STATE OF NEBRASKA

DEMRTMENT OF ENVIRONMENTAL QUALITY

Randolph Wood
Director
Sunte 400, The Atrium

January 26, 1993 = ' PO. Box 98922
Lincoln, Nebraska 68509-8922
Phone (402) 471-2186

E. Benjamin Nelson

Governor
Ron McCutcheon
Emergency Planning and Response Branch
Environmental Services Division
U.S. EPA Region Vi1
25 Funston Road
Kansas City, KS 66115

- RE: ARARs-for Removal Acfioh at Mqrtell
Dear Mr. ﬁcCutcheon:

For ‘your 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 January 7, 1993, and received by us
on January 19, 1993, ARARs specifically 1dent1f1ed for the proposed Removal
Action at Martell groundwater contamination site is as follows:

| Title 179, Chapter 2, Section 007.02 (The Nebraska Department of
-Health: Regulations Governing Public Water Supply System) . _
related to connection of one pr1vate well ‘at Marte]l to a rural: (
water system.

A copy of the above mentioned docunent.is enclosed. Please contact me
or Emily Chen at (402) 471-3388 if you have any questions. :

Sincerely, .

Rich Schlenker

Superfund Unit Supervisor
Hazardous Waste Section
Air and Waste Division
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A Rules and Regulations Governing the ~ Neb. Adm. Rules & Regs
Nebraska Pretreatment Program : Title 127
B. Effluent Guidelines and Standards Neb. Adn. 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
E]imination System

D. Rules and Regulations for Underground Neb. Adn. Rules & Regs
Injection and Mineral Production Wells Title 122
E. Air Pollution Control Rules and Regulations Neb. Adn. Rules & Regs
Title 129
F. Nebraska Surface Water Quality Standards Neb. Adn. Rules & Regs
: Title 117
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Classification Title 118
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- Solid Waste Management Title 132
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Waste Management in Nebraska Title 128
J. Rules and Regulations Pertaining to the Neb. Adn. Rules & Regs
Management of Wastes : Title 126
Ii. water Well Standards and Contractors" Neb. Rev. Sta. Ch. 46
Licensing Act . : Article-12
A. Regulations Governing Licensure of Water . Neb. Adm. Rules & Regs
Well and Pump Installation Contractors ‘ Title 178

and Certification of Water Well Drilling
and Pump Installation Supervisors

I1l. Statutes Relating to Ground Water - _ Neb. Rev. Stat. Ch. 46
' ' Article 6
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. Article 53
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Supply Systems : Title 179
V. Flood Plain Management Neb. Rev. Stat. Ch. 31:-.
Article 10
A. Flood Plain Rules i ' _ Neb. Adm. Rules & Regs
. Title 455
B. . Rules Governing Flood Plain Management Neb. Adn. Rules & Regs
Title 258
VI. Statutes Relating to Disposal Sites Neb. Rev. Stat. Ch. 19
: ’ Articles 21 and 41
VII. Nebraska Nongame and Endangered Neb. Revy. Stat. Ch. 37~
Species Conservation Act 430 to Ch. 37-438
A. Nebraska Game and Parks Commission ) Neb. Adn. Rules & Regs
Rules and Regulations Concerning Wildlife . Title 163, Chapter 6
1
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NEBRASKA DEPARTMENT OF HEALTH

REGULATIONS GOVERNING PUBLIC
WATER SUPPLY SYSTEMS

TITLE 178 NEBRASKA ADMINISTRATIVE CODE,
CHAPTER 2

INCLUDING AMENDMENTS MADE THROUGH MARCH 80, 1992
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TITLE 179 - NEBRASKA DEPARTMENT OF HEALTH
GHAP'I'ER 2 - REGULATIONS GOVERNING PUBLIC WATER SUPPLY SYSTEMS

001 GENERAL (NCLUDES AMENDMENTS MADE THROUGH MARGH 80, 1992)

. 001.01 Definiti gghmedmthueremﬂahmtmleuthemtobemdhgibleur
prevent absurdity otherwise requires:

001.01A '&G@'mthemh&mtedveﬁmldiﬂametﬁvughtbeﬁu
atmosphere between the lowest opening from any pipe or faucet supplying water
tontank.plumhingﬁxhneuotherdevieemdtheﬂoodrhnoftheneepw

QOI,OLB Bnckﬂow'mthemdennblemu‘lofﬂuwmapotablem,_
distribution system as a result of a cross connection.

001,01C "Backflow Preventer® means an assembly or means that prohibits the
backflow of water into the potable water supply.

001.01D “Backpressure' means a pressure, higher than the supply pressure,
caused by a pump, elevated tank, boiler, air/steam pressure, or any other means,
which may cause backflow.

001.01E W'mmmmwmdmm
in the supply piping.

001.01F *Coagulation" means a process using coagulant chemicals and mixing by
whcheoﬂmddmdnupendedmtmﬂsmmedmdmmm
ﬂoa.

001.0G 'CanmmﬂyWaterSupplySym meens a public water supply system
which serves at least fifteen service connections used by year round residents or

reguhrbmtmty-ﬁvemmmdmdm

001.0]H “Confluent Growth" mnmwwﬂlmm :
mm“damm or a portion thereof, in which bacterial
colonies are not discrete. .

- 001,011 "Contamination" mmmmtdapotablemmbythe
introduction or admission of any foreign substance that degrades the quality and
creates a health hazard,

mwmw'maamm
particulate removal. _

001.01K “Cross Connection” means any physical arrangement whereby a potable
water supply is connected, directly or indirectly, with any other water supply

system, sewer, drain, conduit, tank, pump, phunbing fixture, heat exchanger, or
other mechanical equipment or device which contains, or may contain,

11



TITLE 179
Chapter 2

-bmhmmedmta.mgemothawute,ﬁqtﬂdamofmknuwnormnfe '

quality which may be capable of imparting contamination aor pollution to the
potable water supply as a result of backflow (due to either backpressure or
backsiphonage). Bypess arrangements, jumper connections, hose connections,
removable spools, swivel or changeover devices, four-way valve connections and
other temporary or permanent devices through which, or because of which,

. backflow (or backsiphonage) could occur are considered to be cross-connections.

Protecting a public water supply system against potential contamination from
co-egnneeﬁmispou_iblebyeontahmentmd/wilohﬁon.

. 001,011, *Cross Connection Control' means the enforcement of an ordinance or

001.01M °*CT or CTeak" ummwdwmmmm ©
mmgpeherdeternﬂnedhetmorattheﬁntmm,mdthemdmg
*disinfectant contact time" ('l')mmm:te-,:.e..'C'x'I'

" 001.0IN °CT(99.9)" means the CT value required for 0.9 percent

(8-log) inactivation of Giardia lamblia cysts. CT(99.9) for a variety of disinfectants

- and conditions appear in Tables 1.1-1.6, 2.1, and 8.1 of subsection 002.04.

001,010 *Council' means the Advisory Council an Public Water Supply.

001.01P “Diatomaceous Earth Filtration™ means a process resulting in substantial
perticulate removal in which (1) a precoat cake of diatomaceous earth filter media
is deposited on a support membrane (septum), and (2) while the water is filtered
by passing through the cake on the septum, additional filter media known as body
feed is continuously added to the feed water to maintain the permeability of the |
filter cake.

001.010 Wmﬁm'mgmdmhdudimmguhﬁmnd

001.01R WW&MJMG&MW

001.018 "Disinfection Contact Time"® ("I" 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 a process which inactivates pathogenic organisms
in water by chemical oxidants or equivalent agents.

001,010 "Domestic or Other Non-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

1-2




TITLE 179

Chapter 2

00101V "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 (ICRU).

001.01W “Double Check-Valve Assembly” means a backflow prevention device
consisting of two independently acting check valves, internally force loaded to a
nmllyduedpoumbetweentwohghﬂydomglhut-oﬂ'vﬂvu,mdmth
means for testing for tightness.

m.Q "Drinking Water Standards” meamthemlesnndregtﬂahmadopted
pursuant to NEB. REV. STAT. §71-5802 (Reissue 1881), which establish
maximum levels for harmful materials which, in the judgement of the Directar,
mthavemadvmeeﬁ‘ectcnthehealthofpcmsmdwhnhapplyonlyto

public water supply systems.

mmmwmmmmw“ummt
of water supply discharge, measured or expressed in terms of the diameter of a
circle, or if the opening is not circular, t.hednmeteofaumlcofeqmvﬂentm
aectmnalarea.

001.017 Mm'mamfmmmﬁqmmmm
by passage through porous media. _

001.01AA *Flocculation" mamwmhmea@mhmwmnm

of smaller floc particles into larger, mmeuibutﬂeableparhcleathraugh
hydraulic or mechanical means.

001.01BB 'Gmmwwmmwmwmw
nlphnparhdemumfmd&mmmmmtsmadqnmple. _

particle emission as inferred from measurements on a dry sample. ,

001.01DD °*Groundwater System" mawntewpplycyttemﬂ:mgweﬂsu
the source of water.

QQI.QIEE ‘GmdeateUndatheD&ectlnﬂ:meed‘Su&eeWatu’m
any water beneath the surface of the ground with (1) significant occurrence of
Mcmmmumﬁmmm»
Giardia lamblia, or (2) significant and relatively rapid shifts in water
characteristics such as turbidity, temperature, conductivity, prwh:chelmely
correlate to climatological or surface water conditions.

001.01FF 'Hnlogm‘_mmeofthedmnimlelunmﬁehhrhg.hmﬁne.u
odi o _

18



TITLE 179

Chapter 2

001.01GG "Inactivation Ratio® meeans the ratio of CT to CT(89.9), ie., CT divided
by CT(©9.9).

001,01 ¥H mﬁu’

001.01HH1 When used with respect to solders and flux, means solders
lndﬂmeonhmmgnotmethmtwo-tenthspmthadmd

m_&m%muudwnhmpeawppemdmmmppe

00,0111 wmm-m-amdhmmmofmm

caused a type of pneumonia called Legionnaires Disease.

001 01JJ "Major Construction, Extension, or Alteration” means those structural
changestlmtaﬂ'ectthemd‘mppb treatment processes, or transmission of
mwmmmmmmmmdmmm
established service areas. .

MWMMMMMWM&M
emitting beta particles and/or photons listed in "Maximum Permissible Body
Burdens and Maximum Permissible Concentration of Radionuclides in Air or
Water for Occupational Exposure’, NBS Handbook 69, except the daughter
products of Thorium-232, Uranium-235, and Uranium-238.

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 aystem. Contaminants added to the water under circumstances

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

phmhmgcm-edbymm are excluded from this definition.

-m "Maximum Total Trihalomethene Potential’ (MTP) means the

maximum concentration of total trihalomethanes produced in a given water
emtmgd:mfeetmttendz_nlaﬁa?dquatatmnﬂmd%'_(!cabwe.

Q01.0INN “Near the First Service Connection” means at one of the 20 percent
of all service connections in the entire system that are nearest the water supply
ﬁ'eatmentfndlw umwmwmmwm
system.

001.0100 'Nm-OanmmﬁyWaterBuppbm muvpubhem..
mppblymthtunotammnymmm

001.01PP 'NQMNWWMSWM means a public

water supply system that is not a community water supply system and tbat
regularly serves at least 25 of the same persons over six (6) months per year.

14



TITLE 179

Chapter 2

. 001.01QQ *Operator” means the individual or individuals responsible for the =
'euntmuedperformmeofthewntempplymtemormpaﬂofcmhsym

during assigned duty hours.
001.01RR 'Ownu'm-lansmpermowningoropmﬁngapublicmmpply

' gystem.

0010188 "Person” mmmdmdmLﬁrm.parmenhlp,a-ouahon,em
eorpmhm,pohhallubd:vmorotherennw

001.01U0 'PomtofDmfectmtApphmhon is the point where the disinfectant
uapphedmdmdownlmdthntpmntnmtmluecttommhm _
by surface water runoff.

001.01VV "Pollution” mﬁcprumeedmfmpmhhmemmm
tendstodegndemqmmyloutomuwteanmhalthhnmdcmthe
usefuiness of the water. .

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

001.0IXX  “Protection by Containment® (ie., containing the potential
contamination source within the water customer's building, factory, facility,
property distribution system, or trailer court, etc.) shall mean the installation of
an approved backflow prevention device or method on the water service line(s)
serving any premises, location, facility or area. -

. 001.01YY "Protection by Isclation” means control of cross-connections within a

building’s phumbing system by the installation of approved backflow prevention
devuurmethodaatcneuthepotumdmofpommoncmm

001.0122 “Public Water Supply System” mawlta'mppqudeuped
to provide the public piped water fit for human consumption, if such system has
at least fifteen service connections or regularly serves at least twenty-five
individuals daily, at least sixty days out of the year. A public water supply system
is either a community public water supply system, a non-community water supply

. gystem or a non-transient, non-community water supply system. This definition

shall include:

001.01271 mmmmge.cmm'
mmamwdmmummm
connection with such system, and

such control which are used primarily in connection with such system.

1-5



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 sone) in which there is an automatic relief means of venting to
atmosphere internally loaded to a normally open position between two tightly
dmgmmmmdwnhmfwtuhngfmbghmd‘thechachmd
opening of relief means. _ :

m&m “"Rem" means the unit of dose equivalent from ionizing radiation to
thetotnlbodyormmtemnlmamm A ‘millirem” (mrem) is

- 1/1000 of a rem.

Mwnmrmcmm ("C" in CT calculations) means
mwmdwmmmmpehwmawm

sample of water.

001.01PDD ‘Banitu-ySurvey‘mmon-ntemewofthewatermm
facilities, equipment, operation and maintenance of a public water system for the
mdmhnﬁngtheadeqmdlmhmmmm .
and maintenance for producing and distributing safe drinking water.

mm'mamfcmdwﬁdlbdmm
by gravity or separation. ‘ :
001.01FFF "Service Area” means the land area which the owner of a public water

mwmm&m«mwmmma
piped drinking water.

001.01GGG “Slow Sand Filtration® mammm of raw
water through a bed of sand at low velocity (genérally less than 0.4 m/h) resulting
mmmmwwmwm

001L01HHH ‘Surface Water” means all water which is open to the atmosphere
and subject to surface runoff. -

001.0110 “Surface Water System"® m.mmmmm
water as the source of water. :

’m mm.mmm means a system which

mppheadrmhngmwmmamﬂemhe.

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
001.01LLL *Treatment Technique® means the use of acration, settling, filtration,
or other physical process and/or the addition of any chemical or chemicals for the

18



TITLE 179

Chapter 2

pmpoeeofremwing.ducﬁvaﬁo@oradjusﬁngthelénlofoneormm~
contaminants present in the raw water supply source.

001.01IMMM “*Trihalomethane" (THM) means one of a family of organic
compounds, named as derivatives of methane, wherein three of the four hydrogen
mhmethanemenchmbsﬁtut_edbyahalogenatominthemoleclﬂu
ltruchn'e.

_QIQINNN "l‘otalTrihnlomethnnes ('l'lml)meamtheumofthe

QQ_I_O;QQ_Q *Vacuum Breaker, Atmospheric Type" meansavacmnnhreaka
wlnchunotdengnedtobemtuecttomhnem :

001.01PPP *Vacuum Breaker, Pressure Type" mammmhuk_ewhichis-

designed to be subject to static line pressure.

001.01000 Vunfmamdfedmwhchnmfmwhmby
waterborne tranamission,

from a public water supply system which is deficient in treatment as determined
by the Director.

001.018SS “Water Supply System” means. all sources of water and their
surroundings under control of one owner, and shall include all structures,.
conduits, and appurtenances by means of which such water is collected, treated,
stored, or delivered, except service pipes between street mains and buildings and
thephmbingwithinnrhemecﬁonwiththehﬂdhpmed.

wmmmmmmmmmmmw
public water supply system meets all of the following conditions:

001.02B Which obtains all of its water from, but is not owned operated by, a
public water supply stem to which such standards apply;

001.02C Which does not sell water to any person; and
001,02D Which is not a carrier which conveys passengers in interstate commerce.

1-7



TITLE 179
Chapter 2

001.08 Responsibility, Theownuofachpubhcntempply as defined in these
regulation, shall designate an individual, or individuals, who shall be responsible for contact
and communications with the Director in matters relating to system alteration and
construction, monitoring and sampling, maintenance, operation, record keeping, and -
reporting, as required by law and these regulation. Any change in assigned responsibilities
or designated individuals shall be promptly reported to the Director. -

18



© Title 179
. Chapter 2

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

002.01 Applicability. Thebamfwtheectabhahmentofmmmeontmantlevehis .
based either upon potential acute health effects over a short length of time of exposure
or chronic health effects over a long length of time of exposure.
002.01A SmBmdupmAnueHealthEﬂ'm Standards based upon
acute health effects over a short length of time of exposure shall apply to all

public water supply systems covered by this Chapter. Contaminants governed by
these standards are:

002.01A1 Nitrates

002.01A2 Turbidity
002.01B Standards Based upon Chronic Health Effects. Standards based upon
chronic health effects over a long length of time of exposure shall apply to
community and non-transient, non-community water supply systems.
Contaminants governed by these standards are:

Siomuclid ' | .
002.02 Maximum Contaminant Levels.

002.02A Inorganic Chemicals, 'I‘hemenntnmmtlevdsfcm
chemical contaminants are as follows:

CONTAMINANT LEVEL lIILLIGRAMB PER LITER
Arsenic : 0.05
Barium _ 10
Cadmium ' 0.010
Chromium total : . 005 .
Fluoride* : _ 40
Lead ' 0.05
‘Mercury . ' 0.002
Nitrate (as N) : 10
Selenium E - 0.01
‘Silver 0.05
Sodium 500.0

mmqmmqummgwmmzommw
- hiter must notify the public as required in Section 004.07

21
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- 002.02B Organic Chemicals. The maxirum contaminant levels for organic

chemical contaminants, are as follows:
CONTAMINANT

Endrin (1,2,3,4,10,10,-hexachloro-6,
7-epaxy-1,4,4a,5,6,7,8,8a-octa-hydro-1,
4-endo, endo-5, B-dhnethanmnphthalene).
Lindane (1,2,8,4,5,6-hennh1m'o-cyclohme.
gamma isomer)

Methoxychlor

(1,1,1-Trichloro-2,2-bis

(p-methoxyphenyl ethane)

Toxaphene (C';H,,Cl) Technical

chlorinated camphene, 67-69 percent chlorine
002.02R2 Chlorophenoxys:

24-D (2,4-Dichlorophenoxyacetio acid)
24,5-TP Silvex
(2,4,6-Trichloro-phenoxypropionic acid) -
002.02B¢ Volatile Organic Chemicals (VOC):
1,1,1-Trichloroethane
1,1-Dichloroethylene

1,2-Dichloroethane

Benzene

Vinyl Chloride
Para-Dichlorobenzene

22
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Title 179
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002.02C Turbidity. The maximum contaminant levels for turbidity are applica
ble to all public water supply systems using surface water, in whole or in part, as
a source of supply. Turbidity shall be measured at representative entry points to
the distribution system. The maximum permissible levels for turbidity are as
follows:

002.02C1 One turbidity unit (TU), as determined by the monthly average
of daily examinations, except that up to five turbidity units may be
allowed if the owner can demonstrate that the higher turbidity does not
‘disinfectant agent throughout the system, or will not interfere with
microbiological examinations of the water; and

cannot be demonstrated by the owner, the average of two samples taken

002.02C8 mwamm1mdooz.mmmmm
June 20, 1998.

The maximum contaminant levels for coliform bacteria,

. 002.02D Microbiological.
applicable to all public water supply systems, are as follows:

.002.02D1 The MCL is based on the presence or absence of total coliforms
manmple,rut.hcthmeoliformdennty

" 002.02D1a Fcrasyttunwlmhenﬂechatlnltlonmpleaper
month, if no more than 5.0 percent of the samples collected
during a month are total coliform-positive, themtemum
eanphmewlththellcbfortotalenhfm

002.02D1b Fw:m'hﬁeonmfmthmlonmplu

per month, if no more than one sample collected during a month

is total coliform-positive, the system is in compliance with the
- MCL for total coliforms.

002.02D}e m&mmmmmm
(whmreqlmedbyooz.oaAﬂwhmhmmtmvahdmdmunbe
included in determining compliance with 002.02Dh and
002.02D1b.

002.02D2 Awfealeohform-ponhvenpeatnmplew&eoh-pmhve
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 puhlic
MWmMMMnanmpmm
acute risk to health.



Title 179
Chapter 2

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
which are required to monitor ance per quarter for total coliforms.

00209F Radium-226, Radium228 and Gross Alpha Particle Activity. The'
maximum contaminant levels for Radium-226, Radium-228, and gross alpha
particle radioactivity, are:

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

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 perticle and photon
radicactivity from man-made radionuclides shall not produce an annual
Mmﬂmbmwwcmmﬂmmthm(
millmperym

m Except for the radionuclides listed in 'lhble A, the
concentration of man-made radionmuclides causing 4 mrem-total body or
mmmm&dm@mmaazmwm .
drinking water intake using the 168 hour date histed in "Maximum
Permissible Body Burdens and Maximum Permissible Concentration of
Radionuclides in Air or Water for Occupational Exposure®, NBS Handbook
&uwmmu&wamamd
which is attached and incorporated by reference as if fully set forth with
herein. If two or more radionuclides are present, the sum of their annual
dose equivalent to the total body or any organ shall not exceed 4 millirem

per year.

" TABLE A - AvmgeAnmn!WA.medtoPmdlu

a Total Body or Organ Dose of 4 millirem per year.

Radionuclide Critical Organ | pCi per liter

Tritium Total Body 20,000
strontium-90 Bone Marrow _8

lhewmofpuhhcmnmmmu

002,03 Monitoring Requirements.-
responsible for accomplishing monitoring requirements as demonstrated by ossession of
_ an official copy of laboratory results. The Director will establish schedules for sampling,
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and will assist in the collection of chemical and radiological samples. Samples will be
examined at timed intervals and on schedules designed to meet monitoring requirements
and maintain a uniform laboratory work load.. The owner of each public water supply will
be informed of this achedule and, if for any reason the schedule is not met, will be
responsible for initiating arrangements for an alternate date to effect compliance with
established monitoring requirements. The arrangements shall be timed to provide the
required number of samples within the designated sample period used to determine
compliance with these regulations. All sample analyses needed be meet monitoring
requirements of this chapter, unless otherwise stated, shall be examined by a State Health
Department Laboratory or a labaratory which has entered into an agreement with the
Department of Health pursuant to 002.08H.

002.03A1 The owners of public water supply systems shall collect total
coliform samples at sites which are representative of both population
densities and distribution system characteristics according to a written
_sample site plan. These plans are subject to review and revision by the
Directar. All biological samples shall be mailed to the assigned laboratory
through the U.S. Postal Service, with the owner peying the postage,
WMMMMMJW

M_Thenmple-tephnlhnnmstdnmplmgpomu
at sites acattered throughout various zones of the distribution
system. Each plan shall provide for at least five sampling sites
in each zone and there shall be as many zones as the number of
routine total coliform samples required each month up to sixteen
sones. Systems which are required to collect more than sixteen
samples per month may elect to have more than sixteen zones,
but it is not required. A map of the area served by the public
boundaries of the various zones, labeled numerically, shall be
included in the plan. A list of all sampling sites, by name and
address (or by a readily identifiable location) for each zone shall
be included with the map and, except for supplies having only one
zone, the location of the sites need not be indicated on the map.
All zones shall be sampled monthly. The actual sites used within
each zone shall be varied on a scheduled rotation basis. Both the
zone number and the site location shall be noted on the
laboratory report form by the person taking the sample. The
- owner of each community water supply system shall submit a
copy of the sampling site plan to the Director for review no later
than 90 days after the effective date of these reguiations, with
updated copies submitted annually thereafter. The Director, at
any time, may require a plan be modified as a result of population
or system changes which may have rendered an existing plan
non-representative.
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Minissum Number of

Per Month

25- 1,000
1,001 - 2500
2501 - 4,100
4,101 - 7,600
7,601 - 11,000
11,001 - 14,600

14,601 - 18,100 -

18,101 - 21,500
21,501 - 28,000
28,001 - 37,000
37,001 -

46,000

002.03A2 The owner of a community water supply system shall take total
coliform samples at regular time intervals established by the Director.
The number of samples required shall in no instance be less than as set
fort.hbelor

Ww Minimom Number of llninunNmberd Population Served Minimum Number of

Sampling Zones

aniul’allunh Sempling Zones

!

ﬂSB!BSﬁDAN?
&
BEREIEE B

mmmmdnmmmmmbmmm
nmplufortotaleoﬁfmmdington_&equmqufoﬂm :

002.08A5a A non-community water supply system uaing only
ground water (except ground water under the direct influence of
surface water) and serving 1,000 persons or fewer must sample
each calendar quarter that the system provides water to the

002.03A5b A non-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
mmummmu.wm
wntuqyuem,ulpeuﬁedmooz.om .

002.08A8¢ Mamdnmemmmmm.
using surface water, in total or in part, must sample at the same -
frequency as a like-sized ity water system, as specified in
002.03A2, regardless of the number of persons it serves.

-002.08A8d The owner of a non-community water supply system
. using ground water under the direct influence of surface water,

udeﬁnedmﬂOLOleutnmp\eatthemﬁeqnmun
BHke-sized community water supply system, as specified in

'002.08A2. The owner must sample 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.

.w Theownerd'apuﬁlicwntertupplyg'y:tunthatum:mfme '

water or ground water under the direct influence of surface water, as
defined in 001.01W, and does not practice filtration in compliance with
002.04 must collect at least: one sample near the first service connection
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 results from this coliform
monitoring must be included in determining compliance with the MCL for
total coliforms in 002.02D.

002.08A8 Special purpose samples, such as those taken to determine
replacement, or repair, shall not be used to determine compliance with
the MCL for total coliforms in 002.02D. Repeat samples taken pursuant
to 002.08A7 are not considered special purpose samples, and must be
undtodetermemplnneemththenm.fwtotdeohfmm
002.02D.

27
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-thedilt.ribuﬁonlyltdn,hroneaw-ﬁ-oh-theendofthe

distribution system, the Director may waive the requirement to
eollectatleutonerepeatnmpleupctreamordmnbeamofthe
ariginal sampling site.

m_mz_g'rhemeuhalleolhctanrepmnmpluonthenme
day, except that an owner of a system with a single service

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

" 002.08A7d If one or more repeat samples in the set is total

must collect an additional set of repeat samples in the manner
specified in 002.08A7a-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
beenmeededmdtheDmdemuMnoaddmm

repeat samples are required.

002.03A7e If a system which is required to collect fewer than '
five routine samples per month has ane or more total coliform-
positive samples and the Director does not invalidate the
sample(s) under 002.03A8, the owner must collect at least five * .
routine samples during the next month the system provides
water to the public, except that the Director may waive this
requirement if the conditions .of 002.03A7¢1-8 are met. The
mmwmmwfc.mwm

repeat samples in 002.03A7a-d.

to collect five routine samples the next month the system .
provides water to the public if the Director or an agent
approved by the Director 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
.gllow 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.

to collect five routine samples the next month the system
provides water to the public if the Director has
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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

beeneoﬂededmdthemuhlreportedtothenm
The waiver shall not be granted if any of the repeat
samples are coliform-positive, uniess all positive samples
bhave been invalidated under 002.03A8, or if a similar
waiver has been granted within the six months previous
tothedateuftheeoﬂewmd‘themdeohfmpoum

sample.

002.03A7f Remltlofallmmnenndreputnmple-mt
invalidated by the Director must be included in determining

compliance with the MCL for total coliforms in 002.02D.

002.08A8 Invalidation of total coliform samples. A total coliform-positive
minimum monitering requirements of 002.03A. If a total caliform-positive
sample is invalidated under this section, the system owner must collect
mothunmplabmthem:meutbemmnlmpletomeet

monitoring requirements.
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002.08A8a The Director may invalidate a total coliform-positive

sample only if one ar more of the conditions of 002.03A8a(1)-
002.08A8a(4) are met.

‘sample analysis caused the total coliform-positive result.

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
resulted from a domestic or other non-distribution system
plhumbing problem. The Director shall not invalidate a
sample on the basis of repeat sample results unless all
repeat sample(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-
pegative (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.)

002.08A8a(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
quality in the distribution system. 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.
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
what action the system has taken or will take to correct
this problem. The Director may not invalidate a total .
enﬁfam-poutln-mplenlebonthemmdlthtan :
repeat samples are total coliform-negative. .

a coliform-positive sample under 002.03A8a(8) only upon
receipt of a request in writing from the owner of the
positive sample was collected: Such sample shall not be
invalidated if any of the repeat samples collected at

2-10




Title 179
Chapter 2

locations other than that of the coliform-positive sample
are coliform-positive. No coliform-positive sample shall be
,mvahdatedxfmofthemutreeentnxnmpleoeollected
from the system were coliform-positive.

002.03A8b A laboratory must invalidate a total coliform sample

(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
absence of an acid reaction in the Presence-Absence (P-A)
Coliform Test, or exhibits confluent growth or produces colonies
too numerocus to count with an.analytical methods using a
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 ariginal 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

within 24 hours and have the samples analyzed until 2 valid
result is obtained. 'l'heDnedumaymvethe%homhmehmt :
maas&by-useham. .

002.03A9 Sanitary Surveys.

002.03A0a Public water ‘systems which do not collect five or

survey by June 29, 1994, for commumnity public water systems and
June 29, 1999, for non-commumity systems. Thereafter, systems

must undergo another sanitary survey every five years, except

that non-community water systems using only disinfected ground
water and wells which have been constructed in accordance with
and continue to meet the siting requirements of Section 007,

mmwwwuumm
years after the initial sanitary survey.

wammmuwwmmm
Department of Health personnel or an agent approved by the
Department. The system is responsible for ensuring the survey
takes place.

002.08A10 Fecal coliforma/Escherichin cofi (. o) testing.

002.03A10a Hmmﬁnzwnpeﬂﬁmpleitohlenﬁform-
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

2-11
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002.03A11 Response to violation.

002.03A1]1a A public water system which has exceeded the MCL
for total coliforms in 002.02D must report the violation to the
State no later than the end of the next business day after it
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 viclation to the
m-mmdmmmqmmmmm
and notify the public in accordance with 004.08.

00208B Turbidity. Smphllhnnbehhenbymd'mmwty.m-
community and non-transient, non-community surface water supply systems at a
representative point of entry to the distribution system at least once a day for the
purpose of making turbidity measurements. When the results of a turbidity
sampling and measuremerit 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, 1898. '

chemicals other than Nitrate. The owner of a community or nan-
transient, non-community public water supply system shall take chemical
samples at three year intervals when ground water is the source of supply
and at one year intervals when surface water is the source of supply
except that, regardiess of the source of water, the owner shall take

212
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umpleaforlodnnnamlylesatoneyearmtervah. Samples shall be

. submitted to the State Health Department Laboratory in containers

provided by the Laboratory. Owners of systems using approved -
Iaboratories pursuant to paragraph 002.03H of this Chapter shall report
initial analyses and repeat the analysis and report at one year intervals
when surface water is used as a source and shall report initial analysis
and repeat the analysis and report at three year intervals when ground
water is used as a source.

002.03Cia When any maximum contaminant level is exceeded in
a public water supply, the owner of the supply shall be
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 result 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 002.08C
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 untidl compliance is
accomplished, :

" 002.08Cle The Director may reduce the sampling frequency for

chiorinated hydrocarbons and chlorophenoxys by systems using

only ground water as source of supply after initial sampling

demonstrates the absence of the contaminants and when the

results of a sanitary survey indicate remote possibility of future
taminati | .

002.03C2 Nitrate Monitoring. mmda'puﬁiicmmm

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, and if the mean of the two analyses exceeds the maximum
mmmwawmmmmw
tonehmmofthu(mnpw

qm'hhhaddndiﬁnfm(oﬁdmt)totheminmpaﬂofthe

" 918
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drinking water treatment process shall take samples for total trihalomethane
at yearly intervals unless provisions of subparts 002.03D1 or

potential analysis
'002.08D2 apply and shall submit them to the State Health Department

Laboratory in containers provided by the Laboratory. Owners of systems using
WWW%MOMO@JWMMW
amlymupucribedmlubpu'toozoml.

002.03D1 Water delivered by systems serving more than 10,000 persons
and which utilize surface water, in whale or in part as a source of supply

shall be analyzed for Total Trihalomethane concentration at quarterly
intervals in at least four water samples for each treatment plant used by
the system. All samples shall be collected within a 24-hour period. At
least 25 percent of the samples shall be taken at representative locations
within the distribution system taking into account the number of persons
served, different sources of water, and different treatment methods
employed. Results from all samples collected shall be used to determine
the quarterly average unless invalidated for technical reasons.
Compliance shall be determined by averaging the newest quarterly result -
with the three previous quarterly results. Systems using approved
mmwmommmmmwmnm
within thirty days of the analysis.’

mm Based on the results of one or more maximum total
trihalomethane potential examinations the Director may excuse a
community water system using only ground water as a source and serving
fewer than 10,000 persons from further monitoring when an assessment
of local conditions indicate the system is not likely to approach or exceed
thememtnmmtlevelﬁcwmm Anydmnge

00203E 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: - : '

002.08E1 Groundwater systems shall sample at points of entry to the
distribution system representative of each well after any application of
treatment. Sampling must be conducted at the same location or a more
representative Jocation each quarter. Groundwater systems must sample
everythreemmthlfwmpomttothedmmmtemmeptu
provided in 002.03E8a. .

m&msmwmmmhnpmhmmm
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
must be conducted at the same location or a more representative location
each quarter.

24
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002.03E3 If the system draws water from more than one source and
sources are combined before distribution the system must sample at an

enﬁypomttotbedutﬁbuhonmtemdmmpenodsofnormalopmﬂng
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

systems serving from 8,800 to 10,000 people shall analyze all distribution
or entry-paint samples, as required in this subsection, representing all
source waters beginning no later than January 1, 1088. All other
community and non-transient, non-community water supply systems shall

'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 Directar,
than the sample result(s) shall be averaged with the first sampling result
and used for compliance determination in accordance with 002.03E9 of
this section. The Director shall have discretion to delete results of
obvious sampling errors from this calculation.

002.0SE6 Analyses for vinyl chloride is required only for groundwater
qmthnhmdetmdmwmmdthefdlwmgtwmbm

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 chlaride, the director may reduce the frequency of vinyl
chloride monitoring to once every three years for that sample location for
other sample locations which are more representative of the same source.
Strfaeemm“benqtmdtombufa-vmlchlmden
the discretion of the Director.

002.03E7 mm«mmmwmmq
choose to composite up to five samples from one or more public water
systems. Compositing of samples is to be done in the laboratory by the
procedures listed below. Samples must be analyzed within fourteen days
of collection. If any organic contaminant listed in 002.02B4 is detected irr
the ariginal 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

2-15
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usedint.hempmleompoutemdamlyzedforvoa Reanalysis must
be made within fourteen days of the second sample. Toeompomte

samples, the following procedure must be followed:
002.08E7a Compositing samples prior to GC analysis.

002.08E7a(]) Add 5 ml or equal larger amounts of each
nmple(uptoSnmplesnreallmd)toa%mlghu
syringe. Speaalpreemmommustbemdetommm
mhendspaeemthesyrmp. :

002.08E7a(2) 'n:elampleamustbeeooledatt'Cdmg
this step to minimize volatilization losses.

002.03E7a(8) lﬁxwellanddrawouta&mlaliquotl‘or
002.03E7a(4) Follow sample introduction, purging and
desorption steps described in the method.

002.08E7a(8) If less than five samples are used for
w&amﬁmmmmh

- 002.03E7h Compositing samples prior to GC/MS analysis.

.002.03E7b(1) Inject 5-ml or equal larger amounts of each
lqueousnmple(uptoﬁamplesmallowed)mtoazs-
ml purging device using the ssmple introduction -
technique described in the method. :

002.08E7b(2) The total volume of the sample in the
purging devise must be 25 ml.

002.03E7h(8) Pmpndducbuduaﬁndhthe
method. '

002.0SE8 mmmmmmmmm
002.08E1 and 002.08E2 as explained in this paragraph:

002.03E8a mm&equncyformqum
is as follows:

002.08F8a(1) WhenVOClmmtdatmd!ntheﬁnt
mple(oraqynheqtmtmpluthntmbem
and the system is not vulnerable as defined in 002.03E8d,
monitoring may be reduced to one sample and must be
repeated every 5 years.

2-16
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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 002.08E8d,

002.03E8a(2)(a) Monitoring (ie., one sample)
must be repeated every 8 years for systems
MertlnnGOOeonnectmm.

002.03F8a(2)(b) Monitoring (i.e.. cne sample)
- must be repeated every § years for systems with
less than or equal to 500 connections.

002.03E8a(8) If VOCs are detected in the first sample
(or any subsequent sample that may be taken),
regardless of vulnerability, monitoring must be repeated
evuysmonths,nreqmredtmdzroozanL

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

002.03E8b(1) When VOCs are not detected in the first
ywdqwtabnmphng(wmotbembsequent
sample that may be taken) and the system is not
vulnerable as defined in 002.03E8d, monitoring is only
nqtmeddthedmﬁmdthem

mm WhmVO&mnotdetectedmtheﬁut
year of quarterly sampling (or any other subsequent
sample that may be taken) and the system is vulnerable
as defined in 002.03Ed.

002,08F8b(2)(a) Monitoring must be repeated
every three years (for systems greater than 500

00208ESh@)(b) Monitoring must be repeated
evayﬁveyml(formtemsleuﬂnnaeqml
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) regardiess of vylnerability, monitaring

mstbereputedemthl.unqm'edundu :
002.03E2. :

mmmmmmmdm
wmwwfwamdmm«nmm
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chnptez"

gystem detecting VOCs at levels consistently less than the MCL
fmthmmecuﬁveym '

002.03E8d Vulnerahility of each public water system shall be
determined by the Director based upon an assessment of the
. following factors:
002.03E84(2) Nmberofpmmmedbythepublw
water system. :

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

002.08E84(4) Proximity to commercial or industrial use,

dispoeal, or storaged‘Volnt.ileSynthethrgnmc
Chemicals.

mmdmmm.
002.03EBe A syitem is deemed to be vulnerable for a period of
three years after any positive measurement of ane or more

contaminants listed on 002.02B4 or 002.03K5 except for
trihalomethanes or other demonstrated disinfection by-product.

" . 002.08F9 Compliance with 002.02B4 shall be determined based on the

results 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
bas a distribution system separable from other parts of the distribution
aystem 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
result would cause the annual average to be exceeded, than the system -

~ shall be deemed to be out of compliance immediately, For systems that

only take one sample per location because no VOCs were detected,
compliance shall be based on that one sample.

002.08F Radionuclides. The State Health Department will collect and analyze
samples from each community water supply for radicactivity by July 1, 1879, when
surface water is used as a source, and by July 1, 1080, when ground water is the
sole source of supply. Theses analyses will be repeated at four-year intervals,
except analysis for beta activity in ground water sources may be less frequent at
the discretion of the Director.

-2-18



Title 179

002.08G 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 Iodine-131 radioactivity and annual -
monitoring for Strontium-80 and Tritium.

002.03G]1 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
particle activity in a sample exceeds 15. pCi per liter, the same or an
equivalent sample shall be analyzed for Strontium-89 and Cesium-134.
If the gross beta particle activity exceeds 50 pCi per liter, an analysis of
the sample must be performed to identify the major radioactive
constituents present and the appropriate organ and total body doses shall
be calculated to determine compliance with subsection 002.02F of these
rules.

002.08G2’ For Jodine-181, a composite of five consecutive daily samples
shall be analyzed once each quarter. As ordered by the Director, more
&equmtmwrmglhanbeemdmtedwhmlodme-mluxdmhﬁedm
the finished water.

002.03G3 Amuﬂmtmmszm-mmd'l‘mnmmu
conducted by means of the analysis of a composite of four consecutive

mlylmplawmabmoffmmbmplu. The latter
procedure is recommended.

002.08H Approved Laborataries. 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 manrer, to
perticipate in quality control activities, and to comply with all requirements of
theaereguhhmrehtwetommtammgremdsnndm .

002.031 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 iriter-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
criteria for acceptance of such techniques and processes in the "Standards for
Water System Design" hmmpomtedhyrefmuutnhmentl.nqtmd
bymhmOO?ofthuemls.

002.08K smnm;fwo:mw'
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gggﬂﬁ;;JAneﬁnnnunmyandinntnnuumh:mm<mnuﬂunmyvunermqnﬂy
qnnennldmﬂlnunnun'ﬁn'ﬂuscunuunnnnusluuxln:00208K5 in this

section by the date specified in Table 1.

TABLE 1
Number of Persons Served

Monitoring to begin
no later than:

Over 10,000
3,300 to 10,000
Less than 3,300

January 1, 1988
January 1, 1989
January 1, 1991

QQzJEﬂEZIhniiae'nnerlynunnslhanlnnqﬂeatpquns:nthedunrﬂnnuni
system representative of each water source or at entry points to the
distribution system. The minimum number of samples is one year of
quarterly samples per water source.

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
-panﬁadnnoozinni

002.03K4 TheIhmuﬁurnnw1equnecunﬁnmlhnnlanuﬂesﬁurpunhveur
negative results.

omtamminants et ab poovided tn O0200KE. L e

002.08Kfs Chloroform |

OU2.08K5b Bromodichioromethane

002.08K5c Chicrodibromomethane

' 002.08K5 Bromoform
902.08Kfe trans-1.2, Dichloroethylene
‘ngzgunnﬂ'(!ﬂunﬂnnuene

002.03K5¢ nﬁD&hktdhuuzng

00209K5h Dichloromethane
002.08K5; cis-2,8 Dichloroethylens
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002.08K5i o-Dichlorobenzene
002.08K5k Dibramomethane
002.08K5] 1,1-Dichloropropene
002.03K5m Tetrachloroethylene
002.03K5n Toluene

mm p-Xylene

002.03K5p o-Xylene

002.08K5q m-Kylene

002.08K5r 1,1-Dichloroethane

| 002.08K5s 1,3-Dichloropropane
002.03K5¢ 1,1,2,2-Tetrachloroethane
002,08K5u Ethylbenzene
002.08K5w Styrene
m_‘m
Q02.05Kfz 1,23 Trichloropropans
002.08K5ea 1,1,1,8 Tetrachloroethane
902.08K5hh Chloroethane
002.08K5ce 1,1,2-Trichloroethane
002.08K5dd 2,2-Dichloropropene
002.08K5fT p-Chlorotaluene
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002.03K5hh Ls-mnhlorm
002.03K5ii Ethylene dibroamide (EDB)
002.03K5ii L%Dﬂrmo-&chimopane (DBCP)
002.03K8 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

system is defined as a system which is potentially contaminated by EDB
and DBCP, including surface water system where these two compounds
are applied, manufactured, stored, disposed of, or shipped upstream, and
for groundwater systems in areas where the compounds are spplied,
manufactured, stored, disposed of or shipped in the groundwater recharge
basin or groundwater systems that are in proximity to underground -

any time after January 1, 1883, to meet the requirements for unregulated
mmtmg,prwﬂedthﬂthemmtmgmmmmththe
reqmtl of this section. :

mwdp&fm&mmmwﬂﬂsmﬁm
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.
This Jetter must be sent to the Director no later than January 1, 1991.
mmmmmmmwmm unless requested
to do 8o by the Director.

methemmhuhgnq@edhmosxnolen
frequently than every five years from the dates specified in 002.03K1.

002.04 _Filtrati nd Disinfecti This secti ' tablishes treatment techni
requirements in lieu of maximum contaminant levels for the following contaminants:

002.04A Each public water supply system with a surface water source or a
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

002.04A1 At least 99.9 percent (3-log) removal and/or inactivation of
Gh!ﬂhhmbﬁaqmbetmapdntwhmthgmmhmtmﬁect
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toreedntammatwnbyswfwenterr@oﬁ‘andaﬁointdmstream
-befmwattheﬁutcustomu,and

002.04A2 Atleast%%pereent(&log)rmnlmdlormchmof
viruses between 2 point where the raw water is not subject to
recontamination by surface water rumoff 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 enmmahnnlhnllbeperformedmmdmewﬂ.htheproweol
de-u-ibedmAttnchmem:Stothnnﬂe

mmmm-mmfwammtymmm
shall have been examined no later than June 19, 1994

002.04B2 Emhmmdwﬂumfcammmnymm
. have been examined by June 19, 1999.

002.04B8 If the Director determines that a ground water source is under
the direct influence of surface water, s/he shall so indicate in writing to
the owner or the public water supply system.

'002.04C A public water supply system using a surface water as a source must

002.04D A public water supply system using a ground water source under the -
Mh&mdmmnmdmdbbemmplmmththe
requirements of 002.04 if: .

002.04D1 Itmeeuthereqlﬁranmfor_lvoidingﬁlunﬁminooz.om
and the disinfection requirements in 002.04F1; or

002.04D2 nmmmmmmmmme
disinfection requirements in 002.04F2. .

'002.04F Criteria for avoiding filtration. A public water supply system that uses

a ground water source under the direct influence of surface water must meet all

. of the conditions of 002.04E1 and 002.04E2 and is suhject 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 groumdwater source under the direct influence. of
surface water to meet any one of the requirements of 002.04E1 through 002.04E6
theqﬂmmermmthmemshﬂedﬁl&ahmmdmetthemfwﬂwed

systems specified in 002.04G.
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002.04E1a 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 m! (measured by the
Nebraska Department of Health Laboratory’ or an approved
labaratory pursuant to 002.03H) in representative samples of the
source water immediately prior to the first or only point of
disinfection application in at least 90 percent of the
measurements made for the 8 previous months that the system
served water to the public on an ongoing basis. If a system
measures both fecal and total coliforms, the fecal coliform
criterion, but not the total coliform criterion, in this paragraph
nnntbemet.

Q_QZ_MEL 'Iheturhd:lwleveleannotmeed5NTU(meanred
as specified in 002.04Hla and 002.04H2b) in representative

mpluofthemntermmedntelymtotheﬁntwonly
pmdd:mfectantnpphahmlmlen.

m'umuedbychummthatmmul
and unpredictable; and _

002.04E1b(2) As a result of any such event, there have
not been more than two events in the past 12 months.
the system served water to the public, or more than five
events in the past 120 months the system served water
to the public, in which the turbidity level exceeded 5

. NTU. An “event’ is a series of consecutive days during
which at least one turlndlty measurement each day
exceeds 5§ NTU.

002.04E2a The public water supply system must meet the
requirements of 002.04F1a at least 11 of the 12 previous months
that the system served water to the public on an ongoing basis,
unless the system fails to meet the requirements during 2 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

unpedr.tlhle..

002.04F2b The public water supply system must meet the
mmmdmomnummmmmm
to the public. :

002.04E2c The public water supply system must meet the
requirements of 002.04F1c at all times the system serves water
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to the public unless the Director determines that any such failure
-was caused by arcmnstanees that were unusual and

mpredmnble

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.

002.04FE2e The public water supply system owner must develop
and implement a wellhead protection program sufficient to
exclude potential sources of microbiological contamination within
a ane year time-of-travel from the well or well field. A wellhead
protection program shall consist of the following:

002.04E2¢(1) A wellhead protection area delineation
The area delineated shall be based on a one year time-of-
" travel and shall be determined by the following formula:

T = 8.14nbl? divided by Q
where T = Time-of-Travel (days)
L = Distance fraom the well (feet)
n =  Effective porosity (assumed to be 02
otherwise.
b =  Aquifer thickness (feet)
Q = Pumping rate (cubic feet per day)

002.04FE2e(2) Idenhﬁmhmd‘nﬂmdmaoholopal
contamination within the delineated area.

002.04F2e(3) Management of all sources identified in
mmwummmmm

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
apartyupprwedtuthe Mmmmmm

wmwmmmmdmmda
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
mmmwmwmnmmm
and maintained. The on-site inspection must include: :
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002.04ESa A review of the effectiveness of the wellhead
protection program required by 002.04E2e.

.M_ b A review of the pliysical condition ¢f the well and the
extent of protection provided;

002.04ESc A review of the system’s equipment maintenance
-program to ensure there is low probahility for failure of the
disinfection process;

002.04E3d Anmlpechmdthedlmfechoneqmpmmtfcr'
physical deterioration; :

002.04FE3e A review of operating procedures;

002.04E3{ A review of data records to ensure that all required
tests are being conducted and recorded and disinfection is

002.04E3g Ildentification of any improvements which are needed
in the equipment, system maintenance and operation or data

002.04E4 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.

maximum contaminant level (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,

002.0{E8 The public water supply system must comply with the
requirements for tribalomethanes in 002.02B3 and 002.03D. :
002.04F7 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
Mmhhﬁohﬁmdamtechﬁquew :
002.04E8 Aqmththumtmnedmhhndntwnda
u-emnenttechmqureqmmtif:

002.04F8a 'I'he 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

002.04ESb 'I'heujltemisidentiﬁeduhmd'anterbome
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
water source i3 under the direct influence of surface water, whichever is Iater.
If filtration is required in accordance with 002.04G, the system must comply with
filtration is installed. A system that uses a surface water source and provides

_ filtration treatment must provide the disinfection treatment specified in 002.04F2

of this section beginning June 29, 1893, or beginning when filtration is installed,
whichever is later. A system that uses a ground water source under the direct
influence of surface water and provides filtration treatment must provide
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 section after the applicable date specified in this introductory
wuamwm

.mmmwfmmmmm&m
provide filtration. Each public water supply system that uses a ground
water source under the direct influence of surface water and does not
follows: ' :

002.04Fla The disinfection treatment must be sufficient to
ensure at least 89.9 percent (8-log) inactivation of Giardia lamblia
cysts and 86.99 percent (4-log) inactivation of viruses, every day
the system serves water to the public, except any one day each
month. Each day a system serves water to the public, the public
mmmmmcrmwmmm-
treatment parameters, using the procedure specified in
002.04H2d and determine whether this value(s) is sufficient to
and viruses. If a system uses a dizsinfectant other than chiorine,
* the system owner may demonstrate to the Director that CT'(99.9)
values other than those specified in Tables 21 and 8.1 in
002.04H2c or other operational parameters are adequate to
demonstrate that the system is achieving minimum inactivation
rates required by this section. .

M_QQL mqummmmmm
wmmmmwmm
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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
unreasonahle risk to health or interference with fire protection,

the system must have the above redundant components.

entering the distribution system, measured as specified in
mmbmdmommbehuthmozmgpuhmfa
more than 4 hours.

002.04F1d(1) The residual disinfectant concentration in-
the distribution system, measured as total chlorine,
combined chlorine, or chlorine dioxide as specified in
002.04H1b and 002.04H2f shall not be undetectable in
mare 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 (HPC)
by the Nebraska Department of Health Laboratory or an
approved laboratory is deemed to have a detectable’
diginfectant 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.

ctdte
V= a+b x 100
Where:
a = pnumber of instances where the residual
mmum

b = munber of instances where the residual
disinfectant concentration is not measured, but

Moh'ophtbaetmphteeumt(HPC)u

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

228



Title 170

Chapter 2

d = number of instances where the residual
disinfectant concentration is measured but not
detected and where the HPC is greater than 500
ml: ;

e = number of instances where the residual -
disinfectant concentration is not measured and
HPC is greater than 500 per ml; and

V = percent of samples with undetectahle
ypesidual disinfectant concentration.
Q__ML@IftheDmdetmmes.huedmme-

hhhqmmduhnmmm(#wmww
removal of viruses, as determined by the Director.

motﬂlbmdmmbmbeh-thmozwpehtu
for more than 4 hours. _

chlorine, or chlorine dioxide, as specified in 002.04H1b and
002.04HSb shall not be undetectable in mare than 5 percent of
mmmmtmmmmmmm

eqmltoEOOpeml.meamduhetm&oplncphtemt
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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 value *V" in the following formula
cannot exceed § percent in cne month, for any two consecutive
months,
ctdte
.V= a+b x 100

Where:

a= ntmbu'ofinltaneswhere't.heresidmldiliﬁfectant
concentration is measured;

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

= number of instances where the residual disinfectant
mmmmnmmdb\nnotdmdmdmm
is measured; '

d= nmbed'mwheenomdmldmfm
concentration is detected and where the HPC is greater
than 500 per ml;

e = gumber of instances where the residual disinfectant
concentration is not measured and HPC is greater than
500 per m}; and

V = percent of samples with undetectahle residual
disinfectant concentration.

If the Director determines, based on site-specific
considerations, that a system has no means for having a
sample transported and analysed 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
system, the requirements of 002.04F2c do not apply.

- 002.04G Filtration. A public water system that uses a surface water source must

provide treatment consisting of both disinfection, as specified in 002.04F2 and
filtration treatment which complies with the requirements of 002.04G1-002.04G4
by June 29, 1898. A public water gystem that uses a ground 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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dmnfechm,uspeaﬁedmOMOMandltmhonwhmbeomphesmththe
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 .

reqmmtdthsuechmaﬁathedatemeaﬁedmthum&odmw
is a treatment technique violation.

002.04G1 Cmvmimlﬂ&aﬁmmmwdhwﬁlmﬁm

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 Jeast 999 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
Director may substitute this higher turbidity limit for that
system. However, in no case may the Director approve a
turbidity limit that allows more than 1 NTU in more than 5
percent of the samples taken each month, measured as specified
in 002.04H1a and 002.04HSa.

002.04G1b The turbidity level of representative samples of a
*  system’s filtered water must at no time exceed 5 NTU, measured -
. ulpedﬁedhooz.pﬁhmdooz.m

002.04G2 Slow sand filtration

002,04G2a For systems using slow sand filtration, the turbidity
level of representative samples of a system’s filtered water must
belenthanorequnltolN’l‘Umatleut%peeentdthe
measurements taken each month, measured as specified in
002.04H1a and 002.04H3a, except that if the Director determines
there is no significant interference with disinfection at a higher
mmmmmmmmemm
lnmtﬁrthntlym

002.04G2b The turbidity level of representative nmple of a
system'’s filtered water must at no time exceed 5 NTU, measured
ulpeuﬁedmooz.mmdmm

002.04G8 Diatomaceous earth filtration.
For systems using diatomaceous earth filtration, t.he'

turbidity level of representative samples of system’s filtered
- water must be less than or equal to 1 NTU in at least 85 percent
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of the measurements taken each month, measured as lpeclﬁedm
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 - 002.04GS8 if it demonstrates
to the Director using pilot plant studies or other means, that the
alternative filtration technology, in combination with disinfection
treatment that meets the requirements of 002.04F2, consistently achieves
98.9 percent removal and/or inactivation of Giardia lamblia cysts and
90.99 percent removal and/or inactivation of viruses. For a system that
makes this demonstration, the requirements of 002.04G2 apply.

002.04H]1 Analytical requirements. Only the analytical method(s)
specified in this subpart shall be used to demonstrate compliance with the
requirements of 002.04E, 002.04F and 002.04G. Measurements for pH,
temperature, turbidity, and residual disinfectant concentrations shall be
canducted by an operator with a certification of competency issued by the
Department. Measurements for total coliforms, fecal coliforms, and
heterotropic plate count (HPC) shall be conducted by the Nebraska
Department of Health Laboratory or an approved laboratory as required
in 002.08H. ‘

002.04Hla Turbidity shall be measured using Method 214A
(Nephelometric Method — Nephelometric Turbidity Units), pp.
134-138, as set forth in Standard Methods for the Examination
of Water and Wastewnter, 1685, 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 chiorine (chloramines) shall be measured by
Method 408C (Amperometric Titration Method), pp. 808-308,
Method 408D (DPD Ferrus Titrimetric Method), pp. 806-308,
Method 408E (DPD Colorimetric Method), pp. 808-810, or
Method 408F (Leuco Crystal Violet Method), pp. 310-318, as set
forth in Standard Methods for the Examipation of Water and
VWastewnter, 1985, American Public Health Association et al,
16th edition which are incorporated by this reference and are
sttached in Attachment 6. Residual disinfectant concentrations
for free chlorine and combined chlorine may also be measured by
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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, 1089, American Pubic Health Association et al,
17th edition, which is incorporated by this reference and is
attached in Attachment 6 and incorporated by this reference or .
by automated methods which are calibrated in reference to the
results obtained by the Indigo Method on a regular basis.
Residual disinfectant concentrations for chlorine dioxide shall be
measured by Method 410B (Amperometric Method) or Method
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
whnhuattachedmAthchmentBandmeorpontedbythn
reference.

Q_ME Temperature shall be measured by Method 212
(Temperature), pp. 126-127, as set forth in Standard Methods for
the examination of Water and Wastewnter, 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 428 (pH Value) pp.
429-437, 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

. under the direct influence of surface water and does not provide filtration

treatment must begin monitaring as specified in this subpart beginning
December 81,1980, or 6 months after the Director determines that the
ground water source is under the direct influence of surface water,
whichever is later, uriless filtration is required, in which case the Director
mayupeufyalternahvemmﬂnrmgreth,uappmpnute,mﬁl

. ﬁlt:-ahonumphee.

mrealeohfmewhfmdmw
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
each week the gystem serves water to the public -
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System size (persons served) Samples per week'
500 or less
501 to 3,300
8,301 to 10,000
10,001 to 25,000
Over 25,000

‘Mmtbetahnmnepantedayu .

Mmfealcwhleohfmdmwmbe
made every day the system serves water to the public and the
turbidity of the source water exceeds 1 NTU (these samples

-l - N N

.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
thhmmhmmofeolleehon.

' 002.04H%b Turbidity meesurements 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 turbidity monitoring for grab sample
monitoring if it validates the continuous meesurement for

mman@ﬂnm

002.04H2c The total inactivation ratio for each day that the
system is in operation must be determined based on the CT'(89.9)
values in Tables 11-1.6, 21 and 3.1 of this section. The

- must be monitored as follows:

002.04H2c(D) 'Ihetunpentmuft.hedmfmdm
- mmust be measured at least once per day at each residual

002.04H2c(@) If the system uses chlorine, the pH of the
disinfected water must be measured at least once per day
at each chlorine residual disinfectant concentration

sampling point.

| The disinfectant contact time(s) ("T") must
bedetermdforeachd-ydtmgpakhombﬂow
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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) values other than those specified in Tables
21 and 8.1 in this section or other operational
parameters are adequate to demonstrate that the system
is achieving the mini snactivati : ired by
002.04F1. . .



Title 179
Chapter 2

TABLE 1.1

N

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

Residual 6.0 6.5 70 - 7.?5 - 80 85 8.0
(mg)

<04 187 168 185 . 287 2m 829 - 880
0.8 141 168 200 239 286 842 407
0.8 145 172 205 248 205 854 22
1.0 148 178 210 253 804 365 437
12 162 180 215 250 818 376 451
14 165 184 221 266 - 821 887 . . 464
1.6 157 180 226 278 329 897 am
18 162 108 231 27 838 407 420
20 185 . 197 238 286 846 a7 500
22 168 201 242 207 858 426 511
24 172 205 247 208 361 435 522
28 17 209 282 . 304 368 “w 538
28 178 218 257 810 376 452 543
3.0 181 217 - 261 816 882 460 552

® These CT values achieve greater than a 99.89 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(96.9) value at the lower temperature and at the higher pH. .
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| TABLE 1.2

CT VALUES [CT(99.9)] FOR 90.9 PERCENT INACTIVATION OF GIARDIA LAMBLIA CYB‘I‘S
BY FREE GHLORINE AT 5.0 °C*.

Residual 6.0 6.5 7.0 7.5ﬂ1 80 8.5 8.0
04 97 117 139 166 108 236 oM
0.6 100 120 148 17 204 244 201
0.8 108 122 146 . 175 210 252 801
10 105 125 149 179 216 2680 812
12 107 127 162 183 221 267 820
14 109 180 155 187 - 227 274 829
16 11 182 . 158 182 232 281 387
18 114 185 162 196 238 287 345
20 116 188 165 200 248 204 353
22 118 140 1600 204 u8 800 361
24 120 143 172 200 . 258 808 868
26 122 148 175 218 258 312 8®
28 124 7T ST T 1] . 263 818 382
8.0 126 151 182 221 268

® These CT values achieve greater than a 90.99 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(09.9) value at the lower temperature and at the higher pH.
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TABLE 1.3

CT VALUES [CT(89.8)] FOR 99.9 PERCENT INACTIVATION OF GIARDIA LAMBLIA CYSTS
BY FREE CHLORINE AT 10.0° C*.

Residual 6.0 65 170 7.?1 8.0 85 8.0
0.4 73 88 104 125 149 177 209
0.6 7% 90 107 128 158 188 218
8. . B 82 110 181 158 189 226
10 ) o4 u2 . 14 162 105 284
12 80 95 14 187 188 200 240
14 88 116 M0 170 206 247
1.6 83 29 119 44 17 211 253
18 86 101 122 M7 179 215 259
2.0 87 104 124 150 182 221 265
22 80 105 127 168 188 225 2n
24 20 107 120 . 157 180 230 278
28 22 110 181 160 104 284 281
28 83 11 184 163 197 239 287
8.0 95 201 (s 202

118 187 168

. Mmmmmm.mmpmmdm CT walues
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
msmmmms)maﬂnmwmdummpn
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' TABLE 14

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

Residual <6.0 6.6 7.0 'u%n _ 8.0 8.5 0.0
(mgl)

04 49 59 70 83 0 18 140
0.6 50 60 72 86 102 122 = . 146
0.8 - 52 61 78 88 . 105 126 151
1.0 58 63 7% 90 108 . 180 156
12 54 -64 76 92 111 184 160
14 55 65 78 94 14 187 165
16 56 66 » 96 116 141 169
1.8 57 68 81 08 119 144 178
2.0 58 60 83 100 122 147 177
22 59 70 85 102 124 150 181
24 60 72 88 105 - 127 -158 184
26 61 78 88 107 129 156 188
28 * 80 109 182 159 191
8.0 63 76 91 1 184 162 195

® These CT values achieve greater than a 99.90 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(00.9) 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 LAMZBLIA CYBTS
BY FREE CHLORINE AT 20.0° C*.

Residual 6.0 8.5 7.0 7% 8.0 85 0.0
{mg/)

s04 36 “ 52 - 62 4 89 105
0.6 88 45 54 64 Yy . 109
0.8 ) 48 55 88 ) 95 -118
10 89 <7 56 67 81 98 117
12 € 48 57 6 83 100 120
14 a 49 58 7 85 108 128
16 @ 50 59 v 87 " 105 128
‘1.8 43 51 . 61 " 8 . 108 129
2.0 “ 52 62 7 91 110 182
22 “ - 53 63 7 83 118 185
24 45 54 65 . 95 115 188
28 48 55 66 80 97 117 M1
28 7 56 67 81 89 119 143
8.0 47 57 68 83 101 122 . 148

® These CT values achieve greater than a 00.90 percent inactivation of viruses. CT values
between the indicated pH values may be determined by Iinear 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 1.6

CT VALUES [CT(99.9)] FOR 80.9. PERCENT INACTIVATION OF GIARDIA LAMBLIA CYSTB
: BYFBEE GHLOBJNE AT 25° C AND HIGHER®.

Residual 60 . 65 70 7%H 8.0 Y3 9.0
04 U 29 85 “2 50 59 70
0.6 25 30 86 43 51 61 78
0.8 26 31 87 4« 53 68 %
10 26 81 87 G B¢ 65 78
12 27 32 88 46 © 85 67 80
14 27 - ‘88 8 47 57 60 82
16 28 38 40 48 58 70 84
18 29 84 a © . 80 7 86
20 29 35 a 50 61 % 88
22 30 35 @ - Bl 62 75 80
24 30 36 43 52 63 ]
26 81 87 “ 58 65 ) o
28 31 87 s 5¢ 8 80 96
3.0 v 38 T 55 67 81 97

® These CT values achieve greater than a 89.99 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
merpdahmnund.methemmnhnatthelowumremdnthehmpﬂ.
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TABLE 2.1

CT VALUES [CT(99.9)] FOR 99.9 PERCENT INACTIVATION OF GIARDIA LAMBLIA CYSTS
BY CHLORINE DIOXIDE AND OZONE®.

L} . w L ] L]
Chlorine dioxide 63 2 28 19 15 1
Osone 20 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(99.8) values between

TABLE 31

CT VALUES [CT'(99.9)] FOR 99.9 PERCENT INACTIVATION OF GIARDIA LAM'BLIA CYBTS
BY GHLOB.AMINES‘ :

log E.Q ]Qog ]E.Q mog 2§og
Chloramine 8,800 2,200 1,850 1,500. 1,100 750

*These values are for pH values of 6 to 8. These CT values may be assumed to achieve greater
than 99.99 percent inactivation of viruses only if chlorine is added and mixed in the water prior
to the addition of ammonia. If this condition is not met, the system must demonstrate, in .
mﬂmmmmmmmumummmmmd
viruses. CT values between the indicated temperatures may be determined by linear interpalation.
nmmﬁmummmmms)mammwwmg
Crms)vahneubetwoenmdmtedtanpmhm o
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002.04H2d 'I'hetotalmachvat.wnmuommbeealcuhtedu
follows:

002.04H24(1) Ift.helystemuseaonlyonepomtof

disinfectant application, the system owner may determine
the total inactivation ratio based on either of the
following two methods:

One inactivation ratio (CTealc
dmdedbyCI‘(OB.Q))udetemmedhefmurat
,theﬁrltcultomerdmgpeakhmn-lyﬂowmdf
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; or

002.04H2d(1)(b) Successive CTealc divided by -
CT(99.9) walues, representing sequential
inactivation ratios, are determined between the
point ‘of disinfectant application and a point
before or at the first customer during peak
hourly flow. Under this alternative, the following
method shall be used to calculate the total
inactivation ratio:

(1) Determine CTcale divided by CT(08.9) for
each sequence

(2) Add the CTeal divided by CT(99.9) values
together '

(3) If the sum of CTealc divided by CT(99.9) is .
greater than or equal to 1.0, the 890.8 percent
Giardia lamblia inactivati . : has
been achieved.

002.04H24(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
of disinfectant application during peak hourly flow. The
CTealc divided by CT(99.8) value of each sequence and
the sum of CTcale 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
mcﬁvaﬁmfwamtmwhhmormmpoints_w
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residual disinfectant concentration momt.onng may be
" calculated by solving the following equation:

Percent inactivation = 100 - 100 divided by 10*
where: Z = 3 times the sum of
Crulcdividedbycr(%.m'

'002.04H2¢ 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 § working days following the
failure of the equipment. Ownmofmtemsmmgs,BOOor
fewer persons may take grab samples in lieu of providing
mmuwmm;mmmgmutheﬁeqlmuu
prescribed below: _

System size by population Sampiles per day’

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

=N

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

Ifltmthnethereddunldilinfectmtemﬁmfalh
below 0.2 mg per liter in a system using grab samplingin -
lieu of continuous monitoring, the system must take a
grab sample every 4 hours umtil the residual
concentration is equal to or greater than 0.2 mg per liter.

002.04H2f{ Measurement of Residual Disinfectant.

shall be measured at least at the same points in the
distribution system and at the same time as total
coliforms are sampled, as specified in 002.03A2, except
that the Director may allow a public water supply system
which uses both a surface water source or a ground
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

002.04H2f(2) 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 an
temperature conditions required of the 'approved
laboratory and that'the system is providing adequate
disinfection in the distribution system, the requirements
of 002.04H2f(1) of this section do not apply to that
system.

requirements for systems using filtration

002.04H3 Monitoring
treatment. A public water supply system that uses a -urfaee water
mm;eorammdntermmdsthemﬂumofnmmand

filtration treatment must monitor in accordance with this section

beginning June 29, 1998, or when filtration is instalied, whichever is later.

002.04H8a 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 eontinuous turbidity monitoring for grab sample
monitoring if the owner validates the continuous 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

' Dn'ectwmred:mthemphng&equencytomepudqyd‘

the Director determined that less frequent momnitoring 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, regardiess of the
type of filtration treatment used, if the Director determines that
ummumwmamm
performance.

002.04HSb The residual disinfectant concentration of the water
entering the distribution system shall be monitored continuously,
and the Jowest value must be recorded each day, 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:

SmmﬂwbEWMMl &mhpﬁ#

500 or less

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

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

=N =

If at any time the residual disinfectant concentration falls
below 0.2 mg per liter in a system using grab sampling in
lieu of continuous monitaring, the systems must take a
gab sample every 4 hours umtil the residual
concentration is equal to or greater than 0.2 mg per liter.

002.04HSc Measurement of Residual Disinfectant. The residual
disinfectant concentration must be measured at least at the same
point in the distribution system and at the same time as total

coliforms are sampled, as specified in 002.03A2 except that the

director may allow a public water supply system which uses both
a surface water source or a ground 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

. ll m - ll' dl I ’(i.-r I n I

quality within the distribution system. Heterotrophic bacteria,
measured as heterotrophic plate count (HPC) as specified in
NNMﬂmqyummmdh&udnﬁMHﬁmwm

" concentration.
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008 LEAD BAN (INCLUDES AMENDMENTS MADE THROUGH SEPTEMBER 15, 1961)

008.01_Solder and Pipes. After July 1, 1888, any pipe, pipe fitting, solder, or flux which
is used in the installation or repair of any public water supply system shall be lead free.

00302 Adoption of Code(s); Ordinances, By July 1, 1988, the owner of any public water
stipply system shall, by the adoption of plumbing codes or ordinances, contract, or other
enforceable meeans, require that any pipe, pipe filling, solder, or flux used in the
mﬂ&mwmdmmﬂmﬁﬂwmﬂeﬂﬂfnﬂﬂywb&humwm
public water supply system be lead free.

003.02A %emudmmm&m,mbmmwm
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,
to be replaced if the owner or the Director finds that such joint or pipe in not lead
free. : . 3

008.08 Application. ThillectimMnotapﬂytotherepabofhadedjoimsinmimn
- pipes in any public water supply systems that are in existence and use on July 1, 1988.
003.04 Evidence Required. The owner of each public water supply system shall, by

January 1, 1988, submit to the Director a copy of the plumbing code, ordinances, contracts
other enforceahle means required in 003.02. _

31
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004

PUBLIC NOTIFICATION AS CONDITION OF OPERATING A PUBLIC WATER
SUPPLY SYSTEM (INCLUDES AMENDMENTS MADE THROUGH SEP'I‘EMBER 15, .
1991)

004.01 _When Required. If -mmwnwmmwmfnﬂswmnbmthm
applicable maximum contaminant level or fails to submit any sample required by section
002 of these rules; is granted a variance or exemption from an applicable maximum
eontammtleveluprwxdedmlechmowd'thuenﬂs,faﬂstomplymththe
requirements of any schedule prescribed pursuant to a variance or

mmmmdmeNem&feDmhngWammmm

_ STAT §71-5301, et seq), the supplier of water shall notify persons served by the system

of the failure, grant or violation.

mmm_mm Themeroropeﬂtwofapuhlwmmpplymm
which fails to comply with an applicable MCL or treatment technique established by these
regulations or which fails to comply with the requirements of any schedule prescribed
pursuant to a variance or exemption, shall notify persons served by the system as follows:

004.02A Mum@mmmmemwmdamm
:upplylyltemmutmmhee:

004.02A1 By publication in a daily newspaper of general circulation in the
area served by the system as soon as possible, but in no case later then
14 days after the viclation or failure. If the area served by a public water
supply system is not served by a daily newspaper of general circulation,
notice shall instead be given by publication in a weekly newspaper of

004,02A2 By mail delivery (by direct mail or with the water bill) or by
hand delivery, not later than 45 days after the viclation or failure. The
Director may waive mail or band delivery if he or she determined that the
owner or operator of the public water supply system in violation has
corrected the violation or failure within the 45-day period. The Director

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: -

004,02A8a Any viclations specified by the Director as posing an
acute risk to human health.

004.02A8b Vialation of the MCL for nitrate as defined in 002.02A
and determined according to 002.08C8.

41
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004.02A8¢c Violation of the MCL for total coliforms, when fecal
mhfma&g;hmmtmthemdmﬁbmm
ulpeuﬁedmoozom

004.02A8d Occurrence of a waterborne disease cutbreak in an
unfiltered system suhject to the requirements of section 002.04
after December 30, 1091, or the effective date of 002.04 and
004.02A8¢ and 004.02A3d of these regulations, if later.

004,028 Except as provided in 004.02C, following the initisl notice given under
004.02A, 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 or failure exists.

004.02C Exceptigns,

004.02C1 In heu of the requirements of 004.02A and 004.02B, the owner
or operator of a community water supply system in an area that is not
served by a daily or weekly newspaper or general circulation must give
notice by hand delivery or by continuous posting in conspicuous places
within the area served by the system. Notice by hand delivery or posting
must begin as soon as possible, but no later than 72 hours after the
violation or failure for acute viclations or 14 days after the viclation or
failure of any other violation or failure specified in 004.02. Posting must
continue for as long as the violation or failure exists. Notice by hand
delivery must be repeated at least every three months for as long as the
violation or failure exists. _

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
bangd delivery or by the continuous posting in conspicuous places within
the area served by the system. Notice by hand delivery or posting must
begin as soon as possible, but in no case later than 72 hours after the
violation or failure for acute viclations or 14 days after the violation or
fnilmefamothervidnﬁmwﬁihuupea‘ﬁedinouw.

lbeomwomdapublnm

lupplysyltanwhnhfnﬂltoperfmnqlmdbymmos of these rules,
fails to comply with a testing procedure established by this part, is subject to a variance
ahmﬁeawmmpﬁmmnmﬁbmmhythgunemufonm

004.03A Except as provided in 004.03C or 004.08D, the owner or operator of a
or granting of a variance or exemption by publication in a daily newspaper of
general circulation in the area served by the system. If the area served by a
public water supply system is not served by a daily newspaper of general
am:hhon.noheelhnnmdbemlupubhamnmnweeﬂymwd
general circulation serving the area.

4“2
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004.09B Except as provided in 004.03C or 004.08D, 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.
Repeat notice of the existence of a variance or exemption must be given every
three months for as long as the variance or exemption remains in effect.

004.08C In Lieu of the requirements of 004.03A and 004.03B of this section, the
owner or operator of a community water supply system in the area that is not
served by a daily or weekly newspaper of general circulation must give notice
within three manths of the viclation or granting of the variance or exemption by
hand delivery or by continuous posting in conspicucus places within the area
served by the system. Posting must continue for aslong as the violation exists or
a variance or exemption remains in effect. Notice by hand delivery must be
upeatedntleasteverytln'eemmthsforulmguthendamnm«a '
variance or exemption remains in effect. _

004.08C1 Inﬂeud‘therequ‘OM.O&AndOOLOSB of this.
section, the owner or operator of a non-community water supply system
may give notice, within three months of the violation or the granting of
the variance or exemption, by hand delivery or by continuous posting in
conspicuous places within the area served by the system. Posting must
continue for as long as the violation exists, or a variance or exemption
remains in effect. Notice by hand delivery must be repeated at least
mythreemthsfwulmgutheudahmenﬂwnmor
mhmmeﬂ‘ect.

004.08D In lieu of the requirements of 004.08A, 004.08B and 004.08C 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 viclation must be given no less frequently than
annually.

‘ 004.04 Notice to new billing ymits, The owner or operator of a community water supply
system must give a copy of the most recent pubic notice for any outstanding violation of
mmmmwmmh&wmmmwwwmm
cuunphmnche&ﬂetoaﬂmhﬁlmgmﬁswmhmkmmtowdthem
service begins.

004.08 Memtentofmbhcnohee Each notice required by this section must
provide a clear and readily understandable explanation of the viclation, any potential
adverse health effects, the population at risk, the steps that the public water system is
taking to correct such violation, the necessity for seeking alternative water supplies, if any,
and any preventative measures the consumer should take until the violation is corrected.
Each notice shall be conspicuous and shall not contain unduly technical language, unduly
small print, or similar problem that frustrate the purpose of the notice. Each notice shall
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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
appropnate.thenomelhnnbemulﬁlmgml. : :

MMMMWMMMmM
adverse health effects required by 004.05 of this section in notices of viclation of maximum
contaminant levels or treatment technique requirements, or notices of the granting or the
continued existence of exemptions or variances, or notices of failure to comply with a
variance or exemption schedule, the owner or operator of a public water supply system
shall include the language specified below for each contaminant. (If language for a
perticular contaminant is not specified below at the time notice is required, this subsection
does not apply.)

004.08A Trichloroethylene. 'IheDn'ectord‘theNebuuhDepamnmtofHahh
(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
trichloroethylene is a health concern at certain levels of exposure. This chemical
is a common metal cleaning and dry cleaning fluid. It generally gets into drinking
water by improper waste disposal. This chemical has been shown to cause cancer
in laboratory animals such as rats and mice when the animais are exposed at high
levels over their lifetimes. Chemicals that cause cancer in laboratory animals also
may increase the risk of cancer in humans who are exposed at lower levels over
long periods of time. NDOH has set forth the enforceable drinking water
standard for trichloroethylene at 0.005 parts per million (ppm) to reduce the risk
of cancer or other adverse health effects which have been observed in laboratory
animal Drinking Water which meets this standard is associated with little to
none of this risk and should be considered safe.”

004,00B Carbon tetrachloride. "The Nebraska Department of Health (NDOH)
sets drinking water standards and has determined, based on information provided
by the US. Environmental Protection Agency and other scientific and medical
information that carbon tetrachloride is a health concern at certain levels of
exposure. This chemical was once a popular household cleaning fluid. If generally
shown to cause cancer in laboratory animals such as rats and mice when the
animals are exposed at high levels over their lifetimes. Chemicals that cause
cancer in laboratory animals also may increase the risk of cancer in humans who
are exposed at lower levels over long periods of time. NDOH has set the
enforceable drinking water standard for carbon tetrachloride at 0.005 parts per
million (ppm) to reduce the risk of cancer or other adverse health effects which
have been cbserved in laboratory animals. Drinking water which meets this
standard is associated with little to none of this risk and should be considered
safe."

M 1,2-Dichloroethane. “"The Director of the Nebraska Department of
Health (NDOH) sets drinking water standards and has determined, based on
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information provided by the U.S. Environmental Protection Agency and other
scientific and medical information that 1,2-Dichloroethane is a health concern at
certain levels of exposure. This chemical is used as a cleaning fluid for fats, oils,
wazxes, and resins. It generally gets into drinking water from improper waste
disposal. This chemical has been shown to cause cancer in laboratory animals
such as rats and mice when the animals are exposed at high levels over their
lifetimes. Chemicals that cause cancer in laboratory animals also may increase the
ﬁnkd'mhhmswhome:puedatlowalevdsmhngpqiodsof
time. NDOH has set the enforceable drinking water standard for 1,2-
Dichloroethane at 0.005 parts per million (ppm) to reduce the risk of cancer or
other adverse health effects which have been .observed in laboratory animals.
mmmwmwummmwmo{m
risk and should be considered safe.”

004.06D Vinyl chloride. 'l'heNebrnhDepartmmtofHealth(NDOH)-eu
drmkmgnteﬁmdardsmdlnsdetmmed.handonmfmhmmdedhy
the U.S. Environmental Protection Agency and other scientific and medieal
information that vinyl chloride is a health concern at certain levels of exposure.
This chemical is used in industry and is found in drinking water as a result of the
breakdown of related solvents. The solvents are used as cleaners and degreasers
of metals and generally get into by improper waste disposal. This chemical has
been associated with significantly increased risks of cancer among certain
industrial workers who were exposed to relatively large amounts of this chemical
during their working careers. This chemical has also been shown to cause cancer
in laboratory animals when the animals are exposed at high levels over their
lifetimes. Chemicals that cause increased risk of cancer among exposed industrial

. workers and in laboratory animals also may increase the risk of cancer in humans
who are exposed at lower levels over long periods of time. NDOH has set the

enforceable drinking water standard for vinyl chloride and 0.002 parts per million
(ppm) to reduce the risk of cancer or other adverse health effects which have
been observed in humans and laboratory animals. Drinking water which meets
mwummmwmammmwum
safe”

004.06F Bensene. 'I'heNebnnhDeparhnmtd'Hnlth(NDOHdermkmg
water standards and has determined, based on information provided by the U.S.
Environmental Protection Agency and other scientific and medical information
that benzene is a health concern at certain levels of exposure. This chemical is

" used as a solvent and degreaser of metals. It is also a major component of

underground gasoline and petroleum tanks or improper waste disposal This
ceratin industrial workers who were exposed to relatively large amounts of this
chemical during their working careers. This chemical has also been shown to
cause cancer in laboratory animals when these animals are exposed at high levels
over their lifetimes. Chemicals that cause increased risk of cancer among exposed
industrial workers and in laboratory animals also may increase the risk of cancer
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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 animals. Drinking water which meets
thnmdnrdnmedthhhtﬂetonmuﬂhnmkmdnhmndbemdmd
safe."

004.06F 1,1-Dichloroethylene. “The Nebraska Department of Health (NDOH)
sets drinking water standard and has determined, based on information provided
by the U.S. Environmental Protection Agency and other scientific and medical
information that 1,1-Dichloroethyiene is a health concern at ceratin levels of
exposure. This chemical is used in industry and is found in drinking water as a
result of the breakdown or related solvents. The solvents are used as cleaners
and degreasers of metals and generally get into drinking water by improper waste
disposal. This chemical has been shown to cause liver and kidney damager in
laboratory animals such as rats and mice when the animals are exposed at high
levels over their lifetimes. Chemicals which cause adverse effects in humans who
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. Drinking water which meets this standard is
associated with Little to none of this risk and should be considered safe.”

" 004.06G Para-dichlorobenizene. "The Nebraska Department of Health NDOH) -

sets drinking water standard and has determined, based on information provided
by the U.S. Environmental Protection Agency and other scientific and medical
information that para-dichlorobensene in a health concern at ceratin levels of

" exposure. This chemical is a component of deodorisers, moth balls, and pesticides.

It generally gets into drinking water by improper waste disposal. This chemical
mmmwmh‘undhdnqdmagemhmwymnhunhu
ntsandmwhenthemnhmupuedtoh:ghlevdnmthahfm
Chemicals which cause adverse effects in laboratory animals also may cause
adverse health effects in humans who are exposed at lower levels over long
periods of time. NDOH has set the enforceable drinking water standard for pars-
dichlorobenzene at0.075 parts per million (ppm) to reduce the risk of these
adverse health effects which have been observed in lIaboratory animals. Drinking
mmmmm:mmmwmdwmm
should be considered safe.’

004.06H 1,1,1-Trichloroethane. *"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 1,1,1-Trichloroethane is a health concern at ceratin levels of
exposure. This chemical is used as a cleaner and degreaser of metals. It generally
shown to cause liver, nervous system and circulatory system of laboratory animals
such as rats and mice when the animals are exposed at high levels over their



TITLE 179
Chapter 2

lifetimes. Some industrial workers who were exposed to relatively large amounts
of this chemical during their working careers also suffered damage to the kiver, .
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
health effects which have been observed in laboratory animals. Drinking water
which mieets this standard is associated with Little to none of this risk and should
be considered zafe.” '

004.061 Coliforms.

0040611 Total Coliforms (to be used when there is a violation of
" 002.02D1 and not a violation of 002.02D2). "The Nebraska Départment
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 posaible 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 result of a
problem with water treatment or the pipes which distribute the water, -
cause disease. Disease symptoms may include diarrhea, cramps, nausea,
mdpouibleplmdne.mdaqymdheadnchumdfnhgm. 'I‘hene
symptoms, however, are not just associated with
organisms in drinking water, but also may be caused by a number of
factors other than your drinking water. NDOH has set an enforceable
drinking water standard for total coliforms to reduce the risk of these
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
a health risk from disease-causing bacteria and should be considered safe.’

0040812 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
fecal coliforms or E. coli is a serious health concern. Fecal coliforms and
E. coli are generally not harmful in themselves, but their presence in
drinking water is serious because they usually are associated with sewage
or animal wastes. The presence of these bacteria in drinking water is
generally a result of a problem with water treatment or the pipes which
distribute the water, and indicates that the water may be contaminated
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diarrhea, cramps, nauses, and possibly jaundice, and 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 factors other than your drinking water. NDOthletan
enforceable drinking water standard for fecal coliforms and E. coli to
reduce the risk of these adverse health effects. Under this standard, all
drinking water samples must be free of these bacteria. Drinking water
which meets this standard is associated with little or none of this risk and
should be considered safe. State and local health authorities recommend
that consumers take the following precautions: [To be inserted by the
mmmmwmmmnnwmww
authorities).”

004.08J lﬁaohobpalmu(fwunwhentheeuawohhnnofthe
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 microbioclogical contaminants are a health concern
at certain levels of exposure. If water is inadequately treated, microbiological
contaminants in that water may cause disease. Disease symptoms may include
diarrhea, cramps, nausea, and possibly 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 factors other
than your drinking water. NDOH has set enforceable requirements for treating
drinking water to reduce the risk of these adverse health effects. Treatment such
as filtering and disinfecting the water removes or destroys microbiological
contaminants. Drinking water which is treated to meet NDOH requirements is
n-omtedwnhhﬂhtonmeofthnmkmdlhmﬂdbeemdeednfe.

Noheed‘vldnmd'themmlevel

004.07 Public potices for flugride.
for fluaride, notices of variances and exemptions from the maximum contaminant level for
fluoride, and notices of failure to comply with variance and exemption schedules for the
maximum contaminant Jevel for fluoride shall consist of the public notice prescribed in
004.02A and 004.02B of this section, plus a description of any steps which the system is
taking to come into compliance.

mwmummmmaompe-
htu)fcﬁmdeﬁnﬂbeuhﬂﬂdhnmthehﬁmﬂemphhkmin

mmmwdmoscamhm

004,078 Umamumahmmdhmmm
aystems which exceed the secondary MCL for fluoride shall notify:

004.07B1 all hilling units annually; -

004.07B2 all dentists and doctors listed as such in the telephone
directories covering the areas served by the public water supply system,
Jocal officials, and local newspapers annually; and
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' 004.07BS all new Lilling units at the time service begins.

004.07C The notice to be used by systems which exceed the secondary MCL shall
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 drinking water in your community has found a level of * mg per
Liter of fluoride. The Director of the Nebraska Department of Health (NDOH),
based upon information provided by the U.S. Eaviroumental Protection Agency -
and other scientific and medical information has set & 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

nmde.atthewtelevelsmthedrmhngm&chﬂdmuptotheage
of nine, reduces cavities. However, children exposed to levels of flucride greater
than 1.0 to 2.0 mg per liter may develop dental flucrosis in their permanent teeth.
Dentdﬂmmmmodaratemdmfmshndmohnmnm

staining) and pitting of teeth.

not be expected to be affected by this level of fluoride. Individuals with children
under the age of nine are encouraged to seek other sources of drinking water for
their children.

The NDOH Maximum Contaminant Level (MCL) for flucride is 4.0 mg per liter.
That standard is based upon protection from crippling skeletal fluorosis, 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 fluoride 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 bill. 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 fluaride
bottled drinking water that would meet all standards is also available,

Fwﬁmhfmnﬁon.emm“nmmmﬁty.'

X mmwmmmmwmmm

part.
i PWBMmurttheme,addreumdtdephmmberd‘aeunhctpenon

. at the PWS.
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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
legally responsible for ensuring that the requirements of this section are met.

004.08A1 Except as provided in 004.08A2 of this section, within 80 days
after the effective date of these regulations, the owner or operator of each
community water supply system and each non-transient, non-community
water supply system shall issue notice to persons served by the system
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 viclation of the
national primary drinking water regulation for lead.

004.00A2 Notice under 004.08A1 of this section is not required if the
system demonstrates to the Director that the water supply system,
water supply system, are lead free, as defined in 001.01Z.

004.00B Manner of notice. Notice shall be given to persans served by the system
either by (1) three newspaper notices (one for each of three consecutive months
and the first no later than 80 days after the effective date of there regulations);
(2) once by mail notice with the water bill or in a separate mailing 80 days after
the effective date of these regulations; or (8) once by hand delivery 80 days after .
the effective dater of these regulations. For non-transient, non-community water
supply systems, notice may be given by continuous posting. If posting is used, the
notice shall be posted in a conspicuous place in the area served by the system and
start no later than 30 days after the effective date of these regulations, and.
continue for three months. -

004.00C General content of notice.

004.00C1 Notices issued under this section shall provide a clear and
readily understandable explanation of the potential sources of lead in
drinking water, potential adverse health effects, reasonably available
methods of mitigating known or potential lead content in drinking water,
any steps the water system is taking to mitigate lead content in drinking
water, and the necessity for seeking alternative water supplies, if any.
Use of the mandatory language on 004.08D of this section in the notice
" will be sufficient to explain potential adverse health effects. -

004.09C2 Each notice shall also include specific advise an how to
determine if materials containing lead have been used in homes or the

- 4-10



TITLE 179

Chapter 2

. 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
pubic water supply system as a source of additional information regarding
the notice. Where appropriate, the notice shall be multilingual

by the system to use only the cold water faucet from drinking and for use
in cooking or preparing baby formula, and to run the water until it gets
as cold as it is going to get before each use. If there has recently been
major water use in the household, such as showering or bathing, flushing
toilets, or doing laundry with cold water, flushing the pipes should take
5 to 80 seconds; if not, flushing the pipes could take as long as several
minutes. Each notice should also advise persons served by the system to
check to see if Jead pipes, solder, or flux have been used in plumbing that

pmduhpntumdtoenmthatnewphmhmganﬂphmbmg
repairs use lead-free materiala.

Theonlymt_obemofthemmmtcﬂeadinthehauehddmh '
to have the water tested by a competent laboratory. Testing is especially
important to apartment dwellers because flushing may not be effective in
high-rise buildings that have lead-soldered central piping. Anlpprop'ulte.
the notice should provide information on testing).

in public notices required under 004.09C of this section on the potential adverse
hedtheﬂmdlndmdlmhngm,themwmdthem-uppb
system shall include the following specific language in the notice:

*The Nebraska Department of Health (NDOH) mmmmm

' lnsdetmdtbntludnahealthmate&tamlevehdm There

is currently a standard of 0.050 parts per million (ppm).

Bandonnewh’althhfmnﬁon.NDOHilﬁkebtolomthislﬁndnd

~ Part of the purpose of this notice is to inform you of the potential adverse health

effects of lead. 'nmnbmgdmemthwghmntu'mqynothemvmhhm
of the current standard.

NDOHnddhelmmethdmdrmkmgm Tooml:hleadm
the human body can cause serious damage to the brain, kidneys, nervous system,
and red blood cells. 'nlepeateltmk,eventhhnhnﬂ-termmntoyomg -
children and pregnant women.

411
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Izadlevelsmymnd:mhngmmlikebtobeh:ghect.

'Ifywrhunewm-yltemhuleadpupu,or

* Xf 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

¢ If water sits in the pipes for several hours.

004.00E Notice by the Director. The Director may give notice to the public
required by this section on behalf of the owner or operator of the water supply
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
ennmgthntthereqtmenuofthunctwnmmet.

mm_mmnmrhemdmmmwmm
to give notice under section 004 shall submit a2 copy of such notice and evidence of

publication of the notice to the Director in accordance with 005.01E.

412
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005 REPORTING AND RECORDKEEPING
. (INCLUDES AMENDMENTS MADE THROUGH SE'PTEMBER 15, 1991)

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

005.01A1 Any disruption in service that results in a likelihood for the
entrance of contaminants into the system, including reduced pressure due
to fire fighting operations or breakdown should be recorded by the owner
- of the system. Any loss of pressure of disruption of service for reasons
beyond normal repair or replacement shall be reported to the Director
when more than 10% of the consumers are affected.

005.01A2 ' Any proposed change in source of supply or treatment
processes, or any expansion of storage or to the distribution service area
shall be reported to the Director before entering into any financial
commitment for implementing a change.

operation and management of a public water supply system shall be made
available to the Director on request.

005.01A4 Any change in personnel, elected or appointed having primary
responxihility for the operation of a public water supply system, shall be
promptly reported to the Director by the owner or s representative of the
owner. _

" 005,01A5 Any change in ownership of a public water supply system shall
be reported to the Director by the prior owner, and the prior owner shall
be responsible for informing the new owner of the general provisions of
theNehnlh&feDrmkmgWateMandthereguhhmmplmhng
it.

mwwheualhorwpenodnlped&dinthhdnpm,themd‘
a public water system shall report to the Director the results of any test
measurement or analysis required by this chapter within (1) the first ten days
following the month in which the result is received, or (2) the first ten days
following the end of the required monitoring period as Wbythel)rector
which ever of these is shortest. .

MWMammmmhlpdﬁedhtﬁsm,m
owner of a public water supply system must report to the Director within 48
humthefaﬂmetoeumplywﬁhmregdahm(hchdmgﬁihmtompbmth
monitoring requirements) set forth in this chapter.
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005,01D Theowner.of'apublic;mterlupplyl'ylﬁemisnot}eqtﬁ-edtorepm

analytical results to the Director in cases where the Department of Health

Iabmtwyperfmaﬂofthemlylisandreporuanofthegemlu

005.01E Wﬂhmtmdq-dempleﬁmduchpuhcmtﬁamm
pursuant to 004, the owner of a public water supply system shall submit to the

" Director a representative copy of each type of notice distributed, published, posted

and/or made availahle to the persons served by the system and/or to the media.

005.01F The owner of & public water supply system shall submit to the Director
within the time stated in the request eopnud‘mreewdreqmdtobe
maintained under this chapter.

005.02A A public water system that uses a ground water source under the direct
influence of surface water and does not provide filtration treatment must repaort
monthly to the Director the information specified in this part beginning 6 months
after the Director determines that the ground water source is under the direct
influence of surface water, unless filtration is required, in which case the Director
may specify alternative reporting requirements, as appropriate, until filtration is
in place.. 'I'hereportuhallbemhmttedanormsPWSN&PWSMandPWS
405 in Attachment 4 to this Rule.

005.02A]1 Source water quality information must be reported to the
Director within 10 days after the end of each month the system serves
water to the public. Information that must be reported includes:

005.02A1a The cumulative munber 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
-mﬂeeonechm.mdthem'hzntheurhduylevelmeded
1 NTU.

005.02A1c 'nn'mmbu of samples during the month that bad
eqmltocle.thmﬁpel&mlfealed:fmmdlwequﬂto
or Jess than 100 per 100 m! total coliforms.

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

mﬁmmmmamﬂsmmmw
ch-thnnmpelwmloffealeohfmcequﬂtowle-
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~ than 100 per 100 ml total coliforms, whichever are analyzed,

dmingthepreviousdxmthsth_etyltmmvedwatertothe
public. i
mmdmpluthnthndequdtowlea
thnn20per100mlfeealeohfmoreqmltowleuthm100
per 100 ml total coliforms, whichever are analyzed, during the
previous six months the system served water to the public.

. 005.02A1g The maximum turbidity level measured during the

month, the date(s) of occurrence for any measurement(s) which
exceeded 5 NTU, mdthedm(l)themmrepcrud
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
measurement, 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
exceeded 5 NTU, and after 10 years of recordkeeping for
turbidity measurements, the dates and cumulative number of
events during which the turbidity exceeded 5§ NTU in the
previous 120 months the system served water to the public.

005.02A2 Disinfection information specified on 002.04H2 shall be
reported to the Director within 10 days after the end of each month the
system serves water to the public. ‘Information that must be reported

m 'chhdq,mmmdmdtm
dmfmmmmmpemammmthe
distribution system.

005.02A%b The date and duration of each period when the
residual disinfectant concentration in water entering the
distribution system fell below 02 mg per Liter and when the
Director was notified of the occurrence.
005.02A%¢ The daily residual disinfectant concentration(s) in mg
per liter and disinfectant contact time(s) in minutes used for
calculating the CT value(s).

,0242d If chiorine is used, the daily measurement(s) of pH of
disinfected water following each point of chlorine disinfection.
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005.02A%e The daily measurement(s) of water temperature in °C
following edch paint of chlorine disinfection.

005.02A2f The daily CTeale and CTeale divided by CT(99.9)
values for each disinfectant measurement or sequence and the
sum of all CTcale divided by CT\(89.9) values before or at the first

ggsoz_Azg 'lhednibdete:mmahonofwhetherdlmfechon
achieves adequate Giardia cyst and virus inactivation, ie.,
whether CTealc divided by CT(99.8) is at least 1.0 or, where

m’l‘hefonowmgmfmhonmthenmplutnkmmthe
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 i not measured but
heterotrophic bacteria plate count (HPC) is measured;

005.02A2h(3) Number of instances where the residual -
dmfmmnmmdhnmtdmwd
andnoHPCnmeuured,

mﬁm 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
dlmfmntmnmtmmn'edmdﬂl’c:l

mthmmperml.
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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 005.02AZh(1)
b = the value in 005.02A2h(2)
¢ = the value in 005.02A2h(3)

 d = the value in 005.02A2h(4)

e = the value in 005.02A2h(5)

V-pu'eentd'nmpleuwithmdeteanblereudml
disinfectant concentration

m&ﬁmmamwmmmm

is providing adequate disinfection in the distribution

Mthenqmmdmm&mtmto
that system.

005.02A2i A-ym»eedmtreportthuhhliltedhoo&m
and 005.02A2c-f, if all data listed in 005.02A2a-h remain on file at

'Iheqntemmhsuuhmttedtothe
Dmctwanthemfmreqmedbyw&thw
at least 12 months, and _

005.02A2i(2) The Director has determined that the
mummwmmw

005.02A3 No later than ten days after the end of each federal fiscal year
(September 80), each system owner must provide to the Directar a report
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which summarizes its compliance with all wellhead protecunn-
requirements specified in 002.04E2e.

005.02A4 No later than ten days after the end of each federal fiscal year
(September 80) each system must provide to the Director a report on the
on-site inspection conducted during that year pursuant to 002.04.1!'.8,
unleutheon-ntemspechmmmdmtedhythenm

005.02A5 Speunlreport&

005.02A5a Eachsystan. upondlmvermgthntame-borne
disease outbreak potentially attributable to the water system has
occurred, must report that occurrence to the Director as soon as
poasible, but not later than by the end of the next business day.

005.02A5b If at any time the turbidity exceeds § NTU, the
system must inform the Director as soon as possible, but no later -
than the end of the next business day.

005.02A5c If at any time the residual falls below 0.2 mg per liter
in the water entering the distribution system, the system must
notify the Director as soon as possible, but no Iater than by the
end of the next business day. The system also must notify the
Director by the end of the next business day whether or not the
residual was restored to at least 0.2 mg per liter within 4 hours.

005.02B A public water supply system that uses a surface water source or & .
ground water source under the direct influence of surface water and provides
in this section beginning June 28, 1998, or when filtration is installed, whichever
is later. The reports shall be submitted on Forms PWS 405 and PWS 408 in
Attachment 4 to this rule.

m Mw»wwm«mambe
reported within 10 days after the end of each month the system serves
water to the public. Infumﬁmthnmtbemtedimhnde:_

005.02B1a The total pumber of filtered water turbidity
measurements taken during the month. -

005.02B1b The number and percentage of filtered water
than or equal to the turbidity limits specified in 002.04G.

taken during the month which exceed 5 NTU.
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MDW&EMMM@WMO&.MHSM&W
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
disinfectant concentration in mg per liter in water entering the

005.02B2b The date and duration of each period when the
residual disinfectant concentration in water entering the
distribution system fell below 02 mg per liter and when the
Director was notified of the occurrence.

005.02B2¢ The following information on the samples taken in the
pursuant to 002.04F: .

" 005.02B2¢(1) ‘Number of instances where the residual
diﬁnfechntmﬁmismn'ed;

005.02B2c(2) Number of instances where the residual
dixinfectant concentration is not measured but
heterotrophic bacteria plate count (HPC) is measured;
005.02B2c(3) Number of instances where the residual
. dizinfectant concentration is measured but not detected
and no HPC is measured; g

005.07B2:(4) Number of instances where no residual
disinfectant concentration is detected and the HPC is

005.02R2¢(5) Number of instances where the residual
disinfectant concentration is not measured and HPC is
greater than 500 per ml;
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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 005.02B2c(1)
be the‘lhle.in 005.02B2c(2)
¢ = the value in 0Q5.0232¢(3)
d = the value in 005.02B2c(4)
e = the value in 005.02B2:(5)

V = percent of samples with undetectable residual
Sainfortant —

005.02B2c(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
emdm-requadofthehbmw_vnndﬂntthem )
is providing adequate disinfection in the distribution
system, the requirements of 005.02B2¢(1) - 005.02B2c(6)
do not apply.

mAmmwupmthedmwmoosm
if all the data listed in 005.02B2a-c of this section remain on file
at the system and the Director determined that the system has
Mmmmmmwmmmdm
section for at least 12 months.

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

Duectwumupo-ilﬂe.blnnohtuthmbytheendofthe
nutblm-day
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005.02B3b If at any time the turbidity exceeds 5 NTU, the
system owner must inform the Director as soon as possible, 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
in the water entering the distribution system, the system owner

" must notify the Director as soon as poesible, but no later than by
the eénd of the next business day. The system owner must also
notify the Director by the end of the next business day whether
ornottherendmlwure-twedtoatleuto.zmgpahtamthm'
4 hours.

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

005.03A Records of bacteriological, turbidity, temperature, pH, and disinfectant
residual analyses made pursuant to this rule shall be kept for not less than five
years. Records of chemical analyses made pursuant to this rule shall be kept for
not less than ten years. Actual laboratory reports may be kept of data may be
tranaferred to tabular summaries, provided that the following information be -

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

005.03A2 Identxﬁuhmofthenmplent:owhctheitmamhne
dlsmbuhonlyltemnmple,nchecknmple.nuwu'poee.ednmple,
or any other special purpose sample;

005.08A3 Detes of analyses;

005.08A5 The analytical technique or method used; and
005.08A6 The results of the analynis.

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
measurements on Department Forms PWS 401 and PWS 402.
005.03A8 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 Rmdséfacﬁmtnkenbythemawthemtmtomectviohﬁm'

-of primary drinking water tegiilations shall be kept for a period of not less than

three years after the last action taken with respect to the particular violation
involved.

006.03C Copudmmttmrepwhnmmwemmmﬁmrehﬁngto

sanitary surveys of the system conducted by the owner of the system, by a private
consultant, or by any local, state or federal agency including the Department of
Healthdnﬂbekeptforapmodcfmtlenthmtenyanaﬁamplehondthe
nmhrymmvnlved. :

005.0SD Records concerning a variance or exemption granted to the system and
records relating to receipt and compliance with Administrative Orders to correct
construction or operational deficiencies shall be kept for a period ending not less
thmﬁveyenufollawingthecpinﬁmofnnhnﬁame,pﬁmamde.

005.04 Avsilahility of Records. All records required by this section shall be available for |
public inspection at any reasonable hour and will be reviewed periodically for

completeness

by the Director. In addition, the Director shall publish annually, a listing of all public

water supply systems together with violation of maximum contaminant levels, monitoring

' wmmmwuwmmmmowd
these regulations.
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006 VARIANCES AND EXEMPTIONS (NCLUDES AMENDMENTS MADE TEROUGH
SEPTEMBER 15, 1091)

006.01 Variance. The Director, thht.heeommeneeoﬂheAdmemmdlmPubllc
Water Supply may authorize a variance from a maximum contaminant level adopted in
section 002 of this rule, except that variances from the MCL for total coliforms and
variances from any of the treatment techniques requirements of 002.04 may not be
authorized. Such variance may be granted when:

006.01A The raw water sources which are reasonably available to the system
cannot meet the maximum contaminant levels specified in these regulations
despite application of the best technology, treatment techniques, or other means,
whnhtbebmmdsmmmllymﬂnﬂe(hkmgmmmndmm

m Theeomentmhnnoftheemtammmt,weonhmmt,fwwhnhthe
mmemtmimntlcveluexeeededhygmnﬁnglmhmwﬂlmtrsuh
in unreasonable risk to health; and

008.01C Atthenmehmethemumteianhe@hfaemphmw
mmmdemphmumuadmdthemdthemppbww
implement such schedule.

M_QMMDW whhthemdtheMvao\mdlmPubhc-
Water Supply may exempt any public water supply system from any requirement
respecting a maximum contaminant level or treatment technique, or from both, as adopted
mmow.dmmmmmmmu@fwwe&fmm

mmmamwm%mwm«m
techmque;

m Ihpllhlnm-upplym“nmmthed‘mdm :
dmmhdctnmteehmquerquhhm.

008.02C mwdmmﬂmwmmwenﬁto
health; and

m At the same time the exemption is granted, a schedule for compliance,
or increments of compliance, is issued and the owner of the supply agrees to
fmplement such schedule. 'Ihe-chedulelhnllreqmeanphmemthwthan
lzmmthlaﬁatheddedmd'them

006.02E mﬁnnldatefctheeunpﬁmeeprovidedhmlchedulehtheq-e
of any exemption may be extended by the Director for a period not to exceed 8
maﬁethedated‘themoﬂhempﬁmfthepubhcmmppb
establishes that:
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006.02F.1 The system cannot meet the standard without eapitol
mprovunentswhmheannotbeeompletedthhmthepumddmnh
exemption; - .

008,02F2 Inthenneofam&emwh:chneedsﬁmnunlmfwthe

mwmmmmedmmmmw
obtain such financial assistance; or -

006.02F3 . '].'helystunhum'edmtoanenfmeableagremtto
become part of a regional public water aystem; and the system is taking
all practicable steps to meet the standard. -

006.02F In the case of a system which does not serve more than 500 service
connections and which needs financial assistance for the necessary improvements,
an exemption granted under 008.02E1 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
lllpnmble steps to meet the requirements of 0068.02E.

Amwmamwmpmnfmmthenqtmm

mmdmmmdwruhmhmwmnnwcwwthemof
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
GmmdlmPubthatcBupﬂyofanMamdﬁndmglmhhvetothemedm
mdobtamCmmcila.ppronld‘thepopuedachm.mded.

006.08A 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 .

water supply system of the proposes exemption or variance, that interested
persons may request a public hearing on the proposed exemption or variance.
The Director may require the system to provide other appropriate notice as he or
she deems necessary to provide adequate notice to persons served by the system;.
006.03B Ifapubhéhnrmgureqtuted.themmmaﬁmemdphee

for the hearing and such hearing shall be held before the Department prior to the
variance to the variance or exemption being issued. Frivolous and insubstantial

| 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;

006.08D mmhmmm«mﬁumwh
stringent than conditions under which variances and exemptions may be granted

: mdethemofthe?ederd&febrmkmgWMMPLMO&d

Ommmdﬁrﬂ:umdsdtht.

Mmmfwmﬂﬁuﬁmndp\mhcheumpmhmfm
with the requirements of Chapter 84, Article 0, Reissue Revised Statutes of

Nebraska, 1943. The same procedures shall be earried out prior to prescribing a
compliance schedule for conforming to the requirements of section 002 of these

6-2
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. 007 SITING, DESIGN AND CONSTRUCTION OF PUBLIC WATER SUPPLY SYSTEMS -
(INCLUDES AMENDMENTS MADE THROUGH SEPTEMBER 185, 1691)

mfwmmmdammmmmuw
as to: .

-@_LQ:I_A A-mapmltdmageubreakdawnuarsultd‘ﬂoods,ﬁre,
earthquakes, or other natural disasters;

OOZ.QIB Mmﬂmhnﬁmdﬁeﬁnﬁngnt&byeﬁsﬁngmof
pallution;

007.01C meteontrol,bytheme,overthelocnumofﬁmn'epotmml
sources of contamination within the proximity of the system in order to prevent
or minimize any hazard to the safety of the drinking water; and

007.01D Provide a sufficient property interest for the owner of the public water
supply system in order to operate, maintain and replace the system components.
007.02 Design. Plans and specifications for all major construction, extension or alteration
to community water supply systems shall be prepared by a registered professional
engineer and shall be submitted to the Director for review and written approval priar to

mmmwawwwmmmdamum
beginning of construction.

007.02A Plans and specifications shall be submitted for the following types of
Mm

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

| QUT02A8 Alterations that influence the capecity of existing wells or
intake structures;

Mﬂewmmphnhndmdiﬁaﬁmltoeﬁsﬁngw
plants; .

Mmmdwmwwwd
existing equipment;

including interior lining. peinting and/or coeti o
007.02A7 Pump stations;

7-1
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007.02A8 Transmission mains from the source of supply to the service
area; and

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

007.02B Submission of plans and specifications is not required for extension of
wntermmwuhmmutablnhod-mam _

007.02C lesmdlpeuﬁnhmllhnnbemwedfwgmenlmfmmewith_

*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

007.02C1 Presentedmlegibleformandd‘uﬁu:ntnaletoutabhh
construction requirements and facilitate effective review;

007.02C2 Submitted by the engineer in triplicate and in sufficient time
topenﬁtthwtywhngdqnfwmewmdmmwwm
with time for the incorporation of changes if required;

mmmadinamthntwmdtetheﬁmﬁmoreﬁdm
" 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, alteration
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
shall be provided to the Director by the engineer or owner of the aystem
fcthepwpued‘datemgtheﬁnﬂfeemmm&.

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 prgject, whichever is larger, lhnnbemdebefmthe
project is placed in service; :

7-2
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'007.02D3 Fhﬂlnetbpqytheﬁnﬂfeeamﬁintlhanmhtutemuseto

dmwmohthepmﬂhomtethesyﬂmureqtmdbym
008 of this rule.’

wmmwmutmnmwmmumﬂmd
mmmwmmmawmmmm
eomplywiththefoﬂowmgreqmremenu' '

MNomdaemmtymlupplymthngmthmthedeﬁmm
of major construction shall be placed in service prior to: certification by the owner
or designated representative of the owner for conformance to the approved plans
andlpeaﬁuhonsnrapprovedchmgenrdeu;aﬁmlmspecmn,mdmof
appvvnlbyt.heDlrectm-

of major construction found not to be constructed in accordance with approved

_ plans and specifications or change arders, ar for which plans and specifications

were not approved, shall not be placed in service until such time as the Director
determines the construction to be in conformance with current published
guidelines;

area and not requiring prior approval, shall be accomplished in the manner
lpeciﬁedhthe'GuidelinelmeateBy:temDuip'..

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 Report to the Director any intention to locate, construct, extend, or alter
a public water supply system and complete the work in accordance with TITLE
178, NEBRASKA ADMINISTRATIVE CODE, CHAPTER 12, REGULATIONS
GOVERNING WATER WELL CONSTRUCTION, PUMPINSTALLATIONAND
WATER WELL ABANDONMENT STANDARDS. .

007.05A No siting, design or construction for a Public Water Supply System shall
be carried out by a procedure which is inconsistent with these regulations unless
the Director makes a declaratory ruling that such siting, design or construction is
substantially equivalent to the standards prescribed in these regulationa.

007.05B AqymuofaPubthateSupplySystemmayreqtmtadm
ruling by the Director.
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* 007.05B1 Such a request must be submitted in writing at least thirty

(80) days prior to the initiation of construction or alteration of the Public
stupplysyltanmvolved.tmleugoodwnenlhownforam
review period.

. DO7.06B2 'Ihereqlutlhnninnhldeadacripﬁmd,the_deﬁgn;

material(s), and/or construction procedure(s) proposed (including
appropriate plans and specifications); identify the procedure or material

. required by the prescribed standards and include proof of the alleged

equivalency and such written arguments as are deemed appropriate by
the requesting party and/or the Director. Such request shall be

Wbyawmmm

007.05B3 Bmhnqustlbanbemadegenmnymamdamewithm
NAC 1.008, Rules of Practice and Procedure Reparding Declaratory
Ruylings, but unless the requesting party at the time of the request -
demands a hearing thereon, the matter will be deemed submitted on the
mmummmmmmwmmnm
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 (80) days in advance would result in
an immediate environmental threat, significant economic hardship on or
pose a health threat to the owner or other persons, waive the thirty (80)
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TITLE 179 - NEBRASKA DEPARTMENT OF HEALTH _
CHAPTER 2 - REGULATIONS GOVERNING PUBLIC WATE'R SUPPLY SYSTEMS
(NCLUDING AMMENDMENTS MADE THROUGH MARCH 30, 1992)

008.01 Operation. All public water supply systems shall be operated and supervised by
competent personnel and such personnel must possess a certificate of competency issued
by the Director. Inaddmon.allemnmmtyandnonmt, non-community water
supply systems shall:

008.01A Provide service on a twenty-four ‘hour a day basis with a certified
operator on call at all times unless the Director allows the 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
basis. '

008.01B Notify the Director of any situation with the water system which
presents or may present an imminent and substantial hazard to health;

008.01C Maintain an emergency plan of operations for safe-guarding the water
supply, protecting the drinking water, and, if necesaary, providing for an alternate
drinking water supply in the event of natural or man-made disasters. The plan
must include a list of individuals who may be called for help in times of disaster,
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
public water supply system wells or water sources shall be noted. 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 Sanitation of the Department of Health. The
wmmumnmmmmmmm
accessible to utility personnel and the public.

008.01D Hunhmddiinfectaﬂnewlyews&miedwnpairedntumimmd
storage facilities in accordance with methods acceptable to the Director before
placing the new or repaired portion of the system into service;

008.0]F Conduct an on-going program for the effective detection and elimination

* of cross-connections and the prevention of backflow ar backiiphonage. Such
.lmmhnﬁecttonvigwbythenhctwmdmnhdudemdnqﬁre;
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008.01F1 That there be no physical connection betweén 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.

mmmummmmmmm
system and another potable water system unless first approved by the
mmmmmwmedmwmnm

008.01E3 That the public water supply system shall install or require '

instaliation 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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'wwwmdnm&cmbwmm
l'u'ﬁh-,lnd'nnr'ﬂle :

@wammﬂmmﬁew&ewmmﬁmdmm
oosomoa.)

B. Wuta'eonnechmtolteammdlteamboiler'
1. Boiler or steam connection to toxic substances
2. Bﬂaammwmmmm

blowoﬂ'throughmpp)

IL NotSulueettoBackPmm )

A. Sewer-connected water line (not subject to waste stoppages)
B. Low inlets to receptacles containing:
. 1. Toxic substances
" 2. Nontaxic substances )
C. Coils or jackets used as heat exchangers in compressors in lines
carrying:
1. Sewage
2. Toxic substances
8. Nontoxic substances
D. Flush valve tailets or urinals
E. Toilet, urinal tanks and approved bathtubs -
F. &dmmtmhamwndmpod'mm

H. Vdndmﬂehcﬁﬁmuwﬁhhmmmthnmm
a cross-connection to: -
1. Toxic substances
2. Nontoxic substances
L Aspirators that may constitute a cross-connection to:
1. Toxic substances
2. Nontoxic substances

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

A mmmmmmamw
1 Toxic substances including lawn chemicals
2. Nontoxic substances

B ﬁewqﬁmmplqmgtomchm

C. Soft drink dispenser or bar carbonators

D. WWMMWCM
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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
be assumed to not affect air gaps when |
they are spaced horizontally a distance
greater than 4 times the effective

Upright position. No valves
downstream. Minimum of 6 inches or |
listed distance above all downstream |
pipth&ﬂnodlevelrimofreeeptw‘ w
Requires 1 foot below & sufficient side
& head room for testing & maintenance |

with a maximum of § feet above the
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.Foo_tnotes:' _

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.

Prevxmuappmvalbythepublantempplylyltmureq\mdf&unofapu
or vault (normally prohibited due to possaible flooding) or for paraliel and bypass
mwmmmmmmm
cross connection controls).

Backflow preventers shall not be Jocated in any area containing fumes that are
toxic, poisonous or corrosive; nor in any area in which they could be damaged by
freezing, or by exceasively high temperatures or pressures, vibration, physical
impact or structural stress; nor knowingly be allowed to conduct highly corrosive

,ornndywntmwnhmualpeaﬂtuhngandmmmmtom.

pmper&nfeopenhon.

'Refertogenunlnndspeuﬁcinmnaﬁonreqdrementsuuatedinthe&ou-

Connection Control Standards provided for in section 008.01E9 for conditions or

Not to be subjected to operating pressure for more than 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 008.01ES. Garden hose bibbs
shall be protected with approved, non-removable or integral, frost-proof, self-
dnmmg.mh-dphmﬂngnctmhnakeu.

mmmuammuwmmm
devices as described in AWWA Manual M-14, second edition. Backflow preventers
under this regulation and connected to fire protection systems shall be considered
part of those systems. As such, they shall not be installed, moved, removed,
replaced, shut off or in any way altered unless in strict compliance with the rules
and regulations promuigated by the State Fire Marshal

mmmm«mmdmw
with test ports be tested as often as required by the public water supply
gystem but at least once each year by a backflow preventer test and
repair technician certified by the Director, with test results certified
immediately to the public water supply system. :

008.01E5 That the public water supply system consumers be required to
assess and report potential backflow hazards on their premises and take
any steps necessary for protection of public health and safety as often as-
mmmuwmemmﬂmmnﬂmm
be no less often than every five (5) years.
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. to be maintained, records of locations, types, tests and repairs of backflow

preventers for a period of five (5) years of said tests and repeirs.

008.01E7 That backflow preventers required by this regulation shall have
beenteltedandapprondorhltedfmthemmdedulebymofthe

following organizations:

008.0]E7a Foundation for Cross Connection Control and
Hydrologic Research, University of Southern Cahforma,.
UmmtyPark.ImAngelu,(hhfmbooss .

008.01FTb American National Standards Institute, 1480
Broadway, New York, New York 10018. -

008.01E:7¢ Ummmmmm
Northbrook, Illincis 60062.

008.0]F7d National Sanitation Foundation, 2355 West Stadium
Boulevard, P.O. Box 1488, Ann Arbor, Michigan 48106. -

mmnnmmmmmmmumm'
by the public water supply system to further the public water supply

. System customers’ understanding and awareness of cross-connection
"hazards, the types of remedies available and the need to protect the

008.01F9 That approval of Cross-Connection Control Programs (including
as a minimum, backflow preventers, pressure regulators, vacuum
breakers, their installation, operation, testing, maintenance and repair)
shall be based on the following standards, and where conflicts may exist,
mmmummmuwmmmm

mmmmﬂmmwm
. Foundation for Cross-Connection Control and Hydraulic Research,
University of Southern California, eighth edition, a copy of which
~ is attached and incorporated by reference as if fully set forth with
herein.

mmmmmmn-u.mm
a copy of which is attached and incorporated by reference as if
fully set forth with herein. '
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008.01F Provide sufficient personnel, tools, spare parts, work areas, chemicals,
andothereuenmhneeemrytomphsheontmumnopmhmofthem
mthodmdmwwmtmnpﬁmdm

008.02 Maintenance. Allpubhcwatampplysystmahnnndoptandearryouta
m@nmmm&efoﬂmm .

008.02A Neat and orderly premises used solely for the purpose of producing,
treahng.ltmg.a-dmribuhngnfedrmhngmmthmphansmmym
tothoae-yltunmpunenhreqmrmgpenodlcattenhm.

008.028B Bouhnemspecummdmmgandrmdkeepmgofanmechmml
equipment in accordance with manufacturer’s recommendations for such
maintenance;

008.02C Tﬁnebnphmmtdmwdetmmtedlyltemmpmumd
eqmpmentparuuxdenuﬁedbyrmmnemspechmmdmdkeepmg-

008.02D Elimination of rust and carrosion 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;

008.02F Maintaining a system of records for annual review and reporting of the
capability of the source of supply, treatment, storage, and distribution facilities to
proudefwﬁxtmmdmdsbothnhut—tmandlmg-tm&mdmyw
plans);

008,02F Mmumwmmmmmmm
encroachments which are likely hazards to the safety of the drinking water
quality, or which could have a substantial impact on the system pressure or
eemmdahvmdbythelym Such action shall include the adoption of
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009 PERMIT FOR OPERATING A PUBLIC WATER SUPPLY SYSTEM
(INGLUDES AMENDMENTS MADE THROUGH SEPTEMBER 15, 1991)

M_Bmm Each wmewmmmammmly
mtmmthnthemlhanapplytotheDnectwfmapmntoemtmuetheopmmn
of such system beyond the date of January 1, 1078. The application shall be submitted
on a form provided by the Director (Attachment 5). : ‘

000.02 Jospection of the Svstem, mmmnmtbunwﬁble inspect
and survey the system, reporting findings to the owner of the system, and issue or deny
apamuhandmmplmeewnhthereqtmmoftheNebxuhSafeD:mhnng
Act and of these rules and regulations.

009.03_Information Required. Any persan constructing, or otherwise acquiring a public
water supply system subsequent to July 1, 1877, shall provide the information required
in subsection 008.01 of this section with the submission of plans and specifications as
required in section 007 of these rules. An operating permit will be issued upon
" confirmation that the completed works are constructed in accordance with approved plans
mdspeuﬁahmumdmdmshhmtbeuyﬂmwﬂlhemumedmdwdu
prmbedbytheaenﬂumdreglﬂahm

QQQ.% Enforcement. Any person operating a public water supply system prior to the
issuance of a permit in the manner prescribed in subsection 000.02 or 009.03 of this
_section, and found to be in viclation of any provisions of these rules or the provisions of
the Nebraska Safe Drinking Water Act, Mbemluecttomfmentuchmnmded
by law.

000.05 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 promuigated thereunder.

000.06 _Opportynity_for Hearing Any person shall be mnted. 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. Jud:unlrevwwoflmhdmnlwmmhonmqybe
obtameduprondedbynnhanptemdm
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TITLE 179 - NEBRASKA DEPARTMENT OF HEALTH o
CHAPTER 2 - REGULATIONS GOVERNING PUBLIC WATER SUPPLY SYSTEMB ,
(INCLUDES AMMENDMENTS MADE THROUGH MARCH 80, 1992).

010.01 Certified Operatar Necessary, No public water supply system shall be issued or
otherwise hold a permit to operate a public water supply system, granted by the
Department, unless its operator possesses a certificate of competency issued by the
Department.

g_o_o_]é'l'woa'mmpuhhém ly-tzmmay-hare nﬁhzethe

0100]1A1 The shared operator shall hold that grade required for the
operator of the highest classification of the systems involved;

010.01A2 The systems are located 80 as to permit reascnable travel time
between work areas with sufficient time remaining to perform necessary
routine supervisory maintenance and operational activity for each system.
As a guide, forty (40) miles is considered to be an acceptable distance;

010.01A8 mmmmmammmm
mmmmmmmmam
under the supervision of the shared operator;

010.01A4 Compeanies or corporations established for the purpose of
providing operational service to owners of public water supply systems
shall employ one or more persons holding a certificate appropriate to the
highest classification of the systems served. These persons shall have
demonstrated experience in the reasonable operation or regulation of such
system for at least one year within the last five-year period.

010.01B Application for a certificate of competency to act as a certified operator
of a public water supply system shall be made upon a form prepared by the
Director (Attachment 2). mfammmumma
fmmedbythennmwmt

010.01C In determining the degree of competency required for proper operation
d.mmmmmwmumwmmm :
systems;

0100I1C1 Class I - All community water supply systems and non-
involving filtration to remove harmful materials from the raw water
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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
uthuemmtym-upplylymdengnedtomapopuhhmm
excess of 50,000 persons;

m Class II - Anemmtymmmtqnsmdm

source or to improve the aesthetic quality of the delivered water, and
whhhmdeﬁmdwmhetnmzooommwoM and all
other community water supply aystems serving a population between
15,000 and 50,000;

'Q],m Class INI - Aneommnym'\wpblym.ndml

transient, non-community supply systems using any treatment technology
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
mummquwthemmdwwm
service to more than 15,000 persons; _

010.01C4 Class IV - All community water supply systems and non-
transient, non-community supply systems which do not use a treatment
technology involving filtration and which serve fewer than 2,000 persons;
mdaﬂotheemmﬂwwﬂuc@pqummmﬁun

010.01D mv-mmwmmm

The individual or individuals placed in responsible charge of each system, or system
operation, shall hold a valid Certificate of Competency comparable in Grade to the Class
withmwlﬂd:thepubhewntenppbqyﬂmnduuibed.

ntg, Certificates of Competency will be

Mb&eMan&ewmmmfcm_
mmmmmw _

Mhﬁmwm
010.028B Able to read and write the English language; -
meetings or short courses, or completion of education courses available that are

102




TITLE 179
Chapter 2

010.02D Abletommtnmlogsmdreeordsofopmhonmdperfommntenmee .
eonnstenthththeGmdeapphedfor;

Qm_ng Prodmeamdmeeofgoodmoralcbnm mtegnty,abihtytoeoopeute
vnthot.heu.mdullry reliability, initiative, and judgement to the degree necessary
tomnhd’admyopeahngmﬂts,md ’

~ 010.02F Compliance with the requirements of subsection 010.04 of this section
in regard to the appropriate Grade with the exception that the Director may issue
aProvmomlCemﬁmteofCanpctenqtoaqynpplmtd:mgthatpenodm
which experience is being acquired.

010.08 Grades of Certification. Six grades of certification shall be made available: five
grades to public water system operators, and one grade of certification to public water
system authorized backflow preventer testing and repair technicians, in accordance with
the criteria described in subsection 010.04 of this section. Operators possessing Grade 1
Certificates of Competency are qualified to operate a Class I community water supply
system; those possessing Grade II certification are qualified to operate a Class IT puhlic
water supply system, with the grades following having similar relationships with the other
public water supply systems respectively. Operators working under the supervision of a
certified operator, but in responsible charge while on duty, shall be required to hold a -
certificate of at least Grade IV. However, technicians who for the purpose of this
regulation shall fit the definition of operators responsible for continued performance of
-..any part of (the) system during assigned duty hours (001.01QQ) and who inspect, test
and repair backflow preventers with test ports which are used to protect potable drinking
water from contamination and/or pollution or from potential contamination and/or
pollution, and including both isolation and containment types of installation, shall be
required to hold a Grade VI certificate for all classes of public water supply systems.
mammmu'mmmmmw

tificati .

mmmmmwmcuﬁﬁaudmm
Mmﬁefwmmdwwmrthewm
requested: -

010.04A Grade I Certification -

010.04A] Prior successful completion of a Grade II certification
examination and stuccessful completion of an examination on the subject
of operation of a public water supply system recommended by the
Advisory Council on Public Water Supply and approved by the Director;
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 public water supply system or as a regulatory agent of public water
supply systems (e.g., State or Federal Safe Drinking Water Act
enforcement experience); or

108



TITLE 170
Chapter 2

010.04A3 Fmrymdeoﬂegemﬁfmymuofrupmﬁblecbnrgeofa :
public water gystem or as a regulatory agent of public water supply
lyltm(e.g.,snteorFederal&feDrmhngWuterActenfmm
experience); or

-010.04A4 Highnhooledmﬁmcemﬁnlmtmdixmrupmﬁble :

charge of a Class II or III public water supply system or eight years
operation of a system under the supervision of a person possessing a
Certificate of Competency as a Grade I Operator.

'010.04B Grade II Certification -

Prior successful completion. of a Grade III certification
examination and successful completion of an examination recommended
bytheAdwmcotmdlmPubthmSmbmdwedbythe
Dn'ectu-and

' w 'l‘woyeauofeollege,phuthnemrupomiblechngeda

public water supply system or three years as a regulatory agent of public
mnmqm(e&.sutecFededBafeDmhngWuem
enforcement experience); or

010.04B3 Bighlchodedxuﬁmceqﬁvﬂmtundlhmmpmﬁble
charge of a Class III, II or I public water supply system or six years
operation of a system under the supervision of & person possessing a
Certificate of Competency as a Grade I or Grade II operator or six years
as a regulatory agent of public water supply systems (e.g., State or
Federal Safe Drinking Water Act enforcement experience).

010.04C Grade III Certification -

nm-weoqﬂeﬁmdmenmimﬁmmdedbythe -
Mﬁmwmmesmmdww.tbm

WE@MMGWMMMW

charge of a community water supply system; or

- 010.04C3 'l‘woymcthiﬂxldwda-oqmahm.mdfurm

responsible charge of a community water supply system or six years
operation of a system under the supervision of a person possessing a
Cuhﬁated‘CanpetmnaGndeLGuden.cGndemopenm

01004D Grade IV Certification -

010.04D1 meﬂmdmm!‘dlmahnc

. treining course for water system operators recommended by the Council
_lndappondbyt.hel)irecta';cr
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010.04D2 = Successful completion of a correspondence course
‘recommended by the Council and approved by the Director; and

© 01004D8 Two years of high school or equivalent and cme year in
responsible charge of a community water supply system. :

010.04F Grade V Certification -

010.04E1 Demonstrated ability in the collection of water samples,
mterpretahmd‘remﬂtsofhnlogulmmmnmandthemmtemmeof
required records. :

010.04F 'Ihefonawingluhsﬁtuﬁnn.weqtﬁvnlents-fqrnqtﬂredupuimpw
training will be accepted by the Department: -

010.04F]1 Two years employment by a community water system under
&ewmdaeahﬁedmmbenxbmtutedfwmmd ,
grammar school or high school. _

010.04F2 neDm.withtheadvbeaftheCmmcﬂ.mnymbta
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.

010.04G Grade VI Certification -

010.04G1 Swenﬁﬂenmplehonofanmmhmrmmdedbythe
Ommcilmdapprovedbyt.hennetwmthenluect of cross connections,
backflow preventer operation, maintenance, testing, and repair. Such
mmm.mm»muammm
tutachnltuhnzmdrepawpcﬁum '

010.06A Certificates of Competency to act as operators of public water supply
systems or any part of such systems shall be issued by the Department for the
calendar years applied for and shall expire at midnight on December 81, of the
third year. The Department shall notify each certificate holder at least ninety
dnylbefmthemdtheeuhﬁmtebylletteraddnnedtohmathuhst
place of residence as noted upon its records.

010.058 Aqylmhcaﬁﬁated‘cunpetencymbedemed.mspmded.moked
or refused renewal by the Director for due cause. Due cause shall include, but not
be Eimited to:

010.05B1 Fraud in processing the certificate;
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010.05B2 Hahttunlmtmmﬁanoraddwhmtotheuseofdrup,
010.0583 Co:mchmofafekm-
‘ Qm lemluutdmputybp&tmpofenmﬂdm '

010.05B5 Violation of any of the provisions of the Nebraska Safe
Drinking Water Act or any rules or regulations adopted under such act;
and : _

010.05B8 Failure to pey the required fee.

010.05C Except in cases of failure to pay the required fees, no license ghall be
denied, suspended, or revoked except after due notice and opportunity for a
hearing. Any denial, suspension, or revocation of such license shall be subject to
review pursuant to the provisions of Chapter 84, Article 9. '

010.05D Certificates of Competency may be renewed triennially upon submission
of information updating that contained in the original application and upon the
submission of evidence that the applicant for renewed certification has received
athastﬁftemhomefmphbleemﬁmmgedumdlmgthepanthne
yearpmod.

MAtndmthmmmwd
aCahﬁmtedepemmdwnhuchMIwwdawa
Competency. _ _

QMLMMM&A&&WWMNMMM
Wmfcnmmamdmmmd\mdbythew

 010.08 Training Couyrse Fee, Afeed'fortydoﬂmfcncbdqd‘anbad:ﬂedhm
training course delivered by the Department shall be submitted with each application for
mmmmammmwnhammmhm
toappbvforaCerhﬁatechompetemy

010.08 Other Fees. Afeeufﬁﬁydnﬂnllbnnbeluhmﬁudwhhunhnqua
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
[OTATE OF NEFRASKA DEPAET) OF HEALT
GUIDELINES FOR WATER SYSTEM DESIGN
Introdyction

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
systems in Nebraska be prepared by a Professional Engineer and reviewed and approved by the
Nebraska State Department of Health. These guidelines are establishéd under this authority in
conformance with NEBRASKA STATE DEPARTMENT OF HEALTH, RULE 5, REGULATIONS
- GOVERNING PUBLIC WATER SUPPLY SYSTEMS. The definitions contained in RULE 5 apply

to these guidelines.

The Guidelines are intended as a guide to the engineer in the preparation of plans and
specifications and will be used as the basis for review by the Department of Health.

Guidel;

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 Engineers, are hereby adopted by the Nebraska State
Department of Heslth as guidelines for water system design. In the event of discrepancy, the
MANUAL OF WATER WELL CONSTRUCTION PRACTICES shall govern.

In addition, mfwmwmmmmm

1 Location. Every well, infiltration line or spring serving or intended to provide water for
& public water supply system, insofar as possible, should be located, constructed, or
modified in such a manner that neither underground or surface contamination by any
biological, chemical CMMQw&ewmdmm
from any cesspool, privy, septic tank, sub-surface tile system, sewer, drain, pit below
ground surface, abandoned well, animal or avian wastes, or any other possible source of
pollution can adversely affect such water supply. The minimum recommended horigzontal
distance in feet separating the well or spring from potential sources of contamination
should be as described below. The Department will consider location of wells and springs
at closer proximity than the minimum distances below. Approval for such location will be
given when circumstances require such location and when, in the opinion of the Director, .

~ the engineer demonstrates that such location will not constitutes a pollution hazard to the

A-l
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(1. Continued)
FEET

Non-Potable Water Well . 1,000

i
]

Water Tight) |
Whmnn&ermnﬂwmdmmdmﬂ&mpﬂahﬂmdmm
adversely affect the quality of water from such supplies, the distance separating these potential

sources of contamination and the well or spring should be greater than that listed in the above
schedule. .

2 A test hole will be required for all proposad well sites.

3.  The annular space shall be grouted to & minimum depth of 10 feet below the ground
surface. Grouting to greater depths will be required when warranted by the method of

-5 %% EEEEEEEEEEEEE

|
g-
g
i
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construction or is necessary, inthejudgehmtafthé-mréctor, 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;
information shall be submitted prior to the placement of the screen and gravel
pack. ' :

A3
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' ATTACHMENT 2
Water Operator Application Form -
Nebraska Department of Health OF'FIGE USE ONLY
Division of Drinking Water and Cert # '
Environmental Sanitation - In Comp.
P.O. Box 85007 Cert. Mailed
Lincoln, NE 88508-5007 ‘
. Last Name First Name and M.L
Street Address
City and State Zip Code
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.

(Disclosure of your social security number is vohmtary. Its usage by the Department of Health,
in regard to this application, is to allow the Department to distinguish between persons who have
the same or similar names. You will not be denied a license or certificate if you do not disclose

your Social Security number.)

High School Graduate? YES 'NO  (Circle Response)
Post High School education
Certification Grade Requested? 5 4 8 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. '

) .

A4
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II.

II1I.

‘water operator's certificate and operating the

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

This fofn constitutes a request that ___ _ holding & Class ____
(Name of Operator)

(Name & Address of Vater

Supply)

a iysten‘clacsifiod as Class

be allowed to act in the additional

capucity.is the operator in responsible charge of the
’ ' ' (Name & Address of

Vater Supply)

a system classified as Class o

Additional Information ;§ hg Supplied:

Distance between thée twvo systems _______ miles.

Name of person retponsiblé for shared system in absence of certified

operator

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 indi;atod-at each water supply sytem.

Systea 1 ' o . System 11

" Signature (Mayor, Chairman or Owner) Signature (Mayor, Chairman or Owner)

Title _ ' Title
Printed or Typed Name : Printed or Typed Name
Date ' . Date

System IIl

Signature (Mayor, Chairman or Owner) Title

Printed or Typed Name Date
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ATTACHMENT 8

Protocal for the Determination
" of Influence of Surface Water
on Ground Water Sources

. Nebraska Department of Health
Division of Drinkine Water and Envi tal Sanitati
P.O. Bax 85007
Lincoln, NE 68509

The Surface Water Treatment Rule (SWTR) promulgated by EPA requires that treatment
sufficient to produce a three-log (80.9%) reduction in Giardia lamblia cysts and a four-log (99.99%)
reduction in viruses be provided for all surface water sources and all ground water sources under
the direct influence of surface water. In most cases, treatment which will effect a three-log
reduction of Giardia will be more than sufficient to effect a four-log reduction in viruses. The basic
criteria which determines direct influence of surface on ground water sources, within the context
of the SWTR, is the possibility of Giardia cysts being carried into the ground water by infiltrating
surface water. The state must make a determination for all ground water sources as to whether
or not they are under the direct influence of surface water. This determination must be made for
all ground water sources supplying community systems by June 19, 1804, and by June 16, 1999,
fwthuemvmgnm-mmmtylyltm

The definitive determination of the influence of surface water is to perform particulate
analyses on water samples collected from ground water sources. Such analyses will be time
consuming, possibly to the degree that the analyses on each ground water source could not be
accomplished within the deadlines established in the SWTR. A screening protocol is necessary to
hmﬂthemmbadmmdwﬂemfawhnhmmwmbem The
screening protocol is as follows:

wdmmmmmmewmhm
. of water is potentially at risk to the direct influence of surface water or not. 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 lhemdmh.auprhgc.nhﬂhiﬁmpﬂery;

B. mmdmwmhmd.m-ummummm
feet from the ground surface;

C. mam«mmdmmmﬂum

D. m'emdefectlinthemdiﬁmd'theupp&tminm(mdefecﬁnp\mp
MMMGWWMMMM;

E. Mhhdemntegmﬁngd‘themmubn;

A8



Title 178

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

PubthMSupplySyuemwmbengentheoppommuytomdethereqmred
information.

Kamdmhdetemimdnottobepomﬁanyatrhktothedirect
influence of surface water in accordance 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).

Ifnweﬂudetermedtobepotenhalbntnaktothedirectinﬂuemeofmrfme
water 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 oflu&eewatamdsmooz.m
doesnotapply(noﬁn-t.hsmbumreqmred) '

Eamdwﬂundemmedwbemumktothe&ecthﬂumof

surface water in accordance with protocol number one, 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
afthuepnammlhanbe.mnﬁmdmdrmdod.

o Semple collection and certification.

() Pnatotheeoﬂeeﬂmdmhmplecmmm

source pump shall be operated long encugh to pump at least ten .
times the volume of the pump colunm.

(b) The certified operator in responsible charge of the public water
: mmmwmmmmﬂm.
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.

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

®) pHMbewmdlwmd‘tbcﬂﬂwmg:

(61] Method 150.1, Electrometric, "Methods of Chemical
Analysis of Water and Wastes," EPA Environmental
Monitoring and Support Laboratory, Cincinnati, Ohio,
(EPA-800/4-79-020), March 1983. Available from ORD
Publications, CERI, EPA, Cincinnati, Ohio 45268;
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@)

@

"GD. .Method D1298-84B, Electrometric, Annual Book of ASTM
. Btandards, Vol 11.01, American Society for Testing and
Materials, 1816 Race Street, Philadelphia, Pennsyivania

19108; or

(i) Method4500-H,Ebch'ometnc,§tandardM for the
Examination of Water and Wastewater, 17th edition,
American Public Health Association, American Water
Works Association, Water Pollution Cantrol Federation,
1089.

- () Tmpuatmﬁﬂbewmdufonm .

(1] Method 2550, Thermometric, Standard Methods for the

Examination of Water and Wastewnter, 17th edition,
American Public Health Association, American Water

Works Association, Water Pollution Control Federation, .
1988.

Evaluation of measurements.

® A variation of less than 15 percent between high and low results
of all of the parameters measured will be considered evidence
that the source of water is not under the direct influence of
surface water. mmummmmwm
are required).

®) Avuinﬁmuflbperemtwmbemhighmdlowrsulu
of any of the parameters measured will be considered evidence.
that the source of water is under the direct influence of surface
water. The owner of the water system may accept the
designation 'of surface water and provide treatment as required
. by 002.04 or may cause particulate analyses to be performed as
outlined in 8B.

In Eeu of performing analyses outlined in 8A, the owner may elect to
perform particulate analyses in accordance with 3B, :

B. Pcfmpumﬂmmdmpluhkenfrmthewﬂ

+))

Amd‘twomplunhaﬂbeeoﬁactedmdmlylelfwthe
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
certified laboratory in accordance with EPA consensus protocol given in
83(2)

A8
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(2) EPA Consensus Method:
' memmdmtoqmm
Bmsedmdlsﬁnedwaterthhpoblurbateso
Setﬂedovermght,u-eentrd'uged
Collectledmentandaddzil?mldehydemPBs
| Beﬂledmght.woentnﬁ:gad
Collectledmmt
] _ ]
>1g ' _ <lg
Sucrose or : : : ' :
. Percoll-sucrose - - ZnS0, Flotation
gradient !
ln 3 I II d& I.
concentrate (Brightfield/Phase-contrast)

€:)) nepruuieedaﬁyd'themdmlmmmnmanmplumu
mmmdmmmmmmn
subject to section 002.04.
() If samaple results are inconsistent or inconchusive, additional ssmpling shall
" be taken as directed by the Department of Health.

AD
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SURFACE WATER TREATMENT FORMS
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. Year,

SOURCE QUALITY CONDITIONS POR UNFILTERED SYSTEMS (1)
(For Bystam Use Ounly)

Systan/Treatmsnt Plant

Coliforas Measuremsnts (2) . ' . Turbidity Measuremsnts

Mo. of Samples Wo. of Samples Mesting Specified Limits Maximm (3) Turbidity (4)
Tuarbidity *Bvent®

Pacal Total (< = 20/100 =L) Lbﬂl (< = 100/100 =L} (WTU) ’ (Yes or No)

10

11

7

8

19

21

24

27

n




Bmplumhkenfmmthewmemmedmlypnortotheﬁutdmfechmpomt
included in the CT determination. -

'AllpeciﬁedinmCFRuLﬂ(b)(l).afeuld'totaleoliformumplemultbetakenoneuh
day that the system operates and a source water turbidity measurement exceeds 1 NTU.

For each’day that the maximum turbidity exceeds 5 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.
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10NO~TRNM SOURCE WATER QUALITY COMDITIONS FOR UNFILIRRED SYNTEMS

(Por Systam Use Only)

f-: Systam/Trestaant Plant
* PVSID,
Turbidity Msasuraments
Colifora Msasuramants Days with Nusbar of
Bo. of Bamples Bo. of Samples Mesting Specified Limits Turbidity Turbidity
Mouth Yacal Totil Pacal (<= 20/100 mL) Total (<= 100/100 ml) »S NIV Svents
Januvary
Pabroary
Maxch
" April -
May
Juone
July
August
Septumbar
October
Roveabez
December




7 403

Month

© CT DETERMINATION FOR UNFILTERED SYSTENS -~ )MONTHLY BEPORT 20 PRIMACY AGENCY (3)(2)

Year_

Systam/Treatmant Plant

Disinfectant/Sequance of Application

Disinfectant (3) | Disinfectant (3)
Conocsntration, Contact Time,
c (mg/L) T (min.)

CT aalc (4)
(=C x 7T)

M (3,5)

Water (3)
Temp.
(deg. C

CT99.9 (6)

(CToslc/CT95.9)

10

11

12

13

14

15

17

10

19

21 -

27

n

A1

(1) %o be included in the monthly report for at least 12 months aftar the
dnitiation of reporting. Aftar that tims, the Primacy Agency msy a0

longer reguire this form.

Prepared By
Date

(2) Use a separate fors for each disinfectant/sampling site. BEutar ms.gzm and ssquence position, e.g.,

“ozcna/1st” or "C102/3xd".

(3} Measurement taken at paak hourly flow,.

(4) CTcalc - ¢ (mg/L) x T (Min.)

(3) Only required if the disinfectant is fres chlorine.

(6) Prom Tables 1.1 - 1.6, 2.1, and 3.1, 40 CFR 141.74(b)(3)




] . DISINFECTION INPORMATTION
mmnm:m-m!mmmm

Month ' i Systea/Treatmsnt Plant
Year . EID

Minimum Disinfectant Residual | (CToalc/CT995.9) (from Table 6-3)

at Point-of Entry to Disinfectant Sequence (3)-
(1) - . (2) SUM (CToalc/CT98.9)<1
Date | Distribution Systes (mg/L) lst [2nd | 3xd |4th | 5th | 6th Sum (CToalc/C799.9) - (Yes or No)

10

11

12

13

17

18

19

21

27

Prepared By
Date

Notes:
(1) If less than 0.2 mg/L, the lowest level and durstion of the paricd must be reported, e.g., "0.1-3 hrs.®. ,

(2) To detarmins UM (CToalo/CT99.9), add (CToalc/CT99.9) valuss from the first disinfection ssquence to the last.
(3) If SUM (CTcalc/CT99.9) <1, a treatmsnt tachniqus violation bas coccurred, and a "yes® response must be enterad.
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" DISTRINUIION SYSTEM DISINFECTANT RESIDUAL DATA FOR UNTILTERED AND FILTERED SYSTEMS
MONTNLY REPORT FOR PRIMACY AGENCY

-,
AT

Systam/Treatamnt Plant
ISID

No. of sites whare
disinfectant residual
was msasured (=a)

No. of sites whare no
disinfectant residunal
wvas measured, but KPC.
messured (=b)

Ho. of sites where
disinfectant residual
not detectad, no EPC
measured (=c)

No. of sites where
disinfactant residual
not detactad, .

HPC > 500/m1 (=d)

No. of sites whare
disinfectant residual
not sassured,

EPC > 500 ml (=c)

10

11

12

13

14

16

17

18

19

21

24

27

n

b=

V = (ocedeg)/(a"b) x 100 = ( .

. R Y/

Prepared DY,

) x 100 = S

Dats
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v

MONTELY REFORT IO PRIMACY AGENCY FOR COMPLIANCE DETERMINATION —- UNFPILTERED SYSTENS
Month ) Systam/ZTreatmant Flant
Yaar MBID

Source Water Quality Conditions
« Cusulative number of months for which results are repartsd

For sourcs watar coliforas monitoring (Vo. of months)
For turbidity monitering (No. of sonths) (1)

3. Coliform Criteris

t

Mo. s - Ho. of Sawples Mesting Specified Liwits
Pecal Total Fecal (<=20/100mL) Potal (<=100/100mL)

Previous 6 months L ~ -~

Parcsutage of samples <= 20/100 =l fecal eon!ni'-, b AL yI\.v x 100 = )
Percentage of samples <= 100/100 =l total coliforms, T = g/x x 100 = | )
is ¥ < 30A7: Yes ] R/A 3 18 T < SOA?: Yes ¥o, 7/

€. Turbidity Critaria
Maximom turbidity level for reporting (current) moath = v
Entar the month (120 months pricr to the reporting month or January 1981 (Meh-n: is later)

Dates of 5 WIU Exosedances Since Latest Month Racorded Above

Beginning Dste Duration (days) Dats Rsported

Disinfection C: ia .
A. Puoint-of-Entry Minimus Disinfectant Residual Criteria

Days the Reaidual was <0.2 mg/L

. : Date Raported ‘.
D_Ay Duration of Low level (hrs.) to Primacy Agency

3. Distridution Systam Disinfectant Residual Critsria
The valus of &, b, g, 4, and @, from Tabls 65, as spacified in 40 CRP 141.75(b)(2)(111)(A)=(B)

as= P ) s C® 8= @ »
Ve gigepx 100 S
atb
For previous month, V & S

C. Disinfection Regquirement Criteria
° hecerd the date and valus of SUM (CToalc/CT99.9) for any BUM (CToalc/CT98.9) <1 (from table 6-4):
1t sone, entar “none”.

Date SO (CToalc/98.9)

Notess ) :

(1) The current 6-month cumulatives are required to determine whether compliance with the coliform critaria has
besn achisved. Thess totals are calculated from:s the previcus $-month cumnlatives, the currest sonth'’s,
and totals from the earliest of § previocus months.
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. DAILY DATA SEEET FOR FILTERED SYSTEMS
(Yor systam uss ounly)

Vear,

Piltration Technology

mt Plant

Q)

Maximm Filtered Water Turbidity

(2)

imus Disinfection Residual
at Point-of-Entry to Filter
Distribution Systam (mg/L) ¢

l Piltar
f£fluant

Clear-
wall

Plant

F!tnnt pffluvent

No. of

(3

Turbidity

(4)
No, of
Turbidity
Maasuremants
<= Bpecified
Limit

(5)

No. of
Turbidity
Measursments
> 5 Mu

10

11

12

13

15

16

17

b1

19

21

27

0




For multiple disinfectants, this cohumn must anly be completed for the last disinfectant
added prior to entering the distribution system. Ifleut.hano.zmg/Lthedurahonofthe
period must be reported, d.g,, *1.2-3 hrs.".

For systems using conventional treatment, direct filtration, or technologies other than slow
sand or diatomaceous earth filtration, turbidity measurements may be taken at the
combined filter effluent, clearwell effluent, or plant 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. -

Eoreonﬁnuousmemmtuch4houpeﬁoduil'ample. .

Depending on the filiration 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
mmbeoftwhd!tymmmeetmgthselevdsmmbermded.

mmmmam&mwwmsm the turbidity values
lhuuldahobereeorded,e.g..'a 50.8.2 6.0". ,
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MONTELY REPORT TO PRIMACY AGENCY FOR COMPLIANCE DETERMINATION - SYETDS
Month tment Plant
Year, Typs of Filtration
furbidity Limit MBID

Arbjdity Performance Criteria
A. Total numbar of filtared water turbidity msasuresents =

} 18 mlmutuundwlurtumuty-ummtmhnmnumlum.paeuhdlmntnrth

filtration technology esployed =
C. The pesrcveatage of turbidity msasuremsnts mesting the lpctud limits = B/AX 100 = ___ / x 100 = L]
D. Record the dats and turbidity valus for any msasurements axoeeding 5 NIU: if nons, entar “"nome®.

Date Turbidity, NTU

Pisinfection Performance Criteria
A. Point-of-gntry Minimum Disinfectant Residual Critaria

Minimum Disinfectant Residual Minimum Disinfectant Mesidual L Minimus Disinfectant Besidual
at Point-of-Rotry at Point-of-Batry at Point-of-Entry

Date | to Distribution Systss (mg/L) |pats| to Distribution Systss (mg/L) te | to Distribution Systss (mg/L)
1 ' u 21
2 12 22
3 LY 23
‘ ' u 2¢
5 1s s
6 % 26
7 { 17 27
. ' Ty 28
) 1 29
10 20 30
i n

Days the Besidual was <0.2 mg/%

Day Duration of Low Level (hrs.) Pats Reported to Primacy Agency

B. Distribution Systes Disinfectant Residual Critaria
The valus of a, b, G, d, and @, fram Table 6-3, as specified in 40 CFR 141.75 (b)(2)(4i11)(a)=(e)?

a® ,bw s C® s, dw n_..
Vegedeos x 100 ]

a+h :
For previous month, V = L]




ATTACHMENT 5
NEBRASKA DEPARTMENT OF HEALTH
Division of Drinking Water and Environmental Sanitation
APPUCATION FOR PERMIT TO OPERATE A PUBLIC WATER.SUPPLY SYSTEM

1. Name of system
2. Location of system
8. Area served (attach map)

4 hthemtmopmmdievingmtothepubliemrmmd?,
. If the answer is no, what part of the year are you open?

5. Owner’s name
6. Owner's address  Street or RFD
City, State, 2TP
: Zelephone gumber
7. dewmﬁﬂefammm
Name
Street or RFD
City, State, ZTP
Zelephone pumber

8. Nmeofmdzvldudrupmﬁﬂefwntmgmdn(ﬂ‘diﬂ‘mm
# 6):

0. Cedﬁdmwmwmmma)mmfam:
Name - - Grade ' '

10. Type and population of service areas:
a. Year-round residential population:
b. Seasonal residential population:
c. Non-residential, non-transient population:

« gchool © instituti
* medical facility _ ‘mdlml/amllhlnl
®daycarecenter _

A-19



| d Non-mdenhal.&nmentpopuhhon(daibmge during the
peak season if applicable): )
* pec ares ® service station:
*symmercamp________ - - *restaurant
® highway restarea . * hotel/motel

11. Number of service connections (generally equals the number of services
which are billed for water usage): _
~  -®pegidential * commercial
| * institutional _____ © other
12. Source water utilized: -
a. Non-purchased source water: :
1) % from ground water source(s) = ____
2) % from surface water source(s) = _

b. Puchsedmer(ﬁ'omnnotherpubhcwuermtan)
1) %puchnedbomapubl‘nwnteruﬁngmmd

2 5ptm:huedﬁunapuhhcwata'lyltemum¢
surface water =

| (Total should equal 100%)
. 18. Description of (use additional pages if necessary):

. a. Source(s) of supply:

b. wmummwm
e.Bta-agefndlihu:
d.Diltribm:imlyltm:

14 Attach Emergency Plan. Kmmﬂnnmﬂbn&mmmm
theatnehed'laalnmeml’hn and submit it with the completed application.

15  Other information:
16.  Submittedby Name
Iitle
Signature

Date

A-20




ATTACHMENT 6

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 10 calcium carbonate, in the cal-
culation of salinity, and in general labo-
ratory operations. In limnological studies.
watér temperatures as a function of depth

* Approved by Siandard Methoas Commuttee. 1988

: 2550 B. Laboratory and Field Methods

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 minimal thermal capacity to
permit rapid equilibration. Periodicaily
check the thermometer against a precision
thermometer certified by the National In-
stitute of Standards and Technology
(NIST. formerly National Bureau of Stan-
dards)® that is used with its certificate and
correction chart. 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 thermistor is most con-
venient and accurate; however, higher cost

* Some commercial thermometers may be a3 much a8 3°C
in erver.

introduction

often are required. Elevatez temperatureg
resulting from discharges ¢ heated way
may have significant ecmcma] impact;
Identification of source ¢’ water supply,
such as deep wells. often 1s possible by tem.
perature measurements aicne. Industrial
piants often require data o ‘xater temperd

ature for process use or r.22-rransmission
calculations.

may preclude its use. Calibrate any tem-§
perature measurement davices with a
NIST-certified thermometer before field
use. Make readings with the thermome
or device immersed in water long enoughX
to permit complete equilibration. R
resuits to the nearest 0.1 or i.0°C, depend-
ing on need. _

The thermometer commoniy used f
depth measurements 1s 0 the reversi
type. It often is mounted on the sample;
collection apparatus so that a water sample-
may be obtained simuitaneously. Corru:t
readings of reversing thermometers fofg
changes due to differences between tem
perature at reversal and temperature 8%
time of reading. Calculate as follows:

LIRS £
AT = [(T T n
K i
X[l"‘(Tl-lH_T -Vo)]+L 2
—_— .
where:

AT = correction to be added :l;ebmall!
uncorrected reading. b
T = uncorrected reading at _revmll.
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ated temperatures
» of heated water
:cological impact.
of water supply,
ts possible by tem-
alone. Industrial
on water temper-
heat-transmission

is

alibrate any tem-
devices with a
weter before field
the thermometer
sater long enough
ilibration. Report
or 1.0°C., depend-

nmonly used for
“of the reversing
:d on the sample
at 2 water sample
ineously. Correct
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ses between tem-
i temperature at
. as follows:
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§ at reversal.

TESTS ON SLUDGES (2710)/Oxygen-Consumpton Rate 281

1 = temperature a3t which thermometer 1s
read.

V, = volume of small bulb end of capiliary
up to 0°C graduanion.

K = constant dependine on relative thermal
eapannion of mercury and glass (usual
value of K = 6100). and

L = calibration correction of thermometer
depending on 7.

If series observations are made 1t is con-
venient to prepare graphs for a thermom-
eter to obtain AT from any values of 7'
and ¢

3.. Bibliography

WaRREN, H.F. & G.C. WuirrLE. 1895. The ther-
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SVERDRUP, H.V.. M. W Jolinsos & R.H. FLEM-
ING. 1942. The Oceans. Prentice- Hall, Inc.,
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AMERICAN SOCIETY FOR TLSTING AND MATE-
RIALS. 1949. Standard Specifications for
ASTM Thermometers No. E1.58. ASTM.
Philadelphia, Pa.

REE. W.R. 1953. Thermisiors for depth thermo-

metry. J. Amer. Water Works Assoc. 45:259.

2710 TESTS ON SLUDGES®

2710 A.

This section presents a series of tests
uniquely applicable to sludges or slurries.

® Approved by Standard Methnds Commatiee. 1983,

Introduction

The test data are useful in designing facil-
ities for solids separation and concentration
and for assessing operational behavior, es-
pecially of the activated sludge process.

2710 B. Oxygen-Consumption Rate

5. General Discussion

This test is used to determine the oxygen
consumption rate of 3 sample of a biolog-
ical suspension such as activated sludge. It

.is useful in laboratory and pilot-piant stud-

ies as well as in the operation of full-scale
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
not necessarily identical to conditions at
the sampling site, the observed measure-
ment may not be identical with actual oxy-
gen consumption rate.

2. Apparatus

a. Oxygen-consumpuon rate device:

Either: .

1) Probe with an oxygen-sensitive elec-
trode (polarographic or galvanic), or

2) Manometric or respiromelric device
with appropriate readout and sample ca-
pacity of at least 300 mL. The device
should have an oxygen supply capacity
greater than the oxygen consumption rate
of the biological suspension, or at least 150
mg/L-h.

b. Siopwaich or other suitable timing de-
vice.

¢. Thermometer to read 10 = 0.5°C.

o ann " . © o s
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pH (4500-H)/Electrometnc Method

1. General Discussion

a. Principle: The basic principle of elec-
trometric pH measurement is determina-
tion of the activity of the hydrogen ions by
potentiometric measurement using a stand-
ard hydrogen electrode and a reference
electrode. The hydrogen electrode consists
of a platinum electrode across which hy-
drogén 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 pglass electrode commonly is
used. The electromotive foree (emf) pro-
duced in the glass electrode system varies
linearly 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 single ion activities such as g,
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 Institute of Standards and Tech-
nology (NIST, formerly National Bureau
of Standards) buffers having assigned val-
ues so that:

pPH, = = logpay-

where:
pH, = assigned pH of NIST buffer.

The operational pH scale is used to mea-
sure sample pH and is defined as:

. FE —E)
PH. = PHs = =S RT
where:
pH, = potentiometncally measured sampie
pH,

4500-H* B. Electrometric Method

F = Faraday: 9.649 X 10* coulomb/mole.

E, = sampie emf. V, '

E, = buffer emf, V, .

R = gas constant; 8.314 joule/(mole °K).
and

T = gbsolute tempersture, ‘K.

NOTE: Although the equation for pH, ap-
pears in the literature with a plus sign, the
sign of emf readings in millivolts for most
pH meters manufactured in the U.S. is neg-
ative. The choice of negative sign is con-
sistent with the IUPAC Stockholm
convention concerning the sign of electrode
potential.'? :

The sctivity 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
E, and E, should be minimal. Sampies must
be dilute aqueous solutions of simple sol-
utes ( <0.2M). (Choose buffers to bracket
the sampie.) 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 clectrodes 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 buflers have a specified pH at indicated
temperatures. '

Always report temperature at which pH
is measured.

2. Apparatus

a. pH meter consisting of potentiometer,
a glass electrode, a reference electrode, and
a temperature-compensating device. A cir-
cuit is completed 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 expansion that permits reading
10 0.001 pH unit, but most instruments are
not that precise.

For routine work use a pH meter ac-
curate and reproducible to 0.1 pH unit with
s range of O to 14 and equipped with a
tempersture-compensation adjustment.

Although manufacturers provide oper-

0«
7 i
[
'
~$500 = i
9
) ? u
imercopt Controleph
. Figure 4500-H *:1. Electrede potential vs. pH. In-
tereept control shifis response
curve laterally.

Electrode Polentisl—mV
o

" INORGANIC NONMETALS (4000)

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 diagramatically in Figures
4500-H*: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 on scale (0 mV) with a pH 7
buffer that has no change in potential with
temperature.

The slope control rotates the emf{/pH
siope about the isopotentisl point (0 mV/
pH 7). To adjust siope for temperature
without disturbing the intercept, select a
buffer that brackets the sample with pH 7

buffer and adjust slope control to pH of g

this buffer. The instrument will indicate . 3=

correct millivolt change per unit pH at the
test tempersture. . '

b. Reference electrode consisting of a half
cell that provides a constant electrode po-
tentisl. Commonly used are calomel and
silver: silver-chloride 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

100°C «74mv/pH unit,
80°C S4mV/pH unily
0°C (SAmV/pit unity
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pH (4500-H*)/Electrometric Method

clectrode forms a salt bridge with the sam-
ple or buffer and a liquid junction potential
is generated that in turn affects the poten-
tial produced by the reference electrode.
Reference electrode 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

recommended for strongly basic solutions.
Follow the manufacturer's recommenda-
tion on use and care of the reference elec-
trode.

Refill nonsealed electrodes with the cor-
rect electrolyte to proper level and make
sure junction is properly wetted.

¢. Glass electrode: The sensor electrode

is a bulb of special glass containing a fixed

concentration of HCI 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 repuision 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 electrodes are
available. Combination electrodes incor-
porate the glass and reference electrodes
Into a single probe. Use a “low sodium
error” electrode that can operate at high

-temperatures for measuring pH over 10 be-

cause standard glass electrodes yield er-
roneously low values. For measuring pH

‘below | standard glass electrodes yield er-

roneously high' values; use liquid mem-
brane electrodes instead.

d. Beakers: Preferably use polyethylene
or TFE® beakers.

e. Stirrer: Use either a magnetic, TFE-
coated stirring bar or a mechanical stirrer
with inert plastic-coated impeller.

*Tefion or equrvalent.

4-97

/. Flow chamber: Use for continuous flow
measurements or for poorly- buffered so-
lutions. )

3. Reagents

a. General preparation: Calibrate the
electrode system 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
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 to 1000 mL. This is par-
ticularly important for borate and carbon-
ate buffers.

Boil and cool distilled water having a
conductivity of less than 2 pmhos/cm. To
50 mL add | drop of saturated KCl so-
lution suitable for reference eiectrode 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 10 130°C for 2 h
before weighing but do not heat unstable
hydrated potassium tetroxalate above 60°C
not dry the other specified buffer salts.

Although ACS-grade chemicals gener-
ally are satisfactory for preparing buffer
solutions, use certified materials available

‘from the National Institute of Standards

and Technology when the greatest accu-
racy is required. For routine analysis, use
commercially available buffer tablets, pow-
ders, or solutions of tested quality. In pre-
paring buffer solutions from solid salts,
insure complete solution.

As a rule, select and prepare buffer so-
lutions classed as primary standards in Ta-
ble 4500-H * :I; reserve secondary standards
for' extreme situstions encountered in
wastewater measurements. Consult Table
4300-H*:Il for accepted pH of standard
buffer solutions at temperatures other than
25°C. In routine use, store buffer solutions
and samples in polyethylene bottles. Re-
place bufier solutions every 4 weeks.
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TasLe 4500-H ' 1. PrREPARATION OF PH STANDARD SOLUTIONS'

Weight of Chemicals Needed /1000 mL

Standard Solution (molality) pll at 25°C " “Aqueous Solution a1 25°C
Primeary standerds:
Potassium hydrogen tarirste
(saturated at 25°C) 3587 > 7 g KIIC,1,0,*
0.08 potassium dihydrogen. citrate 1176 11.41 g Ki§,C . H,0,
0.03 potassium hydrogen phthalate 4.004 10.12 g KHC,M,0,
0.02$ potassium dihydrogen -
- . phosphate + 0.02S disodium )
hydrogen phosphate 6.86) 3387 g KH, PO, + 3.533 g Na,HPO, t
0.008 693 potassium dihydrogen :
phosphate + 0.030 43 disodium .
hydrogen phosphate 1.418 1.179 g KH,PO, + 4.30) g Na,iiPO,
0.01 sodium borate decahydrate - .
(m‘, ) 9.1} LN (] [} Na,_n.(), . lOll,O'
0.028 sodium bicarbonate + 0.028 '
sodium carbonate 10014 2.092 g NallCO, + 2.640 g Na,CO,
. Secondary standards:
0.03 polassium tetroxalate '
dihydrate 1.679 1261 g KH,C,0, - 2,0
Calcium hydroxide (saturated
at 25°C) ' 12454 + 2 g CaloIn),*

¢ Approsimate solubility.

{ Prepare with freshly boiled and cooled distilled water (carbon-diozide-free).
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pprUABIaLE SUIUBINTY. ” .
“~epare with freshly boited and cooled distilled water (carhon-dionde-

free)
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TAmE 4500-H ' :J1. STANDARD PH VaLues' g
Primary Standards - : Secondary Standards I
<
Bicarbonate- . Calcium g
Temperature Tartrate Citrate Phthalate Phasphate Phosphate Morax Carbonate Tetronalate Hydroxide 5
°c (Saturated) ’ (DOD3Af) (0.05M) u:t) (1:3.3) - (001 M) (0025 3) (005A1) (Saturated) 2
0o . ' © aom 6 on2 7.504 9460 10020 1.666 H
[ ' 3998 6949 7501 9192 10 248 1.668 §
0 - 3.996 6921 . 1.4 9.3 10.181 1.670 g
15 1996 ’ 6898 7449 9.276 - 10 120 16712
10 3.999 6878 7.430 -9.227 - 10.064 1615
23 1.557 1176 4.004 6 86) 1418 9.18) 10.014 1.679 12.454

30 1ss2 4011 6.851 7.403 . 914} 9.908 1.68)
35 3.549 4020 6842 7.394 9.107 9.928 1.688
n 4024 6.8)9 1.392 9.093

’ .40 sn 4.030 6.836 7.388 9.074 9.891 1.694
- 43 1540 4042 6.832 T1388 9.044. 9.859 1.700
© 50 3.549 4053 6831 1.384 9.017 . 983 1.707

3s T 3884 ’ 4070 _ 1718
) . 380 - 4083 : 1.123
70 3.550 an _ 1.74)

80 1.609 : 416 1.766
90 1.650 R .19 1.792
9s 64 42 1 806
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b. Saturated poiassium hydrogen 1artrate
solution: Shake vigorously an excess (5 to
10 g) of finely crystalline KHC,H.O, with
100 to 300 mL distilled water at 25°C in a

_glass-stoppered bottle. Separate clear so-

lution from undissoived 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 calcium hydroxide solution:
Calcine a well-washed, low-alkali grade

CaCO, in a piatinum dish by igniting for -

1 h at 1000°C. Cool, hydrate by slowly

.adding distilled water with stirring,-and

heat to boiling. Cool. filter. and collect solid
Ca(OH);, on a fritted glass filter of medium
porosity. Dry at 110°C, cool. and puiverize
to uniformiy fine granules. Vigorously
shake an excess of fine granules with dis-
tilied water in a stoppered polyethylene
bottle. Let temperature come 10 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.

_d. Auxiliary solutions: 0.1N NaOH, 0.1N
HCI. 5N HCI (dilute five volumes 6N HCl
with one volume distilled water), and acid
potassium fluoride solution (dissolve 2 g
KF in 2 mL conc H,SO, and dilute to 100
mL with distilled water).

4. Procedure

a. Instrument colibration: 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/cm. Tsp water is a better
substitute than distilled water, but pH 4
buffer is best for the single glass electrode
and saturated KCl is preferred for a cal-
omel and Ag/AgCl reference electrode.
Saturated KCl is the preferred solution for
a combination electrode. Keep electrodes

- perature (this is a slope adjustment).

_— e
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wet by returning them to storage solution
whenever pH meter ® not in use.

Before use, remove aiectrodes from stor-
age solution, rinse, blot dry with a soft
tissue, place in ininal buffer solution, and
set the isopotentiai pa:nt (§ 2a above). Se-
lect a second buffer within 2 pH units of
sample.pH and bring sample and buffer to
same temperature, which may be the room
temperature, a fixer. ~emperature such as
25°C. or the temper. re of a fresh sample.
Remove electrodes frim first buffer, nnse
thoroughly with distilled water, blot dry,
and immerse m secord buffer. Record tem-
perature of measuremznt and adjust tem-
perature dial on meter so that meter j§
indicates pH valuc of buffer at test tem-

e i s o .

s —— e . Mk e & s Tt

Use the pH value listed in the tables for 4
the buffer used at the test temperature. Re-
move electrodes from second buffer, rinse ‘3
thoroughly with distilled water and dry
electrodes a3 indicated above. Immerse in §
a third buffer below pH 10, approximately &
3 pH units different from the second:; the 3
reading should be within 0.1 unit for the 3
pH of the third buffer. If the meter response 3
shows a difference greater than 0.1 pH unit }
from expected value, look for trouble with -
the electrodes or potentiometer (see s 50 i
and & below). .o

The purpose of stzadardization is to ad- .
just the response of :he glass electrode to y
the instrument. When only occasional pH
measurements are made standardize in- J§
strument before eac- measurement. When
frequent measurem=-ats are made and the 3§
instrument is stable standardize less fre- ¢
quently. If sampie pH values vary widely, 3
standardize for each ampie with a bufler
having a pH within { fo 2 pH units of the
sample.

b. Sample analytc Establish equilibrium 3
between electrodes -nd sample by stirring §
sample 10 insure hcmogeneity; stir gently 0
to minimize carbon dioxide entrainment.$
For bufféred samples or those of high ionic:
strength, condition electrodes after clean-§

R TP P
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pH (4500-H *)/Electrometnc Method

ing by dipping them into sample for 1 min.
Blot dry, immerse in a fresh portion of the
same sampie, and read pH.

With dilute, poorly buffered solutions,
equilibrate electrodes by immersing in
three or four successive portions of sample.
Take a fresh sample to measure pH.

5. Trouble Shooting

a. Potentiometer: To locate trouble
source disconnect electrodes and, using a
short-circuit strap, connect reference elec-
trode terminal to glass electrode terminal.
Observe change in pH when instrument
calibration knob is adjusted. If potentiom-
eter is operating properly, it will respond
rapidly and evenly to changes in calibration
over a wide scale range. A fauity poten-
tiometer will 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-
tioning properly, look for the instrument
fault in the electrode pair. Substitute one
electrode at a time and cross-check with
two buffers that are sbout 4 pH units apart.
A deviation greater than 0.1 pH unit in-
dicates a faulty 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¥N HC
and .0.1¥ NaOH. If this fails, immerse tip
in KF solution for 30 5. After rejuvenation,
soak in pH 7.0 buffer overnight. Rinse and
store in pH 7.0 buffer. Rinse again with
distilled water before use. Protein coatings
can be removed by soaking glass electrodes
lln | ;0% pepsin solution adjusted to pH

02,

To check reference electrode, oppose the
emf of a questionable reference electrode
against another one of the same type that
1 known 10 be good. Using an adapter,

4-101

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 electrodes im-
mersed in the same electrolyte (KCl) so-
lution and then in the same buffer solution.
The millivolt readings should be 0 = SmV
for both solutions. If different electrodes

are used, i.e., silver: silver-chloride against .

calomel or vice versa. the reading will be
44 = 5mV for a good reference electrode.

Reference electrode troubles generally
are traceable to a 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 electrolvte flows freely when suc-
tion is applied to tip or pressure is 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. =0.1 pH unit
represents the limit of accuracy under nor-
mal conditions, especially for measurement
of water and poorly buffered solutions. For
this reason, repont pH values 10 the nearest
0.1 pH unit. A synthetic sample of a Clark
and Lubs buffer solution of pH 7.3 was
anslyzed electrometrically by 30 labora-

‘tories 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-
walers, iodine has had limited application.
Use of iodine generally is restricted to per-
sonal or remote water supplies where ease

of application. storage stability, and an in-

ertness toward organic matter are impor-
tant considerations. Some swimming pool
waters are treated with iodine to lessen eve

burn among swimmers and to provide a

stable disinfeciant residual less affected by
adverse environmental conditions.

lodine is applied ip the elemental form
“or produced in situ by the simultaneous

addition of an iodide salt and a suitable

*Approved by Standard Methods Commutiee, 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-
wnt control (see lodide. Section 4500-17).
" Because of hydrolysis. active iodine ex-
ists in the forms of elemental 1,. hypoio-
dous acid (HOI) or a form thereof,

" hypoiodite ion (O17), and, in the presence

of excess iodide. the triiodide ion (I'7).
Most analytical methods use the oxidizing
power of all forms of active iodine for its
determination and the results usually are
expressed as an equivalent concentration of
- elemental iodine.

2 Selection of Method

For potable and swimming pool waters
treated with elemental iodine, both the am-
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pH
Method 150.1 (Electrometric)

STORET NO.
Determined on site 00400
' Laboratory 00403

Scope and Application

1.1 This method is applicable to drinking, surface, and sallne waters, domestic and industrial
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.

Sample 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 conmners should be

 filled completely and kept sealed prior 10 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.

4.2 Sodium error at pH levels greater than 10 can be reduced or eliminated by using a “low

' sodium error” electrode. :

4.3 Coatings of oily .material or pameula:e matter can impair electrode response. These
coatings can usually be removed by gentle wiping or detergent washing, followed by
distilled water rinsing. An additional treatment with hydrochloric acid (1 + 9) may be
Necessary to remove any remaining film. ,

44 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.

Appamtus

5.1 pH Meter-laboratory or field model. A wide variety of instruments are commercially
available with various specifications and optional equipment.

Approved for NPDES
Issued 1971 .
Editorial revision 1978
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5.2 Glasselectrode. o .

5.3 Reference electrode-a calomel, silver-silver chloride or other referénce electrode of .
constant potential may be used. )

NOTE 1: Combination electrodes incorporating both measuring and reference
functions are convenient to use and are available with solid. gel type filling materiais that
require minimal maintenance. '

5.4 Magnetic stirrer and Teflon-coated stirring bar.

5.5 Thermometer.or temperature sensor for automatic compensation.

Reagents :

6.1 -Primary standard buffer salts are available from the National Bureau of Standards and
should be used in situations where extreme accuracy is necessary. .

+ 6.1.1 Preparation of reference solutions from these salts require some special precautions
"and handling" such as low conductivity dilution water, drying ovens, and carbon
dioxide free purge .gas. These soluuons should be replaced at least once each

" month. .

6.2 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 N BS standards, are recommended for routme use.

Calibration ! : :

7.1 Because of the wide van'cty 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 functions. Special attention to
care of the electrodes is recommended.

7.2 Each instrument/electrode system must be uhbrated at a minimum of two points that

: bmket the expected pH of the samples and are approxlmately three pH units or more
apart. .

© 7.2.1 Various instrument designs may-involve use of a "bahnee" or “standardize™ dial

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 readmgs are wlthm 0.05 pH umts of the buffer solution value.

Procedure ' '

8.1 Standardize the meter and electrode system as outlined in Secnon 7.

8.2 Place the sample or buffer solution in-a clean glass beaker using a sufficient volume to
cover the sensing elements of the electrods and to -give adequate clearance for the
magnetic stirring bar. '

8.2.1 If field measurements.are ‘beang made the electrodes may be immersed dnrectly in
the sample stream to an adequite depth and moved in a manner to insure sufficient
sample movement across the electrode sensing elemem as indicated by drift free
( <0.1 pH) readings.

8.3 Ifthe sample temperature differs by more than 2°C from the buffer solution the masured
pH values must be corrected. Instruments are equipped with automatic or manual

“’National Bureau of Standards Special Publication 260.
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. ) .
compensators that electronically ndjllﬂ for tempenturc differences. Refer to
manufacturer's instructions.

8.4 After ninsing and gently wiping the electrodes, if necessary, immerse them into the
sample beaker or sample stream and stir at a constant rate to provide homogeneity and
" suspension of solids. Rate of stirring should minimize the sir transfer rate at the air water
interface of the sample. Note and record sample pH and temperature. Repeat
measurement on successive volumes of sample until values differ by less than 0.1 pH
units. Two or three volume changes are usually sufficient.

9.  Calcuiation .

9.1 pH meters read directly in pH units. Report pH to the nearest 0.1 unit and temperature
to the nearest °C.

10. Precision and Accuracy A ' :

10.1 Forty-four analysts in twenty laboratories analyzed six synthetic water samples
" containing exact increments of hydrogen-hydroxyl ions, with the following results:

Accuracy as

pH Units Standard Deviation Bias. : Bias,

. - pH Units % pH Units
3.5 0.10 _ <029 - =001
35 : 0.11 ) 000 o
71 . 0.20 +1.01 +0.07
7.2 . .- 018 -0.03 =0.002.
80 0.13 ’ =0.12 : -0.01
80 0.12 : +0.16 . +0.01

(FWPCA Method Study 1, Mineral and Physical Analyses)

10.2 In a single laboratory (EMSL), using surface water umples at an average p!-l of 7.7, the
standard deviation was :0.1.

Bibliography

1.  Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 460, (1975).
2.  Annual Book of ASTM Standards, Part 31, “Water™, Standard D1293-65, p 178 (1976).
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Standard Test Methods for
pH of Water?

anﬁmw and s:m

-1 1 These test methods cover the determination of pH by

dectrometric measurement usmg the glass electrode as the
‘ensor. Two test methods are given as follows:
Tet Method A—Precise Laboratory Messurement
Tes Method B—Rouune or Connnuo_u Measurement
7 1.2 Test Method A covers the precise measurement of pH
o water utilizing at least two of seven standard reference
buﬂ'er solutions for instrument standardization.

:-1.3 Test Method B covers the routine measurement of pH

m water and is especially useful for continuous monitoring.
"Two buffers are used to standardize the instrument under
controlled parameters, but the conditions are somewhat less
restrictive than those in Test Method A. ,
7 '1.4 Neither test method.is considered to be adequate for
measurement of pH in water whose conductivity is less than
“gbout § uS/cm. (See Appendixes X1.5.3 and X1.5.4)-
" 1.5 Precision and bias data were obtained using buffer
" solutions only. It is the user’s responsibility to assure the
vahdnv of these test methods for untested types of water.

- 1.6 This standard may involve hazardous materials, oper-
tlions, and equipment. This standard does 'not purport t0
address all of the safety problems associated with its use. It is
the responsibility of whoever uses this standard to consult and
establish appropriate safety and health practices and deter-
mune the applicability of regulatory limitations prior to use.

1- Referenced Documents .

= 2 | ASTM Standards: -
£ D 1066 Practice for Sampling Steam’

;.D 1129 Definitions of Termns Relating to Water?

) D 1192 Specxﬁcauon for Equxpment for Smphng Water
" and Steam?

-D1193 Specification for Rmt Water?

: ’mD2777 Practice for Determination of Precision and Bias
1%-  of Applicable Methods of Commmee D-19 on Water*-
d 'ﬁ‘ D 3370 Practices for Sampling Water?

* E 70 Test Method for pH of Aqueous Solutions with the
=: Glass Electrode®
'Mannﬂh;Mdmmmbliu

"“’l!rudmuudnmmhluyofammblﬂluWurbr

Generation and Proces Use,

.+ Current edition approved Oct. 26, 1984. Published January 1985, Originally
. Dublished as D 1293 - §3 T. Lant previous edition D 1293 -78%, -

i umuuuqu.«:mm Vol 11.01.

Amunl Book of ASTM Siandards, Vel 15.05.

,; D 1067 Test Methods for Acidity or Alkalinity of Water®

This snndmluuudunder the fized Mnmb 1293 lllnumhn immaediately following the designation indicates the year of
original adoption or, in the case of revision. the year of last revision. A number in parestheses indibates the year of last reapproval. A
* superscnipt epsilon (¢) indicaies an editonal change since the lasi revision or respproval.

an«hmtmmWhrmbymdmbcpanmqmwhlm:um the DoD Index of .

3 Terl'ninology

= 3.1 For definitions of terms used in these test methods.
refer to Definitions D 1129.

3.2 Description of Term Specific to This Stanaara:

3.2.1 pH—the pH of an aqueous solution.is denved from
E, the electromotive force (emf) of the cell

glass electrode:solutionireference electrode

(where the double vertical line represents a liquid junction)
when the electrodes are immersed in the solution in the
diagrammed position, and E, is the electromouve force
obtained when the electrodes are immersed in a refercnce
buffer solution. For use in the operational definition. the sign

.of the measured potential difference indicated by many pH

meters must be reversed because the electrode contiguration

-used with these meters is the following:

reference electrode!solution:glass electrode

.. With the 'mgned. pH of the reference buffer desigr

pH,, and E and E, expressed in volts is the following:

_(E=E)F
PH = pH, = 33036 RT
F = Faraday,

R = gas constant. and

T = absolute 1emperature, {(°C) + 273. 15

Values of the factor £/(2.3026 RT) at different temperatures
are given in Table 1. (See Appendxx X1.1 for comment on

_ !hemumngofpﬂ.)

Snnmry of Test Method

4.1 mpﬂmmandmtedelectmdsmmdard
ized against two reference buffer solutions that tlosely
bracket the anticipated sample pH. The sample measure-
ment u made under strictly eonuolled condmons and

s. Siplﬁunee nd Uu

S.1 The determination of pH in water is an xndxauon of
its acidic or alkaline tendency. It is not 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 while a value greater
than 7.0 shows a tendency toward alkalinity. Most natr
w:mnuebetweenGOand90 but there are r
exceptions, such as mine drainage water and unbuflere. van
water. The pH measurement is an important consideration
in determining the corrosive action of water and mng

water treatment practices for industrial processes. It is also

213



TABLE 1 F/(2.3026 RT)*
Temperawre. °C FN2.3026 RT), V-1

0 18.4512
5 : 18.1185
10 ) 17.7986 .
15 . ’ 17.4907
17.1924
16.9041
166253
. 1635585
16.0944
158414
15.598)
153587
15.1282
14.9048
14,6873
144784
142714
140722
.138784
13.6899

The above aata were calusted using a precse vaius of !he loganthmic
ermon tactor (2.302585) ano vaises Of the funcamental ConsLants.

F =95 4870 C/eq

R = 831433 J/X-mol
T=273.15+°C

2RBIIRBRBESREN

/
d to assess the extent of pollution in precipitation.

Pllrit}: of Reagents

.1 Reagent grade chemicals shall be used in all tests,
ept as specifically noted for preparation of reference
fer solutions. Uniless otherwise indicated, it is intended
" ~agents shall conform to the specifications of the
2 on Analytical Reagents of the American Chem-
Suciety, where such specifications are available* Other
des may be used, provided it is first ascertained that the
gent is of sufficiently high purity to permit its use without
iening the accuracy of the determination.
.2 Unless otherwise indicated, references to water shall
understood to mean reagent water conforming to Specifi-
on D 1193, Type L. ' .

Sampling
.1 Coliect samples in accordance with Practice D 1066 or
cifications D 1192 or D 3370, whichever is applicable.

5T METHOD A--PRECISE LABORATORY MEASUREMENT
OF pH

~

Scope
.1 This test method covers the precise measurement of

in water under strictly controlled hbpmory conditions. -

[nterferences

.1 The glass electrode reliably measures pH in nearly all
.eous solutions and in general is not subject to solution
:rference from color, turbidity, colloidal matter, oxidants,
eductants.

AM"\\.AWM“MWM‘AI.M

) ashingion, DC. For suggestions on the westing of reagents not listed by

American ‘Chennucal Society, see “Reageat Chemicals and Sundards.,” by

sh Rosin, D. Van Nostrand Co., 1ac.. New York, NY, and the “United States -

TRACOpPRIR.

(b o 1203 : 2

" measured pH to a common temperature; therefore,

" flowing and the nonflowing liquid junction-type electrods:

214

9.2 The reicrence electrode may be subject 10 interfe;,
ences and should be chosen to conform to all requiremey,-
of Sections 10 and 12. Refer also to Appendix X1.3. - =
9.3 The true pH of an aqueous solution or cxtmq.ij o: exp
affected by the temperature. The electromotive force be: | saie dvso
tween the glass and the reference electrode is a function of § K3
temperature as well as pH. The temperature effect cag bE"1
compensated for automatically in many instruments or o3 §:
be manually compensated for in most other instrumer®
The temperature compensation corrects for the effect of iz § 550 ¢
water temperature- on the instrument, including the elsty:
trodes, but does not correct for temperature effects on ¢
chemical system being monitored. It does not adjust 2

temperature should be reported for each pH measuremeni§ X5
Temperature effects are discussed further in Appendix X13¢

9.4 The pH response of most glass electrodes is imperfes:
at both ends of the pH scale. The indicated pH value of
highly alkaline solutions, as measured with the glass eje?’
trode, will be too low. The indicated pH value of strong
aqueous solutions of salts and strong acids having a pH Ieg
than 1, will often be higher than the true pH vaiu or is 8 1
Interferences can be minimized by the selection of the proper .: the wa
glass and reference electrodes for measurements in highly ——
alkaline or acidic solutions. ' g elect

9.5 A few substances sometimes dispersed in water appex ameet for
to poison the glass ejectrode. A discussion of this subject g

X The autor
given in 'Appcndlx X1.4. “sater tem

; chooses to
10. Apparatus -1 of the
10.1 Laboratory pH Meter—Table 2 gives the mad ¥%.
important characteristics of four typical pH meters comma: § 11. Reage:
cially available. Each type of meter (together _“’“h‘g{ 1.1 Re
associated glass and reference electrodes) is permissible. T ¥ rlerence t
choice will depend on the desired precision of measuremetla i jiad i
102 Glass Electrode—The pH response of the gi%§ Niony) |

“junction t
erations d
shall perfc
procedure
relerence ¢
" 104 T

. electrode shall conform to the requirements set forth in 173_ “tumber a

through 12.5. The glass electrode lead wire shall be shicld3 " prinr 1 e
New glass electrodes and those that have been stored di desthan 9.
shall be conditioned and maintained as reccommended by 2 §:=~
manufacturer. ' ] 3 T

10.3 Reference Electrode—A calomel, silver-silver GRC¥ ~——vwp __
ride or other reference electrode of constant potential shal £3, "
used. There are two basic types of reference electrodes (& §: e

The flowing liquid junction-type unit ensures that l_ﬁi %
liquid junction is formed for each measurement and »
used for Test Method A determinations. The temperRsgn
response of the internal clements of the reference a0d X2
electrode should be closely matched to avoid thermal B 255, 0
"
4

esis. If a saturated calomel electrode is used, some poiaSyg
chloride crystals shall be contained in the saturated P2
sium chloride solution. If the reference electrode 15 v
flowing junction type, the design of the electrode shl"f o
a fresh liquid junction to be formed between the € ‘_- 3 A
electrode solution and the buffer standard or tested Wizvg 2.
each measurement and shall allow traces of solutiof.’ 2 et
washed from the outer surfaces of the electrodes. T0 Spgtyhié:
the desired slow outward flow of reference electrode ol ¥ TN
the solution pressure inside the liquid junction shOSAGREPL,
kept somewhat in excess of that outside the junc® S

bl
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o iz; TASLE 2 Laboratory pH Meter
qu;j g : Type ! Type Type Ui Type IV
L3, e - Oto 14 010 14 Oto14 0 t0 14.000
r'“"ﬁ- < pan0ed 2 pH uts T 1.4 pH umis
€ foree | KE 8 Se 0.1 0.0 0.01 0.001
fune;. BEFE . 20.05 20.01 20.007 =0.002
Toe W00 oy 20.02 £0.005 20.002 =0.002
Snts ¢ J or sutomatic yos yes yss yos
Strum, e o 010100 010 100 010 100 0101C0
fTecy  gracuston, °C 2 2 2 2
. [ omOeNSStor - yos yes yes
s the
S o
:?;"“ essurized applications, this requirementcan bemet by  calcium 'hydroxide solutions in a plastic bottle that is
su e, “taining the inside solution level hlgher than the outside nonporous to air (that is, polypropylene or high density
di;e;*‘.l % level. If the reference electrode is of the nonﬂowmg polyethylene). Keep all the reference buffer solutions well-
iMpe _'-7-_‘, faxion type, these outward flow and pmsunzauon comsid-  stoppered and replace at a shelf age of 3 months. or sooner if
mp;f“! iions do not apply. The reference electrode and jungqon . a visible change is observed.
ass el: %31 perform satisfactorily as required in the st_andar_dlzmg 11.1.1 Borax Reference Buffer Solution (pH, = 9.18 at
o strg ‘gocedure described in 12.1 through 12.5. A discussion of  25°C)—Dissolve 3.80 g of sodium tetraborate decahydrate
. pH ,"‘ $lerence electrodes is given in Appendix X1.3. (Na,B,0,- 10H,0) in water and dilute to.1 L.
{ Val: 0.4 Temperature Compensator—The thermocompen- 11.1.2 Calcium Hydroxide Reference Buffer Sozutwn(pH

-gior is a temperature-sensitive resistance element immersed
5 the water sample with the electrodes. The themocompen-
Jplor automatically corrects for the change in slope of the
iss electrode (with change of temperature) but does not
ﬁﬁcct for actual changes in sample pH with temperature.
fbe automatic thermocompensator is not required if the

1245 at 25°C)—Prepare pure calcium hydroxide
(Ca(OH),) from weli-washed calcium carbonate (CaCO,) of
low-alkali grade by siowly heating the carbonate in a
platinum dish at 1000°C and caicining for at least 45 min at
that temperature. After cooling, add the caicined product
-slowly to water with stirring, heat the resuitant suspension to

v Jaer tempenature is essentially constant and the analyst  poiling, cool, and filter through a funnel having a fritted-glass
.-, Jdidoses to use the manual temperature compensation fea-  gisk of medium porosity. Collect the solid from the filtr -
.. | gare of the pH meter. it in an oven at 110°C, and crush it to a uniform an. ..
W Fot - granular state. Prepare a saturated calcium hydroxide solu-
'.:hm?' al. Reagents tion by vigorously shaking a considerable excess (about 3
i F%11.1 Reference Buffer Solutions—The pH values of the  g/L) of the fine granular product in water at 25°C in a
‘ment ﬁmnce buffer solutions measured at several temperatures  stoppered plastic bottle (that is. polypropyiene or high
sias | -gre listed iri Table 3. Table 4 identifies each buffer salt by its  density polyethylene) that is essentially- nonporous to gases.
V12 pnonal Institute of Standards and Technology (NIST)  ‘Allow the gross excess of solid to settle and filter the solution
lded. -sumber and provides a recommended drying procedure = with suction through a fritted-glass funnel of.. medium
i dry -prior 10 use. Keep the five reference bufler solutions with pH  porosity. The filtrate is the reference buffer solution. Con-
v the Jssthan 9.5 in bottles of chemically resistant glass. Kespthe  tamination of the solution with atmospheric carbon dioxide
:hb S:"L TABLE 3 pH, of Refersnce Bufter Solutions4
Jbe |35 Temperanre, Tetroxaiate Tarvan Phthaigte " Phospnew Sorax Sodum Bicwoonale  Caloum Hydroxias
e [E-__°C Soiution Sokution Soksion Solution Solution Sodium Carbonate Soluton
des J2°. O 1.487. a0 .98 948 1032 1342
ot TB S 187 400’ 695 .39 1025 1321
B pL 10 187 400 682. (] 10.18 13.00
Ibe FI0X~ - 15 187 - €00 690 s . -1w0.12 1281
g AS0 .. e .. . 4D .- 688 .., ...833 .. . 1006 . e
g | ,‘ 3 1.6 ase ) 4.00. (¥ ] e 10.01 1248
Eog B TN ) 188 . 388 am : 688 L RTINS 997 1229
mw §%-. 38 189 3ss 2 4 ST 993 1213
s 1E. ® 1.09 ass 403 ‘884 KT 2.9 1198
e P 6 170 .. 388 404 - 683 9.04 988 154
1t "f- 0 1Kyl ass 4.08 (V) Y 9.83 nn
ce 1 s5 - 172 ass ao 68 " usy
s 80 2" 288 400 e e 1148
: 1 1 124 - 388 a2 s - (1]
15 7 a8 a8 688 . .
W 1 2 1" s 419 (7] s
e |9 181 e o 680 1] .
3 2 A Ror g Giscussion O 118 MANNE (n which thess DH vauss were aserned., nolmu n.a. Wmvmwwwmonwc Journa/
5 "luwen NIST. Vol 68A. 1962, p. 175.
: : ' ’ . "¢
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TABLE 4 National institute of Standards and Technology (leﬁ- Materials tor Reterence Butter Solutions - ',nonhO!.T‘-'-‘-
NIST Standarg Samoie . ] —~{ priod 0! <
Desgnavon Butter San* : _ Drying Procecure . ‘ fl3-4 |.ng
187-b Borax (sodum teraborate decanyorsts) Dryng not nacessary (this sat Should not be oven-anys | (gluc (SINS
86 Gisocum hyorogen phosphate 2hin oven ot 10° . < § considered
186-c potassum dibydrogen phosohate 2hin oven at 130°C % wate
185-¢ potassum hydrogen phthatate 2hinoven at 110°C X ofthe R
188 . POLASSIIM Mycrogen tartrae orying not necessary . -; dgiffer by n<
1 pOtasSAIM tevOxsiats ciyorme Should NOt De Tried |, %§ tan 0.02
191 socum bicarponate . should not be dned '3 B lly be ¢
192 $o0uLm carponate 2hin oven at 275°C % E“;sy Re;
The tufter salts ested can be purchased from the Otfice of Standard Reference Matenais, National Insttue of Standards and Technology, Wasiwngion, OC 2t ;::36 ’\l: )
.‘_ 'Sﬂ‘ 9 g ]

ders it turbid and indicates need for replacement. .
1.1.3 Phosphate Reference Buffer Solution (pH, = 6.86 at
C)—Dissolve 3.39 g of potassium dihydrogen phosphate |
1,P0,) and 3.53 g of anhydrous disodium hydrogen
isphate (Na,HPO,) in water and dilute to 1 L.

1.1.4 Pinhalate Reference Buffer Solution (pH, = 4.00 at
C)=Dissolve 10.12 g of potassium hvdrogen phthalate
1C,H,0,) in water and diluteto 1 L. .

1.1.5 Tartrate Reference Buffer Solution (pH, = 3.56 at
Z)—Shake vigorously an excess (about 75 g/L) of potas-
n hydrogen tartrate (KHC,H,O,) with 100 to 300 mL of
er at 25°C in a glass-stoppered bottle. Filter, if necessary,
xrmove suspended salt. Add a crystal of thymol (about 0.1
§ a preservative.

1.1.6 Tetroxalate Reference Buffer Solution (pH, = 1.68
25°C)=Dissolve 12.61 g of potassium tetroxalate
«drate (KHC,O, - H,C,0, - 2H,0) in water and dilute 0 |

Sodium Bicarbonate—Sodium Carbonate Refer-
¢ Solution (pH, = 10.01 at 25°C)—Dissolve 2.092
soaium bicarbonate (NaHCO,) and 2.640 g of sodium
onate (Na,CO,) in water and dilute o 1 L.
..2 Other Buffer Solutions—A buffer solution other than
specified may be used as a working standard in the
10d providing that in each case such 2 solution is first -
ked against the corresponding reference buffer solution,
2 the procedures of the method. and is found to differ by
mnore than 0.02: pH unit. _
.3 Commercial Buffer Solutions—Commercially avail-
prepared buffer solutions are not acceptable for the
jardization in Test Method A. |

Standardization of Assembly

.1 Turm on the instrument, allow it to warm up
nughly, and bring it to electrical balance in accordance
the manufacturer's instructions. Wash the glass and
snce electrodes and the sample container with three
ges of water or by means of flowing siream from a wash
». Form a fresh liquid junction if a sleeve-type reference
ion is used. Note the temperature of the water to be
1. If temperature compensation is to be manual, adjust
emperature dial of the meter to correspond to. the
erature of the water to be tested and allow time for all
rs ‘'ations.: and electrodes to equilibrate thermally.
.1 at least two reference buffer solutions, the pH,
«. which bracket the aaticipated pH (refer to Table 3).
1 or cool the reference solutions as necessary to match
1 2°C the 1emperature of the solution to be tested. Fill
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. cessive porions of the reference buffer solution, until &,

-t0 be operating satisfactorily if the pH reading obtained fo

the sample container with the first reference buffer solutiy
and immerse the electrodes. &

12.3 Set the pH, value of the reference buffer solution

interpolated from the data therein,
facturer's instructions. .

12.4 Empty the sample container and repeat, using gz

according to the ma:,

successive readings are obtained without adjustment of &
system. These readings should differ from the pH, values
the buffer solution by not more than 0.02 pH unit.

Note 1-=-I the temperature of the electrode differs appreciably frs
that of the solution to be tested, use several poruons of solution ax
immerse the electrodes deeply 10 assure that bath the electrodes and &
solution are at the desired temperature. To reduce the effects of therez
lag. keep the tempersture of electrodes. reference bufler solutions, ax
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 buller solutic} -

in the sample container, and measure the pH. Adjust W
slope control only until the reading corresponds to tr
temperature corrected value of the second reference bufle
solution. Use additional portions of the sccond referess
buffer solution. as before, until two successive readings difiz
by not more than 0.02 pH unit. The assembly shall be judg=

the second reference buffer solution agrees with its assignt
pH, value within 0.05 pH unit for Type | meters or withs
0.03 pH unit for Type II, III, or IV: meters (see Table 2).
12.6 If only an occasional pH determination is mad
standardize the assembly each time it is used. In a long sen®
of measurements, supplemental interim checks at regul¥
intervals are recommended. Inasmuch as commerciall
available pH assemblies exhibit different degrees of measu™
ment stability, conduct these checks at intervais of 30 mib
unless it is ascertained that less frequent checking is satisR®
tory to ensure the performance described in 12.2 to 12.5.;_':.

13. Procedure o

13.1 Standardize the assembly with two reference bull
solutions as described in 12.2 to 12.5 and then wash U¥
clectrodes with three changes of water or by means o}
flowing stream from a wash bottie.

13.2 Place the water sample in a clean glass beal®
provided with a thermometer and a stirring bar. ?

13.3 Stir during the period of pH measurement at L o
that will prevent splashing and that will avoid loss or gan %
acidic or basic gases by interchange with the atmowh";4
When necessary, stir briskly enough to intermix the phasss

)

!
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.3 nonhomogeneous water sample. Stop the stirrer during the
:i,',,iod of measurement if streaming potentials are noted.
13.4 Insert the electrodes and determine a preliminary pH
“nlue (since this value may drift somewhat, it should be
considered an estimated value). Measure successive portions
..ol the water sample until readings on two successive portions
| differ by no more than 0.03 pH unit, and show drifts of less
“than 0.02 pH unit in | min. Two or three portions will
{gsually be sufficient if the water is well buffered. *
.g 13.5 Record the pH and temperature of the sample.
% 13.6 Measure the pH of slightly buffered waters (that are
.m equilibrium with air) essentially as described in 13.] to
213.5. but measure the pH of successive portions until the
‘readings for two successive pomons differ by no more than
0.1 pH unit. Six or more portions may be necessary.

~, NOTE 2—Take specusl precautions if the sample is not in equilibrium
with the carbon dioxide of the atmosphere protecting the sample from
. aposure to the air dunng measurement. AMfeasurement of unbuffered or
';hglub buffered sampies 1s more reiiably made in flow-type ceils as
described in NOTES ¢ and 5. Appendix X1.5.3 descnibes additional
precautions that should be taken if the electrical conductivity of the
sampie 1s less than about $ uS/em.

.14. Report

s 4.1 Repon the temperature of the measurement of the
nearest 1°C.

_‘ 14.2 Repor the pH of the test solution to the nearest 0.01
pHoumt when the pH measurement lies between 1.0 and
12

i, 14.3 Report the pH of the test solution to the nearest 0.1

pH unit when the pH measurement is less than 1.0 and
~greater than 12.0.

lS. Precision and Bias®

15.1 The information summarized in this section was
- derived from an interiaboratory study performed in 1973 on
- four buffer solutions having pH values of approximately 3.7,

.65, 8.2, and 8.4. Eleven laboratories (fourteen operators.
- with one laboratory providing four operators) analyzed each
i solution in duplicate and replicated the analyas on another
& day for a otal of 224 determinations. A variety of commer-
& cial ‘meters was_used in this study. It is' assumed thatall-

FRLIE T T 7 Y L

3
;...xs.z Statistical treatment of the data conforms to the

Fhir: :-'vf:are'

;measurements were made at room temperature.

secommendations of Practice D 2777. Further information,

F:based on a different statistical mterpretauou. an be found in

»Test Method E 70.
+15.3 Precision —The overall and smgle-qpentor praasxon

: _..Of this test method varies with pH as shown i Fig. 1. .
-F#> 154 Bias—The pH values of the buffer solutions, as

: i determined using a gaseous hydrogen electrode, are com-
-] ¢ Pared with values obtained using this test method in Table §. -
4% 15.5 Precision and bias data were obtained using buffer
_ 1 4i- Solutions only. It is the user's responsibility to assure the

Vahdny of the standards for untested types of water.

e ———
'Sumnmgdanbnhummhmuvehuaﬁunmm
uest Research Repont RR: D19-1111.,
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‘l'EST METHOD B—ROUT!NE OR CONTINUOUS MEASURE-
. MENT OF pH

16. Scope

16.1 This test method is used for the routine measure-
ment of pH in the laboratory and the measurement of pH
under various process conditions.

17. Summary of Test Method

17.1 A direct standardization technique is employed in
this test method for routine batch samples. Two buffers are
used to standardize the instrument under controlled param-
eters, but the conditions are somewhat less restrictive than
those in Test Method A. An indirect standardization proce-
dure is used on noWing systems in which grab samples are
removed periodically in order to compare a monitored pH
value (of the system) with the readmg of a laboratory pH
meter. -

18. Interferences

18.1 For information on mterfercnces see Section 9 and
Appendix X1.4.

19. Apparatus

19.1 Laboratory 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 Instrumentation—Instr-
ments that are -used for process pH measurement

. generally much more rugged than those which are useu ..

very accurate measurements in the laboratory. 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 is generally based
on how closely the characteristics of the analyzer match the
requirements of the application.

19.5.1 Elecirode Chamber—For process pH measure-
ments; the electrodes and themocompensawr are mounted
in an electrode chamber or cell.

19.5.1.1 Flow-Through Chamber completely encioses the
electrodes and the sample is piped to and from the chamber
in s flow-through configurauon. Commercially available
chambers generally can tolerate temperatures as high as
100°C over 2 pH range from O to 14, and pressures up to
1034 kPa (approximately 150 psi).

19.5.1.2 Immersion Type Chamber, suitable for measure-
ment in Open streams or tanks, shields but does not
compietely enciose the electrodes. Immersion-style chambers
are available for use at depths to 30 m (100 fi).

19.5.2 Signal Transmission—The glass electrode is usu-
ally a high-impedance device from which only an extremely
smail current can be drawn. Shieided 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 recomme™
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
d:splay remote pH measurements. Table 6 shows the charac-
teristics of three typs of meters that are suitable.
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FIG. 1 Interiaboratory Precision for pH of Aqueous Butfer Solutions

‘ leagents

| Commercial Buffer Solutions—Commercially avail-
srepared buffer should be adequate for the standardiza-
in Test Method B. These commercial buffer solutions
ly have pH values near 4, 7, and 10, the exact pH and
emperature being provaded by the purvevor of the
ic buffer. The pH buffer is susceptible 1o contamina-
rom atmospheric carbon dioxide, and frequently used
rtially filled bottles are pamcularly vulnerable to this

-2 For more information on reagents, see Section 11.

tandardization of Assembly

1 Turn on the analyzer, allow it to warm up thor-

y and bring it to electrical balance in accordance with

wanufacturer’s instructions.. Wash the electrodes, the

iocompensator, and the sample container with three

s of water or by means of flowing stream for a wash
"1 a fresh liquid junction if a sleeve reference

«ction is used. If manual temperature compensa-

3 10 be used, note the temperature of the water sample . .

djust the temperature dial of the meter 1o correspond.

2 Direct Siandardization:

218

. pH, of the reference buffer solution according to the instre;,

s

'Rk o

21.2.] 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 sample.

21.22 Fill the sample container with the first referena
buffer solution and immerse the electrodes. Set the knows-

ment- manufacturer's instructions. Repeat with successi¥e.
portions of the reference buffer solution until two successi¥t,
instrument readings are obtained which differ from the pH;:

o TSRt '-.' :?.2.-'.."

solution.
buﬂ'er (1Y
by not =
21.2.4
sandar
of measc
tions bv i
available.
surement
min, unk
atisfacto
203 0
21.3.1
convenies
flowing s
determine
analyzer 1
21.3.2 .
process ar
- 21.3.3 ¢
immedian
1 flow-thn
immediaze
2134 -
analyzer
uample. R
procedur=
differ by o
mnc}.- .
NOTE jr —
taploved wr
008 pH y==
Possible =g
b amp -
of the anajyv.
R be g

value of the bufler solution by no more than 0.02 pH unl'-iz
21.2.3 Wash the electrodes and sample container th"‘-
times with water. Place the second reference bufler soluuo'
in the sample container, and measure the pH. Adjust lh':
siope control only until the reading corresponds to th%;
temperature corrected value of the second reference buil®

TABLE 5§ Determination of Bias L

_ -

" Sttistically Significot &

pHExpectss  pHFound Bes.2%  ory Con 3
3714 an +0.48 No
6517 653 +020 Yes
e.147 8.19 +0.53 Yes
8.470 8.45 -0.2¢ Yes

'ﬂﬂ’l.ndz

'-'21351.

'nddm"

o
.u-‘Proced



TABLE § Remote Measurement of pH
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-.1

'

q"

. Typei Type ¥ Type tli

014 014 Do 14

any 2 pH or wider units any 2.4,5,7, 10, or 14 pH units any 2. 5. or 10 units

to 1000 mv 0 50 mA 10 5000 mv,. 4 1020 or 3.
) to 50 mA

2002 £ 0.005 to 0.0¢ dependent upon 20.02

. span :

yos yos yes )

01 100°C 0 100°C 0 to 100°C

0.005 pH/24 0.005 pH/24 h 20.02 pH units/24 h

iluuon Use additional portions of the second reference
puffer solution, as before. until two successive readings differ
by not more than 0.02 pH unit.

£.21.2.4 If only an occasional pH determination is made,
gandardize the assembly each time it is used. In a long series

‘of measurements, supplement initial and final standardiza-

‘svailable. pH assemblies exhibit different degrees of mea-
‘wrement stability, conduct these checks at intervais of 30
| min, uniess it is ascerined that less frequent checking is
nusfacmrv to ensure performance.

* 21.3 Indirect Standardization: )

= 21.3.1 This procedure is 1o be employed when it is not
convenient or practical to remove the electrodes from the
‘flowing stream or container on which the pH is being

an:lyzer is required.
2:21.3.2 Standardize the laboratory pH meter or additional
_process analyzer as outlined in 21.2.

mmedme vicinity of the electrodes or from the discharge of
s flow-through chamber. Measure the pH of this grab sample
immediately, using the standardized laboratory pH meter.

.. 21.3.4 Adjust the standardization control on the process
analyzer until the reading corresponds to the pH of the grab
aampie. Repeat the grab sampling, analyzing, and adjusting
procedure until two successive mdmgs are obtained that
differ by no more than 0.05 pH unit or within an acceptable

-,u:uucy

7" Nots 3-—Indirect standardization as dumbad above canaoot he
ﬂmmnmepﬂdmemhaumdnmmbymm

the analyzer being standardized. The integrity of the grab szmple
uuumnmmuumpumuamuum
fiincter, and its temperature must remain constant.

+21.3.5 Indirect standardization is a one-poun calibration

22 Procedure, Batch Samples
2.1 Snndudmthemblyasdumbedmzumd

E_Mtheelectrodesmlhthmchm;esofwaerorbymuns_

7ol a flowing stream from a wash bottle.
22.2 Place the water sample in.a ciean glass beaker

'A

et

uf.

g.WOVIded with a thermometer and a stitring bar. Stir during

“the period of pH measurement at a rate that will prevent
Snlashxng and that will avoid loss or gmn of acidic or basic

-tions by interim checks at reguiar intervals. As commercially

getermined. Use of a labomory pH meter or an additional

3.21.3.3 Collect a grab sample of the water from the.

0.0SpH unit. The standardization must be accomplished in the shortest
{ sPosmible time if the pH is fluctuating. It uslmluulyeuuml that the
"lnbample be representative of the water in contact with the electrodes *

doanotesubhshthepmpetmpomoftheelecmds '
erapHnnge . '

gases by interchange with the atmosphem When necessary.
stir briskly enough to intermix the phases of a nonnomo-
geneous water sample.

22.3 Insen the electrodes and determine a prelimina-y pH
value (the reading may drift). Measure successive port:ons of
the water sample until readings on two successive partions
differ by no more. than 0.05 pH unit. Two pornions will
usuaily be sufficient if the water is weli-buffered.

22.4 Record the pH and temperature of the samp:=.

‘Nots 4—Continuous Deterrunation of pH —Make the se:=zz:on of
the electrodes and the electrode chamber to suit the phys:zz and
chemical characteristics of the process water. Locate 2 submers:2= style
clectrode chamber ‘3o that fresh representauve sampling is srovided
continuously across the electrodes, Agitation may be required to
improve homogeneity. Process pH measurements generally employ

©  sutomatic temperature compensation. The pH value is usually disolayed

continuously and can be noted at any specific time. ‘Also, recesd
successive pH values frequently to provide a permanent record. If L.
tempenture of the sample fluctuates significantly with time, the

.temperature should also be recorded to interpret the pH vailues correctly.

‘* Note S=—Continuous Determination of the pH of High-Puri:v Wa-

" ter—The analyzer used 1o determine the pH of high punty water must

have 2 high-impedance differential input in order to minimize e=viron-

menul effects. Use 3 menllic eiectrode chamber in order 0 srieud the
electrodes, and electrically isolate it from all stray a-c fieics. Pay
particular anenton to grounding and the use of metallic connectors. as
recommended by the equipmen: manufacturer. Place the reference
electrode upstream of the giass electrode to impan the small amount of

.electrolyte essential to the sensing of the pH of the water sampie. One

successful flow pattern uses a botiom inlet, a full chameber. 22a a top

.overflow;, the flow mate and the .pressure are held constant 2ad the

discharge is to atmospheric pressure. Follow the manufacturer’s 1estruc-

23. Report
23.1 Report the temperature of measurement to the

- nearest 1°C.

232 Reponthethothe pearest 0.1 pH unit.

24 Preculon and Bin’

24.1 Because of the wide variability in measurement
conditions and the changable character of the pH of many
process waters, the precision of this test method is probabl:
less than that of Test Method A; however, a precision of -
pH unit should be attainable under controlled conditions.

24.2 Precision and bias data were obtained using buffer
solutions only: It is the user’s responsibility to assure the
validity of this test method for untested types of water.
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APPENDIX
(Nonmandatory Information) -

X1. MISCELLANEOUS NOTES ON GLASS ELECTRODE MEASUREMENTS AND EQUIPMENT .

l.i .Meaning of the Term pH

X1.1.1 The term pH historically has referred to the
‘drogen ion activity of a solution and has been expressed as
¢ logarithm to the base 10 of the reciprocal (negative
zarithm) of the activity of hydrogen ions at a given
mperature, as follows: .

pH = iog l{(H‘) = —og(H™)

1ere:
I™) = activity of hydrogen ions.

X1.1.2 Although this expression is helpful in giving theo-
acal meaning to the term pH and can be used as an
proximate definition. it may not be rigorously related to
wpirical pH measuremenss. The definition given in 3.2.1
s gained wide acceptance.

1.2 Tcmpéralure Effects

X1.2.1 The effects of 1emperature on electrometric pH
sasurements arise chiefly from two sources: (/) tempera-
re effects that are common to all electrometric measure-
snts and (2) vanations of sample pH with temperature.
*= first category includes the effect of temperature on the
'2.3026 RT that occurs in the definition of pH (see
-ues of this factor for various temperatures are given
Tabie 1. The first category also includes variations of glass
:ctrode asymmetry potential and reference electrode liquid
nction potential and temperature. If the pH measurement
made in accordance with Sections 13 and 21, the effects of
sse potentials will be negiigible.

X1.2.2 Secondly, becauss of changes in activity coeffi-
:nts and equilibrium constants with temperature, the pH
a sample will change with temperature. These changes are
iependent of the method of measurement. In general, the
e of change of pH with temperature is not constant, and it
1y be positive or negative. The data in Table 3, showing
anges in pH, of buffer solutions with temperature, are
sical examples.

-

.3 Reference Electrodes

-may produce drifting potentials for weeks or even months. =

X1.3.1 In making pH measurements with the glass elec- -

ide, the reference electrode used to complete the cell
iembly functions simply as a source of reproducible
tential. The absolute vaiue of the reference electrode
tential is of no consequence owing to the way the
:asurements are made. Both the saturated calomel and
ver-silver-chloride electrodes have proven themselves over
" : years to be satisfactory reference electrodes. For measure-
:nts at normal room temperatures, either of these elec-
- is satisfactory and thus are recommended. The

' ver-chloride is recommended for measurements at
.« temperatures, where its potential is more stable than

1t of the saturated calomel electrode. Depending on the
vironmental conditions, other electrodes may serve satis-

_ and may miss the rigid requirements of 12.2, if, for enmﬂ?&’: C
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factorily as reference electrodes. ¥
X1.3.2 If a saturated calomel electrode is used unges
significantly changeable temperature conditions, care m

be taken to see that sufficient solid potassium chloﬁdeﬁ 0

present at all the temperatures to ensure solution saturatigy

throughout, both in the free solution in the electrode tubgf.. '

and in the solution permeating the electrode element. 'n;i;
electrode must be given 5 or 10 min to accommodate itself gy
a new temperature condition before a pH measurement i’
made. If the temperature falls appreciably, crystallization of
poussium chloride may cause plugging of the liquid func-
tion; one result may be high resistance and false or erratc’
potential at the junction. Any such accumulation of pouws.
sium chloride should therefore be removed by agueous
washing. R

X1.3.3 Reference electrodes of the unsaturated type have.
been used preferentially in continuous mechanized pH
monitoring where the temperature is likely to fluctuate. The
selected potassium chloride concentration is frequently satw-
ration at the lowest temperature of use (for example,
approximately 3.3 N for 0°C). Such a reference electrode has
the advantape of being free from the annoying effects caused
by variable solubility, but take considerable care to prepare’
the required concentration and to maintain the prescribed
value under plant operating conditions. Follow the instru-.
ment manufacturer’s recommendations on choosing aod
maintaining reference electrodes. Changing an clectrode.
from the saturated type to the unsaturated type (or vice
versa) by changing the concentration of potassium chloride’

X1.3.4 Reference electrodes are available with any
number of means 10 establish the liquid junction. Thest
include. but are not limited to. dependence on the porosity
of wood, fibrous materials, glass-encased noble meal.
ground-glass sieeves, ceramic frits, and nonflowing poly.
meric bodies. &

{

X1.4 Faulty Glass Electrode Response and Restomi't
Techniques %
X1.4.1 Detecting Faulty Electrodes—The pH measuring*
assembly is standardized with two reference bufler solutiod$ -
(see 12.2) to verify the linearity of response of the electrod?;
combination at different pH values. Standardization ais0-%
detects a faulty glass or reference electrode or an incomed::
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temperature compensator. The faulty electrode is indicated ' -.-

by a‘failure to obtain a reasonably correct value for the pHA ] '

the second reference buffer solution after the meter has bee?.
sindardized with the first A cracked glass electrode vl

often yield pH readings that are essentially the same for bo‘hlff; :

standards and should be discarded. Even though a normsl?
glass electrode responds remarkably weil to moderate P

changes, it is not necessarily a perfect pH-measuring devi®; |

&




m pH span is made as great as 5 pH units (phthalate to
porax).

electrode may be impaired by a few coating substances
certain oily materials or even some panticulates). When the

=T faulty condition is disclosed by the check with the two
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reference buffer solutions, the eiectrode can frequently be
tored to normal by an appropriate cleaning procedure.

r X1.4.3 Glass Electrode Cleaning Techniques—Where

‘emulsions of free oil and water are to be measured for pH, it
is absolutely necessary that the electrodes be cleaned thor-
oughly after each measurement. This may be done by
washing with soap or detergent and water, followed by
geveral rinses with water, after which the lower third of the
dectrodes should be immersed in HC1 (1+9) to remove any
fim that may have been formed. Rinse the electrode
thoroughly by washing it in several changes of water before
rturning it to service. Process pH analyzers used for
coptinuous measurement may be provided with an ultra-
sonic cleaner to lessen or even eliminate the need for manual
‘deaning of electrodes.

'X1.4.4 Thorough cleaning wuh a suitable solvent may be
pecessary after each measurement if the sample contains
gtickly soaps or suspended particles. If this fails, a chemical

coaling may prove successful. After the final rinsing of the-
dectrode in the cleaning solvent, immerse the lower third of
the electrodes in HCl (1+9) to remove a possible residual
fim. Wash the electrode thoroughly in' several changes of
water before subjecting it to the standardization procedure,

{reatment suggested in X 1.4.3, try a more drastic measure as
tlast resort, This drastic treatment, which will limit the life
of the eiectrode and should be used only as an alternative to
disarding it, is immersing it in chromic acid cleaning
I olution for a period of several minutes (or longer if
tecessary). Chromic acid is particularly effective in deamng
foreign substances from the surface of the glass. but it also
llls a dehydrating effect on the glass. Consequently allow an
. so treated. after thoroughly rinsing, to stand in
water overnight before using it for measurements. Finally, if
dbe electrode fails to respond to the chromic acid solution, it
_"'IY be subjected to mild etching in ammonium bifluoride

_Jﬂluuon Immerse the electrode for about | min ina 20%
Mlution of ammonium bifluoride (NH,HF,) in water, in a
jPNyethylene cup. The bifluoride actually removes a portion
ll}:bulbglmandshonldbensedonlyuaharaoﬂ(nd
I seu only infrequently). Follow the fluoride etch by thorough
apng and conditioning as is recommended for a new

Xl 4.2 Imperfect pH Response~The pH response of the ’

treatment designed to dissolve the pamculnr deposued-_

"#XHS If an electrode has failed 10 respond 10 the -

S Iﬁlb D 1293

electrode. The electrode manufacturer may nave & 1
suggestions. specific to his own product. -

X1.4.6 Techniques for cieaning flow cell eiectrodes in
clude the use of ultrasonics, brushes, and high-velocir:
submerged jets.

X1.5 Special Measurements Techniques

X1.5.1 Measurements on Alkaline Waters—Although tht
high-alkalinity electrode exhibits a lower sodium ion erroi
than an ordinary glass electrode. the high-alkalinity electrod:
can nevertheless introduce an appreciabie error when the
sodium ion content and the pH or temperature of the water
are unusually high. Corrections may in some instances b
applied 10 the measurement if suitable data are availabic
from the electrode manufacturer.

X1.5.2 Carbon dioxide from the air tends to react with ar
alkaline water and 1o change its pH. Make all measurement:

- with alkaline waters or buffer solutions as quickly as possible

with the water exposed to the air no longer than is absolutels
necessary. .

X1.5.3 pH Measurement of Static Solutions of Low Con
ductivity—When the sampie electrical conductivity is lowe:
than about 5 uS/cm. the clectrical resistance of the waier
path between the glass and reference electrodes may becomt
high enough to cause measuring difficulties. If placing the
junction of the reference electrode as close as possible *~ the
pH responsive bulb of the glass electrode does not ¢

.difficulties, the electrode pair should be protect.. .

electrostatic charges by surrounding the nonconducting cel.
with a grounded metallic shieid. Also heipful is the use of ¢
metallic connector at the inlet and outlet, electrically con-
nected external to the chamber,

X1.5.4 pH Measurement of Flowing Solutions of Low
Conductivity—In making measurements on flowing samples
having an electrical conductivity lower than about 5 uS/cm.
take precautions to avoid difficulties from streaming poten-

- vals. If available, observe special precautions recommended

by the instrument manufacturér. Preferably, make the flow
chamber of a conductive material such as stainiess steel and
ground it. Because streaming potential increases with flow
velocity, it is advisable to adjust the sampie flow rate at 3
value not exceeding that needed to keep the flow cell
properiy flushed. This can be done by conveying the sample
water to the flow cell through a short line leading from 2
constant-head overflow chamber. Provide the line to the cch

. with suitable flow-controlling means.

X155 Magnetic Stirring—Do not use ma;neuc sumn:
in those few instances where it may affect pH measurement
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) 4500-0, OZONE (RESIDUAL)* (PROPOSED) ?
.. %
by 3

Z

; 4500-O,; A. Introduction Z
! - _ ¥
Ozone, a potent germicide, is used also  organic compounds producing taste and .,

as an oxidizing agent for the destruction of odor in drinking water, for the destruction %

of organic coloring matter, and for the ox- %

i idation of reduced iron or manganese salts A

*Approved by Standard Methods Committee, 1988. to insoluble oxides. -

1. Genera! Discussion

‘The indigo colorimetric method is quan-
it titative, selective, and simple; it replaces
Rt 1 methods based on the measurement of total
g oxidant. The method is applicable to lake
water, river infiltrate, manganese-contain-

4500-0, B. Indigo Colorimetric Method B

ing groundwaters, extremely hard ground- %
waters, and even biologically trested I
domestic wastewaters.

@. Principle: In acidic solution, ozone
rapidly decolorizes indigo. The decrease in s
absorbance is linear with increasing con- PR
centration. The proportionality constantat ..}

INORGANIC NONMETALS (4000) 1
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600 nm is 0.42 = 0.0l/cm/mg/L (Ac =
20 000/M -cm) compared to the ultraviolet
absorption of pure ozone of ¢ = 2950/
M.cm at 258 nm).!

b. Interferences: Hydrogen peroxide
(H,0,) and organic peroxides decolonze
the indigo reagent very siowly. H,O, does
not interfere if ozone is measured in less
than 6 h after adding reagents. Organic
peroxides may react more rapidly. Fe(IIl)
does not interfere. Mn(II) does not inter-
fere but it is oxidized by ozone to forms
that decolorize the reagent. Correct for this
interference by making the measurement
relative to a blank in which the ozone has
been destroyed selectively. Without the
corrective procedure. 0.1 mg/L ozonated
manganese gives a response of about 0.08
mg/L apparent ozone. Chlorine also inter-
feres but it can be masked by malonic acid.
Bromine., which can be formed by oxida-
tion of Br~, interferes (1 mole HOBr-cor-
responds to 0.4 mole ozone).

c. Minimum detectable concentration:
For the spectrophotometric procedure us-
ing thermostated cells and a high-quality
photometer, the low-range procedure will
measure down 10 2 ug O/L. For the visual
method the detection limit is 10 ug/L.

2. Apparatus '

a. Photomerer: Spectrophotometer or fil-
ter colorimeter for use a1 600 = 5 nm.

b. Glass cylinders (for visuai procedure):
100-mL graduated glass cylinders, prefer-
ably with flat bottoms.

3. Reagents

a. Indigo stock solution: Add about 500
mL distilled water and 1 mL conc phos-
Pl_mjic acid to a 1-L volumetric flask. With
strning, add 770 mg potassium indigo tri-
sulfpnale. CiH,N,0,,S,K, (commercially
available at about 80 to 85% purity). Fill
lo mark with distilled 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 beiow 0.16/cm.

b. Indigo reagent I: To a 1-L volumetric
flask add 20 mlL indigo stock solution,
10 g sodium dihydrogen phosphate
(NaH,PO,), and 7 mL conc phosphoric
acid. Dilute to mark. Prepare solution fresh
when its absorbance decreases to less than
80% of its initial value, typically within a
week.

¢. Indigo reagen: II: Proceed as with in-
digo reagent I. but add 100 mL indigo stock
solution instead of 20 mL. ,

d. Malonic acid reagent: Dissolve 5 g
malonic acid in water and dilute 10 100
ml.

e. Glycine reagen:: Dissolve 7 g glycine
in water and dilute to 100 mL.

4. Procedure

a. Spectrophotometric procedure:

1) Concentration range 0.01 to 0.1 mg
Oy/L—Add 10.0 mL indigo reagent I to
two 100-mL volumetric flasks. Fill one
flask (blank) to mark with distilied water.
Fill other flask to mark with sample. Add
sample so that completely decolorized
zones are eliminated quickly by stirring but
no ozone degassing occurs. Measure ab-
sorbance of both solutions at 600 = 5 nm
as soon as possible but at least within4 h. -
Preferably use 10-cm cells. Calculate the
ozone concentration from the difference be-
tween the absorbances found in sample and
blank (7 Sa below). (NOTE: A maximum
delay of 4 h before spectrophotometric
reading can be tolerated only for drinking
water samples. For other sample types test
the time drift.)

2) Range 0.05100.5 mg O,/L—Proceed -
as above using 10.0 mL indigo reagent 1l
instead of reagent I. Preferably measure
absorbance in 4- or 5-cm cells.

3) Concentrations greater than 0.3 mg
O,/L—Proceed using indigo reagent 1I.
but for these higher ozone concentrations
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use a correspondingly smaller sample vol-

ume. Dilute resulting mixture to 100 mL -

with distilled water. Use 2 glass pipet for
dosing sample; let sample flow through an
erlenmeyer flask for at least | min without
generating bubbles. Rinse pipet with sam-
pie and add measured amount 10 flask
-while keeping the pipet tip below the sur-
face. :

4) Control of interferences—In presence
of chlorine. place | mL malonic acid re-
agent in both flasks before adding sample
and/or filling to mark. Measure absorbance
as soon as possible, within 60 min (Br-,
Br,. and HOBr are only partislly masked
by malonic 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 volumetric flask (blank) and 10.0
mL indigo reagent I in second flask (sam-
ple). Pipet exactly the same volume of sam-
ple into each flask. Adjust dose 30 that
decolorization in second flask is easily vis-
ible but compiete bleaching does not result
(maximum 80 mL).

Insure that pH of glycine/sample mix-
ture in blank flask (before addirig indigo)
is not below 6 because reaction between
ozone and glycine becomes very slow at
low pH. Stopper flasks and mix by carefully
inverting. Add 10.0 mL indigo reagent Il
10 blank flask only 30 to 60 s after sample
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

to 60 min (after this time, residual man-
ganese oxides further discolor indigo only
slowly and the drift of absorbance in blank
and sample 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) Calibration—Because ozone is un-
stable, base measurements on known and
constant loss of absorbance of the indigo

INORGANIC NONMETALS (4000)

reagent (f = 0.42 = 0.01/cm/mg O,/L).
For maximum accuracy analyze the lot of
potassium indigo trisulfonate (no commer-
cial jot has been found 1o deviate from f
= 0.42) using the iodometric procedure.

When using a filter photometer, readjust
the conversion factor, f, by comparing pho-
tometer sensitivity with absorbance at 600
nm by an accurate spectrophotometer.

b. Visual procedure:

1) Concentration range 0.01 to 0.1 mg.

Oy/L—Add 10.0 mL indigo reagent I 10
each of two identical 100-mL graduated
glass cylinders. Fill reference cylinder
(blank) to the mark with distilled water
and other cylinder with sample. Add sam-
ple to cylinder so that completely decolor-
ized zones are eliminated quickly by mixing
but no degassing occurs. Pour off blank by
portions until liquid height gives the same
apparent color intensity as the sample
when viewed from top. Record volume in
blank cylinder. Color comparisons may be

. made up to 4 h after sample addition.

2) Concentrations greater than 0.1 mg
Oy/L—Proceed as above, adding either 30
or 45 mL of sampie and dilute to the mark.

3) Manganese-containing 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.’

§. Calculations .

a. Spectrophotometric procedure:

100 X a4
mO/L = T X ¥
where:
A4 = difference in absorbance between sam-
ple and blank,

b = path length of cell, cm.

¥ = volume of sampie, mL (normslly 90
mlL). and

J = 042
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The factor £ is 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 - V) x &

mgO/L = )

where:
V = volume of reference solution in blank
cylinder, mL., and
&k = conversion facior 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/em.
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 t0 1.

Because this method is based on the dif-
ferences in absorbance between the sample
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
to ozone is less than 10:1, ozone concen-
trations above 0.02 mg/L may be deter-
x;gned with a relative error of less than

%o.

b. Visual procedure: Duplicate deter-

-
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minations gave an average deviation of |
to 1.5% within the pair. If the manganese
concentration is comparable to that of
ozone. this method is not applicable.
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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 (0 calcium carhonate, in the cal-

culation of salinity, and in general labo-

ratory operstions. In limnological studies,
water temperatures 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
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 minimal thermal capacity 1o
permit rapid equilibration. Periodically
check the thermometer against a precision
thermometer certified by the National Bu-

® Approved by Standard Methods Commitiee, 1931

reau of Standardst that is used with its
certificate and correction chart. For field
operations wse a thermometer having a
metal case (o 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 sccurate; however, higher cost

may preciude its use. Cslibrate any tem- -

perature messurement devices with s Na-
tional Burésu of Standsrds certified
thermometer before field use. Make read-
ings with the thermometer or device im-
mersed in water long enough to permit
complete equilibration. Repont results to

" the nearest 0.1 or 1.0°C, depending on need.

2. Reversing Thermometer

The thermometer commonly used for
depth measurements is of the reversing
type. It often is mounted on the sample
colléction apparatus so that a water sample
may be obtsined simultaneously. Correct

‘readings of reversing thermometers for

changes due to differences beiween tem-

§ Some cu‘mmcuill thermometers msy he o much as 1°'C
n error.

perature at gesersal and temperature at
time of reading. Calculate as follows:

(r' (1" v 1)

Al [Pt

where: .

AT = correction 10 be added sigebraically to

uncorrecied reading,

T' = wncorrected resding at reversal,

¢ = temperature 31 which thermometer is
read,

1y = volume of small bulb end of capillary
wp to 0°'C graduation,

K = constant depending on relative thermal
eapension of mercury and glass (wsual
value of K = 6100), and

L = calibration correction of thermometer
depending on T°.

If series observations & Je it is con-
venient to prepare graphs tor a thermom.
eter to abtain AT from any values of /”
and ¢.
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213 TESTS ON SLUDGES"*

This section presents a series of tests
uniquely applicable to studges or slurries.

*Approved by Stamlard Methods Committee, 1983

The test data are uselul in designing facit-
ities for solids separation and concentration
and for assessing operational behavior, es-
pecially of the activated sludge process

213 A. Oxygen-Consumplion Rate

1. General Discussion -

This test is used 10 determine the oxygen
consumption raie of a sample of 8 biolog-
ical suspension such as activated sludge. I
is usefid in taborstory and pilot-plant stud-
jes ax well as in the operation of full-scale
treatment plants. When used as 2 routine
plant operation t1cst, it ofien will indicate
changes in operating conditions at an early
stage. However, hecause test conditions are
not necessarily identical 1o conditions at
the sampling site, the observed measure-
ment may not be idestical with actual oxy-
gen consumption rate.

2. Apparatus

a. Oxygen-consumption rafe  deviee:
Either:

1) A probe with an oxygen-sensitive
electrode (polarographic or galvanic), or

2) A manometric or respirometric de-
vice with appropriate readout and sample
capacity of st least 300 ml.. The device
should have an oxygen supply capacity
greater than the oxygen consumption rate
of the binlogical suspension, or at least 150
mg/L-h. )

b. Stopwatch or other snitable timing de-
vice. ’

e Thermometer to tead 1o © 0 8°C
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direct sunlight at all times and keep from
all contact with rubber.

4. Procedure

a. Sample collection: Collect an 800-mL
sample in a I-L gas washing botle.

b. Orone absorption: Pass a stream of
. pure sir or N, through sample and then

- through an absorber contsining 400 ml. K1
solution. Continue for S 10 10 min at & rate
0 0.2 10 1.0 L/min to insure that all ozone
is swept' from sample and absorbed in K1
solution.

¢. Titration: Trinsfer K1 solution to a |-
1. beaker, rinse absorber, and add 20 mL.
IN H,SO, to reduce pii below 2.0. Titrate
with 0.00SM N3, S,0, titrant until yellow
color ‘of liberated lodine 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 mpetomelnully as
described In Section 408C.40 except that
Na,S,0, can be used s the titrant. Other
procedures given in Section 408 for meas-
uring iodine may be wsed.

d. Blank test: Correct sample titration
result by determining blank contributed by
such reagent impurities as free fodine or
iodate in K1, or traces of reducing agents
that might reduce liberated iodine.

Take 400 mL Kl solution, 20 ml. IN
11,S0,, and 4 ml. starch indicator solution.
Pesform whichever blank titeation below
applies:

1) If a blue color appears, titrate with
0.005M N3,S,0, to disappearance of blue
and record result.

2) If no blue color appears, titrate with
0.003Af iodine solution until a blue color
appears. Back-titrate with 0.0058 Na 8,0,
to disappearance and record difference.

Before calculsting ozone concentration
subtract blank titration in § 441) from sam-
ple titration, or add result of § 4d2) above.

INORGANIC NONMETALS (400}
S. Calculation
mgosL U2 l)xllx 24000
I. ssmple
where:

A = mL titrant for sample,

8 = mL titramt for blawk (pmitive o neg:
stive), snd )

Af = molarity of N3, $,0,.

6. inerpretation 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. Temperature also is an impor-
tant factor in the decrease.
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423 pH VALUE®

Measurement of pll is one of the most
important and frequently used tests in

. water chemistry. Practically every phase of

waler lllm',' and wastewater treatment,

e.g.. acid-base neutralization, water sofi-

ening, precipitation, coagulation, disinfec-
tion, and corrmion comtrol, is pM-
dependent. pll is used in alkalinity and
carbon dioxide measurements and many
other. acid-base equilibria. At s given tem-
perature the intensity of the acidic or basic
character of a solution is indicated by plt
or hydrogen ion activity. Alkalinity and
acidity are the scid- and base-neutralizing
capacities of 3 water and usually are ex-
pressed as milligrams CaCO, per fiter.
Buffer capacity is the amount of strong acid
or base, usually expressed in moles per liter,
needed 10 change the pll value of a I-L
sample by 1 unit. pll as defined by Sor-
enson’ is —flog [H°): it is the “intensity”
factor of acidity. Pure water is very slightly
ionized and at equilibrium the ion product
is

(e §-- &

TOE - 0 " 28°C (D .

and
o) --jon |
KU IL T [T B
wheee:
M) actnnny of by deopen ons, mokes/8,

[0 |- actisaty of hydioasyd ums, moles /L, amd
K, ion prosfact of water

CAppraned by Standand Mot ot Comntee 108G

Dlecause of ionic interactions in all bt
very dilute solutions, it is necessary to use
the “activity™ of an ion and not its molar
concenteation. Use of the term pH assumes
thai the sctivity of the hydrogen ion, a,,..
is being considered. The opproximate
eyuivalence to molarity, [H°) can be pre-
sumed only in very dilute solutions (ionic
strength <0.1).

A logarithmic scale is convenient for ex-
pressing & wide range of ionic activities.
Equation 1 in logarithmic form and cor-
rected 1o reflect activity is:

or
pll & pON = pk
where:
plit = —lng,, a,¢ and

PO = ~10gue Oruy -

Equation 2 states that as pli increases pOH

- decreases correspondingly and vice versa

becanse pK. is constant for 2 given tem-

“perature At 25°C, pll 7.0 is newtral, the

activities of the hydrogen and hydroxyl
ions are equal, and each corresponds to an
apptorimate activity of 10°' moles/L The
neutral point is temperature-dependent and
is pl1 2.5 at 0°C and pll 6.3 at 60°C.

The ptt value of a highly ditute solution
» approafinately the same as the negative
common logarithm of the hydrogen ion
concentration Natural waters ususlly have
pll values in the range of 4 10 9, and most

' -
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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 oplical systems, the
results obtained with different types of sec-
ondary instruments frequently 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 scattered in one particular
direction, predominantly at right angles to
the incident light. These nephelometers are
unaffected relatively by small changes in
design parameters and therefore 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 are useful for process monitoring.

A further cause of discrepancies in tur-
bidity analysis is the use of suspensions of
different types of particulate matter for the
preparation 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

. PHYSICAL EXAMINATION (200)

light-scattering properties is specitied for

nephelometer calibeation.

Because there is no direct relationship
between the intensity of light scattered at
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-
ties derived from nephelometric and visual
methods, report the results from the former
as nephelometric turbidity units (NTU)
and from the latter as Jackson turbidity
units (JTU).

1. Selection of Method

Its greater precision, sensitivity, and
applicability over a wide lurbidity range
make the nephelometric method preferable
to visual methods. The candle turbidime-
ter, with a lower limit of 25 turbidity units,
has its principsl usefulness in examining
highly turbid 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 datk for up to
24 h. Do not store for lung periods because
irreversible changes in turbidity may occur.
Vigorously shake all samples before ex-
amination.

214 A. Nephelometric Method —Nephelometric Turbidity Units

1. General Discussion

a. Principle: This method is based on a
comparison of the intensity of light scat-
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-
sity of scattered light, the higher the tur-
bidity. Formazin polymer is used as the
reference turbidity standard suspension. It

is ens.y to prepare and is more reproducible
in its light-scattering properties than clay

. or turbid natural water. The turbidity of a

specified concentration of formazin sus-
pension is defined as 40 nephclometric.
units. This suspension has an approximate
turbidity of 40 Jackson units when meas-
ured on the candle turbidimeter; thesefore,
nephelmmetric turbidity units based on the
formazin preparation will approximate

al
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umis derived from the candle turbidimeter
but will not be identical to them.

b. Interference: Turbidity can be deter-
mined for any water sample that is free of
debris and rapidly settling coarse sedi-
ments. Dirty glassware, the presence of air
bubbles, and the cflects of vibrations that
disturb the surface visibility of the sample
will give false results. “True color,” that
is, waler color due to dissolved substances
that absorb light, causes measured turbid-
ities to be low. This effect usually is not
significant in the case of treated water.

2. Apparalus

a. Turbidimcter consisting of a nephe-
lométer with a light source for illuminating
the sample and one 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 turbidity and free
from significant drift after a short warmnup
period. The sensitivity of the instrument

_should permit detecting 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 to obtain hoth 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
differences, observe the following design
criteria:

1) Light source--Tungsten-filament
lamp operated at a color temperature be-
tween 2200 and JOUO’K.

2) Distance traversed by incident light
and scattered light within the sample
tube —Total not to exceed 10 em.

3) Angle of light acceptance by detec:
tor —Centered at 90" to the incident light
path and not 10 exceed 2 30" from 90°. The
detector, and filter system if used, shall

hiave a specteat peak esponse between S0

and 60 am.
b. Sample tubes. clear colorless glass.

Keep tubes scrupulously clean, both inside
and out, and discard when they become
scratched or etched. Never handle them
where the light strikes them. Use tubes with
sufficient extra length, or with a protective
case, 30 that they may be handled properly.
Fill tubes with samples and standards that

thave been agitated thoroughly and allow

sufficient time for bubbles to escape. -

3. Reagents

a. Turbidity-free water: Turbidity-frec
water is difficult to obtain. The following
method is satisfactory for measuring tur-
bidity as low as 002 NTU.

Pass distilled water through a membrane
filter having precision-sized holes of 0.2
pm;® the usual membrane filter used for
bacteriological exsminations is not satis-
factory. Rinse collecting flask at least twice
with filtered water and discard the next 200
mL.

Some commercial bottled demineralized
waters are nearly particle-free. These may
be used when their turbidity is lower than
can be achieved in the laboratory. Dilute
samples 10 a turbidity not less 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 to 100 mL in a volumetric
Nask. :

2) Solution 11 —Dissolve 10.00 g hexa-
methylenetetramine, (CH,)N,, in distilled
water and dilute to 100 mL in a volumetric
flask.

3) Ina 100-mL volumetric flask, mix 5.0
mL Solution | and 3.0 mL Solution Il. Let
stand 24 h at 25 £ 3°C, dilute to mark,
and mix. The turbidity of this suspension
is 400 NTU. ‘

4) Prepare solutions amd suspensions
monthly.

¢. Standurd turbidity suspension: Dilute
10.00 ml. stock turbidity suspension to 100
ml. with turhidity-frce  water. Prepare

*Nuclepare Corporanon, M3 Coamiere Cirdde, Pleas
anton, Calf , or equinalemt




dally. The turbidity of this suspension is
defined as 40 NTU.

d. Alternate standards: As an alternative
to preparing and diluting formazin, use
commercially available standards such as
styrene divinylbenzene beadst if they are
demonsirated to be equivalent to freshly
prepared formazin, .

e. Dilute turbidity standurds: Dilute por-
tions of standard tucbidity suspension with
turbidity-free water as required. Prepare
daily.

4. Procedure

a. Twrbidimeter calibration: Follow the
manufacturer’s operating instructions. In
{the absence of a precalibrated scale, pre-
pare calibration curves for each. range of
the instrument. Check acctiracy of any sup-
plied cafibration scales on a precalibrated

instrument by wsing appropriate standards: -

Run st feast one standard in each instru-
ment range 10 be wsed. Make certain that

turbidimeter gives stable readings in all =

sensitivity ranges wsed. High turbidities de:
termined by direct measurement are likely
to differ appreciably from those determined
by the dilution technique, § 4¢. .

- b Measurement of turbidities less than
40 NTU: Thoroughly shake ssmple. Wait
until air bubbles disappear and pour sample
into turbidimeter tube. When possible,
pour shaken sample into turbidimeter tube
and immerse it in an ultrasonic bath for |
to 2 s, causing complete bubble release.
Read. urbidity directly from instromem

scale or from appropriate calibration curve. -

¢. Measurement of turbidities above 40

PHYSICAL EXAMINATION (200)

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 moni-
tors for low turbiditics by determining tur-

~ bidity of the water entering or leaving

them, using a laboratory-model turbidi-
meter. When this is not possible, use an
appropriate dilute turbidity standard, § 3e.
For turbidities above 40 NTU use undi-
luted stock solution.

S. Caiculation

Nephelometric terbidity units (NTU)
AxX(a+cy
c
where: . )
A = NTU found ia dituted ssmple,

8 = volume of dilution water. mL, ond
€ = sample velume taken for dilution, mi.

8. Interpretation of Results

*" @ Report turbidity readings as follows: -
1 " . .

o " " Réport 10 the
Turhidity Range " Nesrest
NV AU
0-10 . 003
1-10 al .
10-40 . [
40-100 s .
100-400 e
40-1000 - - s '
> 1000 " 100

NTU: Dilute ssmple with one or more vol. .-

umes of turbidity-free water until turbidity
falls between 30 and 40 NTU. Compute
turbidity of original sample from turbidity
of diluted sample and the dilution factor.

| $AMOO-AEPA.-) Standard, Advanced Polymer Sy
| 3696 C tHavem Ave., Redwoed Clty, Colf.

b. For comparison of water treatment
efMiciencies estimate turbidity more closely
than is specified above. Uncertainties and

_discrepancies in turbidity measurements
make it unlikely that two or more labo-

ratorics will duplicate results on the same
sample more closely than specificd.
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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
causes the image of the flame of a standard
candle to dissppear —that is, to become in-
distinguishable sgainst the general back-
ground illuminstion —when the flame is
viewed through the suspension. The longer
the light path, the lower the turbidity.

b. Interference: Turbidity can be deter-
mined for any water sample that is free of
rapidly settling debris and coarse sedi-
ments. Dirty glassware, the presence of air
bubbles, and the effects of vibrations that
disturb the surface visibility of the sample
give false results.

2. Apparatus

e. Condle turbidimeter consisting of »
glass tube calibrated according to Table
214:1, a standerd candlie, and a support that

-aligns candle and tubie. The glass tube and

candle sre supported in a 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 top
of the support for the candle is 7.6 cm

" below the bottom of the glass tube. The

glass tube has a fiat, polished optical-glass
bottom and conforms to specifications for
nessler tubes given in Section 102.6. It is
gradusted to read directly in JTU. Keep
tube clean and free from scratches. Keep
most of glass tube enclosed within a metal
tube when observations are being made,
both to protect against breakage and to
exclude extraneous light.

Use a candle made of beeswar and sper-

maceti, Jdesigned 10 burn within the fimits

of 114 1o 126 grains/h. To insure uniform
results, keep flame as nesr constant size -
and constant distance from bottom of glass
tube as possible by frequently trimming
charred portion of the wick and making
sure that the candle is pushed to the top
of its support. Eliminate all drafts during .
measurements to prevent flame from flick-
ering. Do not burn 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 easily
when manipulated with the fingers.

& Boules for viswal comparison: A
matched set of 1-L-capacity, glass-stop-
pered bottlés made of borosilicate or other
resistant glass. .

3. Preparation of Standard Suspeasions

a. Twrbidity-free water: See. Section
214A 3a. :

b. Visual comparison standards: Prepare
from natural turbid water or ksolin.

1) Natural water—For best results, pre-
pare from natural tuibid water from the
same source as that to be tested. Determnine
turbidity with candle turbidimeter, then di-
lute portions of suspension to turbidity val-
ues desired. '

Weekly prepare suspensions of turbidi-
ties below 23 units by diluting a freshly

* checked, more concentrated suspension.

2) Kaolin—Add spproximately S g ka-
olin to | L distilled water, thoroughly ag-
itate, and let stand for 24 h. Withdraw
supernatant without disturbing sediment.
Determine turbidity with candle turbidi-
meter. Dilute 1o turbidity values desired.
Presesve standard suspensions by adding
1g HgCl/L suspension.  Shaké suspen- - °
sions vigorously before each reading amd
check monthly with candle tubidinetes.




eral hours take sample, add KI, and
measure 1otal chlorine with a colorimetric
method using & nessler tube to increase
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b. Titration: Use one of the following:
1) Amperometric titration — Add

sensitivity. Do not use before last trace of 0-0282A indine titrant in smal) increments

free and combined chlorine has been re-
moved.

Distilled water commonly contsins am-
monis snd slso may contain reducing
agents. Collect good-quality distilled or
den?nlud water in a sealed container from
wlnc!l water can be drawn by gravity. To
the sir infet of the container add an H,S0,
trap consisting of a large test tube half filled
wll.ln I + 1 H,S0, connected in series with
8 similar but empty test tube. Fit both test
tubes with stoppers and inlet tubes termi-
nating near the bottom of the. tubes snd
outlet tubes terminating near the top of the
tubes. Connect outlet tube of irap contain-
ing H,S0, to the distilled water container,
connect inlet tube 10 outlet of empty test
tube. The empty test tube will prevent dis-
charge 0 the atmosphere of H,30, due (0
femperature-induced pressure changes.
Stored in such a container, chiorine-de-
mand-free water is stable for several weeks
unless bacterial growth occurs.

4. Procedure

a. Preparation for titration:

1) Volume of yample—For chlorine con-
centrations of 10 mg/L or less, titrate 200
mL. For greater chlorine concentrations,
use proportionately less sample and dilute
1o 200 mL 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 $
mL 0.003 64N reductant for chlorine con-
centrations from 2 to $ mg/L, and 10 mL
for concentrations of $ to 10 mg/L, into a
Nask or casserole for titeation with stand.
ard iodine or jodate. Start stirring. For tj-
tration by amperometry or standard iodine,
also sdd excess K| (approximately | g) and
4 mL acetate buffer solution or enough to
reduce the pH 10 between 3.8 and 4.2,

from 8 1-mL buret or pipet. Observe meter
needle response as iodine is added: the
pointer remains practically stationary until
the end point is approached, whereupon
each iodine increment causes a temporary
deflection of the microammeter, with the
pointer dropping back 1o its original po-
sition. Stop titeation st end point when a
small increment of iodine titrant gives a2
definite pointer deflection upscale and the
pointer does not return prompily to its
original position. Record volume of iodine
titrant used to resch end point.

2) Colorimetric (iodine) titration — Add
! mL starch solution and titrate with
0.0282N fodine 10 the fArst appearance of
‘blue color that persisis afier complcie mix-

ng.

3) Colorimetric (iodate) titeation—To
suitable flask or casserole add 200 mi
chlorine-demand.free water and add, with
sgitation, the required volume of reduc-
tant, an excess of KI (approximately 0.5
8). 2 mL 10% M,PO, solution, and | mL
starch solution in the order given, and ti-
trate immediately® with 0.008 64A' iodate
solution to the first appearance of a blue
color that persists after complete mizing.
Designate volume of jodate solution used |
as A. Repeat procedure, substituting 200
mL sample for the 200 mL chiorine-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 I1,PO, added. Désignate this

volume of iodate solution as B.

*Titeation may be delayed up 10 10 nun withous n.uue-
.cilbk_ esror if 1,00, is s added unnnl immedhately hefore
Healinn. .
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5. Calculation
a. Titration with stundard ivdine:

4 - 358) x 100
mg Clas CL/L. - (_-_.c_’.___

where:
A = mL 0008 64.V reductant,

8 =mLO0202N 1, ond
C = mL sample. ’

303

b. Titrution with standard jodute:

mg Cl as CY,/L = (i—l,—)\L-m
c
where:
A = mL Na,$,0,,
B = mL iodate required to titrate Ns,$,0,,
and .
C = mL sample.

408 C. Amperometric Titration Method

1. General Discussion

Amperometric titration requires & higher
degree of skill and care than the colori-
metric methads. Chlorine residunls over 2
mg/L are measured best by means of
smaller samples or by dilution with water
that has neither residual chlorine nor 2
chiorine demand. The method can be used
to determine total chlorine and can dif-
ferentiate between free and combined
chlorine. A further differentiation into
monochloramine and dichloramine frac-
tions is possible by conteol of K1 concen-
tration and pH.

a. Principle: The amperometric method
is a special adaptation of the polarographic
principle. Free chlorine is titrated at a pH

between 6.5 and 1.5, a range in which the’

combined chlorine reacts slowly. The com-
. bined chloriae, in turn, is titrated in the
presénce of the proper amount of Kl in the
pH range 3.5 to 4.5. When free chiorine is
determined, the pll must not be greater
than 7.5 because the reaction becomes slug-
gish a1 higher plt values, nor less than 6.5
because at lower pH valucs some combined
chlorine may react ¢ven in the absence of
indide. When combined chlorine is deter-
mined, the pH must not be Jess than 3.5
hecause substances such as axidized man.

ganese interfere at lower pH values, nor
greater than 4.5 because the iodide reaction
is not quantitative at higher pH values. The
tendernicy of monachloramine (o react more
readily with iodide than does dichloramine
provides a means for further differentia-
tion. The addition of a smafl amount of K1
in the neutral pIf range enables estimation
of monochloramine content. Lowering the
pH into the acid range and increasing the
K1 concentration allows the separate de-
termination of dichloramine.

Organic chloramines can be measured as
free chlorine; monochloramine, or dichlo-
ramine, depending on the activity of the
chlorine in the organic compound.

Phenylarsine oxide is stable even in di-
lute solution and each mole reacts with two
equivalents of halogen. A special ampero-
metric cell is used to detect the end point
of the residual chlorine-phenyfarsine oxide
titeation  The cell consists of a nonpolar-
izable reference electrode that is immersed
in a saht solution and a readily polarizable
noble-metal electrode that is in contact
hoth with the salt solution and the sample

being titriated. In some applications, end-
point selectivity is improved by adding
+ 200 mV (o the platinum electrode versus
silver, silver chloride. Another approach to
end-paint_detection uses dual  platinum




]

electrodes, a mercury cell with voltage di-
vider to impress a potential across the elec-
- rodes, and & microammeter. If there is no
chiorine residual in.the sample, the mi-
croammeter reading will be comparativel
low because of cell polarization. Th:
greater the residual, the greater the mi-
Croammeter reading. The meter acts
Merely a3 & null-point indicator—that is,

the actus) meter reading is not important, -

but .nl'lel’ the relative readings as the si-
iration proceeds. The gradual sddition of

phenquni'm_ oxide .causes the cel] to be-.

€ome more and more polarized because of
. the decrease in chiorine. The end point is

-recognized when no further decresse inf me- -
ter reading can be obtained by adding more -

phenylanlng oxide.
- . & Interference:-Accurate determinations

- of free chlorine cannot be made in the pres- .

. ence of nitrogen trichloride, NCI,, or chlo- |
- tine dioxide, which titrate partly as free
chlorine. Wheti present, NCY, can titrate

~ partly as free. chlorine and partly s di-

chlorsmine, contributing'a positive error in
both fractions. Some organic chloramines
also can be titrated in each step. Mono-
chloramine can intrude into the free chio-
rine fraction and dichloramine: can inter-
fere in the . monochloramine fraction,
especially st high temperatures and pro-
longed titration times. Free halogens other
than chlorine also will titrate as free chio-

_ tine. Combined chlorine reacts with iodide
ions to produce iodine. When titration for
free chlorine follows & combined chiorine
titration, which requires addition of Kl,
erroneous results may accur unless the
measuring cell is rinsed thoroughly with
distilled water between titrations.

“Interference from copper has been noted
in samples taken from copper pipe or afier
heavy copper sulfate treatment of reser-
voirs, with metallic copper plating out on
the electrode. Silver ions also poison the
elecirode. Interference occur  in some
highly colored waters nnd ... waters con-
taining surface-sctive agents. Vcry low
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temperatures slow response of measurin

e-ell and longer time is required for the
titration, but precision is not affected, A
reduction in reaction rate is caused by pH
values sbove 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 fower chiorine values by vol.
atilization.. When ditution is used for sam.
ples containing high chiotine content, take
care that the dilution water is free of chio-
rine and ammonia and possesses no chio-
rine demand. | -
Sce 408.1 for a discussion of other in.
terferences. .. T
2 Apparatus -, .
» & End-point detoction appareius, con.
sisting of a cell unit connected 1o a mj.

croammieter, with necessary electrical
accessories. The cell unit includes » noble-

metal electrode of sufficient surface srea, a A

salt bridge to provide an electrical conpec-
tion without diRusion of electrolyte, and »
reference electrode of silver-silver chloride
ina saturated sodium chioride solution
connected into the circuit by means of the
salt bridge. .

Keep noble-metal clectrode free of de-
posits and foreign matter. Vigorous chem-
Ical clesning generally is unnecessary.
Occasional mechanical cleaning with a
suitable abrasive usually is sufficient. Keep
salt bridge in good operating condition; do
not allow it to become plugged nor permit
appreciable flow of electrolyte through it.
Keep solution surrounding reference 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 8 small DC potential also may
be used. (See Dibliography.)

b. Agitator, designed tn give adequate
agitation at the noble.metal electrode sue-
Face 1o inswre propee sensitivity Thoe-

S il

i

tew
.
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oughly clean  agitator  and  exposed
electrode system to remove all chlorine.
consuming contaminants by immersing
them in water containing | to 2 mg/L free
chlorine for a few minutes: Add K1 to the
same water and let agitator and clectrodes
remain immersed for $ min. After thor-
ough rinsing with chlorine-demand-free
walter or ihe sample 10 be 1csted, sensitized
electrodes and agitator are ready for use.
Remove iodide reagent completely from
cell, ' . )
¢ Burer: Commicrcial titrators usually
are equipped with suitable burets (1 ml.).
Manu3al burets are available.®

d. Glassware, exposed to water contain-
ing a1 Jeast 10 mpg/L chlorine for 3 h or
more before use and rinsed with chlorine-

. demand-free water.

3. Reagenis

"a. Standard phenylarsine oxide titran::
See Method 4U8D.3a. .

b. Phosphate bufly-- :-lution, pll 1 Dis-
solve 25.4 g anhydrous KH,PO, and 34.1
g anhydrous Na,HPO, in 800 mL distilled
water. Add 2 mL sodium hypochlorite so-
lution containing 1% chlorine and mix
thoroughly. Protect from sunlight for 2 d.
Determine that frce chlorine still remaing
in the solution. Then expose to sunlight
unti! no chlorine remains. Il necessary,
carry out the final dechlorination with an
ultravialet lamp. Determine that no tatal
chlorine remains by adding K1 and meas-
uring with one of the colarimetric tests.:

Dilute to 1 1. with distilled water and filier
il any precipitate 15 present. '

¢. Potassium iodide solution: Dissolve 50
g K and dilute to | L. with freshly boiled
and cooled distilled water Store in the dark
in a biown glass-s1oppered botile, prefer.
ably in the refrigerator. Discard when so-
Intion hecomes yellow

SKuman FPEIO D, 8 sl bamble Pty Tlos 118
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d. Acetate buffer sofution. phb 3: Sce
Method 408D 3.

4. Procedure

a. Sample volume: Select a sample vol-
ume requiring no more than 2 mL phen-
ylarsine onide titrant. Thus, for chlorine
concentrations of 2 mg/L or less, take a
200-mL sample; for chlorine levels in ex-

.cess of 2 ing/L, use 100 mL or propor-

tionately less..
. b Free chlorine: Unless sample.pH is
known to be betweein 8.5 and 1.8, 2dd 1
mL pH 7 phasphate buffer solution to.pro-
duce & pil of 6.5 to 7.5. Titrate with stand-

"ard phenylarsine oxide titrant, observing

current changes on microammeter. Add- ti-
trant in progressively smaller increments
unti) al) needle movement cesses. Mske
successive buret readings when needle ac-
tion beconies sluggish, signaling approach
of end point. Subtract last very small in-
crement that causes no needle response be:
cause of overtitration -

Continue titrating for combined chlorine
as described in § 4¢ below or for the sep.
srate monochloramine and dichloramine
fractions as detailed in §s 4e and 4f.

¢. Combined chlorine: To sample re-
maining from [reechloriné titration add
1.00 mi. KI solution and 1 mL acetate
-buffer solution, in that order. Titeate with
phenylarsine onide titrant to the end point,
as above. Do not rehll buret hut simply
continue titration after recording figure for
free chlorine. Again subtract last increment
to give amount of titrant actually used in
teaction with chlorine. (If titration was
continued without refilling buret, this fig-
ure represents total chlorine. Subtracting
frec chlorine from total gives combined
‘chlorine.) Wash apparatus and sample cell
thoroughly to remove iodide jon 10 avoil
inaccuracies when the titrator is used sub-
sequently for a free chiorine determination

d Sepurate samples: Il desired, deter-
mine total chlorine and free chlorine on
seput e samples I sample pH s hetween




1S an # total chlorine alone is re-
quired, wca sample immediately with 1
mL K1 solution follawed by | mL acetate
buffer solution, and titeate with phenylar-
sine oxide titrant as described in § 4c pre-
ceding.

‘. Monochloramine: Afier titeating for
free chiorine, add 0.2 mL K1 soluiion to
same sample and, withowt sefilling buret,

= wen IWUINME TALS (400)

5. Calculation

Convert individual wuteations for free
chlorine, combined chivrine, total chlorine,
monochloramine, and dichloramine by the
following equation:

mg Clas U470

continue titration with phenylarsine oside -

titrant 1o end point. Subtract fast incremenmt
fo obtain net volume of titrant consumed
by monochloramine.

[ Dichloramine: Add | mL acetate buffer
solution snd | mL K| solution to same
sample and titrate final dichloramine frac-
tion as described above. :

where:
A = mL phenylarsine oside titration.

6. Precision and Accwracy
See 408A.}.

408 D. DPO Ferrous Titrimetric Method

1. General Discussion

8. Principle: N,N-diethyl-p-phenylene-
diamine (DPD) is used a3 an indicstor in
the titrimetric procedure with ferrous am-
monium sulfate (FAS). Where complete
differentiation of chlorine species is not re-
quired, the procedure may be simplified to
give only free and combined chlorine or
totsl chlorine.

In the absence of fodide 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 to produce
color. Addition of lodide ion to excess
evokes a rapid response from dichloramine.
In the presence of iodide ion. part of the
nitrogen trichloride (NCY,) is included with
dichloramine and part with free chlorine.
A supplementary procedure based on add-
ing lodide ion before DPD permits esti-
mating proportion of NC, appearing with
free chiorine.

Chilorine dioride (C10,) appears, to the

extent of one-fifth of its ttal chlorine con-
fent, with free chlorine. A full sesponse
fsom C10,, corresponding 10 its totat chio-
rine content, may be abtained if the sample
Arst is acidified in the presence of indide
ion and subsequently is brought back 1o an
approximately neutral pll by adding bi-
carbonate fon. Bromine, bromamine, and
iodine react with DPD indicator snd ap-
pesr with free chlorine. '
. pH control: For accurate results care-
ful pH control is essential. At the proper
pH of 6.2 1o 6.5, the red colors produced
may be tlitrated to sharp colorless end
points. Titrate as soon as the red color is

Jormed in each step. Too low a pll in the -

first step tends to make the monochiors-
mine show in the free-chlnrine siep and the
dichloramine in the monochloramine step.
Too high a pH causes dissolved oxygen to
give a color.

. Temperature control: In all methods
for differentiating free chlorine from chlo-
ramines, higher temperatures increase the

tendency for chloramines to react and lead
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te inceeased apparent fice-chlorme results
Ihgher tempetatures also increase color
fading. Complete measurements rapidly,
especially at higher temperature.

d. Interference: The most significant in-
terfering substance likely to be encountered
in water is oxidized manganese. To correct
for this, place $ wl. buffer solution and 0.5
ml. sodinm arsenite solution in the titration
fask. Add 100 ml. sample and mix. Add
5 mL DPD indicator solution, mix, and
titrate with standard FAS titrant until red

- color is discharged. Subtract reading from

Reading 4 oMained by the normat proce-
dure as described in § Ja1) of this method
or from the total chlorine reading obtained
in the simplified procedure given in § Jad).
If the combined reagent in powder form
(see below) is used, first add KJ and ar-
senite to the sample and mix, then add
.combined bufler-indicator reagent.

As an alternative to sodium arsenite use
A 0.25G solution of thivacetamide, adding
0.3 mL to 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 DP'D indicator
solution by retarding deterioration due to
onidation, and in the test itsell, provides
suppression of dissolved oxygen errors by
preventing trace metal caralysis.

High concentrations of combined chlo-
tine can break through into the free chio-
rine fraction. At 10°C this amounts to 2%
and at 25°C to 452 of the monochloramine
present that reacts after standing | min.
Adding thioacetamide (0.5 mL 0.25% so-
fution to 100 mL) immediately after mixing
DPD reagent with sample completely stops

* further reaction with combined chlorine in
the free chlorine mieasurement. Continue
immediately with FAS titration to obtain
free chlorine. Obiain 1nal chiorine from
the normal procedure, ie., without using
thivacetamide.

Because high concentrations af iodide
ate used to measuge costined chlusine and

only traces of wdide greatly increase chlo-
ramine imterference in free chlorine meas-
urements, fake care (o avoid iodide
contamination by rinsing between samples
or using separate glassware.

Sece 408.1 for a discussion of other in-
terferences. o

e. Minimum detectable concentratuen:
Approzimately 18 pg Cl as Cl/L.

2. Reagents

a. Phosphate buffer solution: Dissolve 24
g anhydrous Na,HPO, and 46 g anhydrous
KN,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 chiorine test caused
by any trace amounts of iodide in the re-
agents. (CauTioN: HeCly is toxic—take
care to avoid ingestion). S

b. N.N-Diethyl-p-phenylenediamine
{DPD) indicator solution: Dissolve | g DPI)
oxalate,® or 1.5 g DPD sulfate pentahy-
drate,t or 1.1 g anhydrous DPD sulfate in
chlorine-free distilled water containing 8
ml | + 3 I,SO, and 200 mg disodium
EDTA. Make up to § L, store in a brown
glass-stoppered bottle in the dark, and dis-
card when discolored. Periodically check
solution blank -for absorbance and discard
when sbsorbance at 515 nm exceeds 0.002/
cmn. (The buffer and indicator sulfate are
available commercially as a' combined re-
agent in stable powder form.) CauTioN:
1he oxalate is foxic—take care to avoid
ingestion.

¢. Standard ferrous ammonium sul-
fate (FAS) titramt: Dissolve 1.106 g
Fe(NH,),(SO,);-6H,0 in distilled watcr
cortaining t mL | + 3 1{,SO, and make

*Fastman cheoncal No 7102 or equis alent

fAveilable from Gallard-Schirsinger Chemical Miy
Carp ., 3N Mineola Avenne, Catle Plaie,. N Y 11408,
eps afens




up to | L with freshly builed and couled
distilled water. This standard may be used
for | month, and the titer checked by po-
tassium dichromate. For this purpose add
1omL 1 + 5 H,SO,, $ mL conc H,PO,,
and 2 mL 0.1% barium diphenylamine sul-
fonste indicator to a 100-mL sample of
FAS and titrate with 0.100N primary
" standard potassium dichromate to a violet
:-nd poi:.u that persists for 30 5. The FAS
itrant is equivalent to 100 ug Q1
1.00 mL. he O o C/

d. Potassium lodide, K1, crystals.

e. Potassium iodide solution: Dissolve
300 mg KI and dilute to 100 mL, using
freshly boiled and cooled distilled water.
Store in & brown glass-stoppered bottle,
preferably in a refrigerator. Discard when
solution becomes yellow.

J. Potassium dichromate svlution: Sce
408A.2r2).

g Barium  diphenyplaminesulfonare,
0.1%: Dissolve 0.1. g (CH,NHCH 4-
$0,),82 in 100 mL distilled water.

A Sodium arsenite solution: Dissolve 3.0
g NaAsO, in distifted water and dilute to
1 L. (CauTion: Toxic—teke care 10 avoid
ingestion.). :

L Thioscetamide solution: Dissolve 250
mg CH,CSNH, in 100 mL distilled water.
(CAUTION: Cancer suspect agent. Take care
to evoid skin contact or ingestion.)

}  Chlorine-demand-free warter: See
408B.Im.

3. Procedwre

The quantities given below are suitable
for concentrations of total chlorine up to
S mg/L. If total chiorine exceeds $ mg/L,
use a smaller sample and dilute t0 a total
volume of 100 mL. Mix usual volumes of
buffer reagent and DPD indicator solution,
or ususl amount of DPD powder, with dis-
tilled water before adding sufficient sample
to bring total volume to 100 mL. (If sample
is added before buffer, test does not work.)

a. Free chlorine or chloramine: Place $
ml each of buffer reagent and DPD in-
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dicator solution in titration Mask and mix
(or use about 300 mg DPID powder). Add
I(!) mL sample, or diluted sample, and
mix.

1) Free chlorine—Titrate rapidly with
standard FAS titrant until red color is dis-
charged (Reading 4).

2) Monochloramine—Add one very
small crystal of KI (about 0.5 mg) or 0.1
mL (2 drops) K1 solution and mix. Con-
tinue titrating until red color is discharged
sgain (Reading 9).

3) Dichloramine—Add severs! crystals
K1 (about 1 g) snd mix t0. dissolve. Let
stand for 2 min and continue titrating until
u-:d color is discharged (Reading C). For
dichloramine concentrations greater than
1 mg/L, let stand 2 min more if color drifi-
back indicates slightly incomplete reaction.
When dichloramine concentrations are not
expected (o be high, use haif the specified
amount of KI. )

4) Simplified procedure for free and com-
bined chlorine or total chlorine—Omit 2)
sbove to obtsin monuchloramine and di-
chloramine together as combined chiorine.
To obtain total chiorine in one reading, add
full amount of KI at the stan, with the
specified smounts of buffer reagent. and
DPD indicstor, and titrate shter 2° min
standing.

& Nitrogen trichloride: Place one very
small crystal of Kl (about 0.5 mg) or 0.1
mL K[ solution in a titeation flask. Add
100 mL sample and mix. Add contents to
s second flask containing $ ml. each of
buffer reagent and DI'D indicator solution
{or add about 300 mg DPD powder direct
to the first flask). Titrate rapidly with
standard FAS titrant until red color is dis-
charged (Reading N).

4. Caliculation

For a 100-mL sample, 1.00 ml. standard
FAS titrant = 1.00 mg Cit as Cl,/L.

ot Pl b o

ey puwl

© (FAS)solution as in the titrimetric method,
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Reading NC), Absent NCI, Present

4 Free Q1 Free Q
8-4 [ [Ke) NH,C1

. CB NUQY, NHCY, +
4NCL,

N - Free C1 +
, KNCH,
AN-A) - NQ,
C-N - NG,

In the event that monochloramine is
present with NCI,, it will be included in N, '
in which case obtain NCI, from 2(N - B).

Chlorine dioside, il present, is included
in A to the extem of one-fifth of its total
chlorine content.

In the simplified procedure for free and
combined chlorine, only A (free Ct) and C
(total Cl) are required. Obtain combined
chlorine from C—A4. g :

The result obtained in the simplified total

chlorine procedure corresponds to C.

5. Precision and Accuracy
Sce 408A.S.

408 E. DPD Colorimetric Method

1. Genetal Discussion

a. Principle: This is 8 colorimetsic ver-
sion of the DPD method and is based on
the same principles. Insiead of titration
with standard ferrous ammonium sulfate.

a colorimetric procedure is used.
_ b, Interference: See 408.1 and 408D.\d.
Cumpensate for color and turbidity by us-

ing sample to zero photometer.
¢. Minimum deteciable concentration:

Approrimately 10 pg Cl as Cl/L.

2. Apparatus _
Colorimetric equipment: One of the fol-
lowing is required:
a. Spectrophotomeicr. for use at a wave-
length of 315 nm and providing a light path
of 1 cm or longer.

b. Filter photometer, eyuipped with a G- .

ter having mazimum transmission in the
wavelength range of 490 to $30 nm and
providing a light path of | em or longer.
¢. Glassware: Use separate glassware, in-
cluding separate spectrophotometer cells,
for free and combined (dichloramine)

measurements, to avoid iodide contami-

nation in free chlorine measurement.

3. Reagents
Sce Section 408D.23, b, d, e, A, i and .

4. Procedure

a. Calibrasion of photometer or color.
imeter: Calibeate instrument with chlorine

- (1) or potassium permanganate (2) solu-

1) Chlorine solutions —Prepare chlorine .

standards in the range of 0.05 to 4 mg/L
feom about 100 mg/L chlorine water siand-
ardized as directed in Section 409A.3g. Use
chiorine-demand-free water and glassware
to prepare these standards. Develop color
by first placing S mL phosphate buffer so-
Jution and $ mL. DP'D indicator réagent in
flask and then adding 100 mL chlorine
standard with thorough mixing as dc-
scribed in b and ¢ below. Fill-photometer
or colorimeter cell from fiask and read
color at 515 nam. Return cell contents to
fask and titrate with standard FAS titrant
as 2 check on chlorine concentration.

'2) " Potassium permanganate solu-
tions — Prepare a stock solution containing
891 mg KMn0,/1000 mL. Dilute 1000
mL stock solution to 100 mL with distilled
water in a volumetric flask. When 1-mL of
this solution is diluted to 100 ml. with
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distilled wa. .alorine equivalent of 1.00
mg/L will be produced in the DPD reac-
tion. Prepare a series of KMnO, standards
covering the chlorine equivatent range of
0.05 10 4 mg/L. Develop color by first plac-
ing S mL phosphate buffer and 5§ mL. DPD
indicator reagent in flask and adding 100
mL standard with thorough mixing as de-
scribed in b and ¢ below. Fill photometer
or colorimeter cell from flask and read
color st SIS nm. Return cell contents o
fask and titrate with FAS titrant as a check
on any absorption of permanganate by dis-
tilled water.

*b. Volume of sample: Use a sample vol-
ume appropriate (o 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 chiorine-de-
mand-free water when total chlorine ex:
ceeds 4 mg/L.

c. Free chlorine: Place 0.5 mL each of
buffer reagent and DPD indicator reagent
in 8 test tube or photometer cell. Add 10
mL sample and mix. Read color immedi-
ately (Reading 4).

d. Monochloramine: Continue by sdding
. one very small crystal of KI (about 0.1 mg)
and mix. If dichloramine concentration is
expected (o be high, instead of small crystal

add 0.1 mL (2 drops) freshly prepared K1
solution (0.1 g/100 mL). Read color im-
mediately (Reading 3).

e. Dichloramine: Continue by adding
several crysials of K1 (about 0.1 8) and mix
to dissolve. Let stand about 2 min and tead
color (Reading C). ’

[ Nitrogen trichloride: Place a very small
crystal of K1 (about 0.1 mg) in & clean test
tube or photonteter cell. Add 10 m. sample
and mix. To a second tube or cell add 0.5
mL each of buffer and indicator reagents;
mfx. Add contents 1o first tube or cefl and
mix. Read color immedinately (Reading A).

§. Caiculation

ludiu NCJ, Absemt NQI, Present
4 Free Q Free Q1
84 NH,O NH,Q
(¥ ] NNQY, NHQl, +
sNQY,
N - Free C1 +
%NQL,
nN-4) -~ NQ,
N - NIQ),

In the event thst monochloramine is
present with NCl,, it will be included in
Reading N, in which case obtain NC, from
2(N-B).

408 F. Leuco Crystal Violet Method

1. General Discussion

The leuco crystal violet method meas-
ures separately 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-dimethytaniline),
also known as leuco crystal violet, reacts
instantaneously with free chlarine to form
a bluish color. Interference from combined

chlorine can be avoided by completing the
test within a S-min interval. '

The total chlorine ‘determination in-
volves the reaction of free and combined
chlorine with iodide ion 1o produce hy-
poiodous acid, which in turn reacts 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 chlotine.

b Interference: No significant interfer-

o,
D,

R o o
- .

ence from combined chlorine occurs when
free chlorine is determined within S min
sfier indicator addition. Fifieen minutes
after adding indicator the apparent error
in the free chlorine delcrmination is about
0.0 mg/L at 25°C in a sample containing
5.0 mg/1. combined chiorine.

For combined chlorine concentrations
above 5.0 mg/L use the srsenite addition
procedure to minimize 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
sbsorbance due 10 manganic ion is deter-
mined separately and subtracted from total
sbsorbance to yield that produced by frée
chiorine alone.

Ferric and nitrate compounds do not in-
terfere and nitrite ion does not interfere in
the absence of monochloramine. Where ni-
trite ion and monachloramine are present
together, as in certain wastewaters, serious
interference will occur in the determination
of free chlorine. Adding arsenite will min-
imize but not entirely eliminate this inter-
ference.

If suspended matier or arganic color is
present, compensate by incorporating ap-
propriate turbidity or colur blanks into the
visual or photametric procedures.

¢. Minimum detectable concentration: 10
eg free chlorine/).; 5 pg total chlorine/L.

© 2. Apparsius

a. Colorimetric equipment: One of the
fullowing is required:

1) Filer photometer. providing a light
path of § cm or longer and equipped with
an orange filter having maximum trans.
mittance near 592 nm.

2) Spectrophotometer, for use at 592 m,
providing a light path of | cm or longer.
1€ cells become stained, rinse with acetone

b. Glosswure: See J0SC 2d

3. Reagents

a. Chlorine-demand-free waier: See
408D8.3m. Use to prepare reagent solutions
and sample dilutions.

b. Stock chlorine solution: Prepare 100
mg/L stock chlorine solution as described
in Section 409A.3g. )

¢. Buffer solution. pH 4.0: Dissolve 480
g glacial acclic acid and 146 g sodium ace-
tate, NaC,H,0,, or 243 g NaC,H,0,.
311,0, in 400 ml water and dilute to § L.

d. ‘Leuco crystal violer (LCV) indicator:
Measure 500 mL water and 14.0 mL 85%
orthophosphoric acid into a brown glass
container of at least 1-L capacity. Intro-
duce a magnetic stitring bar and mix a(
moderate speed. Add 1.0 g 4,4',4"-meth-
ylidynetris-(N,N-dimethylaniline)®* and
with a2 small amount of water wash down
any reagent adhering to neck or sides of
contsiner. Add 2.7 g mercuric chlioride,
HeQ1,, and stir until dissolved. (CAauTION:
Label contoiner with warning that 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 after 6
months. I a rubber stopper must be uscd,
wrap with plastic wrapping material to pro-
tect from contact with reagent.

e. Potassium iodide solution: Dissolve 3
g Kl in water and dilute to | L. Store in

a brown glasy bottle and protect llom sun-
light. . ,
[ Sodium hydroxide, IN.

g. Dilute sodium arsenite solution: Dis-
solve 26 mg NaAsQ), in water and dilute
to 100 mL.

h. Sodium arsenite solution: Dissolve S 1)
g NaAsQ, in water and dilute 1o U L. (Cart.

- T10N: Toxic--take carv to avoid ingestion )

i. Potassium peroxymonosulfate solution:
Obtain this reagent, KHSO,, as the com-

*Fastman chemcal Noo I6SE or eqs atent

oy




mercial product,{ a stable powdered mia-
ture containing 42.8% KIHSO, by weight
and a mixture of KHSO, snd K,SO,. Dis-
:oll:re 1.0 g powder in water and dilute to

4. Proceduwre
a. Calibration of photometer: Prepare

chiorine standards in the range of 0.03 1o

2 mg/L by diluting the chiorine water
standardized a3 directed in  Section
409A.3g. Prepare separate calibration
curves for firee available chlorine and total
chiorine as described in §s 45 and ¢ below.

b. Free chlorine: Meisure 100 ml. dilute
chlorine solution into a 250-mL beaker.
Add 20 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 flow down inside
glass sutface into sample with minimum
agitation. Stir sample (o develop color. For
best reproducidility add 1.CV indicator and
stir sample to develop. color in a standard-
ized manner. Compare absotbance mess-
ured at 392 nm with calibration curve and
;eporl result as milligrams free chlorine per
iter.

¢. Total chlorine:

1) Concentrstion below 20 mg/
L ~Measure 100 mL sample into suitable
fask and add 2.0 mL buffer solution, pH
4.9. Add 1.0 mL K1 solution. Mix and waii
al least 60 8. Add 2.0 mL LCYV indicator,
mix, and dilute to 200 mL. Read absord-
ance photometrically st 592 nm and com-
pare with calibration curve.

2) Concentrations above 20 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 appropriate di-
Jution factor and report result as
milligrams total chlorine per liter.

d. Elimination of interference from high

1O0n0ne, 8 pm.lm of E1 du I'ont de Nemours and Co ,
Inc. Witmington, el , Or equivalent.
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concentrations of combined chivrine: To de-

termine free chlorine in the presence of .

high concentrations of combined chlorine,
immediately sdd 10.0 mL NaAsO, solution
after adding and miring 2.0 ml. L.CV in-
dicator. Compare photometrically with
standards prepared by adding 10.0 mL. dis-
tilled water after adding indicator to com-
pensate Tor dilution by NaAsO, solution.
e. Compensstion for manganic [Mn
(IV)] manganese: For frée chiorine deter-
mination, follow the procedure given .in
1 4) and record absarbance as 4,. To a
second  100-mL sample, add 08 mL IN
NaOH. Add 2.0 mL dilute NaAsO, solu-

" tion and fet react for 2 min. Add 4.0 mL

potassivm peroxymonosulfate solution,
and wait 1.0 min. Add 40 mL pH 4.0
buffer and 2.0 mL L.CV indicator, mix, and
record absorbance as 4,. Calculate sbsorb-
ance, A,, due to free chlorine as fullows:

Ayt Ay - 1084 4,

Refer absorbance 4, to the free chlorine
standard curve 10 oblain free chlorine con-
centration.

For total chlorine determination, make
the total chlorine test as in § 4c and record
sbsorbance as B,. To a second 100-mL sam-

. ple, add IN NaOMl (approximately 0.8 ml.)

to adjust to pH 11.0. Add dilute NaAsO,,
potassium peroxymonosulfate, pH 4.0
buffes, and LCV indicator solutions as in
9 4¢. Dilute to 200 mL and secord absorb-
ance ss B,. Calculate absorbance, B, due
to total chlorine as follows:

| NEY S

Refer absorbance B, to tmal chlorine stand-
ard curve to obtain toral chlorine concen-
tration.

[, Compensation for turbidiy and color:
Compensate for interference by natural

color or turbidity by measuring sample ab-

sorbance at 592 nm and subtracting this

CHLORINE (RESIDUAL)/ Sytingaidatine (FACTS) Method I

reading from absorhance aof leasted feee or
total chlorine sample.

5. Calculation

4w I
mgz ) otal Clas U1, 2 ——-

g/l combined Cl s Q, = a-~C

where: et

4 = tonal chlonne i mg2 L. measuted i b
* luted sample, '

B =1 total chlorine i mg/ L. in sample. and

C = free chlosine in mng/).

6. Precision and Accuracy
Sece 408A.5.

[
e

408 G. Syringaldazine (FACTS) Method (TENTATIVE)

i. General Discussion

a. Principle: The free (available) chlorine
test, syringaldazine (FACTS) measures
free chlorine over the range of 0.1 to 10
mg/L. A saturated solution of syringal-
dazine  (3,5-dimethoxy-4-hydroxybenzal-
dazine) sin  2-propanol  is  used.
Syringaklazine is stable when stored a3 a
solid or as 8 solution in 2-propanol. It is
oxidized by free chlorine on a 1:1 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 mg/1., the final reaction mix-
ture must contain 2-propanol to prevent
product precipitation and color (ading.

The optimum color and solubility (min-
imum fading) are obtained in a solution
having a pH between 6.5 and 6.8. Ava pli
fess than 6, color development is slow and
reproducibility 1s poor. Al 8 pll greater
than 7, the color develaps rapidly but fades
quickly. A buffer is required to maintain
the reaction minture plf st approximately
6.7. Care should be taken with waters of
high acidity or alkalinity to assure that the
added buffer maintains the proper pH

Temperature has a minimat effect on the
color reaction. The marimum error ob-
served at lempcf;llmc extremes of 5 and
ISCis ¢ 10%.

b. Interferences: Interferences common
10+ other methods for determining frec
chlorine do not affect the FACTS proce-
dure. Monochloramine concentrations up
1o 18 mg/L, dichloramine concentrations

. up to 10 mg/L, and mangancse concentsa-

tions (oxidized forms) up to 1 mg/L dv
not intetfere. Very high concentrations of
monochloramine (235 mg/L) and ovi-
dized manganese (2 2.6 mg/L) produce a
color with syringaldazine slowly. Ferric
iron can react with syringaldazine; how-
ever, concentrations up to 10 mg/L do not
interfere. Nitrite (<250 mp/L), nitrate
(< 100 mg/L), sulfate ( < 1000 mg/L). and
chloride (< 1000 mg/L.) 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 buffer of
Section 408E.)c. Orygen does not interfere.
" Other strong oxidizing agents, such a»
indine, bromine, and ozone, will produce
a color.

. Minimum detectable concentratnm’
The FACTS procedure is sensitive 10 fice
chlorine concentrations of 0.1 mg/l. or
less.

2. Apparatus

Colorimetric equipment: One of the fol-

lowing is required: .
a. Filter photometer, providing a hght

.o ram-
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410 B. Amperometric Method

1. General Discussion

a. Principle: The amperometric titration
of C10, is an extension of the amperometric
qlelhod for chlorine. By performing four
titrations with phenylarsine oxide, free
chlorine (including hypochlorite and hy-
pochlorous scid), chloramines, chiorite,
and CIO, may be determined separately.
The first titration step consists of conver-
sion of C10, to chlorite and chlorate
through addition of sufficient NaOlt 10
pwt.luce & pH of 12, followed by neutra)-
ization to a pH of 7 and titration of free
chiorine. In -the second titration K1{ is
added to a sample that has been treated
similarly with alkali and had the pH read-
Justed 0 7; titration yields free chlorine
and monochloramine. The third titration
involves addition of K1 and pH adjustment
to 7, followed by titration of free chlorine,
monochloramine, and one-fifth of the avail-
able CI10,. In the fourth titration, addition
of sufficient H,30, to lower the pH 10 2
enables all available CIO, and chiorite, as
well as the total free chiorine, to liberate
an equivalent amount of iodine from the
added K1 and thus be titrated.

b. Interference: The interferences de-
scribed in Section 408C.16 apply abso 10
determination of CI0,.

2. Apparatus

The apparatus required is given in Sec-
tions 408C2¢ through d. .

3. Reagents )
Al reagents listed for the determination

of chiorine in Section 408C.3 are required.
Also needed are the following:

a. Sodium hydroxide, NaON, 6.V

b. Sulfuric acid, 1,0, 6N, | + §.

4. Procedure

Minimize effects of pH, time, and tem-
perature of reaction hy standardizing all
conditions. '

a. Titration of free availuble chlorine (hy-
po:_-hlon’lc and Aypochlorous acid): Add suf-
ficient 6¥ NaOH 10 raise sample plf to0 12,
After 10 min, add 6N H,SO, 1o luwer pH
10 7. Titrate with standard phenylarsine
ouid.e titrant 1o the smperometric end point
;s given in Section 408C. Record result as
b. Titration of frec availuble chlorine and
chloramine: Add 6N NaOH 10 raise sample
PH to 12. ARer 10 min, add 6N H.S0, 10
reduce pH to 7. Add | ml. K1 solution.
Titrate with standard phenylarsine oxide
titrant to the amperometric end point. Re-
cord result as 8.

¢. Titration of frvw awiluble chlsrine,
chlorumine, and one-fifik of available clo,
Adjust sample pH to 7 with pll 7 phos.
phate buffer solution. Add | ml. K so.
hntion. Titrate with standard pheaylarsine
oxide titrant 1o the smperometric end
point. Record result as C.

d. Titrotion of free avuiluble chlvring,
chloramines, ClO,, and chlorite: Add | mL.
K1 solution 10 sample. Add sullicient 68
11,50, 1o lower pll to 2. After 10 min, add
sulficicnt 6N NaOIl 10 raise pH 10 7. Ti.
trate with standard phenylarsine oxide ti-
trant to the smperometric .cnd paint.
Record result as D

CHLOMINE DIOXIDI 7 DPD Mothod -

5 Calculation

Convert individual titrations (A, B, C.
and D) into chlorme concentration by the
following equation:

E x 200

N Y R e S vy 70
mg 1 as l /1 ml. sample

where:
E = ml. phenylarsine umide tration for

each indnadual somple 4. B. C. o2 D.
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Caleulate CIO, and individual chlorine
fractions as follows: C

mg CI), 15 CIO/L = 1.9(C - B)
" mgClO,as QL = S (C —'8)
mg free available chlorine/l. = 4
mg chlursmine/L as chlorine = 8 — 4

mg chlorite /1. as chlorine = 48 — SC + D

410 C. DPD Method (TENTATIVE)

1. General Discussion

a. Principle: This methad is an eatension
of the N,N.dicthyl-p-phenylenediamine
(DPD) method for determining free chlor-
ine and chloramines in water. CIO, appears
in the fiist siep of this procedure but only

_ 10 the extent of one-fifth of its total avail-

able chlarine content correspunding to re-
duction of CIO, 1o chlorite ion. If the
sample is then acidified in the presence of
iodide the chlonte also reacts. When neu-
tralized by subsequent addition of bicar-
bonate, the color thus produced
corresponds to the total available chlorine
content of the CIO,. If chiorite is present
in the sample, this will be included in the
step involving acidilication and neutrah-
zation. Chivrite that Jid oot result from
ClO, reduction by the procedure will cause
a positive error equal to twice this chlorite
concentration. fn evafuating mintures of
these various chloro-compounds, ot is nee-
essary to suppress free chlorine by adding
plycine before reacting the sample with
DPD reagent. Differemiation is based on
the fact that glycine converts free chlorine
instantanconsly  into  chloroaminoacetic
acid bt has no cffect on CIO,.
b. Interference: The imterference by ox-
idized manganese described in Section
JORD td applics_alo o CIO, determina-

tion. Manganese interference appears as an
increase in the first titrations after addition
of DPD, with or without K1, and irre-
spective of whether there has been prior
addition of glycine. Titration readings must
be corrected suitably. Interference by chro-
mate in wastewaters may be corrected sim-
ilarly.

Iron comtributed to the sample by adding
ferrous ammonium sulfste (FAS) titrant
may activate chlorite 5o as to interfere with
the first end point of the titration. Suppress
this effect with additional EDTA, disodium
saft.

2 Reagents i Y

Reapents required in addition to those
for the DPD -frec-combined chlorine
method as listed in Scction 408D.2 are as
follows:

a. Glycine solution: Dissolve 10 g
NH,CH,COO0It in 100 mL distilled water.

b. Sulfuric acid solution: Dilute 5 ml
cone 11,80, to 100 ml. with distilled waier.

¢. Soclium bicarbonate solution: Dissolve
21.5 g NaHCO, in 500 mL distilled water.

d. EDTA: Disodium salt of ethylenedi-
amine teteaacetic acid, sobid




3. Procedwre

For samples containing more than S mg/
L total available chlorine follow the dilu-
tion procedure given in Scction 408D.).

a. Chlorine dioxide: Add 2 mL glycine
solution to 100 mL sample and mix. Place
5 ml. each of buffer reagent and DP'D in-
dicator solution in a separate titeation Aask
and mix (or use about 500 mg DPD pow-
der). 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

8. Free available chiorine and chiore-
mine: Using 4 sécond 100-mL sample fol-

low the procedures of Section 408D.3e

adding about 200 mg EDTA, disodium
saft, initially with the DPD resgents (Read-
ings A, B, and C). :

¢ Toml evoilable chlorine including
chlorite: After oblaining Reading C add |
mL H,SO, solution to the same sample in
titration Aask, mix, and let stand sbowt 2
min. Add S mL NaHCO, solution, mix,
and titrate (Reading D).

d. Colorimetric procedure: Instead of ti-
tration with standard FAS solution, col-
orimetric procedires may be wsed to obtain
the readings at ‘gach stage. Calibrate col-
orimeters with standard pesmanganate so0-
fution as directed in Section 408E.4e. Use
of sdditional EDTA, disodium salt, with
the DPD resgents is not required in col-

orimetric procedures.

INORGANIC NONMETALS (400)

4. Caiculations

For 100 ml. sample, | ml. FAS solution
= | mg available chlorine/L.

In the absence of chlvrite:

Chiurine dioside = 3G (i 1.9G eapressed a.
av,) .

Fsee avaitable chionne - 4 - G
Monochloramine = 8 - 4
Dichloramine = C - B
Totsl available chlorine = C 4+ 4G

If the step leading to Reading # is omit-
ted, monochloramine and dichloramine are
obtained together when:

Combined svailable chilorine = C — 4

If it Is desived to check for presence of .
chlorite in sample, obisin Reading D

Chilorite &s indicated if D Is grester than
C + 4G. '
In the presence of chlorite:

Chinrine dioride = 3G (vr 1.9G eaprersed
s O10,)

" Chlotite ® D ~ (C + 4G)

Froe avallable thiorine = 4 ~ G
Menochlersmine = 8 ~ 4

Dichisraming = C — #
Totsl aveilable chilorine = D
If B is omitied,

Combined svailsble chlorine = C - 4
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411 CHLORINE REQUIREMENT"

Chlorine demand is the quantity of
chiorine that must he sdded to a unit vol-
ume of water to'react with all the chlorine.
reactable materials. Because some chiori-
nation processes du not require complete
satisfaction of the chlorine demand, chlo-
tine sequirement is the more applicable
term.

Chilorine requirement is the quantity of
chiorine that must be added to a unit vol-
ume of water under specified conditions

(pH, contact time, temperature) to schieve.

a specified result. Examples include the
quantity of chlorine required to limit the

" mazimum bacterial count in wasiewater or

to oxidize iron and manganese in a potable

*Appemed by Standard Mcthink Comnmttee. 1941

water for subsequent removal 10 specified
levels.

Where applicable, chlorine residuals
may be determined by any of the methods
of Section 408; the same method must be
used foi both laboratory testing and «ip-
erational control.

In reporting results, include aft 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 studies
must be applied with cauvtion to plant op-
erations. The primary purpose of the test
is to provide guidance in the control of
chlorination for disinfection or ather pur-

poses.

411 A. Method for Control of Disinfection

1. General Discussion

Chlwine requirement can be determined
ot plant o Libeseatony seale bt i nies

cases, it is better determined in the plam,
under plant conditions, and with “‘plant
coquipment

Tos the plant g, the o o wetew it




are shif iic because of the presence
of bica _s and carbonates of the alkali
and alkaline earth metals.

1. General Discussion

a. Principle: The basic principle of elec-
trometric pH measurement is determina.
tion of the sctivity of the hydrogen ions by
potentiometric measurement using a stand-
ard hydrogen electiande and a scference
electrande. The hydiogen electrode consists
of a platinum electrode across which hy-
. drogen gas is bubbled at a pressure of (01
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 (eml) pro-
duced in the glass electrode system varies
finearly with pH. This linear relationship
is described by plotting the measured eml
against the pH of different buffers. Sample
pH is determined by extrapolation.

Decause 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)
electiode and a reference electrode using
National Dureau of Siandards buffers hav-
ing assigned values so that:

pile = - logee.’
where: .
pH, = aniigned pit of NBS bufler.

The operational pH scale is used to mea-
~ sure sample pH and is defined as:

F(E, - £)
L 4
o, = e & S SOVAT
where:
pi, = potentiometrically measured ssmple

PH, .
F = Faraday: 9.649 x 10° coulomb/mole,
E, = sample enof, V,
E, = buffer emf, V,
R = gag comstent; §.314 joule/(mole *K),
and .
T = absolute temperature, K.

NotEe: Although the equation for phl, ap-
pears in the literature with a plus sign, the
sign aof el readings in millivolis for most
pH meters manufactured in the U.S. is neg-
ative. The choice of negative sign is con-
sistent with the IUPAC Siackholm
convention concerning the sign of electrade
potential.?

The activity scale gives values that are
higher than thise ym Sorenson's scale by
0.04 units:

pH (sctivity) = pH (Sorenson) + 004

The equation for pH, assumes that the emf
of the cells contsining the sample and
buffer is due solely to hydrogen fon 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 measurenient; thus, to obtain

meaningful results, the differences between

£, and E, should be minimal. Samples must
be dilute aqueous solutions of simple sol-
utes ( <0.2A1). (Chouse buflers to brucket
the ssmple.) Determination of pll cannot
be made accurately in nonagueous media,
suspensions, colloids, or high-ionic-
strength solutions.

b. Interferences: The glass electrode is
eclatively 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” efec-
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 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 fong-term drift in pli. Decause
chemical equilibrium affects pli, standard
pH buffers have a specified pli at inddicated
temperatures.
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Always report temperature at which pli

s measured.

2. Apparatus

u. pll meter consisting of potentiometer,
a glass electrode, a reference electrode, and.
a temperature compensating device. A cir-
cuit is completed through the potentiom-
cter when the electrndes are immersed in
the test solution. Many pH meters are ca-
pable of reading ptl or millivolis and some
have scale expansion that permits reading
to 0.001 plt urit, but most instruments are
not that precise. .

For routine work use a pll meter ac-
curate and reproducible to 0.1 pH unit with

"a range of 0 to 14 and equipped with a

tempersiure compensation adjustment.
Although manufacturers provide oper-
ating instructions, the use of different de-
scriptive terms may be confusing. For most
instriunents, there are (wo controls: inter-
cept (set bufler, asymmetry, standacdize)
and slope (temperature, offset); their func-
tions are showa diagramatically in Figures
42):1 and 2. The intercept control shifts
the response curve laterally to pass through
the isopotential poirit with no change in

" slope. This permits bringing the instrument

4an

on scale (0 mV) with a pli 7 buffer thn
has no change in potential with tempera-
ture.

The slope control rotates the em{/pll
slope about the isopotential point (0 mV/
pH 7). To adjust slope for temperature
without disturbing the intercept, select a
buffer that brackets the sample with plil 7
buffer and adjust stope control o 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: silver-chloride electrodes. Either is
available with several types of liquid junc-
tions. C .
The liquid junction of the reference elec-

" trode is critical because st this point the

electrode forms a salt bridge with the sami-
ple ot buffer and a liquid junction potential
is generated that in turn affects the poten-
tial produced by the reference electrode.
Reference electrode junctions may be an-
nular ceramic, quartz, or asbestos fiber, or
the sleeve type. The quartz type is must
widcly used. The asbestos fiber type is nut
tecommended for strongly basic solutions.
Follow the manufacturer’s recommenda-
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tion on use and care of the reference clec-
trode.

Refill nonsealed electrodes with the cor-
rect electrolyte to proper fevel and make
sure junction is properly wetted.

¢. Glass electrode: The sensor electrode
is a bulb of special glass containing a fined
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 lons for hydrogen ions to build up a
surfsce layer of hydrogen fons. This, to-
gether with the repulsion of snions by fixed,
negatively charged silicate sites, produces
at the glass-solution interface a potential
that is a function of hydrogen ion activity
in solution. i .

Several types of glass elecirodes are
availsble. Combination electrodes incoe-
porate the glass and reference electrodes
- into » single probe. Use 3 “low sodium
error” electrode that can operate it high
temperatures for measuring pH over 10 be-
cause standard glass electrodes yield er-
- roneously fow values. For measwring pH
below 1 siandard glass efectrodes yield er-
roneously high values; wse liquid mem-
brane clectrodes instead.

d, Beakers: Preferably use polyethylene
or TFE} beakers. _

e. Stirrer: Usé elther a magnetic, TFE-
coated stirring bar or a mechanical spirrer
with inest plastic-coated impeller.

£, Flow chamber: Use for continuous flow
measurements or for poorly buffered so-
lutions. Coc

3. Reagents

a. General preparation: Calibrate the
electrode system against standard buffer so-
futions of known pH. Because buffer so-
futioni may deteriorate as a result of mold
growth or contamination, prepare fresh as

§Tefon on equivaient.
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necded for accurate work by weighing the

amoums of chemicals specified in Table

423:1, dissolving in distilled water a1 25°C,
and diluting to 1000 mL. This is particu-

larly important for borate and carbonate . 23R

buffers.

Boil and cool distilled water having a b

conductivity of less than 2 pmhos/cm. To
50 mL add {1 drop of saturated KC) so-
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 siandard
solutions. ,

Dry KH,PO, at 110 10 130°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 lor preparing buffer
solutions, use certified materials available
fcom the National Bureau of Standards
when the greatest accuracy is required. For
routine analysis, wse commercially awail-
able bufler tablets, powders, or solutions of
tested quality. In preparing buffer solutions
from solid salis, insure complete solution.

As 2 rule, select andl prepare buffer s0-
lutions classed as primary standards in Ta-
bie 423:1; reserve secondary standards for
extreme situations encountered in waste-
water measurements. Consult Table 423:11
for accepied pH of standard buffer solu-
tions st lerhperatures other than 25°C. In

toutine use, store buffer solutions and sam-
ples in polycthylene bottles. Replace buffer
solutions every 4 weeks.

8. Sarureted potessium Aydrogen tarirate
solution: Shake vigorously an excess (3 to
10 g) of fnely crystalline KHC,H,0, with
100 10 300 ml distilled water a1 25°C in a
glass-stoppered bottle. Separate clesr so-
lution from undissolved material by decan-
tation or Aliration. Preserve for 2 months
or more by sdding one thymol crystal (8
mm diam) per 200 mL. solution.

¢. Saturated calcium hydroxide solution:
Calcine a well-washed, low-alkali grade
CaCO, in a platinum dish by igniting for

TAE 423:1. PREPARATION OF PH STANDARD SOLUTIONS®

Weight of Chamicals Needed/ 1000 mL
Aqueous Solunon at 25°C

pl'lulﬂ:.

Standard Solution (molality)
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sodiym carbonate

Secondery stendenrds:
0.03 potassium ietrozalate

12.61 g KH,C.0, - 24,0

1679

dihydrate '
Cailcium hydrozide (ssturated

> 2 g CA(OH), ¢

12.454

a25°0)

*DuRrsT, R. A. 1975, Standard Reference ‘Materials: Standardization of pH Messurements. NBS Spec. Publ. 260-3). Nsvonal Bur. Standards. Washington.

‘D.C.

and cooled dintilled warer {carbon-dionide(ree).

Prepare with freshiy boiled

¢ Approsimate solubility.




Hy
12.454

0 h ot 1°C. Cool, hydrate by slowly
adding distilled water with stirring, and
heat to boiling. Coal, filter, and collect solid
Ca(O11), on a fritted glass filter of medium
porasity. Dry at 110°C, cool, and pulverize
to uniformly fine granules. Vigorously
shake an encess of fine granules with dis-

thoroughly with distilled blot ahey,
and immerse in second butie.  .ecornd tem-
perature of measurement amd adjust tem-
perature dial on meter so that nieter
indicates pH value of buffer at test tem-
perature (this is a slope adjustment).

Use the pH value listed in the tables (i

Nationa) Bur. Standards, Washington,
D vt

[ 4 -
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& g = mes =a L R R I S Sk tilled water in a stoppered polyethylene  the buffer used at the test temperature. Re-
botile.. Let temperature come to 25°C aller  move electrodes from second buffer, rinxe.
el mixing. Filter supernatant under suction thoroughly with distifled water and dry
o 3 through 8 sintcred glass flter of medium  electrodes as indicated above. Immerse in
Al 5 3 s 8 g 2 ! E £ * 3 . porusity and use filtrate as the buffer so-  a third buffer below pHi 10, approximately
g a gd dg _3_ = pe i ’ lution. Discard buffer solution when at- 3 pH units different from the second; the
mospheric CO, causes lurbidity (0 sppear.  reading should be within 0.1 unit for the

Sora  Carbomate

00140
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9.004
017

9.14)
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17388
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Phosphase
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6851
s
6836
6«3

Phowphate

31.9%
19
4.004
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4.008
412
416
.19
421

Q.054M)
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d. Auxiliary solutions: 0.\N NaOH, 0.IN
HQL, SN HQI (dilute five volumes 6N 1ICY
with one volume distitied water), and acid
potassium fluoride solution (dissolve 2 g
KF in 2 mL conc 11,SO, and dilute to 100
ml. with distilled water).

4. Procedure

& Instrument calibretion: In each case
follow manufacturer's instructions for pit
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 amhos/cm. Tap water is a better
substituie than distilled water, but pH 4
buffer is hest for the single glass electrade
and saturated KQ is preferred for a cal-
omel and Ag/AgCl reference electrnde.
Saturated KCl s the preferred solution for
s combination electrode. Keep electrodes
wet by returning.them to storage solution
whenever pll micter is not in use.

Defore use, remove electrodes from stor-

pH of the third buffer. If the meter response
shows s difference greater than 0.1 p unit
from expected value, look for trouble with
the electrodes or potentiometer (see §s S
and b below).

The purpose of standardization is to ail-
just the response of the glass electrode

 the instrument. When only occasional pll

measurements are made standardize in-
strument before each measurement. When

" frequent measurements are made and the

instrument is stable, standardize less fre-
quently. If sample pH values vary widely,
standardize for each sample with a buffer
having a pH within | 10 2 pH units of the
sample. ’

b. Sample analysis: Establish equilibrium
between electrodes and sample by stirring
sample to insure homogeneity; stir gently
to minimize carbon dioxide entrainment.
For buffered samples or those of high iom
strength, condition electrodes after clean-
ing by dipping them into sample for 1 min
Dlot dry, immerse in a fresh portion of the
same sample, and read pH.

TABLE 423:11. STANDARD PH VALUES ASsIONSD BY THE NaTiowaL Bunsau oF STANDARDS®

age solution, rinse, blot dry with a sofi ©= With dilute, poorly buffered solutions,

Tanrase Citrate  ° Phthalate

1973. Standard Reference Matenals: Standardizacion of pH Messurements. NES Spec. Publ. 260,53,
L

3 o

§ ."f', ﬁ i 5 'i 3 .3. .9; .8, § 3 2 tissue, place in initial buffer solution, and  equilibrate electrodes by immersing n

3 - e - I B T A sct the isopotential point (§ 2a above). Se-  three or four successive portions of sample.

= lect a second buffer within 2 pl! units of Take a fresh samiple to messure pH.

% -sample pll and bring sample and buffer to )

1 o same temperature, which may be the room 3 Trouble Shooting

v]lovne wamn . - - : temperature, s fixed temperature such as a. Potentiometer: To locate trouble
g' = Z2RR R=A . FIR R8R 27 E U 25°C, or the temperature of a fresh samiple.  source disconnect electrodes and. using a
-~ .8 a - Remove clectrodes from first buffer, rinse  short-circuit strap, connect reference eles -




trode terminaf 10 glass electrade terminal.
Observe change in pM when instrument
calibration knob is adjusied. If potentiom-
eter is operating properly, it will respond
rapidly and evenly to changes in calibration
over a wide scale range. A fanlty poten-
tiometer will fail 10 respond, will react er-
ratically, or will show a dsift upon
sdjustment. Switch to the miflivolt scale on
which the meter should read zevo. If in-
experienced, do not attempt potentiomcter
.lq:l.ir other than maintenance ss described
n instrument manusl.

. b.. Electrodes: If potentiometer is func-
tioning properly, look for the instrument
fault in the electrode pair. Substitute one
electrode at a time and cross-check with
two buffers that are abowt 4 pH units apant.
A devistion greater than 0.1 pH wnit in-
dicates a faulty electrode. Glass electrodes
fail because of scratches, deterioration, or
acc.umulation of debris on the glass surface.
Rejuvenate electrode by sliernately im-
mersing it three times each in O:0N NQCI
. nd O.1N N2OH. If this faiks, immerse tip
_ in KF solution for 30s. Afer rejuvenation,

soak in pH 7.0 buffer overnight. Rinse and

store in pH 7.0 buffer. Rinse again with
distilled water before use. Protein coatings
can be removed by sosking glass electrodes
l|n a 1l0$ pepsin solution sdjusted to pH

to2

Ta check reference electrode, oppose the

emf of a questionsble reference electrode

against another onc of the same type that
is known 10 be poud. 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 millivolis and
fake readings with both clectrodes im-
" mersed in the same electrolyte (KCl) so-
lution and then in the same buffer solution.
The millivolt readings should e 0 ¢ S mV
for both solutions. If different electrodes
are used, i.e, silver: silver-chloride against
calumel or vice versa, the reading will be
44 2 S mV for a good reference electrode.

INOHGANIC NONMETALS (400)

Reference chectrinde troubles penerally
are l‘raceablc 10 8 clogged junction. Inter-
ruption of the continuous trickle of elec-
!mlyle through the junction causes increase
in response time and drift in reading. Clear
] clo_gged junction by applying suction to
the tip or by bailing tip in distilled water
l!lllil the electrolyte flows feeely when suc-
tion is applied 10 tip or pressure is applied
to the il hole. Replaccable junctions are
available commercially. .

6. Precision and Accuracy

_Ily careful use of a laboratory pH meter
with good electrudes, a precision of £0.02
PH unit and an accuracy of £0.03 rH unit
can be achicved. However, £ 0.1 pH unit
represents the limit of accuracy under nor-
mal conditions, especially for measurement
of.waler and poorly buffered solutions. For
this reason, report pH values 10 the nesrest
0.1 pHl unh. A synthetic sample of a Clark
and Lubs buffer solution of pH 7. was
amalyzed clectrometrically by M) lahora.
tories with a standard deviation of £0.1)
il unie. :
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424 -PHOSPHORUS®

Phosphorus occurs in natural waters and
in wastewaters almost solely as phosphates.
These are classificd as orthophosphates,
condensed phosphates (pyro-, meta-, amd
ather polyphosphates), and  organically
bound phosphates. They occur in solution,
in particles ur detiitus, or in the bodies of
aquatic arganisma
* These forms of phosphate arise fromi a
variety of sources. Small amounts of certain
condensed phosphates are added to some
water supplies during treatment. Larger
quantities of the same compounds may be
added when the water is used for launder-
ing of other cleaning. because these ma-
tevials are majot  constituents of many
commercial cleaning preparations. Phos-
phates are used extensively in the treatment
of boiler waters. Orthophosphates applied

to agricultural or residential cultivated
tand as fertilizers are carried into surface
waters with storm runofl and to a lesser
extent with meiting snow Organic phas-
phates are formed primarily by biological
processes  They are comrnibuted to sewage
hy bady wastes and food residues, and also
may be formed from oithophosphates in

. tAppased by Nanbad Lobeat G omnaites, [R1]}
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biological treatment processes or by re-
ceiving water biota.

Phosphorus is essential to the growth of
organisms and can be the nutrient that lim-
its the priimary productivity of a bady of
water. o instances where phosphate is a
growth-limiting nutrient, the discl.arge of
raw or (reated wastewater, agricultural
drainage, or certain industrial wastes to
that water may stimulate the growth of
photosynthetic aquatic micro- and macro-
organisms in nuisance quantities.

Phosphates also occur in botivm se:i-
ments and in biological sludges, hoth as
precipitated Inorganic forms and & :orpo-
rated into organic compounds.

1. Definition of Terms

Phosphorus analyses embody two gen--

eral procedural steps: (a) conversion o” the

phosphorus form of interest to ¢ Ssvived —

arthophosphate, and (b) colorim: . ric de-
termination of dissolved orthapk s<phate.
The separation of phosphorus intc its var-

ious furms is defined analytically but the

analytical differentistions have licen se-

lected so that they may he used - in-

terpretive purposes. - .
Filtration through a 0 45 pm-pore diam

RO
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