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« Started in 1905 « Covers water and wastewater

« Provides standard protocol for industry
« Joint publication of American Public Health analysis
Association, American Water Works

« Standard Methods is unrealistic. * Not all methods are similar
— Bias/precision are not addressed the same

* We can't standardize. — Interferences are not addressed the same

« There are better and faster methods. — Method description can be vague
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e EPA requires the use of Standard Methods

+ Part 1000
. - Back d information f lysi
¢ Results are comparable when SM is used eSS RIS

— Quality Assurance, statistics, data quality
 Creates universal process which can be — Method development and evaluation

S R S « Introduction pertaining to the type of testing
Metals -

Inorganic nonmetallic constituents O Slgnlflcance

Aggregate organic constituents

¢ Types of methods

¢ Methods
— Details each individual method
— Standardization and Calibrations
— Reagents and how to make
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Protective
e

» Eyeglasses

* Gloves
— Not created equal
— Change when you spill

* Right to Know

* Need to understand your risks
¢ Clearly labeled book




» Don't use them for storage

» Keep as free from clutter as possible
— Creates air flow problems

* Instruments should be in working order

¢ Pay attention to details

» Frayed electrical cords

Chemical Storage
anad Disposal
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» Know what you have * Acids and Bases
— They don’t mix
* Know where itis — Don't transfer to other containers

« Dispose of old chemicals properly BScRiisetondansconiainers

Incomplete reaction placed in
refrigerator —- BANG!

Ether was stored in this
domestic-style refrigerator.

Reaction container was placed in the Note the glass embedded in the door.
refrigerator before the reaction had

been completely quenched. The

bottle over-pressurized and exploded.

2008 Baxer & Woodman, Inc. Lab
Workshop - Standard Methods



« Dispose of chemicals properly

* Read the MSDS

¢ Clean up spills immediately

Cleaning is important

_ ‘

Fundamentals of
L aboratory Analysis

¢ Clean sink regularly ¢ Instruments should be calibrated regularly

¢ Use non-phosphate detergent » Balances, pipettes should be calibrated

: annuall
« Acid wash glassware when necessary y
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e Temps should be recorded daily
— Fridge/freezers
— Water baths

- Inctors L ab O ratO r

lechnigues

» Use the right size * Always read from the

bottom of the meniscus
e Types of glassware

— Class A more $$$, more accurate galclacsuatehy measure,
must be eye height and
— Class B less $$, less accurate e

* Many styles - fixed and adjustable
» Accuracy is set by manufacturer
* Make sure tip is set right
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« Wipe down the pipette Check for chips or cracks
« Avoid liquid in the chamber Make sure they are clean and dry
Correct volume for the job

¢ Disassemble the pipette and clean interior )
Rinse after use

* More accurate than glass pipettes Requirements

* No chips or cracks « Solid base/stable table
» Make sure they are clean and dry surface

« Correct volume for the job e Level

¢ All Compounds are not created equal

¢ Check the formula

— Water or sodium are often added to make a
compound more water soluble
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* Need to make a 1g/100mL solution * Heat/pressure
* Irradiation

« If you use pentahydrate formula and only add
1g, result is a 0.637g/100mL solution due to * Chemical

e Steam under pressure * Gamma rays

« High pressure enables steam to reach high e X-rays
temperatures . uv

Ethylene Oxide (medical equipment, heat- * For liquids

SSisituechiscts) « Filters and containers are pre-sterilized

Ozape (watep « Filter is usually 0.2 um

2008 Baxer & Woodman, Inc. Lab
Workshop - Standard Methods



¢ Leading zeros are not sig figs
— 0.001256 has 4 sig figs
— 1.256 x 103
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« All non-zeros are significant
— 1 has one sig fig

e Zeros appearing between numbers are
significant

 Your accuracy is only as good as your least
accurate number

— If you are adding 18.1 + 7.9982 you can only have 3
sig figs.
— 18.1 + 7.9982 = 26.0982

* Inorganic ions
— Sodium, calcium, chloride, sulfate
— Can act as catalysts

¢ Organics
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Particulates and colloids

— Soft (vegetal debris) or Hard (sand)
— Interferes with instruments

Bacteria and their by-products

 Ultrapure water has a resistivity of 18.31mQ
e Tap water has 15kQ

* pH of purified water is theoretically 7.0, but

- Water Classificati

lons Resistivity at 25°C (mega ohms-cm) >18.0 >1.0 >0.05
Conductivity at 25°C
(microseimens/cm) 0050 L0 520
Organics TOC (ppb) <10 <50 <200
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» Gases

— Nitrogen, oxygen, carbon dioxide
— Affect biological reactions and instruments

e Type l-analytical analysis

¢ Type ll-what we need
— Removes 99% of contaminants

» Deionization
— Uses resins that remove cations and anions

— Does not remove uncharged molecules (virus,bacteria)
— Use a carbon filter to remove organics
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Sample Collection
anel Presenvation

« Biologicals need headroom
« Volatiles should not have any headroom

* Most other samples can have an airspace

¢ Provide “snapshot”

¢ Used when samples are not variable

» Used for testing that requires immediate
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* Must be representative

« Must be handled right to avoid degradation,
contamination or compromising

» Sample containers must be clean and free from

» Samples need to be handled consistently
— Same way, same time, same place

¢ Label the samples

» Represent heterogeneous matrix
e Can be set to represent flow-based

e Can result in loss or dilution of analyte
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- &) .
\‘_5’3 Types of Inspections

» There are many kinds of inspections that
the Illinois EPA and USEPA do — RI, CEl,

 Laboratory reviews are usually only
conducted during:

By — CEls (Compliance Evaluation Inspections)
Karen Katamay — CSls (Compliance Sampling Inspections:)
linois EPA — PCls (Pretreatment Compliance Inspections)

— PAls (Performance Audit Inspections)

CEls and CSls — lab review Lab review, cont.

« During a normal compliance inspection, things
the inspector will look for are: conditions?

— Do lab results match DMR data? — If automatic composite samplers are used, are

— Do monitoring records have the required information? temperatures checked?

— Is laboratory equipment calibrated in accordance with
manufacturer's recommendations and are records

— Are sampling locations representative of actual

— Are flow meters calibrated? If done in house, how are

they calibrated?
is?
kept of this? . . — Does the plant collect process control data?
— Are thermometers calibrated, or is an NIST 5
thermometer used? — Are approved methods used for sample analyses?
— Is sample in accordance with permit (grab, composite, — Are lab records kept for a minimum of three years?

correct frequency, etc.)?

Your NPDES Permit ‘oo “®  Enforcement @
Differences between civil offenses and
criminal offenses

— Effluent violations are a civil offense

Almost everything you need to know for J
compliance is in your permit:

— Sample parameters, types, frequencies, limits

— Special sampling requirements — Falsification of data is a criminal offense
— Required reports and submittal dates — Unless the effluent is so bad that it is an
— Record keeping requirements (Std. Cond. 10) immediate threat to human health or to the

environment, it usually takes more than one
effluent violation to result in enforcement.

— Effluent violations are evaluated for frequency
and severity prior to any enforcement action.

— Reporting requirements (Std. Cond. 12)
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EI Enforcement, cont. S‘@}
=

* In most cases, the Agency will work with you to correct
any problems your plant is having.

¢ NCAs (Non-Compliance Advisory letters) are sent for
minor offenses.

« Violation notices are sent for more serious violations.

« Compliance commitment agreements are used for short
term fixes.

« If alonger term fix is needed, compliance schedules and
sometimes interim permit limits are allowed.

« Fines and penalties can sometimes be avoided if you
work with us before the problems become major ones.

Most common issues found

* Monitoring records do not contain all the information
required by Standard Condition No. 10.

« Chain of custody records for samples sent to a contract
lab are not kept or are missing some of the required
data.

« Samples sent to a contract lab exceed maximum holding
times for parameters.

« Samples for in-house analyses (particularly pH, DO and
Chlorine Residual) exceed maximum holding times.

« Samples are not properly handled or stored.

« Equipment is either not calibrated as required or there
are no records of calibrations.

Common issues, cont.

» Samples are missing during holiday
periods, or because of sick leave or
vacation times.

— Have a back up person trained to do lab
operations.

— If no back-up person, send out sample to
contract lab.

e’ . .

% How not to trigger an audit

* Make sure the number of samples you are taking match
what is required by the permit.

« Make sure if you take more than the required amount of
samples that you report all results and don’t pick and
choose the best data and ignore high values.

« Make sure if you have missing samples, you have
records indicating why those samples are missing.

* Keep good, clean records. Erasures, numerous
corrections, etc. can look like data is being changed or
falsified.

« If you routinely don’t properly collect or store your
samples, it can invalidate your analyses.

« Make sure your personnel are properly trained in lab
procedures.

10

Lab QA/QC

» Follow QA/QC recommendations per the
method you are following.

» Replicates, spikes, splits, blanks, etc.
need to be done at least 10% of the time
or more often if required by method.

» Document inconsistencies, bad probes,
etc.

* Document your SOPs.
* Document calibrations.

11
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Inspection Follow-up é@‘
A

» Take notes on inspector's comments.
 Ask the inspector to summarized findings.

» Commit to making simple corrections
ASAP.

» Give a reasonable time period for more
involved corrections.

 Follow up your commitments in writing
after the inspection.
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If you have questions:

« ASK!II Don't wait for the next inspection
to find out the hard way.

 Contact your field inspector or our office.

 Or contact our Springfield office if you
have a permit or compliance question.

D

WA

©)6)

b
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Agency Contact Information

Des Plaines Office (847) 294-4000
Springfield — Permits (217) 782-0610
Springfield — Compliance (217) 782-9720
Agency Laboratories
Inorganic (217) 278-5858
Organic (217) 782-9780
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Important Websites

* |llinois EPA www.epa.state.il.us
« USEPA www.epa.gov

» Approved Methods WWW.Nnemi.gov

IWEA (for model quality assurance plans)
www.iweasite.org

The IWEA lab committee also allows you to

contact them if you have lab questions at
labcommittee @iweasite.org.

15
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Questions????

am
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e Sampling
» Standards

* Calibration/Standardization

* Required for NPDES permit * Grab or Composite

— Influent * Refrigeration
— Effluent - 4C

- Process Evaluation aafllesening

« Various testing can tell you about problems + Standards should be run with every analysis

to verify that instrument is working correctly
» Trending can tell you about process changes — Phosphorus standards

— Sand filter not being backwashed enough — Blanks/seeds/GGA
— MLSS in aeration may signify that load has changed — Fecal Blank
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¢ Fresh standards  Instruments should be certified or checked
— If stored, no contamination annually

— Expiration date . -
: ¢ Calibrations should be done at least monthly
« Avoid serial dilutions — Balance

¢ Perform test on sample ¢ Can tell you about possible matrix interferences

« Perform test on same sample with known « Can tell you about sample prep or analytical
concentration added procedure

» Determine recovery on spiked sample e Should be chosen at random

+ Blanks + Replicates  Precision: how closely results are to agreeing
— Zero instrument — Sample — Variability
Eliminates matrix issues — Blank
— Can be a standard — Standard

? » Bias-results: closeness to true value of
— Spiked samples

reference
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.~ Btandard Deviatio

Gfge"_ e Tells you how far from Rep | Rep | Rep | Rep

recise .

Unbiased the mean the discrete 1 2 | 3| 4 |Ave.| SD
results are

Blue

plotpiecice « Allare average of 7,but | © | 0 |14 | 14 | 7 |808

Unbiased . .

What Can You Do For Your Samples?

* BE BORING!

— Do the same thing the same way with the same stuff

e Dedicate glassware

* Keep it clean

« Create SOPs for all procedures
— Based on SM

» Review your procedures, techniques
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e pH is defined as the negative logarithm of the
hydrogen ion concentration

* pH = -log [H+]

« Hydrogen (H+) and hydroxide (OH-) ions are * pH 7 is neutral, equal amounts of H+ and
in solution OH-

« Depending on how many of each makes a * pH is temperature dependent, i.e.,

solution acidic, basic or neutral — Neutral

Table of Relative [OH-] and [H+] Mol/Liter Concentrations

Measures the hydrogen |0n aCtIVIty (nOt + [OH-] concentration (mol/l)  pH [H+] concentration (mol/l)
concentration) (ionic interactions) - 1x10-4 0.00000000000001 0 1 1x100

+ 1x10-13 0.0000000000001 1 0.1 1x10-1
+ 1x10-12 0.000000000001 0.01 1x10-2

Scale is 0 (most acidic) to 14 (most basic) 011 00500000001 o001 a0

* 1x10-10 O. 000001 1x10-4
0-9  0.00000000 0
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pH extremes can affect the environment of

- * Indicators
the receiving waters

Fresh water has pH between 5 - 8.5 * Colorimeters

« Optimal bH is 6.5 - 8.2 « pH meter with glass electrode

« Strips of paper that change color due to pH of solution ¢ Similar to indicators

« Wet paper with solution and compare to chart to « Reagent is added to sample
determine pH

e Compare color change to chart for pH

* Can be narrow-range or broad-range paper (0-14, 4-7,

* Precise * Two probes

¢ Can be used for discrete sample or « Filled with buffered
continuous monitoring solution

* Some meters can store data or download to » Measures difference in

o

Measnrg  Rafarancy
Elecrode Electrods
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) e Probe

+ Both measuring and _ Dirty probe
reference are in same — Fill solution dirty or insufficient volume
probe

e Temperature - Affects ion dissociation and
» Works the same way by . .

» Acid error - happens at pH 1 or lower. Acid * Keep probe filled with KCI solution

displaces water. Gives higher pH reading. - Fresh KCl solution
. . « Do not wipe probe — Just rinse and pat dry
« Sodium lon — penetrates probe, replacing H

ion. Gives lower pH reading.

 Leave fill hole open (per manufacturer’s instructions)

» Buffers need to bracket the samples’ pH « Beakers should be polyethylene or TFE

- Commonto use 4,7, and 10  Start with lowest pH standard

» Standards should be fresh « Rinse probe with deionized/distilled water

¢ Standards should be room tem . .
P « Place temp probe and electrode into solution
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« Slope should be between 90-102% (most * Samples must be run immediately
comm on) — pH can change over time due to dissolved oxygen

) ) » Record sample temps, pH, slope, time and name of
» Should re-standardize according to manual analyst on bench sheet

SM states, +/- 0.1 pH unit represents the limit of
accuracy under normal conditions, especially for
water and poorly buffered solutions. For this
reason, report pH values to the nearest 0.1 pH

Nitrogen in
atmosphere (N2)

* Nitrate (highest oxidation)
* Nitrite

« Ammonia

Mitrogen-fixing
bacteria in

root nodules
of legumes

omposers
(aerobic and anaerobic
bactesia and fungi)

@ Nitrifying
Ammanification Nitrification bacteria

IS i (5] )

Nitrogen-fixing Nitrifying
soil bacteria bacteria
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* Found in surface and wastewater

Can be high in ground ¢ Formed during L .
water and wastewater oxidation of ammonia to * Produced by deamination of organic nitrogen

plants nitrate and reduction of and hydrolysis of urea

. nitrate
* Low in surface water

* Proteins « Nitrogen is essential to plants and animals

* Peptides « In waterways, too much increases algae and
« Nucleic acids plankton, decreases oxygen and results in
aquatic death

ob
 Applicable in range of 0.03-1400 mg/L « Dissolves in fill solution

« Dissolved ammonia is converted by raising ¢ Reacts with water to form OH- ions
pH above 11

e This causes pH shift, meter reads as
potential di
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¢ Volatile amines cause high results » Composite sample - ideally flow-based

» Metallic ions (Hg, Ag, Cu, Au, Ni, Co, Zn) » Refrigerate at 4°C if analysis is within 24
complex to ammonia and cause low results

« Standard Concentrations as follows: e Use 1000 mg/L standard
— 1000 mg/L

— 100 mg/L
- 10 mg/L ¢ Rinse volumetric 3X with deionized water

* Volumetric flasks

— 1 mg/L

Standard Volume to Add

Avoid Serial Dilutions
as much as possible.

100 ppm 100 mL of 1000 ppm standard

10 ppm 10 mL of 1000 ppm standard
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* Inspect probe for rips in membrane « Begin standardization protocol for
¢ Place 100 mL lowest standard in 150 mL instrument

beaker with stir bar ¢ Add 1 mL of ammonia adjuster to raise pH
e Place on stir plate set at lowest setting above 11 (amount added may depend on manufacturer's

+ Dilute samples with deionized water if » Temperature must be consistent for sample and

concentration is outside standards standards
» Standards must be from lowest to highest

¢ Add equal amounts of adjuster to sample
— Bias will result if standards are highest to lowest

as was used with standards

» Standard Deviation increases as * 1.00 £ 0.038 SD
concentration decreases . 0.77 + 0.017 SD

» Manufacturers note that bias is created if
instrument is standardized with highest SRS AT
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» German Hennig Brand stored 50 buckets of
urine in his cellar for months hoping to turn it
to gold.

Phosphorus

« Essential nutrient for life  Cleaning agents
— DNA: phosphate backb " . . .
ARSI e * Fertilizers from agriculture and residential

— ATP: energy source

« Considered limiting nutrient ¢ Drinking water-added to protect pipes

¢ Organic phosphates  Polyphosphates
— Bound to plants or animals
— Breakdown of pesticides
— Precipitates or in solids » Phosphoric anhydride

¢ Branched polyphosphates
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¢ Direct Colorimetry
— Measures ortho or reactive phosphate

— Will include small portion of other forms due to

hydrolysis Ll Ll ol

Hydrolysis
+

Hydrolysis Digestion
+ +
Colorimetry Colorimetry

Direct
Colorimetry

Reactive Total P

Reactive

Difference is Hydrolyzable Difference is Total Organic
Phosphorus Phosphorus

« H,SO, Converts Organic and Inorganic

» Perchloric Acid
— Longest and drastic
— Recommended for sediments

¢ Converts organic condensed phosphates to
ortho
— Pyrophosphates

! ‘if S '. - i ” | ‘!“‘I = .'-"._'-'-_"' Tt & p
« Vanadomolybdophosphoric Acid Orthophosphate + Ammonium Molybdate
* Stannous Chloride Molydophosphoric acid
+
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Orthophosphate + Ammonium Molybdate Orthophosphate + Ammonium Molybdate
? + antimony pota%j@
Molydophosphoric acid Molydophosphoric acid
+

B

» White light is made up of all wavelengths

* Measured in nm - one billionth of a meter

g e Toors e e e ¢ When an object is blue, it absorbs all but the

Gamma rays Xrays Ulra. Infrared Radio waves

Radar TV FM AM

/_/W;:!;;;ﬁ?\_\\

* We use color and intensity to measure » Sampling
concentration — Composite sample
— Influent, Effluent, Process points

* Molybdenum Blue is measured at 690 or 880 — If you are determining dissolved P, filter sample

because it reflects those wavelengths
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» Place 50 mL of sample into 150 mL
erlenmeyer flask

e Add 1drop (50uL) of phenolphthalein
indicator

¢ Bring volume to 30 mL with distilled water

Ascorbic Acid Method

« Add 1 drop phenolphthalein indicator
Colorimetnry.

* Into 100 mL flask add the following:
— 50 mL of 5 N NaOH
— 5 mL of 2.743 g/L antimony potassium tartrate
— 15 mL of 40 g/L. Ammonium molybdate

¢ Sulfuric Acid - 5N

« Combined reagent containing
— Antimony potassium tartrate
— Ammonium molybdate
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Standards

Standard

Amount for 1L

2.0 mg/L

2 mL of 1000 mg P/L

1.0 mg/L

1 mL of 1000 mg P/L

1 L volumetric flasks

Use 1000 mg P/L as
concentrated standard

Mix well

Y =0.074142X + -0.0006

For I input abs as y
and solve for x

¢ Using the equation from the calibration curve
determine the concentration

2008 Baxter & Woodman, Inc. Lab
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» Standards are run with samples
* Blank is distilled/deionized water

* Plot absorbance vs. P concentration

* Pipette 50.0 mL of sample or standard into
125 mL erlenmeyer flask

« Add 1 drop phenolphthalein indicator
— If red, add 5 N H,SO, drop-wise to clear

» Glassware should be dedicated for
Phosphorus testing only

¢ Acid wash frequently



¢ P is absorbed into glass » Glassware with P

« Careful when performing digestions Hot Acid paSlica 2 Sl e

¢ Arsenate, Fluoride, thorium, bismuth, sulfide,

Chlorine Residual

» Very reactive compound

« Still researching
* Not instantaneous - needs time to work

e Possibly:
— Glucose Oxidation Inhibition
— Adenine Nucleotide Depletion (ATP energy)

» Disinfectant does not mean sterile
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¢ Testing for Chlorine that has not combined » Free molecular chlorine
with other compounds (Free Chlorine)

» Hypochlorous acid HOCI
 Testing for chlorine that has combined to

¢ Hypochlorite CIO-

 lodometric Method
¢ Amperometric Tritation Method

* DPD Ferrous Titrimetric Method

* Photometric

» DPD pillow indicator
— Spectrophotometer — Phosphate buffer
« 515nm, 1cm wavelength — DPD
— Filter photometer-

— Potassium iodide
* 490-530nm, 1cm wavelength
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e Grab sample ‘ Combined Chlorine

* Read immediately + Free Chlorine

* Place 10 mL of sample into two vials « Blank must be same matrix to avoid erroneous readings
» Extreme acid or alkalinit
* Blank - no DPD 4

e Test vial - add DPD

¢ Bromine

¢ Chlorine Dioxide

of Detection

.-

e

¢ Varies with instrument
* Hach 890 states 0.02 as LD

lodometric Electrode
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¢ Chlorine reacts with iodide to form iodine
Chlorine=iodine

« lon selective probe
— Platinum (measures potential of iodine and iodide)

e pH 4 buffer

¢ Chlorine demand-free water

* Potassium iodide solution

¢ Mix standards well
¢ Place into 150 mL beaker with stir bar.
* Mix gently

« Start with lowest standard

2008 Baxter & Woodman, Inc. Lab
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Electrodes

— Combination electrode of platinum and iodide ion
selective electrode
or

— Two separate electrodes

Into each of 4 volumetric flasks, place the
following and QS to 100 mL

100 mg/L Acetate | Potassium
Potassium buffer lodide
iodate Solution solution

* Mix standards well

* Place into 150 mL beaker with stir bar.
* Mix gently

« Start with lowest standard (0.2 mg)




« After standardization, run the blank

* Record mV and determine concentration

e pH sample to pH 4-5 with acetic acid

¢ Into 100 mL volumetric flask, place:
— 1 mL acetate buffer
— 1 mL potassium iodide solution

 If mV or concentration is above the highest
standard, repeat procedure with diluted
sample

2008 Baxter & Woodman, Inc. Lab
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» Grab sample

¢ Read immediately

» Pour sample into 150 mL beaker
* Immerse electrode(s)

« Stabilize reading and record mV

» Oxidizing agents

« Silver ions above 10 mg/L

10



* |nsufficient reaction with iodide

* Oxidation of iodide

2008 Baxter & Woodman, Inc. Lab
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SISolidS -~ Pfypes of Testing

B T P e T

¢ Settleables - SM 2540 F
e TDS - Total Dissolved Solids - SM 2540 C
e TSS - Total Suspended Solids - SM 2540 D

Volatiles

« What settles out * Fixed Solids - residual that remains after

« What remains after the sample has been dried ignition

« Total Solids refers to solids that are suspended and » Volatile Solids - residual loss that occurs
dissolved during ignition

 Glass or plastic

« Sample should not adhere to walls

« Sample should be room temp Settleables

2008 Baxter & Woodman, Inc. Lab
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¢ Imhoff Cone - 1 Liter

* Mix sample by inversion

e Pour sample into Imhoff cone

Y

n
(=]
RAVEN MFD. PROD.

RAVEN MFD. PROD.
w
(=]

=]
)
5

e Settleometer * Need care in sampling heterogeneous

. . . samples
* Mix sample by inversion P

. * Mix sample prior to testin
e Pour sample into settleometer to 1000 mark Pep 9
* Note if sample adheres to wall of sample
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Evaporating dishes — 100 mL capacity made of porcelain, platinum,
or high-silica glass

* Filtrate is dried at 180°C Drying oven at 180°C or steam bath
Desiccator

« Residual weight is total of dissolved solids p—

e Sample is filtered

 Place filter into filter apparatus wrinkled side up
— Wash with three 20 mL volumes of water
— Vacuum until no water remains

« Heat evaporating dishes
—Total solids: 103°C for 1 hour

— Volatiles: 550°C for 1 hour
- _ » Can eliminate this step if using pre-prepared filters

esting B Testing

e ! 3 ! N T

« Sample volume should give residual between 2.5 « Filter should be drained completely before adding
and 200 mg each wash

« Sample should be stirred constantly * Vacuum should continue 3 min after filter is free of
— Should have vortex liquid
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¢ Cool dish in desiccator ¢ Hygroscopic minerals (calcium, magnesium,
« Weigh dish chloride, sulfate) may require longer drying and

more care in handling
» Repeat drying, cooling and weighing until weight is

constant or less than 4% of previous weight or 0.5 : Re&dugl “{e'g".‘ fzincude waer i

« Samples high in bicarbonate may need Mal/L
longer dry time. (A-B) X 1000 g
= total
dissolved

* Need to convert bicarbonate to carbonate for Sample volume. mL
L)

accurate weight

« Single lab analysis of 77 samples with known
concentration of 293 mg/L

e SD was 21.20 mg/L
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. Sample is filtered * Aluminum or ceramic weighing dish or Gooch crucibles
Drying oven at 103°-105°C
Desiccator

« Filter is dried at 103°-105°C

¢ Residual weight is total of suspended solids Ealages
Stir plate and stir bar

* Using forceps, place filter into filter apparatus » Cool in desiccator
wrinkled 5|.de up . Weigh filter
— Wash with three 20 mL volumes of water

— Vacuum until no water remains * Repeat drying, cooling and weighing until filter
weight difference is less than 4% or 0.5 mg

 Place filter into filter apparatus wrinkled side up * Weigh filter
— Wash with three 20mL volumes of water
— Vacuum until no water remains

» Repeat drying, cool, weighing until filter weight
difference is less than 4% or 0.5 mg

» Transfer filter to weighing dish . .
L « Store in desiccator
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Testing
BTE T
« Sample volume should give residual between  Place filter on filter holder, wet with small amount of
2.5 and 200 mg water

» Sample should be stirred constantly

* May need to increase sample size up to 1L
— Should have vortex

* May need to increase filter size or decrease

« Filter should be drained completely before * Cool dish in desiccator
adding each wash . Weigh filter

» Vacuum should continue 3 min after filter is free - Repeat drying, cooling and weighing until weight is

of liquid constant or less than 4% of previous weight or 0.5

 Limit residual to 200 mg or less to avoid trapping « Exclude large particles or materials from sample if
water they are not representative of sample

¢ Residual weight may include water of « Wash filter well if sample has high dissolved
crystallization (in crystal structure) and occluded solids
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(A-B) X 1000 total Sample Size Standard Deviation
= ota
15 mg/L 5.2 mg/L
Sample volume, mL suspended mg mg
i 242 mg/L 24 mg/L

* Ignite residual at 550°C
 Fixed is volume left after ignition

« Volatile is volume loss after ignition

Fixed and Volatile

at 550°

* Muffle furnace at 550°C

« After performing TDS or TSS, place filters (in
crucibles) into muffle furnace

* Balance

« Include filter with no sample (blank)
* Desiccator « Ignite for a minimum of 20 min
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mg/L (A-B) X 1000 ma/L
Volatile

(B-C) X 1000 Fived
Sample volume, mL solids Sample volume, mL solids

« If volatiles are low and fixed solids are high « SD was 11 mg/L at 170 mg/L Volatile Solids

errors will result. Use other methods to
evaluate (TOC) e Three labs, 4 samples, 10 replicates

 Volatiles can be lost in the drying process

« Sludge cakes from dewatering processes

Total, Fixed, and
Volatile Solids in

Solid andi Semisolidi Samples

* River and lake sediments
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Evaporati
R e
* Evaporating dish « For Total Solids, heat dish at 103°-105°C for 1
- Drying oven at 103°-105°C hour
« Mulffle furnace at 550°C ¢ For Volatile Solids, heat dish at 550°C for 1

« Desiccator hour

If sample can flow, mix well * Repeat heating, cooling and weighing cycle
) - until weight change is 4% or less or weight
Rlacesstaingdish difference is less than 50 mg (whichever is

* Mix sample well with hand or take samples « Repeat heat (1 hr)/cool/weigh cycle until weight
with #7 cork borer . . . .
change is 4% or less or weight difference is less

+ Place 25-50 g in dish than 50 mg (whichever is less)

* Weigh
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¢ Place samples in muffle furnace (cool)
« Ignite for one hour

» Cool in dessicator

* Weigh

(A-D) X 100 )
Volatile

A-B Solids
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(A-B) X 100

C-B

A-B

Total
Solids

10



Fecal Coliform
Membrane Filter
Procedure

« Found in soil, vegetation, and intestines of
warm-blooded animals
* Not all coliforms are fecal coliforms

Fecal Coliform

* Not all coliforms are e.coli

» Enteric bacteria are found in intestines

 Anaerobic, gram-negative, non-spore-forming
rods that ferment lactose

Testing Is an lrJrJJ cator Test
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 Able to live in environment for short time Membrane

- Good indication that water has been * Petri dishes * Liquid cultures

compromised when present » Vacuum sample onto  + Inoculate broth

filter » Change of color or

« Autoclave e Membranes, 47mm, 4.5 um sterile
« Sterile distilled/deionized water » Graduated cylinders

» Vacuum apparatus and pump * Smooth-nosed forceps

+ Grab Sample « Desired colonies per plate: 20-60

. Consistent collection process — May need dilutions to achieve proper range

— Same time, same place, same way ¢ Use range of dilutions for unknown
* No preservative
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¢ Autoclave all equipment that is not pre- * Assemble filtration device
sterilized )
- * Place membrane on filter
« Sterilize bench area
— 70% alcohol e Wet to seat filter

« Remove filter and place in petri dish  After 24 hours count colonies that are blue

¢ Repeat procedure for remaining samples e Write results as per 100mL
— May need to make dilutions — Factor dilution to achieve results

¢ Chlorine residual
* Incorrect temperatures

« Sterilization

2008 Baxter & Woodman, Inc. Lab
Workshop - Fecal Coliform



e 5-day test
¢ Measures the oxygen demand

* Relates to the organics present

allC
50D

BOD/C

¢ Organics produced by humans and industry

— Plants, dead animals, leaves, animal waste
» Measures carbon and * Measures only carbon

« Microorganisms use the oxygen in water to nitrogen oxygen oxygen demand
breakdown the organics demand « Add inhibitor to stop N

« Dissolved oxygen meter and DO probe « Polarographic
+ 300 mL BOD bottles e Galvanic

» Glass stoppers/caps * Fluorescence
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Two electrodes « Two electrodes

Semi-permeable membrane
Electrolyte (KCI)

Anode=silver Cathode=gold ° EIeCtrOIyte (KOH)

¢ Semi-permeable membrane

« Oxygen diffuses across * New technology to industry

emblans ¢ When oxygen is present, quenches

 Produces electrical current emissions of fluorescent molecules in a
« Higher pressure allows Polymer patch

» Clean glassware well. Rinse with distilled
H,O prior to use.

Polarographic ‘ Galvanic Fluorescence

Temp affect

Salinity affect I No Salinity affect « Acid wash frequently.
Atmospheric pressure affect — Blanks with 0.2 uptake will need better cleaning or to
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+ Dilution Water  Type Il water with nutrients added
. Seed — Phosphate buffer
— MgSO, - magnesium sulfate

« Nitrification inhibitor _ cac), - calelumichloride

arati

Deionized/distilled water of Type Il + Supplies microorganisms for BOD

DO should be 7.5 mg/L or higher « Commercial or make your own
— Agitate to increase DO; let stand to equilibrate

Glassware/plastic ware needs to be clean « Can use settled influent or process point (clarifier,

mixed liquor, undisinfected effluent)

arati

Concentration of seed controls need to meet » Used in samples that have high oxygen
these requirements: demand due to nitrification microorganisms
— Process samples (clarifiers, primaries)
Depletion of 2.0 mg/L DO after incubation _ River water
— Raw influent
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TCMP- 2-chloro-6-(trichloromethyl)pyridine * Glucose-Glutamic acid standard
» 3mg per 300mL BOD bottle — 150 mg/L each

* Dissolves slowly * Acid and base
— 1 N Sulfuric acid

¢ Selection * Influent

e Collection « Effluent
* Preparation  Various process points

- Composite sample  Bring sample to 20£3°C

Sampler is refrigerated at 4°C

T T O T T ¢ pH of samples should be between 6.5-7.5
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» Dechlorinate sample if chlorine is present + Avoid shaking samples-will change the DO
— Use Na,S,0,

— Exceptions: supersaturated samples (cold water and
high photosynthesis water) and presence of H,0,

» Toxic Samples

— Na,S,0; will use O, and react with chloramines
— Cl will dissipate in sunlight in 1-2 hours

* Dilutions should give DO depletion of at least « Dilutions can be direct to bottle or prepared in
2.0 mg/L but residual of at least 1.0 mg/L other flasks
 Three dilutions per sample

e Use class A glassware
— Five if three do not give acceptable results

e When to seed
— Sample has been disinfected

— Sample is expected to have a depletion of * Seeds
< 2.0mg/L

* Blanks

* Glucose/Glutamic acid
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* Duplicates « Full strength or dilutions of seeds
aallutionatepaoaadiions » 5-day DO depletion must be > 2.0 mg/L with
« No nitrification inhibitor 1.0 mg/L remaining

* Measures cleanliness of bottles

« Common standard 150 mg each of Glucose and * Blanks
Glutamic Acid (GGA) — Dilution water / no additions

* Use 6 mls of GGA (3mg/L final) « Seed controls

* Run with each sample set in triplicate — Seed with dilution water

e Samples * Meter should be warmed up and calibrated
— Add dilution water according to manufacturer’s directions

— Add nitrification inhibitor
« If bottle is ~2/3 filled
* Swirl to mix

« Insert probe, turn on stir bar
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« Place glass stopper into bottle
 Turn stopper

» No air bubbles

» Water seal

 Blanks
— Less than 0.2 mg/L DO depletion

— If higher depletion, dilution water or dirty glassware
could be problem

« Samples-No seeding « Samples-Seeding

« Remove after 5 days * 6 hours

* Read DO

* Record on sheet

 Glucose/Glutamic Acid
— Results should be 198 + 30.5 mg/L

— If higher
« seed too strong
« bad dilution water

BOD mg/L = (Di-Df) BOD mg/L = ((Di-Df)-(S*X))
v v

Blank 1

Blank 2

Volume

100

100
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Di

7.83

7.99

¢ Blanks are good

» Depletion was less than
0.20 mg/L



Volume

Di

» Seeds are good

e Seed has greater than
2.0 mg/L uptake

Final 2

0.3333 (100)

DO Depletion was 2.39,

8.09

greater than 2.0 mg/L

5.70

Residual was greater

than 1.0 mg/L

Depletion was at least 2.0 mg/L

Residual was greater than 1.0

All GGA standards are within
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Final 1

% sample

0.1667 (50)

Di

8.05

Df

5.12

2.93

Final 3

% sample

0.75 (225)

Di

8.04

Df

4.44

DO used

3.60

DO Depletion was 2.93,
greater than 2.0 mg/L

Residual was greater than

1.0 mg/L

DO Depletion was 3.60,
greater than 2.0 mg/L

Residual was greater

than 1.0 mg/L

¢ Rule #1 Correct your blank first

¢ Rule #2 To solve the problem, You will have




2008 Baxter & Woodman, Inc. Lab
Workshop - BOD



	Fundamentals of Laboratory Testing
	Laboratory Compliance
	Getting Great Results
	pH
	Ammonia
	Biological Oxygen Demand
	Phosphorus
	Solids
	Fecal Coliform Membrane Filter Procedure

