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Lab Procedures
• Sampling
• General Lab Practices
• Disinfectant Analysis
• Alkalinity analysis
• pH
• Turbidity analysis
• Specific Conductance
• Hardness
• Fluoride analysis
• Color analysis
• Taste and Odor analysis
• Microbiological analysis



What are the purposes of water quality 
laboratory and monitoring programs?

• Operations process control
• Legal Standpoint



Operations Process Control

• Laboratory and monitoring programs are 
essential.

• Water quality data are used in optimizing 
operations of the water treatment plant in 
relation to costs and techniques and operation 
and maintenance programs.

• Each agency that operates a surface water supply 
reservoir must design and operate laboratory and 
monitoring programs that reflect its own financial 
and technical resources and need for 
information.



Managing a lab practical?

• Generally, larger utilities have much greater 
analytical and technical capability than the 
laboratory operated by a local agency that serves 
small populations.

• The difference in lab capability is often due 
primarily to the difference in financial resources 
of the two agencies.

• Some laboratory’s may serve several functions 
such as performing analysis for wastewater 
facilities, discharge facilities and domestic water 
supply.



• There are many more small water supply 
systems in the US than there are large 
municipal or regional systems.

• Small systems manage water supplies similar 
to large utilities but may not have the 
resources that the larger utilities do, even still 
they perform the same work the large utilities 
perform.



Legal Standpoint

• Certified laboratory results are reported to the 
public and the State.

• Lying or misrepresenting data could result in 
lawsuits or criminal negligence



Michigan Dept. of Environmental Quality

• Liane Shekter-Smith was the former Chief of Drinking 
Water and Municipal Assistance. She was responsible for 
overseeing Flint’s water system for the Michigan 
Department of Environmental Quality.

• Last update: January 7th, 2019
• She allegedly knew about the possibilities of Legionnaires’ 

disease and did not notify the public. She also allegedly 
misled officials about the evidence.

• On January 7, 2019, Shekter-Smith pleaded no contest to 
disturbance of a lawful meeting in order to dismiss her 
other charges. She also testified that she discovered an 
“uptick” of Legionnaires’ disease in Genesee County way 
back in October 2014.

https://www.mlive.com/news/flint/2019/01/deq-official-takes-plea-deal-in-flint-water-crisis-case.html


• Stephen Busch was the Michigan Department of Environmental 
Quality Water Supervisor for Lansing.

• Last update: December 26, 2019
• Busch pleaded no contest to disturbance in a public building, 

referring to a January 2015 meeting where Flint residents expressed 
concerns about their water.

• "Because of Mr. Busch's failure to address those concerns 
adequately, the meeting became extremely boisterous, and in fact 
it had to be ended prematurely," Attorney Mark Kriger said to the 
judge.

• Busch will be placed on probation for a year and his charges will be 
dismissed due to his cooperation. He will also be testifying against 
former Michigan Department of Health and Human Services 
Director Nick Lyon — who is facing involuntary manslaughter 
charges.
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City of Flint employees
• Howard Croft was the former Director of Public Works in Flint.
• Last update: April 15th, 2019
• Croft allegedly also supported the decision not to switch back to 

Detroit water, allegedly helped the EMs get bond money for the 
construction of the KWA pipeline by falsely claiming the money 
would be used for an emergency repair at the treatment plant, and 
also allegedly failed to alert the public about a Legionnaires’ disease 
outbreak.

• Former Flint mayor Dayne Walling testified that he believed that 
Croft was not qualified to solve the water problem.

• Croft’s trial was adjourned before District Judge Nathaniel Perry on 
February 25th. It was to be postponed to April 15th, but then was 
delayed again this week to have more time to review the case.



• Daugherty Johnson was the former Flint Utilities 
Director.

• Like Croft, Johnson allegedly also supported the 
decision not to switch back to Detroit water and 
allegedly helped the EMs get bond money for the 
construction of the KWA pipeline by falsely 
claiming the money would be used for an 
emergency repair at the treatment plant.

• His charges were dismissed in December 2018 in 
exchange for cooperation.



• Michael Glasgow was the former City of Flint 
Laboratory and Water Quality Supervisor.

• Last update: May 2017
• Glasgow pleaded guilty in 2017 for a smaller 

charge of willful neglect of duty. He stated 
that he lied about two water sampling forms 
as well. His charges were dropped due to 
cooperation.



Sampling

• Process water Samples will be either grab samples 
obtained directly from a specific process location, or 
continuous samples that are pumped to the laboratory 
from various locations in the process.

• Whatever the sample location the most important 
aspect is to have a representative sample of actual 
conditions in the treatment plant.

• The frequency of sampling for individual process 
control water quality indicators will vary, for example 
turbidity will be monitored more than alkalinity.



• Process grab samples should be collected in 
clean plastic or glass containers and care 
should be used to avoid contamination.

• Samples should be analyzed as soon as 
possible after the sample is collected.



General Lab Procedures

• Certain analysis can be completed using 
instrumentation, other analysis may require 
wet chemistry.

• Jar testing is one of the most important 
laboratory procedures in the operation of the 
coagulation-flocculation process.



• A compound is a pure substance composed of 
two or more elements whose composition is 
constant.  For example, table salt (sodium 
chloride, NaCl) is a compound.

• All chemical compounds can be separated into 
two main groups, organic and inorganic.  

• In general, organic compounds are those that 
contain the element carbon (C).  



• Pay attention to the details in using chemical 
compounds.

• Always label when transferring or making 
solutions to include the date

• Always understand the hazards in mixing 
• Poor results and safety hazards are often 

caused by using a chemical from the shelf that 
is not exactly the same as the chemical called 
for in a particular procedure.



Lab Equipment
• Beakers
• Flasks
• Test tubes
• Bottles
• Graduated Cylinders
• Buret
• Pipet
• Volumetric Flasks
• Membrane filter
• Petri dish



• Pipet
• Volumetric Flasks
• Membrane filter
• Petri dish
• Magnetic Stirrer
• Bunsen Burner



Beaker or Flask?



Test Tubes - Bottle



Graduated Cylinder and Buret



Volumetric Flask and Membrane Filter



Lab Quality Control

• Having good equipment and using the correct 
methods are not enough to ensure correct 
analytical results.
– Sloppy Technique
– Deteriorated reagents and standards
– Poorly operating instruments
– Calculation mistakes

• Perform split sample for quality control
• Self appraisals



Instrument based tests

• Temperature
– Most important due to its effect on reaction time

• pH
– The intensity of its acidic or basic strength
– Scale from 0-14, 7 being neutral
– pH levels are logarithmic

• Turbidity
– Physical cloudiness of water
– One of the most important tests the water treatment 

operator performs



Titration based tests

• Titration involves adding a measured amount 
of a standardized solution, to another.  The 
titrant is added to the other solution until 
there is a measurable change in the test 
solution, this change is usually color.



Alkalinity
• The alkalinity of a water sample is a measure of the 

water’s capacity to neutralize acid.
• In natural and treated waters, alkalinity is caused 

mainly by bicarbonate, carbonate and hydroxide, which 
originate from calcium, magnesium, and sodium 
compounds.

• pH drops slowly as you add acid until all the hydroxide, 
carbonate, and bicarbonate is consumed by about pH 
4.5

• Titrating down to pH 4.5 measures total alkalinity
• Titrating down to pH 8.3 measures the 

phenolphthalein alkalinity



Hardness

• Hardness is caused principally by the calcium 
and magnesium ions commonly present in 
water.  Since only calcium and magnesium are 
present in significant concentrations in most 
waters, hardness can be defined as the total 
concentration of calcium and magnesium ions 
expressed as the calcium carbonate (CaCO3) 
equivalent.



Chlorine Residual

• Chlorine is not only an excellent disinfectant 
but also reacts with iron, sulfide, and many 
taste and odor producing compounds to help 
improve the quality of treated water.

• There are two types of chlorine residual
– Free chlorine residual
– Combined residual



• Free chlorine residual refers to chlorine gas 
(Cl2), hypochlorus acid (HOCL), and the 
hypochlorite ion (OCL-).

• Combined residual chlorine refers to the 
chlorine-ammonia compounds 
monochloramine (NH2Cl), dichloramine
(NHCl2), and trichloramine (NCL3).

• These are both types of disinfectants



Amperometric Titration

• Relatively free of interferences
• Requires the most operator skill
• The method requires a reducing agent called 

phenylarsine oxide (PAO) added to the solution to 
reduce the chlorine to chloride (Cl-).  The titrator
measures electrical current through the sample,.  
When all of the chlorine has reacted with the 
PAO, the current stops, which is the endpoint of 
the titration.  The residual chlorine concentration 
is proportional to the PAO added.
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