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STATE OF NEBRASKA

E. Benjamin Nelson
Governor

(‘A.

Thomas T. Holloway, Chief

Emergency Planning and Response Branch
Environmental Services Division

U. S. EPA Region VII

25 Funston Road

Kansas City, KS 66115

RE: ARARs for Removal Action at Gladstone and Tomora

Dear Mr. Holloway:

For yvour information we have enclosed a list of Applicable or Relevant
and Appropriate Requirements (ARARs) which may affect the proposed Superfund
activities within Nebraska.

In response to your letter dated May 27, 1992. and received by us on
June 8. 1992, ARARs specifically identified for the proposed Removal Action
at Gladstone and Tomora groundwater contamination sites are as follows:

* Title 179, Chapter 2, Section 007.02 (The Nebraska Department of
Health: Regulations Governing Public Water Supply System) related to

connection of 3 private wells at Gladstone to a community water:
system.

* Bottled water Requirements (The Nebraska Department of Agriculture)
regarding providing bottled water to Tomora. Nebraska.

Copies of the above mentioned documents ‘ure enclosed. Please contact
me or Emily Chen at (402) 471-3388 if vou have any questions.

Sincerely,
Rich Schlenker
Superfund Unit Supervisor

Hazardous Waste Section
Land Quality Division
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DEPARTMENT OF ENVIRONMENTAL CONTROL
Randolph Wood

Director

301 Centennial Mali South
PO. Box 98922

Lincoln. Nebraska 68509-8922
Phone (402) 471-2186
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REV 5/92

POTENTIAL STATE OF NEBRASKA ' CITATION
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARS)
1. Nebraska Envirormenta] Proteétion Act Neb. Rev. Stat. ch. 81
Article 15
A. Rules and Regulations Governing the Neb. Adm. Rules & Regs
Nebraska Pretreatment Program Title 127
B. Eff]ugnt Guidelines and Standards - Neb. Adm. Rules & Regs
Title 121
C. Rules and Regulations Pertaining to ' Neb. Adm. Rules & Regs
the Issuance of Permits Under the Title 119
National Pollutant Discharge
Elimination System
D. Rules and Regulations for Underground Neb. Adm. Rules & Regs
Injection and Minera] Production wells Title 122
E. Air Pollution Contro] Rules and Regulations Neb. Adn. Rules & Regs
Title 129
F. Nebraska Surface water Quality Standards Neb. Adn. Rules & Regs
. Title 117
G. Ground Water Quality Standards and Use Neb. Adm. Rules & Regs
Classification Title 118
H. Rules and Regulations Pertaining to Neb. Adm. Rules & Regs
Solid waste Management Title 132
l. Rules and Regulations Governing Hazardous Neb. Adn. Rules & Regs
‘Waste Management 1in Nebraska Title 128
J. Rules and Regulations Pertaining to the Neb. Adm. Rules & Regs
Management of Wastes Title 126
I, Water.well Standards and Contractors’ Neb. Rev. Sta. Ch. 46
Licensing Act Article 12
A. Regulations Governing Licensure of water Neb. Adn. Rules & Regs
Well and Pump Installation Contractors Title 178
and Certification of Water well Drilling
and Pump Installation Supervisors
F11.  Statutes Relating to Ground Water "~ Neb. Rev. Stat. Ch. 46
Article 6
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V.

V.

Vi,

POTENTIAL STATE OF NEBRASKA

Nebraska Safe Drinking water Act

-

A. Regulations Governing Public Water
Supply Systems

Flood Plain Management

A. Flood Plain Rules

B. Rules Governing Flood Plain Management
Statutes Relating to Disposal Sites

Nebraska Nongame and Endangered
Species Conservation Act

A, Nebraska Game and Parks Conmission
Rules and Regulations Concerning Wildlife

REV 5/92
(Cont 'd)

CITATION
Neb. Rev. Stat. Ch. 71

Article 53

Neb. Admn. Rules & Regs
Title 179

Neb. Rev. Stat. Ch. 31
Article 10

Neb. Adn. Rules & Regs
Title 455

Neb. Adm. Rules & Regs
Title 258

Neb. Rev. Stat. Ch. 19
Articles 21 and 41

Neb. Rev. Stat. Ch. 37-
430 to Ch. 37-438

Neb. Adm. Rules & Regs
Title 163, Chapter 6
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LﬁVlRONMEN‘.AL E. Benjamin Nelson
- Governor
MEMO TO: Emily Chen - '
Nebraska Department of Environmental Control -

FROM: George H. Hanssen /é4;37

Food Division Manager

SUBJECT: Bottled Water Requirements

The Nebraska Department of Agriculture,

Bureau of Dairies & Foods, regulates
bottled waters in Nebraska. .

The Foods Division inspects and licenses firms that bottle water in Nebraska,
including bottled water vending machines found in retail stores. The state

Health Department requires quarterly water samples for these community
systems.

We request firms shipping bottled waters into Nebraska send us water sample
results. We follow the Code of Federal Regulations, Title 21, Parts 103 and
. 129 and compare the results with the standards in the CFR.

Please call me if you have further questions.

GHH
DEPARTMENT OF AGRICULTURE. 301 CENTENNIAL MALL SOUTH
Administration Agriculture Laboratories Bureau of Animai Industry Bureau of Dairies & Foods Bureau of Plant Industry Weights and Measures
PO. Box 94947 3703 South 14th Street P.O. Box 94787 PO. Box 95064 PO. Box 94756 . ‘ PO. Box 94757 _
Lincoin, NE 68509-4947  Lincoin. NE 68502-5399 Lincoln, NE 68509-4787 Lincoln, NE 68509-5064  Lincoln, NE 68509-4756  Lincoln, NE 685094757
(402) 471-2341 402) 471-2176 (402) 471-2351 (402) 471.2536 (402) 471-2394 402) 471.12,? ,
FAX: (402) 471-2759 FAX: (402) 479-4172 FAX: (402) 471.3252 FAX: (402) 471-3252 FAX: (402) 471-3252 FAX: (402) &7t "

An Equal Opportunity/Affirmative Action Employer,



NEBRASKA DEPARTMENT OF HEALTH

REGULATIONS GOVERNING PUBLIC
WATER SUPPLY SYSTEMS

TITLE 179 NEBRASKA ADMINISTRATIVE CODE,
CHAPTER 2

. INCLUDING AMENDMENTS MADE THROUGH MARCH 30, 1992
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‘, TITLE 179 - NEBRASKA DEPARTMENT OF HEALTH .
' CHAPTER 2 - REGULATIONS GOVERNING PUBLIC WATER SUPPLY SYSTEMS

toatank,phunbingﬁxtm-eorotherdevieeandtheﬂoodrimofthereceptor.

001.01B Backﬂow’meamthenmdeaimhlerevermlofﬂowinapotahlewﬁter
distﬁbuﬁonaystemuaresultofamconnecﬁon.

001.01C "Backflow Preventer means an assembly or means that prohibits the
. backﬂowofwaterintothepotahlewatermpply.

001.01H *Confluent Growth" means a continuocus bacterial growth covering the
.enﬁreﬁltraﬁonareaofammnbraneﬁlter, or a portion thereof, in which bacterial
colonies are not discrete,

- 001.011 'Contammaﬁon'meansmhnpairmentOfaMewatermpp}ybythe
inh-oducﬁonmadmimionofmyfmignsuhstaneethatdegmdestheqmﬁtyand
hazard.

001.01J *Conventional Filtration Treatment" means a series of processes mcludmg
coagulation, flocculation, sedimentation, and filtration resulting in substantial

001.01K "Cross Connection" means any physical arrangement whereby a potable
watersupplyisconnected,direcﬂyormdirecdy, with any other water supply
system, sewer, drain, conduit, tank, pump, plumbing fixture, heat exchanger, or
other mechanical equipment or device which contains, or may contain,

11



TITLE 179
Chapter 2

removable spools, swivel or chanczover devices, four-way valve connections and
other temporary or permanent .:vices through which, or because of which,
backflow (or backsiphanage) could occur are considered to be cross-connections,
Protecting a public water supply system against potential contamination from
cross-connections is possible by containment and/or isolation.

001.011, “Cross Connection Control" means the enforcement of an ordinance or
other instrument regarding cross connections,

001.01M "CT or CTealc" is the product of “residual disinfectant concentration" (C)
inmgperliterdetermm&beforeorattheﬁrstcuswmer, andthecorresponding
"disinfectant contact time" (T) in minutes, ie., "C" x "T".

001.01N *CT(99.9)" means the CT value required for 99.9 percent
(3-log) inactivation of Giardia lamblia cysts. CT(99.9) for a variety of disinfectants
and conditions appear in Tablesg 1.1-1.6, 2.1, and 8.1 of subsection 002.04.

001.010 "Council' means the Advisory Council en Public Water Supply.

001.01Q "Direct Filtration® means a series of processes including coagulation and
filtration but excluding sedimentation resulting in substantial particulate removal
001.01R "Director" means the Director of Health or his authorized representative.
001.01S "Disinfection Contact Time" (T in CT calculations) means the time in
minutes that it takes for water to move from the point of disinfectant application

or the previous point of disinfectant residual measurement to a point before or at
the point where residual disinfectant concentration ("C" is measured.

001.01T "Disinfection" means g process which inactivates pathogenic organisms
inwat.erbychemicaloxidant.soreqmvalentagents.

001.01U "Domestic or Other N on-Distribution System Plumbing Problem" means
a coliform contamination problem in a public water system with more than one
service connection, that is limited to the specific service connection from which the
coliform-positive sample was taken. '



TITLE 179
Chapter 2

001.01V "Dose Equivalent” means the product of the absorbed dose from ionizing
radiation and such factors as account for differences in biological effectiveness due
to the type of radiation. and its distribution in the body as specified by the
International Commission on Radiological Units and Measurements (ICRD)).

001.01X "Drinking Water Standards" means the rules and regulations adopted
pursuant to NEB. REV. STAT. §71-5302 (Reissue 1981), which establish
maximum levels for harmful materials which, in the judgement of the Director,

001.01BB ‘"Gross Alpha Particle Activity" means the total radioactivity due to
alpha i eemissionasinferredfmmmeasmemem.sonadrysample.

001.01CC "Gross Beta Particle Activity" means the total radioactivity due to beta
particle emission as inferred from Ineasurements on a dry sample.

001.01DD *Groundwater System" means a water supply system utilizing wells as
the source of water.

001.01EE *Ground Water Under the Direct Influence of Surface Water" means
anywaterbeneaththesm'fabeofthegmtmdwith(l) significant occurrence of
insectsorothermam'oorganisms,algae,orhrgedhmeterpathogenssuchas
Giardia lamblia, or (2) significant and relatively rapid shifts in water
characteristics such as turbidity, temperature, conductivity, or pH which closely
eorrelat.etodimamlogimlorsurfacewaterconditions.

001.01FF "Halogen" means one of the chemical elements chiorine, bromine, or
iodine. ‘
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Chapter 2

001.01GG "Inactivation Ratio" means the ratio of CT to CT(99.9), ie., CT divided
by CT(99.9).

001.01HH "Lead Free"

001.01HH1 When used with respect to solders and flux, means solders
and flux containing not more than two-tenths percent lead and

001.01HH2 When used with respect to pipe and pipe fittings, means pipe
_ and pipe fittings containing not more than eight percent lead.

001.011 "Legionella® means a gex;us of bacteria, some species of which have
caused a type of pneumonia called Legionnaires Disease.

001.01JJ "Major Construction, Extension, or Alteration" means those structural
changes that affect the source of supply, treatment processes, or transmission of

water to service areas, butshallnotincludetheextensionofservieemainswithin

Water for Occupational Exposure”, NBS Handbook 69 except the daughter
products of Thorium-282, Uranium-235, and Uranium-238.

001.01LT, "Maximum Contaminant Level" (MCL) means the maximum permissible
level of a contaminant in water as measured at the point of entry to the
distribution system or at the free flowing outlet of the ultimate user of the public
water supply system. Contaminants added to the water under circumstances

.controlled by the user, except those resulting from corrosion of piping and

plumbing caused by water quality, are excluded from this definition.

001.01MM "Maximum Total Trihalomethane Potential (MTP) means the
maximum concentration of total trihalomethanes produced in a given water
containing disinfectant residual after 7 days at a temperature of 25° C or above.

001.0INN *Near the First Service Connection" means at one of the 20 percent
ofaﬂserviceeomecﬁonsintheenﬁresystemthatarenearestthe'watermpply

treatment facility, as measured by water transport time within the distribution
gystem.

001.0100 "Non-Community Water Supply System” means any public water
supplysystemthaxisnotacommunitywatersupplysystem.

001.01PP "Non-Transient, N on-Community Water Supply System" means a public
water supply system that is not a community water supply system and that
regularly serves at least 25 of the same persons over six (6) months per year.
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TITLE 179
Chapter 2

001.01QQ "Operator” means the individual or individuals responsible for the

conﬁnuedperformanceofthewatersupplysystemoranypartofsuchsystem,
during assigned duty hours. ,

001.01RR 'Owner'meansanypersonowningoropemﬁngapublicwater'supply
system.

001.018S "Person* means any individual, firm, partnership, association, company,
corporation, political subdivision, or other entity.

001.01TT *Picocurie® (pCi) means that quantity of radicactive material producing
2.22 nuclear transformations per minute.

001.01UTJ “Point of Disinfectant Application® is the point where the disinfectant

. isappﬁedmdwaterdowmtreamofthaxpointisnotmbjecttoreconmminanon

by surface water runoff.

001.01VV "Pollution" means the presence of any foreign substance in water that
tendstodegradeitsquaﬁtymastoeonsﬁtuteanonhmlthhamdorhnpah-the
usefulness of the water.

001.01WW "Potable Water" means water that is safe for human consumption as
set forth in section 002 of these regulations.

001.01XX  "Protection by Containment" (Le., containing the potential
contamination source within the water customer’s building, factory, facility,
propettydistributionsystem,ortraﬂeremnt, etc.) shall mean the installation of
anappmvedbackﬂowpreventiondeviceormethodonthewaterserviceline(s)
serving any premises, location, facility or area.

001.01YY *Protection by Isolation® means contral of cross-connections within a
buﬂdmg‘splumbingsysmnbytheinstalhﬁonofappmvedbankﬂowpmenﬁon
devices or methods at or near the Ppotential sources of pollution or contamination.

001.0127 "Public Water Supply System" means a water supply system designed
toprovidethepubﬁcpipedwaterﬁtforhmmnconsumpﬁon,ifmhsystemhas
atleastﬁﬁ.eenserviceeonnecﬁonsorreguhrlyservesatleasttwenty—ﬁve
individualsdaily,atleastaixtydaysoutoftheyear. A public water supply system
iseitherammmtmitypubﬁcwntermpptysystem,anm-eommtmitywatampply

system or a non-transient, non-community water supply system. This definition
shall include:

001.01Z7Z1 Any collection, treatment, storage, or distribution facilities
tmdereonn-oloftheopemtorofsmhsystemandusedprimarﬂyh:
eonnectionwithsm:hsystem,and

001.017272 Any collection or pretreatment storage facilities not under
such control which are used primarily in connection with such system.

1-6



TITLE 179
Chapter 2

001.01AAA "Reduced Pressure Principle Backflow Preventer” means a backflow
prevention device consisting of two independently acting check valves, internally
force loaded to a normally closed position and separated by an intermediate
chamber (or zone) in which there is an automatic relief means of venting to
atmosphere internally loaded to a normally open position between two tightly
c.lomgshut-oﬁ'valvesandwithmeansfortestingfortighmessofthechecksand
opening of relief means. '

001.01BBB "Rem" means the unit of dose equivalent from ionizing radiation to

t.hetotnlbodyorany'intemalorganororgansystem. A "millirem" (mrem) is
1/1000 of a rem.

001.01CCC "Residual Disinfectant Concentration" ("C" in CT calculations) means

theconcentraﬁonofdisinfectantmeasmedinmgperﬁterinarepreaentaﬁve
sample of water.

001.01DDD  "Sanitary Survey" means an on-site review of the water source,

ilities, equipment, operation and maintenance of a public water system for the
purpose of evaluating the adequacy of such source, facilities, equipment, operation
and maintenance for producing and distributing safe drinking water.

001.01EEE "Sedimentation” means a process for removal of solids befare filtration
by gravity or separation.

001.01FFF 'ServiceArea'meansthelandareawhichtheownerofapublicwater
mpplysystemhaslegal&anchiseorauthoﬁtytoremammesoledimibuwrof

001.01GGG ‘"Slow Sand Filtration" means a process mvolvmg passage of raw
water through a bed of sand at low velocity (generally less than 0.4 m/h) resulting
in substantial particulate removal by phyzical and biological mechanisms.

001.01HHH 'Sm'faeeWatm'”meansaIlwaterwhichisopentotheatmosphere
and subject to surface rumoff.

00LO0IMT “Surface Water System® means a water supply system utilizing surface
water as the source of water. '

001.01LJJJ *System with a Single Service Connection" means a system which
suppliesdrinkingwatertoeonsmersviaasingieserviceline.

001.01KKK "Too Numerous to Count” means that the total number of bacterial

colonies exceeds 200 on a 47-mm diameter membrane filter used for coliform
detection.

001.01LLL, "Treatment Technique” means the use of aeration, settling, filtration,
or other physical process and/or the addition of any chemical or chemicals for the

1-6
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purpose of removing, deactivation, or adjusting the level of one or more
contaminants present in the raw water supply source.

001.0INNN  "Total Trihalomethanes® (TTHM) means the sum of the
concentration in milligrams per liter of the trihalomethane compounds
[trichloromethane (chloroform), dibromochloromethane, bromodichloromethane,
and tribromomethane (bromoform)], rounded to two significant figures.

001.01000 *Vacuum Breaker, Atmospheric Type" means a vacuum breaker

' 'whinhisnotdesignedtobesubjecttostaﬁclinepressm_'e.

001.01PPP "Vacuum Breaker, Pressure Type® means a vacuum breaker which is
designedtobesubjecttostaticlinepressm-e.

001.01QQQ 'Vn'us'meansavirusoffecalm'iginwhichisinfecﬁoustohmnansby
waterborne transmission.

001.01SSS "Water Supply System' means all sources of water and their
surroundings under control of one owner, and shall include all structures,

swre¢orddivex-e¢exceptservicepipesbetweensmetmamsmdbuﬂdingsmd
theplumhingwithhormeonnectionwiththebuﬂdingsserved.

001.02 Coverage. This chapter shall apply to each public water supply system, unless the
public water supply system meets all of the following conditions:

001.02A - Which consists only of distribution and storage facilities and does not
have any collection and treatment facilities

001.02B Whichobtainsallofitawat.erﬁ'om, but is not owned operated by, a
publicwatersupplystmntowhinhsuchstandardsapply;

001.02C Whinhdoeenotsellwamtoanyperson; and

001.02D Which is not a carrier which conveys passengers in interstate commerce.

1.7
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Title 179
‘ Chapter 2

002 DRINKING WATER STANDARDS
(INCLUDES AMENDMENTS MADE THROUGH SEPTEMBER 15, 1991)

002.01 Applicability. The basis for the establishment of maximum contaminant levels is
basedeitheruponpotenﬁalacutehealtheﬂ'ectsoverashortlengthoftimeofexposm-e
or chronic health effects over a long length of time of exposure.
002.01A Standards Based upon Acute Health Effects. Standards based upon
acutehealtheﬁ’ectaoverashortlengthoftimeofuposweshaﬂapplytoaﬂ
publicwatu-supplysystemscoveredbythisChaptu. Contaminants governed by
these standards are:
002.01A1 Nitrates
002.01A2 Turbidity
002.01A3 Microbiological

002.01B Standards Based upon Chronic Health Effects. Standards based upon
chronichealtheﬁ'ectsoveralonglengthoftimeofexpos\n-eshanappkyto

. 002.01B1 inorganic chemicals except for nitrate
002.01B2 organic chemicals
002.01B3 radium-226, radium-228 and gross alpha particle activity

002.01B4 beta particle and photon radioactivity from man-made
radionuclides.

002.02 Maximum Contaminant Levels,
=4e Maxpmum (ontaminant Levels.

002.02A Inorganic Chemicals. The maximum contaminant levels for inorganic
chemical contaminants are as follows: .

CONTAMINANT LEVEL MILLIGRAMS PER LITER
Arsenic 0.05
Barium 1.0
Cadmium 0.010
Chromium total 0.05
Fluoride* , _ 4.0
Lead 0.05
Mercury 0.002
Nitrate (as N) - .10
Selenium 0.01
Silver 0.05

. Sodium 500.0

*Community water supply systems experiencing fluoride levels above 2.0 milligrams per
* liter must notify the public as required in Section 004.07

2-1



002.02B  Organic_Chemicalis.
chemical contaminants, are as follows:

002.02B1 Chlorinated Hydrocarbons:

Endrin (1,2,38,4,10,10,-hexachioro-6,
7-epoxy-1,4,4a,5,6,7,8,8a-octa-hydro-1,
4-endo, endo-5, 8-dimethanonaphthalene).

Lindane (1,2,3,4,5,6-hexanhloro-cyclohexane,
gamma isomer) ‘

Methoxychlor
(1,1,1-Trichloro-2,2-bis
(p-methaxypheny] ethane)

Toxaphene (C'H,,Cl) Technical
chlorinated camphene, 67-69 percent chilorine

002.02B2 Chlorophenoxys:
[ 4
2,4-D (2,4-Dichlorophenoxyacetic acid)

2,4,6-TP Silvex
(2,4,5-Trichloro-phenoxypropionic acid)

002.02B3 Trihalomethanes:

Total Trihalomethanes

002.02B4 Volatile Organic Chemicals (VOC):

L,1,1-Trichloroethane
1,1-Dichi ene
1,2-Dichloroethane
Benzene

Carbon Tetrachloride
Trichloroethylene
Vinyl Chloride
Para-Dichlorobenzene

LEVELMILLIGRAMS
PER LITER

0.0002

0.004

0.1

0.005

0.01

0.10

0.2

0.007
0.005
0.005
0.005
0.005
0.002
0.075
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002.02C Turbidity. The maximum contaminant levels for turbidity are applica
bletoallpublicwatersupp!ysyst.emsusingmn'facgwater,inwholeorinpart,as

a source of supply. Turbidity shall be measured at representative entry points to

002.02C1 One turbidity unit (TD), as determined by the monthly average
ofdailymminaﬁons,exceptthatuptoﬁveturbiditytmitsmaybe
allowed if the owner can demanstrate that the higher turbidity does not

microbiological examinations of the water; and

002.02 When the exceptions listed under the preceding paragraph
cannotbedemonsh-atedbytheowner,theavmgeoftwommpleemken
onconsecutivedayadoesnotmeedﬁvetmbidityunits.

002.02C3 The requirements of 002.02C1 and 002.02C2 shall apply until
June 29, 1993, , '

002.02D_Microbiological. The maximum contaminant levels for coliform bacteria,
applicable to all public water supply systems, are as follows:

002.02D1 TheMCLisbasedonthepresmeorabsenceoftotalcoﬁforms
in a sample, rather than coliform density.

002.02D1a For a system which collects at least 40 samples per
month, if no more than 5.0 percent of the samples collected
dm'ingamontharetotaleoliform-positive, the system is in
compliance with the MCL for total coliforms.

002.02D1b For a system which collects fewer than 40 samples
per month, ifnomoret.hanonesample collected during a month
is total coliform-positive, the system is in compliance with the
MCL for total coliforms.

002.02D1c Results of all routine samples and repeat samples
(when required by 002.08A7) which are not invalidated must be
included in determining compliance with 002.02Dla and
002.02D1b. :

002.02D2 Any fecal coliform-positive repeat sample or E. coli-positive
repeat sample, or any total coliform-positive repeat sample following a
fecal coliform-positive or E. coli-positive routine sample constitutes a
violation of the MCL for total coliforms. For purposes of the public
notiﬁmtionreqdrementsmom.owthisisaviolaﬁonthatmayposem
acute risk to heaith
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002.02D3 Compliance with the MCL for total coliforms in 002.02D1 and
002.02D2 shall be determined each month for systems which are required
to monitor monthly for total coliforms, and each quarter for systems
whicharerequiredtomonitoronceperquarterfortotalcolifoms.

002.02E Radium-226, Radium-228 and Gross Alpha Particle Activity. The
maximum contaminant levels for Radium-226, Radium-228, and gross alpha
particle radioactivity, are:

002.02E1 Combined radium-226 and radium-228 = 5 pCi per liter.

002.02E2 Grossalphaparticleacﬁvityincludingradium-Z% but excluding
radon and uranium = 15 pCi per liter.

002.02F Beta Particle and Photon Radioactivity from Man-Made Radionuclides.
The maximum contaminant levels for beta particle and photon radioactivity from .
man-made radionuclides, are: '

002.02F1 The average annual concentration of beta particle and photon
radioactivity from man-made radionuclides shall not produce an annual

doseequivalenttothetotalbodyoranyintemalorgangreaterthan4

002.02F2 Except for the radionuclides listed in Table A, the
concentrationofman-maderadionuclidesmusing4mremtota1bodyor

drinkingwnterintake'usingthe 168 hour date listed in "Maximum
Permissible Body Burdens and Maximum Permissible Concentration of
Radionuclides in Air or Water for Occupational Exposure®, NBS Handbook
69, as amended August, 1963, U.S. Department of Commerce, a copy of
whichisattachedandincorpomtedbyreferenceasifﬁﬂlysetforthwith
herein. Iftwoormoreradionmﬁdesarepresent,themoftheirannual
doseeqtﬁvalenttothetotal‘bodyoranyorganshallnotmeed4mﬂlirmn
per year.

TABLE A - Average Annual Concentrations Assumed to Produce
aTotalBodyorOrganDoaeof4milliremperyear.

Radionuclide Critical Organ | pCi per liter

Tritium. Total Body 20,000
Strontium-90 Bone Marrow 8

002.03 Monitoring Requirements. The owners of public water supply systems shall be
responsible for accomplishi monitoring requirements as demonstrated by ossession of
an official copy of laboratory results. The Director will establish schedules for sampling,
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DeparnnentlabomtorymahhomorywbichhasenteredMMmagreemmtwiththe
Department of Health pursuant to 002.03H.

002.084 Microbiclogical

002.03A1 The owners of public water supply systems shall collect total

002.03A1a The sample site plan shall consist of sampling points
at sites scattered throughout various zones of the distribution
system. Each planahallprovideforatlmstﬁvesamplingsites
ineachzoneandthereahallbeasmanyzonesasthenmnberof
routinetotnleolifmmsamplesreqtﬁredeachmonthuptosixteen
zones. Systems which are required to collect more than sixteen
aamplespermonthmayelecttehavemorethanaixteenzona,
but it is not required. Ampoftheareaservedbythepublic
wat&rsupplysystem,showingthedistribuﬁonsystemandthe
boundaries of the various zones, labeled numerically, shall be
included in the plan. A list of all sampling sites, by name and
addrees(orbyareadﬂyidentiﬁablelomﬁon)foreachzoneshall
beincludedwiththemapand,meptforsupplieshavingonlyone
zone, the location of the sites need not be indicated on the map.
Allzonesahanbemmpledmonthly. The actual sites used within
each zone shall be varied on a scheduled rotation basis, Both the
zonenmnberandthesitelomﬁonshallbenotedont.he
labmtoryreportformbythepersontakingthemmple. The
owner ofeacheommtmitywater_mpplysysteushallsubmita
eopyofthesamplingsiteplantotheDirqctorforreviewnqlater
than90daysaﬁertheeﬂ'ecﬁvedateoftheseregtﬂations,with
updated copies submitted annually thereafter. The Director, at
anytime,mhyrequireaplanbemodiﬁedasaresultofpopulation
orsystemchangeswhichmayhaverenderedanezisﬁngplan
non-representative, :

2.5



Title 179

Chapter 2
002.03A2 The owner of a community water supply system shall take total
orm samples at regular time intervais established by the Director.
The number of samples required shall in no instance be less than as set
forth below:
Population Served  Minimum Number of  Minimum Number of Population Served Minimum Number of
Minimum Number of
Sampling Zones Sampies Per Month Sampling Zones Sampies
Per Month
25- 1,000 1 1 46,001 - 58,000 16 64
1,001 - 2,500 2 2 58,001 - 70,000 16 76
2501 - 4,100 4 4 70,001 - 83,000 16 88
4,101 - 7,600 8 8 83,001 - 96,000 16 9%
7,601 - 11,000 12 12 96,001 - 130,000 16 112
11,001 - 14,600 16 16 130,001 - 220,000 16 140
14,601 - 18,100 16 2 120,001 - 320,000 16 172
18,101 - 21,500 16 A4 320,001 - 450,000 16 200
21,501 - 28,000 16 32 450,001 - 600,000 16 232
28,001 - 37000 16 40 600,001 - 780,000 16 260
37,001 - 46,000 16 52 780,001 - 970,000 16 292

03A3 The owner of a non-community water supply system shall take
samples for total coliforms according to a frequency as follows:

002.03A3a A hon-community water supply system using only
ground water (except ground water under the direct influence of
surface water) and serving 1,000 persons or fewer must sample
calendar quarter that the system provides water to the

002.03A3b A hon-community water supply system using only
ground water (except ground water under the direct influence of
surface water) and serving more than 1,000 -during any month
must sample at the same frequency as a like-sized communi
water system, as specified in 002.03A2. :
002.03A3¢c The owner of a non-community water supply system
usingsm'facewnter,intotalorinpart, must sampie at the same
frequency as a like-gized community water system, as specified in
002.03A2, regardless of the number of persons it serves.

002.03A3d The owner of a hon-community water supply system
using ground water under the direct influence of surface water,
as defined in 001.01W must sample at the same frequency as a
like-sized community water supply system, as specified in
002.03A2. The owner must samplie at this frequency beginning
six months after the Director determines that the ground water
is under the direct influence of surface water.
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002.08A4 The owner of a public water supply system must collect

. samples at regular time intervals throughout the month.

002.03A5 The owner of a public water supply system that uses surface

each day the turbidity level of the source water, measured as specified in
002.04H2b exceeds 1 NTU. The owner must collect this coliform sample
within 24 hours of the first exceedance. Sample resuilts from this coliform
monitoring must be included in determining campliance with the MCL for
total coliforms in 002.02D.

002.03A8 Special purpose samples, such as those taken to determine
whether disinfection practices are sufficient following pipe placement,
replacement, or repair, shall not be used to determine compliance with

002.03A7 Repeat monitoring.

002.03A7a If a routine sample is total coliform-positive, the
owner of the public water supply system must éollect a set of
repeatqampleswithin%homofbeingnoﬁﬁedoftheposiﬁve
result. A system which is required to collect more than one
routinesamplepermonthahallhavenofewgrthanthreerepeat
samples collected for each total coliform-positive sample found.
Asystemwhichisrequiredtoeollectonermxﬁnemmpleper

‘ monthorfewershallhnvenofewerthanfomrepeatsampla
collected for each total colifarm-positive sample found. The
Directormayextendthe%homlimitonacase-by—msehasisif
the owner has a logistical problem in collecting the repeat
mmpluwithm%homthatisbeyonditseontroL In the case of
an extension, the Director must specify how much time the owner
has to collect the repeat samples. '

002.03A7b The system owner must collect at least one repeat
sample from the sampling tap where the original total coliform-
positiveaamplewastaken,andatleastonerepeataampleata
tap within five service connections upstream and at least one
repeat sample at a tap within five service connections
downstream of the original sampling site. The fourth repeat
sample, if required by 002.08A7, must be collected within five
serviceeonnectionsupstreamordownsmmoftheoriginal-
sampling site. If a total coliform-positive sample is at the end of
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the distribution system, or one away from the end of the
distribution system, the Director may waive the requirement to
co-ct at least one repeat sample upstream or downstream of the
or: mal sampling site.

002.08A7¢ The owner shall collect all repeat samples on the same
day, except that an owner of a system with a single service

‘connection shall collect the required set of repeat samples over a

four-day period. ‘

002.03A7d If one or more repeat samples in the set is total
coliform-positive, the owner of the public water supply system
must collect an additional set of repeat samples in the manner
specified in 002.03A7a-c. The owner must repeat this process
until either total coliforms are not detected in one complete set
of repeat samples or the MCL for total coliforms in 002.02D has
been exceeded and the Director determines that no additional
repeat samples are required.

002.03A7e If a system which is required to collect fewer than
five routine samples per month has one or more total coliform-
positive samples and the Director does not invalidate the i
sample(s) under 002.03A8, the owner must collect at least five
routine samples during the next month the system provides
watertothepublic,meptthattheDirectormaywajvethis
requirement if the conditions of 002.03A7el1-3 are met. The
Director shall not waive the requirement for a system to collect
repeat samples in 002.03A7a-d.

002.03A7e(1) The Director may waive the requirement
to collect five routine samples the next month the system
provideswatertothepubliciftheDirectororanagent
approved by the Directar performs a site visit before the
end of the next month the system provides water to the
public.  Although a sanitary survey need not be
performed, the site visit shall be sufficiently detailed to
allow the Director to determine whether additional
monitoring and/or any corrective action is needed. The
Director shall not approve an employee of the system
owner to perform this site visit, even if the employee is
an agent approved by the Director to perform sanitary
surveys,

002.03A7e(2) The Director may waive the requirement
to collect five routine samples the next month the system
provides water to the public if the Director has
determined why the sample was total coliform-positive
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and established that the owner of the system will correct
the problem before the end of the next month the system
serves water to the public. In this case, the Director
must document this decision to waive the following
month’s additional monitoring requirement in writing,
haveitapprovedandsignedbythesupervisorofthe
Director’s authorized representative who recommends
such a decision, and make this docmnentavailahletpthe
EPA and public. The written documentation must
describe the specific cause of the total coliform-positive -
sample and what action the system has taken and/or will
take to correct this problem. The Director shall not
wnivetherequhementtoeollectﬁvemutinesamplesthe
next month the system provides water to the public
solelyonthegrozmdsthatallrepeaxaamplesaretotal
coliform-negative. If the requirement to collect five
routine samples the next month is waived under this
section,thesystemawnermuststﬂltakeatleastone
additional routine sample before the end of the next
monththesystemserveswatertothepublicanduseit
to determine compliance with the MCL for total coliforms
in 002.02D. : '

002.03A7e(3) The Director shall consider the waiver of
the requirement to collect five routine samples the next
monthon!yuponreceiptofarequestinwritingfromthe
system owner. The waiver shall not be considered until
after the repeat sampies required in 002.03A7a-d have
beeneollectedandtheresultsreportedtotheDirector.
Thewniverahallnotbegrantedifanyoftherepeat
samples are coliform-positive, unless all positive samples
bave been invalidated under 002.03A8, or if a similar
waiverhasbeengrantedwithinthesixmonthsprevious
to the date of the collection of the initial coliform positive
sample,.

002.03A7f Results of all routine and repeat samples not
invalidatedbytheDh'ectormustbeindudedindetermining
compliance with the MCL for total coliforms in 002.02D.

002.03A8 Invalidation of total coliform samples. A total coliform-positive
sample invalidated under this section does not count towards meeting the

inimum monitoring requirements of 002.03A. If a total coliform-positive
sample is invalidated under this section, the system owner must collect
another sample from the same zone as the original sample to meet

monitoring requirements.
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002.03A8a The Director may invalidate a total coliform-positive

sample only if one or more of the conditions of 002.03A8a(1)-
002.03A8a(4) are met.

002.03A8a(1) The laboratory establishes that improper
sample analysis caused the total coliform-positive resuit.

002.03A8a(2) The Director, on the basis of the results of
repeat samples collected as required by 002.03A7a-d
-determines that the total coliform-positive sample
resuited from a domestic or other non-distribution system
plumbing problem. The Director shall not invalidate a
sample on the basis of repeat sample results unless all
repeat sampie(s) collected at the same tap as the original
total coliform-positive sample are also total coliform-
positive, and all repeat samples collected within five
service connections of the original tap are total coliform-
negative (e.g., the Director shall not invalidate a total
coliform-positive sample on the basis of repeat samples if
all the repeat samples are total coliform-negative or if the
Public water system has only one service connection.)

002.03A8a(3) The Director has substantial grounds to
believe that a total coliform-positive result is due to a
circumstance or condition which does not reflect water
qualityint.hedistrihut.ionsystem. In this case, the
system owner must still collect all repeat samples
required under 002.03A7 and use them to determine
compliance with the MCL for total coliforms in 002.02D.
To invalidate a total coliform-positive sample under this
paragraph, the decision with the rationale for the decision
must be documented in writing and approved and signed
by the Director’s authorized representative.  The
Director must make this document available to EPA and
the public. The written documentation must state the
specific cause of the total coliform-positive sample, and
whatacﬁonthesyﬁtemhastakenorwﬂ]taketocorrect
this problem. The Director may not invalidate a total
coliform-positive sample solely on the grounds that all
repeat samples are total coliform-negative.

002.03A8a(4) The Director shall consider invalidation of
a coliform-positive sample under 002.03A8a(3) only upon
rweiptofarequestinwritingfromthe owner of the
Public water supply system from which the coliform-
positive sample was collected. Such sample shall not be
invalidated if any of the repeat samples collected at
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locations other than that of the coliform-positive sample
are coliform-positive. No coliform-positive sample shall be
invalidated if any of the most recent six samples collected
from the system were coliform-positive.

002.03A8b A laboratory must invalidate a total coliform sampie
(unless total coliforms are detected) if the sample produces a
turbid culture in the absence of gas production using an analytical
method where gas formation is examined (e.g., the Multiple-Tube-
Fermentation Technique), produces a turbid culture in the
abseneeofanacidreactioninthePresence-Absence(P-A)
Coliform Test, or exhibits confluent growth or produces colonies
toonumeroustocomtwithanana}ytimlmet.hodsusinga
membrane filter (e.g., Membrane Filter Technique). If a
laboratory invalidates a sample because of such interference, the
System owner must collect another sample from the same location
as the original sample within.24 hours of being notified of the
interference problem, and have it analyzed for the presence of
total coliforms. The system owner must continue to re-sample
within24homandhavethesamplesana.lyzedtmtﬂava1id
resuit is obtained. The Director may waive the 24-hour time limit
on a case-by-case basis. .

002.03A9 Sanitary Surveys.

002.08A9a Public water ‘systems which do not collect five or
more routine samples per month must undergo an initial sanitary
survey by June 29, 1994, for community public water systems and
June 29, 1999, for non-community systems. Thereafter, systems
must undergo another sanitary survey every five years, except

and continue to meet the giting requirements of Section 007,
musttmdergosubsequentsanitarymveyaatleasteveryten
years after the initial sanitary survey,

002.08A9b Sanitary surveys must be performed by the Nebraska
Department of Health personnel or an agent approved by the
Department. The system is responsible for ensuring the survey
takes place.

.03A10 Fecal coliforms/Escherichia coli (E. coli) testing.

002.03A10a If any routine or repeat sample is total coliform-
positive, that total coliform-positive culture medium must be
analyzed to determine if fecal coliforms are present, except that
E. coli may be tested for in lieu of fecal coliforms. If fecal
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coliforms or E. coli are present in samples analyzed by a
laboratory other than the N ebraska Department of Health
Laboratory, the system owner must notify the Director by the
end of the day when the System owner is notified of the test
result, uniess the system owner is notified of the result after the
Director’s office is closed, in which case the system owner must
notify the Director before the end of the next business day.

002.08A10b The Director has the discretion to allow the owner
ofapublicwatersystem,onamse—by-easebasia,toforgofecal
coliform or E. coli testing on a total coliform-positive sample if the
owner assumes that the total coliform-positive sample is fecal-
coliform-positive or E, coli-positive. Accordingly, the owner must
notify the Director as specified in 002.03A10a and the provisions
of 002.02D2 apply.

002.03A11 Response to violation.

002.03A11a A public water system which has exceeded the MCL
for total coliforms in 002.02D must report the violation to the
Stat.enolaterthantheendof_thenextbusinessdayaﬁerit
learns of the violation, and notify the public in accordance with
004.02.

002.08A11b A public water system which has failed to comply
with a coliform monitoring requirement, including the sanitary
survey requirement, must report the monitoring violation to the
State within ten days after the system discovers the violation,
and notify the public in accordance with 004.03.

002.03B Turbidity. Samples shall be taken by owners of community, non-

community and non-transient, non-community surface water supply systems at a

sampling and measurement shall be repeated as soon as practicable and preferably
within one hour. The repeat sample shall be the one used in computing the
monthly average. This section shall apply until June 29, 1993.

002.03C Inorganic Chemicals, Chlorinated hydrocarbons and Chlorophenoxys.

002.03C1 Chlorinated Hydrocarbons, Chlorophenoxys and Inorganic
chemicals other than Nitrate. The owner of a community or non-
transient, non-community public water supply system shall take chemical
sampies at three year intervals whengrmmdwateristheaourceofsupply
and at one year intervals when surface water is the source of supply
except that, regardless of the source of water, the owner shall take
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samples for sodium analyses at one year intervals. Samples shall be
submitted to the State Heaith Department Laboratory in containers
provided by the Laboratory. Owners of systems using approved .
laboratories pursuant to paragraph 002.03H of this Chapter shall report
initial analyses and repeat the analysis and report at one year intervals
whensurfaeewaterisusedasasomeandshallreportinitialanalysis

and repeat the analysis and report at three year intervals when ground
water is used as a source. '

002.03C1a When any maximum contaminant level is exceeded in
apublicwatersupply,theownerofthesupply'shallbe
responsible for collecting, preserving, and transporting samples to
the State Health Department Laboratory in accordance with the
following schedule: three additional samples from the sample
sampling point within one month of notification of the resuit that
exceeded the maximum contaminant level. When the average of
the original and three confirming samples, rounded to the same
number of significant figures as the maximum contaminant level
of the substance in question, demonstrates a value equal to or
below the maximum contaminant level no further sampling is
required until the time interval established in paragraph 002.03C
expires.

002.03C1b When the average of the four samples exceeds the
maximum contaminant level, samples shall be submitted at
quarterly intervals until such. time as a variance, exemption, or
enforcement action takes effect or until compliance is
accomplished.

002.03C1¢ The Director may reduce the sampling frequency for
chlorinated hydrocarbons and chlorophenoxys by systems using
onlygroundwater-assom-eeofsupplyaﬁm-init.ialsampling
demonstrates the absence of the contaminants and when the
results of a sanitary survey indicate remote possibility of future

002.03C2 Nitrate Monitoring. The owner of a public water system shall
take samples for nitrate analysis at yearly intervals. Compliance with the
maximum contaminant level for nitrate shall be determined on the basis
of the mean of two analyses. When a level exceeding the maximum
contaminant level is found, a second analysis shall be initiated within 24
hours, andifthemeanofthetwoanalysesexceedsthemaximum
contaminant level, the supplier of water shall notify the public pursuant
to section 004 of this 2

002.03D Trihalomethanes. Community and non-transient, non-community water
-systems which add a disinfectant (oxidant) to the water in any part of the
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002.03E Volatile Organic Chemicals, Analyses of the contaminants listed in

002.02B4 for purposes of determining compliance with the maximum contaminant
levels shall be conducted as follows:

002.03E2 Surface water systems shall sample at points in the distribution
system representative of each source or at entry points to the distribution
system after any application of treatment. Surface water systems must
sample every three months except as provided in 002.03E8b. Sampling
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002.03E3 1If the system draws water from more than one source and
sources are combined before distribution the system must sample at an

entry point to the distribution system during periods of normal operating
conditions.

002.03E4 All community water supply systems and non-transient, non-
community supply systems serving more than 10,000 people shall analyze
all distribution or entry-point samples, as appropriate, representing all
source waters beginning no later than January 1, 1988. All community
water supply systems and non-transient, non-community water supply
systems serving from 8,300 to 10,000 people shall analyze all distribution
or entry-point samples, as required in this subsection, representing all
source waters beginning no later than January 1, 1989. All other
community and non-transient, non-community water supply systems shail
analyze distribution or entry point samples, as required in the subsection,
representing all source waters beginning no later than January 1, 1991.

002.03E5 The Director may require confirmation samples for positive or
negative results. If a confirmation sample(s) is required by the Director,
than the sample result(s) shail be averaged with the first sampling resuit
and used for compliance determination in accordance with 002.03E9 of
this section. The Director shall have discretion to delete resuits of
obvious sampling errors from this calculation.

002.03E6 Analyses for vinyl chloride is required only for groundwater
systems that have detected one or more of the following two-carbon
organic compounds: Trichloroethylene, tetrachloroethylene, 1,2-
dichloroethane, 1,1,1-trichloroethane, cis-1,2-dichloroethylene,trans-1,2-
dichloroethyiene, or 1,1-dichloroethyiene. The analysis for vinyl chloride
is required at each distribution or entry point at which one or more of the
two-carbon organic compounds were found. If the first analyses does not
detect vinyl chloride, the director may reduce the frequency of vinyl
chloride monitaring to once every three years for that sample location for
other sample locations which are more representative of the same source.

- Surface water systems may be required to analyze for vinyl chloride at

the discretion of the Director.

002.03E7 The Director or individual public water supply systems may
choose to composite up to five samples from one or more public water
systems. Compositing of samples is to be done in the Iaboratory by the
procedures listed below. Samples must be analyzed within fourteen days
of collection. If any organic contaminant listed in 002.02B4 is detected in
the original composite sample, a sample from each source that made up
the composite sample must be reanalyzed individually within fourteen
days of sampling. The sample for reanalyses cannot be the original
sample but can be a duplicate sample. If the duplicates of the original
samples are not available, new samples must be taken from each source
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used in the original composite and analyzed for VOCs. Reanalysis must
be made within fourteen days of the second sample. To composite
samples, the following procedure must be followed:

002.03E7a Compositing samples prior to GC anaiysis.

002.08E7a(1) Add 5 ml or equal larger amounts of each
sample (up to § samples are allowed) to a 25 ml glass
syringe. Special precautions must be made to maintain
zero headspace in the syringe.

002.03E7a(2) The samples must be cooled at 4°Cduring
- this step to minimize volatilization losses.

002.03E7a(3) Mix well and draw out a 5-ml aliquot for
analysis,

002.03E7a(4) Follow sampie introduction, purging and
desorption steps described in the method.

002.03E7a(5) If less than five samples are used for
compositing, a proportionately smaller syringe may be
used.

002.03E7b Compositing samples prior to GC/MS analysis.

002.03E7b(1) Inject 5-mi or equal larger amounts of each
aqueous sample (up to 5 samples are allowed) into a 25-
ml purging device using the sample introduction
technique described in the method.

002.03E7b(2) The total volume of the sample in the
purging devise must be 25 ml.

002.03E7h(8) Purge and desorb as described in the
method.

002.03E8 The Director may reduce the monitoring frequency specified in
002.03E1 and 002.03E2 as explained in this paragraph:

002.03E8a The monitoring frequency for groundwater systems
is as follows:

002.03E8a(1) When VOCs are not detected in the first
sample (or any subsequent samples that may be taken)
and the system is not vulnerable as defined in 002.03E84,
monitoring may be reduced to one sample and must be
repeated every 5 years.
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002.03E8a(2) When VOCs are not detected in the first
sample (or any subsequent sample that may be taken)

and the system is vulnerable as defined in 002.03E84,

002.03E8a(2)(a) Monitoring (ie., one sampie)
must be repeated every 8 years for gystems
greater than 500 connections. :

002.03E8a(2)(b) . Monitoring (ie., one sample)
must be repeated every 5 years for systems with
less than or equal to 500 connections.

002.03E8a(3) If VOCs are detected in the first sample
(or any subsequent sample that may be taken),
regardless of vulnerability, monitoring must be repeated
every 3 months, as required under 002.03E1.

002.03E8b The repeat monitoring frequency for surface water
systems is as follows:

002.03E8b(1) When VOCs are not detected in the first
year of quarterly sampling (or any other subsequent
samplethatmaybetaken)andthesystemisnot
vulnerable as defined in 002.03E8d, monitoring is only
required at the discretion of the Director.

002.03E8h(2) When VOCs are not detected in the first
year of quarterly sampling (or any other subsequent
sample that may be taken) and the system is vulnerabie
as defined in 002.03Ed

002.03E8b(2)(a) Monitoring must be repeated
every three years (for systems greater than 500
connections).

002.03E8b(2)(b) Monitoring must be repeated
every five years (for systems less than or equal
to 500 connections).

002.03E8b(3) When VOCs are detected in the first year
of quarterly sampling (or any subsequent sample that
may be taken) regardless of vulnerability, monitoring

must be repeated every 3 months, as required under
002.03E2. '

002.03E8c The Director may reduce the frequency of monitoring
to once per year for a groundwater system or surface water
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system detecting VOCs at leveis consistently less than the MCL,
for three consecutive years.

002.03E8d Vulnerability of each public water system shall be
determined by the Director based upon an assessment of the

' 002.03E8d(1) Previous monitoring resuits.

002.03F8d(2) Number of persons served by the public
water system.

002.03E8d(3) Proximity of a smaller system to a larger
002.03E84(3)
system. ‘

002.03E8d(4) Proximity to commercial or industrial use,
disposal, or storage of Volatile Synthetic Organic
Chemicals.

002.03E8d(5) Protection of the water source.

002.03E8e A system is deemed to be vulnerable for a period of
three years after any positive measurement of one or more
contaminants listed on 002.02B4 or 002.03K5 except for
trihalomethanes or other demonstrated disinfection by-product.

- 002.03F9 Compliance with 002.02B4 shall be determined based on the
resuits of running annual average of quarterly sampling for each sampling
location. If one location’s average is greater than the MCL, then the
system shall be deemed to be out of compliance. If a public water system
has a distribution system separable from other parts of the distribution
system with no interconnections, only that part of the system that
exceeds any MCL as specified in 002.02B4 will be deemed out of
compliance. The Director may reduce the public notice requirement to
that portion of the system which is out of compliance. If any one sample
resultwouldeausetheannualavemgetobeexceeded,thanthesystem
ahallbedeemedtobemxtofcompliance immediately, For systems that
only take one sample per location because no VOCs were detected,
compliance shall be based on that one sample,

002.03F Radionuclides. The State Health Department will collect and analyze
samples from each community water supply for radioactivity by July 1, 1979, when
smfacewaterisusedasasom-ce,andbyJulyl, 1980, whengrotmdwa_teristhe-

except analysis for beta activity in ground water sources may be less frequent at
the discretion of the Director.
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002.03G Special Monitoring - Radionuclides. The owner of any community or
non-transient, non-community water supply system designated by the Director as
utilizing waters receiving effluents from nuclear facilities shall initiate quarterly
monitoring for gross beta particle and Jodine-131 radioactivity and annual
monitoring for Strontium-90 and Tritium.

002.08G1 Quarterly monitoring for gross beta particle activity shall be
based on the analysis of monthly samples or the analysis of a composite
of three monthly samples. The former is recommended. If the gross beta
particleact.ivityinasampleemeedslSpCiperliter, the same or an
equivalent sample shall be analyzed for Strontium-89 and Cesium-134.
IfthegrossbetapartideacthrityexceedsSOpCiperliter,ananalysisof
the sample must be performed to identify the major radicactive
constituents present and the appropriate organ and total body doses shall

be calculated to determine compliance with subsection 002.02F of these
rules.

002.03G2 For Iodine-131, a composite of five consecutive daily samples
shall be analyzed once each quarter. As ordered by the Director, more
frequent monitoring shall be conducted when Iodine-131 is identified in
the finished water.

002.03G3  Annual monitoring for Strontium-80 and Tritium shall be
conducted by means of the analysis of a composite of four consecutive

quarterly samples or analysis of four quarterly samples. The latter
procedure is recommended.

002.08H Approved Labaratories. The Department of Health shall enter into an
agreement with any laboratory demonstrating a continuing capability to perform
required analyses, to conduct each specific analysis in an acceptable manner, to

icipate in quality control activities, and to comply with all requirements of
these regulations relative to maintaining records and reports.

002.03I Consecutive Systems. When a public water supply system provides water
to one or more other public water supply. systems, the Director may modify the
monitoring imposed by Section 002 to the extent that the inter-connection of the
systems justifies treating them as one system for monitoring purposes.

002.03] Treatment Techniques. Treatment techniques and processes for
removing or reducing the levels of any of the contaminants listed in section 002
shall be approved by the Director prior to application and shall conform with
tested and proven engineering practices. The Director shall include recommended
criteria for acceptance of such techniques and processes in the "Standards for
Water System Design" herein incorporated by reference as Attachment 1, required
by section 007 of these rules.

002.03K Special Monitoring for Organic Chemicals.
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002.03K1 All community and non-
systems shall monitor for the ¢
section by the date specified in

transient, non-comxﬁunity water supply
ontaminants listed in 002.03K5 in this
Table 1.

TABLE 1

Number of Persons served

Monitoring to begin
no later than:

Over 10,000
3,300 to 10,000

January 1, 1988
January 1, 1989

Less than 3,300 January 1, 1991

002.03K3 Groundwater systems shall sample at points of entry to the
distribution system representative of each well after any application of
treatment. The minimum number of samples is one sample per entry

point to the distribution system. The sampling frequency shall be
specified in 002.03E.

002.03K5 Community water supply systems and non-transient, non-
community water supply systems shall monitor for the following
contaminants except as provided in 002.03K6.

002.08K5a Chloroform

002.03K5b Bromodichloromethane
002.03K5¢ Chlorodibromomethane_
002.03K5d Bromoform

002.08K5e trans-1,2,-Dichloroethylene
002.03K5f Chlorobenzene

002.03K5¢g m-Dichlorobenzene
002.03K5h Dichloromethane

002.03K5i cis-2,8-Dichloroethyiene
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002.03K5] o-Dichlorobenzene
002.03K5k Dibroﬁmmet.hane

002.03K51 1,1-Dichloropropene

002.03K5m Tetrachloroethylene

002.03K5n Toluene
002.08K50 p-Xylene
002.03K5p o-Xylene
002.03K5q m-Xylene
002.03K5r 1,1-Dichloroethane

002.03K5s 1,2-Dichlomprop§ne
002.08K5t 1,1,2 2-Tetrachloroethane
002.08K5u Ethylbenzene
002.03K5v 1,8-Dichioropropane
002.03K5w Styrene

002.03K5x Chloromethane
002.03K$x Bromomethane
002.63K52 1,2,8-Trichloropropane
002.03K5aa 1,1,1,2-Tetrachloroethane
002.03K5bb Chloroethane
002.08K5cc  1,1,2-Trichloroethane
002.03K5dd 2,2-Dichloropropane

002.03K5ee o-Chlorotoluene

002.08K5ff p-Chlorotoluene

002.03K5¢pr Bromobenzene
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002.03K5hh 1,3-Dichloropropene

002.03K5ii Ethylene dibromide (EDB)

002.03KS5ij 1,2-Dibromo-3-chloropropane (DBCP)

002.03K6 Community water supply systems and non-transient, non-
community water supply systems must monitor for EDB and DBCP only
if the Director determines they are vulnerable to contamination by either
or both of these substances. For the purpose of this section, a vulnerable

for groundwater systems in areas where the compounds are applied,
manufactured, stored, disposed of or shipped in the groundwater recharge
basin or groundwater systems that are in proximity to underground
storage tanks that contain leaded gasoline,

002.03K7 Public water supply systems may use monitoring data collected
any time after January 1, 1983, to meet the requirements for unregulated
monitoring, provided that the monitoring program was consistent with the’
requirements of this section.

002.03K8 Instead of performing the monitoring required by this section,
a community water supply system or non-transient, non-community water
supply system serving fewer than 150 service connections may send a
letter to the Director stating that its system is available for sampling.
Thjslettermustbesentt.otheDirecwrnolaterthanJanuary 1, 1991.
The system shall not send such samples to the Director, unless requested
to do so by the Director.

002.03K9 All community and non-transient, non-community water supply
systems shall repeat the monitoring required in 002.03K no less
frequently than every five years from the dates specified in 002.03K1.

requirements in lieu of maximum contaminant levels for the following contaminants:
Giardia lamblia, viruses, heterotrophic pilate count bacteria, legionella, and turbidity.

002.04A EachpublicwaterSUpplysynemwithasmfacewatersourceora
ground water source under the direct influence of surface water must include
treatment of that source water that complies with these treatment technique
requirements. The treatment technique requirements consist of installing and
properly operating water treatment processes which reliably achieve:

002.04A1 At least 99.9 percent (3-log) removal and/or inactivation of
Giardia lamblia cysts between a point where the raw water is not subject
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to recontamination by surface water runoff and a point downstream
before or at the first customer, and

002.04A2 At least 99.99 percent (4-log) removal and/or inactivation of
viruses between a point where the raw water is not subject to
recontamination by surface water runoff and a point downstream before
or at the first customer.

002.04B Each groundwater source providing water to a public system shall be
examined to determine whether or not it is under the direct influence of surface
water. The examination shall be performed in accordance with the protocol
described in Attachment 3 to this rule.

002.04B1 Each groundwater source for a community water supply system
shall have been examined no later than June 19, 1994.

002.04B2 Each groundwater source for a non-community system shalil
have been examined by June 19, 1999.

002.04B3 If the Director determines that a ground water source is under
thedirectinﬂuenceofsurfacewater, s/heshallsoindicat.einwritingto
the owner or the public water supply system.

002.04C A public water supply system using a surface water as a source must
include filtration which meets the requirements of 002.04G.

002.04D A public water supply system using a ground water source under the
directinﬂuenceofsm'ﬂacewateriseonsideredtobemcompliancewiththe
requirements of 002.04 if: ' :

002.04D1 It meets the requirements for avoiding filtration in 002.04E
and the disinfection requirements in 002.04F1; or

002.04D2 It meets the filtration requirements in 002.04G and the
isinfection requirements in 002.04F2.

of the conditions of 002.04E1 and 002.04E2 and is subject to 002.04E3 beginning
18 months after the Director determines that it is under the direct influence of
surface water, or December 80, 1991, whichever is later. Within 18 months of the
failure of a system using a groundwater source under the direct influence. of
surface water to meet any one of the requirements of 002.04E1 through 002.04E6
the system owner must have installed filtration and meet the criteria for filtered
systems specified in 002.04G.

002.04F1 Source water quality conditions.
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002.04F1a The fecal coliform concentration must be equal to or
less than 20 per 100 ml or the total coliform concentration must
be equal to or less than 100 per 100 ml (measured by the
Nebraska Department of Health Laboratory or an approved
laboratory pursuant to 002.03H) in representative samples of the
source water immediately prior to the first or only point of

isinfection application in at least 90 percent of the
measurements made for the 6 previous months that the system
servedwatertot.hepubliconanongoingbasis. If a system
measures both fecal and total coliforms, the fecal coliform
criterion, but not the total coliform criterion, in this paragraph
must be met.

002.04E1b The turbidity level cannot exceed § NTU (measured
as specified in 002.04H1la and 002.04H2b) in representative
samples of the source water immediately prior to the first or only
point of disinfectant application unless:

002.04E1b(1) The Director determines that any such
event was caused by circumstances that were unusual
and unpredictable; and

002.04E1b(2) As a result of any such event, there have
notbeenmoret.hantwoeventsinthepastmmonths
thesystemservedwawrtothepublic,ormorethanﬁve
events in the past 120 months the system served water
to the public, in which the turbidity level exceeded 5

- An "event" is a series of consecutive days during
which at least one turbidity measurement each day
exceeds 5 NTU.

002.04E2 Site-specific conditions,

002.04E2a The public water supply system must meet the
requirements of 002.04F1a at least 11 of the 12 previous months
thatthesystemServedwatertothepubliconanongoingbasis,
unless thesystemfailswmeetthereqmrementsdm-ing2 of the
12 previous months that the system served water to the public
and the Director determines that at least one of these failures
was caused by circumstances that were unusual and

002.04E2b The public water supply system must meet the

requirements of 002.04F1b at all times the system serves water
to the public,

002.04E2¢ The public water supply system must meet the
requirements of 002.04F1c at all times the system serves water
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002.04E2d The public water supply system must meet the
requirements of 002.04F1d on an ongoing basis unless the
Director determines that failure to meet these requirements was
not caused by a deficiency in treatment of the source water.

002.04F2e The public water supply system owner must develop
and implement a wellhead protection program sufficient to
exclude potential sources of microbiological contamination within
a one year time-of-travel from the well or well field. A wellhead
protection program shall consist of the following:

002.04E2e(1) A wellthead protection area delineation.
The area delineated shall be based on a one year time-of-
travel and shall be determined by the following formuia:

T = 8.14nhL’ divided by Q
where T = Time-of-Travel (days)

L =  Distance from the well (feet)

n = Effective porosity (assumed to be 0.2
unless supporting evidence indicates
otherwise.

b = Aquifer thickness (feet)

Q = Pumping rate (cubic feet per day)

002.04F%(?) Identification of all sources of microbiological
contamination within the delineated area

002.04E2e(8) Management of all sources identified in
002.04E2e(2) to prevent contamination from the sources.

002.04E3 The public water supply must be subject to an annual on-site

.

Inspection to assess the wellhead protection program specified in
002.04E2e and the disinfection treatment process. Either the Director or

-a party approved by the Director must conduct the on-site inspection.
Th

e inspection must be conducted by competent individuals such as
sanitaryandcivilengineers,mnitm-ians,ortechnidanswhohave
experience and knowledge about the operation and maintenance of a
public water system, and who have a sound understanding of public
health principles and waterborne diseases. A report of the on-site
inspection must be prepared every year and indicate to the Director’s
satisfaction that the disinfection treatment process is adequately designed
and maintained. The on-site inspection must include: :
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002.04E3a A review of the effectiveness of the wellhead
protection program required by 002.04E2e.

002.04E3b A review of the physical condition of the well and the
extent of protection provided;

002.04FESc A review of the system’s equipment maintenance
‘program to ensure there is low probability for failure of the
disinfection process;

002.04E3d An inspection of the disinfection equipment for
physical deterioration;

002.04E3e A review of operating procedures;

002.04E3f A review of data records to ensure that all required
tests are being conducted and recorded and disinfection is
effectively practiced: and

002.04FE3g Identification of any improvements which are needed

in the equipment, system maintenance and operation or data
collection. )

002.04F4 The public water system must not have been identified as a
source of a waterborne disease outbreak, or if it has been so identified,
the system must have been modified sufficiently to prevent another such
occurrence, as determined by the Director.

002.04E5 The public water supply system must comply with the
maximum contaminant levej (MCL), for total coliforms in 002.02D at least
11 months of the 12 previous months that the system served water to the
public, on an ongoing basis, unless the Director determines that failure to
meet this requirement was not caused by a deficiency in treatment of the
source water.

002.04E6 The public water supply system must comply with the
requirements for trihalomethanes in 002.02B3 and 002.03D.

002.04E7 A system that fails to meet any one of the criteria in 002.04E1-
002.04E6 and/or for which filtration is required, and fails to install
filtration by the date specified in the introductory paragraph of this
subsection is in violation of a treatment technique requirement.

002.04E8 A system that has not installed filtration s in violation of &

treatment technique requirement if:

002.04E8a The turbidity level (measured as specified in
002.04H1a) in a representative sample of the source water
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immediately prior to the first or only point of disinfection
application exceeds 5 NTU; or

002.04E8b The system is identified as a source of a waterborne
disease outbreak.

002.04F Disinfection. A public water supply system that uses a ground water
source under the direct influence of surface water and does not provide filtration
treatment must provide disinfection treatment specified in 002.04F1 beginning
December 80, 1991, or 18 months after the Director determines that the ground
watersomceismderthedh'ectinﬂueneeofswfaeewater,whinheverishter.

filtration is installed. Asystemthatusesasmfacewat.ersourceandprovides
filtration treatment must provide the disinfection treatment specified in 002.04F2
of this section beginning June 29, 1998, or beginning when filtration is installed,

disinfection treatment as specified in 002.04F2 of this section by June 29, 1993
or beginning when filtration is installed, whichever is later. Failure to meet any
requirement of this sectionaﬁ.ertheapplicabledatespeciﬁedinthisintroducwry
paragraph is a treatment technique violation.

002.04F1 Disinfection requirements for public water systems that do not
provide filtration. Each public water supply system that uses a ground
water source under the direct influence of surface water and does not

provide filtration treatment must provide disinfection treatment as
follows:

002.04Fla The disinfection treatment must be sufficient to
ensure at least 99.9 percent (3-log) inactivation of Giardia lamblia
cysts and 89.99 percent (4-log) inactivation of viruses, every day
thesystemserveawatertothepublic, except any one day each
month. Eachdayasystemserveswatertothepublic. the public
water system must calculate the CT value(s) from the system’s
treatment parameters, using the procedure specified in
002.04H2d and determine whether this value(s) is sufficient to
achieve the specified inactivation rates for Giardia lamblia cysts
and viruses. If a system uses a disinfectant other than chlorine,
the system owner may demonstrate to the Director that CT(99.9)
values other than those specified in Tables 2.1 and 31 in
002.04H2c or other operational parameters are adequate to
demonstrate that the system is achieving minimum inactivation
rates required by this section.

002.04F1b The disinfection system must have either redundant
components, including an auxiliary power supply with automatic
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start-up and alarm to ensure that disinfectant application is
maintained continuously while water is being delivered to the
distribution system, or automatic shut-off of delivery of water to
the distribution system whenever there is less than 0.2 mg per
liter of residual disinfectant concentration in the water. If the

. Director determines that automatic shut-off would cause

unreasonable risk to heaith or interference with fire protection,

the system must have the above redundant components.

002.04F1c The residual disinfectant concentration in the water
enteﬁngthedistributionsystem,measuredasspedﬁedin
002.04H1b and 002.04H2e cannot be less than 0.2 mg per liter for
more than 4 hours. :

002.04F1d Residual disinfectant concentration

002.04F1d(1) The residual disinfectant concentration in
the distribution system, measured as total chiorine,
combined chlorine, or chiorine dioxide as specified in
002.04H1b and 002.04H2f shall not be undetectable in
more than 5 percent of the samples each month for any
twoeonseanivemonthsthaxthesystemserveswaterto
the public. Watm'inthedistributionsystemwit.ha
heterotrophicbacta-iaconcentrationlessthanorequalto
500 per ml, measured as heterotrophic plate count (HPC)
by the Nebraska Department of Health Laboratoryoran .
approved laboratory is deemed to have a detectable’
disinfectant residual for purposes of determining
compliance with this requirement. Thus, the value "V in
the following formula cannot exceed 5 percent in one
month for any two consecutive months.
ct+d+ e
V= a+b  x100

Where:

8 = number of instances where the residual
disinfectant concentration is measured.

b = pumber of instances where the residual
disinfectant concentration is not measured, but
heterotrophic bacteria plate count (HPC) is
mesasured; :

¢ = number of instances where the residual

disinfectant concentration is measured but not
detected and no HPC is measured;
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d = number of instances where the residual
disinfectant concentration is measured but not
detected and where the HPC is greater than 500
mi;

€ = number of instances where the residual
disinfectant concentration is not measured and
H:PCisgreaterthanSOOperml;and

V = percent of samples with undetectable
residual disinfectant concentration.

002.04F1d(2) If the Director determines, based on site-
specific considerations, that a gystem does not have the
means for having a sample transported and anatyzed for
heterotropic plate count (HPC) by the State Health
Department Laboratory or an approved laboratory under
the requisite time and temperature conditions required
ofthelaboratoryandthaxthesystemisproviding
adequate disinfection in the distribution system, the
requirements of 002.04F1d(1) do not apply to that
system.

002.04F2 Disinfection requirements for public water systems which
provide filtration. Each pubic water syster: that provides filtration
treatment must provide disinfection treatment as follows:

002.04F2a The disinfection treatment must be sufficient to
ensurethatthetotaltreatmentprocessesofthatsystemachieve
at least 86.9 percent (3-log) inactivation and/or removal of Giardia
lamblia cysts and at least 99.99 percent (4-log) inactivation and/or
removal of viruses, as determined by the Director.

002.04F2b The residual disinfectant concentration in the water
entering the distribution system, measured as specified in
002.04H1b and 002.04HSb cannot be less than 0.2 mg per liter
for more than 4 hours. '

002.04F2¢ The residual disinfectant concentration in the
distribution system, measured as total chlorine, combined
chlorine, or chlorine dioxide, as specified in 002.04H1b and
002.04H3b shall not be undetectable in more than § percent of
the samples each month, for any two consecutive months that the
System serves water to the public. Water in the distribution
system with a heterotrophic bacteria concentration less than or
equal to 500 per ml, measured as heterotrophic plate count
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(HPC) as specified in 002.04H1 is deemed to have a detectable
disinfectant residual for purposes of determining compliance with
this requirement. Thus, the vaiue "V in the following formula
cannot exceed 5 percent in one month, for any two consecutive

months.
c+d+ e
.V = a+b x 100
Where:

& = number of instances where the residual disinfectant
concentration is measured;

b = number of instances where the residual disinfectant
concentration is not measured but heterotrophic bacteria
Plate count (HPC) is measured;

¢ = number of instances where the residual disinfectant
concentration is measured but not detected and no HPC
is measured;

d = number of iﬁstances'where no residual disinfectant
concentration is detected and where the HPC is greater
than 500 per ml;

e = number of instances where the residual disinfectant
eoneentrat.ionisnotmeasuredandHPCisgreaterthan
500 per mi; and

V = percent of samples with undetectable residual
disinfectant concentration.

If the Director determines, based on site-specific
considerations, that a system has no means for having a
sample transported and analyzed for HPC by the State
Health Department Laboratory or an approved
laboratory under the requisite time and temperature
conditions required of the laboratory and that the system
is providing adequate disinfection in the distribution
gystem, the requirements of 002.04F2¢ do not apply.

filtration treatment which complies with the requirements of 002.04G1-002.04G4
by June 29, 1993. Apublicwatersystemthatusesagrolmd source which is
under the direct influence of surface water and does not meet all the criteria in
002.04E for avoiding filtration, must Provide treatment consisting of both
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, disinfection, as specified in 002.04F2 and filtration which complies with the

requirements of 002.04G1-002.04G4 within 18 months of the failure to meet any
one of the criteria for avoiding filtration in 002.04E. Failure to meet any .
requirement of this section after the date specified in this introductory paragraph
is a treatment technique violation.

002.04G1 Conventional filtration treatment or direct filtration.

002.04G1a For systems using conventional filtration or direct
filtration, the turbidity level of representative samples of a
system'’s filtered water must be less than or equal to 0.5 NTU in
at least 95 percent of the measurements taken each month,
measured as specified in 002.04H1a and 002.04H3a,, except that
if the Director determines that the system is capable of achieving
at least 99.9 percent removal and/or inactivation of Giardia
lamblia cysts at some turbidity level higher than 0.5 NTU in at
least 95 percent of the measurements taken each month, the

i r may substitute this higher turbidity limit for that
system. However,-innomsemaythe Director approve a
turbiditylimitthataﬂowsmorethanlNTUinmorethan5
percent of the samples taken each month, measured as specified
in 002.04H1a and 002.04H3a. :

002.04G1b The turbidity level of representative samples of a
system’sﬁlteredwatermustatnotimemeed5NTU, measured
as specified in 002.04H1a and 002.04H3a

002.04G2 Slow sand fltration

002.04G2a For systems using slow sand filtration, the turbidity
level of representative samples of a system’s filtered water must
bele'ssthanorequaltolNTUinat.leastQBpercentof’the
meamrement.stakeneachmonth,measuredasspedﬁedin
002.04H1a and 002.04H3a, except that if the Director determines
there is no significant interference with disinfection at a higher
turbidity level, the Director may substitute this higher turbidity
limit for that system.

002.04G2b The turbidity level of representative sample of a
system’s filtered water must at no time exceed 5 NTU, measured
as specified in 002.04H1a and 002.04H3a.

002.04G3 Diatomaceous earth filtration. »
002.04G3a For systems using diatomaceous earth filtration, the

turbidity level of representative samples of system’s filtered-
watermustbelessthanorequaltolNTUinatleast95pereent
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of the measurements taken each month, measured as specified in
002.04H1a and 002.04H3a

002.04G3b The turbidity level of representative samples of a
system’s filtered water must at no time exceed 5§ NTU, measured
as specified in 002.04H1a 002.04H3a.

002.04G4 Other filtration technologies. A public water system may use
a filtration technology not listed in 002.04G1 - 002.04G3 if it demonstrates
totheDirectorusingpﬂotplantstudiesorothermeans,thatthe
alternative filtration technology, in combination with disinfection
treatment that meets the irements of 002.04F2, consistently achieves
99.9 percent removal and/or inactivation of Giardia lamblia cysts and
99.99percentremovaland/orinactivatioﬁofviruses. For a system that
makes this demonstration, the requirements of 002.04G2 apply.

002.04H Analytical and monitoring requirements.

002.04H1 Analytical requirements. Only the anaiytical method(s)
speciﬁedinthissubpartahallbeusedtodemonstraxeeompliancewiththe
requirements of 002.04E, 002.04F and 002.04G. Measurements for pH,
temperature, turbidity, and residual disinfectant concentrations shall be
conducted by an operator with a certification of competency issued by the

002.04Hla Turbidity shall be measured using Method 214A
(Nephelometric Method — Nephelometric Turbidity Units), PP-
134-136, as set forth in Standard Methods for the Examination
of Water and Wastewnter 1985, American Public Health
Association et al, 16th edition a copy of which is attached in
Attachment 6 and incorporated by this reference.

002.04H1b Residual disinfectant concentrations for free chlorine
and combined chlorine (chloramines) shall be measured by
Method 408C (Amperometric Titration Method), pp. 303-306,
Method 408D (DPD Ferrus Titrimetric Method), pp. 306-309,
Method 408E (DPD Colorimetric Method), pp. 309-310, or
Method 408F (Leuco Crystal Violet Method), pp. 310-313, as set
forth in Standard Methods for the Examination of Water and
Wastewater, 1985, American Public Health Association et al,
16th edition which are incorporated by this reference and are
attached in Attachment 6. Residual disinfectant concentrations
for free chlorine and combined chlorine may also be measured by
using DPD colorimetric test kits. Residual disinfectant
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concentrations for ozone shall be measured by the Indigo Method
as set forth in Standard Methods for the Examination of Water
and Wastewater, 19089, American Pubic Health Association et al,
17th edition, whinhisineorporatedbythisreferenceandis
atmchedinAttachmentBandimorporatedbythisreferenceor
by automated methods which are calibrated in reference to the
results obtained by the Indigo Method on ‘a regular basis.

410C (DPD Method), pp. 322-324, as set forth in Standard
Methods for the Examination of Water and Wastewnter, 1985
American Public Health Association et al, 16th edition a copy of
which is attached in Attachment 6 and incorporated by this
reference,

002.04Hlc Temperature shall be measured by Method 212
(Temperature), pp. 126-127, as set forth in Standard Methods for
the examination of Water and Wastewater, 1985, American Public
Health Association et al, 16th edition which is attached in
Attachment 6 incorporated by this reference; and

002.04H1d pH shall be measured by Method 423 (pH Value) Pp-
429437, as set forth in Standard Methods for the Examination
of Water and Wastewater, 1985, American Public Health
Association et al., 16th edition a copy of which is attached in
Attachment 6 and incorporated by this reference.

002.04H2 Monitoring requirements for systems that do not provide
filtration. A public water supply system that uses a ground water source
underthedirectinﬂuenceofsurfacewnteranddoesnotprovideﬁl&aﬁon
treatment must begin monitoring as specified in this subpart beginning
December 81,.1990, or 6 months after the Director determines that the
ground water source is under the direct influence of surface water,
whichever is later, lmlessﬁltrationisreqmred,mwhichmetheDirector
may specify alternative monitoring requirements, as appropriate, until
filtration is in place. '

002.04H2a Fecal coliform or total coliform density measurements
as required by 002.04E1a must be performed on representative
source water samples immediately prior to the first or only point
of disinfectant application. The owner of the system must sample
for fecal or total coliforms at the following minimum frequency
eachweekthesystemserveewatertothepublic: ’
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System size (persons served) Samples per week!

500 or less

1
501 to 3,300 2
3,301 to 10,000 3
10,001 to 25,000 4
Over 25,000 b
' Must be taken on separate days

Also, one fecal or total coliform density measurement must be
madeeverydaythesystemserveswatertothepubﬁcandthe
turbidity of the source water exceeds 1 NTU (these samples
count toward the weekly coliform sampling requirement) unless
the Director determines that the system, for logistical reasons

outside the system’s control, cannot have the sample analyzed
within 30 hours of collection.

002.04H2b Turbidity measurements as required by 002.04E1b
must be performed on representative grab samples of source
water immediately prior to the first or only point of disinfectant
application every four hours (or more frequently) that the system
serves water to the public. A public water supply system owner
may substitute continous tur idity monitoring for grab sample
monitoring if it validates the continuous measurement for
accuracy on a regular basis,

002.04H2c The total inactivation ratio for each day that the
system is in operation must be determined based on the CT(99.9)
values in Tables 1.1-1.6, 2.1 and 3.1 of this section. The
parameters necessary to determine the total inactivation ratio
must be monitored as follows: :

002.04H2¢(1) The temperature of the disinfected water
mustbemeasmedatleastonceperdayateachresidual
disinfectant concentration sampling point.

002.04H2c(2) If the system uses chlorine, the pH of the
disinfectedwatermustbemeasmdatleastonceperday
at each chilorine residual disinfectant concentration
sampling point.

002.04H2¢(3) The disinfectant contact time(s) ("T") must
be actermined for each day during peak hourly flow.
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002.04H2c(4) The residual disinfectant concentration(s)
("C") of the water before or at the first customer must be

‘measured each day during peak hourly flow.

002.04H2c(5) If a system uses a disinfectant other than
chlorine, the system may demonstrate to the Director
that CT(99.9) vaiues other than those specified in Tables
21 and 3.1 in this section or other operationai
parameters are adequate to demonstrate that the system
isachievingtheminimmninactivationratesrequiredby
002.04F1. :
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TABLE 1.1

CT VALUES [CT(99.9)) FOR 99.9 PERCENT INACTIVATION OF GIARDIA LAMBLIA CYSTS
BY FREE CHLORINE AT 0.5 °C OR LOWERS®.

Residual <6.0 6.5 7.0 7.§H 8.0 8.5 9.0
(mg/l) ‘

<0.4 187 168 195 237 277 329 390
0.6 141 168 200 239 286 342 407
0.8 145 172 205 246 295 . 854 422
1.0 148 176 210 253 304 365 437
12 152 180 215 259 313 376 451
14 155 184 21 . 26 s21 387 464
1.6 157 189 226 273 329 397 477
18 162 193 231 279 338 407 489
2.0 165 197 236 286 346 417 500
2.2 169 201 242 297 353 426 511
24 172 205 247 298 361 435 522
2.6 175 209 252 304 368 444 533
2.8 178 213 257 © 810 375 452 543
3.0 181 217 261 316 382 460 552

* These CT values achieve greater than a 99.99 percent inactivation of viruses. CT values
between the indicated PH values may be determined by linear interpolation. CT values between
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TABLE 1.2

CT VALUES [CT(99.9)] FOR 99.9 PERCENT INACTIVATION OF GIARDIA LAMBLIA CYSTS
BY FREE CHLORINE AT 5.0 ° C*.

Residual 6.0 6.5 7.0 7.5DH 8.0 8.5 <9.0
(mg/l)

0.4 97 117 139 166 198 236 279
0.6 100 120 148 1711 204 244 201
0.8 103 122 146 . 175 210 252 301
1.0 105 125 149 179 216 260 312
1.2 107 127 162 183 201 267 820
14 109 130 155 187 227 274 329
1.6 111 182 158 192 232 281 337
1.8 114 185 162 196 238 287 345
2.0 116 188 165 200 243 204 853
22 118 140 169 204 248 300 361
24 120 143 172 209 . 253 306 368
26 122 146 175 218 258 812 875
2.8 124 148 178 217 263 318 382
3.0 126 151 182 221 268 824 389

the indicated temperatures of different tables may be determined by linear interpolation. If no
interpolation is used, use the CT(99.9) value at the lower temperature and at the higher pH.
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TABLE 1.3

CT VALUES (CT(99.9)] FOR 99.9 PERCENT INACTIVATION OF GIARDIA LAMBLIA CYSTS
BY FREE CHLORINE AT 10.0° C*.

Residual 6.0 65 70 7; L 8.0 8.5 9.0
(mg/l)
0.4 73 88 104 125 149 177 209
0.6 75 90 107 128 153 183 218
0.8 . 78 92 110 181 158 189 226
10 79 04 112 134 162 195 234
12 80 95 114 137 166 200 240
14 82 98 116 140 170 206 247
16 83 99 119 144 174 211 253
1.8 86 101 122 147 179 215 259
2.0 87 104 124 150 182 221 265
22 89 105 127 168 186 225 271
24 90 107 129 157 180 230 276
2.6 92 110 131 160 194 234 281
2.8 93 111 134 163 197 239 287
3.0 95 113 137 166 201 243 292

L

These CT values achieve greater than a 99.99 percent inactivation of viruses. CT values
between the indicated pH values may be determined by linear interpolation. CT values between
the indicated temperatures of different tables may be determined by linear interpolation. If no
interpolation is used, use the CT(89.9) value at the lower temperature and at the higher pH.
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TABLE 1.4

CT VALUES [CT(99.9)] FOR 99.9 PERCENT INACTIVATION OF GIARDIA LAMBLIA CYSTS
BY FREE CHLORINE AT 15.0° C*.

' Resmdual 6.0 6.5 7.0 7.§H 8.0 8.5 9.0
(mg/1) 3
<0.4 49 59 70 83 29 118 140
0.6 50 60 72 86 o102 122 146
0.8 52 61 73 88 105 126 151
1.0 - 58 63 75 90 108 130 156
1.2 54 64 76 92 111 © 134 160
14 55 65 78 94 114 187 165
1.6 56 66 79 96 16 141 169
1.8 57 68 81 08 119 144 173
2.0 58 69 83 100 122 147 177
2.2 59 70 85 102 124 150 181
2.4 60 72 86 105 127 153 184
2.6 61 78 88 107 129 156 188
2.8 62 74 89 109 132 159 191
3.0 63 76 91 - 11 o184 162 195

‘TheseCI‘valuesachievegreaterthanaQQ.QQ percent inactivation of viruses. CT values
between the indicated pH values may be determined by linear interpolation. CT values between
the indicated temperatures of different tables may be determined by linear interpolation. If no
interpolation is used, use the CT(99.9) value at the lower temperature and at the higher pH.
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TABLE 1.5

CT VALUES (CT(99.9)] FOR 99.9 PERCENT INACTIVATION OF GIARDIA LAMBLIA CYSTS
BY FREE CHLORINE AT 20.0° C*.

pH

Residual 6.0 6.5 7.0 7.5 8.0 8.5 <9.0
(mg/) .

<0.4 36 44 52 62 74 89 105
0.6 88 45 54 64 il 92 109
0.8 89 48 55 66 79 95 -113
1.0 39 47 56 67 81 98 117
12 40 48 57 69 83 100 120
1.4 41 49 58 70 85 103 123
1.6 42 50 59 72 87 105 126
1.8 43 51 61 74 89 108 129
2.0 44 52 62 75 91 110 132
2.2 44 53 63 77 93 118 185
2.4 45 54 65 78 95 115 138
26 46 55 86 80 97 117 141
2.8 47 56 67 81 99 119 143
3.0 47 57 68 83 101 122 146

the indicated temperatures of different tables may be determined by linear interpolation. If no
interpolation is used, use the CT(99.9) value at the lower temperature and at the higher pH.
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TABLE 1.6

CT VALUES [CT(99.9)] FOR 9.9 PERCENT INACTIVATION OF GIARDIA LAMBLIA CYSTS
BY FREE CHLORINE AT 25°C AND HIGHER®.

Residual 6.0 6.6 7.0 T 8.0 8.5 9.0
(mg)

<0.4 24 29 35 42 50 59 70
0.6 25 0 36 43 51 61 73
0.8 26 81 87 4“4 53 63 75
1.0 26 81 37 45 54 85 78
12 27 32 38 46 55 67 80
14 27 - 33 39 47 57 69 82
16 28 33 40 48 58 70 84
18 29 34 41 49 .60 72 86
2.0 29 85 41 50 61 74 88
22 30 35 42 51 62 75 90
2.4 30 36 43 52 63 77 82
2.6 81 37 4“4 53 85 78 94
2.8 31 87 45 54 66 80 96
3.0 32 38 46 55 67 81 97
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TABLE 2.1

CT VALU" 3 [CT(99.9)] FOR 99.9 PERCENT INACTIVATION OF GIARDIA LAMBLIA CYSTS
BY CHLC _iINE DIOXIDE AND OZONE?®.

' Temperature
£1°C_5°C___10°C__15°C__20°C_ »95°C
Chlorine dioxide 83 26 23 19 15 11
Ozone 29 19 14 095 072 048

* These CT values achieve greater than 99.99 percent inactivation of viruses. CT values between
the indicated temperatures may be determined by linear interpolation. If no interpolation is used,
use the CT(99.9) value at the lower temperature for determining CT(99.9) values between
indicated temperatures. :

TABLE 3.1

CT VALUES [CT(99.9)] FOR 99.9 PERCENT INACTIVATION OF GIARDIA LAMBLIA CYSTS
BY CHLORAMINES®.

Temperature
s1°C_ 5°C 10°C__ 15°C 20°C 25°C
Chloramine 3,800 2,200 1,850 1,500 1,100 750

*These values are for pH values of 6 to 9. These CT values may be assumed to achieve greater
than99.99pementinacﬁvnﬁonofvirusesonlyifchlorineisaddedandmixedinthe_waterprior
to the addition of ammonia Ift.hiseonditionisnotmet,t.hesystemmustdemonstmte,in
accordance with 002.04F1a, that the system is achieving at least 99.99 percent inactivation of
viruses. CT values between the indicated temperatures may be determined by linear interpolation.
If no interpolation is used, use the CT (99.9) value at the lower temperature for determining
CT(99.9) values between indicated temperatures. :
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002.04H2d The total inactivation ratio must be calculated as
follows:

002.04H2d(1) If the system uses only one point of
disinfectant application, the system owner may determine
the total inactivation ratic based on either of the
following two methods: :

002.04H2d(1)(a) One inactivation ratio (CTcale
divided by CT(99.9)) is determined before or at
the first customer during peak hourly flow and if
CTecalc divided by CT(99.9) is greater than or
equal to 1.0, the 99.9 percent Giardia lamblia
inactivation requirement has been achieved; or

002.04H2d(1)(b) Successive CTcale divided by -
CT(99.9) values, representing sequential
inactivation ratios, are determined between the
point of disinfectant application and a point
beforeorattheﬁrstcustomerduringpeak
hourly flow. Under this aiternative, the following
method shall be used to calculate the total
inactivation ratio:

(1) Determine CTecalc divided by CT(99.9) for
each sequence

(2) Add the CTeale divided by CT(99.9) values
together

(3) If the sum of CTcalc divided by CT(99.9) is
greater than or equal to 1.0, the 89.9 percent
Giardia lamblia inactivation requirement has
been achieved.

002.04H2d(2) If the system used more than one point of
disinfectant application before or at the first customer,
the system owner shall determine the CT value of each
disinfection sequence immediately prior to the next point
of disinfectant application during peak hourly flow. The
CTecale divided by CT(99.9) value of each sequence and
the sum of CTeale divided by CT(99.9) shall be calculated
using the method in 002.04H2d(1)(b) of this section to
determine if the system is in compliance with 002.04F1.

002.04H2d(3) Although not required, the total percent
inactivation for a system with one or more points or
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residual disinfectant concentration monitoring may be
calculated by solving the following equation:

Percent inactivation = 100 - 100 divided by 102
. where: Z = 3 times the sum of
CTealc divided by CT(99.9)

002.04H2e The residual disinfectant concentration of the water

entering the distribution system shall be monitored continuously,

and the lowest value must be recorded each day, except that if
there is a failure in the continous monitoring equipment, grab

sampling every 4 hours may be conducted in lieu of continuous

monitoring, but for no more than 5 working days following the

failure of the equipment. Owners of gystems serving 3,300 or

fewer persons may take grab samples in lieu of providing

continuous monitoring on an ongoing basis at the frequencies

prescribed below:

System size by population Samples per day*
600 or less 1
501 to 1,000 2
1,001 to 2,500 3
2,501 to 8,300 4

'The day’s samples cannot be taken at the same time.
The sampling intervals are subject to review and approval
by the Director.

If at any time the residual disinfectant concentration falls
belowOﬂmgperﬁterinasystemusinggmbsamplingin
lieu of continuous monitoring, the system must take a
grab sample every 4 hours until the residual
concentration is equal to or greater than 0.2 mg per liter.

002.04H2f Measurement of Residual Disinfectant.

002.04H2f(1) The residual disinfectant concentration
shallbemeasmedatleastattheaamepointsinthe
dis'h'ibutionsystemandatthesametimeastotal
coliforms are sampled, as specified in 002.03A2, except
that the Director may allow a public water supply system
whichuseabothasurfacewaxersomceoragrotmd
water source under direct influence of surface water, and
a ground water source, to take disinfectant residual
samples at points other than the total coliform sampling
points if the Director determines that such points are
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more representative of treated (disinfected) water quality
within the distribution system. Heterotrophic bacteria
measured as heterotrophic plate count (HPC) by the
Nebraska Department of Health Laboratory or an
approved laboratory in accordance with 002.08H may be
measured in lieu of residual disinfectant concentration.

002.04H2f(2) If the Director determines, based on site-
specific considerations, that a system has no means for
havingaaampletransportedandanalyzedforHPbean
approved laboratory under the requisite time and
temperature conditions required of the approved
laborazoryandthat'thesystemisprovidingadequm.e
disinfection in the distribution system, the requirements
of 002.04H2f(1) of this section do not apply to that
- System.

002.04H3  Monitoring requirements for systems using filtration
treatment. A public water supply system that uses a surface water
source or a ground water source under the influence of surface water and
provides filtration treatment must monitor in accordance with this section
beginning June 29, 1893, or when filtration is installed, whichever is later.

002.04H3a Turbidity measurements as required by 002.04G shall
be performed on representative samples of the system’s filtered
water every four hours (or more frequently) that the system
serves water to the public. A public water supply system owner
may substitute continuous turbidity monitoring for grab sample
monitoring if the owner validates the econtinuous measurement
for accuracy on a regular basis. For any systems using slow sand
filtration or filtration treatment other than conventional
treatment, direct filtration, or diatomaceous earth filtration, the
Direct.ormayreducetheaamplingﬁ-equencytoonceperdayif
the Director determined that less frequent monitoring is
sufficient to indicate effective filtration performance. For systems
serving 500 or fewer persons, the Director may reduce the
turbidity sampling frequency to once per day, regardless of the
type of filtration treatment used, if the Director determines that
less frequent monitoring is sufficient to indicate effective filtration
performance. '

002.04H3b The residual disinfectant concentration of the water
entering the distribution system shall be monitored continuously,
andthelowestvaluemustbereeordedeachday, except that if
there is a failure in the continuous monitoring equipment, grab
sampling every 4 hours may be conducted in lieu of continuous
monitoring, but for no more than 5 working days following the
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failure of the equipment. Owners of systems serving 3,300 or
fewer persons may take grab samples in lieu of providing
continuous monitoring on an ongoing basis at the frequencies
each day prescribed below:

System size by population Samples per day*

500 or less
501 to 1,000
1,001 to 2,500
2,501 to 8,300

O N

' The day’s samples cannot be taken at the same time.
'I'heaamplingmtervalsaresubjecttoreviewandappraval
by the Director.

If at any time the residual disinfectant concentration falls
belowozmgperﬁtermasystemusinggrabmmplingin
lieuofcontinuousmonitoring,thesystemsmusttakea
grabmmpleevery«thommtilthe,residual
concentrationisequaltoorgreaterthanozmgperliter.

002.04H3c Measurement of Residual Disinfectant. The residual
disinfectant concentration must be measured at least at the same
pointinthedistributionsystemandatthesametimeastotal
coliforms are sampled, as specified in 002.03A2 except that the
director may allow a public water supply system which uses both
asmfacewateraomueoragramdwatm-smmeunderdirect
inﬂueneeofswfacewater,andagromdwatersourcetotake
disinfectant residual samples at points other than the total
coliform sampling points if the Director determines that such
points are moare representative of treated (disinfected) water

ity within the distribution system. Heterotrophic bacteria,
measured as heterotrophic plate count (HPC) as specified in
002.04H1 may be measured in lieu of residual disinfectant
concentration.
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003 LEAD BAN (INCLUDES AMENDMENTS MADE THROUGH SEPTEMBER 15, 1991)

008.01 Solder and Pipes. After July 1, 1988, any pipe, pipe fitting, solder, or flux which
isusedintheinstallaﬁonorrepairofanypublicwatasupplysystemahallbelead&ee.

003.02 Adoption of Code(s); Ordinances. By July 1, 1988, the owner of any public water
supply system shall, by the adoption of plumbing codes or ordinances, contract, or other
enforceablemeans,requh-ethatanypipe,pipeﬁning, solder, or flux used in the
installation or repair of any residential or nonresidential facility which is connected to the
public water supply system be lead free.

008.02A The owner of any public water supply system shall inspect the
installation or repair of facilities as described in 008.02 constructed or repaired
after July 1, 1988. to determine compliance with this subsection.

003.02B The owner of any public water supply system shall cause any joint or
pipe in facilities as described in 003.02 constructed or repaired after July 1, 1988,

tobereplacediftheownerortheDirecwrﬁndsthatsuchjomtorpipeinnotlead
free. :

003.03_Application. This section shall not apply to the repair of leaded joints in cast iron
pipesinanypublicwatersupplysystemsthatareinexistenceanduseonJulyl, 1988.

003.04 Evidence Required. The owner of each public water supply system shall, by

January 1, 1989, submit to the Director a copy of the plumbing code, ordinances, contracts
other enforceable means required in 003.02.
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004

PUBLIC NOTIFICATION AS CONDITION OF OPERATING A PUBLIC WATER
SUPPLY SYSTEM (INCLUDES AMENDMENTS MADE THROUGH SEPTEMBER 15,

004.02 Maximum Contaminant Level Treatment Technique, and Variance and
Exemption Schedule Violations. The owner or operator of a public water supply system
which fails to comply with an applicable MCL or treatment technique established by these
regtﬂaﬁomorwhichfaihmmmplywiththereqmrementsofmypchedmepreeaibed
pursuant to a variance or exemption, ahaﬂnoﬁfypersonsaervedbytheaystemasfollows:

004.02A Except as provided in 004.02C, the owner or operator of a public water
supply system must give notice: ‘

004.02A1 Bypublicationinadaﬂynewspaperofgmemlch'ctﬂaﬁoninthe
areaservedbythesystemassoonaspowble, but in no case later then
14 days after the violation or failure. If the area served by a public water
supplysystemisnotservedbyadailynewspaper of general circulation,
notice shall instead be given by publication in a weekly newspaper of
general circulation serving the area; and

004.02A2 Bymaﬂdelivery(bydirectmaﬂorwiththewaterbﬂl) or by
hand delivery, not later than 45 days after the violation or failure. The
i may waive mail or hand delivery if he or she determined that the
owneroroperatorofthepublicwatersupplysysteminviolat.ionhas
comctedtheviolationorfailmewithhthe45—dayperiod. The Director
mnstmakethewaiverinwritingandwithinthe45-dayperiod;and

004.02A8 For violations of the MCLs of contaminants that may pose an
acute risk to human health, by furnishing a copy of the notice to the radio
and television stations serving the area served by the public water system
as soon as possible but in no case later than 72 hours after the violation.
The following violations are acute violations:

004.02A3a Any violations specified by the Director as posing an
acute risk to human health.

- 004.02A3b Violation of the MCL for nitrate as defined in 002.02A
and determined according to 002.03CS.
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004.02A3¢ Violation of the MCL for total coliforms, when fecal

coliforms or E. coli are present in the water distribution system
as specified in 002.02D2.

004.02A3d Occurrence of a waterborne disease outbreak in an
unfiltered system subject to the requirements of section 002.04
after December 30, 1991, or the effective date of 002.04 and
004.02A3c and 004.02A3d of thege regulations, if later.

004.02B - Except as provided in 004.02C, following the initial notice given under
04.02A, the owner or operator of the pubic water supply system must give notice

atleastonceeverythreemonthsbymaildeﬁvery(bydirectmailorwiththe

water bill) or by hand delivery, for as long as the violation or failure exists,

004.02C Exceptions.

004.02C1 In Lieu of the requirements of 004.02A and 004.02B, the owner
oroperatorofacommunjtywatersupplysysteminanareathaxisnot
servedbyadai}yorweeklynewspaperorgeneraldrculaﬁonmustgive

004.02C2 In lieu of the requirements of 004.02A and 004.02B, the owner
or operator of a non-community water supply system may give notice by
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004.03B Except as provided in 004.03C or 004.03D, following the initial notice
given under 004.08A, the owner or operator of the pubic water supply system
must give notice at least once every three months by mail delivery (by direct mail
or with the water bill) or by hand delivery, for as long as the violation exists.
Repeatnoticeoftheexistenceofavarianceorexpﬁonmustbegivenevery
threemonthsforaslongasthevariameorexempﬁonremainsineﬁ'ect.

hand delivery or by continuous posting in conspicuous places within the area
served by the system. Postingmusteontinueforaslongastheviolationexistsor
a variance or exemption remains in effect. Notice by hand delivery must be
repeatedatleasteverythreemonthsforaslongastheviohﬁonexistsora
varianeeoruemptionremainsineﬁ'ect.

004.08C1 In lieu of the requirements of 004.03A and 004.03B of this.
section, t.heowneroropemt.orofanon-commtmitywaterswplyaystem

remains in effect. Notice by hand delivery must be repeated at least
everythreemonthsforaslongastheviolaﬁonexistsoravaﬁameor
exemption remains in effect. :

004.03D In lieu of the requirements of 004.03A, 004.03B and 004.03C of this
section, the owner or operator of a public water supply system, at the discretion
of the Director may provide less frequent notice for minor monitoring violations
as defined by the Director, if EPA has approved the Director’s application for a
program revision. Notice of such violat.ionbmust be given no less frequently than
annuaily.
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include the telephone number of the owner, operator, or designee of the public water
supply system as a source of additional information concerning the notice. Where
appropriate, the notice shall be multilingual. i

004.06 Mandatory health effects language. When providing the information on potential
adverse heaith effects required by 004.05 of this section in notices of violation of maximum

004.06A Trichloroethylene. "The Director of the Nebraska Department of Health
(NDOH) sets drinking water standards for the State of Nebraska and has
determined, based upon information provided by the U.S. Environmental
Protection‘Agency (EPA) and other scientific and medical information that

-~ ~ds of time. NDOH has set forth the enforceable drinking water
. stanaa. .. . rtrichloroethyleneat0.00Spart.spermimon(ppm)toredueetherisk
of cancer c: other adverse health effects which have been observed in laboratory
animal. DrinkingWaterwhichmeetsthisstandardisassociatedwithlitﬂeto
noneofthisriskandahoﬂdbeeonsideredaafe.'

004.06B Carbon tetrachioride. "The Nebraska Department of Health (NDOH)
sets drinking water standards and has determined, based on information provit-ied

exposure. This chemi Was once a popular househoid cleaning fluid. If generally
getsintodrinkingwaterbyimproperwastedispoml. This chemical has been
showntocausemncerinlabomoryanimalésuchasrataandmieewhenthe
animalsareexposedathighlevelsomtheirlifetimes. Chemicals that cause
mncerinhbomtaryanhnalsalsomayinumsetheﬁskofcanwmhumanswho
areexposedatlowerlevelsoverlongperiodsofﬁme. NDOH has set the

smndardisassodatedwithﬁtuetononeofthisﬁskandshmndbeoonsidered
safe." ' .

004.06C 1,2-Dichloroethane. "The Directar of the Nebraska Department of
Heaith (NDOH) sets drinking water standards and has determined, based on
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Drinkingwaterwhichmeemthisstandardisassodatedwithﬁtﬂewnoneofthis
risk and should be considered safe."

004.06D Vinyl chloride. "The Nebraska Department of Heaith (NDOH) sets
drinking water standards and has determined, based on information provided by
the U.S. Environmental Protection Agency and other scientific and medical
information that vinyl chloride is a heaith concern at certain levels_of exposure.
This chemicalisusedinindustxyandisfoxmdindrinkingwaterasaresult of the
breakdown of related soivents, The solvents are used as cleaners and degreasers

industrial workers who were exposed to relatively large amounts of this chemical
dm'h:gtheh-workingcareml‘hischemicalhasabobeenahownweausemncer
inlaboratoryanimalswhentheanimalsareexposedathighlevels over their
lifetimes. Chemimlsthatumseincreasedriskofmnceramongexpmdeustrial

: »workersmdhhbomwryanhnalsalsomayhm-easetheriakofmmerinhmam

who are exposed at lower levels over long periods of time. NDOH has set the
enforceable drinking water standard for vinyl chioride and 0.002 parts per million
(Ppm) to reduce the risk of cancer or other adverse health effects which have
beenobservedinhumansandlaboratoryanhnals. Drinking water which meets
this standard is associated with little to nane of this risk and should be considered

safe."

004.06E Benzene. "The Nebraska Department of Health (NDOH) sets drinking
water standards and has determined, based on information provided by the US

used as a solvent and degreaser of metals, It is also a major component of
gasoline. Dnnkmgwatercontammanongenmllyresultsﬁ-omleahng
underground gasoline and petroleum tanks or improper waste disposal. This
chemical has been associated with signi tly increased risks of leukemia among
ceratin industrial workers who were exposed to relatively large amounts of this
chemicaldm-ingtheirworkingmrem This chemical has also been shown to
causecancermhbomtoryanimaIsWhentheeemhnalsareexposedathighIEVds



in humans who are exposed at lower levels over long periods of time. NDOH has
set the enforceable drinking water standard for benzene at 0.005 parts per million
(ppm) to reduce the risk of cancer or other adverse health effects which have
been observed in humans and laboratory animais. Drinking water which meets
this standard is associated with little to none of this risk and should be considered
safe." '

004.06F 1,1-Dichloroethylene. “The Nebraska Department of Health (NDOH)
sets drinking water standard and has determined, based on information provided

are exposed at lower levels over long periods of time. NDOH has set the
enforceable drinking water standard for 1,1-Dichloroethylene at 0.007 parts per
million (ppm) to reduce the risk of these adverse health effects which have been
observed in laboratory animals. Drinkingwaterwhichmeetsthisstandardis
associated with little to none of this risk and should be considered safe.”

004.06G Para-dichlorobenzene. "The Nebraska Department of Health (NDOH)
sets drin.kingwaterstandardandhasdetermined, based on information provided
by the U.S. Environmental Protection Agency and other scientific and medical
information that para-dichlorobenzene in a health concern at ceratin levels of

advmehealtheﬁ‘ectswhichhavebeenobservedinlabomoryanimals. Drinking
waterwhichmeetsthisstandardisassociaxedwithlittletononeofthisﬁskand
should be considered safe." : . '

exposure. 'I'hischemica.lisusedasacleanerand-degreaser of metals. It generally
get.sintodrinkingwaterbyimproperwastedispoml. This chemical has been
shown to cause liver, nervous system and drculat.orysystemoflaboratoryanhmls
suchasmtsandmicewhentheanimalsareexposedathighlevelsovertheir
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lifetimes. Some industrial workers who were exposed to relatively large amounts
ofthischemimldmingtheirworkingmreenalsosuﬁ'ereddamagewtheﬁm, :
nervous system and circulatory system. Chemicals which cause adverse effects

among exposed in humans who are exposed at lower levels over long periods of
time. NDOH has set the enforceable drinking water standard for 1,1,1-
Trichloroethane at 0.2 parts per million (ppm) to reduce the risk of these adverse
healtheﬂ'ectswhichhavebeenobservedinlaboraxoryanimals. Drinking water

which meets this standard is associated with little to none of this risk and should
be considered safe.”

004.061 Coliforms.

004.06I1 Total Coliforms (to be used when there is a violation of
002.02D1 and not a violation of 002.02D2). "The Nebraska Department
of Health (NDOH) sets drinking water standards and has determined,
based on information provided by the Environmental Protection Agency
and other scientific and medical information, that the presence of total
coliforms is a possible health concern. Total coliforms are common in the
environment and are generally not harmful in themselves. The presence
of these bacteria in drinking water, however, generally is a resuit of a
problem with water treatment or the pipes which distribute the water,
andhldimtesthewatermaybeeontaminatedwithorgammsthatmn
cause disease. Diseasesymptomsmayindudediarrhea, cramps, nausea,
and possible jaundice, and any associated headaches and fatigue. These
symptoms, however, are not just associated with disease-causing
organisms in drinking water, but also may be caused by a number of
factorsotherthanyomdrinkingwater. NDOH has set an enforceable
drinkingwaterstandardfortotalcoﬁformstoreducetheﬁskofthese
adverse health effects. Under this standard, not more than 5.0 percent
of the samples collected during a month can contain these bacteria, except
that systems collecting fewer than 40 samples per month that have one
total coliform-positive sample per month are not violating the standard.
Dﬁn.kingwaterwhichmeetsthisstandardisusuaﬂynotassociatedwith
a health risk from disease-causing bacteria and should be considered safe.”

004.0612 Fecal coliforms/E. coli (to be used when there is a violation of
002.02D2 or both 002.02D1 and 002.02D2). The Nebraska Department
of Health (NDOH) sets drinking water standards and has determined,
based on information provided by the U.S. Environmental Protection
Agency and other scientific and medical information, that the presence of
fecal coliforms or E. coli is a serious health concern. Fecal coliforms and
Maregmerallynotharmﬁﬂinthemselves, but their presence in
drinking water is seriousbecausetheyusuallyareassociatedwithsewage
or animal wastes. 'I‘hepresemeofthesebacteﬁamdrinkingwateris
generally a result of a problem with water treatment or the pipes which
distribute the water, and indicates that the water may be contaminated
with organisms that can cause disease. Disease symptoms may include
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diarrhea, cramps, nausea, and possibly jaundice, and associated headaches
and fatigue. These symptoms, however, are not just associated with
i i organismsindrinkingwat.er,butalsomaybeeausedby
anumberoffactorsotherthanyomdrinkjngwater. NDOH has set an
enforceable drinking water standard for fecal coliforms and E. coli to
reduce the risk of these adverse health effects. Under this standard, all
drinkingwatummplesmustbe&eeofthesehacwria. Drinking water
whichmeetsthisstandardisassociatedwithlitﬂeornoneofthisriakand
should be considered safe. State and local heaith authorities recommend
thateonsmerstakethefollowingprecautiona: [To be inserted by the
pubﬁcwatersystemawordingtoinstnmtionaﬁ'omtheDirectororlocal
authorities]." :

004.06J Microbiological contaminants (for use when there is a violation of the
treatment technique requirements for filtration and disinfection in 002.04). "The
Nebraska Department of Health (NDOH) sets drinking water standards and has
determined that the presence of microbiological contaminants are a health concern

as filtering and disinfecting the water removes or ‘destroys microbiological
contaminants. Drinking water which is treated to meet NDOH requirements is
associated with little to none of this risk and should be considered safe."

004.07 Public notices for fluoride. Notice of violations of the maximum contaminant level
for fluoride, notices of variances and exemptions from the maximum contaminant level for

taking to came into compliance.
004.07A Compliance with the seeondary maximum contaminant level (2.0 mg per
liter) for fluoride shall be calculated base on the last gingle sample taken in
accordance with the requirements of 002.03C of this rule.

004.07B Using a notice as described in 004.07C of this section, public water
systemswhichexceedthesecondaryMCLforﬂuorideshallnotify:

004.07B1 allbillingunitaannually; »
004.07B2 alldentistsanddoctorslistedassuchinthetelephone

i i eoveringtheareasservedbythepublicwatermpplysystem,
local officials, and local newspapers annually; and
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004.07B3 all new billing units at the time service begins.

004.07C 'I‘henoticetobeusedbysystemswhichexceedtheseeondaryMCLahan
read as follows:

"Dear User:

Many public water supply systems are required by federal regulation to routinely
analyze for fluoride levels in the drinking water they provide to consumers.
Analyses of the drinkingwaterinyomcomnnmityhasfmmdalevel of ®* mg per
liter of flucride. The Director of the Nebraska Department of Health NDOH),
based upon information provided by the U.S. Environmental Protection Agency
and other scientific and medical information has set a standard at 2.0 mg per liter
to minimize the occurrence of objectionable dental fluorosis. That guideline was
established to protect public welfare, but it is not federally enforceable. NDOH
requires that this notice of monitoring results be provided to you.

Fluoride, at the appropriate levels in the drinking water of children up to the age
of nine, reduces cavities, However, children exposed to levels of fluoride greater
than 1.0 to 2.0 mg per liter may develop dental fluorosis in their permanent teeth.
Dental fluorosis, in its moderate and severe forms, is a discoloration (brown
staining) and pitting of teeth.

Because fluoride affects only developing teeth, households without children would
not be expected to be affected by this level of fluoride. Individuals with children

undert.heageofnineareencouragedtoseekotheramxreeeofdrinkingwaterfor
their children. '

The NDOH Maximum Contaminant Level (MCL) for fluoride is 4.0 mg per liter.
That standard is based upon Protection from crippling skeletal fluorcsis, which
may result from levels of 4.0 mg per liter or more. The MCL is an enforceable
standard and has been set to protect pubic health. Your water supplier can lower
the concentration of flucride to the level where beneficial effects still occur (cavity
prevention), and where the occurrence of dental fluorosis in minimal. Technology
for the removal of fluoride is currently available, but the use of this technology by
your utility may increase your monthly water bil. Treatment systems for the
removal of fluoride from drinking water are also available for home use.
Information of such systems is available at the address given below. Low fluoride
bottled drinking water that would meet all standards is also available.

For further information, contact ** at your water utility."
* PWS shall insert the compliance result which triggered notification under this

part.
** PWS shall insert the name, address and telephone number of a contact person

_ at the PWS. o
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004.08 Public notification by the Director. The Director may give notice to the public
required by this section on behalf of the owner or operator of the public water supply
system. However, the owner or operator of the. public water supply system remains

004.09_Public notice requirements pertaining to lead.

004.00A Applicability of public notice requirement.

004.09A1 Except as provided in 004.09A2 of this section, within 30 days
aﬁertheeﬁ‘ecﬁvedaheoftheseregu]aﬁons,theowneroropemtorofeach
community water supply system and each non-transient, non-community
watersupplysystemshalliasuenoticetopefsonsservedbythesystem
that may be affected by lead contamination of their drinking water. The
Director may require subsequent notices. The owner of operator shall
provide notice under this section even if there is not violation of the
national primary drinking water regulation for lead

004.09A2 Notice under 004.09A1 of this section is not required if the
systemdemonsh-at.estotheDirect.orthatthewatersupplysystem,
including the residential and non-residential portions connected to the
water supply system, are lead free, as defined in 001.01Z.

004.09B Manner of notice. Noticeshallbegiventopersonsservedbythesystem
eitherby(l)threenewspapernotiws (one for each of three consecutive months
andtheﬁrstnolatm-thansodaysaﬂ;ertheeﬁ'ecﬁvedateoftherereg\ﬂations);
(2)oncebymailnoticewiththewaterbﬂlorhaseparatemaﬂingSOdaysaﬁer
theeﬂ'ecﬁvedateofthesereguhﬁons;or(S)oncebyhanddeﬁverySOdaysaﬁer :
the effective dater of these regulations. For non-transient, non-community water
Bupplysy!tems,noticemnybegivenbyeonﬁnuousposﬁng. If posting is used, the
noﬁceshaﬂbepostedinaconspicummplacemtheareaservedbythesystemand
smrtnohtertthOdaysaﬁertheeﬁ‘ecﬁvedateofthesereguhﬁons,and.
continue for three months,

004.09C General content of notice,

004.09C1 Notices issued under this section shall provide a clear and
readﬂytmderstandableexphmﬁonofthepotenﬁalsomeesofleadm
inking water, potential adverse health effects, reasonably available
methods of mitigating known or potential lead content in drinking water,
anystepsthewnxersyatemistakingtomiﬁgateleadeontentindﬁnlﬁng
water, and the necessity for seeking alternative water supplies, if any.
, UseofthemandatorylanguageonOM.OQD of this section in the notice
will be sufficient to explain potential adverse health effects. -

004.09C2 Eachnoticeahallalsoincludespeciﬁcadviseonhowto
determineifmaterialseontainmgleadhavebeenusedinhomeeorthe
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water distribution system and how to minimize exposure to water likely
to contain high levels of lead. Each notice shall be conspicuous and shall
not contain unduly technical language, unduly small printing, or similar
problems that frustrate the purpose of the notice. Each notice shall -
contain the telephone number of the owner. operator, or designee of the
pubicwatm'supplysystemasasoumeofadditionalinformationregarding
the notice. Where appropriate, the notice shall be multilingual.

(NOTE: Optional Information): Each notice should advise persons served
bythesystemtouseonlythecoldwaterfaucetﬁ‘omdrhkingandforuse
incookingorpreparingbabyformula,andtonmthewatenmtilitgets
as cold as it is going to get before each use. If there has recently. been
majorwateruseinthehousehold,mmhasahoweringorbathing,ﬂushing
toilets, or doing laundry with cold water, flushing the pipes should take
5t0308eeonds;ifnot,ﬂushingthepipescoddtakeaslongasseveral
minutes. Eachnotieeshouldalsoadvisepersonsservedbythesynemto
checktoseeifleadpipes,solder,orﬂuxhavebeenusedinplmnbingthat
provides tap water and to ensure that new plumbing and plumbing
repairs use lead-free materials. :

'I'heonlywaytobesmeoftheamountofleadinthehouseholdwnteris
to havet.hewatertestedbyaeompet.ent,labomtory. Testing is especially
important to apartment dwellers because flushing may not be effective in
high-rise buildings that have lead-soldered central piping. As appropriate,
the notice should provide information on testing).

~ 004.09D Mandatory health effects information. When providing the information

in public notices required under 004.09C of this section on the potential adverse
health effects of lead in drinking water, the owner or operator of the water supply
gystem shall include the following specific language in the notice:

"The Nebraska Department of Heaith (NDOH) sets drinking water standards and
has deteminedthatleadisahealtheoneematcertninlevels of exposure. There
is currently a standard of 0.050 parts per million (ppm).

Based on new health information, NDOH is likely to lower this standard

Partofthepm'poeeofthisnoticeistoinformyouofthepotentialadversehealth

effects of lead. This is being done even though your water may not be in violation
of the current standard. - :

NDOHandothersareeoncemedaboutleadhdrinkmgwater. Too much lead in
thehumanbodymncauseseﬁousdamagetothebmin,kidneys,nenoussystem,
and red blood celis. The greatest risk, even with short-term exposure, is to young
children and pregnant women.
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Lead leveils in your drinking water are hkely to be highest:

. Ifyom-homeorwatersystemhasleadpipes, or

* If your home has copper pipes with lead solder, and
* If the home is less than five years old, or

-* If you have soft or acidic water, or
‘Ifwateraitsinthepipesforseveralhom

004.09E Notice by the Director. The Director may give notice to the public
reqmedbythissecﬁononbehalfoftheowneroropemzorofthewatersupply
system if the Director meets the requirements of 004.09B and the notice contains
all the information specified in 004.07C and 004.07D of this section. However, the

owner or operator or the water supply system remains legally responsible for
ensuring that the requirements of this section are met.

004.10_Reporting to the Director. The owner of any public water supply system required

to give notice under section 004 shall submit a copy of such notice and evidence of
publication of the notice to the Director in accordance with 005.01E.
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005 REPORTING AND RECORDKEEPING
(INCLUDES AMENDMENTS MADE THROUGH SEPTEMBER 15, 1891)

005.01 Required reports, -

005.01A The owner of a public water supply shall report to the Director within
the time prescribed on each of the following occurrences which influence or alter

the reliability of the system of the safety of drinking water delivered to the
consumer: '

005.01A1 Any disruption in service that results in a likelihood for the
entrance of contaminants into the system, including reduced pressure due
toﬁreﬁghtingOperationsorbreakdownahouldberwordedbytheowner
of the system. Anylossofpressmeofdisruptionofserviceforreasom
beyondnormalrepairorreplawmentahallbereportedtothemrector
when more than 10% of the consumers are affected.

005.01A3 All reports, studies, and investigations pertinent to the
opemtionandmanagementofapublicwatersupplysystemshallbemade
availabletotheDirectoronrequest.

006.01A4 Anythangeinpersonnel, electedorappoinbedhavingprhnary
responsibility for the operation of a public water supply system, shall be
pmmptlyreportedtotheDirectorbytheownerorarepresentativeofthe
owner. :

005.01A5 Anychangemownerahipofapuhlicwatersupplysystemshall
berepoﬁedtotheDirectorbythepﬁorownm-,andthepriorownerahall
be responsible for informing the new owner of the general provisions of

the Nebraska Safe Drinking Water Act and the regulations implementing
it. :

005.01C Except where a different reporting period is specified in this chapter, the
ownerofapublicwatersupplysystemmustreporttotheDirectorwithinw
hours the failure to comply with any regulation (including failure to comply with
monitoring requirements) set forth in this chapter.
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005.01D The owner of a public water supply system is not required to report
analytical results to the Director in cases where the Department of Health
Laboratory performs all of the analysis and reports all of the resuits.

005.01F 'I'heownerofapublicwatersupplysystemshaﬂsuhmittotheDirector
withhthetimestatedintherequest copies of any record required to be
maintained under this chapter.

005.02 Reporting and Recordkeeggg‘ Requir ements, Filtration and Disinfection.

may specify aiternative reporting requirements, as appropriate, until filtration is
in place.. The reports shall be submitted on Forms PWS 408, PWS 404 and PWS
405 in Attachment 4 to this Rule,

005.02A1 Source water quality information must be reported to the
DirectorwithinlOdaysaﬁertheendofeanhmonththesystemserves
water to the public. Informaﬁonthatmustbereportedincludes:

005.02A1a The cumulative number of months for which result
are reported.

005.02A1b The number of fecal and/or total coliform samples,
whichever are analyzed during the month (if a system monitors
for both, only fecal coliforms must be reported), the dates of
sample collection, and the dates when the turbidity level exceeded
1 NTU. ' :

005.02A1c The number of samples during the month that had
equal to or less than 20 per 100 ml fecal coliforms and/or equal to
or less than 100 per 100 ml total coliforms.

005.02A1d The cumulative number of fecal or total coliform
samples, whichever are analyzed, during the previous six months
thesystem&ervedwatertot.hepublic.

005.02A1le The cumulative number of samples that had equal to
orlessthan20per100mloffecalcoﬁformsorequaltoorless
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than 100 per 100 ml total coliforms, whichever are analyzed,

during the previous six months the system served water to the
public.

005.02A1f The percentage of sampies that had equal to or less
than20per100m1femleoliformsorequaltoorlessthan100
per 100 mi total coliforms, whichever are analyzed, during the
previoussixmonthsthesystemservedwatertothepublic.

005.02A1¢ The maximum turbidity level measured during the
month, the date(s) of occurrence for any measurement(s) which

exceeded § NTU, and the date(s) the occurrences was reported
to the Director. :

005.02A1h For the first 12 months of recordkeeping, the dates
and cumulative number of events during which turbidity exceeded
5 NTU, and after one year of recordkeeping for turbidity
Ieasurement, the dates and cumulative number of events during
which the turbidity exceeded 5 NTU in the previous 12 months
the system served water to the public.

005.02A1i For the first 120 months of recordkeeping, the dates
and cumulative number of events during which the turbidity
exceeded5NTU.andaﬁer10yearsofrecordkeepingfor
turbidity measurements, the dates and cumuiative number of
events during which the turbidity exceeded 5§ NTU in the
Previous 120monthsthesystemamedwatertothepublic.

006.02A2  Disinfection information specified on 002.04H2 shall be
reportedtotheDirectorwithinIOdaysaRertheendofeachmonththe

System serves water to the public. ‘Information that must be reported
includes:

005.02A2a For each day, the lowest measurement of residual
disinfectnntconnentraﬁoninmgperﬁta-inwaterentuingthe
Jistribution :

005.02A2b The date and duration of each period when the
residual disinfectant concentration in water entering the

istribution system fell below 0.2 mg per liter and when the
Director was notified of the occurrence,

005.02A2¢ The daily residual disinfectant concentration(s) in mg
per liter and disinfectant contact time(s) in minutes used for

calculating the CT value(s).

005.02A2d If chiorine is used, the daily measurement(s) of pH of
isinfected water following each point of chlorine disinfection.
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005.02A% The daily measurement(s) of water temperature in *C
following each point of chiorine diginfection.

005.02A2f The daily CTcale and CTecale divided by CT(99.9)
values for each disinfectant Ineasurement or sequence and the

sum of all CTcalc divided by CT(99.9) values before or at the first
customer.

005.02A2¢ The daily determination of whether disinfection
achieves adequate Giardia cyst and virus inactivation, ie.,
whether CTecale divided by CT(99.9) is at least 1.0 or, where
disinfectants other than chlorine are used, other indicator
conditionsthattheDirectordeterminesareappropriate,aremet.

005.02A2h The following information on the samples taken in the
distribution system in conjunction with total coliform monitoring .
pursuant to 002.04F.

005.02A2h(1) Number of instances where the residual
disinfectant concentration is measured;

005.02A2h(2) Number of instances where the residual
disinfectant concentration i8 not measured but

heterotrophic bacteria plate count (HPC) is measured:;

005.02A2h(3) Number of instances where the residual
disinfectant concentration is measured but not detected
and no HPC is measured;

005.02A2h(4) Number of instances where the residual
disinfectant concentration is detected and where HPC is
greater than 500 per ml; :

005.02A2h(5) Number of instances where the residual
disinfectant concentration is not measured and HPC is
greater then 5§00 per ml;

54
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005.02A2h(6) For the current and previous month the
system served water to the pubic, the value of "V" in the
following formula:

c+d+e
V= x 100

a+b
Where:
a = the value in 005.02A2h(1)
b = the value in 005.02A2h(2)
¢ = the value in 005.02A2h(3)
d = the value in 005.d2A2h(4)
e = the value in 005.02A2h(5)
V = percent of samples with undetectable residual
disinfectant concentration

005.02A2h(7) If the Director determines, based in site-
speciﬁcconaiderations,thatasystemhasnomeamfor_
havingasampletmnsportedandanalyzedforHPbe
the State Heaith Departmentl.abomoryoranapproved
laboratory under the requisite time and temperature
condit.ionsrequiredofthelabomtoryandthatthesystem
i8 providing adequate disinfection in the distribution
system, the requirements of 005.02F2h do not apply to
that system.

005.02A2i A system need not report the data listed in 005.02A2a
and 005.02A2¢-f, if all data listed in 005.02A2a-h remain on file at
thesystem,andtheDirectordeterminesthat:

005.02A2i(1) The system owner has submitted to the
Director all the information required by 005.02A2a-h for
at least 12 months, and

005.02A2i(2) The Director has determined that the
system is not required to provide filtration treatment.

005.02A3 Nolaterthantendaysaﬁertheendofeachfedemlﬁacalyw
(September 30), each system owner must provide to the Director a report
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which summarizes its compliance with all wellhead protection
requirements specified in 002.04E2e.

005.02A5 Special reports.

005.02A5a Each system, upon discovering that a water- borne
disease outbreak potentially attributable to the water system has
oecmred,mustreportthatoecun'encetontheDirecwrassoonas
possible, but not later than by the end of the next business day.

005.02A5b If at any time the turbidity exceeds § NTU, the
systemmustinformtheDirect.orassoonaspomme, but no Iater
thantheendofthenextbusinessday.

005.02A5¢ If at any time the residual falls below 0.2 mg per liter
in the water entering the distribution system, the system must
notifytheDirectorassoonaspoésible, but no later than by the
endofthenextbuxinessday. The system also must notify the
Director by the end of the next business day whether or not the
residualwasrestoredtoatleastO.ngperliterwithin4hours.

005.02B1 Turbidity measurements as required by 002.04H3a must be
reported within 10 days after the end of each month the system serves
water to the public. Information that must be reported includes:

005.02Bla The total number of filtered water turbidity
Ineasurements taken during the month.

005.02B1b The number and percentage of filtered water
urbidity measurements taken during the month which are less
than or equal to the turbidity limits specified in 002.04G.

005.02B1c The date and value of any turbidity measurements
taken during the month which exceed 5 NTU.
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005.02B2 Disinfection information specified in 002.04H3 shall be reported
to the Director within 10 days after the end of each month the system
serves water to the pubic. Information that must be reported includes:;

005.02B2a For each day, the lowest measurement of residual
disinfectanteoncentrat.ioninmgperlitermwaxerentm'ingthe
distribution system.

005.02B2b The date and duration of each period when the
residual - disinfectant concentration in water entering the
distribution system fell below 0.2 mg per liter and when the
Director was notified of the occurrence.

005.02B2c The following information on the samples taken in the
distribution system in conjunction with total coliform monitoring
pursuant to 002.04F:

- 005.02B2¢(1) Number of instances where the residual
disinfectant concentration is measured;

005.02B2¢(2) Number of instances where the residua] -
disinfectant concentration is not measured but
heterotrophic bacteria plate count (HPC) is measured:

005.02B2c¢(3) Number of instances where the residual
disinfectant concentration is measured but not detected
and no HPC is measured;

005.02B2:(4) Number of instances where no residual
disinfectant concentration is detected and the HPC is
greater than 500 per ml;

005.02B2¢(5) Number of instances where the residual

disinfectant concentration is not measured and HPC is
greater than 500 per ml;

5-7



005.02B2c(6) For the current and previous month the
System serves water to the public, the value of "V in the
following formula:

c+d+ e
V= x 100

a+b
Where:
a = the value in 005.02B2¢(1)
b = the value in 005.02B2¢(2)
¢ = the value in 005.02B2¢(3)

d = the value in 005.02B2¢(4)

e = the value in 005.02B2¢(5)

V = percent of samples with undetectable residual
disinfectant concentration

005.02B2¢(7) If the Director determines, based on site-
specific considerations, that a system has no means of
having a sample transported and analyzed for HPC by an
the State Health Department Laboratory or an approved
laboratory under the requisite time and temperature
conditions required of the laboratory and that the system
is providing adequate disinfection in the distribution
system, the requirements of 005.02B2¢(1) - 005.02B2¢(6)
do not apply.

005.02B2d A system need not report the data listed in 005.02B2a
if all the data listed in 005.02B2a-c of this section remain on file
atthesystemandtheDirectordeterminedthatthesystemhas
submitted all the information required by 005.02B2a-02B2c of this
section for at least 12 months. '

005.02B3 Special Reports

005.02B3a  Each system bwner, upon discovering that a
waterborne disease outbreak potentially attributable to that
water system has occurred, must report that occurrence to the

Director as soon as possible, but no later than by the end of the
next business day.
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005.02B3b If at any time the turbidity exceeds 5 NTU, the
systemownu'mustinformtheDixfectorassoonaspossible, but
no later than the end of the next business day.

005.02B3c If at any time the residual falls below 0.2 mg per liter
inthewnterenteringthedistributionsystem,thesystemowner
mustnotifytheDirectorassoonaspOMble,butnolaterthanby

- the end of the next business day. The system owner must also
noﬁfytheDirecborbytheendofthenutbuainessdaywhether
ornottheresidualwasrestoredtoatleaswﬂmgperliterwithm
4 hours. N

005.03_ Required Records. Any owner of a public water supply system subject to the
proﬁdmsofthisChapteruhanntainmthememisesofthepubﬁcmtermpplysynem
or a convenient location near such premises, the following records:

005.03A Records of bacteriological, turbidity, temperature, pH, and disinfectant
residualanalysesmadepursuantt.othismleuhallbekeptfornotlessthnnﬁve
years. Recordsofchemimlanalysesmadepmsuanttothisnﬂeahallbekeptfor
not less than ten years. Actuallabaratoryreponsmaybekeptofdatamaybe

transferred to tabular summaries, provided that the following information be
included:

005.08A1 The date, place, time of sampling, and the name of the person
who collected the sample;

005.03A2 Identification of the sample as to whether it was a routine
distribution system sample, a check sample, a raw or processed sample,
or any other special purpose sample;

005.03A3 Dates of analyses;

005.03A4 Laboratory and person responsible for performing analysis;
005.03A5 The analytical technique or method used; and

005.03A6 The resuits of the analysis.

005.08A7 Owners of public water systems that use a ground water source

under the direct influence of surface water which does not provide
filtration shall keep records of source water bacteriological an turbidity

easurements on Department Forms PWS 401 and PWS 402.

005.08A8 Owners of public water systems that use a surface water
source or a ground water source under the direct influence of surface
water which provides filtration shall keep records of the disinfection
residual and turbidity measurements on Department Form PWS 407.
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005.08B Records of action taken by the owner or the System to correct violations
of primary drinking water regulations shall be kept for a period of not less than

threeyearsaﬁerthelastactiontakenwithrespecttotheparﬁcuhrviolaﬁon
involved.

005.08D Records concerning a variance or exemption granted to the system and
recordsrelaﬁngtoreceiptandcomplianee with Administrative Orders to correct
construction or operational deficiencies shall be kept for a period ending not less
than five years following the expiration of such variance, exemption or order.
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008 VARIANCES AND EXEMPTIONS (INCLUDES AMENDMENTS MADE THROUGH
SEPTEMBER 15, 1991)

006.01 Variance. The Director, with the concurrence of the Advisory Council on Public
Water Supply may authorize a variance from a maximum contaminant level adopted in

authorized. Sunhvariancemaybegrantedwhen:

cannot meet the maximum contaminant levels specified in these regulations
" despite application of the best technology, treatment techniques, or other means,
which the Director finds are generally available (taking costs into consideration);

006.01B The concentration of the contaminant, or contaminant, for which the
Mumcontaminantlevelisweededbygranﬁngmchvarhnee,wﬂlnotresult
in unreasonable risk to health; and

006.01C At the aametimet.hevnriameisgranted,aschedule for compliance, or
incrementsofeompliance,isiasuedandtheownerofthesupplyagreeaw
implement such schedule. '

006.02B 'rhepubﬁcwammpplysystemwasmopemﬁonontheeﬁ'ecﬁvedate
of such contaminant leve} or treatment technique regulation;

006.02C The granting of the exemption will not result in an unreasonable risk to
health; and '

006.02E The final date for the compliance provided in any schedule in the case
of any exemption may be extended by the Director for a period not to exceed 3

years after the date of the issuance of the exemption if the public water supply
- establishes that:
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006.02E1 The system cannot meet the standard without capitol

improvements which cannot be completed within the period of such
exemption; ]

008.02E2 Iﬁthemseofasystemwhichneedsﬁnandalassistameforthe
necessary improvements, the system has entered into an agreement to
obtainmmhﬁnandalassistanee; or

006.02ES The system has entered into an enforceable agreement to
beeome.partofaregionalpublicwaxersystem;andthesystemistaking
all practicable steps to meet the standard. '

connections and which needs financial assistance for the necessary improvements,
an exemption granted under 006.02E1 or 006.02E2 of this section may be renewed
for one or more additional 2-year periods if the system establishes that it is taking
all practicable steps to meet the requirements of 006.02E.

006.03 Procedure. Action to consider a variance or exemption from the requirements
contained in section 002 oft.hismlemaybeinit.iatedbytheDirectororbytheownerof
the supply through a formal request submitted to the Director. Before a variance or
exemption proposed to be granted by the Director may take effect, the Director shall
provide notice and opportunity for public hearing on the proposal; inform the Advisory
Council on Public Water Supply of all facts and findings relative to the proposed action;
and obtain Council approval of the proposed action, provided:

006.03A Prior to granting a variance or an exemption, the Director shall provide
notice, in a newspaper of general circulation serving the area served by the public

requests for a hearing may be denied by the Director;

006.03C An exemption or variance shall be conditioned on monitoring, testing,
analyzing, or other requirements to insure the protection of the public health;

006.03D The conditions for issuing the variance or exemptions are not less
stringent than conditions under which variances and exemptions may be granted

" under the provisions of the Federal Safe Drinking Water Act, P.L. 88-523, 93rd
Congress; and further provided that,

006.03E The procedures for notification and public hearings are in conformance
ith the requirements of Chapter 84, Article 9, Reissue Revised Statutes of
Nebraska, 1943. The same procedures shall be carried out prior to prescribing a

compliance schedule for conforming to the requirements of section 002 of these
rules. .
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007 SITING, DESIGN AND CONSTRUCTION OF PUBLIC WATER SUPPLY SYSTEMS
(INCLUDES AMENDMENTS MADE THROUGH SEPTEMBER 15, 1991)

007.01 _Siting. All wells, treatment and storage facilities, and other appurtenances

.

necessary for the continued operation of a community water supply system shall be located
as to:

007.01A Assure against damage or breakdown as a result of floods, fire,
earthquakes, or other natural disasters;

007.01B Prevent contamination of the drinking water by existing sources of
pollution;

007.01C Permit control, by the owner, over the location of future potential
sources of contamination within the proximity of the system in order to prevent
orminimizeanyha.mrdtothesafetyofthedrinkingwater;and

007.01D Provide a sufficient property interest for the owner of the public water
supplysysteminordertoopemte,maintainandreplacetheaystemeomponu

007.02 Design. Plansandspedﬁmﬁonsforallmajor construction, extension or alteration
wgommlmitywazersupplysystemsahanbeprepamdbyamgisteredprofeu;imd

007.02A Plansandspedﬁmﬁonsshallbesubmittedforthefollowingtypesof
projects:

007.02A1 All components of new water supply systems;
007.02A2 New wells and intake structures;

007.02A3 Alterations that influence the capasity of existing wells or
intake structures;

007.02A4 New treatment plants and modifications to existing treatment
plants;

007.02A5 Installation of chemical feed equipment beyond replacement of
existing equipment; '

007.02A6 Stomgefacﬂiﬁeeandrepairtoexisﬁngstoragefadlities,
including interior lining, painting and/or coatings; :
007.02A7 Pump stations;

7-1



TITLE 179
Chapter 2

007.02A8 Transmission mains from the source of supply to the service
ares; and

007.02A9 Repiacement of mains within a service area for the purpose of
balancing pressure or improving the efficiency of the distribution system.

007.02B Submission of plans and specifications is not required for extension of

007.02C Plans and specifications shall be reviewed for general conformance with
"Guidelines for Water System Design", herein incorporated by reference as
Attachment 1, published and distributed by the Director to. reflect current

technology in the design of public water supply systems and their components, and
shall be:

007.02C1 Presented in legible form and of sufficient scale to establish
construction requirements and facilitate effective review;

007.02C2 Submitted by the engineer in triplicate and in sufficient time
to permit thirty working days for review and comment or approval and
withtimefortheincorpomﬁonofchangesifreqlﬁred;

007.02C3 Amended in & manner that will alter the funetion or efficiency
* of components which may affect the chemical quality of the water only

after change orders directing such amendments are approved by the
Director;

007.02C4 Replaced by "as built" plans when change orders reflect
relocations or affect the operation or replacement of the improvement,
and supplemented by information relative to the location of other utilities,
basis of design performance of proprietary materials or products and
similar information, as may be requested by the Director.

007.02D An initial fee for the review of plans and specifications for the types of
projects described in subsection 007.02A shall be submitted with the plans and
specifications to be reviewed and in the amount of one hundred dollars plus five
tents of one percent of the engineers estimate of the cost of the project, aiteration
or improvement described in the documents to be reviewed but such total fee
shall not exceed $7,600 and:

007.02D1 Documentation of the contract or actual cost of the project
shallbeprovidedtotheDirectorbytheengineerorownerofthesystem
for the purpose of determining the final fee amount;

007.02D2 Payment of the final fee amount based on one hundred dollars
plus five tenths on one percent of the engineers estimate of the contract

or actual cost of the project, whichever is larger, shall be made before the
project is placed in service;
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007.02D3 Failure to pay the final fee amount shall constitute cause to

deny or revoke the permit to operate the system as required by Section
008 of this rule.

007.03 Construction. All major construction, extensions or alterations shall be completed
inamordaneewithapprovedplansandspeciﬁmﬁons or approved change orders and shall
comply with the following requirements:

007.03A No part of a community water supply system falling within the definition
ofmqjoreonsn-uctionahallbeplacedinservieepriorto: certification by the owner
or designated representative oftheownerforconformaneetotheapprovedplans
andspedﬁmtionsorappmedchangeorders; a final inspection; and issuance of
approval by the Director; ,

007.03B Any part of community water supply system falling within the definition
of major construction found not to be constructed in accordance with approved

_ plansandspedﬁcaﬁomorchangeorders,orforwhichphnsandspédﬁmﬁons

007.08C Construction of water distribution mains within an established service
area and not requiring prior approval, shall be accomplished in the manner
specified in the "Guidelines for Water System Design".

007.04 Distinctions Applied to Non-Community Water Supply Systems. The owner of a

non-community water system may:

007.04A Accomplish construction, extension or alteration to the system in the
same manner applicable to the siting, design and construction of community water
supply systems; or ,

007.04B ReporttotheDir‘ectoranyintentiontolom.te,construct, extend, or alter
apubﬁcwaxersupplysystmnandcompletetheworkmawordaneewithm
178, NEBRASKA ADMINISTRATIVE CODE, CHAPTER 12, REGULATIONS
GOVERNING WATER WELL CON: STRUCTION, PUMP INSTALLATION AND
WATER WELL ABANDONMENT STANDARDS. '

007.05__ Declaratory Ruling About Substantially Equivalent Siting, Design and

- 007.05A No siting, design or construction for a Public Water Supply System shall

be carried out byaprocedmewhichisinoonsistentwiththeseregulationstmless
theDirectormakesadedamtorymﬁngthatmmhsiﬁng,designorconstmcﬁonis
substantially equivalent to the standards prescribed in these regulations.

007.05B Any owner of a Public Water Supply System may request a declaratory
ruling by the Director.
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007.05B1 Such a request must be submitted in writing at least thirty
(30) days prior to the initiation of construction or alteration of the Public

Water Supply System involved, unless good cause is shown for a shorter
review period.

007.05B2 The request shall include a description of the design:
material(s), and/or construction procedure(s) proposed (including
appropriate plans and specifications); identify the procedure or material
reqtﬁredbythepresu'ibedstandardsandindudeproofofthealleged
equivalency and such written arguments as are deemed appropriate by
the requesting party and/or the Director. Such request shall be
submitted by a Registered Professional Engineer.

007.05BS Such request shall be made generaily in accordance with 184
NAC 1.008, Rules of Practice and Procedure ing Declarato:

Rulings, but unless the requesting party at the time of the request
demands a hearing thereon, the matter will be deemed submitted on the

written request, attachments thereto and facts of which the Director
takes judicial notice.

007.05B4 Any ruling issued by the Director hereunder shall be binding
between the Director and the requesting party on the facts alleged unless
it is altered or set aside by a court. The Director may, in situations when
the submission of the request thirty (30) days in advance would result in
an immediate environmental threat, significant economic hardship on or
poseahealththreattotheownerorotherpersons,waivethethirty (30)
day review period.
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TITLE 179 - NEBRASKA DEPARTMENT OF HEALTH

CHAPTER 2 - REGULATIONS GOVERNING PUBLIC WATER SUPPLY SYSTEMS
(INCLUDING AMMENDMENTS MADE THROUGH MARCH 30, 1992)

008 OPERATION AND MAINTENANCE OF PUBLIC WATER SUPPLY SYSTEMS

008.01 Operation. All public water supply systems shall be operated and supervised by
competent personnel and such personnel must Ppossess a certificate of competency issued
by the Director. In addition, all community and non-transient, non-community water
supply systems shall: :

008.01A Provide service on a twenty-four -hour a day basis with a certified
operatoroncallatalltimestmlesstheDirecwrallowsthe water supply system
to establish an electronic or otherwise dependable means for mitigating disruption

of service or which assures an adequate supply of safe water on a continuous
basi ;

008.01B Notify the Director of any situation with the water system which
presentsormaypresentanimminentandsubstanﬁalhazardtohealth;

008.01C Maintain an emergency plan of operations for safe-guarding the water
supply, protecting the drinking water, and, if necessary, providing for an alternate

inki water supply in the event of natural or man-made disasters. The plan
must indudeaﬁstofindividualswhomaybecaﬂedforhelpmﬁmes of disaster,
their titles and their phone numbers. Such plans shall state the basic domestic
water needs and usage under normal conditions. Any special institutional,
commercial or industrial users shall be shown. Any special back up or standby
equipment or power supply available shall be included as well as alternate sources
of supply or bottled water sources. Any toxic substances within 1000 feet of the
publicwatersupplysystemwellaorwatersom'cesahallbenoted. All available
chemicals and equipment for the purpose of disinfection shall be listed. The
emergency plan must outline all emergency operations and must be updated at
least every 4 years with copies provided to the Department of Health for inclusion
in the state Drinking Water Emergency plan located in the Division of Drinking
Water and Environmental Sanitatian of the Department of Health. The
emergency plan shall be placed at key locations, clearly marked and readily
accessible to utility personnel and the public.

008.01D Flush and disinfect all newly constructed or repaired water mains and
storage facilities in accordance with methods acceptable to the Director before
placing the new or repaired portion of the system into service;

008.01E Conduct an on-going program for the effective detection and elimination
of cross-connections and the prevention of backflow or backsiphonage. Such
program is subject to review by the Director and shall include and require:
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008.01E1 That there be no Physical connection between the public water
supply system and any Pipes, pumps, hydrants, tanks, steam condensate
returns, engine jackets, heat exchangers, or other water supplies whereby
potentially unsafe water or contaminating materials may be discharged or
drawn into the public water supply system.

008.01FE2 That there be no intercannection with the public water supply
systemandanotherpotablewatersyatemtmlemﬁrstapprovedbythe
publicwatersupplysystem&ndreportedimmediatelytothemrector.

008.01E3 That the public water supply system shall install or require -
installation of properly located backflow prevention devices appropriate
to the potential hazards enumerated in Tables 2 and 8 when such hazards
exist and where, in the opinion of the public water supply system,
effective measures consistent with a potential risk have not been taken.
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(For a more complete list, refer to the Manual of Cross-Connection Control referenced in section
008.01E9a.)

L Subject to Back Pressure

A. Pumps, tanks & lines handling:
1. Sewage

3. Nontoxic substances ' X
B. Water connection to steam and steam boiler:
1. Boiler or steam connection to taxic substances X
2. Boiler or steam connection to nontoxic substances (boiler X
blowoff through air gap)

IL Not SubjecttoBgckPressme

A. Sewer-connected water line (not subject to waste stoppages)
B. Inwinletstoreceptadeseontaining:
. 1. Toxic substances , X
2. Nontoxic substances ' X
C. Coﬂsorjanketsusedasheatmhangeramcompressorsmlines
carrying:
1. Sewage
2. Toxic substances
8. Nontoxic substances
Flush valve toilets or urinais -
Toilet, urinal tanks and approved bathtubs
Bidets,sitztanks,orspa,thempyandmmanpoolsnototherwise
isolated by design or backflow protectors
Trough urinals . X
Valved outlets or fixtures with hose attachments that may constitute
a cross-connection to: .
1. Toxic substances X
2. Nontoxic substances : X
L Aspirators that may constitute a cross-connection to: -
1. Toxic substances X
2. Nontoxic substances X

IIL. Other Equipment and Facilities Subject to a Variety of Backflow
Conditions

o =mo
Moo M

A. Lawn sprinkling systems that may constitute a cross-connection to:
1. Toxic substances including lawn chemicals '
2. Nontoxic substances

B. Fire suppression systems employing toxic chemicals.

C. Soft drink dispenser or bar carbonators

D. Radiological, photographic, dental medical, biological or chemical
laboratories or facilities

E. Swimming pools

F.
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Degree of Hazard
Assembly, - Low High
Device or Installation®44
Method' | Back | Back | Back | Back tion
siph- pres- | siph- | pres-
onage | sure onage | sure
- . . l
Air Gap Shall be a minimum of 1 inch but not
less than 2 times the diameter of the
effective spout opening when not
affected by side walls, and 8 times the
diameter of the effective opening when
affected by side walls. Side walls will
beassmnedtonotaﬁ'ectairgnpswhen
they are spaced horizontally a distance
greater than 4 times the effective
opening from the spout opening.
Atmospheric Upright position. No valves
Vacuum downstream. Minimum of 6 inches or
Breaker listed distance above all downstream
piping & flood level rim of receptor®
Double Check Horizontal unless . otherwise listed.
Valve Requires 1 foot below & sufficient side
Assembly & head room for testing & maintenance
with a maximum of 5 feet above the
ground, work floor, or a permanently
installed working platform with stairs
or ladder affixed Does not discharge
water. )
Pressure _ Upright position. May have valves
Vacuum downstream. Minimum of 12 inches
Breaker above all downstream piping & flood
Assembly level rim of receptor. May discharge
water. :
Reduced Same as Double Check Valve Assembly
Pressure above except may discharge water &
Principle wherever installed, provision for
Backflow draining away at least 2 times the rated
Prevention gallons per minute of the device shall
Assembly be made.
Dual Check Rw-’dentialservicesonly,&wherehigh
Valves hazards are not known to exist on the
premises.  Properly protected lawn
sprinkling systems are assumed to be
low hazard for this purpose. Dual
checks are not subject to annual
inspection unless so stipulated by the
manufacturer. Otherwise, reasonable
inspection periods will be assumed to be
every 6 years. - : '
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Footnotes:

For description of assemblies and devices, refer to the Cross-Connection Control

Standards. Backflow preventers described herein and in the guidelines as

"assemblies” must be installed as assemblies keeping the shutoff valves intact.

Previousapprovalbythepubﬁcwatermpplysystemisreqtﬁredforuseofapit

. or vault (normally prohibited due to possible flooding) or for parallel and bypass

installations (normally prohibited without special design considerations and proper
cross connection controls),

Backﬂowpreventmahannotbelocatedinanyareaeonminingﬁnneethatare
toxic,poisonousormoaiva;norhanyareainwhichtheycmﬂdbedamagedby
freezing, or by excessively high temperatures or pressures, vibration, physical
impactorsmmnalmess;norknowingiybeanowedtomnducthighlymoaive
or sandy waters without a special testing and maintenance program to assure
proper & safe operation.

Referwgeneralandspedﬁcinstalhﬁonreqtﬁrementsasstatedinthe&oas-
Connection Control Standards provided for in section 008.01E9 for conditions or
gituations not otherwise covered in these reguiations.

Nottobesubjectedtooperatingpreesm-eformorethan 12 hours in any 24-hour
period. Hose bibb vacuum breakers are permitted for some uses described in the
Cross-Connection Control Standards listed in section 008.01E9. Garden hose bibbs
shall be protected with approved, non-removable or integral, frost-proof, self-
draining, anti-siphoning vacuum breakers.

Firepmtecﬁonsystemsasnminhmmshaﬂbeeqdppedwithbackﬂowprevention
devices as described in AWWA Manual M-14, second edition. Backflow preventers
underthisreguhﬁonandconnectedmﬁmprotecﬁonsystemsshanbeconsidered
part of those systems. Assu:h,t.heyahallnotbeinstalled,moved,remnved,
mphced,shutoﬂ'ormanywayalteredtmleesinstﬁctwmpﬁamewiththerules
andregulationspromulgatedbytheStateFireMarshaL

008.01F4 Thatallbackﬂoworbackaiphonageprotectiondevicesequipped
withtestportsbetestedasoﬁenasrequiredbythepublicwatermpply
systembutatleastonoeeachyearbyahackﬂowpreventertestand
repairtechnidancertiﬁedbytheDirector,withtestresdtseertiﬁed
immediatelytot.hepublicwatersupplysystem

008.01E5 That the public water supply system consumers be required to
assessandreportpotenﬁalbackﬂowhamdsontheirpremisesandtnke
any steps necessary for protection of public health and safety as often as
reasonablyrequestedbythepublicwntersupplysystmandwhichahall
be no less often than every five (5) years. )
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008.01E7 That backflow preventers required by this regulation shall have
been tested and approved or listed for the intended use by one of the
following organizations:

008.01E7a Foundation for Cross Connection Control and
Hydralogic Research, University of Southern California,
University Park, Los Angeles, California 90089.

008.01E7b  American National Standards Institute, 1430
Broadway, New York, New York 10018. -

008.01E7c Underwriters Laboratories Inc., 833 Pfingsten Road,
Northbrook, Illincis 60062.

008.01E7d National Sanitation Foundation, 2355 West Stadium
Boulevard, P.O. Box 1468, Ann Arbor, Michigan 48106.

008.01E7e International Association of Plumbing and Mechanical
Officials, 5032 Alhambra Avenue, Los Angeles, California 90032.

008.01E9 That approval of CrowConnection-ControlPrograms (including
asaminimlnn,backﬂowprcventem,presan-eregulators,vacum
breakers, their installation, operation, testing, maintenance and repair)
shallbebaaedonthefollowingstandards,andwhereeonﬂictsmayen’st,
t.heDirectorwillbethesolejudgeastowhichstandardsha]lprevaﬂ:

008.01E9a Manual of Cross-Connection Control, published by the
Foundation for Cross-Connection Control and Hydraulic Research,

University of Southern California, eighth edition, a copy of which
isattachedandincorporatedbyreferenceasifﬁﬂJysetforth with
herein.

008.01E9b American Water Works Manual, M-14, second edition,
aeopyofwhichisattachedandincorpomtedbyreferenceasif
fully set forth with herein.
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008.01F Provide sufficient personnel, tools, spare parts, work areas, chemicals,
and other essentials Decessary to accomplish continuous operation of the system
without undue or unnecessary interruption of service.

008.02 Maintenance. All public water supply systems shall adopt and carry out a
Preventative maintenance program incorporating the following elements:

008.02B Routine inspection and servicing and record keeping of all mechanical
equipment in accordance with manufacturer’s recommendations for such
maintenance;

008.02C Timely replacement of worn or deteriorated system components and
equipment parts as identified by routine inspection and record keeping;

008.02D Elimination of rust and corrosion by application of paint, protective
coatings, or cathodic protection or other treatment capable of prolonging the
useful life of the system; and determination of the corrosive nature of delivered
water for the purpose of protecting the delivered water from harmful

contamination occurring from soluble metals and other materials present in
household and institutional conveyance pipes;

008.02E Maintaining a system ofrecordsforannualreviewandreporting of the
capability of the source of supply, treatment, storage, and distribution facilities to
provide for future service deqlands both short-term and long-term (2 and 10 year
plans);
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009 PERMIT FOR OPERATING A PUBLIC WATER SUPPLY SYSTEM
(INCLUDES AMENDMENTS MADE THROUGH SEPTEMBER 15, 1991)

009.01 Permit Required. Each person operating or maintaining a public water supply
system within the state shall apply to the Director for a permit to continue the operation
of such system beyond the date of January 1, 1978. The application shall be submitted
on a form provided by the Director (Attachment 6).

009.02 Inspection of the System. The Director shall, as promptly as is possible, inspect
and survey the system, reporting findings to the owner of the system, and issue or deny

apermithasedoncomplianeewiththerequirements of the Nebraska Safe Drinking Water
Act and of these rules and reguiations.

009.03_Information Required. Any person constructing, or otherwise acquiring a public
water supply system subsequent to dJuly 1, 1977, shall provide the information required
in subsection 009.01 of this section with the submission of plans and specifications as
required in section 007 of these rules. Anoperat.ingpermitwillbeissuedupon
confirmation that the completed works are constructed in accordance with approved plans
and specifications and upon demonstration the system will be maintained and operated as
prescribed by these rules and regulations.

009.04 FEnforcement. Any person operating a public water supply system prior to the
issuance of a permit in the manner prescribed in subsection 009.02 or 009.03 of this

009.05 Permit Time Frame. Permits shall be issued for an indefinite period of time,
subject only to continued compliance with the Nebraska Safe Drinking Water Act and
rules and regulations promulgated thereunder. ‘

009.06_ Opportunity for Hearing, Any person ghall be granted, upon request, an
opportunity for a hearing before the Department under the provisions of Chapter 84,
Article 9, Reissue Revised Statues of Nebraska, 1943, and amendments thereto, prior to
the denial or revocation of a permit. Judicial review of such denial or revocation may be
obtained as provided by such Chapter and Article.
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TITLE 179 - NEBRASKA DEPARTMENT OF HEALTH

CHAPTER 2 - REGULATIONS GOVERNING PUBLIC WATER SUPPLY SYSTEMS
(INCLUDES AMMENDMENTS MADE THROUGH MARCH 30, 1992)

010 OPERATOR CERTIFICATION

010.01 Certified Qperator Necessary. No public water supply system shall be issued or

010.01A 'I\voormorepublicwatersupplysystemsmayahareorutﬂizethe
services of a single certified operator provided that the conditions in 010.01A1-

010.01A1 The shared operator shall hold that grade required for the
opemtorofthehighestclasxiﬁmﬁonofthesystemsinvolved;

010.01A2 The systems are located so as to permit reasonable travel time
between work areas with sufficient time remaining to perform necessary
routinesuperviaorymaintenanceandopemﬁonalactivityforeachsystem.
As a guide, forty(40)mﬂesisconsidm~edtobeanaceeptabledistance;

010.01A8 Eachsyst.eminvolvedmustpravidealocalpersonorpersons
who shall perform routine activities, including the collection of samples,
under the supervision of the shared operator;

010.01A4 Companiesorcorporationsestablishedforthepm'poseof
providingoperationalservicetoownersofpubﬁcwatersupplysystems
ahaﬂemployoneormorepersonsholdingaeerﬁﬁmteappropﬁazetothe

010.01B Appﬁmﬁonforaeerﬁﬁmteofeompetencytoactasaeerﬁﬁedopmtm
ofapublicwatermpplysystemﬂhallbemadeuponafompreparedbythe
Director (Attachment 2), Appﬁmﬁonforopmtorsharingshanbemadeupona
formpreparedbytheDirect.or(Attachmentw. '

010.01C In determining the degree of competency required for proper operation
ofasystem,thefonowingdassiﬁmﬁonwﬂlbeappﬁedtopubﬁcwatermpp}y
systems;

010.01C1 ClassI-Ancommlmitywatersupplysystemsandnon-

transient, non-community supply systems using any treatment technology
involvingﬁltraﬁontoremoveharmﬁnmatm'ialsﬁ-omtherawwater
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source or to improve the aesthetic quality of delivered water, and which
are designed to serve a population in excess of 15,000 persons; and all

other community water supply systems designed to serve a popuiation in
‘excess of 50,000 persons; )

010.01C2 ClassII-Alleommunitywatersuppkysystemsandnon-
transient, non-community supply systems using any treatment technology
involving filtration to remove harmful materials from the raw water
smxrceortoimprovetheaestheticqua]ityofthedeliveredwater,and
which are designed to serve between 2,000 and 15,000 persons; and all

other community water supply systems serving a population between
15,000 and 50,000;

involving filtration to remove, harmful materials from the raw water
source or to improve the aesthetic quality of the delivered water, and
which are designed to serve fewer than 2,000 persons; and all other
community water supply systems which serve between 2,000 and 15,000
persons; and all community supply systems which purchase water from

one or more systems for the purpose of supplementing or providing
service to more than 15,000 persons;

010.01C4 Class IV - Al community water supply systems and non-
‘ ient, non-community supply systems which do not use a treatment
technology involving filtration and which serve fewer than 2,000 persons;
andallothereommunitywatermpplysystemswhichpm-chasewaterﬁ-om
one or more systems for the purpose of supplementing or providing
service to fewer than 15,000 persons; '

010.01D Class V - All other public water supply systems.

010.02 Water Operator Certification Requirements. Certificates of Competency will be
issued by the Director, in behalf of the Department, to those operators applying for such
certificates and meeting the following requirements: .

010.02A In adequate physzical condition;

010.02B Able to read and write the English language:

010.02C Produces evidence of satisfactory attendance at operators training

meetings or short courses, or completion of education courses available that are
consistent with the Grade applied for;
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010.02D Able to maintain logs and records of operation and perform maintenance
consistent with the Grade applied for;

010.02E Produces evidence of good moral character, integrity, ability to cooperate
with others, industry, reliability, initiative, and judgement to the degree necessary
to secure satisfactory operating results; and

010.02F Compliance with the requirements of subsection 010.04 of this section
inregardtotheappropﬁateGmdewiththeexeepﬁonthattheDirectmmayissue
aPrOVisionalCertiﬁmteofCompetencytoanyappﬁmntdmingthatpeﬁodin
which experience is being acquired.

010.08 Grades of Certification. Six grades of certification shall be made available: five

--any part of (the) system during assigned duty hours (001.01QQ) and who inspect, test
and repair preventerswithtestportswhinhareusedtoprotectpotabledrinking
water&ommntaminaﬁonand/orponuﬁonor&ompownﬁalconmminaﬁonand/or
pollution, and including both isalation and containment types of installation, shall be
requiredt.oholdaGradeVIcertiﬁmteforaHdasaeaofpublicwatersuppiysystems.
Inspection of backflow preventers without test ports does not require Grade VI

certification.

010.04 Education and Experience i All applicants of a Certificate of Competency
shail meet the following education and experience requirements for the appropriate Grade
requested:

010.04A Grade I Certification -

010.04A1 Prior successful completion of a Grade II certification
examination and successful completion of an examination on the subject
ofoperationofapublicwatersupplysystemreeommendedbythe
AdvisoryCouncilonPub]icWaterSupplyandapprovedbytheDirector;
and ’

010.04A2 A degree of Bachelor of Science (with special courses in
sanitary sciences) and three years in responsible charge or operation of
a publi wntersupplysystemorasaregulatoryagentofpubﬁcwater
supply systems (e.g., State or Federal Safe Drinking Water Act
enforcement experience); or
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010.04A3 Four years of college and four years of responsible charge of a
public water system or as a reguiatory agent of public water supply
systems (e.g., State or Federal Safe Drinking Water Act en:~rcement
experience); or

010.04B Grade II Certification -

010.04B1 Prior successful completion of a Grade III certification
examination and successful completion of an examination recommended

by the Advisory Council on Public Water Supply and approved by the
Director; and :

010.04B2 Two years of college, plus three years responsible charge of a
public water supply system or three years as a regulatory agent of public
water supply systems (e.g., State or Federal Safe Drinking Water Act
enforcement experience); or ~

as a agent of public water supply systems (e.g., State or
Federal Safe Drinking Water Act enforcement experience).

010.04C Grade II Certification -

010.04C1 Succesaful completion of an examination recommended by the

Advisory Council on Public Water Supply and approved by the Director;
and

010.04C2 High school education or equivalent and two years responsible
chargeofacommunitywatersupplyuystem; or

010.04C3 Two years of high school or equivalent, and four years
responniblechargeofaeommtmitywatersupplyaystemorsixyears
operation of a system under the supervisionofapersonposeam’nga
CertiﬁcateofComlaetencyasaGmdeI,GradeIL or Grade III operator.

010.04D Grade IV Certification -

010.04D1 Successful completion of an examination following a basic

training course for water system operators recommended by the Council
and approved by the Director; or
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010.04D2 Successful completion of a correspondence course
recommended by the Council and approved by the Director; and

010.04D3 Two years of bigh school or equivalent and one year in
responsible charge of a community water supply system.

010.04E Grade V Certification -

010.04E1 Demonstrated ability in the collection of water samples,
interpretation of results of biological examination and the maintenance of
required records.

010.04F The following substitution or equivalents for required experience or
training will be accepted by the Department: :

010.04F1 Two years employment by a community water system under
the supervision of a certified operator may be substituted for one year of
grammar school or high school

010.04F2 The Director, with the advice of the Council, may accept a
substitution for required experience or training when deemed equivalent
to the requirements of this section and when requested and documented
by the applicant for certification.

04G Grade VI Certification -

010.04G1 Successful completion of an examination recommended by the
CotmnilandapprovedbytheDirectoronthe subject of cross connections,
backflow preventer operation, maintenance, testing, and repair. Such
examination shall include a written test as well as a hands-on portion to
test actual testing and repair proficiency.

010.05_Issuance and Renewal of Certificates of Competency.

010.05A . Certificates of Competency to act as cperators of public water supply
systems or any part ofsuchsystemsahanbeissuedbytheDepartmentforthe
mlendaryearsappliedforandahallexpireatmidnightoanberSL of the
third year. The Department shall notify each certificate holder at least ninety

days beforetheexph-aﬁonoftheeerﬁﬁcatebyaletteraddressedtohima:hishst
Place of residence as noted upon its records. '

010.05B Any such Certificate of Competency may be denied, suspended, revoked
or refused renewal by the Director for due cause. Due cause shall include, but not
be limited to:

010.05B1 Fraud in processing the certificate;
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010.05B2 Habitual intoxication or addiction to the use of drugs;
010.06B3 Conviction of a felony;

010.05B4 Physical or mental incapacity to perform professional duties;
010.05B5 Violation of any of the provisions of the Nebraska Safe
;m'ilrmkingWaterActoranynxlesorregMationsadoptedtmdersuchact;
010.05B6 Failure to pay the required fee.

010.05C Exceptincasesoffaﬂmetopaytherequiredfeea,nolicenseahallbe
denied, suspended, or revoked except after due notice and opportunity for a

year period.

a Certificate of Competency and with each application for renewal of a Certificate of

010.06 Application Fees. A fee of ten dollars shall be submitted with each application of
‘ Competency.

010.07 Correspondence Course Fee. A fee of eighty dollars shall be submitted with each
application for entrance into a correspondence course conducted by the Department.

010.08 Training Course Fee. A fee of forty dollars for each day of a scheduled basic

traming course delivered by the Department shall be submitted with each application for

010.09 Other Fees. A fee of fifty dollars shall be submitted with each request for
individual examination without attendance at a scheduled basic training course delivered
by or approved by the Department.
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ATTACHMENT 1
STATE OF NEBRASKA DEPARTMENT OF HEALTH
Division of Drinking Water and Environmental Sanitation
GUIDELINES FOR WATER SYSTEM DESIGN
Introduction

Chapter 71, Article 58, Supp., 1976, the NEBRASKA SAFE DRINKING WATER ACT, required
that plans and specifications for major construction, extension, or alteration of public water supply

Guidelines

The MANUAL OF WATER WELL CONSTRUCTION PRACTICES, published by the United
States Environmental Protection Agency, Office of Water Supply; and RECOMMENDED
STANDARDS FOR WATER WORKS, 1987 'Edition, published by the Great Lakes-Upper
Mississippi River Board of State Sanitary ineers, are hereby adopted by the Nebraska State
Department of Health as guidelines for water system design. In the event of discrepancy, the
MANUAL OF WATER WELL CONSTRUCTION PRACTICES shall govern. '

In addition, the following guidelines concerning the groundwatér sources are established:

L Location. Every well, infiltration line or spring serving or intended to provide water for
a public water supply system, insofar as possible, should be located, constructed, or
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(1. Continued)

CATEGORY FEET DISTAN LCEE[;TERS
Non-Potable Water Well | 1,000 300
Sewage Lagoon 1,000 ' 300
Absorption or Disposal Field for Waste _ 500 150
Cesspool 500 150
Dump 600 150
Feedlot or Feedlot Runoff 600 150
Corral 500 150
Pit Toilet 6500 ~150
Sanitary Landfill 500 150
Chemical or Petroleum Product Storage 500 150
Septic Tank 500 150
Sewage Treatment Plant 500 150
Sewage Wet Well 500 150
Sanitary Sewer Connection 100 30
Sanitary Sewer Manhole 100 30
Sanitary Sewer Line 50 15
Sanitary Sewer Line (Permanently 10 3

Water Tight)

schedule.
2. Ateetholewﬂlberequiredforallpropoeedwellaites.

3. The annular space shall be grouted to a minimum depth of 10 feet below the ground
surface. Grouting to greater depths will be required when warranted by the method of .
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construction or is necessary, in the judgement of the Diréct.or, to prevent possible
contamination of the well

4. The following information must be submitted with the plans and specifications or as

addendum thereto:
a Test hole driller’s logs and reports;
b. All sieve analysis and ealculationsusedin_gravelpackandweendesign. This

information shall be submitted prior to the placement of the screen and gravel
pack.
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ATTACHMENT 2
Water Operator Application Form -
Nebraska Department of Health OFFICE USE ONLY
Division of Drinking Water and Cert #
Environmental Sanitation . In Comp.
P.O. Box 95007 - Cert. Mailed______
Lincoln, NE 68509-5007
Date Training Course Completed
Last Name First Name and M.L
Street Address
City and State | Zip Code
EMPLOYFR INFORMATION:
Name of Water System
Street Address
City and State Zip Code
County System is located in Work phone _____
Population Served : No. of Service Conn. _____
Type(s) of Water Treatment used
PERSONAL INFORMATION:
Home Phone Social Security No.

your Social Security number.)

High School Graduate? YES NO (Circle Response)
Post High School education
Certification Grade Requested? 5 4 3 2 1 (Circle one)
Will you be in responsible charge of the water system? YES NO

Months of experience as a water operator

Where?
Name, address and phone of the person who will be your immediate supervisor.

Signature

A4



ATTACHMENT 2A
APPLICATION TO SERVE AS A CERTIFIED OPERATOR
FOR MORE THAN ONE NEBRASKA PUBLIC
VATER SUPPLY SYSTEM

I. This form constitutes a request that holding a Class

(Name of Operator)
vater operator's certificate and operating the

(Name & Address of Vater

Supply)

a system classified as Class be alloved to act in the additional

capacity as the oﬁerator in responsible charge of the

(Name & Address of

Vater Supply)

2 system classified as Class

II. Additiona]l Information to be Supplied:

Distance between the two systems miles.

Name of person responsible for shared system in absence of certified

operator

III. Ve the undersigned agree to allow to serve as the

(Name of Operator)
operator for the above named systems and in carrying out this responsibility

to spend the time indicated at each water supply sytem.

System I . Systep II
Signature (Mayor, Chairman or Owner) Signature kuayor, Chairman or Owner)
Title Title
Printed or Typed Name Printed or Typed Name
Date Date
System III
Signature (Mayor, Chairman or Owvner) Title

Printed or Typed Name Date
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ATTACHMENT 3

Protocol for the Determination
of Influence of Surface Water
on Ground Water Sources

4 Nebraska Department of Health
Division of Drinking Water and Environmental Sanitation
P.O. Box 95007
Lincoln, NE 68509

The Surface Water Treatment Rule (SWTR) promulgated by EPA requires that treatment
sufficient to produce a three-log (99.9%) reductioninGiardialambliacystsandafour-log (99.99%)
reductioninvirusesbepravidedforausurfaeewatersom'cesandaﬂgroundwatersoumemder
the direct influence of surface water. Inmostcasea,treatmentwhichwﬂleﬁ'ectathreelog
reductionofGiardiawﬂlbemorethansuﬁicittoeﬁ'ectafom-logreducﬁoninviruses. The basic
m&teﬁawﬁchdetemhadkecthﬂueneeofsmﬁeemgmmdw&amwithmthewntm

screening protocol is as follows:

1 Department of Health personnel will examine information on file to determine if a source
. ofwaterispotenﬁallyatrisktothedirectinﬂuenceofsmfacewaterornot If any one

of the following conditions is true, then the source of water is potentially at risk to the
direct influence of surface water: .

A Thesotn'ceofwat.erisaspringor‘aninﬁltréﬁongallery;

B. Thetopoftheuppermostintakestmctmeofaweﬂislessthanorequaltoso
feet from the ground surface; :

C. There is evidence of fecal contamination of the discharge within the preceding
three years, excluding distribution gystem samples;

D. There are defects in the condition of the upper terminus (e.g., defective pump
basesea.ls,missingorunscreenedmsingvents, cracked pump bases);

E. There is inadequate grouting of the upper annulus;



There is inadequate information on file to assess whether the source of water
meets one or more of the conditions in 1A through 1E. In this case, owners of the

Public Water Supply System will be given the opportunity to provide the required
information.

Ifasom'ceofwaterisdeterminednottobepotential}yatrisktothedirect
influence of surface water in accardance with protocol number one, then it is not
considered to be at risk to the direct influence of surface water and Section 002.04
does not apply (no further analyses are required).

IfaWeHisdetemh:edtobepotenﬁallyatrisktothedirectmﬂuenceofmface

solely because of either condition 1D or 1E and it is subsequently repaired
and no longer meets any of the conditions in protocol number 1, then it is not
considered to be at risk to the direct influence of surface water and Section 002.04
does not apply (no further analyses are required).

3. Ifasom'ceofwaterisdetermmedtobepotenﬁanyatrisktothedirectinﬂuenceof

surfacewaterinaccordancewithprotocolnumberone, then it shall be investigated further
for the direct influence of surface water as follows:

A

Monthly examination of temperature, pH, or turbidity shall be conducted over
twelve consecutive months from the water source discharge. A minimum of two
ofthesepm'ametersshallbeexaminedandrecorded.

6} Sample collection and certification. .

(a) Prior to the collection of each sample or measurement, the water

sourcepmnpahallbeopemzedlongenoughtopmnpaxleastten
times the volume of the pump column,

() - The certified operator in responsible charge of the public water
_ Bupplysystemahancerﬁfytheloeaﬁon,analyaismethodand.
results of each test,

2 Analytical Methods. Samples shall be analyzed by the following methods

which are incorporated by the following references and are attached in
Attachment 6.

(a) Turbidity analyses shall be performed in accordance with
002.04H1a (Method 214A - Nephelometric Method).

(b) pHshallbemeasuredbyoneofthefonowing:

@ Method 150.1, Electrometric, "Methods of Chemical
Analysis of Water and Wastes," EPA Environmental
Monitoring and Support Laboratory, Cincinnati, Ohio,
(EPA-600/4-79-020), March 1983. Available from ORD
Publications, CERI, EPA, Cincinnati, Ohio 45268;

AT
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&)

(4)

(i) . Method D1293-84B, Electrometric, Annual Book of ASTM
- Standards, Vol 11.01, American Society for Testing and
Materials, 1916 Race Street, Philadelphia, Pennsyivania

19108; or

(iii) ~ Method 4500-H, Electrometric, Standard Methods for the
Examination of Water and Wastewater, 17th edition,
American Public Health Association, American Water
Works Association, Water Pollution Control Federation,
1989,

© Temperature shall be measured as follows:

@ Method 2550, Thermometric, Standard Methods for the
Examination of Water and Wastewater, 17th edition,
American Public Health Association, American Water
Works Association, Water Pollution Control Federation,
1989.

Evaluation of measurements.

(8) A variation of less than 15 percent between high and low resulits
of all of the parameters measured will be considered evidence
thatthesomeofwaterisnotunderthedirectinﬂueneeof
surface water. Section 002.04 does not apply (no further analyses
are required).

(b) Avariationoflspercentorgreaxerbetweenhi@andlowmﬂts
of any of the parameters measured will be considered evidence.
thatthesmn'eeofwaterismderthedirectmﬂuemeofmface
water., Theownerofthewatersystemmayacceptthe
designation of surface water and provide treatment as required

by002.040rmaymuseparﬁculateanalysestobeperformedas
outlined in 3B.

InlieuofperforminganalysesoutlinedinaA,theownermayelectto_
perform particulate analyses in accardance with SB.

B. Perform particulate analyses of samples taken from the well

0V)

Aminimmnoftwosampleaahallbeeollectedandanalysesforthe
presence of diatoms, rotifers, coccidia, insect parts, and Giardia. Samples
shall be collected in accordance with the 17th Edition of Standard
Methods, and collection shall be at such times as the ground water source
is most vulnerable to surface water infiltration (e.g., during periods of
high surface water stages, after heavy rainfall or runoff events). Sample
volumes shall be at least 500 gallons. Analysis shall be made by a
certiﬁedlabomtorymawordancewithEPAconsensusprotoeol given in
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(2 EPA Consensus Method:
Filter unwound into quarters
' Rinsedindistilledwat.;rwithpolysorbatem
Settled overmgh:, or centrifuged
Collect sediment and add ;% Formaidehyde in PBS
Settled overnightl., or centrifuged
Collect s:adiment
i » i
>1g - <l1leg.
Sucrose or.
Percoll-sucrose - - ZnSO, Flotation
gradient l
Microscopic observation of the entire

concentrate (Brightfield/Phase-contrast)

&) 'I'hepresenceofanyoftheindicatorsgiveninSBl)inallsamplesahallbe
considered conclusive evidence of surface water influence and the well is
subject to section 002.04. '

)] If sample resuits are inconsistent or inconclusive, additional sampling shall
‘ be taken as directed by the Department of Health.
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ATTACHMENT 4

SURFACE WATER TREATMENT FORMS
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PWS 401

Month

SOURCE WATRR QUALITY CONDITIONS FOR URPILTERED SYSTEMS (1)

Year

PWSID

(For System Use Only)

Systen/Treatment Plant

Coliform Msasurements ( 2)

" Turbidity Measurements

No. of Bamples

No. of Samples Mseting Specified Limits

Date

Pecal

Total

Fecal (< = 20/100 mL) [rotal (< = 100/100 mL)

Maximm (3)
Turbidity
(KTU)

Turbidity (4)
"Bvent.®
(Yes or Ho)

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

EDS

Maximum Daily Turbidity = NTU
fotal No. of Turbidity Events = —_

Continued an Back




Samples are taken form the source water immediately prior to the first disinfection point
included in the CT determination.

As specified in 40 CFR 141.74(b)(1), a fecal or total coliform sample must be taken on each
day that the system operates and a source water turbidity measurement exceeds 1 NTU.

For each’day that the maximum turbidity exceeds § NTU, the date should also be entered
for the day that the Sate was notified of this exceedance, e.g., "7.3-22 Apr."

A "yes" response is required each day the maximum turbidity exceeds 5 NTU and the
previous day did not. This is indicative of the beginning of a turbidity "event". The total
number of "yes" responses equals the number of turbidity "events" in the month.



Pws 402

'muo-m SOURCE WATER QUALITY COMDITIONS FOR UNFILTERED SYSTEMS

(Far Systam Use Caly)

Systam/Treataant Plant

PWSID

Turbidity Measurements

Coliform Msasurements

Ro. of Bamples

No. of Samples Meeting Specified Limits

Month

FPecal Total

Pecal (<= 20/100 mL) Total (<= 100/100 =L)

Days with
Turbidity

>S5 NTU

Rumbar of
Turbidity

Rveats

January

Pebruary

April

June

July

August

Septsmber

Rovember

December

Total:
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Month

CT DETERMINATION FOR UNPILTERED SYSTEMS ~- MONTHLY REPORT TO PRIMACY AGENCY (3)(2)

Year

PWSID

Disinfectant/Sequance of Application

System/Treatmant Plant

Date

Disinfectant (3) Disinfectant (3)
Concentration, Contact Time,

C (mg/L)

T (min.)

CT calc (4)
(=C x T)

PE (3,5)

Water (3)
Temp.
(deag. C

CT99.9 (6)

(CTcalc/CT99.9)

10

11

12

13

14

o

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

.Oul!

(1) To be included in the monthly report for at least 12 months aftar the

initiation of reporting.

longer require this form.
(2) Uss a separate form for sach disinfectant/sampling sits.
"ozone/1st" or "C102/3rd".
(3) Measursment taken at peak hourly flow.
{4) CTecale - ¢ (mg/L) x T {Min.)
(5) Only required if the disinfectant is free chlorine.
(6) FProm Tables 1.1 - 1.6, 2.1, and 3.1, 40 CFR 141.74(b) (3)

After that tims, the Primacy Agency may no

Prepared By

Date

Enter disinfection and sequence position, e.q.,
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DISINFRCTION INPORMATION
POR UNFILTERED SYSTEMS8 -- MONTHLY REPORT TO PRIMACY AGENCY

Month Systea/Treatment Plant
Year PWBID

Minigum Disinfectant Residual (CTcalc/CT99.9) (from Table 6-13)

at Point-of Entry to Disinfactant Sequence (3)

(1) (2) 8UM (CTcalc/CT99.9)<1
Date Distribution Systam (mg/L) ist 2nd ird 4th Sth 6th Sum (CTcalc/CT99.9) (Yes or No)

10

11

12

13
o:

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29
K3
‘ 31

Rotes:

Prepared By
Date

(1) If less than 0.2 mg/L, the lowest level and duration of the period must be reparted, e.g., "0.1-3 hrs.".
(2) To detarmine 8UM (CTcalc/CT99.9), add (CTcalc/CT99.9) valuss from the first disinfection sequence to the last.
(3) 1f BUM (CTcale/CT99.9) <1, a treatment technique viclation has occurred, and a ‘yes" response must be entered.



Month
Year

PW8 408

DISTRIBUTION SYSTEM DISINFECTANT RESIDUAL DATA FOR UNFILTERED AND PILTERED SYSTEMS
MONTHLY REPORT FOR PRIMACY AGENCY

Systeam/Treatmant Plant

PWBID

Date

No. of sites whare
disinfectant ressidual
was maasured (=a)

No. of sites whare no
disinfectant residual
was msasurad, but HPC
Beasured (=b)

No. of sites whare
disinfectant residual
not detacted, no HPC
Deasured (=c)

No. of sites where
disinfectant residual
not detactad,

HPC > 500/ml (=d)

No. of sites where
disinfectant residual
not measured,

HPC > 500 ml (=c)

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

@

[zoees

dm

V = (ced+e)/(a=b) x 100 = ( +

Prepared By

) x100= &

Date
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umvnmmpnmmcymmunanmmmm—
Month Systam/Treatmsnt Plant
Year PWSID

Source Watar Quality Conditions

A. Cumulative numbar of months for which results are repartad
Por source water coliform monitoring (No. of months)
For turbidity manitoring {(No. of months) (1)

URFILTERED 8SYSTEMS

B. Coliform Critaria

Ro. of Samples Ro. of Samples Meeting Specified Limits
Pacal Total . Fecal (<=20/100mL) Total (€=100/100mL})
Previous 6 months we x= Y= z=
Percantage of samples <= 20/100 ml fecal coliforms, P = y/w x 100 = L]
Percentage of saEples <= 100/100 ml total coliforms, T = z/x x 100 = S
is F < 9087: Yas No, R/A i 18 T < 9508?: Yes No N/A

C. Turbidity Critaria
Maximum turbidity level for reporting (current) month = NTU '
Entar the month (120 manths Prior to the reporting month or January 1991 (whichever is later)

Dates of 5 NTU Exceedancss 8ince Latast Month Recarded Above

Beginning Dats Duration (days) Date Raported

Disinfection Criteria -
s naon Croteria

A. Point-of-Entry Minimum Disinfectant Residual Critaria

Days ths Rasidual was <0.2 Bg/L

Dats Raported
Day Duraticn of Low Level {hrs.) to Primacy Agency

B. Distribution System Disinfectant Reaidual Criteria
The value of a, b, c, d, and e, from Table 6-5, as specified in 40 CRP 141.75(b)(2) (141)(A)~(R)

am= ;s b= s C = d =

. ;o=
V = ctdte x 100 = \J
a+b
For previous month, V = —_—t

C. Disinfection Requirsment Critaria
Record the date and valne of 8UM (CTcalc/CTY

9.9) for any SUM (CTcale/CT99.9) <1 (from table 6-4):
If none, entar "none®.

Date 8UM (CTcalc/99.9)

Preparsd By
Date

Notes:

(1) The current 6-month cumulatives are required to detarmine whether compliance with the coliform critsria has

bean achieved. These totals are calculated from: the previous 6-month cumulatives, the current month’s,
Q and totals from the earliest of 6 pravious manths.
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Moath

mx.rmmmmrn.mmszm

(Yor systam use only)

Year

System/Tresatment Plant

PWBID

Filtration Technology

Date

(1) (2)

Maximum Piltered Water Turbidity

Minimum Disinfaction Residual
at Point-of-Entry to Pilter
Distribution System (mg/L) [}

Clear~
Filter wall Plant
ffluant Ft!lmnt Efflusnt

‘| No.

(3

of
Turbidity
Msasurenents

(4)
No. of
Turbidity
Measurements
<= Specified
Limit

(3

Ro. of
Turbidity
Measurements
> 5 RTU

10

11

12

0-
14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

‘29

30

31

CONTINUED ON BACK




Year, Type of Piltration
Turhidity Limit

Pw8 408

w!mmrmmummanma-rnmnm

Month System/Treatuant Plant

PWSID

Turbidity Parformance Critaria

A. Total number of filtered water turbidity measurements =

B. Total number of filtared water turbidity measurements that are less than or equal to the specified limits for the
filtration technology employed = ’

C. The parcentage of turbidity measursments Desting the specified limits - B/A x 100 = /
D. Record the dats and turbidity value

X 100 = L]
for any measurements exceading 5 NTU: if none, entar "nons®.

Date Turbidity, NTU

Disinfection Performance Criteria
==l hpn sariormance Criteria
A. Point-of-Entry Minimum Disinfectant Residual Criteria

Minimum Disinfectant Residual Minizum Disinfectant Residual Minimum Disinfectant Residual
at Point-of-Entry at Point-of-Entry at Point-of-Entry

Pate | to Distribution System (mg/L) Pats | to Distribution Systam (mg/L) Pata | to.Distribution System (mg/L)
1 11 21
2 12 22
3 13 23
4 14 24
5 15 25
6 16 A 26
? 17 27
8 18 28
9 19 29
10 20 30
N

Days ths Residual was <0.2 mg/L

Day Duration of Low Lavel (hrs.) Dats Reported to Primacy Agency

B. Distribution Systam Disinfectant Residual Critaria

The valus of a, b, c, d, and e, from Table 6-5, as specified in 40 CFR 1¢1.75 (b)(2)(iii)(a)=(®):
. - r) b - Y c - Yl d - Y . -

Vemc+d+e x 100 = \
a+hb

For previous month, V = L]

Prepared By

Date




Notes:

For muitiple disinfectants, this column must only be completed for the last disinfectant

added prior to entering the distribution system. If less than 0.2 mg/L, the duration of the
period must be reported, d.g., "1.2-3 hrs.". '

For systems using conventional treatment, direct filtration, or technologies other t>-n slow -
sand or diatomaceous earth filtration, turbidity measurements may be taken .t the
combined filter effluent, clearwell effluent, or piant effluent prior to entry into the
distribution system. The turbidity may also be measured for each individual filter with
a separate sheet maintained for each distribution system. The turbidity may also be
measured for each individual filter with a separate sheet maintained for each. -

For continuous monitors, count each 4 hour period as 1 sample.

Depending on the filtration technology employed, the number of turbidity samples meeting
the following levels must be recorded: conventional treatment or direct filtration - 0.5
NTU, slow sand filtration - 1 NTU, diatomaceous earth filtration - 1 NTU. The State may
specify alternate performance levels for conventional treatment or direct filtration, not
exceeding 1 NTU, and slow sand filtration not exceeding § NTU, in which case the
number of turbidity measurements meeting these levels must be recorded.

In recording the number of turbidity measurements exceeding § NTU, the turbidity values
should also be recorded, eg., "3: 5.6; 6.2; 6.0".
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ATTACHMENT 5

NEBRASKA DEPARTMENT OF HEALTH
on of Drinking Water and Environmental Sanitation

APPLICATION FOR PERMIT TO OPERATE A PURBLIC WATER SUPPLY SYSTEM
Name of system
Location of gystem
Area served (attach map)

Isthesystmnopenandservingwatertothepublicyear-rmmd?
It‘theanswerisno,whatpartoftheyearareyouopm?

6. Owner’s name

6. Owner’'s address Street or RFD

City, State, ZTP
Telephone number
Name of individual responsible for operation and maintenance
Name
Street or RFD
City, State, ZTP
Telephone number

. Name of individual responsible for retaining records (if different from

# 6): A

Certified water operator(s) (include those person(s) currently applying for certification):
Name - Grade o

10. Typeandpopulanonofservweareas.

a. Year-round residential population:
b. Seasonal residential population:
c. Non-residential, non-transient population:

* school * institution
* medical facility . industrial/agricu!tm-a.l_
® day care center * other

A-19



et

d. Non-residential, transient popuiation (daily average - during the

peak season if applicable):
* rec area * service station
® summer camp ——————w_" - * restaurant
* highway rest area . * hotel/motel

11. Number of service connections (generally equals the number of services
which are billed for water usage):
* residential * commercial
* institutional * other
12. Source water utilized:

a. Non-purchased source water:
1) %fromgrmmdwatersome(s) =
2) %ﬁ-omswfaeewawrsomce(s) =

b. Purchased water (from another public water system):
"~ 1) % purchased from a public water using ground
water = :
2) % pm‘chased&omapublicwntersystemusing
surface water = :

(Total shouid equal 100%)
18. Description of (use additional pages if necessary):

a. Source(s) of supply:

b. Treatment techniques (ie., fluoridation, disinfection, sequestration, etc.):
c. Storage facilities:
d Distribution system:

14. Attach Emergency Plan. If an emergency plan is currently not in effect, then complete
the attached "Local Emergency Plan” and submit it with the completed application.

15. Other information:
16. Submitted by Name
Title

Signature

Date

A-20
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ANALYSIS METHODS
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2550 TEMPERATURE®

2550 A.

Temperature readings are used in the
calculation of various forms of alkalinity,
in studies of saturation and stability with
respect to calcium carbonate. in the cal-
culation of salinity, and in generai labo-
ratory operations. In limnoiogical studies.
water temperatures as a function of depth

* Approvea bv Standard Methogs Commuttee, 1988

2550 B.

1. Laboratory and Other Non-Depth
Temperature Measurements

Normally, temperature measurements
may be made with any good mercury-filled
Celsius thermometer. As a minimum, the
thermometer should have a scale marked
for every 0.1°C, with markings etched on
the capillary glass. The thermometer
should have a minimatl thermai capacity to
permut rapid equilibration. Periodically
check the thermometer against a precision
thermometer cerufied by the National In-
stitute of Standards and Technology
(NIST. formerly National Bureau of Stan-
dards)® that is used with its certificate and
correction chant. For field operations use
a thermometer having a metal case to pre-
vent breakage.

2. Depth Temperature Measurements

Depth temperature required for limnol-
ogical studies may be measured with a re-
versing thermometer, thermophone, or
thermistor. The thermustor is most con-
venient and accurate; however, higher cost

* Some commerciai thermometers may be as much as 3C
in error.

PHYSICAL & AGGREGATE PRC=ZRTIES (2000

Introduction

Laboratory and Field Methogs

e B

o sl .

often are required. Elevares temperatures
resulting from discharges ¢! heated wat
may have significant ecoicgical impact
ldentification of source ¢ water supply,i
such as deep weils. often 1s possible by tem.
perature measurements aicne. Indusmai?
plants otten require data or water temper
ature for process use or n2zl-iransmission
caicuiations.

may preciude 1ts use. Calibrate any (em-z
perature measurement dsvices with a
NIST-certified thermometer before field
use. Make readings with the thermome

or device immersed in water long enough}
to permit complete equilibraton. Repo
results to the nearest 0.1 or i.0°C, depend-
Ing on need.

The thermometer commonly used fo
depth measurements is of the reversin
type. It often 1s mountea on the sample;:
collection apparatus so that 2 water sampie
may be obtained ’sxmuhancously‘ Correct;.
readings of reversing thermometers fo
changes due to differences between tem:
perature at reversal and temperature at
time of reading. Calculate as follows:

[(T' = (T -
AT—-l I '
x[l‘_(r'—u(‘f—l’c) +L
A j'.‘
where:

AT = correction 10 be added algebraicaily
uncorrected reading.
T' = uncorrected reading at reversal,

”
.
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TESTS ON SLUDGES (2710)/Oxvgen-Consumption Rate

temperature a1 which thermometer 15

read.

n = volume of small buib end of capillary
up to 0°C graduauon,

= constant dependine on relatve thermai
cxpansion of mercury ang class (usual
value of & = »100), ang

L = calibrauon correction of thermomerer

depending on T’

If series observations are made 1t 1s con-

venlent to prepare graphs for a thermom-

eter to obtain A7 from any values of 7
and ¢
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2710 TESTS ON SLUDGES*

2710 A.

This section presents a series of tests
uniquely applicable (o sludges or slurries.

—————

° Approvea by Standacd Methads Commutee. 198S.

Introduction

The test data are useful in designing facil-
ities for solids separation and concentration
and for assessing operanional behavior, es-
pecially of the acuvated sludge process.

2710 B. Oxygen-Consumption Rate

' General Oiscussion

This test is used to determine the oxvgen
consumption rate of 2 sample of a biolog-
ical suspension such as activated sludge. [t
1s useful in laboratory and pilot-plant stud-
ies as well as in the operation of full-scaie
treatment plants. When used as a routine
plant operation test, it often will indicate
changes in operating conditions at an early
stage. However, because test conditions are
MOt necessarily identical 10 conditions at
the sampling site, the observed measure-
ment may not be identical with actuai oxy-
gen consumption rate.

2. Apparatus

a. Oxygen-consumption rate device:

Either:

1) Probe with an oxvgen-sensitive elec-
Irode (polarographic or gaivanic), or

2) Manometric or respirometric device
with appropriate readout and sample ca-
pacity of at least 300 mL. The device
should have an oxvgen supply capacity
greater than the oxygen consumption rate
of the biological suspension. or at ieast 150
mg/L-h.

b. Stopwaich or other suitable timing de-
vice.

¢. Thermometer 10 read to = 0.5°C.
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pH (4500-H° )/Electrometric Methoa

1. Generat Discussion

a. Principie: The basic principie of elec-
trometnc pH measurement is determina-
tion of the activity of the hydrogen ions by
potentiometric measurement using a stand-
ard hydrogen electrode and a reference
clectrode. The hvdrogen electrode consists
of a piatinum electrode across which hy.
drogen gas is bubbjed at a pressure of 101
kPa. Because of difficulty in its use and the
potentiai for porsoning the hydrogen elec-
trode. the glass electrode commonly is
used. The electromotive force (emf) pro-
duced in the glass electrode system varies
lineariy with pH. This linear relationship
is described by plotting the measured emf
against the pH of different buffers. Sample
PH is determined by extrapolation.
Because singje ion activities such as a,.
cannot be measured, pH is defined opera-
tionally on a potentiometric scale. The pH
measuring instrument is calibrated poten-
tometrically with an indicating (glass)
ciectrode and a reference electrode using
National Institute of Standards and Tech-
nology (NIST, formerly Nationaj Bureay
of Standards) buffers having assigned val.

ues so that:
pPH, = - l0g o @y

where:
PH, = assigned pH of NIST buffer.

The operational pH scale is used 1o mea-
Sure sample pH and is defined as:

H\— H. = FE - £g)
PP = Pt = 25
where:
pH, = potentiometncally measureq sampie
pH,

4500-H~ 8. Electrometric Method

F= Faraday: 9.649 x 10¢ coulomb / moe,
£, = sampie emf, v,
E, = buffer emf, v,

R = gas consunt; 8.314 Joule/(moie °K),
and

T = sbsolute temperature, K.

NoTE: Although the equation for bH, ap-
pears in the literature with a plus sign, the
sign of emf readings in millivoits for mos;
pH meters manufactured in the U.S. js neg-
ative. The choice of negative sign is con-
sistent  with the IUPAC Stockhoim
convention concerning the sign of electrode
potenuaj.'?

The activity scale gives values that are

higher than those on Sorenson's scale by
0.04 units:

PH (activity) = PH (Sorenson) + 0.04

The equation for PH, assumes that the emf
of the cells containing the sample and
buffer is due solely to hydrogen ion activity
unaffected by sample composition. In prac-
tice, samples will have varying ionic species
and ionic strengths, both affecting H™ ac-
tivity. This imposes an experimental limi-
tation on pH measurement; thus, to obtain
meaningful results, the differences between
£, and £, shouid be minimal. Sampies must
be dilute aqueous solutions of simpte sol-
utes ( <0.28f). (Choose buffers to bracket
the sample.) Determination of pH cannot
be made accurately in nonaqueous media,
suspensions, colloids, or high-ionic-
strength solutions.

b. Interferences: The glass electrode is
relatively free from interference from color,
turbidity, colloidal matter, oxidants, re-
ductants, or high salinity, except for a so-
dium error at PH> 10. Reduce this error
by using special “low sodium error’* elec-
trodes.

PH measurements are affected by tem-
perature in two ways: mechanical effects
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that are caused by changes in the properties
of the electrodes and chemical effects
Caused by equilibrium changes. In the first
instance, the Nernstian slope increases with
increasing temperature and electrodes take
time to achieve thermal equilibrium. This
can cause long-term drift in pH. Because
chemical equilibrium affects pH, standard
pH buffers have a specified pH at indicated
temperatures.

Always repont temperature at which pH
is measured.

2. Apparatus

a. pH meter consisting of potentiometer,
a glass electrode, a reference electrode, and
a tcmperature-compensating device. A cir-
cuit is compieted through the potentiom-
eter when the electrodes are immersed in
the test solution. Many pH meters are ca-
pable of reading pH or millivolts and some
have scale éxpansion that permits reading
t0 0.001 pH unit, but most instruments are
not that precise.

For routine work use a pH meter ac.
curate and reproducible 10 0.1 pH unit with
a range of 0 to 14 and equipped with a
lemperature-compensation adjustment.

Although manufacturers provide oper-
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ating instructions, the use of different de-
scriptive terms may be confusing. For most
instruments, there are two controls: inter.
cept (set buffer, asymmetry, standardize)
and slope (temperature, offset); their func. %
tions are shown diagramaticaliy in Figures =
4500-H*:1 and 2. The intercept contro}
shifts the response curve laterally 1o pass 3
through the isopotentiai point with no =
change in siope. This permits bringing the 1
instrument on scale (0 mV) with a pH 7
buffer that has no change in potential with
temperature.

The siope control rotates the emf/pH
slope about the isopotentiai point (O mV/
pH 7). To adjust slope for temperature
without disturbing the intercept, seiect a
buffer that brackets the sample with pH 7 3
buffer and adjust slope control to pH of A
this buffer. The instrument will indicate o
correct millivolt change per unit pH at the -
test temperature. .

b. Reference electrode consisting of a half
cell that provides a constant electrode po- %

“a
J:i

tential. Commonly used are calomel and
silver: silver-chloride electrodes. Either is
avaiiabie with severai types of liquid junc-
tions.

The liquid junction of the reference elec-
trode is critical because at this point the

:

100°C : 74mv/oH unit.
50°C 164mv/pH unit)

T
14

N —— -

Interceot Control—p#

Figure 4500-H -1, Electrode potential vs. pH. {n-

tereept controf shifis response
curve laterally,

z 0°C iS4mv/oH ynit:
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pH (4500-H’)/Electrornetnc Methoa

electrode forms a salt bridge with the sam-
ple or buffer and a liquid junction potential
is generated that in tumn affects the poten-

tial produced by the reference electrode, -

Reference electrode junctions may be an-
nular ceramic, quanz. or asbestos fiber, or
the sleeve type. The quanz type is most
widely used.-The asbestos fiber type is not
recommended for strongly basic solutions,
Follow the manufacturer’s recommenda-
tion on use and care of the reference elec-
trode.

Refill nonseaied electrodes with the cor-
rect élcctrol_vtc to proper level and make
sure junction is properiy wetted. _

¢. Glass electrode: The sensor electrode
is a bulb of special giass containing a fixed
concentration of HCl or a buffered chioride

.solution in contact with an interna refer-
ence electrode. Upon immersion of a new
electrode in 3 solution the outer bulb sur-
face becomes hydrated and exchanges so-
dium ions for hvdrogen ions to buiid up a
surface laver of hydrogen ions. This. to-
gether with the repulsion of anions by fixed,
negatively charged sificate sites. produces
at the glass-solution Interface a potential
that is a function of hydrogen ion activity
In solution.

Severaj} types of pglass electrodes are
available. Combination electrodes incor-
porate the glass and reference electrodes
INto a single probe. Use 2 “low sodium
error” electrode that can operate at high
temperatures for measuring pH over {0 be-
cause standard glass electrodes yield er-
roneously low vaiues. For measuring pH
below | standard glass electrodes yield er-
roneously high . values: yse liquid mem-
brane electrodes instead. :

d. Beakers: Preferably yse polyethylene
or TFE* beakers. :

e. Stirrer: Use either a magnetic, TFE.-
coated stirring bar or a mechanical stirrer
with inert plastic-coated impeller.

—_—
*Teflon or equivaient.

4-97

'

S Flow chameber: Use for continuous fiow

Mmeasurements or for poorly buffered 50-
lutions. - '

3. Reagents

@ General preparation: Calibrate the
clectrode system against stanaard buffer so-
lutions of known pH. Because buffer so-
lutions may detenorate as a result of moid
growth or contamination, prepare fresh as
needed for accurate work by weighing the
amounts of chemicals specified in Table
4500-H "1, dissolving in distilled water at
25°C, and diluting 10 1000 mL. This is par-
ucularly important for borate and carbon-
ate buffers.

Boil and cooi distilled water having a
conductivity of less than 2 pmhos/cm. To
50 mL add 1| drop of saturated KC] 50-
lution suitable for reference electrode use.
If the pH of this test solution is between
6.0 and 7.0, use it to prepare all standard
solutions.

Dry KH,PO, at 110 to 130°C for 2 n.
before weighing but do not hear unstable
hydrated potassium tetroxalate above 60°C
nor dry the other specified buffer saits.

Although ACS-grade chemicals gener-
ally are satisfactory for prepanng buffer
solutions, use certified materials available
from the Nationaj Institute of Standards
and Technology when the greatest accu-
racy is required. For routine analysis, use
commercially availabie buffer tablets, pow-
ders, or solutions of tested quality. In pre-
paring buffer solutions from solid salts,
insure compiete solution.

As a rule, select and pPrepare buffer so-
lutions classed as primary standards in Ta-
ble 4500-H * 1. reserve secondary standards
for extreme situations encountered in
wastewater measurements. Consuit Table
4500-H":11 for accepted pH of standard
buffer solutions at temperatures other than
25°C. In routine use, store buffer solutions
and sampies in polyethyiene botties. Re-
Place buffer solutions every 4 weeks,




TaBLE 4500-H *:]. PREPARATION OF PH STANDARD SOLUTIONS'

Standard Solution {molality)

ph a1 25°C Weight of Chemicals Needed /1000 ml.
Aqueous Solution at 25°C

Primary standards:

Potassium hydrogen tartrate
(saturated at 25°C)

0.05 potassium dihydrogen citrate

0.03 potassium hydrogen phihalate

0.025 potassium dihydrogen
phosphate + 0.025 disodium
hydrogen phosphate

0.008 695 potassium dihydrogen
phosphate + 0030 43 disodium
hydrogen phosphate

0.01 sodium borate decahydrate
(borax)

0.025 sodium bicarbonate + 0025
sodium carbonate

Secondary standards:
0.05 potassium tetronalate
dihydrate
Calcium hydroxide (saturated
at 25°C)

> 78 KHC,H,0,*
11.41 g KH,C.H,0,
1012 g KHC,H,0,

3387 g KiL,PO, + 3.533 g Na,HPO, 1

1.179 g KH,PO, + 4.30 g Na,lIPO, {
180 g Na,B,0, . 101,01

2092 g NallCO, + 2.640 g Na,CO,

1261 g KILC,0, - 21,0

-2 g Ca(OH),*

* Approximate solubility.

t Prepare with freshly batled and cooled distilled water (carbon-dinxade free)
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b. Saturated potassium hydrogen tarirate
sofution: Shake vigorousiy an excess (5 to
10 g) of finely crystalline KHC,H.0, with
100 to 300 mL distilled water at 25Cina
glass-stoppered bottie. Separate clear so-
lution from undissolved material by decan-
tation or filtration. Preserve for 2 months
or more by adding one thymol crystal (8
mm diam) per 200 mL solution.

¢. Saturated caicium hvdroxide solution:
Calcine a weil-washeg, low-alkali grade

CaCO, in a piaunum dish by i1gniting for -

! h at 1000°C. Cool, hydrate by slowly
adding distilled water with stirming, - and
heat to boiling. Cool. filter. and coilect solid
Ca(OH); on a fritted glass filter of medium
porosity. Dry at 110°C, cool, and pulvenize
10 uniformiy fine granules. Vigorously
shake an excess of fine granules with dis-

tilled water 1n a stoppered poiyethylene

bottie. Let temperature come 1o 25°C after
mixing. Filter supernatant under suction
through a sintered glass filter of medium
porosity and use filtrate as the buffer so-
lution. Discard buffer solution when at-
mospheric CO, causes turbidity to appear.

KF in 2 mL conc H,S0O, and dilute 10 100
mL with distilled water). '

4. Procedure

a. Instrument caiibration: In each case
follow manufacturer's instructions for pH
meter and for storage and preparation of
electrodes for use. Recommended solutions
for short-term storage of electrodes vary
with type of electrode and manufacturer,
but generally have a conductivity greater
than 4000 umhos/em. Tap water is a better
substitute than distilled water, but pH 4

INOF NONMETALS (4000)

wet by returning them to storage soiution
‘whenever pH meter is not in use.

Before use, remove eiectrodes from stor-
age solution, rinse, biot dry with a soft
tissue, place in initial buffer solution, and
set the isopotentias pant (] 2a above). Se-
lect a second buffer within 2 pH units of
sample.pH and bring sampie and buffer to
same temperature, which may be the room
temperature. a fixer. -smperature such as
25°C, or the temper. ure of a fresh sampie.
Remove eiectrodes frm first buffer, nnse
thoroughiy with distitied water, blot dry,
and immerse m second buffer. Record tem-
perature of measurem=nt and adjust tem-
perature dial on meter so that meter
indicates pH valuc of buffer at test tem-

" perature (this is a slope adjustment).

Use the pH value listed in the tables for

the buffer used at the test temperature. Re- :
move electrodes from second buffer. rinse :
thoroughly with distilled water and dry
electrodes as indicated above. Immerse in -

a third buffer beiow pH 10, approximately

3 pH units different from the second: the 3
reading should be within 0.1 unit for the k1 0

and b below).

The purpose of stzndardization is to ad- -

Just the response of ihe giass electrode to

the instrument. When only occasional PH
measurements are made standardize in- J

strument before eac: measurement. When

frequent measurem-ats are made and the B
instrument is stable standardize less fre- -
quently. If sample pH values vary widely,
standardize for each .ampic with a buffer 3RE
having a pH within 1 to 2 pH units of the

sample. :

b. Sampie analyss: Establish equilibrium 34

pH (4500-
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: ;" ' d. Aufi/ian' so'luuan_s: 0.1A NaOH., 0.1 pH of the third buffer. If the meter response 38 b. Elect
P HCL. SN HCl (dllugc five volumes 6V HCI - shows a difference greater than 0.1 pH unit tioning p;c
' with one volume dxsulleq water). and acid from expected value, look for trouble with tault 1n th:
i potassium fluoride solution (dissoive 2 & the electrodes or potentiometer (see s 5a i electrode -

twq buffers
A deviauo:
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buffer is best for the single glass electrode  between elgctrodes -nd sample by sum:;s
and saturated KCl is preferred for a cal- sample to insure hc'nqge:_'xeuy; sur gen V.
omel and Ag/AgCl reference electrode. 10 minimize carbon dioxide entrainment.

lto 2.
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emf - bl
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y; stir_gentl

|

TALS (4000)

‘age solution

use. ' L3
*s from stor-
with a soft #%
olution, and ¥

: above). Se- 2"

pH units of 3
ind buffer 1o
be the room B
‘ure such as:
resh sample. 8
buffer. nnse
:r. blot dry, %
Rzcord tem-
adjust tem- ¥
that meter -
at test tem- ¥4
tment). :

e

N

-

P

ter and dry$
Immerse in 2
Jproximately .4
: second; the 1
unit for the :
ster response
10.1 pH unit}
trouble with §
er (see €s Sa

.,

(STY PN

-

v

RPN

on is 10 ad-EK .

electrode to l
ccasional pH .t
.ndardize in-§H
:ment. Whe
1ade and the§
dize less fre-}
vary widely, ¥
with 2 bufferg
1 units of the®

l..,'“.'-;. -—

Laal

1 equilibriu
ile by stirnn

ent en
ioni
.=« Clea

pH (4500-H*)/Electrometne Mathod

ing by dipping them into sampie for | min,
Blot dry, immerse in a fresh portion of the
same sample, and read pH.

With dilute, poorily buffered solutions,
equilibrate clectrodes by immersing in
three or four successive portions of sample.
Take a fresh sample to measure pH.

S. Trouble Shooting

a. Potentiometer: To locate trouble
source disconnect electrodes and, using a
short-circuit strap, connect reference elec-
trode terminal to glass eiectrode terminai.
Observe change in pH when instrument
calibration knob 1s adjusted. If potentiom-
eter 15 operating property, it will respond
rapidly and eveniy to changes in calibration
over a wide scale range. A faulty poten-
tiometer wiil fail to respond, will react er-
ratically, or will show a drift upon
adjustment. Switch to the millivolt scale on
which the meter should read zero. If in-
experienced. do not attempt potentiometer
repair other than maintenance as described
in instrument manual.

b. Electrodes: If potentiometer is func.
uoning properlv, look for the instrument
fault in the electrode pair. Substitute one
¢lectrode at a time and cross-check with
two buffers that are about 4 pH units apart.
A deviation greater than 0.1 pH unit in.
dicates a faulity electrode. Glass electrodes
fail because of scratches. deterioration, or
accumulation of debris on the glass surface.
Rejuvenate electrode by alternately im-
mersing it three times each in 0.1 HCl

and.0.1¥ NaOH. If this fails, immerse tip .

in KF solution for 30's. After rejuvenation,
soak in pH 7.0 buffer overnight. Rinse and
store in pH 7.0 buffer. Rinse again with
distilied water before use. Protein coatings
¢an be removed by soaking giass electrodes
lln 2 10% pepsin solution adjusted to pH

to 2.

To check reference electrode, oppose the
emf of a questionable reference electrode
against another one of the same type that
's known to be good. Using an adapter,

4-101

plug good reference electrode into glass
clectrode jack of potentiometer: then plug
questioned ciectrode into reference elec-
trode jack. Set meter to read millivolts and
take readings with both electrodes im-
mersed in the same electroiyte (KCl) so-
lution and then in the same buffer solution.
The millivoit readings should be 0 = S mV
for both solutions. If different electrodes

are used. i.¢., silver: siiver-chloride against .

calomei or vice versa. the reading wiil be
44 = SmV for a good reference eiectrode.

Reference electrode troubles generaily
are traceable to 2 clogged junction. Inter-
ruption of the continuous trickle of elec-
trolyte through the junction causes increase
in response time and drift in reading. Clear
a clogged junction by applying suction to
the tip or by boiling tip in distilled water
until the electroivte flows freely when suc-
tion is applied to tip or pressure s applied
to the fill hole. Replaceable junctions are
available commercially.

6. Precision and Bias

By careful use of a laboratory pH meter
with good electrodes. a precision of =0.02
PH unit and an accuracy of =0.05 pH unut
can be achieved. However, =0.] pH unu
represents the limit of accuracy under nor-
mal conditions, especiaily for measurcement
of water and poorly buffered solutions. For
this reason, report pH vaiues 10 the nearest
0.1 pH unit. A synthetic sampie of a Clark
and Lubs buffer solution of pH 7.3 was
analyzed electrometrically by 30 labora-
tonies with a standard deviation of =0.13
pH unit.
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1. Uses-and Forms

lodine may be used to disinfect potable
and swimming pool waters. For waste-
waters. iodine has had limited appiication.
Use of iadine generaily is restricted to per-
sonal or remote water supplies where ease
of appiication. storage stability, and an in-

ertness toward organic matter are impor-

tant considerations. Some swimming pool

waters are treated with iodine 10 lessen eve

burn among swimmers and 10 provide a

stable disinfectant residual less affected by

adverse environmental conditions.

~ lodine is applied in the elemental form
~or produced in situ by the simultaneous

addition of dn iodide salt and a suitable

*Approved by Standard Methods Commustee, 1988,
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IODINE*

Introduction

oxidant. In the latter case, an excess of

iodide may be maintained to serve as a
reservoir for iodine production; the deter-
mination of iodide is desirable for disinfec-
tant control (see lodide. Section 4500-17).

Because of hvdrolysis. active iodine ex-
ists in the forms of elemental 1,. hypoto-
dous acid (HO!) or a form thereof,
hypoiodite ion (OI7), and, in the presence
of excess iodide, the triiodide ion (I'7).
Most analvtical methods use the oxidizing
power of all forms of active iodine for its
determination and the results usually are

expressed as an equivaient concentration of

-elemental todine.

2. Selection of Method

For potabie and swimming pool waters
treated with elemental iodine. both the am-

IODINE {4500-1h/L
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pH
Method 150.1 (Electrometric)

STORET NO.
Determined on site 00400
Laboratory 00403

Scope and A ppiication

1.1 This method is applicable to drinking, surface, and saline waters, domestic and industriai

wastes.
Summary of Method

2.1 The pH of a sample is determined electrometrically using either a glass electrode in

combination with a reference potential or a combination electrode.
Sampie Handling and Preservation

3.1 Samples should be analyzed as soon as possible preferably in the field at the time of
sampling. '

3.2 High-purity waters and waters not at equilibrium with the atmosphere are subject to

changes when exposed to the atmosphere, therefore the sample containers should be
filled completely and kept sealed prior to analysis.
Interferences

4.1 The glass electrode, in general, is not subject to solution interferences from color,

turbidity, colloidal matter, oxidants, reductants or high salinity.

Sodium error at pH levels greater than 10 can be reduced or eliminated by using a *‘low
sodium error” electrode.

4.2

4.3 Coatings of oily material or particulate matter can impair electrode response. These

coatings can usuaily be removed by gentle wiping or detergent washing, followed by
distilled water nnsing. An additional treatment with hydrochlornic acid (1 + 9) may be
necessary to remove any remaining film.

Temperature effects on the electrometric measurement of pH arise from two sources.
The first is caused by the change in electrode output at various temperatures. This
interference can be controlled with instruments having temperature compensation or by
calibrating the electrode-instrument system at the temperature of the samples. The
second source is the change of pH inherent in the sample at various temperatures. This
error is sample dependent and cannot be controlled, it should therefore be noted by

reporting both the pH and temperature at the time of analysis.
Apparatus

5.1

44

pH Meter-laboratory or field model. A wide variety of instruments are commerciaily
available with various specifications and optional equipment.

Approved for NPDES
Issued 1971
Editorial revision 1978
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5.2 Glasselectrode.

5.3 Reference eiectrode-a calomel,
constant potential may be used.
NOTE 1: Combination electrodes
functions are convenient to use and are
require minimai maintenance..

5.4 Magnetic stirrer and Teflon-coated stirring bar.

5.5 Thermometer.or temperatu

Reagents

6.1 Primary standard buffer salits are available fro
should be used in situations where extreme acc
6.1.1 Preparation of reference solutions from t

s . .
stiver-silver chloride or other reference electrode of

incorporating both measuring and reference
available with solid. gei type filling matenals that

re sensor for automatic compensation.

m the National Bureau of Standards and
uracy is necessary.

hese salts require some special precautions
and handling"’ such as jow conductivity dilution water, drying ovens, and carbon

dioxide free purge gas. These solutions should be replaced at least once each
month. ' o

0.2 Secondary standard buffers may be prepared from NBS salts or purchased as a solution

from commercial vendors. Use of these commercially available solutions. that have been

validated by comparison to NBS standards, are recommended for routine use.
Calibration :

7.1  Because of the wide vanety of pH meters and accessories, detailed operating procedures

cannot be incorporated into this method. Each analyst must be acquainted with the
operation of each system and familiar with all instrument
care of the electrodes is recommended.

7.2  Each instrument/electrode s
bracket the expected pH of
apart.

functions. Special attention to

ystem must be calibrated at a minimum of two points that
the samples and are approximately three pH units or more

7.2.1 Various instrument designs may-involve yse ofa
and/or a slope adjustment as outlined in the manufacturer’s instructions. Repeat
adjustments on successive portions of the two buffer solutions as outlined in
procedure 8.2 until readings are within 0.05 PH units of the buffer soiution value.

“‘balance™ or ‘‘standardize” dial

Procedure . _
8.1  Standardize the meter and electrode system as outlined in Section 7.
8.2

Place the sampie or buffer solution in a clean glass beaker using a sufficient volume to

cover the sensing elements of the electrodes and to give adequate clearance for the

magnetic stirring bar. ' :

8.2.1 If field measurements are ‘being made the electrodes may be immersed directly in
the sampie stream to an adequate depth and moved in a manner to insure sufficient

sample movement across the electrode sensing element as indicated by drift free
(<0.1 pH) readings. '

8.3 Ifthesampie temperature differs by more than 2*

C from the buffer solution the measured
pH vaiues must be corrected. Instruments ar

e equipped with automatic or manual

""National Bureau of Standards Special Publication 260.

150.1-2



10.

8.4

&

compensators that clectronicaily adjust for temperature differences. Refer 1o
manufacturer’s instructions.

measurement on successive volumes of sample unti
units. Two or three volume changes are usually sufficient.

Calculation

9.1

pH meters read directly in

PH units. Report pH to the necarest 0.1 unit and temperature
to the nearest °C.

Precision and Accuracy

10.1 Forty-four analysts in twenty laboratories analyzed six synthetic water sampies
containing exact increments of hydrogcn-hydroxyl ions, with the following results:
Ai:curacy as
pH Units Standard Deviation Bias, Bias..
pH Units % pH Units
s 0.10 _ -0.29 -0.01
3.5 0.11 _ -0.00 _
7.1 0.20 +1.01 +0.07
7.2 . 0.18 ~0.03 -0.002.
8.0 0.13 ~0.12 ~0.01
8.0 0.12 +0.16 +0.01

(FWPCA Method Study 1, Mineral and Physical Analyses)

10.2 In a single laboratory (EMSL), using surface water sampies at an average pH of 7.7, the

Standard Methods for the Examination
Annual Book of ASTM Standards, Part 31, “Water"”, Standard D1293-65, p 178 (1976).

standard deviation was +0.1.
Bibliography

of Water and Wastewater, 14th Edition, p 460, (1975).
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1.1 These test methods cover the determination of pH by
dectrometric measurement using the glass electrode as the
ensor. Two test methods are given as follows:

.; Secuons
Test Method A—Precise Laboratory Measurement Btots
16 to 24
1.2 Test Method A covers the precise measurement of pH
@ water utiiizing at least two of seven standard reterence
buffer solutions for instrument standardization.

; 1.3 Test Method B covers the routine measurement of pH
io water and is especially useful for continuous monitonng,
‘Two buflers are used to standardize the instrument under
controiled parameters. but the conditions are somewhat less
restnctive than those in Test Method A.

7’14 Neither test method is considered to be adequate for
measurement of pH in water whose conductivity is less than
about 5 pS/cm. (See Appendixes X1.5.3 and X1.5.4.)-

"7 1.5 Precision and bias data were obtained using buffer
“solutions  only. It is the user's responsibility to assure the
vaidity of these test methods for untested types of water.

" 1.6 This standard may invoive hazardous materials. oper-
atons. and equipment. This standard does not purport to
address all of the safery problems associated with its use. It is
the responsibility of whoever uses this standard to consult and
establish appropriate safetv and heaith practices and deter-
mine the applicability of reguiatory limitations prior 10 use.

2 Referenced Documents

= 2.1 ASTM Standards:

<. D 1066 Practice for Sampling Steam? g

5. D'1067 Test Methods for Acidity or Alkalinity of Water?
<:. D 1129 Definitions of Terms Relating to Water? _

7 D1192 Specification for Equipment for Sampling Water

4. and Steam?

i{;D 1193 Specification for Rc;agent Water?

%1 D 2777 Practice for Determination of Precision and Bias

L.} 3~ _ of Applicable Methods of Committee D-19 on Water®

3~ D 3370 Practices for Sampling Water? .
E 70 Test Method for PH of Aqueous Solutions with the
Glass Electrode’

‘ w ' These test methods are uader the jurisdiction of ASTM Committee D-19 on
2

ter and are the direct responsibility of Subcommittee D19.11 on Water for
Power Generauion and Process Use, :
- Current edition approved Oct. 26. |984. Published January 198S. Originaily
- Published as D 1293 - $3 T. Last previous edition D 1293 - 78, -

} Annual Book of ASTM Standards, Vol 11.01.

} Annuai Book of ASTM Standards, Vol 15.05.

he case of revisian, the year of last fevision. A numboer in parentheses indicates the year of last reapprovai. A

® Standard Test Methods for
pH of Water?
P
z “‘. ) This standard is issued under the fixed designation D 1293: the number immediately following the designation indicates the vear of
£ ?:" - onginal adoption o, in t
':_»:;5.@,_ | SUPerCTpt epsion («) indicates an editonal change since the last revision or reapprovai.
.
£

These test methods have been approved for use by agencies of the Depanmen: of Defense and for listing 1n the DoD Index of .

3. Terminology
" 3.1 For definitions of terms used in these test methods.

refer to Definitions D 1129.

3.2 Description of Term Specific to This Stanaarc:

s.2.1 pH—the pH of an aqueous solution is denved from
£, the electromotive force (emf) of the ceil

glass electrode:solutionireference electrode

(where the doubie vertical line represents a liquid :unction)
when the electrodes are immersed in the soluuion in the
diagrammed position. and £, is the efectromouve force
obtained when the electrodes are immersed in 2 reference
buffer solution. For use in the operational definition. the sign
of the measured potenual difference indicated by many pH
meters must be reversed because the electrode contiguration

-used with these meters is the following:

reference electrode!solution:glass ciectrode

With the assigned pH of the reference buffer desigr.
pH,, and E and E, expressed in volts is the following:

(E-E)F
PH = pH, = =5% rT
where;
F = Faraday,

R = gas constant. and :

T = absolute temperature, 1("C) + 273.15.

Values of the factor £/(2.3026 RT) at different temperatures
are given in Table |. (See Appendix X!1.] for comment on
the meaning of pH.)

4. Summary of Test Method

4.1 The pH meter and associated electrodes are standard-
ized against two reference buffer solutions that closely
bracket the anticipated sample pH. The sample measure-
ment is made under strictly controlled conditions and
prescribed techniques. - ... . -

S. Significance and Use

5.1 The determination of pH in water is an indication of
its acidic or alkaline tendency. It is mot a measure of the
acidity or alkalinity of a water sample. (Refer to Test
Methods D 1067 and Appendix X1.) A pH value less than
7.0 shows a tendency toward acidity whil; a value greater
than 7.0 shows a tendency toward alkalinity. Most natw~'
waters range between 6.0 and 9.0, but there are r
exceptions, such as mine drainage water and unbuffere_ .auu
water. The pH measurement is an important consxdcraupn
in determining the corrosive action of water and assessing
water treatment practices for industrial processes. [t is also

213
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TABLE 1
Temperature. *C

F1{2.3026 RT)4
F112.3026 RT), V=1

0 18.4512
‘ 5 18.1195
10 17.7996
15 17.4907
20 17.1924
25 16.9041
0 16.6253
35 16.3555
40 16.0944
45 15.8414
S0 15.5963
55 15.3587
60 ¢ 15,1282
65 14.9045
70 14.6873
75 14,4764
80 : 142714
8s 14.0722
90 13.8784
95 13.6899

‘Theanoveuauwerocanumoustqlmvmot!mbgmm
Dnversion tactor (2.302585) ana vaiues of the funcamental constants.

F = 96 487.0 C/eq
R = 831433 J/X-mot -

; T =273.15 +°C

1sed 10 assess the extent of pollution in precipitation.

5. Purity of Reagents

6.1 Reagent grade chemicals shall be used in all tests,
*xcept as specifically noted for preparation of reference
uffer solutions. Unless otherwise indicated, it is intended

reagents shall conform to the specifications of the
- ttee on Analytical Reagents of the American Chem-
«cal Society, where such specifications are available.* Other
jrades may be used, provided it is first ascertained that the
reagent is of sufficiently high purity to permit its use without
lessening the accuracy of the determination.

6.2 Unless otherwise indicated, references to water shall

¢ understood to mean reagent water conforming to Specifi-
cation D 1193, Type L.

7. Sampling

7.1 Collect samples in accordance with Practice D 1066 or
specifications D 1192 or D 3370, whichever is applicable.

TEST METHOD A—~PRECISE LABORATORY MEASUREMENT
OF pH

3. Scope

8.1 This test method covers the precise measurement of
pH in water under strictly controiled laboratory conditions.

3. Interferences

9.1 The glass electrode reliably measures pH in nearly all
aqueous solutions and in generai is not subject to solution

interference from color, turbidity, colloidal matter, oxidants,
or reductants.

l sent Chemicals, Amencan Chemical Society Specifications.” Am. Chem-
" -» Washington, DC. For suggesuons on the testing of reagents not lListed by’
the Amencan ‘Chemucal Society, see "Reagent Chemicals and Standards ™ by
Joseph Rosin. D. Van Nostrand Co.. Inc., New York. NY, and the “United States -
Pharmacopea.”
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9.2 The reference electrode may be subject 10 interfe,,

ences and shouid be chosen to conform to all requiremeny | =
of Sections 10 and 12. Refer aiso 1o Appendix X1.3. i =

9.3 The true pH of an aqueous solution or extrag i "",.E_,,g exp
affected by the temperature. The electromotive force b | scwe omsio

tween the glass and the reference electrode is a function of | W:;?m oy
temperature as well as pH. The temperatwre effect can 1y %‘W‘
compensated for automatically in many instruments or g L Manual or
be manuaily compensated for in most other instrumergE ;’W <
The temperature compensation corrects for the effect of (e B Smasest ¢
water temperature on the instrument, including the elect § —
trodes, but does not correct for temperature effects on oy 1%
chemical system being monitored. It does not adjust 1 _ ‘onp‘f'éssu
measured pH to a common temperature; therefore, .‘sg! -n‘a]ntaini
temperature should be reported for each pH measuremerts *!lfwr eve
Temperature effects are discussed further in Appendix X| 3 "":‘ncu'on .

9.4 The pH response of most glass eiectrodes is imperjeq: ')u"iions p
at both ends of the pH scale. The indicated pH valye o ad

highly alkaline solutions, as measured with the glass ela‘g. d:igif:
trode, will be too low. The indicated pH value of strons PR frence
aqueous solutions of salts and strong acids having a pH leg § - 0.4 T
than 1, wil often be higher than the true pH vaiw nzor'is at
Interferences can be minimized by the selection of the prose § e war
glass and reference elecirodes for measurements in h.igh@y ator auto
alkaline or acidic sojutions. . - dass elect
9.5 A few substances sometimes dispersed in waler appez cormect for
to poison the glass electrode. A discussion of this subject ¥ The autor
given in Appendix X1.4. Rt arer tem
' ; chooses 10

10. Apparatus R

o § ture of the
10.1 Laboratory pH Meter—Table 2 gives the ma g
imporntant characteristics of four typical pH meters comn]%-' AL
cially available. Each type of meter (together with & §5%

_ 1L Re
associated glass and reference electrodes) is permissible. TE . Rference £
choice will depend on the desired precision of measuremen g 5 listed i

10.2 Glass Electrode—The pH response of the g} nyiono) |
electrode shall conform to the requirements set forth in 121 “lumber a;

through 12.5. The glass electrode lead wire shall be shielded:
New glass electrodes and those that have been stored &
shall be conditioned and maintained as recommended by% o
manufacturer. ‘ . E B

10.3 Reference Electrode—A calomel. silver-silver - T
ride or other reference electrode of constant potential shal ¥
used. There are two basic types of reference electrodes: .
flowing and the nonflowing liquid junction-type clectrods.
The flowing liquid junction-type unit ensures that a'aﬂ’? '
liquid junction is formed for each measurement and sh L
used for Test Method A determinations. The xcmpcr“gg T
response of the internal elements of the reference and,' .
electrode shouid be closely matched to avoid thermal BYS:
esis. If a saturated calomel electrode is used, some p° S
chlonde crystais shall be contained in the saturated 073 S
sium chlonde solution. If the reference electrode 1§
flowing junction type, the design of the electrode sh?-uf
a fresh liquid junction to be formed between the € i‘g
electrode soiution and the buffer standard or tcsted.“@,w 2
each measurement and shall allow traces of solunon-
washed from the outer surfaces of the electrodes. 10 X =
the desired slow outward flow of reference clcz:_n'odc s0% 15
the solution pressure inside the liquid junction 5h°.~ -
kept somewhat in excess of that outside the Jlmcf’

pnor 1o use
ks
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TABLE 2 Laboratory pH Meter

Type | Type il Type il Type Iv
Oto14 Oto 14 Oto 14 0 to 14 000
2 pH unns 1.4 pH units
0.1 0.01 0.01 0.001
a =0.05 =0.01 =0.007 =0.002
ofF; £0.02 +0.005 =0.002 =0.002
cct compensaton:
Menyg o or sutomauc yes yes yes =3
0 to 100 0 to 100 0 to 100 G 10 1C0
t gracuaton, *C 2 2 2 2
g the ; - yes yes yes
Tects on
t adyy 5 . . . . . . . . . . .
JCf;r: te ressurized apppcauons._ this requirement can be met by  calcium hydroxide solutions in a plastuc bottle that is
~1§urerﬁ e Feiaining the inside solution level hxghcr than the outside nonporous to air (that is, poiypropylene or high density
endix x;".l_ “@aler level. If the reference electrode is of the nonflowing polyethylene). Keep all the reference buffer solutions weii-
s xrnpé,-f'Z jon type, these outward flow and pressurization consid- stoppered and repiace at a sheif age of 3 months. or sooner i
valye fions do not appiy. The reference electrode and junction 3 visible change is observed.
glass e,: perform satisfactorily as required in the standardizing L1.1.1 Borax Reference Buffer Solution (pH, = 9.18 at
of Stron: 1 ure chCﬂb':d.m.lZ-l. through 12.5. A discussion of 25°C)—Dissolve 3.80 g of sodium tetraborate decahvdrate
T2 pH ';‘: glerence electrodes is given in Appendix X1.3. (Na,B,0,- 10H,0) in water and dilute t0.1 L.
2H vapy, § 10:‘_1 Temperature Compensazqr—The thcr‘chompcn- 11.1.2 Calcium Hydroxide Reference Buffer Soiution (pH,
the szx{ T»fl"”s a lemperature-sensitive resistance element immersed = 1245 at 25°C)—Prepare pure caicium hydroxide
" oy :39“ water sample with the electrodes. The thermocompen- (Ca(OH),) from well-washed caicium carbonate (CaCO,) of
:7'8!0' automanc:ul_y corrects for the change in slope of the low-alkali grade by slowly heating the carbonate in a
< | 8 clectrode (with change of temperature) but does not platinum dish at 1000°C and calcining for at least 45 min at
vieat s rﬁm‘ for actual changes in sampie PH with lemperature. that temperature. After cooling, add the caicined product
.+, Jilbe automauc thermocompensator is not required if the -slowly to water with stirring, heat the resuitant suspension to
;' fyaler lemperature 15 essentially constant and the analyst boiling, cool, and filter through a funnel having a fritted-ginss
‘ %;o s:‘s ;O u:_f the manual temperature compensation fea- disk of medium porosity. Collect the solid from the filtr -
he mog s 2 the pH meter. it in an oven at 110°C, and crush it to a uniform an. ..
zommer k granular state. Prepare a saturated calcium hydroxide soiu-
-Wit.h iu. ."]15 Reagents tion by vigorously shaking a considerable excess (about 3
ble. The | S11-! Reference Buffer Solutions—The pH values of the  g/L) of the fine granular product in water at 25°C in a
“.cr'n ent ;gfcr;ncc buffer solutions measured at several temperatures stoppered plastic bottle (that is. polypropyiene or high
e gias - are pstcd in Table 3. Table 4 identifies each buffer sait by its density poiyethyiene) that is essentially nonporous to gases.
in 12.] | Jatonal Institute of Standards and Technology (NIST)  ‘Allow the gross excess of solid to settle and filter the solution
nicldc& tumber and provides a recommended drying procedure  with suction through a fritted-glass funnel of ~medium
red dn: pnor 1o use. Keep the five reference buffer solutions with pH porosity. The filtrate is the reference buﬂ'gr soluuon._ an-
ibythe | -SSthan 9.5 in botttes of chemically resistant glass. Keep the tamination of the solution with atmospheric carbon dioxide
r chio |3 TABLE 3 pH, of Reference Buffer Solutions*
hall be ?’ Temperarure. Tetroxaate Tartrate Phthaiate Pnosonate Borax Sodum Bicarbonate  Calaum Hydroxoe
es: the {ri *C Solubon Sotution Soiyoon Soluton Solubon Sodium Cardonate Solution
rodes |5 0 1.87. 4.00 6.98 9.46 1032 13.42
fresh PR S 1.67 400" 6.95 3.39 10.25 13.21
SohpEen 10 187 4.00 6.92. 9.33 10.18 13.00
1all be g:: 15 1.67 4.00 .90 9.28 - 1012 12.81
ratur - v.m:..ff. 20 ©.1.68 .. “een .. . 4.00 .. 888 ...523 1006 _ 128 o
glass ¥y 1.68 3.56 " 400 6.88 ‘918 10.01 12.45
ySuer- LES. 30 -1.68 . 355 401 . 8.85 9.14 . 9.97 1229
sium FR- 35 1.69 3.55 4.02 684 . ,_ 911 9.93 1213
oas X 40 1.89 a.ss 4.03 6.84 9.07 9.89 11.98
3 1.70 358 4.04. 883 9.04 9.85 11.84
1.71 .58 4.08 6.83 9.02 9.83 1"mn
1.72 1858 407 6.83 8.99 . 11.57
172 3.58 4.09 6.84 8.96 11.45
1.74 " 358 4.12 685 8.92
177 3.61 416 a8 8.89 -
1.79 .85 419 g.88 8.85
1.81 367 21 8.89 8.83 . .
in . “For a ciscussion of the Manner n wiuch thess PH values were e33:0ne0. 300 Bates, R. G.. "Revised Stanaarg Values for Dt Measurements from 0 10 95°C.° Journas
_ .. O Researcn. NIST. Vol 68A, 1962, p. 179. : . .
b 4re
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Nationat Insttute of Stanaards ang Technology (NIST) Matenais for Reference Buffer Solutions

J

Drying Proceaure

TABLE 4
HIST Stangarg Samoie
Desnanon Butter Sait4
.Tw-b Borax (socum tetraborate decanyarate)
186-lic aisoaium nycrogen ohospnate
186-1¢ potassium Oihydrogen pnospnate
185-e potasswum nyarogen pnthatate
188 polassium hyarogen tanrate
189 potasswm tevoxaiate Gihyarate
19; . SOdwuum bicarbonate
19

I

Orying not

2 h n oven at 130°
2 hinoven at 130°C
2 hin oven at 110°C

aryng not necessary

(tfnansnouanoxneovenog..

F

1 noNROT:
Wnod (o] o
C 134 Inse
\alue (sin;
considered
O[ the watez
 giffer by nc

ShOuIG NOt be aned
Shouwid nNot de gned
2 hin oven at 275°C

‘enders 1t turbid and indicates need for replacement.

11.1.3 Phosphate Reference Buffer Solution (pH, = 6.86 at
:5*C)—Dissolve 3.39 g of potassium dihydrogen phosphate
KH,PO,) and 3.53 g of anhydrous disodium hydrogen
»hosphate (Na,HPO,) in water and dilute 1o | [

V1.1.4 Phthalate Reference Buffer Solution (pH, = 4.00 at
:$*C)—Dissolve 10.12 g of potassium hvdrogen phthaiate
KHCH,0,) in water and dilute 10 | L, -

I'1.1.5 Tartrate Reference Buffer Sofution (pH, = 3.56 at
£*C)—Shake vigorously an excess (about 75 8/L) of portas-
'um hvdrogen tanrate (KHC,H,0,) with 100 10 300 mL of
-aterat 25°C in a glass-stoppered bottle. Filter, if necessary,
J remove suspended salt. Add a crystal of thvmol (about 0.
1 as a preservative.

1.6 Terroxaiate Reference Buffer Soiution (pH, = 1.68

25°C)—Dissolve  12.61 g of poussium ‘tetroxalate
ihydrate (KHC,0, - H.C,0,-2H,0) in water and dilute 1o |

Sodium Bicarbonate— Sodium Carbonate Refer-
JJer Solution (PH, = 10.01 at 25°C)—Dissoive 2.092
of sodium bicarbonate (NaHCO,) and 2.640 8 of sodium
arbonate (Na,CO,) in water and diluteto | L,

11.2 Other Buffer Solutions —A buffer solution other than
1at specified may be used as a working standard in the
rethod providing that in each case such a solution is first
aecked against the corresponding reference buffer solution,
sing the procedures of the method. and i1s found to differ by
ot more than 0.02 pH unit.

1.5 Commercial Buffer Solutions —Commercially avail-
Jle prepared buffer solutions are not acceptable for the
andardization in Test Method A

1. Standardization of Assembly

12.1 Turn on the instrument, allow it 1o warm up
oroughly, and bring it 10 electrical balance in accordance
ith the manufacturer’s instructions. Wash the glass and
ference electrodes and the sample container with three
‘anges of water or by means of flowing stream from a wash
ttle. Form a fresh liquid junction if a sleeve-type reference
action is used. Note the temperature of the water to be
sted. If temperature compensation is 1o be manual, adjust

= temperature dial of the meter to cerrespond to the

Tiperglure of the water to be tested and allow time for aj]
:ff:autions. and electrodes to equilibrate thermally.

‘lect at least two reference buffer solutions, the pH,

i which bracket the anticipated PH (refer to Table 3).

irm or cool the reference solutions as necessary 10 match

*hin 2°C the temperature of the solution to be tested. Fijl

216

the sample container with the first reference bufTer soiuy
and immerse the efectrodes. g

12.3 Set the pH, value of the reference buffer solution
the temperature of the buffer, as read from Table 3+
interpolated from the data therein, according to the ma:.
facturer's instructions.

12.4 Empty the sampie container and repeat. using sy
cessive portions of the reference buffer solution, unijj r«,
successive readings are obtained without adjustment of &
system. These readings should differ from the pH, vaiues
the buffer solution by not more than 0.02 pH unit

NOTE |—Il the temperature of the electrode differs apprecuably fr=
that of the solution o be tested, use several poruons of solution ax
immerse the electrodes deeply to assure that both the clectrodes and &y
solution are at the desired temperature. To reduce the effects of therez
lag, keep the temperature of electrodes. reference buffer soluuons, 1x
the wash as close 10-that of the water sampie as possible.

12.5 Wash the electrodes and the sample container thre

times with water. Place the second reference buflfer solutio:f -

in the sample container, and measure the pH. Adjust ix
slope control only until the reading corresponds to
temperature corrected value of the second reference buffe
solution. Use additional portions of the sccond referene
buffer solution. as before, until two successive readings diffs
by not more than 0.02 pH unit. The assembiy shall be yudge
1o be operating satisfactorily if the pH reading obtained fo
the second reference buffer solution agrees with its assignes
pH, vaiue within 0.05 pH unit for Tvpe | meters or witht

 han 0.02

ysually be
Z13.5 Rec
’i 13.6 M=
i equilibr:
13.5, but ¢
“readings fc:
0.1 pH unr

"Note 21—
with the cars

{ aposure to ¥

dightly butie
descrioed e

precautions
ampie 1s less

14. Report

4.1 Reg
nearest 1°C

14.2 Rez
pH unit wi
120.

14.3 Res
pH unit w
greater thas

15. Precisic

15.1 The
denved fre:
four bufTer .

6.5, 8.2, z=
0.03 pH unit for Type II. 11, or IV meters (see Table 2). [ 0 inc Iz
12.6 If only an occasional pH determination is madt} ) ion in
standardize the assembly each time it is used. In a long sensf fora 1=
of measurements, supplemental interim checks at regui tal meters
intervals are recommended. Inasmuch as commercial) Measureme:
available pH assemblies exhibit different degrees of measure 15.2 Stz-
ment stability, conduct these checks at intervals of 30 min, mcor}:men:
uniess it is ascertained that less frequent checking is sallsfaf' based on a «
tory to ensure the performance described in 12.2 to 125 Test Meth:
SV 153 Pre
13. Procedure . =1 of this test
13.1 Standardize the assembly with two reference bufld 15.4 Bi=
solutions as described in 12.2 to 12.5 and then wash ¢ determinec
electrodes with three changes of water or by means of ? Pared with -
flowing stream from a wash bottle. "1 155 Pre
13.2 Place the water sample in a clean glass b“k‘ “lutions ¢:

provided with a thermometer and a stirring bar. o
13.3 Stir during the period of pH measurement at a ﬂaf
that will prevent splashing and that will avoid loss or gain
acidic or basic gases by interchange with the atmosphe‘:(
When necessary, stir briskly enough 10 intermix the phasé_

Yalidity of ¢

‘_
! Supporung

uest Reseass -



; gonnomogeneous water sampie. Stop the stirrer during the
T~ ‘wenod of measurement if streaming potentiais are noted.
! & 134 Insent the electrodes and determine a pretiminary pH
*nonegy~ | “value (sm_ce this vaiue may drift somewnhat, it should be
' considered an esumated value). Measure successive portions
-of the water sampie untii readings on two successive portions
.- ¥ differ by no more than 0.03 PH unit, and show drifts of less
< F'than 0.02 pH unit in | min, Two or three portions will
{sually be sufficient if the water is well buffered. °
X .f 13.5 Record the pH and lemperature of the sampie.,
02 % 13.6 Measure the pH of slightly buffered waters (that are
soluti, _jn equilibium with air) essentially as described in 13.] to
Ou § -13.5, but measure the pH of successive portions until the
stion g ‘readings fqr t;{o successive pqnions differ by no more than
€3 o :.O'l pH unit. Six or more portions may be necessary.
Many. . NOTE 2—Take specral precautions if the sample is not in equilibrium
with the carbon dioxide of the atmosphere protecung the sampie from
N8 suc. | ,cxposure 10 the air dunng measurement. Measuremen: of unbuffered or
tl twg f ;/iglu/y buffered samples 1s more reitably made in Slow-type ceils as
of the described 1n NOTES 4 -ang §. Appendix X1.5.3 descnbes additional
ilue of precautions that shquld be taken if the electrica| congucuvity of the
sampie 15 less than about S uS/cm.
ly from '
on ang ,:14. RCDOI’[
'h’;‘:m'& 14.1 Report the temperature of the measurement of the
s, n:’ ‘nearest 1°C. '
-} 14.2 Report the pH of the test solution to the nearest 0.01
".pH unit when the pH measurement lies between 1.0 and
~12.0. '
ls‘:“t:: it 14.3 Report the pH of the test solution 10 the nearest 0.1
3 the ...;'pH unit when the pH measurement is less than 1.0 and
-greater than 12.0. :
uffer |
rence .
differ {15, Precision and Bias®
[:gf:: 1‘5.1 The info_rmation summanzed in this section was
oned | denved from an'mxcriaquory study performed in 1973 on
thin | four buffer solutions having pH values of approximately 3.7,
N 65 8.2, and 8.4. Eleven laboratories (fourteen operators,
ade, | . ™ith one laboratory providing four operators) analyzed each
-ries } ¥'S0lution in duplicate and replicated the analysis on another
ular r d;y for a total of 224 qetenpinations.. A variety of commer-
ially ‘;;.,‘_cxal meters was used in this study. It is assumed that all-
ure- . L,;’;,mcasurcmcns were made at room temperature. A
nin, "fg¥¥<13.2 Statistical treatment of the data conforms to the
fac. - ¥ Tecommendations of Practice D 2777 Further information,

-~

of po —
4
15

“based on a different statistical interpretation, can be found in
-Test Method E 70. - S

#15.3 Precision—The overail and single-opérator precision
¥ B .

.44 Of this test method
- ¥ 154 Bias—The
. ";,ff..dcxennincd using a
_1 . Pared with values obtained using this test method in Table 5. -

*  15.5 Precision and bias data were obtained using buffer
. Solutions only. It is

varies with pH as shown in Fig. 1.
pH values of the buffer solutions, as
gaseous hvdrogen electrode, are com-

Soluti the user's responsibility to assure the
. ‘Vahdny of the standards for untested types of water.

! Supponting data for these 1e5t methods have been filed at ASTM Headquanters.

of ,” Request Researen Repon RR: DI9-1111.
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TEST METHOD B—R{ . TINE OR CONTINUOUS MEASURE-
: MENT OF pH

16. Scope

16.1 This test method is used for the routine measure
ment of pH in the {aboratory and the measurement of pk
under various process conditions.

17. Summary of Test Method

17.1 A direct standardization technique is empioved in
this test . method for routine batch sampies. Two buffers are
used to standardize the instrument under coatrolied param-
eters, but the conditions are somewhat less restrictive than
those in Test Method A. An indirect standardization proce-
dure is used on flowing systems in which grab samples are
removed periodically in order to compare a monitored pH
vaiue (of the system) with the reading of a laboratory pH
meter.

18. Interferences

18.1 For information on interfercnces. see Section 9 and
Appendix X1.4.

19. Apparatus

19.1 Laboratorv pH Meter—See 10.1.

19.2 Glass Electrode—See 10.2.

19.3 Reference Electrode—See 10.3.

19.4 Temperature Compensator—See 10.4.

19.5 Process pH Measurement [nstrumentation —Instr-
ments that are ‘used for process pH measurement

. generally much more rugged than those which are usew ..

Vvery accurate measurements in the laboratorv. The charac-
teristics of three types of process pH analyzers are presented
in Table 6. Each of these analyzers is satisfactory for process
PH measurements. The choice of analyzer 1s generaily based
on how closely the characteristics of the analvzer match the
requirements of the application.

19.5.1 Elecirode Chamber—For process pH measure-
ments; the electrodes and thermocompensator are mounted
in an electrode chamber or cell.

19.5.1.1 Flow- Through Chamber compietely encloses the
electrodes and the sampie is piped to and {rom the chamber
in a flow-through configuration. Commercially available
chambers generally can toierate temperatures as high as
100°C over a pH range from O to 14, and pressures up to
1034 kPa (approximately 150 psi). :

19.5.1.2 Immersion Type Chamber, suitabie for measure-
ment in open streams or tanks, shields but does not
completely enciose the electrodes. Immersion-style chambers
are available for use at depths to 30 m (100 f). '

19.5.2 Signa! Transmission—The glass electrode is usu-
ally a high-impedance device from which oniy an extremely
small current can be drawn. Shielded cable must be used to
connect the electrode to the pH analyzer. The signal can
frequently be transmitted up to 300 m (approximately 1000
ft) with no loss in accuracy if the manufacturer's reccommen-
dations are followed carefully. The signal can usual*
amplified for transmission over even greater distances.

19.5.3 pH Meter Associated with Remote Measurement —
Usually a different style instrument is used to indicate or
display remote pH measurements. Table 6 shows the charac-
tenistics of three types of meters that are suitable.

-~y
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FIG. 1 Intertaboratory Precision tor PH of Aqueous Butter Solutions *

). Reagents

20.1 Commercigf Buffer Salulions—CommerciaJl,v avail-
>le prepared buffer should be adequate for the standardiza-
3n in Test Method B. These commercial buffer solutions
iually have pH values near 4, 7, and 10, the exact pH and
i€ lemperature being provided by the purvevor of the
xecific buffer. The pH buffer is susceptible t0 contamina-
an from atmospheric carbon dioxide, and frequently used’
" partiaily filled bottles are particularly vuinerable to this
TOr. »

20.2 For more information on reagents, see Scction' 1.

.. Standardization of Assembly -

21.1 Tum on the analyzer, allow it to warm up thor-
1ghly and bring it 10 electrical balance In accordance with
¢ manufacturer’s instructions. Wash the electrodes, the
‘crmocompcnsator, and the sample container with three
ang water or by means of flowing stream for a wash
o a fresh liquid junction if 2 sleeve reference

junction is used. If manual temperature compensa.
N 1s 10 be used, note the temperature of the water sampie .
'd adjust the temperature dial of the meter to correspond.
21.2 Direct Standardization:

218

21.2.1 Select two reference buffer solutions that have pH,
values that bracket the anticipated pH of the water sampie.
Warm or cool the reference solution to within 2°C of th{
temperature of the water sampie.

21.2.2 Fill the sample container with the first reference
buffer solution and immerse the electrodes. Set the l_cnownj
PH, of the reference buffer solution according to the instru;
ment. manufacturer's instructions. Repeat with successive.
portions of the reference buffer solution until two successIve,
instrument readings are obtained which differ from the Rﬂ‘gf
value of the buffer solution by no more than 0.02 pH unity

21.2.3 Wash the electrodes and sample container three:§:

solution
buffer so
by not =
21.2.4
sandarch
of meast
tions bv 1
avaiiable.
surement
min, unk
susfaclo
0.3 Iy
21.3.1
conveni=s
flowing s
determine
analvzer i
21.3.2
process ar
21.3.3
immediaz
2 flow-thnt
immediaz:
21.3.4 .
analvzer -
Smple. R
procedur=
differ by o
ccuracy,
Norg i
tnploved wy
005 pH y==
Possible e
Pib campie
o the apai -
Bust be o
mzm' and

times with water. Place the
in the sample
slope control

second reference buffer solutios;

container, and measure the pH. Adjust lh.-‘;‘

=

temperature corrected value of the second reference buﬂ?ﬁ

TABLE 5 Determination of Bias __/

) Statisucatty Significs™ -

pH Expected p_HFoma Bias, = % {95 % Confidence LEY:
3.714 373 +0.48 No
6.517 6.53 +0.20 Yes
8.147 8.19 +0.53 Yes
8.470 8.45 ~0.2¢ Yes

only until the reading corresponds to &§.
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TABLE 6§ Remote Measurement ot pH

: Type i Type H Type Il
"2’ Range—normat O0to 14 Oto 14 Oto 14
i expandeq any 2 pH or wider unis any 2. 4.5, 7,10, or 14 pH units any 2. 5. or 10 units
- " Signal to recorager to 1000 mv 10 50 mA 10 5000 mv, 4 t0 20 or .
L to 50 mA
{ i Acouracy =0.02 = 0.005 to 0.04 dependent upon =0.02
= ¥ span
R -._rf(_ Tempersture compensation:
-i. ~ Manual or automauc yes yes yes
. V.';"r"h Range 0t 100°C 0 to 100°C 0 to 100°C
. J £ Staputy 0.005 pH/24 h 0.005 pH/24 0 =0.02 oH units/24 h

- [ pab sample

“ ':gpf the analyzer being standardized. The
) lamust be maintained uatil its pH has been measured by the standardized
o ‘.__!__meter, and its temperature must remain co

lution. Use additionai portions of the second reference
puffer solution, as before. untii two successive readings differ
by not more than 0.02 pH unit.. .
#21.2.4 Il only an occasional pH determination is made,
sandardize the assembly each time it is used. In a long series
of measurements, suppiement initial and final standardiza-
tions by interim checks at reguiar intervals, As commercially
‘vailable. pH assembilies exhibit different degrees of mea-
surement stability, conduct these checks at intervais of 30
min, uniess it is ascertained that less frequent checking is
salistactory to ensure performance.

" 21.3 Indirect Standardi=aiion:

» 21.3.1 This procedure is 10 be emploved when it is not
convenient or practical to remove the electrodes from the
“flowing stream or container on which the pH is being

$46.21.3.5 Indirect standardization is a one-point calibration
H

+:0ver a pH range.

(determined. Use of a laborato
alyzer is required. ‘

’21.3.2 Standardize the laboratory
_process analyzer as outlined in 21.2.
. 21.3.3 Collect a grab sample of the water from the
;immediate vicinity of the eiectrodes or from the discharge of
aflow-through chamber. Measure the pH of this grab sampie
immediately, using the standardized laboratory pH meter.

- 21.3.4 Adjust the standardization controi on the process
analvzer unul the reading corresponds to the pH of the grab
sample. Repeat the grab sampling, analyzing, and -adjusting
procedure until two successive readings are obtained that

differ by no more than 0.05 pH unit or within an acceptable
Jaccuracy.

pH meter or additional

%7, NOTE 3—Indirect standardization as described above cangor be
fmploved when the pH of the water being tested fluctuates by more than
--0.05 pH unit. The standardization must be accomplished in the shortest

be representative of the water
integnity of the grab sample

astant.

And does not establish the proper response of the electrodes

B

22 ‘Procedure, Batch Samples

-1 Standardize the assembly as descrif:ed iri 21.2 and

ER 2
‘h the electrodes with three changes of water or by means
:°f a flowing stream from a wash boutle.

% 22.2 Place the water sampie in.a clean glass beaker

KV

N
£

a

z.Provided with a thermometer and a stirming bar. Stir during

“the period of pH measurement at a rate that will prevent
Splashing and that will avoid loss or gain of acidic ~- nasic

R

5y

ry pH meter or an additionaj

. Possible time if the pH is fluctsaung. it is absolutely essential that the -
in contact with the eiectrodes -

410

gases by interchange with the atmosphere. When necsssarv.
str briskly enough to intermix the phases of a noraomo-
geneous water sample.

22.3 Insert the eiectrodes and determine a prejiminz pH
value (the reading may drift). Measure successive port:ans of
the water sample until readings on two successive cznuons
differ by no more. than 0.05 pH unit. Two poruons wiil
usually be sufficient if the water is weil-buffered.

22.4 Record the pH and temperature or ihe samg.:.

the electrodes and the eiectrode chamber to suit the phvs:iz2 and
chemical charactenistics of the process water. Locate 2 submers:z= stvie
clectrode chamber so that fresh representative sampiing 1s zroviaed
continuously across the electrodes. Agitauon may be required to
improve homogeneity. Process pH measurements generaliy empioy
automatic temperature compensation. The pH value is usuaily disslayed
continuously and can be noted at any specific time. Also, res=-g t'
successive pH values frequently 1o provide a permanent recora. If 1.
temperature of the sampie fluctuates significantly with ume. the
temperature should aiso be recorded to interpret the pH values comrectly.
" NoTe S—Continuous Determunation of the pH of High-Puri:v Wa-
ter—The anaiyzer used to determine the pH of high punty water must
have 2 high-impedance differenual input 1n order to minimize e=siron-
mental effects. Use a meuallic electrode chamber 1n orger (o saizid the
electrodes. and eiectncally isolate it from all strav a—c fizizs. Pay
parucular attenuon to grounding and the use of metailic connec:ars. as
recommended by the equipment manufacturer. Place the reference
clectrode upstream of the giass efectrode to impart the smail amount of
elecirolvte esseaual to the sensing of the pH of the water samp:s. One
successful flow pattern uses a bottom inlet. a full chamber. ang 2 t0p
overflow; the flow rate and the pressure are held constant aad the
discharge is 10 atmosphenic pressure. Follow the manufacturer's iestruc-
tions very ciosely.

Note 4—Continuous Determunation of pH —Make the se:sz:0n of

23. Report

23.1 Report the temperature of measurement to the
nearest |°C. ‘ .
23.2 Report the pH to the nearest 0.1 pH unit.

24. Precision and Bias®

24.1 Because of the wide varability in. measurement
conditions and the changeable character of the pH of many
process waters, the precision of this test method is propabiv
less than that of Test Method A; however, a precision of -
pH unit shouid be attainable under controlled conditions.

24.2 Precision and bias data were obtained using buffer
solutions oniy. It is the user’s respoasibility to assure the
validity of this test method for untested types of water.
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the reference eiectrode used to complete the cell
issembly funcuons simply as a source of reproducibie
sotenual. The absolute vaiue of the reference electrode
cotential is of no consequence owing to the way the
measurements are made. SBoth the saturated calomel and
silver-silver-chloride electrodes have proven themselves over
:hic years to be satisfactory rafzrence electrodes. For measure-
MENLs at normal room temperatures, either of these elec-
'"\'is sausfactory and thus are recommended. The
lver-chlonde is recommended for measurements at

-<d temperatures, where its potential is more stable than

‘hat of the saturated calome! electrode. Depending on the
:avironmental conditions. other electrodes may serve satis-

boraX).
s « X1.4..
® APPENDIX / ol s e
. 4 centain
(Nonmandatory Information) : ,g f’aull)’ ¢
‘\| -
X1 MISCELLANEOUS NOTES ON GLASS ELECTRODE MEASUREMENTS AND EQUIPMENT 1 R
X1.1 Meaning of the Term pH factorily as reference electrodes. : 3 .‘ ¥X14
X1.1.I The term pH historically has referred 10 the X1.3.2 If a saturated calomel eleczrodg_is used unde}‘_ ;_-‘Pum?:
nydrogen ion activity of a solution and has been expressed as  significantly changeabie temperature conditions, care 'm\ﬂ’% ',‘s*abfo
:he loganthm 1o the base |0 of the reciprocal (negative D¢ taken to see that sufficient solid pouassium chloride };.°.‘.’5:1.§
ogarithm) of the activity of hydrogen ions at a given present at all the temperatures to ensure solution saturatioy ,ﬁ?.sms
‘emperature, as follows: . thl’oughout. both in the ffx. Soluuon ln‘ the Clcmode tuw :.g..ve d:
H = log (4™} = —log() and in the solution permeating the electrode element. Tna; el_“‘mh
P gl o8 electrode must be given S or 10 min to accommodate jtself w.{ fim the
where: a new temperature condition before a pH measuremen: ;] torougt
'H7) = activity of hydrogen ions. made. If the temperature falls appreciably, crvstallization of § returmuni
AL1.2 Although this expression is helpful in giving theo- potassium chloride may cause pluggiog of the liquid func conuf::l-!l:
-etical meaning 10 the term pH and can be used as an tion; one result may be high resistance and f;lse or errate “l’mc.n
ipproximate definition. it may not be nigorously related 1o Potential at the junction. Any such accumulation of pous. cc-i?f.;
:mpincal pH measuremenss. The definition given in 3.2.1 sium chioride should thereiore be removed by aqueous ccessam
“as cained wide acceptance. washing. | B
' X1.3.3 Reference electrodes of the unsaturated type have | Suckly s¢
N1.2 Temperature Effects ‘been used preferentially in continuous mechanized pH | usatmen
X1.2.1 The effects of temperature on electrometric pH  monitoring where the temperature is likely to fluctuate. The Efﬂ:ogdé
measurements arise chiefly from two sources: (/) tempera- selected potassium chloride concentration is frequently sty the elect
ture effects that are common to ail electrometric measure- raton at the lowest tcx.npcraturc of use (for example, fiim. Wa
ments and (2) vaniations of sample pH with temperature. approximately 3.3 N for 0°C). Such a rcfere.ncc electrode has water bef
Theglhist category includes the effect of temperature on the the adyamage ofl;gmg frec from the Aannoying effects caused X14.5
/2.3026 RT that occurs in the definition of pH (see DY variable solubility, but take considerable care to PrERam | eatmen
>--.  alues of this factor for various temperatures are given the required concentration and to mainwin the prescribed. 1 last res:
in Table 1. The first category also includes variations of glass  Value under plant operating conditons. Follow the mstrug- of the ele
zlectrode asvmmetry potentual and reference electrode liquid ~ Ment manufacturer's recommendations on choosing an discardin
'unction potential and temperature. If the pH measurement ~ Maintaining reference electrodes. Changing an clectrode wlution
‘s made in accordance with Sections 13 and 21, the effects of  [TOM the saturated type to the unsaturated type (or viee necessarv
these potentiais will be negiigible. versa) by changing the concentration of potassium chionde foreign s1 -
X1.2.2 Secondly, becauss of changes in activity coeffi- M3V produce drifting potentials for weeks or even "."‘;1“‘*";‘ has a deh
zients and equilibrium constants with temperature, the pH X1.3.4 Reference clectrodes are available wit T}fn' tlectrode
>f a sample wiil change with temperature. These changesare ~ Pumber of means to establish the liquid junction. e vater ove
:ndependent of the method of measurement. In general. the  include. but are not limited to. dependence on the poros:z the electr
ate of change of pH with temperature is not constant, and jt ~ ©f Wwood, fibrous matenals, - glass-cncased fr]' oble mcow.. may be s
may be positive or negative. The data in Table 3, showing groqnd-gla_.ss sleeves, ceramic frits, and nonflowing p 2 | lution,
hanges in pH, of buffer solutions with temperature, are  Menc bodies. 7 | wlution ¢
tvpical examples. . | Polvethyic
X14 Faulty Glass Electrode Response and Restomtl'fl of the bul:
X1.3 Reference Electrodes Techniques "9} Gen only
X1.3.1 In making pH measurements with the glass elec- X1.4.1 Detecting Faulty Electrodes—The pH measuring* Ansing a
rode, .

assembly is standardized with two reference builer solutionéf-
(see 12.2) to verify the lincarity of response of the electrode:

combination at different pH values. Standardization also:{: .

detects a faulty glass or reference electrode or an incorred

the pH

>
]

temperature compensator. The faulty electrode is indicates{ ..

by a failure to obtain a reasonably correct value for the pH of .}

the second reference buffer solution after the meter has bﬂ?ﬁ _
standardized with the first. A cracked glass clectrode W‘m;:
often yield pH readings that are essentially the same for botd:

standards and should be discarded. Even though a normd:q -

glass electrode responds remarkably welil to moderatc l;,
changes, it is not necessarily a perfect pH-measuring deviéh;

and may miss the rigid requirements of 12.2, if, for exampl%”] =

S




clectrode. The electrode manufacturer may have
suggestions. specific 10 his own product.

X1.4.6 Techniques for cleaning flow ceil eisctrodes
clude the use of uitrasonics, brushes, and aigh-veioc

X1.5 Speciai Measurements Techniques

X1.5.1 Measurements on Alkaiine Waters—Although 1:
high-alkalinity electrode exhibits a lower sodium ion err:
than an ordinary giass electrode. the high-alkaiinity electroc
can nevertheless introduce an appreciable error when 1r
sodium ion content and the PH or temperature of the watc
are unusually high. Corrections may in some instances t
applied to the measurement if suitable data are availab:
from the eiectrode manufacturer. '

X1.5.2 Carbon dioxide from the air tends to react with z
aikaline water and 10 change its pH. Make aii measuremen:

" with alkaline waters or buffer soluuons as quickiy as possibic

with the water exposed to the air no longer than is absolute:

X1.5.3 pH Measurement of Static Solutions of Low Cor.
ductivity—When the sample eiectncal conductivity is lowe
than about 5 pS/cm. the electrical resistance of the wate
path between the giass and reference clectrodes may becom:
high enough to cause measurning difficulties. If placing th:
junction of the reference electrode as close as possible '~ the
PH responsive bulb of the glass electrode does not ¢ ~
difficuities, the electrode pair should be protect.. .7
electrostatic charges by surrounding the nonconducting ce!.
with a grounded metallic shield. Also helpful is the use of :
metallic connector at the inlet and outlet, eiectrically con-
nected external to the chamber.

X1.5.4 pH Measurement of Flowing Solutions of Low
Conducn’vi:y—ln.making measurements on flowing sampie:
having an electricai conductivity lower than about 5 uS/cm.
take precautions to avoid difficuities from streaming poten-
uals. If available, observe speciai precautions recommendec
by the instrument manufacturer. Preferably. make the flow
chamber of a conductive material such as stainiess steel anc
ground it. Because streaming potential increases with flow
velocity, it is advisable to adjust the sample flow rate at a
value not exceeding that needed to keep the flow cell
properly flushed. This can be done by conveying the sampie
water 1o the flow cell through a short line leading from 2
constant-head overflow chamber. Provide the line to the celi

. With suitable flow-controlling means.

X1.5.5 Magnetic Stirring—Do not use mééx{e'tic stirring
in those few instances where it may affect pH measurement.

mmemmllnmmotrmmmm
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. fhc pH span is made as great as 3 pH units (phthaiate to
porax).
. X1.4.2 Imperfect pH Response—The pH response of the
glass ;leclyodc may be impaired by a few coaung substances
(ceriain oxl_v. rpalcr_'xals Or even some particulates). When the submerged jets.
faulty condition is disclosed by the check with the two
T reference buffer solutions. the electrode can frequently be
. restored 10 normat by an appropnate cleaning procedure.
2:X1.4.3 Glass Electrode Cleaning Techniques—Where
ised unde, | emuisions of free oil and water are 1o be measured for pH, it
zare mug | is absolutely necessary that the electrodes be cleaned thor-
<nloride i | oushly aﬁgr each measurement. This may be done by
. saturatiop | washing ' with S0ap or detergent and water, foliowed by
;trode tube | scveral rinses with water, after which the lower third of the
:ment. The | clectrodes should be immersed in HCl (1+9) to remove any
ateselfo | film that may have been formed. Rinse the electrode
urement js moroqghly.by washing it in severai changes of water before
lization of | returming it to service. Process pH analyzers used for
quid func. | conunuous measurement may be provided with an uitra-
© or erraye | sonic cleaner to lessen or even eliminate the need for manual
1 of potas. | cleaning of electrodes. necessary.
v aqueous | X1.4.4 Thorough cleaning with a suitabje solvent may be
gecessary after each measurement if the sample conuins
type have } Suckly soaps or suspended parucles. If this fails, a chemical
:nized pH { treatment designed to dissoive the particular deposited -
‘tuate. The | €03URE May prove successiul. After the final rinsing of the.
ently sany. | ¢lectrode in the cleaning soivent, immerse the lower third of
le, | ¢ electrodes in HCl (1+9) 10 femove 2 possible residual
<t has | flm. Wash the electrode thoroughly in several changes of
1S causeq |. Mater before subjecting it to the standardization procedure.
to prepare | ©X1.4.5 If an electrode has failed 1o respond to the
prescribed { -atment suggested in X 1.4.3, try a more drastic measure as
he instry- | 31ast resort. This drastic treatment, which will limit the life
osing and | Ofthe electrode and shouid be used only as an alternative to
clectrode -} discarding it, s immersing it in chromic acid cleaning
: (or vice § %lution for a period of severa| minutes (or longer if
a chloride | 9¢cessary). Chromic acid is Particularly effective in cieaning
months. | [oreign substances from the surtace of the glass, but it aiso
with - any | 245 a dehydrating effect on the glass. Consequently allow an
on. These | -flectrode so treated, after thoroughly nnsing, to stand in
= porosity {%2ter overnight before using it for measurements. Finally, if
le meuwl, | Ueelectrode fails 1o respond to the chromic acid solution, it
ing poly- |03 be subjected to miid etching in ammonium bifluoride
> } Plution. Immerse the electrode for about | min in a 20 %
H:f20lution of ammonium bifluonide (NH HF,) in water, in a
es toraﬂti"... _r_*’,gimhylcnc cup. The bifluonide actually removes a portion
-~ AL bulb glass, and should be used only as a last resort (and
- o E0 only infrequently). Follow the fluoride etch by thorough
';;ﬁltllf;ﬁ: {u é?g and conditioning as is recommended for a new
ciectrod¢, : The Amenican Society for Testing and Materiats takas no position
lion a0 § W &ny em mentioned in this standard. Users of this standarg
‘incom:j‘ b patent ngnts. mmorukwmlmdmﬂgm.mmmmwnw
indicated “¥;
the { § Mnmwbsuomromuwtmwmw
h # not revised, enner reapprovea or wrnarawn. Your comments are
"y and should be addressec to ASTM Hesaquarrers. Your
rode wil o technica) commattes. wnich you may ertend.
 for bod{ | 5 views known to the ASTM Commates on Stancards. 1918 Race St Phiisceionia. PA 19103,
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1. General Discussion

The indigo colorimetric
titative, selective, and sj
methods based on them
oxidant. The method is
water, river infiltrate,

method is quan-
mple; it replaces
easurement of tota]
applicable to jake
manganese-contain-

of organic coloring matter, and for the ox-
idation of reduced iron Or manganese saits
to insoluble oxides.

Indigo Colorimetric Method

ing groundwaters, extremely hard ground-
waters, and even biologically treated
domestic wastewaters.

a. Principle: In acidic solution, ozone
rapidly decolorizes indigo. The decrease in
absorbance is linear with increasing con-
centration. The proportionality constant at
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OZONE (RESIDUAL) (4500-0,)/Indigo Colonmetne Method

600 nm is 0.42 = 0.01/cm/mg/L (Ae =
20 000/M .cm) compared to the uitraviolet
absorption of pure ozone of ¢ = 2950/
M.cm at 258 nm).!

b. Interferences: Hydrogen peroxide
(H,0,) and organic peroxides decoionze
the indigo reagent very slowiy. H,O, does
not interfere if ozone is measured in less
than 6 h after adding reagents. Organic
peroxides may react more rapidly. Fe(Ii])
does not interfere. Mn(Il) does not inter-
fere but it is oxidized bv ozone to forms
that decolonze the reagent. Correct for this
interference by making the measurement
relative to a blank in which the ozone has
been destroved selectively. Without the
corrective procedure. 0.1 mg/L ozonated
manganese gives a response of about Q.08
me/L apparent ozone. Chlorine aiso inter-
feres but it can be masked by maionic acid.
Bromine. which can be formed by oxida-
uon of Br~, interferes (1 moie HOBr-cor-
responds to 0.4 mole ozone).

¢. Minimum detectable concentration:
For the spectrophotomerric procedure us-
ing thermostated cells and a high-quality
photometer, the low-range procedure will
measure down to 2 ug O./L. For the visuaj
method the detection limit 15 10 g/l

2. Apparatus

a. Photometer: Spectrophotometer or fii-
ter colorimeter for use at 600 = $ nm.

b. Glass cylinders (for visual procedure):
100-mL graduated glass cylinders, prefer-
ably with flat bottoms.

3. Reagents

a. Indigo stock soilution: Add about 500
mL distilled water and 1 mL cone phos-
phon’c acid to a |-L volumetric flask. With
surning, add 770 mg potassium indigo tri-
sulfpnatc. C\.H,N,0,,§,K, (commercially
available at about 80 to 85% punty). Fill
to mark with distilied water. A 1:100 di-
lution exhibits an absorbance of 0.20 =
0.010 cm at 600 nm. The stock solution is

stable for about 4 months when stored in
the dark. Discard when absorbance of a
1:100 dilution falls below 0.16/cm.

b. Indigo reagent I: To a 1-L volumetnc
flask add 20 mL indigo stock solution,
10 g sodium dihydrogen phosphate
(NaH,POQ,), and- 7 mL conc phosphonc
acid. Dilute to mark. Prepare soiution iresh
when its absorbance decreases to less than
80% of its initial vaiue, typicaily within a
week.

¢. Indigo reagent II: Proceed as with in-
digo reagent [, but add 100 mL indigo stock

'solution instead of 20 mL.

d. Malonic acid reagent: Dissoive 5 g
mailonic acid in water and dilute to 100
mL.

e. Glycine reagent: Dissoive 7 g giycine
in water and dilute to 100 mL.

4. Procedure

a. Spectrophotometric procedure:

1) Concentration range 0.01 to 0.1 mg
O,/L—Add 10.0 mL indigo reagent I to
two 100-mL volumetnic flasks. Fill one
flask (blank) to mark with distilled water.
Fill other flask to mark with sample. Add
sample so that compietely decolorized
zones are eliminated quickly by surring but
no ozone degassing occurs. Measure ab-
sorbance of both solutions at 600 = S nm
as soon as possible but at least within 4 h.
Preferably use 10-cm cells. Calcuiate the
ozone concentration from the difference be-
tween the absorbances found in sampie and
blank (] Sa beiow). (NOTE: A maximum
delay of 4 h before spectrophotometric
reading can be tolerated only for drinking
water sampies. For other sampie types test
the time drift.)

2) Range 0.05100.5 mg O,/L.—Proceed
as above using 10.0 mL indigo reagent Il
instead of reagent [. Preferably measure
absorbance in 4- or 5-cm cells.

J) Concentrations greater than 0.3 mg
O,/ L—Proceed using indigo reagent II,
but for these higher ozone concentrations
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use a correspondingiy smailer sampie voi-

ume. Dilute Tesuiting mixture to 100 mL
with distilled water. Use a glass pipet for
dosing sampie: jet sample flow through an
erlenmeyer flask for at least | min without
generating bubbles. Rinse pipet with sam-
Pie and add measured amount 1o flask
while keeping the pipet tip below the syr-
face.

4) Control of interferences—in presence
of chiorine, place | mL malonic acid re-
agent in both flasks before adding sampie
and/or filling 1o mark. Measure absorbance
as soon as possible. within 60 min (Br-,
Br,, and HOBr are only partially masked
by maionic acid).

In presence of manganese prepare a
blank solution using sample, in which
ozone is selectively destroyed by addition
of glycine. Place 0.1 mL glycine reagent in
100-mL volumetnc flask (blank) and 10.0
mL indigo reagent {1 in second flask (sam-
ple). Pipet exactly the same volume of sam-
ple into each flagk. Adjust dose so that
decolorization in second flask is easily vis-
ible but complete bieaching does not resuit:
(maximum 80 mL).

Insure thar pH of glycine/sample mix-.
ture 1n blank flask (before adding indigo)
is not below ¢ because reaction between
Ozone and glycine becomes very siow at
low pH. Stopper flasks and mix by carefully

addition. Fill both flasks to the mark with
ozone-free water and mix thoroughly. Mea.
sure absorbance of both solutions at com-
Parable contact times of approximately 30
10 60 min (after this time, residual man-
ganese oxides further discolor indigo only
slowly and the grift of absorbance in blank
and sampie become comparable). Reduced
absorbance in blank flask results from man.
ganese oxides while that in sample flask is
due to ozone plus manganese oxide.

5) Calibrauon—Because ozone is up-
stable, base measurements on known and
constant loss of absorbance of the indigo

reagent (/' = 0.42 = 0.0l/cm/mg O,/L).
For maximum accuracy analvze the Jot of
potassium indigo tnsulfonate (no commer-
cial lot has been found 1o deviate from f
= 0.42) using the iodometric procedure.

When using a fiiter photometer, readjust
the conversion factor, /£, by comparning pho-
lometer sensitivity with absorbance at 600
nm by an accurate Spectrophotometer.

b. Visuai procedure:

1) Concentration range 0.01 t0 0.1 mg.

O,/L—Add 10.0 mL indigo reagent [ (o
each of two identical 100-mL graduated
glass cvlinders. Fill reference cylinder.
(blank) to the mark with distilled water
and other cylinder ‘with sample. Add sam-
ple to cylinder so that compietely decoior-
1zed zones are eliminated quickly by mixing
but no degassing occurs. Pour off blank by
portions until liquid height gives the same
apparent coior intensity as the sample
when viewed from top. Record volume in

. blank cylinder. Color comparisons may be

made up to 4 h after sampie addition.

2) Concentrations greater than 0.1 mg
O,/L—Proceed as above, adding either 30
or 45 mL of sampie and dilute to the mark.

3 Mangancse-comaining waters—The
visual method is not suitable for these
waters when the manganese concentration
is comparable to that of the ozone because

the difference measurement becomes too
inaccurate.

S. Calculations

a. Spectrophotomerric procedure:

oL = 100 X a4
oL S TR
where:
AA = difference 1n absorbance between sam-
ple and blank,

b = path length of ceil, em.

V = volume of sample, mL (normaily 90
mL), and

S =042
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The factor fis based on a sensitivity fac-
tor of 20 000/cm for the change of ab-
sorbance (600 nm) per mole of added ozone
per liter. It was calibrated by iodometric
titration. The UV absorbance of ozone in
pure water may serve as a secondary stand-
ard: the factor /' = 0.42 corresponds to an
absorption coefTicient for aqueous ozone, ¢
= 2950/M-.cm at 258 nm.

b. Visual procedure:

(100 - ) x &
100

mg O/L =

where:
V = volume of reference solution in blank
cylinder, mL., and
k = conversion factor for indigo stock so-
‘lution, calibrated by a spectrophoto-
metnc analysis of ozone. The value is
about 0.10 mg O,/L if the 1:100 dilution
gives an absorbance of 0.19/cm.
When adding only 45 or 30 mL of sam-
ple. the conversion factor becomes 2k or
3k, respectively.

6. Precision and Bias

a. Spectrophotometric procedure: In the
absence of interferences, the reiative error
is less than 5% without special sampling
setups. In laboratory testing this may be
reduced to 1%. '

Because this method is based on the dif-
ferences in absorbance between the sampie
and blank (A4) the method is not appli-
cable in the presence of chlorine. If the
manganese content exceeds the ozone, pre-
cision is reduced. If the ratio of manganese
10 ozone is less than 10:1, ozone concen-
trations above 0.02 mg/L may be deter-
mined with a relative error of less than
20%.

b. Visual procedure: Duplicate deter-

minations gave an average deviation of |
to 1.5% within the pair. If the manganese
concentration is comparabie to that of
ozone. this method is not appiicabie.
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212 TEMPERATURE®

1. General Discussion

Temperature readings are used in the
caleulation of various forms of alkalinity,
in studies of saturation and stability with
respect to calcinm carbonate, in the cal-
culation of salinity, and in general labo-
ratory operations. In limnological studies,
walter lemperatures as a function of depth
often are required. Elevated temperatures
resulting from discharges of heated water
may have significant ecological impact.
Identification of source of water supply,
such as deep wells, often is possible by tem-
perature measurements alone. Industrial
plants ofien require data on water temper-
ature for process use or heat-transmission
calculations.

Normally, temperature measurements
muy be made with any good mercury-filled
Celsius thermometer. As a minimum, the
thermoneter should have a scale marked
for every 0.1°C, with markings etched on
the capillary glass. The thermometer
should have a minimal thermal capacity to
permit rapid equilibration. Periodically
check the thermometer against a precision
thermomicter certified by the National Bu.

" Approved by Standard Meihods Comanice, 198)

reav of Standardst that is used with its
certificate and correction chart. For ficld
opcrations use a thermometer having a
metal case to prevent breakage.

Depth temperature required for limnol-
ogical studies may be measured with a re-
versing thermometer, thermophone, or
thermistor. The thermistor is most con-
venient and accurate; however, higher cost
may preclude its use. Calibrate any tem-
perature measurement devices with a Na-
tional Duréau of Standards certified
thermometer before field use. Make read-
ings with the thermometer or device im-
mersed in water long enough to permit’
complete equilibration. Report results to
the nearest 0.1 or 1.0°C, depending on necd.

2. Reversing Thermomelter

The thermometer commonly used for
depth measurements is of the reversing
type. It often is mounted on the sample
collection apparatus so that a water sample
may be obrained simuhaneously. Correct

readings of reversing thermomeiers for

changes due 10 differences between tem-

I Soune comiercial thenmanmeners may be as muck as Y'C

nerror

o — . - ——— o
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petature at revessal and temperasture
time of reading Calcalate as follows:

T 'y
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AT = correctim to be added algebraically 1o
uncorrected seading,

T' = uncoriccted reading at reversal,

lemperature at which thermomeier is

‘
[}

tead,

¥y = volume of small bulb end of capillary
up to 0°C graduation,

K = constant depending on relative thermal

expansivn of mercury and glass (usual
value of K = 6100), and

L = calibration coerection of thermometer
depending on T

Vevd

If scries observations ;uugc s con-

venient to prepare graphs for a thermom:
eter 1o obtain AT from any values of I

and 1.
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213 TESTS ON SLUDGES*

This scction presents a series of tesis
uniquely applicable to sludges or slurries.

*Approved by Stamtsrd Mcthads Committee, 1993

The test data are uscful in designing fail-
ities for solids separation and concentration
and for assessing operational behavior, cs-
pecially of the activated sludge process

213 A. Oxygen-Consumption Rate

1. General Discussion

This testis used to determine the oxygen
consumption rate of a sample of a bivlog-
ical suspension such as activated studge It
is useful in laboratory and pilot-plant sind-
ies as wall as in the operation of full-scale
treatment plants When used as a routine
plant operation 1est, it ofien will indicate
changes in operiting condinons at an carly
stuge. However, because test conditions are
not necessanly ideatical 1o conditions at
the sampling sue, the obseived measure-
ment may nol be wlertical with actual oxy-
gen consumphion rate

2. Apparatus

a. Oxygen-consumption  rate  devi
Either:

1) A probe with an oxygen-seusitive
electrode (polarographic or galvanic), o

2) A manometric or respitometric
vice with appropriate readont and sample
capacity of at least 300 ml. The Jdevice
should have an oxygen supply capaciny
greater than the vxygen consumption e
of the bivlogical suspension, or at least 130
mg/l.-h

b Stopwatch or other suitabile timgog o
vice

¢ Thermomerer o read 08¢
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direct sunlight n times and keep from
all contact with rubber.

4. Procedure

a. Sample collection: Collect an 800-mL
sample in a I-L gas washing bottle.

b. Ozone absorption: Pass a stream of
pure air or N, through sample and then
through an absorber containing 400 mL K |
solution. Continue for $ 10 10 min at a rate
of0.2 10 1.0 L/min to insure that all ozone
is swept from sample and absorbed in K1
solution.

¢ Titration: Transfer K| solution to a |-

1. beaker, rinse absorber, and add 20 ml.
IN H,S0, to reduce pli below 2.0. Titrate
with 0.005M Na,S,0, titrant until yellow
color of liberated iodine almost is dis-
charged. Add 4 mL starch indicator so-
lution and continue titrating carefully but
rapidly to the end point, at which the blue
color just disappears. Long contact of io-
dine and starch develops a blue compound
that is difficult to decolorize. The end point
may be determined amperometrically as
described in Section 408C.45 except that
N1,5,0, can be used as the titrant. Other
irocedures given in Section 408 for meas-
uring iodine may be used.

d. Blank rest: Correct sample titration
result by determining blank contributed by
such resgent impurities as [frec iodine or
iodate in KI, or traces of reducing agents
that might reduce liberated iodine.

Take 400 mL K1 solution, 20 ml. IN
11,50,, and 4 mi. stacch indicator solution.
Perform whichever blank titration below
applies:

1) If a bluc coloc appears, titrate with
0 005M Na;$,0, to disappearance of blue
and record result.

2) If no blue color appears, titrate with
0.003M jodine solution until a blue color
appears. Back-titrate with 00058 Na S0,
to disappearance and record difference.

Before calculating ozone concentration
subtract blank titration in § 4d1) from sam-
Pple titration, or add result of § 442) above.

US. DEPARTMENT 0
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5. Calculation

mg O,/L = (4 2 B) x M x 24000
ml. sample
where:
A = mL itrant for sample,
8 = mL titrant for blank (psitive or ncg-
ative), and
M = molsrity of Na,S,0),.

6. Interpretation of Results

The precision of the test is within £ 1%
for concentrations of 3 mg O,/L or greater.
However, rapid decrease of the residual oc-
curs in the time elapsing between sampling
and testing. Temperaturc also is an impor-
tant factor in the decrease.
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423 pH VALUE®

Measurement of pll s one of the most
important and frequently used tests in

. water chemistry. Practically every phase of

water supply and wastewater Ircatment,
¢.g.. acid-base neutralization, water soft-
cning, precipitation, coagulation, disinfec-
tion, and corrosion  comtrol, is  pH-
dependent. ptl is used in alkalinity and
carbon dioaide measurements and many
other acid-base equilibria. At a given tem-
perature the intensity of the acidic or basic
character of a solution is indicated by pH
or hydrogen ion activity. Alkalinity and
acidity are the acid- and basc-neutralizing
capacities of a water and usually are ex-
pressed as milligrams CaCO, per liter.
Duffes capacity is the amount of strong acid
or base, usually expressed in moles per liter,
needed to change the pll value of a I-L
sample by 1 unit. pll as defined by Sor-
enson' is —log [1°]. it is the “intensity”
factor of acidity Purc water is very slightly
ionized und at equilibiium the ion product
is

e e ) - K

Par - 0t ae28C ()

and
ey o}
1oy oot
wheie.
RO acnvmy of Jcbegen s, mobes /7L
(O] - aconaty of hydeany ) e, moles 78, and
A, o proshact ol wates
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liccause of ionic interactions in all but
very dilute solutions, it is necessary o use
the “activity™ of an ion and not its molar
concentration. Use of the term pH assumes
that the activiry of the hydrogen ion, a,, ..
is being considered. The approximate
cquivalence 10 molarity, (H*] can be pre-
sumed only in very dilme solutions (ionic
strength <0.1)

A logarithnic scale is conveaient for ex-
pressing a wide range of ionic activities.
Equation 1 in logarithmic form and cor-
rected to reflect activity is: :

(_"'lm ay- )t (log,an, ) = 14 (2)
or
pHt + pOl = pA,
where:
pllt = —log,, a,,+ and
POH = ~log,, an,, -

Equation 2 states that as plincreases pOl|
decreases correspondingly and vice versa
becanse pk, is constant for a given temn-
perature At 25°C, pll 70 is neutral, the
actimities of the hydrogen and hydroryl
inns are equal, and each corresponds 1o an
approximate activity of 10° " moles/L. The
neutral point is lemperature-dependent and
is pl 7.5 at 0°C and plt 6.5 at 60°C

The pH value of a highly dilute solution
boapproaimately the same as the negative
common logacithm of the hydrogen 1on
coi - cnon. Natural waters usually have
pH values o of 4109, and most

LTI AT TR T P AU BT T
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ment yet devised will duplicate the results
obtained on the Jackson candle turbidi-
meter for all samples. Because of funda-
mental differences in optical systems, the
results obtained with different types of sec-
ondary instruments frequenily will not
check closely with one another, even
though the instruments are precalibrated
against the candle turbidimeter.

Most commercial turbidimeters avail-
able for measuring low turbidities give
comparatively good indications of the in-
tensity of light scaticred in one particular
direction, predominantly at righ angles 1o
the incident light. These nephelometers are
unaflected relatively by small changes in
design parameters and thercfore are spec-
ified as the standard instrument for meas-
urement of low turbidities. Nonstandard
turbidimeters, such as forward-scattering
devices, are more sensitive than nephelo-
meters (0 the presence of larger particles
and arc useful for process monitoring.

A further cause of discrepancies in tur-
bidity analysis is the use of suspensions of
diffecent types of particulate matter for the
pteparation of instrumental calibration
curves. Like water samples, prepared sus.
pensions have different optical properties
depending on the particle size distributions,
shapes, and refractive indices. A standard
reference suspension having reproducible

PHYSICAI EXAMINATION (200)

light-scattering propertics 15 specitied for
nephelometer calibration.

Because there is no direct relanonship
between the intensity of light scattered a1
a 90° angle and Jackson candle turbidity,
there is no valid basis for the practice of
calibrating a nephelometer in terms of can-
dle units. To distinguish between turbidi-
tics derived from nephelometric and visual
methods, report the results from the former
as nephclometric 1urbidity units (NTU)
and from the latter as Jackson tusbidity
units (JTU).

1. Selection ol Method

lts greater precision, sensitivity, and
applicability over a wide turbidity range
make the nephelometric method preferable
to visual methods. The candle turbidime-
ter, with a lower limit of 25 turbidity units,
has its principal uscfulness in examining
highly 1urbid waters. The bottle standards
offer a practical means for checking raw
and conditioned water at various stages of
the treatment process.

2. Storage of Sample

Determine turbidity on the day the sam-
ple is taken. If longer storage is unavoid-
able, store samples in the dark for up 1o
24 h. Do not store for long periods because
irreversible changes in turbidity may occur.
Vigorously shake all samples before ex-
amination.

214 A. Nephelometric Method — Nephelomeltric Turbidity Units

1. General Discussion

"a. Principle: This method is based on a
comparison of the intensity of light scai-
tered by the sample under defined condi-
tions with the intensity of light scattered
by a standard reference suspension under
the same conditions. The higher the inten-
sily of scattered light, the higher the tur-
bidity. Formazin polymner is used as the
reference turbidity standard suspension. It

“

is easy lo prepare and is more reproducible
in its light-scattering properties than clay
or turbid natural warer. The turbidity of a
specified concentration of formazin sus-
pension is defined as 40 nephclomeltric .

“units. This suspension has an approximate

turbidity of 40 Jackson units when meas-
ured on the candie turbidimeter; theefore,
nephelometric tabidity units based on the
formazin preparation will approximate

-
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uinits denved from the candle turbidimeler
but will not be identical 10 them.

b Interference: Turbidity can be deter-
mincd for any water sample that is free of
debris and rapidly setiling coarse sedi-
meants. Dinty glassware, the presence of air
bubbles, and the cflects of vibrations that
disturb the surface visibility of the sample
will give false resuits. “True color,” that
is, water color due to dissolved substances
that absorb light, causes measured turbid-
ities 1o be low. This effect usually is not
significant in the case of treated water.

2. Apparalus

a. Turbidimeter consisting of a nephe-
lometer with a light source for illuminating
the sample and onc or more photoelectric
detectors with a readout device to indicate
intensity of light scattered at 90" to the path
of incident light. Use a turbidimeter de-
signed so that little stray light reaches the
detector in the absence of urbidity and free
from significant drift after a short warmup
period. The sensitivity of the instrument

_should permit detccting turbidity differ-

ences of 0.02 NTU or less in waters having
turbidity of less than | NTU with a range
from 0 to 40 NTU. Several ranges are nec-
essary 1o obtain both adequate coverage
and sufficient sensitivity for low turbidities.

Differences in turbidimeter design will
cause differences in measured values for
turbidity even though the same suspension
is;used for calibration. To minimize such
diffcrences, observe the following design
criteria:

1) Light source--Tungsten-filament
lanp operated at a color temperature be-
tween 2200 and J000°K.

2) Distance traversed by incident light
and  scattered light within  the sinple
tube —Total not to exceed 10 cm.

3) Angle of light acceptance by detec-

tor — Centered at 907 10 the incident light -

path and not to exceed 2 30° from 90°. The
detectar, and filter system if used, shall
have a spectd peab response between 400
and 600 nm. .

b Sample tubes clear colordess glass

' v

Keep tubes scrupulously clean, both ansude
and out, and discard when they become
scratched or ctched. Never handle them
where the light strikes thém. Use tubes with
sufficient extra length, or with a protective
case, so that they may be handled properly.
Fill tubes with samples and standards that
have been agitated thoroughly and allow
sufficient time for bubbles to escape.

3. Reagents

a. Turbidity free warer: Turbidity-free
water is difficult to obtain. The following
method is satisfactory for mecasuring tor-
bidity as low as 0.02 NTU.

Pass distitled water through a membranc
filter having precision-sized holes of 0.2
pum;* the usual membrane filter used for
bacteriological examinations is not satis-
factory. Rinse collecting flask at least twice
with filtered water and discard the next 200
mL.

Some commercial bottled dentineralized
walers are nearly particle-free. These may
be used when their turbidity is lower than
can be achieved in the laboratory. Dilule
samples to a turbidity not leéss than | with
distilled water.

b. Stock turbidity suspension:

1) Solution 1—Dissolve 1.000 g hydra-
zine sulfate, (NH,),-H,SO,, in distilled
water and dilute 10 100 mL. in a volumetnc
flask.

2) Solution 11 —Dissolve 1000 g hexa-
methylenetetramine, (CH,)N,, in distilled
water and dilute to 100 mL in a volumetric
flask.

3) Ina 100-mL volumetric fask, mix 50
mL Solution I and 5.0 mL Solution I1. Lct
stand 24 h at 25 % 3°C, dilute to mark,
and mix. The wrbidity of this suspension
is 400 NTU.

4) Prepare solutions and suspensions
monthly.

¢. Standurd turbidity suspension: Dilute
10.00 ml. stock turbidity suspension to H(X)
ml. with turbidity-free wiatee. Prepare

*Nuclepare Corporanon, 1S Comsmerce Ciedle, 1leas
anton, Calif . or equis alent
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daily. The turbidity of this suspension is

defined as 40 NTU.

d. Aliernate siandards: As an alternative
to preparing and diluting formazin, use
commercially available standards such as
styrene divinylbenzene beadst if they are
demonsirated to be equivalent 1o freshly
prepared formiazin.

e. Dilute turbidity standards: Dilute por-
tions of standard turbidity suspension with
turbidity-free water as required. Prepare
daily.

4. Procedure

a. Turbidimeter calibration: Follow the
manufacturer’s operating instructions. In
- absence of a precalibrated scale, pre-
,-atc calibration curves for each range of
the instrument. Check accuracy of any sup-
plied- calibration scales on a precalibrated
instrument by using appropriate standards:
Run at least one standard in each instru-
ment sange to be used. Make certain that

~ turbidimeter gives stable readings i. all

sensitivity ranges used. High turbiditics de-
termined by direct measurement are likely
to differ appreciably from those determined
by the dilution technique, { 4c.

b. Measuremeny of turbidities less than
40 NTU: Thoroughly shake sample. Wait
until air bubbles disappear and pour sample
into turbidimeter tube. When passible,
pour shaken samiple into turbidimeter tube
and immerse it in an ultrasonic bath for 1
to 2 s, causing complete bubble release.
Read turbidity directly from instrument
scale or from appropriate calibration curve.

¢. Measurement of surbidities above 40

NTU: Dilute sample with one or more vol- .

umes of turbidity-frec water uatil turbidity
falls between 30 and 40 NTU. Compute
turbidity of original sample from turbidity
of diluted sample and the dilution factor.

fAMCO-AEPA | Standard. Advanced Polywmer Systems,
1698 C Haven Ave, Redwood City, Calif
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For example, if five volumes of turbidity-
free water were added to one volume of
sample and the diluted sample showed a
turbidity of 30 NTU, then the turbidity of
the original sample was 180 NTU.

d. Calibrate continuous’ turbidity inoni-
tors for low turbiditics by determining tur-
bidity of the water cutering or leaving
them, using a laborutory-model 1uebidi-
meter. When this is not possible, use an
appropriate dilute turbidity standard, 1 le.
For turbiditics above 40 NTU use undi.
luted stock solution.

5. Calculation

Nephelometric turbidity units (NTU)

_Ax(8+C)
C

where:
A4 = NTU found in diluted sample,
8 = volume of dilution water, mL, and
€ = sample volume taken for dilution, mi.

6. Interpretation of Resulls
a. Report turbidity readings as follows:

1

. Réport to the
Turbidity Range " Nearest
NTU NTU
0-10 003
1-10 [+ I
10-40 1
40-100 b}
100- 400 10
wo-1000 - s
> 1000 100

b. For comparison of water treatment
efficicncics estimate turbidity more closely
than is specified above. Uncertainties and
discrepancies in turbidity mcasurements

"make it unlikely that two or mare labo-

ratorics will duplicate results on the same
sample more closely than specificd

A\ G w0
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214 B. Visual Methods —Jackson Turbidity Units

1. General Discussion

a. Principle: Turbidity measurements by
the candle turbidimeter are based on the
light path through a suspension that just
causcs the image of the flame of a slandard
candle 1o disappcar —that is, to become in-
distinguishable against the general back-
ground illumination—when the fame is
viewed through the suspension. The longer
the light path, the fower the turbidity.

b Interference: Turbidity can be deter-
mined for any water sample that is free of
rapidly setiling debeis and coarse sedi-
ments. Dinty glassware, the presence of air
bubbles, and the cffects of vibrations that
disturb the surface visibility of the sample
give false results.

2. Apparalus

a. Candle turbidimeter consisting of a
glass tube calibrated according to Table
214:1, a standard candle, and a support that
aligns candle and tube. The glass tube and
candle are supported in o vertical position
30 that the center line of the tube passes
through the center line of the candle. The

_candle is supported by a spring-loaded cyl-

inder desigried 10 keep the top of the candle
pressed against the top of the support as
the candle gradually burns away. The 1op
of the support for the candle is 7.6 cm

~ below the bottom of the glass tube. The

glass tube has a flat, polished optical-glass
bottom and conforms to specifications for
nessler tubes given in Section 102.6. 1t is
graduated to read dircctly in JTU. Keep
tube clean and frec from scratches. Keep
most of glass tube enclosed within a metal
tube when observations are being made,
both to protect against breakage and to
exciude extrancous light.

Use a candle mande of beeswax and sper-
nacetr, designed to burn within the limits

of 114 to 126 grains/h. To insure uniform
results, keep flame as near constant size
and constant distance from bottom of glass
tubc as possible by frequently trimming
charred portion of the wick and making
sure that the candle is pushed 1o the top
of its support. Eliminate all drafts during -
measurements 1o prevent flame from fick-
ering. Do not bum candle for more than
a few minutes at a time because the flame
tends to increase in size. Before lighting
candle each time, remove any portions of
charred wick that can be broken off casily
when manipulated with the fingers.

b. Boutles for visual comparison:
matched set of I-L-capacity, glass-stop-
pered botiles made of borosilicate or other
resistant glass. '

3. Preparation of Standard Suspensions

a. Turbidity-free water: See . Section
214A 30 ‘

b. Visual comparison standards: Preparc
from natural turbid water or kaolin.

1) Natural water —For best results, pre-
pare from natural turbid water from the
same source as that to be tested. Determine
turbidity with candle turbidimeter, then di-
lute portions of suspension to turbidity val-
ues desired.

Weekly prepare suspensions of turbidi-
ties below 25 units by diluting a freshly

" checked, more concentrated suspension.

2) Kaolin—Add approximately 5 g ka-
olin 10 t L distilled water, thoroughly ag-
itate, and let stand for 24 h. Withdraw

" supernatant without disturbing sediment.

Determine turbidity with candle turbidi-
meter. Dilute to turbidity values desired.
Preserve standard suspeasions by adding
1g HgCl,/L suspension. Shake suspen-
stons vigorously before each reading and
check monthly with candle turhidimeres
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cral hours take sample, add KI, and
measire total chilorine with a colorimetric
method using a nessler tube (0 increase
sensitivity. Do not use before last trace of
free and combined chlorine has been re.
moved.

Distilled water commonly contains am-
monia and also may contain reducing
sgents. Collect good-quality distilled or
deionized water in a sealed container from
which water can be drawn by gravity. To
the air inlet of the container add an H,S0,
lrap consisting of a large test tube half filled
with 1 + 1 H,SO, connccted in series with
a similar but empty test tube. Fit both test
tubes with stoppers and inlet tubes termi-
nating near the bottom of the tubes and
outlet tubes terminating near the top of the
tubes. Connect outlet tube of trap contain-
ing H,S0, 10 the distilled water container,
connect inlet tube to outlet of empty test
tube. The empty test tube will prevent dis-
charge to the atmosphere of H,S0O, due to
temperature-induced pressure changes.
Stored in such a container, chilorine-de-
mand-{ree water is stable for several weeks
unless bacterial growth occurs.

4. Procedure

a. Preparation for titration:

1) Volume of sample — For chlorine con-
centrations of 10 mg/L or less, titrate 200
mL. For greater chlorine concentrations,
use proportionately less sample and dilute
to 200 mlL with chlorine-demand-free
water. Use a sample of such size that not
more than 10 mL phenylarsine oxide so-
lution is required.

2) Preparation for titration — Measure 5
mL 0.005 64N reductant for chiorine con-
centrations from 2 to0 § mg/L, and 10 mL
for concentrations of 5 1o 10 mg/L, into a
flask or casserole for titration with stand-
ard iodine or iodate. Start stirring. For (i-
tration by amperomelry or standard iodine,
also add excess K1 (approximately | g) and
4 mL acetate buffer solution or enough to
reduce the pH o160 between 3.5 and 4.2,

INOHGANIC NOMMETALS (400)

b Titradion: Use one of the following:
1) Ampcrometric titration — Add
0.0282N iodine titrant in small increments
from a I-mL buret or pipet. Observe meter
needle response as iodine is added: the
_ pointer remains practically stationary uatif
the end point is approached, whereupon
each iodine increment causes a temporary
deflection of the microammeter, with the
pointer dropping back (o its original po-
sition. Stop titration at end point when a
small increment of iodine titrant gives a
definite pointer deflcction upscale and the
pointer does not return promptly to its
original position. Record volume of iodine
titrant used to reach end point.

2) Colorimetric (iodine) titration — Add
| mL starch solution and titrate with
0.0282N iodine to the first appearance of
blue color that persists afier complcte mix-
ing.

3) Colorimetric (iodate) titration —To
suitable flask or casserole add 200 mL
chlorine-demand-free water and add, with
agitation, the required volume of reduc-
tant, an excess of KI (approximatcly 0.5
g). 2 mL 10% M,P0, solution, and 1 mL
starch solution in the order given, and 1i-
trate immediately® with 0.005 64V jodate
solution to the first appearance of a blue
color that persists after complete mixing.
Designate volume of iodate solution used
as A. Repcat procedure, substituting 200
mL sample for the 200 mL chlorine de-
mand-free water. If sample is colored or
turbid, titrate to the first change in color,
using for comparison another portion of
sample with H,PO, added, Designate this
volume of iodate solution as 8.

*Tueanion niay be delayed up a0 run without appie-
caable ecror il H,PO, is not added unil immediately befoce
GLtration
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5. Calcutation
a. Titrativn with standuard todine:

mg Clas CL/L - C

where:
A = mL 0003 64 N reduciant,

B =mL00282N 1, ond
C = mbL sample
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b Turanon with standard 1odate:

(4 - 8) x 200
mg Clas Q7L = —

where:
A = ml Na,$§,0,,
B = ml. iodate required 10 titrate Na,§,0,,

snd
C = mL sample.

408 C. Amperomelric Titration Method

1. General Discussion

Amperometric titration requires a highc.t

degree of skill and care than the colori-
metric methods. Chlorine residuals over 2
mg/L arc ineasurcd best by means of
smaller samples or by dilution with water
that has neither residual chlorine nor a
chlorine demand. The method can be used
to determine total chlorine and can dif-
ferentiate  between free and combi.ncd
chlorine. A further diffcrentiation into

monochloramine and dichloramine frac-

tions is possible by contiol of KI concen-

tration and pli.

a. Principle: The amperometric nncthqd
is a special adaptation of the polarographic
principle. Free chlorine is titrated ata pH
betwcen 6.5 and 1.5, a range in which the
cambined chlorine reacts slowly The com-
bined chlorine, in turn, is titrated in the
prc.scncc of the proper amonnt of K1 i_n l'l.!.‘
pH range 3.5 to 4.5, When free chlorine is
determined, the pll must not be greater
than 7.5 because the reaction becomes slug-
gish at higher pH values, nor less than 6.5
because at lower pH values some combined
chlorine may react cven in the absence of

iodide. When combined chlorine is deter-
mined, the pll must not be less than 3.5
hecause substances such as oxidized man-

ganese interfere at Jower pAH vvalucs, nos
greater than 4.5 because the iodide reaction
is not quantitative at higher pH values. The
tendency of monochloramine to react more
readily with iodide than docs diclflorumlnc
provides a means for further dlﬂ'crcnnfr
tion. The addition of a small amount of K|
in the neutral pHl range enables estimation
of monochloramine content. Lowering the
pH into the acid range and increasing the
KI concentration allows the separate de-
termination of dichloramine.

Organic chloramines can be measured as
frce chlorine, monochloramine, or dichlo-
ramine, depending on the activity of the
chlorine in the organic compound.

Phenylarsine oxide is stable even in di-
lutc solution and each mole reacts with two
cquivaleats of halogen. A special ampero-
metric cell is used to detect the end point
of the residual chlorine-phenylarsine oxide
titration The cell consists of a nonpolar-
izable reference electrode that is immicrsed
in a salt solution and a readily polarnizable

noble-mctal clectrode that is in contact
both with the saht solution and the sample
being titrated In some applications, cpnt
point selectivity is improved by adding
+200 mV to the platinuin electrode versus
silver, silver chlonide Anather approacly to
cend-potnt cdetection uses duad platinnm
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clectrodes, a mercury cel} with voltage di-
vider 10 impress a potential across the elec-
- trodes, and a microammeter. If there is no
chlorine residual in the sample, the ‘mi-
croammcler reading will be comparatively
low because of cell polarization. The
greater the residual, the greater the mi-
croammeter reading. The meter acts
merely as a null-point indicator—that is,
the actual meler reading is not important,
but rather the relative readings as the 1i-
tration proceeds. The gradual addition of

phenylarsine oxide causes the cell to be..

come more and more polarized becausc of
_ the dccrease in chlonine. The end point is
_recognized when no further decrease i me-

ter reading can be obtained by addmg more =~

phenylarsine oxide.

b. Interference: Accurate determinations
of fice chlorine cannot be made in the pres-
ence of nitrogen trichloride, NCl,, or chlo-
rine dioxide, which titrate partly as free
chlorine. When present, NCl, can titrate
partly as free. chlorine and partly as di-
chloramine, contributing a positive error in
both fractions. Some organic chloramines
also can be titrated in each step. Mono-
chloramine can intrude into the free chlo-
rine fraction and dichloramine can inter-
fere in the . monochloramine fraction,
especially at high temperatures and pro-
longed titration times. Free halogens other
than chlorine also will titrate as free chlo-
rine. Combined chlorine reacts with iodide
ions 10 produce iodine. When titration for
free chlorine follows a combined chlorine
titration, which requires addition of KI,
erroneous results may occur unless the
measuring cell is rinsed thoroughly with
distilled water between titrations.

“laterference from copper has been noted
in samples taken from copper pipe or after
heavy copper sulfate trcatment of reser-
voirs, with metallic copper plating out on
the clectrode. Silver ions also poison the
clectrode. Interference occur  in some
highly colored waters and ... waters con-
taining  surface-active agents Very low
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temperatures slow responsc of measuring
cell and longer time is required for the
titration, but’ precision is not affected. A
reduction in reaction rate is caused by pH
valucs above 7.5; overcome this by buff-
ering all samples to pH 7.0 or less. On the
other hand, some substances, such as man-.

ganese, nitrite, and iron, do not interfere.’

- The violent stirring of some commeicial
titrators can lower chlorine values by vol.
atilization.. When dilution is used for sam.
ples containing high chlotine content, take
care that the dilution water is free of chlo-
rine and ammonia and pos‘esscs no chlo~
rine demand. |

Sce 408.1 for a dlscusslou of other in-
terferences.

2. Apparatus

. a. End-point detection apparatus, con-
sisting of a cell unit connected to a mi-.
croammeter, with necessary electrical
accessories. The cell unit includes a noble-
metal electrode of sufficient surface acea, a
salt bridge to provide an electrical connec-
tion without diffusion of electrolyte, and a
telerence electrode of silver-silver chloride
in a saturated sodium’ chloride solution
connccted into the circuit by means of the
salt bridge.

Keep noble-metal clectrade free of de-
posits and foreign matter. Vigorous chem-
ical cleaning gcuerally is unnccessary.
Occasional mcchanical cleaning with a
suitable abrasive usually is sufficient. Keep
salt bridge in good operating condition; do
not allow it to become plugged nor perinit
appreciable flow of clectrolyte through it.
Keep solution surrounding teference elec-
trode free of contamination and maintain
it at constant composition by insuring an
adequate supply of undissolved salt at all
times. A cell with two metal clectrodes po-
larized by a small DC potential also may
be used. (See Mibliography )

(v, Agitator. designed to give wlequate
agitation at the noble-metal clectrode sur-
face 10 msure proper sensitnaty Thor-
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oughly clean  agiator  and exposced
clectrode system to remove all chlorine-
consuming contaminanls by tini.crsing
them in water containing | to 2 mg/L free
chlorine for a few minutes: Add Kl to the
same water and let agitator and electrodes
remain immerscd for $ min. Afier thor-
ough rinsing with chlorine-déemand-frec
water or the sample 10 be tested, sensitized
electrodes and agitator are ready for usc.
Remove iodide reagent complclcly from
cell.

¢. Buret: Commescial titrators usually
are equipped with suitable burets (1 mL.).
Manual burets arc available.®

d. Glassware. exposed to walcr contain-
ing at least 10 mg/L chlorine for 3 h or
more beforc usc and rinsed with chlorine-

~ demand-free water.

3. Reagents

“a. Standard phenplarsine oxide titrant:
Sce Mecthod 4088 .3a. :

b. Phosphate bufli- :+lution. pll 1: Dis-
solve 25.4 g anhydrous KH,PO, and 34.1
g anhydrous Na,l1PO, in 800 mL distilled
water. Add 2 mlL sodium hypochlorite so-
lution containing 1% chlorine and mix
thoroughly. Protect from sunlight for 2 d.
Determine that fice chlorine still remains
in the sohition Then expose to sunlight
until no chlorine remains. I necessary,
carry out the final dechlorination with an
ultraviolet lamp. Determine that no total
chlorine remains by adding K1 and meas-
uring with one of the colorimetric tests.
Dilute 1o 1 1. with distilled water and filter
if any precipitate 1s present.

¢. Potassium iodide solution Dissolve 30
g K1 and dilute 1o 1 1. with fieshly boiled
and cooled distilled water Store in the dark
in a brown glass stoppered bottle, prefer-
ably inthe refiigerator Discard when so-
lunion becomes yellow

SRamas P10 N il banbke B
Tasbeddin Chhs aat e dlonid
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d Ace! Vuffer sofuton, pll 4 Sce
Method . o e

4. Procedure

a. Sample volume: Sclect a sample vol-
ume requiring no more than 2 mL phen-
ylarsine oxide titrant. Thus, for chlorine
concentrations of 2 mg/L or less, take a
200-mL sample; for chlorine levels in ex-
cess of 2 mg/L, use 100 mi. or propor-
tionately less.

b. Frec chlorine: Unless sample pll is
known 10 be between 6.5 and 1.5, add 1
mL pH 7 phosphate buffer solution 1o pro-
ducc a pH of 6.5 10 7.5. Titrate with stand-
ard phenylarsine oxidc titrant, observing
current changes on microammeter. Add u-
trant in progressively smaller mcrcmcnls
until alt needle movement ceases. Make
successive buret readings when necdle ac-
tion becomes sluggish, signaling approach
of end point. Subtract last very small in-
crement that causes no needle response be-
cause of overtitr.atiun

Continue titrating for combined chlorine
as described in § 4c below or for the sep-
arate monochloramine and dichloraminc
fraciions as detailed in §s de and 4/

¢. Combined chlorine: To sample rc-
maining from free-chlorine titration add
1.00 mi. KI solution and 1 ml acctate
buffer solution, in that order. Titrate with
phenylarsine oxide titrant to the end point.
as abave. Do not refill buret but simply
continue titration afier recording ligure for
free chlorine. Again subtract Jast increment
to give amount of titrant actually used i
reaction with chlorine. (I titration was
continued without refilling buret, this |

ure represents fotal chlorine. Subtracting
frec chlorine from total gives combined
chlorine.) Wash apparatus and sample ccll
thoroughly 1o remove wdide ion 1o avoud
inaccuracies when the titrator is used sub-
sequently for a free chlorine determination

d Scparate samples: 1l desired, deter
mune total chlonine and fice chlonine on

sepatate samples 10sample plls between




JSund y ‘ total chlorine alone s re-

quired, treat sample immediately with |
ml KT solution followed by I ml acetare
buffer solution, and titrate with phenylar-
sine oxide titrant as described in ) 4¢ pre-
ceding.

e. Monochloramine: After titrating for
free chlorine, add 0.2 L K1 solution to
same sample and, withou refilling burer,
continuc titration with phenylarsine oride
ttrnnt (0 end poing. Subiracy Lastincrement
to obtain net volume of titrant consumed
by monochloramine.

yA Dichloramine: Adqd I mL acetate buffer
solution and | mL K| solution 10 same
sample and titrate final dichloramine frac.
tion as described above.
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5. Calculation

Convert individugd Otcions for frée
chlorine, combined chlorine, toral chlorine,
monochloramine, ang dichloramine by the
lollowing cquation:

. i i)
mg Clas 0,71 -
wl sanple

where:
4 = mL phenylarsine onde Wtraton.

6. Precision and Accuracy

See 408A 5.

408 D. DPD Ferrous Titrimetric Method

1. General Discussion

a. Principle: N.N-dicllnyl-p-pllcnylcnc-
diamine (DPD) is used as an indicator in
the titrimetric procedure with ferrous aim.
monium sulfate (FAS). Where complete
differentiation of chlorine species is not re-
quired, the procedure may be simplified 10
give only free and combined chlorine or
total chlorine.

In the absence ofiodide ion, free chlorine
reacts instantly with DPD indicator to pro-
duce a red color. Subsequent addition of a
small amount of iodide ion acts catalyti-
cally to cause monochloramine 10 produce
color. Addition of iodide ion 10 €xcess
evokes a rapid response from dichloramine.
In the presence of iodide ion, par of the
nitrogen trichloride (NCl,) is included with
dichloramine and part with free chlorine.
A supplementary procedure based on add.
ing iodide ion before DPD permits esii.
mating proportion of NCI, appearing with
free chiorine.

Chlorine dioxide (Clo,) appears, 10 the

extent of onc-tifith of ji5 total chilorine con-
tent, with free chlorine. A full response
from Ci0,, corresponding 1o its total chlo.
fine content, may be obtained if the simple
first is acidified in (he presence of iodide
ion and subsequently is broughi back 10 an
approximately neutrif pPH by adding bi-
carbonate jon. Brominc, bromamine, and
iodine react with DPD indicator and ap-
pear with free chlorine.

b. pH control: For accurate results care-
ful pH control is'essential. Ag (he proper
pH of 6.2 10 6.5, the red colors produced
may be titrated (o sharp coloeless end
points. Titrate as soon g5 the red color s
Sormed in each step. Too low a plf in the
first step tends 10 make the monochiora-
mine show in the free-chlorine step and the
dichloramine in the monochloramine step.
Too high a pH causes dissalved 0xygen to
give a color.

Id Tempgralure control: 1 all methods
for differentiating free chlorine from chlo-
ramines, higher temperatures increase the
tendency for chloramines to react and lead
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o ancrened wpparent tiee-chilonime resalis
Ihigher temperatnres also ncrease color
fading. Complete measurements rapadly,
especially at higher temiperature.

d. Interference: The most significant in-
terfering substance likely to be encountered
in water s axidized manganese. To correct
for this, place 5 ml. butler solution and 05
mi sodwm arsemte solution in the titration
Nask. Add 100 ml. sample and mix. Add
5 mbL DPD indicator solution, mix, and
titrate with standard FAS titram until red
color is discharged. Subtrac reading from
Reading 4 obtained by the normal proce-
dure as described in § Jal) of this method
or from the total chlorine reading oblained
in the simplified procedure given in  ad).
If the combined reagent in powder form
(sce below) is used, first add K| and ar-
senite to the sample and mix, then add
combined buffer-indicator reagent.

As an alternative 1o sodium arsenite use
a 025% solution of thivacctamide, adding
0.5 mL 10 100 ml. sample.

Interference by copper up to approxi-
mately 10 mg Cu/l. is overcome by the
EDTA incorporated in’ the reagents.

"EDTA enhances stability of DI'D indicator

solution by retarding deteriosation due 1o
oxidation, and in the test itself, provides
suppression of dissolved oxygen errors by
preventing trace metal catalysis.

High concentrations of. combined chlo-
rine can break through into the free chlo-
rine fraction. At 10°C this amounts to 2%
and at-25°C 10 4% of the monochloramine
present that reacts afier standing | min.
Adding thinacetamide (0 5 mL 0.25% so-
lution 1o 100 miL.) immediately afier mixing
DI'D reagent with, sample completely stops
further reaction with combined chlorine in
the free chlorine measnrement Continue
immediately with FAS litration to obtain
free chlonine. Obrain toral chlorine from
the normal procedure, e, without using
thicacctamide,

fecause high concentrations of iodide
A used tomeasure combined chlorine and

‘ 307

only traces of wodide preatly increase chilo.
ranune interference in free chlorine meas-
urcments, take care 10 avoid iodide
contamtnation by rinsing between samples
or using separate glassware.

See 408.1 for a discussion of other "
terfercnces

e Minimum  detectable CONCentnitnm

Approximately 18 pg Cl as Cl /L.,

2. Reagents

a. Phosphate buffer solution: Dissolve 24
g anhydrous Na,HPO, and 46 g anhydrous
KH,PO, in distilled water. Combine with
100 mL distilled water in which 800 mg
disodium ethylenediamine tetraacetate di-
hydrate (EDTA) have been dissolved. Di-
lute to | L with distilled water and add 20
mg HgCl, to prevent mold growth and in-
terference in the free chlorine fest caused
by any trace amounts of iodide in the re-
agents. (CAUTION: HoCl, is toxic—tuke
care 1o avoid ingestion).

b. N.N-Diethyl-p-phenylenediamn.
(DPD) indicator solution. Dissolve | g DPD
oxslate,* or 1.5 g DPD sulfate pentahy-
drate.t or 1.1 g anhydrons DPD sulfate n
chlorine-free distilled water coutaining 3
mL 1 4 3 14,50, and 200 mg disodiuin
EDTA. Make up to 1 L., store in a brown
glass-stoppered bottle in the dark, and dis-
card when discolored. Periodically checl
solution blank for absorbance and discard
when absorbance at 515 nm exceeds 0002/
cm. (The buffer and indicator sulfate arc
available commercially as a combined re-
agent in stable powder form.) CauTion:
The oxalate is 1oxic—iake care to avoid
ingestion.

¢ Standard ferrous ammonium  sul.
Jfate (FAS) titrant: Dissolve 1.106 g
Fc(NIl.),(SO.),-6H,O i distilled warer
cortaining ¢ ml. | + 3 H,S0, and make

*lastman chenucal No 7102 or equiraleat

{Available from Gallacd-Schlesinger  Chemucst My
Carp . 384 Minenla Arene, Catle 'le. N Y 11811,
e dent .
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up to | L wil,cshly boiled and cooled

distillcd water. This standard may be used
for 1 month, and the titer checked by po-
tassium dichromate. For this purpose add
1I0mL I + 5 HSO,, S mL conc H,PO,,
and 2ml 0.1% barium diphenylamine sul-

. fonate indicator to a 100-mL sample of
FAS and titrate with 0.100N¥ primary
standard potassium dichromate to a violet
end point that persists for 30 s. The FAS
titrant is equivalent to 100 pg Cl as C),/
1.00 mL.

d. Potassium iodide, K1, crystals.

e. Potassium iodide solution: Dissolve
500 mg K1 and dilute to 100 mL, using
freshly boiled and cooled distilled water.
Store in a brown glass-sioppered botile,
prefecably in a refrigerator. Discard when
solution becomes yellow.

[ Potassium dichromate solution: Sce
40BA .2c2).

& Barium  diphenylaminesulfonate,
0.1%: Dissolve 0.1 g (C,H,NHC,H,-4-
§0,),Ba in 100 mL distilled water.

h. Sodium arsenite solution: Dissolve 5.0
g NaAsO, in distilled water and dilute to
1 L. (CAUTION: Toxic—take care 10 avoid
ingestion.)

i Thioacetamide solution: Dissolve 250
mg CH,CSNH, in 100 mL distilled water.
(CAUTION: Cancer suspect agent. Toke care
to avoid skin contact or ingestion.)

J. Chlorine-demand-free water:
408B.3m.

See

3. Procedure

The quantities given below are suitable
for concentrations of total chlorine up 10
5 mg/L. If total chlorine exceeds § mg/L,
use a smaller sample and dilute 10 2 total
volume of 100 mL. Mix usual volumes of
buffer reagent and DPD indicator solution,
or usual amount of DPD powder, with dis-
tilled water before adding sufficient sample
to bring total volume to 100 mL.. (M sample
is added before buffer, test does not work.)
" a. Free chlorine or chloramine: Place $
mL cach of buffer reagent and DPD in-
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dicatar solution in titration flask and mix
(or use about 500 mg DPD powder). Add
100 mlL sample, or diluted sanple, and
mix.

1) Free chlorine--Titrate rapidly with
standard FAS titrant uniil red color is dis-
charged (Reading 4).

2) Monochloramine—Add one very
small crystal of K1 (about 0§ mg) or 0.1
mL (2 drops) K1 solution and mix. Con-
tinue titrating until red color is discharged
sgain (Reading B).

3) Dichloramine—Add several crystals
KI (about I g) and mix to dissolve. Let
stand for 2 min and continue titrating until
red color is discharged (Reading O). For
dichloramine concentrations greater than
I mg/L, let stand 2 min more if color drift-
back indicates slightly incomplete reaction.
When dichloramine concentrations are not
expected to be high, use half the specified
amount of K. _

4) Simplificd procedure for frec and com-
bined chlorine or total chlorine—Omit 2)
above to obtain monochloramine and di-
chloramine together as combined chlotine.
To obtain total chlorine in one reading, add
full amount of K1 at the start, with the -
specified amounts of buffer reagent and
DPD indicator, and titrate after 2 min
standing.

b. Nitrogen trichloride: Place onc very
small crystal of KI (about 0.5 mg) or 0.1
mL K1 solution in a titration flask. Add
100 mL sample and mix. Add contents to
a second flask containing § ml each of
buffer reagent and DI'D indicatar solution
(or add about 500 mg DPD powder direct
to the first flask). Tirate rapidly with
standard FAS titrant until red color is dis-
charged (Reading N).

4. Calculation

For a 100-mL. sample, 1.00 ml. standard
FAS titrant = 1.00 mg Cl as Cl,/L.

e .—_e P b
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NCI, Present

Reading NCE Abvemt
4 Fice CI Free Ci
B-A Ni1,Cl NH,CI
C8 NI, NHCI, +
: #NCI,
v Free Cl +
ANQL,
AN-4) - NCt,
CN — NiIQ,

In the event that monochloramipc is
present with NCI,, it will be included in N,
in which case obtain NCI, from 2(N - B).

Chlosine dinxidc, il present, is i.nclmlc.l
in A to the extent of one-fifth of its total

chlorine content.
In the simplified procedure for free and

combined chlorine, only A (free Cl) anfd C
(101l Cl) are required. Obtain combincd

chlorine from C—4. 4
The result obtained in the simplified total

chlorine procedure corresponds to C.

5. Precision and Accuracy

Sce 408A 5.

408 E. DPD Colorimetric Method

1. General Discussion

a. Principle: This is a colorimetric ver-
sion of the DPD mcthod and is based on
the same principles. Insiead of titration
with standard ferrous ammonium sulfate
(FAS) solution as in the titrimetric method,
a colorimetric procedure is used.

_b. Interference: See 408.1 and 408D.1d.
Compensate for color and turbidity by us-
ing sample 1o zero photometer.

¢. Minimum dctectable concentration:

Approximately 10 pg Cl as Ciy/L.

2. Apparalus

Colorimetric equipment: One of the fol-
lowing is required:

a. Specirophotomcicr, for use at a wave-
length of $15 nm and providing a light path
of | ¢cm or longer. .

b. Filier photometer, equipped with a fil-
ter having maximum transmission in the
wavelength range of 490 10 530 nm and
providing a light path of | cm or Iongc.r‘

¢. Glassware: Usc separate glassware, in-
cluding separate spectrophotonieter cclls,
for frec and combined (dichloramine)
measurements, to avoid iodide contami-

nation in free chlorine measurement.

3 Reagents
Sce Section 408D.2a, b, d, ¢, h, i and .

4. Procedure

a. Culibration of phatometer or color-
imeter: Calibrate instrument with chlorine
(1) or potassium permanganate (2) solu-
tions. _

1) Chlorine solutions — Prepare chilorine
standards in the range of 0.05 to 4 mg/).
from about 100 mg/L chlorine water stand-
acdized as directed in Section 409A .3g. Use
chlorinc-demaud-free water and glassware
10 prepare these standards. Develop color
by first placing 5 mL phosphate buffer so-
lution and § ml. DPD indicator reagent in
flask and then adding 100 mL chlorine
standard with thorough mixing as dc-
scribed in b and ¢ below. Fill pholometer
or colorimeter cell from fNask and read
color at 515 am. Return cell contents to
flask and titrate with standard FAS titcant
as a check on chlorine concentration.

2) Potassium permanganatc
tions — Prepare a stock solution containing
891 mg KMnO,/1000 mL. Dilute 10.00
mL stock solvtion to 100 mL with distilled
water in a volumeuic flask. When | mL of
this solution is diluted to 100 ml. with

solu-
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mercial product, a stable powdered mix-
ture containing 42.8% KHSO, by weight
snd a mixture of KHSO, and K ,SO,. Dis-
solve 1.0 g powder in water and dilute to
1L

4. Procedure

a. Calibration of photomeier: Prepare
chlorine standards in the range of 0.05 to
2 mg/L by diluting the chlorine’ water
standardized as  directed in  Section
409A.3g. Prepare separate calibration
curves for free available chlorine and 101al
chlorine as described in §s 45 and ¢ below.

b. Free chlorine: Measure 100 mL dilute
chlorine solution into a 250-mL beaker.
Add 2.0 mL pH 4.0 buffer solution and
mix. Fill pipet to mark with LCV indicator
and place pipet tip just under beaker spout.
Let 2.0 mL of indicator low down inside
glass surface into sample with minimum
agitation. Stir sample to develop color. For
best reproducibility add 1.CV indicator and
stir sample to develop color in a standard-
ized manner. Compare absorbance meas-
ured at 392 nm with calibration curve and
report result as milligrams free chlorine per
liter.

¢ Toial chlorine:

1) Concentration below 20 mg/
L—Mecasure 100 mL sample into suitable
flask and add 2.0 mL buffer solution, pH
4.0. Add 1.0 mL KI solution. Mix and wait
at least 60 3. Add 2.0 mL LCYV indicator,
mix, and dilute to 200 mL. Read absorb-
ance photometrically at 592 nm and com-
pare with calibration curve.

2) Concentrations above 2.0 mg/
L. — Dilute sample with water so that when
sample is treated with reagents in 1) above,
the absorbance may be read from the cal-
ibration curve. Apply the appropaate di-
lution factor and report  result  as
milligrams total chlorine per liter.

d. Elimination of interference from high

tOxone,  product of E 1 du I'om de Nemours and Co ,
Inc. Wilmington, Del, or equivalent.
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concentrations of combined chlorine: To de-
termine frec chlorine in the presence of
high concentrations of combined chlorine,
immediately add 10.0 mL NaAsO, soluiion
after adding and mixing 2.0 ml. LCV in.
dicator. Compare photomectrically with
standards prepared by adding 10.0 mL dis-
tilled water after adding indicator to com-
pensate for dilution by NaAsOQ, solution.
e Compensation for manganic [Mn
(1¥)] manganese: For frce chlorine deter-
mination, follow the procedure given .in
¥ 45 and record absorbance as 4, To a
second 100-mL sample, add 0.8 mL IN
NaOH. Add 2.0 mL dilute NaAsO, solu-
tion and let react for 2 min. Add 40 mL
potassium peroxymonosulfate solution,
and wait 1.0 min. Add 4.0 mL pH 40
buffer and 2.0 mL L.CV indicator, mix, and
record absorbance as 4,. Calculate absorb-
ance, A,, due to fice chlorine as fullows:

A, A, 108,

Refer absorbance A, to the free chlorine
standard curve to obtain free chlorine con-
centration.

For total chlorine detcrmination, make
the toial chlorine test as in § 4c and record
absarbance as B,. Toa second 100-mL sam-
ple, add 1N NaOM (approrimatcly 0.8 ml.)
to adjust to pH 11.0. Add dilute NaAsO,,
potassium peronymonosulfate, pH 4.0
buffer, and LCV indicator solutions as in
{ 4e. Dilute to 200 mL and record absorb-
ance as B,. Calculate absorbance, B,, due
10 total chlorine as follows:

n 8 H,

Refer absorbance 8,10 totsl chlorine stand-
ard curve to obtain total chlorine concen-
tration.

[ Compensauon for turbiduy and color:
Compensate for interference by natural
color or turbidity by measuring sample ab-
sorbance at 592 nm and subtracting shis
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reading from absorbance of treated free o where:
A - sl cilonne i g 2 Lomeasaredan

total chlorine sample.

5 Calculation

KRN} )]

A Chas Ol 2 e
e " " ml sample

g/l combined Chan CI, = A - C

luted sample,
8 :: 10tal chlonine s mg /1 in sample and
C = free chlorine wn ing/ L

6 Precision and Accuracy

Sce 408A 5.

408 G. Syringaldazine (FACTS) Method (TENTATIVE)

1. General Discussion

a. Principle: The frec (available) chlorine
test, syringaldazine (FACTS) measures
free chlorine over thie range of 0.1 10 10
mg/L. A saturated solution of syringal-
dazine  ().5-dimethory-4-hydrosybenzal-
dazine) -in  2-propanol  is  wsed
Syringaldazine is stable when stored as @
solid or as a solution in 2-propanol. It is
oxidized by free chilorine on 8 1:} molar
basis to produce a colored product with an

.absorption maximum of $30 nm. The color

product is only slightly soluble in water;
therefore, a1 chlorine  concentrations
greater than 1 ing/1., the final reaction mix-
fure must contain 2-prapanol o prevent
product precipitation and color fading.

The optimum color and solubility (min-
imum fading) arc obtained in a solution
having a pH between 6.5 and 6.8. Ata pli
less than 6, color development is stow and
ceproducibility s poor. At a pH greater
than 7. the calor develaps rapidly but fades
quickly. A bufler is required to nnntain
the reaction mixtuee pll at approximately
6.7 Care should be taken with waters of
high acidity or alkalinity to assure that the
added bufler maintains the proper pH

Temperature has a minimal effect on the
color reaction. The maximum error ob-
served at temperature exteemes of 5 and
3S°Cias * 10

b Interferences: laterferences common
10~ other methods for determining free
chlorine do not affect the FACTS proce-
dure. Monochloramine concentrations up
to 18 mg/L, dichloramine concentrations
up 1o 10 mg/L, and manganese concentia-
tions (oxidized forms) up to 1 mg/l. do
not interfere. Very high concentrations of
monochloramine (> 35 mg/L) and ou-
dized manganese (> 2.6 mg/L) produce a
color with syringallazine slowly. Ferne
iron can react with syringaldazine; how-
ever, concentrations up to 10 mg/L do not
interfere. Nitrite (<250 mg/L), nitrate
{ < 100 mg/L). sulfate ( < 1000 mg/L). and
chlaride ( < 1000 mg/1) do not interfere
Waters with high hardness (> 500 mg/1)
will produce a cloudy solution that can be
compensated for by using a blank or re-
calibrating using the alternative bufles of
Section 408E.3c. Onygen does not interfere.

Other strong oxidizing agents, such as
indine, bromine, and ozone, will produce
a color.

. Munmnon detectable concentration
The FACTS procedure is sensitive to fice
chlorine concentrations of 0.1 mg/l o

less.

2 Apparatus
Colorimetric equipment. One of the (ol
lowing is required:
a Fiter photometer, prosiding o b

¢ —— e ——— ..
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distilled water orine equivalent of 1.00
mg/L will be produced in the DPD reac-
tion. Prepare a series of KMnO, standards
covering the chlorine equivalent range of
0.05 to 4 mg/L. Develop color by first plac-
ing S mL phosphate buffer and § mL DPD
indicator reagent in flask and adding 100
mlL standard with thorough mixing as de-
scribed in b and ¢ below. Fill photometer
or colorimeter cell from fask and read
color at 515 nm. Return cell contents to
flask and titrate with FAS titrant as a check
on any absorption of permanganate by dis-
tilled water.

b. Volume of sample: Usc a sample vol-
ume appropriate to the photometer or col-
orimeter. The following procedure is based
on using 10-mL volumes; adjust reagent
quantities proportionately for other sample
volumes. Dilute sample with chlorine-de-
mand-frec water when total chlorine ex-
ceeds 4 mg/L.

c. Free chlorine: Place 0.5 mL each of
Puﬂcr reagent and DPD indicator reagent
in a test tube or photometer ccll. Add 10
mL sample and mix. Read color immedi-
ately (Reading A).

d. Monochloramine: Continue by adding
one very small crystal of KI (about 0.1 mg)
and mix. If dichloramine cuncentration is
expected to be high, instead of small erystal

INORGANIC NONMETALS {400)

add 0.1 mL (2 drops) reshly prepared K1
solution (0.1 g/100 mL). Read color im-
mediately (Reading B).

e. Dichloramine: Continuc by adding
several crystals of K1 (about 0.1 g) and mix
to dissolve. Let stand about 2 min and read
color (Reading O).

S Nitrogen trichloride: Place a vecy small
crystal of KI (about 0.1 mg) in a clcan test
tube or photometer cell. Add 10 ml. sample
and mix. To a second tube or cell add 0.5
mL each of buffer and indicator reagents;
mix. Add contenis to first tube or cell and
mix. Read color immcdiately (Reading V).

5. Calculation

Reading NC1, Absent NCI, Present
A Free Cl Free C1
B-A NH,Ci NH,C
C-8 NHCl, NHCI, +
4NClI,
N — Free Ct +
ANQ,
AN-4) — NC1,
C-N - NNCL,

In the event that monochloramine is
present with NCI,, it will be included in
Reading N, in which case abtain NCI, from
2(N-B).

408 F. Leuco Crystal Violet Method

1. General Discussion

The leuco crystal violet method meas-
ures scparately the free and the total chlo-
rine. The combined chlorine may be
determined by difference.

a. Principle: The compound 4,4'4"-
methylidynetris  (N,N-dimethylaniline),

also known as leuco crystal violet, reacts
instantancously with free chlorine to form
a bluish color. Interference from combined

chlorine can be avoided by completing the
test within a 5-min interval.

The total chlorine determination in-
volves the reaction of free and combined
chlorine with iodide ion to produce hy-
poiodous acid, which in turn recacts instan-
taneously with leuco crystal violet to form
the dye crystal violet. The color is stable
for days and follows Beer's law over a wide
range of total chlonne.

b Interference: No sigmficant terler-
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ence from combined chlorine occurs when
free chlorine is detcrmined within 5 min
after indicator addition. Fifteen minutes
aflter adding indicator the apparent error
in the free chlorine determination is about
0.04 mg/L at 25°C in a sample containing
5.0 mg/1. combined chlorine.

For combined chlorine concentrations
above 5.0 mg/L. use the arsenite addition
procedure to minunize interference. The
major interference in the determination of
free chlorine is manganic ion, which in-
creases the apparent chlorine reading.
When manganic ion is known to be present,
use the photometric procedure in which
absorbance due to manganic ion is deter-
mined separately and subtracted from total
absorbance 1o yicld that produced by free
chlorine alone.

Ferric and nitrate compounds do not in-
terfere and nitrite ion does not interfere in
the absencc of monochloramine. Where ni-
trite ion and monochloramine are present
together, as in certain wastewalers, serious
interference will occur in the determination
of free chlorine. Adding arscnite will min-
imize but not entircly eliminate this inter-
ference.

If suspended maltter or organic color is
present, compensate by incorporaling ap-
propriate turbidity or colur blanks into the
visual or photometric proccdurses.

¢. Minimum detectable concentration: 10
g free chlorine/E; 5 pg total chlorine/L..

2 Apparatus

a. Colarunetric cquipment: One ol the
following is required:

1) Filter photometer, providing a light
path of 1 cin or longer and equipped with
an orange Olter having maximum trans.

nittance nae S92 nm

2) Spectrophotometer, Vor use at 592 um,

providing a light path of 1 cm or longer.
1 cells became stamed, rinse with acetone

b Glassware Sec 08O 2d

3. Reagenls

a.  Chlorine-demand.-free
4088 3Im. Use to prepare reagent solutions
and sample dilutions.

b Stock chlorine solution: Prepare 11X
mg/L stock chlorine solution as descnibed
in Section 409A .3g.

¢. Buffer solution. pH 4.0: Dissolve 480
g glacial acctic acid and 146 g sodium ace-
tate, NaC,H,0,, or 243 g NaCH O,
31,0, in 400 ml. water and dilute to 1 L.

d Leuco crystal violet (LCV) indicator
Measure 500 mL. water and 14.0 ml. 85%
orthophasphoric acid into a brown gliss
container of at least 1-L capacity. Intro-
duce a magnetic stirring bar and mix at
modcrate speed. Add 3.0 g 4,4'4"-meth-
ylidynetris-(N,N-dimethylaniline)* amd
with a small amount of water wash down
any reagent adhering to neck or sides of
container. Add 2.7 g mercuric chloride,
HgCl,, and stir until dissolved. (CAUTION:
Label container with warning thar HgCl, is
poisonous and corrosive.)

Continue agitation until solution is com
plete. Finally, add 500 ml. water. Store in
brown bottle at room temperature away
from direct sunlight. Discard afier 6
wmonths. If a rubber stopper must be uscd,
wrap with plastic wrapping material to pro-
tect from contact with reagent.

¢. Potassium iodide solution: Dissolve 1}
¢ Kl in water and dilute to | L. Store in
a brown glass bottle and protect from sun

wafter.  Sce

light.

£ Sodium hydroude, IN.

g Diluie sodium arscaite solution: D
solve 26 mg NaAsQ, in water and dilute
to 100 ml..

I Sodium arsenste solution: Dissolve 50
g NaAsO, in water and dilute 1o 1L {Cau
1ioN: Tovie -take care 10 avoid mgesiion )

i, Potassium peroxymonosulfate solution
Obtain this reagent, KHSO,. as the com

*tastman cheancal Noo 3631 o cquicalent
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410 B. Amperomelric Method

1. General Discussion
’

a. Principle: The amperometric titration
of ClO, is an extension of the amperometric
method for chlorine. By performing four
titrations with phenylarsine oxide, free
chlorine (including hypochlorite and hy-
pochlorous acid), chloramines, chlorite,
and ClO, may be detennined separately.
The first titration step consists of conver-
sion of ClO, to chlorite and chlorate
through addition of sufficient NaOH 10
.pro<_:luce a pH of 12, followed by neutral-
1zation o a pll of 7 and titration of frec
chlorine. In the sccond titration KI is
added to a sample that has been treated
'similnrly with alkali and had the pH read-
Justed to 7; titration yiclds free chlorine
.and monochloramine. The third titration
involves addition of K1 and pH adjustment
to 1, followed by titration of ferce chlorine,
monochloramine, and one-fifth of the avail-

able ClO,. In the fourth titration, addition
of sufficient H,SO, to lower the pH 1o 2
enables all available CIO, and chiorite, as
well as the total free chlorine, to liberate
an equivalent amount of iodine from the
added KI and thus be titrated.

b.. Interference: The interferences de-
scribed in Section 408C 14 apply also 1o
determination of CIO,.

2. Apparatus

The apparatus required is given in Sec-
tions 408C.2a through d.

3. Reagents

All reagents listed for the determination

of chlorine in Section 408C.J are required.

Also needed are the following:
a. Sodium hydroxide, NaOIt, 6.\
b Sulfuric acid. 1,50, 6N, | + S

4. Procedure

Minimize effects of plL, time, and tem-
perature of reaction by standardizing all
conditions.

a. Titration of free available chiloring (hy-
po.r/n lorite and hypochlorous acid): A dd suf.-
ficient 6/¥ NaOH to raise sample plf to 12.
After 10 min, add 6N H,SO, 10 lower pit
lo.7. Titrate with standard phenylarsine
oxide titrant 1o the amperometric end point
as given in Section 408C. Record resull as
A

b. Titration of frec avarlable chlorine and
chloramine: Add 6N NaOH 10 raise sample
pH to 12. After 10 min, add 6N 1.S0, 10
reduce pH to 7. Add 1| ml. K solution,
T"ilralc with standard phenylarsine oxide
titrant to the amperometric end poiut. Re-
cord result as B.

c Titration of froe availuble chlorine,
chiloramine, and one-fifih of availuble CIO,:
Adjust sample pH 10 7 with plt 7 phos-
phate buffer solution. Add 1 ml. K1 so-
lution. Titrate with standard phenylagsine

oxide titrant 1o the amperometnic end-

point. Record result as C.

d. Titration of free availuble chilornine,
chlorarmnes, CIO,. and chiorite: Add | ml.
KI solution 10 sample. Add sullficien 64
II,S(), to lower pH 10 2. Afier 10 min, add
sufficient 6N NaOIl 10 raise pllw 7. Ti-
trate with standard phenylarsine ovide ti-
tramt 1o the ampcrometric end  paint.
Record result as D

CHLOIMNE (NOXIH 7 0PD Method

S Calculaton
. Convert indinvadual utations (4 8. C
and D) imto chlonne concentration by the

following cquation-

£ x 200

mp Chas €171 e
¢ ' ml. sample

where
E = ml. phembinane onde titration for
cach indnadual sample 4. 8. C o0 D

Calculate 1O, and andeadaal chilonme

fractions as follows:

mg ClO, av ClIO 7L = 19(C — B)
mg ClO, as Cl,/L. = 5 (C — B)

mig free available chloane/L. = 4

mg chloramine/ L as chlorine = B ~ o

5C + D

mg chlonte /L as chlonne = 48 -

410 C. DPD Method (TENTATIVE)

1. General Discussion

a. Principle: This method is an eatension
of the N, N-dicthyl-p-phenylencdiamine
(DPD) method far determining free chlor-
ine and chloramines in water. ClO, appears
in the fitst step of this procedure but only
to the extent of auc-fifth of its total avail.
able chlotine content corresponding to re-
duction of ClIO, 1o chlorite ion. I the
sample is then acuditied in the presence of
iodide the chlonte also reacts. When neu-
tralized by subscquent addition of bicar-
bonate, the color  thus  produced
corresponds ta the 10tal available chlorine
content of the CIO, If chlorite is present
in the sample, this will be included in the
stepr involving acudibication and neutrab-
zation. Chlorite that dud not result from
. C10, reduction by the procedure will canse
a positive error equal to twice tlas chilorite
comcentration. In evaluating mixtures of
these vanous chloto-compounds, 1t nec-
essary Lo suppress free chlonine by adding
ghycine before seacting the sample with
DD ceagent. Ditlerentiation is based on
the fact that glycine converts tiee chlonne
instantancously into - chloroammoacetic
acid bt has no cffect on CIO),.
b. Interference: The interference by ov-
ihzed manganese described in Section
Q08D Ll applics albo 1o CIO, determina.

tion. Manganese interference appears as an
increase in the first titrations after addition
of DPD, with or without K1, and rre-
spective of whether there has been prios
addition of glycine. Titration readings musi
be corrected suitably. Interference by chro-
male in wastewaters may be corrected sun-
larly.

lron contributed to the sample by adding
ferrous ammonium sulfite (FAS) titcant
may activate chlorite so as to inferfere with
the first end point of the titration. Suppress
this effect with additional EDTA, disodium

salt.

2 Rcagents

Reagents required in addition to those
for the DIPD  frec-combined chlorine
method as hsted in Section 40801) 2 ace as
follows:

a. Glycine wlution: Dissolve 10
NILCH,COOH in 100 mL. distiled water.

b, Sulfuric acid solution: Dilute 5 ml
cone 1,50, to 100 mL. with disulled water

¢. Sodium bicarbonate solution: Dissolve
21.5 g NaHCO, in 500 mL distilled water

d. EDTA: Disodium salt of ethylenedi

winine teteaacence actd, solud
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3. Procedure

For samples containing more than 5 mg/
L total available chlorine follow the dilu-
tion procedure given in Scction 408D.3.

a. Chlorine dioxide: Add 2 mlL glycine
solution to 100 mL sample and mix. Place

5 ml. cach of bufler reagent and DI'D in-
dicator solution in a separate titeation flask
and mix (or use about 500 mig DI'D pow-
dcr). Add about 200 mg EDTA, disodium
salt. Then add glycine-treated sample and
mix. Titrate rapidly with standard FAS ti-
trant until red color is discharged (Reading
G).

b. Free available chlorine and chlora-
mine: Using 4 second 100-mL sample fol-
low the procedures of Section 408D.3a
adding about 200 mg EDTA, disodium
salt, initially with the DPD reagents (Rcld-
ings A, B, and C).

¢. Total awailable chlorine including
chlorite: Aficr obtaining Reading C add |
mL H,S0, solution 10 the same sample in
titration flask, mix, and let stand abowr 2
min. Add 5 mL NaHCO, solution, mix,
and titrate (Reading D).

d. Colorimetric procedure: Instead of ti-
tration with standard FAS solution, col-
orimetric procedures may be used to obtain
the readings st ‘each stage. Calibrate col-
orimeters with standard permanganate so-
lution as directed in Section 408E 4a. Use
of additional EDTA, disodium salt, with
the DPD reagents js not required in col-
orimetric procedurcs.

INORGANIC NONMETALS (400)

4. Calculations

For 100 ml. sample, | ml. FAS solution
= | mg available chlorine/1..

In the absence of chlorite:

Chlorine dioside = 3G (o 199G eapressed as
Cio,)

Free available chlonme - 4 - ¢
Monochloramine = 8 - 4
Dichloramine = C - B
Total available chlorine = C + 4G

If the step lcading to Reading B is omit-
ted, monochloramine and dichloramine are
obtained together when:

Combined available chlorine = C — 4

If it is desired to check for presence of

chlorite in sample, obtsin Reading D.

Chlorite is indicated if D is greater than
C + 4G.
In the presence of chlorite:

Chlonine dioside = 3G (iw 1.9G eapraased
as C10,)

Chlocite = D — (C + 4G)
Free available ¢hiorine = 4 — G
Monochlocamine = 8 ~ 4 -
Dichloramine = C — 8
Total available chlorine = D

If B is omitted,

Combined available chlofine == C - 4
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Chlorine demand is the quantity of
chlorine that must he added to a unit vol-
ume of water to rcact with all the chlorine-
seactable maicrials. Recause some chlori-
nation processes du not require complete
satisfaction of the chlorine demind, chlo-
rine requircment is the more applicable
term.

Chlarine requirement is the quantity of
chlorine that must be added to a unit vol-
ume of water under specified conditions
(pH. contact time, temperature) to achicve
a specified result. Examples include the
quantity of chlorine required to limit the

“maximum bactenal count in wastewater or

to uzidize iron and manganese in a potable
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CHLORINE REQUIREMENT*

water for subsequent removal to specificd
levels.

Where applicable, chlorine  residuals
may be determined by any of the methods
of Scction 408; the same method must be
used for both laboratory testing and op-
erational control.

In reporting results, include all condi-
tions of testing such as pH, contact time,
temperature, and the analytical procedures
used. ’

Chlorine requirement is not an absolute
test and the results of laboratory studics
must be applied with caution to plant op-
erations. The primary purpose of the test
is 10 provide guidance in the contrul of
chlonination for disinfection or other pur-

poses.

411 A. Method for Control of Disinfection

1. General Discussion

Chlonne requirement can be determined

v phaot o Lo atony seale Bt et

cases, 1t iy betier deternnned i the plam,
under planlnl conditions, and with plant
cquippnent
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are shgh. [c because of the presence
of bicarbon nd carbonates of the alkali
and alkaline earth metals

1. General Discussion

a. Principle: The basic principle of clec-
trometric pH measurement is detcrmina-
tion of the activity of the hydrogen ions by
potentiometric measurement useng o stand-
and hydrogen clectiode amd a reference
clecirade. The hydiogen clectrode consists
of a platinum electrode across which hy-
drogen gas is bubbled at a pressure of 101
kPa. Because of difficulty in its use and the
potential for poisoning the hydrogen elec-
trode, the glass electrode commonly is
used. The electromotive force (emf) pro-
duced in the glass electrode system varies
lineacly with pH. This linear relationship
is described by plotting the measured emf
against the pH of difterent buffers. Sample
pH is determined by extrapolation.

Because single ion activities such as a,,
cannot be measured, pH is defined opera-
tionally on a potentiometric scale. The pH
measuring instrument is calibrated poten-
tiometrically with an indicating (glass)
electrode and a reference electrode using
National Bureau of Standards buffers hav-
ing assigned values so that:

pit, = - log,, a,,
where:

pH, = assigned pHl of NBS bufler.

The operational pH scale is used to mea-
sure sample pH and is defined as:

F(E - E)
H, =pH, = — ____*
e Y T3
where
pl, = potentiometrically measured sample
pH.

F = Faraday: 9.649 x |0° coulombd/mole,
E, = sample emf, V,
E, = buffer emf, V,
* R = gas constant; 8.314 joule/(mole °K).
and
T = absolute temperature, "K

WSROI GG RN T ALD (HUY)

Norte Although the equation for pll, ap-
pears in the literatare with a plus sign, the
sign of eml readings in willivolts for most
pH meters manufactured in the U S, 1s neg-
auve. The choice of negative sign is con-
sistent  with  the IUPAC  Stockholm
coaveniion concerning the sign of electrode
potential **

The activity scale gives salues that are
Wigher than those on Sorcason’s scale by

0.04 units:
pH (actvity) = pii (Sorenson) + 004

The equation for pH, assumes that the emf
of the cells containing the sample and
buffer is due solely 10 hydrogen ion activity
unaffected by sample composition. In prac-
tice, samples will have varying ionic species
and ionic strengths, both affecting H* ac-
tivity. This imposes ‘an experimental limi-
tation on pH§ measurement; thus, to obtain
meaningfitl results, the differences between
£, and E, should be minimal. Samples must
be dilute aqueous solutions of simple sol-
utes (<0.2A1). (Choose bufters 10 bracket
the sample.) Determination of pl cannot
be made accurately in nonaqucous media,
suspensions, colloids, or  high-ionic-
strength solutions.

b Interferences: The glass electrode is
relatively free from interference from color,
turbidity, colloidal matter, oxidants, re-
ductants, or high salinity, except for a so-
dium error at pH > 10. Reduce this error
by using special “low sodium error* elcc-
trodes.

pH measurements are affected by tem.
perature in two ways: mechanical effects
that are caused by changes in the properties
of the electrodes and chenical effects
caused by equilibrium changes. In the first
instance, the Nernstian slope increases with
increasing temperature and clectrodes take
time to achieve thermal equilibrium. This
can cause long-term drift in pH. Because
chemical equilibrium affects pll, standard
pH buffers have a specified pll at indicated
temperatures.

T Ay A e o
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Always repart temperature at which pH

s measured

2 Apparatus

a. plt meter consisting of potentiometer,
a glass electranle, a reference electrode, and
a temperature compensating device. A cir-
cuntas completed theough the potentiom.
clee when the clectrodes nie immersed in
the test solution. Many pH nieters are ca-
pable of reading pH or millivolis and some
have scale expansion that permits reading
to 0.001 pll urit, but most instruments are
not that precise.

For routine wark use a pH meter ac-
curate and reproducible to 0.1 pH unit with
a range of 0 1o 14 and equipped with a
temperature compensation adjustment.

Although manufacturers provide oper-
ating instructions, the use of different de-
scriptive terms may be confusing. For most
instrwnents, there are two controls: inter-
cept (sct buller, asymmetry, standardize)
and slope (temperature, offset); their func-
tions are shown diagramatically in Figures
423:1 and 2. The intercept control shifts
the response curve laterally to pass through
the isopotential point with no change in
slope. This permits bringing the instrument

Eiecirooe Poleniiai—my

14
Interc et Conteot- pry )

Figure 423:1. Flectrade potentisl v, pll. luer-
cept control Julis respanse curve

Lateally

on scale (0 mV) with a pIT 7 buller (i

has no change in potennial with tempera-
ture

The slope control rotates the emi{/pll
slope about the isopotential point (0 mV/
pH 7). To adjust slope for temperature
without disturbing the intercept, seleci a
buffer that brackets the sample with pll 7
buffer and adjust slope control to pll of
this buffer. The instrument will indicate
correct millivolt change per unit pH at the
test temperature.

b. Reference electrode consisting of a half
cell that provides a constant electrode po-
tential. Commonly used are calomel and
silver: silverchloride electrodes. Either is
available with several types of liquid junc-
tions.

The liquid junction of the reference elec-
trode is critical because at this point the
electrode forms a salt bridge with the sam-
ple ot buller and a liguid junction poteniial
is generated that in turn affects the poten-
tial produced by the rseference electrode
Reference clectrode junctions may be an-
nular ceramic, quartz, or asbestos fiber. or
the sleeve type. The quartz type is most
widely used. The asbestos fiber type is not
reconunended for strongly basic solutions.
Follow the manufacturer's recommenda-

1300 100°C (74mV /pH ua)

$0°C (64mV/pH una)
0°C {54mv/pH una)

30poIEntal
pont

500

e - - — —-

Stope Conveol oy

Figure 423:2 1ypical pil electrnde FCAPUNLG Wy 0
fouction of tenperature.
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tion an use nl.c of the reference clee-
trode

Refill nonsealed electrodes with the cor-

rect electrolyte to proper level and make

sure junction is properly wetted.

c. Glass electrode: The sensor elecirode
is a bulb of special glass containing a fixed
concentration of HCl or a buffered chloride
solution in contact with an internal refer-
ence electrode. Upon immersion of a new
electrode in a solution the outer bulb sur-
face becomes hydrated and exchanges so-
dium ions for hydrogen ions to build up a
surface layer of hydrogen ions. This, to-
gether with the repulsion of anions by fixed,
negatively charged silicate sites, produces
at the glass-solution interface a potential
that is a function of hydrogen ion activity
in solution. ‘

Several types of glass elecirodes are
available. Combination electrodes incor-
porate the glass and reference electrodes
info a single probe. Use a “low sodium
error” electrode that can operate at high
temperatures for measuring pH over 10 be-
cause standard glass clectrodes yicld er-
roneously low values. For measuring pH
Lclow 1 standanrd glass electrodes yield er-
roneously high values; use liquid mem-
brane clectrodes instead.

d. Beakers' Preferably use polyethylene
ot TFE§ beakers. .

e. S.urrer: Use cither a magnetic, TFE-
coat« i stirring bar or a mechanical stirrer
with inert plastic-coated impeller.

[ Flow chamber: Use for continuous flow
measurements or for poorly buffered so-
lutions. )

J. Reagents

a. General preparation: Calibrate the
clectrode systemn against standard buffer so-
lutions of known pH. Because buffer so-
lutions may deteriorate as a result of mold
growth or contamination, prepare fresh as

{Tefon o1 equivalent.

IMUAGANIC NONMETALS (400)

needed for acewrate work by weighing the
amounis of . scals specified in Table

423:1, dissol histilled water a1 25°C,
and diluting . ) mL. Vhis is panicu-
larly importaii . lLorate and carbonate
buffers.

Boil and cool distilled water having a
conductivity of less than 2 pumhos/cm. To
50 mL add ! drop of saturated KCl so-
lution suitable for reference electrode use.
If the pH of this test solution is between
6.0 and 7.0, use it 1o prepare all standard
solutions.

Dry KH,PO, at 110 1o 130°C for 2 &
before weighing but do not heat unstable
hydrated potassium tetroxalate above 60°C
nor dry the other specified buffer salis.

Although ACS-grade chemicals gener-
ally are satisfactory for preparing buffer
solutions, use certifiecd matcrials available
from the National Bureau of Standards
when the greatest accuracy is required. For
routine analysis, use comincrcially avail-

able buffer tablets, powders, or solutions of
tested quality. In preparing buffer solutions
from solid salts, insure complete solution.

As a rule, sclect and prepare buffer so-
lutions classed as primary standards in Ta-
ble 423-1; reserve secondary standards for
extsciiic wituations encountered in waste-
water measurements. Consult Table 423:11
for accepted pH of standard buffer solu-
tions at temperatures other than 25°C. In
foutine use, store buffer solutions and sam-
ples in polycthylene botiles. Replace buffer
solutions every 4 weeks.

b. Saturated potassium Aydrogen tarirate
solution: Shake vigorously an excess (5 1o
10 g) of fincly crystalline KHC, 11,0, with
100 to 300 ml. distillcd water a1 25°C in a
glass-stoppered bottle. Scparate clear so-
lution from undissolved material by decan-
tation or filtration. Preserve for 2 months
or more by adding one thymol crystal (8
mas diam) per 200 ml. solution.

c. Saturated calcium hydroxide solution:
Calcine a well-washed, low-alkali grade
CaCO, in a platinum dish by igniting for
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I b an 1000°C Cool. hydrate by slowly thoroughly with disulled u‘hlu( diey,
and immerse in sccond buffle “ord tem

Remuove clectrodes from first buffer, rinse

i g g
] 5 A 8 - : -
2 - s adding distilled water with sticring, and
§ Oh = £ heat 1o baaling. Cool, filter, and colleet solid perature of measurement and adjust temn-
& = z CatON), on a frinted glass filter of medium perature dial on meter so that mcter
5 ] - porosity. Dry at 110°C, cool, and pulverize indicates pH valuc of buffer at test tem.
] ] s s X to uniformly fine granules. Vigorously perature (this is a slope adjustment)
g gg 3 28 AR 23 3 § 8 28 ] 28| s ! shake an excess of fine granules with dis- Use the pIt value listed in the tables 1 te
. g~~~ === =4 el L N 2 tilled water in 4 stoppered polyethylene  the buffer uscd at the test temperature. Re- .
. = ,;5 :ﬁ bottle. Let temperature come 1o 25°C after  move electrodes from second buffer, 1inse ;
§ a f mixing. Filier supernatant under suction thoroughly with distilled water and dry
. [ . . . . .
3 s s 2 B through a sintcred glass filter of medinm  electrodes as indicated above. Immerse n
Z 3 5 a8%=s R 33 828 223 z . porasity and use filtrite as the buffer so-  a third buffer below pii 10, approximately l
- N - pa o . . . : . . . .
s 8|dds Sso oo ¢ oo o lution. Discard buffer solution when at- 3 pH units different from the second; the |
3 rg € 3 mospheric CO, causes turbidity to appear.  rcading should be within 0.1 unit for the !
3 b d. Auxiliary solutions: 0.1N NaOH, 0.IN  pH of the .lhi(d bufler. If the meter fesponse
E - :5_ HCL, SN HCI (dilute five volumes 6N HICI  shows a difference greater than 0.1 pH unit
a 3 X a5 2523 95 g é 3 e ; with one volume distilled water), and acid  from expected value, look for trouble with
> = m" Nn= I8 b Lo . . . . .
£ g RROE FRARX oo 2 ' ,g Lt poln.ssmm fluoride solution (d_nssolve 2 g the electrodes or polentiometer (see s Su
9 a 3 KF in 2 mL conc 1,0, and dilute 1o 100  and 5 below).
< z N ml. with distilled water). The purpose of standardization is to adl-
E 5 a 2 : just the response of the glass electrade to
“ o : . . .
£ 2o 5\ ! E ? 3 5" g3 g ?'s = 3 £ 4. Procedure the instrument. When only occasional pli
a2 g ST r mer SRR RRR £ a. Instrument calibration: In each case measurements are made standardize in-
o1 g follow manufacturer's instructions for pH  strument before each measurement. When
1 9 ' z meter and for storage and preparation of frequent measurements are made and the
3 L - . . .
E] 5 g ~ o - o - 3 electrodes for use. Recommended solutions  instrument is stable, standardize less fre-
3 = - - O N - i
< fo Z|23¥ 58 ¥ aa2 s for short-term storage of electrodes vary  quently. If sample pil values vary widely.
:nn 5 5 T]9¢e o6 S48 S84 H with type of electrode and manufacturer,  standardize for each sample with a buffes
‘ N H - . . . . .
S| < g ] but generally have a conductivity greater having a pH within 1 to 2 pH units of the
5 ‘ : ateris abetter  sample.
x o - ; than 4000 umhos/cm. Tap wa
'Y - o . .o , i Bcrihil:
a 2 '2‘ § 2 § © o é =22 892 ez g : subsm,ﬂc than dasulll.d water, but pHf 4 b. Sample analysis: Establish ctht‘mfuu
« 45/8%88 ¢ 8 208 o933 582 =22;5|4 buffer is best for the single glass electrade  between electrodes and sample by stirging .
b3 EG|¥m™ MrAd “¢7 d9v ewuw cer| s oy X h )
2 Bl ? and saturated KCl is preferred for a cal- sample 10 insure homogencity; stir gemly
s . & omel and Ap/AgCl reference electrode.  to minimize carbon dioxide cntrainment
: o z Saturated KClis the preferred solution for — For buffered samples or those of high iomw
A g o E 8 a combination clectiode. Keep electrodes sitength, condition elecirodes after clean.
9 S0 . . . Lo R .
- g - s wet by returning them to storage solution ing by dipping them into sample for 1 min
w = v . . . . .
a 3 whenever pll mcter is not in use Blot dry, immerse in a fresh portion of the
< - ° Before use, remave clectrodes from stor- same sample, and read pl.
- . . . . .
¢ 3B s age solution, rinse, blot dry with a sofi With dilute, poorly buffered solutions
] “ as %S 288 Qa2 € ) R - : )
€3 "\ a3 AXA 238 33| s tissue, plice in initial butler solution, and  cquilibrate  electrodes by immersing
- - 9 v . - . . .
- nono TN AR MAS - set the isopotential point (§ 2a above). Sc-  three or four successive portions of sample.
= . . .
& lect a second bufer within 2 pH units of  Take a fresh sample 10 measure pH
o < sample pH and heing sample and buffer to )
3 o same temperature, which may be the roam 2 Trouble Shooting
iu OO v wn ah 928 ge gowl|t temperature, a fixed temperature such as a. Potentiomerer: To locate trouble
* - — . .
€ "nonnn 9 3R 2R3 25°C, or the temiperature of a fresh sample.  source disconnect electrodes and. using o
- ' short-circuit strap, connect reference ele. -
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trode lcrmin.gluss clectrade terminal.

Observe change in pH when instrument
calibration knob is adjusted. If potentiom-
eter is operating properly, it will respond
rapidly and evenly 10 changes in'calibration
over a wide scale range. A faulty poten-
tiometer will fail to respond, will react er-
ratically, or will show a drifi upon
sdjusiment. Switch to the millivolt scate on
which the meter should read zeso. If in-
csperienced, do not attempt potentiometer
repair other than maintenance as described
i Llument manual.

b Llectrodes: If potentiometer is func.
tioning properly, look for the instrument
fault in the electrode pair. Substitute one
electrode at a time and crosscheck with
two buffers that are about- 4 PH units apart.
A deviation greater than 0.1 pH wnit in-
dicates a faulty electrode. Glass clectrodes
fail because of scratches, deterioration, or
accumulation of debris on the glass surface,
Rejuvenate electrode by aliernately im-
mersing it three times cach in 01N HG
and 0.1~ NaOH. If this fails, immerse 1ip
in KF solution for 30's. After rejuvenation,
soak in pH 7.0 buffer overnight. Rinse and
store in pll 7.0 buffer. Rinse again with
distilled water before use. Protcin coalings
€an be removed by soaking glass electrodes
in a 10% pepsin solution adjusted to pH
1102

To check teference electrode, oppose the

[ of a questionable reference clectrode
-cainst another one of the same type that
is known 1o be goud. Using an adapter,
plug good reference electrode into glass
electrode jack of potentiometer; then plug
questioned electrode into reference elec-
trode jack. Set meter to read millivolts and
take readings with both clectrodes -
mersed in the same clectrolyte (KC) so-
lution and then in the same buffer solution.
The millivoly readings should be 0 *+ § gy
for both solutions. If different clectrodes
are used, i.c,, silver: silver-chloride against
calomel or vice versa, the reading will be
44 2 SmV for a good reference clectrode.

INORGANIC NONME TALS (400)

Reference electiode nraubles generally
are fraceable 10 a clogged junction. Inter-
ruption of the continuous wickle of clec-
trolyte through the junction causes ncrease
in response time and drifi in reading. Clear
a clogged junction by applying suction 10
the tip or by boiling tip in distilled warter
until the electrolyte flows ficely when suc-
tion is applied 1o tip o pressurc s applicd
to the fill hole. Replaccable junctions are
available commercially.

6. Precision and Accuracy

By careful use of a laboratory pH meter
with good electrodes, a precision of 002
pH uvnit and an accuracy of £0.05 pH unit
€an be achicved. However, 10| pH unit
represents the limit of accuracy under ao-
mal conditions, especially for measurement
of water and poorly buffered solutions. For
this reason, repon pH valucs 1o the nearest
0.1 pH unit. A synthetic sample of a Clark
and Lubs buficr solution of pH 1.3 was
analyzed clectcometrically by 30 labora-
tories with a standard deviation of *01)
Pl it
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424 PHOSPHORUS®

Phosphorus occurs in natural waters and
in wastewaters almosi solely as phosphates.
These are classified as orthophosphates,
condensed phosphates (pyro-, meta-, and
other pulypliosphates), and mgnnic.ally
bound phosphates. They occanr in snlu,lum.
in panticles or detiitus, or in the badies of
aguatic orgamsms
 These forms of phosphate arise from a
vanety of sousces. Sinall amounts of certain
condensed phosphates are added to some
water supplies during treatment. -Larger
quaniities of the same compounds mnay be
added when the water is used for launder-
ing or ather cleaning, because these ma-
terials are major constituents of many
commercial cleaning preparations. Phos-
phates are used extensively in the treatment
of boiler waters. Orthophosphates applied
1o agricuhiural or residential cultivated
land as fertibzers are cartied into surface

waters with storm cunofl and 1o a lesser
extent with meitig snow Organic phos-
phates are formed primarily by biological
processes They are contnibuted 10 sewage
by bady wastes and food residues, and also
may be formed from orithophosphates in

SAppioved by Stanbad Mosbea s Connies i
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biological trcatment processes o- by re-
ceiving water biota. .

Phasphorus is essential to the gu)wll.n ol
organisms and can be the nutrient that lim-
its the primary productivity of a bod).' of
water. ln instances where phosphate is
growth-himiting nutrient, the disci.urge of
raw or treated wastewater, agricultural
drainage, or certain industrial wastes to
that water may stimulate the growth of
photosynthetic aquatic micrg-.and macro-
organisms in nuisance quantities. .

Phosphates also occur in bottun se:h-
ments and in biological sludges, hotiv i
precipitated inorganic forms and © :orpo-
rated into organic compounds

1. Delinition of Terms

Phosphorus analyses embody two gen-
cral procedural steps: (a) convcrsi(nfn o the
phosphorus form of interest to (i.s\_ul\-ul
orthophosphate, and (b) colorim: . ric de-
termination of dissolved orthopk :<phate
The separation of phosphorus intc its var-
wus forms is defined analytically b the
analytical differentiations have bLeen sc-
lected so that they may be used £ in-

lerpretive purposes.
Filteation through a 045 pon pore diam
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