Chapter 15 Fecal Coliform

Microorganisms are an integral part of
wastewater treatment. They are beneficial yet
dangerous. Fecal coliformsoriginatein the
intestines of warm-blooded animals, in this case,
primarily humans. Fecal coliformsin the
influent of domestic waste are usually several
million per hundred milliliters. These bacteria
function as decomposers in the secondary
treatment process. They serve to metabolize the
waste under aerobic conditions then floccul ate
and settle in the secondary clarifier. Those
bacteria which are not trapped in the floc will
flow over the secondary weir to the disinfection
chamber. At this point, the bacteria are no
longer needed and are killed by disinfection
with chlorine, UV light, etc.

Coliforms are considered indicator organisms.
In wastewater the primary coliformis the fecal
coliform which originates in the intestines of
warm blooded organisms. Since fecal coliforms
are seldom pathogenic under normal
circumstances and are easily cultured, their
presence indicates the potential presence of
pathogens. High levelsof fecal coliforms
discharged into the receiving stream would
indicate that pathogens could also be discharged
into the stream. On the other hand, if fecal
coliforms are absent, pathogens are al so absent
since they die quickly outside the host. So why
not add lots of chlorineto kill all the fecal
coliforms and remove any chance that
pathogens might survive? Besides being
expensive, chlorineis carcinogenic and harms
other organismsin the receiving stream. To
reduce the possibility of over-chlorinating,
sulfur dioxide has been used to remove excess
chlorine prior to discharge. Many wastewater
treatment systems have changed disinfection
processes to avoid the headaches associated
with chlorine. The common alternative is UV
light which is very effective at inactivating fecal
coliforms and pathogens.
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Fecal coliforms belong to the group of bacteria
called coliforms (orange circle). The coliform
group of bacteria are defined as facultative
anaerobic, gram-negative, non-spore forming,
rod shaped bacteria that ferment lactose with
gas and acid formation within 48 hours at 35°C.
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Fecal coliforms (magenta circle) are members of
the coliform group but have the added
characteristic of being ableto live at the
elevated temperature of 44.5°C. E. Coli (blue
circle) isa specific type of fecal coliform and
associated with human waste. Newer discharge
permits are requiring analysis for E. Coli rather
than the more general fecal coliform.

Test Theory

A sampleis collected and analyzed using
aseptic (sterile) technique. A measured volume
of sample isfiltered through a sterile 0.45u
membrane filter, transferred to an absorbent pad
containing m-FC broth, then incubated at 44.5°C
for 24 hours. Blue/blue gray colonies are
counted and reported as colony forming units
(cfu) per 100 ml of sample. The method is
limited by turbidity in the sasmple. Excessive



turbidity will reduce fecal coliform recovery,
requiring the MPN method to be used instead of
the membrane filter method.

Sample Collection

Unlike other wastewater tests, fecal coliforms
must be collected in a clean, sterile borosilicate
glass or plastic bottle containing sodium
thiosulfate. Presterilized bags or bottles
containing sodium thiosulfate can also be used.
Sodium thiosulfate is added to remove residual
chlorine which will kill fecal coliforms during
transit. 0.1 ml of 10% sodium thiosulfate is
added to a 120 ml sample bottle prior to
sterilization. The minimum bottle size should
be 120 ml to allow enough head space (1") for
proper sample mixing.

Collection Procedure

Select a site that will provide a representative
sample. Fecal coliform samples are aways grab
samples and should be drawn directly from the
flow stream without using collection devices
such as unsterilized dippers or buckets. For
example, do not collect aBOD sample then
transfer some of the sample to the fecal coliform
sample bottle. Keep the sample bottle lid
closed tightly until it isto befilled. Remove the
cap and do not contaminate the inner surface of
the bottle, neck, threads or cap. Fill the
container without rinsing, being sure to leave
ample air space to allow mixing. Rinsing will
remove the dechlorinating agent. All samples
should be labeled properly with date and time of
collection, sampler's name, and sample
collection location. L eaking sample bottles
alow for contamination of the sample and
should be discarded and the sampling repeated.

Preservation

Fecal coliform samples should be analyzed as
soon as possible after collection to prevent
changes to the microorganism population. Fecal
coliforms must be transported on ice, if they
cannot be analyzed within 1 hour of collection.
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Fecal coliforms transported at ambient
temperature may reproduce and higher bias to
the numbers than desired or they may be killed
off resulting in lower numbers, if handled
poorly such as transport in sunlight. Fecal
coliform samples should be stored by the
laboratory in arefrigerator until time of
analysis. The maximum holding time for state
or federal permit reporting purposesis 6 hours.

Dilutions

|deally, sample volumes filtered should produce
a countable plate with 20-60 colony forming
units per plate. The lab technician may need to
perform several dilutions to reach the desired
colony count. If high levels of fecal coliforms
are expected, the most common practiceisto
prepare a seria dilution. A seria dilution
dilutes the sample concentration by a factor of
10. The most common dilution is prepared by
transferring 11 ml of sample to 99 ml of sterile
phosphate dilution water using a sterile
serological pipet.

A 1:10 dilution (11ml :110 ml) will reduce the
bacteria count in the sample by 10 times. For
instance, if the expected sample answer is 4000
cfu/100 ml, a 1:10 dilution will produce a
diluted sample containing 400 cfu/100 ml. Both
of these samples will produce plates that are
uncountable (TNTC) and outside the desired
range of 20-60 cfu/100 ml. Therefore, a second
serial dilution can be made by pipetting 11 ml of
the diluted sample into a second 99 ml bottle of



sterile phosphate dilution water. Thiswill now
reduce the colony count from 400 to 40 cfu/100
ml. The 40 cfu/100 ml is a countable plate.

The seria dilution can continue aslong as
needed. In many instances, if the answer is
truly unknown, the technician may make several
dilutions to cover the anticipated colony range.
Notice in the picture above that each time 11 ml
istransferred; the remaining volume is
approximately 100 ml which isthen filtered.

Volume Cfu/100
sample mi

filtered

100 mi 92
50 mi 48
25 ml 26
10 ml 9

In this example, there are 2 countable plates (50
ml and 25 ml) that will be used in the
calculations.

Test Preparation
Prior to analysis, there are number of
preliminary steps that must be performed.

1. Obtain M-FC broth - the broth must be
either prepared or purchased. Most labs
purchase pre-sterilized 2 ml ampules. The
broth sterility, growth characteristics, pH,
purchase date, expiration date and lot
number should be recorded. Each new lot of

Bottle Volume Volume Dilution Cfu/200 ml meqliashould b? tested
original filtered against the previoudly
sample used acceptable broth to verify

acceptabl e performance.

Origina | 100ml | 100 mi none 4000 Each |ot should be tested for

A 0ml 100 mi 110 200 performance with positive

B 1 mi 100 ml 1-100 20 and negative control cultures.

C 0.1 ml 100 mi 1:1000 4

Thelast bottle has 110 ml; so11 ml is discarded,
leaving 100 ml. Each serial dilution reduces the
amount of original sample by 10, so the colonies
in bottle A actually come from 10 ml of sample.
The coloniesin dilution B come from 1 ml of
sample, etc.

For most wastewater treatment plants with a
well disinfected effluent, the colony count may
be well below the state/federal permit
limitations. In thisinstance, undiluted volumes
of 10, 25, 50, and 100 ml will commonly be
filtered.
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A positive fecal coliform
control cultureis commonly E. Coli (ATCC
8739 or 25922) An E.Cali pure culture can
be purchased, prepared, and stored in the
refrigerator. A positive culture should
produce blue colonies.

A negative fecal coliform control cultureis
commonly Enterobacter aerogenes (ATCC
13048). A negative control culture should
not grow.

2. Membrane filters and absorbent pads.

Membrane filters are also purchased pre-



sterilized. They must be approved for
membrane filtration based on data
documenting toxicity, recovery, retention,
and absence of growth promoting
substances. They must be grid-marked, 47
mm in diameter, and 0.45 micron pore size.
They should also be white and composed of
cellulose ester. The lot number, date
received and sterility must be recorded.
Absorbent pads may be included with the
membrane filter package or pre-loaded in
the culture dish. In either case, the lot
number, date received and sterility must be
recorded.

. Culture dishes (Petri dishes). Pre-sterilized
disposable, plastic culture dishes (50 mm)
are usually purchased. The lids must be
tight-fitting. The lot number, date received,
and sterility must be recorded.

. Pipets, Graduated cylinders. Glass pipets
should be placed in a stainless steel or
aluminum container and sterilizing in a
sterilizing oven at 170-180°C for 2 hours.
Glass graduated cylinders should be
wrapped with aluminum foil and sterilized.
Pre-sterilized plastic pipets can be purchased
in a package or wrapped individually.
Reseal packages between each use. Pipets
should be accurate to within 2.5% tolerance.
Document lot number, date received, and
sterility.

. Sterile Phosphate Dilution/Rinse Water.

Prepare or purchase phosphate dilution
water. Prepared dilution water should be
sterilized for aminimum of 15 minutesin
the autoclave at 121°C. Volume, pH, and
sterility should be checked after sterilization.
pH should be 7.2 + 0.5 and volume should
be 99 + 2 ml. Check sterility by adding 50
ml of water to 50 ml of sterile double
strength tryptic soy broth (TSB). Incubate
for 24-48 hours at 35.0 + 0.5°C. Record
sterility. Measure and record the volume
and pH on a second sterile bottle.

. Membranefiltration apparatus. A plastic,
glass or stainless steel, non-leaking, non-
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scratched, non-corroded and calibrated
filtration apparatus should be sterilized for a
minimum of 2 minutesin agermicidal (254
nm) UV lamp.

7. Waterbath The waterbath must be turned on
and adjusted to 44.5 + 0.2°C. Waterbath
incubators are used because they hold the
temperature more accurately than dry air
incubators and allow for better selection of
fecal coliforms. Calibration-corrected
temperatures should be recorded at |east
twice per day during each day the waterbath
isin use, separated by at least 4 hours.
Record the date, time, temperature, and
technician initials.

Once the equipment and materials are
satisfactory, the technician is ready to run the
test.

Test Procedure

1. Thelab bench should be disinfected with
either alcohol or commercial lab disinfectant
to reduce the potential for contamination.
The technician should wear appropriate PPE

2. Thefiltration funnel apparatusis placed in
the UV sterilizer and sterilizer for a
minimum of 2 minutes. After sterilization,
place the filtration apparatus on the filtration
funnel until time of use. Record the
sterilization time.

Safety: Do NOT look at the UV light. UV
light may cause permanent eye damage.

Figure: Sterilize for 2-3 minutesin UV sterilizer.



3. Obtain the number of Petri dishes needed

and label. Thefirst dish should be labeled
pre-blank and the last dish should be labeled
after blank or end control. The pre-blank
will be 100 ml of sterile phosphate dilution
water. The pre-blank is a sterility control
and acts to document that all the equipment
is sterile and the technician's technique is
aseptic. The after blank isalso 100 ml of
sterile phosphate dilution water. The after
blank helps confirm that filter rinsing has
been adequate. Both blanks should show no
growth. Any growth on either blank
invalidates the test.

The remainder of the samples and dilutions
are run between the blanks. A testrunis
defined as an uninterrupted series of
analyses.

Prepare sample serial dilutionsif necessary.
If using less than 10 ml of sample, add the
volume to sterile phosphate dilution water.
Thiswill aid in the uniform distribution of
bacteria over the entire filter surface.

For example, the Petri dishes could be
labeled.

1. Pre-blank

2. 3 ml sample (in sterile phosphate

dilution water)

3. 10 ml sample

4. 25 ml sample

5. 50 ml sample

6. 100 ml sample

7. After blank
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4. Aseptically add 2 ml of m-FC broth to each
plate. Pour the broth directly onto the pad
without touching the pad. Excessive media
should be poured off into the sink. Re-cover
each dish.

5. Light aBunsen burner. Useflat, blunt, non-
corrugated forceps. Sterilize the forceps by
dipping in 95% ethyl alcohol and igniting in
the Bunsen burner flame.

Figure: Do not overheat thetip of the forceps. The
membrane will stick to hot forceps and tear.

Safety: Hold thetips of the forceps down to
avoid burning your fingers with burning
alcohol. Do not shake flaming alcohol off the
forceps, let it burn off.

6. Asepticaly remove a membrane filter and
placeit grid side up on the filter funnel
support.



Stop between each rinse to allow organisms
to get caught on thefilter. A rinse bottle can
be used. Start rinsing at the top of the
funnel and rinse down the sides. Repeat
after all the rinse water has been filtered.

Figure: Carefully peel back the edges of the membrane
filter. Sterileforceps can be used to help separate the
filter from its blue backing. The blue backing is
discarded.

It is best to hold the upper portion of the
funnel in one hand while doing thisin order
to avoid contamination of the funnel.

9. Turnthevacuum off. TIP: Carefully break
the residual vacuum in the flask to prevent
tearing the filter during removal.

10. Re-sterilize the forceps by dipping in
alcohol and igniting in a Bunsen burner
flame.

11. Remove the membrane filter using sterile
forceps. Remove the petri dish cover and
transfer thefilter, grid side up, into the
prepared petri dish by gently allowing it to
role over the edge onto the m-FC saturated
pad.

Figure: Placethefilter grid side up. Discard if thefilter
chips, cracks or tears.

Replace the upper portion of the funnel
making sure the membrane filter is still
centered on the funnel support.
7. Shake abottle of sterile phosphate dilution
water vigorously (the pre-blank). Remove
the cap and pour the dilution water into the
filter funnel.
8. Turnthevacuum on. After the dilution
water has passed completely through the
filter, rinse the funnel 2 timeswith 20 - 30
mi of sterile phosphat_e rinse water to assure Figure: Set thefilter on the back edge and pull
the sample has been rinsed from the funnel. fo?ward until the membrane falls on?o the arl::))sorbent
pad.
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TIP: Light patcheson thefilter indicate air is
trapped beneath the filter. Using sterile forceps,
gently lift the membrane filter edge and replace
it.

Figure: Gently secure the filter edges to the absorbent
pad by running forceps around the perimeter of the Petri
dish. Do not touch the area of the filter that contains
bacteria.

12. Replace the petri dish cover, making sure it
fitssnuggly. Label the dish as blank.

13. Repeat the procedure for the remaining
samples and after blank. If highly
contaminated samples are run,
decontaminate the filter funnel after each
sample by exposing to UV light again.
Alternatively, run an additional sterile
phosphate dilution water blank after the
filter has been removed. Thiswill prevent
carryover between samples.

14. Place the inverted dishes in a Whirlpack
bag. All filtered culture plates should bein
the waterbath within 30 minutes after
filtration.

15. Immerse in the waterbath at 44.5 + 0.2°C
for 24 + 2 hours.
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Figure: Squeeze out the air from the bag, roll the bag
tightly, and then fold over the edges to seal the bag.

Colony Counting

After 24 + 2 hours, remove the Whirlpack bag
from the waterbath. Count all the colonies on
each plate with various shades of blue.

The pre-blank must have no growth, indicating
reagents, equipment and technique are
acceptable. Dataisrejected if growth occurs on
the pre-blank.

Corrective Action: If growth occurs on the pre-
blank, first examine aseptic technique then
equipment, media sterility.

The after-blank must aso have no growth.
Growth on the after-blank usually indicates
rinsing techniqueis poor. Datais rejected if
growth occurs on the after blank.

Corrective Action: If growth occurs on the
after-blank, examine rinse technique, increase
the number or volume of rinses.

The technician should make enough dilutions to
have aleast 1 plate with a countable number of
20-60 blue colonies. Plates are not rejected if
there is not a countable number.



Reporting

Confluent Growth is defined as a plate having
growth covering the entire plate with no distinct
colonies.

Plates having no colonies are reported as <1
cfu/200 ml.

If no plate has between 20-60 colonies, all the

counts are added from the other plates and
divided by the total volume of sample filtered.

Fecal Coliform Calculations

Fecal coliform = coliform colonies counted x 100

ml sample filtered

Figure: Confluent growth, distinct colonies are not
visible.

Corrective Action: Confluent growth cannot be
used for DMR purposes. A resample must be
requested.

TNTC isdefined as Too Numerous to Count.
Plates having excessive growth on the entire
plate with distinct colonies are too numerous to
count accurately. Plateswith greater than 200
colonies are considered TNTC.

Figure: TNTC, too numerousto count. Individual
colonies are visible but accurate counting is unlikely.

Corrective Action: TNTC growth cannot be
used for DMR purposes. A resample must be
regquested and different dilutions selected.

A countable plate is defined as having between

20-60 colonies on the entire plate. These plates
are acceptable.
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mi Colonies
sample
filtered

Example 1:

Pre-Blank

Effluent

undiluted

Effluent 1:10 dil.
Effluent 1:100 dil.
After blank

First, examine the blanks. If either blank shows
growth, al sample dataisinvalid and must be
regjected. The analysis must be repeated.
If the blanks show no growth, identify the
plate(s) with a countable number. In this case,
the plate with 33 isthe only plate with a
countable number. Identify the volume of
sample which contained the 33 colonies (10 ml)
Calculate: 33 cfu x 100 = 330 cfu/200 ml
10 ml

ml Colonies
sample
filtered

Example 2:

Pre-Blank
Effluent

Effluent
Effluent
Effluent
Effluent
After blank




In this example, there are 2 countable plates (28
and 45).

Calculate: (28 + 45) cfu x 100 = 182 cfu/100 ml
(15+ 25) ml

ml Colonies

Example 3 sample
filtered

Pre-Blank
Effluent 1:10000

Effluent 1:1000
Effluent 1:100
Effluent 1:10
Effluent

After blank

Since thereis no countable plate, total all the
coliform counts on all filters and report as
cfu/100 ml.

Calculate: (95+15+ 0) cfu x 100 = 9909 cfu/100 ml
(1+0.1+0.01) mi

Report to 2 significant figures, i.e. 9900 cfu/100 ml

ml Colonies
sample
filtered

Example 4:

Pre-Blank
Effluent
Effluent
Effluent
Effluent
Effluent
After blank
There are no countable plates, so report the
answer as <1 cfu/100 ml. Report as 1 cfu/100
ml on the DMR.

ml Colonies
sample
filtered

Example 5:

Pre-Blank

Effluent 1:10 dil
Effluent 1:100 dil.
Effluent 1:1000 dil.
After blank
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In this example, there are also no countable
plates. Because 100 ml of sample was not
analyzed, the result is reported as <10 cfu/100
ml

Caculate: (<1) cfux 100 = <10 cfu/200 ml
10 ml

Quality Control

Fecal coliforms are not predominant in most
environments but are certainly predominant in a
wastewater treatment plant. Poor lab hygiene
can result in erratic laboratory results.
Disinfecting lab benches frequently and
maintaining general lab cleanliness will help
reduce contamination and provide a safe
working environment. Be sure to autoclave
contaminated materials before disposal in the
trash.

In spite of the ssimplicity of the method, the
quality control required for thistest is enormous
because of the sterility requirements.

Sample QC
1 Sample bottles. Sterile sample bottles

containing 0.1 ml of sodium thiosulfate should
be available. Each bottle must be able to
contain a minimum of 120 ml and be
autoclavable. Sample bottles are sterilized and
checked for sterility using tryptic soy broth.

Figure: Growth in TSB indicates a contaminated sample
bottle.



If using commercially available sterile bottles,
confirm sterility using tryptic soy broth.
QC- record date/time sterilized
QC- record sterility after adding 50 ml of
TSB and incubating for 24 hours at
35.0°C
QC- record lot number, sterility, date of
purchase, and expiration date for
commercially purchased bottles.

Corrective action- If sample bottle shows
growth, repeat. If till positive, reject the entire
batch and re-sterilize.

1 Sample holding time exceeds 6 hours.
QC- Record
e date and time of sample collection
sample type (grab)
sampler
date and time of arrival
date and time of analysis
anayst

Corrective Action: Reject samples and request
aresampleif:
1. holding time exceeded
2. disinfectant present in sample (odor)
3. non-sterile container was used
4. insufficient sample volume

1 Samples that will take longer than an hour to
analyze must be preserved on ice during
transport and refrigerated until time of analysis
QC- record preservation, refrigeration
temperature.

Corrective Action: Adjust refrigerator to below
6°C. Servicetherefrigerator if the temperature
does not adjust properly. Reect any sample that
shows evidence of freezing. (ice)

1 Samples should be run in duplicate 10% of
the time.

1 Samples must be shaken vigorously to reduce
bacterial clumping.
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1 Sample dilutions are run to obtain a countable
plate of 20-60 colonies per plate.

Equipment QC
1 pH meter calibrated. The pH meter is used to
measure the pH of the various bacterial broths.
QC- record buffer lot numbers, purchase date,
expiration date, slope

Corrective action- discard expired buffers,
recalibrateif pH meter slope is below 95% or
above 105% efficiency.

] Top loading balance calibrated. The top
loading balance is used to weigh bacterial media
and potentially sample volumes. 100 ml of
sample can be weighed if a sterile graduated
cylinder isnot available. Bacterial mediais
very light and easily spilled. Be sureto clean
the balance pan after each use to prevent cross-
contamination.
QC- record monthly calibration and
sengitivity of 0.1 gm
QC- record annual calibration by service
contractor.

Corrective action: service as needed.

1 All thermometers calibrated

QC- cdibrate annually, record

e serial number of thermometer
serial number of NIST thermometer
temperature of |ab thermometer
temperature of NIST thermometer
temperature correction factor
date of check
analyst

Corrective action- discard thermometer if
correction factor >1.0°C. Dispose of mercury
thermometers properly.

1 Waterbath must be 44.5°C + 0.2°C. The
waterbath is used to provide atighter
temperature control with only minor variations.



QC - record twice per day at least 4 hours

QC- record date, time, temperature, and
analyst

Corrective action- Waterbath outside the control
limits must be adjusted prior to use. Service the
waterbath if temperature cannot be adjusted or
varies excessively. Be sure the thermometer is
immersed to the correct depth in the waterbath
to prevent inaccurate reading.

1 Autoclave. Theautoclave isusually used to
sterilize bacterial media, phosphate dilution
water, samples bottles, and contaminated
materials prior to cleaning or disposal. Be sure
materials placed in the autoclave can withstand
the temperature. Use autoclavable plastics such
as polypropylene.

Safety: Contaminated materials may contain
billions of bacteriaand a slight cut or poor
hygiene when cleaning can have potentially
fatal consequences.

QC - Record for each autoclave run

e date/time sterilized
contents in autoclave
sterilization temperature
sterilization time in/out
spore strip/integrator results

-lot number

-expiration date

e anayst

Corrective action- discard any prepared media if
the sterilization time exceeds 15 minutes or the
complete sterilization cycle exceeds 45 minutes.
Excessive heating will denature the
carbohydrates in the media. Use spore strips or
integrator strips for each sterilization cycle to
document effective sterilization.
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Service the autoclave if spore strip results
indicate inadequate sterilization. Re-sterilize
contaminated materialsif sterilizationtimeis
less than 30 minutes. Contaminated materials
that have been sterilized (gloves, Petri dishes,
etc.) can be disposed of in the general trash.

1 Sterilizing oven. The sterilizing ovenis
usually used to sterilize glassware (pipets and
graduated cylinders) and wooden applicator
sticks.

QC - Record for each run

o date/time sterilized

contents in sterilizing oven
sterilization temperature 170 + 10°C
sterilization time in/out (2 hours)
spore strip/integrator results

-lot number

-expiration date
e anayst

Corrective action- If spore strip results are
invalid, repeat the sterilization process after
adjusting the temperature.

1 Ultraviolet Sterilizer. The UV sterilizer is
primarily used to sterilize the membrane
filtration funnel. The UV lamps have alimited
shelf life and must be replaced periodically.
They should be tested quarterly with aUV light
meter or agar spread plate. The lamp should be
replaced when the UV intensity is less than 70%
of itsinitial output or if an agar spread plate
containing 200-300 colonies, exposed to the UV
light for 2 minutes, does not show a count
reduction of 99%.



Figure: Pre-UV heterotrophic plate count

Figure: Post-UV heterotrophic plate count

The UV lamps should be cleaned monthly using
ethyl or isopropyl alcohol. Do not touch the
glass surface with fingers.

Corrective action- If the lamps do not show 99%
kill, replace lamps. Lamps contain mercury,
discard safely.

"1 Sterile phosphate dilution water. The

phosphate dilution water used for dilutions,
blanks, controls, and rinsing must be sterilized.
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Commercially purchased dilution water must
also be checked for sterility.
For dilution water bottles,
QC- Record for each batch
e pH after sterilization (7.2 + 0.5)
e Volume of dilution water (99 + 2 ml)
o Sterility

Figure: Phosphate dilution water sterility check.

TSB is added and checked for growth after 24 hours. Left
bottle is sterile. Right bottle shows growth, indicating
batch should be rejected.

Corrective action- If the pH, volume, or sterility
isincorrect, rgject the batch. If sterilizing large

loads of dilution water in the autoclave, alonger
sterilization time may be needed.

[ Petri dishes, absorbent pads, membrane
filters. Each lot purchased should be verified
for sterility. Purchase a6 month supply and
rotate stock.
QC- Record for each batch of Petri dishes and
absorbent pads.

e Lot number

o Sterility

e Expiration date



Figure: Sterility is checked by adding 5 ml TSB,
incubating and checking for growth.

Corrective action- repeat with a second test. |If
positive, check with manufacturer.

QC- Record for each batch of m-FC broth
Date received

Lot number

pH

Expiration date

Sterility

Growth characteristics

Each lot of m-FC broth should be shown to be
able to differentiate between fecal coliforms and
total coliforms. The new lot of m-FC broth
should show a comparable recovery to the
current lot. Perform aparallel study to
document recovery.

Figure: old broth, new broth at same dilution

"1 Dehydrated culture media

Dehydrated culture media such as tryptic soy
broth should purchased in /4 pound bottles.
Storeisacool, dry place away from sunlight.
The desiccator is agood place to store opened
bottles. Opening the factory seal only slightly
will alow the seal to be reused and help prevent
moisture absorption. Store opened bottles
upside down to minimize water absorption. Use
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opened bottles of mediawithin 6 months,
discard mediathat is caked or discolored.
QC Record for each media

o Datereceived

e Date opened

e Date expiration

e Lot number
1 Filtration apparatus.
The filtration apparatus, even if pre-marked by
the manufacturer must be calibrated. Place the
blue backing paper from a membrane filter on
the apparatus. Measure 97.5 ml of water and
pour into the filtration funnel. Mark the lower
control value on the side of the funnel. Pipet 5
ml into the funnel giving atotal volume of 102.5
ml. Mark the upper control value on the funnel.
Recheck annually.

"1 Reagent Grade water.
The water used to prepare media, blanks,
controls, and rinse filters must be of the highest
quality and be shown to not contain toxic
materials. The reagent grade water must be
checked monthly for
QC - conductivity,

heterotrophic plate count

chlorine residual.

QC - It must also be checked annually for heavy
metals - chromium, cadmium, copper, zinc,
lead, and nickel. Heavy metals may inhibit
bacterial growth.

) Inhibitory residue test

Theinhibitory residue test is atest that shows
the detergent used to wash glassware does not
effect the growth of bacteria. Some laboratory



detergents contain bacteriostatic substances
which are difficult to rinse out. Thistest should
be performed annually or prior to using a new
supply of detergent. Thetest involves
performing heterotrophic plate counts on 3 sets
of dishes. Thefirst set follows the normal
laboratory glassware washing procedure. The
second set follows the normal procedure with
additional rinsing to remove residual detergent.
The third set is washed but not rinsed. The plate
counts are run and the result compared. If an
inhibitory effect cannot be eliminated by routine
washing, a different detergent should be used.

Detergent residue on glassware can be spot
checked using 0.04% bromthymol blue and
checking the color reaction. The color should
be blue-green. Purple usually indicates
detergent has not been rinsed completely,
yellow indicates acid has not been rinsed
completely.

Fecal Coliform Test QC

1 Pre-blank sterility control isrun for each
sample series. A sterility control should be run
between each different sample set (influent,
effluent) to reduce chances of cross-
contamination.

Corrective Action: Any growth on the pre-
blank indicates contamination and invalidates
the test. There are anumber of variables that
can contribute to contamination of the pre-
blank. Evaluate each source of error.

Petri dish

Absorbent pad

Membrane filter

UV light

Phosphate dilution water

Phosphate rinse water

Technician technique

[1 After-blank rinse control run after each
sample series.

15-14

Corrective action: Any growth on the after-
blank also indicates contamination and
invalidates the test. If the pre-blank was sterile,
the equipment was not a problem. The most
likely source of error is carry-over of a
contaminated sample due to poor rinsing
technique. Re-evaluate the rinsing procedure.

"1 Petri plates placed in the waterbath within 30
minutes of filtration.

1 Negative Controls

Negative controls should be run for each new lot
of m-FC broth. A negative control should show
no growth of blue colonies. The negative
control shows the mediawill differentiate
between fecal and total coliforms. Enterobacter
aerogenesisatotal coliform and will not
produce blue colored colonies on m-FC broth.

Corrective action: If blue colonies are present,
either contamination of the Enterobacter
aerogenes has occurred or the m-FC broth is
defective. Repeat with a second culture of
Enterobacter. If till positive, check with the
media manufacturer.

"1 Positive Controls

A positive control should show growth of blue
colonies. E. Coli isafecal coliform and will
produce blue colonies. Failure to produce blue
colonies may indicate the E. Coli cultureis bad
or that toxic materials are present which inhibit
growth.

Corrective action: If no blue colonies are
present, repeat with a second culture of E. Cali.
or use raw wastewater. If still negative, check
with the media manufacturer.

MPN (Most Probable Number)

The MPN method (also called Multiple Tube
Fermentation Technique) for fecal coliform
detection is often used when the sample has
excessive turbidity. Excessive turbidity in the



sample will plug the membrane filter, causing
poor bacteriarecovery and slow filtration times.

The MPN method involves adding the
wastewater sample to a series of 5 sets of tubes,
each of which contains either lactose broth or
lauryl tryptose broth and an inverted tube. The
tubes are then incubated at 35 + 0.5°C for 24 to
48 hours. Each tube is then observed for growth
and gas production. If growth and gas
production is observed in an inverted tube, the
result is positive and the bacteria are presumed
to be coliform bacteria. A sterile applicator
stick or inoculating needle is used to transfer a
small portion from the positive tube to a second
tube containing EC broth. Each EC tubeis
incubated in awater bath at 44.5 + 0.2C for 24
hours. Tubes which again show growth and gas
are now confirmed asfecal coliforms. The
coliform density is then calculated from
statistical probability formulas that predict the
most probable number, MPN, of coliforms
necessary to produce certain combinations of
gas-positive and gas-negative tube in the series
of inoculated tubes.

E. Coli

E. Coli are amore specific indicator of human
pollution and possible pathogen presence.
Newer discharge permits are requiring
measurement of E. Coli rather than fecal
coliform. Methodsfor E. Coli in wastewater
are not yet approved and will be added later.

15-15



XXVi



	NEW MEXICO WASTEWATER LABORATORY CERTIFICATION STUDY GUIDE - Cover Page
	TITLE PAGE
	INTRODUCTION
	UTILITY OPERATORS CERTIFICATION PROGRAM
	IMPORTANT FACTS ABOUT OPERATOR CERTIFICATION
	BASIC CERTIFICATION REQUIREMENTS
	SUBSTITUTIONS


	Table of Contents
	Chapter 1 Introduction
	Effects of Discharging Wastes
	Sources of Wastewater
	Wastewater Characteristics
	Solids
	Nutrients
	Temperature
	pH
	Microorganisms
	Pathogenic Organisms
	Toxins

	Wastewater Treatment Overview
	Pretreatment
	Primary Treatment
	Secondary Treatment
	DISINFECTION
	SOLIDS HANDLING

	Lab Technician Responsibilities
	Levels and Classification


	Chapter 2 Reagent Water
	Granular Activated Carbon
	Microfiltration
	Ultrafiltration
	Reverse Osmosis
	Deionization
	Distillation
	UV Sterilization
	Reagent Grade Water

	Chapter 3 Safety
	Weather Hazards
	Hazardous Chemicals
	Written Hazard Communication Program
	Labels
	Material Safety Data Sheets
	Chemical Storage
	Training
	Personal Protective Equipment

	Biological Hazards
	Electrical Hazards
	Confined Space Entry
	Permit Systems
	Testing and Monitoring
	Label and Post
	Rescue Procedures
	Training

	Lifting/Back Injury
	General Lab Safety
	Safety Equipment
	Fire extinguisher
	Fume Hood
	Safety Showers
	Eyewash Station
	Fire Blanket
	Pipet Bulbs

	First Aid
	First Aid Kit


	Chapter 4 Laboratory Equipment
	Laboratory Space Requirements
	Temperature Controlled Equipment
	Thermometers
	Drying Oven
	Sterilizing Oven
	Refrigerator
	Dry Air Incubator
	Waterbath
	BOD Incubator
	Muffle Furnace
	Hot Plates

	Burners
	Digestion Apparatus
	Balances
	Top Loading Balance
	Analytical Balances
	Balance Rules
	Sources of Error
	In-house Balance Calibration

	Autoclave
	Magnetic Stirrers
	Desiccator
	Laboratory Grade Water
	Ultraviolet Sterilizer
	Electronic Instrumentation
	Light Microscope
	Visible Light Spectrophotometer
	Atomic Absorption Spectrophotometer
	Inductive Coupled Plasma (ICP)

	Maintenance/Service Contracts

	Chapter 5 Gravimetric Analysis
	Weighing Solids
	Transferring Solids
	Weighing Liquids
	Transferring Liquids
	Reagent Preparation
	Standard Preparation
	Molarity
	Normality
	Mg/L


	Chapter 6 Volumetric Analysis
	General Glassware
	Measurement Glassware
	"To Deliver" (TD) Glassware
	Graduated Cylinders
	Burets
	Filling a Buret
	Care of Buret
	Use of a Buret

	Pipets
	Measuring Pipets
	Using Mohr and Serological Pipets

	Volumetric Pipets
	Using Volumetric Pipets
	Cleaning Pipets



	"To Contain" (TC) Glassware
	Volumetric flasks
	Using a Volumetric Flask


	Glassware Cleaning


	Chapter 7 Sampling
	Prepare a Sampling Plan
	Why is the sample being collected?
	What specific tests need to be run on thesample?
	Where are the samples going to be collected?

	Grab Sample
	Composite Sample
	Unweighted composite
	Flow weighted composite

	When does the sample need to be collectedand analyzed?
	Sample Collection
	Safety First!!!
	Prepare the sample bottles
	Site Selection
	Sample Identification
	Preservation, Storage, and Holding times

	Chain of Custody
	Collection
	Transport
	Laboratory
	Disposal


	Chapter 8 Electronic Measurement
	pH
	pH Measurement
	Electrode Preparation
	Electrode Storage
	Daily pH meter Calibration
	pH Meter Calibration Procedure
	Automatic Temperature Compensation
	Troubleshooting pH Meter
	pH Sample Handling
	Sample pH Measurement
	Data Management and Records Management
	pH Quality Control

	Conductivity
	Conductivity Units
	Ions
	Non-ions
	Meter Calibration
	Calibration Procedure
	Conductivity Sample Handling
	Conductivity Measurement
	Low Conductivity Samples
	Electrode Storage/Replatinization
	Quality Control
	Sample QC
	Equipment QC

	Dissolved Oxygen
	Selecting a DO meter
	Calibrating the DO meter
	Membrane replacement
	Sample Measurement
	Specific Ion Electrodes


	Chapter 9 Titration
	Titration Theory
	Equivalents
	Standardization
	Calculations
	Quality Control
	Additional tips

	Sample Determination

	Chapter 10 Microscope
	Parts of a Microscope
	Lens Cleaning
	Better Viewing Hints
	Preparing and Viewing a Wet Mount
	Oil-Immersion Objective
	Safety
	Application
	Floc Structure
	Microorganism classification
	Common Microorganisms
	Bacteria
	Protozoans
	Amoeba
	Flagellates
	Ciliates
	Metazoans
	Rotifers
	Nematodes
	Bristleworms


	Chapter 11 Spectrophotometry
	Visible Spectrum
	Beer-Lambert Law
	Spectrophotometer Components
	White Light Source
	Diffraction Grating
	Monochrometer
	Exit slit
	Sample Cell Holder
	Light Detector

	Stock Preparation
	Intermediate Standard Preparation
	Working Standard Preparation

	Reagent Blank
	Standard Curve Preparation
	Sample Measurement
	Computer Generated Calibration Curves
	Troubleshooting the Spectrophotometer
	Spectrophotometry Quality Control

	Chapter 12 Biological Oxygen Demand
	Application
	Oxygen Demand
	Problems created by lack of oxygen
	BOD Test Theory
	BOD5 vs CBOD

	BOD Procedure
	Dilution Water Preparation
	Dilution Water Blank Preparation
	Seed Control
	How many bacteria are needed?

	Seed Collection
	Seed Correction Bottle Preparation
	Seed Correction Calculation
	Glucose - Glutamic Acid Standard
	Glucose-Glutamic acid preparation
	Glucose-Glutamic Acid Standard Procedure
	Glucose-Glutamic Acid Calculations


	BOD Sample Collection
	Sample Pretreatment
	pH Adjustment
	Sample Temperature Adjustment
	Sample Dechlorination
	Sample Supersaturation

	Effluent BOD Sample
	Procedure

	DO Depletion Rule
	DO Meter Calibration
	BOD Calculations
	Seed Correction Calculations
	GG Standard Calculations
	Seeded Sample Calculations
	BOD Troubleshooting
	Troubleshooting BOD Dilution Water
	Seed Correction Troubleshooting
	Glucose-Glutamic Acid Troubleshooting

	BOD Quality Control
	Sample QC
	Equipment QC
	BOD Test


	Chapter 13 Chemical Oxygen Demand
	COD Theory
	Sample Collection
	Sample Handling
	COD Procedure
	KHP Standard Preparation
	Select the Method
	Blank Preparation
	KHP Standard Preparation
	High Level Sample
	Sample Digestion
	Sample Measurement



	Troubleshooting
	Quality Control
	Sample
	Equipment
	COD Test


	Chapter 14 Solids
	Total Solids Procedure
	Total Solids Calculations
	Total Suspended Solids (TSS)
	TSS Theory
	Filter Preparation
	Sample Collection
	TSS Procedure
	Alternate Mixing Procedure
	TSS Calculations
	TSS Troubleshooting
	Blanks are inconsistent
	Not Enough Sample
	Too Much Sample
	Duplicates are inconsistent
	ODD Stuff


	Quality Control
	Sample QC
	Equipment QC
	TSS Test QC

	Volatile Suspended Solids (VSS)
	VSS Procedure
	VSS Calculations
	Fixed Solids or Ash

	Total Dissolved Solids (TDS)
	Total Dissolved Solids Procedure
	Total dissolved solids calculations
	Problems

	Settleable Solids
	Settleable Solids Procedure
	Settleometer


	Chapter 15 Fecal Coliform
	Test Theory
	Sample Collection
	Collection Procedure
	Preservation
	Dilutions

	Test Preparation
	Test Procedure
	Colony Counting
	Reporting
	Fecal Coliform Calculations
	Quality Control
	Sample QC
	Equipment QC
	Fecal Coliform Test QC

	MPN (Most Probable Number)
	E. Coli

	Chapter 16 Advanced Instrumentation
	Units
	Metals
	Sample Collection and Preservation
	Preliminary Treatment
	Filtration
	Digestion
	Microwave Digestion
	Extraction

	Atomic Absorption Spectrophotometry
	Nebulizers
	Flames
	Light absorption
	Hollow Cathode Lamps
	Monochromator
	Flame Emission Photometry
	Interferences


	Chapter 17 Quality Assurance
	Laboratory QA Plan
	Organizational Chart
	Training Procedures
	Field Sampling Procedures
	Sample Handling Procedures
	Laboratory Sample Handling Procedures
	Standard Operating Procedures
	Quality Control Procedures
	Field Control Blanks
	Field Duplicates
	Split Samples
	Negative Controls
	Positive Controls
	Matrix Spikes
	Calibration Standards
	Performance Evaluation Samples
	Lab Duplicates

	Data Reduction, Validation, Reporting and Verification Procedures
	Preventative Maintenance Procedures
	Corrective action contingencies
	Recordkeeping Procedures

	Chapter 18 Quality Control
	Error Analysis
	Systematic Errors
	Random Errors
	Method Errors
	Instrument Errors
	Personal Errors

	Statistical Evaluation
	Calculating the Mean
	Calculating Precision
	Accuracy (Percent Recovery)
	Calculating Percent Recovery (Standard Addition)


	APPENDICES
	Appendix A - Chain of Custody Forms
	SAMPLE CHAIN OF CUSTODY RECORD FORM
	INTERACTIVE SLD CHAIN OF CUSTODY FORM

	Appendix B - Sample Standard Operating Procedures
	Standard Operating Procedure for the Determination of pH
	Table of Contents
	Section 1: Control Information
	Section 2: Personnel Qualifications
	Section 3: Summary of Method Used
	Section 4: Materials and Equipment
	Section 5: Personal Protection Equipment
	Section 6: Daily pH meter Calibration
	Section 7 Electrode Maintenance
	Section 8 Troubleshooting
	Section 9 Sample Handling
	Section 10 Sample pH Measurement
	Section 11 Data Management and Records Management
	Section 12 Quality Control
	Section 13 pH Calibration Log Sheet (Appendix 1)
	pH Meter Calibration



	Appendix C - Sample QA Plan Outline Sample QA Plan-Vermont DEC Laboratory QA Plan
	Part 1:  QA Plan Outline
	1. PERSONNEL
	2. LABORATORY FACILITIES
	3. DATA QUALITY OBJECTIVES
	4. LABORATORY EQUIPMENT AND SUPPLIES
	5. GENERAL LABORATORY PRACTICES
	6. ANALYTICAL METHODOLOGY
	7. SAMPLE COLLECTION, HANDLING, AND PRESERVATION
	8. RECORDS AND DATA REPORTING
	9. ACTION RESPONSE TO LABORATORY RESULTS
	10. QC Checks and Their Frequency

	PART 2: SAMPLE QUALITY ASSURANCE PLAN
	1.0 TABLE OF CONTENTS
	2.0 INTRODUCTION
	2.1 Objectives and Commitments of Management
	2.2 Employee Code of Ethics, Training, and Reporting of Unethical Behavior
	2.2.1 Employee Code of Ethics and Laboratory Fraud
	2.2.2 Ethics Training
	2.2.3 Reporting of Unethical Behavior


	3.0 LABORATORY REVIEW OF REQUESTS FOR TESTING
	3.1 Lab Contracting Policy
	3.2 Subcontracting of Analytical Work

	4.0 LABORATORY ORGANIZATION AND RESPONSIBILITY
	4.1 Laboratory Users
	4.1.1 Program Directors, Project Leaders

	4.2 Laboratory Positions and Job Duties
	4.2.1 Laboratory Supervisor
	4.2.2 Laboratory Technician


	5.0 QUALITY ASSURANCE OBJECTIVES
	6.0 SAMPLE HANDLING
	6.1 Sample Collection
	6.2 Sample Receiving
	6.3 Sample Preservation
	6.3.1 Temperature Preservation
	6.3.2 Chemical Preservation

	6.4 Sample Acceptance and Rejection Policy
	6.4.1 Sample Acceptance
	6.4.1.1 Required Information
	6.4.1.2 Sample Labeling
	6.4.1.3 Sample Containers
	6.4.1.4 Sample Holding Times
	6.4.1.5 Sample Volume

	6.4.2 Sample Rejection

	6.5 Sample Containers, Preservation and Holding Times

	7.0 SAMPLE MANAGEMENT
	7.1 Chain of Custody Procedures
	7.1.1 Introduction
	7.1.2 Sample Custody
	7.1.3 Submittal of Samples
	7.1.4 Sample Custody Procedures
	7.1.5 The Chain of Custody Record
	7.1.6 Responsibility of the Analyst
	7.1.7 Long Term Storage of Chain of Custody Samples and Records
	7.1.8 Sample Containers, Preservation and Hold Times
	7.1.9 Chain of Custody Record Form


	8.0 CALIBRATION PROCEDURES
	8.1 Organics
	8.1.1 GC (Volatiles, Pesticides, PCBs, TPH)
	8.1.2 GC/MS (Volatiles)
	8.1.3 HPLC (carbonyl compounds)

	8.2 Metals
	8.2.1 Mercury Cold Vapor Analyzers
	8.2.2 ICP-MS

	8.3 Inorganic Chemistry
	8.4 Support Equipment
	8.4.1 Thermometers
	8.4.2 Refrigeration Units
	8.4.3 Incubators/Water Baths/Ovens
	8.4.4 Balances
	8.4.5 Automated Pipettes and Dispensing Devices
	8.4.6 pH Meters
	8.4.7 Computer Software


	9.0 ANALYTICAL AND OPERATIONAL PROCEDURES
	9.1 Analytical Methods
	9.1.1 Method Review
	9.1.2 Method Revision

	9.2 Laboratory Water
	9.3 Reagent Preparation, Documentation and Storage
	9.4 Miscellaneous Procedures
	9.5 Traceability of Measurements
	9.6 Data Recording and Editing

	10.0 DATA REDUCTION, VALIDATION, APPROVAL, REPORTING, TRACKING AND STORAGE
	10.1 Data Reduction
	10.1.1 Manual Integration

	10.2 Data Validation and Approval
	10.2.1 Organics
	10.2.2 Inorganics/Metals
	10.2.3 Microbiology

	10.3 Data Reporting
	10.3.1 Policy
	10.3.2 Final Report Format

	10.4 Data Tracking and Record Storage
	10.4.1 General Information
	10.4.2 Sample Handling and Receiving
	10.4.3 Technical Records
	10.4.3.1 Paper Records
	10.4.3.2 Electronic Records



	11.0 QUALITY CONTROL SAMPLES AND ROUTINES USED TO ASSESS ACCURACY AND PRECISION
	11.1 Field Quality Control Samples
	11.1.1 Blanks
	11.1.1.1 Equipment Blanks
	11.1.1.2 Field Blanks
	11.1.1.3 Filter Blanks
	11.1.1.4 Trip Blanks

	11.1.2 Precision and Accuracy Checks
	11.1.2.1 Field Duplicates
	11.1.2.2 Matrix Spikes
	11.1.2.3 Split Samples
	11.1.2.4 Blind Samples


	11.2 Analytical Quality Control Samples, Solutions and Routines
	11.2.1 Negative Control (Blank) – Method Performance
	11.2.1.1 Initial Calibration Blanks – ICB
	11.2.1.2 Continuing Calibration Blank – CCB
	11.2.1.3 Method Blank

	11.2.2 Positive Controls – Method Performance
	11.2.2.1 Laboratory Control Samples – LCS
	11.2.2.2 Quality Control Sample – QCS (Certified Reference Material CRM: Standard Reference Material SRM)

	11.2.3 Standards – Method Calibration
	11.2.3.1 Primary Calibration Standards
	11.2.3.2 Initial Calibration Verification Standard – ICV
	11.2.3.3 Continuing Calibration Verification Standard – CCV
	11.2.3.4 Internal Standards

	11.2.4 Precision and Accuracy Checks – Sample Specific Controls
	11.2.4.1 Analytical Sample Duplicate
	11.2.4.2 Instrument Duplicates
	11.2.4.3 Matrix Spikes – MS
	11.2.4.4 Matrix Spike Duplicate – MSD
	11.2.4.5 Surrogates

	11.2.5 Limits
	11.2.5.1 Method Detection Limits (MDL)
	11.2.5.2 Practical Quantitation Limit (PQL)
	11.2.5.3 Instrument Detection Limit (IDL) (ICP-MS only)
	11.2.5.4 Preparation Batch
	11.2.5.5 Analytical Batch

	11.2.6 Instrument Checks
	11.2.6.1 Tuning Solutions
	11.2.6.2 Interference Check Solutions (ICS)



	12.0 AUDITS AND DEMONSTRATIONS OF CAPABILITY
	12.1 System Audits
	12.2 Performance Audits
	12. 2.1 Water Pollution Study (WP Series)

	12.3 Demonstration of Capability
	12.3.1 Initial Demonstration of Capability (DOC)
	12.3.1.1 New Method or Technology DOC
	12.3.1.2 Precision and Accuracy Assessment
	12.3.1.3 New Analyst Demonstration of Capability (DOC)
	12.3.1.4 Analyst files are to contain training documentation.

	12.3.2 Continued Demonstration of Proficiency


	13.0 PREVENTATIVE MAINTENANCE
	Table 13.1 Laboratory Instrument Maintenance Schedules

	14.0 PROCEDURES USED TO CALCULATE AND ASSESS DATA QUALITY
	14.1 Precision
	14.2 Accuracy
	14.3 Completeness
	14.4 Detection Limits
	14.4.1 Method Detection Limits
	14.4.2 Practical Quantitation Limit
	14.4.3 Instrument Detection Limits
	14.4.4 Limit of Quantitiation

	14.5 Tracking of Quality Control Data
	14.6 Quality Control Acceptance Criteria
	14.7 Reporting of Quality Control Data

	15.0 Corrective and Preventative Actions and Customer Complaints
	15.1 Corrective Actions
	15.2 Non-conforming Work
	15.3 Preventative Actions
	15.4 Customer Complaints
	Figure 15.1 - Quality Assurance Irregularity Report

	15.5 Preventive Action Plan

	16.0 QUALITY SYSTEM REVIEW
	16.1 Quality Assurance Reports to Management
	16.2 Laboratory Director’s Review of Quality System



	Appendix D - Sample Laboratory Bench Sheets
	TABLE OF CONTENTS
	ANALYTICAL BALANCE CALIBRATION
	Autoclave Operation Log
	Sample Biochemical Oxygen Demand Worksheet
	CHEMICAL PURCHASE LOG
	CHEMICAL OXYGEN DEMAND BENCH SHEET
	CONDUCTIVITY METER CALIBRATION LOG
	REAGENT WATER QC LOG
	SAMPLE FECAL COLIFORM BENCH SHEET
	GLASS FIBER FILTER WASH BENCH SHEET
	INHIBITORY RESIDUE TEST
	MAINTENANCE LOG
	MEMBRANE FILTER QC
	M-FC BROTH QC LOG
	pH METER CALIBRATION LOG
	Phosphate Dilution Water Log
	SAMPLE SPECTROPHOTOMETERY BENCH SHEET
	TEMPERATURE LOG
	SAMPLE TITRATION WORKSHEET
	Sample Total Suspended Solids Bench sheet





