HANDLING AND IDENTIFICATION 

Procedures for sample collection and preservation as addressed in 
previous sections are to be followed. 

Each sample is to be identified by affixing a pressure sensitive 
gummed label or standard tag on the container(s) (See Chapter 3, 
Section 3.C.l, Sample Bottle Labeling and Codes). Using a water
proof pen, the label should contain, as a minimum, the sample 
field identification number corresponding to the laboratory sheet, 
source name; e.g., corporation, river, landfill (initials may be 
used), and location of sampling (process or cooling water 
discharge) or STORET number, date sample was collected, bottle 
code (analysis required), and preservative techniques used. Where 
a label is not available, the same information should be affixed 
to the sample container with indelible, water proof marking pen. 
The samples collected for pending or existing litigation may 
require additional labeling requirements. Law Enforcement 
Division should be contacted in these instances. 

All samples collected shall, if possible, be maintained in custody 
during transportation to the laboratory with the laboratory reporting 
sheet. 

Whenever the samples cannot be maintained in one's physical 
possession, whether in the field or laboratory, the samples must either 
be locked inside the vehicles, or placed in a secured sample storage 
area. 

Field records should be completed at the time the sample is 
collected and should be signed or initialed, including the date and 
time, by the sample collector. Field records should contain the 
following: 

Sample or log number 
Date and time 
Source of sample (including name, location, and sample type) 
Preservative used 
Analyses required 
Name of collector 
Pertinent field data (Temp., pH, Do, Cl? residual, etc.) 
Serial numbers on seals and transportatron cases 
Sampling equipment used 
Maps or drawings of each sampling site 

This information should be organized in a bound field notebook 
with numbered pages, and should contain any other pertinent information 
necessary to freshen the sampler's memory if asked to testify regarding 
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collection of the sample. For example, if the sample is from a 55-
gallon drum, the name on the drum, and any other information obtained 
from the drum label should be recorded. Each drum must be positively 
identified by spraying or etching a number on the drum exterior and 
recording that same number on the sample label and sample log. Or if 
from a private well or monitoring well, the duration the well was purged 
should be recorded. When a specific investigation may involve an 
extended period of time requiring several contacts, a separate notebook 
should be maintained to record the field notes, follow-up and clean-up 
program. 

Color slides or photographs taken of the sample location and of 
any visible pollution are recommended to facilitate identification 
and later recollection by the inspector. A photograph log should 
be made at the time the photo is taken. After the photo or slide 
has been developed, record the signature of the photographer, 
time, date, site location, and view on the photo or slide. Do not 
describe what the photo illustrates on the back of the photo. 
Photographs and written records which may be used as evidence 
should be handled in such a way that chain of custody can be 
established. 

A blank should be provided for each type of sample collected as a 
check on preservative or container contamination. At least one of 
every 20 samples should have a blank (see Chapter 5 and specific 
sampling procedures in Chapter 4 for more details on how to 
collect banks). Additional blanks may be used at the discretion 
of the sampler. If a preservative has not been used recently, or 
if samples are collected for pending or existing litigation, 
additional preservative blanks should be prepared. 

6.E. TRANSFER OF CUSTODY AND SHIPMENT 

When transferring possession of the samples to the laboratory, the 
laboratory sample custodian will sign the laboratory report sheet and 
assume custody. The time, date, and custodian's signature must appear 
on the laboratory report sheet. 

When an intermediate is required to deliver samples to the 
laboratory, they must assume custody of the sample. The identification 
tag, if required, and laboratory report sheet must contain their signa
ture, date and time of day they assumed custody of the samples. 

Note In transferring custody of the samples to either the laboratory or 
intermediate custodian in the field, an account of the number of samples 
should be made. If samples are transferred using a sealed storage 
chest, only the number of chests transferred should be noted. 

When an intermediate custodian transfers samples to the 
laboratory, the laboratory sample custodian must follow the same 
procedure as indicated in the first item above. 

Transfer of custody samples by commercial carrier is to be 
discouraged. Whenever possible, department vehicles or planes should be 
used. If transfer by commercial carrier is necessary, Department of 
Transportation (D.O.T.) regulation on labeling, packaging and shipment 
must be followed, particularly, where hazardous wastes may have been 
sampled, (see Chapter 3). Note, the individual who ships samples 
contrary to D.O.T. regulations as well as the department may be held 
liable for violations. 

If packages are sent by common carrier, receipts must be retained 
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as part of the permanent chain of custody documentation. 

6.F. LABORATORY CUSTODY PROCEDURES 

A specific person shall be designated laboratory sample custodian 
and an alternate(s) designated to act as custodian in their absence. 
All incoming samples shall be received by the custodian who shall 
indicate receipt by signing the accompanying laboratory report form. 

After arrival at the laboratory, each batch is assigned a unique 
log number and each sample in the batch is assigned a unique 
number by the lab computer. This number will also be entered into 
a permanent laboratory log book. The Sample Receiving staff will 
also record the person delivering the sample, the person receiving 
the sample, date and time received, source of same, and the 
condition the sample was received in. 

The Sample Receiving staff will then alert the appropriate analyst 
of samples ready for analyses. 

A clean, dry dark isolated room, building and/or refrigerated 
space that can be securely locked from the outside shall be 
designated as the "Sample Storage Area." 

The custodian shall ensure that heat-sensitive, light-sensitive 
samples, radioactive, or other sample materials having unusual 
physical characteristics, or requiring special handling, are 
properly stored and maintained prior to analysis. 

The laboratory area shall be maintained as a secured area, 
restricted to authorized personnel only. 

Once the sample analyses are completed, the unused portion of the 
sample together with all identifying labels, are returned to the sample 
storage area. The returned samples are retained until permission to 
destroy the sample is received by the custodian or the recommended 
maximum holding time has elapsed. 

Samples to be retained for physical evidence should be so 
designated and should not be destroyed. Only upon the order of the 
Laboratory Director, and in consultation with a previously designated 
enforcement officials shall the sample be destroyed. 

See Appendix G.F.-1 for sample handling procedure for criminal 
court cases. 

6.G. GAINING LEGAL ACCESS 

When collecting samples on private property, it is important to have 
legal access to the site. There are four ways to gain legal access: 

Voluntary verbal access 

Voluntary written access (consent to search form) 

Administrative Inspection warrant 

Full criminal search warrant 

Voluntary written access permission is best if you expect to go to 
court. However, overstating the importance of this to the person who is 
to sign could make him reluctant to allow access. Quite often search 

9/94 6-4 



warrants are the first thing attacked in pre-trial motions, and may 
represent the weakest link in the case. Trespassing or committing other 
illegal acts to gain evidence is inadmissible in court. Appendix 6.G.-1 
is an example of a consent to search form. 
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'-----

APPENDIX 6 .G. -1 

CONSENT TO SEARCH* 

(Date) 

(Location) 

I , , an authorized --------------------------------------
representative of -------------------------------------------
having been informed of my constitutional right not to have a search 

made of the premises and/or sites hereinafter mentioned without a 

search warrant and of my right to refuse to consent to such a search, 

hereby authorize ----------------------------------------------(name of agencies & officers/agents) 

to conduct a complete search of the premises and/or sites located at 

These (officers or agents) are authorized by me to take from the above· 

mentioned premises or sites -------------------------------------

This is a voluntary, written permission given by me, an authorized 

representative of to the above named -----------------------------
person and/or agencies. 

Witnesses: Signed: 

Date: 

* From State of Michigan, Department of Natural Resources, 
Environmental Enforcement Division. 



MICHIGAN 
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APPENDIX 6.F.-l 

PR.CCEDURE 

ENVIRCNr-1.ENTAL L;l.ECRATORY 

SUBJECT: Chain of Custody Procedure for Criminal Court Cases 

NO.:PD-18 -~ 
DATE REV .10-22+2 

FORMS: Transmittal of Evidence and Laboratory Analysis (R9103, Rev. 6/81) 
~equest for Priority I Laboratory Analysis (R4422, Rev. 8/85) 

EFFECTIVE DATE: October 22, 1992 

1. Definition 

1.1 A sample is in custody if it is: 

1.1.1 In actual physical possession, or 

1.1.2 In view after being in physical possession~ or 

1.1.3 Locked in a cabinet after being in physical possession. 

1.2 Sample custody must be maintained from sampling to disposal. 

1.3 Only samples meeting the following criteria will be kept in criminal 
case custody (all others will be kept in routine custody as outlined 
in Quality Assurance for Water and Sediment Sampling; Pub. 3730-
0028): 

1.3.1 MUST have an environmental investioation section case number 
provided by the ECO in charge of the -case, and 

1.3.2 The case MUST be (or have the potential of becoming) a 
criminal (not civil) case, and 

1.3.3 Each bottle MUST be identified with a green enforcement label 
(proper container and preservation technique must be used), 
and 

1.3.4 A sample custody form MUST accompany the samples. 

2. Sample Receiving 

2.1 Criminal case samples will be treated as ordinary samples with 
respect to scheduling, lab capacity and priority assignment. 
Assignment of higher priority will require completion and proper 
approval of Form R4422 (Request for Priority I Laboratory Analysis) 
for each batch of samples submitted. 

2.2 The sample receiving employee will contact the supervisor or his/her 
designee of the Laboratory unit which has the most analyses to 
perform on the sample or which has previously worked on this 
particular case. The supervisor or a lead worker from that unit 
will be designated as the case coordinator (see 3.2). He/she will 
be responsible for sample receipt and maintenance of custody. 

2.3 The case coordinator must initial and date: 



Appendix 6.F.-l Continued 

2.3.1 The Laboratory log book. 

2.3.2 The analysis request sheet. 

2.3.3. The sample custody form. 

2.4 Sample receiving personnel must: 

2.4.1 Count and check the sample bottles for correspondence to the 
analysis request sheet. 

2.4.2 Fill in information in the sample log book (except for the 
signature of the person receiving the samples). Put "E" in 
the column to the right of the order number. 

2.4.3 Fill in the information at the top of the analysis request 
sheet (except for the signature of the person receiving the 
samp 1 es). Stamp "ENFORCEMENT" on the top of the sheet and 
write "E" to the right of the order number. 

2.4.4 After the case coordinator signs the analysis request sheet, 
make a copy for each Laboratory unit, one for the sample 
submitter and one for the SAM operator. 

2.4.5 Write the Lab order number(s) on the custody form and give the 
canary copy (second page) to the submitter. 

2.4.6 Give the remainder of the custody form to the person in charge 
of custody records. 

2.4.7 Attach the bottle labels after the computer prints them out. 

2.4.8 Lock the samples in one of the custody lockers. 

2.5 Computer Log-In 

2.5.1 The sample information is logged into the Laboratory computer 
(SAM) the same as other samples, except that the case number 
is also entered. 

3. Sample Storage 

3.1 After proper receipt, the sample receiver will lock the samples in 
one of the custody lockers. 

3.2 If the case coordinator is not present, the sample submitter will 
lock the samples in the limited access file cabinet. When the case 
coordinator returns, the sample receiving employee will have him/her 
sign the necessary papers, complete the sample receiving procedure 
(see #2) and transfer the samples to the custody lockers. 

3.3 The sample lockers will be arranged sequentially with a separate 
section assigned to each order number. 
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3.4 Keys to the sample lockers are assigned to lab analysts and 
supervisors. Keys to the limited access file cabinet are assigned 
only to case coordinators. 

4. Analysis 

4.1 Authorized analysts will unlock the custody locker, remove desired 
sample bottles, analyze and return the samples to the same section 
of the locker when finished. 

4.2 The sample must be "in custody" at all times when out of the locked 
active sample locker. 

4.3 If an analyst takes samples from one DNR Lab location to another DNR 
Lab location (e.g., from the main Lab to the Filley Street Lab) for 
preparation or ana 1 ys is, he/she will sign the white copy of the 
custody form and enter the date and time. The same custody 
procedures will be followed at the Filley Street Lab as at the main 
Lab, including keeping samples in a locked cabinet when not in use. 
The analyst will return the samples to the main Lab to its assigned 
location in the custody locker. 

5. Reporting 

5.1 The analytical results will be printed out after all data is entered 
into the Lab computer (SAM). One copy is sent to the appropriate 
agency and another is kept on file at the Laboratory. 

5.2 A separate file with all pertinent information will be maintained 
for each Lab order number which the samples have been designated as 
criminal custody. 

6. Sample Release 

6.1 After completion of analyses, a form letter will be sent to the 
investigator stating that the samples are no longer needed by the 
Laboratory and that they should be picked up within one month. 

6.2 If no response to the letter is received within one month, LOCKED 
CUSTODY WILL NO LONGER BE GUARANTEED. due to space limitations. 

6.3 The Lab has additional locked storage space at the Filley Street 
warehouse which enforcement staff may use if they wish to retain 
samples for a period of time after analyses have been completed. It 
is, however, their responsibility to pick the samples up from the 
Lab and take them to the warehouse. 

Approved by: 
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COMMENTS ON CHAPTER 7 

DATA HANDLING PROCEDURES 

Quality Assurance for Water & Sediment Sampling 

I have reviewed this chapter of the Quality Assurance Manual and recommend 
the following improvements: 

(attach additional pages if necessary) 

Submitted by (Name): 
(Division): 

(Unit): 
(Telephone): 

(Date): 

Your comments will be considered in revising the manual to benefit all 
users. Please send this form to: 

Quality Assurance Coordinator 
Environmental Services Division 
Department of Natural Resources 
P.O. Box 30028 
Lansing, Michigan 48909 
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CHAPTER 7 - DATA HANDLING PROCEDURES 

7.A. INTRODUCTION 

The purpose of this chapter is to outline recommended procedures for 
water quality data collection and handling. Routine and STORET procedures 
are described in Sections 7.C. and 7.D, respectively. Data quality 
can be affected during the field collection effort, laboratory procedures, 
computer system storage, data analysis and reporting. If quality assurance 
steps are not followed in these areas, the integrity of the data will 
be lost, and the data will misrepresent the situation being monitored. 
In the process of collection and handling, data can be incompletely 
described, incorrectly transcribed, improperly transposed, or even lost 
if the proper procedures are not followed. 

This chapter also provides data analysis guidelines which include the 
use of significant figures, conversion factors, statistical analysis 
guidelines, and record maintenance. Data handling within the laboratory 
~s covered in Chapter 1 of this manual. 

7.B. GENERAL DATA COLLECTION AND HANDLING GUIDELINES 

7.B.l. FIELD PROCEDURES 

A meaningful data handling procedure begins with proper and adequate 
preparation for the field collection effort. The following steps, as 
a minimum, should be performed: 1) sampling objectives established, 
2) sample sites researched and selected, 3) selection of parameters 
to be sampled, 4) data recording documents prepared, and 5) staff briefed. 
If these steps are properly done, the field staff should be able to 
obtain all of the necessary information in the field with minimal effort 
and avoid errors in the process. 

It is very important that the field staff record all of the field in
formation when they are performing the work rather than relying upon 
their memories. Sampling sites as well as dates and times should be 
specifically and accurately recorded. All of this relevant information 
should be recorded on the data sheets in the spaces provided prior to 
delivery of samples to the lab. This information will then be available 
to the lab personnel for their use during analysis as well as to the 
user upon receipt of the completed analysis from the lab. 

7.B.2. LABORATORY AND OFFICE PROCEDURES 

Within the laboratory and data user's office, care should be exercised 
to avoid error in data handling. Persons responsible for data analysis 
and handling should be properly trained in the procedures required. 
Supervisors should check results by periodically verifying a percentage 
of the calculations by employees. When data is transposed from one 
record to another, all data should be proofed by someone other than 
the transposer. In general, accuracy should be continually stressed 
by supervisors at all levels of data handling. 
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The laboratory data management system is in a transition period. As 
various components of this system are implemented, procedures and forms 
for submitting samples and reporting data will be revised. These changes 
will be implemented with as much advance notice and with as little confusion 
as possible. 

There are presently two separate procedures for submitting samples to 
the laboratory. These are described as Routine procedures and STORET 
procedures in Sections 7.C and 7.D., respectively. 

7.B.3. GENERAL INFORMATION 

Data sheets are used to record field information and to request analyses 
from the laboratory. Two sets or types of data sheets may be used. 
Analysis Request Sheets are for routine use by a variety of programs. 
STORET sheets are for programs which store their data in the STORET 
system. 

Analysis Requst Sheets are available from the laboratory in the receiving 
roomG STORET sheets are available from the STORET Coordinator, Water 
Quality Surveillance Section. The data sheets are subject to change 
as lab methods and organization change. Each data sheet has a date 
and number in the lower right hand corner and a title in the upper right 
hand corner. The most recent data sheet revision should always be 
used. 

Users should fill out as much information on the data sheets as possible 
before going into the field. This will minimize errors on the sheets 
and is essential to good field work organization. 

7.C. ROUTINE ru~ALYSIS REQUEST AND DATA REPORTING PROCEDURES 

7.C.l. ANALYSIS REQUEST SHEETS 

An Analysis Request Sheet for water samples is shown as Figure 7.C.-l 
Use of this form eliminates the need for completing a separate analysis 
request sheet for each laboratory unit. As with STORET Analysis Request 
Sheets, a separate sheet is required for each matrix. A listing of 
the most current analysis request sheets is provided below: 

Revision 
No. Matrix Color Date 

EL068 Sediment/Soil goldenrod 11/84 
EL069 Tissue pink 5/84 
EL070 Water white 11/84 
EL085 Organics/Oil canary 5/85 

ASTM Leachate/E.P. Tox. blue 6/85 
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ELO~O 

11/84 
Figure 7.Cr1 Routine Analysis Request Sheet 

"ICHI6AN DEPT OF NATURAL RESOURCES ENYlRON"ENTAL LABORATORY YES I NO · INFO ON BACK 
ttttt SAFETY MARNINS ttttt "ATRII • WATER ANALYSIS REgUEST SHEET 

LAB PROJ COST RECEIVED DATE A" 
LOBI -------------- CODE ---------- CENTER ----------- PR ------ AT LAB --------- TI"E ----1----1---- -------------- P" 
========••••••=••a~:::::aa:::::::::::============================::::::::::::::::::::::::::s::z::::::=~==:•=••=~•=•=•=•=•~•••• 

LOCATION COLLECTED TRANSFERED 
SA"PLED ---------------------------------------------------- BY --------------------- TO 
======:::a::az::s:a••====•=•••==z::::::::::::::::a:::::::::::::::::::::::::::2::::::::::::::a:::::::::::::•===•=====•===•==•== 

SA~PLE SEND RESULTS TO 
RE"ARKS ----------------------------------------------(NA"E • SECTION) -------------------------------------------------------
=============================================================================================================•========2~::::s: 
!LAB USE ONLY ! I! FIELD ID OR DESCRIPTION 

!01! 

!02! 

!03! 
------------------------------------------------------------------------------------------------------------------------------

!04! 
------------------------------------------------------------------------------------------------------------------------------

!05! 
------------------------------------------------------------------------------------------------------------------------------

!06! 
------------------------------------------------------------------------------------------------------------------------------

!07! 
-----------------------------------------------------------------------------------------------------------------------------0 

!08! I . 

!09! 
------------------------------------------------------------------------------------------------------------------------------

! 10! 
====·==··=·======·=============·=·=·=·======··===========================================·=====··======·===·====···=·········· 
ORGANIC INORBANIC GENERAL CHE"ISTRY 
=========•••=============••=a==•========== :::::::::::::::::::::::::::::::::::::::::: =============s===========•=•s=•••••••• 

P01 11 HALOCARBONS ••••• l 2 3 4 5 h 7 8 9 10 "AD FIELD FILTER+PRES •• 1 2 3 4 5 h 7 8 9 10 DO DISS OXYSEN •••• l 2 3 4 5 b 7 8 9 10 
------------------------------------------ "D LAB FILTRATION ••••• ! 2 3 4 5 b 7 8 9 10 -----·-------------------------------· 

P02 12 ARD"ATIC HC ••••• 1 2 3 4 5 6 7 8 9 10 ---------------------------------------- SN D-PHOS N02-•••• 1 2 3 4 5 b 7 8 9 10 
------------------------------------------ "A CA "6 NA K ••••••••• l 2 3 4 56 7 8 9 10 RES-NF (55) •••• 1 2 3 4 5 b 7 8 9 10 

OBN 13 CL HC,PEST 'PCB.l 2 3 4 5 6 7 a 9 10 
16 PHTHALATES •••••• l 2 3 4 5 b 7 a 9 10 
17 PNA ••••••••••••• l 2 3 4 5 b 7 B 9 10 

•••••••••••••••••••••• 1 2 3 4 s 6 7 8 9 10 
....•.•.•.•••••••••••• ! 2 3 4 56 7 8 9 10 

1 2 3 4 5 6 7 8 9 10 

DA 18 PHENOLS ••••••••• ! 2 3 4 S 6 7 8 9 10 

CD CR CU NI PB ZN •• 1 2 3 4 5 b 7 8 9 10 RES-TF (TDSJ ••• 1 2 3 4 56 7 8 9 10 
HB "ERCURY •••••••• 1 2 3 4 S 6 7 8 9 10 1 2 3 4 56 7 8 9 10 
AS ARSENIC •••••••• ! 2 3 4 S b 7 8 9 10 BOD TOT S DAY.l 2 3 4 S b 7 8 9 10 
SE SELENIU"·······l 2 3 4 5 b 7 8 9 10 BOD CARB 5 DAY.1 2 3 4 56 7 8 9 10 
SB ANTI"ONY ••••••• l 2 3 4 56 7 8 9 10 1 2 3 4 5 b 7 8 9 10 
OTHERS !CIRCLE) --------------------------------------
AS ALBA BE CO FE •• l 2 3 4 5 b 7 8 9 10 SA COD •••••••••••• l 2 3 4 56 7 8 9 10 
LI "N "0 TI Y •••••• l 2 3 4 5 b 7 8 9 10 TOC •••••••••••• l 2 3 4 56 7 8 9 10 
FURNACE- CD •••••••• 1 2 3 4·5 6 7 8 9 10 N03+N02 NH3 •••• 1 2 3 4 56 7 8 9 10 

DB OIL. SREASE·IR •••• 1 2 3 4 56 7 8 9 10 1 CR CU NI PB ••••• l 2 3 4 5 b 7 8 9 10 KJEL N, TOT P •• l 2 3 4 56 18 9 10 
OIL • SREASE-6RAY •• 1 2 3 4 5 6 7 B 9 10 ---------------------------------------- PHENOLICS •••••• ! 2 3 4 S b 7 8 9,10 

=============••=====•===================== ""PH, CONDUCTANCE •••• ! 2 3 4 S 6 7 8 9 10 1 2 3 4 5 b 7 B 9 10 
CL S04 TOTAL ALK ••• l 2 3 4 S h 7 8 9 10 --------------------------------------

=========2===•••~=======•================= FLUORIDE ••••••••••• l 2 3 4 56 7 8 9 10 SB TOTAL CN ••••••• l 2 3 4 56 7 8 9 10 
1 2 3 4 5 b 7 B 9 10 CR+6 ••••••••••••••• 1 2 3 4 56 7 8 9 10 FREE CN •••••••• 1 2 3 4 S b 7 8 9 10 

••••••••••• ,,,,,,,,,,,1 2 3 4 56 7 8 9 10 HC03- C03= ••••.•••• 1 2 3 4 5 b 7 8 9 10 --------------------------------------
1 2 3 4 5 b 7 B 9 10 CA "6 NA K -DISS. 1 2 3 4 56 7 8 9 10 BC FECAL COLI ••••• 1 2 3 4 S b 7 8 9 10 

...................... ! 2 3 4 56 7 8 9 10 ------------------------------------------ TOTAL COLI ••••• l 2 3 4 56 7 8 9 10 
1 2 3 4 5 6 7 8 9 10 "B BRINE !CIRCLE) 1 2 3 4 S 6 7 B 9 10 

..........•........... ! 2 3 4 56 7 8 9 10 I CL 904 BR 1 2 3 4 50 7 8 9 10 --------------------------------------
1 2 3 4 56 7 8 9 10 1 ALK HC03- C03• •• 1 2 3 4 56 7 B 9 10 CA CHLOROPHYLL •••• ! 2 3 4 S 6 7 8 9 10 

,,,,,,,.,,,,,,,,,, •••• 1 2 3 4 56 7 8 9 10 • CA "6 NA K ••••• 1 2 3 4 56 7 8 9 10 1 2 3 4 5 b 7 8 9 10 
1-3 



Field staff are responsible for providing the appropriate Project Code, 
Cost Center Number, Location Sampled, Collected By, Transferred To, 
Sample Remarks and Send Results To portions of the form. Field staff 
are also responsible for completing the Field I.D. or Description, Sample 
Information, and Date and Time portions for each samplee As per the 
number of empty spaces, the form can accommodate up to ten samples. 
The analyses requested for each sample are indicated by circling the 
sample number following that sample. For example, if sulfide analysis 
was requested on sample 4, the numeral 4 following sulfide would be 
circlede However, if all samples were to be analyzed for sulfide, then 
the letter "A" signifying all samples should be circled. 

The Laboratory is responsible for assigning the laboratory log number 
and the sample number to the analysis request sheet. The laboratory 
also completes the Received At Lab, the Date/Time, and the sample priority 
assignment (PR) according to procedures described in Chapter 2. 

7.C.2. RESULT REPORTING 

Each Laboratory Unit has a different result report format due to differences 
in data management hardware. Organic and Inorganic Unit results are 
reported to laboratory users by copy of a computer printout. The General 
Chemistry Unit presently reports results on STORET forms as described 
in Section 7.D.l.a. 

The Organic Unit report provides results of those organic compounds 
detected in each requested scan(s). Undetected compounds are not formally 
reported. However, the compounds looked for in each scan are reported 
with sample results by providing an up-to-date scan list with each set 
of results. An example of Organic Unit reporting is provided in Figure 
7.C.2. 

The Inorganic Unit provides results for each requested metal as per 
the example in Figure 7.C.-3. 

7 .D. STORET ANALYSIS REQUEST AND DATA REPORTING PROCEDURES 

7.D.l FIELD AND LABORATORY DATA SHEETS 

7.D.l.a. FIELD STAFF ENTRY OF INFORMATION ON DATA SHEETS 

STORET Analysis Request Sheets are maintained by the Water Quality 
Surveillance Section, Surface Water Quality Division. Users requiring 
sheets different from those currently available should contact this 
Section. 

Specific information to be entered on the data sheets by the field staff 
Ls indicated by letter code in Figure 7.D.-l and is as follows: 

B) Project Code: Each project is assigned a code, which is used to 
keep track of work being done for each project within the lab. 
This code must be completed by field staff. 

6/85 
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l_i~E:# J'3l:26(1 

6/85 

Figure 7.C.-2. Organic Unit Data Report Format 

MICH DNR ENVIRONMENTAL LAB 
ORGANIC RESULTS FOR LAB LOG #4227 
================================= 

u·::; .. ··L 

1.00 Detection 1i~it this run 

IJ·::;./L 

42(1. 00 
51 ~:1. ~:HJ 
40~:1. ~:10 

u ·~-~ ..... L 

E: E r·~ ZE r·~ E 
T OLUEr·~E 
::.:: \' L E r·~ E ::; 

Detection 1i~it this run 

1 . ~J 0 D e· t e· c t i o n 1 i !'··, i t t h i :::. t" u n 

IJ·::;./L 

270. 0~3 
25~:1. li~J 
JJ~Z1. 0~:1 

5.00 

E: Er·~ZEr··l E 
TOLUEr··IE 
:>:: \' L E r·~ E :,:; 

Detection li~it this run 

C01···1r IEI···I T ::; 

* ·;t;- :·~ ·f 

·f * ~~· ·+ 

* ·f :.:- * 

* * ;.;. ·f 

* * :.:- ·f 

* ·f * * 

u n 11:::· :;:. :;:. n (1 t ·= d iJ. b 0 l.,.i e u n dE· r c 0 r·1 r··! E t··l T ::; ~ iJ. I' .. IIJ. 1 / :::. e :;:. 1.•.1 e ( ~=· 
r:o e ~- f o ~- ,.,., o:· d f 1:1 r· t h e c o ,.,., r-· o u n d :=. o n 1J. t t 1J t c 1··: 1:::· d :::. 1:::. 1 1"'1 1 i ..:: t .. 

Concentrations are rounded to 2 signif1cant f1~ur2s. 

A t-o t-o r o '...' ·=· d ·- .... ·- _ ·- __ ...... ·- ..... ·- -- _ ·- .. .._ ......... -· .. __ ......... . 
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06-07-84 

- -

- -

- -

- -

- - - -

LOS # 
-----

4159 
4159 
4159 

415q 

4159 
4159 
4159 
4159 
4159 
4tC:O . ,.,_;I 

4159 
4159 
4159 
4159 

- - -

4159 
415'1 
4159 
4159 
4159 
4159 
4159 
4159 
4159 
4159 
4159 

- - -
- - -

~159 

415~ 
4159 
4159 
H59 
4150 
.1159 
JtSO 
.1159 
4159 

- - - - - - -

LAB # 
-----

38906 
38906 
389(16 
38906 
38906 
38906 
38906 
38906 
38906 
389(16 
38906 
3890b 
38906 
38906F 

38'106 - - - -

38908 
38908 
38908 
38908 
389('8 
38908 
38908 
38908 
38908 
38908 
38908 

38908 - - - -
- - - - - - -

389(19 
~89i)Q 

38909 
38909 
38909 
38909 
380(19 
38909 
38909 
38909 
38909 

Figure 7.C.-3. Organic Unit Data Report Format 

MICHIGAN DEPARTMENT OF NATURAL RESOURCES A f 
ENVIRONMENTAL LABORATORY ~ 17/1 ~ 

INORGANIC UNIT EXA"INER ..... ~ .......•..•. 

- - - - LQ6 NO: 415'i - - - - - - - - - - - - - - - - -

ELEMENT RESULTS UNITS ANALYSIS MATRIX RUN I 
------- =============== ----- ======== ------ -----

ALUMINUM K 1000.0 UG I I TOTAL WATER 00358 L 

ARSENIC 1.8 us ' L TOTAL WATER 102 I 

BARIUM K 1000.0 UG I L TOTAL WATER 00358 I 

CADMIUM K 20.0 UG I L TOTAL WATER 00358 
COBALT K 50.0 us I L TOTAL WATER 00358 
CHROMIUM K 50.0 UG I L TOTAL WATER 00358 I 

COPPER 85.0 UG I L TOTAL WATER 0(1358 
IRON 1340.0 UG I L TOTAL WATER 00358 
MERCURY K 0.5 us I L TOTAL WATER 103 
NICKEL K 50.0 us I L TOTAL WATER 00358 
LEAD K 5(1,(1 us I L TOTAL WATER 00358 
SELENIUM K 0.5 UG I L TOTAL WATER 101 
ZINC 85.0 us i L TOTAL WATER 00358 
CADMIUM 0.4 US I L TOTAL WATER 199 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ALUMINUM 1020.0 UG I l TOTAL WATER 00358 
BARIUI1 K 1000.0 UG I I TOTAL WATER 00358 L. 

HEX CHROMIUM K 2.0 us I L TOTAL WATER 18 
CADMIUM K 20.0 UG I L TOTAL WATER 00358 
COBALT K 50.0 UG I L TOTAL WATER 00358 
CHROMIUM K 50.0 us I l TOTAL WATER 00358 I 

COPPER 60.0 us I L TOTAL WATER 00358 ! 

IRON 1600.0 us I L TOTAL WATER 00358 
NICKEL K 50.0 UG I L TOTAL WATER 00358 
LEAD 50.0 UG I L TOTAL WATER 00358 
ZINC 95.0 UG ' L TOTAL WATER 00358 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ALUI'IINUI1 K 1000.0 UG I I TOTAL ~ATER 0(!358 ... 
3ARIUM K 1 OOt), 0 UG L TOTAL WATER ')0358 
HEX CHROMIUM K ., i.i us I I TOTAL WATER 18 ~. ~.: L. 

CADMIUr1 K 20.0 UG ' L TOTAL WATER 00358 
COBALT K 50.0 UG I L TOTAL WATER 00358 
CHROI1IUI'I K 50.0 us ! L TOTAL WATER 00358 
COPPER K 20.0 us / L TOTAL WATER 00358 
IRON 340.0 us I l TOTAL WATER 00358 
NICKEL ~: 50.0 UG ! L TOTAL WATER l)t)358 
LEAD K 50.0 U6 ! L TOTAL 4ATER 00358 l 

ZINC K 50.0 us ! L TOTAL WATER 00358 

- - - - - ~890; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - 4!59 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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FIGURE 7.D.-l Field and Laboratory Data Sheet 

MICHIGAN DEPT. OF NATURAL RESOURCES. ENVIRONMENTAL LABORATORY ANALYSIS -- ENV. QUALITY-WATER - POINT SOURCE STUDIES SEC. 

-~~~:-==~===-g§g~-=~=-E~~l~~-==~==-PR-~=-~~LLEcrEo-==~==========-~~ANsFcREo-==Q2=======-~~cEA~Eo-==~===-ExAMINER-=~=======-
LocATioN Q) SAMPLE Q) ~;END RESULTS TO @ 

REMARKS ----------------------------- <NAME & SECliON> ----------------------SAMPLED -----------------------------------------------------------
<----- ------"DO NOT PUNCH"-----------> REF STORET START T li"IE s. T NUI'1 END TII1E DEP-

NO. NUMBER DATE MIL OR SAM- DATE MIL TH 
FIELD DESCRIPTION OF SAMPLING YYMMDD TTTT B PLES YYMMDD TTTT FEET 

t I D. SITE OH SAMPLE P < @ :;:;.. 

-~-- ===~=========================== ~~~ =~=== ==~== =~= ~ =~= ==~== =~= =~= C02 
--- ------ ------ ---- --- ---- ------
C03 
--- ------ ------ ---~ --- ----

tC04 
----------·----------------------:---1------:------:----:---:----

:cl)S: : ! ! : 
--------------------------------~---~------~------~----~---~----

IC061 I I I I 

--------------------------------1---:------:------:----:---:----:co?: : : : : --------------------------------:---:------:------:----:---:----
: C0:3: l l l l 

----------~----------------------:---:------:------:----:---:----
: (:1)9: : : : : 

--------------------------------:-· -:------:------:----:---:----
: C10 I I I : : 

______ i ___ _ 
---·---: ----

: ------:----
1 

------:----
1 

------:----: 

LAB 
NO. 

2 
00008 __ ® __ _ 

TEMP. PH : CL2 lOXYGENlC.O.D. 
DEGREE STAND. :T. RES: DIS. : HIGH 
CENT. UNITS : MG/L : MG/L l HG/L 
00010 00400 150060 100300 100340 

==~=~ ====== 1 ======I==~-=~= 1~=~== I I I 
I I I 

------ ------
------ -------

______ . ______ l ______ l _____ _ 

------ ------! ··-----! ------
------ ------:------:------

1 I 
I I 

.----------------------------------------------------------------------------------------------------------------------------------
REF-:r~o~c~ PHENoL:--cN-- --eN-- --s:-- Doo:5-INo3No21-NH3--IKJEL-NloRrH~PirHos~-~-cR6~----cL--1-so4:- -ALK~-~------~------~------~ 
NO. lAMPL~ T. RECITOTAL FREE TOTAL TOTAL ITOTAL :TOTAL ITOTAL lTOTAL lTOTAL ITOTAL TOTAL ITOTAL TOTAL I : I I 

HG/L UG/L : MG/L MG/L MG/L S MG/L lMG/L NlMG/L NlMG/L NIMG/L PlMG/L Pl UG/L MG/L : HG/L MG/L : : : : 
00680 32730 100720 00722 00745 00310 100630 100610 100625 l70507 l00665 101032 00940 l00945 00410 : : : : 
------ ------:------ ------ ------ ------:------:------:------·:------:------:------ ------:------ ------:------:------:------1 

01 : G) ~ i----t-----·1-------t---- -t-------t-- ----1---- ------t---t ~ {f) I 
---:------ ------:------·------ ------·------:------:------·------:------·------:------ ------·------ ------:------:------:-------! 
02 : : : : : : : : : l 
---:------ ------:--~--- ------ ------ ------:------:------ -----·-:·------ ------:------ ------ ------ ------:------:------:------: 
03 : : : l : : : : : I 
----:------ ------:------ ------ ------ ------:------:------ ------:------ ------:------ ------ ------ ------:-------:------:------1 
04 : : : : I : : : : l 
---:------ ------:------ ------ -~---- ------:------:------ ------:------ ------:------.------ ------ ------:------:------:------1 
05 : : : : : : : : : : 
---- ------ ------1------ ------ ------ ------:------1------ ------:------ ------:------:------ ------ ------·------:------:------: 
06 : : : : : : : : I 
---- ------ ------:------~------ ------ ------:------:------ ------:------ ------:------:------ ------ ------ ------:------:------: 
07 t l : : : : : : : I 
--- ------ ------:------:------ ------ ------:------:----·-- ------:------ ------:-------:------ ------ ------ ------:------:------1 
08 : : : l : : : : : I 
--- ------ ------:------:------ ------ ------:------:------ ------:------ ------:------:------,------ ------ ------:------:------1 
09 l : : : : : : : : : ! 
--- ------ ------:------l------4 

------ ·------:------:------ ------:------ ------:------:------:------ ------ ------:------:------1 
10 : : : : : : : : : : ' ----------- -------------------- ------ -------------------- ------------- --------------------------- ---------------------------1 

ESD-00 03 REV. 05/80 i 



C) Cost Center: This code is used by the laboratory to track time 
expended on each set of samples. This code must be completed by 
field staff to assure that lab staff time is charged against the 
proper grant. 

E) Collected By: The person(s) collecting the samples should print 
their name(s), and initial here. 

F) Transferred To: This is used in the chain of custody procedure 
to document the transferring of samples from the collector to 
another person who delivers the samples to the lab. The person 
accepting the samples should sign or initial here and indicate 
the date and time of the transfer. 

I) Location Sampled: This space is used by the collector to indicate 
the general location sampled, e.g. facility name, river study, 
or primary monitoring run number. 

J) Sample Remarks: This space can be used to alert laboratory personnel 
about anything unusual concerning the samples, or that the samples 
are routine, e.g. suspected contamination source, contaminant, 
sample hazardous to lab staff or routine monitoring. 

K) Send Results to (Name & Section): This is used to indicate where 
the lab should send the sample results upon completion. 

L) Field I.D.: This column can be used by the collector to indicate 
identification codes used on the sample bottles other than assigned 
STORET stations numbers. This space is normally used in the absence 
of, or in addition to a STORET station number for the sampling 
site. 

M) Description of Sampling Site or Sample: This space is used to 
accurately describe the specific sampling site or source. It should 
be completely detailed to avoid confusion as to the source of the 
sample. PERMANENT LANDMARKS SHOULD BE USED TO LOCATE S&~PLE SITES. 
Collectors should avoid references to information about landmarks 
which are subject to change, such as the color of a house, light 
poles, trees, etc. Use street names, addresses, distance upstream 
or downstream from specific landmarks, etc. to describe sampling 
sites. Attention to these details is important. 

N) STORET Number: Preassigned STORET numbers specific to the sample 
site are entered in this space. New STORET numbers are assigned 
through the WISER and STORET GROUPS. Please see Section 7.D.2. of 
this chapter on station location and numbers for the sources of 
STORET station numbers. NOTE: Either a STORET number or a field 
I.D. code is required for all samples. 

0) Start Date: This space is used for the date of the sample for 
grab samples, or for the beginning date for composite samples. 

6/85 
7-8 



P) Start Time: This space is used for the time of sampling for grab 
samples, or for the beginning time for composite samples. The 
time is indicated by using the 24-hour clock system. Fill in leading 
zeros and do not include a colon(:). NOTE: Time is required 
for all sampl;s-in order to determine proper holding times, and 
is required for storage of data in STORET. 

Q) Composite Information (these fields do not appear on grab blanks). 

a) Space, Time, or Both Field: This field is used to indicate 
whether the sample is a space composite only (code an S), 
a time composite only (code aT), or if it is both a time 
and space composite (code a B). Enter only one code letter 
as appropriate. 

b) Number of grabs composited or continuous composite: Enter 
either the number of individual grabs composited, or C for 
continuous composite. 

c) End Date: In this space the ending date of a composite sample 
is entered. 

d) End Time: The ending time of a composite sample Ls entered 
here. 

NOTE: Leave these four fields blank or cross them out if 
you collect a grab sample when using a composite type data 
sheet. 

R) Depth: This field is used when samples are taken at depth (in 
feet). Leave this field blank if the sample is collected at, or 
just below the surface. For vertically integrated samples the 
depth indicated should be the bottom of the column sampled. Indicate 
the vertical integration by following the depth with a V. 

T) Parameter Fields: These fields are used to describe the physical, 
chemical, or biological parameters analyzed. Some parameter values 
are determined in the field. A list of some of the field parameters 
is located in Table 7.D.-l. Field values should be recorded in 
the appropriate column and line by the field staff. Appropriate 
detection limits and remark codes should be used for field values. 
Remark codes are listed in Chapter 1, Appendix l.C.-9., of this 
manual. 

Parameters which are not pre-printed on the data sheet should be 
entered by the collector using the appropriate description, units, 
and STORET parameter number. Consult the appropriate lab unit 
or the STORET Group for the appropr.iate parameter number. 

Parameters for which analysis is desired can be indicated as follows: 

7-9 
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TABLE 7 • D . -1 Field Parameter List 
REF DATA SHEET RMK PARAMETER DESCRIPTION 
NUM HEADER CODE 

001 STREAM STREAM WIDTH <FEET> 
WIDTH 

FEET 
00004 

002 VERLOC X-SEC. LOC •• VERTICAL <PERCENT OF TOTAL DEPTH> 
% TOT. 

003 

004 

005 

006 

007 

008 

009 

010 

011 

012 

013 

014 

015 

6/85 

DEPTH 
00005 

X-LOC 
FT FRM 
L.BANK 
00009 

TEMP. 
[lEGREE 
CENT. 
00010 

TEMP. 
AIR 

CENT. 
00020 

WEIGHT 
IN 

POUND~: 

0002:3 

LENGTH 
IN 

INCHE:3 
00('24 

BARt1TR 
PRE~:::=:. 

"1M HG 
00025 

FIELD 
IDENT. 
NUt1BER 
0002'""i' 

CLOUD 
COVER 
PERCNT 
ooo:::2 

WIND 
~:PEED 

MPH 
(1(1(:35 

WIND 
DECiF<EE 
FROf1 N 
ooo::::.;. 

ALTUDE 
FEET 

AB t-l::::L 
00042 

r:·r:FC IP 
TO_:_[!,~ 'f 

I r~cH::::·::: 

\):_: 

X-SEC. LOC., CFT FROM LEFT BANK LOOKING DOWNSTREAM> 

TEMPERATURE.IN DEGREES CENTIGRADE 

.· 
TEMPERATURE OF AIR IN DEGREES CENTIGRADE 

SAMPLE WEIGHT IN POUN~3 

SAMPLE LENGTH IN INCHES 

BAROMETRIC PRESSURE <MM OF HG> 

FIELD IDENTIFICATION NUMBER - GREAT LAKES GRID NUMBER 

CLOUD COVER, PERCENT AT TIME OF SAMPLE 

WIND VELOCITY <MILE:3 PER HOUi'~) 

WIND DIRECTION IN DEGREES FROM TRU~ N <CLOCKWISE) 

AL T I TUC.IE IN F-EET ABO'v'E r~EAI ~ :::EA LEVEL 
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TABLE 7.0.-1 Continued 

REF DATA SHEET RMK PARAMETER DESCRIPTION 
NUM HEADER CODE 

016 STREAM FLOW, STREAM, MEAN DAILY <CUBIC FEET PER SECOND> 
FLOW 

MD CFS 
00060 

017 STREAM FLOW, STREAM, INSTANTANEOUS <CUBIC FEET PER SECOND> 
FLOW 

INSCFS 
00061 

018 NO. SAM SAMPL1NG POINTS. NUMBER OF IN A CR~3S SECTION 
POINTS 
X-SEC 
00063 

019 STREAM DEPTH OF STREAM, MEAN <FTJ 
DEPTH 
t-1EANFT •· 
00064 

020 SECCHI SECCHI DISC OBSERVATION IN INCHES 
DI~:C 

!NCHES 
00077 

021 COND. SPECIFIC CONDUCTANCE, FIELD <UMHOS/CM @ 25C> 
t:"LD25C 
US/CI'l 
00094 

o·~·--.. ~ ... INT:=:VE INTENSIVE SURVEY IDENTIFICATION NUMBER YY26NN 
SURVEY 
ID.NO. 
00116 

();!3 D.O. OXYGEN, DISSOLVED <ELECTRODE> <MG/L) 
PROB!:: 

MG/L 
00299 

0:24 D.Ct. OXYGEN, DIS~~LVED <PERCENT OF SATURATIO~) 
SATUR 
PERCI'JT 
00301 

(>25 PH PH <STANDARD UNITS> 

su 
(11)400 

o:::-~6 ::;:TREAM FLOW SEVERITY: l=QRY. 2=LOW, 3=NORM~L, 4~FLOOD, 5=~30VE NORMAL 
FLOl·l 

SEVRTY 
01:351 

027 CNDUIT FL(It.J IN CONDUIT OR THRU A Tm::AT!'1EtH F'U'•t'H ( 11I LL I 0~~ (;ALLOW:: F'ER DAY l 
FLOW 
MGD 

50050 

o::::: CL2 CHUX'\INE, TOTAL F.E:::IDUP.L (1'1(;/t_ .;:3 CL) 
T. RE::: 

MOIL 
5(;060 

020::' L.tm:::r<F 
DIHUr1 

FEET 
7'2,)00 

o::::o DEPTH 
HOLE 
FEET 

7';:(>,) 1 
7-11 
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TABLE 7 . 0 . -1 Continued 

REF DATA SHEET RMK PARAMETER DESCRIPTION 
NUM HEADER CODE 

031 DEPTH DEPTH, TOTAL TO TOP OF WATER-BEARING ZONE SAMPLED <FEET> 
TOP WB 
ZONEFT 
72002 

032 DEPTH DEPTH. TOTAL TO BOTTOM OF WATER-BEARING ZONE SAMPLED <FEET> 
BOT WB 
ZONEFT 
72003 

033 FLOW PUMP OR FLOW PERIOD PRIOR TO SAMPLING <MINUTES> 
-BEFORE 
s 1"1IN 
72004 

034 DEPTH DEPTH, TOTAL OF WELL <FEET BELOW LAND SURFACE DATUM) 
WELL 
FEET .,· 

72008 

035 DEPTH DEPTH TO TOP OF SAMPLE INTERVAL <FEET BELOW LSD> 
TOP:=; AM 

FEET 
72015 

o:::::t. DEPTH DEPTH TO BOTTOM OF SAMPLE INTERVAL <FT BELOW LSD> 
BOT~;,:.~t-1 

FEET 
72016 

037 DEPTH DEPTH TO WATER LEVEL <FEET BELOW LAND SURFACE> 
WATER 
FT u:: 
72019 

o-:·-=· -~ ...... SPECIE 
Pt-1 

NUt·lBER 
74990 

039 NUI"IERC NUMERIC ANATOMY TIS~~E CODE <SEE TISSUE CODE L!ST> 
Tr:::::;uE 

CODE* 
749'i'5 

040 CiENINF CODE, GENERAL INFORMATION, ALPHA-NUMCRIC CODE <SEE PURPOSE CODE LIST> 
PURP. 
CODC 
84002 

041 :::F'CC IE 
F·?(I....J 

~LF'HA 

::::400'5 

042 t~LPHA ALPHA ANA rO!'iY -- T I :=:::::UE CODE ( ·.:::=:E T I :::'::I_:E CODE L I :::T) 
T I :;:;::UE 
(:0[1[-!t-

84007 

043 FIELD FIELD IDE~JTIFI::ATION .~LF'HA-NUr~ERE: CO[IE 
lDCODE 
ALF'~~!JM 
::::11o:::·;, 

044 Cl_ OUD 
Al'1T 

ALf'HA 
~:f,(i :•f) 

04':· r·~iy,~·At_ 

\.-.!~:r-1-. ~H < 

CCI\~~~ 

[:4•) ·~ 1 
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TABLE 7.0.~, Continued 

REF DATA SHEET RMK PARAMETER DESCRIPTION 
NUM HEADER CODE 

046 STREAM STREAM CONDITION ALPHA WEATHER CODES <SEE LIST> 
CONDN 
ALPHA 
84032 
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For specific parameter columns where all samples require analysis 
you can either a) leave the columns untouched which require analysis 
and cross out parameter headers for those not required, or b) place 
a check above the parameter header to be analyzed and leave the 
remaining columns untouched. 

For specific parameter columns where only some of the samples 
require analysis, place a small check in the upper right hand 
corner of the cells. Leave all others blank. See Figure 7.D.-2 
for an example of this coding. 

The methods delineated above indicate to the lab the analysis required. 
Specific cells should not be crossed out so that the lab can record 
values if they obtain results for the parameter. In some testing 
procedures, results are obtained for several parameters at a time 
and thus, may be reportable even if not requested. 

7.D.l.b. LABORATORY ENTRY OF INFORMATION ON DATA SHEETS 

The following·items on the data sheets are completed by the laboratory. 

A) Lab Log #: This number is assigned at the laboratory and is used 
to track the set of samples throughout the laboratory procedures. 

D) Priority (PR): The priority assigned to the set of samples is 
written here. Priorities are assigned according to the procedures 
outlined ~n Chapter 2, Laboratory Priority and Scheduling. 

G) Received at Lab: The person receiving the samples at the lab initials 
here. 

H) Examiner: The person at the lab reviewing and entering the results 
on the sheet initials this space. This is normally done by the 
lab unit chiefs. 

S) Lab Number: Unique numbers for each specific sample are assigned 
by the lab and are used to track the sample within the lab. 

T) Parameter Values: Most Organic and Inorganic Unit results are 
reported on a computerized data output. In these cases, it is 
the responsibility of the data user to transfer parameter values 
to the appropriate STORET data sheet. General Chemistry Unit laboratory 
results are reported on STORET sheets since data reporting by this 
unit is not yet computerized. 

Figure 7.D.-2 is an example of a completed data sheet. 

7.D.2. MONITORING SITE DOCUMENTATION AND STORET STATION NUMBERING 

STORET station numbers are assigned by the DNR, Management Information 
Division, WISER group, and by the STORET group. The WISER group handles 
industrial and municipal NPDES permit monitoring site station number 

6/85 
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TABLE 7.D.-2. COUNTY CODES FOR r~ICHIGF-\N 

MICH EPA COUNTY ~1ICH EPA COUNTY 
CODE CODE NA~1E CODE CODE NAr1E 

01 001 ALCONA 46 091 LENAHEE 
02 003 ALGER 47 093 LIVINGSTON 
03 005 ALLEGAN 48 095 LUCE 
04 007 ALPENA 49 097 MACKIN/\C 
05 009 ANTRir~ 50 099 MAC0~·1B 

06 011 ARENAC 51 101 ~1ANISTEE 
07 013 BARAGA 52 103 f·1ARQUETTE 
08 015 BARRY 53 105 MASON 
09 017 BAY 54 107 MECOSTA 
10 019 BENZIE 55 109 MENOMINEE 

11 021 BERRIEN 56 111 MIDLAND 
12 023 BRANCH 57 113 MISSft.UKEE 
13 025 CALHOUN 58 115 r·10NROE 
14 027 CASS 59 117 MONTCALM 
15 029 CHARLEVOIX 60 119 MONTMORENCY 

16 031 CHEBOYGAN 61 121 MUSKEGON 
17 033 CHIPPEVJA 62 123 NEWAYGO 
18 035 CLARE 63 125 OAKLAND 
19 037 CLINTON 64 127 OCEANA 
20 039 CRAHFORD 65 129 OGEr~AVJ 

2~ 041 DELTA 66 131 ONTON.L\GON 
22 043 DICKINSON 67 133 OSCEOLA 
23 045 EATON 68 135 OSCODA 
24 047 EMMET 69 137 OTSEGO 
25 049 GENESEE 70 139 OTIA~·JA 

26 051 GLADWIN 71 141 PRESQUE ISLE 
27 053 GOGEBIC 72 143 Roscor-~· .. :oN 
28 055 GRAND TRAVERSE 73 145 SAGINA~J 
29 057 GRATIOT 74 147 ST CLAIR 
30 059 HILLSDALE 75 149 ST JOSEPH 

31 061 HOUGHTON 76 151 SANILAC 
32 063 HURON 77 153 SCHOOLCRAFT 
33 065 INGHAM 78 155 SHIA~·JASSEE 
34 067 IONIA 79 157 TUSCOLA 
35 069 I OS CO 80 159 VAN BUREN 

36 071 IRON 81 161 WASHTENA~/ 
37 073 ISABELLA 82 163 WJ\YNE 
38 075 JACKSON 83 165 WEXFORD 
39 077 KALA~1AZOO 994 LAKE ERIE 
40 079 KALKASKA 996 LAKE SUPERIOR 

41 081 KENT 997 LAKE HUROr~ 
42 083 KE~·!EEN/U~ 998 LAKE ~H CHI GAN 
43 085 LAKE 84 OHIO 
44 087 LAPEER 85 INDIANA 
45 089 LEELANAU 86 HISCONSIN 

00 999 CI\NAD.~ 
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assignments and documentation. The STORET group oversees the ambient 
monitoring location station number assignments and documentation. Each 
STORET station number is composed of a two digit numeric county code 
followed by a four digit sequence number. The sequence number has no 
specific meaning as each station is assigned the next number in the 
sequence as needed. The station numbers are assigned to monitoring 
sites from a set of station set-up books located in the Management Information 
Division. The set-up books contain information pertaining to each station 
number, along with a brief description of each station. 

All ambient monitoring sites, discharger outfalls, and intakes that 
have been assigned STORET station numbers are mapped on a set of U.S. 
Geological Survey quadrangle maps. These maps are located in the Water 
Quality Surveillance Section and maintained by the STORET group. The 
maps are used for many purposes. Most frequently they are used for 
locating monitoring sites and point source discharges for permit reviews 
and waste load allocations, and in planning field work~ 

Descriptions of all active indu~trial and municipal monitoring sites 
are maintained in the WISER computer system. This system is used to 
track the compliance status of monitoring sites, and can be used as 
a source for STORET station numbers which have been assigned to industrial 
and municipal monitoring sites. 

Descriptions of ambient monitoring sites are maintained by the STORET 
group. The publication WATER QUALITY STATION INVENTORY lists all ambient 
monitoring sites for which data has been stored in STORET. This annual 
publication is the best source of ambient monitoring site station numbers. 
Some sites have been assigned station numbers which have not been established 
in STORET. The USGS maps maintained by Water Quality Surveillance Section 
are the only available source for these station numbers. 

Users are cautioned when using STORET station numbers to carefully verify 
the number. In several areas of the state, streams may be crossed by 
a particular road several times in the same section, township, or countyo 
In other instances, several names may apply to the same road or street. 
It is recommended that station numbers be verified from the maps in 
Water Quality Surveillance Section before using them. A misassignment 
can lead to storage of data in STORET under an incorrect station number. 

Ambient monitoring sites which do not have a STORET station number should 
be assigned a number using the following procedure. 

First, from the Water Quality Surveillance Section USGS quadrangle maps 
verify that the site does not have a number. If it does not, gather 
information necessary to describe the station from the maps and other 
sources. Then, assign the site the next number in the appropriate county 
using the STORET station set-up books in the DNR Data Center. DO NOT 
WRITE ON TYPEWRITTEN PAGES IN THE BOOKS. Use the handwritten sheets 
at the end of the county or start a new page. The description in the 
books should include all of the following information. 

6/85 
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description of the source, e.g., Grand River; 
landmark description of the location, e.g., at M-21 Bridge; 
township, section, town-range and/or city, e.g., Ada Township, 
Section 35, T7N, RlOW. (Use the downstream section number in cases 
where the station is on the section line between two sections); 
county name, eeg., Kent County; 
map number as assigned to the USGS maps in Water Quality Surveillance 

Section. 

This description should be complete enough to precisely locate the station 
on a map. Give as many details as necessary. Latitude and longitude 
should be given for stations in large lakes. Following the assignment 
of a station number, immediately proceed to the maps and map it. Use 
an open arrow away from the monitoring site and put the station number 
near the end of the arrow. When both 15 minute and 7~ minute quads 
are present for the same area, map the station on the 7~ minute quad. 

7.D.3. DATA HANDLING PROCEDURES FOR STORET STORAGE 

7.D.3.a. STORET STATION STORAGE 

Ambient stations are set-up in STORET for data storage by completion 
of station set-up sheets. One sheet should be completed for each new 
station to be entered into the STORET system. Figures 7.D.-3 through 
7.D.-8 are examples of set-ups for various types of stations. On these 
figures the hand written information must be coded. The following key 
describes the information to be coded: 

AGENCY CARD (A Card). Skip this card. It is used by STORET group 
to identify the agency and data being entered. 

STATION TYPE CARD (T Card). Enter either lake or stream after 
AMBNT/. The word "STREAM" is coded in Figure 7.D.-3. 

STATION CARD (S Card). Enter the following on this card: 

station number (6-digits) as assigned from set-up books, left 
justified. 

optional secondary station numbers (see STORET group for information 
on secondary numbers and their use). 

6/85 

3-digit EPA (not Michigan) county code number (see Table 7.D.-2). 

LATITUDE/LONGITUDE CARD (HEADER CARD 0). Enter the following on 
this card: 

latitude and longitude, zero filling blank spaces (see the 
STORET group for specific techniques for determining lat/longs). 

in column 28 code 
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TABLE 7.D.~3, 

MINOR RIVER BASIN NAMES IN MICHIGAN 

Lake Erie Basin 

0601 Maumee 
0611 Raisin 
0612 Huron 
0613 Detroit 
0614 Clinton 
0615 S~. Clair 

Lake Huron Basin 

2101 Cherry Creek 
2102 Pigeon 
2103 Wiscoggin 
2104 Saginaw 
2105 Ka\·Jkawl in 
2106 Rifle 
2107 AuGres 
2108 AuSable 
2109 Black (at Black River) 
2110 Thunder Bay 
2111 Swan Creek 
2112 Ocqueoc 
2113 Cheboygan 
2114 Carp 
2115 Pine 
2116 Munuscong 
2117 Charlotte 
2118 Waiska 

Lake Superior Basin 

2201 Pendills 
2202 Tahquamenon 
2203 Two Hearted 
2204 Autrain 
2205 Chocolay 
2206 Carp 
2207 Salmon Trout 
2208 Sturgeon (Houghton County) 
2209 Tobacco 
2210 Portage Lake 
2211 Misery 
2212 Ontonagon 
2213 Iron 
2214 Presque Isle 
2215 Montreal 

6/85 

Lake Michigan Basin 

0803 ~1enomi nee 
0804 Cedar 
0805 Ford 
0806 Escanaba 
0807 Rapid 
0808 Whitefish 
0809 Sturgeon 
0810 Fishdam 
0811 Manistique 
0812 Millecoquins 
0813 Bear 
0814 Pine 
0815 Elk 
0816 Boardman 
0817 Platte 
0818 Bets i e · 
0819 Manistee 
0820 Big Sable 
0821 Pere Marquette 
0822 Pentwater 
0823 White 
0827 Muskegon 
0828 Grand 
0829 Black River (at Lake Macatawa) 
0830 Ka 1 amazoo 
0831 Black River (at South Haven) 
0832 St. Joseph 
0833 Galien 
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. FIGURE 7.D.-2 Example of a Completed Data Sheet 

MICHIGAN DEPT. OF NATURAL RESOURCES. ENVIRONMENTAL LABORATORY ANALYSIS -- ENV. QUALITY-WATER - POINT SOURCE STUDIES SEC. : 

-t3~:-:i~~~-g~g~-j[~=-E~~f~~-~i~~z-PR-~=-~~CCEcrEo-!~=~;=~~t~~=-~§ANsFEREo-~~:;;~~=-~~cEi.~En-=J=~===-ExAMINER-==J~=====-~ 
• • • B/ts-;-.Jo 111CTO P; /11Ai\..,.,,e--- 1 

~R~~[JgN ____ fl_?_c;. ___ f-:_q_:r__~~'!J_--~~~7.-~!!X. _______ . ~@P.~~Rs lf_~~t!...,_~---~~-~~ff~~-~------- ~·~~~gER~s~~ktf x6~ > ~-:?~~--?~<-'! 
<=====~=====~oo-Nor-PuNcH:::::::::=::; REFisroRErlsrARr-lriMEis~riNuM··:ENo ___ lriMEinEP=---LAs--lrEMP~-~--PH--:-cL2--IoxYGENic~o~o~l 

: NO. INUMBER 1 DATE IMIL :oR :SAM-IDATE IMIL ITH NO. IDEGREEISTAND. IT. RESI DIS. : HIGH I 
FIELDI PESCRIPTION OF SAMPLING : YYMMDDITTTTIB IPLESIYYMMDDITTTTIFEET 2 ICENT. IUNITS I MG/L I MG/L I MG/L I 
ID. : SITE OR SAMPLE P I I : : I I : 00008 100010 100400 150060 100300 100340 I 
------: --------------------------------- ---: ------ ------:----:---: --4--:------ ~ ----: ---- -------:------: ------~ ------' ------: -----~ 
350/-I/I/l8C Cc Treo{.f~.J ?roces5. t.lO:Z ToGd f<.. COl 18'5'0001 SOO~J' IIJDO I T I 76 13~0g17 I 13ool 73 91 I I 7. 3 I I I ZO I 
-----:------~------------------------- ---:------ ------:----:---:---- ------:----:---- -------~------:-----~------~------:-----~ 

1 ~~-0..!-=£?! --·-J-------------1---------t--- ~~=I ~~.PEe!. ~~~~~~I~~~~; _-c_; J.~- ~q~~~~ I ~~!~i ---- J.iq_Q _ ______ i _ _c.~y __ J _______ ------J _20 __ i 
18St>l-lt C0318SOODI')oo817109/c)l I I l 710/ Z5 7.0 li"D.l ~.'[?I I 
:-----:---- -------------- -------- ---- ---:------ ------:----:---:---- ------:----:---- ------- ------ ------J------ ------;.------: 
:S]so/-21 C04 18~00D/ ~Do3t81 /.JJSI : I I 7402 24 ~ .9 : /':-0.2.. r;_s : 1 

!i.S~2-:_1Jj !1/Jc--c-;-:r:e-:~:7/>~~;.~:s--o-o-:;;:&J.~.- co5js?5"Daail -9-oow~ l/~4~! -:;-- i ~-~/£ ~oo£ji7! 1230 l---- -71-o_i_ ------ __ i._i_i ______ --~---! --72-~ 
.-----.-----~------------------------- ---.------.------,----.-~- ----- ------.----.---- ------- ------ ------~------ ------.------· 
i~!_o!_=~ 1 ___ ! ___________ ! ____________ J____ ~~~ 1 ~~~~~ l tE~?_~~ l ~?_~~ 1-~- ~]_L__ ~EQ?_~~ l ~!:_f!J.l---- _7_1:p_1:_ ------ _ _0_?__j ------ ------j _!!P_j 
:ssoz-1 1 \J/ \V v co1 :gsoooz 1 2/oo:JI? : 21451 1 1 7.:fo 5 3 o '1. I : 0.45 .1. ~ : : 
:------:-------------------------------- ---:------1------1----:--- ---- ------1----:---- ------- ------ -----vi------ ------~------: 
:.sc-/: CJ R.. Q RK15r- a..bo'fle //8C C-o C0:3:~561~7l'JOuSJ7l(J31o: : : I 3 7-/0b 22.~ g,D I G,,'C{vl l :-----:-------------------------------- ---:------:------:----:--- ----:------:----:---- ------- ------ -----~------ ------·------: 
• ~C-l. : C rJ !?. <2 P ,~,vc: :> r: below /ISC Co co·i l8£o/to: ~boB q : OJ'4D: : I I 3 740 7 l3 S I 7.? I S. (:. i : -----:-------------------------------- ----:------;------:----:--- ----:------:----:---- ------- --~---:------:------ ------:------: 

I ClOI I I I I : l I I I l 
-------------------------------------~-------------------------------------------------------·-------------------------------------: . 

' -----------------------------------?!------------------------------------------------------------------------------------------: 
n5~ ;~M~tJE·i~~E~~Elrof~L ;lieN ir~=( ;~g~AE 1~8?~~2 h~~XL i~~~~LNi~~+~L.p1~~~~L ir5~~~ lro~~L lr6~~~ lr8~~L l ~~~J0 l t:~~~r! I 

t-tG/L I U(}/L l MG/L l I' , L l Mf' L S l MG/L I MG/L N IMG/L N: MG/L N l MG/L PI MG/L PI UC./L I MOIL I MrdL I MCdL I ~r,/L I /#1.> P I 

~~~~~-J ~~~~~-J ~~~~~- i ~-~~~ ~-~~~~-{ ~~~~~-J ~~~~~-J ~~~~-~-J ~~~~~-J ~~~~:-J ~~~~~-J ~~~~~-! ~~~~~-J ~~~~~-J ~~~!~- i ~_:>_o_~~i ~!:!!?.E_o_ ------ i 
01 ~.7 1 ~ : 1 : : 14- : 0.4( 1 o.oz :Oz? 1 iq).ot: o.ul 1 1 J!? 1 J4CJ 1 : 20 113~oo : 
--- ---·----...t ------J-'------: ------:------: ------...... ~------) ------....; -~----v: ------- ~ ------~------I -------::::..1------....:------: -------;.: -------- ---- -....... .: 

~~- __ ?_:_] ___ ! --~-- i -----·- i ------1------1--J-~-.i _q~ff_j _f.';_Q{_j P_!73 __ J_E~eL.}_9.:.~~-J------ __ :.? __ f -~!_c:__ i ------! __ 1:~-~ i !f_2~!!.. ------l 
03 I I I I I /(; : 0.~31 o.D(. IO.Jl I kD.D/1 0.03> I I I : 1/-fOOO I --- ------ ~ ------: ------: ------: ------: -------;,.:------I ------J ------ t ·------; -----~ .... t------ ------ ~ ------ ~ ------: ----·--1------ ------1 
04 : : I I : 24 I 0 7g"'i 0.04: O.(.C. ~ kO.Of: OOZ l : l I I l5boo I --- ------: ------: ------:------1------: ------J --~---) ---- ---;..:---·::--.)------I __ ..:_ ___ .:---·--- -----~ ------) ------: -----~ ------ ------1 
05 I I I l I C.? I 0.57 l ..f-.0 : S.~ I O.oz"'i 0.17 I c_g : 4So I I 7Z I I 
--- ------1------: ------:------I------:-----~------.,.: ------J -----··)------I·------.)------ ------~ ------~ ------: ------) ------ ------~ 
06 I I I I ~7 I 0.70 I )2.0 l 3~.0 I 0.!'(1 tJ.23 l ~{) l 110 I : 70 I I 
--- ------:------:------:------ ------:-----~------:------:------:------:------:------ ------:------~------:------:------ ------1 
07 l I I I &,'7 I : I I l I : ~ 3 0 I I : I 
--- ------: ------) ------;..------- ------: ------...}------) ------) ------.; ------:-1-----·-.A -----~ ------) ------.J.------j ------,.;. ------ ------1 
o8 t J5 1 I<O.o/:. : 3.9 : o./G: o.r? : /.~~: o.!o : 0.28: ~ : -4/ : 5o : 2of: 16 : r 
~~.~- ------: --,4--'1-Fi~l r------ -~----: --i.5~ -o~T~-~ -~~4-~-~ -2:-,?-~ --o~13~1-o~tl6-:i --,-~--~-14--~r--t;-&~ -2az-:i -2o-~~ ------ ------: 
--- ------:------:------1------ ------l------:------:------:------:------:------:------l------:------:------1------:------ ------1 
1 CJ t l : t : : : : : : ; ~ ; ; : I -----------------------------------------------------------------------------------------------------------------------------1 
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"2" for lat/long with 1 second precision 
or 

"3" for lat/long with 10 second precision 

total depth in feet at the station, enter "000" if unknown 

RMI CARDS (HEADER CARDS 1 and 2). Skip these cards. River mile 
index information is not available at this time. 

MAJOR/MINOR BASIN CARD (HEADER CARD 3). Enter the following: 

Great Lake name in the major basin spaces as appropriate for 
the station 

minor basin name (from Table 7eD.-3) if applicable, or other 
descriptive information about the station 

4-digit map number (from maps in Comp. Studies) 

major/minor basin code (from Table 7.D.-3). NOTE: For Great 
Lakes stations use the major basin code and "75" for the minor 
basin code, e.g., 0875 for Lake Michigan stations. 

sub-basin code, if defined; "OO", if undefined. 

LOCATION DESCRIPTION CARD (HEADER CARD 4). Enter the stream or 
lake name, landmark to locate station, township name, and section 
number. Separate the landmark and the township name by ";". If 
the station is within a city, enter "city of ", or 
"in " instead of the township and section number. 
In large lakes the township and/or section number may not be applicable. 
In these instances, use the space to describe the location from 
two landmarks or use a bearing and distance from a landmark. 

On the HEADER CARD 4 the following abbreviations can be used: 

@ at MICH Michigan 
ABV above N North 
AVE Avenue NE Northeast 
BLW below NW Northwest 
BR bridge R r~ver 

BR branch s South 
CENT central SE Southeast 
CR creek SW Southwest 
DNST downstream SEC section 
DR..~ drain STR stream 
E East TWP township 
FT feet TRIB tributary 
L little fiJ West 
L or LK lake YDS yards 
MI miles 
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FIGURE 7.n.-3. Station Set-up Sheet (Front) Completed for a Stream Station 

r STORET WATER QUALITY FILE - STATION LOCATION STORAGE 

AGEt--!CY CARD (A CARD) 

AGE,·<~Y CODE FILE IU:\LOCK 
COCE AFTER UNLOCKING CODE INDIVIDUAL STORING 0.\TA NAMC:, LOCAl ION, AGENCY 18/ank) 

~~~" •'"""') (Optit~nol Comtnrnr .. --- will II:Jf bco 6/Dr,d) 

I 24)25 m 21 I llA It I c I H I I I I I I I I I I I I I I I I I I I I I I I I J II I I IJ 
STATION TYPE CARD (T CARD) 

A STRING OF VALID COMBINATIONS OF STATION TYPE CODES SEPARATED BY a...ASHES 

1 

r 
hrlt J•urdyJ ' 

·• 7&7se~. 

g~~rBit~!rl/lsiTl&JfiAI~ij I I I I I I I I I I I I I I I I I I I I I I I I I I ITll I I I I I I I I II I I I I I I II I I I I I I II I I I I I I IJTT-[rl 
STATION CARD (5 CARD) 

~OC<T 
NO 

PAIP...:AR'f STAT 10 N CODE 
{8/l;ni) 

STATION ALIASES 
:--=-.,.--,c-=o-o-=E.-,(Z)SECOi~Dt.RY STATION --

IL~t I JuSI;Iy) 

LATITUDE I LONGITUDE CARD (IIEADER CARD 0) 

{8/ttni} I 
Tr~'; 

~~~~-~~~~~.~~~~~~~~~~~ [J_Ll_LL~ 
Rt.11 CARD (HEADER CARD I) 

tW lfJiaiiO E~:£'~.;:4!:~\Sl~~tJA~ MILES MILES INDEX MILES lfWEX MILES INDEX MILES 1t~tcl ! 
50RT ~ ,.E~v.·~~~SMI'. T~~M LEVEL LEVEL 2 L£VEL3 LEVEL 3 -L-E~~L~4~~L-E\-~-L~4~~~~~~~~~~~~~~~~~~~~-L-E_V_E_L_7~L-E_V_E_L~-7TL-~~~ 

Qtt'n'-,-'-[tfhlun :rnn "" "'hti"ffi\' 
RMI CARD (!lEADER CARD 2) 

~.J 1910
''

0 r}.3\.1:3..:,~.~.s;~f~1!. INDEX MILES INDEX MILES INDEX MILES !,,.INDEX i.\ILES INDEX 18lttllk) 

S0RTI ~~~~~ 1 TERM LE~LB LEVaBBEV_E_L __ 9~L-E_V_E_L~9~L-E_V_E_L_I0~

1
L-E_V_E_L_~~,,I

11
L,J.-L-E_V_E_L_I_2~L-E_V_E_L_I_2~~------~--~~~--~~-~~-~~--~

1
~1 

ITJJiLTtdrr.. , ,, "" "'"u:D~illir:r:f., Ir ., ·· -~ 1 1 1 1 JDI~l 
MAJOR/MINOR BASitJ CARD (HEADER CARD 3) 

~· --------~------~~---~----~-------,r-~~----~---
::":CRT 

r.·J 
LOCATICH: ,-- --~ 

MAP NO t:§.b_Str; cc:.;~:-1 tSianrJ 
MOJc""l\•.on0f Suo !j~ "I" .. 

1
.. • ,., "'0 ,. , , I,. ""-" 

[[;;AJ_liililiFTN"fiiLIAIKIEIIMidtlHI"G-IAIIJJMidNIIsiAislr!NI:I !kiA!LIAI~r~lzlolol lf(lrlvi£1Rill IIIII llolll3l~lol~3 o oo Ill I! 13 

ST:.TION LOCATION MINOR BASIN NAME OR OTHER LOCATION IN FORMAT ION STATION LOCATION MAJOR BAStN Nt.ME 

LOCATION DESCRIPTION CARD (HE/\DER CARD 4) 

LOCAIION OF SITE , TOW:~SHIP AND SECTION (8/ankJ l 
t•Ll

3
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Use entire names where possible and good punctuation. Abbreviate 
as necessary. 

DESCRIPTIVE PARAGRAPH CARDS (HEADER CARD 5)c These lines are used 
to give a full description of the station location, monitoring 
justification, and other relevant information for the station. 
Do not abbreviate on these cards. Indent paragraphs and use punctuation. 
Different formats are used for streams, inland lakes and Great 
Lakes as follows: 

STREAMS (See Figure 7.D.-4). Enter the following for stream stations 
~n the order given (do not abbreviate): 

First paragraph. 

- stream name and location in respect to fixed landmarks 
- "SECTION ", 

" TOWNSHIP", or "City of " 
--~~~~------

(change E, W, N, S as appropriate) - "T N R E" __ , __ , 

6/86 

" COUNTY, MICHIGAN." 

Second paragraph. 

Station justification. Enter a justification or purpose for 
the station similar to one of the following: 

This station is used to determine background water quality 
upstream from (enter city, discharger, 
tributary or other impact on the stream). 

Water quality within 
------~------~------at this station (enter a city name). 

~s determined 

Water quality downstream from 
~------~----~~-------is determined at this station (enter city, discharger, 

tributary or other impact on the stream). 

This station is used to determine loadings to the 
from (enter 

stream or lake as appropriate). 

Additional paragraphs (optional information). 

Enter additional information relevant to the station. Examples 
of these are: 

River Mile Point. For mainstream stations enter: 

This station ~s 
mouth. 

. ---- miles (or kilometers) from the 

For tributary stations enter: 

7-22 
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FIGURE 7 .D. -4. Station Set-up Sheet (Back) Completed for a Stream Station 
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This station is . miles (or kilometers, feet, or 
meters) from the-cQnfluence with the 
r~ver. The confluence is • miles from the mouth. ----
Flow information. Enter the following: 

USGS Gage No. 
Drainage area ratio 
Drought flow and date of determination 

INLAND LAKES (See Figure 7.D.-6). Enter in paragraph format the following 
for inland lake stations in the order given (do not abbreviate): 

lake name 
depth and location of basin (if basin oriented lake station) 
location of basin by section, town, range, township, county, and 
state 
location of sampling site from at least two landmarks 
inlets and outlets of the lake 
other relevant information 

GREAT LAKES (See Figures 7.D.-7 and 7.D.-8). Enter ~n paragraph format 
the following for Great Lakes stations in the order given (do not abbreviate): 

lake name and bay, harbor, strait, or inlet, etc. if pertinent 
distance and direction, or magnetic bearing (give date of bearing) 
from at least one, and preferably two pertinent landmarks 
information relevant for locating the station from a boat, such 
as bearings to onshore landmarks, buoys, Loran-e coordinates (including 
chains), etc. 

Other formats may be necessary for stations which are different from 
the examples above. The important point is to accurately describe the 
location of the station and include other important information about 
the station. Documentation of routine samples should be avoided in 
the paragraph. Unusual conditions or sampling projects (e.g., storm 
surveys) however, should be documented by giving the date(s) and the 
conditions. Any other information relevant to data interpretation of 
the specific station can be entered in the remaining spaces. 

Corrections can be made to existing stations by completion of the line(s) 
of the setup sheet in error and the "S" card. The word "CORRECTION" 
should be written at the top of the sheet. Note the lines on the back 
of the sheet each represent one line in the output and in STORET. 

When set-up sheets are completed, forward them to the STORET group for 
entry into STORET. The STORET group reviews the set-up sheets for 
accuracy and completeness, and then sends them to the Data Entry Section 
of the Michigan Department of Transportation. This Section keys the 
information to disk, verifys the keying, and dumps the keyed information 
to a computer tape. The tape is then sent to the EPA Computer Center 
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FIGURE 7.D.-5. Station Set-up Sheet (Front) Completed for an Inland Lake Station 
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FIGURE 7.D.-6. Station Set-up Sheet (Back) Completed for an Inland Lake Station 
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(X) 
V\ 

STORET WATER QUA~~~----~:·,-~~;---=- STATION LOCATION STORAGE I 

--.1 
I 

l-0 
--.1 

_1!2f31 Zff6 EJS:I9!1o !1 1 !1zlj 411 s!1 611 7!1u~2zjz3j2 41zs!z61z 7jzs!z9j3oj3113 zi33134 :~ 3 6 3 7 3~}9FOJ~.L4-LZ 4_3.L4-i4 _45.L4-16 L-4 7..1.-_;a ~....J---1--"--'--'-~"'--~.-.~...--'--..l--JI--.L_..__,__.___.._.__._~._._--L-. ......_.....__.__._~.._.__ 
AGENCY CARD (A CARD) 

t..GC:~lCY CODE t6b~ ur~-~~~ UNLOCKING CODE INDIVIDUAL STORING DATA NAME, LOCAl ION, AGENCY (Bitlflk/ 

A 

STATION TYPE CARD (T CARD) 
1---------------------------------------------------------------------------------------------------------------------------------------------------------.-~ 

A STRING OF VALID COMBINATIONS OF STATION TYPE CODES SEPARATED BY SLASHES 

T 

STATION CARD (S CARD) 

3DRT PR· ;.· E . STATION ALIASES 
t.O 1M RY STATION COD (81t1niJ STATION CODE (2)SECONDARY STATION {Bitntk/ 

(Lrll Justify} 

.Jcl~~~~~~~L~~~~-J~~~~~~L-~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
LATITUDE I LONGITUDE CARD (HEADER CARD 0) 

LOt\GITUDE p TOTAL I 
~.:...:..r-5 -s:.~ {8/tlnk/ C D SJt~N~ (Blank/ 

27 2a ;:-~ ~ ~2 :o~:o~ 7?·~o 

~.._.__.___.___._3_._F-J.-o .... o--~ L--L3 lWIIJJTII lTD I ! I l 1 I 1 I I i I I I I I l I I L I I I ! i I ! I l 1 ~ i i c 
RMI CARD (HE1\DER CARD I) 

~----------~-----------r----------~---------.----
SGiH I LEVEL 2 LEVEL 3 LEVEL 3 LEVEL 4 

t • 0 M I L E S I N DE X M t L i: S I N DE X 

RMI CARD CARD 2) 
;;::; :n-r---~~t:~::·'IP·~:.II T E R ·g-l-.E-V_E_L_8--r---·---.-------.------...,.-----.- ,--·--,------.--------.-------------------------------,--, 

"J ill8811t1t1nn••JII. ~.:' ! ... liSTi\Ef,M lr-.OEX (81t1nil 

1" 3 ~ ,;l~---::, 1~\:!:~~~·i 11 rm 13 14 11 1r. ~;;' 

j_j_j_LiTl_ l I ! I i 1121 
MAJOR/MINOR BASIN CARD (HEADER CARD 3) j 

-;~;~~ ----------------------------------,~------

-~) I ST.~TION LGCATION MAJCJR BASIN NAME I STATION LOCATION MINOR BASIN NAME OR OTHER LOCATION INFORMATION {8/tlltk) 

I 3 _ 4 27 :>A I I I ~~!·I· ls!alsl' INI: I ILjajKjEj jHjujK~j~j I I ~2~~~~~-~~~~~~~~~-~~~~~~~~~~~~~ 
LOCAT ICN DESCRIPTION 

1
1 

LOCATION OF SITE 1 TOWNSHIP AND SECTION {8/uk/ 

1 I 4 



0'\ 
........... 
00 
VI 

--.1 
I 

N 
00 

FIGURE 7. D • -8 , Station Set-up Sheet (Back) Completed for a Great Lakes Station 
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by the STORET group for entry into STORET. At the Computer Center the 
data is put onto disk, edited by means of the STORET storage procedure, 
and then stored. 

Errors from the edit are resolved and corrected by the STORET group 
by using the set-up sheets, maps, and by contacting the user group responsible 
for the set-ups. After storage, the station is retrieved by th2 STORET 
group. The resulting computer printout of the stations is returned 
to the user along with the station set-up sheets. The retrieval is 
then proofed by the user against the set-up sheets for accuracy and 
completeness. Any corrections required should be submitted to the STORET 
group. These will be submitted to STORET, retrieved and returned to 
the user for additional proofing. 

7.D.3.b. DATA STORAGE IN STORET 

7.D.3.b.l. Water Column and Sediment Data Preparation 

All ambient water quality data should be entered into STORET so that 
it will be available for agency usage. The data storage process is 
diagrammed in Figure 7.D.-9. After the sheets are returned from the 
lab and reviewed by the program manager and the collector, the data 
sheets should be prepared for STORET entry as follows: 

6/85 

Verify that all monitoring sites have been established 1n 
STORET. Those not yet established should be coded for input 
per instructions in Section 7.D.2. 

On the data sheets check data for legibility, accuracy, and 
completeness. In particular, check station numbers, dates 
and times. Multiple sheets for the same sample should be 
cross referenced for consistency of these items. 

Make sure supplemental parameters (i.e., those not preprinted) 
are coded with the correct parameter numbers, and that precoded 
parameter numbers have not changed since the data sheet was 
printed. 

Check that each cell has only one valid STORET remark code 
preceding the value. Eliminate the two digit clarifying remark 
codes following the data values by marking through them in 
red. Values which are dee~ed incorrect because of the remarks 
should not be stored. 

Any parameter column not to be entered (i.e., was not analyzed 
or the parameter number is not available) should be crossed 
out in red and a vertical line drawn through the column. 
In parameter columns where a particular cell has information 
which is not to be stored, place a red X in that cell. Any 
complete sample on the sheet which is not to be entered (i.e., 
non-STORET station or invalid results) should be crossed off 
in red. 
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FIGURE 7.D . .,-9.Process of Data Storage in STORET Water Quality File 
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Field parameters should be coded with the correct remarks 
codes and detection limits. 

then all If any data for a study is to be stored at depth, 
data for the study should have a depth indicated. 
samples in these cases indicate 0 for the depth. 
result in a more consistant STORET retrieval. 

For surface 
This will 

Figure 7.D.-10. is an example of a data sheet which has been edited for 
keypunch. 

7.D.3.b.2. Tissue Data Preparation 

The storage of tissue data in STORET requires unique coding from other 
data. Special parameters are to be coded where applicable as follows: 

84005 
74990 
74995 
84007 
81614 
81615 
00024 
00023 
00029 

Alpha Species Code 
F + W Species Numeric Code 
Numeric Tissue Code 
Alpha Tissue Code 
Number of Individuals in sample 
Number of Species in sample 
Length ~n Inches 
Weight in Pounds 
Field ID. No. (Great Lakes Grid No. Only) 

Species and tissue codes are listed in Tables 7.D.-4 and 7.D.-5. 

When coding tissue data, station number, year, month, and day are indicated 
as usual (see Section 7.D.3.a.l.). The time of sampling however, is 
used to indicate the type of tissue that was analyzed. Table 7.0.-5 
lists the time code for each tissue type. The appropriate tissue time 
code must be coded in the time field. Note that the code placed in 
the time field is not always the same as that coded under parameter 
74995, numeric tissue code. This is due to the limitation of 0-59 minutes 
in the time field. 

The depth field is used to identify species and sample sequence. The 
value coded in this field is a combination of the numeric species code 
plus a one digit sequence code appended to the right of the species 
code. Up to ten samples of the same species per date can be coded using 
this method. Start the sequence coding with a 1 and proceed through 
0, with 0 representing the tenth sample. If more than 10 samples of 
the same species are collected, the date should be increased by one 
day and the sequence started over with 1. Continue increasing the date 
of sampling until all samples for that species are coded. 

If a composite sample is collected, do not code as a regular composite. 
Instead code as a grab with the appropriate numbers under the parameters 
for number of individuals and number of species in sample. Where more 
than one species is included in the sample the species code of "MIX" 
is appropriate. 
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TABLE 7oD.-4. MICHIGAN FISH LIST BY FAMILY 

COMMON NAME SCIENTIFIC NAME STORET ALPHA STORET NUMERIC 
CODE <84005> CODE <74990> 

LAMPREYS <PETROMYZONTIDAE) 

SILVER LAMPREY 
NORTHERN BROOK LAMPREY 
CHESTNUT LAMPREY 
SEA LAMPREY 
AMERICAN BROOK LAMPREY 

ICHTHYPZYZON UNICUSPIS 
ICHTHYOMYZON FOSSOR 
ICHTHYOMYZON CASTANEUS 
PETROMYZON MARINUS 
LAMPETRA LAMOTTE! 

PADDLEFISHES <POLYODONTIDAE> 

PADDLEFISH POLYODON SPATHULA 

STURGEONS CACIPENSERIDAE> 

LAKE ~:TUF:GEON 

GARS <LEPISOSTEIDAE> 

SPOTTED GAR 
LONGN0~3E GAR 

BOWFIN <AMIIDAE> 

BOWFIN 

ACIPENSER FULVEOSCENS 

LEPISOSTEUS OCULATUS 
LEPISOSTEUS OSSEUS 

AMIA CALVA 

TROUTSY WHITEFISHES CSALMONIDAE> 

ATLANTIC SALMON 
BROWN TROUT 
RAINBOW TROUT 
BROOK TROUT 
LAKE TROUT 
CISCO <LAKE HERRING) 
SISKOWIT LAKE CISCO 
I VE.S LAVE C I ~:CO 
SHCtRTNO~;E C! SCO 
SHORT .JAW CISCO 
LONG .. .JAW C I S;CO 
BLOATER 
KIYI 
BLACKF IN C I :=;CO 
DEEPWATER CI:3CO 
LAKE WH I TEF I ::;H 
PYOMY WH I TEF I :=:H 
ROUND 1.-JH I TEF I ~:H 
ARCTIC CiRAYLINC; 
PI Nl< ~;ALMON 

COHO ~:ALMON 

SOCKEYE :::ALMON 
CNINCiOK ~:ALMON 
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SAU·lO SALAR 
SALMO TRUTTA 
SALMO GAIRDNERI 
SALVELINUS FONTINALIS 
SALVELINLIS NAMAYCUSH 
COREGO~JS ARTEDII 
COREGONUS BARTLETT! 
COREGONUS HUBBS! 
COREGONUS REIGHARD! 
COREGONUS ZENITHICUS 
COREOONUS ALPENAE 
COREGONUS HOY! 
COREGCtNI_t~3 K I Y I 
COREGONL~ NIGRIPINNIS 
COREGONU:3 .JOHANNAE 
COREGONUS CLUP~~FORMIS 
PROSOPIUM COULTER! 
PROSOPIUM CYLINORACEUM 
THYMALLUS ARCTICU3 
ONCORHYNCHUS GORBtY::CHA 
ONCORHYNCHUS K!SUTCH 
ONCORHYNCHU3 NERKA 
ONCORHYNCH IS T~.HAWYTSCHA 

SVL 445 
~;BL 331 
CHL 330 
NA NA 
ABL 0:-· 

PF 106 

LST 099 

SC; 050 
L(; 032 

BF 068 

ASL 167 
BT 011 
RBT 039 
BKT (\96 
LT 029 
CIS 085 
NA NA 
NA NA 
NA NA 
NA NA 
~A NA 
BLO 006 
KIY 0';18 
I'! A NA 
NA NA 
LWH 030 
NA NA 
RWH 044 
AC•R 002 
NA NA 
CHO 081 
sos 481 
CHN 083 

f)IOSTORET 
CODE 

32040201002007 
3204020 1 0('2004 
32040201002002 

32040201003004 

32060102001001 

32060201001001 
320·S020 1001002 

32060301001001 

3206090100il005 
320t.::.o9o 1 (l04006 
32060901004003 
3206090 1 00':·•)0 :'> 

32060901 oo~:ou4 
32060901001002 

32060901001005 
32060901001007 

32060901001004 

32060901 oo:;:oo3 
32060901 0070(> 1 

32060901002003 
320609010021)04 
3206(l90 1 002005 
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TABLE 7.D.-4. Continued 

SMELTS COSMERIDAE) 

RAINBOW SMELT 

HERRINGS <CLUPEIDAE> 

ALEWIFE 
GIZZARD SHAD 

OSMERUS MORDAX 

ALOSA PSEUDOHARENGUS 
DOROSOMA CEPEDIANUM 

MOONEYES <HIODONTIDAE> 

MOONEYE HIODON TERGISUS 

MUDMINNOWS <UMBRIDAE> 

CENTRAL MUDMINOW 

PIKES <ESOCIDAE> 

GRASS PICKEREL 
NORTHERN PII<E 
!'1USKELLUNGE 

UMBRA LIMI 

ESOX AMERICANU:3 
ESOX LUCIU:3 
ESOX MASQUINONGY 

SUCKERS <CATOSTOMIDAE> 

BLACK Ec1_1FFALO IC:TIOBUS NIGER 
SMALLMOUTH BUFFALO ICTIOBUS BUBALU3 
QUILLBACK CARPIODES CYPRINUS 
BLACK REDHORS~ MOXOSTOMA DUQUESNE! 
GOLDEN REDHORSE MOXOSTOMA ERYTHRURUM 
SILVER REDHORSE MOXOSTOMA ANISURUM 
SHORTHEADlNORTHERN> REDHORSE MOXC~TOMA MACROLEPIDOTUM 
GRC:ATER REDH(,R:=:E 
RIVER REDHOR:=:E 
NORTHERN HOG SUCKER 
WHITE ~:UCKER 

LONGNO~:E :3UCt<ER 
~:POTTED :::UCKER 
LAKE CHUBSUCKER 
CREEK CHUBSUCKER 

MINNOWS 

CAf<P 
GOLDFISH (1) 
GOLDEN :;HINER 
CRC:EK CHUB 
PEARL DACE 
RED::: I DE DACE 
PUGNO:::E MINNOW 
F ItlE:=:(:ALE DACE 
SCII_ITHERN REDBELI_ Y DACE 
NO~THER REDBELLY DACE 
LAI<E CHI_IB 
HORNYHEAD CHUB 
F; I \.'ER CHUB 
SILVER CHUB 
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1'"10XOSTCtMA 'v'ALL.-!CIENNE:::I 
MOXOSTOMA CARINATUM 
HYPENTELIUM NIGRICANS 
CATOSTOMUS COMMERSONI 
CATOSTOMUS CATOSTOMUS 
MINYTREMA MELANOPS 
~RIMYZON ~JCETTA 

ERIMYZON OBLONG~; 

CYPRINUS CARPIO 
CARASSIUS AURATUS 
NOTEMIGONUS CRYSOLEUCAS 
SEMOTILUS ATROMACULATUS 
SEMOTILUS MARGARITA 
GILA ELONGC\TA 
NOTROP!S<OPSOPOEODUS) EMILIAE 
PHOXINUS NEGOGAEUS 
PHOXINUS ERYTHROGASTER 
F'HOX I NUS EO::: 
COUESIUS PLUMBEUS 
NOCOMI::: BIGUTTATU:; 
NOCOMIS MICRO?OGON 
HYBOPSIS STORERIANA 

RSM 

AW 
GSH 

MO 

CMM 

GPK 
NP 
ML 

BLB 
~:BU 

i:~UB 
BRH 
RSU 
::;.RH 
SRD 
NA 
RRH 
NHO 
wso 
LSU 
ssu 
LC 
ccs 

c 
GF 
GSN 
CI<C 
PD 
NA 
PNM 
NA 
RBD 
NA 
NA 
HHC 
RC 
SVC 

080 

075 
021 

034 

334 

091 
036 
OE:4 

105 
048 
1)74 
::::39 
041 
170 
101 
NA 

0~14 

(1(:.1 
(1:33 
051 
028 
:;:87 

012 
024 
022 
090 

NA 
'35:3 
NA 
3c:l 
NA 
NA 
349 
07~: 

346 

3206090200:3001 

320~.0701 00 1. 005 
::::206070100-100 l 

320/.:.0801001002 

32(1~.0906(H):~:')0 1 

320609070010(11 
32060':;-107(H) 1 C02 
32060907001 oo:? 

3201.:.11 03(l07(H):-:: 
32ot..11 o::::oo7o > L 
320/.:.11 0:?001 (;I") 2 
3·~0~.11 030 1 0(• c) 7 
::::2(1(:.11 o:;:o 1 (l(•U::: 
::::20<:.11 0:301 ()()(11 

::20611 (J:3(l1 (H) 12 

3206110:::01(H)(i4 
320611 o:;:oof:.oo-:-: 
320611 0:3002(li),..:~ 
320611(l:j(l(l2(HJ~ 

32061103009001 
320611 0~:(105002 
320611 030050(1 1 

32061102007001 
3206 n 020(>40o 1 
3206110202(:.001 
32061 1 (1203';1001 
~:21).:, t 1 020~:9(1(• 3 

:::206110202704 1 

32061102030002 

320611 02(12'5(1<).~ 
320t.ll 02025005 
32(l61102016015 
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TABLE 7oD.-4. Continued 

BIGEYE CHUB 
BLACKNOSE DACE 
LONGNOS:E DACE 
El"1ERALD ~:HINER 

SILVER SHINER 
RO:;YFACE ~:HINER 
F~EDFIN :3HINEF< 
COMMON :::HINER 
I RONCOLOR :::HINER 
WEED SHINER 
BLAC~::c:H IN ~:HINER 
~:POTTAIL SHINER 
BIGMOUTH SHINER 
~:POTF IN :;HINER 
PUGNO:::E :3H I NER 
S:ANO SH l NER 
MIMIC SHINER 
BLACKNOS:E ~::HINER 

S I L VER . ..IAW MINNOW 
BRASSY MINNOW 
BLUNTNO:::E MINNOW 
FAT HEAD r1 I NNOW 
STONEROLLER 

LOACHES CCOBITIDAE) 

ORIENTAL WEATHERFISH 

HYBOPSIS AMBLOPS 
RH IN I CH THY::: ALTRATULUS 
RH IN I CHTHY::: CATARACTAE 
NOTROPIS ATHER I NO I DES: 
NOTROPI::: PHOTOGEN I:; 
NOTROPI:::: RUBELLUS 
NOTF.:OPIS UM8RATILIS 
NOTROPIS: com~uru::: 

NOTROPIS CHAL Y8AEU:; 
NOTROPIS TEXANU:; 
NOTROPIS HETERODON 
NOTROPIS HIJD:::ON I US 
NOTROPIS: DOR:::AL IS 
NOTROPIS :::pI LOPTERU:; 
NOTROPI::: ANOGEt.IIJS 
NOTROPIS: S:TRAI"l I NEUS 
NOTROPIS VOLUCELLU::: 
NOTROPI::: HETERC•i....EP I :3 
EF:ICYM8A BUCCATA 
HYBOGNATHU:::: HAN I< I N::::ON I 
PI MEPHALE·:. NOTATU'3 
PIMEPHALE":; PROMELAS 
C:AMPOSTOMA A NOM ALUM 

MISGURNUS ANGUILLICAUDATUS 

CATFISHES <ICTALURIDAE> 

PLACK BULLHEAD 
BRO!,.JN BULLH!:AD 
YELLOW BULLHEAD 
CHANNEL CATF I:3H 
FLATHEAD CATFISH 

. TADPOLE MADTOM 
STONE CAT 
BRINDLED MADTOM 

ELLS <ANGUILLIDAE> 

AMERICAN EEL 

! CTALURU·.:; MELAS 
ICTALURUS NEBULOSUS 
ICTALURUS NATALIS 
ICTALURUS F~NCTATUS 
PYLODICTIS OLIVARIS 
NOTURUS GYRI NU::; 
NOTURUS FLAVIJ~; 

NOTURU~ MIURUS 

ANGUILLA RGSTRATA 

TOPMINNOWS CCYPRINODONTIDAE> 

BANDED KILLIFISH 
STARHEAD TOPMINNOW 
BLACKSTRIPE TOPMINNOW 

FUNDUL~3 DIAPHANUS 
FUNDULU::. NOTT I 
FUNDULUS NOTATUS 

LIVEBEARERS <POECILIIDAE> 

MOSQUITCtFISH GAMBUSIO AFFINIS 

CODFISHES <GADIDAE> 

BUR BOT LOTA LOTA 
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BEC 
BLD 
LND 
E~:H 

NA 
RFS 
R::::R 
CSH 
ICS 
ws 
NA 
NA 
NA 
SPS 
NA 
SDS 
MCS 
NA 
::: • .Jr1 
rJA 
BLM 
FHM 
SRL 

NH 

BI<B 
BRB 
YEB 
CHC 
FHC 
TPM 
SCT 
BRM 

AME 

BKF 
STM 
BTI"l 

MQF 

BUR 

343 
55(:. 
108 
077 
NA 
370 
'376 
OE:9 
356 
375 
NA 
NA 
NA 
373 
NA 
452 
378 
NA 
448 
NA 
(1:?.7 
382 
335 

NA 

004 
010 
062 
016 
019 
397 
396 
399 

076 

209 
405 
404 

407 

082 

32061102016002 
320611 o:.::o:~:s .·~) 1 
320611 020~:5:)02 
~:20611 0202701:2 

32061102027075 
320611 020270'=-/:::: 
320611 02027(1~:7 
320611 020270:::·::) 
320611020270::::·;, 

320611020270:::5 

320611020270:37 
32061102027(!95 

32061102010001 

~:20611 <)2(!:~: 1 (H) 1 
3206! 1 020:;: 1 1)02 
32061102(l(l3()(il 

32061201001005 
32061201001007 
32061201 001 (•(;6 
32061201001010 
32061201 (l(l8t)0 1 
32061201002012 
32061201 0020U:3 
3206 120 1 002 () 1 7 

3206050 1 00 1 (H) 1 

820618040(l(:.(l(:f:. 
32061804(l(l(:.c; 1 5 
32061:::040060 14 

32061805002001 

32061702007001 
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TABLE 7.D.-4. Continued 

TROUT-PERCH <PERCOPSIDAE> 

TROUT-PERCH PERCOPSIS OMISCOMAYCUS 

PIRATE PERCH <APHREDODERIDAE> 

F·IRATE PERCH APHREDODERUS SAYANUS 

SILVERSIDES CATHERINIOAE> 

BROOK SILVERSIDE LAB!DESTHES SICCULUS 

TEMPERATE BASSES <PERCICHTHYIDAE> 

WHITE BASS MORONE CHRY~:OPS 

SUNFISHES <CENTRARCH!DAE> 

SHALLMOUTH BA~;:;:; 

LARGEMOUTH BA:::s 
\o.1ARMOUTH 
GREEN SUNF I ~:H 
PUMPK I N~;EED 
REDEAR SUNF I :;::H 
BLUEGILL SUNFISH 
LONGEAF: S:UNFISH 
ROCK EIASS 
WHITE CRAPPIE 
BLACK CRAPPIE 

PERCHES <PERCIDAE> 

WALLEYE 
BLUE PIKE 
SAUGER 
YELLOW PERCH 
BLACKSIDE DARTER 
LOC>PERCH 
RIVER DARTER 

·CHANNEL DARTER 
NORTHERN SAND DARTER 
,JOHNNY DARTEF.: 
GREENSIDE DARTER 
IOWA DARTER 
RAINBOW DARTER 
ORANGETHROAT DART~R 
FANTAIL DARTER 
LEAST DARTER 

DRUMS <SCIAENIDAE> 

FRESH~.JATER DRUM 

SCULPINS CCOTTIDAE> 

FOURHORN SCULPIN 
MOTTLED SCULPIN 
SLIMEY SCULPIN 
SPOONHEAD SCULPIN 
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MICROPTERUS DOLOMIEUI 
MICROPTERUS SALMOIDES 
LEPOM I~: OULOSUS 
LEPOMIS CYANELL~S 
LEPOMIS GIBBOSUS 
LEPOMIS MICROLOPHUS 
LEPOMIS MACROCHIRUS 
LEPOMIS MEGALOTIS 
AMBLOPLITES RUPESTRIS 
POMOXIS ANNULARIS 
POMOXIS NIGROMACULATIS 

STIZOSTEDION VITREUM 
STIZOSTED!ON VITREUM GALUCUM 
STIZOSTEDION CANADENSE 
PERCA FLAVE~~ENS 
PERCINA MACULATA 
PERCINA CAPRODES 
PERCINA SHUMARD! 
PERCINA COPELAND! 
AMMOCRYPTA PELLUCIDA 
ETHEOST0MA NIGRUM 
ETHEOSTOMA BLENNIOIDES 
ETHEOSTOMA EXILE 
ETHEOSTOMA CAERULEUM 
ETHEOSTOMA SPECTABILE 
ETHEOSTOMA FLABELLARE 
ETHEOSTOMA MICROPERCA 

APLODINOTUS GRUNNIENS 

MYOXOCEPHALUS QUADRICORNIS 
COTTUS BAIRDI 
COTTUS CO· ·:\lATUS 
COTTUS R I t.'E 1 

NA 

pp 

J::(O:•C'" - •J.._. 

WHB 

SMB 
LMB 
w 
GSF 
SF 
RES 
BGS 
LSF 
RKB 
WHS 
BKS 

WE 
NA 
SAG 
yp 
B!.::D 
LP 
RD 
CHD 
NA 
,.JD 
GRD 
NA 
RAD 
OTD 
FID 
LD 

FWD 

NA 
MDS 
SLS 
NA 

NA 

410 

088 

057 

047 
031 
056 
025 
038 
040 
008 
072 
043 
(l59 
01)5 

055 
NA 
046 
063 
436 
433 
441 
434 
NA 
109 
545 
NA 
546 
429 
550 
422 

NA 
443 
079 
NA 

32061302001001 

32061806005001 

32062302001002 

32062305oo:::no2 
32062305008<.i(l':i 
32062305007004 
32062305007002 
3206230500700:3 
32062305007009 
32062305007006 
32062305(H)7!)(\8 
32062305002002 
32062:30500900 1 
32062305009(1(12 

32062::06005002 

32062306005001 
3206230/:.oo::::(H) 1 
320623(!/:.(l(l41) 1 1 
32062301:-004004 
3201:·2~:1)6004022 

32062306004005 

3206230t:.oo:::044 
32062306002005 

32062306002007 
3206230(:.0020/:.5 
3206230C:.002021 
32062306002041 

32062322001001 

32062371009005 
32062871009008 
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TABLE 7.D.-4. Continued 

STICKLEBACKS <GASTEROSTEIDAE> 

BROOK STIC~LEBACK 
NINESPINE STICKLEBACK 

CULAEA INCONSTANS 
PUNGITIUS PUNGITIUS 

NA 
NA 

NA 
NA 

MISCELLANEOUS CODES +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

MIXED ::::t=·ECIES 
UNI<NOV.JN F I ::::H 
BASS <UNKNOWN SPECIES> 
CRAPPIE <UNKNOWN SPECIES> 
MINNOWS <UN~NOWN SPECIES> 
SUCKER <UNKN SPECIES> 
SMELT <SPECIES UNKNOWN> 
REDHOR:::E 
COMt'iON CHUB 
CUTHROAT/RAI~BOW TRrnJT 
HYBRID BASS <WHITE/STRIPED> 
SHINER <COMPOSITE> 
CARP/GOLDFISH <HYBRID> 
CATFISH <UNKNOWN SPECIES> 
SUNFISH CU~WNOWN SPECIES> 
COMMON S:CULP IN 
STICVLEBACK 
GRUNT 

MICROPTERUS <GENUS> 
POMOXIS <GENUS> 
CYPRINIDAE CFAMILY> 
CATC'·:~ -,1'1U:::; SPP. 
<FAMILY) OSMERIDAE 
MOXOSTOI"lA :::;pp. 
GILA SP. 

HYBRID 
MORONE ::::p. 
NOTROPI S: SP. 
N/A 
ICTALURUS < (;~~IIJ':: > 
LEPOM IS: (GENU"::> 
COTTUS: :::p. 
GASTEROSTEUS :;p. 
~:AEMULON S:P. 

NA CODE NOT PRESENTLY AVAILABLE 
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MIX 
UNK 
BA:3 
CPY 
MIN 
SUI< 
SMT 
RHS 
CCB 
CRT 
HY'3 
SHI 
CGH 
CFH 
CSN 
scu 
sn~ 

GRU 

~A 

65 
95 
97 

100 
104 
152 
192 
480 
482 
198 
497 
~00 
"51Q 
521 
534 
536 
537 

320623050('::;: 
32062::::0'5009 
32061102 
320611 0:?.002 
320/.:.0902 

3206t1(l2012 
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FIGURE 7.D.-lO.Example of a Data Sheet Edited for Keypunch 
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The use of the time and depth fields in the above manner allows for 
selection of specific tissues and/or species during the retrieval and 
analysis procedures using STORET. 

Figure 7.D.-ll is an example of a coded tissue sample sheet. 

7.Do3eb.3. User Data Entry, Review, Editing and Proofing 

Users are responsible for tabulating laboratory data on 
STORET data sheets. Edited STORET data sheets are then 
an IBM-PC or equivalent microcomputer via KEYDATA COM. 
reviews the microcomputer master file for completeness 
The Master File is then sent to the STORET Group which 
data to EPA Computer Center for storage in STORET. 

appropriate 
entered into 
The user then 

and errors. 
transmits the 

At the Computer Center the STORET group transfers the data to disk, 
and edits it. The edit is performed using a set of programs called 
SIDES (STORET Input Data Editing System)o SIDES was developed by EPA 
Region IV to provide-for better editing than the STORET system provides. 
The SIDES system provides the following editing: 

Station number check from an independent list of stations for 
the batch being edited. 

Parameter number check from an independent list of parameter numbers 
for the batch being edited. 

Date check from a date specification card. 

Checks for valid information in each field. 

Errors found by the SIDES edit are listed on an error report. The errors 
are corrected, and the SIDES edit is rerun until a good edit is accomplished. 
An echo printout of the original data sheets is then produced for the 
edited data. 

Once a successful edit is made on the data, the STORET group returns 
the data sheets and the echo printout of the data to the user. The 
user proofs the printout against the original data sheets and notifies 
the STORET group of errors. The STORET group corrects any errors, and 
then stores the data in STORET. 

After storage in STORET, the data is retrieved. The resulting printout 
is used to verify data storage and the corrections. The user is then 
notified that his data is stored and available for STORET retrieval 
and analysis. 

For ongoing programs ~n which stations are periodically sampled, newly 
stored data is compared against previous stored data for inconsistencies. 
This review is performed by the STORET group. Users and/or the laboratory 
staff are contacted for verification of inconsistencies. Any errors 
which are found are then corrected in STORET. 
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FIGURE 7.D.-ll. Completed Tissue Data Sheet Edited for Keypunch 
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! ! ! - ! ! 
----------- -------- ------ ----------------- ----------------------------------------------------------

* SEE COuE. LI~3T ES0-02502 REV. 10/79 



7 .D.4. RETRIEVAL AND ANALYSIS 

7.D.4.a. STORET WATER QUALITY DATA SYSTEM 

Ambient water quality data collected by the Michigan Department of Natural 
Resources is stored in the u.s., Environmental Protection Agency's "STORET" 
computer system. STORET retrievals consist of an optional descriptive 
paragraph page and data pages. All pages have a brief description at 
the top describing the location of the sampling station. An example 
of the descriptive paragraph page is given in Figure 7.D.-12. Data 
can be obtained from STORET in several different formats. Three formats 
are described as follows. The first format, raw data RET, produces 
tabular listings with ten parameters per page. An example of the RET 
format is given in Figure 7.D.-13. The second format, raw data APARM, 
gives listings in parameter number order with fewer samples per page. 
Figure 7.D .. -14 is an example of APARM. The third option, INV 120, produces 
statistical summaries for each station. An example of INV 120 is given 
in Figure 7eD.-15. Other formats and data analysis are available through 
the STORET group of the Water Quality Surveillance Section. The STORET 
group should be consulted for your special needs. For routine requests 
the user should indicate the retrieval format he/she desires on the 
request form (see the following section). 

In the figures the STORET retrieval codes, abbreviations, and data are 
identified by letter code and explained as follows. 

A - STORET station number 
B - latitude 
C - longitude 
D - degree of precision associated with the indicated latitude 
and longitude values as follows: 

indicates one tenth (0.1) second 
indicates one (1) second 
indicates ten (10) seconds 
indicates thirty (30) seconds 
indicates one (1) minute 

E - brief description of the station location 
F - EPA state-county code 
G - state and county name 
H - major and minor basins or further location description 
I - major, minor, and sub-basin codes for station 
Ib - Water Quality Surveillance Section map number where station 

is mapped 
J - code for the agency responsible for the station 
K - date station established in STORET 
L - total depth of water at sample site, if available -- otherwise 

0000 or 999 is indicated 

7-42 
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M - archive classification 
N - type code 
0 - river index information 
P - date of data retrieval 
Q - on data pages -- repeat of A through M above 
R - depth at which sample was taken -- blank or zero indicates 

just below surface; on fish tissue samples indicates fish 
species code 

S - STORET parameter number 
T - parameter name -- may include analytical method or chemical 

unit of expression 
U - units in which values are expressed 
V - date and time the sample was collected (time may not appear; 

time for tissue samples indicates tissue analysed; date 
is not repeated for multiple samples in the same day) 

W - parameter value 
X - letter codes follow some of the parameter values and indicate 

the following: 

A Value reported is mean of two or more determinations. 
B Results based upon colony counts outside the acceptable 

range. 
C Calculated. 
D Indicates field measurement. 
E Indicates extra samples taken at composite stations. 
F In the case of species, F indicates female sex. 
G Value reported is maximum of two or more determinations. 
H Value based on field kit determination; results 

may not be accurate. 
J Estimated value; value may not be accurate. 
K Actual value is less than the value given. 
L Actual value is greater t~an the value given. 
M Presence of material verified but not quantified. 

In the case of temperature or oxygen reduction potential, 
M indicates a negative value. In the case of species, 
M indicates male sex. 

N Presumptive evidence of material. 
0 Sampled, but analysis lost. 
S Laboratory test. 
T Value reported is less than criteria of detection. 
U Indicates material was analyzed for but not detected. 

In the case of species, U indicates undetermined 
sex. 

W Value observed is less than lowest value reportable 
under "T" code. 

Y - composite samples dates and times 

CP(T) - 12 indicates a composite by time, consisting 
of 12 portions. The beginning and end date and time 
of sample collection are also given. 
CP(S) - 12 indicates a space composite of 12 samples. 
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CP(B) - 12 indicates a composite over space and time~ 
consisting of 12 samples. 
CP(S) - C indicates a space composite collected continuously. 

Z - on INV 120 pages, the following appear and are defined 
as follows: 

NUMBER - number of parameter values 
MEAN - mean value for all parameter values for the period 
of record retrieved 
VARIANCE - variance of the parameter 7alues retrieved 
STAN DEV - standard deviation of the parameter values 
retrieved 
MAXIMUM - maximum value of all the parameter values retrieved 
MINIMUM - minimum value of all the parameter values retrieved 
BEG DATE - date of earliest parameter value retrieved 
END DATE - date of the last parameter value retrieved 

7.D.4.b. STORET RETRIEVAL REQUESTS AND DATA ANALYSIS 

STORET water quality data is available upon request from the STORET 
group of the Water Quality Surveillance Section, Surface Water Quality 
Division. Requests must include the following: 

user's name and address, 
reason for the data request, 
station number(s), 
parameter(s) or parameter group(s) desired, 
period of record in which the user is interested, and 
retrieval format desired. 

Two different types of retrieval request forms are found in Figures 
7.D.-16 and 7.D.-17. Figure 7.D.-16 is the request form supplied to 
users within the publication WATER QUALITY STATION INVENTORY. The other 
form is used within the Department for retrieval of specific parameters. 

The STORET group reviews all requests for completeness and appropriate 
use of the data being requested. Any ?roblems are clarified with the 
requestor. The STORET retrieval is then executed and the output verified 
by the STORET group. Any limitations of the data or other information 
relevant to the use of the data are communicated to the requestor by 
the STORET group. 

7.E. DATA ANALYSIS GUIDELINES 

Data analysis, reporting and conclusions are often based on mathematical 
and statistical techniques. Care should be exercised in this process 
to ensure that the data are properly handled. T~e analyst performing 
these operations should be familiar with the assumptions and limitations 
of the various techniques. Reviews and comments should be performed 
by qualified staff. 
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FIGURE 7.L 16,STORET Retrieval Request Form From the WATER QL .. ~ITY STATION INVENTORY Publication 

)'\ 

-..... 

~ I DATE OF REQUEST: 

~J 

I 
_p.. 
\0 

REQUESTED BY. 

NAME ____ _ 

ADDRESS - . 

CITY STATE 

REPRESENT! NG 

~~--'-- ~~---------------
TELEPHONE NUMBER 

PERIOD OF RECORD REQUESTED· 

FROM TO 

WHAT WILL DATA BE USED FOR ? 

RETRIEVAL FORMAT DESIRED: 

DRAW DATA RET FORMAT 

0RAW DATA APARM FORMAT 

ZIP 

0STATISTICAL SUMMARY INV 120 FORM AT 

Figure 

PARAMETER: GROUPS { CHECK THOSE REQUESTED- SEE PAGE FOR DETAILS ) 

WATER 

QFlow 

0 Physical 

0 Biochemical Oxygen Demond (BOO) 

0 Dissolved Oxygen 

0 Nutrients 

0 Solids 

0 Chlorides 

0 Bacteriological 

0 Major Ions 

0 Heavy Metals 

O Pesticides and Organic Contaminants 

0 PCB'S 

0 Other Taxies 

0 Radioactivity 

0 Chlorophyll A 

FISH. 

0 Heavy Metals 

0 Organ•c Contaminants 

SEDIMENTS: 
0 General t Nutrients 

0 Heavy Metals 

0 Organic Contaminants 

PARAMETERS NOT COVERED IN ABOVE GROUPS. 

STORET NUMBERS REQUESTED : 



'• I,' -~ 
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FIGURE 7 . D • -1 7 . Inhouse STORET Retrieval Request Form 
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7.E.l. FIELD AND LABORATORY REPORT DATA REVIEW 

The program manager should review all reported data as soon as possible 
upon receipt from the lab. This review should verify the field and 
laboratory work to the greatest extent possible using the information 
the program manager has concerning the planned work, knowledge of the 
sampling sites, and expected data values. Any inconsistencies or errors 
should be discussed with field and/or laboratory staff as appropriate. 
Errors should be corrected on the original data sheets or noted on attached 
sheets. Information concerning unusual values should be noted on the 
data sheets. 

Once the program manager has completed his review, the person collecting 
the samples should also review the data sheets for errors. After the 
reviews have been completed, the data can be certified for use in reports 
and/or entry into STORET. 

7.E.2. FORMULAS -CONVERSION FACTORS 

The following are conversion factors and formulas used frequently in 
data analysis and reporting. Appendix 7.E.-l, Units of Measurement
Conversion Factors and Special Tables, is a useful reference for other 
conversion factors. 

7.E.2.a. Conversion Factors 

To Obtain 

Cubic Meters/day (M3/d) 
Kilograms/day (kg/d) 
MGD 
19/d 
M /day 
cfs 

Multiply 

Million Gallons/day (MGD) 
p~unds/day (lb/d) 
M /d 
kg/d 
c~bic feet/second (cfs) 
M /d 

~ 

3785 
0.4536 
0.0002642 
7.205 

2447 
0.0004088 

7.E.2.b. Formulas and Procedures for Data Analysis 

7.E.2.b.l. Heat Load Addition 

Determine change in temperature: 
temperature of effluent (°C) - temperature of influent (°C) 
in temperature (°C) 

Change 

6/85 

h 
. 0 0 Convert c ange ~n temperature C to F: 

change in temperature (°C) x 1.8 = change in temperature (°F) 

Determi~e number of pounds of water per day: 
flow (M /day) x 1000 (~) x 2.205 (lb) = flow (lb) 

M3 kg day 

Determine number of pounds of water per hour: 
flow (lb) ~ 24 = flow (lb) 

day hr 
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Determine BTU/hr (BTU = amt. of heat to ra~se 1 lb. of water 1 
oF): 

0 flow (lb) x change in temp. ( F) = BTU 
hr hr 

7.E.2.b.2~ Percent Effluent via Specific Conductance- Estimated 

% effluent = (Test solution specific conductance-diluent specific conductance) x 100 
100% effluent specific conductance-diluent specific conductance 

7.E.2.b.3. Geometric Means 

Geo. mean= iN1 x N
2 

x N
3 

x ••• Ni (N =parameter value) 

or 
= antilog (logN

1 
+ logN

2 
+ logN3~ _____ l_o_g_N_i) 

7.Ec2.b.4. Mass Loadings 

kg/day= M3/day x mg/1 x 0.001 
lb/day = MGD x 8.34 x mg/1 

i 

7.E.2.b.5. Percent Un-ionized Ammonia 

100 
2729.92 

(0. 090 i~~ 0 (temp 6 C+273.15) - pH) 

7.E.2.b.6. Degree of Waste Dilution ~n Receiving Streams 

Instream waste concentration (%) = 
IWC 

Effluent flow (Qw) 
7 day, 10 yr. low flow (Qr) + Qw X 100 

Flow rates must be ~n same units. 

7.E.3. SIGNIFICANT FIGURES 

7.E.3.a. Significant Digits 

Significant digits usually are the digits of a number beginning with 
the first non-zero digit on the left of the decimal point, or beginning 
with the first non-zero digit after the decimal point if there is no 
non-zero digit to the left of the decimal point, and ending, in both 
cases with the last digit to the right. Final zeros in a whole number 
may or may not be significant. Final zeros in a whole number may or 
may not be significant. Final zeros after a decimal point are always 
meant to be significant digits. 

6/85 
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Examples 

Figure 

8 
80 

800 
800. 
80. 

8. 
8.0 

80.0 
800.0 

0. 8 or • 8 
0.08 or .08 
0.080 or .080 
0.008 or .008 
8.080 

Significant Digits 

1 
1 or 2 
1, 2, or 3 
3 
2 
1 
2 
3 
4 
1 
1 
2 
1 
4 

7.E.3.b. Multiplying Significant Digits 

When multiplying figures, the answer may not have more significant digits 
than the multiplier with the smallest number of significant digits. 

Examples 

.08 x 80 = 6 not 6.4 
(1) (1) (1) 

.04 X .08 = 
(1) (1) 

7.E.3.c. Flow Data 

.003 not .0032 
(1) 

·Flow cannot be reported to more than three significant figures. In 
no ~ase will discharger flow rates be reported in quantities less than 
1 m /day. 

7.E.3.d. Rounding-off Numbers 

1. If the figure following those to be retained is less than 5, the 
figure is dropped, and the retained figures are kept unchanged. 

i.e., 23.443 is rounded off to 23.44 

2. If the figure following those to be retained is greater than 5, 
the figure is dropped, and the last retained figure is raised by 
1. 

~.e., 23.446 is rounded off to 23.45 

3. If the figure following those to be retained is 5, and if there 
are no figures other than zeros beyond the five, the figure 5 is 
dropped, and the last-place figure retained is increased by one 
if it is an odd number or it is kept unchanged if an even number. 

i.e., 23.435 rounds off to 23.44 
23.425 rounds off to 23.42 
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7.F. RECORD MAINTENANCE FOR QUALITY ASSURANCE 

All field and laboratory notes, data sheets, and other pertinent records 
should be maintained indefinitelyc In some cases~ specific statutes 
require that specific records be kepto In other cases, they may be 
needed for litigation, or for historical purposes. The sheets for data 
stored in STORET are referenced periodically for verification and/or 
clarification of the data. These sheets frequently reflect more information 
than can be stored in STORET. Other records which are not needed should 
be sent to the State Records Center, Department of Management and Budget. 
They should not be destroyed. 
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Appendix 7.E.-l. continued 

Units of Weight and Measure 
International (~1etric) and U.S. Customary 

L. J. Chisholm 

The primary purp~se of this publication is to make available the most often 
needed wetghts and. measures conversion tables-conversions between the U. S. 
Customar:v· System and. International {:\let ric System. A secondary purpose is 
to present a bnei h!.':!toncal outline nf the lnternati•mal I :.\letric l System
foUowmg it from its country of origin, France, through its progress in the 
Cmted ='tates. 

Key Words: Conversion table~. International System 1 SI 1, :.\letric System. 
C. 5. Customary System, weights and mea.surP-s, weights and 
m~a.\iures ahbrevia.tio~. weights and me~ures systems, weights 
and me~ures units. 

Introduction 

Two systems of weights and measures exist side by side in the Gnited States today, 
with roughly equal but separate legislative sanction: the C. S. Customary System and the 
International (Metric) System. Throughout L' S. history, the Customary System (inherited 
from, but ·now different from 1 the British Imperial System) has been, as its name implies, 
customarily used; a plethora of Federal and State legislation has given it, through implica
tion, standir1g as our primary weights and measures system. However, the ~letric System 
(incorporated in the scientists' new SI or Systeme International d' Unites) is the only sys
tem that has ever received specific legislative sanction by Congress. The "Law of 1866" 
reads:. 

It shall be lawful throughout the "C"nited States of America to employ the 
weights and measures of the metric system; and no contract or dealing, or pleading 
in any court, shall be deemed invalid or liable to objection because the weights or 
measures expressed or referred to therein are weights or measures of thP metric 
system.1 

Over the last 100 years, the ~letric System has seen slow, steadily increasing use in 
the tTnited States and, today, is of importance nearly equal to the Customary System. 

The International System * 

* For up-to-date i~Jormation on the interna~ional metric system, 
see current edition of The International System of Units (SI), 
Editors: Chester Page and Paul Vigoureux (NBS Special Publication 
330). For sale by Superintendent of Documents, U.S. Government 
PrintL~ Office, Washington, D.C. 20402. Price 30 cents. For 
NBS policy on the usage of SI, see NBS Technical News Bulle~in 
Vol. 55 No. 1, pp. 18-20, January 1971. 

I Act of 28 July 1866 ! H St&~. 33Ql-An Act to &uthoriJe the un of the :rtetric Systetn of Wei&ht. &nd :\leaaures. 

1 
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Appendix 7.E.-1. continued 

Six units have been adopted to serve as the base for the International System: * 
Length _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____________________________ meter 
Mass _________ ~ ________ ~ ____________________________________ kilogram 
Time _______________________________________________________ second 
Electric current__~ ____ ~ __ ~ ___________________________________ ampere 
Thermodynamic temperature __ . ___________________________ .. _ _ _ kelvin 
Light intensity ______ -· _______________________________________ candela 

Some of the other more frequently used units of the SI and their symbols and, where 
applicable, their derivations are listed below. 

SUPPLEME~TARY UNITS 

Plane angle 
Solid angle 

Area 
Volume 
Frequency 
Density 
Velocity 

Quantity 

Angular velocity 
Acceleration 
Angular acceleration 
Force 
Pressure 
Kinematic viscosity 
Dynamic viscosity 
Work, energy, quantity of heat 
Power 
Electric charge 
Voltage, potential difference, 

electromotive force 
Electric field strength 
Electric resistance 
Electric capacitance 
Magnetic flux 
Inductance 
:\Iagnetic flux density 
:Magnetic field strength 
:\Iagnetomotive force 
Flux of light 
Luminance 
Tilumination 

radian 
steradian 

Unit 

DERIVED UNITS 

square meter 
cubic meter 
hertz 
kilogram per cubic meter 
meter per second 
radian per second 
meter per second squared 
radian per second squared 
newton 
newton per square meter 
square meter per second 
newton-second per square meter 
joule 
watt 
coulomb 
volt 

volt per meter 
ohm 
farad 
weber 
henry 
tesla 
ampere ~r meter 
ampere 
lumen 
candela per square meter 
lux 

Symbol 

rad 
sr 

m2 
_m' 
Hz 
kg/m3 

m/s 
rad/s 
m/s2 

rad/s2 

N 
~/m:z 

m2/s 
N ·s/m2 

J 
w 
c 
v 

V/m 
n 
F 
Wb 
H 
T 
A/m 
:\. 
lm 
cd~m2 

lx 

Derivation 

(kg·m/s2) 

(N·m) 
(J/s) 
(A· s) 
(W/A) 

(V 1A) 
(.-\ · s/V) 
(\" ·s) 
(V·s/A) 
(Wb/m2) 

(cd · sr) 

* Recent \1971) ~ddition of the mole as the unit for amount of 
substance brings the total to seven units. See as~erisked foot
no~e on page 1. 



Appendix 7,E.-l.continued 

Definitions 

In its original conception, the meter was the fundamental unit of the Metric System, 
and all units of length and capacity were to be derived directly from the meter which was 
intended to be equal to one ten-millionth of the earth's quadrant. Furthermore, it was 
originally planned that the unit of mass, the kilogram, should be identical with the mass of 
a cubic deeimeter of water at its maximum density. The units of length and mass are now 
defined independently of these conceptions. 

In October 1960 the Eleventh General (International) Conference on Weights and 
Measures redefined the meter as equal to 1 650 763.73 wavelengths of the orange-red radis.
tion in vacuum of krypton 86 corresponding to the unperturbed transition between the 
2pto and 5d6 levels. 

The kilogram is independently defined as the mass of a particular platinum-iridium 
standard, the International Prototype Kilogram, which is kept at the International Bureau 
of Weights and Measures in Sevres, France. 

The liter has been defined, since October 1964, as being equal to a cubic decimeter. 
The meter is thus a unit on which is based all metric standards and measurements of length, 
area, and volume. 

Definitions of Units 

A meter is a unit of length equal to 1 650 763.73 wavelengths in a vacuum of the orange
red radiation of krypton 86. 

A yard is a unit of length equal to 0.914 4 meter. 

Mass 

A kilogram is a unit of mass equal to the mass of the International Prototype Kilogram. 

An avoirdupois pound is a unit of mass equal to 0.453 592 3i kilogram. 

Capacity, or Volume 

A cub·ic meter is a unit of volume equal to a cube thP edges of which are 1 meter. 

A liter is a unit of volume equal to a rt:bic decimeter. 

A (;u.lnc yard is a unit of volume equal to a cube the edges of which are 1 yard. 

A gallon is a unit of volume equal to 231 cubic inches. It is used for measuring liquids 
only. 

A b1Lshel is a unit of volume equal to 2 150.42 cubie inches. It is used for measuring dry 
commodities only. 

Area 

A square meter is a uo:it of area equal to the area 11f a square the sides of which are 1 
meter. 

A square yard is a unit of area equal to the area of a .~quare the sides of which are 1 yard. 

9 
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Appendix 7.E.-l. continued 

Spellin~ and Symbols for Cnits 

The spelling of the names of units as adopted by the ~a tiona! Bureau of Standards 
is that given in the list below The spelling of the metric units is in accordance with that 
given in the law of July 28. 1866, legalizing the ~Ietrie System in the C nited States. 

Following the name of each unit in the list below is given the symbol that the Bureau 
has adopted. Attention is particularly called to the following principles: 

1. ~o period is used with symbols for units. \Vhenever "in" for inch might be ronfused 
with the preposition "in", ''inch'' should be spelled out. 

2. The expone~ts " 2" and " 3" are u::;ed to signify "square" and "cubic," respectively, 
instead of the symbols "sq'' or "cu,'' which are, however, frequently used in technical 
literature for the C. S. Customary units. 

3. The same symbol is used for both singular and plural. 

Some Units and Their Symbols 

Unit Symbol Unit Symbol Cnit Symbol 

acre acre fathom fath millimeter mm 
are a foot ft mimm numm 
harrel bbl furlong furlong ounce oz 
board foot fbm gallon gal ounce. avoirdupots r,z avdp 
bushel bu grain gram ounce, liquid liq oz 

carat c gram g ounce, troy oz tr 
Celsius, degree oc hectare ha peck peck 
cent are ca hectogram h~ pennyweight dwt 
cent!firam cg hectoliter hl pint, liquid liq pt 
cent1 ter cl hectometer hm pound lb 

centimeter em hogshead hhd pound, avoirdupois lb avdp 
chain ch hundredwei~ht cwt pound, troy lb tr 
cubic centimeter cm1 inch ln quart, liquid liq qt 
cubic decimeter dm~ International rod rod 
cubic dekameter dam1 ~ a.utica.l Mile r;.; :\-1 second 

cubic foot w kelvin K square centimeter cm2 

cubic hectometer hml kilo~ram k~Z: square decimeter Jm% 
cubic inch in' kiloliter kl square dekameter dam1 

cuhic kilometer km1 kilometer km square foot ft! 
cubic meter ma link link <~quare hectometer hm 1 

cubic mile mi.1 liquid liq square inch in2 

cubic millimeter mm' liter liter square kilometer km1 

cubic yard yd' meter m s4uare meter ml 

deci~ram d~ microgram ."~ square mile mi2 
deci 'ter dl micromch .um square millimeter mm1 

decimeter dm microliter .ul square yard }'ffl 

dekagram dag stere stere 
dekaliter ds.l mile mi ton, long long ton 
dekameter dam milligram mil; ton, metric t 
dram, avoirdupois dr avdp milliliter ml ton, short ~hort ton 

yard yd 



Appendix 7.E.-l. continued 

Cnits of Measurement-Conversion Factors* 

Cnits of Length 

To 

Tn Convert from 
Centimeters 

:\1ultipiy by 

Inches_____________________ 0393 700 ~ 
Feet_ _________________________ 0.03'2 ~0~ 40 
Yards ________________________ 0.010 93G 13 
~eters _________ . _____________ O.Ot 

To 

To Convert from 
Inches 

:\tultiply by 

Feet-------------------------- 0083 333 33 
l:ards ________________________ 0.027 777 78 
Centimeters_;_: __ • __ • ___ . _ _ _ _ _ 2 . .54 

".\1etel'!. ---------------------- 0.02.5 4 

To 

T0 Convert from 
~eters 

Inches _________ _ 
feet __ .. ________ . _________ . 
·y ar~ ________ . ________ .. 
:'vli les ___ . ________________ _ 

:\1 ultiply by 

39.370 OH 
3.280 S40 
1.093 ti13 
0.000 621 37 

1 Millimetel"S _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 000 
CentimcterJ __________ . __ 
Kilometers _______________ _ 

To 

To Convert from 
Fet:t 

Inches ___ •• __ • ____________ . __ 
Yards ______________________ _ 

:\1 i le~~ -- - - - - - - - - - - - - - - - - - - - - - -
1 Centimeters ____ - _ .. ---.-.- -- -
1 :\1eters ________ •• ___________ _ 

Kilometers _________ • _______ •. 

11)0 

0.001 

Multiply by 

ll 
0.333 333 3 
0.000 189 39 

30.48 
0.304 8 
0.000 304 8 

• All boldface figures are exact; the others generally are given to seven significant figures. 

In using conversion factors, it is po8sible to perform div~ion as well a.<! the muitipiica.tion process shown 
here. Division may be ps.rticulariy advantageous where more than the significant fi!l:ures published here are 
required. Div~ion may be performed in lieu of multiplication by usin~ the reciprocal qf any indicated mul
tiplier a8 div~or. For example, t() convert from centimeters to mche~ hy div~ion, refer to the table headed 
"To Convert from Inches'' and use the factor listed at "centimeters ·• '2.54l a.s divi~or. 

To 

To Convert from 
Yards 

".\tultiply by 

Inches _______________________ 36 
Feet ________________________ 3 

: :'vtiles ________________________ 0.000 56818 
1 Centimeters __________________ ~1.44 

:\1~ters. --------------------- 0.~14 4 

To 

To Convert from 
~iles 

I nehes __________ • ___ • _____ _ 
Feet ______________________ _ 

·Yarci.s ___ . __ .... -- . - .. - - . - -

:\tultiply by 

63 360 
.5 280 
1 760 

Centimeters .. ______________ 160 934.4 
.\1eters _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 609.344 
Kilometers _______________ . _ 1. 609 344 

11 
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Appendix 7.E.-1. continued 

Units of Mass 

To Convert from 
Grams 

To 

Grains __________ ......... . 
Avoirdupois Drams_ _ ____ _ 
:\ voirdupois Ounces _______ _ 

I Troy Ounces. __ .. ________ _ 

~Iultiply by 

15432 36 
0.564 .383 4 
0.035 273 96 
0.032 150 75 

Troy Pounds______________ 0.002 679 23 
Avoirdupois Pounds________ 0.002 204 62 
~iiligrams. __ . _ _ _ _ _ _ _ _ _ _ _ _ 1 i)00 
Kilograms ___ • ____ .•• ___ • _ 0.001 

To Convert from 
Metric Tons 

To 

A voirdupoi.s Pounds_ ••• ___ . _ 
Shurt Hundredweights ______ • 
Short Tons ________________ _ 
Long Tons ________________ _ 

KilogramB _ • __ •• _ • ________ _ 

Multiply by 

2 204.623 
22.046 23 

L102 311 3 
0.984 206 5 

1 000 

To Convert from 
Grains 

Avoirdupois Drams .. _. __ _ 
Avoirdupois Ounces. _____ _ 
Troy Ounces ... __ ..... _ •. 

Troy Pound~-------------

·Multiply by 

0.036 571 43 
0.002 285 71 
0.002 OS3 33 
0.000 173 61 

AvoirdupoiS Pounds .••..•. 0.000 142 86 
Milligrams _______________ ()4.798 91 
Grams ______ . __________ ._ 0.064 798 91 
Kilograms. _______ . ____ .__ 0.000 064 798 91 

To Convert from 
Avoirdupois Pounds 

To :\1ultiply by 

I 
I 1 

I 

To Convert from 
Kilograms 

To 

G ra.i ns _______ . ~ . _________ _ 

A voirriupois Drams. ______ . 
Avoirdupois Ounces ___ ._ .. _ 
Troy Ounces._._ ...•..• __ _ 
Troy Pounds _____________ _ 

Avoirdupois Pounds_. _____ _ 

Grarrt.S ___________________ _ 

Short Hundredweights _____ _ 
Short ToM __ . ___ . _ . _ . ____ _ 
Long Tons _______________ _ 

:\letri~ Tons. _______ . __ • __ _ 

:Mnltiply by 

15 432.36 
564.383 4 

35.273 96 
32.150 75 
2.679 229 
2.204 623 

1 000 
0.022 046 23 
0.001 102 31 
0.000 984 2 
0.001 

To Convert from 
Avoirdu-pois Ouncea 

To Multiply by 

Grains ____ .•.• __ • __ • __ _ 
Avoirdupois Drams ____ _ 
Troy Ounces ..•. _____ .. 
Troy Pounds __________ _ 

Avoirdupois Pounds ____ _ 
Gram<~ . __ ... _ • ________ _ 

Kilograms ... __ . ___ ... _ 

437 . .5 
16 
0.911 458 3 
0.075 954 86 

0.062 s 1 

28.349' 523 125 I 
0.028 349 523 125 

I 
To Convert from 

1

\ Short Hundredwt:fQhta 

1-T_o _________________________ M_· _u_It_ip--lyby 

----·----------------~

1 
Avoirdupois Pounds_. ______ .. 100 

Grains ________________ 7 000 ShortToll8 _________________ 0.05 

A voirdupo1s Drams_ _ _ _ 256 I Long Tons.____________ _ _ _ _ 0.044 642 ·"13 
1 Avoirdupni.~ Ounc~---- 16 Kilograms _________________ 45.359 237 

Troy Ounce~L---- ____ 14..:'>83 33 :\letric Tons________________ D.ll45 359 237 
TroyP0unds__________ 1.21.5 278 
Grams ________________ 453.592 37 

1 Kilqll;rams _. _ .... ___ . __ 

Short Hundredweights .. 
Short Tons _____ . __ . __ _ 

Lon~ Ton~-----------
~letric Ton~._ .. _. _. __ . 

0.453 592 37 
0.01 
0.000 5 
0.000 446 i~8 6 
0.000 ~53 592 37 



Appendix 7.E.-l. continued 

To 

To Convert from 
Short Tons 

:VI ultiply by 

Avoirdupois Pounds ______ ._ 
Short Hundredweights _____ _ 

2 000 
lO 

Long Tuns _______ .... ___ . _ 
Kilograms. ______________ . _ 
Metric Tons ______ ._. _____ _ 

0.892 857 
907.184 74 

0.907 184 74 

To Convert from 
Troy Ounces 

To 

Grains _____ . ________ . ______ _ 

Avoirdupois Drams. ________ _ 
Avoirdupois Ounces _________ _ 
Troy Pounds _______________ _ 

A ... -oirdupois Pounds .. ___ . ___ _ 
Grams ________ ---- __________ _ 

Multiply by 

481} 
17.554 29 

1.097 143 
0.083 333 3 
0.068 571 43 

31.103 476 8 

To Convert from 
Long Tons 

To Multiply by 

Avoirdupois Ounces ___ _ 
Avoirdupois Pounds ___ _ 
Short HundredwE.'ights __ 
Short Tons ___________ _ 
Ki logram.a ________ - ___ -
Metric Tons __________ _ 

35 840 
l 240 

21 •• 
1.12 

1 016.046 908 8 
1.016 046 908 8 

To Convert from 
Troy Pounds 

To 

Grains ____________________ _ 

Avoirdupois DrarM. _ -------
Avoirdupois Ounces _____ • __ _ 
Troy Ounces ______________ _ 
Avoirdupois Pounds ________ _ 

GrarM---------------------

Multiply by 

5 760 
210.651 4 

13.165 71 
1l 
0.822 857 1 

373.141 711 6 

Units of Capacity, or Volume, Liquid Measure 

To 

To Convert from 
Mtlliliters 

Multiply by 

Minims ______________________ 16.230 73 
Liquid Ounces ________________ 0.033 814 02 
Gills _________________________ 0.008 453 5 

Liquid Pints_ .. _. _. _. __ . ____ . 0.002 113 4 

Liquid Quarts ________________ 0.001 056 7 
Ga.Horu1. __ .. _. _. __ . _. ____ .... 0.000 264 17 
Cubic Inches _________________ 0.061 023 74 
Liters_ .. __ . ______ . _ .. _. ___ . _ 0.001 

To 

To Convert from 
Cubic Meters 

~tultiply by 

To 

To Convert from 
Lltera 

Liquid Ounces ___ .----_----
Gills ___ . _________________ _ 
Liquid Pints ________ . _____ _ 

Liquid Qua.rta ________ - - - _ -
Gallons __________________ _ 

Mu~tiply by 

33.814 02 
8.453 506 
2.113 876 
1.056 688 
0.264 172 05 

Cubic Inches. ____ .. _______ 61.023 74 
Cubic Feet________________ 0.035 314 67 
Milliliters. ______ ._ .. ______ 1 000 

Cubic Meters______________ 0.001 
Cubic Yards______________ 0.001 307 95 

To Convert from 

' I Minima 
Gallons___________________ 264.172 05 i', _T_o ____________ M_u_lt-ip_l_y_b_Y_i 
Cubic Inches ______________ 61 023.74 
Cubic Feet________________ 35.314 67 I I Liquid Ounces _________________ 0.002 083 33 
Liters ____________________ 1 000 Giil8 __________________________ 0.000 520 83 

Cubic Yards ... ----------- 1.307 950 6 I I Cubic Inches __________________ 0.003 759 77 
L.....------------------- Milliliters _____________________ 0.061 fill 52 

13 
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To Convert irom 
Gills 

Appendix 7.E.-l. continued 

1 Tn ~1ultiply by To 

To Convert from 
Liquid Pints 

Multiply by 

~1irum~----. __ . 
Liquid Ounces ________ _ 
Liquid Pints .. _____ ... __ 
Lqu!d Quarts. _______ _ 
Gallons ______________ _ 

Cubic Inch~. ________ _ 
Cubic Feet_ ___ . ______ _ 
~1 illil i ters _. __________ _ 

!...iter::,_ .. 

920 
4 
0.25 
0.125 
0.031 25 

7.218 75 
0 004 177 517 

118.294 118 25 
0.118 294 118 25 

~linirru~ __________________ 7 680 

Liquid Ounces .... _____ . __ 
Gills ____________________ _ 

Liquid Quarts __ . ______ . __ 
G a.llo ns __ .. __ .. _ . ___ .. _ . _ 

Cubic Inche~ ________ . ___ _ 
Cubic Feet. _____________ _ 
:\tilliliters. _. __ • _. ___ . - .•• 
Liters • _ . _ .. ___ •••... _ • __ 

h 
4 
0.5 
0.125 

28.875 
0.016 710 07 

473.176 473 
0.473 176 473 

I To Convert from I I _ Liquid Ounces To Convert from 

t--:-;-in-i~---------_-_-__ -_-_-_-_-__ -_-_-_-_-_-__ -_---4-8:--u-lt-ip_ly __ h_Y __ I _T __ o ___________ c __ u_b-lc ___ F_e-et ___ M_u_lt_i_p_ly __ hY _______ , 

Gills ____ • _____ • _ _ _ _ _ _ _ _ _ _ _ _ 0.25 
Liquid Pints _______________ _ 0.062 5 

0.031 25 
0.007 812 5 

Liquid Quarts __ .. _ .. ___ . ___ _ 
Gallon~ ________ •• _. ____ . ___ • 

Cubic Inches .•.• __ . _____ .. _. 1.804 687 5 
o.oo1 044 38 1 

Cubic Feet _________________ _ 
~1illiliters ___ - ______________ _ 29.573 sa 1 

Liters .. ______ .• ______ • ___ .. o.o29 573 53 I 

j To 

To Convert from 
Cubic Inches 

I 
~Iini~----------------
Liquid Ounces •.. _. ____ _ 

I Gills-------- ---- - - - - - - -
Liquid Pints ___________ _ 

Liquid Quarts __ ._ .•. __ _ 
Gallons. ______________ _ 

Cubic Feet-------------
l'otilliliters ____ • ________ _ 

Liters _____ . _. _---- ----
Cubic :'-.1eters .. ________ _ 
Cubic Yards ____________ _ 

Multiply by 

265.974 0 
0.554 112 6 
0.138 528 1 
0.034 632 03 
0.017 316 02 
0.004 329 0 

0.000 578 i 
16.387 064 

0.016 387 064 
0.000 016 387 064 
O.CKXJ 021 -!3 

Liquid Ounces •.. __ . __ 
Gills ___ .••..••.•..•. _ 
Liquid Pints .••..•• _._ 
Liquid Quarts __ ..•. __ 
Gallons._ •••••.••• __ . 

957.506 5 
239.376 6 

59.844 16 
29.922 08 

7.480 519 

Cubic Inches_. _. _ •. ~ _ 1 728 
Liters_______________ 28.316 846 592 
Cubic~leters_________ 0.028 316 846 591 
Cubic Yards_________ 0.037 037 04 

To Convert from 
Cubic Yards 

To 

Gallons ____________ _ 

Cubic Inches._ •...• _ 
Cubic Feet _________ _ 

Liters. __ .. _ ••.•• - .• 
Cilbic Meters •••••.• _ 

Multiply by 

201.974 0 
46 ()56 

1.7 
764.554 851 984 

0.764 554 851 984 



Appendix 7.E.-l. continued 

To Convert from 
Liquid Quarts 

To ~1ultiply by 

~tinims _________________ 15 360 

Liqu1d Ounces___________ 3:2 
Gills____________________ 8 
Liquid Pints __________ ._ 2 
Gallons_________________ 0.:2.5 

Cubic Inches. __________ _ 57.7.5 
Cubic FeeL ____________ _ 
~lillili ters _______ . ______ _ 
Liters . ____ .. ___ - .. _. _-. 

0.033 420 14 l 
946.35:2 946 I 

o. 946 3.5:2 946 I 

To Convert from 
Gallons 

To ~·1ultiply by 

~inims _____________ 61440 

LiquidOunces_______ 1:28 
Gills ________________ 3:2 

Liquid Pints_________ 8 
Liquid Quarts_______ 4 
Cubic Inches________ :231 

Cubic Feet_ ________ _ 
Milliliters __________ _ 
Liters __ . ___ - __ - - - - -
Cubic ~leters _______ _ 
Cubic Yards ________ _ 

0.133 680 6 
3 78.5.411 784 

3. 78.5 411 784 
0.003 785 411 784 
0.004 951 13 

Units of Capacity, or Volume, Dry l\1easure 

-----------------------------------~ 

To 

To Convert from 
Liters 

~ultiply by 

Dry Pints _____________________ 1.816 166 
Dry Quarts ___________________ 0.908 082 98 
Pecks ________________________ 0.113 510 4 

Bushels_.,. _____________________ 0.028 377 59 
Dekaliters ____________________ 0.1 

To 

To Convert from 
Cubic Meters 

Multiply by 

I 
Pecks __ ------------------------ 113.510 4 

. Bl~hels _________________________ 28.377 59 J 

To 

To Convert from 
Dekaliters 

Multiply by 

Dry Pints ____________________ 18.161 66 
Dry Quarts_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 9.080 829 8 
Pecks _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1.135 104 

Bushels______________________ 0.283 775 9 
Cubic Inches _________________ 610.237 4 

Cubic Feet___________________ 0.353 146 7 
Liters _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 10 

To Convert from 
Dry Pints 

To Multiply by 

Dry Quarts_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 0.5 
Pecks ________________________ 0.062 5 
Bushels ______________________ 0.015 625 
Cubic Inches _________________ 33.600 312 5 
Cubic Feet_ __________________ 0.019 444 63 
Liters _______________________ 0.550 610 47 
Dekaliters ____________________ 0.055 061 05 
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Appendix 7.E.-l, continued 

To 

To Convert from 
Dry Quarts 

:\tultiply hv 

Dry Pints _________ , __ ~------- 2 
Pecks ____ •• ________ . _ . _ _ _ _ _ _ _ 0.125 
Bu..,hels ______________________ 0.03125 
Cubic Inches_, _______________ 67.200 625 
Cubic Feet._. _ _ _ _ _______ • __ . 0.038 889 25 
Liters. ____ . _. _____ ... ____ .. __ . 1.101 221 
Dekaliters ___ ._ .. _______ ...... 0 llO 122 1 

To 

To Convert from 
Bushels 

:\1ultiply by 

Dry Pints_________________ 64 
Dry Quarts_ .•. _ ••...• _ . _ _ 32 
Pecks_____________________ 4 
Cubic Inches •• _._ ..•.• _ .•. 2 150.42 
Cubic Feet_ __ ._ .• _. ______ . 

Litel'! _ ... _ ••..• _ .•. _ . _ . _ • 
Deka.litel'! _ .. __ .. __ ••• _. ___ _ 
Cubic Meters _____________ _ 
Cubic Y ard8 _____ .• ______ _ 

To 

To Convert from 
Cubic Feet 

1.244 456 

35.239 07 
3.523 907 
0.035 239 07 
0.046 090 96 

Multiply by 

Dry Pints ____________________ 51.428 09 

Dry Quarts.--~-------------- 25.714 05 
Pecks _______________________ 3.214 256 
Bushels ______________________ 0.803 563 95 

I 
To 

To Convert from 
Pecks 

:\1ultipl:: by I 
---------------------------- ------1 

Dry Pints ... _________ . 16 
Dry Quarts _ _ ____ . _ _ _ _ _ _ 8 
Bushels._____ _ _ _ _ _ _ _ _ _ _ ___ .. 0.25 
Cub1c Inches ________________ 537.605 
Cubic Feet_ ________________ 0.311 114 

L1 ters 0 __ • _____ • _________ • _ • 

Dekaliters .. _________ . ____ .. _ 
Cubic ~1eters _. _ .. ___________ _ 

S.8-09 767 5 
o.~so 976 1.=, 
O.OOti SO!} 7i 

Cubic Yarth .. _______________ 0.011 .~2'2 H 

To 

To Convert from 
Cubic Inches 

~1ultiply by 

Dry Pints ...... -------------- 0.029 761 6 
Dry Quarts_ ...... __ . __ . __ .... ____ 0.014 880 S 

Pecks. ----------------- ____ 0.001 860 10 
Bushel~L--------------------- 0.000 465 02.) 

To 

Pecks_ 

To Convert from 
Cubic Yards 

~!ultiply hy 

86.784 91 
Bushels ________________________ 2l.t196 2'27 



Appendix 7oE.-l. continued 

Units of Area 

To Convert from 
Square Centimeters 

To ~lultiply by 

Square Inches ................ 0.155 000 3 
Square FeeL. ___ ._. ____ .. __ .. __ 0.001 076 39 
Square Yards ___ ~ __ . ___ . __ .•. _ 0.000 119 599 
Square ~eters ________________ 0.000 1 

To 

To Convert from 
Hectares 

:-.tultiply by 

Square Feet_ ___________ _ 107 639.1 
11 959.90 Square Yards _______ • __ .• 

.<\cres .....•..••.• _ • _ • _ •• 2.471 054 
0.003 861 02 

10 000 
Square Miles __ •.•• _ .•• __ 
Square Meters __________ _ 

To 

To Convert from 
Square Feet 

~ultiply by 

Square Inches ______________ 144 

Square Yards_______________ 0.111 111 1 
Acres______________________ 0.000 022 957 
Square Centimeters ... _ ... __ 929.030 4 
Square :\1eters. __ . ___ •.... _. 0.092 903 04 

To 

To Convert from 
Acres 

Multiply by 

Square Feet .. ___ ...•. 43 560 
4 840 

0.001 562 5 
4 046.856 42l 4 

I I 

To Convert from 
Square Meters 

:\1 ultiply by i I To 

1

------------------------1 
Square Inches___________ 550.003 
Square Feet_ __________ .• 10.763 91 
Square Yards ...••..•. ___ 1.195 990 
Acres___________________ 0.000 247 105 
Square Centimeters •..•• _ 10 000 
Hectares________________ 0.000 1 

To Convert from 
Square Inches 

To Multiply by 

Square Feet __________________ 0.006 944 44 
Square Yards _________________ 0.000 771 60.3 

Square Centimeters._ .••. _ ..•• 6.451 6 
Square Meters ________________ 0.000 645 16 

To Convert from 
Square Yards 

To 

Square Inches._ .•.. 
Square Feet _______ _ 

Acres ..•.. __ .•.. - .. 
Square :\Iiles. __ . _ .. 
Square Centimetel"!!. 
Square :\leters ..••.. 
Hectares_. _ .. __ .. __ 

1 296 
9 

Multiply by 

0.000 200 611 6 
0.000 000 322 830 6 

8 361.273 6 
0.836 127 36 
0.000 083 612 736 

To Convert from 
Square Miles 

To Multiply by 
Square Yards._ •••• _ •• 
Square Miles •... _ .•.. 
Square Meters. __ ._ •.. 
Hectares._._. __ .... __ 0.404 685 642 24 ! 

Square Feet.._ .•. _ 27 878 400 
Square Yards...... 3 097 600 

Ac~------------- 640 
Square ~~~ters_____ 2 589 988.110 336 
Hectares__________ 258.998 811 033 6 

17 



Appendix 7oEo-1. continued 

Special Tables 
Lenith-Inches and Millimeters-:-Equh·alents of Decimal and 

Binary Fractions of an Inch in Millimeters 
From 1/64 to 1 Inch 

: I i 'I II ! D .. i I I • I i ! 
1 1 I 1 i ec1ma..1S ,

1 
t • i 1 : · 1 

~·a 1}4'!1 I 8th! )16ths !32d:i' 64th! I Millie j o{ .. 1

1 
Inch IH's ~~fs i 8tha; 16ths ·:. 32ds: 64ths 

II I,:, I j metel"8 an inch i !1 1 

; : : 1 

. I ' I I I I 't i 

Decimal<! 
~1illi~ of 

meters an inch 

-,--,-·--:--1 '11-'-1--·-.-~--
! I I 21 I - 0.397 i 0.015625 li ' ! j

1 

. 1: i 33 i •13.097 : 0.515625 

1

- .794 I .03125 .
1 

. 11 34 · -13.494 · .53t2s 

I
I I 3 - 1.191 I .046875:1 I 35 -!3.891: .548875 

: 2 4 I - 1.588
1 

.0625 fj 9 18 36 •14.288 i .5625 

I 5 I - 1.984 i .078125 :j I' II 37 •14.884 i .578125 
3 6 I - 2.381 I .09375 II 19 38 -15.081 t .59375 

7 2.178 . 109375 :
1 

I 39 _ 15.478 ~ . 009375 
2 4 8 1 

• 3 .. 175! .1250 :1 I 5 10 i 20 4() •15.87.1 I .625 

9 3.572 I .140625 :1 41 - 16.212 I . 640625 
5 10 - 3.969 .15625 I 21 42 -16.669 .65625 I 

11 ... 4.366 .171875 i 43 -17.066 . 671875 
3 6 1'2 - 4. 762 .1875 I 

I 
11 22 44 •17 .462 .68i5 I 

l I 13 - 5.1591 .203125 [1 I 45 - li .859 .703125 I I 

I 
7 14 .... 5.556 .21875 il 23 46 -18.256 .i1875 

I 15 -5.953 . 234375 I 47 -18.653 .i34375 
1 

I 

2 

I 
4 8 16 -6.350 .2500 II 3 6 12 24 48 •19.050 .75 

17 - 6. 747 .265625 
1
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CHAPTER 8 STAFF TRAINING 

8.A. INTRODUCTION 

Obtaining a representdtive sample and maintaining its integrity until 
analysis is an integral part of all data acquisition programs. Field 
methods have been developed for sampling and sample preservation procedures 
and incorporated into this manual. Likewise, significant progress has 
been made towards standardizing analytical techniques and confirming 
the accuracy and precision of these techniques through laboratory quality 
ccnlrol practices. However, analytical results can only be as good 
as the ~;ampling and preservati..on methods employed. The purpose of sample 
collection and preservation training is to assure that field staff are 
familiar with and use appropriate field collection methods. Another 
int~nt of sample collection and preservation training is to provide 
an opportunity tor presenting newly developed methods to field staff 
a l•J n g \vi t h p e r i o d i c review of ex i s t in g me t hods • 

s~mple collection and preservation training is divided into two parts: 
;::) ge~w:ral sample collection and preservation procedures applicable to 
all field staff, and b) specialized types of sample collection applicable 
to certain field staff. 

b h. CENER/' ;c SA...lv!PLE COLLECTION AND PRESERVATION TRAINING 

<:cn,-~;d ~,:-m;plc collectir.::-n and preserva.tion training is the responsibility 
o' l'ach prugrarn Ji··.;ision. Labon:tory staff and the Bureau Quality Assurance 
C:.,ord:n.Jtor pr·,Jvide training a.ssistnnce through Laboratory User Meetings, 
Laboratory NewsleLtt~rs and the EPB {1uality Assurance Manual. Training 
is summarized by category as follows: 

~!_r~---1:~1_:2_ _ _.1 ub_l_:_~~1 i :~~: Trainees r ccr: i ve verba 1 and writ ten ins true t ions 
r,-,,w c:-xperit'nccd staff. Expt~rl_enced staff then demonslrate the operation 
.'lfl(l ;-t~pcat instructi•Ht::-:. L.:istly, the trainee performs the operations 
und<· r l:hc stq>(-: :-vi_ s ion of experienced staff. When experienced staff 
:>r-·' ·.:.L 1 :; tied that the trainee has m3stered the operation, the trainee 
~~-; alicwed tn pt~r[.;.lfi'l the opet·ation independently. 

!J~·-~~~~~~-~-·_£_·2.~ i•-?_~ __ _1?.!_ St.::_;_T_!·:!.-._£_~ Op~~!::__ating P_rocedures: Standard operating 
pr·,-,,_.. :lur .. ~; .Jr" .J,)Cil'TH'Tlted in the EPB Quality Assurance Manual. Such 
.f,icu:~:·-nLati.>;n prov;d·:~ sufficient detail to enable most sampling or 
fi,:; 1 1::;~Lyticd .::tctivities to be performed with very little additional 
t;,nr.al t.r0..i~IJ'lf r 'JV•.:l·sight. 
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_!_,_~?oratory Newsl,:tter: The laboratory distributes a newsletter to laboratory 
users at approximately quarterly intervals. The newsletter contains 
information concerning field quality control, analytical procedures, 
sample pr~Hervation and other information pertaining to collection and 
submittal of samph:s to the laboratory. 

~aboratory User Meetings: One day laboratory user meetings are held 
annually or s·:mi-·annually to convey information to laboratory users. 
Topics Rre similar to items covered in the Laboratory Newslt•tter except 
that the informatiun is conveyed in a speaker audience form~t which 
all,)~-JS for rnur,~ complete coverag.:~ of complex topics as well as the 
opportunity for direct f~edback from Laboratory users. 

Di~~-"-~on Training Sessions: Three day division train-ing sessions are 
htdd annually by <2ach program division of the Environmental Protect ion 
Rureau. The topics presented at th(e> training sPssiuns depend on the 
needs of each division at the time of the. training session. Information 
presc:nt ~..l lTi.:JY includ~.:. such topics as l.aborat•.)ry usc, sampling and pre
servation procedures, quality control data, safety and legal 1ssues, 
fedecal and state re~~ulations, as well as overviews of other DNR programs. 

General sampl•• collection and preservation training tncludes the following 
t o p i c s . S p e c i fj 1 t o p i c s rna y be add L' d a s a p p r o p r i a t e . 

II Sampling Objectives 

B. Planning Objectives 

G. Facility Design and Operation Objectives 

D. R~gulat8~y, Compliance and Enforcement Objectives 

liJ ThE.~ Sample Plan 

H. C..) l Lee t iou t'le l it.;ds 

C. Paramct~r Selection and Detection Limits 

0 , Sa :r p l ; :1 g L o c a t: ion s and F r '-'que r. c y 

,, '} 
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lV Sample Collecti_on, Preservation and Laboratory UsL: 

1\. Samph· H.:indl ing Procedures 

1. Sample Priority and Scheduling 
2. Sample Containers, Preservation and Holding Times 
3. Sample Labeling Requirements 
4. Chain of Custody Procedurt"S 

H. Collection Procedure~ 

l. Special Sampling Notes 
2. Field Notes 
J. Point Source Sampling 
4. Sampling Through Ice 
r). Sediment Sampling 
6. Soil Sampling 

V Analytical Methods 

A. Lahoratory Measurements 

B. F i.e ld Mcasu remen t s 

V l (~ u a 1 i ty Con t r o 1 

'.Ill ;nt--r!ltl_:t:~Lit)rt ~tnd ;<t:~k>orting 

i'l ~;clue ton ;_· l{ecomml'ndation 

',.,<;,d·· c•1llc~ct ion and pr.~servation act1vitiPs of each division must 
ht_. .q>~.oropri_atr~ for the monitoring programs l)f ,~ach division. Sample 
, · , , J t , · c l i 'H and pre s e r v a t i o n t rain i n g inc 1 u de s i t ems I-V I I I • l tern IV , 
':l n i~1 p l ', C n ll o c r ion ~ P r ,; s e r v .J t ion and Laboratory Use , i s a p p l i cab 1 e to 
mll:;L divi~:ion:'> .-=tnd progr.:-1ms and is covered by the Quality Assurance 
~;:~·tual, the l,aboratory Newsletter, and Laboratory User Meeting. Other 
i '''ms, su•_:h ns ·;:1mpl ing objl~ctivcs and sampl(~ planning are program specific 
:1.1<l lllll~-;t \;,~ addr~~~>scd through ~;pecific training sessions and on-the-
_i,lh training. Although it is not neces~_;ary for all staff to possess 
. 1 ,,. , ' r k i r't g know 1 ,, d g e () f i terns I-V 1 1 [ , a 11 s t a f f s h o u 1 d thorough 1 y under-
:;t.l:hl !!h'ir role i"tnd the way that role complements other roles. 

S.C. SPECUd,lJ:ED SAI•1PLE COLLECTION AND PRESERVATION TRAINING 

<1r .::; ... :,:ti ... 1\1S arL' invcl'Jed in specialized types of sampling 
D ~ hl h o \' t:' ::; ty <:.: c i a 1 i z e d t r a i_ n i n g n e (' d s • S i n c e the s e n e e d s 
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ar~ .iiverse, tra~ning programs ne0d to be designed to address these 
specific needs. ExaiTiples of such specialized sampling programs include: 

1. Surveys uf industrial and municipal discharges. 

Intenstv~ str~am surv~ys (DO-BOD modeling). 

l n t • , n ~ '.; c 1 a ke surveys . 

':>. surv /'-

A:s vi th :.;af:~tv, propt~·r and odeq1.tate jc'b training of (;mp1•Jyt·es rs a 

r<'Spo:;si.biLity df ~~lanagt:'llwnt. Program managers ~laVe~ an obligntion t(J 

assur~._-' that t 1 •tcir individual nrganizational uni.r,~ receive and participate 
in training programs. Training needs tor th•-:se units vary tremendously 
due Lu the C•1rnplexity ol: the sampling pr,K~~duresJ the number ()r people· 
in v o 1 v e d , t h t~ ph y .s i (_· a 1 l o c a t i o n o f tl11~ p ~.~ r ~;on s w i t h i n t h e o r- g a n i z a t i o n a l 
unit the complex) ty of thL~ sampling ('quipment, and the hazards involved. 
Existing training prGt!,;·.:l.lHS ~mt,.;'-~ trom ()n-thc-job training conducted 
by more exper i(n L•l sLaff to formal scheduled training sessions. The 
role of Ut~~ B<Heau Quality Assurance Cnordinator in these speciolizcd 
training TH''0'. is tu: a) assure that pr-ocedures are corH;istent wht>n 
two o r n '.~ 1 · e u n i s a r •-:' in v o L v . : .t i n t h c~ s :J m <:: t y p e o f s p e c i a 1 i z e d s amp 1 i n g 

(e.g., gr·nnnc;w:.tL'r ·z,l,1[,1.ing and haz:inlnLL'~ :.vast~.: sampling); b) to assur.:_· 
t h a t t b e t r a i n i.n t.: p r o g r· e:un ::-; ad c qua t e 1 y nH: ·-~ t the n t.' e d s o f the s t a f f i n v o 1 v t • d 
i!t sampling; .1nd c) to as:.;t;r that in;~'""tct;_,Jn i:=: consistent with proc(>dur•!S 

d i" t a i. 1 e d in t i , i s m; t r lll a L 

1\; monit.or and l-,~cnrd i.ht> u-:~initl~~ oi "''11·h employee engagect Ln these 
specialized samplir:,~ acti.vi.Lit~:;, c~ach divi.sion rnust :k•vclup and upd:1tc· 
wh e r e n l' c e: s sa r y , ,,, c t i v i l y c h t" d~ u f f l i s t s [ o r the v a r i o u:; L: 1 a s s i f i c a t i o n s 
or positions wiU;;,; organi/.'.ational units involved i.n sampling. The 
a c t 1 v i.L y check u f f t i s t i s a : i . t i n g o f ope r a t i on s t) r a c t i v i t i c s t h a t 
C'lcf; <nployf~f::· n:u~t ;,~rv;vJ Lu p•''';:drm tlw dutLC'> <Hld respu:1~.;i.hilitil~S of 
h i. s u r he r p o ::; i c i o n • The ,-, c t i v i t it: s ,_: II 1: L~ k o f t l i .·~ t i s m a i n t a i n e d b y 

tht~ Supervisor \Jf t1H· organiz;:i;::ional unit and submitted to th<~ Division 
Chi.: f and l)ur<:'CJ'l !~H:llir: . ..- r\s::,, ... ca<H>: CtJc>rdJ r,c.J._ Jr annua1ly lc!ach Octobc:r. 
Trk' objective •Jf mainL .. :!ltljnl,: .. HLivity ciH•ckoff lists is to provide the 
Divisiori Chief, Jnit Supt•rvi ur, ;wd Qudl i.Ly AssuLance CuorJinator 
with a rn,:chani.sm LH· monitor.i.1.,'> t''npL;ycv training and to plan tr.::tining 
opportuni.ties for indtvichuL 11: t!• l':! (\; L11rthec lraining. An ~:~xample 

o f an act i v it ;r _' h ,, L k ') [ t L i ' · 'I t. 1 ' .. l 'c .i . 
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CHAPTER 9. QUALITY ASSURANCE AND INTERNAL AUDITS 

9.A. INTRODUCTION 

Successful monitoring of the environment requires identification of 
contaminants, accurate measurement of the amounts present and 
pinpointing the sources. Because of the increase in the number of 
environmental contaminants requiring sophisticated trace level analyses, 
the involvement of an increasingly large number of people and laboratory 
capabilities are required. 

Performance enhancement of the Environmental Laboratory is the primary 
goal of the laboratory audits described in this chapter. Their purpose 
is to assess the extent to which the laboratory follows sound scientific 
and analytical procedures, operates under the guidance of good 
management and professional supervision, utilizes proper equipment, and 
maintains and uses accurate records. The audit provides the laboratory 
with an opportunity for improvement by identifying weaknesses in its 
organization or performance and to obtain information and assistance for 
overall improvement. In this sense, the audit serves to assure 
laboratory competence. 

9.B. U.S. EPA QUALITY ASSURANCE EVALUATIONS 

The u.s. Environmental Protection Agency (EPA), Quality Assurance 
Office, Region V, annually conducts an evaluation of the Environmental 
Laboratory and the quality assurance program in general. The evaluation 
includes eight major functional areas. These areas are as follows: 

1. Organization. 
2. Personnel. 
3. Laboratory facilities. 
4. Laboratory equipment and instrumentation. 
5. Methodology. 
6. Sample collection, holding times and preservation. 
7. Quality control. 
8. Data handling. 

The EPA evaluates the eight major functional areas according to specific 
EPA criteria designed to assure the quality of data in federally funded 
monitoring programs. The EPA summarizes their evaluation in a system 
evaluation report designed to outline deficiencies noted during the 
evaluation of the laboratory and the quality assurance program. The 
state responds to the system evaluation and outlines plans to resolve 
the identified deficiencies. 

The EPA also administers an Annual Water Pollution Performance 
Evaluation Program. The program consists of prepared samples for a 
large number of parameters applicable to water pollution programs. 
Reference samples are shipped to participating laboratories in sealed 
vials. The participating laboratory then makes up test solutions from 
these vials, preserves the samples according to standard practices, and 
conducts the analyses. The EPA evaluates the analytical results and 
reports back to the participating laboratory. The entire process from 
sample shipment to final report involves approximately four months. 
Results reported outside acceptable ranges serve as notice to 
participants that review of analytical techniques or equipment may be 
necessary. 

9.C. REFERENCE SAMPLE EVALUATIONS 

Reference samples are special samples developed by an outside source for 
internal evaluation of analytical performance. The Environmental 
Laboratory presently analyzes reference sample sets provided by the U.S. 
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Environmental Protection Agency (EPA). The Quality Assurance 
Coordinator is responsible for scheduling and distributing the reference 
sample sets to the laboratory units. Sets are scheduled for analysis 
every four months and are distributed without "true values". Reference 
samples are also available upon request from the Laboratory Director. 

Analysts perform the analyses along with other routine samples using 
normal procedures. If more than one method of analysis is routinely 
employed or more than one analyst commonly performs certain analyses, 
each method and analyst should be evaluated separately. The analysts 
transmit sample results to unit supervisors who then transmit results to 
the Quality Assurance Coordinator. The Quality Assurance Coordinator 
notifies the appropriate laboratory unit in writing when reference 
sample results are overdue, records the true value (or mean value), 
calculates the percent bias and distributes these results to the Unit 
Supervisor and the reference sample result file. The reference sample 
result file is available for review by the Quality Assurance Team and 
other laboratory staff. The Quality Assurance Coordinator is 
responsible for on-going compilation, review and evaluation of reference 
sample results. When reference sample results deviate from the true 
value by more than acceptable limits, the appropriate unit supervisor is 
notified in writing. The Unit Supervisor must then investigate the 
cause of the bias and notify Quality Assurance Coordinator of his 
evaluation and/or proposed actions. This procedure is summarized in 
Table 9.C.-1. 

EPA reference sample acceptance limits (if established) are used to 
evaluate performance. In those cases where EPA reference sample accep
tance limits have not been established, acceptance limits will be as 
follows. The Inorganic Unit acceptance limits are plus or minus twice 
the reported detection limit plus 20% of the "true value". Acceptance 
limits for the Organic Unit are plus or minus 50% of the "true value" or 
mean recovery derived from the method validation study. 

9.D. LABORATORY INTERNAL AUDIT POLICY 

9.D.l. INTRODUCTION 

The Laboratory is charged with providing analytical services to the 
programs it supports compatible with the needs of those programs. The 
amount of effort devoted to a particular sample type or group of 
analyses may vary according to program needs. Low level analysis of 
contaminants in drinking water or fish tissue may require more attention 
to sample 
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Table 9.C.-1 Summary of Reference Sample Evaluation Procedures 

Quality Assurance Coordinator 

Analyst 

Analyst 

Unit Supervisor 

Quality Assurance Coordinator 

Quality Assurance Coordinator 

Quality Assurance Coordinator 

Unit Supervisor 

Quality Assurance Coordinator 

Quality Assurance Coordinator 
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Does What 

Schedules and distributes reference 
sample sets 3 times per year. 

Performs analysis with routine samples. 

Transmits reference sample results to 
the Unit Supervisor. 

Reviews and reports reference sample 
results to the Quality Assurance 
Coordinator. 

Notifies Unit Supervisor in writing when 
reference sample sets are overdue. 

Records the true value, and/or mean 
calculates the percent bias, distributes 
these results to Unit Supervisors. 

Notifies the Unit Supervisor and Lab 
Director in writing when results deviate 
from the true value by more than accept
able limits. 

Investigates the cause of the bias and 
notifies the Quality Assurance Coordina
tor findings, conclusions or proposed 
actions. 
Follows-up on any analytical problems 
being investigated and corrected by 
administering another reference sample 

Continuously compiles, reviews and 
evaluates reference sample results. 
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collection, preservation, preparation and analysis details than 
analysis of a liquid waste or sludge. 

Data users must be aware of the quality of their data to properly inter
pret and apply it. To assist laboratory users with interpretation of 
their data, the quality of laboratory results is categorized as either 
quantitative, semi-quantitative, or qualitative. These categories are 
described in Sections 9.D.1.a through 9.D.1.c. and in Table 9.D.-1. 

9.D.1.a. Quantitative Results 

Quantitative results are achieved through the use of procedures approved 
by the Laboratory Director which possess routine quality control audits 
(in-control) specific to the matrix and working range of the method. In 
addition, the analysis is performed on a properly collected and 
preserved sample, analyzed within the prescribed holding time. Results 
from a quantitative analysis are reported without qualifier codes and 
should be accurate within the limits specified in the method. 

9.D.1.b. Semi-Quantitative Results 

Semi-quantitative results may result from the use of either an approved 
method (approved by the Laboratory Director) or a published method 
(Standard Methods, Federal Register, ASTM, EPA Reference or other refer
ence.) When an approved method is used, one of the following conditions 
may limit the quality of data and cause results to be reported as semi
quantitative: 

1. The analysis was conducted without a quality control audit applica
ble to the matrix and concentration range. 

2. The analytical system was out of control or control status was 
unknown. 

3. The quality of the sample was compromised through the use of inade
quate collection, preservation or holding time procedures. 

Results will also be considered semi-quantitative when a published 
method is used which has not previously been verified by the laboratory. 
Semi-quantitative analyses are reported with qualifier codes listed in 
Appendix 1.C.-9. 

9.D.1.c. Qualitative Results 

A qualitative result may result from any of the following causes: 

1. The use of an unapproved laboratory method. 

2. The use of a procedure which does not have a routine quality 
control audit for the matrix or applicable concentration range. 

3. Results obtained during a period or sample batch when existing 
quality control audits indicated a potential gross bias. 

4. Results from samples improperly collected, preserved or held so 
that accuracy is severely affected. 

Results from a qualitative analysis are reported in the form of a narra
tive statement or a concentration range. 
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Table 9.D.-1. Method and Analyses Categories 

Cateqory Test Procedure Quality Control 

Type I 

Quantitative 
Analysis 

Type II 

Semi-quantitative 
Analysis 

Type III 

Qualitative 
Analysis 
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Laboratory Approved 
Methods 

Laboratory Approved 
Methods or methods 

validated for 
environmental 
analysis 

May not have a 
Laboratory Approved 
Method or a 
validated method 

Routine QC audits for the matrix and applicable 
concentration range, 

and 
Analytical system in control, 

and 
Properly collected and preserved sample and analyzed 
within maximum holding time. 

Insufficient or no routine QC audit for the matrix 
and applicable concentration range, 

or 
System out-of-control or unknown status, 
result 

or 
Sample collection, preservation or holding time are 
different from the recommended procedure so that the 
accuracy of the results may be affected. 

No routine QC audits, 
or 

QC audits indicate a potential gross bias and source 
of bias unknown, 

or 
Sample collection, preservation or holding time are 
significantly different from the recommended procedures 
so that the accuracy of the results may be severely 
affected. 
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Results 

Numerical 

Numerical with 
appropriate 

remark code 

Statement or 
concentration 
range 



9.E. LABORATORY INTERNAL AUDIT PROCEDURES 

All quantitative analyses have quality control audits and established 
control limits for calibration, precision and accuracy, if appropriate. 
These audits are designed so that an accurate determination of an in- or 
out-of-control situation can be made. Control limits are three standard 
deviations or less and are based on an estimate of the in-control 
population standard deviation. 

Table 9.E.-l identifies and compares the audits used by each laboratory 
unit. These audits are described in Section 9.E.l. Each laboratory 
unit has procedures for evaluating and correcting out-of-control 
situations. These procedures are as follows: 

In general, when a control limit is exceeded, the analyst, lead worker 
or supervisor evaluates the situation to determine whether the system or 
sample is out-of-control. If it is determined that the sample is out of 
control, the analysis is repeated if sufficient sample is available. If 
there is not sufficient sample, results are reported with an appropriate 
qualifier code. If it is determined that the system is out-of-control, 
the analysis must be stopped and the problem corrected. Quantitative 
analyses may not be reported from an out-of-control analytical system. 
Appropriately qualified semi-quantitative or qualitative results may be 
reported. 

Analytical precision (determined from lab duplicates and matrix spike 
duplicates) and accuracy are periodically reviewed to determine if 
control limits need to be changed or if the precision and accuracy 
statement of the analytical method needs to be changed. 

9.E.l. AUDIT DEFINITIONS 

Within-run duplicates are two aliquots of a single sample analyzed 
within a single batch of samples. Results are usually used to measure 
within-run precision. 

Between-run duplicates are two aliquots of a single sample analyzed in 
two (usually consecutive) batches of samples. Results are used 
informally to confirm positive samples. Measures precision of between 
run duplicates. 

Control Sample or Mixed Control Sample is a standard, stable natural 
sample, or a natural sample fortified with a standard which is analyzed 
in each analytical batch to check calibration, accuracy, or between-run 
precision. 

Sample spike is a sample aliquot which has had added to it a known 
volume of a standard. It is generally used to measure the recovery of 
an extraction or digestion step. The accuracy of a method can be 
estimated from recovery data. 
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Table 9.E.-1. Environmental Laboratory Quality Samples Used to Monitor 
Precision, Accuracy, and Calibration Within Each Laboratory Unit. 
W(water), S (sediments) and T (tissue) indicate the quality control 
sample matrix. 

PRECISION 
Within-run duplicates 
Mixed control sample (dup.) 
Control sample 
Matrix spike (dup.) 

ACCURACY 1 
Sample spike 
Blank spike 
Surrogate 

Control sample 
Matrix sample 

CALIBRATION 
Checked standard 
Reagent blank 
Sample blank 
Titrant check 
Blank spike 

GENERAL CHEM 

w, s 

w, s 

w 
w, s 

w, s 

w 
w 
w 
w 

INORGANIC 

W, S, T 
w, s 

w,s 

W,S,T 
W,S,T 

w 
w,s 
w 

ORGANIC 

W,S,T 

W,S,T 

s, w 

W, S, T 

W, S, T 

w,s 
w,s 

w 

1 
Accuracy is monitored in the Organic Unit sediment and tissue samples 

by comparing duplicate matrix spike samples to an unspiked matrix 
control. 
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Blank spike is a reagent blank which has had added to it a volume of a 
standard of known concentration. It is generally used to measure the 
recovery of a process such as an extraction or digestion step or as a 
check on calibration. 

Matrix spike is similar to a blank spike except that the spike is added 
to a sample matrix. It is used to measure the recovery of a process or 
as a measure of precision when analyzed in duplicate. The use of a 
sample matrix is intended to include matrix interference effects in the 
precision or accuracy measurement. 

Internal standard is a compound not naturally found in routine samples 
spiked into samples and blanks before analysis. Its recovery is used to 
correct sample concentrations or variations in instrument response, 
injection volume and etc. 

Surrooate standard is a compound not naturally found in routine samples 
spiked into samples and blanks before analysis to monitor the total 
recovery of sample preparation and analysis procedures. 

Reagent blank is an aliquot of distilled water and sample reagents taken 
through an entire analytical procedure to check the zero-intercept of a 
calibration procedure or to determine that the analytical system is 
interference free. 

Check standard is a standard which is analyzed separate from the 
calibration procedure as a check on it. 

Sample blank is a sample aliquot to which all _chemical reagents except 
one key ingredient have been added. It is used in colorimetric proce
dures to define background absorbance on samples due to sources other 
than the constituent being quantified. 

Titrant check is a check on the normality of the titrant. It is used in 
those instances where a standard curve is not practical (dissolved 
oxygen and alkalinity). 

Gas Chromatograph (GC} Monitoring Compound is a compound of known 
concentration added to a GC extract prior to injection to monitor reten
tion times and detector response. 

Routine quality control audits and control limits used by Inorganic Unit 
are documented in each method. These audits and their frequency are 
identified in Table 9.E.-2. Generally three standard deviation control 
limits are statistically derived and used to identify an out-of-control 
situation. In addition, most precision audits (generally within-run 
duplicates) also have two standard deviation warning limits. If an 
audit exceeds a warning limit on three consecutive batches, the system 
is also considered out-of-control. The various routine audits are 
evaluated and used as described in 9.E.2.a.-g. below. 

a. Within-run duplicates. Within-run duplicates are used to evaluate 
precision. To reflect increasing precision over the analytical 
operating range of the procedure, a line of regression is usually 
defined from the mean difference of the duplicate segmented values 
versus the mean of their values in the data segment. Warning and 
control limits are established from this line of regression. This 
method of data analysis is explained in 9.F.4.c.2.-3. of this Chapter. 
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b. Sample spikes Mixtures of samples and standards are 
routinely used in the Inorganic Unit to determine the accuracy 
of the analytical process. Control limits are determined from 
the mean recoveries and the variability of the sample/standard 
mixture spike over the operating range of the test. Recovery 
calculations are explained in 9.F.3.e.S. of this Chapter. 

c. Control samole. For those parameters that are determined 
from a sediment matrix, the Inorganic Unit analyzes special 
sediment samples in each batch for which expected values have 
been derived from past analyses. From the results of these 
control samples, between-run precision is calculated and 
recovery is estimated. Three standard deviation control 
limits are used. 

d.Check standard. The Inorganic Unit frequently uses check 
standards, particularly if the instrument calibration 
technique is not very sophisticated (e.g. an intercept and 
slope adjustment only). Three standard deviation control 
limits are derived from evaluation of past performance. 

e. Reaoent blank. A reagent blank is an aliquot of distilled 
water taken through the entire analytical procedure to check 
the zero-intercept of the calibration procedure. The 
frequency of reagent blanks depends upon whether a baseline 
shift is routinely experienced on a particular analytical 
system. Three standard deviation control limits are 
established from statistical evaluation of past audits. 

f. Sample blank. As used in the Inorganic Unit, a sample 
blank is a separate sample aliquot to which all chemical 
reagents have been added except one key ingredient. For 
colorimetric procedures, this defines background absorbance 
from samples due to sources other than the constituent being 
quantified. The background absorbance is subtracted from 
regular absorbance before the concentration is calculated. If 
sample blank absorbance is very high, calculated results are 
then coded (PA) to indicate that the precision of results may 
have been affected. 

g. Titrant check. For titrimetric procedures, a standard 
curve is usually defined for each analytical batch so that the 
normality of the titrant is not particularly critical. A 
check on the normality of the titrant is used if a standard 
curve is not practical (i.e. dissolved oxygen). Three 
standard deviation control limits are derived from statistical 
evaluation of past performance. 

9.E.2. INORGANIC UNIT ROUTINE QUALITY CONTROL AUDITS 

Routine quality control audits used by the Inorganic Unit are documented 
in each method. These quality control audits, frequencies and control 
limits are summarized in Table 9.E.-3a for water samples and in 
Table 9.E.-3b for sediment samples. 
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Table 9.E.3a. Inorganic Unit Routine Quality Control Audits, 
Frequencies and Control Limits for Water Samples. 

With each batch of analyses a set of duplicate analysis, a midpoint 
standard, a spike to determine accuracy (recoveries), and reagent and 
water blanks are analyzed one for each twenty (20) analyses. 

Standard curves are run with each batch of samples. 

Interlaboratory QC consists of running a known certified sample with 
each analytical batch and participation in performance audits from EPA 
on a quarterly basis. 

Parameters Accuracy 
Range of % 

Recovery 

Alkalinity 97.6 +/-
Aluminum 101.3 +/-
Arsenic 97.7 +/- 10 
Antimony 94.0 +/- 10 
Barium 99.1 +/- 10 
Beryllium 96.0 +/- 10 
Cadmium 103.4 +/- 10 
Calcium 99.3 +/- 5 
Chromium 98.0 +/- 10 
Chloride 99.7 +/- 5 
Cobalt 100.4 +/- 10 
Copper 96.5 +/- 10 
Hexavalent Chromium 103.6 +/- 10 
Iron 97.7 +/- 15 
Lead 96.7 +/- 10 
Lithium 96.2 +/- 10 
Magnesium 98.8 +/- 5 
Manganese 100.5 +/- 10 
Mercury 99.9 +/- 15 
Molybdenum 98.5 +/-
Nickel 97.9 +/- 10 
Potassium 100.4 +/-
Selenium 95.0 +/- 10 
Silver 97.1 +/- 10 
Sodium 100.1 +/-
Thallium 93.8 +/- 15 
Titanium 96.7 +/- 10 
Vanadium 101.9 +/- 10 
Zinc 100.4 +/- 15 
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5 
10 

10 

5 

5 

Precision 
% Difference 
(between 
duplicates) 

10 
10 
10 
10 
10 
10 
10 

5 
10 
10 

5 
10 
10 
10 

5 
10 
10 

10 

10 
10 

15 
10 
10 
10 

10 

10 

5 

5 

5 
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Table 9.E.3b. Inorganic Unit Routine Quality Control Audits, 
Frequencies and Control Limits for Sediment Samples. 

With each batch of analyses a set of duplicate analysis, a midpoint 
standard, a spike to determine accuracy (recoveries), and reagent and 
water blanks are analyzed one for each twenty (20) analyses. 

Standard curves are run with each batch of samples. 

Interlaboratory QC consists of running a known certified sample with 
each analytical batch and participation in performance audits from EPA 
on a quarterly basis. 

Parameters Accuracy Precision 
Range of % % Difference 

Recovery (between 
duplicates) 

Aluminum 101.5 +/- 15 15 
Arsenic 102.2 +/- 15 15 
Barium 104.7 +/- 15 15 
Beryllium 99.3 +/- 15 15 
Cadmium 104.2 +/- 10 10 
Chromium 104.7 +/- 15 15 
Cobalt 107.2 +/- 15 15 
Copper 107.2 +/- 10 10 
Iron 110.3 +/- 15 15 
Lithium 102.2 +/- 15 15 
Lead 105 +/- 15 15 
Mercury 99.9 +/- 15 15 
Manganese 106.9 +/- 15 15 
Molybdenum 98.4 +/- 15 15 
Nickel 108.4 +/- 15 15 
Selenium 95.3 +/- 15 15 
Titanium 101.6 +/- 15 15 
Vanadium 99.9 +/- 15 15 
Zinc 105 +/- 15 15 
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The analyst evaluates the control data from each run to determine out
of-control situations and identifies invalid data for review by the Unit 
Supervisor. The analyst then initials the results and transmits them to 
the unit supervisor with a recommendation to repeat the samples or 
accept the data. In most cases the samples can be repeated if 
necessary. The analyst also periodically evaluates the trend of each 
audit to determine if the procedure is performing adequately and 
notifies the unit supervisor when corrections or modifications are 
necessary. 

The unit supervisor makes the final decision on the acceptability of the 
data by accepting or rejecting runs partially or totally, sets control 
limits for each type of audit and periodically evaluates the performance 
of the system. 
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~able 9.E.-4a Organic Unit Routine Quality Control Audits 1 for Water Samples. 
1e minimum frequencies are: 

~uplicate Matrix Spikes - every batch for extractables, ever 12 hours for 624. 
Reagent Blank - every batch for extractables, ever 12 hours for 624. 
Sample Surrogates - all samples, blanks, and spikes. 
Continuing Calibration Standard - every 12 hours or after 10 samples. (Maximum percent 
difference is calculated from the original calibration). 

Parameters 

Method 624 Control Limits 
1,1-DICHLOROETHENE 
BENZENE 
CHLOROBENZENE 
TOLUENE 
TRICHLOROETHENE 

Accuracy 
Range of % 

Recovery 

98 +/- 46 
102 +/- 16 
100 +/- 16 
106 +/- 20 

99 +/- 27 

Method 624 Surrogate Control Limits 
1,2 DICHLOROETHANE-d4 101 +/- 20 
BROMOFLUOROBENZENE 102 +/- 26 
TOLUENE-dB 102 +/- 19 

Method 625 (Base-Neutral) Control Limits 
1,2,4-TRICHLOROBENZENE 
1,2-DICHLOROBENZENE 

,2-DIPHENYLHYDRAZINE 
~,3-DICHLOROBENZENE 

1,4-DICHLOROBENZENE 
2,4-DINITROTOLUENE 
2,6-DINITROTOLUENE 
2-CHLORONAPHTALENE 
4-BROMODIPHENYLETHER 
4-CHLORODIPHENYLETHER 
BIS(2-CHLOROETHOXY)METHANE 
BIS(2-CHLOROETHYL)ETHER 
BIS(2-CHLOROISOPROPYL)ETHER 
BIS(2-ETHYLHEXYL)PHTHALATE 
BUTYL BENZYL PHTHALATE 
DI-N-BUTYL PHTHALATE 
DI-N-OCTYL PHTHALATE 
DIETHYL PHTHALATE 
DIMETHYL PHTHALATE 
HEXACHLOROBENZENE 
HEXACHLOROBUTADIENE 
HEXACHLOROCYCLOPENTADIENE 
HEXACHLOROETHANE 
ISOPHORONE 
N-NITROSO-DI-N-PROPYLAMINE 
N-NITROSODIPHENYL AMINE 
NITROBENZENE 
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56 +/- 24 
61 +/- 22 
83 +/- 42 
56 +/- 20 
63 +/- 23 
71 +/- 41 
76 +/- 46 
71 +/- 27 
95 +/- 44 
96 +/- 65 
98 +/- 22 
95 +/- 28 
98 +/- 24 
78 +/- 66 
91 +/- 67 

104 +/- 44 
63 +/- 52 
80 +/- 29 
74 +/- 47 
72 +/- 40 
47 +/- 30 
38 +/- 68 
50 +/- 23 
79 +/- 55 

110 +/- 46 
127 +/- 51 

74 +/- 38 

Precision 
% Difference 
(of duplicates) 

12 
8.2 
8.8 
9.8 
8.8 

21 
20 
25 
18 
21 
20 
28 
29 
29 
31 
23 
26 
34 
72 
36 
29 
51 
31 
38 
16 
31 
46 
21 
20 
34 
29 
20 

Calibration 
(all compounds) 
max.% Difference 

25% of RRF 
(internal std.) 

25% of RRF 
(internal std.) 
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Table 9.E.-4a continued. 

Parameters 
Accuracy 

Range of % 
Recovery 

Method 625 Surrogate Control Limits 
NITROBENZENE-d5 77 +/- 31 
2-FLUOROBIPHENYL 75 +/- 31 
TERPHENYL-d4 82 +/- 45 

Method 625 Phenols 
2-CHLOROPHENOL 
4-CHLORO-m-CRESOL 
4-NITROPHENOL 
PENTACHLOROPHENOL 
PHENOL 

54 +/- 24 
59 +/- 34 
19 +/- 22 
78 +/- 56 
23 +/- 10 

Precision 
% Difference 

(of duplicates) 

20 
33 
35 
45 
10 

Method 625 (phenols) Surrogate Control Limits 
2,4,6-TRIBROMOPHENOL 67 +/- 47 
2-FLUOROPHENOL 32 +j- 22 
PHENOL-OS 23 +/- 30 

Method 608/612/8121 (Scan 3) 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
1,2-DICHLOROBENZENE 
HEXACHLOROETHANE 
1,3,5-TRICHLOROBENZENE 
1,2,4-TRICHLOROBENZENE 
1,2,3-TRICHLOROBENZENE 
HEXACHLOROBUTADIENE 
1,2,4,5-TETRACHLOROBENZENE 
HEXACHLOROCYCLOPENTADIENE 
2-CHLORONAPHTHALENE 
1,2,3,4-TETRACHLOROBENZENE 
PENTACHLOROBENZENE 
A-BHC 
HEXACHLOROBENZENE 
B-BHC 
G-BHC (LINDANE) 
PENTACHLORONITROBENZENE 
D-BHC 
HEPTACHLOR 
ALDRIN 
HEPTACHLOR-EPOXIDE 
G-CHLORDANE 
ENDOSULFAN 1 2 

A-CHLORDANE 
DIELDRIN 
4,4'-DDE 
ENDRIN 
4,4'-DDD 
4,4'-DDT 
HEXABROMOBENZENE 
METHOXYCHLOR 
MIRE X 
PPB (BP-6) 
AROCLOR 1242 
AROCLOR 1260 
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49 +/- 26 
53 +/- 33 
53 +/- 27 
52 +/- 29 
54 +/- 27 
57 +/- 29 
61 +/- 27 
50 +/- 32 
69 +/- 33 
45 +/- 44 
82 +/- 27 
67 +/- 29 
75 +/- 20 
84 +/- 29 
76 +/- 26 
91 +/- 22 
87 +/- 30 
74 +/- 28 
83 +/- 40 
84 +/- 39 
78 +/- 32 
89 +/- 27 
87 +/- 25 
20 +/- 20 
92 +/- 33 
83 +/- 43 
86 +/- 30 
95 +/- 47 
90 +/- 34 
96 +/- 46 
65 +/- 27 

101 +/- 44 
93 +/- 56 
69 +/- 49 
86 +/- 24 
93 +/- 24 

18 
27 
22 
20 
19 
19 
17 
22 
24 
26 
17 
21 
18 
15 
16 
16 
17 
15 
14 
25 
27 
19 
17 

4 
19 
18 
18 
22 
24 
19 
14 
20 
33 
14 
17 
16 

Calibration 
(all compounds) 
% Difference 

25% of RRF 
(internal std.) 

20% 
(external std. ) 
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~able 9.E.-4a continued. 

Parameters 
Accuracy 

Range of % 
Recovery 

Method 608/612 Surrogate Control Limits 
2,4-DICHLOROTOLUENE 68 +/- 33 
4,4-DIBROMOBIPHENYL 80 +/- 22 

Precision 
% Difference 
(of duplicates) 

Calibration 
(all compounds) 

% Difference 

1 Accuracy and precision data are derived from 1993 Duplicate Matrix Spikes and are updated 
quarterly or when sufficient data is collected. Surrogate accuracy data was derived from 
1993 data and is updated quarterly or when sufficient data is collected. 

2 Endosulfan 1 is reported semi-quantitatively. 
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Table 9.E.-4b Organic Unit Routine Quality Control Audits 1 for Sediment Samples. 
The minimum frequencies are: 
Duplicate Matrix Spikes - every batch for extractables, ever 12 hours 
for 8260. 
Reagent Blank - every batch for extractables, ever 12 hours for 8260. 
Sample Surrogates - all samples, blanks, and spikes. 
Continuing Calibration Standard - every 12 hours or after 10 samples. (Maximum percent 
difference is calculated from the original calibration). 

Parameters 
Accuracy 

Range of % 
Recovery 

Method 8260 (Volatile) Control Limits 
1,1-DICHLOROETHENE 
BENZENE 
CHLOROBENZENE 
TOLUENE 
TRICHLOROETHENE 

104 +/- 31 
96 +/- 38 

100 +/- 20 
98 +/- 26 

111 +/- so 

Method 8260 Surrogate Control Limits 
1,2-DICHLOROETHANE-d4 102 +/- 45 
BROMOFLUOROBENZENE 96 +/- 39 
TOLUENE-dB 107 +/- 55 

Method 8270 (Base-Neutral) 
1,4-DICHLOROBENZENE 
N-NITROSO-DI-N-PROPYLAMINE 
1,2,4-TRICHLOROBENZENE 
ACENAPTHENE 
2,4-DINITROTOLUENE 
PYRENE 

Control Limits 
60 +/- 18 
88 +/- 63 
66 +/- 26 
80 +/- 32 
66 +/- 30 

106 +/- 76 

Method 8270 Surrogate Control Limits 
NITROBENZENE-d5 69 +/- 18 
2-FLUOROBIPHENYL 79 +/- 19 
TERPHENYL-d14 117 +/- 33 
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Precision 
% Difference 

(of duplicates) 

15 
14 
11 
16 
12 

21 
27 
24 
24 
27 
42 

Calibration 
(all compounds) 
max. %Difference 

25% of RRF 
(internal std. ) 

25% of RRF 
(internal std. ) 
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~able 9.E.-4b continued. 

1ethod 8121/8081 (Scan 3) 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
1,2-DICHLOROBENZENE 
HEXACHLOROETHANE 
1,2,4-TRICHLOROBENZENE 
HEXACHLOROBUTADIENE 
2-CHLORONAPHTHALENE 
HEXACHLOROBENZENE 
PENTACHLORONITROBENZENE 
HEPTACHLOR 
ALDRIN 
4,4'-DDE 
HEXABROMOBENZENE 
MIRE X 
g-BHC (LINDANE) 
HEPTACHLOR-EPOXIDE 

Control Limits 
51 +/- 32 
51 +/- 34 
55 +/- 36 
66 +/- 40 
68 +/- 31 
71 +/- 36 
77 +/- 40 
77 +/- 35 
87 +/- 42 
87 +/- 39 
90 +j- 32 

102 +/- 41 
104 +/- 60 
100 +/- 40 

92 +/- 38 
96 +/- 37 

20 
20 
20 
22 
24 
25 
22 
20 
29 
30 
21 
30 
27 
22 
39 
32 

20% 
(external std. ) 

Accuracy 
Range of % 

Recovery 

Precision Calibration 
Parameters % Difference (all compounds) 

(of duplicates) max. %Difference 

Method 8121/8081 
g-CHLORDANE 
a-CHLORDANE 
4,4'-DDD 
4,4'-DDT 

P-6 (PBB) 
."\ROCLOR 10 16 
AROCLOR 1260 

(Scan 3) Control Limits continued. 
106 +/- 43 
102 +/- 42 
102 +/- 42 

97 +/- 41 
92 +/- 45 
96 +/- 37 
98 +/- 33 

Method 8081/8121 Surrogate Control Limits 
2,4-DICHLOROTOLUENE 70 +/- 27 
DECACHLOROBIPHENYL 82 +/- 56 

34 
33 
39 
32 
31 
24 
20 

'Accuracy and precision data are derived from 1993 Duplicate Matrix Spikes and are updated 
quarterly or when sufficient data is collected. Surrogate accuracy data was derived from 
1993 data and is updated quarterly or when sufficient data is collected. 
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9.E.4. ORGANIC UNIT ROUTINE QUALITY CONTROL AUDITS 

Routine quality control audits and control limits used by the Organic 
Unit are documented in each method. Audits for aqueous samples are 
summarized in Table 9.E.-4a. Audits for sediment samples are summarized 
in Table 9.E.-4b. 

Duplicate matrix spike samples are used to evaluate the precision of 
samples. Control samples, spiked samples and surrogate standards are 
used to monitor accuracy of aqueous and sediment samples. Check 
standards and reagent blanks are used as a check on calibration. These 
audits are described in further detail in the following paragraphs. 

9/94 

Contamination checks - Each day before processing any samples, an 
organic free water or reagent blank is analyzed. The system is 
considered interference free if the concentration of all compounds 
is less than one-half the reported detection limit. If the reagent 
blank value is less than 1/2 the detection limit, the blank value 
is disregarded. If the reagent blank value is greater than 1/2 the 
detection limit but less than 1/2 the sample value, the value is 
reported for reagent blank contamination and coded RB. 

Calibration Checks - Standards are used to verify instrument 
calibration. The frequency, type, and acceptance limits are 
defined in tables 9.E.-4a and 9.E.-4b. Either an internal or 
external standard calibration is used. 

Internal Standards- A known amount of compounds that are similar in 
analytical behavior to compounds of interest are selected and added 
to all standards, samples, and QC audits analyzed. It must be 
demonstrated that the measurement of these internal standards are 
not affected by method or matrix interferences. A response factor 
generated from analyzing calibration standards is used to calculate 
the amounts of compounds of interest. 

External Standards - Compounds of known concentrations are analyzed 
at multiple levels. The response or area of each peak 
corresponding to a compound of interest is determined. This 
calibration is then used to determine the amounts of compounds of 
interest in standards, QC audits, and samples. 

Sample Audits - The precision and accuracy of each sample 
batch (20 samples or less) is monitored through the use of two 
spiked and one unspiked matrix sample. An investigative 
sample will be used as the matrix sample to be spiked. 
Precision is evaluated by comparison of duplicate spiked 
matrix samples. Accuracy (recovery) is evaluated by comparing 
the average of the two spiked matrix samples to the unspiked 
matrix sample. 

Surrogate - Surrogate compounds are added at the initial stage 
of sample preparation for most organic analysis to monitor the 
efficiency of the method. Many critical steps and the sample 
matrix can affect recovery. Control limits are established 
for the surrogate compounds in each method. If recovery of 
the surrogate standard exceeds the control limits, the sample 
is repeated or if the sample cannot be repeated, sample 
results are coded to indicate matrix interference or possible 
low or high recovery. See table 9.E.-4a and 9.E.-4b for 
compounds and control limits. 

Control Limit Calculations - Control limits for Organic Unit 
scans are calculated as outlined in section 9.F. (Quality 
Control Data Evaluation) of this chapter. The number of 
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values used to calculate each control limit will be specified 
in each method. Where possible, the number of values used to 
set control limits follows the guidelines of 9.F.3.c. (20 
values for limits on a mean and 50 values for limits on a 
range). Some control limits have been established with fewer 
values and will be revised as more values are collected. The 
data is tested for outliers as specified in 9.F.3.d. and 
outliers are removed from the data set. Control limits for low 
level calibration standards, medium level calibration 
standards and recovery of the matrix spike accuracy audit are 
expressed as either 2 or 3 standard deviations from the mean 
and correspond to 95% and 99.7% confidence limits, 
respectively. Precision of samples is evaluated through the 
use of duplicate matrix spike samples. Control limits 
developed from less than 50 values are considered preliminary 
and will be revised as additional data is collected. The 
number of pairs used to establish each control limit should be 
identified in each method along with the time period over 
which the data were accumulated. The mean range is calculated 
according to procedures for paired replicate values 
(9.F.4.c.1.). Control limits on the mean range are calculated 
by multiplying the mean range value by 3.267 (the appropriate 
D4 factor for paired replicates from Table 9.E.-5). Duplicate 
matrix spike samples used to monitor water sample precision 
are spiked with a constant amount of standard making the audit 
specific to the standard concentration. 

Method validation - Before a new method can be adopted or an 
existing method can be changed, the method must be validated 
as a part of the method approval process described in Appendix 
1.C-1. All alternate methods must be approved by US EPA. 
Method validation is an initial demonstration of capability 
and consists of spiking a representative concentration of each 
compound to be measured into reagent water and/or 
representative sample matrices. Low level (5% of the 
operating range) and medium to high level replicates (spiked 
at concentrations representative of samples to be analyzed) 
should be analyzed. If natural matrices are used, the 
background levels in these matrices should be determined by 
analyzing unspiked aliquots. The average percent recovery and 
the standard deviation of the percent recovery is determined 
from spiked results according to procedures identified in 
9.F.3.e.5 and 9.F.3.e.3, respectively. These recovery and 
standard deviation values are then compared to performance of 
the appropriate EPA method, EPA performance criteria or other 
applicable standard. Method performance is reviewed by the 
Unit Supervisor and the Laboratory Director for equivalency to 
the appropriate EPA method and ability to meet program needs. 

9.F. QUALITY CONTROL DATA EVALUATION 
9.F.1. INTRODUCTION 

Valid data are those results obtained under controlled conditions. 
Statistical criteria must have been developed by which it is possible to 
judge when controlled conditions exist. Without this, the 
interpretation of the data and the conclusions reached may be misleading 
or of little value. 

Experimental measurements are random variables. The variability of 
routine analyses such as differences between samples, analysis, and 
instrument response constitutes the analytical "error". These experi
mental errors are inherent characteristics of every measurement process 
and cannot be eliminated. The source of error affects the precision and 
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accuracy of all results and consequently influences their validity. All 
data will be reported and appropriate qualifier codes used when control 
limits are exceeded on outliers. 

It is frequently necessary to decide whether the difference between two 
quantities is due to a bias or is caused purely because of the variabil
ity. If there is only a small chance that the difference is due to 
random error, then it is reasonable to conclude with a given degree of 
confidence that there is a bias. Such conclusions are based on 
probabilities. It is understood that a decision based on such results 
has a calculated chance of being wrong. The purpose of establishing 
control limits for a given variable is to contain the experimental error 
within a narrow zone and thereby minimize its effect. 
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( 
TABLE 9. E.- 5 

FACTORS FOR CALCULATING CONTROL LIMITS 

for X for X for S for R for X. for X. 
l. / l. 

from R from S from S from R from R from S 
Observations 
in Sample, n ~ A3 B4 04 E2 E3 

2 1.880 2.659 3.267 3.267 2.660 3.760 
3 1.023 1.954 2.568 2.574 1. 772 3.385 
4 0.729 1.628 2.266 2.282 1.457 3.256 
5 0.577 1.427 2.089 2.114 1.290 3.191 
6 0.483 1.287 1.970 2.004 1.184 3.153 
7 0.419 1.182 1.882 1.924 1.109 3.129 
8 0.373 1.099 1.815 1.864 1.054 3.109 
9 0.337 1.032 1.761 1.816 1.010 3.095 

10 0.308 0.975 1.716 1.777 0.975 3.084 



9.F.2. GLOSSARY 
Population 
The set of all possible observations of a random variable. 

sample 
Any subset of the population. 

Parameter 
A descriptive characteristic of a population, such as population mean, 
u. 

Statistic -A descriptive characteristic of a sample, such as sample mean, X . 

Precision 
The ability to replicate a value within which random deviations can 
usually be expected to fit. 

Accuracy 
The ability to measure a sample constituent, compared to a standard or 
true value, without bias or error. 

Control Limits 
The boundaries within which only the normal chance variations are 
present in the system. The system is then "in control". 

9.F.3. ESTABLISHMENT OF CONTROL LIMITS 

9.F.3.a. Scope and Application 
This method may be used to establish statistical control limits for most 
quality control audits. It is applicable to any random variable which 
approximates a normal distribution. Because 3s control limits are used, 
all control limits established by this method have a type I error of 
= 0.003. In other words, when a control limit is exceeded,, there is a 
99.7 percent probability that the situation is not solely due to random 
variability. 

9.F.3.b. Summary of Method 
Applicable audits are chosen for a given analytical procedure. General
ly, QC audits are needed to control or verify calibration, accuracy, and 
precision. Additionally, system audits may be used to monitor and 
control other variables in an analytical process. For each audit, the 
population to be controlled by the audit is defined. 
A random sample of the population is collected to establish initial 
control limits for an audit. Control limits may be re-evaluated as 
necessary to reflect changes in the population as more data are accumu
lated. However, change in an audit indicating a lower level of perfor
mance in a system should be investigated and not be automatically 
accepted. 

Any result falling outside the control limits indicates an out-of
control situation with respect to the population subset used to define 
the control limit. If the population is normally distributed, this 
conclusion can be made with a 99.7 percent level of confidence. 
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9.F.3.c. Collection of Data 

Sufficient data from a controlled system must be collected from the 
population before statistical limits can be established. Large samples, 
N, are desirable. For limits on a mean, at least 20 values should be 
used. To establish control limits for a standard deviation or a range, 
at least 50 values should be obtained. 

9.F.3.d. Test for Outliers 

When evaluating a set of data, it may initially be necessary to test 
whether all values should be included in the evaluation. Wild or 
unusual observations may exist in the data set. Table 9.F.-1, t 
Distribution Values, can be used to identify outliers with a probability 
of 0.995 ( = 0.0025). Data points acquired that can be attributed to 
identifiable and correctable problems should NOT be used as a valid data 
point. 

For paired replicate values (Example 1, 9.F.4.c.), first calculate the 
mean range. Divide the mean range by 1.128 to obtain the standard 
deviation. Multiply the standard deviation times the appropriate t 
value for the degree of freedom used. Discard replicate values if their 
range exceeds the obtained value. Recalculate the mean range and again 
check for any outliers. Continue this process until no values are 
discarded. 

For an univalued audit (Example 2, 9.F.4.d.), calculate the mean and 
standard deviation. Multiply the standard deviation times the appropri
ate t value. Use this number to set a confidence interval around the 
mean. If any values are outside the confidence interval, discard the 
one farthest from the mean. Then recalculate the mean and standard 
deviation and repeat the process until no more outliers are found. 

Note: Again, we have assumed that the population approximates a normal 
distribution. If it does not, particularly if it is highly skewed, the 
above test is inappropriate. 

9.F.3.e. Calculation of Statistics 

9.F.3.e.1. Mean 

The best estimate of the true population mean, u, is the overall sample 
mean (or average), X, where: 

X +X + ... +X ~x 
X = 1 2 n = ~ 

N N 

or, the sample mean is equal to the sum of the individual values divided 
by the number of values, N. 

9.F.3.e.2. Variance 

A common measure of variability is variance. The population variance, 
0-2, can be estimated from the sample variance, s 2 , where: 

s 2 = (X- X) 2 

N-1 

or, the sample variance is equal to the sum of individual values minus 
the sample mean squared divided by one less than the number of values. 
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TABLE 9 .F .-1 

t DISTRIBUTION VALUES 

Degrees of Freedom (N-1) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
22 
24 
26 
28 
30 
40 
60 

120 
ocf 

Value at 0.995 Probability 

127.32 
14.089 
7.453 
5.598 
4.773 
4.317 
4.029 
3.833 
3.690 
3.581 
3.497 
3.428 
3.372 
3.326 
·3 .286 
3.252 
3.222 
3.197 
3.174 
3.153 
3.119 
3.091 
3.067 
3.047 
3.030 
2.971 
2.915 
2.860 
2.807 



9.F.3.e.3. Standard Deviation 

Because variance is a sum of squares, its unit is the square of the unit 
in which the measurement was made. A standard deviation, or the square 
root of variance, is used to obtain a measure of variability in the same 
unit as the data. The population standard deviation, , can be 
estimated by the sample standard deviation, s, where: 

s = js2 J 

9.F.3.e.4. Range 

(X- X) 2 

N-1 

The range of values, R, in a sample may be required, where: 

R = X max - X min 

or, the range is equal to the largest value minus the smallest value. 

9.F.3.e.5. Recovery and Bias 

Usually when accuracy or calibration audits are evaluated, recovery 
and/or bias are determined, either as an absolute or relative to a known 
or design value (a percentage is calculated). 

When a QC audit with a known (or design) value is analyzed, such as a 
check standard, primary standard, or reference sample, it can be 
evaluated using any (or all) of following techniques: 

bias = result obtained - true value 

% bias 

% recovery 

bias x 100% 
true value 

value obtained x 100% 
true value 

When spiking techniques are used, the concentration of the solution 
being spiked, the concentration of the spiking standard, and the volumes 
of the solution and standard may need to be known. If the volumes are 
unimportant due to the spike volume being an insignificant part of the 
total volume (less than two percent) or volumes are changed by an 
extraction or digestion process, use the following techniques: 

theor. spiked sample value = sample cone. + std. cone. x (standard volume 
sample volume 

bias = analyzed spiked sample value - theoretical spiked sample value 

% bias bias x 100% 
theoretical value of spike 

% recovery analyzed value of spike x 100% 
theoretical value of spike 

When spike and sample volumes are critical, calculate the theoretical 
spiked sample value as: 

theor. spiked sample value 
(sample cone. x sample vol. )+(std. cone. x std. vol.) 

sample volume + standard volume 

Bias, % bias, and % recovery would be calculated as above. 
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For the special case when equal volumes of sample and standard are mixed 
and analyzed, the theoretical spiked sample value is simply: 

theoretical spiked sample value = sample value + standard value 
2 

When blank spikes are used, portions of the above equations relating to 
"sample" concentration (which would be "zero") can be deleted. 

9.F.3.e.6. Linear Regression 

Frequently it is desirable to evaluate the linearity of the relationship 
of two variables. Fortunately, this is a simple process for most 
statistical calculators. The basic notations to manually calculate a 

least squares regression line of y = a + B X are: 

S ~XY - N XY 
xy 

B = s jS2 
xy 

where Sx
2 

is the sum of squared deviations from the means of the X 

values, S is the sum of the cross products of deviations, and B and a 
xy 

are the least square estimates of the slope (b) andy-intercept (a), 
respectively for the regression line. An example is included in Section 

9.F.3.e.7. Correlation Coefficient and Coefficient of Determination 

The sample correlation coefficient, r, is a useful statistic to define 
how well a linear regression fits a straight line. The correlation 
coefficient is always a value between -1 and +1. The two extreme values 
of -1 and +1 are approached as the relationship between the two 
variables approaches a straight line with a negative or positive slope, 
respectively. If r = 0, then there is no linear relationship between 
the two variables. The correlation coefficient is easily determined on 
most statistical calculators, or the following equation can be used to 
determine r for variables X and Y: 

r = ~XY - N XY 

J ( ~x2 -

An example can be found in Section 9.F.4. 

The coefficient of determination, r
2

, is usually preferred to explain 
the strength of association between X and Y when using regression 
analysis. 

9.F.3.e.8. Pooling Estimates of Standard Deviation 

As new data are collected, it may be possible to improve existing esti
mates of the standard deviation by pooling (combining) the existing data 
set and the new data set. However, before such data can be pooled, it 

9/94 9-26 



is first necessary to verify that there has not been a significant 
change in variability between the two data sets. This can be done 
statistically by comparing the ratio of the two variance estimates 
(si2/s+2) to appropriate values of the F distribution. If data sets are 
of sim~lar size and variability, the two data sets can be pooled. 
However, if the variability of a procedure has changed, the procedure 
should be carefully reviewed to determine the cause. When it appears 
that variability has not changed, a pooled estimate of variability may 
be calculated. 

The pooling method consists of attaching the proper amount of 
statistical "weight" to the two variance estimates based on the degrees 
of freedom of the respective data sets, summing the weighted variance 
estimates, and dividing the sum by the sum of the degrees of freedom 
associated with the two estimates. The quotient which results is the 
pooled estimate, s2, from which the new pooled estimate of the standard 
deviation, s, is obtained. The following equation is used to calculate 
pooled standard deviation. 

s2(pooled) = (n
1
-1) s

1
2 + (n 2-l) s 2 2 

(n
1 

+ n
2 

- 2) 

9.F.4. EXAMPLES 

9.F.4.a. Introduction 

Usually in the laboratory, unknown population parameters are used. 
Because of this, the factors used in the following examples will be for 
unknown populations. Table 9.E.-5, Factors for Calculating Control 
Limits, contains a summary of necessary factors for up to n = 10 where n 
is the number of observations per subgroup. Factors for larger values 
of n and for known populations are available in other references. 

Also, when working with ranges and standard deviations, lower control 
limits may also be used. For tests with significant variability, a low 
(or zero) range or standard deviation may be significantly different 
from the expected performance. Lower control limits for ranges and 
standard deviations are deleted from the following examples to 
facilitate QC application. 

9.F.4.b. Data Sets 

Standard data sets have been designed and established to be used for 
examples with the various application techniques. Although real data 
sets are sometimes desirable, they can frequently be limited in their 
applicability. 

Table 9.F.-2, Ordered Paired Replicate Values, contains 100 pairs of 
computer generated values. They have been arranged by increasing mean 
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TABLE 9 . F . ~ .1.. 

ORDERED PAIRED REPLICATE VALUES 

Order Initial Replicate Order Initial Replicate 
No. Value Value Mean Range No. Value Value Mean Range --

1 -0.96 1.37 0.205 2.33 51 26.65 33.74 30.195 7.09 
2 1.25 0.78 1.015 0.47 52 28.67 32.05 30.36 3.38 
3 2.50 2.65 2.575 0.15 53 29.37 31.60 30.485 2.23 
4 2.88 3.60 3.24 0.72 54 34.19 27.59 30.89 6.60 
5 7.86 6.06 6.96 1.80 55 32.14 30.22 31.18 1.92 
6 5.48 9.77 7.625 4.29 56 31.31 31.06 31.185 0.25 
7 10.37 10.84 10.605 0.47 57 30.43 32.57 31.50 2.14 
8 12.40 12.69 12.545 0.29 58 29.37 34.12 31.745 4.75 
9 13.94 11.83 12.885 2.11 59 34.91 28.60 31.755 6.31 

10 13.33 12.64 12.985 0.69 60 34.81 28.73 31.77 6.08 
11 13.70 13.17 13.435 0.53 61 32.31 31.75 32.03 0.56 
12 13.99 13.14 13.565 0.85 62 35.82 28.77 32.295 7.05 
13 16.59 13.51 15.05 3.08 63 36.35 28.51 32.43 7.84 
14 13.81 20.36 17.085 6.55 64 32.09 32.98 32.535 0.89 
15 16.53 17.75 17.14 1.22 65 34.11 31.35 32.73 2.76 
16 16.84 18.26 17.55 1.42 66 29.56 36.29 32.925 6.73 
17 16.24 20.54 18.39 4.30 67 33.27 32.96 33.115 0.31 
18 16.98 20.02 18.50 3.04 68 35.44 30.90 33.17 4.54 
19 17.72 21.35 19 .535 3.63 69 33.61 33.43 33.52 0.18 
20 17.30 22.32 19.81 5.02 70 32.73 34.55 33.64 1.82 
21 19.22 22.04 20.63 2.82 71 36.02 31.76 33.89 4.26 
22 21.27 23.13 22.20 1.86 72 33.43 34.61 34.02 1.18 
23 21.02 23.72 22.37 2.70 73 34.67 34.11 34.39 0.56 
24 23.07 22.10 22.585 0.97 74 31.76 39.35 35.555' 7.59 
25 20.13 25.41 22.77 5.28 75 35.82 35.79 35.805 0.03 
26 24.72 21.76 23.24. 2.96 76 31.81 41.06 36.435 9.25 
27 23.32 23.93 23.625 0.61 77 32.46 41.08 36.77 8.62 
28 23.29 24.55 23.92 1.26 78 37.14 36.86 37.00 0.28 
29 23.46 25.04 24.25 1.58 79 37.46 38.22 37.84 0.76 
30 23.92 25.72 24.82 1.80 80 36.67 39.25 37.96 2.58 
31 25.11 24.69 24.90 0.42 81 39.26 37.08 38.17 2.18 
32 26.98 22.92 24.95 4.06 82 41.52 35.18 38.35 6.34 
33 25.66 25.02 25.34 0.64 83 37.11 40.95 39.03 3.84 
34 28.82 22.85 25.835 5.97 84 40.96 37.19 39.075 3.77 
35 29.14 22.79 25.965 6.35 85 42.66 38.33 40.495 4.33 
36 26.27 27.22 26.745 0.95 86 37.37 44.21 40.79 6.84 
37 26.81 28.00 27.405 1.19 87 46.94 35.50 41.22 11.44 
38 25.06 29.94 27.50 4.88 88 39.79 44.32 42.055 4.53 
39 26.50 29.04 27.77 2.54 89 40.58 44.07 42.325 3.49 
40 27.80 29.57 28.685 1.77 90 39.81 46.27 43.04 6.46 
41 35.11 23.19 29.15 11.92 91 43.35 44.15 43.75 0.80 
42 28.37 29.96 29 .165 1.59 92 49.41 44.59 47.00 4.82 
43 26.66 31.68 29.17 5.02 93 48.46 47.50 47.98 0.96 
44 25.88 32.48 29.18 6.60 94 44.41 52.12 48.265 7.71 
45 28.71 29.79 29.25 1.08 95 48.93 48.92 48.925 0.01 
46 29.09 29.41 29.25 0.32 96 49.32 51.29 50.305 1.97 
47 33.00 25.84 29.42 7.16 97 54.87 46.19 50.53 8.68 
48 30.79 28.08 29 .435 2.71 98 52.75 50.33 51.54 2.42 
49 33.26 26.00 29.63 7.26 99 51.07 54.25 52.66 3.18 
50 24.78 34.52 29.65 9.74 100 49.94 56.19 53.065 6.25 



values. Design criteria for the set stipulated that range increased 
with increasing values. 

Table 9.F.-3, Large Univalued Data Set, contains 200 computer generated 
values with a design mean of 55, a design standard deviation of 2.0, and 
a normal distribution of values. The values were then adjusted to 
simulate two potential data problems. The variate used to establish 
values 116 through 140 was increased by 2.0 to simulate a step error of 
two standard deviation. The variate used to establish values 171 
through 200 was gradually increased to simulate a gradual shift in data 
(variate used= design variate+ 0.1 (sample value no. - 170)). 

9.F.4.c. Example 1: Paired Replicate Values 

Our first example will be working with the data found in Table 9.F.-2, 
Ordered Paired Replicate Values. The data is typical of duplicate 
values generated to determine precision. As previously mentioned, it is 
desirable to have 50 or more data pairs before an evaluation can be made 
by the following technique. Other values for factor D

4 
should be used 

if n is less than SO. 

9.F.4.c.1. Mean Range 

The mean range, R , is simply the sum of the ranges, R, divided by N, 
or: 

R B 
N 

345.53 
100 

3.4553 

The upper control limit (UCL) for the range can be determined from using 
the appropriate D

4 
factor from Table 9.E.-5. Because we are determining 

ranges from duplicate values (n = 2) D
4 

= 3.267. The upper control 
limit for the range is: 

D
4 

R = 3.267 x 3.4553 = 11.29 

Review of the data pairs in our sample (Table 9.F.-2) would indicate 
that the control limit was exceeded with set no. 41 (R = 11.92) and set 
ng. 87 (R = 11.44). If these values are discharged as outliers, the new 
R = 3.2874 and the new UCL = 3.267 x 3.2874 = 10.74. The recalculated 
control limit is slightly t~ghter (about 5 percent) than the original. 

9.F.4.c.2. Segmenting the Sample 

If there is sufficient data (at least 100 sets), it may be feasible to 
group the pairs into data segments. The pairs in Table 9.F.-2 have been 
ordered sequentially by increasing means to facilitate observation. 
With many analytical systems, the range of replicate analyses tends to 
increase as the level of the analyte increases. Segmenting data will 
show whether this is the case for a data set. 

Segments can be established by using an established frequency, n, per 
segment or by setting an interval for the means. Enough segments to 
differentiate significant increases in range are desirable without 
decreasing the frequency, N, too much per segment. We will evaluate the 
data in Table 9.F.-2 using five segments. 
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TABLE 9 .F. -3 

LARGE UNIVALUED DATA SET 

No. Value No. Value No. Value No. Value --
1 55.4 51 58.3 101 53.3 151 55.5 
2 55.7 52 55.9 102 54.9 152 56.7 
3 55.7 53 55.8 103 53.0 153 53.7 
4 54.3 54 57.4 104 56.4 154 54.9 
5 54.5 55 55.7 105 55.2 155 60.0 
6 53.7 56 53.6 106 53.6 156 52.7 
7 56.6 57 53.7 107 57.3 157 52.0 
8 51.7 58 54.9 108 57.2 158 57.8 
9 52.2 59 58.3 109 56.0 159 53.7 

10 53.6 60 54.3 110 55.2 160 56.3 
11 60.2 61 52.3 111 57.8 161 53.6 
12 53.5 62 55.7 112 53.1 162 55.5 
13 54.9 63 56.2 113 56.2 163 57.0 
14 55.5 64 54.9 114 56.5 164 54.5 
15 55.2 65 55.8 115 54.7 165 54.1 
16 . 52.1 66 54.7 116 57.7 166 54.8 
17 56.6 67 52.4 117 60.1 167 53.3 
18 54.0 68 53.8 118 58.3 168 56.6 
19 56.3 69 56.3 119 58.7 169 51.4 
20 55.6 70 51.6 120 57.6 170 57.6 
21 56.7 71 57.2 121 56.8 171 54.9 
22 55.2 72 54.8 122 5.7.7 172 56.1 
23 54.8 73 58.9 123 58.4 173 52.1 
24 55.0 74 53.4 124 60.4 174 55.6 
25 54.7 75 52.0 125 60.9 175 54.5 
26 52.4 76 58.0 126 59.7 176 50.5 
27 55.3 77 55.0 127 56.2 177 60.4 
28 51.1 78 58.9 128 58.5 178 58.4 
29 55.1 79 58.5 129 61.3 179 59.8 
30 52.7 80 51.5 130 60.8 180 59.2 
31 59.0 81 52.7 131 61.4 181 58.4 
32 55.4 82 55.4 132 57 .6· 182 60.0 
33 56·. 3 83 52.3 133 61.4 183 63.1 
34 51.6 84 53.1 134 58.9 184 61.1 
35 56.1 85 54.7 135 54.7 185 60.3 
36 52.8 86 56.0 136 59o7 186 57.9 
37 59.7 87 56.1 137 59.2 187 58.8 
38 56.5 88 55.5 138 57.1 188 60.4 
39 54.1 89 54.9 139 57.6 189 59.2 
40 52.6 90 57.5 140 58.4 190 59.6 
41 56.9 91 54.8 141 54.3 191 59.1 
42 53.2 92 55.3 142 57.6 192 57.7 
43 55.2 93 54.2 143 56.3 193 59.6 
44 54.7 94 54.2 144 58.1 194 64.9 
45 53.8 95 53.0 145 55.9 195 58.5 
46 56.6 96 55.2 146 53.4 196 60.4 
47 52.3 97 54.3 147 53.9 197 57.2 
48 57.5 98 56.2 148 52.5 198 62.4 
49 56.8 99 51.9 149 58.3 199 . 60.7 
50 56.2 100 57.8 150 53.9 200 63.0 
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If the data is separated into five segments with N 
summary is obtained: 

20, the following 

Segment 

1 
2 
3 
4 
5 

Set Nos. 

1- 20 
21- 40 
41- 60 
61- 80 
81-100 

Grand Mean (Xl Mean Range {R} 

12.035 2.148 
24.775 2.530 
30.218 4.708 
34.403 3.390 
44.928 4.5010 

There does appear to be an increase in range as analyte level increases. 
However, the mean range for segment 3 is a little high compared to other 
segments. 

If the data is segmented into five mean intervals of about ten units, 
the following summary is obtained: 

Segment Set Nos. Mean Interval Grand Mean {Xl Mean Range { R} UCLR 

1 1- 6 10.00 3.603 1.627 5.32 
2 7- 20 10.00 to 19.99 15.648 2.371 7.75 
3 21- so 20.00 to 29.99 26.294 3.467 11.33 
4 51- 84 30.00 to 39.99 33.934 3.667 11.98 
5 85-100 40.00 46.497 4.618 15.09 

The mean ranges in the above summary do increase with each increasing 
segment, but the number of sets (N = 6, 14, and 16, respectively) is 
quite small for segments 1, 2, and 5. Using the range control limits 
from the above example for segmented data would allow for better quality 
control than using a single control limit for range of all data. Also, 
with the new segmented control limits, set no. 87 is no longer out-of
control (set no. 41 is still out-of-control). 

9.F.4.c.3. Line of Regression 

Because the above evaluation indicates an increase in range with 
increasing mean values, it is worthwhile to try to define the line of 
regression associated with their relationship. This also provides an 
opportunity to demonstrate the equations given in Sections 9.F.3.e.6., 
Linear Regression, and 9.F.3.e.7., Correlation Coefficient and 
Coefficient of Determination. 

In linear regression analysis, the two variables must be defined first. 
Let's compare the mean range (variable Y) to the grand mean (variable X) 
of each segment. From our last example: 

Segment 
1 
2 
3 
4 
5 

9/94 

X {grand mean} y {mean range} 
3.603 

15.648 
26.294 
33.934 
46.497 

125.976 

X 125.976/5 

y = 15.750/5 

1.627 
2.371 
3.467 
3.667 
4.618 

15.750 

25.1952 

3.150 

X2 

12.981609 
244.859904 
691.374436 

1151.516356 
2161.971009 

4262.703314 

S 2 = :l:X2 
3~73.9905152 

n x2 = 4262.703314 - 5(25.1952) 2 

1088.7127988 

XY 
5.862081 

37.101408 
91.161298 

124.435978 
214.723146 

473.283911 

4262.703314 -
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S ~XY- n XY = 473.283911 5(25.1952)(3.150) 473.283911 
xy 

- 396.8244 76.459511 

B 

A 

S /S 2 
xy x 

76.459511/1088.7127988 0.070229 

a Y - B(X) = 3.150 - 0.070229(25.1952) = 1.3806 

The same least square estimates for the slope and y-intercept are ob
tained from a statistical calculator (with considerably less effort). 

The line of regression from above is: R = 1.38 + 0.0702 X . A control 
limit for the range bgsed on the above line (multiply by 3.267) would be 
UCL = 4.51 + 0.229 X . Again, only data set no. 41 is out-of-control 
(R ~ 11.92 versus UCLR = 4.51 + .229(29.15) = 11.19). 

The correlation coefficient is next calculated to determi2e how well the 
data fits a straight line. First, calculate the sum of Y : 

Segment 

1 
2 
3 
4 
.2. 

Y (mean range) 

1.627 
2.371 
3.467 
3.667 
4.618 

2 

2.647129 
5.621641 

12.020089 
13.446889 
21.325924 

55.061672 

Now, calculate the correlation coefficient as: 

r = 
~XY - N XY 

473.283911 - (5) (25.1952) (3.150) 

J (4262.703314- 5(25.1952) 2 ) (55.061672 - 5(3.150)2) 

76.459511 
5932.583 

76.569511 
77.023265 

0.9927 

The coefficient of determination, r
2

, is 0.9854 indicating that the 
points defining the line of regression fit the line well. 

Least squares lines of regression can also be calculated from the previ
ous example with five segments of N = 20 and from individually comparing 
each range to its mean value. Results from all three techniques are: 

Technique y - int. {a} slo12e { B} r 

5 segments from intervals of means 1.38 0.0702 0.9927 
5 segments of N = 20 1.28 0.0745 0.7907 
individual range versus mean, N = 100 1.37 0.0713 0.2920 

Although the correlation coefficient is very low when all values are 
entered individually (r = 0.2920), the estimated line of regression 
agrees well with the other two methods. This may not always be the 
case. Because the line of regression attempts to fit the most points, 
the line will not adequately define the whole range unless the points 
are fairly equally distributed over the full range of the test. 
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9.F.4.d. Example 2: Univalued Audit 

Frequently, an audit may be analyzed once with each batch of samples. 
If the audit values are not expected to change with time, a reproducible 
sample mean and standard deviation should be obtained. 

9.F.4.d.1. Mean and Standard Deviation 

To establish control limits for an univalued audit, first calculate the_ 
mean and standard deviations for the first 50 values in Iable 9.F.-3 (X 
= 54.952 and s = 2.0016). The control limits are then X ± 3s_or from 
48.95 to 60.96. Warning limits, if they are to be used, are X ± 2s, or 
from 50.95 to 58.96. 

If an out-of-control situation is defined by a single excursion outside 
the control limits or three consecutive excursions beyond the warning 
limits, the first out-of-control situation occurs with values 124-126. 
These all exceed the warning limits (remember that the ordinate values 
for 116-140 have been raised by 2.0). 

9.F.4.d.2. Moving Average and Range 

Precision can be maintained on a single value by pairing 
results. If the first twenty values in Table 
following results are obtained: 

Pair x1 x2 X 

1 55.4 55.7 55.55 
2 55.7 55.7 55.7 
3 55.7 54.3 55.0 
4 54.3 54.5 54.4 
5 54.5 53.7 54.1 
6 53.7 56.6 55.15 
7 56.6 51.7 54.15 
8 51.7 52.2 51.95 
9 52.2 53.6 52.9 
10 53.6 60.2 56.9 
11 60.2 53.5 56.85 
12 53.5 54.9 54.2 
13 54.9 55.5 55.2 
14 55.5 55.2 55.35 
15 55.2 52.1 53.65 
16 52.1 56.6 54.35 
17 56.6 54.0 55.3 
18 54.0 56.3 55.15 
19 56.3 55.6 55.96 

X = 54.8316 R = 2.1684 

The control limit on the moving average is: 

X ± A
2 

R 

54.8316 ± 1.880(2.1684) 

54.8316 ± 4.0766 

or 50.755 X 58.908 

The control limit on individual values is: 

= X ± E
2 

R 

B 

0.3 
0.0 
1.4 
0.2 
0.8 
2.9 
4.9 
0.5 
1.4 
6.6 
6.7 
1.4 
0.6 
0.3 
3.1 
4.5 
2.6 
2.3 
0.7 

9.F.-3 are 
consecutive 
paired, the 
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54.8316 ± 2.660(2.1684) 

54.8316 ± 5.7679 

or 49.064 < X < 60.600 

The control limit on the moving range is: 

9/94 

o
4 

R 

3.267(2.1684) 

7.08 
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9.F.S. CONTROL CHARTS 

9.F.S.a. Introduction 

A useful tool in a quality assurance program is control charting. It is 
best applied when a laboratory is running the same analysis on many 
samples over a period of time. Basically, the technique indicates when 
a measurement process in a state of statistical control has moved out of 
statistical control. 

A control chart is a graphical chart with the vertical scale plotted in 
units of the test result and the horizontal scale in units of time or 
sequence of results. A central horizontal line represents the average 
or sequence of results. A central horizontal line represents the 
average or the standard value of the control sample value being plotted. 
Upper and lower control lines (limits) are drawn on the chart above and 
below the central horizontal line as criteria for action or for judging 
the significance of variations from the central line. Routine precision 
and accuracy data are plotted on the control chart to monitor, evaluate 
and document data quality trends. Examples of charts used to monitor 
precision and accuracy are included in Figure 9.F.l. 

9.F.S.b. Control Chart Development 

To set up a control chart, measurements must be gathered when the 
process is in control. This means that the analyst must have explored 
the possible sources of error and done sufficient validation to be 
reasonably sure that results are acceptable. After the method has been 
validated and is ready for use on actual samples, control measurements 
should be collected. The recommended number of data points is described 
in 9.F.3.c. Testing for outliers is described in 9.F.3.d. Section 
9.[.4 provides examples of control limit calculations for samplg means 
(x) and the mean difference between paired replicate values (R ). 

9.F.S.c. Interpretation of Control Charts 

Control charts and control limits are set up to detect analytical errors 
including random error, systematic shifts, systematic drifts and 
mixtures of these three. The ability or probability for error detection 
is dependent on the number of control observations and the choice of 
control rules. Commonly used control rules include: 

One observation outside three standard deviations (1:3s) 
One observation outside two standard deviations (1:2s) 
Two consecutive observations outside two standard deviations (2:2s) 
Four consecutive observations outside one standard deviation (4:1§) 
Ten consecutive control observations on one side of the mean (lOx ) 

No single rule is best for detecting all errors, combinations of rules 
are desirable. 

For detection of random analytical error, control rules based on a 
single control observation exceeding a specified limit (1:3s) generally 
have a higher probability for error detection than those which require 
more than one consecutive observation exceeding a specific limit. For 
detecting systematic errors, rules which require a series of consecutive 
obs~rvation's exceeding the same control limit (such as 2:2s, 4:ls and 
lOx rules) have a high probability of correctly signaling an out of 
control situation. 

Many internal quality control systems in operation today use 1:3s and 
1:2s rules, the first as an action (control) limit and the second as a 
warning limit. When a control observation exceeds an action limit, the 
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process is stopped, the problem is investigated and corrected and then 
the run is repeated. When a control observation exceeds a warning 
limit, it is not always clear what should be done. Many laboratories 
automatically repeat those runs or at least the control samples. 
however, since this may require repeating 10% of all routine work 
(assuming 2 control samples per run) this becomes an expensive way to 
respond to a warning limit. An alternative way of interpreting the 
warning limit is to suspend data reporting until a more intensive 
inspection can be made of the control data. For example, data reporting 
can be stopped until a second control observation is obtained. If the 
second observation exceeds the same 2s limit, then the 2:2s and 1:3s 
rules can be used to determine rejection. Another valuable combination 
is to use the 1:2s rule to suspend data reporting, followed by 
inspection of past data to see if rejection is justified by the 4:1s or 
the lOx rules, then inspection of future data to determine rejection by 
either of these rules, or by the 2:2s and 1:3s. 

There are many factors that could lead to problems in an analysis which 
would show up on the control chart. Most factors are specific to 
instrumentation and methodology. The basic symptoms are either shifts 
or trends. When a system is judged out of control, the analyst is 
responsible for assessing and correcting the problem. 
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Fig~re 9.F.-l. Quality Control Chart Examples. UCL and LCL refer 
to Upper and Lower Control Limits, UWL and LWL refer 
to Upper and Lower Warning Limits, CL and WL refer to ~ 
Control and :laming Limits. 

39 
-~---~-~---~~-------------------

UCL (3s) 

36 
-~----------~------------~--~---

UWL (2s) 

33 

30 -
X 

27 

24 LWL (2s) 

21 LCL (3s) 

0 10 5 20 25 30 Days 

a. Accuracy chart based on differeneces from the mean (X}. 

16 

14 

12 ~-~--------------~--------~-----

10 
---------~--------------~------8 

6 

4 

2 
0 

0 5 10 15 20 25 30 

b. Preci.sion chart based on the mean ranc_:1e (R) or mean 
difference between duplicates. 

CL (3s) 

~.JL (2s) 

Days 



~ 
~ 
-.t' 

~ 
I 

.:N 
)("• 

Table 9.E.-2 General Chemistry Unit Routine Quality Control Audits and Frequencies. (Unless otherwise stated, inclusion of an audit 
frequency means that 

control limits are included in the method.) 

PARAMETERS 

Sample 
Water Matrix 
Check 

Chlorophyll !! 
Pheophytin !! 
Dissolveq oxygen 
Ea.batch 
Chemical oxygen demand-color 
Chemical oxygen demand-titr. 
Total organic carbon 
Nitrate plus nitrite 
Nitrite 
Ammonia 
Kjeldahl nitrogen 
Orthophosphate-P 
Total Phosphorus 
Reactive Silicates 
Sulfide 
sample 
Phenolics-automated 
Phenolics-manual 
Cyanide-automated 
Cyanide-manual 
Cyanide (RCRA) 
Res. Non Filterable (SS) 
Res. Non-Filt. Vol (SVS) 
Res. Total Settleable (Set.S) 
Res. Total Filterable (TDS) 
Res. Total (TS) 
Fecal Coliform 
Total Coliform 
Fecal Streptococci 
Turbidity 
Biochemical Oxygen Demand 

~ 

PRECISION 

Within-Run 
Titrant 
Duplicate 

1 per 10 samples 
l per 10 samples 
1 per 15 samples 

1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 15 samples 

1 per 15 samples 
1 per 18 samples 
1 per 15 samples 
1 per 15 samples 
1 per 10 samples 
1 per 10 samples 
1 per 10 samples 
1 per 10 samples 
1 per 18 samples 
1 per 10 samples 
1 per 10 samples 
1 per 10 samples 
1 per 10 samples 
1 per 10 samples 
1 per 15 samples 

ACCURACY 

Sample/Standard 

Mixture 

footnote 2 
footnote 2 
footnote 2 

1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 15 samples 

1 per 15 samples 
1 per 18 samples 
1 per 15 samples 
1 per 15 samples 

footnote 2 
footnote 2 
footnote 2 
1 per 18 samples 
l per 10 samples 
footnote 2 
footnote 2 
footnote 2 
footnote 2 
footnote 2 

-

Control Sample 

.' 

Check 

Standard 

1 
Each batch1 
Each batch1 
Each batch1 
Each batch1 
Each batch1 
Each batch1 
Each batch 

1 
Each batch1 
Each batch1 
Each batch1 
Each batch 

footnote 3 
footnote 3 
footnote 3 

3 per batch
1 

CALIBRATION 

Reagent 

Blank Blank 

1 
Each batch1 
Each batch1 
Each batch1 
Each batch1 
Each batch1 
Each batch1 
Each batch1 
Each batch1 
Each batch1 
Each batch1 
Each batch Each 

1 
Each batch1 
Each batch1 
Each batch1 
Each batch 

2 per batch
1 
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PARAMETERS 

Sample 
Water Matrix 
Check 

SEDIMENT MATRIX 
Chemical oxygen demand 
Kjeldahl nitrogen 
Total phosphorus 
Phenolics 
Cyanide 
Cyanide (RCRA) 
Solids, Total (% TS) 
Solids, Volatile (% TVS) 

PRECISION 

Within-Run 
Titrant 
Duplicate 

1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 15 samples 
1 per 10 samples 
1 per 10 samples 
1 per 10 samples 

ACCURACY 

Sample/Standard 

Mixture 

footnote 2 
footnote 2 

CALIBRATION 

Check Reagent 

Control Sample Standard Blank Blank 

1 
Each batch1 
Each batch1 
Each batch1 1 
Each batch1 Each batch1 
Each batch Each batch 

1 
Each batch1 
Each batch1 
Each batch1 
Each batch1 
Each batch 

1 
A batch is one or more samples analyzed at a given time or on a given day, depending on the system. Calibration frequency is 1/10 sample 

measured or 1/batch, whichever is more frequent. 

2 
A accuracy audit is not practical due to the absence of an acceptable standard. 

3 
A blank filter is analyzed at the beginning of each series to check the sterility of the media, rinse water and apparatus. 
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