
State of Nebraska

Department of Environmental Control

Randolph Wood
Director

301 Centennial Mall South 

PO. Box 98922 
Lincoln. Nebraska 68509-8922 

Phone (402) 471-2186

Thomas T. Holloway, Chief
Emergency Planning and Response Branch
Environmental Services Division
U. S. EPA Region VII
25 Funston Road
Kansas City, KS 66115

E. Benjamin Nelson
Governor

re: ARARs for Removal Action at Gladstone and Tomora

Dear Mr. Holloway:

For your information we have enclosed a list of 
and Appropriate Requirements (ARARs) which may affect 
activities within Nebraska.

Applicable or Relevant 
the proposed Superfund

t o n,"®P°n'e C° your letter dated May 27. 1992. and received by us on 
June 3 1992. ARARs specifically identified for the proposed Removal Action
at Gladstone and Tomora groundwater contamination sites are as follows:

I TMle 179' ChaPter 2, Section 007.02 (The Nebraska Department of 
Health: Regulations Governing Public Water Supply System) related to
connection o 3 private wells at Gladstone to a community water 
system.

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

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

Sincerely,

Rich Schlenker 
Superfund Unit Supervisor 
Hazardous Waste Section 
Land Quality Division

RS/EC/ls

30444237

Superfund

An Equal Opportunity/Affirmative Action Empiover

' •
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REV 5/92

APPLICABLE OR
POTENTIAL STATE OF NEBRASKA 

RELEVANT AND appropriate REQUIREMENTS

Nebraska Environmental Protection Act
(ARARS)

Rules and Regulations Governing the 
Nebraska Pretreatment Program

Effluent Guidelines and Standards

Rules and Regulations Pertaining to 
the Issuance of Permits Under the 
National Pollutant Discharge 
Elimination System

Rules and Regulations for Underground 
Injection and Mineral Production Wells

Air Pollution Control Rules and Regulations

F. Nebraska Surface Water Quality Standards

H.

J.

Qround Water Quality Standards and Use 
Classification

?"!“ Regulations Pertaining to 
Solid Waste Management

^ Re9u,ations Governing Hazardous 
Waste Management in Nebraska

Rules and Regulations Pertaining to the 
Management of Wastes

Water.we 11 Standards and Contractors 
Licensing Act

A. Regulations Governing Licensure of Water 
Well end Puip Installation Contractors 
and Certification of Water Well Drilling 
and Purp Installation Supervisors

Statutes Relating to Ground Water

CITATION

Neb. Rev. Stat. Ch. 81 
Article 15

Neb. Adn. Rules & Regs 
Title 127

Neb. Adn. Rules & Regs 
Title 121

Neb. Adn. Rules & Regs 
Title 119

Neb. Adn. Rules & Regs 
Title 122

Neb. Adn. Rules & Regs 
Title 129

Neb. Adn. Rules & Regs 
Title 117

Neb. Adn. Rules & Regs 
Title 118

Neb. Adn. Rules & Regs 
Title 132

Neb. Adn. Rules & Regs 
Title 128

Neb. Adn. Rules & Regs 
Title 126

Neb. Rev. Sta. Ch. 46 
Article 12

Neb. Adn. Rules & Regs 
Title 178
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Neb. Rev. Stat. Ch. 46 
Article 6



REV 5/92 
(Cont’d)

POTENTIAL STATE OF NEBRASKA
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARS) 

IV. Nebraska Safe Drinking Water Act

A. Regulations Governing Public Water
Supply Systems

V. Flood Plain Management

A. Flood Plain Rules

B. Rules Governing Flood Plain Management

Statutes Relating to Disposal Sites

Nebraska Nongame and Endangered 
Species Conservation Act

A. Nebraska Game and Parks Ccmnission 
Rules and Regulations Concerning Wildlife

CITATION

Neb. Rev. Stat. Ch. 71 
Article 53

Neb. Adn. Rules & Regs 
Title 179

Neb. Rev. Stat. Ch. 31 
Article 10

Neb. Adn. Rules & Regs 
Title 455

Neb. Adn. Rules & Regs 
Title 258

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

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

Neb. Adn. Rules & Regs 
Title 163, Chapter 6
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State of Nebraska
Department of Agriculture
Larry E. Sitzman RECEIVED

! 9 1-“^

June 19, 1992 UtPAKlMtNT OF

t.HV IRO NMtNT AL CONTROL

MEMO TO: Emily Chen —

Nebraska Department of Environmental Control

FROM: George H. Hanssen
Food Division Manager

SUBJECT: Bottled Water Requirements

E. Benjamin Nelson 
Governor

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

inc]fd°dS inSpeCts and ^censes firms that bottle water in Nebraska,
n9 °ttled Water vendin<? machines found in retail stores. The State 

Health Department requires quarterly water samples for these community 

systems•

firms ehi-ppinq bottled waters into Nebraska send us water sample

h* e ° ow the Code of Federal Regulations, Title 21, Parts 103 and 
129 and compare the results with the standards in the CFR.

Please call me if you have further questions

GHH

Administration 

P.O. Box 94947 

Lincoln. NE 68509-4947 

(4021 471-2341 

FAX: (402) 471-2759

Department of Agriculture. 301 Centennial Mall South

Agriculture Laboratories 

3703 South 14th Street 

Lincoln. NE 68502-5399 

(402) 471-2176 

FAX: (402) 479-4172

Bureau of Animal Industry 

P.O. Box 94787 

Lincoln. NE 68509-4787 

(402) 471-2351 

FAX: (402) 471-3252

Bureau of Dairies & Foe 

P.O. Box 95064 

Lincoln. NE 68509-506 

(402) 471-2536 

FAX: (402) 471-3252• ' —w.- iflA. J H/l-OZOAn Equal Opponunity/Affirmadve Action Employer

Bureau of Plant Industry 

P.O. Box 94756 

Lincoln, NE 68509-4756 

(402) 471-2394 

FAX: (402) 471-3252

Weights and Measures 

PO. Box 94757 

Lincoln. NE 68509-4757 

(402) 471-4292 

FAX: (402) 471 !



NEBRASKA DEPARTMENT OF HEALTH

REGULATIONS GOVERNING PUBLIC 

WATER SUPPLY SYSTEMS

TITLE 179 NEBRASKA ADMINISTRATIVE CODE, 

CHAPTER 2

INCLUDING AMENDMENTS MADE THROUGH MARCH 30, 1992

pnrnaa on r&cyooO pfloor
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TTCU3179 - NEBRASKA DEPARTMENT OF HEALTH

CHAPTEB 2 - REGULATIONS GOVERNING PUBLIC WATER SUPPLY SYSTEMS 

001 GENERAL (INCLUDES AMENDMENTS MADE THROUGH MARCH 30, 1992)

— ^ >Af GaP" means the unobstructed vertical distance through the free 
atoc^Dherebetween the lowest opening from any pipe or faueetm^^ng water 

to a tank, plumbing fixture or other device and the tood rim of tESJST

means *** "“desirable reversal of flow in a potahle water
distribution system as a result of a cross connection.

fiOlJlQ ^ackflow Preventer’ means an assembly or means that prohibits the
backflow of water into the potable water supply. pronuuts the

SQMm "Backpressure- means a pressure, higher than the supply pressure,
SiXSiS?tmk' bofler' ***- p””ure' —*

VTma‘'***“"*"ia“ehemiod.end mixing by 
“Dmdal and suspended materials are destabilized and agglomerated^

001whicKeS^S Supply System’.means a public water supply system

regularly serves twen^ffi^ Bemce connections used by year round residents or 

regularly serves twenty-five year round residents.

Gf°^’ ™axiB a continuous bacterial growth covering the

maa ■Conlm.imtinn- mean, an impairment of a potable water amply to the 

creates a health haxard. rf,uwforei*I1autl“,““:'tl>“‘degrades the quality and

2flli2jj^_"CeiwentionalFiltraiion Treatment'means a series of processes including

“d“nen“^ “» «“”*■» resulting in substantial

gl^g -Poa, Connection* mean. any physkmi arrangement whereh. . ret.hl. 
wate, supply isconnected, dnectly or indirectly, with any other .Ser mmply 
system, sewer, drain, conduit, tank, pump, plumbum fixture hret _
other mechanical equipment or dewce which cuntZT^—8-' *

1-1



TITLE 179
Chapter 2

SSHSS r °?“r ™ste’ *** ” W“ «f unknowu or uussfe

potable water y w CBpable of ““parting contamination or pollution to the

romo^Uel^S(S^^,J™^fco”e<;toM* *“« oom.ectta.s,

other temnowinr nr .____ caanr.^ver devices, four-way valve connections and
hackflnw or Permanent cervices through which, or because of which.

to te
~*-£- « *“

“f™‘*■- ■—

^^01M "CJT CTcalc" “ toe product of "residual disinfectant rym^^tinn' (C)

Sfr “d

m^W99.9)" means the CT value required for 99.9 percent

LdtrST011 °f Glair?a 1“nblil1 ‘*8ts- CTC99.9) for a variety of disinfectants 

and conditions appear in Tables 1.M.6, 2.1, and 3.1 of subsecZn oS

OQLOIO "Council" means the Advisory Council on Public Water Supply.

by “eml>™e (septum), md (2) while the water is filtered

filter rntiro “e feed ^etor maintain the permeability of the

hut^i^^S meanS * 8Cries of Processes including ^giii^inp ^ 
filtration but excluding sedimentation resulting in substantial^ST^^

00L01R "Director" means the Director of Health or his authorized representative.

S2 "ST* CT c^““> -eans the time in

or therawS™ move from the point of disinfectant application

the point whereresidua^rf^f481* re“dual measurement to a point before or at 
me point where residual disinfectant concentration ("C") is measured.

ta^S pahopuhc orgmusms

^ P1Umb^

service connection, that is taritedto^he^Sfi 8yStem ^ more *** °“ 
coliform-posithre Inple wTS<£ C°nneCti°n *°m which the

1-2



TITLE 179
Chapter 2

means the product of the absorbed dose from ionizing 
r^onaad^ch feet's as account for differences in biological effectiveness^

£ Fadiatl0n 811(1 ita distribution in the body as specified by the 
International Commission on Radiological Units and Measurement^!?.

"Double Check-Valve Assembly" means a backflow prevention device 
“dependents acting check valves, internally foreTloaded to a 

^ d0-"»

Standards" means the rules and regulations adopted
1 VPP" ,STAT* 571*5302 (Reissue 1981), which establish
levels for harmful materials which, in the judgement of the Director

Pnblic^^s^^^^011 ^ h6alth °fP8””8 80(1 whkh ^ “dy*

"Effective Opening* means the minimum cross-sectional area at the point 

circle, or iffh^ dlSCilarge’ measured or expressed in terms of the diameter of a 
SSt ^ °Pemng“ ^ drCUlar’ ** di8ineter °fa «*«»» of equivalent cross-

a ^Ce8S f0r rem°ving Particulate matter from water 
ay passage tnrougn porous ttipHiw

a 15700688 to enhance agglomeration or collection

mam "Gross Alpha Particle Activity" means the total radioactivity due to 

alpha particle emission as inferred from measurements on a dry sample!

2QLQi£S "Gross Beta Particle Activity" means the total radioactivity due to beta 

particle emission as inferred from measurements on a dry ~~ri-

Sy8tem"me8ns 8 water ^P* system utilizing wells as

^°ufd Water Under the Direct Influence of Surface Water" -----------

hSrtfS ^ SUrfaCe °f ^ eFOUDd ^ (1) significant occurrence of

i ^ macroorganisms, algae, or large-diameter pathogens such as 
lambha, or (2) significant and relatively rapkishifts in water 

cteratOTstics such as turbidity, temperature, conductivity, or pH which closely 

correlate to climatological or surface water conditions. ^

"^alo®en means one of the chemical elements chlorine, bromine, or

1-3



TITLE 179
Chapter 2

gmfiS^Tnactivation Ratio" means the ratio of CT to CTC99.9), i.e., CT divided 

001-01H H "Lead FVee"

OOj^.OUDIl When used with respect to solders and flux, means solders

and flux containing not more than two-tenths percent i»«d and

00L01HH2 When used with respect to pipe and pipe fittings, means pipe 

and pipe fittingB containing not more than eight percent

, "Legl?ieIla" means a genus of bacteria, some species of which have 

eaused a type of pneumonia called Legionnaires Disease.

Q01.01JJ "Major Construction, Extension, or Alteration" means those structural 

changes that affect the source of supply, treatment processes, or transmission of

Z area8’ bUt ^ not ““dude ** extension of service mains within
established service areas.

"Man-Made Beta Particle and Photon Emitters" means all radionuclides 

onxtting beta particles and/or photons listed in "Maximum Permissible Body 
Burdens and Maximum Permissible Concentration of Radionuclides in Air or 

for Occupatemal Exposure", NBS Handbook ffi. except the daughter 

products of Thonum-232, Uranium-235, and Uranium-238.

*Maximum Contaminant Level" (MCL) means the maxim,tm permissible 

°f, a “utanunant m water as measured at the point of entry to the 

distributionjystem or at the free flowing outlet of the ultimate user of the public

T*™* C°ntaminflnts added to the water under circumstances 
controlled by the user, except those resulting from corrosion of piping and 

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

QQ1.01MM "Maximum Total Trihalomethane Potential" (MTP) m-n. the 

maxnnum concentration of total trihalomethanes produced in a given water 

containing disinfectant residual after 7 days at a temperature of 25* Cor above.

g” "Near the First Service Connection" means at one of the 20 percent 

*®°^ectlons ™ the entire system that are nearest the water supply
frratment facility, as measured by water transport time within the distribution 

system.

gunnlL^^li "^®“*^xnmuiul7 Water Supply System" means any public water 

supply system that is not a community water supply system.

Non-Community Water Supply System" means a public 
pply system that is not a community water supply system and that. 

regularly serves at least 25 of the same persons over six (6) months per year.

1-4



TITLE 179
Chapter 2

QQ1-01QQ Operator" means the individual or individuals responsible for the 

continued performance of the water supply system or any part of such system, 

during assigned duty hours.

POI.OIRR Owner" means any person owning or operating a public water supply 

system. J

OOl.OlgS "Person" means any individual, firm, partnership, m«nri«+inn company 

corporation, political subdivision, or other entity. '

OOI-OITT "Picocurie" (pCi) means that quantity of radioactive material producing 

2.22 nuclear transformations per minute.

OOl.OlUy "Point of Disinfectant Application’ is the paint where the dininfnotent 

is applied and water downstream of that point is not subject to recontamination 

by surface water runoff.

"Pollution" means the presence of any fareignsubstance in water that 

tends to degrade its quality so as to constitute a nonhealth hazard or impair the 

usefulness of the water.

00101WW Totable Water" means water that is safe for human consumption 

set forth m section 002 of these regulations. as

Q01.01XX "Protection by Containment" (Le., containing the potential 

contamination source within the water customer’s building, factory, facility, 

property distribution system, or trailer court, etc.) shall mean the mataiin+inn 0f 

an approved backflow prevention device or method on the water service line(s) 

serving any premises, location, facility or area.

"Protection by Isolation’ means control of cross-connections within a 

building's plumbing system by the installation of approved backflow prevention 

devices or methods at or near the potential sources of pollution or

001.01ZZ "Public Water Supply System" means a water supply system designed 

to provide the public piped water fit for human consumption, if such system has 

at,i^t 8e™ice connections or regularly serves at least twenty-five
mdmduals daily, at ieast sixty days out of the year. A public water supply system

ismther a community public water supply system, a non-community water supply 

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

flhAll itiHiiHa*

Q01.01ZZ1 Any collection, treatment, storage, or distribution faoili+ieo 

under control of the operator of such system and used primarily in 

connection with such system, «nd

001.01ZZ2 Any collection or pretreatment storage fan'litjep not under 

such control which are used primarily in connection with such system.
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Chapter 2

001.01AAA "Reduced Pressure Principle Backflow Preventer" m*xma a backflow 

prevention device consisting of two independently acting check valves, internally 

f°rce, _ ^ 10 a n°nnally closed position and separated by an intermediate 

cnambM* (or zone) in which there is an automatic relief means of venting to 

atmosphere internally loaded to a normally open position between two tightly 

osing shut-off valves and with means for testing for tightness of the t»wir« and 

opening of relief means.

QQ1.01BBR "Rem" means the unit of dose equivalent from ionizing radiation to

“^e„)*’tal.body or “V internal organ or organ system. A "millirem" (mrem) is 

1/1000 of a rem.

Cgl.OigCC "Residual Disinfectant Concentration" ("C"inCT ralmWinn.) meanB 

the concentration of disinfectant measured in mg per liter in a representative

QPI.OIDDD "Sanitary Survey" means an on-site review of the water source, 

fatalities, equipment, operation and maintenance of a public water system for the 

purpose of evaluating the adequacy of such source, facilities, equipment, operation 

and maintenance for producing and distributing safe drinking water.

POI.OIEEE "Sedimentation" means a process for removal of solids before fin™+i»n 

by gravity or separation.

001.01FFT) Service Area" means the land area which the owner of a public water

suppjy syrtem has legal franchise or authority to remain the sole distributor of 

piped drinking water.

001.01GGG Slow Sand Filtration" means a process involving passage of raw 

water through a bed of sand at low velocity (generally less than 0.4 m/h) resulting 

m substantial particulate removal by physical and biological

—"Surface Water" means all water which is open to the atmosphere 

and subject to surface runoff.

001.01TTT "Surface Water System" means a water supply Bystem utiliring surface 

water as the source of water.

pOl.OLIJJ "System with a Single Service Connection* means a system which 

supplies drinking water to consumers via a single service im*»

P11.01KKK Too Numerous to Count’ means that the total number of bacterial

Mlomes exceeds 200 on a 47-mm diameter membrane filter used for coliform 

detection.

001.01LLL Treatment Technique" means the use of aeration, settling, filfr^tinn, 

or o er p ysical process and/or the addition of any chemical or for the

1-6
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purpose of removing, deactivation, or adjusting the level of one or more 

contaminants present in the raw water supply source.

001.01MMM Trihalmnethane* (THM) means one of a family of organic 

compounds, named as derivatives of methane, wherein three of the four hydrogen

atoms m methane are each substituted by a halogen atom in the molecular 

structure.

001.Q1NNN "Total Trihalomethanes" (TTHM) means the sum of the 

concentration m miHigramn per liter of the trihalomethane compounds 
[tnchloromethane (chloroform), dibromochloromethane, bromodichloromethane, 

and tnbromomethane (bromoform)], rounded to two signifiwmf figures.

*Vacuum Breaker, Atmospheric Type" means a vacuum breaker 

which is not designed to be subject to static line pressure.

Q01.Q1PPP "Vacuum Breaker, Pressure Type" means a vacuum breaker which is 

designed to be subject to static line pressure.

"Virus" means a virus of fecal origin which is infectious to humans by 

waterborne transmission.

OOIOIRRR "Waterborne Disease Outbreak" means the agnifi^mt occurrence of 

acute infectious illness, epidemiologically associated with the ingestion of water

from a public water supply system which is deficient in treatment as determined 

by the Director.

QQ1.01SSS "Water Supply System" means all sources of water and their 

surroundings under control of one owner, and shall inriurig all structures, 

amdmts, mid appurtenances by means of which such water is collected, treated,

stored, or delivered, except service pipes between street mains and buildings and

the plumbing within or in connection with the buildings served.

00102 Coverage. This chapter shall apply to each public water supply system, unless the 

public water supply system meets all of the following conditions:

Q01.02A Which consists only of distribution and storage fawifti**. and does not 

have any collection and treatment fa-iK+jofl

20M2B Which obtains all of its water from, but is not owned operated by, a 

public water supply stem to which such standards apply,

Q9102C? Which does not sell water to any person; and

001.02D Which is not a carrier which conveys passengers in interstate commerce.
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m-03 Re^bmty. The owner of each public water supply, as defined in these 

reflation, shall designate an individual, or individuals, who shall.be responsible for contact 

md^mumcations with the Director in matters relating to system alteration and 

construction, momtormg and sampling, maintenance, operation, record keeping, and

*7 kj" “5these regulatioiL An* change in assigned responsibilities 
or designated individuals shall be promptly reported to the Director.
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002 DRINKING WATER STANDARDS

(INCLUDES AMENDMENTS MADE THROUGH SEPTEMBER 15, 1991)

Applicability. The basis for the establishment of mw-rimum eontammant levels is

Z“%?£***""•«“> over■ -«*.lengthoftime of
or chronic health effects over a long length of time of exposure* «P°sure

22!r2r nased upon Acute Health Effects. Standards based upon

acute health effects over a short length of time of exposure shall apply to all

Conttmmnmtsgo^mrfbg

002.01A1 Nitrates

002.01 A2 Turbidity 

002.01A3 Microbiological

mop Standards Based upon Chronic Health Effects. Standards based upon

chrome 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:

0Q2.01B1 inorganic chemicals except for m+rate

002-01B2 organic chemicals

Q02.01B3 radium-226, radium-228 and gross alpha particle activity

002.01B4 beta particle and photon radioactivity from man-made 

radionuclides.

002.02 MuTTmimi Contaminant T

0g2.02A Inorganic Chemicals The maximum contaminant levels 

chemical contaminants are as follows:
for inorganic

CONTAMINANT

Arsenic

Barium

Cadmium

Chromium total 

Fluoride*

Lead

Mercury

Nitrate (as N)

Selenium

Silver

Sodium

LEVEL MILLIGRAMS PER LITER

0.05 

L0 

0.010
0.05

4.0

0.05 

0.002 
10 
0.01
0.05

500.0

mmumty water supply systems experiencing fluoride levels above 2.0 milligrams per 
liter must notify the public as required in Section 004.07
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002.021?—Organic Chemicals. The maximum contaminant levels for 

chemical contaminants, are as follows:
organic

CONTAMINANT

002.02131 Chlorinated Hydrocarbons:

LEVEL, MTT ,T JGRAMS 

PER LITER

Endrin (lA3,4,10,10,-hexachloro-6, 

7-epoxy-l,4,4a,5,6,7,8,8a-octa-hydro-L,

4-endo, endo-5, 8-dimethnnnaaph+hpiipnf.)

0.0002

Lindane (L2,3,4,5,6-hexachloro-cyclohexane,

gamma isomer) 0.004

Methoxychlor 

(LLl-Trichloro-2^-bis 

(p-methoxyphenyl ethane)
0.1

Toxaphene (C'oH.oCy Technical 

chlorinated camphene, 07-69 percent chlorine
0.005

002.02B2 Chlnrnphenmya-

2,4-D (2,4-Dichlorophenoxyacetic add)
0.1

2,4,5-TP SQvex

(2,4,5-Trichloro-phenoxypropionic add)
0.01

002.Q2R3 Trihalomethanes:

Total Trihalomethanes

002.02B4 Volatile Organic Chemicals (VOC):

LLl-Trichloroethane 

1,1-Dichloroethylene

L2 -Dichloroethane 

Benzene

Carbon Tetrachloride 

Trichloroethylene 

Vinyl Chloride 

Para-Dichlorobenzene

0 J2 

0.007 

0.005 

0.005 

0.005 

0.005 

0.002 
0.075
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rr-. fj. Tlf.bldltY- ^ maximum contaminant levels for turbidity are applica 

a PfUfahC “ystems using surface water, in wh°le or in part, as
‘^PP^JUrbl^? ShaU h* measured at representative entry points to 

££“ SyBtem- ^ maximum permissible levels for turbidity are as

0116 turbidityunit PTtJ), as determined by the monthly average 
°fi “5 erammations, except that up to five turbidity units may be 

allowed if the owner can demonstrate that the higher turbidity does not 

interfere with disinfection, will not prevent mamtonanr*. Qf the 

disinfectant apnt throughout the system, or will not interfere with 

microbiological examinations of the water; and

002.02C2 When the exceptions listed under the preceding paragraph 

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

on consecutive days does not exceed five turbidity units.

June 29^ 19&T requirements 002.02C1 and 002.02C2 shall apply until

mSS!”01!?011 ^ contaminant levels for coliform bacteria,

applicable to all public water supply systems, are as follows:

Q.02.02D1 The MCL is based on the presence or absence of total conforms 

in a sample, rather than coliform density.

— 2 02Dla For a system which collects at least 40 wimple per 

month, if no more than 5.0 percent of the samples collected 

uring a month are total colifonn-positive, the system is in 

compliance with the MCL for total coliforms.

002.02Dlb For a system which collects fewer than 40 «nmipW 

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

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

g_02.02Dlc Results of all routine samples and repeat nwinplpa 

. 01 required by 002.0SA7) which are not invalidated must be
mduded in determining compliance with 002.02Dla and 

002.02Dlb.

002.02D2 Any fecal colifonn-positive repeat sample or E. coli-positive 

repeat sample, or any total colifonn-positive repeat sample following a 

co arm-positive or E. coli-positivp routine sample constitutes a 

°f MCL for total coliforms. For purposes of the public 

notification requirements in 004.02A3 this is a violation that may pose an 

acute nsk to health.
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SS ^ MCL for total colifonns in 002.02D1 and

002.0202 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 once per quarter for total conforms.

—2'02E Eadium-226, Radium-228 and Gross Alpha Particle Activity. The

maximum contaminant levels for Radium-226, Radium-228, and gross alpha 
particle radioactivity ** v

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

002.02E2 Gross alpha particle activity including radium-226 but excluding

radon and uranium = 16 pCi per liter.

m02F Beta Particle and Photon Radioactivity from Man-Made Radionuclides.

e maximum contaminant levels for beta particle and photon radioactivity from 

man-made radionuclides, are:

002.02F; The average annual concentration of beta particle and photon 

radioactivity from man-made radionuclides shall not produce an annual 
dose equivalent to the total body or any internal organ greater than 4 

millirem per year.

002.02F2 . Except for the radionuclides listed in Table A, the 

concentration of man-made radionuclides causing 4 mrem total body or 

organ dose equivalents shall be calculated on the basis of a 2 liter per day 

rnnkingv7a^fr “take using the 168 hour date listed in "Marim,,™ 

ermissible Body Burdens and Maximum Permissible Concentration of 

Radionuclides m Air or Water for Occupational Exposure", NBS Handhnnfc 

g as amended August, 1963, U.S. Department of Commerce, a copy of 

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 - Average Annual Concentrations Assumed to Produce 

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

Radionuclide Critical Organ pCi per liter

Tritium
Strontium-90

Total Body
Bone Marrow

20,000
8

002.03 Monitoring Requirements. The owners of public water supply systems shall be 

response for accomplishing monitoring requirements as demonstrated by ossession of 

an official copy of laboratory results. The Director wfll establish schedules for sampling,
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°f dmaSal and Samples wiU be
and maintum ^ mtenrals and on schedules designed to meet monitoring requirements 
and maintain a uniform laboratory work load. The owner of each publicwat^ZX^m 

be^ed °f ^ schedule and, if for any reason the achedde f ^ m^SK rMpjmabte for initiating arrangements for an alternate date to effect complimuTwith 
estabhshed momtoimg requirements. The arrangements shall be timed tom^ide^e 

required number of samples within the designated sample period used to determine 
compliance wth th^ rnubuisM. * JZtttZ £SEZ

requirements of this chapter, unless otherwise stated, shall be examined by a StateHesJth

Department of Health pursuant to 002.03H. ^ 1116

002.03A MicrobiologicaL

■ ...----------------------------jjuuuc water supply systems shall collect total
oolifonn samples at sites which are representative of both population 

densities and distribution system characteristics according to a written

rSS? ®t!,?Sn: These plans ■» to review and revision by the

lhrectOT. All biological samples shall be mailed to the assigned laboratory 

through the U.S. Postal Service, with the owner paying the postage, 

unless the Director authorizes other means of transportation.

0p2.03Ala The sample site plan shall consist of sampling points

at sites scattered throughout various zones of the distribution 

system. Each plan shall provide for at least five sampling sites

m each zone and there shall be as many zones as the mimh»> 0f 

routine total coliform samples required each month up to «rrWn

zones. Systems which are required to collect more than sixteen

samples per month may elect to have more than sixteen 

but it is not required. A map of the area served by the public 

water supply system, showing the distribution system and the 

boundaries of the various zones, labeled numerically, «h«n be 

included in the plan. A list of all sampling sites, by nnmg and 

address (or by a readily identifiable location) for each ah«,n 

uded 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 shan 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 t«k-ing the aampia The 

owner of each community water supply system shan submit a 

copy of the sampling site plan to the Director for review no later 

thmi 90 days after the effective date of these regulations, with 

updated copies submitted annually thereafter. The Director, at 

any tune, may require a plan be modified as a result of population 

or system changes which may have rendered an wigting plan 

non-representative.
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Population Served 

Minimum Number of

Per Month

25- 1,000 
1,001- 2400 

2401- 4,100
4.101- 7,600 
7,601 - 11,000

11.001 - 14,600 
14,601- 18,100
18.101- 21400 
21401 - 28,000 
28,001- 37,000
37.001 - 46,000

~ -03A2 The owner of a community water supply system shall take total 

coliform samples at regular time intervals established by the Director.

ITte number of samples required shall in no instance be less than as set 

iortn below:

Minimum Number of Minimum Number of Population Served Minimum Number of

Sampling Zones Samples Per Month
Sampling Zones Samples

1
2
4
8

12

16
16
16
16
16
16

1
2
4
8

12

16
20
24
32
40
52

46,001 - 58,000 16 64
58,001 - 70,000 16 76
70,001 - 83,000 16 88
83,001 - 96,000 16 96
96,001 - 130,000 16 112

130,001 - 220,000 16 140
120,001 - 320,000 16 172
320,001 - 450,000 16 200
450,001 - 600,000 16 232
600,001 - 780,000 16 260
780,001 - 970,000 16 292

002.03A3 The owner of a non-community water supply system shall take 

samples for total coliforms according to a frequency as follows:

002.03A3a A non-community water supply system using only 

ground water (except ground water under the direct TnfWrw. Qf 

surfisce water) and serving 1,000 persons or fewer must sample

each calendar quarter that the system provides water to the 

public.

002.03A3b A non-community water supply system only 

ground water (except ground water under the direct influence of 

surface water) and serving more than 1,000 -during any month 

must sample at the same frequency as a like-sized community 

water system, as specified in 002.03A2.

002.03A3c The owner of a non-community water supply system 

uang surface water, in total or in part, must sample at the 

”^ncy as a like-sized community water system, as specified in 

002.03A2, regardless of the number of persons it serves.

002.03A3d The owner of a non-community water supply system

using ground water under the direct influence of surface water, 

as defined in 001.01W must sample at the same frequency as a

<^JmUnity water suPPfr system, as specified in 

UUZ.U4A2. 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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002.03A4 The owner of a public water supply system must collect 

samples at regular time intervals throughout the

—^03A5 owner of a public water supply system that uses surface 

w^er or ground water under the direct influence of surface water, as

m °0L01W’ and does not practice filtration in compliance with

002.04 must collect at least one sample near the first service

turbjdity level of the source water, measured as specified in 

exceeds 1NTU- The owner must coUect this coliform «.T»rio 
withm 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.

Q.02.09AQ Special purpose samples, such as those taken to determine 

whether disinfection practices are sufficient following pipe 

replaement, or repair, shall not be used to determine compliance with 

“ m total oohforms in 002.02D. Repeat samples taken pursuant 

to 002.03A7 are not considered special purpose sample^ and mn«^ be 

used to determine compliance with the MCL for total coliforms in

fl02.Q9A7a If a routine sample is total coliform-positive, the 

owner of the public water supply system must collect a set of 

repeat samples within 24 hours of being notified of the positive 

result. A system which is required to collect more thaw one 

routine sample per month shall have no fewer than three repeat 

samples collected for each total coliform-positive wmpip found. 

A system which is required to collect one routine sample per 

month or fewer shall have no fewer than four repeat samples 

collected for each total coliform-positive sample found. The 

Director may extend the 24-hour limit on a case-by-case haaia if 

the owner has a logistical problem in collecting the repeat 

samples within 24 hours that is beyond its control. In the case of 

an extension, the Director must specify how much time the owner 

has to collect the repeat aamplaa

002.03A7b The system owner must collect at least one repeat 

sample from the sampling tap where the original total coliform- 

positive sample was taken, and at least one repeat sample at a 

tap within five service connections upstream and at least one 

repeat sample at a tap within five service connections 

downstream of the original sampling site. The fourth repeat 

sample, if required by 002.03A7, must be collected within five 

service connections upstream or downstream of the original

sampling site. If a total coliform-positive sample is at the end of
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the distribution system, or one away from the of the 

distribution system, the Director may waive the requirement to 

co- :-ct at least one repeat sample upstream or downstream of the 

or: Tin) sampling site.

QQ2.03A7c The owner shall collect all repeat samples on the same

day, except that an owner of a system with a wingia service 

connection shall collect the required set of repeat aamplaa over a 
four-day period.

002.09A7d If one or more repeat samples in the set is total 

coliform-poaitive, the owner of the public water supply system 

must collect an additional set of repeat mmplpa in the manna.. 
specified in 002.03A7a-c. The owner must repeat thin process 

until either total coliforms are not detected in one complete set 

of repeat samples or the MCL for total coliforms in 002.02D han 

been exceeded and the Director determines that no additional 

repeat samples are required.

002.03A7e If a system which is required to collect fewer than 

five routine samples per month has one or more total coliform- 

poaitive 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 thin 

requirement if the conditions of 002.03A7el-3 are met. The 

Director shall not waive the requirement for a system to collect 

repeat samples in 002.03A7a-d.

002.03A7e(l) The Director may waive the requirement 

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 

allow the Director to determine whether additional 

monitoring and/or any corrective action is needed. The 
Director shall not approve an employee of the system 

owner to perform this site visit, even if the employee is 

an agent approved by the Director to perform sanitary 

surveys.

002.03A7e(2) Hie Director may waive the requirement 

to collect five routine samples the next month the system 

provides water to the public if the Director has 

determined why the sample was total coliform-positive
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and established that the owner of the system will correct 

the problem before the end of the next month the system 

serves water to the public. In this case, the Director 
must document this decision to waive the following 

month's additional monitoring requirement in writing, 

hove it approved and signed by the supervisor of the 

Director’s authorized representative who recommends 

such a decision, and make this document available to the 

EPA and public. The written documentation must 

describe the specific cause of the total coliform-positive 

sample and what action the system has taken and/or will 

take to correct this problem. The Director «h»n not 

waive the requirement to collect five routine «mtriple the 

next month the system provides water to the public 
solely on the grounds that all repeat nampie^ are total 

coliform-negative. If the requirement to collect five 

routine samples the next month is waived under this 

section, the system owner must still take at !«««» one 
additional routine sample before the end of the next 

month the system serves water to the public wnrf use it 

to determine compliance with the MCL for total mljform* 

in 002.02D.

002.03A7e(g) The Director shall consider the waiver of 

the requirement to collect five routine samples the next 

month only upon receipt of a request in writing from the 

sysLcui owner. Hie waiver shall not be considered until 
after the repeat samples required in 002.03A7a-d have 

been collected and the results reported to the Director. 

The waiver shall not be granted if any of the repeat 

samples are coliform-positive, imle»> all positive wimpiwi 

have been invalidated under 002.03A8, or if a similar 

waiver has been granted within the six months previous 

to the date of the collection of the initial coliform positive 

sample.

Q.02.03A7f Results of all routine and repeat samples not 

invalidated by the Director must be included in determining 

compliance with the MCL for total California in 002.02D.

002.03Ag Invalidation of total coliform samples. A total coliform-positive 

sample invalidated under this section does not count towards meeting the 

minimum monitoring requirements of002.03A If a total coliform-positive 

samp e is invalidated under this section, the system owner must collect

ano . er sample from the same zone as the original sample to meet 

monitoring requirement
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P.02.03A8a The Director may invalidate a total coliform-positive 

sample only if one or more of the conditions of 002.03A8a(l)- 

002.03A8a(4) are met.

Q02.03A8a(ll The laboratory establishes that improper 

sample analysis caused the total coliform-positive result.

002.0aA8a(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 nampi» 

resulted from a domestic or other non-distribution system 

plumbing problem. The Director shall not invalidate a 

sample on the basis of repeat sample results unWa 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- 

negative (e.g., the Director shall not invalidate a total 

coliform-positive sample on the basis of repeat aampW if 

all the repeat samples are total coliform-negative or if the 

public water system has only one service connection.)

002.03A8a(3) The Director has substantial grounds to 

believe that a total coliform-positive result is due to a 

arcumHtnnce or condition which does not reflect water 
quality in the distribution system. In this >•»«» the 

system owner must still collect all repeat aampia, 
required under 002.03A7 and use them to determine 

compliance with the MCL for total coliforms in 002.02D. 

To invalidate a total coliform-positive aampla under thin 

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 gampla and 

what action the system has taken or will take to correct 

this problem. The Director may not invalidate a total 

coliform-positive sample solely on the grounds that all 

repeat samples are total coliform-negative.

Q02.03A8a(4) The Director shall consider invalidation of 

a coliform-positive sample under 002.03A8a(3) only upon 

receipt of a request in writing from the owner of the 

public water supply system from which the coliform- 

positive sample was collected. Such sample shall not be 

invalidated if any of the repeat samples collected at
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locations other than that of the coliform-positive Mmpio 

are coliform-positive. No coliform-positive sample shall be 

invalidated if any of the most recent six samples collected 

from the system were coliform-positive.

Q02.03ABb A laboratory must invalidate a total coliform sample 

(unlMs 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 add reaction in the Presence-Absence (P-A) 

Coliform Test, or exhibits confluent growth or produces colonies 

too numerous to count with an analytical methods n«inC 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 wins inr*»*j»n 
as the original sample within .24 hours of being notified of the 

interference problem, and have it analyzed for the presence of 

totm coliforms. The system owner must continue to re-sample 

within 24 hours and have the samples analyzed until a valid 

result is obtained. The Director may waive the 24-hour limit

on a case-by-case hnnia

002.03A9 Sanitary Surveys.

002.03A9a Public water systems which do not collect five or 

more routine samples per month must undergo an initial sanitary 

survey by June 29,1994, for community public water systems and 

June 29,1999, for non-community systems. Thereafter, systems 

must undergo another sanitary survey every five years, except

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, 

must undergo subsequent sanitary surveys at least every ten 

years after the initial, sanitary survey.

g)2.03A9b Sanitary surveys must be performed by the Nebraska 

Department of Health personnel or an agent approved by the

Department. The system is responsible for ensuring the survey 

takes place.

002.03A10 Fecal coliforms/Escherichin mli ffi. coin testing.

002.03A10a If any routine or repeat sample is total coliform- 

positive, that total coliform-positive culture medium must be 

analyzed to determine if fecal coliforms are present, except that 

KcoU may be tested for in lieu of fecal coliforms. If fecal
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ajhforms or E. coli are present in samples analyzed by a 

laboratory other than the Nebraska Department of Health 

^ajoratmy, the system owner must notify the Director by the 

end of the day when the system owner is notified of the test 

result, unless the system owner is notified of the result after the 

Dffector’s office is dosed, in which case the system owner must 

notify the Director before the end of the next business day.

QQ2.03A10b The Director has the discretion to allow the owner

of a public water system, on a case-by-case basis, to forgo fecal 

conform or E. coli testing on a total coliform-positive sample if the 

owner assumes that the total coliform-positive sample is fecal- 
cohxram-poative or E. coli-positive. Accordingly, the owner must 

rfmoMiw”01* “ 8pedfied “ 002.03A10a and the provisions

002.03A11 Response to violation.

Q02.03AJ.la A public water system which has exceeded the MCL 

for total eoliforms in 002.02D must report the violation to the 

State no later than the end of the next business day after it 

of *** violation, and notify the public in accordance with

flfig.03Allb A public water system which has failed to comply 

Wltha coUform monitoring requirement, induding the sanitary 

survey requirement, must report the monitoring violation to the 

State within ten days after the system discovers the violation, 

and notify the public in accordance with 004.03.

Turbidity Sampies shall be taken by owners of community, non- 

community and non-transient, non-community surface water supply systems at a
£T\ S7 to **distributi00 system *least SJS- the

°fumkmg turbidity measurements. When the results of a ftirbidity 

aoafysis indicates that the maximum allowable level has been exceeded, the 

samphng and measurement shall be repeated as soon as practicable and preferably

IT* W J?6 repeat ““P1** shall be the oneusedin computing the 

monthly average. This section shall apply until June 29, 1993.

—2 030 Inorganic Chemicals, Chlorinated hydrocarbons and Chlorophenoxys.

^2'03C,1 Chlorinated Hydrocarbons, Chlorophenoxys and Inorganic 

chemicals other than Nitrate. The owner of a community or noi> 

transient, non-community public water supply system shall take 

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, regardless of the source of water, the owner «h«n take
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samples for sodium analyses at one year intervals. Samples Rhaii be 

submitted to the State Health Department Laboratory in containers 

provided by the Laboratory. Owners of systems using approved 

laboratories pursuant to paragraph 002.03H of this Chapter shall report 

initial analyses and repeat the analysis and report at one year intervals 

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.

002.03Cla 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 Rampi»« to 
the State Health Department Laboratory in accordance with the 

following schedule: three additional samples from the «»mpi° 

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 

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 Rampling js 

required until the time interval established in paragraph 002.03C 

expires.

002.03Clb When the average of the four samples exceeds the 

maximum contaminant level, samples shall be submitted at 

quarterly intervals until such time as a variance, exemption, or 

enforcement action takes effect or until mmpii«»n~> is 

accomplished.

002.03Qlc The Director may reduce the sampling frequency for 

chlorinated hydrocarbons and chlorophenoxys by systems mring 

only ground water as source of supply after initial Rampling 
demonstrates the absence of the contaminants and when the 

results of a sanitary survey indicate remote possibility of future

contaminating

002.03Q2 Nitrate Monitoring. The owner of a public water system shall 

take samples for nitrate analysis at yearly intervals. Compliance with the 

maximum contaminant level for nitrate shall be determined on the hasi.

the mean of two analyses. When a level exceeding the maTimnm 

contaminant level is found, a second analysis «h«11 be initiate within 24 
hours, and if the mean of the two analyses exceeds the muTimum 

contaminant level, the supplier of water shall notify the public pursuant 

to section 004 of this Chapter.

002.03D Trihalomethanes. Community and non-transient, non-community water 

systems which add a disinfectant (oxidant) to the water in any part of the
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drmking| water treatment process shall take samples for total trihalomethane

002 o<?D9 S yearly intervals unless provisions of subparts 002.03D1 or
and shall submit them to the State HSta D<Sar£e£

PrOV' ^ ** LabOT“”J'- Ovmers of sysJmTSing 

approved laboratories pursuant to part 002.03H of this Chapter shall repmt 

analysis as prescribed in subpart 002.03D1.

002.03D1 Water delivered by systems serving more than 10,000 persons
^ “ ^oie^ part as a sou^eof^S 

interval TotaI Trihalomethane concentration at quarterly

m Aif31 {°T W8ter ““P1*58 f°T each treatment plant used by 
the syrtem. AU samples shall be collected within a 24-hour period M

within 881,11,168 81,611 **taken at representative locations
thm the distribution system taking into account the number of persons

°f W8ter’ different treatment mSSfe 

r/ Tt Rf?ult8 fr°m 811 ““Pies collected shall be used to determine 

tne quarterly average unless invalidated for technical reasons

** detennined ** averaging the newest quarterly result 
lTh? 7 threC P”710"8 quarterly results. Systems using approved 
^oratories p^tto 002.03H shall report Sts ST2L C 

withm thirty days of the analysis.

^2D2 Based on the results of one or more maximum total 

tobalome^ane potential examinations the Director may excusT a

feSS7 T^Sn8784®1” 0Uiy ground water as a source and serving
ofT^^iln ■PT°DB forth®r monitorin« when an assessment

of local conditions mdicate the system is not likely to approach or exceed
the mwimum contaminant level for total trihalomet3es. Any change

reinstatemmtTf114 ^f®*88 or direction practices will require 
reinstatement of monitoring requirements.

Analyses of the contaminants listed in

fflSUm Gtoundnater vstems aimll sample at points ef enuy « the 

““PfcPhrai Vstem representative of each well after any application of

^s^mt.Sm'phng must be eonducted at the siune location or a more 

representative locatmn each quarter. Groundnater systems must sample 

*£££££££ "V <U*rib“i°n -I* -

m^S^fecewatersystems shall sample at points in the distribution 

system representative of each source or at entry points to the distribution 

2^^^rTaPP^i0n0ftreatment- Surface water systems must 

must he mrS f1™11118 excePt “ provided in 002.03E8b. Sampling 

each quarter. ^ 88016 loc8tion or a more representative location
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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 aampia at an 

entry point to the distribution system during periods of normal operating 

conditions.

002.03E4 All community water supply systems and non-transient, non

community supply systems serving more than 10,000 people ahall analyze 
all distribution or entry-point samples, as appropriate, representing all 

source waters beginning no later than January 1, 1988. All community 

water supply systems and non-transient, non-community water supply 

systems serving from 3,300 to 10,000 people shall analyze an distribution 

or entry-point samples, as required in this subsection, representing aU 

source waters beginning no later than January 1, 1989. AU other 

community and non-transient, non-community water supply systems «haii 
analyze distribution or entry point samples, as required in the subsection, 

representing all source waters beginning no later than January 1, 1991.

0Q2.03E5 The Director may require confirmation samples for positive or 

negative results. If a confirmation sample(s) is required by the Director, 

than the sample result(s) shall be averaged with the first Rampling 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.

002.03E6 Analyses for vinyl chloride is required only for groundwater 

systems that have detected one or more of the following two-carbon 

organic compounds: Trichloroethylene, tetrachloroethylene, 1,2-
dichloroethane, 1,1,1-trichloroethane, ds-1^2-dichloroethylene,trans-1^2- 

dichloroethylene, or 1,1-dichloroethylene. The analysis for vinyl chloride 

is required at each distribution or entry point at which one or more of the 

two-carbon organic compounds were found. If the first analyses does not 

detect vinyl chloride, the director may reduce the frequency of vinyl 

chloride monitoring to once every three years for that mmplp inmtinn for 

other sample locations which are more representative of the «nmp source. 

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

the discretion of the Director.

002.03E7 The Director or individual public water supply systems may 

choose to composite up to five samples from one or more public water 

systems. Compositing of samples is to be done in the 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 in 

the original composite sample, a sample from M<*h 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 »nrh source
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used in the original composite and analyzed for VOCs. Reanalysis must 

be made within fourteen days of the second sample. To composite 

samples, the following procedure must be followed:

Q02.03E7a Compositing samples prior to GC analysis.

002.03E7a(l) Add 5 ml or equal larger amounts of 

sample (up to 5 samples are allowed) to a 25 ml 

syringe. Special precautions must be made to maintain 

zero headspace in the syringe.

002.03E7a(2) The samples must be cooled at 4’Cduring 

this step to minimize vniat.iliTat.inn losses.

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

analysis.

002.03E7a(4) Follow sample introduction, purging and 

desorption steps described in the method.

002.03E7a(5) If less than five samples are used for 

compositing, a proportionately smaller syringe may be 

used.

002.03E7b Compositing samples prior to GC/MS analysis.

002.03E7b(l) Inject 5-ml or equal larger amounts of *>arh 

aqueous sample (up to 5 samples are allowed) into a 25- 
ml purging device using the sample introduction 

technique described in the method.

002.03E7b(2) The total volume of the sample in the 

purging devise must be 25 mL

002.03E7b(31 Purge and desorb as described in the 

method.

002.03E8 The Director may reduce the monitoring frequency specified in 

002.03E1 and 002.03E2 as explained in thin paragraph:

002.03E8a The monitoring frequency for groundwater systems 

is as follows:

002.03E8a(l) When VOCs are not detected in the first 

sample (or any subsequent samples that, may be tjilrpn) 

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.
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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 002.03E8d,

002.03E8a(2)(a) Monitoring (Le., one sample) 

must be repeated every 3 years for systems 

greater than 500 connections.

002.03E8a(2)(b) Monitoring (Le., one sample) 

must be repeated every 5 years for systems with 

less than or equal to 500 connections.

002.03E8a(31 If VOCs are detected in the first aampio 

(or any subsequent sample that may be taken), 

regardless of vulnerability, monitoring must be repeated 

every 3 months, as required under 002.03E1.

002.03E8b The repeat monitoring frequency for surface water 

systems is as follows:

002.03E8b(ll When VOCs are not detected in the first 

year of quarterly sampling (or any other subsequent 

sample that may be taken) and the system is not 

vulnerable as defined in 002.03E8d, monitoring is only 

required at the discretion of the Director.

002.03E8b(21 When VOCs are not detected in the first 

year of quarterly sampling (or any other subsequent 

sample that may be taken) and the system is vulnerable 

as defined in 002.03Ed.

002.03E8b(2) (a) Monitoring must be repeated 

every three years (for systems greater than 500 

connections).

002.03E8b(2) (b) Monitoring must be repeated 

every five years (for systems less than or equal 

to 500 connections).

002.03E8b(3) When VOCs are detected in the first year 

of quarterly sampling (or any subsequent sample that 

may be taken) regardless of vulnerability, monitoring 

must be repeated every 3 months, as required under 

002.03E2.

002.03E8c The Director may reduce the frequency of monitoring 

to once per year for a groundwater system or surface water
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system detecting VOCs at levels consistently less than the MCL 

for three consecutive years.

Q02.03E8d Vulnerability of each public water system shall be 

determined by the Director based upon an assessment of the 

following factors:

002.03E8d("l) Previous monitoring results.

002.03E8d(2) Number of persons served by the public 

water system.

002.03E8df3) Proximity of a smaller system to a larger 

system. 6

Q02.03E8d(4) Proximity to commercial or industrial use 

disposal, or storage of Volatile Synthetic Organic 

Chemicals.

002.03E8d(S) Protection of the water source.

Sp2.03E8e A system is deemed to be vulnerable for a period of

three years after any positive measurement of one or more 

contaminants listed on 002.02B4 or 002.03K5 except for 

trmalomethanes or other demonstrated disinfection by-product.

Compliance with 002.02B4 shall be determined based on the 

of running annual average of quarterly sampling for each sampling

? P?*l0CaU0n’8 «we«8e is greater than the MCL, then the 

^stem djall be deemed to be out of compliance. If a public water system 
has a distribution system separable from other parts of the distribution 

?ystem with no^interconnections, only that part of the system that 

exceeds any MCL as specified in 002.02B4 will be deemed out of

fP™** . ' ^rector ““y reduce the public notice requirement to
that portitm of the system which is out of compliance. If any one sample

ZfLT* C^Be S6 avera8e to be exceeded, than the system
shaU be deemed to be out of compliance immediately, For systems that

Tn8!®?6 *** location because no VOCs were detected, 
compliance shall be based on that one sample.

mSg Radionuclides. The State Health Department will collect and analyze 

S? * C°JmmUmty ^ radioactivity by July 1,1979, when

“ “ SOUrce’ “d by July 1,1980, when ground water is the 
SSJL ““ analy8eS ^ ** "P^ted at four-year intervals,

STSSTo?^^ “ ^ —7 be less frequent at
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00Z03G 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 initial quarterly 

monitoring for gross beta particle and Iodine-131 radioactivity and annual 

monitoring for Strontium-90 and Tritium.

002.03G1 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 mmo 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 those 

rules.

002.03G2 For Iodine-131, a composite of five consecutive daily samples 

shall be analyzed once each quarter. As ordered by the Director, more 

frequent monitoring shall be conducted when Iodine-131 is iHoptified in 

the finished water.

QQ2-03G3 Annual monitoring for Strontium-90 and Tritium shall be 

conducted by means of the analysis of a composite of four consecutive 

quarterly samples or analysis of four quarterly aamplas The i"++«»r 

procedure is recommended.

—2-03H Approved Laboratories. The Department of Health shall enter into an 

agreement with any laboratory demonstrating a continuing capability to perform 

required analyses, to conduct each specific analysis in an acceptable manner, to 

participate in quality control activities, and to comply with all requirements of 

these regulations relative to maintaining records and reports.

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 inter-connection of the 

systems justifies treating them as one system for monitoring purposes.

002.03J Treatment Techniques. Treatment techniques and processes for 

removing or reducing the levels of any of the contaminants listed in section 002 
shall be approved by the Director prior to application and shall conform with 

tested and proven engineering practices. The Director shall include recommended 

mteria for acceptance of such techniques and processes in the 'Standards for 

Water System Design" herein incorporated by reference as Attachment 1, required 

by section 007 of these rules.

Q9203K Special Monitoring for Organic Ch»mirai«»
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All communi^ and non-transient, non-community water supply

Sri™ “°“ltor for ^ contaminants listed in 002.03K5 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

rL, systems shall sample at points in the distribution
rfw -h* representauve Of each water source or at entry points to the 
distribution system. The minimum number of samples^ one yem-of 

quarterly samples per water source.

mOSM Groundwater systems shall sample at points of entiy to the 
distribution ^stem representative of each well after any apphLion of

pomt to the distribution system. The sampling frequency shall be 
specified in 002.03E. ^ ^ “

S^Tr^LDireCt0r m”7 re,Uire “"P>» to positive or

Gfnrij war supply systems end non-tnmaient, non- 

commumty water supply systems shall monitor for the following 
contaminants except as provided in 002.03K6. ^

002.03K5a Chloroform

Q02.03K5b Bromodichloromethane 

002.03K5c Chlorodibromomethane 

002.03K5d Bromoform

002.03K5e trans-lA-Dichloroethylene 

002.03K5f Chlorobenzene 

002.03K5g m-Dichlorobenzene 

002.03K5h Dichloromethane 

002.03K5i ds-2,3-Dichloroethylene
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002.03K5i o-Dichlorobenzene 

002.03K5k Oibromomethane 

002.03K51 1,1-Dichloropropene 

002.03K5m Tetrachloroethylene 

002.03K5n Toluene 

002.03K5o p-Xylene 

002.03K5d o-Xylene 

002.03K5o m-Xylene 

002.03K5r 1,1-Dichloroethane 

002.03K5s 1^2-Dichloropropane 

002.03K5t 1,1,2,2 -T etrachloroethane 

002.03K5u Ethylbenzene 

002.03K5v 1,3-Dichloropropane 

002.03K5w Styrene 

P02.03K5x Chloromethane 

002.03K5v Bromomethane 

002.03K5z lAS-Trichloropropane 

002.03'K’Rnn 1,1,1^2-T etrachloroethane 

002.03K5bb Chloroethane 

002.03K5cc 1,3^2-Trichloroethane 

002.03K5dd 2,2-Dichloropropane 

002.03K5ee o-Chlorotoluene 

002.03K5ff p-Chlorotoluene 

002.03K5gg Bromobenzene
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002.03K5hh 1,3-Dichloropropene

002.03K5ii Ethylene dibromide (EDB)

0,02.03X5]] l^-Dibromo-3-chloropropane (DBCP)

—2-03K6 Community water supply systems and non-transient, non- 

ownmunity water supply systems must monitor for EDB and DBCP only 
if the Director determines they are vulnerable to contamination by either 

or both °f these substances. For the purpose of this section, a vulnerable

8 j e”Pe<*08 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 applied, 

manufactured, stored, disposed of or shipped in the groundwater recharge 

basm or groundwater systems that are in proximity to underground 

storage tanks that contain leaded gasoline.

002.03X7 Public water supply systems may use monitoring d«tn collected 

any time January 1,1983, to meet the requirements for unregulated 

mom ring, provided that the monitoring program was consistent with the 

requirements of this section.

—2 03X8 Instead of performing the monitoring required by this section, 

a community water supply system or non-transient, non-community water 
supply system serving fewer than 150 service connections may send a 

letter to the Director stating that its system is available for 

This letter must be sent to the Director no later than January 1, 1991. 

The system shall not send such samples to the Director, unless requested 

to do so by the Director.

002.03X9 All community and non-transient, non-community water supply 

tystems shall repeat the monitoring required in 002.03X no less 

frequently than every five years from the dates specified in 002.03X1.

QP2 04 Filtration and Disinfect,on, This section establishes treatment technique 
requirements in lieu of maximum contaminant levels for the following contaminants: 

Giardia larnbha, viruses, heterotrophic plate count bacteria, legionelhTand turbidity.

00ZQM Each public water supply system with a surface water source or a

** influence of 8urfece "*ter must include
treatment of that source water that complies with these treatment technique 

requirements. The treatment technique requirements consist of installing and 

properly operating water treatment processes which reliably achieve:

902.04^1 At least 99.9 percent (3-log) removal and/or inactivation of 

far blia cysts between a point where the raw water is not subject
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to recontamination by surface water runoff and 

before or at the first customer, and
a point downstream

0Q2.Q4A2 At least 99.99 percent (4-log) removal and/or inactivation of 

viruses between a point where the raw water is not subject to 

recontanunation by surface water runoff and a point downstream before 

or at the first customer.

002,0^ Each groundwater source providing water to a public system shall be 

examinedto determine whether or not it is under the direct infln^ry 0f surface

®xan“nation shall be performed in accordance with the protocol 
described m Attachment 3 to this rule. protocol

^h groundwater source for a community water supply system 

sball have been examined no later than June 19, 1994.

Q02.04B2 Each groundwater source for a non-community system «h«n 

have been examined by June 19, 1999.

Kthe 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.

a? P*UbUc 81X91,17 ByStem a surface as a source must
mdude filtration which meets the requirements of 002.04G.

UUZ.LV4D^ „ public water supply system using a ground water source under the
direct influence of surface water is considered to be in compliance with the 

requirements of 002.04 if:

QQ2JMD1 It meets the requirements for avoiding filtration in 002.04E 

and the disinfection requirements in 002.04F1; or

Q.Q2.04D2 It meets the filtration requirements in 002.04G and the 

disinfection requirements in G02.04F2.

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

of th j-.- S01^fe under direct influence of surface water must meet all
2 ™ 0421 “* °02-04E2 “d “ 8ul*ect to 002-04E3 beginning

18 months after the Director determines that it is under the direct influenced

surface water, or December 30,1991, whichever is later. Within 18 months of the 

failure of a system using a groundwater source under the direct influence, of 

sunacewater to meet any one of the requirements of002.04E1 through 002.04E6
the system owner must have installed filtration and meet the criteria for filtered 

systems specified in 002.04G.

002.04E1 Source water quality conditions.
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Q02.Q4Ela The fecal coliform concentration must be equal to or 

less than 20 per 100 mi or the total coliform concentration must 

be equai to or less than 100 per 100 ml (measured by the 

Nebraska Department of Health Laboratory or an approved 

laboratory pursuant to 002.03H) in representative samples of the 

source water immediately prior to the first or only point of 
disinfection application in at least 90 percent of the 

measurements made for the 6 previous months that, the system 
served water to the public on an ongoing hasi« if a system 

measures both fecal and total coliforms, the fecal coliform 

criterion, but not the total coliform criterion, in this paragraph

muff* Ko

002.04Elb The turbidity level cannot exceed 5 NTU (measured 

as specified m 002.04Hla and 002.04H2b) in representative 

sampies of the source water immediately prior to the first or only 

point of disinfectant application unl«w

OP2.04Elb(l) The Director determines that any such 

evmit was caused by circumstances that were unusual 
and unpredictable; and

002.04Elb(2) As a result of any such event, there have

not been more than two events in the past 12 month* 

the system served water to the public, or more than five 

events in the past 120 months the system served water 

tothe public, in which the turbidity level exceeded 5
NTIL An "event" is a series of consecutive days during 

w ch at least one turbidity measurement e«oh day 

exceeds 5 NTU.

002.04E2 Site-specific condition a

002.04E2a The public water supply system must meet the 

requirements of 002.04Fla 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 

unpredictable.

002.04E2b The public water supply system must meet the

requirements of 002.04Flb at all times the system serves water 
to the public.

002.04E2e The public water supply system must meet the 

requirements of 002.04Flc 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 circumstances that were unusual and 

unpredictable.

002.04E2ri The public water supply system must meet the 

requirements of 002.04Fld 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.

002.04E2e The public water supply system owner must develop 

and implement a wellhead protection program sufficient to 

exclude potential sources of microbiological contamination within 

a one year time-of-travel from the well or well a wellhead 

protection program shall consist of the following:

002.04E2e(l) 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 = 8.14nbL2 divided by Q 

where T = Timeof-Travel (days)

L = Distance from the well (feet) 

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

otherwise.
b = Aquifer thirlmogg (feet)

Q = Pumping rate (cubic feet per day)

002.04E2e(2) Identification of all sources of microbiological 

contamination within the delineated area.

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

r5-2’^3 The PubUc "ater supply must be subject to an annual on-site

oSfS nnH fTT- WeUhead protection program specified in 002.04E2e and the disinfection treatment process. Either the Director or

aparty approved by the Director must conduct the on-site inspection.

e inspection must be conducted by competent individuals such as 
sanitary and civil engineers, sanitarians, or technicians who have 

experience and knowledge about the operation and maintenance of a 
pubhc water system, and who have a sound understanding of public 

• 811(1 waterborne diseases. A report of the on-site
msi^cfion must be prepared every year and indicate to the Director’s 

sa onthat the disinfection treatment process is adequately designed
and maintained. The on-site inspection must include:
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^•04E3a A review of the effectiveness of the wellhead 

protection program required by 002.04E2e.

002.04E3b A review of the physical condition of the well and the 

extent of protection provided;

—02.04E3c A review of the system’s equipment main^r»nn>^

program to ensure there is low probability for failure of the 
disinfection process;

002.04E3d An inspection of the disinfection equipment for 

physical deterioration;

002.04E3e A review of operating procedures;

002.04E3f A review of data records to ensure that all required 

tests are being conducted and recorded and disinfection is 

effectively practiced; and

Q02.04E3g Identification of any improvements which are needed 

in the equipment, system maintenance and operation or Hntn 

collection.

— •04E4 ^ PubUc water system must not have been identified as a 

sourceof 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.

“R2-04E5 The public water supply system must comply with the 

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.

~ 04E6 Tbe Public water supply system must comply with 

requirements for trihalomethanes in 002.02B3 «nd 002.03D.
the

A tbati^a8 to meet any one of the criteria in 002.04E1- 
OO^ME6 and/or for which filtration is required, and fails to install 

fixation by the date specified in the introductory paragraph of this 

subsection is m violation of a treatment technique requirement.

^■2-04E8 A ^8tem that has not installed filtration is in violation of a 

treatment technique requirement if:

2gLQ41§a The turbidity level (measured as specified in 
UU2.04Hla) m 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

(jp2.04E8b The system is identified as a source of a waterborne 
disease outbreak.

AnUbliC Water 8Upply ByHtem that uses a ground water 
. ““der the direct influence of surface water and does not provide filtration 
_eatment must provide disinfection treatment specified in 002.04F1 beginning 
December 80,1991, or 18 months after the Director determines that the ground 

water source is under the direct influence of surface water, whichever is later, 
if filtration is required in accordance with 002.04G, the system must comply with 
any interim disinfection requirements the Director deems necessary before

A Bystem ^ uses a surface water source and provides 
treatment must provide the disinfection treatment specified in 002.04F2 

of this section beginning June 29, 1993, or beginning when filtration is installed,
whichever is later. A system that uses a ground water source under the direct

mfluence 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 an^ 
requirement of this section after the applicable date specified in this introductory 
paragraph is a treatment technique violation.

0g2.04F; Disinfection requirements for public water systems that do not 

provide filtration. Each public water supply system that uses a ground 

water source under the direct influence of surface water and does not 

provide filtration treatment must provide disinfection treatment as

—02.04Fla The disinfection treatment must be sufficient to 
ensure at least 99.9 percent {3-log) inactivation of Giardia lumhii. 
cysts and 99.99 percent (4-log) inactivation of viruses, every day 

e system serves water to the public, except any one day 
month. Each day a system serves water to the public, the public 
water system must calculate the CT value(s) from the system’s 
treatment parameters, using the procedure specified in 
002.04H2d and determine whether this value(s) is sufficient to 
achieve the specified inactivation rates for Giardia cysts
and viruses. If a system uses a disinfectant other than chlorine, 
the system owner may demonstrate to the Director that CT(99.9) 
values other than those specified in Tables 2.1 and 3.1 in 
002.04H2c or other operational parameters are adequate to 

emonstrate that the system is achieving minimum inactivation 
rates required by this section.

002.04Flb The disinfection system must have either redundant 

components, including an auxiliary power supply with antnmatir
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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 reuse 

treasonable risk to health or interference with fire protection, 
the system must have the above redundant components.

002.04Flc The residual disinfectant concentration in the water 

entering the distribution system, measured as specified in 

002.04Hlb and 002.04H2e cannot be less than 0.2 mg per liter for 

more than 4 hours.

002.04Fld Residual disinfectant concentration

0Q2.04Fld(l) The residual disinfectant concentration in 

the distribution system, measured as total rhlrwiyia 

combined chlorine, or chlorine dioxide as specified in 

002.04Hlb and 002.04H2f shall not be undetectable in 

more than 5 percent of the samples earn 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 
disinfectant residual for purposes of determining 

compliance with this requirement. Thus, the value "V" in 

the following formula cannot exceed 5 percent in one 

month for any two consecutive months.

c + d + e
V = a + b x 100 

Where:

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

b = number of instances where the residual 

disinfectant concentration is not measured, but 

heterotrophic bacteria plate count (HPC) is 

measured;

c = number of instances where the residual 
disinfectant concentration is measured but not 

detected and no HPC is measured;
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d - number of instances where the residual 

disinfectant concentration is measured but not 

detected and where the HPC is greater than 500

ml;

e = number of instances where the residual 

disinfectant concentration is not measured and 

HPC is greater than 600 per ml; and

V - percent of samples with undet/x^h^ 

residual disinfectant concentration.

002.04Fld(2) If the Director determines, based on site- 

specific considerations, that a system does not have the 

means for having a sample transported and analyzed for 

heterotropic plate count (HPC) by the State 

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 002.04Fld(l) do not apply to that 

system.

7-----------ior puDiic water systems which
pubic Water ostein that provides filtration 

treatment must provide disinfection treatment as follows;

002.04F2a The disinfection treatment must be sufficient to 

ensure the total treatment processes of that system achieve 

at least 99.9 percent (3-log) inactivation and/or removal of Giardia 

lamblia cysts and at least 99.99 percent (4-log) inactivation and/or 

removal of viruses, as determined by the Director.

00g.04F2b The residual disinfectant concentration in the water

nnormfiK*16 Jd^TbUti°n 8yHtem’ measured as specified in 

002.04Hlb and 002.04H3b cannot be less than 0.2 mg per liter 

for more than 4 hours.

-^'°5F2c ^ residual disinfectant concentration in the

Tfnbution system, measured as total chlorine, combined

00116 diOTdde’ “ specified in 002.04Hlb and 
002.04H3b shall not be undetectable in more than 6 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 0r 

equal to 500 per ml, measured as heterotrophic plate count
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CHPC) 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 5 percent in one month, for any two consecutive 

months.

c + d + f»
V = a + b x 100 

Where:

a = number of instances where the residual disinfectant 

concentration is measured;

b = number of instances where the residual disinfectant 

concentration is not measured but heterotrophic bacteria 
plate count (HPC) is measured;

c = number of instances where the residual disinfectant 

concentration is measured but not detected and no HPC 
is measured;

d = number of instances where no residual disinfectant 

concentration is detected and where the HPC is greater 
than 500 per ml;

e *= number of instances where the residual di,rinf«v*nT.+ 

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

percent of samples with undetectable residual 
disinfectant concentration.

If the Director determines, based on site-specific 

considerations, that a system has no means for having a 

“mple transported and analyzed for HPC by the State 

Health Department Laboratory or an approved 

laboratory under the requisite time and temperature 

conditions required of the laboratory and that the system 

is providing adequate disinfection in the distribution 

system, the requirements of 002.04F2c do not apply.

m04£ Filtration. A public water system that uses a surface water source must

♦CTfnB ^ diainfecti(m’ “ specified in 002.04K2 and 
which wmphes with the requirements of 002.04G1-002.04G4 

_A Puhhc water system that uses a ground source which is 
002 ^ ^irect mflu“ce °f surface water and does not meet all the criteria in
002.04E for avoiding filtration, must provide treatment consisting of both
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disinfection, as specified in 002.04F2 and filtration which complies with the 

requu-ements 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 anv 

reqmrement of this section after the date specified in this introductory paragraph 

is a treatment technique violation.

0.02.04G1 Conventional filtration treatment or direct

gQ2.04Qla 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 nrnnih 

measured as specified in 002.04Hla and 002.04H3a,, except that 

if the Director determines that the system is capable of achieving 

at least 99.9 percent removal and/or inactivation of Giardia 

lamblia cysts at some turbidity level higW than 0.5 NTU in at 

least 95 percent of the measurements taken earh month, the 

Director may substitute this higher turbidity limit for that 

tystMi. 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 

m 002.04Hla and 002.04H3a.

002.04Qlb The turbidity level of representative awmpW of a 

system's filtered water must at no time exceed 5 NTU, measured 

as specified in 002.04Hla and 002.04H3a.

002.04G2 Slow aand filtration

Q02.04G2a For systems using slow sand filtration, the turbidity 

level of representative samples of a system’s filtered water must 

be less than or equal to 1 NTU in at least 95 percent of the 

measurements taken each month, measured as specified in 
002.04Hla and 002.04H3a, except that if the Director determines 

there is no significant interference with disinfection at a higher 

turbidity level, the Director may substitute this higW turbidity 

lumt for that system.

2S2|SiQ2b The turbidity level of representative wampl. of a 

tystem’s filtered water must at no time exceed 6 NTU, measured 

as specified in 002.04Hla and 002.04H3a.

002.04G3 Diatomaceous earth filtration.

002.04G3a For systems using diatomaceous earth filtration, the 

turbidity level of representative samples of system’s filtered

water must be less than or equal to 1 NTU in at least 95 percent
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of the measurements taken each month, measured 

002.04Hla and 002.04H3a.
as specified in

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 002.04Hla 002.04H3a.

Other filtration technologies. A public water system may use 

a tdtrauon technology not listed in 002.04G1 - 002.04G3 if it demonstrates 

to the Director using pilot plant studies or other ibmth, that the 

alternative filtration technology, in combination with disinfection 

treatment that meets the requirements of002.04F2, consistently achieves 

99.9 percent removal and/or inactivation of Giardia lamblia cysts and 

percent removal and/or inactivation of viruses. For a system that 
makes this demonstration, the requirements of 002.04G2 apply.

002.04H Analytical and monitoring requirements.

—2‘^1. Amdytiral requirements. Only the analytical method(s)

specified m this subpart shall be used to demonstrate compliance with the

requirements of 002.04E, 002.04F and 002.04G. Measurements for pH, 

tempmature, turbidity, and residual disinfectant concentrations shaflbe 

-n by an operator with a certification of competency issued by the 

Department Measurements for total coliforms, fecal coliforms, and 

heterotropic plate count (HP C) shall be conducted by the Nebraska

fcOMMIL °f Health Lab°rat0ry OT “ ^Proved laboratory as required

QQ2.Q4Hla Turbidity shall be measured using Method 214A 

(Nephelometric Method - Nephelometric Turbidity Units), pp. 

ri36, “ 864 f0rth “ Standard Methods for the Examination 

~ Water 811(1 Wastewater, 1985, American Public Health 

^asodation et al, 16th edition a copy of which is attached in 

Attachment 6 and incorporated by this reference.

uuj.imiit) Kemdual disinfectant concentrations for free chlorine 

and combined chlorine (chloramines) shall be measured by 

Me^od 408C (Amperometric Titration Method), pp. 303-306, 

4,0a?, Ferrus Titrimetric Method), pp. 306-309,

M6^^Q?^rT(r>PI) Colorimetric Method), pp. 309-310, or 

Mettiod 408F (Leuco Crystal Violet Method), pp. 310-313, as set 

m Standard Methods for the Examination of Water »nd 

jgastewater, 1985, American Public Health Association et aL, 

16th edition which are incorporated by this reference and are 

attached m Attachment 6. Residual disinfectant concentrations 

for free chlorine and combined chlorine may also be measured by 

using DPD colorimetric test kits. Residual disinfectant
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concentrations for ozone shall be measured by the Indigo Method 

88 f^rforth “ Standard Methods for the Examination of W»w 

ggd Wastewater, 1989, American Pubic Health Association et aL 

17 th whtion, which is incorporated by this reference and is 

attached m 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 h»«in 

Kesidual disinfectant concentrations for chlorine dioxide «h«.n be

41°B Method) or Method
41°C CDPD Method), pp. 822-324, as set forth in Standard 

Methods for the ET*min»tion of Water and Wastew»t«. i985 
American Public Health Association et aL, 16th edition a copy of 

which is attached in Attachment 6 and incorporated by this 

reference. 3

0Q2.04Hlc Temperature shall be measured by Method 212 
(Temperature), pp. 126-127, as set forth in Standard Methods for 

the examination of Water and Wastewater. 1985, American Public 

Health Association et aL, 16th edition which is attached in 

Attachment 6 incorporated by this reference; and

~ PH 8hflU be measured by Method 423 (pH Value) pp.
429^437, as set forth in Standard Methods for the

7 Water 811(1 Wastewater, 1985, American Public Health 
Association et aL, 16th edition a copy of which is attached in 

Attachment 6 and incorporated by thin reference.

Monitoring requirements for systems that do not provide

umST £8y8tem that uses a ground water source 

the direct influence of surface water and does not provide filtration 

treatment must begin monitoring as specified in this subpart beginning 
December 31,1990, or 6 months after the Director determines that the 

ground water source is under the direct influence of surface water 

whichever is later, unless filtration is required, in which case the Director

fitaShinISSf" m”it<>ri°g re',mrementS' “ oPProPriate, "Mil

002.04H2a Fecal coliform or total coliform density measurements 

as required by 002.04Ela 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 colifonns at the following minimum frequency 

each week the system serves water to the public:
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System size (persons served) Samples per week1

600 or less j_
601 to 3.300 2
3,301 to 10,000 3
10,001 to 25,000 4
Over 25,000 5

Must be taken on separate days

one fecal or total coliform density measurement must be 
made evety day the system serves water to the public and the 
turbidity of the source water exceeds 1 NTU (these samples 
count toward the weekly coliform sampling requirement) unless 
the Director determines that the system, for logistical reasons 
outside the system’s control, cannot have the sample analyzed 
withm 30 hours of collection.

002.04H2b Turbidity measurements as required by 002.04Elb 
must be performed on representative grab wsmploa Qf 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 wmn). 
monitoring if it validates the continuous measurement for 
sccuracy on a regular

—02.04H2c ,^e tota^ inactivation ratio for e»oh day that the 
system is in operation must be determined based on the CT(99.9) 
values m Tables 1.1-1.6, 2.1 and 3.1 of this section. The 
parameters necessary to determine the total inactivation ratio 
must be monitored as follows:

002.04H2cfl) The temperature of the disinfected water 
must be measured at least once per day at esch residual 
disinfectant concentration sampling point.

gg2.04H2c(2) 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

Q02.04H2c(3) The disinfectant contact time(s) (T) must 
be determined for each day during peak hourly flow.
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0Q2.04H2c(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(51 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

2.1 and 3.1 in this section or other operational 

parameters are adequate to demonstrate that the system 
is achieving the minimum inactivation rates required by 

002.04F1.
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TABLE 1.1

OF GIAEDIAt^CYSK

£0.4

0.6

0.8

1.0

12

1.4 

1.6 

1.8 

2.0 

22

2.4 

2.6 

2.8 

3.0

137

141

145

148

152

155

157

162

165

169

172

175

178

181

163

168

172

176

180

184

189

193

197

201

205

209

213

217

195

200

205

210
215

221
226

231

236

242

247

252

257

261

237

239

246

253

259

266

273

279

286

297

298 

304 

310 

316

277

286

295

304

313

321

329

338

346

353

361

368

375

382

329

342

354

365

376

387

397

407

417

426

435

444

452

460

390

407

422

437

451

464

477

489

500

511

522

533

543

552

12Z Z• CT values 

the indicated temperatures of different tables mav .CT vall”s ■’“ween
interpolation is used, use the CTC99 9) value at the low f™111**1 ^ hnear interpolation. If no

c ^ A value at the lower temperature and at the h.'gW pH.
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TABLE 1.2

BY INACTIVATION OF GIARDIA LAMBUA CYSTS

Residual ^6.0 6.5 7.0
fag/1)

*0.4 97 117 139
0.6 100 120 143
0.8 103 122 146

1.0 105 125 149

1.2 107 127 152

1.4 109 130 155

1.6 111 132 158
1.8 114 135 162
2.0 116 138 165
2.2 118 140 169
2.4 120 143 172
2.6 122 146 175
2.8 124 148 178

3.0 126 151 182

oH
7.5 8.0 8.5 £9.0

166 198 236 279

171 204 244 291

175 210 252 301

179 216 260 312

183 221 267 320

187 227 274 329

192 232 281 337

196 238 287 345

200 243 294 353

204 248 300 361

209 253 306 368

213 258 312 375

217 263 318 382

221 268 324 389

grCater a Percent inactivation of viruses. CT values 

f??*7 * detennined ^ ““ear interpolation. CT values between w temperatures of different tables may be determined by linear interpolation. If no
interpolation is used, use the CT(99.9) value at the lower tempered and atSttS^pH.
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TABLE 1.3

£ ^^SiE)]AT0?o? crEHCENT INACnVATI0N 0F G1AKDIA i-amblia cysts

_e2_
Besiduf

(me/1)
d £6.0 6.5

£0.4 73 88

0.6 75 90

0.8 78 92

1.0 79 94

12 80 95

1.4 82 98

1.6 83 99

1.8 86 101

2.0 87 104

22 89 105

2.4 90 107

2.6 92 110

2.8 93 111

3.0 95 113

* These CT values achieve

7.0 7.5 8.0 8.5 ^9.0

104 125 149 177 209

107 128 153 183 218

110 131 158 189 226

112 134 162 195 234

114 137 166 200 240

116 140 170 206 247

119 144 174 211 253

122 147 179 215 259

124 150 182 221 265

127 153 186 225 271

129 157 190 230 276

131 160 194 234 281

134 163 197 239 287

137 166 201 243 292

i- ,, . , , tt , ------- umcuvauon oi viruses. UT valuestetween the indicated pH values may be determined by linear interpolation. CT values between

intJ^w^ temP*fature*«°f different tables may be determined by linear interpolation. If no 
interpolation is used, use the CTC99.9) value at the lower temperature and at higher pH.
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TABLE 1.4

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

GIARDIA LAMBLIA CYSTS

Residual -:6.0 6.5 7.0
(mg/l)

t

£0.4 49 59 70
0.6 50 60 72
0.8 52 61 73
1.0 53 63 75
L2 54 64 76
1.4 55 65 78
1.6 56 66 79
1.8 57 68 81

2.0 58 69 83
2.2 59 70 85
2.4 60 72 86
2.6 61 73 88
2.8 62 74 89

3.0 63 76 91

£H

7.5 8.0 8.5 £9.0

83 99 118 140

86 102 122 146

88 105 126 151

90 108 130 156

92 111 134 160

94 114 137 165

96 116 141 169

98 119 144 173

100 122 147 177

102 124 150 181

105 127 153 184 •

107 129 156 188

109 132 159 191

111 134 162 195

IIZZ S] i!SUe! ,greater ***“ a pereent inactivation of viruses. CT values
t^“dlcated PH vah*e? ““y be determined by linear interpolation. CT values between 

internolatinn • P®fatures °f different tables may be determined by linear interpolation. If no 
rpo is used, use the CT(99.9) value at the lower temperature and at the higW pH.
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TABLE 1.5

S mctSSS at?o.^'°?i*cent ^activation of giabdia lambua cysts

----- —____________ _________________________ oH
Kesidual
(me/1)

£6.0 6.5 7.0 7.5 8.0 8.5 £9.0

£0.4 36 44 52 62 74 89 105
0.6 38 45 54 64 77 92 109
0.8 39 46 55 66 79 95 113
1.0 39 47 56 67 81 98 117
L2 40 48 57 69 83 100 120
1.4 41 49 58 70 85 103 123
1.6 42 50 59 72 87 105 126
1.8 43 51 61 74 89 108 129
2.0 44 52 62 75 91 110 132
2.2 44 53 63 77 93 113 135
2.4 45 54 65 78 95 115 138
2.6 46 55 66 80 97 117 141
2.8 47 56 67 81 99 119 143
3.0 47 57 68 83 101 122 146

between th* .®rea^er ^an a 99.99 percent inactivation of viruses. CT values
h® determined by bnear 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 tShigher pH.
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TABLE 1.6

W °F GMmA LAMBUA c™*

£0.4 24

0.6 25

0.8 26

1.0 26

L2 27

1.4 27

1.6 28

1.8 29

2.0 29

22 30

2.4 30

2.6 31

2.8 31

3.0 32

29 35

30 36

31 37

31 37

32 38

33 39

33 40

34 41

35 41

35 42

36 43

37 44

37 45

38 46

42 50

43 51

44 53

45 54

46 55

47 57

48 58

49 . 60

50 61

51 62

52 63

53 65

54 66

55 67

59 70

61 73

63 75

65 78

67 80

69 82

70 84

72 86

74 88

75 90

77 92

78 94

80 96

81 97

fhl3rJ^T^ .PH ??11137 ** determined by linear interpolation. CT values between
tZtttSZttgSXSTJZ f “■** »- *“

useo, tne Cl (99.9) value at the lower temperature and at the Higher pH.
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TABLE 2.1

S Z.SmS oz™ inactivation of giamia lamblia cySTS

Chlorine dioxide 

Ozone

Temperature
il’C 5*C 10*C 15*C 20*C 2:25* C

63 26 23 19 15 11

2.9 1.9 1.4 0.95 0.72 0.48

CLV!1UeS acbieve greater ^ inactivation of viruses. CT values between
^ determined by linear interpolation. If no interpolation is used,

indica^^tem]rerature& temperature for determining CT(99.9) values between

TABLE 3.1

BY 31 F0R 99-9 PERCENT ^ACTIVATION OF GIABDIA LAMBLIA CYSTS

Temperature
sl‘C 5°C 1Q°C 15°C 20*C 9ST.

Chloramine 3,800 2^200 1,850 1,500 1,100
750

TheseCT^values may be assumed to achieve greater 
mactlvatlonof only if chlorine is added and mixed in the water^ior

tothe addition of ammonia. If this condition is not met, the system must demonstrate, in 
accordant with 002.04Fla, that the system is achieving at least 99.99 percent inactivation of 
wuses. CT values between the indicated temperatures may be determined by linear interpolation.

W*d' ™ ** CT (99'9) lower temperature for determining
UT(99.9) values between indicated temperatures.
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002.04H2d The total inactivation ratio must be calculated as 

follows:

002.04H2dfll If the system uses only one point of 

disinfectant application, the system owner may determine 

the total inactivation ratio based on either of the 

following two methods:

002.04H2d(l)(a) One inactivation ratio (CTcalc 

divided by CT(99.9)) is determined before or at 

the first customer during peak hourly flow «nr> if 

CTcalc divided by CT(99.9) is greater than or 

equal to 1.0, the 99.9 percent Giardia lwmhliw 

inactivation requirement has been achieved; or

002.04H2d(l)fb) Successive CTcalc divided by 

CT(99.9) values, representing sequential 

inactivation ratios, are determined between the 

point of disinfectant application and a point 

before or at the first customer during pooh- 

hourly flow. Under this alternative, the following 

method shall be used to mlnilato the total 

inactivation ratio:

(1) Determine CTcalc divided by CT(99.9) for 

each sequence

(2) Add the CTcalc divided by CT(99.9) values 

together

(3) If the sum of CTcalc divided by CT(99.9) is 

greater than or equal to 1.0, the 99.9 percent 
Giardia lamblia inactivation requirement hwn 

been achieved.

002.04H2d(2) If the system used more than one point of 

disinfectant application before or at the first customer, 

the system owner shall determine the CT value of 

disinfection sequence immediately prior to the next point 

of disinfectant application during peak hourly flow. The 

CTcalc divided by CT(99.9) value of sequence and 

the sum of CTcalc divided by CT(99.9) shall be calculated 

using the method in 002.04H2d(l)(b) of this section to 

determine if the system is in compliance with 002.04F1.

002.04H2df3) Although not required, the total percent 

inactivation for a system with one or more points or
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residual disinfectant concentration monitoring may be 

calculated by solving the following equation:

Percent inactivation = 100 - 100 divided by 10* 

- where: Z = 3 times the sum of 

CTcalc divided by CT(99.9)

002.04H2e The residual disinfectant concentration of the water 

entering the distribution system shall be monitored continuously, 

and the lowest value must be recorded each day, except that if 

there is a failure in the continous monitoring equipment, grab 

sampling every 4 hours may be conducted in lieu of continuous 

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

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

fewer persons may take grab samples in lieu of providing 

continuous monitoring on an ongoing basis at the frequencies 

prescribed below:

System size by population

500 or less ^

501 to 1,000 2
1,001 to 2,500 3
2,501 to 3,300 4

‘The day’s samples cannot be taken at the same tim» 

Hie sampling intervals are subject to review and approval 

by the Director.

If at any time the residual disinfectant concentration fail" 

below 0.2 mg per liter in a system using grab sampling in 

lieu of continuous monitoring, the system must take a 

grab sample every 4 hours until the residual 

concentration is equal to or greater than 0.2 mg per liter.

002.04H2f Measurement of Residual Disinfectant.

002.Q4H2f(l) The residual disinfectant concentration 

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 

measured as heterotrophic plate count (HPC) by the 
Nebraska Department of Health Laboratory or an 

approved laboratory in accordance with 002.03H may be 

measured in lieu of residual disinfectant concentration.

002.04H2ff2) If the Director determines, based on site- 

specific considerations, that a system has no mum. for 

having a sample transported and analyzed for HPC by an 

approved laboratory under the requisite tima anH 

temperature conditions required of the approved 

laboratory and that the system is providing adequate 

disinfection in the distribution system, the requirements 

of 002.04H2f(l) of this section do not apply to that 

system.

002.Q4H3 Monitoring requirements for systems using filtration 

treatment. A public water supply system that uses a surface water 

source or a ground water source under the influence of surface water and 
provides filtration treatment must monitor in accordance with this section 

beginning June 29,1993, or when filtration is installed, whichever is later.

002.04H3a Turbidity measurements as required by 002.04G «haii 
be performed on representative samples of the system’s filtered 

water every four hours (or more frequently) that the system 

8erves the public. A public water supply system owner
may substitute continuous 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 
Director may reduce the sampling frequency to once per day if 

the Director determined that less frequent monitoring js 

sufficient to indicate effective filtration performance. For systems 

serving 500 or fewer persons, the Director may reduce the 

turbidity sampling frequency to once per day, regardless of the 

type of filtration treatment used, if the Director determines that 
less frequent monitoring is sufficient to indicate effective filtrating 

performance.

— 2.04H3b Tke residual disinfectant concentration of the water 
entering the distribution system shall be monitored continuously, 
and the lowest value must be recorded *»rh 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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fiailure of the equipment. Owners of systems serving 8,300 or 

fewer persons may take grab samples in lieu of providing 

continuous monitoring on an ongoing basis at the frequencies 

each day prescribed below;

System size by population Samples per day1

500 or less ^

501 to 1,000 2
1,001 to 2,500 3
2,501 to 8,300 4

The day’s samples cannot be taken at the tim*

The sampling intervals are subject to review and approval 

by the Director.

If at any time the residual disinfectant concentration falls 

below 0.2 mg per liter in a system lining grab sampling in 
lieu of continuous monitoring; the systems must fafc-o a 

grab sample every 4 hours until the residual

concentration is equal to or greater than 0.2 mg per liter.

QQ2.04H3c Measurement of Residual Disinfectant. The residual 

disinfectant concentration must be measured at least at the *am» 

pomt m the distribution system and at the same time as total 

conforms 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 fair* 
disinfectant residual samples at points other than the total 

conform sampling points if the Director determines that such 

points are more representative of treated (disinfected) water 

quality within the distribution system. Heterotrophic bacteria, 

“ heterotr°Phic plate count (HP C) as specified in 

U02.04H1 may be measured in lieu of residual disinfectant 

concentration.
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003 LEAD BAN (INCLUDES AMENDMENTS MADE THROUGH SEPTEMBER 15,1991)

P08.01 Solder and Pipes. After July 1, 1988, any pipe, pipe fitting, solder, or flux which 

is used m the installation or repair of any public water supply system shall be lead free.

003,02 Adoption of Code(s): Ordinary By July 1,1988, the owner of any public water 

supply system shall, by the adoption of plumbing codes or ordinances, contract, or other 

enforceable means, require that any pipe, pipe filling, solder, or flux used in the 

installation or repair of any residential or nonresidential facility which is rrmnar-ted to the 

public water supply system be lead free.

Q03.Q2A The owner of any public water supply system shall inspect the 

installation or repair of facilities as described in 003.02 constructed or repaired 

after July 1, 1988. to determine compliance with t.hja subsection.

—3'02B owner of any public water supply system shall cause any joint or

pipe m 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

0Q3.03 Application. This section shall not apply to the repair of leaded joints in cast iron
pipes m any public water supply systems that are in existence and use on July 1, 1988.

Q03.Q4 Evidence Required. The owner of each public water supply system shall, by 

anuary 1,1989, submit to the Director a copy of the plumbing code, ordinances, contracts 

other enforceable means required in 003.02.
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004 notification AS CONDITION OF OPERATING A PUBLIC WATER 
199lfLY SYSTEM (INCLUDES AMENDMENTS MADE THROUGH SEPTEMBER 15,

SniSLlYiT Required; K. a community crater supply system fails to comply with an 

“ntanmUmt l6Vel °r ^ to "*■* sample required by section 

“ gra^te? a VHnance OT exemption from an applicable mx-rim,,™ 

006 of these rules; fells to comply with the 
requirements of any schedule prescribed pursuant to a variance or exemption; or

STAT 571 wT™0118 ,°f ^ Nebraaka Safe Drinking Water Act (NEB REV
*'1'6301’ e1 seq)t the supplier of water shall notify persons served by the system 

of the failure, grant or violation. 7

7T;.°.2...^r ^ntaminant Tlf*vel (MCLl. TYentment Technique, and V»ri„n~ ,wh

^ OWPar » °Perator of a public water supply system 

“ aPPlieable MCL or treatment technique established by these 
regions or which feds to comply with the requirements of any schedule prescribed 

pursuant to a variance or exemption, shall notify persons served by the system asfoUows:

004£2A Except as provided in 004.02C, the owner or operator of a public water 

supply system must give notice: H

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 violation 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 

general circulation serving the area; and

27 delivery (by direct mail or with the water bill) or by 

hand delivery, not later than 45 days after the violation or failure. The 

Director may waive mail or hand 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 

must make the waiver in writing and within the 45-day period; and

004.02A3 For violations of the MCLa 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 violations specified by the Director as posing an 

acute risk to human health

004.02A3b Violation of the MCL for nitrate as defined in 002.02A 

and determined according to 002.03C3.
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m$2A3c Violation of the MCL for total coliforms, when fecal

are Pr“ent in the water distribution system 
as specified m 002.02D2.

^ 0ccuiTence of a waterborne disease outbreak in an

Syftem en^ect to the requirements of section 002.04

nru 1991, OT effective date of 002.04 and
04.02A3c and 004.02A3d of these regulations, if later.

0M.02A. the owmt or qCTtorrfthe pubic

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

004.02C Exceptions

TTtSS In lieu of the requirements of 004.02A and 004.02B, the owner 

^operator of a community water supply system in an area that is not 

b!T 7 weekly newspaper or general circulation must give
Within tiT di!^L0r ** continuous posting in conspicuous places
wrthrn^ area served by the system. Notice by hand deZry or pLing

“ 800“ “ Pbut no later than 72 hoS afteTthf 

^ violationa °r 14 days after the violation or 
^ violation or failure specified in 004.02. Posting must

Vi°lation OT mwe e™**- NoticetJ hand 

le“'TO7’^mo“hsfOTiMi- -

mfi2QIn Ueu of the requirements of 004.02A and 004.02B, the owner 

hLTni f ni°n‘<fmmumty water supply system may give notice by

continuous posting in conspicuous places withto 
^eareas^ved^theeystem. Notice fa, hand dZery or posting muS

^ “ D° ““ h*~ boCaSr the

faflure°foranvn«? &*** violations or 14 days after the violation or 
failure for any other violation or failure specified in 004.02.

gff ^^orater or operator ofa public water

or ^mtmg of a variance or exemption by publication in a daily newspaper of
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^^,<toSto'?APTde<i fa 004 030 " 004-03I>’ * -**»

?V A004'03^ the owner or operator of the pubic water supply system
must pve notu* at least once every three months by mail delivery (by dfrertmail
£2? * haDd ddiv“7> for « ^ as theviolation ex^I
^Tmon^f°f **", <aasten“ of a variance or exemption must be given every 
three months for as long as the variance or exemption remains in effect.

00£03Q In lieu of the requirements of 004.03A and 004.03B of this the

Z^^L°Pefa^r °fa coznmxmity water supply system in the area that is not 
^ved ty a daily or weekly newspaper of general circulation must give notice 
wrthm three months of the violation or granting of the variance or exemption by 

OT ** continuous posting in conspicuous places within the area
served by the system. Posting must continue for as long as the violation exists or

ajarumce or exemption remains in effect. Notice by hand delivery must be 
repeated at least every three months for as long as the violation exists or a 

variance or exemption remains in effect.

004-0301, In lieu of the requirements of 004.03A and 004.03B of this 
section, the owner or operator of a non-community water simply 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 m effect. Notice by hand delivery must be repeated at least 
every three months for as long as the violation exists or a variance or 
exemption remains in effect.

QQ4.03D In lieu of the requirements of 004.03A, 004.03B and 004.03C of this

°f a pUbUc ■’"PP* «*8tem’ * the discretion
7 fiIS^?!u^!pr0Vlde 688 fre^ent notice for minor monitoring violations 

asddmedby the Director, if EPA has approved the Director’s apjSktion for a 

program revision. Notice of such violation must be given no less frequently than

* new bOling unit* The owner or operator of a community water supply
°f,the m0St r6Cent P"1^ notice fOT any outaTIg violatiSof 

^ or any treatment technique requirementTwany variance 

es^exetnptiot^Bchedule to all new billing units or new hooku^priarto the time

mjl!L.Gen'nl MUt of public noty-e Each notice required by Urn section must

’mdmt»ndable ezplanatian of the notation, any potential 
« risk, the steps that the public v^S £**ta 

notatton, the necessity for seeking ahernative water supplies, if any
Ea^hnwEnSShT meai,ur“ **“ consumer «d°<dd take until the violation ie corrected. 

SSl ^ cone^muB “d ahall not contain unduly technical language, unduly
small print, or similar problem that frustrate the purpose oftite notice. SnSceaM
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±.“lePhlme nUmb^ of «!■•»««. or designee of the public water

pply ej’Blein as a source of additional information concerning the notice Where 
appropriate, the notice shall be multilingual. K ere

Mandat^ health effects lanpnnr> When providing the information on potential 
1““ ,regred * °04-05 '“* «rt^tice. of ™latT “tSZ

5^ " ^eatment technique requirements, or notices of the granting or the 

continued existence of exemptions or variances, or notices of failure to comply with a
e^m aieduie, ^ o^ or ope*or of a public ^uar ^

dudl mdirie the language specified below for each contaminant. (If language for a 
t“n0t'belOW(*required,SXction

Tnchlorort^lene. The Director of the Nebraska Department of Health 
(NDOH) rets drinking water standards for the State of Nebraska and has 
etCTmmed, based upon information provided by the U.S. Environmental

^ 0ther 8dentific medical information that 
trichloroethylene is a health concern at certain levels of exposure. This

u a common metal cleaning and dry cleaning fluid. It generally gets into drinking 

!Ti^r imPrOPer T""** dispo8aL This chemical has been shown to cause cancer

, , ^7 animals such as rats and mice when the animals are exposed at high
cithern lifetimes. Chemicals that cause cancer in laboratory animals also

- m: : are thernk cancer in humans who are exposed at lower levels over 
time. NDOH has set forth the enforceable drinking water

olwer T'°-°°5 **** 90 Bmaa * reduce risk

S SVer8e health “““to which have been observed in laboratory 
amnaL Dnnkmg Water which meets this standard is associated with little to 
none of this risk and should be considered safe.*

Carbon tetrachloride. The Nebraska Department of Health (NDOH) 

W ^ determined’ ‘“sed 011 information provided
bTf™?*8* Pr0tecti0n A«ency other scientific and medical
mfomiafion that carbon tetrachloride is a health concern at certain levels of

was once a popular household cleaning fluid. If generally 
gets into drinking water by improper waste disposal. This has been
shown to cause cancer m laboratory animals such as rats and mice when the 
animals ^posed at high levels over their lifetimes. Chemicals that cause 
canc^m laboratory animals also may increase the risk of cancer in humans who
SoS^H?ni°Wer 1TdB °T lODg Peri°da * tfane* NDOH has set the 
enforceable dnnkrng water standard for carbon tetrachloride at 0.005 parts per

W fZT* °f'* •*» adverse health effe^wiS
have been observed m laboratory animals, Drinking water which meets this

rtandard is associated with fittle to none of this risk and should be considered

"The Director of the Nebraska Department of 
Health (NDOH) rets drinking water standards and has determined/ based on
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2™?U-S- Environmental Protection Agency and other 
SSSffJS* mf°n?fion ^ W-Dichloroethane is a heSfo concern at

waxes, Thfchemical “ used as a cleaning fluid for fats, oils,

J8*88’ , J*8? 11 generally gets into drinking water from improper waste 
disposal. This diemical has been shown to caus/cancer in labor^LS

SfettoL'cw? TTu Whe“ an™aiB "* exposed at highteS^er their 

hfetimes. Chemicals that cause cancer in laboratory animals also may increase the

St* Wh° exP°sed 84 lo™ overlong periods rf

, J 1188 861 the enforceable drinking water standard for L2-
SSl°I^!ne»,at ,0:005 1)8118 P®1,1111111011 (PPm) to reduce the risk of cancer ot 

ther adverse health effects which have been observed in laboratory animaiB

Sr^r^r^me^t^Btandardisas80ciatedwithlittlet°noneofthis 

risk and should be considered safe."

SfaPjTC Vmyl chloride. "The Nebraska Department of Health (NDOH) sets 

» determined, based on information provided by

SLEJ. Z™™**** Protection Agency and other scientific «md medicS 

information that vinyl chloride is a health concern at certain levels of exposure. 

TTuschenucal is used m industry and is found in drinking water as a resukofthe 
te^k^wn of related solvents. The solvents are medafcleaners and degreasers 

ofmetals andgenerally get mto by improper waste disposal. This chemShas 

^assooated with significantly increased risks ofcancer among certain 

mdustoal workers who were exposed to relatively large amounts of thhfchemical 

a**m-TX*«*«nicalhas;alsobeenshown to cause cancer
lifeS^SeSSh^®1 ** "* exposed 81 “8* level8 their

Wetanes. Chemicals that cause increased risk of cancer among exposed industrial
workers and m laboratory animals also may increase the riskof amc^in humans

enfor^hST^6!? l0WCT leVClS °ver long Pe*0*3 of time. NDOH has set the 

^orcoibledrmkmg water standard for vinyl chloride and 0.002 parts per million

the nsk of cancer or other adverse health have

m 111133118 and kboratOTy animals. Drinking water which meets 
this standard is associated with little to none of this risk and should be considered

Sayjgg Benzene. "Die Nebraska Department of Health (NDOH) sets drinking 

watarstandards and has determined, based on information provided by theUA 

EnvirOTmental Protection Agency and other scientific and medical information 

thst benzene is a health concern at certain levels of exposure. This d£S£

^li^ " drea8Cr °f ^ is ^T^or component of

^ contamination generally results from leaking 
811(1 tanks or improper waste disposal. iSs

ZS? a88?°ated ^ significantly increased risks of leukemia among

chemirwKH ^ were exposed to relatively large amounts of this
A^dunn* ttar inridng o««l This chemical hasaE, been shown to

animals when these animais are exposed at high levels 
nvm-ttejr lifetimes. Chemicals that cause increased risk of cSiWamong7xposed 

industrial workers and m laboratory animals also may increase the risk of ameer
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“ l0”'er leVeU over long P*5"0* of time. NDOH haa

"mdard for be”““ “ °«°5 POfts per million 
w to reduce the nsk of cancer or other adverse health effects which have

inkingwa^w^rnTte

this standard is associated with little to none of this risk and should be considered

~~p~ L 1_Dichloroethylene. "The Nebraska Department of Health (NDOH) 
sets tonkmg water standard and has determined, based on information provided 
* Pr°teCti0n “d »entific and^S

Dl^0r°ethylene “ a heaith at ceratin levdstf
exposme This chemical is used in industry and is found in drinking water as a 
remit rf the breakdown or related solvents. The solvents areuSfas cleaners 

and degreasers of metals and generally get into drinking water by improper waste 
d^L This chemical has been shown to oTS and *£?£££* 

history animals such as rats and mice when the animals are exposed athigh 

are ^lfetim“‘ Chemicals which cause adverse effects in humans who

enfo^H^H^ ir61* ®Velfl °Ver l0Dg Periods of time. NDOH has set the 

enforceable dnnkmg water standard for U-Dichloroethylene at 0.007 parts per

ohse^ed ^ i ^fe?UCe *** °f these adverse health effects which have b2n
laboratory animals. Drinking water which meets this standard is 

associated with little to none of this risk and should be considered safe."

mSgi Para-dichlorobenzene. The Nebraska Department of Health (NDOH)

by determined’ haBed on information provided
Protection Agency and other scientific and medical 

SEE?’“^Pora-dKddorohenzene in a health concem at ceratin levels of 

aposure Tins chemical is a component of deodorizers, moth balls, and pesticides.

ievdfl ^ ufetimes-
nrfv , adverse effects m laboratory animals also may cause
SoS S' bmT Wh° ”» “ l°"er levd, cL loo*

pmods oftone. NDOH has set the enforceable drinking water standard for para-

—ege<M wt^t> hmr* be<m observe ip labontorr anirnak. Drmkmg

LLl-Trichloroethane. "The Nebraska Department of Health (NDOH)

S thTusg^^t“dfr^d determined’ ^ “ information provided

Agency *** other “ientific and medical

* a h6alth ««« * ceratin levels of 
^>sure. Tins chenucai is used as a cleaner and degreaser of metals. It generally
fhoJ?£ dnnk^ 17 “Proper waste disposal. This chemist hLlSm

ne?OUflt *■*«? “d circulatoiy system of laboratory animals 
such as rats and mice when the animals are exposed at high levels over their
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lifetimes. Some industrial workers who were exposed to relatively large amounts 

of this chemical during their working careers also suffered damage to the liver, 

nervous system and circulatory system. Chemicals which cause adverse effects 

f™0118 “ humans who are exposed at lower levels over long periods of

toe. NDOH has set the enforceable drinking water standard for LLl- 

Tnchloroethane 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 meets this standard is associated with little to none of this risk and should 

be considered safe."

004.061 Coliformw

004.0611 Total Coliforms (to be used when there is a violation of 

002.02D1 and not a violation of 002.02D2). The Nebraska Department 

of Health (NDOH) sets drinking water standards and has determined, 

based on information provided by the Environmental Protection Agency 

and other scientific and medical information, that the presence of total 

coliforms is a possible health concern. Total coliforms are common in the 

environment and are generally not harmful in themselves. The presence 

of these bacteria in drinking water, however, generally is a result of a 

problem with water treatment or the pipes which distribute the water, 

and indicates the water may be contaminated with organisms that, can 

cause disease. Disease symptoms may include diarrhea, cramps, rmnnon 

and possible jaundice, and any associated headaches and fatigue. These 

symptoms, however, are not just associated with disease-causing 

organisms in drinking water, but also may be caused by a number of 

actors other than your drinking water. NDOH has set an enforceable 

dmiking water standard for total coliforms to reduce the risk of +*«»»» 

adverse health effects. Under this standard, not more than 6.0 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 

totol coliform-positive sample per month are not violating the standard. 

Drinking water which meets this standard is usually not associated with 

a health risk from disease-causing bacteria and should be considered safe."

004.0612 Fecal coliforms/E. coli (to be used when there is a violation of 

002.02D2 or both 002.02D1 and 002.02D2). The Nebraska Department 

of Health (NDOH) sets drinking water standards and has determined, 

based on information provided by the U.S. Environmental Protection 

Agency find other scientific &nd xnedic&l information, the presence of 

fecal coliforms or E. coli is a serious health concern. Fecal coliforms and 

3L_co]i 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 

with organisms that can cause disease. Disease symptoms may include
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dmrrhea, cramp®, nausea, and possibly jaundice, and associated 

and fatigue. These symptoms, however, are not just associated with 

<haease-causmg 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 fecal coliforms and E. coli to 

reduM the risk of these adverse health effects. Under this standard, all 

dnnkmg 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

pubhc water system according to instructions from the Director or local 
authorities].*

frJSr ^cr°b^olo8ical contaminants (for use when there is a violation of the 

treatment technique requirements for filtration and disinfection in 002.04). The 
NebraskaD^artment of Health (NDOH) sets drinking water standards and has 

tennmed that the presence of microbiological contaminants are a health concern 

at certain level, of exposure. If ™ter ia taadetpnBely treated, tnicrobiologiaH 

orotumnanta m that water may cauae disease. Diaeeae symptoms mar hSe 

fnfi ^ “^“PSfOausea, and possibly jaundice, and any associated howHaniioq and

ho^eveT' are not just associated with disease^ausing 
organisms drinking water, but also may be caused by a number of factors other 

to y^ dimikmgwater. NDOH has set enforceable requirements for treating
risk of these adverse health effects. Treatments^

removes OT destroys microbiological 
contanmants. Dnnkmg water which is treated to meet NDOH requirementsis 

associated with little to none of this risk and should be consideredsaife/

^flulrS? flUOridft' N0tiCe ofviolationfl the maximum contaminant level

flucSdT of ^ances and exemptions from the maximum contaminant level for

fluoride, and notices of failure to comply with variance and exemption schedules for the

<?mp^fncf ^the 8ec°nda*y maximum contaminant level (2.0 mg per 
^ ****** * calculated base on the last single sample tSTm

accordance with the requirements of 002.03C of this rule.

“ deSCribed “ 004.07C of this section, public water 
systems which exceed the secondary MCL for fluoride shall notify:

004.07B1 all billing units annually

all dentists and doctors listed as such in the telephone 
directories covering the areas served by the public water supply system, 

local officials, and local newspapers annually, and
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0Q4.07B3 all new billing units at the time service begins.

004.07C The notice to be used by systems which exceed the secondary MCL «hnii 

read as follows:

"Dear User:

Many public water supply systems are required by federal regulation to routinely 

ematyze for fluoride levels in the drinking water they provide to consumers. 

Analyse of the drinking water in your community has found a level of • mg per 

liter of fluoride. The Director of the Nebraska Department of TToai+h (NDOH) 

based upon information provided by the UE. Environmental Protection Agency 

and other scientific and medical information has set a standard at 2.0 mg per liter 

to minimize the occurrence of objectionable dental fluorosis. That guideline was 

established to protect public welfare, but it is not federally enforceable. NDOH 

requires that this notice of monitoring results be provided to you.

Fluonde, at the appropriate levels in the drinking water of children up to the age 

nm.e„reduCeS cavities- However, children exposed to levels of fluoride greater 

t^11 i'V° p£P®r ^ter may develop dental fluorosis in their permanent teeth. 
Dental fluorosis, in its moderate and severe forms, is a discoloration (brown 

staining) and pitting of teeth.

Bet»ise fluonde affects only developing teeth, households without children would 

not be expected to be affected by this level of fluoride. Individuals with children 

imder the age of nine are encouraged to seek other sources of drinking water for 

their children.

The NDOH Maximum Contaminant Level (MCL) for fluoride is 4.0 mg per liter, 

mat 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 

tor 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. 

toformatum rf such tystems is available at the address given below. Low fluoride 

bottled drinking water that would meet all standards is also available.

For further information, contact •• tit your water utility."

PWS shall insert the compliance result which triggered notification under this 

part.

♦ “sert name» address and telephone number of a contact person
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~ i^Uun0tifiCati0n ** the ™TPrtnr Director may give notice to the public 
requred £ tins sedion on behalf of the owner or operator of ffie public ^

°Wner Z °?Tt0r °f thB-PuhHc ^ "'PP* «**em renS 

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

0Q4,.09 Public notice requirements nertainhw Wrf

004.Q9A Applicability of public notice requirement.

004.09A1 Except as provided in 004.09A2 of this section, within 30 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 violation of the 

national primary drinking water regulation for lead.

mjWAZ Notice under 004.09A1 of this section is not required if the 
tystem demonstrates to the Director that the water supply system, 

uding the residential and non-residential portions connected to the 

water supply system, are lead free, as defined in 001.01Z.

Manner of notk*. Notice .hall he given to paraon. .arwd by the .yatem 

thlTe neWSpaper notices («» for each of three consecutive months

mid the first no later than 30 days after the effective date of there regulations);

T! ^ ** Water bfll or “ * separate mailing 30 days after
2“ °fx.thie8e re8ulations; or (3) once by hand delivery SO days after

^ ?feCtlVe dater °fthese reSulations. For non-transient, non-community water 

suppfy tyBtems, notice may be given by continuous posting. If posting is used, the 

notice shall be posted m a conspicuous place in the area served bythe system and

SmLue 30 **7* after the effective date of these regulations, and

continue for three montha 6

004.09C General content of notjr^

m™C1 Notice8 issued under this section shall provide a clear and 

readity understandable explanation of the potential sources of lead in 

annkmg 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. 

U!f °f the mandatory language on 004.09D of this section in the notice 

will be sufficient to explain potential adverse With effects.

Q.04.09Q2 . Each notice shall also include specific advise on how to 

determine if materials containing lead have been used in homes or the
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water distribution system and how to minimize exposure to water likely 
to contain high levels of lead. Each notice shall be conspicuous and «h«ii 
not contain unduly technical language, unduly small printing, or similar 
problems that frustrate the purpose of the notice. F«rh notice «h«n 
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.

(NOTE: Optional Information): Each notice should advise persons served
by the system to use only the cold water faucet from drinking anH for use 
in cooking or preparing baby formula, and to run the water until h gets 
as cold as it is going to get before each use. If there has recently been 
mpjor water use in the household, such as showering or bathing, flushing 
toilets, or domg laundry with cold water, flushing the pipes shanty tair» 
5 to 30 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 lead pipes, solder, or flux have been used in plnmhmg 
provides tap water and to ensure that new plumbing anri plumbing 
repairs use lead-free matawaia

The only way to be sure of the amount of lead in the household water is 
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 As appropriate, 
the notice should provide information on testing).

Q04.09D Mandatory health effects information. When providing the information 
m public notices required under 004.09C of this section on the potential adverse 
health effects of lead in drinking water, the owner or operator of the water supply 
system shall include the following specific language in the notice:

"The Nebraska Department of Health (NDOH) sets drinking water standards and 
has determined that lead is a health concern at certain levels of exposure. There 
is currently a standard of 0.050 parts per million (ppm).

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

Part of the purpose of this notice is to inform you of the potential adverse health 
effects of lead. This is being done even though your water may not be in violation 
of the current standard.

NDOH and others are concerned about lead in drinking water. Too much lead in
e human body can cause serious damage to the brain, kidneys, nervous system,

blood cells. The greatest risk, even with short-term exposure, is to young 
children and pregnant women.
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Lead levels in your drinking water are likely to be highest:

• If your home or water system has lead pipes, or
• If yoin- 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.

SS i2^B12Jhe Di?Ct0r- ^ DireCt°r e*e notice **

StSTffth trSi!Cto0n 0X1 bthalf 0f OWner OT operator of the water supply 

?yBtem if the Director meets the requirements of 004.09B and the notice contains

all the information specified m 004.07C and 004.07D of this section. However the 

e°ZL°;,rrr OT ** Water remains legally responsible for
ensuring that the requirements of this section are met.

gMQ Reporting to the Director The owner of any public water supply system required 
to give notice under section 004 shall submit a copy of such notS ^d ^idS^Tf 

publication of the notice to the Director in accordance with 005.01E.
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005 REPORTING AND RECORDKEEPING
(INCLUDES AMENDMENTS MADE THROUGH SEPTEMBER 15, 1991)

005.01 Required report*

Si; °f a Water ^ *e Director within
. , ^ P^nbedon each of the following occurrences which influence or alter

°f 8FStem °f ** “*** of drinking ^ter delivered to the

005.01A1 Any disruption in service that results in a lifcalihrwvj fOT the 
en^anceofcontammnnts 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 
b^ond normal repair or replacement shall be reported to the Director 
when more than 10% of the consumers are affected.

—5 01A2 ^ Proposed change in source of supply or treatment
Prorates, or any expansion of storage or to the distribution service area

*? Director he*"6 entering into any financial 
commitment for implementing a change.

005.01A3 All reports, studies, and investigations pertinent to the 

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

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

005.01A5 Any change in ownership of a public water supply system shall 

reported to the Director by the prior owner, and the prior owner shall 

rraponsible far informing the new owner of the general provisions of 
the Nebraska Safe Drinking Water Act and the regulations rnipiAmant^

maa

a pubhc water ^ ^ ^ ^ ^ ^

foSSS^? “MlyBisrequired by this chapter within (1) the Brst ten days 
foltoSu^"‘"S.?"’ r“ult “ rrcehed, or (2) the first ten days 
whiT!L !,?v. °f th®Tequired momt°ring period as stipulated by the Director,
which ever of these is shortest. ’

maiS Except where a different reporting period is specified in this chapter, the
f "ater 8y8tem must "Port to the DirectOT^toin 48

ourathe failure to comply with any regulation (including failure to comply with 
monitoring requirements) set forth in this chapter.

TITLE 179
Chapter 2
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005£p The owner of a public water supply system is not required to report 
ana^cal results to the Director in cases whlTthe Department tf 5Eh 

Laboratory performs all of the analysis and reports all of the results.

SSL dayS °f cam^tioa °f each pubic notification required

£. , ’ owner of a puhlic water supply system shall submit to the
Director a representative copy of each type of notice distributed, published, posted 
and/or made available to the persons served by the system amtor to the media.

The owner of a public water supply system shall submit to the Director

“Pies of any record requiredtote
maintain pd under thin chapter.

Q05.02 Reporting and Recordkeeping Requirements. Filtration and

A PubUc water system that uses a ground water source under the direct 
*!U1S^rater and does not filtration treatment must report

**“infQrmation epeafied in this part beginning 6 ninths 

deternune8 that the ground water source bunder the direct 
ffltration “ re<luired. in which case the Director 

in rnative reporting requirements, as appropriate, until filtration is
4nF^“:.Jh® reportf ahall be submitted on Forms PWS 403, PWS 404 and PWS 
405 m Attachment 4 to thin Rule.

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:

00$.02Ala The cumulative number of months for which result 
are reported.

Q.05.02Alb The number of fecal and/or total coliform «n,ri« 
whichever are analyzed during the month (if a system monitors 
for both, only fecal coliforms must be reported), the of 
sample collection, and the dates when the turbidity level exceeded

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

005.02Ald The cumulative number of fecal or total coliform 
samples, whichever are analyzed, during the previous six months 
the system served water to the public.

005.02Ale The cumulative number of samples that had equal to 
or less than 20 per 100 ml of fecal coliforms or equal to or less
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than 100 per 100 ml total coliforms, whichever are analyzed,
dunng the previous six months the system served water to the 
public.

QQ5.02Alf The percentage of samples that had equal to or less 
than 20 per 100 ml fecal coliforms or equal to or less than ioo 
per 100 ml total coliforms, whichever are analyzed, during the 
previous six months the system served water to the public.

005.02Alg The maximum turbidity level measured during the 
month, the date(s) of occurrence for any measurement(s) which 
exceeded 5 NTU, and the date(s) the occurrences was reported 
to the Director.

005.Q2Alh For the first 12 months of recordkeeping, the dates 

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.

00§.02Ali For the first 120 months of recordkeeping, the dates 
and cumulative number of events during which the turbidity 
®»»eded 5 NTU, and after 10 years of recordkeeping for 
turbidity measurements, the dates and cumulative mimbw of 
events during which the turbidity exceeded 5 NTU in the 
previous 120 months the system served water to the public,

QQ5.02A2 Disinfection information specified on 002.04H2 «h«n be 
reported to the Director within 10 days after the end of each month the 
fyrten serves water to the public. Information that must be reported

005.02A2a For each day, the lowest measurement of residual 
disinfectant concentration in mg per liter in water entering the 
distribution system.

Q05.02A2b The date and duration of each period when the 
residual disinfectant concentration in water entering the 
distribution system fell below 0.2 mg per liter and when the 
Director was notified of the occurrence.

flQg.02A2c The daily residual disinfectant concentration(s) in mg 
per liter and disinfectant contact tnne(s) in minutes used for 
calculating the CT value(s).

£Qp.02A2d If chlorine is used, the daily measurement(s) of pH of 
disinfected water following each point of chlorine disinfection
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g£g.02A2e The daily measurement(s) of water temperature in *C 
following each point of chlorine disinfection.

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

0Q5.02A2g The daily determination of whether disinfection 
achieves adequate Giardia cyst and virus inactivation, Le 
whether CTcalc divided by CT(99.9) is at least 1.0 or, wheril 
disinfectants other than chlorine are used, other mdi^tcr 
conditions that the Director determines are appropriate, are met.

,Q05.02A2h The following information on the samples taken in the 
distribution system in conjunction with total coliform monitoring 
pursuant to 002.04F.

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

005.02A2h(2) Number of instances where the residual 
disinfectant concentration is not measured but 
heterotrophic bacteria plate count (HPC) is measured;

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

QP5.02A2h(4) Number of instances where the residual 
disinfectant concentration is detected and where HPC is 
greater than 500 per ml;

005.02A2hf$)i Number of instances where the residual 
disinfectant concentration is not measured and HPC is 
greater then 500 per ml;
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005.02A2h(B) For *he current and previous month the 

system served water to the pubic, the value of "V" in the 
following formula:

c + d + e

V = ____________  x 100

a + b

Where:

a - the value in 005.02A2h(l) 

b = the value in 005.02A2h(2) 

c = the value in 005.02A2h(3) 

d = the value in 005.02A2h(4) 

e ■= the value in 005.02A2h(5)

V = percent of samples with undetectable residual 
disinfectant concentration

005.02A2hf*n If the Director determines, based in site- 
specific considerations, that a system haa no m»«n« fOT 
having a sample transported and analyzed for HPC by 
the State Health Department Laboratory or an approved 
laboratory under the requisite time and temperature 
conditions required of the laboratory and that the system 
is providing adequate disinfection in the distribution 
system, the requirements of 005.02F2h do not apply to 
that system.

005.02A2i A system need not report the data listed in 005.02A2a 
and 005.02A2c-fi if all data listed in 005.02A2a-h remain on file at 
the system, and the Director determines that-

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

005.02A2if9) Hie Director has determined that the 
system is not required to provide filtration treatment.

QQ5.02A3 No later than ten days after the end of each federal fiscal year 
(September 30), each system owner must provide to the Director a report
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which summarizes its compliance with all wellhead 

requirements specified in 002.04E2e.
protection

mQ2MNo 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-si inspection conducted during that year pursuant to 002.04E3, 
unless the on-site inspection was conducted by the Director.

005.02A5 Special reports.

Q05.02A5a Each system, upon discovering that, a water- borne 

disease outbreak potentially attributable to the water system has 

occurred, must report that occurrence to the Director as soon as 

possible, but not later than by the end of the next business day.

005.02A5b If at any time the turbidity exceeds 5 NTU, the 

system must inform the Director as soon as possible, but no later 

than the end of the next business day.

QP5.02A$c If at any time the residual falls below 0.2 mg per liter 

m “* y84**; entering the distribution system, the system must 
norify the Director as soon as possihle, but no later than by the 

radof the next business day. The system also must notify the 

Uir«rtor 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.

pubhc water supply system that uses a surface water source or a 

8°UrCe Under *** direct “fluenee of surface water and provides 
mUSt ?6P0rt m0nthly 40 ^ Direc4or the information failed 

“ BCC!^n beginning June 29,1993, or when filtration is installed, wtoheter

Al£Sme^4 SSf.Sf * SUbnUtted “ Forms PWS 405 ?WS 408 in

—Jufbwhty measurements as required by 002.04H3a must be 

reported within 10 days after the end of each month the system serves

water to the public. Information that must be reported includes;

005.02Bla The total number of filtered water turbidity 

measurements taken during the ™nnth_

r~Q5u??Blb 7116 number “d percentage of filtered water 

turbidity measurements taken during the month which are less 

than or equal to the turbidity limits specified in 002.04G.

g0p.02Blc The date and value of any turbidity measurements 

taken during the month which exceed 5 NTU.
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005.02Bg Disinfection information specified in 002.04H3 *»h«n be reported 
to the Director within 10 days after the end of each month the system 
serves water to the pubic. Information that must be reported in»hi>w

0g.5.02B2a For each day, the lowest measurement of residual 
disinfectant concentration in mg per liter in water entering the 
distribution system

005.02B2h The date and duration of eenh period when the 
residual disinfectant concentration in water entering the 
distribution system fell below 0.2 mg per liter and when the 
Director was notified of the

005.02B2o The following information on the snmplea tpfrop ^ the 
distribution system in conjunction with total coliform monitoring 
pursuant to 002.04F:

005-Q2B2rfl) Number of instances where the residual 
disinfectant concentration is measured;

005.02139^(9) Number of instances where the residual 
disinfectant concentration is not measured but 
heterotrophic bacteria plate count (HPC) is measured;

0Q5-02T39/»(a) Number of instances where the residual 
disinfectant concentration is measured but not detected 
and no HPC is measured;

005.Q2B9c(A) Number of instances where no residual 
disinfectant concentration is detected and the HPC is 
greater than 500 per ml;

0Q5-02'R9-r»(ff) Number of instances where the residual 
disinfectant concentration is not measured and HPC is 
greater than 600 per ml;
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005.02B2c(62 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(l) 

b = the value in 005.02B2c(2) 

c = the value in 005.02B2c(3) 

d = the value in 005.02B2c(4) 

e = the value in 005.02B2c(5)

V = percent of samples with undetectable residual 

disinfectant concentration

005.02R2o(7) If the Director determines, based on site- 

specific considerations, that a system has no of
having a sample transported and analyzed for HPC by an 

the State Health Department Laboratory or an approved 

laboratory under the requisite time and temperature 

conditions required of the laboratory and that the system 

is providing adequate disinfection in the distribution 

system, the requirements of 005.02B2c(l) - 005.02B2c(6) 
do not apply.

QQ5.02B2d A system need not report the data listed in 005.02B2a 

if all the data listed in 005.02B2a-c of this section remain on file 

at the system and the Director determined that the system has 

submitted all the information required by 005.02B2a-02B2c of this 

section for at least 12 months.

0Q5-02R3 Special Reports

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 
Director as soon as possible, but no later than by the end of the 

next business day.
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005.02B3h If at any time the turbidity exceeds 5 NTU, the 

system owner must inform the Director as soon as pw»ntq» but 
no later than the end of the next business day.

g05.02B3c 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 possible, but no later by 
theend of the next business day. The system owner must also 

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.

—~ . . Re<^°r?d^co1^- owner of a public water supply system subject to the

provisions of this Chapter shall retain on the premises of the public water supply system 

or a convenient location near such premises, the following records:

—5~?3^ Records of bacteriological, turbidity, temperature, pH, and dininfoetjmt 

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

transferred to tabular summaries, provided that the following information be 

included:

005.03AI The date, place, time of sampling, and the name of the person 

who collected the sample;

Q05-03A2 Identification of the sample as to whether it was a routine 

distribution system sample, a check sample, a raw or processed sample, 

or ary other special purpose sample-

005.03A3 Dates of analyses;

005.03A4 Laboratory and person responsible for performing analysis; 

QQ5.Q3A5 The analytical technique or method used; and 

Q05.03A6 The results of the analysis.

005.03A7 Owners of public water systems that use a ground water source 

under the direct influence of surface water which does not provide 

tration shall keep records of source water bacteriological an turbidity 

measurements on Department Forms PWS 401 and PWS 402.

Q05.03AS 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 digmfpctinn 

residual and turbidity measurements on Department Form PWS 407.
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V^pei)11 EXEMPTI0NS AMENDMENTS MADE THROUGH

wftCTS^^^v'^,th>ireCt0r’ Wlth ^ concurrence the Advisory Council on Public 

OM? of authorize a variance from a maximum contaminant level adopted in

dances from the MCL for total coliforms and

of °02-04

“UreeS Whkh "® reasonably available to the system 
cannot meet the maximum contaminant levels specified in these regulations

wSthTrST11 ?^* **** techn°logy’ treetment techniques, or other tn~m, 
which the Director finds are generally available (taking costs into consideration);

fij&flll The concentration of the contaminant, or contaminant., for which the 

maximum contaminant level is exceeded by granting such variance, will not result
m unreasonable risk to health; and ^ aucu variance, win not result

mOlC At the same time the variance is granted, a schedule for compliance, or 

^SsMST’ “ ^ ^ the supply agrees to

Water The Director’ with the concurrence of the Advisory Council on Public
water supply -ystemfi^aiy requirement 

"S “ntamiIiant level" treatment technique, or from both^a^ted

not be authorivpd aeept. exemptions from the MCL for total coliforms may
not be authorized. Such exemption may be granted upon finding that:

vrat^^nrJ^sra^^^eU™gwaCt0r8’ wi“ch ““dude economic factors, the public 

technique^ “ UnabIe 10 comPiy "i*h such contaminant level or treatment

The public water supply Intern was in operation on the effective date
of such contaminant level or treatment technique regulation;

Swf ̂  8ranting °f “““P11011 DOt result ® “ unreasonable risk to

tTle ** “““P*0* “ granted, a schedule for compliance, 
5 ^ owner of the supply agrees to

mplem^t such schedule. The schedule shall require compliance?* Shan 

12 months after the date of issuance of the exemption.

SKSxSnt?* P^ded in any schedule in the case

^ 6X1611(16(1 ** ** DireCt°r f0r a P®1"1 not to e**ed 3

establishes that: ° e lssuance °f the exemption if the public water supply

TITLE 179
Chapter 2
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^■6 02E1 The syHtem cannot meet the standard without capitol 

improvements which cannot be completed within the period of such 

exemption;

006.Q2E2. In the case of a system which needs finanrisl mwiiitiinM fnr ty 

necessary improvements, the system has entered into an agreement to 
obtain such firmmnni assistance; or

Q06.02E3 The system has entered into an enforceable agreement to 

become part of a regional public water system; and the system is 

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 006.02E1 or 006.02E2 of this section may be renewed

if ““if addWB“l 2'year Periods if the system establishes that it is

all practicable steps to meet the requirements of 006.02E.

^:°fTi^rOCe^°!e- ““aider a variance or exemption from the requirements

the^^L tK^? °°f2 °ftf1Sruleinflybe initiated by the Director or by the owner of 

throu^,a4 f0"nal submitted to the Director. Before a variance or

mmmption proposed to be granted by the Director may take effect, the Director shall 
provide notaeandl opportunity for public hearing on the proposal; inform the Advisory
SdrtlS S fater S?Pjy°f 811 fecte “d findings rEeto the proposed action; 

and obtain Council approval of the proposed action, provided;

~~r°3A Prior to granting a variance or an exemption, the Director shall provide 

notice, m a newspaper of general circulation serving the area served by the public 

supply system of the proposes exemption or variance, that interested 

penwnsmay 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;

mQ3S If a public hearing is requested, the Director shall set a time and place 

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;

—;03C “““Prion or variance shall be conditioned on monitoring, testing,

analyzing, or other requirements to insure the protection of the public health;

mfiSS The conditions for issuing the variance or exemptions are not less 

stringent than conditions under which variances and exemptions may be granted 

under the provisions of the Federal Safe Drinking Water Act, PX. 93-523, 93rd 

Congress; and further provided that,

m031 The procedures for notification and public hearings are in conformance

r?S^e^ntS °f Cbapt&‘ 84’ ***** 9’ Reissue Revised Statutes of 
Nebraska, 1943. The same procedures shall be carried out prior to prescribing a

compliance schedule for conforming to the requirements of section 002 of these 

rules.
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007 SITING, DESIGN AND CONSTRUCTION OF PUBLIC WATER SUPPLY SYSTFM9 
(INCLUDES AMENDMENTS MADE THROUGH SEPTEMBER 15,1991)

—-1 Sy°g- M weUs’ treatment and storage facilities, and other appurtenances 
necessary for the continued operation of a community water supply system «h»n be located 
as to:

0P7.0LA Assure against damage or breakdown as a result of floods, fire, 
earthquakes, or other natural disasters;

Prevent contam™tion of the drinking water by existing sources of 

—7 01C Pernut control, by the owner, over the location of future potential
sources of contamination within the proximity of the system in order to prevent
or mmimize any hazard to the safety of the drinking water; and

OOLOm Provide a sufficient property interest for the owner of the public water 
supply system m order to operate, maintain and replace the system »«r^.

^ “d specifications for all major construction, extension or alteration
"S7 SyBtema be Prepared by a registered professional 

engneer and U be submitted to the Director for review and written approval prior to
beSmrfi^formnUtment f°rCOmtrUCt^ ** awarding of a contract, or the 

Plana and spedfications shall be submitted for the following types of
projects:

Q97 02A1 AU components of new water supply systems;

S07.02A2 New wells and intake structures;

Q07.02A3 Alterations that influence the capacity of eristing wells or 
intake structures;

907.02A4 New treatment plants and modifications to listing treatment

007.02A6 Installation of chemical feed equipment beyond replacement of 
existing equipment;

007.02A6 . Storage facilities and repair to existing storage facilities, 
including interior lining, painting and/or ormtingg-

007.02A7 Pump stations;
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—-U/A° transmission mains from the source of supply to the service

8QQ

Q07.02A9 Replacement of mains within a service area for the purpose of 

balancing pressure or improving the efficiency of the distribution system.

002,021 Submission of plans and specifications is not required for extension of 

water mams within an established service area.

^ ^ ^ for with
Guidelines for Water System Design', herein incorporated by reference as

P"bhshedr “d distributed by the Director to reflect current 
technology m the design of public water supply systems and their components, and

P07J02C1 Presented in legible form and of sufficient scale to establish 
construction requirements and facilitate effective review;

Q07.02C2 Submitted by the engineer in triplicate and in sufficient time 
toP™ thirty working days for review and comment or approval and 
with time for the incorporation of changes if required;

007.02C3 Amended in a manner that wffl alter the function or efficiency

of components which may affect the chemical quality of the water only 
Director^ge “’‘k™ directinS such amendments are approved by the

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

SS {Z ^ rCVieW of pIans md specifications for the types of
prefects described m subsection 007.02A shah be submitted with the plans and
speofioations to be reviewed and in the amount of one hundred dollars plus five

•^“gTerS estimate of the cost of the project, alteration 

dram““ ““ 1,6

^7;10F)1 Documentation of the contract or actual cost of the project 

shall be provided to the Director by the engineer or owner of the system 

for the purpose of determining the final fee amount;

0Q.7.02D2 Payment of the final fee amount based on one hundred dollars 
plus five tenths on one percent of the engineers estimate of the contract 
or actual cost of the project, whichever is larger, shall be mad* before the 
project is placed in service;
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007.02D3 Failure to pay the final fee amount shall constitute wm* to

deny or revoke the permit to operate the system as required by Section 

008 of thin rule.

907.03 Construction. AD major construction, extensions or alterations shall be completed 

m accordance with approved plans and specifications or approved change orders ar^ «hnii 

comply with the following requirements:

007.03A No part of a community water supply system falling within the definition
of mqjor construction shall be placed in service prior to: certification by the owner 

or designated representative of the owner for conformance to the approved pi*™ 

and specifications or approved change orders; a final inspection; and iggimnre Qf 

approval by the Director;

007.03B Any part of community water supply system falling within the Hafini+irm 

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

specifications or change orders, or for which plans and specifications 

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

guidelines;

QP7-03C Construction of water distribution mama within an established service 

area and not requiring prior approval, shall be accomplished in the mannar 

specified in the "Guidelines for Water System Design".

007,;04 Distinctions Applied to Non-Community Waw Surmtv The owner of a

non-community water system may:

007.Q4A 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 arr-m-dunr-a with TITLE 

178, NEBRASKA ADMINISTRATIVE CODE, CHAPTER 12, REGULATIONS 

GOVERNING WATER WELL CONSTRUCTION, PUMP INSTALLATION AND 

WATER WELL ABANDONMENT STANDARDS.

007.05—^Declaratory—Ruling About Substantially Equivalent Siting. Daaign and 

Construction.

Q9-7 05A No “ting, design or construction for a Public Water Supply System ahall 

earned 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 regulations.

007.05B Any owner of a Public Water Supply System may request a declaratory 

ruling by the Director.
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007.05B1 Such a request must be submitted in writing at least thirty 
(30) days prior to the initiation of construction or alteration of the Public 
Water Supply System involved, unless good cause is shown for a shorter 
review period.

007.05B2 The request shall include a description of the HtHrign- 
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 
submitted by a Registered Professional Engineer.

QP7.05B3 Such request shall be made generally in accordance with 184 
NAC 1.008, Rules of Practice and Procedure Regarding rwiar«.t™T 
Rulings, but unless the requesting party at the time of the request 
demands a hearing thereon, the matter will be deemed submitted on the 
written request, attachments thereto and facts of which the Director 
takes judicial notice.

Q.07.05B4 Any ruling issued by the Director hereunder shall I*, hiding 
between the Director and the requesting party on the facts alleged 
it is altered or set aside by a court. The Director may, in situations when 
the submission of the request thirty (30) days in advance would result in 
an immediate environmental threat, significant economic hardship on or 
pose a health threat to the owner or other persons, waive the thirty (30) 
day review period.
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TITLE 179 - NEBRASKA DEPARTMENT OF HEALTH

CHAPTER 2 - REGULATIONS GOVERNING PUBLIC WATER SUPPT Y

(INCLUDING AMMENDMENTS MADE THROUGH MARCH 30, 1992) SYSTEMS

P.08 OPERATION AND MAINTENANCE OF PUBLIC WATER SUPPLY SYSTEMS

~8fi. °feratl0n- A11 Public: water supply systems shall be operated and supervised by 

and such personnel must possess a certificate of competency issued 
by the Director. In addition, all community and non-transient, non-community water 

supply systems shall* 3

—8 01A Provide service on a twenty-four hour a day basis with a certified 

« call at afi 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

—8'01^ Notify the Director of any situation with the water system which 

presents or may present an imminent and substantial hazard to h^with*

008.01C Maintain an emergency plan of operations for safe-guarding the water 

suppfy, protecting the drinking water, and, if necessary, providing for an alternate 

arm sing water supply in the event of natural or m<m-Tnnri» disasters. The ni«n 

must mclude a list of individuals who may be called for help in times of disaster, 

their titles and their phone numbers. Such plans shall state the h«^ domestic 

water needs and usage under normal conditions. Any special institutional,

commercial or industrial users shaB be shown. Any special back up or standby
equipment or power supply available shaU 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 shah be noted. AD 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 

m the state Drinking Water Emergency plan located in the Division of Drinking 

Water and Environmental Sanitation of the Department of Health. The 

emergency plan shall be placed at key locations, clearly marked and readily 

accessible to utility personnel and the public.

QQ8.01D Flush and disinfect all newly constructed or repaired water main, and 

storage totalities m accordance with methods acceptable to the Director before 

placing the new or repaired portion of the system into service;

^r8-01E Conduct an on-going program for the effective detection and alimmatinn 

of cross-connections and the prevention of backflow or backsiphonage. Such 

program is subject to review by the Director and shall include and require:
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008.01E1 That there be no physical connection between the public water 

supply system and any pipes, pumps, hydrants, tanks, steam condensate

^SSlS?nerket8’ ^ CXChangers’OT other supplies whereby

^ " contamillating materials may be discharged or
drawn mto the public water supply system.

^•QIE2 P*1 ** no interconnection with the public water supply

“otha- Potable water system unless first approved by the 
public water supply system and reported immediately to the Director.

QMS2 That the public water supply system shall install or require 

mstellarion of properly located backflow prevention devices appropriate 

to the potential hazards enumerated in Tables 2 and 8 when such hazards 

exist and where, m the opinion of the public water supply system, 

effective measures consistent with a potential risk have not been taken!
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^°^Co«medaf^^R^d by Degree of Hazard far Commonly Encountered Equipment, Fixtures, 

SToiESkO COmplete ^ ** Manual of Cross-Connection Control referenced in section

Direct or Indirect Potable Water Connections
Hazard

High Low

L Subject to Back Pressure

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

X
2. Toxic substances

Y
3. Non toxic substances A

YB. Water connection to steam and steam boiler: A

1. Boiler or steam connection to tm-ir substances
x

2. Boiler or steam connection to nontoxic substances (boiler
x

blowoff through air gap)

IL Not Subject to Barfr Pressure

A. Sewer-connected water line (not subject to waste stoppages)
XB. Low inlets to receptacles cnntwtnmg-

1. Toxic substances
Y

2. Nontoxic substances
Y

C. Coils or jackets used as heat exchangers in compressors in lines A

carrying:
L Sewage

x
2. Toxic substances

Y
3. Nontoxic substances

YD. flush valve toilets or urinals
Y

A.

E. Toilet, urinal tanks and approved bntht^
xF. Bidets, sitz tanks, or spa, therapy and roman pools not otherwise

x
isolated by design or backflow protectors

G. Trough urinals
YH- Valved outlets or fixtures with hose attachments that, may constitute •

a cross-connection to:
1. Toxic substnnres

Y
2. Nontaxic substances

YL Aspirators that may constitute a cross-connection to*
~

A

1. Toxic substances
Y

2. Nontoxic substances
X

EL Other Equipment and Facilities Subject to a Variety of Backflow
Conditions

A. Lawn sprinkling systems that may constitute a eross-ormn*wirm tn-

L Toxic substances including lawn ffhomimia
x

2. Nontoxic substances
X

B. Fire suppression systems employing toxic ehemimln
x

C. Soft drink dispenser or bar carbonators
x

D. Badiological, photographic, dental, medical, biological or oh»™i™i 
laboratories or facilities

X

E. Swimming pools
y

F. Tank truck loading station
X
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Permitted Backflow Assemblies, Devices and

Assembly, 

Device or 

Method1

Degree of Hazard

Low High

Back

siph-

onage

Back

pres

sure

Back

siph-

onage

Back

pres

sure

Installation13*6

Air Gap X X X X Shall be a minimum of 1 inch but not 

less than 2 times the 0f the

effective spout opening when not 
affected by side wails, and 3 tim»« 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 diwtanco 

greater than 4 times the effective

Atmospheric

Vacuum

Breaker

X X Upright position. No valves

downstream. Minimum of 6 mch»a or 

listed distance above all downstream 

piping & flood level rim of receptor5

Double Check 

Valve

Assembly

X X Horizontal unless otherwise listed. 

Requires 1 foot below & sufficient. «riH»

& head room for testing &

with a maximum of 5 feet above the

ground, work floor, or a permanently
installed working platform with stairs

or ladder affixed. Does not Hischnrge

water.

Pressure

Vacuum

Breaker

Assembly

X X Upright position. May have valves 

downstream. Minimum of 12 inches above all downstream piping & flood 

level rim of receptor. May dincharge 

water.

Reduced

Pressure

Principle

Backflow

Prevention

Assembly

X X X X Same as Double Chech Valve Assembly 

above except may discharge water & 

wherever installed, provision for 

draining away at least 2 times the rated 

gallons per minute of the device ahaii 

be made.

Dual Check 

Valves
X X Residential services only, & where high 

hazards are not known to exist on the 

premises. Properly protected lawn 

sprinkling systems are assumed to be 

low hazard for this purpose. Dual 

checks are not subject to annual 

inspection unless so stipulated by the 

manufacturer. Otherwise, reasonable 

inspection periods will be assumed to be 

every 5 years.
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I

2

3

4

5

6

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.

Previous approval by the public water supply system is required for use of a pit 

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

installations (normally prohibited without special design considerations and proper 

cross connection controls).

Backflow preventers shall not be located in any area containing fumes that are 

tome, poisonous or corrosive; nor in any area in which they could be damaged by 

freezing, or by excessively high temperatures or pressures, vibration, physical 

impact or structural stress; nor knowingly be allowed to conduct highly corrosive 

or sandy waters without a special testing and maintenance program to assure 

proper & safe operation.

Refer to general and specific installation requirements as stated in the Cross- 

Connection Control Standards provided for in section 008.01E9 for eonriiti™^ or 

situations not otherwise covered in these regulations.

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 008.01E9. Garden hose bibbs 

shall be protected with approved, non-removable or integral, frost-proof, self- 

draining, anti-siphoning vacuum breakers.

Fire protection systems as a minimum shall be equipped with backflow prevention 

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 promulgated by the State Fire Marshal.

008.01E4 That all backflow or backsiphonage protection devices equipped 

with test ports be tested as often as required by the public water supply 

system 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.

Q08.01E5 That the public water supply system consumers be required to 

Bssess and report potential backflow hazards on their premises and *»>»■«» 

any steps necessary for protection of public health and safety as often as 

reasonably requested by the public water supply system which 

be no less often than every five (5) years.

8-5



TITLE 179
Chapter 2

~f1E6 ,Tha^the PUbUc Water 8yHtem sbi maintain, or cause

to be maintained, records of locations, types, tests and repairs of backflow 

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

mOlg That backflow preventers required by this regulation shall have 

been tested and approved or listed for the intended use by one of the 

following organizations:

sS0?7* Foundation for Cross Connection Control and 

Hydrologic Research, University of Southern California, 

University Park, Los Angeles, California 90089.

gp8.01E7b American National Standards Institute 1430 

Broadway, New York, New York 10018.

Qg8.01E7c Underwriters Laboratories Inc., 333 Pfingsten 

Northbrook, Tllmniq 60062.

fiP8.01E7d National Sanitation Foundation, 2355 West Stadium 

Boulevard, P.O. Box 1468, Ann Arbor, Michigan 48106.

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

r-?^8 H131811 on-going public information program shall be conducted 

ty the public water supply system to further the public water supply
™der8tandinS “d awareness of cros^comSn 

nazards, the types of remedies available and the need to protect the 

public water supply system againat backflow.

~'01E9 Thflt approval of Cross-Connection Control Programs (Wiping 

as a minimum, backflow preventers, pressure regulators, vacuum 

installation, operation, testing, maintenance and repair) 

f°nowing standards, and where conflicts may exist, 
the Director will be the sole judge as to which standard «hali prevail;

QQ8.01E9a Manual of Cross-Connection Control, published by the 

oun on for Cross-Connection Control and Hydraulic Research.
University of Southern California, eighth edition, a copy of which 

herein ^ ^inCOrporated ^“^nce as if fully set forth with

008.01EQb American Water Works M-14, second edition,

a copy of which is attached and incorporated by reference as if 
fully set forth with herein.
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OOMIZ Provide sufficient personnel, tools, spare parts, work areas, chemicals.

!ritW? *f8entials necessar7 to accomplish continuous operation of the system 
without undue or unnecessary interruption of service.

^02 Maintenance. AH public water supply systems shall adopt and carry out a 

preventative maintenance program incorporating the following elements:

mm Neat and orderly premises used solely for the purpose of producing, 

treating, storing, or distributing safe drinking water with emphasis on easy «<«»«■ 

to those system components requiring periodic attention;

8CTvidnS and record keeP®g of all mechanical 
equipment m accordance with manufacturer’s 
maintenance;

recommendations for such

m02C Timely replacement of worn or deteriorated system components and 

equipment parts as identified by routine inspection and record keeping;

008.02D Elimination of rust and corrosion by application of paint, protective 

°r.?ffhodlc 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

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

8 87516111 of rocords for annual review and reporting of the 
capabikty of the source of supply, treatment, storage, and distribution feciUties to 

pk^6 f°r fUtUFe servux demands both short-term and long-term (2 and 10 year

mQ2F Action as necessary to protect the system and its components from 

encroachments which are likely hazards to the safety of the drinking water 

quality, or winch could have a substantial impact on the system pressure or 

economies delivered by the system. Such action shall include the adoption of 

ordinances, regulations, contracts, or other enforceable instruments necessary to 

msure adequate protection from such encroachments. This may mnlnd«» issues 

such as zoning, water rights, condemnation, land purchases, 
abandonment of old wells, and establishing lakes, lagoons, drainage ways, special 

use areas, and sanitary and water districts.
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009 PERMIT FOR OPERATING A PUBLIC WATER SUPPLY SYSTEM 
(INCLUDES AMENDMENTS MADE THROUGH SEPTEMBER 15, 1991)

Zll'01 **.”?“* Required. Each person operating or maintaining a public water supply
3*2 H* aPP* to *** for * Pe^corLue the^S

0,119ra- Th. application M be 
on a form provided by the Director (Attachment 5).

QQj.02 Inspection of the System The Director shall, as promptly as is possible inspect
<**■>»> *0 the owner of the ££em, an^tale

09 Q3 Informati°n Required. Any person conatructing, or otherwise acquiring a public 
water supply »y««n subsequent to July 1, 1977, shall provide the infonnation re^si

„ !^?'01 ll?” "ct“m ”ith 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 

and^fiiatjons and upon demonstration the system will be maintained and operated as 

prescribed by these rules and regulations.

—Enforcement. Any person operating a public water supply system prior to the

sectioiTflnH f PCTf kl ,“anner Prescribed in subsection 009.02 or 009.03 of this 
SebSLS ^ “ of “y Provisions of these rules or the provisions of

jjy jaw Drinking Water Act, shall be subject to enforcement action as provided

jjjS onh^t! Tll?e FHTe' Permits 8haU 1x5 issued for an indefinite period of time, 

^,f^n°nly * C°ntmued compliance with the Nebraska Safe Drinking Water Act and 

rules and regulations promulgated thereunder.

f°r Any person shall be granted, upon request, an

Article 9 Reiwn & R ^OTe t^ie Department under the provisions of Chapter 84, 
R®VlfledrStatue8 of Nebraska, 1943, and ameSments theretTprior te 

thed^mlorrevoanonofapenmt. Judicial review of such denial or revocation may be 

obtained as provided by such Chapter and Article.
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TITLE 179 - NEBRASKA DEPARTMENT OF HEALTH

^^r^.o2*/«REGULATI0NS GOVERNING PUBLIC WATER SUPPLY SYSTFM*? 
(INCLUDES AMMENDMENTS MADE THROUGH MARCH 30 1992) ^ SYSTEMS

010 OPERATOR CERTTFICATTON

Qperator No public water supply system shall be issued or
D^ZL?°Id ,a 10 °Perate a water supply jSS, granti^Tffie

°fmU* ° of compew^ famd % the

SSS^-7"0' more.jluhli,! ™«r »“Ppiy systems may share or titfflie the 
servK^ of a angle certified operator provided that the conditions in 010.0LA1-
a «h„~sH4 ^ ^et‘ a?6 Director 8haU approve or disapprove each application for 
a shared operator based on the following conditions:

OIO-OIA1 The shared operator shall hold that grade required for the 

operator of the highest classification of the systems involved;

^° 01A2 The systems are located so as to permit reasonable travel time 
between work areas with sufficient time remaining to perform necessary 
routine supervisory maintenance and operational activity for each system. 
Afl a guide, forty (40) miles is considered to be an acceptable distance;

system involved must provide a local person or persons 
who shall perform routine activities, including the collection of -mpi™.
under the supervision of the shared operator;

—° °]A4 Companies or corporations established for the purpose of 

providing operational service to owners of public water supply systems 

snail employ one or more persons holding a certificate appropriate to the 

highest classification of the systems served- These persons «h«n have 

demonstrated experience in the reasonable operation or regulation of such 

system for at least one year within the last five-year period.

rfa^bl^S^011 fOTa certificate of competency to act as a certified operator 

rfapubhc water suppty extern shall be made upon a form prepared by the

^Application for operator sharing shall be made upon a 

iorm prepared by the Director (Attachment 2A).

Q1MIC In determining the degree of competency required for proper operation 
^a^stem, the following classification will be applied to publkroteTm^ply

010.01C1 Class I - All community water supply systems wnH non- 

transient, non-community supply systems using any treatment technology 
involving filtration to remove harmful materials from the raw water
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°r ^™prOVe ** aesthetic quality of delivered water, and which 

are designed to serve a population in excess of 15,000 persons; and all 

other wnmumity water supply systems designed to serve a population in

excess of 50,000 persons; F^uuuaon m

oio.oira Class II - All community water supply systems and non-

mohnng filtration to remove harmful materials from the raw watS 

source or to improve the aesthetic quality of the delivered water, and 
which are designed to serve between 2,000 and 15,000 persons; and all

a I»P>Mon bet,*, 

Class m - All community water supply systems and non-

wwIT °r ^ mpr°re aesthetic quality of the delivered water, and 
are designed to serve fewer than 2,000 persons; and all other 

ty water supply systems which serve between 2,000 and 15,000 
Persons, and all community supply systems which purchase water from

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

01388 W ‘ M immunity 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;

and all other community water supply systems which purchase waierfrom

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

-10,01I) 0888 v - Afl other public water supply systems.

S^afi* S bold f^^inofrST?.le ^ “f «b or extern

in Grade to the Class

Wd f1^! Certificates of Competency win be

certifies and n^ti^ °Pm*ors “Wljing for

Q^P-02A In adequate physical condition;

01O02B Able to read and write the English language;

Spence °f satisfactory attendance at operators training
c^r*f’or “nnplnijon of education courses available thatsre 

consistent with the Grade applied for;
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— kg8 a»d records of operation and perform maintenance
consistent with the Grade applied for;

Prodpces evidence of good moral character, integrity, ability to cooperate 

with others, mdustiy, reliability, initiative, and judgement to the degree necessary 

to secure satisfactory operating results; and

Q10.02F Compliance with the requirements of subsection 010.04 of this section 

m regard to the appropriate Grade with the exception that the Director may issue 

a Provisional Certificate of Competency to any applicant during that period in 

which experience is being acquired.

010.03 Qradgs of Certification, Six grades of certification shall be made available: five

“ ^hUb^J?eri^5r8tein °perators’ and one grade of certification to public water 

authorized backflow preventer testing and repair technicians, in accordance with

8ub8ection 010-04 of this section. Operators possessing Grade I 
OsrUficates of Competenqr are qualified to operate a Class I commuritywater supply 

system, those possessing Grade H certification are qualified to operate a Class H public

- SyHt*™’Wlth ^ grades following having similar relationships with the other
publffi water siply systems respectively. Operators working under the supervision of a 

certified operator, but m responsible charge while on duty, shall be required to hold a

°l W' However» technicians who for the purpose of this

^ definition of operators responsible for continued performance of 

“ (^e) 8ystem during assigned duty hours (001.01QQ) and who inspect, test 
rei^ubackflow preventers with test ports which are used to protect potabkdSking 

watCT from contamination and/or pollution or from potential contamination and/or 

including both isolation and containment types of installation, shall be
wSL 71 CCTtificate for 811 daS8e8 of public water supply systems,
^p^^of backflow preventers without test ports does not re<^eGndevi

811(1 EfPerience Required- AH applicants of a Certificate of Competency 

requested:^ f°U°Wmg educatlon ®“d experience requirements for the appropriate Grade

010.04A Grade I Certification -

010.04A1 Prior successful completion of a Grade II certification 

examination and successful completion of an 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,

010.04A2 A degree of Bachelor of Science (with special courses in 

8amtfJ7 8dences) “d 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
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01LQ4A3 Four years of college and four years of responsible charge of a

°r “ a "Xubtory agent of public water supply 
systems (e.g., State or Federal Safe Drinking Water Act emr-ement 

experience); or

mMM High school education or equivalent and six years responsible 

charge of a Class H or m public water supply system or eight years
8yStem UDd-p 4116 8uPerv“ion of a person posSssLg a 

Certificate of Competency as a Grade I Operator.

010.04B Grade II Certification -

—004B* Pri“r successful completion of a Grade m certification

^amrn^wn and successful completion of an examination recommended
Sr^S>ry ^ °D PuhHe Water Supp* “d «PP™ed by the

mQ4B2 Two years of college, plus three years responsible charge of a 

public water supply system or three years as a regulatory agent of public

™*er supply systems (e.g., State or Federal Safe Drinking Water Act 
enforcement experience); or c

mS£B3 lEgt! school education or equivalent and six years responsible

f * C1ff® ^ 11 or 1 Public water supply system or six years
C1116 8Upervifiion of a person possessing a 

Create of Competency as a Grade I or Grade D operatorTsbcySrs

FedeJ^feDri^w114^?111? W&ter ^P1? B7ste^ (e.g., State or 

Drinking Water Act enforcement experience).

010.04C Grade HI Certification -

Successful completion of an examination recommended by the 
Advisory Council on Public Water Supply and approved by the DiS!

S BCh°°1 education OT equivalent and two years responsible 

charge of a community water supply system; or

TVo years of high school or equivalent, and four years 
responsible charge of a community water suppfy sjretem or six ^ 

^^on of a system under the supervision of a person possess^ 

Cert^cate of Competency as a Grade L Grade H, or Grade mo^ator.

010.04D Grade IV Certification -

mQ4Dl Successful completion of an examination following a basic

C°!frJ0r,Water ^Htem operators recommended by the Council 
and approved by the Director; or
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010.04D2 Successful completion of a correspondence course 
recommended by the Council and approved by the Director; and

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

010.04E Grade V Certification -

j)10.04El Demonstrated ability in the collection of water «.Tr.r»~, 
interpretation of results of biological examination and the 0f
required records.

m24F The following substitution or equivalents for required experience or 
training will be accepted by the Department: experience or

QL0.Q4F1 Two years employment by a community water system under 
tbe supervision of a certified operator may be substituted for one year of 
grammar school or high arhrvii

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

010.04G Grade VI Certification -

010.04G1 Successful completion of an examination recommended by the

Council and approved by the Director on the subject of cross 
backflow preventer operation, maintenance, testing, and repair. Such 
examination shall include a written test as well as a hands-on portion to 
test actual testing and repair proficiency.

010.05 Issuance and Renewal of Certificates of Coronets

Si£L2M Certificates of Competency to act as operators of public water supply 
^sterns or any part of such systems shall be issued by the Department for the
fhi^H^ yeaSLapJ?ied f0r 811(1 ahaU exPire a* midnight on December 31, of the 

Department ahaU notify each certificate holder at least ninety 
days before the expiration of the certificate by a letter addressed to him at his last 
place of residence as noted upon its records.

010 of Competency may be denied, suspended, revoked 
be Umited to^”11 ^ ^ Dlrector for due ““se- Due cause shall mrlnrip, but not

010.05B1 Fraud in processing the certificate;
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010.05B2 Habitual intoxication or addiction to the use of drugs; 

010.05B3 Conviction of a felony,

010.0$B4 Physical or mental incapacity to perform professional duties;

Q10.05B$__Violation of any of the provisions of the Nebraska Safe

Draking Water Act or any rules or regulations adopted under such act;

010.05B6 Failure to pay the required fee.

mgC Except in cases of failure to pay the required fees, no license shall be 

aemed, 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.

~'°-5I) Certificates of Competency may be renewed triennially upon submission 
of information updating that contained in the original application and upon the 
subnusmon of evidence that the applicant for renewed edification has deivS 

atjeastjifteen hours of acceptable continuing education during the past three

Afeeof ten dollars shan be submitted with each application of 
Competency. for renewal of a (Stificate of

C?gae A of eighty dollars shall be submitted with each 
application for entrance into a correspondence course conducted by the Department.

* fee of forty dollars for each day of a scheduled basic 
^mrng course delivered by the Department shall be submitted with each application for
enrollment m a course that terminates with a written qualifyingthe attendee
to apply for a Certificate of Competency. quamymg tne attendee

P**1" Fee*' Atee of fifty dollars shan be submitted with each request for
^ attendflnce * a scheduled basic training cour^ddhrered 

by or approved by the Department.
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STATE OF NEBRASKA DEPARTMENT OF HEALTH 
Division of Drinking Water and Environmental Sanitation

GUIDELINES FOR WATER SYSTEM DESIGN

Introduction

Title 179 '
Chapter 2

ATTACHMENT 1

Chapter 71, Article 63, Supp., 1976, the NEBRASKA SAFE DRINKING WATFT? apt • 

Nebraska State^^rtmPentrfH^th.I7?f^8IOn^ ?Dgmeer “d reviewed and approved by the 

to these guidelines. SYSTEMS. The definitions contained in RULE 5 apply

sped^ti^^id^ll'b^Sid tTthe SlS f™ ^ ei^n^rT?1 preparation of planB Md

^ the bams for review by the Department of Health.

1.

Guideline

S^t^^^AS!S^NS1^CTI0N PRACnCES- Publtahed by the United 

STANDARDS POR^wS^roMffi^STWt^ W“^ SECOMMENDED

Mississippi Rive, Board of gt,"S.^1^!*11- P»btohedI by the Great Lshes-Upper 

Department of Health as guidelines h®reb3|’adopted by the Nebraska State
MANUAL op WATER WELL CONSTRUOTON^SSs^y^.0f di“reP0”7'

In addition, the Mowing guideline. concerning the groundwater eources ere estehlished:

^^Iraor spring serving ” ^tended to nrcwdewnter for 

mriffied ^ ***?• ms°&r “ Posafl>1'. akould be loaned, constructed, or
btotoSnL“T? ndth'r ““M'smund or surface contrcZtUtentTsny

ground "TOr'toa°- PH

pollutton can adversely alfect guch water supply. The mhumum recomj^rftetoSw 

dutence m feet separetmg the-dl or spring from potential sources of contenmnttion

at closer ororimhv tu* Department will consider location of wells and springs
than ““ Wn*. Approrcl for such tattatrtlto

^utre such locntinn and when, in the opinion of the Director 
theengmeer demonstrates that such location will not constitutes a dilution hesard to the

A-l



Title 179
Chapter 2

(1. Continued) 

CATEGORY
DISTANCE

FEET MET!

Non-Potable Water Well
1,000 300

Sewage Lagoon
1,000 300

Absorption or Disposal Field for Waste
500 150

Cesspool
500 150

Dump
500 150

Feedlot or Feedlot Runoff
500 150

Corral
500 150

Pit Toilet
500 150

Sanitary Tjnrffm
500 150

Chemical or Petroleum Product Storage
500 150

Septic Tank
500 150

Sewage Treatment Plant
500 150

Sewage Wet Wen
500 150

Sanitary Sewer Connection
100 30

Sanitary Sewer Manhnlo
100 30

Sanitary Sewer Tjn»
50 15

Sanitary Sewer Line (Permanently

Water Tight.)
10 3

“-“derground movement from potential sources of contamination may 
adversely affect the quality of water from such supplies, the distance separating these potential

souroM^ofcontammation and the wdl or Tring should be

2.
3.

A test hole will be required for aU proposed well sites.

T? *“ “ ndntaum *>(*» «f I" ft* Wow the ground 
outing to greater depths will be required when warranted by the method of
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4.

ssSoVLirsr* “1116 judgemeM °r *• “ i— p-m.

muBt** ~bmitted ■<* «■» *-—-p^- -«

a.

b.

Test hole driller’s logB and reports;

““ft “d “^tions used in gravel pack and screen design. This 
formation shall be subnutted prior to the placement of the screen and gravel
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ATTACHMENT 2

Water Operator Application Form

Nebraska Department of Health

Division of Drinking Water and

Environmental

P.O. Box 95007

Lincoln, NE 68509-5007

Date_______________ _

Last Name_________

Street Address

City and State_____________

EMPLOYEE INFORM ATTfYM- 

Name of Water System _____

Street Address_________________

City and State________

.Training Course Completed 

___ First Name and M T _____

. Zip Code

County System is located in 

Population Served__________

Type(s) of Water Treatment used 

PERSONAL INFORM ATION: 

Home Phone________

OFFICE USE ONLY 

Cert #_____

In Comp.____

Cert. Mailed

Zip Code___

Work phone

No. of Service Conn.

Social Security No.

Olisdosure of your social security number is vohmtary. Its usage by the Department of Health,
°n’ “toaU°wtbe Department to distinguish betweenperaons who haS

your Social S^Z^.T° 0tted^a^OTCer^tf^donot^08e

NO (Circle Response)High School Graduate? YES

Post High School education_______

Certification Grade Requested? 5 4 3 2

Will you be in responsible charge of the water system? YES 

Months of experience as a water operator

1 (Circle one) 

NO

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

Signature
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ATTACHMENT 2A
APPLICATION TO SERVE AS A CERTIFIED OPERATOR 

FOR MORE THAN ONE NEBRASKA PUBLIC 
WATER SUPPLY SYSTEM

I. This form constitutes a request that  holding a Class _

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

(Name & Address of Water

Supply) "

a system classified as Class ____ be allowed to act in the additional

capacity as the operator in responsible charge of the

(Name & Address of

Water Supply)

a system classified as Class ____.

II* Additional Information to be Supplied;

Distance between the two systems  miles.

Name of person responsible for shared system in absence of certified 

operator ___________________________

III. We the undersigned agree to allow __ to serve as the

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

to spend the time indicated at each water supply sytem.

System I System II

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

Title Title

Printed or Typed Name Printed or Typed Name

Date

System

Date

III

Signature (Mayor, Chairman or Owner) Title

Printed or Typed Name Date
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Protocol for the Determination 
of Influence of Surface Water 

on Ground Water Sources

Nebraska Department of Health 
Division of Drinking Water and Environmental R»ni+.«»i«n 

P.O. Box 05007 
Lincoln, NE 68509

ATTACHMENT 3

S“*“* Wt*er Treatment Rule (SWTR) promulgated by EPA requires that treatment 
*7° . Preduce a three-log (99.9%) reduction in Giardia lamhliw cysts and a four-log (99 99%) 

reductora m viruses be provided for all surface water sources and all ground water sources under 
^ ^rSCt_^?Ue^Ce ** 8urface WBter. 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

0f ***** 011 ground ^ the contextof the SWTR, is the possibility of Giardia cysts being carried into the ground water by infiitra^
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, 1994, and by June 19,1999 
for those serving non-community systems. 3

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 pos^fy to the degree that the analyses on each ground water source could not be 
arcomphshed within the deadlines established in the SWTR. A screening protocol is necessary to 
hmit the number of ground water sources for which particulate analysis will be necessaryTrhe 
screening protocol is as follows:

Department of Health personnel will examine information on file to determine if a source

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- The source of water is a spring or an infiltration gallery;

B. The top of the uppermost intake structure of a wefl is less than or equal to 50

feet from the ground surface;

C. There is evidence of fecal contamination of the discharge within the preceding 

three years, excluding distribution system samples;

D. There are defects in the condition of the upper terminus (e.g., defective pump 

base seals, missing or unscreened casing vents, cracked pump bases);

E. There is inadequate grouting of the upper annulus;
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3.

B.

There if. inadequate information on ffle to assess whether the source of water 

« 0r* COnditions “ ^ through IE. In this case, owners of the 
inform^^T SUPP^ System wiU ** B^ren the opportunity to provide the required

If a source^ of water is determined not to be potentially at risk to the direct 

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).

If a weU is determined to be potentially at risk to the direct influence of surface 

water solely because of either condition ID or IE 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 nsk to the direct influence of surface water and Section 002.04
does not apply (no further analyses are required).

^«!!UrC! °f Water j8 determined to be Potentially at risk to the direct influence of 

^ eo^^^h^ooe with protocoi number one, then it shah 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 

of these parameters shall be examined and recorded.

(1) Sample collection and certification.

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

source pump shall be operated long enough to pump at least ten 
times the volume of the pump column

(b) certified operator in responsible charge of the public water 

supply system shall certify the location, analysis m>»thor) and 

results of each test.

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

which are incorporated by the following references and are attached in 

Attachment 6.

(a)

(b)

analy8es “beb be performed in accordance with 
002.04Hla (Method 214A - Nephelometric Method).

pH shall be measured by one of the following:

(i) Method 150.1, Electrometric, "Methods of Chemical 

•Analysis, of Water and Wastes," EPA Environmental 

Monitoring and Support Laboratory, Cincinnati Ohio, 

(EPA-600/4-79-020), March 1983. Available from ORD 

Publications, CEEE, EPA, Cincinnati, Ohio 45268;
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B.

(ii) Method D1293-84B, Electrometric, Annual Book ofASTM 

Standards, VoL 11.01, American Society for Testing and 

Materials, 1916 Race Street, Philadelphia, Pennsylvania 

19103; or

(iii) Method 4500-H, Electrometric, Standard MethnHn fm- the 

ECTmiTiHtinn of Water and Wastewater. 17th 

American Public Health Association, American Water 

Works Association, Water Pollution Control Federation. 

1989.

(c) Temperature shall be measured as fallows:

(i) Method 2560, Thermometric, Standard Methods for th» 

Examination of Water and Wastewater. 17th edition. 

American Public Health Association, American Water 

Works Association, Water Pollution Control Federation. 

1989.

(3) Evaluation of measurements.

(a) 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 inflnorw. of 

surface water. Section 002.04 does not apply (no further analyses 

are required).

(b) A variation of 15 percent or greater between high and low results 

of any of the parameters measured will be considered evidence 

that the source of water is under the direct mflnpn™. 0f 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 3B.

(4) In lieu of performing analyses outlined in 3A, the owner may elect to 

perform particulate analyses in accordance with 3B.

Perform particulate analyses of samples takpn from the well.

A minimum of two samples shall be collected and analyses for the 

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 600 gallons. Analysis shall be by a

certified laboratory in accordance with EPA consensus protocol given in
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(2) EPA Consensus Method:

1

> 1 g-

Sucrose or

Percoll-sucrose

gradient

Filter unwound into quarters 

1
Rinsed in distilled water with poiysorbate 20 

1
Settled overnight, or centrifuged 

1
Collect sediment and add 2% Formaldehyde in PBS

1
Settled overnight, or centrifuged 

1
Collect sediment

1

< 1 g-

ZnS04 Flotation

Microscopic observation of the entire 

concentrate (Brightfield/Phase-contrast)

(3) The presence of any of the indicators given in 3B1) in all samples be 

considered conclusive evidence of surface water influence and the well is 

subject to section 002.04.

(4) If sample results are inconsistent or inconclusive, additional sampling ah„n 

be taken as directed by the Department of Health.
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ATTACHMENT 4

SURFACE WATER TREATMENT FORMS



PV3 401

Continued on Back



Notea:

Samples are taken form the source water immediately prior to the first disinfection point 

included in the CT determination.

As specified in 40 CFR 141.74(b)(1), a fecal or total coliform sample must be taken on »»wh 

day that the system operates and a source water turbidity measurement exceeds 1NTU.

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 mnn»b



PUS 402

LOBQ-TKRM SOUSCS MA3XR OTOLETT CCKDITIMS TOR UWTTLTXRXD BY8IBU 

(Par 8ystaa uh Only)

Systaa/Traacaant Plant 
pwsid

Turbidity Muiumnti

Collfora Huiumtata
Days with

Turbidity

>5 BTU

Busbar of

Turbidity
Ho. of Saaplas ■o. of Saaplas Masting Spaolflad Limits

Month Faoal Total Faoal (<■ 20/100 BL) Total (<- 100/100 aL)

January

Pabruary

March

April

May

Juna
»__________

July

August

Saptanbar

Octobar

Hovaobar

Dacaobar

Totali



PWB 403

Month
Year
Dlalnf

CT DjsxbkMZRAZIOR POP OKPHTkRSD SYS1KM8 — M0STHLY RRPOK11 TO PRIMACY AflRHCY (3 ) (2)

------------------- HyataauTzeataant Plant
PW8XD -----------------------

ectant/Saquanca of Application

Data

Dlalnfactant (3) 

Concentration,
C (ag/L)

Dlalnfactant (3) 

Contact Tina,

T (nln.)
CT calc (4) 
(-C x T) PH (3,5)

water (3) 
Taop.

(dag. C) CT99.9 (6) (CTcalc/CT99.9)

1

2

3

4

s

6

7

e

9

10

11

12

13

14

15

16

17

18
-

19

20

21

22

23

24

25

26

27

28

29

30

31

otaaj (l) to be lncludad In tha Monthly raport for at laa, 

initiation of raportlng. Aftar that time, tha 

longar require thla fora.

■t 12 nonth 
Primacy Aga

■ aftor tba 

ncy aay no

Pranarad Bv

Data

(2) ““ * “P*r*“ £or” for “Cfi dlainfactant/aanpllng alt*. Sntar dlalnfaetlon and aequence poaitlon. e.g.,

orana/lat* or •C102/3rd". •
(3) Measurement taken at peak hourly flaw.

(4) CTcale - c (ag/L) x T (Min.)
(5) only required If tha dlalnfactant la fraa ehlorina.
(6) Proa Tablaa 1.1 - 1.6, 2.1, and 3.1, 40 CPR 141.74(b)(3)
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DISIKPUCTIOS IHPUKMACTOH
POR UHPXLTSRBD SYSTEMS - MONTHLY REPORT TO PRIMACY AQKRCY 1 * 3

Byataa/rreataant Plant 
PWSID______

Data

Mlnlnua Dlalnfactant Raaldual

at Polnt-of Entry to

U)
Distribution Syataa (ag/L)

(CTcalc/CT99.9) (froa Table 6-3)

(3)
SUM (CTcalc/CT99.9)<l

Dlalnfactant Saquanca

1st 2nd 3rd 4tb 5 th 6tb
(2)

Sub (CTcalc/CT99.9)

1

2

3

4

5

6

7

8

9

10

11

12

13

P

15

IS
'

17

IB

19

20

21

22

23

24

25

26

27

28

29

t-

^1

Rotas:

Prepared By_

Data

(1) If lasa than 0.2 og/L, tha lowaat level and duration o£ tha parlod oust ba raportad, a g *0.1-3 hr* •

m Tt r^LT^^r9-9’' (CT“1c/CT99-9> vai“- tzcm tha first di.lnfactlo^ a~TU.no- to tha last.(3) If SUM CTcalc/CT99.9 <1, a treataant tachnlqua violation has occurred, and a *yaa* responaa oust ba antared.



PV8 40S

DISTRIBUTIQH SYSTEM DISIHYKCTAIfr RESIDUAL DATA TOR UHTH.TKRED AJTD FILTERED SYSTEMS

MCRTHLY REPORT TOR PRIMACY AOEHCY

Monts Syataa/Traa' it Plant

Data

Ho. of altaa whara 
disinfectant raaldual 

was aaaaurad (-a)

Ho. of altaa whara no 
disinfectant residual 

was aaaaurad, but HPC 
aaaaurad (-b)

Ho. of altaa wbare 
disinfectant raaldual 

not datacted, no HPC 
aaaaurad («c)

Ho. of altaa where 
disinfectant raaldual 
not datactad,
HPC > 500/ml (—d)

No. of slros where 
disinfectant residual 

not measured,
HPC > 500 ml (-c)

1

2

3

4

5

6

7

8

9

10

11

12

13

L——

IS

16
<

17

18

19

20 ■

21

22

23

24

25

26

27

28

29

30

h

Total a- b- c» d- e*

V - (c+d+e)/(a-b) x 100 - ( _)/(_ x 100

Prepared By. 
Data_______
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Month------------------------- “ dbtzrmihatich - uhfiltrrrd systems
„__ __________________ System/Treatment Plant
I“r----------------------------------------------- ---------------------------------- --------------------------- -------------------------------------------------

8ouree Water Quality Condition.
A. Cumulative number of months for which 

Por source watar collfora monitoring 
For turbidity monitoring ______ (no.

results ara reported

 (Ho. of months) 
of months) (l)

B. Conform Criteria

Previous 6 months

Ho. of Samples 
Pacal Total 

______ x«_____

Ho. of Samples Meeting Specified Limits 
Fecal (<»20/100mL) Total (<-inn/i nitwit j

Percentage of samples <■ 
Percentage of samples <— 
Is F < 90%?s Yes

20/100 aL fecal coliforae, p - y/w x 100 < 
100/100 mL total conforms, T - r/x x 100 
Ho------ H/A; is T < 90%?i Yes_________

Ho

%
*

H/A

C. Turbidity Criteria

Maximum turbidity level for reporting (current) month -  mu

the month (120 months prior to the reporting month or January 1991 (whichever Is later

Dates of 5 HTU Sxo■•dances Since Latest Month Recorded Above

Beginning Date Duration (days) Data Reported

Disinfection Criteria
A. Polnt-of-Bntry Minimum Disinfectant Residual Criteria

Days the Residual was <0.2 mg/L

Day Duration of Low Laval (hrs.)
Data Raportad 

to Privacy Agancy

B. Distribution System Disinfectant Residual Criteria 

The value of a, b, c, d, and a, from Table 6-5, <

a “ , b “ , c - 
V - c+d+e x 100 - ______%

a+b
Por previous month, v - %

d

■pacified In 40 CRP 141.75(b)(2)(111)(A)-(B)

C. Disinfection Requirement Criteria
Record the date and value of SUM (CTcalc/CT99.9) 
If none, enter 'none*.

for any SUM (CTcalc/CT99.9) <1 (from t.hi. 6-4)s

Data SUM (CTcalc/99.9)

Prepared By 
Date_______

dotes>

U> ‘r*,rTlr*1 “ *«Rmr compliance with the collfora criteria ha.
-tSrs.srj“■ p™io“ —»—- -——*
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DAILY DATA BBZKT FOR FILTSRZD SYBTIMS 

(Por ayataa amo only)

Month Syataa/Traataant Plant

Data

(1)

Minima Dialnfactlon Raaidual 

at Polnt-of-Bntry to 
Dlatrlbutlon syataa (ag/L)

Maxlaua
(2)

Flltarad Watar Turbidity
(3) (*)

Ho. of 
Turbidity 
Maasurananta 

<“ Spoolflad

(5)

Ho. of
Turbidity 
Maaauraaanta 
> 5 HTU

Plltar

#

Inahlnad
Plltar
Bffluaat

Cloar- 

wall 
Iffluant

Plant
iffluant

Ho. Of 
Turbidity

Maaanraaanta

1

2

3

4

s

-
6

7

8

9

10

11

12

|—

f 14

IS

IS

17

-
IB

19

20

21

22

23

24

25

26

27

2B

29

>30

31

Totalai

cohtihukd cat back
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Month
Year

MOHratY RSPGRI TO PRIMACY AOKHCY FOR COMPLIANCE DETXRMIRATXOK - PTTimign SYSTEMS 

Systea/Treatment Plant
Type of Filtration ~----------------------
Turbidity Lilt ===-----------------------

Turbidity Performance Crltarla

A. Total number of filtered watar turbidity aeaaurananta -

reiait> »**“-—«—*.«». «««- u— -

Tl» pucMUq* of turbidity bbowdl bMtlxg tbb -l.lt. - B/A x 100 - / x 100 - t

OTU: If nans, mnxmr "none*.

B.

C.
D. - - ------------- * -------— — —uw spocizioa iia.itiRacord the data and turbidity valua for any maaaurmenta_____ ■ 5

Data
Turbidity, mu

Disinfection Performnne Crltarla

A. Polnt-of-Entry Minima Disinfectant Residual Crltarla

Data

Minimum Disinfectant Residual 

at Polnt-of-Entry 
to Distribution Systaa (mg/L) lata

Minimum Disinfectant Raaldual 

at Folnt-of-Bntry 
to Distribution Systaa (ag/L) Data

Minima Disinfectant Raaldual 

at Polnt-of-Entry 
to Distribution Systaa (ag/L)

1 11 21

2 12 22

3 13 23

4 14 24

5 15 25

6 16 26

7 17 27

8 18 28

9 19 29

10 20 30

31

Days tha Raaldual was <0.2 ag/L

Day Duration of Low Laval (hra.) D*t« Raportad to Prlaacy Agency

B. Distribution Systaa Disinfectant Residual Crltarla

The valua of a, b, c, d, and a, fna Table 6-5, as specified In 40 CFR 141.75 (b)(2)(111)(a)-(e)>

• " / b ” , c - , d - , a - 

V ■ c ♦ d ♦ a x 100 - % 
a ♦ b

For previous nonth, V - _____ %

Prepared By. 
Data_______



Notes:

3.

4.

L°^Uiaple. diE“'ot,,n“. *“• «tamn must only be completed for the lest

added piw to entering the distribution system. If less than 0.2 mgIL. the durSrftS

penod must be reported, d.g., "1.2-3 hrs.". n o1 me

Conventionai Vestment, direct filtration, or technologies other tr slow 

m8C^>U8 Carth filtration’ turbidity measurements msy be taken t the 
combmed filter effluent, clearwell effluent, or plant effluent prior to enfcw mto the 
distribution system. The turbidity may also be measured for each individJdfilter with

* for distribution system. The turbidit^may ^ 

measured for each individual filter with a separate sheet maintained for each.

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

Depending on the filtration technology employed, the number of turbidity samples meeting 

the foUowmg levels must be recorded: conventional treatment or direct filtration -06 

.slow sand filtration -1NTU, diatomaceous earth filtration -1NTU The State mev
StalTSMT- hT,„#r “nvOTt^«»—i -BESS’S

xceeding 1 NTU, and slow sand filtration not exceeding 5 NTU in which case the 
□umber of turbidity memturement. meetiug thee. levSnSet be re^.1

In recording the number of turbidity meaeurements exceeding 6 NTU, the turbidity valuee 

should also be recorded, e.g., "3: 5.0; 6.2; 6.0". ’ lurmoity values

5.



ATTACHMENTS

NEBRASKA DEPARTMENT OF HEALTH 
Division of Drinking Water and Environmental Sani+«tfon

APPLICATION FOR PERMIT TO OPERATE A PUBLIC WATER SUPPLY SYSTEM

1. Name of system______________

2. Location of system __________

3- Area served (attach map)_____ _____

4. Is the system open and serving water to the public year-round?
-----------  If the answer is no, what part of the year are you open?

5. Owner’s n«m»

8. Owner’s address Street or RTTl__________________

Sty. State. ZTP____________________

Telephone nnmhor________________

7. Name of individual responsible for operation and maintenance:

Name_______________

Street or RFT>__________________

City. State. 7TP____________________

Telephone number

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

9. Certified ™ter ope™**.) (include ^ ^

Name
certification):

Grade

10. Type and population of service areas:

a. Year-round residential population:______

b. Seasonal residential population:

C- Non-readential, non-transient population:

* Bchool_______
* medical facility
* day care center

* institution_________
* industrial/agricultural
* other___

A-19



4 ^“-residential, transient population (daily average - during the 
peak season if applicable): c

* rec area________
* summer camp___
* highway rest area

* service station
* restaurant___
* hotel/motel

11. Number of service connections (generally equals the number 
which are billed for water usage):

of services

* residential ______ * 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. Purchased water (from another public water system):
1) % purchased from a public water lining ground

water = ■
2) % purchased from a public water system 

surface water ■=

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

a. Source(s) of supply:

b. Treatment techniques (Le„ fluoridation, disinfection, sequestration, etc.):

c. Storage facilities:

d. Distribution system:

14. Attach Emergency 
the attached "Local

15. Other information:

16. Submitted by Name___

Title

Signature

■ mu. XL Oil. ouagemy pian is currently not in effect, then complete 
Emergency Plan" and submit it with the completed application.

Date



ATTACHMENT 6

ANALYSIS METHODS

A-21
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PHYSICAL & AGGREGATE pqc ==RTIES (2000p

2550 TEMPERATURE* \

2550 A. Introduction

Temperature readings are used in the 

calculation of various forms of alkalinity, 

in studies of saturation and stability with 

respect to calcium carbonate, in the cal

culation of salinity, and in general labo

ratory operations. In limnological studies, 

water temperatures as a function of depth

• Approvta py Standard Method* Committee. 1988

often are required. Elevatec temperatures 

resulting from discharges c:' heated water 

may have significant ecological impact 

Identification ot source c: Mater supply! 

such as deep wells, often is possible by tenU 

perature measurements aicr.e. Industrial! 
plants often require data or water temper-1 

ature tor process use or r.ca::ransmissionl 

calculations. |

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. Periodically 

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 as much is i'C 
to error.

may preclude its use. Calibrate any tem-« 

perature measurement devices with ai 
NIST-certified thermometer before field] 

use. Make readings with the thermometer] 

or device immersed in water long enoughs 

to permit complete equilibration. Report^ 

results to the nearest 0.1 or i.O'C, dependj 

mg on need. J

The thermometer commonly used fou 

depth measurements is oi the reversing] 

type. It otten is mounted on the sample^,’ 

collection apparatus so tnat a water sampler 

may be obtained simultaneously. Correct; 

readings ot reversing thermometers for 

changes due to differences between tem* 

perature at reversal and temperature at 

time of reading. Calculate as follows: If

A r
= f(r ~ M(r ~ r-n

<r - Mir - r3)i
+ L

where:

A T = correction to be added algebraically 

uncorrected reading.

T' ” uncorrected reading at reversal.
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tvated temperatures 

"ges of heated water 

ecological impact, 

ce of water supply, 

m is possible by tem- 

ts alone. Industrial 

ita on water temper- 

or heat-transmission

■ - temperature ai wh.ch ihermomeier ,s 

read.
^ = volume of small bulb end of cap.llarv 

up 10 O'C graduauon.
A = constam dcpendmc on relative thermal 

expansion of mercury and class (usual 

value of K = hi00). and

L = calibration correcnon of ihermomeier 

depending on T'

If senes observations arc made it is con

venient to prepare graphs for a thermom- 

eter to obtain AT from anv values of 7” 

and /.
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2710 TESTS ON SLUDGES*

2710 A. Introduction

This section presents a series of tests 

uniquely applicable to sludges or slurries.

•Xppro.ee by Standard Methods Commnie*. 1915

The test data are useful in designing facil

ities for solids separation and concentration 

and for assessing operational behavior, es

pecially of the activated sludee process.

2710 B. Oxygen-Consumption Rate

General Discussion

h«s test is used to determine the ox' 

consumption rate of a sample pf a bic 

ica susPens'on such as activated sluda 

is useful tn laboratory and pilot-plant s 

ies as well as in the operation of full-s 

treatment plants. When used as a rou 

plant operation test, it often will jndi 

changes in operating conditions at an e 

stage. However, because test conditions 

not necessarily identical to condition 

the sampling site, the observed meas 

ment may not be identical with actual < 

gen consumption rate.

2. Apparatus

a. Oxygen-consumption rate device: 
Either:

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

2) Manometrtc or resptrometric 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. Stopwatch or other suitable timing de

vice.

c. Thermometer to read to = 0.5*C.
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1. General Discussion

a. Principle: The basic principle of elec- 

rometnc pH measurement is determina

tion of the activity of the hydrogen ions by 

potemiometnc measurement using a stand

ard hydrogen electrode and a reference 

electrode. The hydrogen electrode consists 

°f platlnum electrode across which hv- 

drogengas is bubbled at a pressure of 101 

kPa. Because of difficulty m its use and the 

potennal for poisoning the hvdrogen elec-

^te electromotive force (emf) pro- 

duced in the glass electrode system varies

d“?nZhKPHi lin“r rcia—^p 
is described by plotting the measured emf

ohTh PH °f differem buff« Sample 

pH is determined by extrapolation.

Because single ion activities such as a 
canno, be measured. pH is defined opera
tionally on a potemiometnc scale. 11,^ 

measuring instrument is calibrated poten- 

• ometncally w„h an indicating (glass) 

electrode and a reference electrode using 

National Institute of Standards and Tech

noiogy (NiSTi f0fTncrjy Na ,onaj ^

uL !o"ih bUffefS haV,ng aSSlgned val

ues so that:

PH, - - log,0aM,-

'vhere:

PH, = assigned pH of NIST buffer.

The operational pH scale is used to mea

sure sample pH and is defined as:

PH. = pH. c fg’ ~

2-303 RT

where:

PH. = potenuometnclly measured sample

F - Faraday: 9.649 y I«T coulomb/mole. 

c-. - sample emf. V,
£. = buffer emf. V.

* = B** »n*unt; 8.314 joule/fmole *K) 

and
T *» absolute temperature, *K.

NOTE: Although the equation for pH ap-

S?" !" th? literature w,th a Pius sign, the 

sign oi emf readings m 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 

nvention concerning the sign of electrode 

potential.1,2

The activity scale gives values that are 

higher than those on Sorenson s scale by 

0.04 units: 7

pH (activity) = pH (Sorenson) + 0.04

The equation for pH. assumes that the emf

° Jhe ! comaining the sample and 

buffer is due solely to hydrogen ion activity 

unaffected by sample composition. In prac 

ice. samples will have varying ionic species 

and iomc strengths, both affecting H* ac- 

mty. This imposes an experimental limi

tation on pH measurement; thus, to obtain 

meaningful results, the differences between 

E. and £, should be minimal. Samples must 

be dilute aqueous solutions of simple sol- 

u*es (<0 2M)- (Choose buffers to bracket 

the sample.) Determination of pH cannot 

be made accurately in nonaqueous media, 

suspensions colloids, or high-ionic- 

strength solutions.

b. Interferences: The glass electrode is 

relatively free from interference from color, 

urbidity, 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 arc causedby changes in the propen.es 

of the electrodes and chem.cal effects 

caused by equilibrium changes. In the first 
instance, the Nernst,an slope ,ncr^ w,?h 

mcreasmg temperature and electrodes take

me to achieve thermal equilibrium. This 

can cause long-term drift in pH. Because

pH buffcr,T,i,bnUm affeCtS pH' sta"dard

temnc^r ' * SpeC,ficd pH at *«d.cated 

temperatures.

Always repon temperature at which pH 

is measured. p

2. Apparatus

a. pH meter consisting of potentiometer, 

glass electrode, a reference electrode, and 

temperature-compensating device. A cir-

eter l'0"^ the potent,om-

eter when the electrodes are immersed in

Mble“nf ?°n' Many pH mctere are ca-

have sdrc 8 PH °r miiliVoltS and

to 0 h PanS,°n th3t P6"""5 rcad«"8 
' nf° “ pH “"«• bu‘ most instruments are 

not that precise.

curZ»°?'n' W°rk USC a pH metcr ac

curate and reproducible to 0.1 pH unit with

a range of 0 to 14 and equipped w„h a

mperature-compensittion adjustment.
Although manufacturers provide oper-

*500

-500-
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ating instructions, the use of different de
scriptive terms may be confusing. For most 
instruments, there are two controls: inter
cept (set buffer, asymmetry, standardize) 
and slope (temperature, offset); their func
tions are shown diagramaticailv in Figures 
4500-H*:l and 2. The intercept control 
shifts the response curve laterally to pass 
through the isopotenual 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 
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 pH 7 
buffer and adjust slope control to pH 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.

The liquid junction of the reference elec
trode is critical because at this point the

♦500-

0-

-500-

Imereoot Control—pH

tereept control shifts response 

curve laterally.

»100*C <?4mV/oH until ■60*C i64mV/0H until •0*C (54mv/oH unu*

-♦soootennaipoint

Sloe* Control—oh

Figure 4500-H* O. Typical pH electrode respot

aa a function of temperature.'*

pH

... int

’Teflon or
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n?ZTJ0m5 2 Sal‘ bridge w,,h ,he “rn-
ple or buffer and a liquid junction potential 
• generated that m tum affects ,£££ 

^ produced by the reference ele£od". 

Reference electrode junctions may be an

nular ceramic. quartz, or asbestos fiber, or 

the sleeve type. The quartz type ,s most 

-dely used. The asbestos fiber type IS not 

recommended for strongly basic solutions, 

ollow the manufacturer's recommenda

tion on use and care of the reference elec

trode.

Refill nonsealed electrodes wuh the cor

rect electrolyte to proper level and make 

sure junction is properly wetted

is aC'bu^r^CWf ' ^ SCnSOr ciectro^ 

a bulb of special glass containing a fixed

concentration of HC1 ora 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 .ons. This, to

gether wuh the repulsion of anions by fixed 
negatively charged silicate sues, prices 

^ the glass-solution interface a potential

inaso!udon!nCtl0n bydrogen 10n act,v''y

Several types of glass electrodes are 
available. Combination electrodes incor- 
poraie the glass and reference electrodes
r or” S;ngiVpr°be- Use a "low sodium 

error electrode that can operate at high

emperatures for measuring pH over 10 

cause standard glass electrodes y.eld er

roneously low values. For measuring pH

below l standard glass electrodes yiefd er-

zzzzt'z*'-~

e. Stirrer: Use either a magnetic. TFE- 

coatedstimng bar or a mechanical stirrer 

w'th men plastic-coated impeller.

4-97

f. Flow chamber: Use for continuous flow 

measurements or for poorly buffered so
lutions.

3. Reagents

Teflon or equivalent.

a General preparauon: Calibrate the 

e ectrode system against standard buffer so- 

utions of known pH. Because buffer so

lutions may detenorate as a result of mold

r r contaminat,°n. prepare fresh as 
needed for accurate work by weighing the

4500-H* .°f .Chem,cals sPcc>fi«* in Table 

7?T* j1:.'d,ssolv,n8 ln distilled water at 

, and d,1uting to 1000 mL. This is par- 

ticularly important for borate and carbon

ate buffers.

Boil and cool distilled water having a

5°"du,Ct,'™y of ,ess ,han 2 jimhos/cm. To 

mL add 1 drop of saturated KC1 so- 

ution suitable for reference electrode use. 

"h* P“of ,h,s tcst solution is between 

USC " ,0 PrCPare 311 S-dard

Dry KH.PO. at 110 to 130*C for 2 h 
*e,8h,ng but do not heat unstable 

nydrated potassium tetroxalate above 60*C 
nor diy the other specified buffer salts. 

Although ACS-grade chemicals gener- 

for preparing buffer
r^TT' IT available
and T ht Na,,onai "nstiiute of Standards 
and Technology when the greatest accu
racy ,s required. For routine analysis, use 
commercially available buffer tablets, pow-
S;:rKSOiut,ons of tested quai,ty-In P«- 

p«ing buffer solutions from solid salts, 

insure complete solution.

As a rule, select and prepare buffer so-

bie “ pnmary standards in Ta
ble 4500-H :I; reserve secondary standards 

extreme situations encountered in 
rneasurements. Consult Table 

45O0-H :II for accepted pH of standard 
buffer soluuons at temperatures other than

5 C. routme use store buffer solutjons
samples in polyethylene bottles. Re- 

p ace buffer solutions every 4 weeks.

mm

r * *»4’2

Jjpsuvxjy. ....



Tabie 4500 IT I Prep a ration of pH Standard Solutions'

Standard Solution (molality)

Primary standards:

Potassium hydrogen tartrate

(saturated at 25‘C)
3 557

0.05 potassium dihydrogen citrate
3 776

0.03 potassium hydrogen phthalale
4 004

0.025 potassium dihydrogen 

phosphate + 0.025 disodium 

hydrogen phosphate
6 86)

0.008 695 potassium dihydrogen 

phosphate + 0 0)0 43 disodium 

hydrogen phosphate
7 413

0 01 sodium borate decahydrale 

(borax) 9 18)
0.025 sodium bicarbonate T 0 025 

sodium carbonate > 10014

Secondary standards

0.05 potassium leiroxalate 

dihydrate 1 679
Calcium hydroxide (saturated 

at 25'C) 12 454

•Approximate solubility

t Prepare with freshly boded and cooled distilled water (carbou-diostdc free)

Weight of Chemicals Needed/1000 ml. 

Aqueous Solution at 25'C

> 7 g KIIC.II.O,*

II 41 g KII.C.H.O,

10 12 g KIIC.II.O.

i 387 g KII.I'O. + 1 533 g Na.HPO.t

1 179 g KH,PO. + 4 303 g Na.III'O.t 

3 80 g Na.II.O, 1011,Of

2 092 g NallCO, + 2.640 g Na.CO.

12 61 g KII.C.O, • 211,0 

• 2 g Ca(OII),*

' -•••m-i:|'«**rt if .V*W**. t&tyjr •**»--.<i|lT:r ■^nii|iiiji|>iirtiti>iii#«
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jppro»imate solubility
^pnre with freshly lx.tle.l ami cool.,1 ,I,soil,,I w:(I,( (,,,........ .... ......... .....

......—————

Temperature Tartrate Citrate

1

Phthjble
‘C (Saturated) (0 054/) (0 05 M)

0 41)01
5 J 998

10 J 996

13 J 996
20 J 999
25 3 557 3 776 4 004

JO 3 552 4 011
J) J 549 4 020
37 4024

40 3.547 4 0)0
45 3.547 4 042
50 3 549 4 055

55 3 554 4 070
60 3 560 4 085
70 J 580 4 12

80 3 609 4 16
90 J 650 4 19
95 3 674 4 21

Taiii c 4500 11 Ml. Standard rll Vaiuks’

Primary Standards

I’lmspliale

(II)

Phosphate 

(15 5)
flnraa 

(0 01 M)

6 9H » 7 5J4 9 460
6 949 7 501 9 192
6 921 7 472 9 J]|

6 80g 7 449 9 276
6 878 7 4J0 9 227
6 863 7415 9 18)

6 831 7403 9 143
6 842 7 394 9 107
6 839 7 392 909)

6 8)6 7 388 9074
68)2 7 385 9044
68)1 7 384 9017
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b. Saturated potassium hydrogen tartrate 
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 undissolved material by decan
tation or filtration. Preserve for 2 months 
or more by adding one thymol crystal (8 

mm diam) per 200 mL solution.
c. 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 stimng. 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 pulverize 
to uniformly fine granules. Vigorously 
shake an excess of fine granules with dis
tilled water in a stoppered polyethylene 
bottle. Let temperature come to 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: 0.1A' NaOH. 0.\N 
HC1. 5A HC1 (dilute five volumes bN HC1 
with one volume distilled water), and acid 
potassium fluoride solution (dissolve 2 g 
KF in 2 mL cone H.SO, and dilute to 100 
mL with distilled water).

4. Procedure

a. Instrument calibration: In each 
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 p.mhos/cm. Tap water is a better 
substitute than distilled water, but pH 4 
buffer is best for the single glass electrode 
and saturated KC1 is preferred for a cal
omel and Ag/AgCl reference electrode. 
Saturated KC1 is the preferred solution for 
a combination electrode. Keep electrodes

INOF NONMETALS (4000)

wet by returning them to storage solution 
whenever pH meter « not in use.

Before use. remove eiectrodes from stor
age solution, rinte., blot dry with a soft 
tissue, place in initial buffer solution, and 
set the isopotenuai paint (fl 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 tempera, .ire of a fresh sample. 
Remove electrodes (r im first buffer, nnse 
thoroughly with distilled water, blot dry, 
and immerse m second buffer. Record tem
perature of measurement and adjust tem
perature dial on meter so that meter 
indicates pH value of buffer at test tem
perature (this is a slope adjustment).

Use the pH value listed in the tables for 
the buffer used at the test temperature. Re
move electrodes from second buffer, nnse 
thoroughly with distilled water and dry 
eiectrodes as indicated above. Immerse in 
a third buffer below pH 10. approximately 
3 pH units different from the second; the 
reading should be within 0.1 unit for the -I 
pH of the third buffer. If the meter response 
shows a difference greater than 0.1 pH unit 
from expected value, look for trouble with 
the electrodes or potentiometer (see rs 5a 
and b below).

The purpose of standardization is to ad
just the response of ;he glass electrode to 
the instrument. When only occasional pH 
measurements are made standardize in
strument before eac measurement. When 
frequent measurements are made and the 
instrument is stable standardize less fre
quently. If sample pH values vary widely, 
standardize for each ample with a buffer 
having a pH within 1 to 2 pH units of the. 
sample.

b. Sample analysis: Establish equilibrium 
between electrodes _nd sample by stirring, 
sample to insure he nogeneity; stir gently) 
to minimize carbon dioxide entrainment.? 
For buffered samples or those of high ionic) 
strength, condition eiectrodes after ciean-J

pH <4500-
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ing by dipping them into sample for 1 min. 
Blot dry, immerse in a fresh portion of the 
same sample, and read pH.

With dilute, pooriy 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 faultv 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- 
I'on.ng properly, look for the instrument 
fault in the electrode pair. Substitute one 
electrode at a time and cross-check with 
' wo buffers that are about 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- 
mersmg it three times each in 0AN HC1 
and 0. W NaOH. If this fails, immerse tip 
,n solution for 30 s. After rejuvenation, 
“ak in pH 7.0 buffer overnight. Rinse and 
siore in pH 7.0 buffer. Rinse again with 
distilled water before use. Protein coatings 
can be removed by soaking glass electrodes

a 10% pepsin solution adjusted to pH 
1 to 2. r

To check reference electrode, oppose the 
of a questionable reference electrode 

against another one of the same type that
nown to 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 (KCI) so
lution and then in the same buffer solution. 
The millivolt readings should beO ; 5 mV 
for both solutions. If different electrodes 
are used, i.e., silver: silver-chloride against 
caiomei or vice versa, the reading will be 
*4 - 5 mV for a good reference electrode.

Reference electrode troubles generally 
are traceable to a clogged junction. Inter
ruption of the continuous tnckle 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 electrolyte flows freely when suc
tion is applied to up or pressure is applied 
to the All 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 r 0.05 pH unit 
can be achieved. However, r 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, report pH values to the nearest
0. 1.pH unit. A synthetic sample of a Clark 
and Lubs buffer solution of pH 7.3 was 
analyzed electrometrically by 30 labora
tories with a standard deviation of —0.13 
pH unit.
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4500-1 IODINE*

4500-1 A. Introduction

i. Uses and Forms

Iodine may be used to disinfect potable 

and swimming pool waters. For waste- 

waters. 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 eye 

burn among swimmers and to provide a 

stable disinfectant residual less affected by 

adverse environmental conditions.

Iodine is applied in the elemental form 

or produced in situ by the simultaneous 

addition of an iodide salt and a suitable

oxidant. In the latter case, an excess of 
iodide may be maintained to serve as a 
reservoir for iodine production; the deter
mination of iodide is desirable for disinfec
tant control (see Iodide. Section 4500-1“).

Because of hydrolysis, active iodine ex
ists in the forms of elemental I.. hypoto- 
dous acid (HOO or a form thereot. 
hypoiodite ion (OI"), and. in the presence 
of excess iodide, the triiodide ion (I‘“). 
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.
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Method 150.1 (Electrometric)

STORET NO. 
Determined on site 00400 

Laboratory 00403

1. Scope and Application

1 ■ 1 Jliis method is applicable to drinking, surface, and saline waters, domestic and industrial 

wastes.
2. Summary of Method

2.1 The pH of a sample is determined electrometncally using either a glass electrode m 

combination with a reference potential or a combination electrode.
3 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 containers should be 
filled completely and kept sealed prior to analysis.

4. 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 paniculate 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.
4.4 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.
5. Apparatus

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

150.1-1



5.4

5.5

5'3 cRo^0tZr'aKCal0me1’ S“ier'SllV" Chl°"d' 0r olh" "fa™* el-.rode of 

constant potential may be used.

function Combination electrodes incorporating both measuring and reference

require mirima!1™*”16111 ^ ^ ^ avaiiable w,th soild- §el type filling matenais that 

require minimal maintenance.
Magnetic stirrer and Teflon-coated stirring bar 

ReagemTrm°meter °r tempCratUre sensor for automatic compensation.

should^ Stan^ard buffer salts are available from the National Bureau of Standards and 

Should be used in situations where extreme accuracy is necessary.

andhMrir" °1!)reference so,utlons from these salts require some special precautions 

dioxide fr»ng SUC aS i0W conductiv,tV dilution water, drying ovens, and carbon 

month 6 PUrgC gaS' These so|utions should be replaced at least once each

from commercial^ may be Prepared from NBS salts or purchased as a solution

validated bv cn ^ se ofthese commercially available solutions, that have been 
Calibration COmPanson *° NBS standards, are recommended for routine use.

71 cBannotCbef thC ^ * PH mClCr5 and accesson“> detailed operating procedures

oZuonof'T mt° !hiS meth°d- *"a^ « be acquainted with the 

careoftheelectrod^01 ^ am‘i,ar W,th a11 ,nstrument functions. Special attention to

care ot the electrodes is recommended.

bracket the Mnecteri^t^V^*6111 mUSt ** calibrated 31 3 minimum of two points that 

aparl P P of the samples and are approximately three pH units or more

7'2J Lad^a'Z”nHm d"'g"S «** of 3 -balance- or "standard,ze- dtai

adiucrm P J“stment as outlined in the manufacturer's instructions. Repeat

procedure R ^ SPCCCSS've P°n'ons of the two buffer solutions as outlined in 
Procedure P *'2 “mi1 3r' 0 05 pH units of the buffer solution value.

8.1 Standardise the meier and elec,rode system as ou,lined ,n Sec,on 7.

cov“ he^fin' °r,bUffer S°'“"0n in * Cl“" *l333 ^ usln8 3 sufficient volume to 

m^e,b s:™7ba'rmC",S °f ‘"d “ «*“<-“ *■»» 'b3

8.2.1 If field measurements are being made the electrodes may be immersed directly in 

■ P C stream to an adequate depth and moved in a manner to insure sufficient

( n i* ™°ver"ent across the electrode sensing element as indicated by drift free 

( < 0.1 pH) readings.

If the sample temperature differs by more than 2'C from the buffer solution the measured 

es must e corrected. Instruments are equipped with automatic or manual

5.2 Glass electrode.

7.2

8.3

National Bureau of Standards Special Publication 260.
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10.

8.4

=r,^™',y “<"« Terences. Refer ,.

^rjrTsCesZ:8'h;,d“,rod“-*—*—«— *. *.

mterface of I t”' m'nmm '™*« rate a,,he a,r wa.er

measurement “"P"—* *'P-
^.tarc»^r"dwer by,hin °-'pH

9 ' foH.he™cdir“t'y " PH ReP°" PH 10 ,h' 1 «* — iemperature

Precision and Accuracy

pH Units

3.5
3.5
7.1
7.2 
8.0 

8.0

Standard Deviation 
pH Units____

0.10
0.11
0.20

0.18
0.13
0.12

(FWPCA Method Study 1. Mineral and Phys.cal Analyses)

Bias.
%

-0.29 

-0.00 

+ 1.01 
-0.03 

-0.12 
+0.16

Accuracy as
Bias. 

pH Units

-0.01

+0.07
-0.002
-0.01

+0.01

s^dS^ detri'^f U“"8 S“rfa“ W “mp,“ “ “ PH of 7.7. the

Bibliography
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1.. Scope

^1.1 These test methods cover the determination of pH by 
electrometric measurement using the glass electrode as the 
'sensor. Two test methods are given as follows:
/»
i.: Sections
Ttst Method A—Precise Laboratory Measurement ............................... JtotS

Tea Method B—Routine or Continuous Measurement ........................ 16 to 24

1.2 Test Method A covers the precise measurement of pH 
in water utilizing at least two of seven standard reference 
buffer 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.

( 1.4 Neither test method is considered to be adequate for 
measurement of pH in water whose conductivity is less than 
about 5 pS/cm. (See Appendixes Xl.5.3 and X 1.5.4.)
; 1.5 Precision and bias data were obtained using buffer 
soluuons only. It is the user’s responsibility to assure the 
validity of these test methods for untested types of water.

1.6 This standard may involve hazardous materials oper- 
mons. and equipment. This standard does not purport to 
address ail of the safety problems associated with its use It is 
the responsibility of whoe\>er uses this standard to consult and 
establish appropriate safety and health practices and deter- 
mine the applicability of regulatory iimitattons prior to use.

Referenced Documents

cision 
ure-of 
.■quire 

and 
me to
■sure-
:ts of 
rode.

2.1 ASTM Standards:
D 1066 Practice for Sampling Steam2 

. D 1067 Test Methods for Acidity or Alkalinity of Water2 

sj; D 1129 Definitions of Terms Relating to Water2 

is D 1192 Specification for Equipment for Sampling Water 
■p*.. and Steam2
|k.D 1193 Specification for Reagent Water2 

&.P2777 Practice for Determination of Precision and Bias 
.V of Applicable Methods of Committee D-19 on Water 
£■- D 3370 Practices for Sampling Water2

^ Test Method for pH of Aqueous Solutions with the 
Glass Electrode2

t

' These test methods ire under the jurisdiction of ASTM Committee D-19 <

n _ d *** ,he dirta twponiibiiity of Subcommittee D19.ll on Water f 
rower Generation and Process Use.

“iU0° *PPro'*«J Oct- 26. 19S4. Published January 1912. Original 
Published as D 1293 - 53 T. Last previous edition D 1293 - 7S*\

Annual Book of ASTM Standards, Vol 11.01.
3 Annual Book of ASTM Sianaards, Vol 15.05.

3. Terminology

3.1 For definitions of terms used in these test methods, 
refer to Definitions D 1129.

3.2 Description of Term Specific to This Standard:
j.2.1 pH—the pH of an aqueous solution is derived from - 

£, the electromotive force (emf) of the ceil

glass eiectrodeisolution 1 reference electrode 
(where the double vertical line represents a liquid luncnorw 
when the electrodes are immersed in the soiuuon in the 
diagrammed position, and E, is the electromotive force 
obtained when the electrodes are immersed in a reference 
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 configuration 
used with these meters is the following:

reference eiectrodejsolution:glass electrode
With the assigned pH of the reference buffer design 
pH,, and £ and E, expressed in voits is the following:

pH pH,
(E - E,)F 
2.3026 RT

where:
F » Faraday,
R m gas constant, and 
T - absolute temperature. r(*C) + 273.15.
Values of the factor £/(2.3026 RT) at different temperatures 
are given in Table 1. (See Appendix Xl.l for comment on 
the meaning of pH.)

4. Summary of Test Method

4.1 The pH meter and associated electrodes are standard
ized against two reference buffer solutions that closely 
bracket the anticipated sample pH. The sample measure
ment is made under strictly controlled conditions and 
prescribed techniques. . ■ , .

S. Significance and Use

5.1 The determination of pH in water is an indication of 
its acidic or alkaline tendency. It is not a measure of the 
acidity or alkalinity of a water sample. (Refer to Test 
Methods D 1067 and Appendix XI.) 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 natu—1 

waters range between 6.0 and 9.0, but there are r 
exceptions, such as mine drainage water and unbufiert- .^.i 
water. The pH measurement is an important consideration 
in determining the corrosive action of water and assessing 
water treatment practices for industrial processes. It is also

213
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TABLE 1 f/(2.3Q26 RT)*

Temoerature. 'C F/(2.3026 RT). V—1

10
IS

20
25
30
35

40
45
50
55

60
65
70
75

80
85
90

9S

18.4512

18.1195
17.7996

17.4907
17.1924

16.9041
16.6283

16.3555
16.0944
15.8414

15.5963
15.3587

15.1282
14.9045
14.6873

144764
14.2714

14.0722
13.8784
13.6899

* The aoove oau wwe u*ng « crease value ot me toQamrvrvc

jnwei sion (actor (2.302585) ana values ot tne tunaamemal eonatants.

F - 96 487.0 C/eq 
R - 8 31433 J/K-mol 
7 - 273.15 +*C

iscd io assess the extent of pollution in precipitation.

S. Purity of Reagents

6.1 Reagent grade chemicals shall be used in all tests, 
except as specifically noted for preparation of reference 
ouffcr solutions. Unless otherwise indicated, it is intended

reagents shall conform to the specifications of the 
ttee on Analytical Reagents of the American Chem- 

cal Society, where such specifications are available.4 Other 
;rades may be used, provided it is first ascertained that the 
' is of sufficiently high purity to permit its use without
lessening the accuracy of the determination.

6.2 Unless otherwise indicated, references to water shall 
dc understood to mean reagent water conforming to Speafi- 
:ation D 1193, Type I.

7. Sampling

7.1 Collect samples in accordance with Practice D 1066 or 
Specifications D 1192 or D 3370, whichever is applicable.

TEST METHOD A—PRECISE LABORATORY MEASUREMENT

OF pH

3. Scope

8.1 This test method covers the precise measurement of 
pH in water under strictly controlled laboratory conditions.

9. Interferences

9.1 The giass electrode reliably measures pH in nearly all 
aqueous solutions and in general is not subject to solution 
interference from color, turbidity, colloidal matter, oxidants, 
or reductants.

_ 5em Chemical*. Amen cm Chemical Society Specifications." Am. Chem- 
... Washington. DC For suggestions on the testing of reagents not listed by 

ihe Amen can Chemical Society, see "Reagent Chemicals and Standards," by 
Joseph Rosin. D. Van Nostrand Co.. Inc_ New York. NY. and the "United Slatex ■ 
Pharmacopeia."

9.2 The reierencc eiectrode may be subject to interfer. 
ences and should be chosen to conform to all requirement, 
of Sections 10 and 12. Refer also to Appendix X1.3.

9.3 The true pH of an aqueous solution or extract if 
affected by the temperature. The electromotive force be
tween the glass and the reference electrode is a function <jf 
temperature as well as pH. The temperature effect can be 
compensated for automatically in many instruments or qJ7 

be manually compensated for in most other instrument^ 
The temperature compensation corrects for the efTea of the;; 
water temperature on the instrument, including the el®?': 
trades, but does not correct for temperature effects on tlj^j 
chemical system being monitored. It does not adjust
measured pH to a common temperature; therefore, _
temperature should be reported for each pH measurement* 
Temperature effects are discussed further in Appendix XI5

9.4 The pH response of most giass electrodes is imperiei
at both ends of the pH scale. The indicated pH value of 
highly alkaline solutions, as measured with the glass ele£ 
trode, will be too low. The indicated pH value of strong 
aqueous solutions of salts and strong acids having a pH led 
than 1, will often be higher than the true pH vaiue.' 
Interferences can be minimized by the selection of the prow 
glass and reference electrodes for measurements in highly 
alkaline or acidic solutions. ■ <£

9.5 A few substances sometimes dispersed in water appea 
to poison the glass eiectrode. A discussion, of this subject.a 
given in Appendix XI.4.

10. Apparatus -w

10.1 Laboratory pH Meter—Table 2 gives the most 
important characteristics of four typical pH meters comme? 
daily available. Each type of meter (together with’if 
associated glass and reference electrodes) is permissible. T^- 
choice will depend on the desired precision of measurement

10.2 Glass Electrode—The pH response of the gls® 
electrode shall conform to the requirements set forth in I2jf 
through 12.5. The glass electrode lead wire shall be shield^ 
New glass electrodes and those that have been stored <hf 
shall be conditioned and maintained as recommended bytj* 
manufacturer.

10.3 Reference Electrode—A calomel, silver-silver 
ride or other reference electrode of constant potential shall t£ 
used. There are two basic types of reference electrodes: C 
flowing and the nonfiowing liquid junction-type electro^; 
The flowing liquid junction-type unit ensures that 
liquid junction is formed for each measurement and shallsti 
used for Test Method A determinations. The tempera1 

response of the internal elements of the reference and gj£ 
electrode should be closely matched to avoid thermal
esis. If a saturated calomel electrode is used, some pot 
chloride crystals shall be contained in the saturated 
sium chloride solution. If the reference electrode is 
flowing junction type, the design of the eiectrode shall 
a fresh liquid junction to be formed between ihe re^e jg 
electrode solution and the buffer standard or tested wa*l^5 

each measurement and shall allow traces of solution* 
washed from the outer surfaces of the electrodes. To 
the desired slow outward flow of reference electrode sol 
the solution pressure inside the iiquid junction sho! 
kept somewhat in excess of that outside the juncu;

flange——non
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___________TABLE 2 Laboratory pH Meter

T*»‘________________________Type ll

0,0,4 0 to 14

2 pM units
°-1 0.01

=0.05 =0.01

=°-02 *0.005

Type III

0 to 14 

1.4 pH units 

0.01 
=0.007 

=0.002

Type IV 

0 to 14 000

0.001
=0.002
=0.002

applications, this requirement can be met by 
itaining the inside solution level higher than the outside 
r level. If the reference electrode is of the nonflowing 
lion type, these outward flow and pressurization consid- 

■~ue ,f , 0onsj? not apP‘y- 7116 reference electrode and junction 
Si ass elet'fJr pcnorm ““^“only as required in the standardizing 

; of I*ranil£?cedure descnbed in 12.1 through 12.5. A discussion of 
” *®«ence electrodes is given in Appendix X1.3.

$L0:4 Temperature Compensator—The t'hermocompen- 

_fllofis a temperature-sensitive resistance element immersed 
va jbs water sample with the electrodes. The thermocompen- 
£lor automatically corrects for the change in slope of the 
fas electrode (with change of temperature) but does not 
greet for actual changes in sample pH with temperature. 
<The automatic thermocompensator is not required if the 
grater temperature is essentially constant and the analyst 
idtooses to use the manual temperature compensation fea- 
pie of the pH meter.
ft-

y£. Reagents
Vll.l Reference Buffer Solutions—The pH values of the 

reference buffer solutions measured at several temperatures 
.»re listed m Table 3. Table 4 identifies each buffer salt bv its 
national Institute of Standards and Technology (NIST) 
number and provides a recommended drying procedure 
f"°r,t0 Ke=p the f,ve reference buffer solutions with pH 
.less than 9.5 in bottles of chemically resistant Keep the

calcium hydroxide solutions in a plastic bottle that is 
nonporous to air (that is, polypropylene or high density 
polyethylene). Keep all the reference buffer solutions well- 
stoppered and replace at a shelf age of 3 months, or sooner if 
a visible change is observed.

11.1.1 Borax Reference Buffer Solution (pH, = 9.18 at 
C)—Dissolve 3.80 g of sodium tetraborate decanydrate

(Na,B407- 10H,O) in water and dilute to. 1 L.
11.1.2 Calcium Hvdroxtae Reference Buffer Solution i pH,

— 12.45 at 25 C)—Prepare pure calcium hydroxide
(Ca(OH>2) from well-washed calcium carbonate (CaCOj) of 

low-alkali grade by slowly heaung the carbonate in a 
platinum dish at 1000*C and calcining for at least 45 min at 
that temperature. After cooling, add the calcined product 
slowly to water with stirring, heat the resultant suspension to 
boiling, cool, and filter through a funnel having a fritted-gbss 
disk of medium porosity. Collect the solid from the Alt'-
it in an oven at 110*C, and crush it to a uniform an*. .. 
granular state. Prepare a saturated calcium hydroxide solu
tion by vigorously shaking a considerable excess (about 3 

g/L) of the fine granular product in water at 25*C in a 
stoppered plastic bottle (that is. polypropylene or high 
density polyethylene) that is essentially nonporous to gases. 
'Allow the gross excess of solid to settle and filter the solution 
with suction through a fritted-glass funnel of medium 
porosity. The filtrate is the reference buffer solution. Con
tamination of the solution with atmospheric carbon dioxide

B«im, R. G„ *RevTt«d Stanoaro Values (or oh Measurements from 0 to 95*C.* Journal
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_________ ' ABLE 4 National Institute ot Standards and t^k .
MSI Standard Samoie------------------------------------------------------------andards and Techno.ogy (NIST) Materials tor Reference Butter Solution,

k Designation Butler Salt-1 ---------------------- ----------------------------------

Drying Procedure
187-b 
186-ll-c 
18&-K
185-e

188
189
191
192

Borax (sodium letratxxaie decanydrate) 

a.sooium Hydrogen onosonate 

potassium omvorogen pnosonate 

potassium hydrogen pntnaiate 

potassium nyorogen tartrate 

potassium tetroxaiate dtfiyarate 

soo‘um btcaroonate 

sodium carponate

Oiymg not necessary (this tan snouio not oe oven-oi^ 

2 h m oven at 130* •
2 h in oven at 130*C 1
2 It in oven at 110*C _♦
Otyngnot neoesaary

snotxa not De dried "j
%

_______  snotfd not oe cned^ S3,,S 'IS,eq 08 Pu^cnwed from me Office c, Standam Relerence Ma.-------------------------------------W" ,,275’C______________________t

Reference Matenais. Nauonal tnstnute ot Standards and Technology. Wasnmgton. Ocl§

’nne?? p“rbld, and indicates need for replacement.

::-Q-d“ 39 Buffe' S°>m°n <pH- -686 “

KH.po 1 and i ii 8 Potassium dihydrogen phosphate
.hosphai,Ma HP03.,ltr^u^T

^CsHdO,,) in water and dilute to 1 L pnuiaiaie

Refcrencc Bu-fcr Solution (pH, = 3 56 at 
- ) Shake \igorously an excess (about 75 e/n 0r Dnta.

a,” m i'°r" 'anr?" ,KHC-H-0-) »«" 100 m loo mL I't 
— C in a glass-stoppered bottle. Filter if necessary

a“' Add 4 ^ S

• ' Rffcnc? Buffer Solunon (pH, = 1.68

ihvdrate(KHC,°0V4CHic 0 •2H°0rP0USSIUm tclroxa|ate 

- 4 water and dilute to 1

Wsodtum Bicarbonate-Sodium Carbonate Refer-

, u “T (pH’ = 1001 at 2^*C)—Dissolve 2 092 
of sodium bicarbonate (NaHCO t anH n aao r *

arhonate <Na3CO,)
1 - Other Buffer Solutions—A buffer solution other than 

iat specified may be used as a workine stanrinrH ■ ,u
necked lhat in each case such a solution iT fl^t

necked against the corresponding reference buffer solution

1 l.p Commercial Buffer Solutions-Commerciallv avail

anriPHPared bU<?r S0lutI0ns are not acceptable for the 

andardization m Test Method A.

-• Standardization of Assembly
12.1 Turn, on the instrument, allow it to warm un 

oroughly, and bring it to eleancal balance ,n accordance 

ith the manufacturers instructions. Wash the elass and 
ferem* declrodesand ,h. ddph cop^^uS

Mf" °h ry mf nS °f flowing stream fro™ a wash 
a e- Form a fresh liquid junct.on if a sleeve-type reference 
nenpn ,s used. Note the temperature of theater to b“ 

pted. If temperature compensation is to be manual, adjust 

- temperature dial of the meter to correspond to Ule 

JperajMre of the water to be tested and allow time for all

WTUOns- and eiectrodes to equilibrate thermally 

:lect at least two reference buffer solutions, the pH

arm n ^ ubrack,et the arUlclPated pH (refer to Table 3)

hm "c th° ^rcferencc s?rns 35 ncce^
m 1 C lhe temperature of the solution to be tested. Fill

the sample container with the first reference buffer soiutl 

and immerse the electrodes.
12 3 Set the pH, value of the reference buffer solution^ 

he temperature of the buffer, as read from Table 3 
interpolated from the data therein, according to the ma- 
facturer's instructions. ./

12.4 Empty the sample container and repeat, usme r - 

cessive portions of the reference buffer solution, until t* 

successive readings are obtained without adjustment of •
readin*s should d‘lTer from the pH, value' 

the buffer solution by not more than 0.02 pH unit.

,empcra,ure of electrode differs appreciably fr-
mmeL^ "TIL'0 ** ,es,ed- use «««] pomons of solution a 

ZZZZZ electrodes deeply to assure that both the electrodes and fr 
a™ *;the d«,red tefnperature. To reduce the effects of thena 
the temperature of electrodes, reference buffer solutions. « 

the wash as close to that of the water sample as possible.

1 -.5 Wash the electrodes and the sample container this 

times with water. Place the second reference buffer soluuo: 

in the sample container, and measure the pH. Adjust tl* 

s ope control only until the reading corresponds to th: 
temperature corrected value of the second reference buffe 
solution. Use additional portions of the second referenc 

uffer solution, as before, until two successive readings dills 

by not more than 0.02 pH unit. The assembly shall be judge: 

to e operating satisfactorily if the pH reading obtained fer 
the second reference buffer solution agrees with its assignee 

n va*ue ^thin 0 05 pH unit for Tvpe 1 meters or withir
° ii f,rn,t for Type IUI1’ or IV mclers <see Table 2).

2.6 If only an occasional pH determination is made 
standardize the assembly each time it is used. In a long serifi 
of measurements, supplemental interim checks at reguli' 

intervals are recommended. Inasmuch as commercial!) 

available pH assemblies exhibit different deerees of measure

ment stability, conduct these checks at intervals of 30 min. 
unless it is ascertained that less frequent checking is satisfac

tory to ensure the performance described in 12.2 to 12.5. V,

13. Procedure T

13.1 Standardize the assembly with two reference bulfa 

solutions as described in 12.2 to 12.5 and then wash d>{ 

electrodes with three changes of water or by means of1 
flowing stream from a wash bottle.

13-2 Place the water sample in a clean glass beakf 
provided with a thermometer and a stirring bar. i

13.3 Stir during the period of pH measurement at a 
that will prevent splashing and that will avoid loss or gain 

acidic or basic gases by interchange with the atmosphe*. 

When necessary, stir briskly enough to intermix the phases <t

, nonhotr.c

pjnod oi ~ 
. 13.4 Ins: 
value (sine 
considered 

of the water 
differ by nc 
than 0.02 

usually be ; 
£13.5 Re= 
3*13.6 Ms
in equiiibr.

;i3.5, but c
readings fc: 
0.1 pH unr

Note 2—‘ 
with the cars
ciposure to 
liifhtiy buffer 

desenoea tr. 
prtcaunons ;
umpie n Icii

14. Repon

14.1 Re: 
nearest l*C 

' 14.2 Re: 
pH unit w-; 
12.0.

' 14.3 Rep 
pH unit w- 
greater tha:

15. Precisii

15.1 The 
denved fre: 
four buffer. 
6-5, 8.2, a: 
uhh one la: 
solution ir. 
day for a :a 
c>al meters 
measuremr

15.2 Sta: 
fccommenc 
^sed on a c 
Test Metho 
-15.3 Prei 
°f this test :

15.4 Bis. 
determined 
^red with •

15.5 Prec 
Elutions c: 
Validitv of :

’Supponitu 

'“lUtti Re

. r - ■
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iSIh D
J nonnomogeneous water sample. Stop the stirrer dunng the 
penod of measurement if streaming potentials are noted 

U 13.4 Insen the electrodes and determine a preliminary pH 
I value (since this value may drift somewhat, it should Pbe 
f considered an estimated value). Measure successive portions 

0f the water sample until readings on two successive portions 
Mer by no more than 0.03 pH unit, and show drifts of less

f ,than,.°’°2 pfl unit ln 1 m,n- Two or three portions will 
^usually be sufficient if the water is well buffered. *
'i. wCCOrd the pH and temperature of the sample 

?■ 13-6. Measure the pH of slightly buffered waters (that are 
.,n equilibrium with air) essentially as described in 13.1 to 
,:I3.5. but measure the pH of successive portions until the
7? ?° success,ve pon,ons d‘«er by no more than
0.1 pH unit. Six or more portions may be necessary.

- r2“Tak'5Denal w«auuons if the ample is not in equilibrium
with ihe carbon dioxiae of the atmosphere proteenng the ample from 

^exposure to ihe air dunng measurement. Measurement of unbuffered or 
slight!) buffered samples is more reliably made in flow-type cells as 
desenoed ,n Notes . and 5. Append,* Xt.5.3 deSta'LSLS 
precautions .ha, should be taken ,f the elecmcal conducuv!fv o ,Te 

sample is less ihan aoout 5 uS/cm. y lne

14. Report

: nearest f‘C °" ^ lempCraturc of lhe measurement of the

V 14.2 Repon the pH of the test solution to the nearest 0.01 
pH^unit when the pH measurement lies between 1.0 and

14.3 Report the pH of the test solution to the nearest 0.1 
PH to 1.0 and
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TEST METHOD B—Ki

15. Precision and Bias5

dnmJn IhC inforTnatlon summarized in this section was 

, ;r°m an mteriaboraiory study performed in 1973 on 
four buffer solution!i having pH values of approximately 3.7,

with „ t3?1 8'4' E CVen laboraton« (fourteen operators.
; „,th one.lab°ratory providing four operators) analyzed each 
• solution in duplicate and replicated the analysis on another

Jg °f22i de«™^ons..A variety of comme"

r,oal meters was used in this study. It is assumed that all- 

measurements were made at room temperature.

StadsticaJ ««Hient of the data conforms to the 

PraCUC?D 2711 • Funhcr information, 

s, interpretation, can be found in

W. !h 3 Prmto-Tlie overall and singlt-opcmor precision 
- " - £°f test method vanes with pH as shown in Fig 1.

5'4 fi,“—The PH va,ues of the buffer solutions, as 

U,Sin§ 3 8aSC0US hydrogcn electrode, are com- 
V P V^UCS obtamcd us,ng this method in Table 5.
f 20 Precisi°n and bias data were obtained using buffer
-'"STor".?- U if lh%user’s resPons*bility to asslre fS 

Idlty of the standards for untested types of water.

ittr.

ffer 
the 
f 2

<e

ate
of

rr.
of

V ——

' T.n "" 1

-3-'

v.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- 
efers, but the conditions are somewhat less restrictive than 
those in Test Method A. An indirect standardization proce
dure is used on flowing systems in which grab samples are 
removed periodically in order to compare a monitored pH 
value (of the system) with the reading of a laboratory pH 
meter.

18. Interferences

18.1 For information on interferences, see Section 9 and 
Appendix Xl.4.

19. Apparatus

19.1 Laboratory pH Meier—See 10.1.
19.2 Glass Electrode-— See 10.2.
19.3 Reference Electrode—See 10.3.
•9.4 Temperature Compensator—See 10.4.
19.5 Process pH Measurement Instrumentation—Instn’- 

ments that are used for process pH measurement 
generally much more rugged than those which are uscu ... 
very accurate measurements in the laboratory. The charac
teristics of three types of process pH analyzes 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 Electrode Chamber—Tot process pH measure
ments; the electrodes and thermocompensator are mounted 
in an electrode chamber or cell.

19.5.1.1 Flow-Through Chamber completely encloses the 
electrodes and the sample is piped to and from the chamber 
in a flow-through configuration. Commercially available 
chambers generally can tolerate temperatures as high as 
100*C over a pH range from 0 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 
completely enclose the electrodes. Immersion-style chambers 
are available for use at depths to 30 m (100 ft).

19.5.2 Signal Transmission—The giass electrode is usu
ally a high-impedance device from which only an extremely 
small current can be drawn. Shielded cable must be used to 
connect the electrode to the pH analyzer. The signal can 
frequently be transmitted up to 300 m (approximately 1000 

ft) with no loss in accuracy if the manufacturer’s recommen
dations .are followed carefully. The signal can usual1 • 
amplified for transmission over even greater distances.

19.5.3 pH Meter Associated with Remote Measurement— 
Usually a different style instrument is used to indicate or 
display remote pH measurements. Table 6 shows the charac
teristics of three types of meters that are suitable.
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FIG. 1 Interlaboratory Precision

3. Reagents

ie°nlnnfTir£a/ B?ffer Solulions—iCommercially avail- 
3_ fn T?MU?7hnOU d ** adec^uate f°r foe standardiza- 
noii I Method B. These commercial buffer solutions 

>uahy have pH values near 4, 7, and 10, the exact pH and 
.^"foerature being provided by the purveyor of the 

“J'bufrer' Tbe PH buffer » susceptible to contamina-
IS r?]1?"1: Carb0n dioxjde’ and Muentlv used 

^partially filled bottles are particularly vulnerable to this

20.2 For more information on reagents, see Section 11.

.. Standardization of Assembly

21.1 Turn on the analyzer, allow it to warm up thor- 
Jghly and bring it to electrical balance in accordance with 
e manufacturer’s instructions. Wash the electrodes the 
ermocompensator, and the sample container with three

8BL!aier 0r by mcans of flowing stream for a wash 
^Pnn a fresh liquid junction if a sleeve reference

in ic J^nCU°n ,s Used-If manuai temperature compensa- 
id QOte lhe temPerature of the water sample .
•d adjust the temperature dial of the meter to correspond. 

Street Standardization:

„ • >• II u

•or pH ot Aqueous Buffer Solutions

21.2.1 Selen two reference buffer solutions that have pH, 
va ues that bracket the anticipated pH of the water sample 
Warm or cool the reference solution to within 2*C of the 
temperature of the water sample.

21-2-2 Fill the sample container with the first reference 
buffer solution and immerse the electrodes. Set the known 
pH, of the reference buffer solution according to the instru* 
ment. manufacturer’s instructions. Repeat with successive 
portions of the reference buffer solution until two successive, 
instrument readings are obtained which differ from the pH," 
vstlue of the buffer solution by no more than 0.02 pH unit£

21.2.3 Wash the electrodes and sample container three; 
times with water. Place the second reference buffer solution^ 
m the sample container, and measure the pH. Adjust the- 
slope control only until the reading corresponds to the? 
temperature corrected value of the second reference bufl?C5

TABLE 5 Determination of Bias

Flanoe

Signs

a cej-«

Temo*

n -, Mm

Ran
% Staaoc

m

pH Expected pH Found Bias.+ X

3.714

6.517

8.147

8.470

3.73

6.53

6.19

8.45

+0.48

+0.20
+0.53

-0.24

Statistically SigniiSe**£ 

(95 X Confidence

solution, 
buffer so! 

by not rr 
21.2.4 

standard: 
of mease 
tions by i 
available, 

surement 
min. uni 
sausfacto 

21.3 It

21.3.1 

convener 
flowing s 
determine 
analvzer i

21.3.2 

process ar
21.3.3 i 

iramediati 
a flow-ihn 
immediate

21.3.4 , 

analyzer u 
ample. R 
procedure
difTer bv n-

accuracy. 

Note ;__
tmplovet! v-t 
°05 pH u== 

F°s*ible it—<• 
Fab tarn pie 

the acii-r
must be mar
0clcr, and a
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*Trr

^ Range—normal 
'‘‘Y exoanoea

• ‘ Signal to recoroer

KV Accuracy

•V>»
rjT? Temoerature comoensation: 

ja'■ Manual or automatic 

Range 

-ff!; Siaotuty

TABLE 6

Type l 
0 to 14

any 2 oh or i 

to 1000 mV

=0.02

ye*
0 to 100*C 
0.005 oH/24 h

Remote

# D 1293

Meeaurement ot pH

Type H

0 to 14

any 2. 4, 5. 7, 10. Of 14 pH units 

to 50 mA

= 0.005 to 0.04 dependent upon 

span

i yoe hi

0 to 14 

any 2. 5. or 10 units 

to 5000 mv. 4 to 20 or 

to 50 mA 

=0.02

solution. Use additional pontons of the second reference 
buffer solution, as before, untii two successive readings differ 
by not more than 0.02 pH unit.
i 21.2.4 If only an occasional pH determination is marfP 
standardize the assembly each time it is used. In a long series 

of measurements, supplement initial and final standardiza- 

tions by tntenm checks at reguiar intervals. As commercially 

available. pH assemblies exhibit different degrees of mea
surement stability, conduct these checks at intervals of 30 
min, unless it is ascertained that less frequent checking is 
saiisiactory to ensure performance.

21.3 Indirect Standardization:
21.3.1 This procedure is to 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
determined. Use of a laboratory pH meter or an additional 
Analyzer is required.

21.3.2 Standardize the laboratory pH meter or additional 
process analyzer as outlined in 21.2.

4 21.3.3 Collect a grab sample of the water from the 
. immediate vicinity of the electrodes or from the discharge of 
a now-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 
sample. Repeat the grab sampling, analyzing, and adjusting 
procedure until two successive readings are obtained that
differ by no more than 0.05 pH unit or within an acceptable 
accuracy. ^ c

• N,°TEJ3TIndireCt standaniuauon is described above cannot be 

.employed when the pH of the water being tested fluctuates by more than 
• W)S pH unit. The standardizauon must be accomplished in the shortest 

*““b,e lime ,f the PH is fluctuating, it is absolutely essential that the 

V5\vample h* rcprKenuuve of the w>ter in contact with the electrodes 
;iL„«LanaJy“r bei“R nandanli2ed- The integnty of the grab sample 

•* maintained until its pH has been measured by the ...hh.-JL 

■fitneter, and its temperature must remain constant.

.££,.21.3.5 Indirect standardizauon is a one-point calibration 
» -?nd does not establish the proper response of the electrodes 
trover a pH range.

22. Procedure, Batch Samples
jjjp.l Standardize the assembly as described in 21.2 and 

IBPih the electrodes with three changes of water or by means 
°* a flowing stream from a wash bottle,

22.2 Place the water sample in.a clean glass beaker 
• Provided with a thermometer and a stirring bar. Stir during 
- roe period of pH measurement at a rate that will prevent 
i ^‘^hing and that will avoid loss or gain of acidic r- ^asic
v.-

gases by interchange with the atmosphere. When neccssarv. 
stir briskly enough to intermix the phases of a non.-.omo- 
geneous water sample.

22.3 Insert the electrodes and determine a preliminary pH 
value (the reading may drift). Measure successive portions of 
the water sample until readings on two successive portions 
differ by no more, than 0.05 pH unit. Two portions wiil 
usually be sufficient if the water is well-buffered.

22.4 Record the pH and temperature of the samp:;.

Note 4—Continuous Determination of pH—Make me seirr.mn of 
the electrodes and the electrode chamber to suit the pnvsim: and 

chemical characteristics of the process water. Locate a submersicr. stvie 

electrode chamber so that fresh representative sampling is omviaed 

continuously across the electrodes. Agitauon may be required 10 
improve homogeneity. Process pH measurements generally empiov 

automatic temperature compensation. The pH value is usually disslaved 

continuously and can be noted at any specific time. Also, recced t' 

successive pH values frequently to provide a permanent record. If n. 
temperature of the sample fluctuates signiflcanUy wuh une. the 

temperature should also be recorded to interpret the pH values correctly.

Note 5—Continuous Determination of the pH of High-Pun:v Wa
ter—The analyzer used to determine the pH of high puntv water must 
have a high-impedance differential input in order to minimize environ

mental effects. Use a metallic electrode chamber in order to sr.ieid the 
electrodes, and electrically isolate tt from all stray a-c fields. Pav 

particular attenuon to grounding and the use of metallic connectors, as 

recommended by the equipment manufacturer. Place the reference 

electrode upstream of the glass electrode to impart the small amount of 

electrolyte essential to the sensing of the pH of the water samp:e. One 

successful flow pattern uses a bottom inlet, a full chamber, arc a top 

overflow; the flow rate and the pressure are held constant, aad the 

discharge is to atmospheric pressure. Follow the manufacturer s instruc

tions very closely.

23. Report

23.1 Report the temperature of measurement to 
nearest 1*C.

23.2 Report the pH to the nearest 0.1 pH unit.

the

24. Precision and Bias3

24.1 Because of the wide variability in. measurement 
conditions and the changeable character of the pH of many 
process waters, the precision of this test method is probabiv 
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)

XI. MISCELLANEOUS NOTES ON GLASS ELECTRODE MEASUREMENTS AND EQUIPMENT

# D 1293

-C

jf

M.1 Meaning of the Term pH

XI. 1.1 The term pH historically has referred to the 
nydrogen ion activity of a solution and has been expressed as 
•ne logarithm to the base 10 of the reciprocal (negative 
ogantnm) of the activity of hydrogen ions at a given 
temperature, as follows: ^

pH = log \nHm) - -log(/f~)
where:
H ) = activity of hydrogen ions.

XI 1.2 Although this expression is helpful in giving theo- 
stical meaning to the term pH and can be used as an 

approximate definition, it may not be rigorously related to 
.mpincal pH measurements. The definition given in 3.2.1 
Has gained wide acceptance.

XI.2 Temperature Effects

X 1.2.1 The effects of temperature on electrometric pH 
measurements arise chiefly from two sources: (/) tempera- 
-ure effects that are common to all electrometric measure- 
menu and (_) variations of sample pH with temperature.

'e^m category includes the efTect of temperature on the 
^p-/^J026 RT that occurs in the definition of pH (see 

J’“m U1,es factor 10r various temperatures are given 
>n able 1. The first category also includes variations of glass 
electrode asymmetry potential and reference electrode liquid 
i unction potential and temperature. If the pH measurement 
:s made in accoroance w,th Sections 13 and 21, the effects of 
mese potentials will be negligible.

Xl— Secondly, because of changes in activity coeffi- 
:iems and equilibrium constants with temperature, the pH 
nf a sample will change with temperature. These changes are 
ndependent of the method of measurement. In general, the 
ate of change of pH with temperature is not constant, and it 

may be positive or negative. The data in Table 3, showing 
:hanges in pH, of buffer solutions with temperature are 
typical examples.

X1J Reference Electrodes

XI.3.1 In making pH measurements with the glass elec
trode, the reference electrode used to complete the cell 
assembly functions simpiy as a source of reproducible 
ootenual. The absolute value of the reference electrode 
ootential is of no consequence owing to the way the 
measurements are made. Both the saturated calomel and 
nlver-silver-chloride electrodes have proven themselves over 
the years to be satisfactory reference electrodes. For measure
ments at normal room temperatures, either of these elec- 
r^|^is satisfactory and thus are recommended. The 

^^lver-chlonde is recommended for measurements at 
-^d temperatures, where us potential is more stable than 

•hat oi the saturated calomel electrode. Depending on the 
-mvironmental conditions, other electrodes may serve satis-

undeS

factorily as reference electrodes.
X 1.3.2 If a saturated calomel electrode is used uimer* 

significantly changeable temperature conditions, care must 
be taken to see that sufficient solid potassium chloride iS 
present at all the temperatures to ensure solution saturation 
throughout, both in the free solution in the electrode tube* 
and in the solution permeating the electrode element. ThS 
electrode must be given 5 or 10 min to accommodate itself tor 
a new temperature condition before a pH measurement is; 
made. If the temperature falls appreciably, crystallization of 
potassium chloride may cause plugging of the liquid func
tion: one result may be high resistance and false or erratic- 
potential at the junction. Any such accumulation of potas
sium chloride should therefore be removed bv aqueous 
washing.

XI.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 satu
ration at the lowest temperature of use (for example,- 
approximately 3.3 N for 0*C). Such a reference electrode has 
the advantage 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 and 
maintaining reference electrodes. Changing an electrode 
from the saturated type to the unsaturated type (or vice 
versa) by changing the concentration of potassium chlondc 
may produce drifting potentials for weeks or even months, y

X 1.3.4 Reference electrodes arc available with any 
number of means to establish the liquid junction. These 
include, but are not limited to. dependence on the porosity 
of wood, fibrous materials, glass-encased noble metal,, 
ground-glass sleeves, ceramic frits, and nonflowing poly-, 
meric bodies.

XI.4 Faulty Glass Electrode Response and Restorative 

Techniques '
.Vi

Xl.4.1 Detecting Faulty Electrodes—The pH measuring* 
assembly is standardized with two reference buffer solutions •. 
(see 12.2) to verify the linearity of response of the electrode 
combination at different pH values. Standardization also*;- 
detects a faulty glass or reference electrode or an incorrectf- 
temperature compensator. The faulty electrode is indicated-- 
by a failure to obtain a reasonably correct value for the pH of;, 
the second reference buffer solution after the meter has been 
standardized with the first. A cracked glass electrode 
often yield pH readings that are essentially the same for botdf 
standards and should be discarded. Even though a norffl^;' 
giass electrode responds remarkably well to moderate pH/ 
changes, it is not necessarily a perfect pH-measuring device* 
and may miss the rigid requirements of 12.2, if, for examp^" -

'M
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•^pH span is made as great as 5 pH units (phthaiate to

. X1A2 Imperfect pH Response-The pH response of the 
; ^ elecli;ode may be impaired by a few coaung substances 
, (certain oily materials or even some particulates). When th“ 
lauhy condition is disclosed by the check with the two 
jtference buffer solutions, the electrode can frequently be
r**???™™** an apPr°Pnate cleaning procedure 

v-X -4.3 Glass Electrode Cleaning Techniques—When 
unuiaons of free oil and water are to be measured for pH it 
8 a*°iu“ly nec««ry that the electrodes be cleaned thor- 
oiighly after each measurement. This may be done by 
wasmng with soap or detergent and water, followed by 
several nnses with water, after which the lower third of the 
electrodes should be immersed in HQ (1+9) to remove anv 
film that may have been formed. Rinse the electrode 
thoroughly by washing it in several changes of water before 
returning it to serv.ee. Process pH anai^em us^ for 

conunuous measurement may be provided with aTuitm' 
sonic cleaner to lessen or even eliminate the need for manual 
cleaning oi electrodes. manual

X 1.4.4 Thorough cleaning with a suitable solvent may be 
necessary after each measurement if the sample"S 
suckiy soaps or suspended particles. If this fails, a chemical 
treatment destgned to dissolve the particular d«S5- 
coaung may prove successful. After the final nnsmg^f the 
dectrode in the deaning solvent, immerse the lowerthird of

d£tr°dci ,n HC1 (1+9> 10 remove a possible^ residual 

the.declrode thoroughly in'several chaM« of
*X1 4C/°Trr SUbjC?‘ng u t0 thc standardization procedure 
|;X1.4.5 If an electrode has failed to respond^ the

S rcsonUTtC? ^ XL4-3’ ^ 3 more dras"c tncasure a! 
last resort. This drastic treatment, which will limit the life

electee a„d shouid be used o„.v ad an ai£^."£

-SS\ ' '11 ln ‘tome ac,d cleaning 

i PCn0d °f several minutes (or longer if 
foreign c hChr0mi^ acid “ Particularly effective in cleaning 
oreign substances from the surface of the glass, but it al J

.deetrnH ydraUnB e^cet on the glass. Consequently allow an
if,er ih°?u8“y *■*»«• “ 

.the e,^,8?l,bcf0re us,ng 11 for measurements. Finally, if 

•mav he kC t0 respond 10 the chromic acid solution, it 
Solution ?bjectcd tou m,ld etching in ammonium bifluoride

Elution nf"111'136 thC C‘e«r0de for about 1 min ‘n a 20 % 

W>Chvif ammo!”urau btfluoncie (NH4HF2) in water, in a
MSehlhn|CUP' 1}cblfluonde actually removes a portion 

n i • giass’and should be used only as a last resort (and 
" fe?’?1’1:F°“°»th' "“odde c

8 and conditioning as is recommended for a new

electrode. The electrode manufacturer may nave a 
suggestions, specific to his own product.

X 1.4.6 Techniques for cleaning flow ceil electrodes 
elude the use of ultrasonics, brushes, and hieh-vdoc 
submerged jets.

Xl-5 Special Measurements Techniques

X 1.5.1 Measurements on Alkaline Waters—Althoueh v 
high-alkalinity dectrode exhibits a lower sodium icn'em 
than an ordinary giass dectrode. the high-alkaiinitv electroc 
can nevertheless introduce an appreciable error when tr 
sodium ion content and the pH or temperature of the watt 
are unusually high. Corrections may in some instances t 
applied to the measurement if suitable data are avaiiab: 
from the dectrode manufacturer.

XI.5.2 Carbon dioxide from the air tends to react with a 
alkaline water and to change its pH. Make all measuremen- 
with alkaline waters or buffer soluuons as quickJv as possible 
with the water exposed to the air no longer than is absolute: 
necessary.

X 1.5.3 pH Measurement of Static Solutions of Low Cor. 
ductivity When the sample electrical conductivity is lowe 
than about 5 jiS/cm. the electrical resistance of the wate 
path between the glass and reference electrodes mav becom: 
high enough to cause measuring difficulties. If placing th; 
junction of the reference electrode as close as possible "■> th( 
pH responsive bulb of the glass electrode does not c 
difficulties, the dectrode pair should be protect... ,.r 
electrostatic charges by surrounding the nonconducting cel. 
wuh a grounded metallic shield. Also helpful is the use of: 
metallic connector at the inlet and outlet, electrically con
nected external to the chamber.

X 1.5.4 pH Measurement of Flowing Solutions of Low 
Conductivity—In making measurements on flowing sample; 
having an electrical conductivity lower than about 5 |iS/cm. 
take precautions to avoid difficulties from streaming poten 
ttals. If available, observe special precautions recommendec 
by the instrument manufacturer. Preferably, make the flow, 
chamber of a conductive material such as stainless steel anc 
ground it. Because streaming potential increases with flow 
velocity, it is advisable to adjust the sample flow rate at a 
value not exceeding that needed to keep the flow cell 
properly flushed. This can be done by conveying the sample 
water to the flow cell through a short line leading from a 
constant-head overflow chamber. Provide the line to the cdJ 
with suitable flow-controlling means.

X 1.5.5 Magnetic Stirring—Do not use magnetic stirring 
m those few instances where it may affect pH measurement

with any item memJZ to >ha 'fc'W asserteO *» connection

patent ngnts. ana me rise et tothngemam ot such hantTam^Zl1 Oatarmtomion et Urn vanOtty ot any such
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It not revised, either tmMUoal comtrmaa ana mutt be revmwea every five years ana
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4500-03 OZONE (RESIDUAL)* (PROPOSED)

4500-03 A.

K^icni germicide, is used 
as an oxidizing agent for the destructio

Approved by Standard Methods Committee. 1981

Introduction

organic compounds producing taste and 
odor in drinking water, for the destruction 
of organic coloring matter, and for the ox- 
idatton of reduced iron or manganese salts 
to insoluble oxides.

4500-03 B. Indigo

1 General Discussion

tifafiv* I wluumcinc method is i 
2 |flcct,ve- ^d simple; it rep 
methods based on the measurement of
water' •The- mCth0d is aPPHcable to 

' nver '"filtrate, manganese-con

Colorimetric Method

mg groundwaters, extremely hard ground- 
waters, and even biologically treated 
domestic wastewaters.

a. Principle: In acidic solution, ozone 
rapidly decolorizes indigo. The decrease in 
absorbance is linear with increasing con- 
centration. The proportionality constant at
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600 nm is 0.42 ± 0.01/cm/mg/L (At = 
20 000/M *cm) compared to the ultraviolet 
absorption of pure ozone of t = 2950/ 
M-cm at 258 nm).1

b. Interferences: Hydrogen peroxide
(H,0,) and organic peroxides decolorize 
the indigo reagent very slowly. H.O, does 
not interfere if ozone ts measured in less 
than 6 h after adding reagents. Organic 
peroxides may react more rapidly. Fe(III) 
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 ozonaied 
manganese gives a response of about 0.08 
mg/L apparent ozone. Chlorine also inter
feres but it can be masked by malomc acid. 
Bromine, which can be formed by oxida
tion of Br~, interferes (1 moie HOBr cor
responds to 0.4 mole ozone).

c. Minimum detectable concentration: 
For the spectrophotometrtc procedure us
ing thei luostated cells and a high-quality 
photometer, the low-range procedure will 
measure down to 2 fig O./L. For the visual 
method the detection limit is 10 fig/L.

2. Apparatus

a. Photometer: Spectrophotometer or fil
ter colorimeter for use at 600 r 5 nm.

b. Glass cylinders (for visual procedure): 
100-mL graduated glass cylinders, prefer
ably with flat bottoms.

3. Reagents

a. Indigo stock solution: Add about 500 
mL dlst,Hed water and 1 mL cone phos
phoric acid to a 1-L volumetric flask. With 
stirring, add 770 mg potassium indigo tn- 
sulfonate, C,6H,N:0,,S,K, (commercially 
available at about 80 to 85% purity). Fill 
to mark with distilled water. A 1:100 di
lution exhibits an absorbance of 0.20 r 
0 010 cm at 600 nm. The stock solution is

stable for about 4 months when stored in 
the dark. Discard when absorbance of a 
1:100 dilution falls below 0.16/cm.

b. Indigo reagent I: To a 1-L volumetric 
flask add 20 mL indigo stock solution, 
10 g sodium dihydrogen phosphate 
(NaH,P04), and- 7 mL cone phosphonc 
acid. Dilute to mark. Prepare solution fresh 
when its absorbance decreases to less than 
80% of its initial value, typically within a 
week.

c. Indigo reagent II: Proceed as with in
digo reagent I. but add 100 mL indigo stock 
solution instead of 20 mL.

d. Malomc acid reagent: Dissolve 5 g 
malonic acid in water and dilute to 100 

mL.
e. Glycine reagent: Dissolve 7 g glycine 

in water and dilute to 100 mL.

4. Procedure

a. Spectrophotometrtc procedure:
1) Concentration range 0.01 to 0.1 mg 

0>/L—Add 10.0 mL indigo reagent I to 
two 100-mL volumetric flasks. Fill one 
flask (blank) to mark with distilled water. 
Fill other flask to mark with sample. Add 
sample so that completely decolorized 
zones are eliminated quickly by sumne but 
no ozone degassing occurs. Measure ab
sorbance of both solutions at 600 r 5 nm 
as soon as possible but at least within 4 h. 
Preferably use 10-cm cells. Calculate the 
ozone concentration from the difference be
tween the absorbances found in sample and 
blank (^ 5a below). (Note: A maximum 
delay of 4 h before spectrophotometnc 
reading can be tolerated only for drinking 
water samples. For other sample types test 
the time drift.)

2) Range 0.05 to 0.5 mg Os/L—Proceed 
as above using 10.0 mL indigo reagent II 
instead of reagent I. Preferably measure 
absorbance in 4- or 5-cm cells.

3) Concentrations greater than 0.3 mg 
0,/L—Proceed using indigo reagent II, 
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 a glass p.pei for 

dosing sample; let sample flow through an 

erlenmeyer flask for at leas, 1 m,n wnhout

o en?non8,b;bb,eS- RinSC W »m- 
pie and add measured amount to flask

whfle keeping the pipe, tip below the sur-

of chlonn,r01 °f interferenc«-In presence 
of chlorine, place I mL maion.c acid re-

and/orfiir°th ^ ^ add'"* »"»* 
and/or fiUmg t0 mark. Measure absorbanPe

Br wu^nS'ble- W,,hin 60 (Br*.
Br and HOBr are only partially masked 

by malonic acid).

h,,1" pr“ence of manganese prepare a 

blank solution using sample, in which 

ozone ,s selectively destroyed by addit on 

ofglycme. Place 0.1 mL glycine reagentin 

100-mL volumetric flask (blank) and 10.0 
mL indigo reagent II in second flask (sam- 

P ). 'Pet exactly the same volume of sam-

“ch flask- Adjust d°se s°that 
fb^ bm “"“'I SCCOnd fl3Sk iS “Silv V'S*
ble but complete bleaching does not result 

(maximum 80 mL)

,?» »f fydM/amplc ra„. 

ore >n blank flask (before adding md.go)
not below 6 because reaction between 

ozone imd glycine becomes vcry ^

low pH. Stopper flasks and mix by carefully 

■nvemng. Add 10.0 mL indigo reagent ll 

io blank flask only 30 t0 hQ s after *

addition. Fill both flasks to the mark wnh 

ozone-free water and mix thoroughly. Mea

oarL”! “"h3"" °f hmh solu‘l°ns at com- 

,,meS of approximately 30 
to 60 mm (after this time, residual man

ganese oxides further discolor mdigo only 

slowly and the drift of absorbance in blank

abso^mP ^°me COmParabie> Reduced 
absorbance ,n blank flask results from man-

ganese oxides while that in sample flask is

due to ozone plus manganese oxide

stable h °n~BeCaUSC ozone « un
stable. base measurements on known and

constant loss of absorbance of the indigo

reagent (/= 0.42 r 0.01/cm/mg 0,/L). 
Tor maximum accuracy analyze the lot of 
potassium indigo tnsulfonate (no commer
cial lot has been found to deviate from / 
- 0.42) using the lodometnc procedure.

When using a filter photometer, readjust 
the conversion factor./, by comparing pho- 
tometer sensitivity with absorbance at 600 
nm by an accurate spectrophotometer.

b. Visual procedure’.

1) Concentration range 0.01 to 0. | mg . 
0,/L—Add 10.0 mL indigo reaeent I to 
each of two identical 100-mL graduated 
glass cyhnders. Fill reference cylinder 
(blank) to the mark with distilled water 
and other cylinder with sample. Add sam- 
pie 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 coior 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 
°>/L—Proceed as above, adding either 30 
or 45 mL of sample 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.

INORGANIC NONMETALS (4000)

5. Calculations

o. Specirophotomerric procedure:

mg 0,/L =
100 X 44

/ X b X V

where:
A-4 difference in absorbance between sam

ple and blank.

b “ path length of cell. cm.

V “ volume of sample. mL (normally 90 J 

mL). and 

/ = 0.42.
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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 iodometnc 
titration. The UV absorbance of ozone in 
pure water may serve as a secondary stand
ard: the factor / = 0.42 corresponds to an 
absorption coefficient for aqueous ozone, e 
= 2950/M-cm at 258 nm. 

b. Visual procedure:

mg O/L =
(100 - 10 x * 

100

there:
V = volume of reference solution in blank 

cylinder. mL and

i = conversion factor for indigo stock so

lution. calibrated by a spectrophoto- 

metnc analysis of ozone. The value is 

about 0.10 mg O/L if the 1:100 dilution 

gives an absorbance of 0.19/cm.

When adding only 45 or 30 mL of sam
ple. the conversion factor becomes 2Jt or 
3k, respectively.

6. Precision and Bias

a. Specirophotometric procedure: In the 
absence of interferences, the relative error 
is less than 5% without special sampling 
setups. In laboratory testing this may be 
reduced to 1%.

Because this method is based on the dif
ferences in absorbance between the sample 
and blank (A/l) 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
mined with a relative error of less than 
20%.

b. Visual procedure: Duplicate deter

minations gave an average deviation of I 

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 

calculation of various forms of alkalinity, 

iti studies of saturation and stability w ith 

respect lo calcium carl>oiiate, in the cal

culation of salinity, and in general labo

ratory operations. In limnological studies, 

water temperatures as a function of depth 

often are required. Elevated lemperalures 

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 often 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 TC, with markings etched on 

the capillary glass. The thermometer 

should have a minimal thermal capacity to 

permit rapid equilibration. Periodically 

check the thermometer against a precision 

thermometer certified by the National Du-

■ Appiovol by Snnd.id MmIiihL ('•■mniilirr. 1911

rcau of Slandardsf that is used with its 

certificate and correction chart. For field 

operations use a thermometer having a 

metal case lo prevent breakage 

Depth temperature required for limunl 

ogical studies may be measured with a re

versing thermometer, thermophonc. or 

thermistor. The thermistor is most con

venient and accurate; however, higher cost 

may preclude its use. Calibrate any tem

perature measurement devices with a Na
tional Ourdiu of Standards certified 

thermometer before field use Make read

ings with the thermometer or device im

mersed in water long enough lo permit 

complete equilibration. Report results lo 

the nearest 0.1 or 1.0'C, depending on need.

2 Reversing Thermometer

The thermometer commonly used for 

depth measurements is or the reversing 

type It often is mounted on the sample 
collection apparatus so that a water sample 

may be obtained simultaneously Correct 

readings of reversing thermometers for 

changes due lo differences between tern-

I Some UMimictctil llictmoinrltis Mll> |* milt j, „ j(;

in ccfin

on i it o / i layyon ConiurnpliUM Mdiu 12/

f>o(.itnrc .iI rcvcrs.il .mil lciiipcr;iliirc al 

lime of i e.i<1111^ Calculate as follows:
If series overvaluin', are^^ffle il is con 

venient co prepare graphs for a Ihcrmom 

eter lo obtain AT from any values of / * 

and /.

where:
A r = correction to be added algebraically lo 

uncorrecled reading,

T‘ = uncorrecled reading at reversal. 

i = temperature al which thermometer is 

read.

I'i = volume of small bulb end of capillary 

up to 0*C graduation,

K = constant depending on relative thermal 

etpansion of mercury and glass (usual 

value of A' *= 6100). and 

L - calibration correction of thermometer 

depending on T1.
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213 TESTS

This section presents a series of lesls 

uniquely applicable lo sludges or slurries.

•ApprovgJ b> SijihI-iiJ Methods Cnmmilict. 1911

213 A. Oxygen-

I. General Discussion

1 his lest is used in dclcrmiiie llie osygen 

consumption rale of a sample of a biolog
ical suspension such as activated sludge It 

is useful in labor.miry and pilot-plant 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 lest conditions are 

not necessarily identical to conditions at 

the sampling sue. the ohscived measuic- 

incnl may not he nlct'ln al with actual oxy 

gen consumption rate

ON SLUDGES*

The lest data are useful in designing facil

ities for solids separation and concentration 

and for assessing operational behavior, es

pecially of the activated sludge process

Consumplion Rate

2. Apparatus

a OxyRcn-contumpiism rate c/ei-n.- 

Either:

1) A probe with an oxygcn-sciisim e 

electrode (polarographic or galvanic). <u

2) A uiaiiometric or respirmnetrie d. 

vice with appropriate readout and sample 

capacity or at least 100 ml.. The deuce 

should have an oxygen supply capacity 

greater than the oxygen consumplion rate 

of the biological suspension, or al least I Mi 

mg/I. ■ ii

l> Stopiiuti7i or olliri suil.ilile liming -I- 

c lec
e //n tiiiunii ter m ie.nl n. • Il s’c



428 INORGANIC NONMEfALS (400)

direct sunlight Mm times and keep from 

all contact with rubber.

5. Calculation

4. Procedure

a Sample collection: Collect an 800 mL 

sample in a l-L gas washing bottle.

b. Ozone absorption: Pass a stream of 

pure air or N, through sample and then 

through an absorber containing 400 mL Kl 

solution. Continue for 5 to 10 min at a rate 

of 0.2 to 1.0 L/min to insure that all ozone 

is swept from sample and absorbed in Kl 

solution.

c. Titration: Transfer Kl solution to a I- 

I. beaker, rinse absorber, and add 20 mL 

\N ll,SO, to reduce pll below 2.0. Titrate 

with 0 005A/ Na,S,0, titranl until yellow 

color of liberated iodine almost is dis

charged. Add 4 mL starch indicator so

lution and continue titrating carefully but 

rapidly to the end point, at which the blue 

color just disappears. Long contact of io

dine and starch develops a blue compound 

that is difficult to decolorize. The end point 

may be determined amperomelrically as 

described in Section 408C46 except that 

NsjS.O, can be used is the titranl. Other

, locedures given in Section 408 for meas

uring iodine may be used.

d. Blank test: Correct sample titration 

result by determining blank contributed by 

such reagent impurities as free iodine or 

iodale in Kl, or traces of reducing agents 

that might reduce liberated iodine.

Take 400 mL Kl solution, 20 ml. IN 

11,SO., and 4 ml. starch indicator solution. 

Perform whichever blank titration below 

applies:

1) If a blue color appears, titrate with 

0 0058/ Na,S,0, to disappearance of blue 

and record result.

2) If no blue color appears, titrate with 

0.0038/ iodine solution until a blue color 

appears. Ilack-tilrate with 0.0051/ NajS.O, 

to disappearance and record difference.

Before calculating ozone concentration 

subtract blank titration in <j 4dl) from sam

ple titration, or add result of |j 4dl) above

„ .. (4 t B) x At x 24000
mg 0,/L = -------------- --------------------------- --

ml. sample

where:

A — mL litrant for sample.

A a mL lilrant for blank (pvmlive or neg

ative), and

U ~ motariiy of Na.S.t),

6. Interpretation ol Results

The precision of the test is within £ 1% 

for concentrations of J mg 0,/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 (lie mosl 

important and frequently used tests in 

water chemistry. Practically every phase of 

water supply and wastewater treatment, 

eg . acid-base neutralization, water soft

ening, precipitation, coagulation, disinfec

tion. and corrosion control, is pH 

dependent pll is used in alkalinity and 

carbon dioxide measurements and many 

other acid-base equilibria At a given tem

perature the intensity of the acidic or basic 

character of a solution is indicated by pH 

nr hydrogen ion activity Alkalinity and 

acidity arc the acid- and base-neutralizing 

capacities of a walcr and usually are ex

pressed as milligrams CaCO, per liter. 

Duffer capacity is the amount of strong acid 

or base, usually expressed in moles per liter, 

needed to change the pll value of a l-L 

sample by I unit, pll as defined by Sor

enson1 is -log |ll‘|. il is the "intensity" 

factor of acidity Pure water is very slightly 

ionized and at equilibrium the ion product 

is

|lt ||oll | A.

i iii • in " .a 2sr (i)

and

III | lull |

I (ms . Ill '

wlicic

111 * | a. Il* IIV ill lt>. ti --e-l* I. ill*. nh>l*A/l .

|llll | act iv it y nl It y * 11.» a y I i.inv nmlt-s/1., anil

A . i*in pro.lid , >1 v. .ii,-i

■Apt"

Because of ionic interactions in all but 

very dilute solutions, il is necessary to use 

the "activity" of an ion and not its molar 

concentration Use < ( the term pH assumes 

that the activity of the hydrogen ion, a,,., 

is being considered. The approximate 

equivalence to molarity. |ll'| can be pre

sumed only in very dilute solutions (ionic 

slrenglh <0 I)

A logarithmic scale is convenient for ex 

pressing a wide range of ionic activities 

Equation I in logarithmic form and cor

rected lo reflect activity is:

(-l"g,.»„'l ' I l"S... a,„, ) = 14 11)

pH a p()ll = pA.

where:

pllf = —log,,, a,,- and

pOII = -log,„o„„

hqualinn 2 slates that as pll increases pOII 

decreases correspondingly and vice versa 

because pAf. is constant for a given tem

perature Al 25*C, pll 7 0 is iieinral. the 

activities of the hydrogen and hydroxyl 

ions are equal, and each corresponds lo an 

appioxiinate activity of 10' ’ molcs/L 1 he 

neulral point is Icmpcralurc-depcndcnl and 

is pll 7.5 al O'C and pll 6 5 al 60‘C

I he pll value of a highly dilute solution 

is appioxiinalely the same as the negative 

common logarithm of the hydrogen ion 

con * non Natural waicis usually lia*c 

pll values *f 4 lo 9, and mosl

fi*
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ment yet devised will duplicate I lie results 

oblained on the Jackson candle turbidi

meter for all samples. Because of funda

mental differences in optical systems, the 

results obtained with different types of sec

ondary instruments frequently will not 

check closely with one another, even 

though the instruments are precalibraled 

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 to the presence of larger panicles 

and arc useful for process monitoring.

A further cause of discrepancies in tur

bidity analysis is the use of suspensions of 

different types of paniculate matter for the 

preparation of instrumental calibration 

curves. Like water samples, prepared sus

pensions have different optical properties 

depending on the panicle size distributions, 

shapes, and refractive indices. A standard 

reference suspension having reproducible

light scattering properties is specilied lor 

nephelometer calibration

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 lurbidi 

lies 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 turbidity range 

make the nephelometric method preferable 

to visual methods. The candle turbidime

ter, with a lower limit of 25 turbidity units, 

has its principal 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 dark for up to 

24 h. Do not store for long periods because 

irreversible changes in turbidity may occur. 

Vigorously shake all samples before ex

amination.

214 A. Nephelometric Method—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 lur- 

bidily. Formazin polymer is used as the 

reference turbidity standard suspension. It

is easy 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 nephelometric 

units. This suspension has an approximate 

turbidity of 40 Jackson units when meas

ured on the caudle turbidimeter, therefore, 

nephelometric luihidily units based on llic 

formazin preparation will approximate

111(11)1011 V ! rii-plii'toinelm Mulliud I I'.

mills deiivcd liom die candle liiiliidiniclei Keep lubes scrupulously clean, both inside 

but will not be identical to them. and out, and discard when they become

b Interference: Turbidity can be deter- scratched or etched. Never handle them

mined for any water sample that is free of whcre ",e ''B1*1 s,rik” ,hem Use ,ubcs wi,h

debris and rapidly settling coarse sedi- sufficie"1 cx,ra len8lh. or wllh ■ Pro,ec"ve

menls Dirty glassware, the presence of air case' 50 ,bal ,bcy may handled propeily

bubbles, and the effects of vibrations that FiM ,ubcs w,lh “"pies and standards that

disturb the surface visibility of the sample 

will give false results. “True color,” that 

is. water color due to dissolved substances 

that absorb light, causes measured turbid

ities to be low. T his effect usually is not 

significant in the case of treated water

2. Apparatus

a Turbidimeter consisting of a neplie- 

lometcr 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 warmup 

period. The sensitivity of the instrument 

should permit delecting turbidity differ

ences of 0 02 NTU or less in waters having 

turbidity of less than I NTU with a range 

from 0 to 40 NTU. Several ranges are nec

essary to obtain both adequate coverage 

and sufficient sensitivity for low turbidities.

Differences in turbidimeter design will 

cause differences in measured values for 

turbidity even though the same suspension 

is,used for calibration. To minimize such 

differences, observe the following design 

criteria:

1) Light source--Tungsten-filament 

lamp operated at a color temperature be

tween 2200 and 30<)0*K

2) Distance traversed by incident light 

and scattered light within the sample 

lube —Total not to exceed 10 cm.

}) Angle of light acceptance by detec

tor—Centered at 90' to the incident light 

path and not to exceed - 30‘ from 90‘ The 

detector, and filler system if used, shall 

have a spci jial peat, lespouse between 400

and (itx) inn

b Sample tuba clear colorless glass

have been agitated thoroughly and allow 

sufficient lime for bubbles to escape

3 Reagents

a Turbidity-free water: Turbidity free 

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 examinations 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 to a turbidity not less than I with 

distilled water.

b. Slock turbidity suspension:

1) Solution I —Dissolve 1.000 g hydra 

zinc sulfate, (Nlll)l-H,SO<, in distilled 

water and dilute to 100 mL in a volumetric 

flask.

2) Solution II —Dissolve 10 (X) g hexa 

meihylenetelramine, (CII,),N„ in distilled 

water and dilute to 100 mL in a volumetric 

flask.

3) In a 100 - nr L volumetric flask, mix 5 0 

mL Solution I and 5.0 mL Solution II. Let 

stand 24 h at 25 ± 3*C, dilute to mark, 

and mix. The turbidity of this suspension 

is 400 NTU.

4) Prepare solutions and suspensions 

monthly.

C. Standard turbidity suspension Dilute 

10.00 ml. stock turbidity suspension to l(X) 

ml. wilt* turbidity free water Prrpaiv

•Nudepoic Joi) it:
anion. Calil . cw fx|niv»lcni

icier Cm lc. rir.i'
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daily. The turbidity of this suspension is 

defined as 40 NTU.

d. Alternate standards: As an alternative 

to preparing and diluting fbrmarin, use 

commercially available standards such as 

styrene divinylbenzene beads f if they are 

demonstrated to be equivalent to freshly 

prepared fomiazin.

e. Dilute turbidity standards: Dilute por

tions of standard turbidity suspension with 

turbidity free water as required. Prepare 

daily.

For example, if five volumes of turbidily- 

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 turbidities by determining tur

bidity of the water entering or leaving 

them, using a laborutniy-model turbidi

meter. When this is not possible, use an 

appropriate dilute turbidity standard, f Je. 

For turbidities above 40 NTU use undi

luted stock solution.

4. Procedure

a. Turbidimeter calibration: Follow the 

manufacturer’s operating instructions. In 

absence of a precalibrated scale, pre- 

. ate calibration curves for each range of 

the instrument. Check accuracy of any sup

plied calibration scales on a precalibraled 

instrument by using appropriate standards: 

Run at least one standard in each instru

ment range to be used. Make certain that 

turbidimeter gives stable readings i, all 

sensitivity ranges used. High turbidities de

termined by direct measurement are likely 

to differ appreciably from those determined 

by the dilution technique, f 4c.

b. Measurement of turbidities leu than 

40 NTU: Thoroughly shake sample. Wail 

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 I 

to 2 s, causing complete bubble release. 

Read turbidity directly from instrument 

scale or from appropriate calibration curve.

c. Measurement of turbidities above 40 

NTU: Dilute sample with one or more vob 

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.

f AMCO-A t PA -1 SiimJitd. Advanced Polymer Sytlcrm, 
1696 C Haven A*< . Redwood City. Calif

S. Calculation

Nephelometric turbidity unirs (NTU)

_ A X (B + C)

C

where:

A “ NTU found in dilured sample,

B ** volume of dilution water, mL, and 

C = sample volume taken for dilution. mL.

6. Interpretation of Results

a. Report turbidity readings as follows:

Repon to the
Turbidity Range Nearest

NTU NTU

0-10 0 05

I -10 0|

10-40 |

40-100 s

100-400 |0

400-1000 50 '

> 1000 100

b. For comparison of water treatment 

efficiencies estimate turbidity more closely 

than is specified above. Uncertainties and 

discrepancies in turbidity measurements 

make it unlikely that two or more labo

ratories will duplicate results on the same 

sample more closely than specified

TURBIDITY/Visual Methods 13/

214 B. Visual Methods—Jackson Turbidity Units

I. 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 disappear —that is, to become in

distinguishable against the general back

ground illumination —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 lhat is free of 

rapidly settling debris and coarse sedi

ments. Diny glassware, the presence of air 

bubbles, and the effects of vibrations that 

disturb the surface visibility of the sample 

give false results.

2. Apparatus

a. Candle turbidimeter consisting of a 

glass lube calibrated according to Table 

214:1, a standard candle, and a support lhat 

aligns candle and tube. The glass lube and 

candle are supported in a vertical position 

so lhat the center line of the lube passes 

through the center line of the candle. The 

candle is supported by a spring-loaded cyl

inder designed to keep the top of the candle 

pressed against the top of the support as 

the candle gradually bums away. The top 

of the support for the candle is 7.6 cm 

below the bottom of the glass lube. The 

glass lube has a flat, polished optical-glass 

bottom and conforms to specifications for 

nessler tubes given in Section 102.6. It is 

graduated to read directly in ITU. Keep 

tube clean and free from scratches. Keep 

most of glass tube enclosed within a metal 

lube when observations are being made, 

both to protect against breakage and to 

exclude extraneous light

Use a candle made of beeswax and sper

maceti. designed in burn within the limits

of 114 to 126 grains/h To insure uniform 

results, keep flame as near constant sire 

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 bum candle for more Ilian 

a few minutes at a lime because the flame 

lends to increase in size. Before lighting 

candle each lime, remove any portions of 

charred wick that can be broken off easily 

when manipulated with the fingers.

b. Bottles for visual comparison: * 1

matched sel of l-L-capacity, glass-stop

pered bottles made of borosilicatc or other 

resistant glass

3. Preparation ol Standard Suspensions

a. Turbidity-free svater: See Section 

2l4A.3o.

b. I'isual comparison standards: Prepare 

from natural turbid water or kaolin.

1) Natural water—For best results, pre

pare from natural turbid water from the 

same source as that to be tested. Determine 

turbidity with candle turbidimeter, then di

lute portions of suspension to turbidity val

ues desired.

Weekly prepare suspensions of turbidi

ties below 23 units by diluting a freshly 

checked, more concentrated suspension.

2) Kaolin —Add approximately 3 g ka 

olin to I L distilled water, thoroughly ag

itate, and let stand for 24 h. Withdraw 

supernatant without disturbing sediment. 

Determine turbidity with candle turbidi

meter. Dilute to turbidity values desired 

Preserve standard suspensions by adding 

I g llgCI,/L suspension. Shake suspen

sions vigorously before each reading anil 

check monthly with candle toibidiniriei
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cr.nl hours lake sample, add Kl. and 

measure loial chlorine with a colorimetric 

method using a nesslcr lube to increase 

sensilivity. Do not use before last trace of 

free and combined chlorine has been re

moved.

Distilled water commonly contains am

monia and also may contain reducing 

agents. Collect good-quality distilled or 

deionized water in a scaled container from 

which water can be drawn by gravity. To 

the air inlet of the container add an II,S04 

trap consisting of a large lest lube hair filled 

with I + I H,SO, connected in series with 

a similar but empty test tube. Fit both test 

lubes with stoppers and inlet lubes termi

nating near the bottom or the tubes and 

outlet tubes terminating near the top of the 

tubes. Connect outlet lube of trap contain- 

ing HjSO. to the distilled water container, 

connect inlet tube to outlet of empty test 

tube. The empty test lube will prevent dis

charge to the atmosphere of II,SO, due to 

temperature-induced pressure changes. 

Stored in such a container, clilorine-de- 

mand-free water is stable for several weeks 

unless bacterial growth occurs.

b Tiirannn: Use one nl the loll,.wing

I) Ampcromclrie lilralion —Add 

0 02821V iodine litranl in small increments 

from a 1-mL buret or pipel. 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 to its original po

sition. Slop titration at end point when a 

small increment of iodine litranl gives a 

definite pointer deflection upscale and the 

pointer does not return promptly to its 

original position. Record volume of iodine 

litranl used to reach end point.

2) Colorimetric (iodine) titration —Add 

I mL starch solution and titrate with

0.0282A7 iodine to the first appearance of 

blue color that persists after complete mix

ing.

3) Colorimetric (iodale) titration-To 

suitable flask or casserole add 200 mL 

chlorine-demand-frce water and add. with l

4. Procedure

a. Preparation for titration:

I) Volume of sample—For chlorine con

centrations of 10 mg/L or less, titrate 200 

mL. For greater chlorine concentrations, 

use proportionately less sample and dilute 

to 200 mL with chlorine-dcmand-free 

water. Use a sample of such size that not 

more than 10 mL phenylarsine oxide so

lution is required.

2) I reparation for titration — Measure 5 

mL 0 005 64N reductanl for chlorine con

centrations from 2 to 5 mg/L, and 10 mL 

for concentrations of 5 to 10 mg/L, into a 

flask or casserole for titration with stand

ard iodine or iodale Start stirring. For li

lralion by amperometry or standard iodine, 

also add excess Kl (approximately I g) and 

4 inL acetate buffer solution or enough to 

reduce the pll to between 3.5 and 4 2.

agitation, the required volume of rcduc- 

lant, an excess of Kl (approximately 0.5 

g), 2 mL 10% 11,1*0, solution, and I mL 

starch solution in the order given, and ti

trate immediately* with 0 005 64/V iodate 

solution to the first appearance of a blue 

color that persists after complete mixing 

Designate volume of iodale solution used 

as A. Repeal procedure, substituting 200 

mL sample for the 200 mL chlorine de

mand-free water. If sample is colored or 

turbid, titrate to the first change in color, 

using for comparison another portion of 

sample with II,PO. added Designate this 

volume of iodale solution as B

•Timnon no, bt tlc|j,c,l u|> in |(J nun uillioul »ppi< 

cubic corn It II.PO. >. not »<Jdrd urn,I i,„„,c,Inlet, be bio

l it f anon
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5. Calculation

*j. Titration with \litmiurd iodine:

(.4 - 5 0) x 200 
mg Cl d\ C'1,/1 - —--------— ----------

where:

A = ml- 0 005 W ,V rcduciant.

B = mL 00282.V I,, and 

C - mL sample

b iitranon with \tondan! iodate

mg Cl as Cl,/L
(.4 B) X 200

where:

A — mL Na(S,0,.
B = mL iodate required to titrate Na,SfO,. 

and
C — mL sample

408 C. Amperomelric Titration Method

t. General Discussion

Amperomelric lilralion requires a higher 

degree of skill and care than the colori

metric methods Chlorine residuals over 2 

mg/L arc measured best by means of 

smaller samples or h) dilution with water 

that has neither residual chlorine nor a 

chlorine demand. The method can be used 

to determine total chlorine and can dif

ferentiate between free and combined 

chlorine. A further differentiation into 

monochloramine and dichloramine frac

tions is possible by contiol of Kl concen

tration and pll.

a. Principle: The anipciometric method 

is a special adaptation of the polarographic 

principle. Free chlorine is titrated at a pll 

between 6 5 and 7.5, a range in which the 

combined chlorine reads slow ly The com

bined chlorine, in nun, is titrated in the 

presence of the proper amount of KI in the 

pll range 3 5 to 4 5 When free chlorine is 

determined, llie pll must not be greater 

than 7 5 because the icactinii becomes slug

gish at higher pll values, nor less than 6.5 

because at lower pll tallies some combined 

chlorine may react even in the absence of 

iodide When combined chlorine is deter

mined, the pll must not he less than 3 5 

because substances such as oxnli/ed nun

ganese interfere at lower pH values, nor 

greater than 4.5 because the iodide reaction 

is not quantitative at higher pit values. The 

tendency of monochloramine to react more 

icadily w ith iodide than does dichloramine 

provides a means for further differentia

tion The addition of a small amount of Kl 

in the neutral pll range enables estimation 

of monochloramine content. Lowering the 

pll into the acid range and increasing the 

Kl 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 delect the end point 

of the residual chlorine-phenylaisine oxide 

lilralion The cell consists of a nonpolai 

irahlc reference electrode that is immersed 

in a salt solution and a readily polarizable 

noble-metal electrode that is in contact 

both with the salt solution and the sample 

being titrated In some applications, end

point selectivity is improved by adding 

E 200 mV to the platinum electrode versus 

silver, silver chloride Another approach to 

cud point detection uses ilu.il pl.iiimiin
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electrodes, a mercury cell with voltage di

vider to impress a potential across the elec

trodes, and a microammeter. If there is no 

chlorine residual in the sample, the mi- 

croammcter reading will be comparatively 

low because of cell polarization. The 

greater the residual, the greater the mi

croammeter reading The meter acts 

merely as a null-point indicator—.that is, 

the actual meter reading is nni important, 

but rather the relative readings as the .ti

tration proceeds. The gradual addition of 

phenylarsine oxide causes the cell to be

come more and more polarized because of 

the decrease in chlorine. Tin- end point is 

recognized when no further decrease iri me

ter reading can be obtained by adding more 

phenylarsine oxide.

b. lnter/erence:Accurate determinations 

of free chlorine cannot be made in the pres

ence of nitrogen trichloride, NCI,, or chlo

rine dioxide, which titrate partly as free 

chlorine. Wheri present, NCI, can titrate 

partly as free, chlorine and parlly as di- 

chloramine, contributing a positive error in 

both fractions. Some organic chloramines 

also can be titrated in each step. Mono

chloramine can intrude into the free chlo

rine fraction and dichloramine can inter

fere in the monochloramine fraction, 

especially at high temperatures and pro

longed titration times. Free halogens other 

than chlorine also will titrate as free chlo

rine. Combined chlorine reacts with iodide 

ions to produce iodine. When titration for 

free chlorine follows a combined chlorine 

titration, which requires addition of Kl, 

erroneous results may occur 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 after 

heavy copper sulfate treatment of reser

voirs, with metallic copper plating out on 

the electrode. Silver ions also poison ihe 

electrode Interference occm in some 

highly colored waters and ... f ilers con

taining surface-active agents Very low

temperatures slow response of measuring 

cell and longer time is required for the 

titration, but precision is not affected A 

reduction in reaction rate is caused by p|| 

values above 7.5; overcome this by buff, 

ering all samples to pH 7 0 or less On the 

other hand, some substances, such as man

ganese, nitrite, and iron, do not interfere. 

The violent stirring of some commercial 

lilralors can lower chlorine values by vol

atilization.. When dilution is used for sam

ples containing high chlorine content, take 

care that the dilution water is free of chlo

rine and ammonia and possesses no chlo

rine demand.

See 408.1 for a discussion of other in

terferences.

2. Apparatus ,

. a. End-point detection apparatus, con

sisting of a cell unit connected tb a mi

croammeter, with necessary electrical 

accessories. The cell unit includes a noble- 

metal electrode of sufficient surface area, a 

salt bridge to provide an electrical connec

tion without diffusion of electrolyte, and a 

reference electrode of silver-silver chloride 

in a saturated sodium chloride solution 

connected into the circuit by means of the 

salt bridge.

Keep noble-metal electrode free of de

posits and foreign matter. Vigorous chem

ical cleaning 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 undissolvcj salt at all 

times. A cell with two inelal electrodes po

larized by a small DC potential also may 

be used (See Bibliography )

b Agitator, designed to give adequate 

agitation at Ihe nohle-inetal electrode sur

face to iitsiiie proper sen-.itoity llior-

>•

*■

a
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oughly clean agitator and exposed 

electrode system to remove all chlorine- 

consuming contaminants by immersing 

them in water containing I to 2 mg/L free 

chlorine for a few minutes.- Add Kl to Ihe 

same water and let agitator and electrodes 

remain immersed for 5 min. After thor

ough rinsing with chlorine-demand-free 

water or ihe sample to be tested, sensitized 

electrodes and agitator are ready for use. 

Remove iodide reagent completely from 

cell.

c. Buret: Commercial tilralors usually 

are equipped with suitable burets (I ml.) 

Manual burets arc available.*

d. Glassware, exposed to water contain 

ing at least 10 mg/L chlorine for J h or 

more before use and rinsed with chlorine- 

demand-free water.

3 Reagents

a. Standard phenylarsine oxide titrant: 

See Method 408B.3n.

b. Phosphate buffe •olution, pi I 7: Dis

solve 25.4 g anhydrous KH,P04 and 34.1 

g anhydrous Na,IIPO, 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 free chlorine still remains 

in the solution Then expose to sunlight 

until no chlorine remains. If necessary, 

carry out the final dechlorination with an 

ultraviolet lamp Determine that no total 

chlorine remains by adding Kl and meas

uring with one of the colorimetric tests. 

Dilute to I I. Willi dislilled water and filler 

if any precipitate is present.

c Potassium iodide solution Dissolve 50 

g Kl and dilute to I I. with fleshly boiled 

and cooled dislilled water Store in the dark 

ill a brown glass sioppcicd bollle. prefer

ably in llic refrigerator Discard ulicn so- 

I ii I ion becomes yellow

•Kim.,, Illllll. S .'.I l.ml.li- I',...I...I- II" IIOS

d Ace! 'offer solution, pll 4 So:

Method -i .> 3e.

4 Procedure

a. Sample volume: Select a sample vol

ume requiring no more than 2 mL plien- 

ylarsine oxide titrant. Ihus, for chlorine 

concentrations of 2 mg/I. or less, lake a 

200 mL sample; for chlorine levels in ex 

cess of 2 mg/L. use 100 ml. or propor 

lionately less.

b. Free chlorine: Unless sample-pll is 

known to be between 6.5 and 7.5, add I 

mL pll 7 phosphate buffer solution to pro 

duce a pll of 6.5 to 7.5 Titrate with stand 

ard phenylarsine oxide titrant. observing 

current changes on microammeicr. Add ti- 

tranl in progressively smaller increments 

until all needle movement ceases. Make 

successive buret readings when needle ac 

lion becomes sluggish, signaling approach 

of end point Subtract last very small in

crement'that causes no needle response be 

cause of overtitr.itiou

Continue titrating for combined chlorine 

as described in 1 4c below or for the sep

arate monochloramine and dichloraminc 

fraciions as detailed in (is 4e and 4f

c. Combined chlorine: To sample re

maining from free-chlorine titration add 

1.00 ml. Kl solution and I ml. acetate 

buffer solution, in that order Titrate with 

phenylarsine oxide titrant to the end point, 

as above. Do not refill buret but simply 

continue titration after recording figure for 

free chlorine. Again subtract last increment 

to give amount of titrant actually used in 

reaction with chlorine (If titration was 

continued without refilling buret, this I ,, 

ure represents total chlorine Subtracting 

free chlorine from total gives combined 

chlorine ) Wash apparatus and sample cell 

thoroughly to remove iodide ion to avoid 

inaccuracies when Ihe tilratoi is used sub 

sequenlly for a free chlorine determination

d Separate samples If desired, deter 

iiiiiii- total chlorine and free chlnimc on

I..1..1. nit..
sep.ii.ile samples If s;iiii|*le pll is hclaeeii
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J 5 and 9 total chlorine alone is re-

qmred. treat sample immediately with | 

Kl S1°lu",,n followed by I „,l. acelaie 

buffer solution, and titrate with phenylar- 

stne oxide titranl as described in fl 4c pre- 

ceding. 1

c Monoch/oramme: After titrating for 

free chlorine, add 0 2 mL Kl solution to 

same sample and. uitlto.tt rclilling buret

::::l,l;ion P».enylar,ine oxutc 

' ' 10 fnd I"""' Sob'rac. last increment

.o i^tr;ztZ'zLr‘KMr

uu I mL Kl solution to same
hoot d fina' diC,l,0ra">'"' frac-

hon as desenbed above

5 Calculation

Comerl individual turatmm. fl„ fftc 

chlorine combined chlorine, total chlorine

“chloramine. *"‘1 ‘Jicblorumi„c by ,he

following equation:

>"K >1 is i t, 'I < v Ji > i
ml

where:

A = mL pbenyljrsiiic node „l,a„on

6. Precision and Accuracy 

See 408A 5

408 D. DPD Ferrous Titrimelric Method

I General Discussion

o Principle: N.N-dielhyl-p-phenylene- 
diamine (DPD, ,s used as an indicator in 

•he litrtmetric procedure with ferrous am- 

momum sulfate (FAS). Where complete 
differentiation of chlorine species is no. re- 

qu.red. the procedure may be simplified to

LlSnt »'

In the absence of iodide 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- 

ca ly to cause monochloramine to produce 

color. Addition of iodide ion to excess 

evokes a rapid response feom dichloramine 

In the presence of iodide ion. pan or the 

nitrogen trichloride (NCI,) is included with 

dichloramine and pan with free chlorine 

A supplementary procedure based on add

ing iodide ion before DPD permits es.i-

:rcnh8,oprnionofNc,-a-—^

Chlorine dioxide (CIO,) appears, to the

f^fn' <’f 0nc'hr,h of its total chlorine con-

from CIO Ch,0rinC A ful1 rcsP°nse 
from CIO,, corresponding to its total chlo

rine content, may be obtained if the sample

bnandaCh,fiCd ,he pr"c,,cc °r '"dide 

•on and subsequently is brought back to an

approximately neutral p|| by ;1(1(ljlle bj
arbonaIe ,on Uromjne bromamjn 6

mdme react with DPD indicator and ap- 

pear with free chlorine. 1

b. pH control: For accurate results care

dH of^6C?,|*r<r; essenlia1, A. the proper 

pH of 6.2 to 6 5. the red colors produced

may be titrated to sharp colorless end 

points^ Titrate at soon a, ,,,/ color 
formed m each step Too low a p|| i„ ,|lc 

first step tends to make ihe monochlora-

mmc show ,n the free-chlormesiep and the
dichloramine in the monochloramine step 

Too high a pH causes dissolved oxygen to 

give a color.

c. Temperature control: In all methods 
for differentiating free chlorine from chlo

ramines. higher temperatures increase ihe 

tendency for chloramines to read and lead

CHLOniNE (RESlDUAl j/DPD Fer.ous Mnmctnc Method

.10/

11 Iscl app.uenl 11ce chi,nme rcsnlls
Higher lempei......res also increase color

fading Complete measurements rapidly, 

especially ai higher temperature 

d Interference: The most significant in

terfering substance likely to be encountered 

in water is oxidized manganese To correct 

for Ibis, place 5 ml. buffer solution and 0 5 
ml sodium arscmle solution in the litralion 

flask Add 100 ml. sample and mix. Add 

5 ml. DPI) indicator solution, mix. and 

titrate with standard FAS titranl until red 

color is discharged Subtract reading ftom 

Reading .4 obtained by the normal proce

dure as described in l Jnl) of this method 

or from the total chlorine reading obtained 

in the simplified procedure given in (] 3a4),

If the combined reagent in powder form 

(see below) is used, first add Kl and ar- 

seniie to the sample and mix, then add 

combined buffer-indicator reagent.

As an alternative to sodium arsenile use 

a 0 25% soliiiion of thioacelamide, adding 

0.5 mL to 100 ml. sample.

Interference by copper up to approxi 

mately 10 mg Cu/I. is overcome by the 

EDTA incorporated in the reagents 

CDTA enhances stability of DPD indicator 

solution by retarding deterioration due to 

oxidation, and in the test itself, provides 

suppression of dissolved oxygen errors by 

preventing trace ntclal catalysis 

High concentrations of-combined clilo 

tine can break llunugh into the free chlo

rine fraction At I0*C this amounts to 2% 

and at 25 C to 4% of the ntunochloramine 

present that reacts after standing I min 

Adding thioacelamide (0 5 mL 0 25% so 

lulion to 100 ml.) immediately after mixing 

DPD reagent with sample completely slops 

further reaction with combined chlorine in 

Ihe free chlorine measurement Continue 

immediately with FAS titration to obtain 

free chlorine Obtain total chlorine from 

Ihe nnimal procedure, ie. without using 

thioacelamide

ffecause high cuuceiili.itions of iodide 

• ue used In measure combined chlorine and

only traces of iodide gteally increase chin 

raiinne interference in free chlorine me.lv 

urements. lake cate to avoid iodide 

contamination by rinsing between samples 

or using separate glassware.

See 408.1 for a discussion of oilici m 

ictfercnccs

<• Minimum delectable concenlrati.m
Approximately 18 pg Cl as Cl,/L.

2 Reagents

a Phosphate buffer solution: Dissolve 24 

g anhydrous Na.HPO, and 46 g anhydrous 

KH,PO, in distilled water. Combine with 

100 mL distilled water in which 800 mg 

disodium efhylenediamine tetraacetate di- 

hydralc (FDTA) have been dissolved Di 

lute to I L with distilled water and add 20 

m8 HgCI, to prevent mold growth and in

terference in the free chlorine lest caused 

by any trace amounts of iodide in Ihe re

agents (Caution: Hgd, is toxic-take 
care to avoid ingestion).

b Af N-Diethyl-p-phenylenediaminc 
(DPD) indicator solution Dissolve I g DPI) 

oxalate.* or 15 g DPD sulfate penlahy 

drate.f or I I g anhydrous DPD sulfate in 

chlorine-free distilled water containing 8 

mL I 4 ) II.SO. and 200 mg disodiuin 

EDTA Make up to I 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 absorbance at 515 nm exceeds 0 002/ 

cm (The buffer and indicator sulfate are 

available commercially as a combined re 

agent in stable powder form ) Caution 

The oxalate it toxic-take care to avoid 
ingestion.

c. Standard ferrous ammonium sal 

fate (FAS) titranl: Dissolve 1.106 g 

Fc(NH,),(SO,).-611,0 in distilled water 

containing I ml. I + j 11,SO. and make

‘I jllni.n chemical No 1101 or en„i..lc„i 
(Available from Gallard Schlevin|ei Chen.,, .1 MO 
t . )M Mtnroh <*•»!«" |»|.,.N V I l'| I
fi|MI> lll*«H
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up lo I 1. uitf^Kshly boiled and cooled 

distilled water. This standard may be used 

for I month, and the titer cheeked by po

tassium dichromate. For this purpose add 

10 mL I + 5 H,S041 5 mL cone H,P041 

and 2 mL 0 1% barium diphenylamine sul

fonate indicator lo a lOOmL sample of 

FAS and titrate with 0 100/V primary 

Standard potassium dichromate to a violet 

end point that persists for 30 s. The FAS 

lilrant is equivalent to 100 pg Cl as Cl./

I 00 mL.

d. Potassium iodide. Kl, crystals.

e. Potassium iodide solution: Dissolve 

500 mg KI and dilute to 100 mL, using 

freshly boiled and cooled distilled water. 

Store in a brown glass-stoppered bottle, 

preferably in a refrigerator. Discard when 

Solution becomes yellow.

/ Potassium dichromate solution: See 

408A.2r2).

g. Barium diphenylaminesulfonate.

0 1%. Dissolve 0.1 g (C.H.NMC.H.4 

SO,),Ba in 100 mL distilled water.

A. Sodium arsenite solution: Dissolve J O 

g NaAsO, in distilled water and dilute lo

1 L. (Caution: Toxic—take care to atroid 

ingestion.)

i Thioocetamide solution: Dissolve 250 

mg CH,CSNH, in 100 mL distilled water. 

(Caution: Cancer suspect agent. Take care 

to a raid skin contact or ingestion.)

j- Chlorine-demand-free water: See

408B 3m

3. Procedure

The quantities given below are suitable 

for concentrations of total chlorine up to 

5 mg/L. If total chlorine exceeds 5 mg/L, 

use a smaller sample and dilute to a total 

volume of I0O mL. Mix usual volumes of 

buffer reagent and DPD indicator solution, 

or usual amount of DPD powder, with dis

tilled water before adding sufficient sample 

to bring total volume to 100 mL. (If sample 

is added before buffer, test docs not work.)

a. Free chlorine or chloramine: Place 5 

mL each of buffer reagent and DPD in-

dicalor solution in liir.ilmn llask and mix 

(or use about 500 mg DPI) powder) Add 

100 mL sample, or diluted sample, and 

mix.

1) Free chlorine —Titrate rapidly with 

standard FAS lilrant until red color is dis

charged (Reading A).

2) Monochloramine —Add one very 

small crystal of Kl (about 0 5 mg) or 0 1 

mL (2 drops) Kl solution and mix. Con

tinue titrating until red color is discharged 

•gain (Reading B).

Dichloramine — Add several crystals 

Kl (about I g) and mix lo dissolve. Let 

stand for 2 min and continue titrating until 

red color is discharged (Reading Q For 

dichloramine concentrations greater than 

I mg/L, let stand 2 min more if color drift- 

back indicates slightly incomplete reaction. 

When dichloramine concentrations are not 

expected to be high, use half the specified 

amount of Kl.

4) Simplified procedure for free and com

bined chlorine or total chlorine—Omit 2) 

above lo obtain monochloramine and di- 

chloramine together as combined chlorine.

To obtain total chlorine in one reading, add 

full amount of Kl at the start, with the 

specified amounts of buffer reagent and 

DPD indicator, and titrate after 2 min 

standing.

b Nitrogen trichloride: Place one very 

small crystal of Kl (about 0 5 mg) or 0 1 

mL Kl solution in a titration flask. Add 

100 mL sample and mix. Add contents lo 

a second flask containing 5 ml. each of 

buffer reagent and DPD indicator solution 

(or add about 500 mg DPD powder direct 

lo the first flask) Titrate rapidly with 

standard FAS tilranl until red color is dis

charged (Reading N)

4. Calculation

Fora 100-mL sample. I 00 ml. standard 

FAS lilrant = 1.00 mg Cl as Cl./L
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K railing N< 1, Altvrnl NCI, I’mciit

A 1'icc Cl Tree Cl

BA Nil,Cl NH.CI

C B NIICI, NIICI, +

NCI,

,v Free Cl +

/(NCI,

2(A'4) —
NCI,

C-N —
NIICI,

In the evcnl trial monochloramine is

present with NCI,, it will be included in N, 

in which case obtain NCI, from 2(N-8)

Chlorine dioxide, if present, is included 

in A lo the extent of one-fifth of its total 

chlorine content.

In the simplified procedure for free and 

combined chlorine, only A (free Cl) and C 

(total Cl) are required. Obtain combined 

chlorine from C—A.

The result obtained in the simplified total 

chlorine procedure corresponds lo C.

5. Precision and Accuracy

See 408A 5

408 E. DPD Colorimetric Method

I. General Discussion

a. Principle: This is a colorimetric ver

sion of the DPD method and is based on 

the same principles. Instead of titration 

with standard ferrous ammonium sulfate 

(FAS) solution as in the litrimclric method, 

a colorimetric procedure is used.

b. Interference: See 408.1 and 408D \d 

Compensate for color and turbidity by us

ing sample to zero photometer.

c. Minimum detectable concentration: 

Approximately 10 pg Cl as Cl,/L.

2. Apparatus

Colorimetric equipment: One of the fol

lowing is required:

a. Spectrophotometer, for use at a wave

length of 515 nm and providing a light path 

of I cm or longer

b Filter photometer, equipped with a fil

ler having maximum transmission in the 

wavelength range of 490 lo 530 nm and 

providing a light path of I cm or longer.

c. Glassware: Use separate glassware, in

cluding separate spectrophotometer cells, 

for free and combined (dichloramine) 

measurements, lo avoid iodide contami

nation in free chlorine measurement.

3 Reagents

See Section 408D.2a, b, d, c. h. i. and j 

4. Procedure

a. Calibration of photometer or color

imeter: Calibrate instrument with chlorine 

(I) or potassium permanganate (2) solu

tions.

1) Chlorine solutions —Prepare chlorine 

standards in the range of 005 to 4 mg/L 

from about 100 mg/L chlorine water stand 

ardized as directed in Section 409A.3g. Use 

chlorinc-demaud-free water and glassware 

to prepare these standards. Develop color 

by first placing 5 mL phosphate buffer so

lution and 5 ml. DPD indicator reagent in 

flask and then adding 100 mL chlorine 

standard with thorough mixing as de

scribed in b and c below. Fill photometer 

or colorimeter cell from flask and read 

color at 515 nm Return cell contents lo 

flask and titrate with standard FAS lilrant 

as a check on chlorine concentration.

2) Potassium permanganate solo 

lions —Prepare a slock solution containing 

891 mg KMnO./IOOO mL. Dilute I0IX) 

mL stock solution In 100 mL with distilled 

water in a volumetric flask. When I mL of 

this solution is diluted to 100 ml. with
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mercial product,} a stable powdered mix

ture containing 42.8% KIISO, by weight 

and a mixture of KIISO, and K,SO,. Dis

solve 1.0 g powder in water and dilute to

1 I

4. Procedure

a Calibration of photometer: Prepare 

chlorine standards in the range of 00] to

2 mg/L by diluting the chlorine water 

standardized as directed in Section 

409A.Jg. Prepare separate calibration 

curves for free available chlorine and total 

chlorine as described in fs 4b and c below.

b. Free chlorine: Measure 100 ml. dilute 

chlorine solution into a 230-mL beaker. 

Add 2.0 tnL pH 4.0 buffer solution and 

mix. Fill pipet to mark with LCV indicator 

and place pipe! lip just under beaker spout. 

Let 2.0 mL of indicator flow down inside 

glass surface into sample with minimum 

agitation. Stir sample to develop color. For 

best reproducibility add I.CV indicator and 

stir sample to develop color in a standard

ized manner. Compare absorbance meas

ured at 592 nm with calibration curve and 

report result as milligrams free chlorine per 

liter.

c Total chlorine:

1) Concentration below 2.0 mg/ 

L—Measure 100 mL sample into suitable 

flask and add 2.0 mL buffer solution, pll 

4.0. Add 1.0 mL KI solution. Mix and wait 

at least 60 s. Add 2.0 mL LCV indicator, 

mix, and dilute to 200 mL. Read absorb

ance photometrically at 392 nm and com

pare with calibration curve.

2) Concentrations above 2.0 mg/

L — Dilute sample with water so that when 

sample is treated with reagents in I) above, 

the absorbance may be read from the cal

ibration curve. Apply the appropriate di

lution factor and report result as 

milligrams total chlorine per liter.

d. Elimination of interference from high

fOtonc. t product of E I du I’oni tic Nciuouii and Co .
Inc Wilmington, Del, or equivalent.

concentrations of combined chlorine: To tie- 

termine free chlorine in the presence of 

high concentrations of combined chlonne, 

immediately add 10.0 mL NaAsO, solution 

after adding and mixing 2.0 ml. I.CV in

dicator. Compare photometrically with 

standards prepared by adding 10 0 mL dis

tilled water after adding indicator to com

pensate for dilution by NaAsO, solution.

e. Compensation for manganic [Ain 

(IV)I manganese: For free chlorine deter

mination, follow the procedure given in 

1 4b and record absorbance as A,. To a 

second 100-mL sample, add 0.8 mL IN 

NaOH. Add 2.0 mL dilute NaAsO, solu

tion and let react for 2 min. Add 4.0 mL 

potassium peroxynronosulfuie solution, 

and wait 1.0 min. Add 4.0 mL pH 4.0 

buffer and 2.0 mL LCV indicator, mix, and 

record absorbance as A,. Calculate absorb

ance. A,, due to free chlorine as follows:

.4, .4, 10*4.4,

Refer absorbance .4, to the free chlorine 

standard curve to obtain free chlorine con

centration.

For total chlorine determination, make 

the total chlorine lest as in 1 4c and record 

absorbance as Bt. To a second 100-mL sam

ple, add l/V NaOII (approximately 0.8 ml.) 

lo adjust to pH II 0. Add dilute NaAsO,, 

potassium peroxymonosulfalc. pH 40 

buffer, and LCV indicator solutions as in 

| 4c. Dilute lo 200 mL and record absorb

ance as Bt. Calculate absorbance, B„ due 

to total chlorine as follows:

n, it, «,

Refer absorbance II, lo total chlorine stand

ard curve to obtain total chlorine concen

tration.

/ Compensation for turbidity and color 

Compensate for interference by natural 

color or turbidity by measuring sample ab

sorbance at 392 nm and subtracting this
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rcailmg from ahsoili.mce ol treated lice or 

total chlorine sample

5 Calculation

nig/ I Irll.ll ( I .i\ ( I
A v 100

ml. sample

where
.t - ittul cliloiiiic in mg ' I nurjsoic.1 *'t .It 

luted sample.

B total chlonne m mg/I »n sample, jml 

C =• free chlorine in mg/I.

6 Precision and Accuracy

ilig/l. combined t‘l as Cl, - B ~ C Sec 408A.5.

i

400 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 lo It) 

mg/L. A saturated solution of syriugal- 

d.azine (J.5 dimeihnxy-4-hydroxybenzal 

tlaziuc) -in 2-propaiinl is used 

Syringaldazine is stable when stored as a 

solid or as a solution in 2-propanol. It is 

oxidized by free chlorine on a LI molar 

basis to produce a colored product with an 

absorption maximum of 5 TO nm. The color 

product is only slightly soluble in water; 

therefore, at chlorine concentrations 

greater than I tng/L, the final reaction mix

ture must contain 2-propanol lo prevent 

product precipitation and color fading.

The optimum color and solubility (min

imum fading) are obtained in a solution 

having a pH between 6.5 and 6.8. At a pll 

less than 6, color development is slow and 

reproducibility is poor. At a pll greater 

than 7. the color develops rapidly but fades 

quickly A buffer is required to maintain 

the reaction mixiuic pll at approximately 

6 7 Care should he taken with waters of 

high acidity or alkalinity lo assure that the 

added butler maintains the proper pll

Temperature has a minimal effect on the 

color reaction The maximum error ob

served at temper.itmc extremes of 5 and 

T5‘C is i 10%

b Interferences: Interferences common 
to* other methods for determining free 
chlorine do not affect the FACTS proce
dure. Monochloramine concentrations up 
to 18 mg/L, dichloramine concentrations 

up to 10 mg/L. and manganese conccnlia 
lions (oxidized forms) up lo I mg/I. do 
not interfere Very high concentrations ol 
moiiochloramine (> 35 tng/1.) and oxi
dized manganese ( > 2.6 mg/L) produce a 
color with syringaldazine slowly. Feme 
iron can react with syringaldjzmc, how
ever, concentrations up to 10 mg/L do not 
interfere. Nitrite (<250 mg/L), nitrate 
(< 100 mg/L). sulfate ( < 1000 mg/L). and 
chloride (< 1000 mg/I ) do not interfere 
Waters with high hardness (> 500 mg/L) 
will produce a cloudy solution that can ho 

compensated for by using a blank or re
calibrating using the alternative buffer of 
Section 408E.)f. Oxygen does not interfeie

Other strong oxidizing agents, such as 
iodine, bromine, and ozone, will produce 

a color
c. Minimum detectable eoneenliotuui 

The FACTS procedure is sensitive to lie. 
chlorine concentrations of 0 1 ing/1 oi 

less

2 Apparatus

Colorimetric equipment One of the hd 

lowing is required:

a filler photometer. piosidin|i i belli
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distilled water,^^pToriiic equivalent of 1.00 

mg/L will be produced in the DPD reac

tion Prepare a series of KMnO, standards 

covering the chlorine equivalent range of 

0 05 to 4 mg/L. Develop color by first plac

ing 5 mL phosphate buffer and 5 mL DPD 

indicator reagent in flask and adding 100 

tnL. standard with thorough mixing as de- 

scritied in b and c below. Fill photometer 

or colorimeter cell from flask and read 

color at 515 nm. Return cell contents to 

flask and titrate with FAS tilranl as a check 

on any absorption of permanganate by dis

tilled water.

b. Volume of sample: Use a sample vol

ume appropriate to the photometer or col

orimeter. The following procedure is based 

on using 10-mL volumes; adjust reagent 

quantities proportionately for other sample 

volumes. Dilute sample with chlorine-de

mand-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 a test tube or photometer cell. Add 10 

mL sample and mix. Read color immedi

ately (Reading A).

d. Monochloramine: Continue by adding 

one very small crystal of KI (about 0.1 mg) 

and mix If dichloramine concentration is 

expected to be high, instead of small crystal

add 0.1 mL (2 drops) freshly prepared Kl 

solution (0.1 g/100 mL). Read color im

mediately (Reading B).

e. Dichloramine: Continue by adding 

several crystals of KI (about 0.1 g) and mix 

to dissolve. Let stand about 2 min and read 

color (Reading C).

/ Nitrogen trichloride: Place a very small 

crystal of KI (about 0.1 mg) in a clean test 

tube or photometer cell. Add 10 nil. sample 

and mix. To a second lube or cell add 0 5 

mL each of buffer and indicator reagents; 

mix. Add contents to first lube or cell and 

mix. Read color immediately (Reading N).

5. Calculation

Reading NO, Absent NCI. Present

A Free Cl Free G
BA Nil, Cl NH.CI
CB NIICI, NIICI, +

'/i NCI,
A'

— Free Cl + 

/.NO,
2 (N A) — NCI,

C-N — NIICI,

In the event that monochloramine is 

present with NCI„ it will be included in 

Reading N, in which case obtain NCI, from 

UNB)

400 F. Leuco Crystal Violet Method

I. 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'- 

melhylidynelris (N.N-dimethylaniline), 

also known as leuco crystal violet, reacts 

instantaneously with free chlorine to form 

a bluish color. Interference from combined

chlorine can be avoided by completing the 

lest within a 5-min interval.

The total chlorine determination in

volves the reaction of free and combined 

chlorine with iodide ion to produce hy- 

poiodous acid, which in turn 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 chlorine

b Interference: No significant ...teller

, | 

* I
: i

5
t
.4

>■ I
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cnee from combined chlorine occurs when 

free chlorine is determined within 5 min 

after indicator addition Fifteen minutes 

after adding indicator the apparent error 

in the free chlorine determination is about 

0 04 mg/L at 25'C in a sample containing 

5 0 mg/L combined chlorine

For combined chlorine concentrations 

above 5 0 mg/L use the arsenite 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 

absorbance due to manganic ion is deter

mined separately and subtracted from total 

absorbance to yield (hat produced by free 

chlorine alone.

Ferric and nitrate compounds do not in

terfere and nitrite ion does not interfere in 

the absence of monochloramine. Where ni

trile ion and monochloramine 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 matter or organic color is 

present, compensate by incorporating ap

propriate turbidity or color blanks into the 

visual or photometric procedures.

c. Minimum detectable concentration: 10 

pg free chlorine/!.; 5 pg total chlorine/!..

2 Apparatus

a Colorimetric equipment: One of the 

following is required:

1) Filler photometer, providing a light 

path of I cin or longer and equipped with 

an orange filler having maximum trans

mittance near 592 mu

2) Spectrophotometer, lor use al 592 nm, 

pinviding a light path of I cm or longer 

If cells become slamed, rinse wilh acetone

/» (I’/.mH-uri1 See 40St3 2rl

a Chlorine-demand free m aler: See

40811 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.

c. Buffer solution, pi I 4.0: Dissolve 4H0 

g glacial acetic acid and 146 g sodium ace

tate, NaC,H,t>„ or 243 g NaC.II.O, 

311,0, in 400 mL water and dilute to I I

d. Leuco cryttal violet (LCV) indicator 

Measure 500 ml. water and 14 0 ml. 85*7,. 

orlhophosphoric acid into a brown glass 

container of at least l-L capacity. Intro 

duce a magnetic stirring bar and mix at 

moderate speed. Add 3.0 g 4,4\4'-meih- 

ylidynetris-fN.N-dimelhylaniline)* and 

with a small amount of water wash down 

any reagent adhering to neck or sides of 

container. Add 2 7 g mercuric chloride, 

IlgCI,. and stir until dissolved (Caution: 

Label container with warning that IlgCI, is 

poisonous and corrosive )

Continue agitation until solution is com 

plcte Finally, add 500 ml. water Store in 

brown bottle al room temperature away 

from direct sunlight Discard after 6 

months. If a rubber stopper must be used, 

wrap wilh plastic wrapping material to pro 

tecl from contact with reagent

e. Potassium iodide solution: Dissolve 3 

g Kl in water and dilute to I L Store m 

a brown glass Ixitllc and ptoiect fiom sun 

light.

f Sodium hydroxide. I A1

g Dilute sodium arsenite solution Dis 

solve 26 mg NaAsO, in water and dilute 

to 100 ml.

h Sodium arsenite solution Dissolve 5 0 

g NaAsO, in water and dilute to I I. (Car 

Thin: Tosic -take care to avoid ingestion I

/ Potassium peroxymanosulfaie solution 

Obtain this reagent, KIISO,. as the loin

•i ,..ii li...... il N.i l(i5 I ... r.• I. ...
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410 B. Amperomelric Method

1. General Discussion
!

a. Principle: The amperomelric lilralion 

of CIO, is an extension of the amperomelric 

method for chlorine. By performing four 

titrations with phenylarsine oxide, free 

chlorine (including hypochlorite ami hy- 

pochlorous acid), chloramines, chlorite, 

CIO, may be determined separately. 

The first titration step consists of conver

sion of CIO, to chlorite and chlorate 

through addition of sufficient NaOH to 

produce a pH of 12, followed by neutral

ization to a pH of 7 and titration of free 

chlorine. In the second titration Kl is 

added to a sample that has been treated 

similarly with alkali and had the pH read

justed to 7; titration yields free chlorine 

and monochloramine. The third titration 

involves addition ofKI and pH adjustment 

lo 7. followed by titration of free chlorine, 

monochloramine, and one-fifth of the avail

able CIO,. In the fourth titration, addition 

of sufficient H,SO. to lower the pH to 2 

enables all available CIO, and chlorite, as 

well as the total free chlorine, to liberate 

an equivalent amount of iodine from the 

added KI and thus be titrated.

b. Interference: The interferences dc- 

scrilied in Section 408C lb apply also to 

determination of CIO,.

2. Apparatus

The apparatus required is given in Sec

tions 408C.2a through d.

3. Reagents

All reagents listed for the determination

of chlorine in Section 408C.J arc required 

Also needed are the following: 

a Sodium hydroxide. NaOII. 6.V 

b Sulfuric acid. 11 ,SO,. 6.V, I E 5

4. Procedure

Minimize effects of pll. time, and tem

perature of reaction by standardizing all 

conditions.

a Titration uffree mailable chlorine (hy

pochlorite and hypochlorous acid): Arid suf

ficient 6N NaOH lo raise sample pll to 12 

AHcr 10 min. add 6N 11,SO. lo lower pll 

to 7. Titrate with standard phenylarsine 

oxide litranl lo the amperomelric end point 

as given in Section 408C Record result as 

A.

b I it ration of free available chlorine and 

chloramine: Add 6TV NaOH to raise sample 

pH to 12. After 10 min, add 6.V II,SO, lo 

reduce pH lo 7. Add I ml. Kl solution. 

Titrate with standard phenylarsine oxide 

litrant to the amperomelric end point. Re

cord result as B.
C. Titration of free available chlorine 

chloramine, and one fifth of available CIO,: 

Adjust sample pH to 7 wnl, p|| 7 phos

phate buffer solution Add I ml Kl so 

lotion Titrate with standard phenylarsine 

oxide liiranl to the amperomelric end 

point Record result as C

d Titration of free available Odontic, 

chloramines. CIO., and chlorite Add I ml.

Kl solution to sample Ad.l sulTieienl b.V 

II,SO, to lower pll to 2 After III min. add 

sufficient 6N NaOII to raise pll 10 7 Ti 

Irate with standard phenylarsine oxide ti- 

Irani to the amperomelric end point. 

Record result as l)
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5 C.iltailnlion

. Con veil individual III 1.1111111 s (I. II. (. 

and D) 11110 clilnime eoncentialion by the 

following equation

tllg ( I iS l I / I
t: x 200

fill, sample

where

E " ml. pluml.irsmc mule liir.nion for 

each inJt'ivlu.il s imple A. B. C. or D

(.ilculilc <|(), .uni nulls itlii.il ililtiiiiii

fractions .is follows

mg CIO, as CIO./L = I 9 (C - B) 

mg CIO, as Cl,/L - 5 (C - B) 

mg free available clilorine/l. - A 

ing chloramine/1. as chlorine B - A 

mg chlorite /1. as chlorine = 4B — 5 C ♦ /)

410 C. DPD Method (TENTATIVE)

1 General Discussion

a. Principle: Tins mellind is an extension 

of the N.N diethyl p-pheiiylcnediamine 

(DI’D) method for determining free chlor

ine and chloramines m water CIO, appears 

in the first step of this procedure but only 

lo the extent of onc-fifih of its total avail

able chlorine coiiienl cot responding to re

duction of CIO. to chlorite ion If the 

sample is then acidified in the presence of 

iodide the chlorite also reacts. When neu

tralized by subsequent addition of bicar

bonate, the color thus produced 

corresponds lo die loial available chlorine 

content of the CIO, If chlorite is present 

in the sample, this will be included in the 

step involving aeidilicalioii and neutrab 

ration. Chlorite that did not result from 

CIO, reduction by (be procedure will cause 

a positive error equal lo twiee ibis eldorile 

concern ration In evaluating mixlures of 

these various clil.un-compounds, il is nec

essary lo suppress ficc chlorine by adding 

glycine before reading the sample with 

DI'O reagent Differentiation is based on 

the fact that glycine convetls lice eliloime 

instantaneously into cliloioaminoacetie 

acid but has no vlfcct on CIO,

b. Interference The interference by ox

idized manganese described in Seclinn 

4081) Id applies al-.n lo CIO. determina

tion Man ganesc interference appears as an 

increase in die first titrations after addition 

of DI’D. with or without Kl, and irre 

speclive of whether there has been prioi 

addition of glycine. Titration readings musi 

be corrected suitably Interference by chro

mate in wastewaters may be corrected son 

ilarly.

Iron contributed lo die sample by adding 

lei tons ammonium sulfate (FAS) litranl 

may activate chlorite so as lo interfere with 

the first end point of the titration. Suppress 

this effect with additional EDTA, disodium 

salt

2 Reagents

Reagents required in addition lo those 

for the Dl’D free-combined chlorine 

method as listed in Section 408D 2 are is 

follows:

a Glycine volution Dissolve Id g 

Nil,CII,COOII in 100 ml. distilled water.

h. Sulfuric acid solution Dilute 5 ml 

cone II,SO, to 100 ml. with distilled w.itei

c. Sodium bicarbonate solution: Dissolve 

27.5 g NallCO, in 500 mL distilled water 

d EDTA: Disodium sail of elhylenetli 

amine leir.i.n elic acid, solid
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3. Procedure

For samples containing more lhan 5 mg/ 

L total available chlorine follow the dilu

tion procedure given in Section 408D.3.

a. Chlorine dioxide: Add 2 mL glycine 

solution to 100 mL sample and mix. Place 

5 ml. each of hufTcr reagent and DI’D in

dicator solution in a separate titration flask 

and mix (or use aliout 500 mg DPD pow

der) Add about 200 nig EDTA. disodium 

salt. Then add glycine-treated sample and 

mix. Titrate rapidly with standard FAS li- 

Irant until red color is discharged (Reading

G)
b. Free available chlorine and chlora

mine: Using 4 second 100-mL sample fol

low the procedures of Section 408D.Jo 

adding about 200 mg EDTA, disodium 
salt, initially with the DPD reagents fcead- 

ings A, B, and Q.

c. Total available chlorine including 

chlorite: After obtaining Reading C add I 

mL H,SO, solution to the same sample in 

titration flask, mix. and let stand about 2 

min. Add J mL NatICO, solution, mix, 

and titrate (Reading D).

d. Colorimetric procedure: Instead of ti

tration with standard FAS solution, col

orimetric procedures may be used to obtain 

the readings at 'each stage. Calibrate col

orimeters with standard permanganate so

lution as directed in Section 408E4o. Use 

of additional EDTA, disodium salt, with 

the DPD reagents js not required in col

orimetric procedures.

4. Calculations

For 100 ml. sample. I ml. FAS solution 

= I mg available chlorine/L.

In the absence of chlorite:

Chlorine dioxide * SO (or I tC expressed as 

CIO,)

t ree available chlorine 1C 

Monochloramine — B — A 

Dichloramine — C - B 

Total available chlorine = C 4 4G

If the step leading to Reading B is omit

ted, monochloramine and dichloramine are 

obtained together when:

Combined available chlorine = C — A

If il is desired to check for presence of 

chlorilc in sample, obtain Reading D. 

Chlorite is indicated if D is greater than 

C + 4 C.

In the presence of chlorite:

Chlorine dioxide — SC (or 1.9G expressed 

as CIO,)

Chlorilc - 0 - (C 4- 4G)

Free available Chlorine «• A — C 

Monochlonminc ** B - A 

Dichloramine *= C — B 

Total available chlorine 3 D

If B is omilied.

Combined available chlorine -■ C - A

< I
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411 CHLORINE REQUIREMENT*

Chlorine demand is Ihe quaniily of 

chlorine lhai must he added lo a unii vol

ume of water to react with all the chlorine- 

readable materials. Ilecatise some chlori

nation processes do not require complete 

satisfaction of the chlorine demand, chlo

rine requirement is the more applicable 

term.

Chlorine requirement is the quantity of 

chlorine that must be added to a unit vol

ume of water under specified conditions 

(pH, contact lime, temperature) to achieve 

• specified result. Examples include the 

quantity of chlorine required to limit the 

maximum bacterial count in wastewater or 

to oxidize iron and manganese in a potable

'Apfiincil by MciImwIs Comimilcr. I'lll

water for subsequent removal lo specified 

levels.

Where applicable, chlorine residuals 

may be determined by any of the methods 

of Section 408; the same method must be 

used for both laboratory testiog and op

erational control.

In reporting results, include all condi

tions of testing such as pH, contact lime, 

temperature, and the analytical procedures 

used.

Chlorine requirement is not an absolute 

test and the results of laboratory studies 

must be applied with caution to plant op

erations The primary purpose of the lest 

is lo provide guidance in the conlrol of 

chlorination for disinfection or other pur

poses.

411 A. Method for Conlrol of Disinfection

1. General Discussion cases, it is bciicr determined in the plant.

under plant conditions, and with plant 
(hlnnnr mpimnnnl r.m he dclcrinincit equipment 

i*i» a pi.ml «n I.iImm.iI«m\ st.tlf I Mil. m iiim.I In tin- pi mi n .1. lit. Il.ss . >| w 1 1. s» >1. ,



arc sligli. because of llic presence
of bicarhon^^pnd carbonates of ilie alkali 

and alkaline earth metals

I General Discussion

a Principle: The basic principle of elec

trometric pH measurement is determina

tion of the activity of the hydrogen ions by 

potenliomclric measurement using a stand- 

mil hydrogen electrode and a leletenee 

elvi irode lire hydiogen clectnHle consists 

of a platinum electrode across which hy

drogen gas is bubbled at a pressure of 101 

kl’a. Because of difficulty in its use and the 

potential for poisoning the hydrogen elec

trode, the glass electrode commonly is 

used. The electromotive force (emf) pro

duced in the glass electrode system varies 

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 a , 

cannot be measured. pH is defined opera

tionally on a potenliomclric scale The pH 

measuring instrument is calibrated poten- 

liomelrically with an indicating (glass) 

electrode and a reference electrode using 

National Bureau of Standards buffers hav

ing assigned values so that:

pit. = - lug,,«„•

where:

pH, = assigned pit of NBS buffer

The operational pH scale is used to mea

sure sample pH and is defined as:

pH. = pll. F(F. - £.) 
2 30J RT

where:

pH. = potenliomclrically measured sample

pH.

P = Faraday: 9 649 X I0‘ coulomb/mole. 
E. — sample emf. V.

E, = buffer emf, V,

* = gas constant; * 314 joule/(mole 'K). 

and

T - absolute temperature. 'K

Noli: Although the ci|u:ilmn lor pll, ap
pears in the literature with a plus sign, the 
sign of emf readings in millivolts for most 
pll 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 
potential11

1 he activity scale gives values ih.it arc 

lugliei than those on SoreiisoiTs scale by 

0 04 units:

pH (acliviiy) = pit (Sorenson) I 004

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 £*, should be minimal. Samples must 

be dilute aqueous solutions of simple sol

utes (<0 2)f) (Choose buffers to bracket 

the sample ) Determination of pll cannot 

be made accurately in nonaqueous media, 

suspensions, colloids, or higli-ionic- 

strcngih solutions.

b Interference! The glass electrode is 

relatively free from interference from color, 

turbidity, colloidal matter, oxidants, re- 

duclanls, or high salinity, except for a so

dium error at pll > 10 Reduce this error 

by using special "low sodium error" elec

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 

lime to achieve thermal equilibrium. This 

can cause long term drift in pH Because 

chemical equilibrium affects pH. standard 

pH buffers have a specified pll at indicated 

temperatures

fc
'tc

iro
oe

pit

Always II p ul Iciiiper.ilure at which pll 

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 me immersed in 

the test solution. Many pH meters are ca

pable of reading pll or millivolts and some 

have scale expansion that permits reading 

to 0 001 pll unit, but most instruments are 

not that precise

for routine work use a pll meter ac

curate and reproducible toO I pll unit with 

a range of 0 to H and equipped with a 

temperature compensation adjustment 

Although manufacturers provide oper

ating instructions, the use of different de

scriptive terms may be confusing. For most 

instruments, there are two controls: inter

cept (set buffer, asymmetry, standardise) 

and slope (temperature, offset); their func

tions are shown diagramalically in Figures 

42): I and 2. The intercept control shifts 

the response curve laterally to pass through 

the isopolential point with no change in 

slope. This permits bringing the instrument

u;i i

on scale (0 mV) with a hullci lh.it

has no change in potential with tempera

ture

The slope control rotates the emf/pll 

slope about the isopolential point (0 mV/ 

pH 7) To adjust slope for temperature 

without disturbing the intercept, select a 

buffer that brackets the sample with pll 7 

buffer mid adjust slojie control to pll ,.| 

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.

The liquid junction of the reference elec

trode is critical because at this point the 

electrode forms a salt bridge with the sam

ple or buffer and a liquid junction potential 

is generated that in turn affects the poll n 

tial produced by the reference electrode 

Reference electrode junctions may be an 

nular ceramic, quartz, or asbestos fibei. 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 recommend.!

Ctrl ' out.ill dulls icspmsc curve I non.- -DJI l,pir.l pll chctruilc .......... . m,
.Her.ill) fiiurliun uf (entpemturr.
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linn nil use of flic reference elec

trode

Kelill nonsealed electrodes with the cor

rect electrolyte to proper level and make 

sure junction is properly wetted.

r. Glass electrode: The sensor electrode 

is a bulb of special glass containing a fixed 

concentration of HQ or a buffered chloride 

solution in contact with an internal refer

ence electrode. Upon immersion of a new 

electrode in a solution the outer bulb sur

face becomes hydrated and exchanges so

dium ions for hydrogen ions to build up a 

surface layer of hydrogen ions. This, to

gether with the repulsion of anions by fixed, 

negatively charged silicate sites, produces 

at the glass-solution interface a potential 

that is a function of hydrogen ion activity 

in solution.

Several types of glass 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 

I clow I standard glass electrodes yield er

roneously high values; use liquid mem

brane electrodes instead.

d. Beakers: Preferably use polyethylene 

ui TFE| beakers..

e. S.irrer Use either a magnetic, TFE- 

coati J stirring bar or a mechanical stirrer 

with inert plastic-coated impeller.

f. 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 ucrinalc work by weighing the 

amounts of -cals specified in Table 

423:1. dissol hstillcd water at 25'Q,

and diluting i I ml. This is particu

larly imporfaio l>oraic and carbonate

buffers.

Boil and cool distilled water having a 

conductivity of less than 2 pmhos/cm. To 

30 mL add I drop of saturated KQ 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 standard 

solutions.

Dry KH,PO, at 110 to ISO^C for 2 h 

before weighing but do not heat unstable 

hydrated potassium lelroxalale above 60*C 

nor 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 Bureau of Standards 

when the greatest accuracy is required. For 

routine analysis, use commercially avail

able buffer tablets, powders, or solutions of 

tested quality. In preparing buffer solutions 

from solid salts, insure complete solution.

As a rule, select and prepare buffer so

lutions classed as primary standards in Ta

ble 473 I; reserve secondary standards for 

extieme illusions encountered in waste

water measurements. Consult Table 42J:ll 

for accepted pH of standard buffer solu

tions at temperatures other than 25'C. In 

routine use, store buffer solutions and sam

ples in polyethylene bottles. Replace buffer 

solutions every 4 weeks.

b. Saturated potassium hydrogen tartrate 

solution: Shake vigorously an excess (3 to 

10 g) of finely crystalline KHC.II.O. with 

100 lii 300 ml. distilled water at 23*C in a 

glass-stoppered bottle. Separate clear so

lution from undissolved material by decan

tation or filtration. Preserve for 2 months 

or more by adding one thymol crystal (8 

mm diain) per 200 ml. solution.

c. Saturated calcium hydroxide solution: 

Calcine a well-washed, low-alkali grade 

CaCO, in a platinum dish by igniting forJTcAon oi equivalent

T
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I li at MKKJV; Cool, hydrate by slowly 

adding distilled water with stirring, and 

heat to boiling. Cool, filler, and collect solid 

Ca(OII). on a fritted glass filler of medium 

porosity. Dry at I l(TC, cool, and pulverize 

to uniformly line granules. Vigorously 

shake an excess of line granules with dis

tilled water in a stoppered polyethylene 

bottle, l et temperature come to 2VC after 

mixing. Filler supernatant under suction 

through a sintered glass filler 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, 0.12V 

IICI, 5N IICTI (dilute five volumes 6A' 1101 

with one volume distilled water), and acid 

potassium' fluoride solution (dissolve 2 g 

KF in 2 mL cone 11,SO, and dilute to IDO 

ml. with distilled water)

4. Procedure

a Instrument calibration: In each case 

follow manufacturer's instructions for pll 

meter and for storage and preparation of 

electrodes for use. Recommended solutions 

for short-term storage of electrodes vary 

w-ith type of electrode and manufacturer, 

but generally have a conductivity greater 

than 4000 pmhos/cm. Tap water is a better 

substitute than distilled water, but pll 4 

buffer is host fur the single glass electrode 

and saturated KCI is preferred for a cal

omel and Ag/AgCI reference electrode. 

Saturated KCI is the preferred solution for 

a combination electrode. Keep electrodes 

wet by returning them to storage solution 

whenever pll meter is not in use

Hcfore use, remove electrodes from stor

age solution, rinse, blot dry with a soft 

tissue, place in initial buffer solution, and 

set the isopolcntial point (fj 2a above) Se

lect a second buffer within 2 pll units of 

sample pll and bring sample and buffer to 

same temperature, which may be the room 

temperature, a fixed temperature such as 

25*C, or the temperature of a fresh sample 

Remove electrodes from first buffer, rinse

thoroughly with distilled w^^ttdot die. 

and immerse in second buffe^^^'ord lem 

peralure of measurement and adjust lem 

peralure dial on meter so that meter 

indicates pll value of buffer at test tem

perature (this is a slope adjustment)

Use the pll value listed in the tables I'.u 

the buffer used at the test temperature. Re 

move electrodes front second buffer, iiiim- 

thoroughly with distilled water and dry 

electrodes as indicated above. Immerse in 

a third buffer below pll 10, approximately 

J pH units different from the second; the 

reading should be within 0 1 unit for the 

pH of the third buffer. If the meter response- 

shows a difference greater than 0.1 pll unit 

from expected value, look for trouble with 

the electrodes or potentiometer (see ‘js 5u 

and b below).

The purpose of standardization is to ad 

just the response of the glass electrode to 

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 pll values vary widely, 

standardize for each sample with a buffet 

having a pH within I to 2 pH units of the 

sample.

b. Sample analysis Fstahlish equilibrium 

between electrodes and sample by Mining 

sample to insure homogeneity; slit gcnilv 

to minimize carlmn dioxide enlraiumem 

For buffered samples or those of high ionic 

Strength, condition electrodes after clean 

ing by dipping them into sample for I min 

Riot dry. immerse in a fresh portion of the 

same sample, and read pll

With dilute, poorly buffered solution-, 

equilibrate electrodes by immersing in 

three or four successive portions of s.unple 

Takc a fresh sample to measure pll

5 Trouble Shooting

a. Potentiometer: To locale trouble 

source disconnect electrodes and. using a 

short-circuit strap, connect reference cle,

i ;

i
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Irodc Icrmin^^^lass electrode terminal 

Observe change in pll 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 faulty poten

tiometer will Tail 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 

ii. . . .irumen! manual.

b Uectrodrt: If potentiometer is func

tioning properly, look for (he instrument 
fault m the electrode pair. Substitute one 

electrode at a time and cross-check with 

two buffers that are about 4 pll units apart.

A deviation greater than 0.1 pll unit in

dicates a faulty electrode. Glass electrodes 

Tail because of scratches, deterioration, or 

accumulation of debris on the glass surface 

Rejuvenate electrode by alternately im

mersing it three limes each in 0 l/V IICI 

and 0 IN NaOH ir this fails, immerse tip 

ill KF solution for 30 s. After rejuvenation, 

toak in p|| 7.0 buffer overnight. Rinse and 

store in pll 7 0 buffer. Rinse again with 

distilled water before use. Protein coalings 

can be removed by soaking glass electrodes 

m a 10% pepsin solution adjusted to pll 

I to 2.

To check reference electrode, oppose the 

T of a questionable reference electrode 

, ainst another one of the same type that 

is known to be good. Using an adapter, 

plug good reference electrode into glass 

electrode jack of potentiometer; then plug 

questioned electrode into reference elec

trode jack. Set meter to read millivolts and 

tike readings with both electrodes im

mersed in the same electrolyte (KCI) so 

lotion and then in the same buffer solution

The millivolt readings should l>e 0 t 5 niV 

lor both solutions If different electrodes 

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

calomel or vice versa, the reading will lie 

‘•4 2 5 mV for a good reference electrode

Reference clecliode iinuhlcs 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 lip or by boiling tip in distilled water 

until the electrolyte dow> freely when suc

tion is applied to lip or pressure is applied 

lo the fill hole Replaceable junctions are 

available commercially.

6. Precision and Accuracy

By careful use of a laboratory pll meter 

w-ilh good electrodes, a precision of ±002 

pH unit and an accuracy of ±00J pH unit 

can be achieved. However, i 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, repon pll values lo the nearest 

0 I pH unit A synthetic sample of a Clark 

anil l.uhs buffer solution of p|| 7 j was 

analyzed clcctroruelrically by 3(1 laliora- 

lories with a standard deviation of ±0 13 

pll unit.
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424 PHOSPHORUS*

I'hosphorus occurs in natural waters and 

in wastewaters almost solely as phosphates. 

These are classified as orthophosphates, 

condensed phosphates (pyro-, niela , anil 

other polyphosphates), and organically 

IkiiiiiiI phnsphalrs They occur in solution, 

in particles or detiiius, or in the bodies of 

aquatic organisms

' These forms uf pliospliale arise from a 

variety of sources Small amounts of ceriain 

condensed phosphates are added lo some 

water supplies during treatment Larger 

quantities of the same compounds inay be 

added when the water is used for launder

ing or other cleaning, because these ma

terials aic majoi constituents of many 

commercial cleaning preparations. Phos

phates are used extensively in the treatment 

of boiler waters Orthophosphates applied 

lo agricultural or residential cultivated 

land as fcrtihreis are earned into surface 

wains with storm runoff and lo a lesser 

extent with melting snmv Organic phos

phates arc fiitninl primarily by biological 

processes They ate eonlrihiiled lo sewage 

hy body uaslcs and fond tesidiics, and also 

may he formed from 01 Ihophosphales in

* Ajijili«« Ctl Its Slin.I.rJ Mll,-.| t

biological treatment processes a' by re

ceiving water biota.

Phosphorus is essential to the growth nl 

organisms and can be the nutrient that lim

its lire primary productivity of a body of 

water. In instances where phosphate is a 

growth-limiting nutrient, the discharge nl 

raw or treated 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 bollu'n se ll 

incuts and in biological sludges, both as 

precipitated inorganic forms and •:! :orpn- 

ralcd into organic compounds

I Definition ol Terms

Phosphorus analyses embody two gen 

cral procedural steps: (a) conversion o'the 

phosphorus form of interest to d'ssoivcd 

orthophosphate, and (h) colorim: .tic de

termination of dissolved orthophosphate 

The separation of phosphorus intc its car 

ions forms is defined analytically bill tin 

analytical differentiations have been sc 

lecled so that they may be used f ■- in 

Icrprenve purposes

filtration through in i') pm |.ic .linnI'M


