
STATE OF NEBRASKA 

January 26, 1993 

E. Benjamin Nekon 

Governor 

Ron McCutcheon 
Emergency Planning and Response Branch 
Envirormental Services Division 
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Dear Mr. McCutcheon: 

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

In response to your letter dated January 7, 1993, and received by us 
on January 19, 1993, ARARs specifically identified for the proposed Removal 
Action at Martell groundwater contamination site is as follows: 

i Title 179, Chapter 2, Section 007.02 (The Nebraska Department of 
Health: Regulations Governing Public Water Supply System) 
related to connection of one private well at Martell to a rural, 
water system. 

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

Sincerely, 

Rich Schlenker 
Superfund Unit Supervisor 
Hazardous Weiste Section 
Air and Waste Division 

RS/EC/sf 

Enclosure 

A h Equal Opportunity/Aff irmative Action Employer 

Printed with soy Ink on recyclod .paper 
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REV 5/92 

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

I. Nebraska Envirormental Protection Act 

CITATION 

Neb. Rev. St'at. Ch. 81 
Article 15 

A. Rules and Regulations Governing the 
Nebraska Pretreatment Program 

Neb. Adn. Rules & Regs 
Title 127 

B; Effluent Guidelines and Standards Neb. Adn. Rules & Regs 
Title 121 

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 

Neb. Adn. Rules & Regs 
Title 119 

Neb. Adn. Rules & Regs 
Title 122 

Neb. Adn. Rules & Regs 
Title 129 

Nebraska Surface Water Quality Standards Neb. Adn. Rules & Regs 
Title 117 

G. Ground Water Quality Standards and Use 
Classification 

Neb. Adn. Rules & Regs 
Title 118 

I i 

I I I 

H. Rules and Regulations Pertaining to 
Solid Waste Management 

I. Rules and Regulations Governing Hazardous 
Waste Management in Nebraska 

J. Rules and Regulations Pertaining to the 
Management of Wastes 

Water Well Standards and Contractors' 
Licensing Act 

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

Statutes Relating to Ground Water 

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 

Neb. Rev. Stat. Ch. 46 
Article 6 
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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 

CITATION 

Neb. Rev. Stat. Ch. 71 
Article 53 

Neb., Adn. Rules & Regs 
Title 179 

Neb. Rev. Stat. Ch. 31 
Article 10 

Flood Plain Rules 

B. , Rules Governing Flood Plain Management 

VI. Statutes Relating to Disposal Sites 

VII. Nebraska Nongame and Endangered 
Species Conservation Act 

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

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 

^"t. '^^'^i^-A^/2^..,;S:^^ ̂  ^ . u t ^ 
^i.-Ca<yf^.y ^ . 
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NEBRASKA DEPAETTMENT OF HEALTH 

BEGULAnONS GOVEBNING PUBLIC 
WATER SUPPLY SYSTEMS 

TITLE 179 NEBRASKA ADMINISTRATIVE CODE, 
CHAPTERS 

INCLUDING AMENDMENTS MADE THROUGH MARCH 80.1082 
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TTTLE 179 - NEBRASKA DEPARTMENT OF HEALTH 
CHAPTER 2 • REGULATIONS GOVEBNING PUBLIC WATER SUPPLY SYSTEMS 

001 GENERAL (INCLUDES AMENDMENTS MADE THROUGH MARCH 80,1992) 

001.01 DpfmitiwnM- As usod in thesc regulations, uuless the contcxt to be intdli^Ue Or 
prevent absurdity otherwise requires: 

001.01A 'Air Gap'means the unobstructed vertical distance throui^ the fi«e 
atmosphere bttwegn the lowest opffning from any pipe or iauoet supplying water 
to a tank, plumbingfiictureor other device and the flood lim of the receptor. 

001.01B Badcflow'means the undeairafale reversal of flow in a potaUe water 
distributian QFStem as a result of a cross connection. 

001.01C backflow Pivventer* means an assemb^ or means that prohibits the 
backflow of water into the potable water tapflfy. 

001.01D ^Badqveasure' means a prfsmirr, faifl^ier than the mip[ify pressure, 
catised by a pun^)^ elevated taxik, boiler, air/steam pressure, or any other "*—""; 
wfaidi mqy cause badflow. 

001.01E "W«'lr«ipti«i«g»' 
m the siQip^ ppng 

001 .01F Wi*gn1«*inn" wi—tw « jirni«»BB iMBWg itmptUmt. ftwirA—!• t » H itiwrmg t y 

whidi mBnidal and suapended «««***i«i« are destafailixed and agj^omerated into 
floes. 

flOLfifi ^^oumuniiy Water Siqqi^QyBtem'means a public water supp^qrstem 
^rtndi serves at least fifteen service oonneetians used fay year round residents or 
regular^ serves twenty-five year round residents. 

ftO'' ftiw "Confluent Growth' means a continuous bacterial growth covering the 
entire filtratian area of a menifarane filter, or a portian thereol^ in nAnch bacterial 
colonies ore not disaete. 

SSXJQl "Contaimnatiaii'ineans on inqiannent of a potable water siqipbrty the 
introductiop or adiiiissim cf aay iJareign substance that degrades the quality and 

I a health hoard. 

001.0U TmurnliannimtrntinnTrf ntmrnt' mrnnn n sf rif s orpini i ssrs Iii liiiliint 
nwgiilatinn, floceulatiao, sedimeotatiaa, and filtntkn resulting in substantial 
particulate removaL 

09? 'ft? ^Cmas Connection' inwwis any pbynosl anangeiueul r̂iierefay a potaWf 
water wuppfy is connected, direct^ or mdirect^, with spy other water supp^ 
^^stem, sewer, drsin, conduit, tank, pun î̂  iJiiiiiliiug fixture^ heat wnrhanger, or 
other iw«'iM«i«*i eqiriianmt or derice îrtiicfa contnins, or way mntain, 
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TTn£179 
Chapters 

•contaminated water, sewage or other waste, liquid or gets of unknown or unsafe 
quality which nugr be capable of imparting '''^^""linw*'"" or poDution to the 
potable water supp^ as a result of backflow (due tb either backpressure or 
y<»fTrwnp\tnnmga!) Bypass arrangement^^ jumper connections, hose connections, 
removable spools, swivel or disngeover devices, fouMvay valve connections and 
other teoipuraiy or permanent devices through wfaifdi, or because of which, 
backflow (or baekspbonage) could occur are considered to be ernes ronnectioua. 
Protecting a public water sî iidiy ^vtem against potential wi*«»»«»«»«*i«'i from 

I is possible fay containment and/or isdlatiQa 

001.01L "CrossConnectionCoatror means the enforcement of an ordinance or 
other instrument regsrding cross ww«w«'*i«w 

001.01M 'CT or CTesk'is the product of'residual dimifectantconoentration'(Q 
in mg per liter determined before or at the first customer, and the corresponding 
•disinfeetant contact time' CD in minutes, Le., V x "T*. 

001.01N 'CT(99.9)'means the CT vahie required fir 90.9 percent 
(8-log)inaetivation of (jiardialamblia cysts. CT(99.9) for a variety of dinnfectants 
and conditions appear in Tables L1-L6,2.1, and 8.1 of siibseetian 002.04. 

fiQLfilQ "CoundT means the Advisoy Council on Public Water 8iqii47. 

001.01P ^)iatomaoeous Earth FDtration'means a process resulting in substsntial 
particulate removal iniidiidi (1) a preooat cake of diatomaceous earth filter media 
is deposited on a siqpport menifanne (MptnnO, and (2) irfaile the water is filtered 
fay passing throui^ the cake on the septum, additional filter media known as bod|7 
tlnmA !• wnnti i i i ini i i^ mAOma to t h * fm»A m»tma' *t% aatmmtanp A » pwmri—hili«y «f tli> 

flltereake. 

001.01Q TMreetFDtration'means a series flfproegssesindudnig coagulation and 

fiOLfilS TMrector̂  means the Director ofHesHh or Ms authorised lepresentative. 

001.01S "Dimfectifla Contset Thne' ( T i n CT rslnihtinnB) means the time in 
minutes that it takes for water to move fimn the point of disinfectant appficBtion 
or the previous point ofdiiinfeetaiil reridual measurement to a point before or at 
the point lAere residual dinifeetant eonoentration. rC^ is; 

001.01T TKnifediao'means a process wfaiefainsctivates pathogenic 
in water ty chemiewl OBridants or equivalent agents. 

001.01P "Domestie or Other Non-Distribution StyatemPhmifaing Problem'] 
a ocdifonn wiwit«tnjp«*mn proUem m a public watersystem with more than ona 
seance connectian, that is.linnted to tiie specifie service connection from irtiieb the 
eoUforaFpusiUve sanqde was takwi 
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Chqiter2 

001.01V ^ose Equivalent'means the product of the absorbed dose fitnn ionizing 
radiation and such factors as account for differences in biolopcal eCFectJveness due 
to the type of radiation, and its distribution in the botfy as specified by the 
International Commission on Badiolngiral Units and Measurements (ICRU). 

001.01W Double Check-Valve Aasenib^ means a hBckDxnr prevention device 
eomnsting of two independenti|y acting diedc valves, internal^ force loaded to a 
normal^ doaed position between two ti^itfy closing abut-off valves, and with 

I for testing for tiglitiiwis. 

001.01X Drinking Water Standards'means the rules and regulations adopted 
pursuant to NER BEV. STAT. 971-5302 (Beissue 1981). wbath establisb 
maximum levds for harmful materials which, in the judgement of the Director, 
msy have an adverse effect on the health of persons and which appiy aaiy to 
patlSe waitT wuppfy wsfttemi. 

001.01Y TiffecUve Openinjf means the miniminn CTOHH swHrniHl area at the point 
of water aappfy disdiarge, measured or eipressed in terms of the diameter of a 
drde, or if the opening is not circular, the diameter of a drde of equivalent cross-
aectional i 

001.012 Tiltration'means a process for removing particulate matter firom water 
fay passage tfarou^ porous windia. 

001.01AA "PlnwwiUtinn" mwwtw • jwwnMW to mnhmmi>» • g g l n m f t i m i n r <«nlli»tinn 

of smaller floe partides into larger, more eaai^ settlesfale partidea throu^ 

P91,ff?™* "Gross A]^d» Particle Activity" means the total rsdioactivity due to 
alpha partide emiasian as inferred from measurements on a diy —™pi* 

001.01OC 'CSroas Beta Partide Activity" means the total radioactivity due to beta 
rfl**f**TT fm i lH f i l * * — ia t fo^a* " tWwti m — i f w r m — i t « ran m A ^ —mp1» 

001.01DD ^SniundwaterSlyBtem'means a water supp^tyBtemutiliBngwdls as 
the source of water. 

gpi ffiTgW ̂ Sround Water Under the Direetlnfhience of Surftee Water"; 
any water beneath the suribiee of the ground with (1) significant occurrence of 
insects or other macroorgamsms, algae, or knge-diameter pathogens audi as 
Giardia lamUia, or (2) •gnirinant and rdathre^ r^sd shifts in water 
disrscteristics sudi as turbidity, temperature, conductivity, or pH whidi deadly 
t»mmmlm*m to ««iwto1ngfa»»1 iW Mii-faio yaamtmr «^mll^itinJl• 

001.01^ "Halogen'means one of the diemiBal dements dilorine, farondne, or 
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OOLOlGrG TInactivationBatio* means the ratio of (TT to Cr(99.9),Le.,CT divided 
by CT(99.9). 

001.01HH "Lead Free' 

oni.oiHTTi When used with respect to sdders snd flux, means solders 
and flux '^"••^""g not more than two-tenths percent lead and 

p î.mWTTg When used with respect to pipe and pqie fittings, meens pipe 
and pipe *'**'ngT containing not more thsn fii^it percent lead. 

P9i,p]TT ^iC^ondla'means a genus of bacteria, some species of whidi have 
caused a type of pneumonia called r 

001.0UJ "Mqor Construction, Extension, or Alteration" means those structural 
changes that affect the aouree of siqif^y, treatment processes, or transmission of 
water to service areas, but shall not indude the eitmdon of service mains within 
estaUidiedi 

001.01KK Ttoi-Made Beta Partide and Photon Emitterai'means an mdinrnirlidwi 
emitting beta particles and/or photons listed in ^Asximum Pemrissihle Bo(ty 
Burdens and v«»i«mtn HmmnmahU (Vwwwttiwtifwi of Badiooudides in Air or 
Water fin- Ooeiqiatianal Exposure", } ^ n«n«»bo6k 69. except the dau^ter 
products of Tliarium-2S2, Uranium-285, and Uraiihmi-288. 

^Q^jQJ^Jj *W»»imntn nnmtjrniiiMitif LgVeT P ^ d < ) m f t f thft Ttmyjimiiti j^J^pi—iK1» 

levd of a contanunant in water as measured at the point of cntiy to the 
distzibutifln q^stem or at the free flowing outlet of the ultiiiiste user of the public 
water siqjpty qrstem. Contaminants added to the water under circumstances 

.controlled py the user, except those resulting fivm corrosion of piping and 
phimfaing caused fay water quality, are firiiidwl from this «***̂ '**«" 

y'lfflMM 'Mmrimiim Total TMhalamethane PotentiaT (MTP) meana the 
ccBvyntfation of total tî ***!""****!*"— produced in a given water 

i»n«i.«inin£ Hiainff tot i f » ^ f l i m ] wft^^ 7 dHJff lilt f to«i|pMiwtiir» mf ^ C Or abOVO. 

001.01NN TNeor the First Service Comectian" means at one of the 20 percent 
of idl service conneetianB in the entire system that are nearest the water siqipty 
treatment fadlity, as measured fey water transport time within the distribution 

001.01OO "Non-Oamnmity Water Bapfij System" means any piiUie water 
siQip^ aystcm that is not a community water siqipty tystem. 

OOLOIPP 7foD-Tteuient,Non<3ommuidtyWaterSi9p^3ystem"meansapiiblie 
water mippij system that is not a community water siqip^ tystem and that 
Ttgaiariy serves at least 26 of the ssme persons over six (6) months per year. 
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001.01QQ "Operator' means the individual or individuals responaible for the 
continued performance of the water suppfy system or aqy pert of audi system, 
during assgned duty hours. 

001.01BR "C)wiier* means aqy person owning or operating a public water siqiplly 
system. 

001.01SS Terson'means any individual, firm, partnerdup,asaodation,eonqiaqy, 
coiporation, political subdiviBon, or other entity. 

OOLOITT Tieocurie'(pCi) means that quantity of radioactive material producing 
2J22 nudear transformations per minute. 

001.01UU "Point ofDismfectanti^iplieatian'is the pdntirtiere the disinfectant 
is applied and water downstream of that point is not subject to! 
fay surface water runofil 

001.01W Tdhition'means the presence ofanyfordgnaiibstanoe in water that 
tends to degrade its quality so as to constitute a nonheslth heard or inqieir the 
usefulness of the' 

001.01WW Totable Water" means water thid is safb fbr human consumption as 
aet forth in section 002 of these regulations. • 

001.01XX Trateetion fay Contamment" Ce , wmtaining the potential 
nontaminntinn aouree within the water customer's building; fiEtoy, SacSBtjt 
property distribution tystem, or trafler court, etej ahaB mean the instaTlation of 
an approved baddlow prevention device or method on the water aervioe HDBOO 
aei' viug any prenrisfs^ Inratiixi, iadlity or i 

001.01YY "Protection fay Isolation" mesns control of eroo»«onnectians within a 
biiilding'B phimhing system fay the inataTlatinn of approved backflow prevention 
Amuiî mm tw TnmOutA* mt tm aimmf «li» pntoht i«l i u m — of pnlliitifli am- Kamtmtanatmtirat 

t̂ t̂ ^M77. Tubllc Water 8iqq4yfi|ystem" means a water supptyaystemdedgned 
to provide the public piped water fit fior humsn *""—""p**'**. if sudi ^'stemhss 
at least nfteen seiviLe comwctians or regulsify se^^es at least twenty-five 
individuals dsl^, at least aixty days out of the year. ApnUiewatersqiptytystem 
is either a community pwMir water si^ipty tystem, a "''"'**'"""""'*y water si^ipty 
Q ŝtem or a non-tranaient, *"'"-*"*'""""'*y water supp^ Qvtcm. ^ n s definitian 
aAuktl ttw»l«i«i»« 

ftffliOl^'* Any ccBection, treatment, storage^ or distribution 
under control of the operator of sudi Qpslem and used pnmarify m 
connection with sudi ^pstem, and 

ftft?iftir^ Any coUection or pretreatment storage fiiriHties not under 
sudi control wfaidi are used primarily in comeetion with sudnpstcm. 
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001.01AAA "Reduced Pressure PrincqpleBai^flow Preventer" means a baddkm 
prevention device consisting of two independentl|y acting die(^ valves, inteniallly 
fivoe loaded to a nonnal^ doaed podtion and aeparated ty an intermediate 
diambflT (or sone) in irtuch there is an automwtip rdief means of venting to 
atmosphere internal^ loaded to a nomtJiy open poaition between two tig^it^ 
dosing dnit-offvalves and with means fig testing fig tightnfSBofthediBcks and 
cpwiing of rdief 1 

WliOlPBB TBem" means the unit of dose equivalent firom iosuBng radiation to 
the totel bo^y or any internal organ or ngan qpslem. A "miHirem" (mreni) is 
1/1000 of a I 

001.01CCC Ttesidusl Disinfectant CmrwitTBtinn" CC m CT ralnilatimis): 
the concentration of disinfectant meesured in mg per liter in a rrjinsi iiliiliiii 
—mpi* of water. 

001.01DDD TSanitaiy Survey" means an on«te review of the water source, 
farilitifs, equipment, operation and maintenance of a public water aystcm for the 
purpose of evaluating the adequacy of audi source, fbdiitiea, equ^ment, operation 
and maintenBiice fot produdng and distrifanting safe drinking water. 

nm Mvmr. T^fdiiiiwitation"meansarioi.esafnr r a mon al of solids before fltoation 
fay gravity or i 

OOLOlgPF 'Service Area" means the land area vrtndi the owner ofa public water 
sii{i{4y aystem has legal fraiidiise or authority to.remain the sole distributor of 

OOLOIGGG ^Bkiw Send FOtration" means a process invdviiv passage of n w 
water through a bed of Band at low vdodty (gdierallly less than 0.4 m/h) resulting 
in substantisl partimilate removal fay pfayakal and faidggical "'•^**«™""« 

nniniwwTT ^Burftoe Watcr^ SMans an water wfaieb is open to the atmosphere 
and siiigect to sisfisoe mnonl 

nni ninr ^Binftee Water 9ystem" means a water s i9p^ system ntiSiingsuiftoe 
' as the source of water. 

001.01JJJ ^Qyston irifli a S n | ^ Sendee Comeetion' means a system which 
: water to eonsumers via a d n ^ eervioe line. 

OOLOIKKK Too Numerous to Count" means that the total number I 
SOO on a 47*mm diameter membrane filter used tot coJBfonn 

^ j ftiyrTJ- "IVeatmentTbdmiqiie" means the use of aeration, I 
or other nliysical nraoess and/or *̂ ** fw1i1Hii?f* of any chemical or diemicsls ibr **^ 
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purpose of removing deactivation, or a^usting the levd of one or more' 
itantMminmrata present in the rsw water aiQip^ source. 

001.01MMM "Trihalomethane" HBM) means one of a family of organic 
cionipoiinds, named as derivativea of methane, vidierein three of the four faydrogen 
atoms in methane are each substituted fay a halogen atom in the molecular 
structure. 

001.01NNN "Total Tribalamethanes' CITUM) means the sum of the 
concentration in milligrams per liter of the ^wtKinuMtimfMi rwnro^ip^* 
f̂ fî iilMr*Mnfti nfln^ fyniftrtrfonnj. HiRff̂ m î̂ n̂ îwnn̂ rHufî  fiwfttnnrtii*pigiptf|M|ry#'riyî ^̂  
and trifaromomethane (faromofonii)], rounded to two aigoificant figures. 

001.01OOO "Vacuum Breaker, Atmospheric Type' means a vacuum breaker 
^riueb is not dfsignfd to be subject to ststic line pressure. 

001.01PPP "Vacuum Breaker, Pressure 1 ^ ^ " means a vacuum breaker which is 
designed to be subject to static fine pressure. 

001.01QQQ "Vims'meens a virus offeealorigini^iidi is infectious to humans by 
waterbarne transmisaion. 

001.01BRR "Waterbome Disease Outbreak" means the signifinant. occurrence of 
acute infectious iOness, epidwninlnpcaHy associated with the ingestion of water 
from a pubBe water suprty aystem vdudi is defirient in treatment as determined 
fay the Director. 

001.01SSS "Water Supply Giystem' means an aources of water and their 
surroundingB under oontnl of one owner, and ahan indude an structures, 
eoaiduits, and aqipurtenanees fay means of wfaidi such water is collected, treeted, 
stored, or ddivered, except sei vme PQies between street mams andfavdldingBand 
the phimbing within or in connection with the tmildiny aerved. 

001.02 Coverage. Una cb^iterdianqipfy to eadi public water siqiplytystem, unless the 
public water Bupp^ aystem meets adl of the fonowing conditions: 

003r.02A Whicfa conaiBts oa^y of distriliuiicp and storage ftciKtiBs and does not 
have any collection and treatment fbdlities 

001.02B Which obtains an of its water frono, but is not owned operated fay, a 
public water supp^ "t̂ cD to tiAndi sudi standards a^ip^ 

001.02C Whidi does not sdl water to any person; and 

001.02D Which is not a carrier vducfa conveys passengers in interstate 
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001.03 Ae«pn»i«ihni«» The owner of eadi public water Mupfiy, as defined in these 
y g i i U t i n i T i mhmll Amanp%mt» am itiHnwHiMl, n p mtiivMMMlw, wAu% •h«11 h > T i y r « n « i K U fern ^•^.ptjH' 

and "*""?*" •»w«*»nin« vrith the Director in matters relating to lystem alteration and 
oonstniction, monitonng and sampling, maintenanrf, operation, record keeping; and -
repot tiiife as required fay law and theae regulation. Anydiangeinaadgnedreaponaibilities 
or dffdgnntfd individusls afaain be prompt^ reported to the Director. 
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002 DRINKING WATER STANDARDS 
(INCLUDES AMENDMENTS MADE THROUGH SEPTEMBER 15,1991) 

p02.01 App^''**'*^ The beais for the establiahment of maximum contaminant levds is 
hosed either iQKm potentid acute heelth effects over a diort length of tune of eqx)sure 
or chronic hwiTth effects over a long length of time of pipfwure. 

002.01A Stsndards Based upon Acute Heelth Effects. Standsrds based upon 
acute health effiBcts over a diort length of time of o^tosure ahan appiy to an 
public water supply systems covered ty this Chapter. Contaminants governed fay 
these standards are: 

002.01A1 Nitrates 

002.01A2 Turfaidity 

002.01A8 Microfaidogieal 

002.01B Standards Based upon Cfaronie Health Effects. Standards based iqxm 
chronic health eSiBcta over a long length of time of eqwsure ahan apply to 
community and non-transient, non-copinninity water si^ip^ qrstems. 
Contaminants governed fay these standards are: 

002.01B1 inorganic cfaemioals except fiv nitrate 

OTPPTPP otganie diemicals 

PMiOlff? nufium-226, rBdfaim-226 and gross al̂ iba partide activity 

002.01B4 beta partide and photon radioactivity fitan man-made 
radioamclides. 

002.02A horeanie f^wtnii-ia The maxinnim eantanunant levds fiv inorgsiuc 

CONTAMINANT I£VEL MIIJJGRAMS PER UTER 
Arsenie 0.06 
Barium LO 
f!««4m{imi 0.010 
Ghromfaim total 0.06 
Fluoride* 4.0 
Lead OM 
Meremy 0.002 
KitrateduK) 10 
Sdemum 0.01 
SOver 0.06 
Sodium BOOJd 

•Community water siqip^ aystems e:q)eiiendiig fhuride levds above 2.0 nuDigrams per 
liter must notify the public as required in Section 004.07 
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pny.QgR Organic Cbem'«^i« The maximum contaminant levds for organic 
diwniral contaminants, are as fdlows: 

CONTAMINANT 

002.02B1 Chlorinated hydrocarbons: 

Endrin (lA8,4,10,10,-hesachloro^ 
7-epoa7-l,4,4a,6,6,7,6,8a-oeta-bydro-l, 

lindane (lA8,4,5,6-heinchloro-cydohexane, 
I isomer) 

Metha^dilor 
(l.l,l-Tridilor»-2,2-bis 
(p-methootypheDyl ethane) 

LEVEL^flLLIGRAMS 
PERUTER 

0.0002 

0.004 

0.1 

Toxqibene (C'aH,̂ (3g) TOdmied 

dilorinated ramphwip, 67-60 percent dilorine 0.006 

ppgnqpq Chlorophenoiys: 
. a • 

2,4-D (2^Didikropheno]qrBcetie add) 0.1 

2A6-TPSflvex 
(2,4,6-Tridilflro-] add) OM 

002.02B8 Trihakmethanes: 

Totd Mhalamethanes 0.10 

fiQ2.Q2Bi VdatileOrgai 

1,1.1-lMdikroeaiane 

B^**»^jje 

Carbon Tetrscfakride 

VmylCUoride 
Pana-Dichlorobenxene 

dc Cbemieals (VCX3: 

0.2 
OJOtn 
0.006 
0.006 
0.006 
0.005 
0.002 
0il76 
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002.02C Turladitv. The maximum contaminant levds for turbidity are appliea 
Ue to an public water supply qrstems udng surface water, in whole or in part, as 
aaoarosataapply. Turbidity shan be meesured at representative entiy points to 
the distribution system. Tbe maxnnum pfrmissihlf levds for turbidity are as 
fdlows: 

002.02C1 One turfaidity unit ^U), as determined ty the monthfy average 
of dai^ eiatninatinnB, except that vp to five turfaidity units may be 
allowed if the owner can demonstrate that the hitler turbidity does not 
interfere with diainfectian, win not prevent «"«"'•*"•"'•• of the 
disinfectant agent tlmnq^iout the tystem, or win not interfere with 
microfaido^cd examinations of the water; and 

002.02C2 When the exceptions listed under the preceding paragr^ib 
cannot be demonstrated fay the owner, the average of two aawplfs taken 
on consecutive dsys does not exceed five turfaidity units. 

002.02C3 Thereqmrementsof002.02Claiid002.02C2ahanqip^mitiI 
June 29,1998. 

pgp p^n yirrtAnr̂ nfirmLy Hie maximum Contaminant Icvds foT oofifonn bacteria, 
applicable to an public water suppi^ qrstems, are as follows: 

002.02D1 The MCL is based on the presence or absence of totdcdiforms 
in a ssiqde, rather than eoBform density. 

002.02Dla For a tystem ^riudi collects at least 40 samples per 
month, if no more than 5.0 percent of the samplfs eolleeted 
during a month are totd edifonii-podUve^ the system is in 
mmplianrr with the MCL fir totd cdiforms. 

002.02Dlb Fbr a qrstem wfaidi collects fewer than 40 sanqdes 
per BBonth, if no more than one aample coUected during a month 
is totd ooGfonn-pusitive, the aystem is in compliance with the 
MCL fir totd odifioma. 

\ 

Besiiks of aU routine siwnplfs and repeat sampleB 
(vAen required fay 002.08A7) whidi are not invalidated must be 
induded in detenmning '•wmpiî 'w— with 002.02Dla and 
002.02Dlb. 

Any feed coiiforairpoaiUve tvpaat sanqile or E. coh-pudtive 
repeat aample, or any totd eofiformiioaitive repeat aanqde fdkming a 
feed odiform-pudLive or E. coli-DudUve routine aample constitutes a 
vidalion of the MCL for totd edifotms. For purposes of the pubfic 
nwfffiwtifwi » q n i » m » t i t o in 0 0 1 QgAfl ttiM M • irinlwtian t h a t m a y pawa M I 

acute ziak to health. 
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002.02D8 Conqiliaiioe with the MCL for totd cdiforms m 002.02D1 and 
002.02D2 ahan be determined wirh month for aystems whidi are required 
to monitor month^ -for totd oofiforms, and eadi quarter for qrstems 
whidi are required to mnnitor once per quarter for totd cofifonns. 

Badnim-226. Ba£um-228 and Qroaa Alpha Partide Activity. The 
mavinnmi eontaminant levds fir Badium-226, Badium-228, and groas a^iba 
partide radii wii'tivity, are: 

002.02E1 Combined radium-226 and radium-228 * 6 pG per liter. 

radon and uranium * 15 pG per liter.. 

002.02F Beta Partide and Photon Bodiooetivity fivm Mon-MadeBadionudides. 
T h > m M J i i i m w wnmtomi»Mi» I — ! • frnr ha*m p a ^ r i o l ^ a ^ ^ p^ i^ t i rp rwdJOWfl jv l ty frtWD . 

man-made radionudidea, are: 

002.02F1 The average amuid concentration of beta partide and photon 
radioactivity fitan man-made radioaiudides dian not produce an """wii 
dose equivalent to the totd bod|y or any intemd orgsn greater than 4 

002.02F2 Except fior the ladidnudides fisted in Table A, the 
fowent ration of man-made radioaiudides eanaiiig4 mrem totd bod|y or 
oripn dose equivalents ahan be calculated on the baais of a 2 liter per dqr 
drinkmg water intake uaing the 168 hour date fisted in TMaximum 
Peiiulsslble B o ^ Burdens and ^**' '""'" Pennisaible Concentration of 
Biii«imiiffKdeeinAirarW«terfiarOBi-iiiMtiniiii1'RTpnwii¥»'- ^ff^iWrTlfroQ'^ 
ffi, as amended August, 1968, U.S. Depsrtment of Conmexoe, a copy of 
irindi is attsdied and incorporated by reference as if 6 % set firth with 
herein, fftwo or more xadionudides are present, the sum of their annud 
dose equivalent to the totd b o ^ or any orgm ahan not exceed 4 nuUirem 

Assumed to Produce TABLE A • Average Aimud 
a Tbtd Bodty or Orgsn Doae of 4 

iTrltiuB 

Critical Organ 

Total Body 
Bona Marrow 

pCi par litarl 

20,000 
8 

002.08 Monitoring BeouirementB. The owners of public water sunolv systems didl be 

an dffidd copy of labontoiy results. The Director win estahtish adiedides fir sampting; 
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and win aasiBt in the cbnection of chemical and radidogicd —nipi»a fiAwipi— wiU be 
examined at timed intervaJs and on sdiedules dedgned to meet monitoring requirements 
and maintain a unifbrmlaboratoiy work load.' Hie owner of eadi publie water siqip^ win 
be infonned of this schedule and, if for any reason the sdiedule is not met. wfll be 
responsible for i«tfi«fin£ arrangements for an altemate date to effect '•'^"r"*"^ ^rith 
estabUdied monitoring requirements. Tbe arrangements ahan be timed to provide the 
required number of aamjAam within the designated sample period used to determine 
«»rwtipiMiTii«> with these regulations. M sample am^yses needed be meet monitoring 
rmepmmmmntM n f f>ii« >»ti«p»^ir, »m1»— iMimrwiaa. « t o t ^ • h a l l hm w«»nifn>H h y a S t ^ t o TT—l*h 

Department Laboratoiy or a labaratoiy vdiicb has entered into an agreement with the 
Deportment of Hedth pursuant to 002.08H. 

002.03A Microbiolnginal, 

002.03A1 Tbe owners of pubfic water siqip^ qrstems dian cdlect totd 
cofifoim f™r^— at dtes whidi are representative of both population 
densities and distribution aystem diaracteristics according to a written 
sample site plan. These plans are siiigect to review and revidon fay the 
Direietor. An faidopcd samples shan be mailed to the aadgned laboratoiy 
throu^ the U 3 . Postd Service, with the owner peying the postage, 
unless the Director authorises other means of transportation. 

002.08Ala The aanqde site plan ahdl eonaist of sanqiling paints 
at sites scattered throui^iout various sones of the distiibutifln 
qrstem. Eadi plan ahan provide for at least five sampling sites 
in eadi zone and there shdl be as maqy zones as the number of 
routine totd coliform —"T^— required eedi month up to sixteen 
zones. Systems irtiidi are required to cdlect more thsn sixteen 
samples per month msy dect te have more than dxteen zones, 
but it is not required. A msp of the area served fay the pubfic 
water suppi^ tystem, ahowing the distribution aystem and the 
boundarieB of the various zones, labded numericany, ahdl be 
induded in the ptan. A fist of ah aaonpfing dtea, fay name and 
address (or fay a readi^ identifiable location) for each sone abafi 
be induded with the map and, except for supplies having on^ one 
zone, the location of the sites need not be indicated on the may. 
Anzoneaafadlbeanqdedmantl^y. The aetud dtes used within 
each zoiiedudl be varied on a scheduled rotation basiB. Both the 
zone number and the site location ahan be noted on the 
Uboratoiy report firm fay the person taking the sample. The 
owner of each eommunity water siin>ly aystem didl sufamit a 
eopy of the sampling aite plan to the Director for review no later 
than 90 dsys after the effective date of these regulations, with 
iqidated copies siifaadtted snnuaQy thereefier. The Director, at 
any time, may require a jdan be modified as a result of population 
or aystem changea wiiieh msy have rendered an eiriiiting plan 
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002.08A2 The owner rfa community water supplv avstem dian take total 
cdiform samples at regular time intervals estabfisbed fay the Director. 
The number of samplea required ahafi in no instance be less than as aet 
forth bdow: 

Populitioo SflfVBd k j * | - . 

MiBiBUB NvBbcroC 

FarMoBdi 

2 5 - IfiOO 
u a n - 2fiB0 
2,S01- 4,100 
4,101- 7^600 
7,601- 11,000 

1 1 ^ 1 - 14,00 
14,601 - 18,100 
18,101 - 21,500 
21,501- 28,000 
28A>1- 37/100 
37J001 - 46J000 

Sopl 

1 
2 
.4 
8 
12 
16 
16 
16 
16 
16 
16 

n n Nindwr of MinlinuiB NmBber of 
• 

JqgZooei SuqteFerMoath 

1 
2 
4 
8 
12 
16 
20 
24 
32 
40 
^ 

CTfUMnoo Bcnca 

46,001- 5»fiO0 
58,001- 70^000 

83,001- 96,000 

320^1-450,000 

Asojani-mvxo 
soofioi-'nofloo 
780J001 - 970J000 

Miniimini Huuhe t t t 

SoBpfaagZoBm 

16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 

002.08A8 The owner of a non-communitv water sunphr system ah 
xrdiuff to afrea ueney as fonowK 

SUM 

64 
76 
88 
96 
112 
140 
172 
200 
232 
260 
292 

idlta 

002.08A8a A nttHioanmunity water auppfy aystem ***'"g on^ 
ground water (except ground water under the direct infhienee of 
surCsce water) and serving 1,000 persons or fewer must sample 
each rakndar quarter that the system provides water to the 
pubfic. 

002.08A8b A non^ommunity water s i 9 p ^ qpstem udng on^ 
ground water (except ground water under the £rect influence of 
suifiioe water) and serving more than 1,000 -during any month 
must san^de at the same firequency as a fike-aized nunniiimty 
water qpstem, as specified in 002.08A2. 

0Q2.0aAae The owner of a fMXMommuidty water siQiplly system 
using eur&ce water, in totd or in part, must sample at the aame 

002.0aA2, regrdlass of the number of persons it i 

002.0aAad The owner of a noiHiwimimity water mppiy aystem 
using ground water under the direct influenoe of surface water, 
as defined in OOLOIW must sanqde at the aame fivqueny as a 
fike died eommunity water supp!^ mfstem, as specified m 
002.08A2. The owner must sanqde at this firequency bqiinnmg 
six months after the Director determines that the ground water 
ia under the direct influenoe of surface water. 
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002.03A4 The owner of a public water supp^ tystem must cdlect 
samples at regular time interwds throu^iout the month. 

002.03A5 The owner of a pubfic water suppi^ aystem that uses surfiace 
water or ground water under the direct Jnfhienre of suifiBce water, as 
defined in OOLOIW, and does not practice filtration in -rmpKam-m with 
002.04 must collect at least one aample near the first service oonnectian 
each day the turbidity levd of the aouree water, meesured as specified in 
002.04H2b exceeds 1 NTU. The owner muat collect this cdiform sample 
within 24 hours of the first exceedance. Sample results fi«n this cdiform 
monitoring must be inehided in detenmning romptianre with the MCL for 
totd cdifonns in 002.02D. 

002.03A6 Bpedd purpose samplea, audi as those taken to detemune 
yrtiether didnfection practices are sufiBdent fidlowing pqie placement, 
replacement, or repah*, ahan not be uaad to determine mmplianpe with 
the MCL fir totd cdiforms in (X)2.02D. Repeat sanqiles taken pursuant 
to 002.08A7 are not considered spedd purpoee samples, and must be 
used to determine cooqdiancewith the MCL for totd cdiforms in 
002.02D. 

002.03A7 Bepeat monitoring. 

002.03A7a 1£ a routine aample is totd colifonii-poaBtive, the 
owner of the piibfic water siqipi|y system must collect a aet of 
repeat aan^les withm 24 hours of bdng notified of the positive 
resuk. A aystem idiidi is required to coUert more than one 
routine aanqde per month ahdl have no fbwer than three repeat 
aamplea collected for eadi totd cofiform-podthre sanqde found. 
A aystem vrindi is required to coUect one routine sample per 
mnnth or fi^wer ahdl have no fBtnx than fbur repeat samples 

~ eoPeeted fir each totd ediform-poaitive ssmple finmd. The 
Direetor may extend the 24-hour finut on a osse-by-oaae beds if 
the owner has a k^sticd problem in mfierting the repeat 
sanqdas within 24 hours that is beyond its eontroL Intheeaaeof 
an extenaion, the Director must specify howmuch time the owner 
hiw tft rflUfrt *^**' "1***^ iinpiii»-

002.0aA7b The aystem owner must coOeet at least one repeat 
snqde fitan the —"p'^g ^ yrtiere the oriipnd totd ediform-
' positive san^ile waM **̂ —*, and at leest one repeat sample at a 
tap within five sendee connections iqistream mid at leest one 
repeat —"pi* at a tap within five service connections 
downstream of the origind aampfing aite. The fourth repeat 
mmfie, ft required ty 002.0SA7, must be collected within five 
service eonnectionB - iqistreami or downstreaun of the on^nd-
aanqifingaite. Ifatotdedifixm-podtiveaaoapleisattheendof 
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the distribution aystem, ior one away fitim the end of the 
distribution tystem, the Director may waive the requirement to 
collect at least one repeat sample upstream or duwuslieam of the 
origind sampling site. 

002.08A7C The owner ahaficoDectdl repeat sanqdes on the same 
day, except that an owner of a aystem with a ain^m service 

'ooamectioo ahan collect the required aet of repeat aan^des over a 
finir-day period. 

002.0aA7d 1£ oaie or more repeat samples in the set is totd 
ooliform-poaitive, the owner of the public water supp^ aystem 
must collect an additiond set of repeat —«»«pi— in the an»an>mf 
specified in 002.08A7a-& The owner must repeat this process 
untn either totd cdiforms are not detected in one complete set 
of repeat samples or the MCL fir totd cdifonns in 002.02D has 
been exceeded and the Direetar determines that no additional 
repeait samples sre required. 

002.0aA7e 1£ a aystem wbadi ia required to ooneet fewer than 
five routine samples per month has one or more totd cdifonik-
poaBthre samplea and the Director doea not invalidate the 
•Bnqde(s) under 002.08A8, the owner must cdlect at least five * 
routine sanqdes during the next *''"*'*'̂  the aystem provides 
water to the pubfic, e a e ^ that the Direetor may waive this 
requirement if the eonditiflns of 002.08A7el-8 are met The 
Dirsctor d a n not wdve the reqinrement fir a aystem to cdlBct 
rqwat oanqpleB in W2J0iMar± 

002.0aA7efl) The Director may waive the requirement 
to eollect five routiiie aanplea the next moBith the aystem 
provides water to the pubfic if the Director or an agent 
spprovod fay the Director performs a aite visit before the 
end of the next month the qrstem provides water to the 
pufaliB. Although a ssnitaiy surv^ need not be 
petfiamed, the site risit ahdl be sufficient^ detailed to 
aDow the Director to detennine yrtiether additional 
moaiitflring and/«r any eotieeUve action is needed. The 
DU'ecUr shaD not approve an employee of the aystem 

' to perform this site risit, even if the employee is 
aigent appawad fay the Director to perfiam sanitaiy 

ffP2.0aA7e(Z) The DSrector may waive the requirement 
to eoDect five routine samples the next moaith the aystem 
provides water to the pubfic if the Director has 

[ vdty the senile was totd eofiformrposiUve 
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and estabfisbed that the owner of the aystem win correct 
the problem before the end of the next month the aystem 
serves water to the pubfic In this case, the Director 
must dodanent this derision to waive the followiiig 
month's additinoal monitoring requirement in writing, 
hove it approved and signed fay the aiqiervisor of the 
Director's authorized representative who rammniaanAm 
wvii a deriirifFni cmd make this doc""*"*- «miii"W» to th* 
EPA and public The written dnnimentiit,inn must 
describe the spedfie cauae of the totd cdiform-podtive 
aample and lAat action the system has taken and/or win 
take to correct this proUem. The Director aiian not 
waive the requirement to collect five routine —"p'** the 
next month the aystem provides water to the public 
Bolefy on the grounds that an repeat sainples are totd 
cdiform-negative. If the requirement to cdlect five 
routine samples the next month is waived under this 
section, the system owner must stm tdce at least one 
additional routine aample before the end of the next 
month the aystem serves water to the pubfic and uae it 
to determine eoaqdianee with the MCL for totd cdiforms 
in 002.02D. 

002.0aA7e(8) The Director ahafi oondder the waiver of 
the requirement to cdlect five routine ssmples the next 
iwnirti Qo^ i^ion receipt of a request m writing from the 
qpstem owner. The waiver shan not be considered untO 
after the repeat aamplee required in 002.0SA7a-d have 
been collected and the results reported to the Director. 
Tbe waiver ahan not be granted if any of the repeat 
—itipi— are colifionihpositive, i"»i*— dl positive samples 
have been invalidated under 002.08A8, or if a doofisr 
waiver has been granted within the six months previous 
to the date ofthe collection oftheinitid coliform podtive 

002.0aA7f Besolts of afi routine and repeat sanqdes not 
invalidated fay the Director must be induded in determining 
wnipiMtw with the MCL fir totd cdiforms in 002.02D. 

002.08AB Lwalidation of totd ediform sampleB. A totd cdiform-podtive 
aaiqde invalidated under thia aection does not count towards meeting the 
miniminn •aiutitiljmitgratpnpmmtmttt* rf OOO-OSA- I f a t O t d COtifonD-pOSitive 

sample is invafidated under this sectian, the aystem owner must cdlect 
Minfhip mamjAa firom the Same sone as the ori^nd —*"̂ *̂ to meet 
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002.03A8a Tbe Direetor mey invalidate a totd cdiform-podtive 
aanqde onfy if one or more of the conditions of 002.08A8a(l)-
002.08A8a(4) are met 

ft(ff.pgARii(J) Th*. Uihtapatarj maHahKahtam thaat jpupwipif 

aanqde ana^yds caused the totd cdifonn-poaitive result 

PQ?iftff̂ fr'f?) The Director, on the beds of the reauks of 
repeat saniples eolleeted es required fay 002.0SA7a-d 
determines that the totd cdiform-podtive aample 
resulted fitsn a domestic or other non-distribution aystem 
phmiWtig problem. Tlie Director ahafi not invalidate a 
aanqde on the basis of repeet aample reauks unless an 
rqieat aample(B) edlected at the same t^> as the origiod 
totd ediform-positive sample are also totd cdifonn-
poailive^ and dl repeat samples odlected within five 
aeivkie eoimections ofthe origind tap are totd oofifonn-
negative (e^;:, the Director ahafi not invalidate a totd 
coBform-poaitive tample on the baais of repeat —"T^— if 
dl the rqieat samples sre totd odiform-negatiye or if the 
pubfic water system has on^ one aervice cosmection.) 

ff(PWA'*"f9) ^he Director has substantid grounds to 
believe that a totd odifiirm-poaitive resuk is due to a 
cwiuiuslHiire or condition wfaidi does not reflect water 
quality in the distribution qvtem. In this esse, the* 
aystem owner must stfll eoOect adl rtpeat sanqdes 
required under 002.08A7 and use them to determine 
cnmpfiwnre with the M(X fibr totd eolifonns in 002.02D. 
To invafidate a totd ediform-poaitive sample under this 

fay the Dsrsctor's authorised representative. The 
Director must mdce fUs document avafisble to EPA and 
tbepuhfic The written documentstion must state the 
speriiV eauae of the totd eoliform-positive ssmple, snd 
what action the tystem hss taken or win taike to eorrect 
thisprofalem. The Director may not invafidate a totd 

sanqde solely on the grounds that aU. 
! totd coBfonmiegatlve. 

002.0aABaf4) The Direetor ahdl eonaider nivdidation of 
aedifiBnihpusiUyesBnqdeqnder002,08A8a(8)onjyiq>on 
iwfipt of a request in writing from the owner of the 
j«iMit» waiter siqip^ aystem fitan adiich the eoliform-
positive sample was ooOeeted Sudi saiqde ahafi not be 
invafidated if any ofthe repeat ssmples coBected at 
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locations other than that ofthe cofiform-podtive sample 
are cdifonn-poaitive. No cofifonn-podtive sample ahafi be 
invalidated if aqy ofthe most recent dx samples cdlected 
from the aystem were cdiform-iiositive. 

002.03ABb A laboratoiy must invalidate a totd cdiform sample 
(unless totd cdifonns are detected) if the aample produces a 
turbid culture in the absence of gas production using an ana^yticd 
method vAere gas fonnation is examined (e^^, the Mukqde-Tiibe-
Fermentation Tedmique), produces a turbid culture in tbe 
ahafiine of an add reaction in the Presence-Abaenoe (P-A) 
Cdiform Test, or exhibits confluent growth or produces colonies 
too numerous to count with an.ana^yticd methods using a 
membrane filter (e.g.. Membrane Filter Technique). If a 
laboratoiy invalidates a sanqde becauae of audi interference, the 
tystem owner must cdnect another sample fixan the aame location 
as the origind sample witliin.24 hours of bdng notified of the 
interference problem, and have k analyzed for the preaence of 
totd cdiforma. The qrstem owner must continue to re-sample 
within 24 hours and have the —mpi— analtyzed until a valid 
reaukiaditained. The Director nuiy waive the 24-liour time fiont 
on a caae-by-caae baaia. 

002.03A9 Sanitaiy Surveys. 

002.03A9a Pubfic water aystems which do not collect five or 
more routine aamplee per month must undergo an adtidaanitaiy 
aurvcy fay June 29,1994, fir eommunity pubfic water aystems and . 
June 29,1999, fir «n">.'̂ Mwm"mty q^stems. ^RierecAer, q^stems 
must undergo another sanitaiy survey eveiy five years, except 
thatt non-community water aystems uaing oi^y diainfected ground 
water and wdls which have been constructed in scoordanee with 
and coaitinue to meet the siting requirements of Section (X)7, 
must undergo subsequent sanitaiy auntja at least eveijf ten 

I after the initisil ssnitaiy survey. 

002.03A9b Sanitaiy surveys must be perfirmed fay the NefacBska 
Department of Health personnd or an agent spproved fay the 
Department The qrstem is responaJMefor ensurmg the sunrey 
takes plare 

002.0aA10 Feed cdifonnaAEadieridiia edi (E. eoB) testing. 

002.03A10a U aqy routine or repeat sample ia totd ooGfonn-
podtive, that totd eofifomi-poaitive culture medium must be 

' anâ jTzed to detennine if fiacd eofifonns are present, except that 
E. eoK may be teated finr in Ben of feed coKforms. If feed 
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ecdiforms or E. coK are present in samples analyzed fay a 
laboratoiy other than the Nebraaka Department of Health 
lAboratoiy, the aystem owner must notify the Direetor fay the 
end of the day wbea the aystem owner is notified of the test 
resuk, unless the aystem owner is notified of the resuk after the 
Director's office is dosed, in vAidi cane the aystem owner must 
notify the Director before the end of the next business dsy. 

002.08A10b The Director haa the diacretion to allow the owner 
of a pubfic water aystem, on a csse-by^aae baais, to forgo feed 
coliform or E. cofi testing on a totd eoliform-poaBtive sample if the 
owner assumes that the totd eolifavm-podtive aample is feeal-
ooifiform-pudLive or E. cdi'tioaitive. Aocordin t̂y, the owner must 
notify the Director aa apedfied in 002.08A10a and the provisions 
of002.02D2qipfy. 

002.08A11 Besponseto 

002.0aAlla A pubfic water aystem wfaidi has exceeded the MCL 
for totd eolifonns in 002.02D must report the violation to the 
State no later than the end ofthe next buaineas day after k 
karna of the violation, and notify the pubfic in accordance with 
004.02. 

002.0aAllb A public water tystem wfaidi haa idled to eompfy 
with a eoBfiam monitoring requirement, induding the aamtasy 
am vey reqiuremewt, must report the miiuiUriug violation to tbe 
State within ten daya after the qpstem discovers the violstion, 
and notify tbe pubfic fai aocordsnce witii 004.08. 

fiOSifiS TWndity. Sanqdes ahafi be taken fay owners of eommunity, non-
wnwii»nnii>ji M I H watWLArammam^^ t w w i w m i i m m i i l y au r f iKO WStOr SIQipfy a y S t e m a a t t a 

repr eaentative point of entiy to the distriliution aystem at least once a day for the 
purpose of making turfaidity measurements. When the results of a turbidity 
ansfysis indieates tliat the "—**"""" adkwable levd has been exreeded, the 
• n m p l i i ^ y t i l l m—Miw—n—tt aAtaV t f r m ^ a a t a A am antiff am jiff«i'*ii»«KI> amA j t a a r m a a Y ^ 

within one hour. The repeat sanqde ahdl be the oaie uaed in mnyiiting the 
monthfy average. Thia aection ahan applfy untn June 29,1998. 

0 0 2 . 0 8 C T«in>j i i | ; i . rhmmKOKmU r i . l m 4 f i « t o t l l y i l p » i w p l w m « matA dhhwaajAimnttwya 

002.0801 Chkrinated Qydrocarbons, Chloroplieuuays and InotyBnae 
^tifnii-^« other than Nitrste. The owner of a eommunity or non-
txanaient noBi«ominimity pufaGc water sqipfy aystem ahadi take diemied 
SBiqdas at three year intervala vriien ground water ia the aouree of siqipfy 
and at one year Jntervals vdien surfiace water is the source of suppfy 
eacqit that, regardless of the source of water, the owner ahdl take 
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samples for sodium aiiallyses at one yeer intervals. Samples diaU be 
aubmitted to the State Hedth Department Laboratoiy in containers 
provided by the Laboratoiy. Owners of lystems uaiiig approved 
laboratories pursuant to paragr^di 002.03H of this Chapter ahan report 
initid analtyses and repeat the analysis and report at one year intenrals 
idien Burfiace water is used as a aouree and ahan report initid analysis' 
and repeat the andyds and report at three year intervals when ground 
water is used as a source. 

002.08Cla When aqy maximum contaminant levd is exceeded in 
a pubfic water aapply, the owner of the suppfy ahall be 
responsible for cdlecting; preserving, and transporting samples to 
the State Health Deportment Laboratoiy in accordance with the 
following adiedule: three addkional —tnpi— from tbe aample 
aan^ding point within one month of notification ofthe resuk that 
exceeded the maximum contaminant levd. When the average of 
the origind and three confirming samples, rounded to the same 
mm«ha» nf • i g n i f t ' t t t tiparam aa i h a matrwrmm rrantmmrnant I i f 1 

of the substance in question, demonstrates a vdue equd to or 
b d o w t h e m«^mmmi lomtomiwt i t ] e v d UO f u r t h e r —mpHfig is 

required until the time intervd established in paragraph 002.08C 

002.08Clb When the average of the fbur aamplea exceeds the 
maximum "»*"*""'''""• levd, aamplea ahdl be aiifaaaitted at 
quarterfy intervds until audi time as a variance, exemption, or 
enforcement action tdcea effect or until mmplianre ia 
arpomphahed. 

002.08C1C The Direetor may reduce the aampfing fivquenqr for 
eblflrinided bydrocarbona imd diloropbei ii iiys fay aystems using 
oiify ground water aa aouree of auppfy after initid sampling 
Am^wpill-nlf [ t h > flhaajffm of t t i * fiantamnmamta a n d vAlCn t h e 

results of a sanitaBy aurvey indinate remote piiBBiliilitji of future 

002.03C2 Nitrate Monitoring: The owner of a puldie water qpstem diafi 
take aanqdea for nitrate anafyais at yearfy intervals. Compliance with the 
w****"*"" contaminant levd for nitrate ahdl be detennined on the basis 
of the mean of two anafyaea. When a levd exceeding the maxnnum 
oontaminant levd is found, a aecond anafysis ahafi be initiated within 24 
hours, """̂  if *t»* mean of the two amsfyses exceeds the msximum 
oontaminaiit levd, the siqipfier of water diafi notify the pubfic pursuant 
to aectkn 004 of thia Chq[iter. 

002 .03D Trifaalomethanea. Q immuni ty t i H nmwtrMMJM^t, «<m.pniimwniiiy maimr 

q^stems wbkh add a disinfectant (oxidant) to the water in aqy part ofthe 
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drinking water treatment process ahan take —Twpi— fir totd tribakmethane 
potentid analysis at yearfy intervals unless provisions of subparts 002.0SD1 or 
002.08D2 apply and ahan submk them to the State Heekh Deportment 
laboratoiy in eontajnera provided by the laboratoiy. Owner* of aystems uaing 
approved laboratories pursuant to part 002.03H of thia Chapter dian report 
anafyais aa preacribed in aufapart 002.0SDL 

002.03D1 Water ddivered fay aystems serving more thsn 10,000 persons 
and whidi utifize surface water, in iriiole or in part aa a aouree of aiqipfy 
diafi be anafyzed for Totd TWhnlomethane eonoentration at quarterfy 
intervals in at least four water aamplea fbr eadi treatment plant uaed ty 
the aystem. An ssmples disn be ecdlected within a 24-hour period. At 
leest 25 percent ofthe samples shan be taken at representative locations 
within the distributian tystem tsking into account the number of persons 
served, different sources of water, and different treetment methods 
employed. Besuks firom an samplea collected ahan be uaed to determine 
the quarterfy avenge unless invafidated fir tefthmnri reasons. 
ComplianRe ahan be determined ty averaging the newest quarterfy resuk 
with the three previous quarterfy reauks. Slystems uaing qiproved 
bboratoriea pursuant to oi02.0SH ahan report results to the Director 
within thirty dqys of the ansfyais. 

002.03D2 Bssed on the results of one or more nwnrinnmi totd 
tiihalamethane potentid *—"'"»«*^«TII" the Director may excuae a 

unity water aystem uahig onfy ground water aa a source and serving 
fewer than 10,000 persons fitan fiirther monitoring when an i 
of locd conditions indicate the aystem ia not likefy to approach or exceed 
themaxiniumeoiitaminantlevdffartotdtribaloanathanea. Aqychange 
in the treatment process or diainfeptinn prsetioes vrifi require 

002.03E Volatile Qi0mie CTieminils Analyses of the 
002.02B4 fir purposes ofdetermining compliance with the 1 
levds ahan be conducted as follows: 

002.08E1 (Sroundwater aystems dian ssnqde at points of entiy to the 
distribution qpstem r^resentatiye of eadi wdl after aqy a îpBration of 

Bamnimff nust oe conuucteu at tne sanae aocatio î or a ^nore 
I each quarter. Groundwater ayatems must sample 

cveiy three montha fir eveiy point to the diatributian aystem except as 
provided in 002.0aE8a. 

002.0aE2 Surfiace water qrstems ahdl sample at points in the distribution 
aystem representative of each source or at entiy points to the distribution 
aystem after any sppliration rf treatment Surfiace water aystems must 
sample eveiy three months except as provided in 002.08E8b. Bampfing 
BQUBw pft OOOdUCwCuflifc WD6 BBOIC lOCBBOQ OP 9L flftOW f6DPG96QE8QV6 lOGttuOQ 

each quarter. 
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002.03E3 If the qrstem draws water fitim more than one aouree and 
aourceaare combined before distribution the system must —mpi» at an 
entiy point to the distribution aystem during periods of narmd operating 
f^^diti'"*^ 

002.03E4 An community water aappiy aystems and non-trandent, non-
community suppfy aystems serving more than 10,000 people shaU analjyze 
an distribution or entiy-point samples, as appropriate, representing an 
aouree waters beginning no later than Januaiy 1,1988. An community 
water topply aystems imd nonrtnanwent, """^^"""""""'y water suppfy 
systems serving fitan 8,800 to 10,000 peo{de ahan amaiyte dl distribution 
or entiy-point san^dea, as required m this slibaection, representiiig aU 
aouree waters begnining no later than Januaiy 1, 1989. An other 
community and nan-trandent non^ommunity water aiipidy qrstems dian 
analyze distribution or entiy point samples, as required in the subsection, 
representing an aouree waters *»*B''"'"'g no later than Januaiy 1,199L 

' 002.08E5 The Director may require confirmation aamplea for podtive or 
negative reauka. Ifaconfiimation8aiiqde(B) is required fay the Director, 
than the aample reaukCa) dian be averaged with the first aampfing restdt 
and uaed fior rompBanee determinatian in accordance with 002.03E0 of 
thia aectioiL The Director ahafi have diacretion to ddete resuka of 
obvioua aampfing errors from this raUnilatinn 

002.03E6 Anafyaea fbr vinyl chloride is required onfy for groundwater 
ayatems that have detected one or more of the fdlowing two-carbon 
argaaae enmpoimdr Trichloroethylene, tetradiloroetfaylene. 1,2-
dicfakroethane, 1,1,1-trichloroethaiie, ciB-l,2-didiloroethylene,trans-li2-
diehloroethylene, or 1,1-diehloroethylene. The analysis for viqyl ddoride 
is required at eadi distiibution or entiy point at wliicfa one or more of the 
*-*"^^*'^'*'" *'*g*"*'* wnjnp««inii« îmaaa firwyiil I f t h e f i r s t Slia^ySeS dOCSIIOt 

detect viqjd chloride, the director msy reduce the frequency of vinyl 
ddoride monitoring to once eveiy three years for that ssngdelocatifln for 
other ssn^de locatioBia iniidi are more repreaentative ofthe aame aouree. 
Surfboe water qrstems may be required to anafyze fir viqjd dilaride at 
the discretion of the Director. 

002.08E7 The Direetar or individud piihfie water siqipify qrstems nuy 
dioose to compnaite up to five samplea firom one or more piibfic water 
aystems. ConipodUng of samplea ia to be done in the laborafagy fay the 
proftf dures hstw bd** !̂ Samjdea must be ana^xed withm fourteen days 
ofcofieetion. If any orgameeonUanuiiant fisted in 002.02B4 is detected in 
ĥm naimta\ f̂ fmiiM«Tf*e —"pi*, a Sample from eadi aouree that made iqi 

the cnrppnMto Monple muat be reandyxed individuany within finirteen 
daya of aanmBng. The ammde fior reanafyaes cannot be the origind 
aangle but can be a dupKcate sanqde. If tiie dupBratea of the origind 
—mpl— aiaa fint nwH^M*, atmam —mpUa imiat h a toVati frnm amt4\ mtnart^ 
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uaed in the oricpnd compodte and anafyzed for VbCis. Beana^yds must 
be made within fourteen days of the second aample. To compodte 
—«ipi»«, the fdlowing procedure must be fdlowed: 

002.08E7a Compodting sanylea prior to GC ana^yda. 

002.08E7afl) Add6mlor equd laiger amounts of eadi 
aanqde (up to 6 aamples are allowed) to a 25 ml ^ass 
ayringe. Spedd precautions must be made to TMtntojn 
zero headapece in the ayringe. 

002.03E7a(2) The aamplea must be coded at 4*Cdiiring 
this step to minimize volatilization'. 

002.03E7af8) Mix vrdl and draw out a 6-inl aliquot for 
anafyds. 

002.03E7a(4) Follow aample introduction, pur^ng and 
desorption steps described m the method. 

002.08E7a(6) If leas than five aan^dea are uaed for 
compositing a proportionatefy amaiiam q^ringe may be 

002.03E7b Compneiting aamples prior to GC/MS anafyda. 

002.oaE7bfl) Lgect 5 ^ or equd larger amounta of eadi 
aqueoua aample (iq> to 6 aanplea are diowed) into a 26-

tedmique deacribed in the method. 

002.08E7bC2) The totd volume of the aample in the 
purging deviae must be 26 ud. 

002.08E7bfS) Purge and desorb aa deacribed in tbe 
method. 

W2.08E8 
002.0SE1 and 002.08E2 as eiplalned in thia paragrqih: 

002.08E8a The monitaring frequency fior groundwater qrstems 
isasfoBowK 

002.0gEflam When VOCs are not detected hi the first 
sample (or aqy subsequent —"T*— that msy be taken) 
and the aystem is not vulnerable as defined in 002.0SE8d, 
mointoring may be reduced to one aample and must be 
repeated every 6| 
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002.03EBaf2) When VOCs are not detected in the first 
sample (or aqy subsequent sample that may be taken) 
and the qrstem is vulnerable as .defined in 002.03E8d, 

002.03EBa(2)fa) Momtoring CLc one aample) 
must be repeated eveiy 8. years for aystems 
greater than 600 conneetions. 

002.08E8af2)fb) Momtoring 0.e., one sample) 
' must be repeeted every 6 yeers for aystems with 

less than or equd to 500 conneetiana. 

002.03EBaf8) If V0C3s are detected m the first aample 
(or aqy aubaequent aample that may be taken), 
regsrdleas of vulnerabifity, momtoring must be repeated 
eveiy 8 months, as required under 002.03EL 

002.03E8b The repeat momtoring frequency for surface water 
qrstems is as follows: 

002.03E8bm When VOCs are not detected in the first 
yeer of qusrterfy sampling (or aqy other aubaequent 
aanqde that may be taken) and the qrstem ia not 
vulnerable aa defined in 002.0SE8d, momtoring is ody 
required at the diacretion of the Dnrector. 

002.03E8b(2) When VOCb are not detected in the first 
year of quarteify sampling (or aqy other subsequent 
sanqde that may be tdcen) and the system is vidneiable 
as defined in 002.08Ed. 

002.08EBbC2)(e) Monitoring must be repeeted 
eveqr three years (fior aystems greater than 500 
coamectianai). 

002.08EBb(2)(b) Monitoring must fate repeated 
eveiy five years (fiOT aystems less thsn or equd 
to 600 connections). 

002.03EBbf8) When VOCs are detected in the first year 
of quarterfy amiwitpimg (or any subsequent sample that 
may be taken) regardleaa of vqhierabifity, monitoring 
must be repeated eveijr 8 months, as reqinred under 
002.08E2. 

002.03E8e The Director may reduce the frequenqy of monitoring 
to once per yeer for a groundwater qrstem or aurfiaee water 
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tystem detecting VOCs at levds consistentfy less than the MCL 
for three consecutive years. 

002.03E8d Vuberafaifity of each pubfic water aystem sbafi be 
determined by the Director beaed tqion an aaaeaament of the 
fidlowing fiaetora: 

002.03EBdfl) Previous monitoring reauka. 

002.03E8dC2) Number of persons served fay the public 
water tystem. 

002.03E8df3) Proxiiiiity of a smaller aystem to a larger 
aysteuL 

002.03E8d(4) Proximity to commercid or industrid use, 
disposal, or storage of Vdatile Qynthetae Organic 
CheniBxus. 

002.03E8df5) Proteetkmof the water source. 

002.03E8e A qpstem is deemed to be vulnerable for a period of 
three years after any positive anammiraintant of one or more 
oontammants fisted on 002.02B4 or 002.08K6 except fbr 
tpiri»intnitiiww or Other iiTi»'»^j***«^ disinfection nyproduct 

. 002.08E9 Coanpfianoe with 002.02B4 diafl be determmed based on the 
results of running annud average of quarterfy aampfing for eadi aampfing 
locatioai. It one location'a average is greater than the MCL, then the 
aystem ahdl be deemed to be out of compHanre. H" a pubfic water qrstem 
haa a distribution qatcm separable firom other parta ofthe distribution 
aystem with no intercoamectiona, onfy that part of the ayatem that 
exceeds aqy MCL aa qwdfied in 002.02B4 wifi be deemed out of 
compliance The Director mqy reduce the public notaoe requirement to 
that portion ofthe system idiich is out of compliance. If any oaie sanqde 
resuk would cauae the annud avernge to be exceeded, than the qrstem 
ahsfl be deemed to be out of eonqdiance immediatdyi For aystems that 
onfy take oaie ssmide per bcatian becauae no VOCs were detected, 
aammrSiam^a gfadl bO bWSffd OD t h a t Wlft —""pl* 

002.03F BadiosnicBdes. The State Health Dqartment w31 eoBect and anafyze 
—mpl—frnm—«»>ti^nmimmilj • • t o f i i p p ^ f i w p y i i i f l w e t w w t y h y . T M ^ I , IBTP, mhmn 

auiliaoe water ia uaed aa a aouree, and fay Jufy 1,1980, idien ground water ia the 
able aouree of siqipfy. Theses aiu4ysaa wifi be repeaited at fouryear intervals, 
exoq;it anafysia fior beta activity in ground water aourcea mqr be leas fi«quent at 
the diacretion ofthe Director. 
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002.08G Spedd Monitoring - Radionudidea. The owner of aqy community or 
non-trandent nao'cominuiiity water aappiy aystem deaognated ty the Director as 
utilising waters receiving effluents firom nudear fanilities shaB initiate quarter^ 
monitaring for groias beta partide and Iodine-131 radioactivity and annud 
monitoiing for Strontiiim-90 and Tritium. 

002.08G1 Quarterfy monitoring for gross beta pertide activity dian be 
. baaed on the aiu4yais of monthfy samples or the anal[yaiB of a compodte 

of three maatiHy samples. The fonner is recommended. If the gross beta 
paitide activity in a aample exceeds 15 pG per liter, the same or an 
equivdent aample ahafi be aiu^yzed for Strontiiim-89 and CeaBum-184. 
If the groas beta partide activity exceeds 50 pQ per fiter, an anafyaia of 
the aanqde must be performed to identify the mqor radioactive 
constituents present and the ^jprqpriateoil^ and totd bo^y doaes shan 
be caicutoted to detemiine compltonce with aubaeetion 002.02F of these 
rules. 

002.03G2' For iodine-181, a compodte of five consecutive daify aamples 
shan be analyzed once eedi quarter. Aa ordered fay the Director, more 
frequent monitoring ahan be conducted ahen lodine-lSl is identiiSed in 
the finished water. 

002.03G3 Annud monitoring for Strontium-90 and Tritium ahan be 
conducted fay means of the andyds of a «'*«mpnMtji of four conaecutive 
quarterfy aamples or andyds of four qaarterly aamples The latter 
procedure is • f nmn înv^d 

002.08H Approved Laboratoriea. The Departinent of Heelth ahadl enter into an 
agreement with any laboratoiy Aaaiuatmi.rat.in̂  a continuing capdnlity to perform 
required anaJlyaea, to conduct eadi apedfie anallyds in anaoeeptdtde manner, to 
participate in qudity eontitd activitiea, and to eoaqi(y with an requnrementa of 
these regidationa rdative to maintaining recorda and reporta. 

002.081 ConaeeuUvefiiystema. When a pubfic water suppfy aystem provides water 
to one or more other pubfic water auppfy-^ysteaos, the Director may modify the 
monitoring impoaed fay Section 002 to the extent that the inter-connection of the 
systems justifies treating them as one qrstem fir monitoring purpuses. 

002.08J TVeatment Tedudquea. TVeatment tedmiquea and proceaaes for 
lemoving or reducing the levda of aqy of the eontaminanta listed in section ()()2 
disfi be approved fay the Dnrector prior to application and ahafi oonform with 
tested and proven en^neeringpractiees. The Director ahaB indude recommended 
criteria fior aoeeptanee of audi tedmiques and proceaaea in the Standards for 
Water fljystfin TVtign* hereip }it—ry^atmAhy pafippypw»«« A»*y|inf * ^̂  —qî —<< 
by aection 007 of theae ndea. 

002.08K Spedd Monitoring for Orgamc Chemicals, 
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002.03K1 AB community and non-trandent,, non-cammumty water aiqipfy 
systems diafi monitor for the contaminantB fisted in 002.08K5 in this 

1 ty the date specified in Table L 

Huabar of Paroona Served 

Ovar 10f000 
3,300 to 10,000 
Laaa than 3,300 

Monitoring to begin 

January 1, 19B9 

P02.03K2 Surfbee water aystems ahafi aanqde at pdnta in the distribution 
system i epi ejw, ntative of eadi water aouree or at entry points to the 
distribution aystem. The nmiimum wiinlter of —ipp̂ — is one year of 
quarterfy samples per water aouree. 

002.08K8 Groundwater qrstems disB ssnqde at pdnts of entiy to the 
distribution aystem representathre of eadi weB after any appliration of 
treatment The mintnnim number of samplea is one sample per entiy 
point to the distribution aystem. The aampVmg fi«quenqr disB be 
apedfied in 002.0SE. 

002.03K4 Tbe 
n^stive results. 

for poaitive or 

002.08K5.- Community water aappfy aystems snd non-tranaient non-
eommunity water sqipfy qrstems ahafi monitor fir the fidbwing 
conliiminanta excqit aa provided in 002.0aK6. 

002.0aK6a Chkrofionn 

002.0aKSe trsna-lA-Bidikroeatylene 

002.oaKSf 

002.0SKSg 

002.0aKSi ds-2,8-Dichkroetl^^ene 
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002.03K5i o-Diddorobenzene 

002.03K5k Dibromflmetbane 

002.03K51 1,1-Didiloropropene 

002.03K5m Tetradiloroetfaylene 

002.03K6n Tduene 

0Q2.0aK5o p-X^ene 

002.03K5D o-Xylene 

002.08K5a m-X^dene 

002.03K5r l,M)iddoroetiiane 

002.03K5a 1,2-Didiloropropane 

002.03K5t 1,1,2.2-TMrachkroethane 

002.08KSU Etfagdbenzene 

002.08K5V 1,8-Diddoropropaiie 

002.0aKSw 

002.03KSX 

002.0aKBy 

002.03KSZ lA8-TWdiloropropane 

0Q2.03KSaa l,l,i;8-Ttotraddoroethane 

002.oaK5bb Chkroethane 

0Q2.0aKScc 1,1,2-Trichhroetiiane 

002.oaK5dd 241-Diddorapropane 

002.b8K5ee oOdorotduene 

OQ2.08K5ff p-Chkrotohiene 

002.0aK5Bg 
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002.03K5bh ItS-Dicbloropropene 
> 

002.03K5U Ethylene dibromide (EDB) 

002.03K5ii l^IKfaromo-8-ddaropropeiie (DBCP) 

002.03K6 Ounmunity water aupi^y aystems and non-transient nan-
community water supp^ aystems must monitor for EDB and DBCP onfy 
if tlie Director determines thqr are vulnerable to contamination by either 
or both of theae aubstancea. For the purpoee of thia aection, a vulnerable 
ayatem is defined as a aystem vhich is potentiaify contaminated fay EDB 
end DBCP, incbiding aurfiaee water tystem where these two compounds 
are sppfied, manufiactured, atored, disposed of̂  or diipped upstream, and 
for groundwater q'stems m areaa vriiere the compounda are afppfied, 
manufiactured, stored, diapoeed of or ahipped in the groundwater rediarge 
faaain or groundwater aystems that are in proximity to underground 
storage tanks that '*«ptĵ ip leaded gaadine. 

002.08K7 Pubfic water auppfy qrstems may use monitoring data coBected 
aqy time after Januaiy 1,1988, to meet the requirementa for unregulated 
innnitnpin£^ jifftwnHi< t h « t t h a awtntntraring jwn i^i a m wiaa ^nrtaiatamt. wnth i}}» 

requirementa of tma sectioiL 

002.08KB Listead of perfionning the monitoring required by this section, 
a onBiintiiiiilji imaiam i i j i p ^ •jmt^wi np auwt.*rmrimamt^ »in|<.<«nmtwny|il j matair 

suppfy aystem serving .fiawer than 160 service eonnectians may aend a 
letter to the Direetor atating that ita aystem is avafiafale fior —«T^"g 
Tliis letter must be sent to the Direetor no later than Januaiy 1,199L 
The tystem disB not aend audi ssnqdes to the Director, unless requested 
to do so I7 the Director. 

002.03K9 All iwtmwimtyiiHfMWvAMnMiMit^ aum^^annmatnt^^mtam i i j i p ^ 

aystems diafi repeat the monitoring requnred in 002.08K no leaa 
frequentfy than eveiy five years fitan the datea specified in 002.08K1. 

002.04 Filtration T ^ y>i«infff'tinn, TUa aection establiahea treatment tedmique 
requirementa in lieu of maximimi rontwminant levds fior the fidlowing contaminanta* 
Giardia lambfia, viruses, heterotropfaie plate count bacteria, legiondbi, and turbidity. 

002.Q4A Eadi pubfic water sqipfy aystem with a surfiace water source or a 
groundwater source under the drect influenoe of surfiace water must indude 
treatment of that aouree water that noanpliea with theae treatment technique 
requirementa. Tba treatment technique requirementa conaiat of installing and 
properfy operating water treatment proceaaea vrtiidi rdiidify 1 

002.04A1 At least 99J percent (8-lo|^ rembvd and/or insctivation of 
Giardia lambfia cysts between a point ahere the raw water is not sulgect 
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to recontamination fay surfiace water runoff and a point downstream 
before or at the first customer, and 

002.04A2 At least 99.99 percent (4-log) removd and/or inaetivation of 
viruses between a point vdiere the n w water ia not aubject to 
rewwita*""***'"" fay aurface water runoff and a point downstreaun before 
or at the first customer. 

002.04B Eaich groundwater aouree providing water to a public aystem ahaB be 
a>wainnnaA to A a t a m m m ^^nmthar tar n n t It i« m\Ame t h ^ tiii^fft m f l n f w o nf ffnfw 

water. The *»•""*«*'«" ahafi be perfiormed in acoordanoe with the protood 
deacribed in Attachment 8 to this rule. 

002.04B1 Eadi groundwater aouree for a community water siqipfy aystem 
ahdl have been emmined no later than June 19,1994. 

jpQgQ n̂y Eadi groundwater aouree fior a non-eommunity qrstem diaB 
have been ezamined by June 19,1999. 

002.04B3 Ifthe Director detemdnea that a ground water aouree is under 
the direct influence of aur&ce water, s/he ahafi ao indicBte in writing to 
the owner or the pubfic water auppfy aystem. 

002.04C A pubfic water suppfy aystem uaing a surface water as a source must 
indude filtration «hich meets the requirements of 002.04G. 

002.04D A puhfic water suppfy aystem uaing a ground water source under the 
direct jnfhienne of surfiace water is eonaidered to be in '*T'r^'^"^ ^*i^ * ^ 

I of 002.04 ifi 

itQSiUQl It meets the requirements for avoiding fikrstion fai 002.04E 
and the disinfection requirements in (K)2.0ffl; or 

002.04D2 TX meets the fikratkm requirements in 002.04G and the 
dinnfectifln requirements in 002.0^2. 

002.04E Criteria fior avoiding flkratkaL A piiblie water siqqify aystem that i 
a ground water source under the direct influenoe of surfbce water must meet sB 
of the oondkuaia of 002.04E1 and 002.04B2 and is suigect to 002.04E8 begmning 
18 months after the Director detennines that k is under the direct influence of 
surfiace water, or December 80,1991, adiidiever is later. Within 18 months of the 
fidhire of a tystcm.using a groundwater aouree under jthe direct influence, of 
surfiace water to meet aqy one of the requirements of 002.0^1 throuih 002.04E6 
the system owner must have installed filtration and meet the criteria for filtered 
aystems specified ni 002.04G. 

002.04E1 Source water qudity eoaiditioais. 
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002.04Ela The fecal cofiform concentration must be equd to or 
less than 20 per 100 nd or the totd cdiform concentration muat 
be equd to or leaa than 100 per 100 ml pleasured fay the 
Nebraaka Depertment of Heelth laboratoiy' or an approved 
U h n r a t n r y p u r w w n t to OngrMTT) in rmppmamtatrntiva —mp]ffi 9f t h f 

aouree water immediatefy prior to the first or oiify point of 
diainfectian sppfication in at leaat 90 percent of the 
meaaurementa made fir the 6 previous months that the aystem 
served water to the pubfic on an ongoing bada. If a ayatem 
measures both feed end totd cdiforms, the feed cofifonn 
criterion, but not the totd odiform criterion, in this peragrqdi 
muat be met 

002.i)4Elb The turfaidity levd cannot exceed 6 NTU (measured 
as apedfied in 002.0ffila and 002.04H2b) in repreaentative 
aamples of the source water immediotefy prior to the firat or onfy 
f i^n^^ 0y QiflBofccsflDb flppuCttbofi 1 

002.04Elbfl) The Director detemunea that any sudi 
event was cauaed fay circumstanoea that were unusud 
and uqredjctahle; and 

002.04Elbf2) Aa a reauk of any audi event there have 
not been more than two eventa in the past 12 months 
the tystem served water to the puhlie, or more than five 
eventa in the pest 120 months the aystem served water 
to the pubfic, fai idnefa the tuitidhy kvd esceeded 6 

. NTU. An'event* is a series of consecutive dflys during 
wlikh at leaurt one turfaidity measurement eadi day 
exceeda 6 NTU. 

V!J2H7? Site-apedficcondkions. 

OTgftfT^ The piiblie water scqppfy aystem must meet the 
requirements of 002.0gla at least 11 of the 12 previous months 
that the aystem served water to the pubfic on an ongoing baais. 
unlsss the aystem fdla to meet the requirements during 2 of the 
12 previous moBiths that the aystem served water to the pubfic 
and the DireeUr determines that at least oaie of these fidhires 

oaused fay drcumstances that were nimnie^ and 

ggy^^T^ The pubBe water siqipfy tystem must meet the 
requirements of 002.04Flb at afi times the aystem serves water 
tothepublic 

^ ^ n ^ T ^ The piibfic water siqipfy i^stem must meet the 
reqmrements of 002.04Flc at afi times the aystem serves water 
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to the pubfic unless the Director detennines that aqy sudi fiaBure 
was caused fay drcumstances that were unusud and 
unpredictable. 

pogruWM The pubfic water aappiy aystem must meet the 
requrementa of 002.04Fld on an ongoing baaia unless the 
Director detennines that fafiure to meet theae requirements was 
not cauaed fay a defirienqr in treatment of the aouree water. 

^.(UVSa The pubfic water aiqipfy ^yrtem owner must devdop 
and implement a wdlheed protection program sufficient to 
exdude potentid sources ofnucrohiologird tvmtwmiwtinn within 
a one year time-of'travd fitan the wdl or wdl fidd. Awdlbead 
protection program dian condst of the foUowing: 

002.04B2e(l) A wdlhead protection area ddineation. 
The area defineated diafi be beaed on a one yeer time-of-
travd and shan be determined fay the fdlowing formula: 

T - 8.14nbL' divided fay Q 
ahere T « Thne-of-TYavd (daya) 

L « Distance fitan the wdl tfieet) 
n « Effective porodty (aaaumed to be 0.2 

ffni—• supporting evidence indicatea 
otherwiae. 

b « Aquifer thkikneas ffeet) 
Q m Pumping rate (cubic feet per day) 

^ . O ŷ-ĝ fg) Identificatian of an aouroea of microfaiolofl^ 
wfimtominatinn witUn tii* ddineoted I 

ffff^ MT̂ f̂ffft) Management of adl aourcea identified in 
002.04E2e(2) to ] 

002.04E3 The puhfie water aiqipfy must be aulgect to an annud on-dte 
inspection to assess the wdlhead protection py '̂g! wm specified in 
0Q2.04E2e and the disinfection treatment process. EkhertheDvectoror 
a party approved fay the Erector must coaiduet the on-dte nupection. 
The inapection muat be conducted fay eoaqpetent indhriduala audi as 
sanitaiy and dvB engmeers. aanitanana, or technidana wlio have 
experience and knowledge about the operation and mainteniDice of a 
pubfic water aystem, and vdio have a aound understanding of pubfic 
health prindplea and waterbome diapascs A report of the on-dte 
inspection must be prepared eveiy year and indimte to the Director'a 
aatiafiaction that the didnfection treatment proceaa ia adequatefy deaigiied 
amA maim,*aiw\aA ibe on-site inspoctian must jncbide: 
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002.04E3a A review of the effectiveness of the wellhead 
protection program required fay 002.04E2e. 

002.04E8b A review of the pfayaicd condition Of the wdl and the 
extent of protection provided; 

002.04ESe A review of the qrstem's equipment maintenance 
• program to ensure there is low probability fior fiuhre of the 
diannfection piocess; 

002.04E8d An inspoctian of the disnifeetion equipment fir 
pfayancd deterioration; 

002.04E3e A review of operating procedurea; 

002.0ffi8f A review of data recorda to ensure that afi required 
teata are being conducted and recorded and didnfection ia 
effective practiced; and 

002.0ffi8g Tdentification of aqy improvementa vdiich are needed 
in the eqiiiimieut aystem maintenance and operation or data 
eoBection. 

002.04E4 The pubfic water system must not have been identified aa a 
aouree of a waterbome diseese outbreek, or if k has been ao identified, 
the aystem muat have been modified ouffidentfy to prevent another audi 
oocurrence^ aa detennmed ty the Director. 

002.0ffi6 The public water auppiy aystem must comply with the 
aatmmanaan . w m t o m f c f n t U — 1 ( ^ H T ^ ^ ftiFtnfcal aaXfria^na i n OOP OOTI • • I — » 

11 months of the 12 previous months that the aystem served water to the 
pubfiĉ  on an ongoing basja^imlcss the Director detennines that fiajhire to 
meet this requirement was not caused ty a deft'ieiwy in treatment ofthe 

P02.04E6 The piibfie water aapgiy system must eonspfy with the 
requirements fir tiibdomethanes in 002.02B8 and 002.08D. 

002.04E7 A aystem that fidls to meet any oaie ofthe criteria ni002.04El-
002.04E6 and/or fior which fikralian is required, and fiaBs to instdl 
fikrstion fay the date apedCed in the jntroduetoiy paragr^di of thia 
Biibarrtinn ia in liolntinn of a tmntmrnt tirhniqiir inqiilrrnimt 

002.0fflB A aystcm that haa not inatafiedfikrationia fai violation of a 
treatment tedmique reqinreount ifi 

002.04EBa The tmindity levd (measured as specified fai 
0Q2.04Hla) in a representative sample of the source water 
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immediatefy prior to the first or only point of didnfection 
abdication exceeds 5 NTU; or 

002.04E8b The tystem is identified as a source of a waterbome 
diseese outbreek. 

002.04F Disinfection. A public water siqip^ q^rtem that uaea a ground water 
source under the direct influence of surface water and doea not provide filtration 
treatment must provide disinfection treatment apedfied in 002.04F1 beginniiig 
December 80,1991, or 18 months efter the Director determinea that the ground 
water aouree ia under the direct jnfhience of aurfiaee water, wfaidiever is later. 
H filtration is required in ancordance with 002.04G, the qrstem must eompfy with 
any interim didnfection reqinrementS' the°Director deems necessaiy before 
filtration is installed. A aystem that uaea a aurface water aouree and provides 
filtratian treatment muat provide the didnfection treatment apedfied in 002.04F2 
of this aection beginning June 29,1998, or begfaming irtien filtration is installed, 
adudiever ia later. A qrstem that uses a ground water source under the. direct 
infhienee of surfiace water and provides fikivtion treatment must provide 
diainfection treatment as apedfied in (X12.04F2 of tfais section fay June 29,1993, 
or begimringydien fikrstion is instaBed, vhicfaever is Ister. Faihire to meet aqy 
requirement of this section after the ^ipBeable date specified in tins introductoiy 
jmampmjth am a * r a a t m a n t iaa*mirpaa »in1«»inn 

002.04F1 DiainfectiflnreauirenientB for tnibfie water avstems that do not 
provide fikrstion. Each pubfic water auppfy qrstem that uaea a ground 
water aouree under the direct infiii>ni«» of aurfiaee water and doea not 
provide fikratian. treatment must provide didnfection treatment as 
fUDows: 

002.04Fla The diainfection treatment must be sufficient to 
ensure at least 99.9 percent (8-log) inaetivation of Giardia lambfia 
(9sts and 99J99 percent (4-log) insctivation of viruses, every dsy 
the qrstem serves water to the pubfiĉ  except aqy one day eech 
month. Eadi day a aystem serves water to the pubfiĉ  the pubfic 
water qrstem must ^̂ â m̂̂ â̂^ the CT value(s) fitan the qrstem's 
treetment parameters^ unig the procedure specified in 
002.04H2d and detennine whether this vahie(ai) ia adSdent to 
adneve the apedfied inactivataan ratea fir (Siardia lambfia qrsts 
and viruses. V a aystem uses a diainfiBctant other than dilofine, 
the qrstem owner may demonstrate to the Direetar that GT(99J9) 
values other than those qiedfied in TUdea 2.1 and 8.1 in 
002.04H2C or other operationd parameters are adequate to 
deiniH^̂ *̂ rftte that the systeoA tt a^bievottt nummimA msctivation 
rates required fay this sectioaL 

002.04Flb The diBaifection aystem must have either redundant 
atarmptanamtm^ inrfiiiitny am mnf l iMy pnwwr m a p p ^ w i th MitrmMtiff 

2-27 



Tklel79 
Cbaptier2 

Btart-iq> and alarm to enaure that disinfectant a îpUcation ia 
maintained continuous^ while water is bdng delivered to the 
distributian system, or automatic dnit-off of ddiveiy of water to 
the distribution qratem y^benever there is less than 0.2 mg per 
fiter of reaidud didnfectant concentration in the yvater. If the 
Direetor determinea that automatic shut-off yvoidd cauae 
unreaaonable riak to heekh or interference with fire protection, 
.the qrstem must have the above redundant wanponenta. 

002.0gle The residud disinfectant concentration in the yrater 
entering the diatribution aystem, measured as specified in 
002.04Hlb and 002.04H2e cannot be leas than 0J2 mg per liter fior 
more than 4 hours. 

002.04Fld Beddual didnfectant concentration 

002.04Fld(l) The reddud diainfectant concentration in 
the dstributian aystem, measured as totd ddorine, 
OQ̂ D1UD6O ffail?nfiffs OP Culflvmc QIQQQUC SS yp̂ ifln̂ Q̂ JQ 
002.04Hlb and 002.04H2f ahafi not be undetectable fai 
more than 5 percent of the aamplea eaidi month for any 
two eonsacutive moaiths that the qrstem serves yvater to 
the public Water in the distribution aystem arith a 
heterotrophic bacteria cuiMieutration less than or equd to 
600 per ml, meesured as heterotrophic plate count (HPO 
fay the NefanakaDqartment of Heakh lAboratoiy or an 
approved bborstoty is deemed to have a detectable' 
disiufectiBit reaidud fior purpoees of determining 
armnjilaiatata amith t l i i a » t p i i i ^ii—«t ^niUS, thO VSlue ir m 

the fioBowing fimnda cannot eiceed 6 percent m oaie 
*"****" fior any two coaiaecutive months. 

V - a •(- b X100 

yvnerei 
a •• number of ***•*•"*— where the reddud 
diimfcftwnt nasTiiliatJiwi v i 

b m number of faistances yHiere the reddud 

heterotrophie bacteria plate eount (HPQ is 

e « ymmiiar of *—*—"— ydicre the rrridiinl 

detected and no HPC is measured; 
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d B number of instances where the residud 
didnfiectant concentration is meitfured but not 
detected and yiiiere the HPC is greater than 600 
ml; 

e m number of instanees yrtiere the residud 
QlflBQI6CtAQ!L OQOCCOZVttCilOQ 18 OOt 016B811F60 flUfl 

HPC ia greater than 600 per nd; and 

V > percent of. aamplea adth undetectable 
residud disinfectant cftncentretion. 

002.04Fldm B* the Drector detemunea, beaed on dte-
apedfic nondderationa, that a qrstem does not have the 
meana fior having a aample transported and analyzed for 
beterotropic plate oount (HPQ fay the State Heekh 
" T * ^ * ? ! ? * ! ! * T^WT**'^' ' 'y " ^ *** «jippnu»<l t a h n r a t M r y lattAmr 

the requiaite tane and temperature conditions required 
of the laboratoiy and that the aystem is providiiig 
adequate diainfectian in the diatribution qrstem, tbe 
requrements of 002.04Fld(D do not apply to that 

002.0tf!2 Didnfection requirements for piiblie ymter aystems ahich 
provide filtration. Eadi pubic water qatem that provides filtratian 
treatment must provide disinfection treatment aa fdlowa: 

002.0g2a The diainfectifln treatment must be auffident to 
ensure that the totd treatment proceaaea of that qrstem sdneve 
at lesst 99.9 percent (8-lo^ iiiaKtivation and/or removd of Cxtardia 

' lambfia cysts and at least 99.99 percent (4-log) inaetivation and/or 
removd of viruses, as detennined fay the Director. 

002.04F2b The red&ttl diainfeetant eoaicentration ni the yvater 
entering the distribution system, meaaured av apecified in 
b02.04Hlb and 002.04H8b oonnot be leaa than 0.2 ii« per fiter 
firmore than 4 hours. 

The reaidud diainfiectaiit cuiMynitration in the 
distribution qrstem, measured ss' totd ddorme, combined 
ddorine, or ddorine dioxide, as apedfied in 002.04Hlb imd 
002.04H8b ahafi not be undetectable in more than 6 percent of 
the aamplea eedi months for any two w ii isei'iitive months that the 
aystem serves yvater to the public Water in the distributian 
aystem yvith a heterotrophic bacteria cw syi itiratinn leas than or 
equd to 600 per nd, measured as heterotropfaie plate eount 
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(HPQ aa specified fai 002.04H1 is deemed to banre a detectable 
diainfectant reddud for purpoaes of determining con^diance yvith 
this requrement Thus, the vdue *V* in the fdlowing formula 
caimot exceed 6 percent m one month, for aay two fonseriiliwe 
months. 

c •>• d -t- e 
. V - a -i- b X 100 

Where: 

a « number of instances ydiere the reddud diadnfectant 
CODCCOtXttuflU 18 flBCtt8Ur60« 

b > number of instances ahere the residud disnifectant 
ati 'if^nt.rattnn ta n n t t n — i i » H h n t hart^w itfnptin* t iaof^^y 

plate count (HPQ is; 

e B nuinber of inatanoea yvhere the reddud didnfectant 
concentration ia measured but not detected and no HPC 
ismeasured; 

d B number of instances where no residud disinfectant 
concentration ia detected and whera the HPC ia greeter 
than 600 per ml; 

e V number of inatanoea yvliere the reaidud didnfectant 
wasyiiliation w not measured and HPC • greater than 
600 per nd; and 

V > percent of aanqdea yvith undetectable reaidud 
disinfectant ( 

If the Director detennfaiea, beaed on 
cntidderationa, that a aystem has no means fir faaving a 
asmple trsnaported and anallysed fior HPC ty the State 
Hedth Dqpartment lAboratoiy or an approved 
labontofy under tbe requiaite time and tempeiature 
comditioatt required ofthe laboratoiy and that the qrstem 
is providing adequate diainfection in the distribution 
aystem, the requrements of 002.04F2c do not sppfy. 

002.04G FOtrstioiL A pubfic yvater qrstem that uaea a surfbce yvater aouree muat 
provide treatment eonaiating of both didnfectioai, aa specified in 002.04F2 and 
filtration treatment yvindi eompfiee yvith the requirementa of 002.04G1-002.04G4 
fay June 29,1998. A piiblie yvater qrstem that uses a ground souree winch is 
under the direct influenoe of sulfide water and does not meet afi the criteria in 
002.04E fior svoiding filtration, must provide treatment condsting of both 
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disinfection, as qiedfied in 002.04F2 and filtratian which compfies yvith the 
requirements of 002.0401-002.04(34 yvithin 18 months of the fiafiure to meet aqy 
one of the criteria for avoiding filtration in 002.04E.. Fafiure to meet aqy 
requirement oftbis section after the date qiecified in this introductory peragra^di 
is a treatment technique vidation. 

002.04G1 Conventiond filtration treatment or direct filtration. 

002.04Gla For qrstems udng eonventiand filtration or direct 
fikratian, the turbidity levd qf representative —wipi— of a 
aystem's filtered yvater must be less than or equd to 0.5 NTU in 
at leaat 95 percent of the meeauremeiits taken eadi month, 
meaaured as apecified in 002.04Hla and 002.04H3a„ except that 
• ifthe Director detenninea that the aystem is capable of achieving 
at least 99.9 percent removd and/or inaetivation of (aiardia 
lambfia cysts at aome turfaidity levd hifî ier than 0.6 NTU in at 
leeat 95 percent of the meeaurementa taken eadi month, the 
Direetor may aiibstkute this hi^ier turbidity fimk for that 
system. However, in no eaae may the Dvector approve a 
turbidity fimk that allows more than 1 NTU in more than 5 
OCFOCDw OK t o f i 8801PlC8 wSBGA C8CD flBOOtUL IDCftBI^PCQ 8 8 8D6Gifi6u 

fai 002.04Hla and 002.04H3a. 

002.04Glb The turbidity levd of npiiaiinlatiin aamplea of a 
' aystem's filtered yvater must at no time esBceed 5 NTU, meesured 

as specified fai 002.04Hla and 002.04H8a. 

002.04G2 Skiw sand fikratian 

002.04G2a For qrstems using ailow sand fikratian, the tuibidity 
levd of repreaentative snmplrn of a ayatem'a filtered witter must 
be leas than or equd to 1 NTU in at leaat 96 percent of the 
measurements taken each month, measured as specified in 
002.04H1a and 002.04H8a, except that ifthe IMrector detemrinea 
there is no "jp"^*"* interference with disinfection at a higher 
turfaidity levd, the Director may substkute this lumber turfaidity 
hnnt fior that aystem. 

002.04G2b The turfaidity levd of representative sample of a 
aystem's filtered yvater must at no time exceed 6 NTU, meesured 
as apedfied fai 002.04Hla and 002.04H8a. 

002.04(38 Diatomaceous earth fikratian. 

O02.p4G8a For qrstenas using dintnmaceoua earth filtration, the 
turfaidity levd of repreaentative aanqdea of aystem s filtered' 
watermust be less thsn or equd to 1MTJ in at least 96 percent 
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of the meesurements taken each month, meesured as qiedfied in 
002.04Hla and 002.04H8a. 

002.04G3b Tbe turfaidity levd of repreeentative samplea of a 
aystem's filtered water must at no time exceed 6 NTU, meesured 
as apedfied fai 002.04Hla 002.04H8a. 

002.04(»4 Other filtration technologies, A public yvater system msy i 
a filtration tedmology not fisted in 002.04G1 - 002.04G8 if k demonstratea 
to the Director uaing pilot plant atudiaa or other meana, that the 
alternative filtration technology, in condnnation with diainfectian 
treatment that meeta the requrementa of 002.04F2, eonaiatentfy ediievea 
99.9 percent removd and/or inaetbratian of (Siardia lamblia cysts and 
99.99 percent removal and/or inaetivation of viruses. For a qrstem that 
mskes this demonstrstion, the requirements of 002.04G2 a^ip^-

002.04H Anafyticd and monitoring requirementa. 

002.0ffll Anafytied requrementa. Onfy the anafyticd method(8) 
specified in thia subpart ahafi be used to demonstrate oompfiance yvith the 
requrements of 002.04E, 002.04F and 002.04G. Measurements for pH, 
teiqierature, tuitidity, and reddud disinfectant eoncentratioais ahafi be 
conducted fay an operator with a certification of competigTiByiaBued fay the 
Dqiertment Meaaurementa fir totd edifonna, feed odfiforma, and 
beterotropic plate count (HPQ ahdl be conducted fay tbe Nebraaka 
DepaitnientofHeakhLaJboratoay or an approved laboratory M required 
fai002.0SH. 

002.04Hla T^nUdity ahafi be measured uafaig Metiiod 214A 
(Nqdidometrie Method - Nephdometrie Turfaidity Unka), pp. 
184-186, as set fiortfa in Standard Methods for the Exaimn"«i"n 
of Water ar̂ fl Yf'l^'^*1Tl 1086, American Pubfic Heakh 
Aaaociatian et d, 1601 edkion a eofgr of yvfaicfa ia attadied fai 
Attachment 6 and incorporated by thtt refe 

002.04Hlb BesiduddumfiBetantconcentrationa for free chkaine 
and combined chlorme (chloraminee) ahdl be measured fay 
Metiiod 408C (Amperometrie Tkration Metiiod). pp. 808-806^ 
Metiiod 408D (DPD Tama Tkrimetric Metiiod), pp. 80ft-809, 
Method 408E CDPD Cdorimetrie Method), pp. 809-810, or 
Metiiod 40SF (LeiKO CtystdVkdet Metiiod), pp. 810-818, as set 
forth in pt«niiTd Motbods for the Ezaminaiiop rf W«t^ amA 
Wastewater. 1985, American Pubfic Heekh Asanriation et aL, 
16th edition yvfaidi are mcorponted fay tma reference mid are 
attaiidwd m «̂ fctâ unsent 6u xCesiQuiu oi^iniectant eonoentrationa 
* " * *Tf^ i4ilnffin» ma*A aimatkinaA at%lrama w i ^ alaet t f aatammiarmA h y 

uaing DPD eolorimetiie test kits. Beddual diainfectant 
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concentrations for ozone shaB be meeaured fay the Indigo Method 
as set forth in ptJintiap^ Methods fô  >̂»«» 'R^ftpination of Water 
and Wastewater. 1980, American Pubic Hedth Aasodation et aL, 
17th edition, whidi is incoTporated ty this reference and is 
attached in Attadunent 6 and incorporated fay this reference or 
ty automated methods vdudi are calibrated in reference to the 
reauka obtained ty the Indigo Method on a regular baais. 
Beddud disinfectant concentrataons for ddorine diodde ahdl be 
measured by Method 410B (Amperometrie Method) or Method 
410C (DPD Method), pp. 822-824, as aet fiorth fai ^^^arA 
fXathnAa for the 'R»«min«tinn pf Water fw«i ^Mtewater. 1985, 
American Pubfic Heekh Association et aL, 16th edition a copy of 
whidi ia attadied in Attadunent 6 and incorporated fay this 
refe 

002.04H1C Temperature shaB be meeaured fay Method 212 
n^emperature), pp. 126-127, aa aet forth in ptonH«wi Methods for 
the examwi^ti"" "f Water and Wastewater. 1985. American Pubfic 
Heakh Association et aL, 16th edkion yvfaidi is attadied fai 
Attachment 6 incorporated fay this reference; and 

002.04Hld pH diafi be meeaured fay Method 423 (pHVahie) pp. 
429-437, as aet forth in *̂»nAarA Methods for the Exa:™""t'"p 
of Water and Wastewater. 1985, American Pubfic Health 
Aaaodation et aL, 16th edition a copy of ydddi ia attadied in 
Attachment 6 and incorporated fay thia refe 

002.04H2 MonitOKing requrementa fir aystems that do not provide 
filtration. Apublic water siqipfy system that uses a ground water source 
under the direct influence ofsurfiaee yvater and does not provide filtration 
treatment must begin monitoring aa apecified in this subpart be^uuiug 
December 81,1990, or 6 months after the Director deterioinea that the 
ground yvater aouree ia under the direct htthaam^ of surfiHcl water^ 
ydiidiever is later, unleaa filtration ia required, in ahidicaae the Director 
may specify adtemative monitoring requrementa, as appropriate, imtB 
fikration ia in place. 

W?iff^F?f Feed cofifonn or totd eoBfonndenaity measurements 
as requrcd fay 002.04Bla must be performed on representative 
source water aamplew immediate^ prior to the first'or onfy point 
of diainfectant qipfication. The owner of the aystem must sasaple 
for feed or totd cdifomia at the foBowing minimim< frequeuy 
eadi wedc the aystem serves water to the piibfic: 
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Sjystem aize (persons served) Ssinples per week' 

600 or less 
601 to 8,800 
8,801 to 10,000 
10,001 to 25,000 
Over 25,000 

1 
2 
8 
4 
6 

* Must be taken on separate dqys 

Alao, one feed or totd cdiform density meaaurement muat be 
made eveiy dqr the qpstem serves water to the public and the 
turbidity of the aouree yvater exceeds 1 NTU (theee aamp}mm 

, count toward the wedcfy coliform sampling requirement) ^mi— 
the Direetor determines that the qrstem, for los^aticd reaaons 
outaide the aystem's control, cannot have the aample anafyzed 
within 80 hours of collection. 

002.04H2b Turfaidity measurements as requfa«d ty 002.04Elb 
must be perfonned on representative grab sanoplea of aoUrce 
water immediatefy prior to the firat or onfy point of diamfectant 
appBcotian eveiy four houn (or more fiequentfy) that the aystem 
serves yvater to the public A public yvater siqipfy aystem owner 
may aiibatitiite eontiiioiiH turbidity monitoring for grab —nipi» 
mnnitupiny ff jt vafidxtes tii> iwntifnimiff measurement for 

onaregulsrl 

002.04Hae The totd faiBetivation ratio fir eadi day that the 
aystem is fai operation nnvt be determfaied beaed on tiie C7r(99.9) 
vahiea fai TaUea Ll-1.6, 2.1 and 8.1 of tUa section. The 
parameters necemaiy to deteimfaie the totd inaetivation ratio 
must be monitored as fioBows: 

PWtiMHggfil) The teuipeialue ofthe disinfected' 
must be meesured at least once per day at eadi reaidud 
QUiOlCCtflSv ( 

nngiuTTa.»ffl If the qrstem uses ddorine, the pH of the 
QiBimecseQ waier muBc ne nwasureQ ai wan mce per o^y 
at each ddorine residud' disinfectant 

002.0ffl2er8) The diainfectant eoaitaet time(a) ( T ) must 
be detennined for each day during peek hourly flow. 

2-84 



Tklel79 
Glu4)ter2 

002.04H2e(4) The residual didnfectant concentratian(s) 
C O ofthe water before or at the firat customer must be 
•measured eadi day during peak hourly flow. 

002.04H2e(6) If a aystem uses a disinfectant other than 
chlorine, the aystem may demonstrate to the Director 
that CT(99.9) valuea other than thoae apedfied fai TsUea 
2.1 and 8.1 in this aection or other operationd 
parameters are adequate to demonstrate that the aystem 
is achieving the minimum mactivatian rates required ty-
002.04FL 
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TABLE Ll 
s 

c r VALUES [Cr(99.9)] FOB 99.9 PEBCENTINACTIVATION OF GIABDIA LAMBLIA CYSTS 
BY FREE CHLORINE AT 0.6 *C OR LOWER*. 

•RiNridlwl 

<0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

1.6 

1.8 

2.0 

2.2 

2.4 

2.6 

2.B 

8.0 

s6.0 

187 

141 

146 

148 

162 

166 

167 

162 

Iffi) 

169 

172 

176 

178 

181 

&6 

168 

168 

172 

176 

180 

184 

180 

198 

197 

201 

205 

.209 

218 

217 

7.0 

196 

200 

205 

210 

215 

221 

226 

281 

286 

242 

247 

252 

257 

261 

nH 
7.6 

287 

289 

246 

263 

259 

266 

278 

279 

286 

297 

298 

804 

810 

816 

ao 

277 

286 

296 

804 

818 

821 

829 

888 

846 

868 

861 

868 

876 

882 

8.6 

829 

842 

854 

865 

876 

887 

897 

407 

417 

426 

486 

444 

462 

460 

<9.0 

890 

407 

422 

487 

461 

464 

477 

489 

500 

611 

622 

688 

648 

652 

* These CT vdues adneve greater than a 99.99 percent inaetivation of viruaeia. CT vduea 
between the indicated pH valuea may be determined by Bnear jnterpdatioat CT valuea between 
the indicated temperaturea of different taUea may be detennined fay linear interpdation. I tvo 
interpolation ia uaed, uae the CT(99.9) value at the lower tenqierature and at the hq^ier pH. 
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TABLE 1.2 

GT VALUES [CT(99.9)] FOR 99.9 PERCENT INACTITVATION OF GIABDIA LAMBLIA CYSTS 
BY FREE CHLOBINE AT 6.0 * C*. 

. J S . 
Beddud <6.0 6Ji 7.0 7.5 &0 BJi <9.0 

<0.4 

0.6 

0.8 

LO 

1.2 

L4 

L6 

1.8 

2.0 

2.2 

2.4 

2.6 

2.8 

8.0 

97 

100 

103 

106 

107 

109 

111 

114 

116 

118 

120 

122 

124 

126 

117 

120 

122 

126 

127 

180 

182 

185 

188 

140 

148 

146 

148 

161 

189 

148 

146 

149 

162 

165 

168 

162 

166 

169 

172 

176 

178 

182 

166 

171 

175 

179 

183 

187 . 

192 

196 

200 

204 

209 

218 

217 

221 

198 

204 

210 

216 

221 

227 

282 

288 

248 

248 

258 

268 

268 

268 

286 

244 

262 

260 

267 

274 

281 

287 

294 

800 

806 

812 

818 

824 

279 

291 

801 

812 

820 

829 

887 

845 

863 

861 

868 

876 

882 

889 

CT valuea achieve greater than a 99.99 percent iiiaetivation of viruaaa. GT values 
Lelweeu ttie indicated pH vduea may be detennined fay linear inteqioTatinn. CTvaduea between 
the jodicated tenaperaturea of different tabiee may be determined by linear interpolatian, Itno 

i ia UMd, uae the GT(99.9) value at the lower temperature and at the hi^ier pH. 
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TABLE L3 

GT VALUES [CT(99.9)] FOB 99.9 PERCENT INACmVATION OF GIARDIA LAMBLIA CYSTS 
BY FREE CHLORINE AT 10.0* C*. 

Ritriibial 
Imam 

tOA 

0.6 

0.8 

LO 

1.2 

1.4 

L6 

1.8 

2.0 

2.2 

2.4 

2.6 

2.8 

8.0 

<6.0 

78 

75 

78 

79 

80 

82 

88 

86 

87 

89 

90 

92 

98 

96 

6.5 

88 

90 

92 

94 

95 

98 

99 

101 

104 

106 

107 

110 

111 

118 

7.0 

104 

107 

110 

112 

114 

116 

119 

122 

124 

127 

129 

181 

184 

187 

7.5 

126 

128 

181 

184 

187 

140 

144 

147 

150 

168 

167 

160 

168 

166 

8.0 

149 

163 

168 

162 

166 

170 

174 

179 

182 

186 

190 

194 

197 

201 

8.5 

177 

183 

180 

195 

200 

206 

211 

216 

221 

225 

280 

284 

289 

248 

<9.0 

209 

218 

226 

284 

240 

247 

258 

269 

265 

271 

276 

281 

287 

292 

* Theee CT valuea achieve greater than a 99.99 percent inactivatian of viruaaa. CT vaduea 
between the indicated pH valuea may be determined fay linear inteqwIatioaL GT valuea between 
the indicated tenqieratures of different tdilea may be detenmned fay finearinterpdatioiL Kno 
iiiterpolation ia uaed, uae the CTWJB) value at the lower teniperatiire and at the hitter pH. 
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TABLE 1.4 

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

. ^ : 
Beddud <6.0 &6 7.0 7.5 aO a5 <9.0 

iOA 

0.6 

0.8 

1.0 

1.2 

1.4 

L6 

L8 

2.0 

2.2 

2.4 

2.6 

2.8 

ao 

49 

50 

62 

63 

64 

65 

66 

57 

58 

69 

60 

61 

62 

68 

69 

60 

61 

63 

64 

66 

66 

68 

69 

70 

72 

78 

74 

76 

70 

72 

78 

76 

76 

78 

79 

81 

83 

86 

86 

88 

80 

91 

83 

86 

88 

90 

02 

94 

96 

98 

100 

102 

105 

107 

109 

111 

99 

102 

105 

108 

111 

114 

116 

119 

122 

124 

127 

129 

182 

184 

118 

122 

126 

180 

184 

187 

141 

144 

147 

150 

158 

166 

159 

162 

140 

146 

151 

156 

160 

165 

169 

178 

177 

181 

184 

188 

191 

195 

* Theae CT valuea achieve greater than a 99.99 percent inaetivation of viruaea. CT valuea 
between the indicated pHvahiaa may be detennined fay Bnear inteqwlBtion, CT valuea between 
the indifyited temperaturea of diflEerent tables may be determined ty Bnear inteipolatian. Ifno 
inteqtolation ia uaed, uae the CT(99.9) value at the lower temperature and at the iaffiner pH. 
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TABLE 1.5 

c r VALUBS [craaom FOB 99.9 PEBCENT INACTIVATTON OF GIABDIA LAMBUA CYSTS 
BY FBEE GHLOBINE AT 20.0* (T. 

J S 
Beddual sQ.0 
iaslh 

6.6 7.0 7.6 ao a6 <9.0 

<0.4 

0.6 

0.8 

LO 

1.2 

L4 

L6 

1.8 

2.0 

2.2 

2.4 

2.6 

2.8 

SJO 

86 
88 

89 

89 

40 

41 

42 

48 

44 

^ 

45 

46 

47 

47 

* These GT vahies a 

44 

46 

46 

47 

48 

49 

60 

61 

62 

68 

54 

66 

66 

67 

dne 
pH 

62 

64 

65 

66 

«7 

68 

69 

61 

66 

67 

68 

64 

66 

67 

69 

70 

72 

74 

76 

77 

78 

80 

81 

74 

77 

79 

81 

88 

86 

87 

89 

91 

98 

96 

97 

99 

101 

89 
02 

96 

98 

100 

108 

105 

108 

110 

118 

116 

117 

119 

122 

105 
109 

•113 

117 

120 

123 

126 

129 

182 

186 

188 

141 

148 

146 

greater than a 99.99 percent iiiactivatfion of viraaea. CT 
between the JndJCTitedpH vahies may be determfaied fay Bnear intenwlatioa CT values betweien 
the mdnsted temperatures of different tables mqr be determined fay finear interpolatian. It no 
inteipolatian is used, use tfae GT(99 J) value at the lower temperature and at the fai^ier pH. 
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TABLE 1.6 

c r VALUES [CT(99.9)] FOB 99.9 PERCENT INACTIVATION OF GIARDIA LAMBLIA CYSTS 
BY FBEE CHLOBINE AT 25* C AND HIGHER*. 

Beddwl 

<0.4 

0.6 

0.8 

1.0 

1.2 

L4 

L6 

1.8 

2.0 

2.2 

2.4 

2.6 

2.8 

8.0 

<&0 

24 

25 

26 

26 

27 

27 

28 

29 

29 

80 

80 

81 

81 

82 

&5 

29 

80 

81 

81 

82 

88 

88 

84 

85 

85 

86 

87 

87 

88 

7.0 

85 

86 

87 

87 

88 

89 

40 

41 

41 

42 

48 

44 

46 

46 

7J} 

^ 

43 

44 

^ 

46 

47 

48 

49 

60 
61 

62 

68 

54 

66 

ao 

60 

61 

68 

64 

66 

67 

58 

.60 

61 

62 

68 

65 

66 

67 

a5 

68 

61 

63 

65 

67 

69 

70 

72 

74 

76 

77 

78 

80 

81 

<9.0 

70 

78 

75 

78 

80 

82 

84 

86 

88 

90 

92 

94 

96 

97 

* These CT vahies achieve greater than a 99S9 percent inaetivation of viruses. CT 
^'f' ""f f" *^** JatAiimtmA pTT imln— wiwy n^ Aa^araanataA h y liii—i j|[ljj|M>]f^5m G T VSlueS b e t w e e n 
the indiceted temperatures of different tddes may be determined fay linear interpdation. It no 
interpolation is used, uae the CT(99.9) value at the lower tenqierature and at the hi^ier pH. 
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TABLE 2.1 

GT VALUES [GT(09.9)] FOB 99.9 PERCENT INACTIVATTON OF GIARDIA LAMBLIA CYSTS 
BY CHLOBINE DIOXIDE AND OZONE*. 

Temperature 
<1'C S*C lO'C 15*C 20*C >25*C 

Ghkrine diodde 68 26 28 19 16 11 
Osone 2.9 1.9 L4 0.96 0.72 0.48 

* These (TT values adueve greater than 99J9 percent inactivatian of viruaea. CT valuea between 
the indicated tengteraturea may be determined fay linear interpdation, Ifno interpolation is used, 
uae the GT(99.9) value at the lower temperature for deteimfaung (71(99.9) vdues between 
indicated ten^ieraturea. 

TABLE a i 

CT VALUES [CT(99.9)] FOB 99.9 PERCENT INACTIVATION OF GIABDIA LAMBLIA CYSTS 
BYCHLORAMINES*, 

Temperature 
S i x ff'C lO'C IB'C g0*C 2S*C 

Chkramfaie aSOO 2,200 L860 1,600 1.100 760 

*Theae valuea are fior pH vahiea of 6 to 9. Theae GT vduea may be aaaumed to adneve greater 
than 99.99 percent iiiactivation of viruaaa oaify if dikaine is added and mixed in the.yvater prior 
to the addiliiitti of aBnmonia. It this coaiditinn is not met the qrstem must demonstrate^ m 
accordance with 002.04Fla, that the qrstem aa achieving at least 09 J 9 percent insctivation of 
viruses. CT vdues between the indiraited temperatures may be determined fay linear JnterpdatioiL 
Jt no interpalation is used, use the CT (99.9) vafaie at the lower temperature fior 
a \wf3 ) values between indicated tenyeraturea. 
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002.04H2d The totd inaetivation ratio must be calculated as 
fdlows: 

002.04H2d(l) It the aystem uaea onfy one pdnt of 
disnifectant application, tbe aystem owner may detennine 
the totd inaetivation ratio baaed on dther of the 
fdlowing two methods: 

0Q2.04H2dmfa) One faiactivation ratio (CTedc 
divided fay CT(99.9)) is detemuned before or at 
the first eustomer during peek bourfy flow and if 
CTeale divided fay CT(99.9) is greeter than or 
equd to LO, the 99.9 percent Giardia lambfia 
inaetivation requirement haa been adiieved; or 

002.04H2dma>) Successive CTeak divided by 
CT(99.9) vahiea, representing sequentid 
inaetivation ratioB, are determined between the 
point of disinfectant qipfication and a point 
before or at the first customer during peek 
hourfyflow. Under thia altemative, the foBowing 
metiiod diafi be uaed to nalinilate the totd 
mactivatian ratio: 

(1) Detemune CTeale divided ty CT(99.9) for 

(2) Add the CTeak divided fay CT(99 J ) vduea 
together 

(8) If tbe sum of (Ttadc divided fay CT(99.9) is 
greater than or equd to 1.0, the 99 J percent 
^Maroui jaQoniia mactxvatiQn reoureoaent naa 
been i 

W^ ff4^^^^ Ifthe ayatem uaed more than one point of 
dmnfectant application before or at the firat customer, 
the aystem owner ahsB determine the CT vahie of eedi 
diainfection sequence immediatdy prior to the next point 
of diafaifectant amplication during peek hourfy flow. The 
GTeak divided ty CT(99.9) value of eadi aequenee and 
the aum of GTeak divided I7 CT(99.9) ahafl be calculated 
udng the metiiod fai 002.04H2d(D(b) of this section to 
detenmne if the qrstem is fai conqdisnoe wkh 002.04FL 

^ f f l l ^ f ^ f f l ) A^hw'e*' ™* r ^ n r a A , th*> tntri pereent 
inactivatian for a lystem with one or more points or 
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reddud disinfectant concentration manitariiig may be 
calculated fay adving the fdlowing equation: 

Percent faiaetivation - 100 -100 divided ty 10^ 
yribere: Z * 3 timea the aum of 
CTcdc divided ty CT(99.9) 

002.04H2e The reaidud diamfectant concentration of the water 
entering the diatribution aystem sbafi be monitored continuoudy, 
and the lowest value muat be recorded each day, except that if 
there is a uihire m the contmous monitonng equ^iment grab 
aampfing eveiy 4 houra msy be conducted in lieu of continuous 
monitoring; but for no more than 6 yrorking days fdflowing the 
failure of the equipment Ownera of qrstems serving a300 or 
fewer persons msy take grab aamples in lieu of providing 
continnA îr' monitoring on an «»»ffniii«r iin«i« at t ^ frequencies 
preacribed bdow: 

System dze ty population Samfdeaperdqr̂  

600orleaa 1 
601 to LOOO 2 
LOOl to 2,600 8 
2,601 to 8,800 4 

The day'a aanqdes cannot be tdcen at the aame time. 
The aampfing intervals are subject to review and approvd 
by the Dnrector. 

Vat aqy time the reddud diainfectant coneentration fiafis 
bdow 0.2 mg per liter in a qratem using grd> aanqpBng in 
lieu of eontinuoua monitoring; the aystem must take a 
grdi aanqde eveiy 4 houra until the reaidud 
eoneentratian ia equd to or greater than Owl mg per liter. 

002.04H2f 

^^fjnnr^l) The reaidud diainfectant cofreiitratifai 
ahafi be meesured at leest at the same pointa in the 
distribntion tystem and at the same time aa totd 
oouforms are ssnqded, as qiecified in 002.0SA2, except 
that the Direetar msy aBow a pubfic yvater suppfy qatem 
whidi uses both a au^hce water source or a ground 
yvater aouree under direct influence of aurfime water, amd 
a ground water aouree, to take didnfectant reaidud 
—Tnpi»« at pffint* other than the totd eofifonn aanqding 
points if the Direetor detennines that sudi points are 
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more repreaentative of treated (diainfected) yvater quafity 
within the distributian qrstem. Heterotrophic bacteria 
meeaured as heterotrophic plate count (HPQ fay the 
Nefaraaka'Department of Heakh Laboratoiy or on 
approved laboratoiy fai accordance with 002.08H may be 
meaaured in lieu of reaidud diainfectant concentration. 

002.04H2fr2) B" the INrectordetenmnes, baaed on dte-
apedfie condderationa, that a system has no means for 
having a aample transported and analyzed for HPC ty an 
approved Uboratory under the requisite time and 
ten^ierature conditiona required of the approved 
laboiatoiiy and that the aystem is providing adequate 
didnfection in the distribution aystem, the requrementa 
of 002.04H2fiCl) of thia aection do not a^pfy to that 
aystem. 

002.04H3 Monitorfaig requirements fior qrstems using filtration 
treatment A public yvater a a p ^ qrstem that uaea a aurfiaee yvater 
aouree or a ground yvater aouree under the influence of aurface yvater and 
providea fikration treatment muat momtor in accordance yvith this aection 
be^nmng June 29,1993, or yviien fikratian ia inatafied, yrtdchever ia later. 

2.04Haa Turfaidityineasurementsasrequfa«dfay002.04Gdi8n 
be perfonned on representative ssmples of the aystem a filtered 
yvater eveiy fbur houn (or more fivquentfy) that the aystem 
aerves yvater to the public A pubfic yvater siqipfy qrstem owner 
msy suostitiite eontmuaus turoaoti^ SAomtô ynff tor aviUD ssoAPie 
momtomig if the owner vididstes tfae *"T**'P""*^* measurement 
fbraocuraqyonaregiilarbads. For aqy aystems using dow sand 
nnraijon or fikration treatment otner than conventional 
treatment, direct fikration, or diatomaeeoua earth fikration, the 
Director may reduce the aan^ding frequency to once per day if 
the Director detemuned that lem frequent momtoring ia 
aaittiniamt.faijn^jnf*'^atTma^iumtShrmtiran p a r f n ^ t i m i w F o r q T S t e m S 

serving 600 or fewer persons, tfae Director may reduce the 
turfaauity ssnqdmg frequency to once per dity, fegaiiBess of the 
type of fikration treatment used, ifthe Director detenninea that 
leaa frequent moutoriugia auffident to indicate effective fikration 
perfb 

gggniTTSh The reddud diainfectant eonoeiitration of the yvater 
entering the distribution aystem ahafi be monitored oontinuoua|y, 
and tfae lowest value must be recorded each day, except that if 
there is a finhire in the I'iBit?"'""** monitoring equ^anent grsb 
sanqding eveqr 4 houn may be conducted in Beu of ooaitinuous 
moautoring; but for no more than 5 working days fioBowfaig tfae 
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fiafiure of the equpment Owners of aystems serving 3,300 or 
fewer persons may take greb aamples in lieu of providing 
^iiiitinnnMB yatrantenma o n SU nngntntr >Mi«i« a t t h » frequencies 

eedi day prescribed bdow: 

Sjrstem t u e fay population SamplBsperdBQr̂  

fiOOorless 1 
601 to LOOO 2 
l,001to2,500 8 
2,601 to 8,800 4 

* The day'a aamplea cannot be taken at the aame time. 
The aampfing intervalB are Bulgect to review and approvd 
fay the Director. 

I t at aqy time th^ reddud diainfectiuit n^nTntreti^?!! fatia 
bdow 0.2 mg per liter in a aystem using grab sampfing in 
Beu of eontinuoua moniUriug; the aystems must take a 
grab smsple eveiy 4 houn until the. reaidud 
concentration is equd to or greater than 0.2 mg per liter. 

qOP-̂ T̂Tgw Measurement of Beddud Disinfectant The reddud 
diainfeetant concentration must be measured at leaat at the same 
point m the distributian qrstem amd at the same time aa to td 
eolifonns are aamrilwd, as apedfied in 002.0SA2 except that the 
director may dlow a pubfic yvater siqipfy qrstem vdneh uses botii 
a surfiwe water source or a groimd yvater source under direct 
*"*'"*"^ of surfiace water, and a ground water source to take 
disiiifectMit reaidud sonndes at pqints other than tii> to td 
eoufoma sssDOlmff noints ix toe ^Jirectar oeterBamcs that sia^n 
prnntff are more representative of treated (diainfected) water 
quafity yvithin thie distriliution aystem. Hetei oli ophic bacteria, 
measured as heterotrophie piste eount (HPQ as apecified in 
002.04H1 may be measured in Beu of reaidud disinfectsnt 
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003 LEAD BAN (INCLUDES AMENDMENTS MADE THBOUGH SEPTEMBER 15,1991) 

003.01 Sdder and Pines. After Jufy 1,1988, aqy pqie, pipe fitting; adder, or fhix vdiidi 
ia uaed in the installation or repair of aqy pubfic yvater aapfiy ayatem ahafi be lead fiee. 

003.02 Adoption of O«Hf(«);0«'̂ i"»Ti«'»« £|yjufyl, 198a the owner of aqy pubfic water 
aapfiy aystem sbafi, fay the adoption of phimbing codes or ordinancea, contract or other 
enfiorceaUe means, require that aqy pipe, pipe fifiing; aolder, or flux uaed in the 
| n « f Hwtinw tar r a p a i r nf a t y raaAAan*ia\ n r nrmraaaAantiai f a n K t j mAnrh i« KntmmM^A *i* *hm 

pubfic water aupplty qrstem be lead firee. 

003.02A The owner of aqy pubfic yvater. stqipfy aystem diafi inspect the 
iMt«Ti«t{nn or repeir of facDities as described in 003.02 oonstmcted or repaired 
after Jufy 1,1988. to determine complianne with this aubaeetion. 

Q^gpgB n i e owner of aqy public yvater aiqipfy ayatem ahafi cauae aqy joint or 
pipe in fariWtiea as deacribed in 003.02 constmeted or repeired after Jufy 1,198a 
to be replaced if the owner or the Dnrector finds that auch joint or pipe in not lead 
free. • 

003.03 Appfieation. This section ahafi not appfy to the repeir of leaded joints in cast iron 
pqies in aqy pubfic yvater auppfy aystems that are in existence and use on Jufy 1,198a 

003.04 Evidence Reouired. The owner of eedi pubfic water aapply aystem dian, t y 
Ja fmaay 1, 1QRQ, •i ihnii t t n t h a THfirtnp a f r j y r f * h a p h n n Wn g ittAm, tapAmmati>am^ itanti-afim 

other enforceable meana required in 008.02. 
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()04 PUBLIC NOTIFICATION AS CX>NDITION OF OPERATING A PUBUC WATER 
SUPPLY SYSTEM (INCLUDES AMENDMENTS MADE THBOUGH SEPTEMBER 15, 
1991) 

004.01 WbenBeoured. If a community yvater atqipfy aystem fiails to eomp^ arith an 
appBcabie —aimmmt ftmtaaamaatt levd or fiuls to Bufamk sqy Bample required ty aection 
002 of these rules; is granted a variance or exemption fitnn an î ipficable maximun 
contaminant levd aa provided fai aection 006 of theae rulea; bfis to eompfy yvith the 
requirements of aqy adiedule prescribed pursuant to a variance or exenqition; or 
otherwiae vidatea aqy proridona ofthe Nebraska Safe Drinking Water Act (^EB BEV 
STAT 171-6801, et acq), the aiqipfier of yvater diafi notify peraona aerved fay the aystem 
ofthe fiajhne, grsnt or violstion 

OQA OP y« îwiim^ l̂ywitjifyitpnt Level (MCL). TVeatment Tyjinigtw, ^nd Variance and 
f.'g împtinp Schedule V'"^tinn« The owner or opeiator of o pubfic wator oupply aystcm 
mhirh f«il« to itmip}y wi th nn njiplimW^ Mf!T. n r t r M t m w n t tgehniqi i^ amtahhahaA Vy thama 

regulationa or vdddi fidia to eomfdy with the requnvmenta of aqy adiedule preacribed 
pursuant to a variance or exemption, ahafi notify persons served fay the qrstem SB fdkms: 

004.02A Except sa provided in 004.02C!, the owner or operator ofapiibBe yvater 
siqipfy aystem must 0ve notiee: 

004.02A1 EjypobBcBtioninadsifynewqMqierofgenerddrculationintlie 
area served fay tfae qatem ss soon as pdsrihle, but in no esse later then 
14 dsys after the vidation or frihire. Ifthe area aerved fay a pubfic yvater 
aapply ayatem is not aerved fay a deify newspaper of generd dreulation, 
notice didl inatead be ^ven fay pubfication in a yveddty newspeper of 
generd damilatinn aerving the area; and 

004.02A2 Ejy mdl ddiveiy (fay direct mdl or yvith the water biB) or fay 
hand ddivety; not later than 46 days after the violation or fiafiure.. The 
Director may yvahre mdl or hand ddiveiy if he or ahe determined that the 
owner or operator ofthe pufaBc yvater aapfiy aystem in vidation has 
eorrected the violation or fidhire yvithin the 46-day period. TheDuector 
muat make the yvaiver in writing and yvithin the 46-day period; and 

004.02A8 ForvidationaoftheMQ^afeontaminaiitathatmaypQaean 
aeute lii^ to faunan faeadth, fay furnisbing a copy of tfae notice to the radio 
and tdevisian stations serving the area served by the pubfic yvater aystem 
as soon as posagUe but in no cafse later than 72 houn after the vidation. 
The following vidationa are acute vidationr 

004.02Aaa Any violationa qiedfied ty the Director aa podng an 
^M«̂ ^̂ ^ risk t o h i imnn hfwilt}) 

004.Q2Aab Vidation ofthe MCL for nkrate as defined fai 002.02A 
and detemuned accordfatg to 002.08Ca 
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004.02Aae A^olatian of the MCL for totd cdiforma, yvben feed 
ccdffarma or E. cdi are preaent in the yvater distribution tystem 
as specified in 002.02D2. 

004.02A8d Occurrenee of a waterbome diaeaae outbreak in an 
unfiltered aystem suigect to the requirements of sectian 002.04 
after December 80, 1991, t r the ^ective date of 002.04 and 
004.02A8C and 004.02A8d of these regdations. if later. 

p04.02B Excqit aa provided in 004.02C fioBowing the initid notice given under 
004.02A, the owner or operator of the pubic water auppfy aystem must give notice 
at least once eveiy three months fay mafi ddiveiy (fay direct mafi or yvith tbe 
water Ufi) or by band ddiveiy, fior aa laqg aa the vidation or fiaihire exiata. 

004.02C1 Infieu ofthe requrementa of004.02Aand004.02B, the owner 
or operator of a commuuty water siqipfy aystem m an area tfaait is not 
senred fay a daify or wedcfy newspeper or general circulation must give 
notice fay band d^veqr or fay eontinuous posting in eoaiapieuous places 
wkhm the area served by the qpslem. Notice ty hand ddiveiy or poffiing 
must b e ^ aa aoon as possible, but no later than 72 houn after the 
vidstian or fafiure fbr acute violationa or 14 daya after the violatian or 
fiuhre of aqy other vidation or fiafiure apecified in 004.02. Poatingmuat 
continue fior aa long aa the vidation or fidhire exists. Notice fay hand 
ddiveiy must be repeated at least eveiy three months fior as long as the 
vidation or fsihire ( 

004.02C2 hi Beu of the requirements of 004.02A and 004.02B, the owner 
or operator of a y****̂ *'*''*****""*f water sî ipfy aystem may give notKe ty 
hand ddiveiy or ty the eontiimoua pna^n^ jn i<nMpii«iinii« places within 
the area senred bST the qrstenL Notice ty hand ddhmy or pwting must 
b e i ^ a s soon as posaiUe^ but in no esse later thsn 72 houn after the 
violatian or ftifaire fir acute vidatioaia or 14 dqrs after the vidation or 
fiuhre fior aqy other vidation or fidhire specified in 004.02. 

Oftiifffl (?MHT^P^*tilTffiYr'*~^ ViwaanrMrmm Tho owttsr or ope»tar of a pufaBc wator 
aiqipfy aystem yrtudifbils to perform moantoring required fay section <)02.08 of these ndes, 
finis to ooaaply yvith a testing procedure estaWBshad fay tins pant, is sdgect to a ̂  
or is sulgeet to an exemptian diafi notify peraona served by the qrstem as fioBowK 

P04.03A Exoqit as provided in 004.08C or 004.08D, the owner or operator of a 
pubfic yvattf sq^fy aystem muat 1 ^ notice yvithin three aBonths of the vidation 
or granting of a variance or exemption fay pubUcatian in a deify newspaper of 
general circulation in the area aerved fay the lystem. If the area aerved fay a 
pufaBc yvater suppfy qrstem is not served by a daify newspaper of generd 
circulation, notice ahsB instead be given ty pubfication in a weekfy newspaper of 
generd dreulation serving the I 
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004.03B Except as provided in 004.03C or 004.0SD, fdlownig the initid notice 
given under 004.08A, the owner or operator of the pufak yvater siqipfy qrstem 
must give notice at least once eveiy three months fay mafi ddiveiy (fay drect mafi 
or yvith the water faifi) or fay band ddiveiy, fbr as long as the vidation exists. 
Bepeat notice ofthe existence of a variance or eieniption moat be given every 
three months for aa long as the variance or exemption remains in effect 

^ 

004.08C In Beu of the reounements of 004.0aA and 004.03B of this aeetian. the 
owner or operator of a commimity water aapftfy system in the area that is not 
aei ved fay a didfy or weekfy newspaper of genend dreulation must give n**ti'*e 
within three inooths of the violatian or granting of the variance or exemption ty 
hand ddiveiy or fay eontinuoua poatingin eonapicuous pkices within the area 
aerved fay the aystem. Posting must continue for as long as the vidation exists or 
a variance or exemption remains in effect Notice ty hand ddiveiy must be 
repeeted at leaat eveiy three months for as long as the vidataon exists or a 
wmwimawa rm ar—nptinn »«nn in« m atfai^.. 

004.08C1 In fieu of the requirements of 004.08A and 004.08B of thia 
aection, the owner or operator of aiion*eammuiiity witter sî ipfy aystem 
***^ B"** ""**^*, mithin thw— iwiwitiM r f t h m ninlntinn rm *ha gPMfil jug nf 

the variance or exemption, ty hand ddiveiy or ty *""*'""**'*• p"**"^ m 
wwisfiicuous places withm the area aerved by the aytiiem. Posting must 
continue fir as long as the violation exists, or a vsrianoe or exemption 
remajns in effect Notice ty hand ddivety must be repeated at leeut 
eveiy three months for as kng as the vidation exiata or a variance or 
eaeniption remains in effect 

fiQyffl2 In fieu of tfae requrementa of 004.08A,004.0SB and 004.08C of tfais 
aection, the owner or operator of a pufaBc ymter siqipfy qrstem, at the discretion 
of the Director may provide lem frequent notice for minor monitoring violationa 
aa defined by the Director, if EPA faaa approved the Dfaector'a applieation tor a 
piogiam TffviaHin. Notice of audi violatian must be given no leaa firequentfy than 
anmidfy. 

004.04 Notice to nei^ ̂ f"*"" ""*** The owner or operator of a eonomunity water siqipfy 
aystem must'^re a copy ofthe most recent piibie notice.for aBiy outstanding vidation of 

or riemption schedule to afi new failfing units or new hookiqis prior to or at the time 

004.06 (3enerd content of PubBe notice. Esdi notice reqmred ty tfais section must 
provide a dear and readify understandable eiplanatinn ofthe violation, aqy potentid 
adverse heekh effects, the population at riak, the stepa tfaat the pubfic water ayatem is 
taking to correct auch vidation, the neoeadty fir aeddngakemative water aiqipBea, if aqy, 
and aqy preventative measurea the consumer ahould take untn the vidation ia eonected. 
p.»«»ii nrt*** ****̂  be eoainaeuoua air>A f^p nn^ y^^^ ĵn imiiiiiy turhniwi language^ undufy 
amafi print or anBular problem that frustrate the puipoee of the notice. Eadi notioe diafi 

4-8 



T m £ 1 7 9 
Gbapter2 

indude the tdepbone number of the owner, operator, or deaigoee of the pubfic yvater 
suppfy aystem aa a aouree of ndditinnal information concerning, the notice. Where 
appropriate, the notice ahafi be midtifinguaL 

y^Pff M""'^"*TT **—H** tfff** ?*"r"ri When providing the iiifiormation on potentid 
adverae health effecta required ty 004.05 df tUa aection in notioea of vidation of maximum 
contaDuoaut levela or treetment tecfanioue reQureDsenta. or notioea of tbe srantma or the 
continued existeooe of •••nip<in»i« or varisnces, or notices of failure to eonqify with a 
variance or eiemptinn sdiedule, the owner or operator of a pubfic yvater aiqipfy aystem 
diafi indude the language apecified bdow fior eadi contaminiint Qf language for a 
r f r * H l l f * t»nn*jmin«nt i« n n t mparitiaA hairaa, a t i h a Htata nntiw* im raepnraA^ ttiia i i l i • • i^i nw 

doea not appfyO 

004.06A Trichkroethylene. The Dnector ofthe Nebraaka Departinent of Heekh 
(NDOH) aets drinidng yvater atandards fior the State of NebraalEa and haa 
determmed, heued tqion informatiwi provided fay the JJJB» Tinwipm ifn>nt»i 
Protection Agency (EPA) and other acientifir and medied information that 
tiiddoroetfayleneia a heakh ooncdm at certain levds of exposure. TUschemicd 
i« a i-nminnn m^tn l i»1inning ntiH rfty «»l—ning thnA I t generslfy gOtB intO d r i n k i n g 

water fay inqroper waate diapoaaL TUa diemicd has been shown to cauae cancer 
in Uh tma i ray mrnattalm n r h TF FCtT imil mirC •Trhm thC anJmBlfl m T f HMMII ll III lli|[ll 

levda over their fifetimes. Chenncala that cauae cancer in laboratoiy animaia alao 
may inereaae the riak of cancer in humans adio are exposed at lower levds over 
long periods of time. NDOH has set fiorth the enforeedde drinidng yvater 
standard fir tridibroetbylene at 0U)06 parts per ndfiion (ppm) to reduce tbe riak 
of cancer dr other adverse heakh efiCects ydiidi have been obeerved in Uborstoiy 
anfanaL Drinkfaig Water adndi meets this standard ia associated yvith fittie to 
none of this risk and ahocdd be eoBiaidered ssfia.* 

f g a j ^ Gsrbon tetrschkride. The NefarsakaDqiartinant of Heakh (NDOH) 
•eta drinking yvater standards and has detennined, based on infonnation provided 
tgr the U.S. Environmentd Proteetioa Agenqy and other srientific and medied 
mfJormntion that carbou tetradiloride is a health maiuerii at certain levda of 
eiposure. This chemied was once a populsrhousehoM denning flmd. KgeneraIfy 
geta mto drinking yvater hy iiupruper waste dispossL ^na diemicd has been 
ahovm to cauae cancer in labontoiy *'*""*^* such aa rats and mioe vriien the 

are Hipnard at h i ^ levda over their fifetimea. ChemiRals that eaure 
n Inlwirpntniy nnimnla nlan aatmy iniiP««B» i h a a J A aftmamam in Kiimnn« miin 

are ifTpnaed at lower levda over long perioda of time. NDOH has set the 
enfiorceable drinking yvater standard for carbon tetrachloride at 0.005 parta per 
milfion (ppaH to reduce tfae riak of cancer or other adverae health effecta vAidi 
faatve been obeenred in taboratoiy *"*'''**̂ * Diinkang yvater ahich meeta thia 
standard k associated wkh fittie to none of tfais tide and ahould be considered 
safe." 

004.06C 1,2-Didikroetfaane. The Dfaactor of the Nebraska Departinent of 
Beakh (NDOH) aets drinkfaig ymter standards and faaa detenuned, baaed on 
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information provided fay tbe U.S. Environmentd Protection Ageacy and other 
adentifir and medied infonnation that 1,2-Didiloroethane u a hedth concem at 
certain levds of eoqiosure. Thk diendcd u used aa a deamng fluid for fiBts, oils, 
yvaxea, and reaona. It generalfy geta into drinking yvater fitnn improper yvaste 
disposal Thu diemicd has been shown to cauae cancer in laboratoiy anfanak 
audi as rata and mice when the animak are expoeed at h i ^ levds over thdr 
fifetimea. C***«n'«^1« t t m t imnma fanutar fn In lMMtmy nnimnlw »1«n manr irmraaaa i h a 

ride of cancer in humans yriio are e^yiaed at lower kvda over long periods of 
time. NDOH baa aet the enforeedde drinking yvater atandard for 1,2-
Diddoroetbane â  0.005 parts per mifiion (ppm) to reduce the ride of cancer or 
other adverae heekh effecta yvlddi have been observed in laboratoiy animak. 
Drinking water yrtddi meeta thk atandard k associated with littte to none of thk 
riak and diould be eonaidered safe.* 

004.06D Viqji chkride. The Nebraaka Department of Hedth (NDOH) acta 
drinking yvater atandards and has detennined, based on iiifomiation provided fay 
the UJ3. Environmentd Protection Agency and other arientifie and medied 
information that viqyl chloride k a health concem at certain levds of eaposure. 
Thk diemicd k uaed in faiduatiy and k fbund in drinking yvater aa a reauk of the 
breekdown of rdated aolventa. TheaohrentaareuBedasdeanenandd^reaaen 
of metak and generalfy get into fay improper yvaate diqioaaL Thk diemicd has 
been lusodated with dgnificantfy increaaed lidca of cancer ammj^ certain 
induatrid trorken vdio yvere eiqioetd to idativdy large amoimts of thk chemical 
during their yvorking careera. Thk ahamji-ai iias alao been dumn to cauae cancer 
in laboratoiy animals yvfaen the am̂ wnaU are vrpnsfd at h i ^ levds over thdr 
l i fet imes. f!h—njwla t h a t aantaaymmaiaaa^ JVHF i ^ a a r t a ^ aumnrta aat^ffif^ fnAriatria'\ 

worken and in IdMratoiy ammak also mqy increeae the riak of cancer in hunans 
ydio are txpoatd at lower levda over hmg periods of time. NDOH hes set the 
enforceable drinking yvater standsrd for vinad chloride and 0.002 parts per mifiion 
(ppm) to reduce the risk of cancer or other adverae health effecta vduch have 
hamn tihaaraiaA in Knmnna amA Intmpntmy nnim^la D r i n k i n g WatOr wllich m e e t a 

thk Standard k associated with little to none of tfak ziak and sfaould be eonddered 
safe." 

004.06E Benzene The Nefaraaka Department of Heekh (NDOH) seta drinkfaig 
water standarda and haa detennined, based on information provided fay the UJ3. 
Environmentd Protection Ageny and other arientifie and medied information 
that benzene k a heakb eoiMem at certain Isvds of azpoaure. Thkdiemiedk 
used as a advent and degreaser of metak. It k dso a nugor cnanponent of 
gaadme. Dnnkmg yvater *""**"""****"** generalfy reauka from leaMiiig 
underground gaaoline and petroleum tanka or improper waate diqioaaL Thk 
chemieri haa been associated yvith significantfy inrrenaed riaks of leukenua among 
eeratin industrid worken yiho were expoeed to idativefy large amounta of thk 
chemical during tfaeir working careera. Thk chemieri baa alao been diown to 
cauae cancer in laboratoty animak ydien tfaese anfands are eaqposed at fai^ levds 
over their fifetfanea. Chemieak that cause increased riak of cancer amoiig eqwoed 
induatrid yvorken and in laboratoiy animak alao may increeae the riak of < 

4-6 



TTn£179 
Chapter2 

fai humans who are exposed at lower levds over long periods d* time. NDOHhas 
set the enforceable drinking yvater standard for benzene at 0.005 parta per nuUion 
{ppuH to reduce the xUk of cancer or other adverae hedth effecta wbidi have 
been observed in humans and laboratoiy animals Drinking yvater wludi meeta 
thk standard k assodsted with little to none of tfak risk and ahould be considered 

004.06F Ll-Diddoroetfaylene. The Nebrsska Departinent of Heelth (NDOH) 
sets drinking water standard and haa determined, baaed on information provided 
fay the UJ3. Environmentd Protection Agenqy amd other adentifie and medied 
luCurmaUon that 1,1-Diddoroetbylene k a heakh eonbem at eeratin levda of 
azpoaure. Tfak cfaemicd k uaed in induatiy and k firand in drinking yvater aa a 
reauk of the fareakdown or rdated aolventa. The aohrenta are uaed aa deanen 
and degreasen of metak and generalfy get into drinking yvater fay improper waste 
daapoaaL TUa diemied has been diown to cauae Bver and kidney damager in 
^ ah^ma i f»y a n i m w l a i w * — r a t a MTMI fnit«*» mhrnn t h * n n i m » l « a i ra i > j n » i ri • • t i igt i 

levds over thdr lifetimes. Chemicakyviudi cause adverse effects in humans who 
are exposed at lower levds over long periods of time. NDOH has set tfae 
enforceable driiiking yvater standard for Ll-Ilidiloroetfaylene at O.CK)7 perts per 
mnfion (ppm) to reduce tfae risk of theseadverse faeakh effects wfaich have been 
obeenred in laboratoiy animals Drinking yvater wbadx meets thk atandard k 
aaaociated witii fittie to none of thk ziak and diould be eonddered aafe." 

004.06G Para-dichtordienzene, The Nebraaka Department of Health (NDOH) 
acta drinidng yvater standard land baa detennined, baaed on infiormatian provided 
by the U.S. Ĵinuiw wimamtni Ffotection Agency and other "w—itiiv» and medied 
infiormation that panediddarobensene in a heakh eoneem at eeratin levds of 
e B M S U r e . ' 'Wii« rfi*mi««nl f« • armmpnmami flf dffftdflr ifeft , IIVHh * '*^« . amA p^gl.i««i«ifg, 

It generdfy gets into drinking yvater fay improper yvaste .diaposaL Thk diemicd 
has been ahown to cause liver and kidney damage in kborstoiy animak such ss 
rats and mice yvfaen the animak are npuaiid to h i ^ levda over tfaeir fifetimea. 
Chemicnls wliidi cauae adverae effiacta in kboratoay ammak dao may cauae 
adverae health effecta in humans wiw are eipusid at lower levda over long 
perioda oftime. NDOH faaa aet tbe enforoeabkdrfaikfaig water standard fir para-
diddorobenzene atO.076 parts per mfflian (fpaO to reduoe the ziak of theee 
adverse hrnlth effects adiidi have been oboerved in laboratoey amimala. Drinking 
water wfaich meets tfak standard k associated wkh fittie to none of thk ride and 
diould be eonddered safe." 

004.0iB LLl'^Mddoroetfaane. The Nebraska Dqartment of Heakh (NDOH) 
— * * AriaAnm^wimiam wtmmAairAm amA l i M awtwpiiiiiinil^ t m — H n n iiirtii 'niMtinn pi^nwniiaH 

fay the UJ3. Ki '"i " i nr*—T**̂  ProtectioBi Agenqr amd other arieiitilie and medical 
infionnation that Lltl-Triddoroethone k a health eoneem at eeratin levda of 
eqioaure. Thk choidodk used aa a deaner and degreaser of metak. It generadfy 
gets into drinking arater fay improper yvaste diaposd. Thk chemiRsl has been 
ahown to cause fiver, nervous qrstem and drcdabay aystem of laboratoiy aniniak 
auch as rats and niiee ydien the animals are uposfid at hijh levds over tfaeir 
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lifetimes. Some industrid yvorken yrfio were e^iosed to relativefy large emounta 
of thk chemical during thdr yvorking careen alao auffered damage to the liver, 
nervoua qrstem and drculatoiy aystenL QiemicalB adddi cauae adverse effecta 
among eqioaed in humans yvlio are eiqiOBed at lower levds over long periods of 
time. NDOH baa aet tlie enforceable drinking yvater atandard for LLl-
Triddoroethane at 0.2 parta per mfifion îpooO to reduce the risk of these adverae 
headth effecta yrtiich have been obaerved in laboratoiy aniniak. Drinking water 
y^ddi meeta thk atandard ia aasociated with fittie to none of thk xiak and ahould 
be eonddered aafe.* 

004.061 (kdifiorma. 

004.0611 Totd Cdiforms (to be used adien there k a vidation of 
002.02D1 and not a vidation of 002.02D2). The Nebradm Depertment 
of Heekh (NDOH) acta drinkiiig yvater atandarda and haa detemuned, 
based on information provided fay the Environmentd Protection Agency 
and other anentific and medied informatian, that the preaence of totd 
eofiformak a poadbte heekh concern. Totdedifiomiaareeommaninthe 
environment and are generalfy not faaniiful in themadvea. The preaence 
of these bacteria in drinking yvider, however, generalfy k a resiik of a 
proUem yvith yvater treatment or the pipes ahidi distribute the water, 
and indiestes the yvater msy be eontamiiiated with orgsniains that can 
cauae disease. Disease aynytoms may indude diarrhae, eraaqpe, nauaea, 
and poaaible jaundiee, and aqy asaodated headarhes and firtigue. Theae 
ayiuploma, however, are not just sssociated with diseaae-caiismg 
organlama in drinking yvater, but alao may be caused ay a number of 
tactara other than your drinking yvater. NDOH baa aet an cnforcealde 
drinking yvater atandard for totd eoBforma to reduoe the rids of these 
adverse heakh effects. Under thk standard, not more tfaan 6.0 percent 
ofthe aamplea coBecteddumig a month can cfltitam theae bacteria, eieept 
that qfstems cdleeting fievvCT than 40 aamplea per month that have dne 
totd eofifomi-poaitire —mpi> per month are not violating the standard. 
Drinking yvater adndi meeta tfak standard k ususlfy not associated with 

9ff^PP2 Feed eoBformsffi. eoB (to he used vdien tfaere k a violatian of 
002.02D2 or both 002.02D1 and 002.02D2). The Nebrsska Department 
of Heakh (NDOH) sets drinking water standards and has detennined, 
besed on information provided fay the JjJo. Euvinaimental Protection 
Agency and otiier adentifie and medied faifiormation, tfaat the preeenee of 
feed eolifonns or E.coBk a serious heelth eoneem. Feed eoBfiorms and 
E. eoE are generalfy not harmful in tlieniaelves, but their presence in 
drinking yvater k aerious because they usudfy are associated with sewage 
or animd wastes. The preeenee of theee beeteiia in drinking water k 
generalfy a resuk of a prddem yvith water treatment or the pqies whidi 
diatribute the water, ""̂ ^ jndiceteff that the water may be contaminated 
wiUi orminisma that COD cniisr dismsr Disease qrmptoms msy inchide 
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diarrhee, irwmrt. i**"—e. wr*̂  r"**^fy J""**^^ .̂ ""'^ niwnrintf <1 hmdnrbrii 
end fttigue. These aynqitoms, however, are not just asaockted with 
dianoan rniising organiams.in drinking yvater, but also may be cauaed fay 
a number of fiseton other than your drinking yvater. NDOH has set an 
enforceable drinking water standaM fir feed coBfomis and E. eoB to 
reduoe the risk of these adverae hedth effecta. Under tfak standard, afi 
drinking water aamplea must be free of tfaese biKteria. Drinkang water 
ahich meeta tfak atandard k aaaociated with littfe or none of ttda riak and 
ahoiild be eonaidered aafe. State and locd heelth autboritiea recommend 
that eonsumen take the fdlowing prenaiitionr. [To be inaerted fay the 
piibfie yvater qrstem according to instructions fitan the Director or kicd 
authorities]." 

004.06J Ifierobidoipod contaminants (fior use yriien there k a vidation of the 
treatment, tedmique requirements for filtration and diainfectian in 002.04). "The 
Nefaradca Department of Health (NDOH) sets drinUng water standards and has 
QCtttSOOlftu •OBw aUB WGS6DC6 QC ODCFODiOllO^SCBl CQDtflBSDUIQtfl flPO A OOSttD CODOOD 

at oertain levds of eqiosure. Jf yvater k inadequatefy treeted, mierafaiblogied 
contifflBmanta m ttus yvater may eauae fliaeaae^ ̂ Jiaeaae ^ysootooas naav mduoe 
' ^ " ' ^ ' h—, ^""TPI ' , *MM«—, amA pwrfWyjaim^iwit^ t u i miry —wri«tnH IMMMITII— aattA 

*"**g"* Pieee ^yiiniloma, howevet, are not juat aaaociated with diaeaao'eauaBng 
oiganiama in drinkinK tvater, faut dao may be cauaed fay a number of &ctan other 
than your drinking yvater. NDOH 1MS set enfirceatde requirements for treating 
Q^mama yvaicr ao raouce u e ^UK QK uese a^^e^ae oaaim cuecia. xreB^̂ Dero sucu 
aa filtering and diainfiBeting the water removes or destroys inicrofaMilogieri 
armtiMtrtmmwtim Drinking wator wLich M treated to meet NDOH requiiementa M 

i with little to none of thk riaik and dioiild be eonddered aafe." . 

ffftiff? Piitii^notiBea for fluoride. Notice ofvidationa ofthe maxfanumeontanunant levd 
fior fliioride,noticeaofvariaiieea and exenytioaiB firom tfae maxinium eoaitaminant levd for 
fluoride, and noticea of Mure to eoanpfy with variance and exemptjon adiedulea fior the 
'"**"""*" eontaminant levd fior fluoride didl eondst of tfae p'Mji* notiee preacribed in 
004.02A and 004.02B of this section, pba a deaoqitian of any steps ydnch tfae qrstem k 
t a k i n g t o ' " T " * i n t o atmHrKamaa 

004.07A (3onapliaiiee with tfae aeoondaiy maximum eontandnant levd (2.0 mg per 
liter) lior fhwride *̂ *»̂  be am̂ n̂t̂ aî Â baae on **»* laat amMa aanmle t̂ J*'—* in 
accordance witii tfae requrementa of 002.08C of tfak rule. 

004.07B Uafaig a notiee aa deacribed fai 004.07C of tfak aection, pubBe 
ayatema ydndi aaoeed the aecoaidBiy MCL fior fluoride ahdl notify: 

0Q4.07B1 aB biBnig.iadts annudfy; • 

004.07B2 afi dentists and docton fisted as such in the tdephoaie 
directories eovering the areas aerved fay tfae piibfic yvater siqipfy aystem, 
load offidds, and lood newapspers annualfy, and 
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004.07B8 afi new faBfing unita at the time aervioe bepna. 

0Q4.07C The notice tb be used fay aystems adddi exceed the secondaiy MCL diafi 
read as fdlowK 

"DeerUaen 

Many piibBe yvater Biqipfy aystems are required fay federd regulation to routinefy 
enafyze for fluoride levek in the drinkiiig water they provide to eonsumers. 
Anafyaes of the .drinking water in your community haa found a levd of * mg per 
liter of fluoride. The Dnrector of the Nebraaka Department of Heelth (NDOH), 
beaed upon iufbrmation provided ty the U.S. Environmentd Protection Agency 
and other adentifie and medied information has set a standard at 2.0 mg per fiter 
t n minimi** i h a tmKnrrarma nf ntjart innitHit AamtaA thmpttanm T h a t g u i d d m e yvaS 

estabfiabed to protect piibfic yvdfbre, but k k not federalfy enforeeelde. NDOH 
requires that tlds notiee of monitoring results be provided to you. 

Fluoride, at the appropriate levds in the drinking water of ddldren up to the age 
of nine, reduoea cavitiea. However, diildren eipoaed to levds of fluoride greater 
than LO to 2.0 mg per liter may develop dentdfhioroda in their permanent teeth. 
Dentd fluorods, in its moderate and aevere fionna, k a diacdoration (brown 
staining) and pitting of teeth. 

Because fluoride affects onfy devdoping teeth, households yvithout children yvould 
not be e^qiected to be affected fay thk levd of fluoride. Individusk yvith ddldren 
under the age of nine are eneoursged to seA other sources of drinking water for 

The NDOH Maxfammi Contanunant Levd (MGD fior fluoride k 4J) mg per fiter. 
That standard k baaed iqion protection fitnn crqipfing okdetd fhiorosia, yriiidi 
may resuk fhan levds of 4.0 mg per liter or more. The MCL k an enforeeeble 
standard and has been set to protect pubie heakh. Your yvater siqiplier can lower 
the eoneentration of fluoride to the levd ahere hetieficid effecta stifi occur (cavity 
rre"en*1"m). **"^ ^lfT**T*^ ****' armm rfAamtai ntanmaim in minimal TedmdOQT 

for the removd of flufltide k eurrentfy availdde, but the uae of tfak tedmdogy fay 
your utility may increcne your montfafy yvater faifi. Ti'eatiuent aystems for the 
removd of fluoride firom drinking water are dso availdde for home use. 
Information of auch lystems k availdde at tfae addreas^ven bdow. Lowfluoiide 
bottled drinking yvater tfaat yvould meet afi standards k also snrailable. 

For ftrtfaer information, contact ** at your water utifity." 

* FWS ahafi insert tfae oonqdiance resiik yvludi triggered notification under tfak 
part 
** PWS ahdl insert tfae name, addrem and tdephone number ofa contact person 
at tfae PWS. 
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004.08 PutJic notif''̂ *''*" ^y tbe Direetor. The Director may ffve notice to the pubfic 
required fay tfak section on bdialf of the owner or operator of the pubfic water auppfy 
aystem. However, the owner or operator of the.pubfic water auppfy aystem remains 
legdfy responsible for enauring that the requirements of thk aection are met 

ftftiiOft ?V^^T"ti""T°rementBPer*"Tinr*^T—'^ 

004.00A ^ipficahifity of pubfic notice requirement 

004.09A1 Except aa provided fai 004.09A2 of thk aection. yvithni 80 davB 
after tfae effective date of tfaeee regulationa, tfae owner or operator of eedi 
community water auppfy aystem and eadi non-tranaient **""-*''"""""***y 
water auppfy aystem disB iaaue notice to persons served ty tbe aystem 
that may be affected fay lead contamination of thdr drinking yvater. The 
Director may require aubaequent noticea. The owner of opeFator ahafi 
provide notice under tfak section even if there k not violatian of tfae 
nationd primaiy drinking water regulation for lead. 

0Q4.09A2 Notice under 004.09A1 of tfak aection k not requnvd if the 
aystem demonstrates to the Director that the yvater aapply aystem, 
inclnding the reddential and nomtMidential portiona aiant%aa*mA to the 
water siqipfy system, are lead fiee, as defined in OOLOIZ. 

004.09B Manner of notice. Notaoe ahaB be given to persons served fay tfae aystem 
either fay (1) tfaree newspaper notices (one for each of tfaree consecutive montfas 
and tfae first no later tfaan 80 days after tfae effeetfare date of there regdationo): 
(2) once fay mafi notiee with tfae yvater faifi or in a aeparate mafiing 80 days after 
tfae effective date of tfaeee regdatkns; or (8) once ty fasnd ddiveiy 80 days after 
tfae effective deter of tfaese regulations. For naihtranaieni,iiaii«amiminity water 
auppfy systems, notice mqy be i^vcnty continuous posting, tfpostingk used, the 
notioe stisfi be posted in a eonapaeuous plsoe in the area served ty tfae qrstem and 
start no later tfasn 80 days after the efibctive date of theae regdations, and-
waitiMue for tfaree TOonthB, 

004.00C Generd content of notiee. 

SSiJJSSl Notices ksued under tfak section ahan provide a dear and 
readify understandable eqdanation of the potential souroes of lead in 
drinkoiK yvater, potentid adverse heakfa effects, raasonnbfy avadldde 
methods of imtigeting kinwfn AT pirtentkl lead wrntetit in drinking water, 
**iy a t a p * t h ^ wamtam ^yatmin am tnlr ing i n nntig^im lamA armilaHtt in Aanm1tia%£ 

yvater, and the necessity fior sffling akemathre yvater siqipfies, if aqy. 
Use of tfae mandatory language on 004.00D of tfak section in tfae notiee 
^ ^ *** i i H W — i t t n a n j i a m pnt—iti«1 aAaamaa h—ltK «fflf t» 

004.09CS2 Each notice ahafi ako inehide qiedfie advise on how to 
I a B^BtfiTUUS fiQDS0]Q]Q9 jBBQ AflEVC D6CQ USfiQ ID XlflOBCS QT lOB 
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water distribution tystem end how to minindze e^Msure to yvater likefy 
to contain hish levds of lead. Eadi notice dudl be eonapicuous and ahan 
not contain undufy techniryil language, undufy amen printing, or aimilar 
problems that fiiistrate the purpoee of the notice. Each notice diafi 
contain the tdepbone number ofthe owner, operator, or designee ofthe 
piihio maaiair •"Tpfy mfmJMnt aa a • m i w * nf «ii<iitinn»l infiiwiMtinn ragmrAing 

the notice. Where ayprqiriate, the notice ahafi be mukilingnal 

(NOTE: f>p*̂ nn«i Tnfnwnatinn)? EediiiotiBeahouldidvisepersonsserved 
fay the qrstem to use onfy the odd yvater fiaueet firom drinking and for uae 
in "'^^•^g or prepering bafay fomnda, and to run the yvater until k geta 
as cold aa k k going to get before each uae. If there has reoentfy been 
nugor yvater uae in the housebdd, audi asabowering or **«*>'"«g: fluddng 
toBeta, or doing laundiy yvith cold yvater, fludiing the pipes diould take 
6 to 80 aeconda; if not fluahing the pqiea could take aa long as aeverd 
atmmtam Eodi notice ihould slso adviao perBon8 aervod fay the qrstom to 
check to aee if lead pqicia, adder, or fhix hove been uaed in phimbing that 
providea tap yvater and to ensure that new jdunfaing and ptumting 
repein use lead-free materials. 

The onfy way to be aure of the amount of lead in the houadxdd yvater k 
to have the yvater tested fay a eonqietentlaborataqr. Testing keapedalfy 
important to apartment dwdlen because fluddngmay not be effective in 
t i i g l i ^ — Kiiili4ing« thnt!»«»» \aaA anlAmraA aamtral pipinjr Aa appropria te^ 

the notice alunild provide iiifoniiation on teating). 

004.09D Mandatnay health effecta information. When providfaig the information 
in pubfic noticea required under 004.09C of tfak iiection on tfae potentid adverae 
faeekh effecta of lead in drinking yvater, the owner or operator of tfae water Biqipfy 
qratem ahafi indude the fioBowing apedfie language in the notice: 

The Nefaraaka Department of Heekh (NDOH) aeta drinkfaig water standarda and 
faaa detennined tfaat lead k a faeekfa concem at certain kvda of eqwsure. There 
k einrentfy a atandard of 0.050 parta per zmfiion ̂ >pnO. 

Baaed on new heakh information, NDOH k fik^ to lower thk atandard 
significantfy. 

Part of the purpoee of tUa notiee k to inform you of the potentid adverae heelth 
effecta of lead. Thk k being done even thou^ your yvater mqy not be in vidation 
of tfae current atandard. 

NDOH and othen are eoncemed about lead in driddng water. Toomudileadin 
the fauman boify can cauae aerioua damage to the farain, kidneya, nervoua aystem, 
and red blood edis. The greatest risk, even with diort-termeqiosure,k to young 
difidrenaBid pregnant' 
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Lead kvek in your drinking yvater ere likefy to be hi^liest: 

* Jtyaar home or water system has lead pipes, or 
.* If your home has copper pipes with lead solder, end 
* If the home k less tfaan five yean old, or 

•* If you faave aoft or aridk yvater, or 
* If water dta in tfae pqies for severd faours. 

004.09E Notiee fay tfae Dfaector. n i e Dfaector may ghre notioe to tfae pubfic 
required fay tfak section on bdialf of the owner or operator of tfae yvater suppfy 
• y t ^ m if i h a JUraif-knf aaiaaim J h a ratpmfaammntm rf OrU OOft anA J h a n n t i i o «»nnt«in« 

afi the infomiation qiedfied in 004.07C and 004.07D of tfak sectian. However, the 
owner, or operator or the yvater aupipfy qatem remanis legalfy reaponaflde fbr 
enauring that the requrementa of tfak aection are met 

004.10 Bcnwitjn^tntheDn-ector. The owner of any pubfic water siqipfy qrstem required 
to give notice under sectian 004 ahafi siifamk a copy of such notiee and evidence of 
pubfication ofthe notioe to the Director in acoardanee with 006.01E. 
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005 REPORTING AND RE(X3RDKEEPING 
(INCLUDES AMENDMENTS MADE THROUGH SEPTEMBER l a 1091) 

005.01 Reouired reoorta. 

005.01A The owner of a piibfic yvater auppfy diafi report to the Director within 
the time preacribed on eedi ofthe following oceurrencea which influence or dter 
the rdiability of the aystem of the safety of drinking water ddivered to tbe 

00S.01A1 Aqy disnqition in service that reauka in a fikelibood for the 
entrance of contaminanta into the aystem, jncliiding reduced pressure due 
to fire fitting i^perations or breakdown ahould be recorded fay the owner 
of the qrstem. Aqy loos of preeaure of disruption of aervioe for reeaons 
beyond narmd repeir or repkeement diafi be reported to the Director 
wbea more than 10% ofthe conaumen are effected. 

OOS.01A2 Aqy propoeed change in aouree of auppfy or treatment 
proceaaea, or aqy eqienslon of storage or to tiie dktrihution sendee area 
didl be reported to the Director before entering into aqy *™«**̂ «i 
COOQflBICOBCOw t o p flUPlCOBCOiuOff ft C^ttlOffB* 

005.01A3 Afi reporta, studiea, and inveatigBtions pertinent to the 
operation and management of a piibfic yvater atqipfy aystemi ahafi be made 
avaBabk to the Director on request 

00S.01A4 Aqy diange in peraonnd, dected or appointed having primaiy 
reaponsihitity for the operation ofa pubfic yvater aapfHy tystem, diafi be 
prtanptfyreported to the Director fay the owner oraieprcBcntatiwf ofthe 

006.01A5 Aqy diange in ownenfaqi of a pubfic water suppfy qrstem ahdl 
be reported to tfae Director fay tfae prior owner, and tfae prior owner dian 
be reaponaalde fir infonning tfae new owner of tfae generd proriaiona of 
the Nefaraaka Safe Drinking Water Aet and the regdations inqdementing 
k. 

006.01B Except ydiere a ahorter period k qiedfied in tfak chapiter, the owner of 
a pubfic yvater aystem disn report to the Director tfae results of aqy test 
measurement or anafysk required fay tfak chapter within (1) tfae fibrst ten days 
following the month in which the resuk k received, or (2) the first ten daya 
fioBowing tfae end of the requredmouitoriug period as stqnilated fay the Director, 
yvfaidi ever of these k ahortest 

005.01C Except where a Afferent reportingperiodk specified inthk chapter, the 
owner of a pufaBc yvater siqipfy qrstem must rqwrt to tfae Director yvitfain 48 
faoun the failure to eongify yvith aqy regiilation Gnduding fidhre to eoaupfy yvitfa 
monitoring requirements) aet forth in thk chapter. 
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00S.01D The owner of a pubfic water aiqipfy aystem k not required to report 
anafytied reauka to the Direetor in caaea where the Department of Hedth 
Leborataqr performs afi of the anafysk and reports afi of the results. 

005.01E Within ten days of completion of eadi pufak notification required 
purauant to 004, tfae owner of a pubfic yvater siqipfy system ahafi aubmk to the 
Director a representative copy of eech type of notiee distributed, piibBshed, posted 
and/or made ovaBsble to the persoais served fay the aystem and/or to the media. 

005.01F The owner of a piibfie water s u f ^ aystem didl sufamk to the Director 
yvithin the time stated in the request eopaee of aqy record required to be 
maintained under thk diipter. 

005.02A A pubfic water aystem tfaat uses a ground water souree under the drect 
influence of surfiace yvater and does not provide fikratian treatment must report 
moakfafy to tfae Direetor tfae infiocmatioai qiedfied in thk part beginning 6 noonths 
after the Director detennines that tfae ground water source k under tfae direct 
inthaamra rfmtat4aK!a — t ^ , i m l w filti-«ti«n i« wmepmaA^ in ^Anrh amaa i h a Tiiirafttm 

may qiedfy altemative rqwrting requirementa, aa appropriate, unta fikration k 
in place. The reporta ahafi be submkted on Forms PWS 40a PWS 404 and PWS 
406 fai Attadunent 4 to tfak Bule. 

005.02A1 Source water quafity infionnation must be reported to the 
Direetar yvithin 10 days after tfae end of eedi month tfae qrstem i 
yvater to tfae pufaBc Infomiation that muat be reported i 

noK oQAin The cumulative mmiber of montha fior ydneh resuk 
are rqwrted. 

ffftffiPZAI** The number of feed and/or totd eoBformssniples, 
wiiidiever are onafyzed during tfae montfa Qf a ayatem moniton 
fior both, onfy fbod edifiarms must be reported), the dates of 
ssnqde eoBeetian, and the dates ydien the turfaidity levd exceeded 
INTU. 

005.02Ale The number of sasqdes during the month that faad 
aqud to or lem tfasn 20 per 100 nd fiacd oofifioms and/or equd to 
or leas tfaan 100 per 100 ml totd edifioims. 

005.02Ald The eumiiktive number of fiacd or totd eoBfioim 
samples, yrfddiever are ansfysed, during tfae preriouB six montfas 
tfae aystem aerved water to tfae public 

006.02Ale The emmikdive number of ssmples that faad equd to 
or kss tfaan 20 per 100 nd of fiacd eoBfarms or equd to or less 
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than 100 per 100 nd totd ediforins, whichever are anafyzed, 
during the previoua dx montha the aystem served water to the 
puUic 

005.02Alf Tbe percentage of samplea that had equd to or leas 
than 20 per 100 nd feed eofiforma or equd to or leaa than 100 
per 100 nd totd eofiforma, vrtddiever are anafyzed, during the 
previous six months the aystem served water to the pubfic 

005.02Alar The maximun turfaidity levd meesured during the 
month, the date(s) of occurrence for aqy measurement(s) which 
exceeded 5 NTU, and the date(8) tfae oocuiTeiicea was reported 
to the Dnrector. 

^pngAiii For the first 12 months of recordkeeping, tfae dates 
and cumulative nuniber of eventa during tdiich turbidity exceeded 
5 NTU, and after one yeer of recordkeeping for turbidity 
measurement the dates and cumulative number of eventa during 
ydndi the turfaidity eircfded 6 NTU in tbe previous 12 months 
the aystem served water to the pubfic 

p05.02Ali Ffir the first 120 months of recordkeeping; the datea 
and eumiiktive nuinber of eventa during yvfaidi the turfaidity 
exceeded 6 NTU, and lAer 10 yeen of recordkeeping for 
turfaidity meeaurementa, the datea and cumulative number of 
eventa durfaig ahidi the turfaidky exceeded 5 NTU fai the 
previoua 120 montha the aystem served yvater to tfae pubfic 

00S.02A2 Dkinfection faifiotmation qiecified on 002.04H2 ahdl be 
reported to the Director yvithin 10 daya after the end of each month tbe 
aystem serves water to the piibBc lufunustian that must be reported 
inchides: 

pffffp9A9« Fto eadi day, the lowest measurement of reaidud 
Quniiectsnt ooaioentration m nsff per fiter m water enterma tne 
distributian qrstenB. 

006.02A2b The date and duration of eadi period ydien the 
reaidud diainfectaoit concentration m yvater entering the 
distribution aystem fidl bdow Oil mg per liter and ydien the 
Director was notified ofthe oocurrence. 

005.02A2e The deify residud didnfectant eoaioentratian(s) fai mg 
per liter and disinfectant contact timeW in "?**"»**• uaed for 
eakidating the CT value(at). 

006.02A2d IfGfaloriiiekuaed,tfaeddfyineBsuremeiit(8)ofpHof 
disinfected yvater fdhnving eadi point of ddorine disinfection. 
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005.02A2e The deify inea8urenient(8) of yvater temperature in *C 
fidlowing eadi point of ddorine diainfection. 

005.02A2f Tbe daify GTcak and CTeak divided fay CT(99.9) 
vduea for eedi diainfectant meeaurement or aequenee and the 
sun of afi GTcak divided fay CT(99.9) vahiea before or at the first 

005.02A2g The daify detenmnation of vrtietfaer diainfection 
adiievea adequate Giardk cyst and virus inaetivation, Le., 
yHiether GTcak divided ty CT(99.9) ia at leeat LO or, wbere 
diamfectanta otfaer than ddorine are uaed, other indicator 
conditiona that the Direetor detenninea are appropriate, are met 

gp.»;ngAg^ The following infarmation on the aamplea taken in the 
diatribution aystem in coaQunction with totd eoBform monitoring 
pursusnt to 002.04F. 

006.02A2h(l) Number of instances vriiere the reddud 

MfiiQP^^ffi) Number of jnatancea vdiere the reaidud 

heterotrophk bacteria plate count (HPQ k ] 

005.02A2hf8) Number of instances ahere the reddud 
disinfectant eonoentration k measured but not detected 
and no HPC k measured; 

008.02A2b(4) Number of faistsnees wfaere the reddud 
diainfectant eonoentration k detected and where HPC k 

' than 600 per ml; 

005.02A2bf6) Number of faistanoes wfaere tiie residud 
disinfectant eoarentration k not measured and HPC k 
greater then 600 per ml; 
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005.02A2hf6) For the current and previoua month the 
aystem aerved yvater to the pubic, the value of "V in the 
following formula: 

c -•• d + e 
V - xlOO 

a + h 

Where: 

a - tfae vahie fai 006.02A2h(D 

b - the vahie fai 005.02A2h(2) 

c - tfae vahie m 005.02A2h(8) 

d - the vahie fai 005.02A2h(4) 

e - the vdue in 00a02A2h(6) 

V * percent of aamplea yvith undetectable reddud 
QUDSKOCtflD* OOOOCDCWDOQ 

99ffffgAghm ff the Drector detemdnea, baaed fai aite-
apedfic oonaideratiana, that a aystem haa no means for 
having a aample tiaiiqiorted and uiafyzed fir tUfC ty 
the State Hedth Department laboratoiy or an approved 
laboratoay under the requisite time and tenqierature 
eanditioalB required of the labontoiy and tfaat tbe qrstem 
k providing adequate disinfiBetion in tfae distribution 
aystem, the requirements of 00a02F2h do not sppfy to 
thataystem. 

006.02A2i A aystem qeed not report the data fisted fai 005.02A2a 
and 006.02A2o< if dl data fisted fai 005.02A2a-fa resodn on fite at 
tfae qrstem, and the Director determines tfaat: 

00S.02Agfl) The qrstem owner has siibndtted to the 
Director adl the infionnation required fay 00a02A2a-h for 
at leaat 12 montfas, and 

O0S.02A2iQ) The Director hss detemuned tfaat the 
aystem is not required to provide fikration treadment 

005.02A8 No later than ten daya after tfae end of each fiederd fiacd yeer 
(September 80), each qrstem owner must provide to tfae Director a report 
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vrtddi aunmarizea ita compliance with afi wefihead protection 
requirementa qiedfied in 002.04E2e. 

005.02A4 No later than ten dqya after the end of eedi federd fiacd year 
(September 80) eadi aystem must provide to the Director a report on the 
on-adte inspoctian conducted during that year pursuant to 002X>4Ea 
unleas the on-dte inapection yvas oondueted fay the Director. 

005.02A5 Spedd reports. 

005.02A5a Eadi aystem, upon diacovering that a water-borne 
disease outbreek potentialfy attributalde to the yvater aystem hss 
occurred, must report that occurrenee to the Director as soon as 
piwiKle; but not later than by the end ofthe next buaineas day. 

005.02A6b If at any time the turfaidity exceeds 6 NTU, the 
qratem must inform the Director as soon as poaaible, but no later 
than tfae end of tfae next buaineM dqy. 

00S.02A6C Ifat any time the reaidud fiafis bdow 0.2 mg per fiter 
in the water entering tfae distriliution qrstem, tfae qrstem must 
notify tfae Director as soon as poaaible, but no later than by the 
end of tfae next buaineM dqy. The aystem also must notify the 
Director fay the end of tfae next budnem day ahether or not tfae 
reaidud waa restored to at leest 0.2 mK per liter witfain 4 faours. 

WSiOS^ A pubfic water siqipfy Qratem that uses a sur&oe yvater 
ground yvater source under tfae dnrect "*''»»~- of surface water and 
fikratian treetment must report montfafy to the DiwBtor the iufuriiiation qiefTfied 
in thk section beipimfaig June 29,199a or ^"hen fikrstion k instsDed, yrtddiever 
k later. The rqwrts sbafi be aubmitted on Fotms PWS 406 and PWS 408 in 
Attadunent 4 to tfak nile. 

00S.02B1 Turbidity measurements as requfavd ty 002.04H8a must be 
reported yvitfain 10 dsys after tfae end of eadi montfa tfae system serves 
yvater to the pubBe. Infiocmation that must be reported indudes: 

006.02Bla The totd number of fikered yvater tnriddity 
I tnlr—1 d^^rin£ t h n m n n t h 

MffffPPlV ^ ^ number and percentage of filtered water 
turfaidity meaaurementa taken during the month whidi are leas 
tfaan or equd to tfae turtddfay Bmka apedfied fai 002.04G. 

005.0ZBle Tfae date and vahie of aqy tuhidity 
taken during tiio montti yvluch exceed 5 NTU. 
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005.02B2 Didnfection faiformatian apecified fai002.04H3 ahafi be reported 
to the Director within 10 days after the end of eedi month the aystem 
aervea water to the pubic Infonnation that muat be reported indudea; 

005.02B2a For eadi dqy, the lowest meesurement of reaidud 
disinfectsnt concentration in mg per liter in water entering the 
distribution aystem. 

ppKQgwgh The date end duration of eadi period vdien the 
residud didnfectant concentration in yvater entering the 
diatributian lystem fdl bdow 0.2 mg per fiter and when the 
Director was notified ofthe occurrence. 

^fflj9n9f The fdlowing infarmation on the aamplea taken in the 
distribution aystem in eoqjunction with totd eofifomi monitoring 
pursuant to 002.04F: 

P"{? P^^^U) Nuniber of jnatances where the reddud 
diafaifectant concentration k meeaured; 

005.02B2cf2) Number of jnatancea ydiere the reaidud 
didnfectant concentration k not meeaured but 
heterotrophk becteria plate eount (HPQ k meesured; 

qQgnqTWi»(̂ ) Number of "•*••*"*— adiere the reaidud 
didnfectant concentration k measured but not detected 
andnoHPCki 

^ ^ a t ^ 4 ) Nuniber of instances ydiere no reaidud 
disinfectsnt eonoentration k detected """̂  thn HPC k 

' than 600 per ml; 

ftftfi^wT^fS) Nuniber of instances ydiere the reddud 
QlflOlliBCXfllXK CQOOCOXTttoOD IB D0« BBCBBIirCo SOfl j^j^^y j s 

greeter than 600 per ml; 
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"PfiiQ?P f̂ff) Tar the current and previoua month the 
aystem serves water to the piibfic, the value of "V* in the 
following formula: 

c -I- d + e 
xlOO 

a-1- b 

Where: 

a - the vahie fai 006.02B2c(l) 

b « the vahie in 005.02B2c(2) 

e « the vahie fai 005.02B2c(8) 

d - tfae vahie fai 00a02B2c(4) 

e * tfae vdue in 00a02B2c(5) 

V > percent of snqples with undetectadde reddud 

WffiftPPĝ fT) IftheDfa«etordetennfaies,besedonske-
apedfie ctaidderstions, tfast a tystem lias no means of 
faaving a ssn^de tranqiorted and amafyzed for xufC by an 
t h * fHaitm H a n l t h l l a p f t m i n t T^hnwfawy tm am appftaumA 

Uboratoiy under tfae requiaite time dad temperature 
eonditiona reqmred oftfae laboratoay and tfaat tfae aystem 
k providing adequate diaiiifection in tfae distribution 
qrstem, the requirements of 006.02B2c(l) • 005.02B2c(6) 
do not ^ipfy. 

A aystem needqot report the data fisted fai 005.02B2a 
if afi tfae data fisted fai 00a02B2a« of tfak section rcmdn on fite 
at the aystem amd the Mrector determined tfaat the aystem lias 
submitted afi the infiannatianreqonfed fay 00&02B2a-02B2e of tUs 
section for at least 12 months. 

005.02B8 SpeeidBeports 

006.02B8a Each aystem owner, upon discovering that a 
yvaterbome diaeaae outbreak potentialfy attributalde to that 
water qrstem faas oceurred, must report that oceuirence to tfae 
Director as soon as possible, but no later tfaan fay tfae end oftfae 

idqy. 
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005.02B3b If at aqy time the turbidity exceeds 5 NTU, the 
aystem owner must infonn the Director as soon as p^'^lf. but 
no later than the end of tbe next buamess day. 

005.02B3C If at aqy time the residud fiafis bdow 0.2 mg per fiter 
in the yvater entering the distribution aystem, the qrstem owner 
must notify the Direetor SB aoon as possible, but no kter than ty 
tfae end ofthe next buaiiieas day. The qrstem owner must also 
notify the Director fay the end of the next buainess dsy whether 
or not the reddud yvas restored to at least 0J2 mg per fiter yvithin 
41iour8. 

005.03 Beouired Beeords. Aqy owner of a pubfic yvater siqipfy •T'^cm sutgect to tbe 
provisians of thk Chapter shafi retain on the premiaea of the pubfic yvater aiqipfy qrstem 
or a convenient Incation neer such preniiaea, the following records: 

005.03A Beeords of bacteriologicnl, turfaidity, teacperature, pH, and didnfectant 
reaidud anafyaes made pursuant to thk nde ahafi be kept for not leas than five 
years. Becorda of diendcd anafyaes made purauant to thk nde ahafi be kept for 
not less than ten years. Aetud laboratoiy reporta may be kept of data may be 
tranaferred to tabular aunmariea, provided that the fioBowing informatian be 
induded: 

005.08A1 T h e da ta , plaee, t m e rf •mip l ing , mnA i h a n « m » nf t h n pararan 

ydio cdlected the I 

005.03A2 Identifieation of the aample aa to ydiether k vraa a routine 
diatribution aystem ssnople, a check ssmple, a raw or processed sanqde, 
or any otfaer qiedd purpoee aample; 

005.08A3 Datea of anafyaea; 

005.0aA4 Laboratoiy and person reqionaible fior perfonmng anafysis; 

006.0aA5 The anafytaed tedudque or metfaod used; and 

OOS.OSAB The resuks of tfae snafyda. 

006.03A7 Ownen of piibfic watenyatema tfaat uae a ground yvater aouree 
under tfae direct influence of auruee yvater which doea°iiot provide 
fikration ahafi keep records of source water baeteridog^cd an turfaidity 

on Department Forms PWS 401 and PWS 402. 

005.08AB Ownen of pubfic yvater aystems that uae a surfbce water 
source or a ground yvater aouree under the direct infinnnwn of surfiace 
water ydnch prorides filtratian diafi keep recorda of the dkinfection 
residud and turfaidity measurements on Dqiartment Form PWS 407. 
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006.08B Becorda of action taken fay the owner or the qatem to correct vidationa 
of primaiy drinking water regulations shafi be kept for a period of not lees than 
three yeen after the last action taken yvith reqieet to the perticular vidation 
involved. 

005.03C Copies ofaqy written reports, summaries or comimmicationsrdatiiig to 
sanitaiy simrcys ofthe aystem conducted fay the owner oftfae qrstem, fay a private 
nnniiHnnt^ or fay my locsl, stste or fiederd agency inrhiding tfae Dqiertment of 
Heakh ahdl be kept fir a period of not leaa than ten yeen after conqdetian of the 
aanitagy survey imrdved. 

005.03D Becorda conceming a variance or exenqitian granted to the aystem and 
recorda rdating to receipt and conqdiance ^nth AHminirtjnti-*. Orden to correct 
construction or operatiand deficiencies ahafi be kept for a period ending not leaa 
than five yean following the axpiratinn of audi variance, exemption or order. 

005.04 Av^«*^<*Y **f Beeords. Afi records required fay tfak seetion ahadl be avafiable for 
pubfic inapection at aqy reasonable hour and yvin be revkwedperiodiealfy fior eompletenewB 
fay tbe Director. In edition, tfae Director ahdl piibBdi annualfy, a fistmg of afi pufaBc 
yviker siqipfy aystems together with violation of maximum eontainiiiint levds, monitaring 
requirements, and record keeping requirementa as prescribed in sections 002 and 006 of 
theae regulationa 
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006 VABIANCXS AND EXEBSPTTONS (INCLUDES AMENDMENTS MADE THBOUGH 
SEPTEMBER 15,1991) 

W^Ql YFT*TI^ The Director, with the concurrence of the AdviaoiyCSounca on Pubfic 
Water Stqipfy may authorize a variance firom a maximum contaminant levd adopted in 
aection 002 of thk rule, except that varianoea fitan the MCL for totd cofiforms and 
variancea fitnn any of the treatment techniquea requirementa of 002.04 may not be 
authorized. Such variance mqy be granted wlien: 

OOaoiA The raw yvater aourcea which are reeaonabfy avafiabk to the system 
cannot meet the m«^imi^ oontaminant levda apecified in theae regidatians 
deqdte qipfication ofthe best technology, treetment techniques, or other meens, 
yvliidi the Director finds are generdfy avafidde (teking coota into eonaideration); 

006.01B The eoneentration of the contaminant or contaminant fior ydudi the 
m««imi«n wnninm^jf^^f 1— 1̂ i« a ^ w i l a H liy j p n n t i n g mamh aimmmwmâ  wnd nnf g—lit 

in wnrfiamiialdp riaV t o h—l th ; amA 

006.01C At the aame time the variance k granted, a adiedde for "nntpWanw or 
inerementa of compliance, k iaauad and the owner of the aiqipfy agrees to 
implement audi adiedule. 

006.02 Exerr*'"" Tfae Dnector, yvith tfae concurrence oftfae AdviaoayCouncB on PubBe 
Water Suppfy may exempt any public yvater aapfiy aystem fkom asy requirement 
I ••jixiitmjrn mn^IiL-.n^ wnwlMninnnt \amaA tmiraaiaatant tnnhniqim^ emfrn»n hnth^ aaminptoH 

in seetion 002 of tfak nde, except tfaat exemptiflna fitnn tfae MCZi for totd cdifomia may 
not be authorized. Such exemption mqy be granted iqwn finding that 

JIQQJSA Due to eonqpdfing fiaetora, ydndi may indude econonne fiaetora, tbepuhfic 
water aiqipfy aystem k undde to eompfy witfa sudi eontaminsnt levd or treatment 
tftchniiTiiPi 

006.02B The piibfie water aiqipfy aystem yvas in operstion on the effective date 
of audi contaminant levd or treatment techniirie trgiletiftn; 

006.02C The granting of the exemption yvifi not reauk in an unreaaonable riak to 
hBakfa;and 

006.02D At t h n —mn t i m » t h n iwnmpt jn« ia pamimA^ a aiiaaAttU ftm armaipHamaa^ 

or increments of coiiQdianoê  k issued snd .the owner, of the sî ipfy aigrees to 
inqdement sudi sdiedide. The schedde duifi require eonqdiance not later tfaan 
19 WMitha aattaip t|>^ Aait» ^JMiMinnn rfthn n » n m p t i n i 

006.02E The find date fior tfae eompfiance provided in aqy adiedute in tfae I 
of aqy exemption may be extended fay tfae Director fior a period not to exceed 8 
yean after tfae date of tfae iasuance of tfae exemption if tfae pubfic water siqipfy 
astsldisbes tfaat 
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ffopg^i* The qrstem cannot meet the standard ydthout cap 
fanprovementa whkh cannot be completed yvithin tbe period of audi 

Oftftift?^-^ T« t h n ama^ rfn q f t t w minrh raaiaAa finnnoinl n—if tnni^ fpy fhe 

neceaaaiy miproveinenta, the aystem bsa entered mto an agreement to 
obtain audi finandd assistance; or 

WOW3?8 The ayatem has entered into an enforceelde agreement to 
become pert ofa regiond pubfic water tystem; and the tystem k taking 
afi practicable steps to meet the standard. 

006.02F Ll the caae of a aystem ydiidi does not aerve more than 600 
eoniiections and yddcfa needs financial aadstanne for the neeeaaa^ improvementa, 
an exeoQition granted under 00a02El or 006.02E2 of thk aection may be renewed 
fior one or more additional 2-year periods ifthe aystem estwhlishaa that k k taking 
adl practicalde atepa to meet the requrementa of 00a02E. 

006.03 Procedure. Action to consider a variance or exemjiUon from the requirements 
contained in aection 002 of tfak nde may be initkted ty the Director or fay tfae owner of 
tfae suppfy tfarou^ a fomid request siifandtted to the Dn«ctor. Befiore a variance or 
exemption prqioaed to be granted ty the Dnrector may take effect, the Director ahafi 
provide notice and oppartunity fior pubBe heering on tfae propooal; inform tfae Adviaoiy 
Counefl on Piibfic Water Siqipfy of afi fittta and findingB rdative to the propoeed i 
and obtain CouncB a^iprovd of the proposed aetion, provided: 

OOaOSA Prior to granting a variance or an exemption, the Direetor ahafi provide 
notice, in a newapaper of generd dreukitian aerving the area aerved by the piibfic 
water siqipfy qatem oftfae propoees eiemptinn or variance, tfaat interested 
persons mny request a piibfic heanng on the propoeed cxeiiqition or variance. 
The Director may require tfae qrstem to provide otfaer aqipropriate notice aa fae or 
afaedeema necemaiy to provide adequate notice to peraona aervad fay tfae qratem;. 

OOaOSB ff a piifaBefaearingk requested, the Dfaactor ahdl aet a tfane and pkee 
fir the hearing and sudi hearing dmfi be fadd before tfae Department prior to tfae 
variauce to tfae varlauue or exemption being ioaued. Frivolous and insubstantid 
raquests fior a hearing may be denied ty the Director; 

006.08C An exeniption or variance ahafl be conditioned on moantoring, testing; 
anafysinib or other requirements to insure tfae proteetian oftfae piibBc hedth; 

006.0aD The eiaidHkais fior issuing the variance or eiemptinns are not leea 
atringent then coaiditions under wiudi vanances aaid exemptions may be granted 
under tfae proridaav of tfae Eederd Safe DrinUng Water Aet PX. 08-62a 98rd 

and fivtfaer provided tfaat 

006.08E The procedures for notificatinn and piibBefaearinga are in eonformanee 
yvkfa tfae requfaoienta of Chapter 84, Artide 9, Bdasue Bevised Statutes of 
Nefaraaka, 1948. The same procedures dudl be eaoxied out prior to preeeribing a 
atmaapHamfm • r h n A i l n ftm atanftmatnn^ i n O m rmtjmeanantm rf aaetiflP 0 0 2 rf t h e a e 

rules. 
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007 SITING, DESIGN AND CONSTRUCTION OF PUBLIC WATER SUPPLY SYSTEMS 
(INCLUDES AMENDMENTS MADE THBOUGH SEPTEMBER l a 1091) 

997-01 fiitiTy. AB yvdk, treatment, and storage fiirifities, and other a^ipurtenanoes 
n**——ty ftm i h a aanirnnaA n p n f t i n n n f« nnrnmimity —t<w Mippfy ayrtinm ahnll h n Ini-tnfl 

as to: 

007.01A Aaaure against damage or breekdown ea a resiik rf floods, fire, 
eerthquakea, or other naturd diaasterr, 

007.01B Prevent contandnstion of the drinking water t y existing sourcea rf 
poButian; 

007.01C Permk contrd, t y the owner, over the locetion rf future potentid 
aources rf ^""t*"'"***"*'* yvithm the proximity rf the aystem m order to prevent 
or minimize any hazard to the aafety ofthe drinking yvater; end 

007.01D P w r i t i n • iiflBwnnt jiiiiipnFLji ri&mira^ fwp t h n w n n F nf t h n piihlii» — t n p 

avqipfy. qrstem m order to operate, ****"**•*"* and replaoe the aystem componenta 

007.02 Dewpn- Plana and qiedfieatiana fior d l nugor eonatructian, extenaion or dteration 
to community water si^ipfy qrstems ahafi be prepered t y a regiatered prrfeadond 
en^neer and didl be aubmitted to the Director for review and written approvd prior to 
enteirnff mto a iinanc^al eonunttsaent fior conatructtona tne aRvaromff os a contract or tne 
begmmng rfconatmction. 

007.02A Plana and apedfications diafi be aubmitted fior the foBowing typea of 

007.02A1 Afi components of new yvater aiqipfy qrstems; 

007.02A2 New w d k and intaike all ueturea. 

007.02A8 Akentioais tfaat infhienoe tfae eqxrity of existing yvdk or 
intdt t structures; 

007.02A4 New treatment alanta and modificatinna to 

007.02A6 Liatafiation of diendcd fiaedequqanent beyond replacement of 

007.02Afi Storage fiwiifities and repair to existing storage 
induding interior ^'""'g; .painting andlar oootinga; 

OOnJOOM Pump stations; 
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007.02A8 T^ansmisdon mains fitan the source rf suppfy to the 
and 

007.02A9 Beplaeement of nudns within a aervice area for the purpoae of 
bcdancing pressure or improving tfae eEBoency oftfae distribution system. 

lyyij^an Sufaadsdon of plans and spedfieationa knot required for exteiiaionrf 
water mains yvithin an estahfiahed aervice area. 

007.02C Plans and apedficationa ahafi be reviewed for generd eonfiormanoe with 
•Qinddinea for Water Qystem Design", herein incorporatied fay rrferenee as 
Attadunent 1, published and distributed fay the Director to reflect current 
techndogy in tiie design of pubfic water aiqipfy aystems and thdr componenta, and 
ahafi be: 

007.02C1 Preaented in le^ble form and of aufiBdent acate to estabfiah 
construction requirements and facititate effective review; 

007.02(2 Sufaamtted ty the enghieer in tr^dicate and in sufficient time 
to jrefiiiit thirty working dnjs for review and eomment or oppruvd and 
with time for tfae mcoiporstian of changea if required; 

007.02C8 Amended in a manner tfaat yvifi alter tfae function or I 
of componenta ydudinuQr affect the diemicd quality of the water onfy 
after change orden drectmg audi amendments are approved ty the 
Director 

007.02(34 Beplaoed ty 'aa buBt" pkns ahan change orden reflect 
relocataona cr adTect the operation or replacement of the iinprovement 
and supplemented ty information rdative to tfae location of other utilities, 
bask of design performsnce of propnetaiy materiak or produeta and 
dmilar informatioa, as mqy be requested ty the Director. 

JtQLfi^ An fautidfise fior the review of plans and apecificatkns fior the types of 
prqjects described in subsection 007.02A ahafi be aufaanitted with the pkna and 
*j'*''iff****'""* to be revieyved and in tfae amount of one faundred doBan phia five 
tenta of one percent of the enpneen estimate of tfae cost of tlie prqject alteration 
or •w'j'î 'w—nnnt doacrihed m tfae documenta to be reviewed but audi totd fiee 
ahafi not exceed $7,600 and: 

007.02D1 Documentation of the eontraet or aetud cost of tfae prcgect 
shan be provided to tfae Direetor ty tfae en^neer or owner of tfae qratem 
fior tfae puipoee of detemdmng tbe find fee i——** 

007.02D2 Payment of the find fee amount based on one faundred doBan 
phis five tenths on one percent of tfae cn^neen estimate of tfae contract 
or aetud eost of tfae prqject ydddiever k kager, didl be made before the 
prcgect k pkoed in aervice; 
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007.02D3 Failure to pay the find fee amount dion conatkute cause to 
deny or revoke the permk to operate the qratem as required fay Seetion 
008 of tfak nde. 

997'ng gmiatFiifftifw^ An mqor construction, extensions or akerationa ahan be completed 
in aiHtarAamfa w i th njipMiM^ plana nnH •pn«»irii»ntinw tm appnauaA rharyga rmAmim ^ n ^ gfaj] 

eonqify with the followiiig requirements: 

007.03A K n p n r t nf a nnmmimi ly wiit#»r Mippfy • y t i i m falling wi thin t h n tinfinitinn 

rfmqor eonstruetion ahan be placed in aervice prior to: certification by the owner 
or designated lepreaentative of the owner for confarmance to the ^iproved plans 
and qiedfieations or approved diange orders; a find inqieetion; and issuance rf 
approvd fay the Director; 

007.03B Aqy part of community yvater aiqipfy qrstem fUfing yvithin tbe definitian 
rf mqor construction found not to be cuustrueted m accordance with approved 
plans and *p**'̂ * '̂̂ tinn« or diange ordera, or for yriddi plana and qiedfications 
were not approved, ahdl not be placed in aervice until audi time aa the Director 
determinea tbe eonatnictian to be in oonforaianoe with current piibfidied 
giridetines; 

007.03C CSonatruetion of water distiifautionnifdils witfain an estahfiahed I 
area and not requiring prior approval, shsB be nmvmî piiahnii fai tiie ****""*** 
apecified in the \3uiddniea for Water Qystem Design". 

007.04 DjwtjiM n̂pM ,Apidied to yJ'W'-̂ n̂ww^wwiitY yn te r Supply Systems. Tfae owner ofa 
nnn..nnn»miiriil.y w a t e r tyStom msyZ 

007.04A Aeeoaqidish construction, ertendon or dteration to tfae qrstem in tfae 
— m n mnnnwf Mpplinnhin i n t h n aiLing^ linaigii mmA arma^yamiirm mfanttanmniy ^ m i a r 

siQipfy aystems; or 

007.04B Beport to tfae Director aqy intention to locate, construct extend, or aker 
a pubfic water oiqipfy aystem and complete the woA in accordance with TTTU! 
17a NEBRASKA ADMINISTRATIVE CODE, CHAPTER 12, REGULATIONS 
(GOVERNING WATER WELL CONSTRUCTION, PUMP INSTALLATION AND 
WATER WEUi ABANDONMENT STANDARDS. 

007.05 Dedaratorv Bniinar Ahmit pubatantiaTy ET""*|**«» ff^^^y, P**ig^ end 
Construction. 

007.06A No siting; design or oonatruetion fior a Piibfie Water Suppfy &|ystem dmfi 
be carried out t y a procedure yvfaidi k ineonaiatent with tfaeee r^ulationa unless 
the Dnector makee a dedaratoey ruling tfaat sucfa sitinit design or construction k 
substnntialfy equivalent to the atandards prescribed in theee regiitotinns 

007.08B Aqy owner of a PiibBc Water SiqipfySlystem may request a dedaratoty 
rufing fay the Dnrector. 

7-8 

file:///3uiddniea


TTTLE179 
2 

007.06B1 Sudi a request must be submitted in vrriting st least thirty 
(80) days prior to the iiiitiation of construction or dteration of the PuUk 
Water Suppfy Syateaa involved, udeas good cauae k ahown for a diorter 

'period. 

WTiftPW? The request shdl inchide a description of the dedgn; 
niaterid(a), and/or eoaistruetion procedure(s) propoaed Qnduding 
appropriate plans and qiecifications); identify the procedure or msterid 
required fay the prescribed standarda and inchide proof rf the elleged 
equivalency and sudi written asguments as are deemed appropriate ty 
the requesting party and/or tfae Director. Sudi request ahafi be 
submitted ty a Registered Pnfessioiid EngiiiBer. 

007.05B3 Sudi request dien be made generalfy in aooordanoe yvith 164 
NAC L008, R " H rf P«ct»<» and Procedure Beaarding T^tarat^mY 
ftlfiOgL but union the requesting party at tfae time of tfae request 
«inmnn»i«r liuiiiint llni f 00. Ibf msttrr irin 111 fli I mi i1 sirtiiiiilli i1 iiii Iln 
written request, attodunenta tfaereto and ftcta of wfaich tfae Dnrector 
takeajudidd notice. 

007.05B4 Any nifing ioaued ty tfae Director liereunder ahdl bie binding 
between the Director and tfae requesting party on tfae fiscto afieged unleas 
k k altered or set aside fay a court The Direetor may, in aituationsydien 
tfae siifanusaian of tfae request tfairty (80) days in advance would resuk in 
an immediate n«i"ir'*"*"'"**^ tfareat •'W"'fi"*"i economk faardaUmi on or 
pose a faeakh tfareat to tfae owner prober persona, yvahre tfae tfairty (80) 
day review period. 
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TiTLB 179 - NEBRASKA DEPARTMENT OF HEALTH 
CHAPTER 2 • REGULATIONS (X)VEBNING PUBLIC WATER SUPPLY SYSTEMS 
(INCLUDING AMMENDMENTS MADE THROUGH MARCH 80.1992) 

008 OPERATION AND MAINTENANCE QT? fTTBT.Tr WATER SUPPLY SYSTEMS 

008.01 Oi;«M<itinn. Afi pufaBc yvater auppfy aystems disB be operated and supervised fay 
conqietent personnd and such personnd must possess a certificBte rfeompetenqr issued 
fay the Director. In addition, afi community and nan-transient non-community water 
aiqipfy aystems ahafi: 

008.01A Provide aervioe on a twenty^four hour a dqy bads with a certified 
operator on eafi at afi times unleas the Director allows the water siqipfy ^7"tem 
to eatabfidi an dectronk or otherwiae dependable meana for mitigating dianqition 
rf aervice or whidi eaaurea an adequate auppfy of aafe yvater on a continuous 

OOaOlB Notify the Director of any situation vrith the water system vducfa 
presents or may preaent an ""™"*"* and aubotantid hazard to hedth; 

008.01C Maintain an emergency plan of operationa for aafe-guarding the yvater 
aiqipfy, protectmg the drinking water, and, if neceaaaiy, providing for an ekemate 
drinking ivater auppfy in the event of naturd or man-made disasters. The plan 
must indude a list rfindividuak ydio may be called for he^ in times rfdisaster, 
thdr titles and their phone numbera. Sucfa plana ahafi atate tfae beaoe domeatic 
water needa and uaage under normd eondkiona. Aqy apedd iiistitutions], 
eommerdd or induatrid uaen diafi be ahown. Aqy apedd beck iq> or atandty 
equqanent or povver oiqipfy avdlalde didl be included aa yvdl as akeniate aourcea 
rfaiqipfy or bottled yvater oouTBeo. Aqy took aubstancea within 1000 feet rf the 
pubfic yvater aiqipfy qrstem wdk or yvater aourcea ahafi be noted. Afiavafiatde 
ehemicads and equipment fir tfae purpoae of didnfectian diadl be listed. The 
emergency plan must outline dl emergency operations and must be iqidated at 
leest eveqr 4 yean yvith copies provided to tfae Department of Heekfa fior mdusian 
in tfae state Drinking Water Emergeuty plan located in tfae Dfariaion of Drinking 
Water and Eiivironmentd flanitat.inn of tfae Department rf Heekh. The 
emergency pkn ahafi be placed at kqr locations, deerfy marked and readify 
acceasitle to utility persnmiel and the pubfic 

008.01D Fhidi and didnfect afi ne^y coeistructed or repaired water mainB and 
atonge fiirifities in accordance yvith methods acceptable to the Director before 
placing the new or repaired portion of the aystem into I 

M P O ? ? ' <^-«"*—* T n»*-fl"in£ ppwgpnm t t m t h n alTafi ium Aa*ma-tirm amA nWminntinm 

of fiiiBiirnnnfrliniin and the prevention of badflow or backa^ibonage. Sucfa 
program k suigect to review ty tfae Direetar and ahafl indude and require: 
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008.01E1 That there be no pfaydcd connection between the pubfic yvater 
aapply aystem and aqy pipes, pumps, hydrants, tanks, steam condensate 
returns, en i^ ja^e ta , heat exdiangera, or other yvater aiqipfiea whereby 
potentialfy unaafe yvater or contaminating materiak may be diadiarged or 
drawn into the pubfic yvater suppfy qrstem. 

noftniTia That there be no interconnection with the piibfie water siqipfy 
aystem and another pctev** yvater ayatem "**'— x n t approved fay the 
pubfic water siqipfy aystem and reported immediatefy to tfae Director. 

008.01E8 That the piibfic water siqipfy aystem ahafi inatafi or require 
inatniintinn of properfy locoted faockflow prevention devioea appropriate 
to the potentid hazards enumerated in Tabka 2 and 8 when auch bazarda 
exist and where, in the opinian of the pubfic water aiqipfy aystem, 
effective measures conmstent with a potentid xiak. hove not been token. 
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TABLE 2 

of Haserd fir Ooanmoaify Eaeoiiiitered T^''j*"*"^ Fixturea^ 

(Far a more conqdete list, refer to the ynnimi nf Croes-(3onneetion Contrd referenced in aection 
008.01£0a.) 

Drect or Indirect Potabk Water Connections 

L Suigect to Backpressure 

A. Pumps, tanka ft finea handling: 
L Sewage 
2. Toxk aubatannea 
8. Nontoxk aubstancea 

0 R Water connection to steam and oteem bailer 
1. Boiler or steam connection to toxk aubstancea 

hlowoff throu^ air gap) 

n . Not Subject to Bei^ Preeaure . 

L Toxk aiibatanoea 
2. Nontoxk oubstaneea 

CL Coik or jaAeta uaed as heaA eichangen m eonqreaaon m hnea 
carrying: 
L Sewage 
2. TooDC aiibatancaa 
a Nontoxk oiibetancea 

D. Fhah vahre tofiete or urinak 
K Toilet, urind tanka and aqiproved bathtube 
F. nideta, aitz tanks, or apa, tfaenqQr and roman pook not otfaerwise 

Mdated fay *^*"g" or backflow protecton 
G. ^taieh urinak 
H. Valved outleta or fixturea with hose attaidiments that may eonatitute 

a eroaa-connection to: 
L Toxk aubstancea 
2. Nontoxk aubataneea 

L Task substances 

n t Other Equqxnent and FacBkies Suigect tp a Variety of Backflow 

L TOXIC aiibstanoea mchiding kwu ciiemicnk 
2. NontoKie substances 

B. Fire siqipressum aystem^ empuigriug toooc chemicds. 

D. Bndiologirnl, photographies dental, medied, hidopcd or diemied 
T"Twffatorie> cr «i»«niitina 

E. Sarfanmfaig pook 
1 F. Tank truck kadfaig station 

Hazard | 

High 

X 
X 

X 

. 

X 

X 

X 
X 

X 

X 

X 

„, 

X 

X 

X 
X 
X 

• X 

X 

Ixm 1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

" 
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Aaaembfy, 
Deviceor 
Metiiod' 

Ai rG^i 

••XflBOSDoGnC 

Breaker 

Double Check 
Vahe 
Aaaembfy 

Preeaure 

Breaker 
Aaaenibfy 

Bfid^iftfid 

Prindple 
Beckflow 

Aaaenibfy 

Dud Cheek 
Valvea 

Degree of Hazard 

Low 

Bftffk 
^ d i -
onage 

X 

X 

X 

X 

X 

X 

Back 

sure 

X 

X 

X 

X 

Hish 

BadL 
aipb-
onege 

X 

X 

X 

X 

Bwffk 

aire 

x' 

X 

leaa than 2 timea tfae diameter of tfae 
effective apout openfaig ahen not 
affected fay aide wafis, and 8 timea tfae 

affected fay side wafis. Side yvaOa wBl 
be aaaumed to not affect a r gape vdien 

Upright podtion. No valvea 
downstreaun. Minimum of 6 mches or 
hated diatance above afi downstroam 

Bequnee 1 foot bdow ft mnttiriamt aide 
ft head room fior testing ft msmtenanoe 

mstdled working rr'^T'Tiir with stain 

yvater. 

Upripit podtioaL - Msy fasve vdves 

levd rim of xeceplora May discharge 
waicr. 

Same as Double Check Vahre Amembfy 
above except may diacharge water ft 
ydierever mstailed, proviaun for 
draiiuug away at least 2 tnnes tfae rated 

be made. 

Besidentid services onfy, ft yvliere fai^ 
nazards are not known to exiat on tfae 
prendoes. Properfy protected lawn 

low hazard fior tfak purpoee. Dud 

inapection periods win be assumed to be 
eveiy 6yeBr8. 
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Footnoteo: 

For deacrqition of aaaembfiea and devices, refer to tbe Croas-Cyonnectian Contrd 
Standarda. BackflOw pie venters described herein and in the ginddines aa 
"aaaenddiea" must be instslled as assemblies keeping the shutoff valves intact 

Previous approvd fay the piibBe water siQipfy aystem k required for use ofa pit 
or vauk (nomudfy prohibited due to pooadbk flooding) or for peralld and faypaas 
i n a t n l l n t i n n a ( n m - m n l ^ p p n h a i i t n H w i t h n n t . a p a r i a l AaaApt a rmmAaraHtmm mnA p T T f r 

croaa connection oontrok). 

Baddlow preventen ahafi not be located in aqy area containing fiimea that are 
toxic, paisanous or coriudve; nor in aqy area in ahicfa they could be damaged fay 
fieezingi or fay ewessivefy h i ^ tempeiaturea or pleasures, vibration, pbydcd 
inqact or atnuturd atreaa; nor knowinf^ be allowed to conduct hi^ify eorrodve 
or aanify yvaten yvithout a apedd teating and maintenance program to assure 
proper ft aafe operation. 

Befer to generd and specific instafiation requirementa aa atated in the Crooa-
Connection Omtrd Standards provided for in aection OOaoiEO for conditions or 
dtuotions. not otherwise covered in these r^dations. 

Not to be oulgeeted to operating pressure fior more tfasn 12 faoun in aqy 24-faour 
period. Hoaefaibb vacuum breeken are permitted for gome uaea deacribed in the 
Croas-Cknnection Contrd Standarda fisted in seetion 008.01E9. (3arden hose bibbs 
didl be protected yvith spproved, noiMremovdde or integral, fitist-proof^ sdf-
Qramm^ anti-a^pnoninff vacuum faroiuccrc 

U m a p f n t f t i n n n y t n a a M n a a m m m m m • h n l l h n jfqmppiWl ^ i t h bWftklwyWpl e"eutOTn 

devioea as deacribed in AWWAMaiiiidM-14, aecond editioiL Badcflow preventen 
iitMinp t h i a *agii1ntinrt^ mpA atafattafimA i n K r a piw*ni»tin>i m^mkaana ahaf l h n aiananAaraA 

pert of thoae aystems. As sudi, they ahdl not be instsfied, moved, removed, 
rqdaced, shut off or in any way aUteredindeM in strict compBance with the ndea 
and regulations promulgsted fay the State Fke MardiaL 

008.01E4 That an backflow or hackainhnnageiroteetion devioea eoujpned 
with test ports be tested as often as requked fay the pubfic water siqipfy 
aystem but at kast once eadi year fay abedHow preventer teat and 
Ttpair ***'bniciHn certified fay tfae Director, with teat readta certified 
immediatdly to the pubBe water aiqipfy qrstenL 

008.01E5 That tfae pubBe water sqipfy qrstem eonsumen be requred to 
aaaeas and report potentid backflow bazarda on tfaeir premiaea and take 
aqy steps necessaiy for protection of pubfic facakfa and safety as often as 
reesoaiabfy requested fay tfae piiblk water suppfy aystem snd yddcfa sfasB 
be no less oftm than eveiy five (5): 
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008.01E6 niat the pubfic water siqipfy aystem sbafi maintain, or ( 
to be maintained, recorda of locations, types, tests and repein rfbeckflow 
preventen for a period rffive (6) yean rfaaid teata and repaira. 

008.01E7 That backflow pi eventen required fay tfak regulation shafi have 
been teated and approved or liated for tbe intended uae ty one rf the 
foBowing I 

008.01E7a Foundation fir Croaa Connection Omtrd and 
Bfydndogk Beaeareh, Univeraity of Southem Cklifomia, 
Univeidtj Park, Loa Angdeo, Oafifomk 90089. 

OOaoiETb Amcriean Nationd Standards Institute, 1480 
Broadway, New York, New York lOOia 

008.01E7C Underwriten Laboratoriea Inc, 838 Pfingsten Bead, 
Nortfafarook, Bfinok 60062. 

008.01E7d Nationd Sankation Foundation, 2866 West Stadmm 
Boidevard, P.O. Box 146a Ann Arbor, Mxhigsn 4810a 

008 .01E7e Tntniinntinnnl Aaant<{«tinn wf P h i m h i n g n n i i i y n r h n n i t - 1 

OfiBdak, 6082 Alhamfam Avenue, Loa Angdeo, Cafifionda 90082. 

00a01E8 That an oahgoingpiiblk information program ahaB be conducted 
fay tfae piiblk yvater aiqipfy qrstem to fivtlier tfae pufaBc water siqipfy 
aystem customen. aanAaratmatAttt̂  and awareness of crosaeoamection 
hazards, the typea of remedies atvaflafale and tfae need to protect tfae 
pubfic yvater aiqipfy qrstem agsinst badcflow. 

00a.01E9 ThatapgrovdrfCf naa rVainef tioii ContrdProaraina findudiny 
aa a nummum, Iwctiliiw preventers, preeaure r^uktors^ viKuum 
breakers, ther instadlation, operstioai, teating; madntenanee and repair) 
didl be baaed on the fioBowing standards, and ydiere cnnfficts may exiat 
the Director yvID be the oole judge as to ydnch standard didl prevafi: 

n n « niTiOa M . m « i l n f r ! > n a a . r n ^ n H j g n Q p p ^ 

FoimdatioaifirG^oss-GaimectionCantrdand^rdraiibcBeseardi, 
Unhrerdty of Southem CSdifoniia,.eî itfa editian, a eofy of ydddi 
k attachad and inooqKrated by icfierenoe as if fidfy set firth with 

|tQgJU£Qb Am^rirt. Wtur Worka M«niriL M-14. second edkion, 
a eopy of wfaidi k attached and iuomporated fay refierenoe aa if 
fil^ysetfirtfawkfa] 
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008.01F Provide aufiBdent personnd, tods, spere ports, yrork areas, rhnmi<-ia 
and other eaaentkls necessaiy to aocompfidi continuous operation rf the qrstem 
without undue or unneoessaiy intemqitioD rf aernce. 

PPPP^ Mnintnnatfnn Afi piibfic yvator Buppfy lystema diafi adopt and cany out a 
preventative maintenanee program incorporating the fidlowing elementa: 

008.02A Neet and orderfy prendses used adefy for the pmpose rf produdng^ 
treating, storing, or distributing srfe drinking water with empbaak on eeqr access 
to thoae aystem components reqmring periodk attention: 

008.02B Boutine inqieetion and aervidng end reoord keeping rfdlmedianicd 
equtpment in accordance with manufiacturer'a recommendations for such 

008.02C T h n ^ replacement of yvom or deteriorated ayatem componenta and 
equipment porta aa identified fay routine luspection and record keeping; 

008.02D Efimination of rust snd oontiaian fay iqipfication of point, protective 
coatings, or cathodic proteetian or other treatment capable rf prdon^ng the 
uaefd life of the qrstem; and detemdnataon of the oorroaive nature rf ddivered 
water for the purpoae of protecting the ddivered water firom harmful 
contamination ooemring firom odtdde metak and other materiak preaent in 
faouaehold and inatkutiond conveyance pipea; 

ffff ft oyw Maintaining a aystem of records for annud review and reporting of the 
capability ofthe source rfsiqipfy, treatment atorage, and diatribution fiacilities to 
provide for fioture aervice linmnnHa both ahort-term and long-term (2 and 10 year 
plana); 

008.02F Action aa necessary to protect the qrstem and its components from 
eneroediments ydiieh are fikefy faazards to tfae safety of tfae drinking water 
quality, or vdiich could have a aiibatantid impact on the qrstem preosure or 
economies ddivered by the aystem. Such action ahdl indude the adoption rf 
QPQlQBIlOCSi TCflUlftuflCttL OOOtlttCtSi Of OtfaflP ftflivfWWIi^lft ffiStH^DSCDES 11606818X7 tO 

insure adequate protection fitan auch enrrnachmenta. Thk may indude: 
audi as somng; water ri^ka, oondenmation, land purcfaaaea, 
nhnnHnnmnnt a f t*A »nl la , amA —tnhliahingr Infcna, l ngnn«^ ^ m m n g B — y ^ 

uae areea, and sanitaiy and water districts. 
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009 PERMIT FOR OPERATING A PUBUC WATER SUPPLY SYSTEM 
(INCLUDES AMENDMENTS MADE THROUGH SEPTEMBER l a 1991) 

009.01 Permk Required. Each person operating or maintaining a pubfic water auppfy 
system within the state sbafi ^ipfy to the Diriactor for a permk to continue the qperation 
of audi.^ystem beyond the date of Jonusiy 1,1978. The iqipfication diafi be aubmitted 
on a form provided fay the Director (Attachment 5). 

^^0 09 ytyspectionrf the System. The Drector diaO, aa pronqitfy as k poadbk, inqiect 
and aurvcy the system, reporting findini^ to the owner rf the qratem, and iasue or deqy 
a penidt based on eonqiBance with the requirements rfthe Nebrodm Safe Drinking Water 
Aet and of theee ndes and regulations. 

nno.pg jTifflmMtiop Required. Aqy person construetiiig; or otheraise ecquiring a pubfic 
water suppfy qrstem subsequent to Jufy 1,1977, sbsB provide the infonnatian required 
in aubaeetion 009.01 of tfak sectian yvith the submission of plans and qiedfications as 
required in section 007 of theee ruleo. An operating permk wifi tie iaaued iqxm 
confirmation that the conqdeted yvorka are constructed in accordance yvith approved pkna 
and qiecifications and iqion demonstration the ayatem yyJB be maintained and operated as 
preacribed ty these rules and regiitotions. 

9W ff^ •Rnfnw'nmnnt. Any porson Operating s piibfic yvater auppfy aystem prior to the 
issuance rf a permk in the menner preacribed in subsection 000.02 or 009.03 of thk 
section, and found to be in violation ofaqy provisions of these rules or the proviaions rf 
the Nefaradca Safe J>riiikiiig Water Act shafi be Biilgect to enforcement actian aa provided 
fay law. 

009.05 Permk Thne Frame. Pemdta ahafi be iaaued for an indefiidte period of time, 
subject onfy to continued conqdiance yvith the Nefaraaka Safe Drinking Water Act and 
rulea and r^ulationa promulgated thereunder. 

009.06 Opportunitv-for Heering. Aqy peraon diafi be granted, upon request an 
opportunity for a hearing brfore the Deportment under the provisions rf Cbapier 84, 
Artide 9, Bdssue Beviaed Statuea of Nefaradm, 1948, and amendmenta thereto, prior to 
the denid or revocation of a pennit Judidd review of audi danid or revocation may be 
obtained aa provided fay audi Chapter and Artide. 

9-1 



TTELE179 
Chapter2 

TTTLB 179 - NEBRASKA DEPARTMENT OF HEALTS 
CHAPTER 2 • REGULATIONS GOVERNING PUBLIC WATER SUPPLY SYSTEMS 
(INCLUDES AMMENDMENTS MADE THROUGH MARCH 80,1992). 

010 OPERATm^ pimnwrrATTON 

010.01 Certified Operator Neeeasarv. No pubfic water siqipfy aystem ahsfi be issued or 
otherwiae hdd a permk to operate a pubfic yvater auppfy aystem, granted ty the 
Depertment unleaa ita operator pnasesses a certifieBte of eompetency ioaued ty the 
Department 

010.01A Two or more pubfic water suppfy aystems may share or utifize the 
services rf a tao^e certified operator provided that the conditions in 010.01A1-
010.01A4 are met The Direetor ahafi approve or diaiqiprove eadi ̂ ipfieatian fir 
a ahared operator baaed on tfae fioBowing conditions: 

010.01A1 Tfae diared operator ahafi hdd tfaat grade reqmred for the 
operator of the hi^iiest ciaaaificatian of the systems invdved; 

010.01A2 The aystems are located so OS to pennk reasonable travd time 
between work areas with sufiBdent time remaining to perform neceesaiy 
routine aiqierviao^r maifitenance and operatinaial activity for eagh aystem. 
As a guide, fiorty (40) mBes k considered to be an aooqitBlde distance; 

010.01A8 Each aystem iuvdved must provide a locd person or persons 
wAtn ahan pnrf«»m iwntinn nntiaitina^ inrfniiing t h n nnnnrtinn nf—mplna^ 

under the siqierviaion of tfae ahared I 

010.01A4 Coanpaniea or rarporatkne estnbBdied for the purpooe of 
providing operational aervice to ownen of pubBe yvater scqipfy aystems 
ahdl empky one or more peraona holding a certificate appropriate to the 
hii^iost ctaaaafieation of the qrstems served. These persons ahdl have 
demonstrated experience in tfae reaannaMe operation or regulation of sucfa 
ayatem fir at leaist one year yvitfain the lost fiveyeer period. 

0104)1B ^ipBeetun Cor a ccitifiuate of eoanpetency to act an a certified operator 
of a piibBc water scqppfy aystem afaefi be made iqwn a firm prepared fay the 
D i r e i ^ (Attachment 2). ^ipBeatian for operator ahaiing ahdl be made iqion a 
form prepared fay the Director (Attachment 2A). 

OIO.OIC Tn Aatamnii t t in^ma nngwnn r f iwwnpatamay raa^pmaA ttm p j n p a ^ npnpntinn 

ofa aystem, tfae fioBowing daaaification wifi be appfied to pubfic yvater aiqipfy 

010.01(a dam I • AB eoomnmity water siq îfy aystems and nan-
trandent, non-commumty sumify aystems using eny treetment tednudogy 
involving fikration to remove faarmful matenak firom tfae raw water 
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souree or to isoprove tfae aesthetk quality of ddivered water, and whidi 
are deaigned to aerve a population in exceaa of 16,000 persons; and afi 
other comnumity water aiqipfy aystems designed to aerve a popidation in 

I of 60,000 peraona; 

010.01Ca Oaaa II • AB eommunity water aiqipfy aystems and non-
transient non̂ BooBmunsor suop^f inrsteoas uasna anv treataaent tecbnoloasr 
invdving fikration to remove harmful materiak firom the raw yvater 
aouree or to liupruve the aeatbetk quality of the delivered water, and 
ydddi are dedgned to aerve between 2,000 and laOOO peraons; andaB 
other aramamnnty wstor siqipfy tysiems seTviiig a popiiMtion between 
16,000 and 60,000; 

010.01C8 CIsss i n - AB eommunity water aiqipfy aystems and hon-
transient nan-cominuidty aiqipfy qrstenis using sqy treitoient technology 
invdving fikratian to remove haimful materiak firom the raw water 
aouree or to improve the aeothetic quality of tfae delivered yvater, and 
wluGh are dedgned to aerve fewer tfaan 2,000 peraona; and afi otfaer 
community yvater suppfy aystems wliicfa serve between 2,000 and laOOO 
persons; and dl cmiiniimity suppfy aystems wliicfa purdiase water from 
one or more qrstems fior tfae purpoee of siqipknienting or providing 

to more tfaan laOOO persons; 

010.01C4 Cbm IV - AB oooBimmity water aiqii^ aystems and non-
transient, noai^oanmunity siqipfy aystems vdiich do not use a treatment 
technology invdving fikrstion and ydiidi aerve fiewer than 2,000 persons; 
amA a n rMnam i t m n t a n m i t y mamiam y ^ | p p ^ ^g^ff /am • i ] | j^]^ ptiwwhnan wafitrnm < W i ^ 

one or more tystems' fior tfae purpoae of si^iplementing ar providing 
to fbwer tfaan 15,000 persons; 

fiifi:Q2£ Ctam V - An otfaer piibfie yvater siqipfy qrstems. 

The indhridud or individuds placed, in reaponsiUe charge of each qrstem, or qrstem 
operation, ahafi hdd a vafid (3ertiBcate of Coanpetency cuuparable in CSrade to the Qam 
yvitfain yvfaidi the pnbuc water sî ipfy aystem k described. 

010.02 Water Operator Oa i.in<'alij^ Bwilifff"*r'fi Certifiratea of Coanpeteniy wifi be 
issued fay tfae Direetor, in bdialf of tfae Department to tfaoae openton qipfying fior audi 
TT' l f "***** nm< m a a l i r ^ t h n fttfln—i«|r »n«piii a«i>a«ilf 

010.02A In adequate physied condition; 

010.02B Aide to read and write tfae EntfBah language; 

010.02C Producee evidence of aatisbetoiy attendance at operston trafanng 
meetings or abort eourses, or copipletion of education couraes svaihble tfaait are 
eonaistent yvith the (Snde appfied fior; 
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010.02D Ahln i n ma in ta in Ingw mnA ratttmOm ef eipmrmtitm amA pnprnFiii m a i n t n n n w n 

consistent yvith the (aiade qipfied for; 

010.02E Produces evidence of good nurd diaraeter, integrity, abifity to cooperate 
with othera, industiy, rdiability, initiative, and judgement to the degree neceaaaiy 
to aecure aatisfactoiy operating resdts; and 

010.02F Conqdianoe with the requirementa of aubaeetion 010.04 of thk aection 
in regard to the appropriate (aiade yvith tbe exception that the Dnrector may issue 
a Proridond Certificate rf Cooqietency to any qipficant during that period in 
ydddi experience k being acquired. 

010.03 Grades rf Certification. Sbtgradearf certification ahan be made available: five 
gradea to pubfic yvater aystem operatora, and one grade of certification to pubfic water 
aystem authorized badcflow preventer testing and repar technicwns, in accordance with 
tbe criteria deacribed in aubaeetion 010.04 of thk aection. ()peraton poooeadng (Srade I 
Certificates rf Competency are quafified to operate a Claaa I eommunity yvater auppfy 
aystem; thooe poosesdng Grade n certifieation are qualified to operate a Oaaa n pubfic 
water suppfy aysfceni, yvith the grades foBowing having simQar relationships yvith the other 
pubfic water auppfy aystems reepectivefy. ()peratonyvarkiiiguiidertheatqierviaionrfa 
certified operator, but in regtonaJMe chaige ydiite on duty, atiafi be requred to hdd a 
eertifieate rf at leeat Qrade IV. However, teduddana viho for the purpoae rf thk 
r^idation didl fit the HnfiniiJiai of operaton reaponaible for continued perfioniiance of 
...any pert of (the) aystem during aadgned duty houn (OOLOIQĈ  and ydio inqiect test 
and repair baddlow preventen yvith teat porta yvfaidi are uaed to protect potabk drinking 
water from ntwiinmmatinĵ  and/or poihitifBi or from potentid "m êTn"****"*! and/or 
poBution, «wi«i induding both isolwtî wi "̂ ^̂  contaiiiinent typea of iiistallation, ahan lie 
required to hdd a (Srade VI certificate fir dl daaaea of pubfic water aiqipfy aystems. 
Inqieetion of backflow preventen without test porta does not requre (Srade VI 
nnytiffln^l.i^pil ̂  

010.()4 Ed "̂-tinpffĴ l̂ ^R;ppy^yy«n]̂ ffg^pn< .̂ AB qipficBiita of a Certificate ofOxiqieteiicy 
ahafi nieet the foBowing education and eqierience requrementa for the appropriate CSrade 
requested: * 

010.04A Grade I Certification-

010.04A1 Prior sueeesafid completion of a (Srsde II eerliifaatinn 
n«aminatinn and suoossaAd oonqdction of an erammation on the oulgect 
of operation of a piibfie yvater siqipfy aystem recommended ty the 
Advisoiy CSoundl on PubBe Water Siqipfy and approved ty the Director 
and 

010.04A2 A degree of Bschdor of Scienee (ydtii qiedd eourses fai 
ssmtaiy sciences) and tfaree yean in reqwnsible cfaaige or operation of 
a piibBe water siqipfy system or as a regidatoiy agent of pubfie water 
siqipfy aystems (e.g.. State or Federal Safe Drinking Water Aet 
enfiorcement eipeiienee); or 
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010.04A3 Four yeen of ediege and four yean of reqwaisihle charge rfa 
pubfic water qratem or aa a regulatoiy agent rf piibfic yvater siqipfy 
qrstems (eg.. State or Federd Safe Drinking Water Aet enforcement 

e); ar 

•010.04A4 W ^ adiod education or equivalent and aix yeen reqKwaible 
diarge ofa Claaa n or m pubfic water siqipfy aystem or eight yeen 
operation of a system under the supervision of a person poooeasing a 
Certificate of Conqietency as a Qrade I Operator. 

010.04B Grade nCertifieetion-

010.04B1 Prior eueceosful completion of a Qrade JR certifieation 
6XB09]llBuflD s o d 8110068lt111 C0OSSH6UQQ OK 8 D 6XBSBIIlBtlOD y^pQ][ppy^wrt#wi 

by tbe Advisory CouncB on Piddk Water Siqipfy end approved fay the 
Director; and 

P19["^^r Two yeen of cdlege, phis three yean reqwMiaihle diarge of g 
pubfic yvater siqipfy aystem or tfaree yean as a regulatoay agent of pubfic 
yvater siqipfy aystems (e.g.. State or Federd Safe Drinkfaig Water Aet 
enforoement eipei lenee); or 

010.04B3 E i ^ s d i o d education or equvalent and six yean reaponsibk 
diarge of a Oaas m , II or I piiblk yvater siqipfy aystem or six yeen 
operation ofa qrstem under the siqiervinan of a peraon poooeasing a 
Certificate of Conqietenqy aa a (Srade I or Gfarade n operator or six yean 
aa a reguktoiy agent of piibfie water siqipfy qrstems (e^;.. State or 
Federd Safe Drinking Wster Act enfiorcement a^ierienoe). 

filfi:SiC GrsdemCertification-

010.04C1 SiMCBsaftd eoanpletinn of an eaandnation recommended fay the 
Advisoiy CouncB on Pubfic Watar Siqyfy and approved by the Director; 

010 .04C2 TTigh arfinnl aAntmUrm rm nqimmlawt amA iamnyamaa unapnnaiHn 

diarge of a eommunity water suppfy lystem; or 

• 010.04C8 Two yean of h j ^ scfaod or aqmvakait and fimr 
responsible dmrge of a waiiniiinity water siqipfy qrstem or dx yean 
qperation of a qrstem under tfae superviaion of a person possesaang a 
Gertifieate of Conqietenqy as a (jrsde I, (arsde n , or Grade H I operator. 

010.04D (SrsdeIVCertifieation-

010.0fl)l SuBoeaaAd eoanpletinn of an •"»"'"•*""« following a bask 
tFninin£ atwaraa ftm ammtam ^ya±am r^amainrm rat̂ tamwatamAmA h y t h n flmmnil 

and approved ty the Director; or 
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010.04D2 Suecessful coanpletion of a coriespondence courae 
recommended fay the Coundl and approved ty the Direetar; and 

010.0^3 Two yeen of h i ^ adiod or equhralent and one yeer in 
r f frff**'^* fhairga r f a nnmmimi«y mmiaa^ a i i j i p^ aya^nyn 

010.04E (SradeVOrtifieation-

010.04E1 Demonatrated abOity in the edlection of water amwnjAaa 
j f t iarpraimiim r f ramahm nf hinlnginal n«aminat inn amA i h a main tnnanon nf 

required recorda. 

010.04F The following substitutian or equvaknta for required experience or 
training wifi be accqited ty the Depertment 

010.04F1 Two yean emplcyment ty a community water aystem under 
the supervidon of a certified operator may be aiibstituted for one yeer rf 
flVB^OD^BT 8CD00tt OP fllfl^A 8Cu00l» 

010.04F2 The IKrector, with tfae advice of tfae OnmcB, may accept a 
aubatitution for required experience or training when deemed equivident 
to the requrementa rfthk section and vdien requested and documented 
by the anndicantfior certification. 

010.04G CSrade VI Certifieetion-

010 .04G1 piiwnnaafiil nnmpUtinn nf a n » — m i n a t i n i l innnmmnnilxi hjr t h n 

CouncB and approved ty the Director on the suigect of cross eonnectionB, 
hnnlfflniT jmaaaaaniam npnuatinn, maintnnnntm tnat ing, amA Tnpnir S u d i 

exandnation diafi indude a written teat as yvdl as a hands-on portian to 
teat aetud testing and repar profidenqr. 

010.05 laauanee and Benewdrf Certificates rfConmetenev. 

010.0SA Certifieateaof Oonqietenqr to act aa operaton of pubfic water siqipfy 
aystems or aqy port of such tystems sfadi be issued ty tfae Dqntment for tfae 
calendar yean aqipBed fir and ahafl eqdre at nddn i^ on December 81, of tfae 
tldrdyear. Tfae Department ahafl n o t ^ each certificate holder at leaat nfaiety 
dltyS b f fn r f t h e e i r r ^ * ' " " "^*^** " T t i f ? " ^ * * y • 1nKn> aAAraaaaA i n h i m n t hia laat 

idaee of reddenoe as noted iqion ita records. 

010.0SB Aqy such Certificate rf Conqietency may be denied, suqiended, revoked 
or refiiaedrenewd fay tfae Director fior due eauae. Due eauae afaefi indude, faut not 
befindtedto: 

OIOJISBI Ftaud fai proeeadng tfae eertifieate; 
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010.05B2 Hahkiial int^nriration or addiction to the uae rf drugs; 

010.05B3 Conviction of a fdoqy; 

010.0SB4 rbysiral or mrntd jnmpnrttj to prrfnnii proff ssinnnl diitif n: 

010.05B5 ^^olation rf aqy of the provisions of the Nefaraaka Safe 
Drinking Water Aet or any ndea or regulations adopted under such act; 
and 

010.05B6 Faihire to pay the required fee. 

plO.OeC Except in caaea rf fiafiure to pay the required feea, no licenae ahdl be 
denied, auqiended, or revoked exoept after due notice and qpportunity for a 
heering. Any denial, auapendnn, or revocation of auch fieenae ahafi be aulgect to 
review pursuant to tbe providona of Oiapter 84, Artide 9. 

010.05D Ortificatea of Conqfietency may be renewed trienniaify upon I 
of information imdating that contained in thn origind ampfication ***«̂  twwm thn 
auhmiadon of evidence that the appBcant for renewed certifieBtion has recdved 
at least fifteen houn of acceptable continung education during the past three 
yearperiod 

010.06 Aprfi~ntiTrp f rrn A fee of ten doBsnahsB be sufaamtted with each ̂ ipficntion of 
a Certifieate of Competency and with eedi aqipfieation for renewd of a Certificate of 
CJompeteuqi. 

010.07 Correspondenr^f (Tĝ T̂W fWi Aibeof eishtydoBsnabdlbesubndttedyvitfaeach 
aqipficadnan for entrance into a com eaj'ioaideiire courae conducted fay the Depai'tment 

010.08 TVwwwwg rwin^n Vaa A fbo of firty doBan fior eodi day of a acfaedulod 
tfiniiig courae ddivered fay tfae Dqiar tment ofaafi be submitted with each application for 
ntwyil lmnntin • un i tFantha t tnwwinntna » i t h n t j t t n n n » a m i n a t i n i qnnlif | i ing t h n ntta«Minn 

to appfy for a Certificate of CoBDqietency. 

010.08 Other Feea. A fee of fifty doBan diafi be sufandtted with esdi request fior 
indhridud ******"****"" witliout attendance at a scheduled baak tpainii^ course ddivered 
ty or a^iproved ty tfae Department 
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ATTACHMENT 1 

STATE OF NEBRASKA DEPARTMENT OF HEALTH 
Dbnaion of Drinking Water and Environmentd Sanitation 

GUIDELINES FOB WATEB SYSTEM DESICSN 

Introduction 

Chapter 71, Artide 58, Siqip^ 197a the NEBRASKA SAFE DRINKING WATER ACT, requred 
that plana and qiecifJCBtions for mqor construction, extendnn, or akeration rfpubfie water suppfy 
aystems in Nefaraaka be prepered fay a Prrfesdonal ^-"g'"**' and reviewed and approved fay the 
Nebraaka State Depertment of Heekh. Theae guidelines are estahliahed under thk authority in 
conformance wkh NEBRASKA STATE DEPARTMENT OF HEALTH, BULE 5, REGULATIONS 
GOVERNING PUBLIC WATER SUPPLY SYSTEMS. The definitions contanied fai RULE 5 qipfy 
to theae girideHnes. 

The (Suiddines are intended as a guide to the •"£"—«• in the prqwration of plans and 
specificatiana and wifi be uaed aa the beau for review fay the Department rfHedth. 

Gtudefines 

The MANUAL OF WATER WELL CX)NSTRUCnON PRACTICES, pubfidied fay tiie Unked 
Statea Enviranmentd Protection Agency, OfiSoe of Water Siqipfy, and RECOMMENDED 
STANDARDS FOR WATER WORKS, 1987 'Edkion, pubfidied fay the Greet Lekes-Upper 
Ifississippi River Board of State Senitaiy Engineera, are hereby adopted ly the Nefaraaka State 
Department of Health aa girideBnes for water tystem design. In the event of diacrepency, the 
MANUAL OF WATER WEUi CQNSTEUCnON PRACTHCES ahafi govem. 

In addition, tfae following guiddinea crHMierniiig tfae groundwater aourcea are estsbfidied: 

L Location. Eveqr yvdl, infikratian line or qxing aerving or intended to provide water for 
a pubfic water siqipfy qrstem, insofir as poaaible, ahould be located, oonstmcted, or 
aa%nAitiaA j n SUCh a w n n a p t h l k WeithCT UUdeigirOUnd o r Oinfisee nnntaminatinw fjy ai ty 
badogical, cfaemjcal or radioecthreaiibataiiBe ar ty the pfaysicd property ofaqy substance 
from aqy eesapool, priny, seplk tank, sub suboe tik aystem, sewer, drain, pk bdow 
ground surfiaee, abandoned yvdl, ammd or arvien yvastes, or any other poaaihle aouree of 
pollution can adversefy effect such water siqipfy. Tfae ndnimun recommended faorizontd 
distance in fbet aeparating tfae wdl or apring from potentid sources of nnntaminatinm 
should be sa described bdow. The Departinent wifi consider location of yvdk and qrings 
at doaerproxiimty than the minimum diataneea bdow. Approvd for aucfaloeation wifi be 
given ydion drcumstancos require such locatinn and when, in tfae opinion oftfae Director, 
the engmeer demonstrates that sucfa kieation wifi not eoBistitutes a poBution hazard to tfae 
auppfy. 
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(LCkntinued) 

Non-Potable Water Wdl 

Sewage Lsgoon 

naa]ion1 

Duiq, 

Feedkt or Feedkt Runoff 

Comd 

P k T d k t 

Chemical or Petrdeum Product Storage 

SepticTank 

Sewage !beatinent Plant 

Sewage Wet Wdl 

naiiiiaiy Sewer Connection 

Baiiltaiy Sewer Manhole 

Sanitaiy Sewer line 

Baiiilary Sewer Ijne (Pcnaanentfy 

FEET 

LOOO 

LOOO 

600 

600 

500 

600 

600 

600 

600 

600 

600 

500 

600 

100 

100 

60 

10 

DISTANCE 

isffjms 
800 

800 

150 

160 

160 

160 

160 

160 

160 

160 

160 

160 

UO 

80 

80 

15 

8 
WaterTigfat) 

When aurfiaee mnoff or underground movement from potentid aouroea of *""**'"'"**'*'" may 
adveraefy affect the quality of water firom audi sqiplies, tfae distance separating theae potentkl 
souroes of ooiitaniinatiaQ and tiie yvdl or qving dmidd be greater tfaan tfaat fisted in the above 
sdiedule. 

2. A test hole adn be requnred fiar afl propoeed yveB sites. 

8. The amnilar apaee ahdl be grouted to a minimiim deptfa of 10 feet bdow tbe ground 
aurface. (Srouting to greater deptfas win be requred wiien wananled fay tfae metfaod of 
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construction or k neceaaaiy, in the judgement rf the Director, to prevent poaiibk 
nnmtaminatinn nf t h n w d L 

4. The fdkming information must be sdbmkted vrith the plana and qiecifications or as 
addendum thereto: 

a. Tost bde drffler's logs end reports; 

An aieve anafyds and cakulations used in gravd padc and acreen deaign. Thk 
information abaU be aubmitted prior to the placement rf the acreen and gravd 
peck. 
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ATTACHMENT 2 

Date. 

Laat Name. 

Water Operator ^iplication Foim 
Nefaraaka Depertment of Heelth 
Division of Drinking Water and 
P.mii»nnmnntn1 Sanitatinm 

P.O. Box 95007 
Iinootai,NE 68509-6007 

_^Biniiig Courae Completed, 

Ffaat Name and MJ. 

OFETCE USE ONLY 
Cert# 
InC}onqi._ 
CertMofied-

Street Addreaa ^_,^___^^_^^_ 

Gty and State 
]BMPTi;̂ iYieit Tww ŷiyMATfgiyy; 

Name of Water System 

Street Addren ____^^^^^^^_ 

Qty and State 

Zip Code. 

County Giystem k located in, 

Population Served 

^ C o d e 

Work phone, 

No. of Oervice fVinn., 

TypediO of Water Treatment uoed. 
inenanwAT. TwammATrnw. 

Home Phone Sodd Security No.. 

(Diadooure rfyour sodd security nuniber k vohnkeiy. Ita uaage fay the Department of Hedth, 
in regard to thk ^q[dication,k to dkw the Dqiertaaent to distingmdi between persons yvfaofasve 
the same or aimilar namaa. You yvifi not be denied a fieenae or eertifieate if you do not diadoae 
your flock] Security number J 

O ^ Sdiod (araduate? YES 

Post E l ^ Schod edueation . 

Certifioation (3rade: 

NO (CntdeBeqionse) 

6 4 8 2 

Win you be in reaponsihie dierge ofthe water aystem? YES 

Montha rfeyperienee aaa water operator 

1 (Cfade 

NO 
one) 

Wbere? 

Name, address and phone oftfae peraon vdio yvffl be your inunediate sqpervisor. 

BUDQBC11F6 
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ATTACHMENT 2A 
APPLICATION TO SERVE AS A CERTIFIED OPERATOR 

FOR MORE THAN ONE NEBRASKA PUBLIC 
FATER SUPPLY SYSTEM 

I. This fora constitutes a request that • holding a Class 
(Naae of Operator) 

vater operator'a certificate and operating tbe ^^_^__^^____________^ 
(Naae fc Addreais of Water 

Supply) 

a aystea classified as Class _ _ be allowed to act in the additional 

capacity .as the operator in responsible charge of tbe ^.»___«___^^____^^_ 
(Naae & Address of 

Vater Supply) 

a systoB classified as Class .. 

II. Additional Information to be Supplieds 

Distance between the two systems ̂ ^___^^ niles. 

Naae of person responsible for shared systea in absence of certified 

operator • 

III. We the undersigned agree to allow ' to serve as the 
(NsiM of Operator) 

operator for the above named systens and in carrying out this responsibility 

to spend the tine indicated at aach water eupply sytaa. 

Systea I Systea II 

Signature (Mayor, Chainun or Owner) Signature (Mayor, Chainaan or Owner) 

Title Title 

Printed or Typed Naae Printed or Typed Naae 

Date Data 

Systea III 

Signature (Mayor, Chainaan or Owner) Title 

Printed or Typed Naaie Date 
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ATTACHMENTS 

Protood for the Detemdnation 
of Influence rf Surfiace Water 

on (around Water Sourcea 

Nefaraaka Department of Heelth 
THwiMnn nf Thnnlring W a i a r amA 'Rmfiiwminntal Rani tn t jn i 

P.O. Box 95007 
Lnndn,NE 68500 

The Surfiace Water TVeatment Buk (SWTB) promulgBted ty EPA requirea that treatment 
auflBcJent to produce a three-log (99.9%) reduction in (Siordk lambfia grata and a four-log (S0JB9%) 
reduction in viruaea be provided for afi aurface water aourcea and afi ground water eourcee under 
the direct infliience of aurfbce water. In moot caaea, treatment yddcfa wifi efiTect a tfaree-log 
reduction of Caiardk wifi be niore tfaan aufiOeient to efiTect a four-log reduction in viruaea. Thebesk 
cnteria ydiidi detemnnes direct influence of ourfiKo on ground water aourcea, within tfae context 
of the SWTB, k the poeaifaifity of (aiordk qyata befaig carried fake tfae ground water fay infikrating 
surfiace yvater. The atate muat make a detemdnation fior afi ground water eourcee aa to vdiethcr 
or not they are under the direct influence of aurfbce yvater. Thk determination muat be made for 
afi ground water aourcea aiqipfyfaig community tystems fay June 19,1994, and ty June 19,1999, 
for tfaoae aerving non-commiinity qrstems. 

The definitive detennination of tfae influence of amfaee yvater k to perform partieiikte 
anafyaes on yvater oanqdea collected firom ground yvater sources. Sudi anafyses wifi be time 
ennsinning, posaibfyto the degree that the anafyaes on oadi ground water aouree coidd not be 
accomptiahed arkhin the deadlinea eetabliahed in the BWTit A acrecmngprotocdk neceaaaiy to 
l imi t t h n mwnhnr nf f rmmA wtmimp araaraam fna aihii4i pnrt i imlatn nunfyds ir in bC IIH liaailiJl T h e 

: protood k as foBows: 

Department of Health peraonnd arifi aarammM lufijnuation on fik to detemnne if a source 
of water k potentialfy at risk to the direct influence of surfiace water or not Ifanyoaie 
of tfae fidlowing eonditioaia k true, tfacn tfae source of water k potentialfy at risk to tfae 
direct influence of surfisoe'' 

A. ^ l e aouree of arater k a apring or an infikratian gdlc^^ 

R The top of the iqipermaat intake structure of a yvdl k km tfaan or equd to 50 
feet firom tfae ground surfiacej 

C. There k evidence of fiacd eontainiiiation of the diodiaise yvitfain tfae preceding 
tfaree years, exduding distribiition. aystem samplea; 

D. Therearedefeetsintfaeeonditianof tfae iqiper terminus (e.g^ defeetfarepunqi 
I Beds, missiiig or unacreened casing venta, cradced punp baaea); 

£. There k inadequate grouting of tfae iqiperanmiluB; 
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F. There k inadequate iiifoimation on fik to assess ydiether the source rf water 
meeta one or more ofthe conditiona in lAthrouih IB* In thk caae, ownen of the 
Pubfic Water Siqipfy System yvifi be given the cqiportudty to provide tbe requred 
mXQl̂ BUKClfllL 

2. A. n* a source of yvater k determined not to be potentialfy at riak to the direct 
infinnnnn rfaurfbco wator in accordance with protood nuniber one, then k k not 
annaaAaraA t n h n n t rialr i n t h n jjirngt infhiniMW rfmrfaan m»tmr mmA finfftinn IWO. 11^ 

doea not iqipfy (po firtfaer anafyaes are reqidred). 

R If a wdl k detennined to be potentislfy at riak to the direct influence of surface 
yvater sdefy because of dther conditian ID or IE and k k aubaequentfy repared 
and no longer meets any of the eonditiona in protocd mmiber 1, t h e n k k not 
eonaidered to be at riak to the dnrect influence of aurfbce water and Sectian 002.04 
does not eppfy (no firtfaer anafyaea are required). 

8. If a source of yvater k determined to be potentialfy at riak to tfae dn«et tnfhwwn of 
surfiace water in aocordonoe yvith protocd number one, then k didl be inveotigated further 
fior the direct influence of aurfbce water aa fbfiows: 

A . I f f n n t h ^ a»amina t inn nf tnmpmintiiiin, pTT^ rm tni*iiiii«jr ahafl h n armAtmimA amaam 

twnlun nnnaamt i im aatrmOta m a m t h n .mmtam mianraa ^anhargia A m i u m u m Of tWO 

of theae parameten ahafi be examined and recordod. 

yjj BflOQOlfi OQUfiCuOD flDQ CCTilfiCttbOQ* 

(a) Prior to tfae coBection of eadi aample or meaaurement, tfae water 
aouree pump ahafi be operated long enou^ to pimqi at kast ten 

(b) The certified operator in respoaiaible charge of the pubfic* 
suppfy lystem ahafi certify the kostioai, anafyak method and. 
reaiika of eadi teat 

(2) Anafytied Methoda. Samplea ahdl be anafyxed fay tfae CJkyvnigmetfaoda 
ydiidi are ineoqiorated ty tfae fbfiowing refiHaneea and are attadied in 
AttcKdunant 6. 

UO Tmtidity anafyaea ahafi be perfiormed in aooordanee wkh 
0Q2.04Hla (Metiiod 214A - Nephdometrie Metiiod). 

(b) pH dian be measured ty one of the fioBowing: 

CD Metiiod 160J. Ekctrometrie^ ^Cetiioda of Ghemkd 
Aoafyais of Water and Wastes," EPA Enviroumentd 
Moadtoring and Support LdKratoiy, Gmdnnati, Obiô  
(EPA-600/4-79-020), Marcfa 1988. AvaBsble from OBD 
PiiMicwtiomi, CEBI, EPA, Chirinnati, Ohto 46268; 
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GD - MethodD1298-84REIectrometric, AnnudBodkofASTM 
Standards, VoL 11.01, American Society for Teating and 
yatamaia iBlO Boce Street PbBaddphia, Pennaylvank 
19108; or 

On) VnthnH AKOft-TT Tglnwtwwnntriff g t n t n t o ^ M n t h p d s foT t h e 

•Biramination rf Water end Wastewater. 17th edition, 
American Pubfic Heakh Aasodation, American Water 
Worka Aaaodation, Water PoUution Contrd Federation, 
1989. 

(c) Temperature ahafi be meesured aa foBowa: 

G) Method 2550, Thermometric, ptaniiarH Methods for the 
y.->aminatifni nf Jflmter and Wastewater. 17th edition, 
American Pubfic Heekh Aaaodation, American Water 
Worka Assoriation, Water Pdhkion Contrd Federation, 
1989. 

(8) Evahiation of meeaurementa. 

(pi A variation of k m than 15 percent between h i ^ and low reauka 
of afi ofthe perameten meaaured wifi be eonaidered evidence 
that the aouree rf yvater k not under the direct influence rf 
eurfiacewater. Section 002.04 does not eppfy ^ f u r t h e r anafyaes 
are required). 

(b) Avariidionof 15 percent or greater between t n ^ and low reauks 
of any oftfae parameten meaaured wifi be eonaidered evidence, 
that tfae aouree of water k under tfae direct infhienee of aurfbce 
yvater. The owner of the yvater qrstem may accept tfae 
iinaijiiatS«<i'nf aiiffann l a l n f nn«i |iffmniin iraaitmami mm 9atpitraA 

fay 002.04 or may eauae particulate anafyaes to be perfonned as 
outlined in 8R 

( ^ In fieu of perfionning anofysca outlined in 8A, tfae owner may dect to 
I fai aecordanee yvkfa SR 

Perform particulate anafyaea of aonqdea taken fitan tfae yvdL 

(1) A " * * " « " " of two aamplea ahafl be eoBected and anafyses for the 
l i r r s r n r r nf Hintnma, rr^famm^ t-nwAlia, inawrt pnr ta , n n d niwfJi*- S a m p l e s 

dudl be eoBected fai aaarmAm,^ wkh tfae 17tfa Edkion of Standard 
Metlioda, and edkction ahafi be at audi times as the ground water aouree 
k moat vulneralde to surfiace ymter infikration (e^i^ during periods of 
high Burfiaoe water atageo, after faeavyndnfiafi or runoff eventa). Senqde 
vdumea afaafi be at least 600 gBlkais. Anafyds ahan be made fay a 
certified lafaorstary in aooordanoa with EPA conaensos protocd ^ven in 
8B(2). 
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(2) EPA Consensus Metfaod: 

Filter unwound into quartan 
I . 

Bfaiaed fai distined water yvkfa pofysorbate 20 
1 

Settled ovemiihti or eentrifiiged 
I 

CoBoct •^'iimnnt and add 2% Formalddtyde in PBS 
* 

Settled ovemi^it or ocntnfiiged 
1 

C G U O C W B O Q O B C O W 

1 [ i 
> 1 g. < 1 g. 

Sueroee or ' ' * 
PercoB-aucroae -» - ^wHn, Plotatian 

I 

Mieroacopae obseivatian ofthe entire 
eonoentrate CBriditfidd^Pfaaae^ontrast) 

dSi The preeenee ofany oftfae indicatonghren in 8B1) in dlaaoqdea diafi be 
eonaidered eooduaire evidence of aurface yvater infiuence and tfae yveB k 
siiigect to seetion 002.04. 

( 4 ) ^ f faMnpl^ — i i l f • ajf^ jpwn| |«^a|^mf ^ inTftnThiaT**. WddT*****"^ a a m p B n g a h a l l 

be tdcen aa directed fay the DqMrtmant of Hodtfa. 
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ATTACHMENT 4 

SUBFACE WATER TREATMENT FORMS 
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401 

Moaft^ 
. l a a r 

sfman loflK o m u R eooDtnoas TCR nsrziBsnD nixBia (i) 
(ror Bfaxim D M Only) 

SvatflB^EaatBB&t r i an t 
MBZD 

M t a 

10 

11 

12 

13 

14 

is 

l i 

17 

IB 

is 

20 

21 

22 

23 

24 

23 

26 

27 

2a 

29 

30 

31 

total* 

Be. Of SaivlM 

Vaoal 

. 

SBtal 

Bo. of a i f i l a i Wating Bpadflad Llal ta 1 

Paeal (< - 20/100 A ) tDta l (< - 100/100 «L) 

Tnxbld l ty MManrMHOta 

NaxlKB (3) 
. S u r b i d l t y 

(BTH) 

.-

Toxtaldlty (4) 
•BvMt-

(Taa e r Bo) 

-

iBslBB Ballv Surhldlcv • BID 
Botal Be. of Mzb ld l t j Bvanta -



Notea: 

L Ramples are taken form the aouree yvater immediatefy prior to the first disinfection point 
induded in the CT determination 

2. As qiedfied fai 40 CFB14L74(b)(D, a feed or totd odiform aampknuiot be taken on eedi 
dqr that the aystem operates and a source water turbidity meaaurement exceeda 1 NTU. 

8. Tnp amrlh*Aay t h a t t h n mnCTmmi tiiFhiiiity n»nnnHa R TJTTT, t h n AmiM a h n n H nian h f ffitPTCd 

for the day that the Sate waa notified of tfak exceedance, e.g., '7.8-22 ^ r .* 

4. A fyea* reaponae k required eadi day the maximum turbidity exceeda 6 NTU and the 
previoua day did not Thk k indicative of the bephning of a turfaidity'event*. The totd 
number of fyes' reqionses equak tfae nuniber of turbidity 'events* in tfae month. 



4ea 
m QnuuR 
(Vor afmum Uaa CBly) 

Vlaat. 

NOBth 

eellfe 

Be. of 

setal 

Be. ef Maatiag Spaelfiad Uaita 

Vaoal («- 20/100 A ) Sotal (<- 100/100 tf.) 

Xozbidlty Naaaa 

IMya with 

tarbiditr 

»s am 

of 

Tnibidlty 

robnaxT 

April 

Nqr 

Jnly 

satali 



so niiuei 
MaBtli_ 
l a a p _ 

ayatai 

mn). 
viant_ 

(3) (2) 

Blalafaetant/aaqnina ef Applloatlaa. 

Data 

DlaintaetaBt (3) 
itratloB, 

C IWQ/L) 

DialafaetaBt (3) 
CoBtaet Slaa, 

T (alB.) 
CX oalo (4) 
(-C X I) le (3,5) 

Watar (3) 

(teg. C) eX99.9 (6) (eXoale/CM9.9) 

10 

11 

12 

13 

14 

IS 

.6 

17 

19 

19 

20 

21 

22 

23 

24 

as 
26 

27 

29 

29 

30 

31 

Date. 
«̂ai (1) So ka laelBdad In ttaa •oathly zepoEt for at laaat 12 aaBttaa attar U e 

iBltlatloB ef zepertlae. After that tlM, tbe trtBany k g m a x m f ae 
langar raqnlza ttala fera. 

(2) Uaa a aeparate t e a for aaeh dlaiafaotatt/aaapUag alt*. Batw dislBtaetlaa 
•eioee/lat* or •C102/3xd*. 

(3) MaaauraMaat takaa at peak koorly Clow. 
(4) CSeale - e (ag/l) x S (Mla.) 
(5) Only raquirad If ttae dialafaetaBt la free ehlorlaa. 
(6) Proo Tablaa 1.1 - 1.6, 2.1, and 3.1, 40 C m 141.74(b)(3) 

poaitiOB, e.g. 



Ncetl 
" e a r . 

Data 

12 

13 

' 

A 

16 

17 

19 

19 

20 

21 

22 

23 

24 

25 

26 

27 

29 

29 

30 

PNi 404 

oxszBnenoB japooNKnaM 

, , _ •vatafB/XzeatMBt P l a n t 

M l n l n . D i a i n f e c t a n t Baaldual 

a t P e l a t - e f tatzy t e 
(1) 

D l a t r l b B t l e e Byataa ( a g / l ) 

. 

i i isn>_ 

( n a a l a / C T 9 9 . 9 ) ( f roa Sab le 6-3) 

D l a i a f a e t a a t aoqaaeoa 

l a t 2Dd 3zd 4 tb Stta 6 th 

1 

Betaa i 

. 

(2) 
• n a (CSoale/Cir99.9) 

' 

(3) 
•IM ( C T o a l e / e n 9 . 9 ) < l 

(Tea o r Be) 

' 
PcaoaxadBv 
Beta 

(1) If leea tbaa 0.2 ag/fc, tbe lawaat Iwral aad dazatloa of tbe parted aoat be raperted, e.g., "0.1-3 bra.'. 
(2) To dataEBlaa SOH (CS0ala/eX99.9), add (CIoale/CXB9.9) valaaa frea tbe firat dlalafeetlon aeqnenee te tba laat. 
(3) If BOM (aeale/eT99.9) <1, a tzaataaat taebalqaa vlaUtloB baa eeeorrad, and a "yea" raapeaae anat be antered. 



DIBWBOm 

Date 

1 

2 

3 

4 

S 

6 

7 

9̂  

9 

10 

11 

12 

13 

14 

.5 

16 

17 

19 

19 

20 

21 

22 

23 

24 

25 

26 

27 

29 

29 

30 

11 

.«tal 

Bo. of altaa where 
diainfeetant realdnal 
waa aaaaarad ("a) 

a-

# 

oa ssBSM DismsaaBT 
MoanLT 

ay««B/T 
PHSID,, 

pwa 409 

BgXOIBUi DaZA'POa OBPIU 
RBOOT PaaPUNftCT MBB 

reitawt Plant 

Be. ef aitea where ne 
diainfeetant reaidaal 

aaaanred (-b) 

. 

b-

Ba. ef aitea wtaara 

aet detected, no BPC 

-

S R D M D PILXBIBD SXBB 

• 

Be. ef aitea where 
diainfeetant raeidual 

BPC > SOO/al (-d) 

0-

DtS 

Bo. of aitea wheza 
diainfectant raaidual 
not aaaanred, 
BPC > SOO Bl (-e) 

-

V - (e«d«e)/(a-to) a 100 - I • _ _ _ • l / t • l x 100 - % 

»y 
Date. 



Month. 
so PMDULCY AORer POK COMPLIABCB 

Byataa/Smataaat Plaat 
PWZD 

BoBrea Water Onalltv Cenditiena 
Caaulativa nnnbar ef aontba for whieh reanlta are reported 
Per aeoroe water eolifeta aneltering _^__ (Bo. ef aaetba) 
Per tnzbidity arwiltnrlng (Bo. ef aontba) (1) 

B. Cellfera Criteria 

Previeaa 6 aoatha «^ 
Peeal 2&£Sl 

fy. ttr a - ^ i e a Meatino Bpac*'*^ 7*1**'^ 
Faoal K-aO/lOOan T^T"* ^«-^00/100BLl 

ef a a ^ l e a «- 20/100 A faoal eellfocaa, P • y/w x 100 - _ 
Btaga ef e a ^ l a a «- 100/100 « . t e t a l eellfezaa, T • s/k x 100 - ' 

la P < 90%Ti lea Bo B/A i ia T < 90%7i Taa B/A 

C. Torbidity Criteria 
'^•'<—~ tarbidity lovel fer reportiag (euraot) aoatb • ̂ _ _ BSU 
latar tbe aonth (120 aoatba prior te tbe reporting aooth or Jaaaazy 1991 (whiehavar ia later) 

Datea ef S BSU tgnaaiinnai Siaoe Lateat Neeth Beeerded Abere 

Beginning Date Doratiee (daya) Data Baperted 

Diainfaetien Criteria 
A. Peint^f-Bstry Mlaiaoa Dialaft •idnal Criteria 

Oajm tba Baaldaal waa <0.2 ag/I 

Day baratlaa of Lew LawU (bra.) 
Data Baperted 

te Priaaoy Agaaay 

a. DiatribBtloB Syataa DialBCaetaat 
Sbe valaa of a, b, e, d, aad o. 

criteria 
Sablo 6>9, aa apaoiCied la 40 CBP 141.79(b)(2)(iii) (A)-(S) 

V • e»d»e a 100 • _ 
e*b 

Per previaoa aoatb, V • 

C. Dlaiafactien 

Zf 

criteria 
valaa of SIM (eXDale/ex99.t) Car aay SON (aoale/eX99.9) <l (Crea table 6-4)t 

Data SOM (CBoale/tS.S) 

0ate_ 

(1) Tba oorreat 6>«aetb oaaalatlvaa are reqaiiad to 
been •ebioved. Thaaa totala are naloulaterl Croai 
aad totala Cxoa tba aarliaat of 6 prariooa aoatba. 

with tba ooliCan erltaria baa 
ooaolatlvaa, tbe oonaat aoath'a. 



Mont^ 
«aar 

BvBtaa/Sr 
Piltzatie 

Data 

, 

2 

7 

10 

11 

12 

13 

1 

15 

1 ^ 
17 

19 

19 

20 

21 

22 

23 

24 

25 

26 

27 

29 

29 

''O 

1 

(1) 

Minlaaa Diainfaetien Beeidnal 
at Poiat-ef-Bntry to 

Diatribatiee Syataa (ag/l) 

. 

OAZL 

eataHt P 
n Seetaaeli 

M 407 

r DAA BBBBS POK PSOBRB BXBS 
(Per ayataa aae aaly) 

lent 
BOV 

(2) 
NaxiaaB Plltered Water Snrhidity 

PUter 
f 

• 

Ptltar 
IfflnHt 

Clear-
well 

Ifflaaat 

. 

Plaat 
Ifflaaat 

Sotalai 

, 

•MR 

PHBID 
-

(3) 

Bo. Of 
Tnrbidity 

(4) 
BO. Of 
Turbidity 

<- Specified 
Xdait 

(5) 

Bo. ef 
Turbidity 
Naaanraaaata 
> S BSU 

. 

• 



1. For multipk didnfeetanta, tfak cohnnn must onfy be completed for the loot didnfectant 
added prior to entering the distribution aysteoL If less then 0.2 m^L, the duration of the 
period must be reported, d.g^ "1.2-8 hrs.'. 

2 . TPmi ayat^rma i iainy wammntinnal t t inntmnnt , iKrari. Bltiintinn tm ••i.hnnlngina ntl^frp 1 } , , ^ g]f.iy 

•and or diatomaeeoua eerth fikration, turbidity measurements may be taken at the 
oombjned filter effluent, deorwdl eflluent or pknt efiOuent prior to entiy into the 
diatribution aystem. The turfaidity may ako be meesured for eodi indhridud filter yvith 
a aeparate sheet mnintwined for eodi distribution aystem. Tbe turbidity msy ako be 
measured fior each indhridud filter with a separate ofaeet maintained for each. 

8. For continuous monitora, count eadi 4 faour period as 1 aanqde. 

4 ; n n p n n t i i n y n n t h n flltiiatinn tnnhnnlngy nmplnyed, t h n m m t h n f nf tiiplMiiity aamplaa ^ p n n t ^ y 

tfae fdlowing levek muat be recorded: canventiond treatment or direct filtration • 0£ 
NTU, akw aand filtration • 1 NTU, diatomaeeoua eerth filtration -1 NTU. The State may 
qiedfy alternate performance leviek for conventiond treatment or direct filtration, not 
exceeding 1 NTU, and okw oand filtration not exceeding 5 NTU, in adndi case the 
number of turfaidity meeaurementa meeting theae levda must be recorded. 

6. Inrecordfaigtfaeiiiiinberafturfaiditymeasureinentsexoeediiig6NTU,theturfaidityvahie8 
ahould ako be recordod, e^;., *8: 5.6; 6.2; 6.0'. 



so PBDoer, ^ 

Moath. 
Twr 

Bt Plaat_ 
Sypa of Piltratlae 
sarbidity Llalt 

^rhldltv Perferaanee Criteria 
A. setal nnaher of filtered water tnrbidity 
B. Total aoaher ef filtered water tarbidity 

filtratloB teehaology 
e. 
D. 

that ara lean than or eqnal te tbe apecified liaita for tha 

ef tarhidlty aaaaaroMnta aaeting tba apecified liaita - B/A x 100 -
the date and turbidity value for aay aaaaunaaBta aaoeadlag 5 BSUi if 

X 100 -

Date T a r b i d i t y , BSU 

Diainfaetien Parferaanea Criteria 
A. Poiat^f-Bntry Miniaua Diainfectant Baaidual criteria 

>ate 

DiainfOetaat B 
at Peiat-ef-Batxy 

te Oiatribntlae Ryataa (ag/t) late 

MlBlana Diainfeetant B 
et Peiat^f-Bntry 

te Biatrihutien Pyataa (ag/I) la te 

Minlana Diainfeetant a 
a t Peia t^f-Batry 

t e Diatributiee Byataa (ag/I) 

U 21 

22 

23 

14 24 

15 

U 26 

17 27 

! • 29 

19 29 

10 20 30 

31 

aajm tba Baaldual aaa «0.2 ag/fc 1 

" •y Daratiea af Iiow laval (bra.) Data B4«rted to Pn»my A««»r 

B. Oiatr ibnt iaa Byetaa Diainfaetaat B 
The valaa af a, b , e , d, aad e, C r ^ 
a • . b • . e • . d • 

, V 

criteria 
sable 6-9, aa apeelCied la 40 CPB U1.7S (b)(2)(Ul)(a)-(a)t 

Data. 



ATTACHMENT 6 

NEBRASKA DEPARTMENT OF HEALTH 
Dhriaian of Drinking Water and Environmental s«nit4itT^^ 

APPLICATION FOB PERMIT TO OPEBATE A PUBLIC WATEB.SUPFLY SYSTEM 

1. Naone of ayatem „^^.^^_^^,^^.^^^^__^_____^.^^^ 

2. Location of avstem 

8. Area aerved fattadi man) 

4. Ia the qratem open and aerving water to the pufaBc year-round? . 
If the answer k no, vdiat pert of the yeer ere you open? 

5. Owner's name 

6. Owner's addrem Street or RFD 

Otv. State. ZIP 

Tdebbone number 
7. Nawin nf indWdllWl T f J i n n a H a ftm npanmiirm mnA m a i n i n n a r u w 

22s 
Street Of RFD 

Otv. State. ZIP 

Tdebbone number 

8. Name of individudroapnnaibie for retaining records CfdiflTerent fitnn 
# 6 ) : ., 

0. Certified yvater operator(a) (faidude thoae peraon(a) eurrentfy ^ipfying for oertification): 

Name • (Srade 

10. T ^ and population of 

a. YeaT'round rrddentinl population: 

b . fi^nanwal ynaitinntial p n p i l a t i n n ; _ 

c Mon-reaiacntiai, non-tranaient population: 
* nnhnni * inStitUtlOn 

'madiedfiadfity *faidustrid/agrieulturd. 
•day care center . _ ^ _ * other 

A-19 



d. Non-rcddential, trandent population (daify average - during the 
peek aaaoon if ^ipfiealde): 

• rec area ________ * aervice atation 
• summer eenqi • *reataurant 
• fail^iway reot aroa . *hotd/faiotd 

IL Nunberof aervice eonnactiona (generdfy equak the number of 
wfaidi are bified for water uaage): 
» * rgdl^*"***^ * armnaatamaKJ-

• faatitiitiqnal * other 

12. Souree water tttifised: 

a. Non-purchaopn. aouree' 
1) % fitnn ground water aource(a) " ' 
2) % fitan aurface yvater aource(a} * . ^ ^ _ 

b. Purdiased water (from another pubfic water qratem): 
1) % purdioacd firom a puldk yvater using groimd 

yvater- _ _ _ 
2) % purdiased fitan a pubfic yvater aystem uaing 

surfiace water — • 

(Totd diould equd 100%) 
18. Desei'iption of (uae additional pagee if neceaaaiy); 

8ouiee(a} of auppfy: 

h. T^featment techniquea Ce , fhinridation, diaanfiactfam, aoquaatration, atcj: 

e. Storage fiadOitiea: 

d. Diatribution i 

14. Attadi Emergenqy Flan. IfaneaMrgenqy piankcaiTentfynotineJEBCt,tfaaneomplete 
tfae attaefaed ^Locd Emei'gemy Fkm* and aubnait it yvitfa tfae complpted aqqdiration, 

16. Otfaer infonnatiam 

16. Submitted Igr JSSBBS. ;_ 

Ws. 

Date 

A-20 
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2550 TEMPERATURE' 

2550 A. Introduction 

m̂ 
».aL..r *^g,Aj 

Tempenture reidingt are used in the 
calculation of vinous forms of alkalinity, 
in studies of saturation tnd stability with 
respect to calcium carbonite. in the cal-
cuUtion of salinity, and in general labo­
ratory operations. In limnological studies. 
water temperatures as a function of depth 

' Appiwid by Siindard Mcihodt Coniniiiiec. I9SS 

often are required. .Elevates temperatures^ 
resulting from discharges c:' heated wati 
may have significant ecoicgical impaei 
Identification of source cf v âter supply,! 
such as deep wells, often is possible by tero.*" 
perature measurements' aicr.e. Industrial! 
plants often require data cr. xater temper 
ature for process use or r.;;:-!ransmi$sion 
calculations. 

2550 B. Laboratory and Field Methods 

1. Laboratory and Other 
Teoiperature Measurements 

Nonnally. temperature measurements 
may be made with any good mercury-filled 
Celsius thermometer. As a minimum, the 
thermometer should have a scale marked 
for every O.IX, with markings etched on 
the capillary glass. The thermometer 
should have a minimal thermal capacity to 
permit rapid equilibration. Periodically 
cheek the thermometer against a precision 
thermometer certified by the National In­
stitute of Standards and Technology 
(NIST. formerly National Bureau of Sun-
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 

i 
Non-Depth may preclude its use. Calibrate any tem-J 

perature measurement devices with 
NIST-certified thermometer before field 
use. Make readings with the thermometet 
or device immersed in water long enough 
to permit complete equilibration. Report 
results to the nearest 0.1 or LO'C. depend­
ing on need. j 

The thermometer commonly used fo 
depth measurements is oi' the reversion 
type. It often is mounted on the sampk; 
collection apparatus so that a water samplê  
may be obtained simultaneously. Correct; 
readings of reversing thermometers fi 
changes due to differences between temi 
perature at reversal and temperature ag 
time of reading. Calculate as follows: 

Measurements 
AT' 

\ ( T ' - i ) ( T ' ^ «-.)i 

Depth temperature required for limnol­
ogical studies may be measured with a re-
vening thermometer, thermophone, or 
thermistor. The thermistor is most con­
venient and •ccurate; however, higher cost 

1 t-
(7' - inT - K,)! + 1 

wniBicukl ihumamuan —y H « math aa VC 

where: 
A7 >» correction lo be added aliebnioUy < 

uncorrccicd ladini. 
r* • uncomeicd rcidini at revcntl 
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TESTS ON SLUDGES (27101/Oxygen<:on«umpuon Rate 2.B1 

/ = lemperaiure ai which ihermomeier is 
read. 

K, " volume of imall bulb end of capillary 
up IO CC f raduaiion. 

K B conciani dependine nn rclaiive thermal 
expamion of mercury and elau (ukual 
value of K - «ilOOl. and 

L * calibrauon correetion of thermometer 
depcndmi on T'. 

If series observations are made it is con­
venient to prepare graphs for a thermom­
eter to obuin AT from any values of 7" 
and I. 
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2710 TESTS ON SLUDGES* 

2710 A. Introduction 

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

'Approved by Standard Mtthnds Cominnicc. I t lS. 

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

2710 B. Oxygen-Consumption Rate 

1. General Discussion 

This lest is used to detennine the oxygen 
consumption rate bf a sample of « biolog­
ical siupeiuion such as aaivated sludge. It 

. is useful in laboratory and pilot-plant stud­
ies as well •s in the operation of full-scale 
treatment planu. When used as a routine 
pUnt operation test, it often will indicate 
changes in operating conditions at an early 
stage. However, because test conditions are 
not necessarily identical to conditions at 
the sampling site, the observed measure­
ment may not be identical with actual oxy­
gen consumption nte . 

2. Apparatus 

a. OxygeiKonsumpnon rate deaiee: 
Either: 

1) Probe with an oxygen .sensitive elec­
trode (poUrographic or galvanic), or 

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

b. Stopwatch or other suitable timing de­
vice, 

c Thermtuneter to read to = O.S*C. 

! ;. 
1 : • • 
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ASOO-H" B. Eiectrometric Method 

1. General Discussion 

a. Principle: The basic principle of eiec­
trometric pH measurement is determina­
tion of the activity of the hydrogen ions by 
potentiometric measurement using a stand­
ard hydrogen electrode and a reference 
electrode. The hydrogen electrode consists 
of a platinum electrode across which hy­
drogen gas is bubbled at a pressure of 101 
kPa. Because of difficulty in its use and the 
potential for poisoning the hydrogen elec­
trode, the glass electrode commonly is 
used. The electromotive force (emO 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 dilTerent buffers. Sample 
pH is determined by extrapolation. 

Because single ion activities such as e„«. 
cannot be measured, pH is defined opera­
tionally on a potentiometric scale. The pH 
measuring instrument is calibrated poten-
tiometrically with an indicating (glass) 
electrode and a reference electrode using 
Nationai Institute of Standards and Tech­
nology (NIST, formerly National Bureau 
of Standards) buffers having assigned val­
ues so that: 

pH. - l0|n«H-

where: 
pHj K auigned pH of NIST buifer. 

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

*"• ""• - 2.303 RT 

where: 
pH. •• potemioaiccncally mcttured sampk 

pH, 

F « Faraday: 9.649 X 10* «»ulomb/mole. 
£. * umple emf. V, 
£, •• buffer emf. V, 
it * gas consuni: t.314 joule/(inole *K). 

and 
7*» abaolute temperature. *K. 

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

The activity scale gives values that are 
higher than those on Sorenson's scale by 
0.04 units: 

pH (activity) > pH (Sorenton) -*• OJM 

The equation for pH, assumes that the emf 
of the cells containing the sample and 
buffer is due solely to hydrogen ion activity 
uiuffected by sample composition. In prac­
tice, samples will have varying ionic species 
aiul ionic strengths, both affecting H* ac­
tivity. This imposes an experimental Umi-
tation on pH measurement; thus, to obuin 
meaningful results, the diffierences between 
E, and £, should be minimal. Samples must 
be dilute aqueous solutions, of simple sol­
utes {<0.2M). (Choose buffers to bracket 
the sample.) Detennination of pH cannot 
be made accurately in nonaqueous media, 
suspensions, colloids, or high-ionic-
strength solutions. 

b. Interferences: The glass electrode is 
relatively free from interference from color, 
turbidity, colloidal matter, oxidanu, re-
ductuits, or high saUnity, except for a so­
dium error at pH> 10. Reduce this error 
by using special "low sodium error" elec­
trodes. 

pH measuremenu are affected by tem­
perature in two ways: mechanical effectt 

^ • 1 — 

m 
m^ 

S ^ < ^ " • . •• 
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that are caused by changes in the propenies 
of the electrodes and chemical effecu 
caused by equilibrium changes. In the first 
instance, the Nemstian slope increases with 
increasing temperature and electrodes take 
time to achieve thermal equilibriiun. This 
can cause long-term drift in pH. Because 
chemical equilibrium afliects pH. sundard 
pH buffisrs have a specified pH at indicated 
temperatures. 

Always repon temperature at which pH 
is measured. 

2. Apparatus 

a. pH meter consisting of potentiometer, 
a glass electrode, a reference electrode, aiid 
a temperature-compensating device. A cir­
cuit is completed through the potentiom­
eter when the electrodes are immeiaed in 
the test solution. Many pH meteis are ca­
pable of reading pH or millivoltt and some 
have scale expansion that permits reading 
to 0.(X>1 pH unit, but most instrumcnu are 
not that precise. 

For routine work use a pH meter ac­
curate •nd reproducible to 0.1 pH unit with 
• range of 0 to 14 and equipped with a 
temperature-compensation adjustment. 

Although manufacturers provide oper-

INORGANIC NONMETALS (4000) 

ating instructions, the use of different de­
scriptive terms may be confusing. For most 
instrumcnu, there are two controls: inter­
cept (set huffier, asymmetry, standardize) 
and slope (temperature, offset); their func­
tions are shown diagramatieally in.Figures 
4S00-H*:1 and 2. The intercept control 
shifu the response curve laterally to pass 
through the isopotential point with no 
change in slope. This petmiu bringing the 
instrument on scale (0 mV) with a pH 7 
buffer that has no change in potential with 
temperature. 

Tlie slope control routes 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 brickett the sample with pH 7 
buffer and adjust slope control to pH of 
this buffer. Tlie instniment will indicate 
correct millivolt change per unit pH at the 
test tempersture. 

b. Reference electrode consisting ofa half 
cdl that provides a consunt electrode po-
tcatial. Commonly used are calomel and 
silver silver-chloride electrodes. Either is 
available with several types of liquid junc­
tions. 

The liquid junaion of the reference elec­
trode is critical because at this point the 

FltK«4S0l>-H*:l. ElMMdapoMMial«s.pH.In-
icrecpi coatiol shifts icsponc Fifwt 4SQ0-H*:2. Typical pH 
curve laicraliy. as a fuetiMi af imi 
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pH (4S00-H*)/Eleetrofnetnc Method 

electrode forms a salt bridge with the um­
ple or buffer and a liquid junction potential 
is generated that in turn affects the poten­
tial produced by the reference elearode. 
Reference electrode junctions may be an­
nular ceramic, quanz. or asbestos fiber, or 
the sleeve type. The quanz type is most 
widely used. The asbestt» fiber type is not 
recommended for strongly basic solutions. 
Follow the manufacturer's recommenda­
tion on use and care of the reference elec­
trode. 

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

c. Glass electrode: The sensor electrode 
is a bulb of special glass conuining a fixed 
concentration of HCl or a buffered chloride 
solution in contact with an intemal refer­
ence electrode. Upon immiirsion 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 sundard glass electrodes yield er­
roneously low values. For mieasuring pH 
below 1 sundard glass electrodes yield er­
roneously high values; use liquid mem­
brane electnxles instead. 

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

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

'Tdton or eqinvalau. 

4-97 

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

3. Reagents 

a. General preparation: Calibrate the 
electrode system against sundard buffer so­
lutions of known pH. Because buffer so­
lutions may deteriorate as a result of mold 
growth or conumiiution, prepare fresh as 
needed for accurate work by weighing the 
amounts of chemicals specified in Table 
4S00-H*':I, dissolving in distilled water at 
2S*C. and diluting to 1000 mL. This is par­
ticularly imporunt for borate and carbon­
ate buffers. 

Boil and cool distilled water having a 
conductivity of less than 2 fimhos/cm. To 
SO mL add 1 drop of saturated KCl so­
lution suiuble 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 l io to 130'C Jfor 2 h 
before weighing but do not heat unsuble 
hydrated potassium tetroxalate above 60*C 
nor dry the other specified buffer salu. 

Although ACS-grade chemicals gener­
ally are satisfactory for preparing buffer 
solutions, use cenified materials available 
from the National Institute of Sundards 
and Technology when the greatest accu­
racy is required. For routine analysis, use 
commercially available buffer ublets. pow-
deix, or solutions of tested quality. In pre­
paring huffier solutions from solid salts, 
insure complete solution. 

As a rule, select and prepare buffer so­
lutions classed as primary sundards in Ta­
ble 4S00-H*:I; reserve secondary standards 
for extreme situations enoountered in 
wastewater measurements. Coiuult Table 
4S00-H'':n for acceptdd pH of standard 
buffer solutions at temperatures other than 
2 5 ^ . In routine use. store buffer solutions 
and samples in polyethylene bottles. Re­
place bufiier solutions every 4 weeks. 

^ i ^ ^ s ) : 

rJ^HTj 

: ^ ' I J 
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tABLS 4S00.H':I. PREPARATION OF P H STANDARD SoLurinNs' 

Sliiidard Soluikm (mofaiitjr) 

Primary Oandardx 
fotanhm hydrogew larlrMe 

(taiuraled al ISX) 
COS potassium dihydrogen cilrate 
0.0S potassium hydrogen phihatale 
0.02S poiassiam dihyttrogeii 
. photpbalc + 0lO2S disodium 

hydrogen phmphalc 
0.0M A9S poiatsium dihydrogen 

phofphaie - i 0.030 4) disodium 
hydrogen phmphaie 

0.01 Mxlium borate decahydraie . 
(borsK) 

0.02S sodium bicarbonate -t- 002S 
sodium cirbofliie 

Steondarf standards: 
O.OS polaisium lelroxaliie 

dihydrale 
Calcium hydroxide (saiur.iled 

al 2S'C) 

p l l al i s t : 

3SS7 
3.776 
4.004 

6.163 

7.41$ 

9.113 

iO.014 

1679 

12 434 

Weighl of Chemicals Needed/1000 mL 
Aqueous Solution at 2S'C 

> 7 g KflC.II.O.* 
11.41 |KI I ,C ,H ,0 , 
ia i2gKIIC.I I .O. 

3 3«7 g KII.PO. + 3.333 g Na.HPO.t 

1 179 g KH.PO. + 4.303 g Na.l lPO.t 

) I U | N a , R , U , . IO i l ,Ot 

2 0<)2 g N.1IICO, -t- 2.640 g Na.CO, 

12 61 g KII .C.O, • 2 l i , 0 

• 2 g t a ( ( ) l l ) / 

'Approiimale soinbilily. 
t Prepare with freshly hnilcd and c(Hil«d ilislillecl water (ojfhiiidiiniile free) 
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'"epare with freiilily hiiiletl and cnnU-il dJMillrd u.tirr (t 

ttSttBttS 

Temperature 

•c 
0 
5 

10 

IS 
20 
2S 

30 
3S 
37 

' 4 0 
4S 
30 

SS 
«0 
70 

80 
90 
9$ 

Tariraie Citrate 
(Saturated) ' (OOSAf) 

3.J57 3.776 

3 332 
3.S49 

3.547 
3.S47 
3.S49 

3.S54 
3.S60 
3SgO 

3.609 
3.630 
3674 

«/.Mi«> 

TARI 

Phlhalaie 
(0.03 .V) 

4ni3 
3.998 
3.996 

3996 
3.999 
4004 

4 011 
4.020 
4.024 

4.030 
4.042 
40SS 

4 070 
4 011 
4 12 

416 
419 
4 21 

iirl i i i inli,„„|c.rrtc) 

*•«!'•*.•*«•.. . 

IE 4)0011 M l . 

« ^ l * . . . . ^ . • . . • . 

-

STANDARD Ml VALUES' 

Primary Siandards 

Phmphaie 
(1:1) 

6 9H2 
6 949 
6 921 

6 8<IR 
6878 
6 863 

68SI 
6842 
6.839 

6.836 
6832 
6831 

Phosphate 
( l :J5) 

7.534 
7 301 
7472 

7 449 
7430 
7.415 

7.403 
7.394 
7.392 

7.388 
7.385 
7.384 

Ilorax 
(OOIM) 

'1460 
9.192 
9.J3I 

9.276 
9 227 
9.I8J 

. 9 I4J 
9.107 
9.093 

9074 
9044 
9.017 

• • 

»ta...v a^. . ' .mm., i» . . 

nicarbiinaie-
Carbonaie 
(002S.I/I 

10)21 
10 241 
10.111 

10 i:o 
10.064 
10014 

9968 
9.928 

9 891 
9.859 
9.831 

. „ j ^ . ^ ^ • 

• • 

^ . * . - • • • •:.h«,ft> .>.( 

Secondary Standards 

Calcium 
Tetroxalate 

(005 A/) 

1666 
1661 
1.670 

1672 
1675 
1.679 

1.683 
1688 

1694 
1.700 
1.707 

1715 
1723 
1.743 

1766 
1 792 
1 (06 

Hydroxide 
(Saturated) 

12.454 

r-

7k 

1 

• 

f 

^ 

s 

;.?;•;>• n,^;Va::: 
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b. Saturated potassium hydrogen tartrate 
solution: Shake vigorously an excess (S to 
10 g) of finely crystalline ICHC.H.b» with 
100 to 300 mL distilled water at 2S*C in a 
glass-stoppered bottle. Separate clear so­
lution from undissolved maurial by decan-
tation or filtration. Preserve for 2 months 
or more by adding one thymol crysul (8 
mm diam) per 2X mL solution. 

c. Saturated calcium hydroxide solution: 
Calcine a well-washed, low-alkaU grade 
CaCO, in a platinum dish by igniting for ' 
1 h at lOOO'C. Cool, hydnu by slowly 
adding distilled water with stirring, • and 
heat to boiling. Cool, filter, and collect solid 
Ca(OH): on a fritted glass filter of medium 
porosity. Dry at 1KTC. cool, and pulverize 
to uniformly fine granules. Vigorously 
shake an excess of fine granules with dis­
tilled water in a stoppered polyethylene 
bottle. Let tempenture come to 2 5 ^ 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. IN NaOH. a IN 
HCl. 5N HCl (dilute five volumes 6N H Q 
with one volume distilled water), and acid 
potassium fluoride solution (dissolve 2 g 
KF in 2 mL cone HJSO, and dilute to 1(10 
mL with distilled water). 

4. Procedure 

a. Instrument calibration: In each case 
follow.manufacturer's instructions for pH 
meter and for storage and preparation of 
elearodes for use. Recommended solutions 
for shon-term storage of elearodes vary 
with type of elearode and manufaaurer. 
but generally have a conduaivity greater 
than 4000 fimhos/cm. Tap water is a better 
substitute than distilled water, but pH 4 
buffer is best for the single glass elearode 
and saturated K G is preferred for a cal­
omel and Ag/AgQ reference elearode. 
Saturated K Q is the preferred solution for 
a combination elearode. Keep elearodes 

wet by returning tti«m to storage solution 
whenever pH meter m not in use. 

Before use. rerwv* ciectrodes from stor­
age solution, rintCt Mot dry with a soft 
tissue, place in ininoi buffer solution, and 
set the isopotential point (li 2a above). Se-
lea a second buffer within 2 pH uniu of 
sample.pH and bring sample and buffer to 
same temperature, which may be the room 
temperature, a fixer, -smperature such as 
.2S*C. pr the temper:t. are ofa fresh sample. 
Remove electrodes fr" >m first buffer, nnse 
thoroughly with distilled water, blot dry. 
and immerse in second buffer. Record tem­
perature of measunensnt and adjust tem­
perature dial on meter so that meter 
indicates pH value at buffer at test tem­
perature (this is a slope adjustment). 

Use the pH value listed in the tables for 
the buffer used at the test temperature. Re­
move electrodes from second buffer, rinse 
thoroughly with distilled water and dry 
elearodes as indicated above. Immerse in 
a third buffer below pH 10. approximately 
3 pH uniu different from the second: the 
reading should be within 0.1 unit for the 
pH ofthe third buffer. If the mner response 
shows a difference greater than 0.1 pH unit 
from expected value, look for trouble with 
the elearodes or potentiomaer (see fs Sa 
and b below). 

The purpose of standardization is to ad­
just the response of the glass electrode to 
the instrument. When only occasional'pH 
measuremenu are made sundardize in­
strument before eac measurement. When 
frequent measuremrnu are made and the 
instrument is subla standardize less fre- -
quently. If sample pH values vary widely, 
standardize for each ^mple with a huffier 
having • pH within 1 to 2 pH uniu of the. 
sample. 

b. Sample analysis: csublish equilibrium: 
baween electrodes -nd sample by stirring] 
sample to insure hcnogeneity; stir gently i 
to minimize carbon dioxide entninment.ll 
For buffered samples or those of high ionic| 
strength, condition electrodes after clean-

http://entninment.ll
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ing by dipping them into sample for 1 min. 
Blot dry, immerse in a fresh ponion of the 
same sample, and read pH. 

With dilute, poorly buffered solutions, 
equilibrate elearodes 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 elearodes and, using a 
shon-circuit strap, connea reference elec­
trode terminal to glass elearode 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 calibratitm 
over a wide scale range. A faulty poten­
tiometer will fail to respond, will react er­
ratically, or will show a drift upon 
adjustment. Switch to the millivolt scale on 
which the meter should read zero. If in­
experienced, do not attempt potentiometer 
repair other than maintenance as described 
in instrument manual. 

b. Electrodes: If potentiometer is func­
tioning properiy, look for the instrument 
fault in the electrode pair. Substitute one 
electrode at a time and crott<heck with 
two buffers that are about 4 pH units span. 
A deviation greater than 0.1 pH unit in­
dicates a faulty elearode. Glau elearodes 
fail because of scratches, daerioration, or 
accumulation of debris on the glass surface. 
Rejuvenate electrode by alternately im­
mersing it three times each in 0.17^ H Q 
and 0.1 AT NaOH. If this faik, immerse tip 
in KF solution for 30 s. After rejuvenation, 
soak in pH 7.0 buffer ovemight. Rinse and 
store in pH 7.0 buffer. Rinse •gain with 
distilled water before use. Protein coatings 
can be removed by soaking glass elearodes 
in a 10% pepsin solution adjusted to pH 
1 to 2. 

To cheek reference elearode, oppose the 
emf of a questionable reference elearode 
sgainst another one of the same type that 
is known to be good. Using an •dapter. 

4-101 

plug good reference electrode into glass 
elearode jack of potentiometer; then plug 
questioned electrode into reference elec­
trode jack. Set meter to read millivolu and 
take readings with both electrodes im­
mersed in the same elearolyte (KQ) so­
lution and then in the same buffer solution. 
The millivolt readings should be 0 £ S mV 
for both solutions. If different elearodes 
are used, i.e., silver: silver-chloride against 
calomel or vice versa, the reading will be 
44 ± S mV for a good reference electrode. 

Reference electrode troubles generally 
are traceable to a clogged junction. Inter­
ruption of the continuous trickle of elec­
trolyte through the junction causes increase 
in response time and drift in reading. Clear 
a clogged junction by applying suction to 
the tip or by boiling tip in distilled water 
until the electrolyte flows freely when suc­
tion is applied to tip or pressure is applied 
to the fill hole. Replaceable junctions are 
available commercially. 

6. Precision and Bias 

By careful use of a laboratory pH meter 
with good electrodes, a precision of - 0.02 
pH unit and an accuracy of £0.0S pH unit 
can be achieved. However. rO.l pH unit 
represenu the limit of accuracy under nor­
mal conditions, especially for measurement 
of water and poorly buffered solutions. For 
this reason, repon 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 elearomarically by 30 labora­
tories with a standard deviation of ±0.13 
pH unit. 
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4500-1 IODINE* 

4500-1 A. Introduction 

1. Uses and Forms 

Iodine may be used to disinfect potable 
and swimming pool waters. For waste­
waters, iodine hss had limited application. 
Use of iodine generally is restricted to per­
sonal or remote water supplies where ease 
of application, storage subility. and an in­
ertness toward organic matter are impor­
tant considerations. Some swimming pool 
waters are treated with iodine to lessen eye 
bum among swimmers and to provide a 
suble disinfecunt residual less affected by 
adverse envirtmmenul conditions. 

Iodine is applied ip the elemental form 
or produced in situ by the simuluneous 
addition of an iodide salt and a suiuble 

•Approind ky Standard Mir twdi 1911. 

oxidant. In the latter case, an excess of 
iodide may be mainuined to serve as a 
reservoir for iodine production; the deter­
mination of iodide is desirable for disinfec­
unt control (see Iodide. Section 4300-1*). 

Because of hydrolysis, active iodine ex­
ists in Ihe forms of elemental L. hypoio-
dous acid (HOI) ot a form thereof, 
hypoiodite ion (01"), 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 

-elemenul iodine. 

2. Selection of Method 

For pouble and swimming pool waters 
treated with elemenul iodine, both the am-
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pH 

Method 150.1 (Eiectrometric) 

STORET NO. 
Determined on site 00400 

Laboratory 00403 

1. Si:ope and Application 
1.1 This method is appUcable to drinking, surface, and saline waters, domestic and industrial 

wastes. 
2. Summary of Method 

2.1 The pH of a sample is determined electrometrically using either a glass electrode in 
combination with a reference potential or a combination electrode. 

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 waten not at equilibrium with the atmosphere are subject tp 

changes when exposed to the atmosphere, therefore the sample conuiners 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, reductanu 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 particulate 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 (1-1-9) may be 
necessary to remove any remaining film. 

4.4 Temperature effects on the eiectrometric 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 instrumentt 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 I t the time of analysis. 

5. Apparatus 
S.l pH Meter-laboratory pr field model. A wide variety of instruments are commercially 

available with various specifications and optional equipment. 

Approved for NPDES 
Issued 1971 
Editorial revision 1978 
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5.2 Glass electrode. 
5.3 Reference electrode-a calomel, silver-silver chloride or other referdnce electrode of 

constant potential may be used. 
NOTE 1: Combination electrodes incorporating both measuring and reference 
functions are convenient to use and are avaiiabie .with solid, gel type filling materials that 
require minimal maintenance. 

5.4 Magnetic stirrer and TeOon-coated stirring bar. 
5.5 Thennometerx>r temperature sensor for automatic compensation. 

6. Reagents 
6.1 Primary standard buffer salts are available from the National Bureau of Standards and 

should be used in situations where extreme accuracy is necessary. 
6.1.1 Preparation of reference solutions from these salts require some special precautions 

and handling'" such as low conductivity dilution water, drying ovens, and carbon 
dioxide free purge gas. These solutions should be replaced at least once each 
month. 

6.2 Secondary standard buffers may be prepared from NBS salts or purchased as a solution 
from commercial vendors. Use of these commercially available solutions, that have been 
validated by comparison to NBS standards, are recommended for routine use. 

7. Calibration 
7.1 Because of the wide variety of pH meters and accessories, deuiled operating procedures 

cannot be incorporated into this method. Each analyst must be acquainted with the 
operation of each system and familiar with all instrument functions. Special attention to 
care of the electrodes is recommended. 

7.2 Each instrument/electrode system must be calibrated at a minimum of two points that 
bracket the expected pH of the samples and are approximately three pH units or more 
apart. 
7.2.1 Various instrument designs may-involvtf use of a "balance" or "sundardize" dial 

and/or a slope adjtistmeiit as outlined in the manufacturer's instructions. Repeat 
adjustments on successive ptmions of the two biiffer solutions as outlined in 
procedure 8.2 until readings are within COS pH units ofthe buffer solution value. 

8. Procedure 
8.1 Standardize the meter and electnxle system as outlined in Section 7. 
8.2 Place the sample or buffer solution in a clean glass beaker using a sufTteient volume to 

cover the sensing elements of the electrodes and to -give adequate clearance for the 
magnetic stirring bar. 
8.2.1 If field measuremenu are-being made the electrodes may be immersed directly in 

the sample stream to an adequite depth and moved in a manner to insure sufficient 
sample movement across the electrode sensing element as indicated by drift free 
(<0.1pH) readings. . 

8.3 If the sample temperature differs by more than 2*C from the buffer solution the measured 
pH values must be corrected. Instruments are equipped with automatic or manual 

'"National Bureau pf Standards Special Publication 260. 
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compensators that electronically adjust for temperature differences. Refer to 
manufacturer's instructions. 

8.4 After rinsing and gently wiping the electrodes, if necessary, immerse them into the 
sample beaker or sample stream and stir at a coiutant rate to provide homogeneity and 
suspension of solids. Rate of stirring should minimize the air transfer rate at the air water 
interface of the sample. Note and reoord sample pH and temperature. Repeat 
measureinent on successive volumes of sample until values differ by less than 0.1 pH 
units. Two or three volume changes are usually sufficient. 

9. Calculation 
9.1 pH meters read directly in pH units. Report pH to the nearest 0.1 unit and temperature 

to the nearest *C. 
10. Precision and Accuracy 

10.1 Forty>four analysts in twenty laboratories analyzed six synthetic water samples 
containing exact increments of hydrogen-hydroxyl ions, with the following results: 

pH Units 

3.5 
3.5 
7.1 
7.2 
8.0 
8.0 

Sundard Deviation 
pH .Uniu 

0.10 
0.11 
0.20 
0.18 
0.13 
0.12 

Bias. 
% 

-a29 
-0.00 

4-lX)l 
-0.03 
-ai2 

•i-ai6 

Accuracy 

-

as 
Bias, 

pH Uniu 

-OX)! 

>0.07 
-0.002 
-0.01 

+0J0\ 

(FWPC:A Method Study 1. Mineral and Physical Analyses) 

10.2 In a single laboratory (EMSL), using surface water samples at an average pH of 7.7, the 
standard deviation was ±0.1. 

I. 
2. 
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Designation: D 1293 - b^ 

Standard Test Methods for 
pH of Water^ 

l i t is nindird is imed under the fisctf daigiuiiOB O 1293: ll 
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f.;Scope 
;^i.l These test methods cover the determination of pH by 
(iectrometric measurement using the glass electrode as the 
Kosor. Two test methods are given as follows: 
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Toi Method A—Piceiie Labontoiy Meuuicmcni l i o l S -
TfS MeUiod B—Rouune or Conunuous Measuretneni I t lo 34 

; 1.2 Test Method A covers the precise measurement of pH 
is water utilizing at least two of seven sundard reference 
bufTer solutions for instrument standardization. 
V 1.3 Test Method B covers the routine measurement of pH 
in water and is especially useful for continuous monitoring. 
Two buflers are used to sundardize the instrument under 
(sntrolled parameters, but the conditions are somewhat less 
RSttictive than those in Test Method A. 

-ri.4 Neither test method is considered to be adequate for 
ineasurement of pH in water whose conducuvity is less than 
ibout 5 )iS/cm. (See Appendixes Xi .5J and X1.S.4.) 

':' 1.5 Precision and Uas dau were obtained using buffer 
solutions only. It is the user's responsibility to .assure the 
validity of these test methods for untested types of water. 
'. 1.6 This aandard may involve hazardous materials, oper-
tiions. and equipment. This standard does not purport to 
address tdl ofthe safety problems associated with i a use. It is 
Ihe responsibility of whoever uses this standard to consult and 
establish appropriate safety and health praaiees and deters 
nine the applicability of regulatory limitations prior to use. 

'2. Referenced Documents 

vI 2.1 ASTM Standards: 
f, D1066 Practice for Sampling Steam' 

D1067 Test Methods for Acidity or Alkalinity of Water' 
D1129 Definitions of Terms Relating to Water' 
D1192 Specification for Equipment for Sampling Water 

and Steam' 
D1193 Specification for Rdsgent Water' 
P2777 Practice for Determination of Predston and Biu 

of Applicable Methods of Committee D-19 on Watei' 
D 3370 Practices for Sampling Water' 
E 70 Test Method for pH of Aqueous Solutions with the 

Glass Electrode' 

I 

iD>l9oa 
Wattrbr 

' T t a e M l mcdwdi a n aadff the juiiidiedOB of ASTM CoRuni 
*[ner lad aie die d i n o wepGaiibilhy of SubcomauMt 019.11 i 

. • Cuneat odidOB appnvid OcL 36. 1914. Publiibid Jaaaaiy 1919. Orisuntty 
. PuMiihad at D 1393 - S3 T. U l l PRvioitt idiiioa D1293 - 7 1 " . 

' Annml Book qfASTM Siandaidt. Vd 11X1. 
> Annml Book ^ASTM Standards, Vol l i M . 

3. Tcnninology 
3.1 For definitions of terms used in these test methods. 

refier to Definitions D 1129. 
22 Description of Term Specific to This Standard: 
3.2.1 pH—the pH of an aqueous solution is den ved from 

£, the electromotive force (emO ofthe cell 
glas electrodeisolutiohjreferenee electrode 

(where the double vertical line represents a liquid .iunctioni 
when the electrodes are immersed in the solution in the 
diagrammed position, and £ , is the eleciromott\-e 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 
meteis must be reversed because the electrode cont'iguration 
•used with these meters is the following: 

reference eleetrodejsolution-glass electrode 

With the assigned pH of the reference buffer design 
pH„ and £ and £ , expressed in volts is the following: 

(E 'E , )F 
2.3026 RT 

pH-pH, . 

^ e r e : 
F • Faraday, 
R m p a consunt and 
T • absolute temperature. r f O '•- 273.15. 
Values ofthe factor £/(2.3026 RT) at different temperatures 
are given in Table 1. (See Appendix Xl. l for comment on 
the meaning of pH.) 

4. Sununary of Ttst Method 
4.1 The pH meter and associated elearodes are standard­

ized against two refierence buffer solutions that closely 
biadcet the anticipated sample pH. The ttmple measure­
ment is made under striedy controlled conditions and 
prescribed techniques. ' . . • . . • „ • ' . 

5. Sfgnlfkanrr and Us* 
S.l The detenninadon 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 umple. (Refer to Test 
Methods D 1067 and Appendix XI.) A pH value less than 
7i) shows a tendency toward acidity while a value greater 
than 7.0 shows a tendency toward alkalinity. Most natr 
waters laoge between 6.0 and 9.0, but there are r 
exceptions, sucfa as mine drainage water and unbuffert. .-<UM 
water. Tbe pH meuurement is an important considerauon 
in determining the conosive acdon of water and assessing 
water treatment pracuces for industiial processes. It is also 

t 
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TABLE 1 f / ( 2 J 0 2 6 A r ) ' 

Tefnomwr*. *C 

0 
5 

10 
is 
20 
25 
30 
35 
40 
45 
SO 
SS 
60 
65 
70 
T5 
so 
85 
90 
95 

fA2J026Ar).V-1 

18.4512 
18.1195 
17.7996. 
17.4907 
17.1924 
16.9041 
16.6253 
16J555 
16.0944 
1SJ414 
15.5963 
1SJ5B7 
15.1282 
14.9045 
14.6873 
14.4784 
14.2714 
14X722 
ia j784 
13.6899 

Tha •aove wsng a 
vMiMetaw 

aakm el VM oati wan 
I2J02SBS) 

F - 9 6 4 8 7 X C ^ 
A-8J1433J/K-mel 

• 7-273.15 t - C 

d to assess the extent of pollution in precipiuuon. 

Purity of Reagents 
.1 Reagent grade chemicals shall be used in all tests. 
ept as spcdiically noted for prepantion of reference 
fer solutions. Unless otherwise indicated, h is intended 

'' ^agents shall conform to the specifications of the 
£ on Analytical Reagents of the American Chem-

Subiety, where sucfa spedficauons are available.' OUier 
les may be used, provided h is fim ascertained that the 
gent is of sufficiently high purity to permh its use without 
ening the accuracy of the deteiminauon. 
J. Unless otherwise indicated, references to water shall 
understood to mean reagent water conforming to Spedfi-
onD 1193. Type I. 

Sampling 
. 1 Collect samples in accordance with Practice D 1066 or 
dfications D 1192 or D 3370. whicfaever is applicable. 

n* METHOD A^PREOSE LABORATORY MEASUREMENT 
OFpH 

Scope 
.1 This test method coven tfae precise measurement of 
in water under striedy controlled hiboratoiy conditions. 

Interferences 
.1 The glass elearode reliably measures pH in neariy all 
eous solutions and in general is not subjea to solution 
rrferenee from color, turbidity, colloidal matter, oxidants, 
Tducunts. 

i CbemiciU, Amcrieu Chenicil Society Spaeifie 
tfhinpnn. DC For wiBewions on ihe naiag of witiiiii aot Baed hy" 

AoMiieu ChenuGiI Sodciy, MC 'RMcnit Gbcmicali aad Sundaidi,' bf 
3h RoBB. D. Van Nomind CO.. Inc. New Yoik. NY. aad itae "UniMd SoMi • 

9.2 The reference electrode may be subject to inierfer. 
ences and should be chosen to conform to all requiretneoi} 
of Seaions 10 and 12. Refer also to Appendix X1.3. ..̂  

9.3 The true pH of ah aqueous solution or extiact jj' 
affeaed by the temperature. The electromotive force be.-
tween the glass and the reference electrode is a function of 
temperature as well as pH. The temperature efTea can be' 
compensated for automatically in many instruments or Q^ 
be manually compensated for in most other instruiaec*,}^!^"*^-*^ 
The tempenture compensation corrects for the effea of Uij. 
water temperature on the instrument, including the t\s^. 
trodes, but does not correa for tempeiature effects on ^ • 
chemical system being monitored. It does not adjust 
measured pH to a common temperature; therefore,';^^ 
temperature should be reponed for each pH measurenestt 
Temperature effects are discussed further in Appendix Xl2> 

9.4 The pH response of most glass elearodes is imperfea-
at both ends of tfae pH scale. The indicated pH value tf 
higfaly alkaline solutions, as measured with the glass elec? 
trode. will be too low. The indicated pH value of sirou 
aqueous solutions of salts and strong acids having a pH les 
than 1. will often be higher than the true pH vaiui,' 
Interferences can be minimized by the selection ofthe props 
glass and reference elearodes for measurements in highly 
alkaline or acidic solutions. < ̂  

9.5 A few subsunces sometimes dispersed in water appee 
to poison the glass electrode. A discussion of this subjea^ 
given in Appendix XI.4; 

10. Apparatus 
10.1 Laboratory pU Meter—Tabic 2 gives the 

imporunt charaaeristics of four typical pH maeis comni^ .... .^.^BC, 

dally available. Each type of meter (together with"! ^ i u o , 
itference t 
lie listed it 

(unge—non 
•;..: tKP 
l ^ d M i o 
jusuraey 
(upuiabiMy 
tjnpciaior. 

SMinualer 

TsmaMsic 
jioacenva 

Bonpressu 
'ountaini 
«W leve 
junction t 
cnuons d 
shall perfc 
precedure 
lefeience i 

iO.4 Tl 
Btor is a i 
in the wati 
ator auto 
flass elect 
onect foi 
The auior 
viter tem 
diooses to 
tore of the 

II. Reagei 

associated glass and reference elearodes) is permissible. Ji^ 
choice will depend on tfae desired precision of measuremerî  

10.2 Glass Elearode—The pH response of the gla ^Nitionai 1 
.'iumbcr at electrtxie sball conform to tfae requirements set forth in 1 ^ 

througfa 12.5. The glass electrode lead wire shall be shield^ 
New glass electrodes and those that have been stored of 
shall be conditioned and maintained as recommended t>yj^..r ^ 
manufaaurer. ^ S 

10.3 Reference Electrode—-K calomel, silver-silver djg: 
ride or other reference electrode of consunt potential sh'̂ 'X 
used. There are two basic t>'pes of reference electrodes.'.^; 
flowing and tbe nonflowing liquid junction-type e ' c ' " ^ si;;'• 
The flowing liquid junction-type unit ensures that ».«"& '^s^ 
liquid junction is formed for each measurement and * ' ' *^^V\^ 
used for Test Method A determinations. The temi 
response of the internal elements of the reference * i>a^ 
electrode sfaould be closely matcfaed to avoid tfaermal 
esis. If a saturated calomel electrode is used, some poj '^ 
cfaloride crystals sfaail be contained in the saturated 
slum chloride solution. If the reference electrode ^ ^ ^ ^ ^ 
flowing junction type, the design of die elearode s i a i i p ^ 
a fresh liquid junction to be formed between the ^ ' j ^ 
elearode solution and the buffer sundard or tested *« r 
eadi measurement and sfaail allow traces of soluooo^ 
wasfaed from tfae outer surfaces of tfae electrodes. To ? 
tfae desired slow outward flow of reference electrode »w. 
tbe solution pressure inside tfae liquid junction s ^ 
kept somewfaat in excess of that outside the juoco. 

pnortouse 
Jos than 9. 

. / • ; 

^ -c 
0 
5 

10 
15 
20 
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TABLE 2 Laboratory pH Malar 

Typa I 

010 14 

0.1 
xO.05 
*0X2 

010100 
2 

Typa 11 

OI0 14 
2 p H i n u 
0.01 
*0.01 
±0X05 

OIO 100 
2 

Typa III 

OIO 14 
i.4pHums 
0.01 
X0X07 
±0.002 

OIO 100 
2 

Type IV 

010 14.000 

0.001 
±0.002 
±0.002 

yo« 
OIO ICC 
2 

=fore. 

nos 
niner* 
tb is 
:.The 
meni 
glas 

I I I I 
:lded 
ldr>-
ytbe 

rfalo. 

iurized applications, tfais requirement can be met by 
itaining tfae inside solution level faigfaer than tfae outside 

level. If tfae reference electrode is of tfae nonflowing 
jon type, these outward flow and pressurization consid-
ins do not apply. T h e reference electrode and junction. 
perform satisfactorily as required in tfae standardizing 
lure described in 12.1 tfarougfa 12.5. A discussion of 

foence elearodes is given in Appendix X1.3. 
10.4 Temperature Compensator—The thermocompen-

lior is a temperature-sensitive resistance element immersed 
\e water satriple with the elearodes. The thermocompen-

•^ibr automatically corrects for the change in slope of the 
^ i s elearode (with change of temperature) but does not 

tjEonect for actual changes in sample p H with temperature, 
automatic thermocompensator is not required if the 

" y m temperature is essentially consun t and the analyst 
j^Soosa to iise tfae manual t empenture compensation fea-
.{(PR of tfae pH meter. 

Reagents 
^ l l . l Rtference Buffer Solutions—The pH values o f t h e 
r^aeace buffer solutions measured at several temperatures 

..ae listed in Table 3. Table 4 identifies each buffer salt by i u 
^ t i o n a l Institute of Standards and Technology (NIST) 
'-aiunber and provides a recommended drying procedure 
^prior to use. Keep the five reference buffer solutions with p H 
;iBs than 9.5 in bottles of chemically resistant glass. Keep the 

AT 
TABLE 3 pH.e f 

ca ldum hydroxide solutions in a plastic bottle that is 
nonporoiis to air (that is, polypropylene or high density 
polyethylene). Keep all tfae 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 
25'C)—Dissolve 3.80 g of sodium tetraborate decahydrate 
(NajBtO?- lOHnO) in water and dilute to 1 L. 

11.1.2 Calcium Hydroxide Reference Duffer Soiuiwn (pH, 
« 12.45 at 25*C)—Prepare pure calcium hydroxide 
(Ca(0H)2) from well-washed caldum carbonate (CaCOj) of 
low-alkali grade by slowly heating the carbonate in a 
platinum disfa at lOOO'C and calcining for at least 4S min at 
that tempenture . After cooling, add the caldned product 

• slowly to water with stirring, heat the resultant suspension to 
boiling, cool, aiul filter througfa a funnel having a fritted-gl»ss 
disk of medium porosity. Collea the solid from tfae filf 
it in an oven at I IO*C, and crusfa it to a uniform aob .. 
granular su t e . Prepare a satunted ca ldum faydroxide solu­
tion by vigorously shaking a considerable excess (about 3 
g/L) of the fine gnnula r p rodua in water at 25*C in a 
stoppered plastic botde (that is. polypropylene or high 
density polyethylene) tfaat is essentially nonporous to gases. 
'Allow the gross excess of solid to sntie and fdter tfae solution 
with suction througfa a fritted-glass funnel of medium 
porosity. The filtnte is tfae reference buffer solution. Con­
tamination of the solution with atmospheric carbon dioxide 

Buffer Selubona' 

CaiOMn Hydrowoo 
Solubon 

1«7. 
1J7 
1J7 
ijr 
.IJi 

1.M 
IJM 
1J9 
1.« 
1.70 

1.71 
1.72 
1.72 
1.74 

1.77 
1.71 
1J1 

4J0O 
4X0' 
4X0 
4X0 

3J6 
3XS 

axs 
3X5 
3X5 

3X5 
3X5 
3X6 
3X1 

3X1 
3.15 
3X7 

4X0 
4X1 
4X2 
4X1 
4X4 

4X7 
4X1 
4.12 

4.15 
4.19 
4X1 

•xe 
•X5 
6X2. 
exo 

9.46 
9X9 
iX3 
9XB 

^ ^ ^ ^ "• . f •••••*^'* ,-,^ 1 

exs 
•XS 
6X4 
•X4 
•X3 

6X3 
•X3 

' i.18 • 
t.14 • 

- ,- 9.11 
iX7 
9X4 

9X2 
SX9 

10X2 
10X5 
10.16 

• -10.12 
•.. *«"*. 

• 10X1 
• 9X7 
9X3 
9X9 
9X6 

9.83 
• >• 

13.42 
13X1 
13X0 
12X1 

.12X3 

-12.45 
12X9 
12.13 
11X8 
11X4 

11.71 
11X7 
11.45 

8X2 

8X3 

; 'ForaoiseuiSMnal 
VflataarBft. NIST. Vol 

ta 
1962, p. 179, 

aioaataa.fLa.,*n««load Vakaa lor pH Maaauramama Iram 0 IP 95*C.'Jeunu/ 

• » i « 
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TABLE 4 National Insiituto of SUndarda and Toehneiogy (NIST) Matariala tor Retorence Buflor Solutions 

-̂ m-

NIST Standard SamoM 
Dengnaoon BuNarSaK' Drying Preeaduro 

1674) 
BG ÎK 

iefr4< 
1854 
188 
189 
191 
192 

disodwni hydrogen pnoaphaM 
poiaiiiuin dihyorogan phospnaM 
poiamum hydrogen phoiaiaM 
poiasiwm nydroganiaitraM 
potasaum tatfoiaiBM deiydraM 
aodum bieafeanaM 
aodun eareerwM 

Orymg not naeesaary (Ma aan snoiM not ba oiwvor^ 
2 h in owcn at 130* , . .« 
2 h in ovan at 130*C L 
2hino«anBt110*C -^ 
Of)f̂ nQ nonntonuff • ^ 
shouMnotMOriad. JL 
tfMM not M dnsd •&• 
2hlno¥anat278*C r g 

The butlar aaiu Hiod can oa purctiasod kom ttw Olftoa o< Standant fWaraneo Maianalt. National mnaaa ol Standarat and Tocnnoiagy. Washmgion. OC 2C& 

den it turbid and indicates need for replacement. 
1.1.3 Phosphate R^erence Buffer Solution (pH, ̂  6.86 at 
Q—Dissolve 3.39 g of poussium dihydrogen phosphate ( 
'I3PO4) and 3.53 g of anhydrous disodium hydrogen 
>sphate (Na2HP04) in water and dilute to 1 L 
1.1.4 Phihalate Reference Buffer Solution (pH, - 4.00 at 
D—Dissolve 10.12 g of potassium hydrogen phthalate 
-lCgH40«) in water and dilute to 1 L. 
1.1.5 Tartrate Reference Buffer Solution (pH, •» 3̂ 56 at 
D—Shake vigorously an excess (about 75 g/L) of potas-
n hydrogen tartrate (KHC.H.O^) with 100 to 300 mL of 
sr at 25'C in a glass-stoppered bottle. Filter, if necessary, 
:move suspended salt. Add a crystal of thyinol (about 0.1 
s a preservative. 
1.1.6 Tcircxalaie Reference Buffer Solution (pH, « 1.68 
25*C)—Dissolve 12.61 g of potassium tnroxalate 
•drate (KHCjO* • H3C3O4 • 2H2O) in water and dilute to 1 

'̂ odium Bicarbonate—Sodium Carbonate Refer-
r Solution (pH, - 10.01 at 25'C)—Dissolve 2.092 

soQium bicarbonate (NaHCOs) and 2.640 g of sodium 
onate (Na^COs) in water and dilute to I L 
. .2 Other Buffer Solutions—A buffer solution otfaer tfaan 
spedfied may be used as a working sundard in the 

lod providing that in each case such a solution is first 
ked against the corresponding reference buffer solution, 
; the procedures ofthe method, and is found to differ by 
more than 0.02 pH unit. 
.3 Commercial Buffer Solutions—Commerdally avail-
prepared buffer solutions are not accepuble for the 

iardization in Test Methtxl A. 

Sundardization of Assembly 
.1 Turn, on the instrument, allow h to warm up 
lughly, and bring it to elearical baUnce in accordance 
the manufaaurer's instructions. Wash tfae glass and 
:nce elearodes and the sample conuiner with three 
ges of water or by means of flowing stream from a wash 
:. Form a fresh liquid junaion if a sleeve-type reference 
ion is used. Note the temperature of the water to be 
1. If temperature compensation is to be manual, adjust 
emperature dial of the meter to correspond to the 
erature of the water to be tested and allow time for all 
rs 'MtionSi and electrodes to equilibrate tfaermally. 

a at least two reference buffer solutions, tfae pH, 
. . which bracket the antidpated pH (refer to Table 3). 

1 or cool the reference solutions as necessary to match 
1 2*C tfae temperature ofthe solution to be tested. Fill 

the sample container with the fim reference buffer soluijoi 
and immerre tfae electrodes. 

12.3 Set the pH, value ofthe reference buffer solutios'i 
tfae temperature of tfae buffer, as read from Table 3'^ 
interpolated from tfae dau therein, according to the ma:> 
faaurer's instructions. 

12.4 Empty the sample conuiner and repeat, using u. 
cessive portions of the reference buffer solution, until tv 
successive readings are obuined without adjustment of*,̂  
system. These readings should differ from the pH, value 3 
the buffer solution by not more than 0.02 pH unit 

NOTE l ^ i r t h e tempeiature ofthe electrode difTen appreciably fh: 
that of the solution 10 be tested, use teveial pontons of sotutioa u 
immene the electrodes deeply to assure that both the electrodes and b 
solution are at the desired tempenture. To reduce the effecu of thoBi 
las. Iteep the lempenture of elearodes. reference bulTer solutions, iz 
the wash as close 10 that of the water sample as possible. 

jnonhoiT.c 
period of r: 
: |3.4 Inss 
vijue (sine 
(onsidcred 
ofthe water 
0 tx by nc 
ilUn 0.02 
• ^ U y be 1 
^13.5 Rec 
;^J3.6 Ms 
•JD.equiHbr: 

,115, but = 
^'leidings fc; 

0.1 pH uni: 

' NOTE 2—' 
«iib the caib 
oposure to t 
jiglttly bune 
itxtwid tr 
precautions : 
Hfflpie u Isu 

12.5 Wash the electrodes and tfae sample container tfaie 
times with water. Place the second reference buffer solutic 
in the sample container, and measure tfae pH. Adjust the 
slope control only until tfae reading corresponds to ibr 
temperature corrected value of tfae second reference buOc 
solution. Use additional portions of tfae second refereoe 
buffer solution, as before, until two successive readings diOs 
by not more tfaan 0.02 pH unit. Tfae assembly shall be judge: 
to be operating satisfaaorily if tfae pH reading obtained b 
the second reference buffer solution agrees mth iu assignee 
pH, value within 0.05 pH unit for Type 1 meters or withi: 
0.03 pH unit for Type II. III. or IV meters (see Table 2). 

12.6 If only an occasional pH determination is made 
TUndardize tfae assembly eacfa time it is used. In a long serie 
of measurements, supplemental interim cfaecks at regulv 
intervals are recommended. Inasmuch as commercially 
available pH assemblies exhibit different degrees of measuif 
meni subility, conduo tfaese checks at intervals of 30 iw«.| 
unless h is ascertained tfaat less frequent cfaecking is sausfâ  
tory to ensure tfae performance described in 12.2 to I2i>;?. 

14. Report 

14.1 R e ; 
nearest I 'C 

14.2 R e ; 
pH unit w-
110. 
• 14.3 R e ; 
pH unit w: 
lieater ths r . 

1 3 . Procedure 

13.1 Standardize die assembly widi two reference buf̂  
solutions as described in 12.2 to 12.5 and tfaen wash jlf 
elearodes with three changes of water or by means ol* 
flowing stream from a wash bottle. V 

13.2 PUce the water sample in a clean glass beaK̂  
provided with a thermometer and a stirring bar. 

13.3 Stir during the period of pH measurement at a } - , 
that will prevent splashing and that will avoid loss or gain " 

IS. Precis!) 
15.1 The 

I derived frc: 
four buifer. 
6.5, 8.2. 2.Z 
»ith one la: 
lolution in 
day for a iw 
cial meters 
neasurems: 

152 Su : 
Rcommenc 
buedonac 
Tea Metho 
• 15.3 Pre-. 
of this test: 

15.4 Bic 
•felerminec 
P»red with • 

15.5 Prec 
solutions c: 
**liditvofr t 

addic or basic gases by interefaange witfa tfae atroospb'^ 
Wfaen necessary, stir briskly enougfa to intermix tiie ph«** i. 

216 ... 

, 'Supponin« 
^MCRRCI 
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il ponhomogeneous water sample. Stop the stirrer during the 
period of measurement if streaming potentials are noted. 
;: 13.4 Insert the elearodes and determine a preliminary pH 
%lue (since this value may drift somewhat, it should be 
considered an estimated value). Measure successive portions 
^rthe water sample until readings on two successive ponions 
iiifer by no more than 0.03 pH unit, and show drifts of less 
.'than 0.02 pH unit in I min. Two or three portions will 
?iisually be sufficient if the water is well buffered. ' 
•̂  13.5 Record the pH and tempenture of the sample. 
^ 13.6 Measure the pH of slightly buffered waten (that are 
JD equilibrium with air) essentially as described in 13.1 to 
.:i3.5, but measure the pH of successive portions until the 
/leadings for two successive ponions differ by no more tfaan 
0.1 pH unit. Six or more ponions may be necessary. 

..̂  NOTE 2—Take specul precautions if the sample is not in equilibrium 
Viih the carbon dioxide of the atmosphere protecting the umple from 
;oposure to the air duiins measurement Measurement ^unbidfered or 
•slightly buffered samples is more reliably made in flownype cells as 
described in NOTES 4 and 5. Appendix X'I.S.3 descnbes additional 
precautions that should be uken if the elearical conduaivity of the 
ample » less than about S uS/cm. 

.14. Report 

/ 14.1 Repon the temperature of the measurement of the 
.-nearest I 'C. 
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 
. 12.0. 
c . 14.3 Repon tfae pH ofthe test solution to the nearest 0.1 
• pH unit when the pH measurement is less than 1.0 and 
•'greater tfaan 12.0. 

IS. Precision and Bias^ 

15.1 Tfae information summarized in tfais section was 
derived from an intertaboratory study performed in 1973 on 
four buffer solutions having pH values of approxittutdy 3.7, 

. .6 i . 8.2. and 8.4. Eleven bboratories (fourteen operators 
^ with one laboratory providing four operatots) analyzed each 
t-solution in duplicate and replicated the analysis on another 
vday for a total of 224 determinations. A variety of commer* 
/.rial meters was used in this study. It is assumed that all* 
^^measurements were made at room temperature. 
• ^ a l S 2 Sutistical treatment of the d a u conforms to the 

•'::: j^'ccommendations of Practice D 2777. Funher infotmation, 
f^K^based on a different sutistical interpreution, can be found in 

g ^ e s t Metiiod E 70. •• 
i^.-15.3 ^riKu/on—The oveiaJl and single-operator precision 

jft^.Pf this test method varies with p H as shown iii Fig. 1. 
1 ^ ' 15.4 Bias—The pH values of the buffer solutions, as 
i|[i.<letermined using a gaseous hydrogen electrode, are com-
^ Pved with values obtained using this test method in Table 5. 
;'f; 15.5 Predsion and bias d a u were obtained using buffer 
vf; iQlutions only. It is the user's responsibility to assure the 
•:•.,; validity ofthe sundards for untested types of water. 

' Supponiagdata ferthcKISl methods have bean Gkd ai ASTM 
l^iNn RcKifch Rcpen RR: DI9-1111. 

TEST METHOD B—ROimNE OR CONTINUOUS MEASURE­
MENT OF pH 

16. Scope 

16.1 Tfais test metfaod is used for the rouune measure­
ment of pH in the laboratory and the measurement of pH 
under various process conditions. 

17. Summary of Test Method 

17.1 A direa sundardization technique is employed in 
this test method for routine batch samples. Two buffers are 
used to sundardize the instrument under controlled param­
eters, but the conditions are somewhat less restrictive than 
those in J e s t M a h o d A. An indirea sundardization proce­
dure is used on flowiiig 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 X1.4. 

19. Apparatus 

19.1 LaboratorypHMeter—See lO.l. 
19.2 Glass Electrode-See 10.2. 
I 9 J Rrferenee Elearode—See, 10.3. 

- 19.4 Temperatttre Compensator—See 10.4. 
19.5 Process p H Measurement Instrumentation—Instn*-

ments that are used for process pH measurement 
generally much more rugged tfaan tfaose which are useu .v 
very accurate measurements in the labontoiy. The charac­
teristics of three types of process pH analyzen are presented 
in Table 6. Each of these analyzers is satisfaaory for process 
pH meuurements. The choice of analyzer is generally based 
on how dosdy the cbaracteristics of tfae anal\Ter match the 
requiremenu of the application. 

19.5.1 Elearode Chandler—¥ot process pH measure­
ments; the electrodes and thermocompensator are mounted 
in an elearode chamber or oelL 

I9J.1.1 Flow-nrough Chamber eompletdy encloses the 
electrodes and the sample is piped to and from the chamber 
in a flow-through configuration. Commerdally available 
chambers generally can tolerate temperatures as higfa as 
lOOrC over a pH range from 0 to 14. and pressures up to 
1034 kPa (approximately ISO psi). 

19 J . 1.2 Immersion Type Chamber, suiuble for measure­
ment in bixn streams or tanks, shiekis but does not 
completely endose the deetrtxies. Immersion-style chambers 
are available for use at depths to 30 m (100 ft). 

19.5.2 Signal Tyansmission—The glass dectrode is usu­
ally a high-impedance device bom nvhicfa only an extremely 
small current can be drawn. Shidded cable must be used to 
connect the electrode to the pH analyzer. The signal can 
ficquently be transmitted up to 300 m (approximately 1000 
fk) with no loss in aecuxaey ifthe manufacturer's recommr-
dations j r e followed carefully. The signal can usual*-
amplified for transmissibn over even greater disunces. 

19.5.3 p H Meter Associated with Remote Measurement— 
Usually a different style instrument is used to indicate or 
display remote pH measurements. Table 6 shows tfae charac­
teristics of three types of meters tfaat are suiuble. 

l i t 
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n a 1 InlartaboratoryProeiaion lor p H d A q i M o u a Buffer Solutiona 

Reagents 

1 Commercial Bi^er Solutions—Commetdaay avail-
srepared buffer shouki be adequate for tfae sundardiza-
in Test Metiiod B. Tfaese commercial buffer solutions 
ly faave pH values near 4, 7, and 10, tfae exaa pH and 
emperature bdng provided by tfae purveyor of tfae 
'IC buffer. Tfae pH buffer is susceptible to contamina-
Tom atmospfaeric carbon dioxide, and frequentiy used 
itially filled botties are panicularly vulnerable to this 

2 For more information on reagents, see Section 11. 

tandardization of Assembly 

1 Turn on the analyzer, allow it to warm up thor-
y and bring it to electrical balance in accordance witfa 
unufaaurer's instructions. Wasfa the electrodes, the 
iocompensator. and the sample container witfa tfaree 
es of water or by means of flowing stream for a wasfa 

) a fiesfa liquid junction if a sleeve reference 
iCtion is used. If nunual tempeiature compensa-

i to oe used, note tfae tempenture of tfae water sample 
djust tfae tempenture dial of tfae meter to correspond. 
Z Direa Sundardization: 

21.2.1 Selea two reference buflier solutions tfaat faave pH, 
values that bracka the antidpated pH of the water sample. 
Warm or cool tfae reference solution to witfain 2*C of tbe. 
tempenture of tfae water sample. 

2122 Fill tfae sample container with the first reference 
buffer solution and immerse the electrodes. Sa the knowa-
pH, of the reference bufier solution according to tiie instni-., 
ment-iiunufaaurer's instructions. Repeat with successive. 
portions of the reference buffer solution until two successive, 
instrument readings are obtained which differ from the pl^^ 
value ofthe buffer solution by no more tfaan 0.02 pH unit^ 

212.3 Wash the electrtxles and sample container thi<^f 
times witfa water. Place tfae second reference buffer solutipa^f 
in tfae sample container, and nieasure tfae pH. Adjust tl>E|J 
slope control only until tfae reading corresponds to t ^ ; 
tempenture corxeaed value of tfae second reference 

•T i f i 

TABLE S Oetcrmination of Biaa m 
pH pH Found .*% (85»Conl>dancitJgH| 

3.714 
8.817 
8.147 
8.470 

3.73 
8.S3 
8.18 
8.45 

•fO.48 
*020 
*0S3 
-0.24 
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TABLE f Ramola MMaurafflMil ef pH 
T»p«i Ttpaa Type III 

•Sc Tampwaturo t 
1^.. Manual or auioniahe 
« / • • Range 

- Hmga^—normal 
•^r. oipanoad 
':> Signal to recorder 

fASGuraey 

010 14 
any2pHer«Mdar 
to 1000 mV 

±0112 

OlolOOX 
0J»5 pH/24 h 

010 14 
any 2.4. S. 7,10. or 14 pH unls 
toSOmA 

* OJOOS 10 OJM dapandani upon 

OI0100*0 
OJI0SpH/24h 

OIO 14 
any 2. 5. or 10 units 
to 9000 mV. 4 to 20 or 

to 90 mA 
£0.02 

0 to 100*C 
±0.02 OH unita/24 h 

f, Non 3—Indirea nuidardiaiion ai deacribed above canaet be 
'.(•ployed when the pH of the water being lemd fluctuates by neie than 
MU pH unit. The sttadaidiaation muR be aeeempiished in the dbonm 
.Pooible time if the pH is fluctuatiag. It is abnluldy eiientiil that the' 
'jpab ample be lepreKBtative of the water in eoatKi with the deeneda 

Jaf the analyzer beiog saadanliaed. Tbe iaieiriiy of the gnb oaple 
^ i m be raainuiaed until IB pH has been aoBsund by the I 
<^Beier, aad its tempenoiie must remain i 

f 
lolution. Use additional ponions of the second reference 
hilfer solution, as before, until two successive readings differ 
^ not more than 0.02 pH unit. 

t f.21.2.4 If only an occasional pH detetmiiution is made, 
sundardize the assembly eacfa time it is used. In a long series 
of measurements, supplement initial and final sundardiza-
iions by interim checks at regular intervals. As commercially 
ivailable. pH assemblies exhibit different degrees of mea­
surement subility, conduct these checks at intervals of 30 
Biin, unless it is ascenained that less frequent checking is 
atisfactory to ensure performance. 
; 21.3 Indirea Standardization: 
" 21.3.1 This procedure is to be employed when it is not 
convenient or praaical to remove the dectrodes from the 
flowing stream or conuiner on whicfa the pH is bdng 
.determined. Use of a labontory pH meter or an additional 
analyzer is required. 
i . 2 l J . 2 Sundardize the laboratory pH meter br additional 
jprocess analyzer as outiined in 21 .1 
'^.21.3.3 Collea a g n b sample of the water from the 
•immediate vidnity ofthe electrodes or from the disehatge of 
a flow-througfa cfaamber. Measure tfae pH of tfais grab sample 
immediately, using tfae sundardized labontory pH meter. 
.. 21.3.4 Adjust tfae sundardization control on the process 
analyzer until the reading corresponds to the-pH of the grab 
ample. Repeat the g n b 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. 

1*1 

21.3.5 Indirea sundardization is a one^point calibration 
_ iî  does not establish the proper response of the deetrtxies 
v^ver a pH range. 
t T • • 

m - Procednrc, Batch Samples 

r ? 22.1 Sundardize the assembly as described in 21.2 and 
;: ^"bsh the dectrodes with three changes of water or by means 
J.'of a flowing stream from a wash bottle. 
V 22.2 Place.the water sample i n . a clean glass beaker 
j^ltrovided with a thermometer and a stirring bar. Stir during 

'•• '^e period of pH measurement at a n t e that will prevent 
'i splashing and that will avoid loss or gain of addic or basic 
« \ 

by interchange with the atmosphere. When necessary. 
stir briskly enougfa to inwntux tfae phases of a nonnomo-
geneous water sample. 

2 2 J Insen tfae electrodes and determine a preliminar.- pH 
value (tfae reading iiuy drift). Measure successive ponisns of 
tfae water ample until readings on two successive csnions 
differ by no more- than 0.05 pH unit. Two ponior.s will 
usually be suffident ifthe water is well-buffered. 

214 Record die pH and temperature of the samp:::. 

Non < Gwimioia Determtnation ofpH—Make the se::r.:on of 
the electrodes and the eleeuode chamber to suit the phnicai and 
chemieal chaiaciehsuei ofthe process water. Locate a submen::r. style 
deeuede chamber ao that ftoh represenuuve samplins is provided 
eoatiauouily aeraa the dectrodes. Asiuiion may be required to 
inpieve honofeoeity. Preectt pH measurements seneially employ 
auioaoiie tempeiature cempeiuaiien. The pH value is usually displayed 
eoatiauouily aad can be noted at any specific time. Also, recsrd i' 
tueeiaivc pM «dncs ftequently to provide a permanent record, ir u.. 
MBpennne of the oasple fluctuates sifnificaady wuh tine, the 

. lenpemuiie Aonid alio be recorded to inieipret the pH values conecdy. 
' NOTE S—Caitiiumtt Determination ofthe pH of High-Puruv Wa-

' icr—'The aadyaer uaed to detennine the pH or hish punty water must 
have a high^mpedaaoe difldeniid input in order to minimize er.viron-
neaial effeco. Uae a metallic electrode chamber in order to sr.:eid the 
deeirodcL and elecuieally isolate it frem ail stray a-c fisiss. Pay 
paninplir attention to grounding and the use of metallic connectors, as 
RGonawnded by the aquipiiient manuiacuirer. Place the reierence 
deorode upmam of the glan eleenode to impan the small amount of 
deeuelyie caential to the seaaag of the pH of the water sampie. One 
tueeeoful fkiw panen uses a bottom inlet, a full chamber, ana a top 
evcfflow. tbe flow me aad the pioiure are held coastanL aad the 
diiefaaiie a to atimnphfrir preaiue. FoUew the CBanubcturer's testiuc-

tvetydoaeiy. 

tiie 
23. Report 

23.1 Repon the tempenture of measurement to 
nearest I ' C 

23 j Repon the pH to the nearest 0.1 pH un i t 

24. Predsion and Bias" 

24.1 Because of the wide variability in measurement 
conditions and the changeable character of the pH of many 
process waters^ tfae predsion of this test method is probabi' 
less tfaan that of Test Method A; however, a precision of 
pH unit shouU be attaiiuble under ctmtrolled conditions. 

24.2 Precision and bias d a u were obtained using buffer 
solutions only; It is tfae user's responsibility to assure the 
validity of tius test metfaod for untested types of water. 

^ 1 0 
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APPENDIX 

(Nonmandatory Information) 

. \ 1 . MISCELLA.NEOUS NOTES ON GLASS ELECTRODE MEASUREMENTS AND EQUIPMENT 

1.1 Meaning of the Term pH 
Xl.I.l The term pH historically has referred to tiie 
•drogen ion aaivity ofa solution and has been expressed as 
s logarithm to the base 10 of tfae reciprocal (negative 
;arithm) of the activity of hydrogen ions at a given 
mperature, as follows: 

faaorily as reference elearodes. 

the pH 
borax). 
: XI .4.: 
{l3ssele< 
(certain 
faulty c 
refcrcno 
iestored 

pH - log !/(//•) - -log(//*) 

lere: 

n- anixiiy of hydrogen ions. 
XI. 1.2 Although this expression is helpful in giving theo-
acal meaning to the term pH and can be used as an 
proximate definition, ii may not be rigorously related to 
ipirical pH measurements. The definition given in 3.2.1 
s gained wide acccpunce. 

1.2 Temperature Effects 
X 1.2.1 The efleos of ic.Tiperaiure on elearometric pH 
sasurcments arise chiefly from two sources: (/) tempera-
re effects that are common to all eiectrometric measure-
:nts and (2) variations of sample pH with temperature. 
"• first category includes the effect of temperature on the 

'2.3026 ^ r t h a t occurs in the definition of pH (see 
.ues of this factor for various temperatures are given 

Table 1. The first categor\' also includes variations of glass 
:arode asymmetry- potential and reference electrode liquid 
nction potential and temperature. If the pH measurement 
made in accordance with Seaions 13 and 21, tfae effects of 
:se potentials will be negiigible. 
X 1.2.2 Secondly, because of cfaanges in aaivity coeffi-
:nts and equilibrium consunts with temperature, the pH 
a sample will change ^̂ -ith temperature. These changes are 
jependent of tfae method of measurement. In general, tfae 
:e of cfaange of pH ^ îth temperature is not consunt, and it 
ly be positive or negative. Tfae dau in Table 3, sfaowing 
anges in pH, of buffer solutions witfa temperature, are 
sical examples. 

.3 Reference Electrodes 
X 1.3.1 In making pH measurements witfa tfae glass dec­
ide, the reference electrode used to complete tfae cell 
:embly funaions simply as a source of reprodudble 
tential. The absolute value of tfae reference electrode 
tential is of no consequence owing to tfae way tfae 
asurements are made. Both the saturated calomel and 
^r-silver-chloride elearodes have proven themselves over 
: years to be satisfactory reference electrodes. For measure-
:nts at normal room tempentures, dther of tfaese dec-
.fl' is satisfactory and thus are recommended. The 

ver-chloride u recommended for measurements at 
,u tempentures, wfaere its potential is more suble tfaan 

It of the satureted calomel electrode. Depending on the 
vironmenul conditions, other electrodes may serve satis-

X 1.3.2 If a utunted calomel electrode is used undS 'eoiulsioi 
- • - -• •• '^'iTabsoh 

>oughly 
' ' a « « > • 

significantiy changeable tempenture conditions, care tai 
be taken to see that suffident solid potassium chloride 
present at all the tempentures to ensure solution satuntio"^ '̂vnshing 
throughout, both in the free solution in the elearode tub^ 
and in the solution permeating the electrode element ThS 
electrode must be given 5 or 10 min to accommodate itself t^ 
a new tempenture condition before a pH measurement û  
made. If tfae tempenture falls appreciably, crysullization of 
potassium chloride may cause plugging of the liquid fuocl'-
tion; one result may be higfa resisunce and false or emtic' 
potential at the junaion. Any such accumulation of potas­
sium chloride should therefore be removed by aqueou 
washing. 

XI.3.3 Reference elearodes ofthe unsaturated lype have 
been used preferentially in continuous mechanized pH 
monitoring where the tempenture is likely to fluctuate. The 
seleaed 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 elearode has 
the advanuge of being free from tfae annoying effects caused 
by variable solubility, but uke considerable care to prepare 
tfae required concentration and to maintain the prescribed 
value under plant operating conditions. Follow the instni-̂ ' 
ment manufaaurer's recommendations on choosing aad 
mainuining reference elearodes. Changing an elearode 
from tfae saturated type to tfae unsaturated xype (or via 
versa) by changing the concentration of potassium chloride" 
may produce drifting potentials for weeks or even monihi." 

X 1.3.4 Reference elearodes are available uith any 
number of means to esublisfa tfae liquid junaion. These 
indude. 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. î 
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XM Faulty Glass Electrode Response and Restorann 
Techniques - j ^ 

Xl.4.1 Deteaing Faulty Elearodes—The pH measurint; 
assembly is sundardized witfa two reference bufler solutions • 
(see 12.2) to verify tfae linearity of response ofthe electrodê ; 
combination at different pU values. Sundardization alsô r 
detects a faulty glass or reference electrode or an incontd/ 
temperature compensator. The faulty elearode is indicated'-
by a failure to obtain a reasonably correa value for the pH»' 
tiie second reference buffer solution after the meter has beeo. 
sundardized with the first A cracked glass electrode «n̂ ; 
often yieU pH readings tfaat are essentially tfae same for boiD.f 
standards and should be discarded. Even though a noriovP;' 
glass electrode responds reooarkably well to moderate P'*J-. 
changes, it is not necessarily a perfea pH-mea$uring devj*/ 
and may miss the rigid requirements of 12.2. if, for examP%J 

several r 
'eiectrodt 
giffl thi 
thorough 
letumini 
continue 
sonic de 
cianing 

XI.4.4 
necessary 
siickiy sc 
ireaimen 
coaling i 
elearode 
th; elect 
Ghn. Wa 
water bel 

XI.4.5 
ireatmen 
ilastresi 
of tiie eie 
discardin. 
solution 
necessary 
foreign si 
hasadeh 
dearode. 
*ater ox-e 
tbe electn 
may be si 
solution, 
solution c 
Polyetiivli 
ofthe buli 
*en only 
"Ming ai 



isuriflt̂  
luuofls^ 
strode.; 
o abo 
xntci 
iicated 
pHof 

sbee» 
iewiD 

lOPJ^J 

D 1 2 9 3 

die pH span is made as great as 5 pH units (pfatfaalate to 
^rax). 
•, .Xl-4.2 Imperfect pH Response—The pH response of the 
glass elearode may be impaired by a few coating subsunces 
(certain oily materials or even some paniculates). When the 
ftulty condition is disdosed by the check with the two 
Terence buffer solutions, the electrode can frequentiy be 
iestored to normal by an appropriate deaiung procedure. 
;.«.X 1*4.3 Glass Elearode Cleaning Techniques—Where 
eiDulsions of free oil and waur are to be measured for pH. it 
is absolutely necessary that the electrodes be deaned thor­
oughly after each measurement This may be done by 
washing witfa soap or detergent and water, followed by 
several rinses witfa water, after wfaidi tfae lower tfaird of tfae 
ciectrodes should be immersed in HO {\*9) to remove any 
film that nuy faave been formed. Rinse tfae electrode 
thoroughly by washing it in several changes of water before 
reluming it to service. Process pH analyzers used for 
(snunuous measurement may be provided witfa an ultra­
sonic cleaner to lessen or even eliminate the need for nunual 
deaning of elearodes. 
' X 1.4.4 Thorough cleaning with a suiuble solvent nuy be 
accessary after each measurement if the sample contains 
itickly soaps or suspended particles. If this fails, a chemical 
tiatment designed to dissolve the paiticular deposited 
coating may prove successful. After the final rinsing of the-
dectrode in the cleaning solvent immerse the lower third of 
Oc electrodes in HQ (1-1-9) to remove a possible residual 
Sim. Wash the dectrode tfaoroughly in several changes of 
.]nter before subjecting it to tfae standardization procedure. 
^'X1.4.S If an elearode faas failed to respond to the 
itatment suggested in X 1.4.3. try a more drastic measure as 
a last reson. This drastic treatment which will limit the life 
ofthe electrode and shouki be used only as an altemative to 
discarding i t is immersing it in chromic add deaiung 
vdution for a period of several minutes (or longer if 
ttcesary). Chromic add is particulariy effective in deaniiig 
fcreign subsunces from the suriace of the glass, but it also 
^ a defaydnting efiea on tiie glass. Consequentiy allow an 
;^Ktrode so treated, after tfaoroughly rinsing, to stand in 
t*ater ovemight before tising it for measurements. Hnally, if 
^ dearode fails to respond to the chromic add solution, it 
•̂ .•ay be subjected to miki etching in ammoiuum bifluotide 
button. Immerse the electrode for about I min in a 20 % 
_Mution of ammonium bifluoride (NH4HF2) in water, in a 
l^yethylene cup. The bifluoride aaually removes a portion 

|be bulb glass, and should be used only as a last resort (and 
^ only inifrequentiy). Follow the fluoiide etch by thorough 

>g and conditioiung as is recommended fbr a new 

elearode. The electrode manufacturer may hzvc & ^ 
suggestions, specific to his own product. 

XI.4.6 Techniques for cleaning flow cell elearodes in 
dude the use of ultrasonics, brushes, and high-velocit; 
submerged jets. 

X1.5 Spcciail Measuremenu Techniques 
X 1.5.1 Measurements on Alkaline Waters—.Although tht 

high-alkalinity elearode exhibits a lower sodium ion erroi 
tfaan an ordinary glass elearode. the higfa-alkaiinity elearodt 
can nevenheless introduce an appredable error when tht 
sodium ion content and the pH or temperature of the watet 
are unusually high. Correaions may in some insunces bt 
applied to the measurement if suiuble dau are available 
from the electrode manufacturer. 

X 1.5.2 Carbon dioxide from the air tends to reaa with ar 
alkaline water and to change its pH. Make all measurement* 
with alkaline.wauis or buffer solutions as quickly as possible 
witfa the water exposed to the air no longer than is absolute!) 
necessary. 

X 1.5.3 pH Measurement of Static Solutions of Low Can 
duaiyity—When tfae sample electrical conduai\ity is lowei 
tfaan about 5 )iS/cm. the electrical resisunce of the watei 
path between the glass and reference dearodes may becomt 
higfa enougfa to cause measuring difficulties. If pladng tht 
junction of tfae reference electrode as dose as possible *'̂  the 
pH responsive bulb oftfae glass dearode does not c-
difficulties, tfae electrode pair shouki be proteciw. . 
electrostatic charges by surrounding the nonconducting cel. 
with a grounded metallic shieUL Also hdpful is the use of s 
metallic connector at the inla and outlet elearically con­
nected external to the chamber. 

Xl.5.4 pH .Measurement of Flowing Solutions of Lou 
Cmuiuaivity—In nuking measuremenu on flowing sample: 
having an electrical conductivity lower than about 5 (iS/cm. 
take precautions to avoid difficulties from streaming poten­
tials. If available, observe spedal precautions recommended 
by the instrument manufaaurer. Preferably, make the flow 
chamber ofa conductive material such as stdnless steel and 
ground i t Because streaming potential increases witii flow 
vdodty, h is advisable to adjust the sample flow rate at a 
value not exceeding that needed to keep the flow cell 
properiy flushed. This can be done by conveying the sample 
water to the flow cell through a shon line leading from a 
constant-head overflow, chamber. Provide the Une to the cell 
with suitable flowHcontrdlling means. . . . . . . . . . • 

.XI.5J Magnate Stirring—Do not use magnetic stirrinc 
in those few instances where it may affea pH measurement 
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4500-0, OZONE (RESIDUAL)* (PROPOSED) 

4500-O, A. introduction 

Ozone, a potent germicide, is used also 
as an oxidizing agent for the destruaion of 

•Appwved by Siaadwd Methods ConaaiiM. 1911. 

organic compounds pnxlucing taste and 
odor in drinking water, for the destruction 
of organic coloring matter, and for the ox­
idation of reduced iron or manganese salu 
to insoluble oxides. 

4500-03 B. Indigo Cdiorimetric Method 

1. General Discussion 

The indigo cokmmetrie method is quan­
titative, selective, and simple; u replaces 
methods based on the measurement of total 
oxidant The method is applicable to lake 
water, river in^l tnte , manganwf-contain-

•••s-

ing groundwaten. extremely hard ground­
waters, and even biologically treated 
domestic wastewaters. 

a. Principle: In addic solution, ozone 
rapidly decolorizes indigo. The decrease in 
absorbance is linear with increasing con* 
eeatntion. The proponionality constant at 
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600 nm is 0.42 ± 0.01/cm/mg/L (Ac ^ 
20 000/M-em) compared to the ultnviolet 
abwrptiim of pure ozone of c * 29S0/ 
M-an at 238 nm).' 

b. Interferences: Hydrogen peroxide 
(H]0i) and organic peroxides decolorize 
the indigo reagent very slowly. H,0, does 
not interfere if ozone is 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 ozonatcd 
manganese gives a response of about 0.08 
mg/L apparent ozone. Chlorine also inter­
feres but it can be masked by malonic acid. 
Bromine, whieh can be formed by oxida­
tion of Br~, interferes (I mole HOBr-cor­
responds to 0.4 mole ozone). 

c. Minimum detectable concentration: 
For the speetrophotometric procedure us­
ing thermosuted cells and a high-quality 
photometer, the low-range procedure will 
measure down to 2 ^g 0«/L. For the visual 
method the detection limit is 10 M'g/L. 

2. Apparatus 

a. Mo(om«er: Spectrophotometer or fil­
ter colorimeter for use at 600 £ S nm. 

b. Glass cylinders (for visual procedure): 
lOO-mL graduated glass cylinders, prefer­
ably with flat bottoms. 

3. Reagents 

a. Indigo stock solution: Add about SOO 
mL distilled water and 1 mL cone phos­
phoric add to a 1-L volumetric flask. With 
stirring, add 770 mg potassium indigo tri-
sulfonate. C,.H,N,0„S,K, (commercially 
available at about 80 to 85% purity). Fill 
to mark with distilled water. A UlOO di­
lution exhibitt an absorbance of a20 £ 
0.010 cm at 600 nm. The stock solution is 

suble 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 
(NaHiPO«), and 7 mL cone phosphoric 
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 reageni II: Proceed as with in­
digo reagent I, but add IOO mL indigo stock 
solution instead of 20 mL 

d. Malonic acid reagent: Dissolve S g 
malonic acid in water and dilute to IOO 
mL. 

e. Glycine reagent: Dissolve 7 g glycine 
in water and dilute to 100 mL. 

4. Procedure 

a. Speetrophotometric procedure: 
1) Concentntion nnge 0.01 to 0.1 mg 

Oj/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 stirring but 
no ozone degassing occurs. Measure ab­
sorbance of both solutions at 600 r S nm 
as soon as possible but at least within 4 h. 
Prefenbly use 10<m cells. Calculate the 
ozone concentntion from the diflierence be­
tween the absorbanees found in sample and 
blank (^ So below). (NOTE: A maximum 
delay of 4 h before speetrophotometric 
reading can be toiented only for drinking 
water sainples. For other sample types test 
the time drift.) 

2) Range0.0Sto0JmgO/L—Proceed 
as above using 10.0 mL indigo reagent II 
instead of reagent L Preferably measure 
absorbance in 4> or 5<m cells. 

3) Concentrations greater than 0.3 mg 
Oy/L—Proceed using indigo reagent II. 
but for these higher ozone coneentntions 
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use a correspondingly smaller sample vol­
ume. Dilute resulting mixture to IOO mL 
with distilled water. Use a glass pipet for 
dosing sampie; let sample flow through an 
erlenmeyer flask for at least I min without 
generating bubbles. Rinse pipet with sam­
ple and add measured amount to flask 

' while keeping the pipet tip below the sur­
face. 

4) Control of interferences—In presence 
of chlorine, place I mL malonic acid re­
agent in both flasks before adding sample 
aiul/or filling to mark. Measure absorbance 
as soon as possible, within 60 min (Br~. 
Br,, and HOBr are only panially masked 
by malonic acid). 

In presence of manganese prepare a 
blank solution tuing sample, in whieh 
ozone is selectively destroyed by addition 
of glycine. Place 0.1 mL glycine reagent in 
100-mL volumetric flask (blank) and 10.0 
mL indigo reagent II in second flask (sam­
ple). Pipet exactly the u m e volume of sam­
ple into each flask. Adjust dose so that 
decobrization in second flask is euily vis­
ible but complete bleaching does not result 
(maximum 80 mL). 

Insure that pH of glycine/sample mix­
ture in blank flask (before adding indigo) 
is not below 6 because reaction between 
ozone and glycine becomes very slow at 
low pH. Stopper flasks and mix by carefully 
inverting. Add lOJO mL indigo reagent II 
to blank flask only 30 to 60 s after sample 
addition. Fill both flasks to the mark with 
ozone-free water and mix thoroughly. Mea­
sure absorbance of both solutions at com­
parable contact times of approximately 30 
to 60 min (after this time, residual man­
ganese oxides funher discolor indigo only 
slowly and the drift of absortnnce in blank 
and sample become companble) . Reduced 
absorbance in blank flask results from man­
ganese oxides while that in sample flask is 
due to ozone plus manganese oxide. 

5) Calibntion—Because ozone is un­
suble. base measuremenu on known and 
constant loss of absorbanfse of the indigo 

INORGANIC NONMETALS (4000) 

reagent {f = 0.42 ^ 0.01/cm/mg 0 , / L ) . 
For maximum accuracy analyze the lot of 
potassium indigo trisulfonate (no commer­
cial lot has been found lo deviate from / 
- 0.42) using the iodometric 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. yisuai procedure: 
\) Concentration range 0.01 to 0.1 mg-

O/L—Add 10.0 mL indigo reagent I to 
each of .two identical 100-mL graduated 
glass cylinders. Fill reference cylinder 
(blank) to the mark with distilled water 
and other cylinder with aample. Add sam­
ple to cylinder so that completely decolor­
ized zones are eliminated quickly by mixing 
but no degauing oceun. Pour off blank by 
ponions until liquid height gives the same 
apparent color intensity as the sample 
when viewed from top. Record volume in 
blank cylinder. Color comparisons may be 

. made up to 4 h afur sample adduion. 

2) Concentrations greater than 0.1 mg 
0/L—Proceed as above, adding either 30 
or 4S mL of sample and dilute to the mark. 

3) Manganese-conuining waters—The 
visual method is not suitable for these 
waters when the manganese eoneentration 
is comparable to that of the ozone because 
the difference measurement becomes too 
inaccurate. 

5. Calculations 

0. Speetrophotometric procedure: 

IOO X A<4 
mg 0,/L 

/ x * X K 

where: 
M » difference in abMrtoaoee between 

pie and blank. 
6 * path length of cdL cm. 
V » volume of sample, mL (normally 90 

mt), and 
/ - a 4 2 . 
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m 

i 

The factor/is based on a sensitivity fac­
tor of 20 000/em for the change of ab­
sorbance (600 nm) per mole of added ozone 
per liter. It was calibrated by iodometric 
titration. The UV absorbance of ozone in 
pure water may serve as a secondary sund­
ard: the factor/ » 0.42 corresponds to an 
absorption coefTicient for aqueous ozone, c 
= 2950/Af-cm at 2S8 nm. 

b. yisual procedure: 

m g O / L 
(too - IQ X t 

IOO 

where: 
y « volume of refcffttice solution in blank 

cylinder, m l , and 
li « conversion factor for indigo stock so-

.'lotion, calibraiad by a speetropboio-
mcinc analysis of oioae. Tbe value is 
aboutO.IOmgO/Lif Ihe 1:100 diluuoa 
gives an absorbance of ai9/cm. 

When adding only 4S or 30 mL of sam­
ple, the conversion factor becomes 2k or 
3fc, respectively. 

6. Precision and Bias 

a. Spectrt^hotometric procedure: In the 
absence of interfeienoes. the relative error 
is less than 5% without special sampling 
setups. In laboratory testing this may be 
reduced to 1%. 

Becauae this niethod is baaed on the dif­
ferences in absorbance between the sample 
and blank (A^) the method is not appli­
cable in tbe presence of chlorine. If the 
manganese content exceeds the ozone, pre­
cision is reduced. Ifthe n t io of manganese 
to ozone is leu 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 l.S% within the pair. If the manganese 
concentration is comparable to that of 
ozone, this method is not appiicabie. 

7. Reference 
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212 TEMPERATURE' 

1. Genera l O lscu ta lon 

Tcmpera lare readings are u ted i n the 
calcula l io i i o f var ious forms o f a lka l ln i iy , 
i n studies v l M t u r a i i o n and s laMlhy w i i h 
respect l o c a l d u m carl ionaie, i n the cal­
cu la t ion o f sa l in i ly , and h i general labo­
ra tory operal ioiM. I n l imno lo f leal studies, 
waler lemperalarcs as a runci ion o f depth 
onen are required. Elevated temperatures 
resuhing r r am dischaiges o f heated waler 
may have s ign i l can l ecological impact. 
Iden i i l l ca l ion o f source o f water supply, 
such as deep wells, o f ten is pon ib le by lem­
peraiure measuranenis a lone Industr ia l 
plants of ten require data on waler lemper­
a iure for p r o c c u use o r hea l - i ran imis ikm 
calculations. 

No rma l l y , lemperaiure measurements 
may be made w l l h any good mercury- l l l lcd 
Celsius Ihermomeier. A s a m i n i m u m , the 
Ihermomeier should have a scale marked 
for every 0.1*0. w l l h markings etched on 
Ihe capi l lary glass. The Ihermomeier 
should have a m in ima l thermal capacity l o 
permit rap id equi l ibrat ion, rer iod ica l ly 
check Ihe Ihermtmieter against a precision 
Ihermomeier certif ied by Ihe Nat ional Bu-

• A f ip raw l br Sirad«4 Mclhod. r i M i m i i i n . I f l l 

reau o f Siandardsf tha i is used w i t h its 
ccTtMeatc and eorrcc l ion chan . For field 
operations use a ihermomeier having a 
metal case t o prevent breakage. 

Dep th ICBRperalurc required for l in inul -
ogical studies may be measured w i t h a tc-
v c n i n g Ihermomeier. thermophone, or 
thermistor. The thermistor is most con­
venient and aco i ra le ; however, higher eo i l 
may p rcd i i de i ts use. Calibrate any Icm-
perainre measurement devices w i t h a Na-
Ikma l Durcau o f Standards cenif ied 
Ihermomeier before field use. Make read­
ings w l l h Ihe thermometer or device i m ­
mersed In waler Itmg enough t o permit 
complete equi l ibrat ion. Repon results l o 
Ihe nearest 0.1 o r I . ITC depending on need. 

2. Revorsing Tharmomeler 

The IhermtMiieler cnmni in i ly i i u i l for 
depth nieasuremenis Is n f i l ie reversing 
type, l l often is mounted on the sample 
col lecl inn apparatus so Iha i a waler sample 
may be obtained simullaneoiisly. Correct 
readings o f reversing ihermoineiers for 
changes due l o differences between lem-

I Smnc c i imn im i i l Ihciini i inrici i mair U »\ niiich • • I'C 
m «ini i . 

i: 

i' 

|K'r:itiire at r f«crKi l aiul leniperature al 
l ime o f itf i i i l ing. C-ilciilnle as fol lows: 

.,.|ir_-fi<?i.L!y 

X l | I ! 
( T - i ) ( / ' 4 r . n 

A-
I L 

where: 
A r = corrccliiin lo Iw iddcd il|(braicill)r lo 

ancorrcclcd reading, 
r ' ^ ancmtct-lcd i n d i n | al te«tnal. 

I ~ icmptii i i ire al vhick ihermomeier i i 
read, 

r, - inilamc of tmall bulb end of eipillary 

ap 10 (TC gndu l io i i . 
iC > con i lu l depending on relali** Iheimal 

cipantion n l mercary and glasi (anal 
value of A: • tlOO). and 

I. • nlibraliiHi cnrecclion of ihcrmometer 
dcpcndins on T'. 

I f series nhservattons ii Je it is cni i -

vcnienl lo prepare graphs lor a Ihern io i i i . 

eier l o obtain h T f rom any values o f / ' ' 

and r. 
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213 TESTS ON SLUDGES* 

This section presents a series o f tests 
uniquely appl ic iMe lo sludges or slurries. 

*A|i|>iaMd br S u n l j i J M t i k a l i CMnmillM. I N I 

The lest d.-ita are useful in designing fa i i l -
i i ies for solids separation and concenlrai ioi i 
and for assessing operational behavior, es­
pecially o f Ihe activated sludge process 

213 A. Oxygen-Consumption Rate 

1. General Discussion 

This lest is u w i l i » delermine the o iygen 
consumption rate o f a sample o f a biolog­
ical suspension luch as aclivaled sludge. It 
is useful in laUir. i tory and pilot-plant stud­
ies as well as i l l ihc operation o f full-scale 
Ircalnieni plants. When used as a routine 
plant operation icsl , it often wi l l indicate 
changes in oper.it i i ig cdiidit loi is al an early 
stage. However, hccausc tcsl coi idi i ioi is are 
nol necessarily i i lei it ic.i l to conil i t ions at 
the sampling site, the ohserveil meastiie-
inenl may noi he iilL-i>lii'al w i th aciunl oxy. 
gen consi i i i ipl ioi i rati-. 

2. Apparatus 

a. Oxygen-contumpliftn rofe i l r rn ; : -
Either: 

1) A prolie wi th an oxygen-scnsiilvi 
electrode (|wlarographic or galvanic). i<r ' 

2) A inanometric or respiromelric tli--
vice w i th appropriate re:Hloiil ami saiiiplo 
capacity o f at least 300 n i l . . The i lcm-r 
should have an oxygen Supply c:ipat;iiy 
greater than the oxygen consunipl ioi i r.iic 
o f t h e biologic:i l suspension, or al leaM l>(l 
n i g / L - h . 

b. Stoptr i i l f l i or oi l ier sii itahlc l in i iut ' •K'-
vicc. 

r. T' / i i rmnmi' i rr lo rtMil I I I ' ( I V C 
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direct sunl ight a l a l l l imes and keep f r o m 

a l l contact w l l h robber. 

4. Procedure 

a. S a m p k coMrriiML- Co l lec i an lOO-mL 

u m p l e i n a 1-L gaa washing bo l l le . 

k O iane elbsorpHan: P a n a stream o f 

pure a i r e r N | Ih roagh sample and then 

Ih raugh an ahMNber c o n t a i n i n g 4 0 0 m L K l 

•o lu l i o i i . Oon ih i i ie for S l o 10 m i n a l a rate 

o r o . 2 l o 1.0 L / m h i t o insure that a l l ozone 

h swcpt- f rDm u m p l e and absorbed in K l 

INORGANIC NONMETALS (400| 

e. T i i t a t h n : TransTer K l solut ion l o a I -

L beaker, r i m e abso ibe i . and add 10 m L 

t M HJSO, l o icd i ice p l l b d o w 2.0. r i i r a i e 

w i t h a o O S M N a , S ^ , l i i r a n i un t i l y d h i w 

co lor o f l iberated k id ine almost is dis­

charged. A d d 4 m L aiarck indicaior se-

I n l h M and oont in i ie l i l r a l i n g careftt l ly but 

rapidly l e t he c w l po in t , a l wh ich Ihe blue 

co lor Just disappeart. L o n g conlac l o f io -

d ine and s u r a h develops a blue compound 

t h a i b d i O o t l l t e dceo lo r i ie . The end point 

n a y be detennined anipeio i i ie l r ica l ly as 

described h Seelkm ¥ t l C . 4 b eaccpl t ha i 

N a , S A can be used «s i he l i l n n l . Other 

pnMcdnrcs given i n Section 40g for meas-

u n n g imn i ie may be used. 

d. B lank tes t Ctoncc l u m p l e l i l r a l i on 

rcsnh by determin ing U a n k cohl r ibuted by 

such reageni impur i t ies as free iodine o r 

kidaie i n K l . o r traces o f reducing agents 

that might reduce l iberated iodine. 

Take 400 m L K l sn lu l i im , 20 m l . \ N 

l l j S O u and 4 m L starch indicaior solut ion. 

Per form whichever b lank i h ra l i on bekiw 

applies: 

1) I f a b lue co lor appears, l i i ra le w h h 

O.OOSM N a ^ O i *o dhappcarance o f blue 

and record rcsuJi. 

2) i r no blue cofor appears, t i l ra ie w i t h 

O.IMSM Iodine solut ion un t i l a blue color 

appears. Back- l i l ra te w i t h COOSiU N a , S , n , 

l o disappearance and record difference. 

Before calculat ing ozone concenlrai inn 

subtract b lank l i l r a l i on in % 4^1) f rom sam­

ple l i l r a l i nn . o r add result o f 1 4</2) above. 

S. Calcu la l ion 

• l i o , / L -
{A i a \ x U x 14000 

m l . sampk 

when: 
A > m L ihram taa sample, 

B ~ m L li lrani flw Maak (pniiiicc aa Mg-

ali<wKaiid 
U - aaakatitf t l Na,S,0. . 

8. bi tarpretaHon o f ResuNs 

The precision e t the Icsl is w h k i n 1 1 % 

for conecnira i ions o f J m g O / L o r greater. 

However, rap id decrease o f Ike residual oc­

curs i n I k e t ime efapsing between u m p l i n g 

and les img. Temperature also is an impor ­

tant h c t e r i n I ke decrease. 
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423 pH VALUE* 

Measurement o f p l l is one o f the most 
imp i i nan i and frequently used tests i i i 
waler chemistry. Practically every phase n f 
waler supply and wastewater treatment, 
e.g.. acid-base neuira l izal ion. . waler soft­
ening, precip i la l ion, ct iagi i lal ion. disinfec­
t i on , and cn r rm inn c iml ro l . Is p l l -
depemlcnl. p l l is used in alkal ini ty and 
carbon dtoaide measurements and many 
other, acid-base equi l ibr ia. A l a given lem­
peraiure Ihe ini tHsi iy o f Ihe acidic or basic 
character o f a solut ion is indicated by p l l 
o r kydrogen ion act iv i ty. A lka l in i ty and 
acidi ty are the acid- and base-neulralizing 
capacities « f a waler and usually are es-
prcssed as mi l l igrams CaCO, per l i ter, 
buffer capacity is the amount o f strong acid 
o r base, usually eapresscd in moles per l i ter, 
needed i n change the p l l value o f a 1-L 
sample by I uni t , p l l as dcfineil by Sor-
enson' is - l o g (11*1: i t is the " i n i enshy " 
factor o f acidi ty Pure water is very sl ightly 
ionized and at equ i l ib r ium the ion product 

|lin<iM I A. 

n i l . Ml " ai 2VC' I I I 

and 

I I I I l u l l I 

1(11^ . I l l ' 

where: 
| l l * I . l i ' l l k l l \ i l l l i t . l l i i f * i - l l liill%. l l l i i l t ' s / l . . 

| l l l l | . ' aL'li.ily Iif hviliiii>li>Hiv ni i i lc \ / l . , ami 
K. i i i i i | i i i>i| i ikl III w.' i lr i 

*Ap| i | . i . l . l 1*1 M.III.I.II.I M. it . | I I lrr 1*.^* 

Ilecause o f ionic inieraclions in a l l b i l l 
very d i lu te sol i i l i ims, i l is necessary t o use 
Ihe " a c i i v i t y " o f an ion and not its molar 
concenirat ion. Use o f t he term p l l assumes 
thai the aci iv i ty o f Ihe hydrogen ion , a „ , . 
is being considered. The approx imai r 
equivalence Ic* molar i ty, ( I I ' | can be pre­
sumed on ly in very di lute solutions ( ionic 
strength < 0 . l ) . 

A logar i thmic scale is convenieni for ex­

pressing a wide range o f ionic acllvi i ies. 

E q u a l i m I i n ktgari lhmic f o rm and cor­

rected l o reflect activity is: 

| - l i i g -a« -» • ( - l i « .* . . i ) - 14 (21 

pl l * pOM >• pA'. 

where: 
p l l t - - h i g . a . * and 

pOII - - b g i . a „ H . 

l-«|ualiiui 2 st'ales thai as p l l incre.-ises p O I I 
decreases correspondingly and vice versa 
Itecaiise \ tK . is constant for a given tcin-
| ieral i i rc A l 2S*C, p l l 7.0 is i ie i i l ra l . the 
activities o f the hydrogen and hydroxyl 
ioiis .ire equal, and each corresponds lo an 
appiox i inale activity o f 1 0 ' ' mo les /L The 
i ic i i l ra l |Niinl is icmperalure-ilependcnt and 
is p l l 7.S al a c ami p l l 6.S al M C . 

11ll' p l l value of a highly di lute solution 

IS appioxi inale ly the same as ihc negative 

c i in i i i ion higar i lh i i i of the hydrogen inn 

concentrat ion Natural waters usually have 

p l l values i l l the range o f 4 to 9, anil most 

l | l i l l Ml"!! lli 'N I..,' I l l . I l t i i n l . i 
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ment yel devised wil l duplicate Ihe results 
obtained on the Jackson candle turbidi­
meter for all samples. Because of funda­
mental differences in opiical systems, Ihe 
resuhs obuined with differeni types of sec­
ondary instruments frequently will not 
check closely with one another, even 
though the.instruments are precalibraled 
against the candle lurbidimeler. 

Mosi commereial turbidimeters avail­
able for measuring low lurbidilles give 
comparatively good indications of the In-
tensity of light scattered in one panicular 
direclkin, predominantly al right angles lo 
Ihe incident light. These ncphelonielers are 
unaffected relatively by small changes in 
design paramelera and therefore are spec-
ifled as Ihe standard instrument for meas­
urement of low turbidities. Nonstandard 
turbidimeters, such as forward-scallering 
devices, are more senshive than nephelo-
meien to Ihe presence of larger panicles 
and are useful for process monitoring. 

A further cauu of discrepancies in tur­
bidity analysis is Ihe use of suspensions of 
differeni types of particulate matter for Ihe 
preparation of faislrumenlal calibratitm 
curves. Like waler umples, prepared sus-
pensitms have different opiieal propenies 
depending on the particle size dislributions, 
shapes, and reftaclivc Indices. A standard 
reference suspensiim having reproducible 

lighl-scatieriiig properties is specilicd for 
nephelomeler calibration. 

Because there is no direct relationship 
between the intensity of light scattered al 
a 90" angle and Jackson candle turbidity, 
there is no valid basis for ihe practice of 
calibrating a nephelomeler in terms of can­
dle units. To distinguish between turbidi­
ties derived from nephelometric and visual 
methods, report Ihe results from the former 
as nephehimetric turbidity units (NTU) 
and from the latter as Jackson turbidity 
unhs (JTU). 

1. Scleclton of Method 

lis greater precisian, sensitivity, and 
applicability over a wide lurbidily range 
make Ihe nephelomclric method preferable 
to visual methods. The candle lurbidime­
ler, with a tower limit or2S lurbidily units, 
has hs principal usefulness in examining 
highly lurbid waien. The bottle standards 
offer a practical means for checking raw 
and condilitmed waler at various stages of 
Ihe treatment procen. 

2. Storage o l Sampto 

Delermine lurbidily on the day ihe sam­
ple is taken. I f tonger storage is unavoid­
able, store umples in Ihe dark for up lo 
24 h. Do not store for long periods because 
irreversible changes in lurbidily may occur. 
Vigorously shake all umples before ex-
aininalhin. 

214 A. Nephelometric Method—Nephelometric Turbidity Units 

1. General Discussion 

a. Principle: This method is based on a 
cimiparison of Ihe inienshy of light scat­
tered by the umple under delned condi­
tions with Ihe intensity of light scattered 
by a standard reference suspension under 
Ihe same conditions. The higher Ihe inien-
sily of scattered light, Ihe higher the lur­
bidily. Formalin polymer is iisetl as the 
reference lurbidily standard suspension, l l 

is easy lo prepare and is more reproducible 
in its lighl-scailering properties than clay 
or lurbid natural waler. The lurbidily o fa 
speciKed conceniralion of formazin sus­
pension is deHned as 40 nephelonieiric 
units. This suspension has an approximate 
lurbidily of 40 Jackson units when meas­
ured on the caiiille lurbiiliiiietcr: theirfore. 
nephekiiiieti'ic tiiiliidity units based tm Ihe 
formazin preparation will approximate 

uiiiis derived from ihc candle turbidiiiieler 
but will not lie iilcntical lo them. 

b. Inierfvrencv: Turbidity can be deter-
mined for any water sample Ihai is free of 
debris ami rapidly sellling coarse sedi­
ments. Dirty glassware, the presence of air 
bubbles, and Ihe effects of vibrations that 
disturb the surface visibility of Ihe sample 
will give false results. "True color," that 
is, waler color due lo dissolved substances 
thai absorb light, causes measured turbid­
ities to be low. This effect usually is not 
signiScant in the case of treated waler. 

2. Apparatus 

a. Turbidimtier consisting of a nephe­
lomeler with a hght source for illuminating 
ihe sample and one or more photoelectric 
detectors wilh a readout device to indicate 
intensity of light scattered at 90* lo the path 
of incideni light. Use a turbidimeter de­
signed so Ihai little stray light reaches the 
detector in the absence of lurbidily and free 
from significant drift after a short warmup 
period. The sensitivity of the inslrumcnl 
should permit detecting turbidity differ­
ences of 0.02 NTU or less in waters having 
lurbidily of less than I NTU wilh a range 
from 0 lo 40 NTU. Several ranges are nec­
essary lo obtain both adequate coverage 
and suilicienl sensitivity for low turbidities. 

Differences in turbidimeter design will 
cause differences in measured values for 
lurbidily even though Ihe same suspension 
is used for calibration. To minimize such 
differences, observe Ihe following design 
criteria: 

1) Light source--Tnngsten-filamenl 
lamp operaled al a color lemperaiure be­
tween 2200 and JOUCK. 

2) lliftiaiice traversed by incideni liglil 
and scattered light within Ihe sample 
lube—Total not lo exceed 10 cm. 

3) Angle of light acceptance by detec­
tor—Centered al 90* to the incident light 
path and not to excceil :t JO* from 90*. The 
detector, ami nilcr systrni if iisril, sh,ill 
have a s|if«liut |ir.iL irs|iiiiiM- IH-I«I ' I ' I I -IIXI 
and tt*.) nm. 

6. Sample luhft. clear colorless glass. 

Keep lubes scrupulously clean, both inside 
and out, and discard when they become 
scratched or etched. Never handle them 
where Ihe light strikes them. Use lubes wilh 
suilicienl extra length, or with a protective 
case, so that they may be handled properiy. 
Fill lubes wilh umples and standards that 
have been agitated thoroughly and allow 
sufficient lime for bubbles lo escape. 

3. fleagenis 

a. Turbidiiy-frtt waier Turbidily-free 
waler is difficult to obtain. The following 
method is satisfactory for measuring lur­
bidily as low as 0 02 NTU. 

Pass distilled waler through a membrane 
filler having precision-sized holes of 0.2 
pm;* the usual membrane filter used for 
bacteriological examinations is nol satis­
factory. Rinse collecting flask at least twice 
wilh filtered water and discard the next 200 
mL. 

Some commercial bottled demineralirccl 
waters are nearly particle-free. These may 
be used when their turbidity is lower than 
can be achieved in Ihe laboratory. Dilute 
samples lo a turbidity not less than I with 
distilled waler. 

b. Stock turbidity tutpension: 
1) Solution I—Dissolve 1.000 g hydra, 

zine sulfate. (NII,),- l ! ,SO.. in distilled 
waier and dilute to IOO mL in a volumetric 
flask. 

2) Solution I I-Dissolve 10.00 g hexa. 
methylenetelramine, (CII,),N.. in distilled 
water and dilute lo IOO niL in a volumetric 
flask. 

)) In a lOOmL volumetric flask, mix SO 
niL Solution I and 5.0 riiL Solution I I . Let 
stand 24 h al 2S ± 3*C. dilute lo mark, 
and mix. The turbidity of this suspension 
is 400 NTU. 

4) Prepare solutions and siispcnsiiins 
monthly. 

r. Standard lurbidily siispcntion: Dilii lr 
10.00 m l . Slock turbidity suspension to KNI 
m l . wilh liirl'idily-frre water. Prr|i:irr 

-Nuclrpiirc (%ir|«if j i inn, TIIIS (.imiiiiciir Ci i t l r . rir.i% 
•ninn. Ca l i l , f i i n j i i i . i t r i i l 
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dally. The lurbidily of Ihis suspension is 
defined u 40 NTU. 

d Alternate standards: As an ahemative 
lo preparing and diluting formazin, U M 
commereially available standards such as 
siyrene divinylbenzene beads t i f they are 
demonslralcd lo be cquivaleni In freshly 
prepared formazin. 

e. Dilute turbidity standards: Dilute por­
tions of Standard lurbidily suspension whh 
lurbidily-free water as re(|uircd. Prepare 
daily. 

4. rmceoure 

a. TkrbUimeier eallbmihn: Foltow Ihe 
manufaclHRr'a operating instnclhms. In 
4he absence o f a piecalibratcd scale, pre­
pare caKbralkm curves fer each range of 
tke kistrument. Check accuracy of any sup­
plied caNbralion scales on a pieealibraied 
insttumcnt by using appropriate standards: 
Run at kast one standaid In each instru­
ment range to be used. Make certain ikat 
luiMdimeler gives stabk readings hi all 
sensitivity rangea used. Higk lurbfaHlies tie-
lermfaied by direct neasuremcnt are likely 
lo diBkr appreciably from ikow determined 
by tke dilulfoii tedmique. 14«. 

A Measuremeni e f tmrhUMa lets than 
40 VVFU- TlKMaughly shake umple. Wait 
unti l air bubbka disappear and pour u inple 
into _ tnrbMimeler tube: When possible, 
pour shaken umple into turbidiiiieler lube 
and immerse it in an ultrasonic balk for. I 
lo 2 s, causing complete bubble release. 
Read lurbidily directly from inslrumcnl 
scale or from appropriate calibralitm curve. 

r. MMiuremMr i f lurbUities above 40 
NTV: Dilute umple with one or more vol. . 
umes of turbidity-free waler until turbidity 
falls between 30 and 40 NTU. Compute 
lurbidily of original sampk from lurbidily 
of diluted sample and the dilution factor. 

t A M C O . A I i r A . | Slandaid. Adnncci l r u l r n n SjrMcam 
I H B C l l sMa A* t . . RcdMad Chr . CaNT. 
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For exampk, i f Ive volumes of lurbidily-
free water were added lo one volume of 
umpfc and Ihe diluted umple showed a 
lurbidily of X) NTU. then Ihe lurbidily of 
Ihe original u m p k was 180 NTU. 

d. Calibrate conlinuoiis lurbidily moni­
tors for low lurbidilles by determining lur­
bidily of the water entering or leaving 
them, using a laboralnry-moiiel lurNdi-
meier. When Ihis is nol possible, use an 
appropriate dilute lurbidily standard, f Je. 
For lurbidilics above 40 N T U use undi­
luted Slock solution. 

S. CikulaMon 

NcpMamclrie taiMdity anils (NTU) 

_ <l X (B • C) 
C 

A - NTU feand ta ditaitd sampk. 
a • wtaaN BT dBaitaii water, m l , and 
C - umple adbaam taken fer ditaitan. mL. 

- a. Repon turMiihy leadings as follows: 

' Rtpon M the 
TniWdiiy Range 

MTp 

a-%a . 
I-IO 

10-40 
40-100 

IOO-400 
400-1000 

>IO0O 

Nearfsi 
mu 

001 
A l . 
1 
1 . 

10 
10 ' 

too 

b. For comparison o f water irealmeni 
efficiencies estimate lurbidily more ctotely 
Iban is spcciflcd above. Uncertainties and 
discrepancies in lurbidily measurements 
make i l unlikely that Iwo or more labO: 
ralorics wil l duplicate results on the same 
sample more closely than spccifird. 
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214 B. Visual Methods—Jackson Turbidity Units 

I . General Oiscusston 

a. Principle: Turbidity measurements by 
Ihe candle lurbidimeler are based on Ihe 
light palh through a suspension that jusi 
causes Ihe image of ihe flame t i fa standard 
candle lo disappear—thai is, lo become in-
dislinguishable against ihe general back­
ground illumination—when the flame is 
viewed through Ihe suspension. The longer 
Ihe light palh. ihe lower the lurbidhy. 

b. Interference: Turbidhy can be deter­
mined for any waler sample that Is free of 
rapidly seliUng debris and coane sedi­
ments. Dirty glassware, the presence of air 
bubbles, and Ihe elfects of vibralioni thai 
disturb the surface visibilhy of the umple 
give false resuhs. 

2. Apparahis 

a. Candle lurbidiiheter consisting of a 
glass lube calibrated according to Tabk 
2I4:L a standard candle, and a support that 
aligns candle and lube. The glass tube and 
candk arc supported in a vertical positton 
so that Ihe center line, of the lube passes 
through Ihe center line of the candle. The' 
candle is supported by a spring-loaded cyl­
inder designed to keep the lop of Ihe candk 
pressed against Ihe lop of the support as 
Ihe candle gradually bums away. The lop 
ot Ihe support for the candle is 7.6 cm 
below Ihe bottom of the glass lube. The 
glass lube has a flat, polished optical-glass 
boilom and conforms lo specificalitms for 
nessler lubes given in Section 102.6. l l Is 
graduated lo read directly in JTU. Keep 
lube clean and free from scratches. Keep 
miMI of glass lube enclosed whhin a metal 
lube when observations are being made, 
both to protect against breakage and lo 
exchide extraneous light. 

Use a candle made of beeswax and sper­
maceti, ilesignrd in Inirn within the limits 

of 114 to 126 grains/h. To insure uniform 
resuhs, keep flame as near constant size 
and constant distance from bottom of glass 
lube as possible by frequently trimming 
charred portion of Ihe wick and making 
sure thai Ihe candle is pushed to the lop 
of hs support. Eliminate all drafts during 
measurements to prevent flame fnmi flick­
ering. Do nol burn candle for more than 
a few minutes at a lime because the flame 
tends lo increau in size. Before lighting 
candle each lime, remove any portions of 
charred wick that can be broken off easily 
when manipulated with Ihe Angers. 

A Bottles for visual comparison: A 
matched set of l-L-capacily. glass-siop-
pered botiltis made of borosillcale or other 
resistant glass. 

3. Preparatton of Standard Suspenatons 

a. Turbidily-free aMer: See. Section 
2l4A.la. 

b. Itsual comparison standards: Prepare 
from natural luibid water or kaolin. 

1) Natural water—For best resuhs, pre­
pare from natural lurbid water from the 
ume souree as that lo be tested. Delermine 
lurbidily with candk turbidimeter, then di­
lute portions of suspensiim to turbidity val­
ues desired. 

Weekly prepare suspensions of turbidi­
ties below 2S unit's by diluting a freshly 
checked, more concenlraled suspension. 

2) Kaolin—Add approximately S g ka­
olin to I L distilled water, thoroughly ag-
hale, and let stand for 24 h. Withdraw 
supcmaiani whhout disturbing sedjmenl. 
Determine lurbidily with candk turbidi­
meter. Dilute lo turbidity values desired. 
Preserve standard suspensions by adding 
I g l lgCI | /L suspensioii. Shake suspen­
sions vigorously before each reading and 
check nKiiilbly with candle li i i l i idinirlei. 
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cral hours lake sample, add K l . and 
measure liMal chlorine whh a cotorinieiric 
method using a nesskr lube lo increase 
sensiiiviiy. Do nol use before ks l trace of 
free and combined chtonne has been re­
moved. 

Distilled waler commonly contains am­
monia and also may contain ledndng 
agents. Collect gobd-qualily distilled or 
deionized water in a sealed conuiner from 
whkh water can be drawn by gravity. To 
Ihe air faifcl of lhe container add an l l ,SO, 
trap consisting ofa hirge l a i lube half flikd 
whh I -f- I H,SO, connected in series wi lh 
a simikr but empty tcsl tube. Fi l both lest 
tubes wilh sioppen and ink l lubes termi­
nating near the bottom of the. lubes and 
outlet lubes lerminating n u r the top of Ihe 
lubes. Connect ou tk l lube of I n p contain' 
ing l l , 9 0 . to Ihe disl i lkd water eonlainer, 
connect i nk l lobe le oulkt of empty test 
lube. The empty leal lube wil l prevent dis­
charge lo Ihe atmosphere of f l,SO. due to 
temperature-induced preuure changes. 
Stored in such a eonlainer, chlon'ne-de-
mand-free waler is stabk for several weeks 
unleu baclerial grawlk occurs. 

4. Procedure 
a. Prtparatbih fbr litnuhm: 
I ) Volume of sample—For chlorine con­

centrations of 10 mg/L or less, ihrate 200 
mL. For greater chlorine concenlnltons, 
use proportionately less u m p k and dilute 
lo 200 mL whh chtorine-demand-free 
waler. Use a sampk of such size ihal not 
more than 10 mL phenylarsine oxide so­
lution is required. 

2) Preparatton for titration-Measure S 
niL 0.005 6 4 ^ rcduciani for chlorine con­
centrations from 2 to S mg/L, and 10 mL 
for coiicenlraifotis of 5 lo 10 mg/L, into a 
flask or casserole for titration with stand­
ard iodine or iodale. Slarl stirring. For l i ­
lralion by amperomeiry or standard iodine, 
also add excess K l (approximately I g) and 
4 mL acelale buffer solution or enough to 
reduce Ihe p l l to between 3.S and 4.2. 

A l l l ra i i tm: Use one of the following: 
I ) Amperometrie li lraliim—Add 

0.0282/V iodine ihrani in small incremenis 
from a l -mL buret or pipel. Observe meter 
needle response aa iodine is added: the 
pointer remains practically siaiionary until 
Ihe end point is appriiachcd, whereupon 
each iodine increment causes a temporary 
deflection of Ihe mkroammcler, whh the 
pointer dropping back lo its original po­
sition. Slop lilralton al end point when a 
small increment of iodine li irani gives a 
deflniie pointer deflection upscale and Ihe 
pointer does not return promptly lo its 
original position. Record volume of iodine 
l l l rani used le reach end point. 

2) CotoriflMrie (iodine) l i i ra i ton-Add 
I mL stareh solulton and ihraie wilh 
OJOinn iodine lo the flrsi appearance of 
blue cotor that pcnisis after compkle mix-
tog. 

3) Cotorimelric (iodaiej l i l ra l ion-To 
suitable flask or casserok add 200 mL 
chlorine-demand-frce waler and add, whh 
agitation. Ihe required volume of reduc-
lani, an excess of K l (approximalcly 0.S 
g). 2 mL 10% l l iPO, solution, and I mL 
stareh solulton in the order given, and t i ­
trate immediately* wilh O.OOS 64A' iodale 
solution lo Ihe flni appearance of a blue 
color that persists after complete mixing. 
Designate volume of iodale solution used 
as A, Repeal procedure, substituting 200 
mL sampk for Ihe 200 mL chtorine-dt-
mand-free water. I f simple is colored or 
lurbid, lilrate lo the first change in color, 
using for comparison another portion of 
sample wilh l l ,PO, added. Designate Ihis 
volume of iodaie solution as B. 

• ' •• . 

• ; , 

*• 

S. CalcuLilioii 

a. Titration with \t,imliird ioiline: 

i 

•Tiiraim. ni l , ta .1,1,,^ .p m |o .ihoui appit. 
c»M( «a<ir If II.PO. ii «H .M,d mnKdianl, Mo t 
l i i i u i iM . ' 

ms Cl as Cl, / I . -

where: 

IA - sa) X IOO 

^ « mL eons 64.V rciluclinl. 
a - mL 002I2.V l „ and 
C - mL umpk. 

fr. Titration with ttond,inl iitJjtv: 

_. „ „ {A - ») X IOO 
ait Cl ai a , / L = 

where: 
A - mL N(,S,0„ 
f * mL iodale required lo lilriie Na,S,Oi, 

and 
C •> mL tample. 

408 C. Amperometrie Titration Method 

t. General Discussion 

Amperometrie titration requires a higher 
degree of skill and care than Ihe cotori­
melric liielhiNls. Chlorine residuals over 2 
mg/L are measured best by means of 
smaller samples or hy dilution with water 
Ihal has neither residual chhirine nor a 
chlorine deniiiiid. Ihe method can lie used 
lo delermine lolal chtorine and can dif­
ferentiate between free and combined 
chforine. A further differenlialton into 
monochloraniine and dichloramine frac­
tions is possible by control of K l concen­
iralion and p i l . 

a. Principle: The amfierometric niethod 
is a special adaptation of the polarographic 
principle. Free chlorine is titrated at a p l l 
between 6.5 and 7.5, a range in which Ihe 
combined chlorine reacts slowly. The com­
bined chlorine, in lurn, is liiralcd in the 
presence of the pro|K-r aiiioniil of K l in the 
pif range 3.5 Iu 4.5. When free chlorine is 
delerniined, the p l l musl not be greater 
than 7.5 because the reaction becomes slug­
gish at higher p l l values, nor less than 6.5 
because al lower p l l values some combined 
chlorine may react even in ihe absence of 
iodide. When combined chlorine is deter­
mined, the p l l must nol be less than 3.5 
because substances such as iixidi/cd man­

ganese interfere at lower pH values, nor 
greater than 4.3 because Ihe iodide reactton 
is not quantitative al higher p l l values. The 
tendency of monochloramine lo read more 
readily with iodide than does dichloramine 
provides a means for furlher differentia-
lion. The addition ofa small amount of K l 
in Ihe neutral p l l range enables estimation 
of monochloramine content. Lowering Ihe 
p l l into Ihe acid range and increasing Ihe 
K l concentration altows the separate de­
termination of dichloramine. 

Organic chloramines can be measured as 
free chlorine, monixhioramine. 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 ritacls with two 
equivalents of halogen. A special ampero­
metrie cell is used to detect the end point 
ofthe residual chlorine-pheiiylarsine oxide 
lilralion The cell coiisisis of a iion|M)l:ir. 
ir.ahle refeience electrode that is iniinerscil 
in a salt soliilioii and a readily polarizablo 
noble-nielal electrode thai is in conlacl 
holh with Ihe salt solution and ihe sample 
being titrated. In some applications, end-
point selectivity is improved by adding 
+ 200 mV to the platinum electrode versus 
silver, silver chloride. Anoiher approach lo 
eiiil-piiiut (Iclcclion uses ilii.il plaliiinni 

m 
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ekclrodes, a mereury cell wi lh voltage di-
. vider to impress a potential across Ihe elec-
• trades, and a micrbammeter. I f there is no 

chtorine rcsMual in the u m p k , Ihe mi-
CToammeter leading wil l be comparatively 
tow becauw of cell pobrizaiton. The 
grater Ihe residual. Ihe greater tke mi-

• eroammeter reading. The meter acts 
merely as a null-point indkatar-r-thai is, 
Ihe actual meter reading is nol important, 
but rather the reklive readings u the j i -
i n i i on proceeds. The gradual addilkin o f 
phenylarsine eakle .causes the oel| lo be­
come more imd more jtofarirerf because o f 

. Ihe decreau hi chtorine. T IM: end point is 
. iKogniaed when ne funker decreau (H ih'e-
ter reading can be obuined by adding more . 
pheiiylaisine oiMe.-

. . 4 /ei»i:^rwte:-Accuraledetennlnallons 
oflree chtorine cannot he made hi ihe pres­
ence of nitragen trichloriile. N a ^ or chio-. 
f ine dfoahle, whkh titrate partly as free 
chlorine. Wlieii present. NCI | can titrate 
panly as free, chtorine and partly as d i -
chtoramine. obniributing a positive error in 
both fractions. Some orgauk chtoramines 
ako can be titrated in each step. Mono-
chtoramine can intrude into the free chto­
rine fractton and dfehtoramtoe can inter-
Kre in the . wunochtoi amine fracliim. 
especially at high lemperaiurcs and pro-
tonged li lralton times. Free haloffens other 
than chtorine also wil l ihraie u free chto­
rine. Combined chlorine reacts whh todide 
ions to produce iodine. When lilralion for 
free chlorine foltosn a combined chtorine 
Ihraiton, which requires addition of K L 
erroneous results may occur unless the 
measuring cell is rinsed Ihoniughly with 
distilled water between titrations. 

'Inierference from copper has been noted 
in samples taken from copper pipe or after 
heavy copper sulfate Irealmeni of reser­
voirs, with metallic copper plating out on 
Ihe electrode. Silver ions also poison the 
electrode. Interference occiii in some 
highly colored waters nnd ,.. «alcri> con­
taining surface-active a|;(iit% Very low 

INORGANIC NONMETALS (40(l| Jifj 

• B* 

temperatures stow response of measuring ^, 
cell and longer lime is required for Ihe iiA 
Ihraiton. but precision is nol affected. A 
rcduelion in reaction rale is caused by ptf 
values above 7.S; overcome this by buff, 
ering all umples to pH 7.0 or kss. On Ihe 
other band, some s'ubslanoes, such as man* 
ganese,.nilrile, and iron, do not Interfere. 

' The vtoleni stirring of some commelcial 
l i i ra ion call tower chtorine values by vol-
aiili<aiton.:When dilution is used for u m -
pks containing high chlofiiie content, uke 
care that the diluitoii waler is free of chlo­
rine and ammonia and possesses no chto­
rine demand. 

See 40g.l for a discusston of other in-
terfiirencea. 
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2. Apparahis , . 

• . a. End-point deiaelion apparotin con-' 
. sn i i n i o f a cell unit connected lb a mi-

croamnietera wi lh necesury eketrical 
acccssoriea. The cell unit itwiudes a noele-
inetal electrode of suRkknl suiface area, a 
u h bridge to provide an ekcirkal connee-
tton without diffusfan nf ekclrolyle, and a 
reference electrode of silver-silver chtorhfe 
in a u t u n t e d sodium chtoride solulton 
connected hi io the circuit by means of the 
u h bridge. 

Keep nobk-ffldar ekclrmk free of de­
posits and foreign matter. Vigorous chem­
ical cleaning generally is unnecesury. 
Occasional mechanical ckiiii ing whh a 
suitable abrasive mu»ny is liilKcieiH. Keep 
u l l bridge in good operating condition; do 
not allow it lo become plugged nor pennit 
appreciable flow of ekclrolyle through i l . 
Keep sotolion surrounding reference elec­
trode free of conlaminaiion and niainiain 
i l at cnnsiani conipiisiiinn hy insuring an 
adequate suppjy of undissidved sail at all 
limes. A cell wilh two metal electrodes po­
larized by a small DC poieiilial also may 
be used. (See ftibliography) 

h. Agitator, designed to give aileqiiate 
agitalioii al the nohleimial elcctrtule sur-
t icr III insure priifH-r srnsiiivily Tbor-

f 

ouglily clean a|<ilator and exposed 
electrode system to remove all chlorine-
consuming contaminants by immersing 
Ihem in water containing I to 2 mg/L free 
chtorine for a few minutes: Add K l to Ihe 
same waler and let agitator and electrodes 
remain immersed for 5 min. After thor­
ough rinsing with chlorine-demand-free 
waler or ihe sample lo lie tested, sensitized 
electrodes and agitator are ready fur use. 
Remove iodide reagent completely from 
cell. 

c Buret: Commercial t i l ra lon usually 
are equipped wilh suhable burets ( I ml.). 
Manual burets are available.* 

d. Glassware, exposed to waier.conlain-
ing at least 10 mg/L chlorine for 3 h or 
more before use and rinsed whh chlorine-
demand-free waler. 

3. Reagehls 

a. Standard phenylarsine oxide liirani: 
See Method 40lB.3a. 

A Phosphate buff, • i.'luiion. p l l 7: Dis­
solve 23.4 g anhydrous KH.PO, and 34.1 
g anhydrous Na,IIPO. in 800 mL distilled 
water. Add. 2 mL sodium hypochlorite so­
lution containing I9» chkirine and mix 
thoroughly. Proieci from sunlight for 2 d. 
Determine ihal free chtorine still remains 
in Ihe solulion. Then expose to sunlight 
until no chlorine remains.' I f necessary, 
carry out the final dechlorination wilh an 
uhraviolel lamp. Delermine Ihaf mi Itrtal 
chlorine remains by adding K l and meas­
uring wilh one of the coloriinetric tests. 
Ddutc 10 I I. with distilled water and filter 
if any precipitate IS present. 

f. /'(iloftiiini lOi/ii/r sohition: Dissolve SO 
g K l and dilute to I I. iviih freshly boiled 
and ciiolcil distilled ualer Store in ihe dark 
in a brown glass sioppriid bollle, prefer, 
iibly in the rcfiigcrainr. Discard when so. 
hiliiHi becoiiics yellow 

• K i n u , I M i l l I 
l.-lril.! I l l 

^ M.I 
'•I • 

l.iii iMr l'i...|... K l l .« l in< 

d. Acelale buffar ulution. pll< 4: See 
Method 4080 3e. 

4. Procechire 

a. Sample aolume: Select a umple vol­
ume requiring no more ihan 2 mL phen­
ylarsine oxide li irani. Thus, for chlorine 
conceniraliitns of 2 mg/L or less, take a 
200-mL sample; for chlorine levels in ex­
cess of 2 i i ig/L, use IOO mL or propor­
tionately less. 
. b. Free chlorine: Unless u m p k - p l l is 
known IO be between 6.S and 7.5, add 1 
mL pH 7 phosphate buffer solulton lo pro­
duce a p l l or6.5 to 7.5. Thraie svilh stand­
ard phenylarsine oxide l i i rani, observing 
current changes on microammetcr. Add l i ­
irani in progressively smaller increments 
until all needle movement ceases. Make 
successive buret readings when needle ac-
Iton becomes sluggish, signaling approach 
of end point. Subtract last very small in-
cremeni thai causes no needk response bc: 
cause of overtilr.iiiiiii 

Continue lilrating for combined chlorine 
as described in f 4c below or for Ihe sep^ 
arale monochloramine and dichloramine 
fractions as detailed in ^t 4e and 4/. 

c. Combined chlorine: To sample re­
maining from free-chlorine lilralion add 
1.00 m l . K l solution and I mL acetate 
buffer solulion. in thai order. Titrate with 
phenylarsine oxide tilrant to the end point, 
as above. Do nol refill Imrel but simply 
continue titration after recording figure for 
free chlorine. Aga.in subtract last incrcmeni 
lo give amount of tilrant actually used in 
te:iclion with chlorine. ( I f titration was 
continued wilhoui refilling buret, this fig 
ure represents lolal chlorine. Subtracting 
free chlorine from total gives conibinril 
chlorine.) Wash apparatus and sample cell 
thoroughly lo remove iodide ion lo avoiil 
in.iccuracics when Ihe litrator is iiseil sub. 
seqiienily for a free chlorine dcierniinaiion 

d Srpiiralf iiimplei If desired, dcicr 
iiiinr Inlal chlorine ami fiec chlorine mi 
sr|i;ii.ilr siiiii|ili-s If s:iiii|ilr p l l is lu-lurrii 
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3.5 an d total chlorine alone is re­
quired, iicai sample immcdialely with I 
niL K l solution followed by I niL acelale 
buffer solulion, and liirale with phenylar­
sine oxide li irani as described in f 4r pre­
ceding. 

e. Monechhntmlne: After titrating for 
free chtorine, add 0.2 inL K l solulion lo 
same sample and. wil l ioii i rcfiiling biirel, 
continue lilralton wilh phenylarsine oxide 
liirani locnd point. SiibtracI last Increnieni 
lo obtain net volume of l i irani consumed 
by monochtoramine. 

/ OicAlbrnminr.-Add I mL acelale buffer 
solulton and I m L K l solulion to same 
sample and lilrate final dichtoramine frac­
tion as described above. 

S. Calculation 

Convert individual titrations for free 
chlorine, combined chlorine, total chlorine, 
monochtoramine. and dichloramine by the 
following equation: 

mg t ' l j ! . ( - | , / | . .1 \ im 
ml . u i i ip l r 

where: 

-« - mL phenylarsine oxide titralim. 

6. Precision and Accuracy 

See 408A.S. 

408 D. DPD Ferrous Titrlmetric Method 

t . General Discusalon 

a. Principle: N,N-dielhyl-p-phenylene-
diamine (DPD) is used as an indicaior in 
Ihe tilrimelric procedure whh ferrous am­
monium sulfate (FAS). Where complete 
dinerenliation of chtorine species h noi re­
quired, Ihe procedure may be simplified to 
give only free and comUned chlorine or 
lolal chtorine. 

In Ihe absence of iodide ion, free chtorine 
reacts instantly with DPD indicator lo pror 
duce a red cotor. Subsequent addition of a 
small amount of todhle Ion acts catalyli-
cally lo cauM monochtoramine tb produce 
cotor. Addhton of todide Ion lo excess 
evokes a rapid response from dichloramine. 
In the presence of todide ion. part of the 
nitragen Irkhtoride (NCIi) is included whh 
dkhloramine and part whh free chlorine. 
A supplementary procedure based on add­
ing todide ton before DPD permits esti­
mating proportton of NCI, appearing with 
free chlorine. 

Chlorine dioxide (ClOj) appears, lo the 

extent nf one-fifth of lis itMal chlorine con­
tent, wilh free chtorine. A full response 
from CIO|. corresponding to hs total chlo­
rine content, may be obtained i f the sample 
Rnl b acidifled in the presence of iodide 
ton and subsequently is brought back lo an 
approximately neutral p l l by adding bi-
carbonaie ton. Drominc, bromamine, and 
todinc react whh DPD indkator and ap­
pear with free chtorine. 

b, p H control: For accurate resuhs care­
ful pH control k cssentkl. At the proper 
pH of 6.2 to 6.5, the red cotors produced 
may be titrated to sharp cotorless end 
points. Titrate as smm as the red color is 
formed In each step Too tow a p l l in tlie 
first step tends to make the monochlora­
mine show in Ihe free-chlorine step and the 
dichloramine in the monochtoramine step. 
Too high a pH causes dissolved oxygen lo 
give a color. 

c. Temperature control: In all methods 
for differenlialing free chlorine from chlo­
ramines, higher temperatures iiurrcase the 
tendency for chhtramines to react and le.id 

III iiK'iiMM-il a|>|Mri-iil rii-C'Cliliiniic rcsiills 
lli(;lier lenipeialiires also increase cuhir 
fading. Ciiiiiplcie nieasiireiiieiits rapidly, 
especially al higher temperature. 

d. Inivrfrrcnf: The most significant in­
terfering substance likely lobe encountered 
in water is oxi i l i / i i l manganese. To correct 
fof this, pl.ice 5 m l . biiirer solution and 0.5 
ml . stHliiini arseniie sohiliim in Ihe lilralion 
flask. Add l(X) niL sample and mix. Add 
5 mL DPI) indicator solution, mix, and 
titrate with standard FAS liirani until red 
color is discharged. Subtract reading from 
Reading .4 obtained by Ihe normal proce­
dure as described in 1 3if I ) of ihis method 
or from the total chlorine reading obtained 
in the simplified procedure given in t 3a4). 
If ihe combined reagent in powder form 
(see below) is used, first add K l and ar­
seniie lo the sample and mix, then add 

. combined buffer-indicator reageni. 
As an alternative to sodium arseniie use 

a 0.25% solulion of thioacclaniidc. adding 
OS mL to IOO niL sample. 

Interference by copper up lo approxi­
mately 10 mg Ci i /L is overeome by the 
EDTA incorporated in the reagents. 

' EDTA enhances siabiUly of DPD indicaior 
solulion by reiariling deterioration due to 
oxidaiton, and in the lest itself, provides 
suppression of dissolved oxygen errors by 
preventing trace metal catalysis. 

High concentrations of combined chlo­
rine can break thiough into the free chlo­
rine fraction. A l ItTC Ihis amounts to 2% 
and al 25'C to 47r of the moniKhloramine 
present lliai reads after standing I min. 
Adding ihiiKicetamide (OS niL 0.25% so­
lution lo IOO niL) immediately after mixing 
DPD reagent with sample completely slops 

' further reaction with combined chlorine in 
Ihe free chlorine measurement. Continue 
immediately wilh FAS lilralion to obtain 
free chlorine. ()lii:iin total chlorine from 
Ihe normal procedure, i.e., without using 
Ihioacelaniiiie. 

Decaiise high cniicentralions of iodide 
aif useil l«* nii-asiiif cotiibiiird clilitriiir and 

only traces of lodiilc (ircally increase chin, 
ramine interference in free chlorine meas­
urements, take care to avoid iodide 
contamination by rinsing between samples 
or using separate glassware. 

See 40g. I for a discussion of other i i i . 
terfereiices. 

e. Minimum dt'hvhiblf riinci'niriifiii'r 
Ap|>roxinialely 18 ^g Cl as Cl , /L . 

2. Reagents 

a. Photphaie buffer solulion: Dissolve 24 
g anhydrous Na,HPO. and 46 g anhydrous 
KI I ,PO, in distilled water. Coinbine wilh 
IOO mL distilled water in which 800 mg 
disodium cthylenediamine letraacdate di­
hydrale (EDTA) have been dissolved. Di­
lute lo I L wilh distilled water and add 2(1 
mg HgCI, to prevent mold growth and in­
terference in Ihe free chlorine test caused 
by any trace amounts of iodide in Ihe re­
agents. ( C A U T I O N : HgCI, i t toxic—ink,' 
care to aaoid ingesriim). 

fr. N. N-Diethyl'p-pkenylenediamim-
(DPD) indicaior solution: Dissolve I g DPI) 
oxalate.* or 1.5 g DPD sulfate pentahy-
drate,t or I.I g anhydrous DPD sulfate in 
chlorine-free distilled water containing 8 
mL I -f 3 I ( , S 0 , and 200 mg disodium 

EDTA. Make up to I L, store in a brown 
glass-stoppered bollle in the dark, and dis­
card when discolored. Periodically check 
solulion blank for absorbance and discard 
when absorbance at SIS nm exceeds0.002/ 
cm. (The buffer and indicaior sulfate ate 
available commercially as a combined re­
agent in stable powder fomi.) CAliTKiN: 
n e oxalate it ioxic—iake care lo aaoid 
ingestion. 

c. Standard ferrous ammonium sul­
fate (FAS) l i irani: Dissolve 1.106 g 
Fe(NI(.),(S0.),-6H,0 in distilled waler 
cor.laining I mL I •¥ 3 l l ,SO. and make 

*l'j«lm4fi r V n i i d No IIO] or cqui*4lrnl 
lA'iilifclr rrnm GallanlSchlninfcr Chcmirjl Min 
Cnrp. JHMinmla Axi iw. (:»lr Plai r. N Y IP I t . ,N 
t,\n%\ j l r n l 
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up to I L «^iih freshly boiled and cooled 
disiilled waler. Thk standard may be used 
fur I niimih, and the liier checked by po­
tassium dichromaie. For Ihis purpow add 
10 mL I •»• S H,SO„ S mL cone H,PO„ 
and 2 mL 0.1 % barium diphenylamine sul­
fonate indkator lo a 100-mL u m p k of 
FAS and lilrate with OlOOAf primary 
standard polauium dichromaie to a vtolet 
end point that persists for 30 s. The FAS 
tilrant k equivaknt to IOO pg a as C l / 
LOO m L 

d Potassium hdide. K l . crystals. 
e. Paiasslum hdUe solution: Dissolve 

SOO mg R I and dilute lo IOO mL. using 
freshly boikd and cookd distilled water. 
Store in a brown glau-sioppercd bol lk , 
preferably in a refrigerator. Discard when 
soluiifM becomes jrellow. 

/ Potassium dlehnmote mduthn: See 
40gA.2r2). 

(. Barium diphenyhmlnesuffimate^ 
0 1 % : Dhsolvc a i g (C;iH.NHCiH.-4-
SOiKBa in lOO mL disiilkd water. 

k Sodium arsenlte soluihm: Dissolve S.0 
g NaAsO^ hi dhtilkd waier and dilute to 
I L (CAUTION: nwle—toke emre to aaoid 
fngcjiton). 

L nhaeetandde tohliom: Dissolve 2S0 
mg C H ^ N H , in IOO mL dhlilled water. 
(CAUTION: CsncfrnfMcr^gmc Tkkeeare 
to aaoid skin eontael or Ingestion.) 

J, Chlorine.4emtaHd.free amten See 
40gB.3m. 

3. Procedure 

Tke quanltaies given betow are suilabk 
for cenoenirattons ef total cktorine up to 
S m g / L I f total chtorine exceeds i m g / U 
use a smaller u m p k and dilute to a lolal 
volume of IOO m L Mia usual volumes of 
buffer reagent and DPD indicator solution, 
or usual amount of DPD powder, urilh dk-
lilled water be/bre adding sufficknl umple 
lo bring total volume lo IOO mL. ( I f u m p k 
h added before buffer, lest does not work.) 

a. Ftee chtorine or chhramine: Place S 
mL eack of buffer reageni and DPD in­

dicator solulion in l i ir i i imn flask and inia 
(nr use about SOO mg DPD powder). Add 
IOO mL sainpk. or diluted umple. and 
mix. 

1) Free chtorine-Tilrate rapidly with 
standard FAS li irani until red color is dis­
charged (Reading ^4). 

2) Monochloramine—Add one very 
small crystal o f K l (about 0.S mg) or 0.1 
m L (2 drops) R I solulion and mix. CPn-
tinue Ihraiing until red cotor k discharged 
again (Reading B). 

3) Dkh loramine-Add several cryslak 
R I (about I g) and mix to dissolve. Let 
stand for 2 min and continue lilraling until 
red cotor is discharged (Reading C). For 
dkhtoramhw concentrations greater than 
I m g / L k l stand 2 min more i f cotor drift-
back indicaies sligklly incomplele reactton. 
Wken dkktoramine concenlraitons are not 
expected lo be high, use half the spccifled 
amount of R I . 

4) SimpNIed procedure for free and com­
bined cktorine or total cktor ine-Omit 2) 
above to dbiain monochtoramine and di­
chtoramine together as combined cbtotiiie. 
To dbtain total chtorine in one reading, add 
ful l amount of R I at the start, whh the 
speciflcd auounls of huffier reagent, and 
DPD indkator. and liirale after 2 min 
standing. 

A Nitrogen triehhride: Pkcc one very 
small crysul of R I (abmii OS mg) or 0.1 
mL R I solulton in a ihraiton flask. Add 
IOO mL umpfc and mix. Add conienis to 
a second flask conlaining S mL each of 
buffer reageni and DPD indicator sidution 
(or add about SOO mg DPD powder direct 
to the flrsl flask). Titrate rapidly with 
Standard FAS Ihrani until red cotor is dis­
charged (Reading N). 

iJ 

Hrailins NCI, Alisrnl N U , I ' i rKi i l 

.f 
a-A 
CK 

.V 

UNA) 
CM 

- - — • • - — — - - -

|-|ce a 
N i i . a 
N i i a , 

— 

_ 
— 

Free a 
NH,a 

N i i a , 4 
XNO, 

Free O • 
)|Na, 
NO, 

N i i a , 

In the event that moniKhloramine is 
present with NCI,, i l will be included in N, 
in which case obtain NCI, from 2(/V-0). 

Chlorine dioxide, if present, is included 
in A to Ihe exieni of one-fifth oT its loL-il 
chlorine content. 

In Ihe simplified procedure for free and 
combined chlorine, only A (free Cl) and C 
(total G ) are required. Obtain combined 
chlorine from C- /4 . 

The resuh obtained in the simplified total 
chlorine procedure corresponds to C. 

S. Predston and Accuracy 

See 40gA.S. 

408 E. DPD Colorimetric Method 

4. Cateulalion 

Fora 100-mL sample, lOOmLiiandard 
FAS Ihrani - 1.00 mg Cl as Cl , /L . 

1. General Dkcusston 

a. PriiKiple: This is a cotorimelric ver­
sion of Ihe DPD method and n based on 
Ihe ume principles. Instead of ihralion 
wi lh standard ferrous ammonium sulfate 
(FAS) solulton as in Ike ihr imeirk method, 
a cotorimelric procedure is used. 
. A Interference: See 408.1 and 408D.li/. 

Compensate for color and turbidity by us­
ing sample lo zero phiMometer. 

r. hllrilmum deleeiable eoneentration: 
Approximately 10 pg Cl as Oi /L . 

2. Apparahis 

Colorimetric equipment: One of the fol­
lowing is required: 

a. Spectrophotometer, for use at a wave­
length nf S15 nm and providing a light palh 
or I cm or longer. 

fr. Filler phoiemi'ier, eipiipped with a fil­
ler having maximum transmission in Ihe 
wavelength range of 490 lo 530 nm and 
providing a light path of I ciii or tonger. 

r. Olatsware: Use se|iarale glassware, in­
cluding separate speclropholometer cells, 
for ftee and combined (dichloramine) 
measurements, lo avoid iodide contami­
nation in free chlorine measurement. 

3. Reagonts 

See Section 408D.2a, fr, d . e. h. i andy. 

4. Procedure 

a. G>/ifrrarMii of photometer or eohr. 
imeier: Calibrate instrument with chlorine 
( I ) or potassium permanganate (2) solu­
tions. 

1) Chtorine solulions-Prepare chlorine 
standards in the range of O.OS to 4 mg/L 
from about IOO mg/L chlorine waler stand­
ardized as directed in Section 409A.3f. Use 
chlorine-demand-free water and glassware 
to prepare theu standards. Develop color 
by first placing S mL phosphate buffer so­
lulion and 5 m l . DPD indicator reageni in 
flask and then adding IOO mL chtorine 
standard with thonrngh mixing as ik-
scribed in fr and e below. Fill-phoiomeler 
or colorimeter cell from flask and read 
cnhir al SIS nni. Return cell contenls to 
flask and titraie with standard FAS tilrant 
as a check on chlorine concentration. 

2) Potassium permanganate solu­
tions—Prepare a Slock solulion conlaining 
891 mg KMnOyiOOO mL. Dilute 10.(10 
mL Slock solution lo lOO.mL with distilled 
water in a volumetric flask. When I mL of 
this solulion is diluted to IOO m l . with 

http://Chlorine.4emtaHd.free
http://408D.li/


distilled wh nlorine cquivaleni of 1.00 
mg/L will be produced in the DPD reac­
tion. Prepare a series of KMnO. slandards 
covering Ihe chlorine equivalent range of 
0.05 to 4 mg/L. Develop cotor by first plac­
ing 5 niL phosphate buffer and S mL DPD 
indkalor reageni in flask and adding IOO 
niL standard with thorough mixing as de­
scribed in fr and e betow. Fill photometer 
or colorimeter cell from flask and read 
color al SIS nm. Returo cell contenls lo 
flask and liirale wilh FAS ihrani as a check 
on any absorption of permanganate by dis­
tilled water. 

A t'olume of sample: Use a umple vol­
ume appropriate lo the pholomder or col­
orimeter. The foltowing procedure h based 
on using lO-mL volumes; adjust reageni 
quantities proportionately for other umple 
volumes. Dilute u m p k with chtorinenle-
mand-frce water when total chtorine ex­
ceeds 4 fflg/L. 

r. Free ehhrine: Place 0.S mL each of 
buffer reageni and DPD indkalor reageni 
in a test lube or photometer cell. Add 10 
mL u m p k and mix. Read color immedi­
ately (Reading A). 

d, Monochloramine: Continue by adding 
one very small crystal of RI (about 0.1 mg) 
and mix. If dichtoramine concentration is 
expected lo be high, instead of small crystal 

add 0.1 mL (2 drops) freshly prepared Kl 
solulion (O.I g/lOO mL). Read color im­
mediately (Reading B). 

e. Dichhramine: Continue by adding 
several crystals of Kl (about 0.1 g) and mil 
to dissolve. Let stand about 2 min and read 
color (Reading Q . 

/ Nitrogen trichloride: Place a very small 
crystal of Kl (about 0.1 mg) in a clean test 
lube or pholonieler cell. Add 10 mL sampk 
and mix. To a second tube or cell add O.S 
mL each of buffer and indicator reagents; 
mix. Add conlcnls lo flrsi lube or cell and 
mix. Read color immediately (Reading ff). 

5. Cateulation 

Reading NO, AbicM N a , PKSCM 

A 
BA 

ca 

niiA} 
CM 

Free a 
NH.a 
Ni ia . 

Free a 
NH.a 

Ni ia, -f 
JSNO, 

Free a + 
UNO, 
NO, 

Nlia, 

In Ihe event that monochloramine is 
present whh NO,, il will be included to 
Reading Af. to whkh case obtain NO, from 
1{N.B). 

408 F. Leuco Crystal Violet Method 

t. General Discussion 

The kuco crystal vtoki method meas­
ures separately the free and the lolal chto­
rine. The combined chlorine may be 
determined by difference. 

a. Principle: The compound 4,4',4'-
ineihylidyneiris (N.N-dimeihylaniline), 
also known as leuco crystal violet, reacts 
insianlaneoiisly wilh free chtorine lo form 
a bluish color. Interference from ciiihbiiied 

chlorine can be avoided by compkling Ihe 
test within a S-min interval. 

The total chlorine deierminatton in­
volves the RBdion of free and combined 
chtorine with iodide ion lo produce hy-
poiodous acid, which in liirn reads instan­
taneously with leuco crystal violet lo form 
Ihe dye crystal vioki. Tlie color is stable 
for days and follows Beer's kw over a wide 
range of lolal chlorine. 

A Inlerferrnre: Yia siitiiificaiil iiilerfor-

II 

ence from combined chlorine occurs when 
free chlorine is determined within 5 min 
after indicator addition. Fifteen minutes 
after adding indicaior the apparent error 
in Ihe free chlorine determination is about 
0.01 mg/L al 2S*C in a sample conlaining 
5.0 mg/L combined chlorine. 

For combined chlorine conceniralioiis 
above 5.0 mg/L use Ihe arseniie addition 
procedure lo minimize interference. The 
major interference in the delermination of 
free chlorine is manganic ion, which in­
creases Ihe apparent chlorine reading. 
When manganic ion is known lo he present, 
use Ihe photometric procedure in which 
absorbance due to manganic ion is deter­
mined separately and subtracted from total 
absorbance lo yield that produced by free 
chtonne atone. 

Ferric and nitrate compounds do not in-
leifcre Bnd nitrite ion does not inteifere m 
Ihe absence of monochloramine. Where ni­
trite ion and monochtoramine are present 
togeiher.ai in certain wastewaters, serious 
inierference wiH occur in Ihe delermination 
of free clitorine. Adding arseniie will min­
imize bill nol entirely ehminale ihis inter­
ference. 

If suspended mailer or organic color is 
present, compensate by incorporating ap­
propriate lurbidily or color blanks into ihe 
visual or photometric procedures. 

c. Minimum dchxiahic concvnlralion: 10 
fig free chlorine/I.; 5 fig lolal chloriiie/L. 

2. Apparatus 

a. Colorimetric vquipnu'nt: One of the 
following is required: 

1) Filler phoKimeitr. providing a light 
palh of I cm or longer and equipped with 
an orange filler having maximum Iraiis-
niiitance near S92 nni. 

2) Sprrlrophoiomclt'r. lor use al S92 iiiii, 
providing a light palh of I cm or longer. 
If cells become sl.iiiied, rinse wilh acetone 

/». r;/<ifiHfjri- .Sie 4I).SC 2d 

3. Reagents 

a. Chlorine-demand-free tmier: Sec 
40811.3m. Use lo prepare reageni solutions 
and sample dilutions. 

fr. Slock chlorine solution: Prepare 10(1 
mg/L slock chlorine solulton as described 
in Sectton 409A.3g. 

c. Buffer solulion, pll 4.0: Dissolve 480 
g glacial acelic acid and 146 g sodium ace­
lale, NaC,ll,0,. or 243 g NaC,fl,0,-
3II,0, in 400 mL waler and dilute lo I L. 

d. 'Leuco crystal aiolei (LCV) indicator: 
Measure 500 mL waler and 14.0 mL 85% 
orthophosphork acid into a brown glass 
eonlainer of at kasi 1-L capacity. Intro­
duce a magnetic stirring bar and mix at 
moderate speed. Add 3.0 g 4,4',4*-meih-
ylidynetris-(N,N-dimelhylaniline)* and 
wilh a small amount of water wash down 
any reagent adhering to neck or sides of 
container. Add 2.7 g mereuric chloride, 
llgCI,, and siir until dissolved. (CAUTION: 
Label eonlainer with warning that HgCI, is 
poisonous and corroiiae.) 

Continue agitation until solulion is com­
plete. Finally, add SOO ml. water. Store in 
brown bottle at room lemperaiure away 
from direct sunlight. Discard after 6 
months. If a rubber stopper must be uscil, 
wrap with plastic wrapping material lo pro. 
led from contact with reageni. 

e. Potaxsium iodide tolution: Dissolve .1 
g Kl in water and dilute to I L. Store in 
a brown glass bottle ami proiecl fioiii siiii. 
light. 

/ Sodium hydroxide, \N. 
g. Dilute sodium arseniie solution: Dis­

solve 26 mg NaAsO, in waler and dilute 
lo IOO niL. 

h. Sodium arseniie solulion: Dissolve 51) 
g NaAsO, in waler and dilute lo I L. (CAII 
111 IN: Toxic •-lake car,, in antid inui'Hitm I 

i. Potassium ptroxymonosulfalv Siilulion: 
Obtain this reageni, KIISO,. as the com 

* l . i . lm j r i t'lif.mi*-jl Ni l ]f»}l III r t f i i i i j f r r l l 
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niereial product,! a stable powdered mix-
lure containing 42.g% RIISO, by weighl 
and a mixture of RI ISO, and R,SO,. Dn -
solvc LO g powder in waler and dilute lo 
I L 

«. Calibration o f photometer: Prepare 
chtorine slandaids in tke range of O.OS te 
2 mg /L by dihrting the chtorine water 
sundanliaed as directed in Sectton 
409A.3ff. Prepare seperate calibratton 
curves for ftee availabto chtorine and lolal 
chtorine u described in I s 4 * and r betow. 

k Fhe e k M n e : Measure IOO mL dilute 
chtorine sohitfan into a 2SamL beaker. 
Add 2.0 m L pH 4.0 bufl-er solulion and 
mia. Fi l l pipet to mark wi ik LCV indkator 
and place pipet l ip Just under buker spout. 
Let 2.0 m L of todkaior flow down tosMe 
glau Sttifaoe into u m p k with minimum 
agiUlion. S ik u m p k lo dcvetop cotor. For 
best reprodudbiKly add LCV imlkBlor and 
sik sampk to develop, cotor In a sundard­
ized manner. Compare absorbance meas­
ured at S92 nm wilh calibralton curve and 
report reauh as milligrams free chlorine per 
liter. 

c Total ekiorine: 
1) Goneeniralfen betow 2.0 m g / 

L—Measure IOO mL u m p k into su iubk 
Ruk and add l i ) m L buffer solulion. pH 
4 i l . Add LO m L R i solulton. Mia and waif 
at kast 60 a. Add 2.0 m L LCV indkator. 
mia. and dilute lo 200 m L R u d absorb­
ance pkoiomdrkal ly at S92 nm and com­
pare whh calibralton curve. 

2) Concenlraitons above 2.0 mg / 
L - D i l u l e umple whh water so that when 
umple is treated wilh reagents iti I ) above. 
Ihe absorbance may be read from Ihe cal­
ibration curve. Apply the appropriate di­
lution factor and report result as 
milligrams total chlorine per liter. 

d. Eliminoiion of interference from high 

tOiOM. • ffoducl or E I 4tt fnnI ik Ncinuyit md Ce. 
IM. Wiliiiiiistaii. I M . « cquivakiH. 

coNtYNrniiNMit ef combined chlorine: To de­
lermine free chlorine in the presence of 
high concentralions of combined chtorine, 
immediately add 10.0 mL NaAsO, solution 
after adding and mixing 2.0 m l . LCV in­
dkalor. Ctompare pholametrkally wilh 
standards prepared by adding 10.0 mL dis­
tilled water after adding indkalor lo com-
penuie for dilulton by NaAsO^ solulton. 

e. Compensation f o r manganic f M n 
( IV ) I manganese: For free chlorine deter­
mination, foltow Ihe procedure given in 
1 4fr and record absorbance as A,. To a 
second. 100-mL umple, add O.g mL l i t 
NaOH. Add 2.0 mL dilute NaAsQ, solu­
lton and k l react for 2 mto. Add 4.0 mL 
potassium peroxymonusulfale solulton. 
and wah LO mm. Add 4.0 mL pH 4.0 
buffer and 2.0 mL IXTV indicator, mix, anil 
record absorbance as A,. Calculate absorb­
ance. A^ due to free chlorine as Itdlows: 

A , " A, •• t O U A , 

Refer absorbance A, to the free chlorine 
standard curve lo obtain free chlorine con­
ceniralion. 

For total chlorine delermination, make 
Ihe total chtorine test as in 1 4 f and record 
absorbance as B,. To a second 100-mL u m ­
ple. add I N NaOH (approximately O.I ml.) 
to adjust to pH n o . Add ditole NaAsO,, 
polusium peroxymonosulfaie, p l l 4.0 
buffer, and LCV indicator soluitons as in 
14e. Dilute to 200 mL and record absorb­
ance as 0,. Calculate absorbance. B„ due 
to total chlorine as follows: 

If, •' ». », 

Refer absorbance 0, to iiHal chlorine stand­
ard curve lo obtain total chlorine concen­
tration. 

/ Compensation for turbidity and color: 
Compenule for inierference by natural 
color or turbidity by measuring sample ab­
sorbance at 592 hm and suhiiaciiiig this 

"a I 

t l 

rcailiiiR from absiuli.iiice of Heated free or where; 
A - Ii4jlcliliHinciii i i i | . ' l . iiirjMiir.1 in.li 

l l l lCll Mfll|ilCi 
a ' ' tolil chlMiiic III nis/ l . m sample. JIHI 
C > I m chlorific in ing/L 

tiMal chkuine sample. 

5. Calculalion 

ing/1. I.MJI I'I as 11, •.-• - ^ 
ml. umpk 

ms/ l . cimiliiiicd Cl as O, ' K ~ C 

6. Precision and Accuracy 

See 408A.S. 

408 G. Syringaldazine (FACTS) Method (TENTATIVE) 

1. General Discussion 

a. Principle: The Tree (available) chlorine 
lest, syrmgaldaziiie (FACTS) measures 
free chlorine over Ihe range of O.I to 10 
mg/L. A uiurated solution of syringal­
dazine (3,S-dimellioxy-4-hydrnxybenzal-
daziiie) - in 2-priipaiiol is useil. 
Syringahla/ine is stable when stored as a 
solid or as a solulion in 2-propanol. It is 
oxidized by free chlorine on a 1:1 molar 
basis to produce a colored product with an 
absorption maximum of 530 nm. The color 
product is only slightly soluble in water; 
therefore, at chlorine concentralions 
greaterlhan I mg/L , thefinalreacliunmix-
lure musl contain 2-propanol lo prevent 
product precipitation and cotor fading. 

The opiimum color and solubility (min­
imum fading) are obtained in a solution 
having a p i l between 6.S and 6.8. At a p l l 
less lhan 6, color development is slow and 
reproducibility is ivtor. At a p l l greater 
lhan 7. the cohir ilcvelops rapidly but fades 
quickly. A buffer is required to maintain 
the reaction mixture p l l at approximately 
6.7. Care should bc taken wilh waters of 
high acidity nr alLalinity to assure that the 
added buffer maintains the pro|)er p l l 

Temperature h:is a minimal effect on the 
color reaction. The maximum error ob­
served at tempcraiiiie extremes of 5 and 
)5*Cis i lO'X. 

fr. Interferences: Interferences common 
together methods for determining free 
chlorine do not affect the FACTS proce­
dure. Monochloramine concenirations up 
lo 18 mg/L. dichloramine concentrations 
up lo 10 mg/L, and manganese concentra­
lions (oxidi/ed forms) up to I mg/ l . do 
nm interfere. Very high concentrations of 
monochloramine (^35 mg/L) and o<i-
dized manganese ( ̂  2.6 mg/L) produce a 
color wilh syring,ililazine slowly. Ferric 
iron can react with syringaldazine; how­
ever, ctmcentralions up to 10 mg/L do not 
interfere. Nitrite ($250 mg/L) . nitrate 
( i IOO mg/L), sulfate ( < 1000 mg/L), and 
chloride ( < 1000 mg/l.) do not inteifere. 
Waters whh high hardness ( i SOO nig/l.) 
will produce a cloudy solution that can lie 
compenuted for by using a blank or re­
calibrating using Ihe aiiernative buffer nf 
Section 408E.3r. Oxygen does not interfere. 

Other strong oxidizing agents, such as 
iiviine, bromine, and ozone, will produce 
a color. 

r. ilfini'wii/fM i/fiiri.i/»(o cu>kvnrriiiii»r 
The FACTS procedure is sensitive to firv 
chlorine concenirations of O.I mg/ l . oi 
less. 

2. Apparatus 

Colorimetric equipment: One of the fal­
lowing is required: 

a. Filtfr phoiometrr. piovidinr. a lii'ln 
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410 B. Amperoinetric Method 

t . General Olaeuaaion 

a. Principle: The amperometrie li lralion 
of ClOi is an extension ofthe smperomeiric 
method for chlorine. By performing four 
litraltons with phenylarsine oxide, free 
chtorine (including hypochlorite and hy-
pochtorous acid), chloramines, chlorite, 
and CIO, may be determined separately. 
The lirsl l i lralion step consists of conver­
sion of C:iO, lo chtorite and chlorate 
through addilton o f sunkicnl NaOH to 
produce a pH of 12, followed by neulral-
Izatton lo a pH of 7 and lilralion of free 
chlorine. In the second lilralton K l is 
added to a u m p k that has been treated 
similarly wilh alkali and had Ihe pH read-
Justed to 7; l i lral ion yieMs free chlorine 
and monochtoramine. The third Ihralion 
involves addhton of R I and p l l adjustment 
lo 7. foltowed by l i lral ion of free chtorine, 
monochtoramine, and one-fifth ofthe avail­
abto OO, . In Ihe fourth l i lral ion, addilton 
of sufticknl HJSO, lo tower Ihe pH to 2 
enabks all availabk CIO, and chtorile. as 
srell as the total free chtorine, lo liberate 
an equivalent amount of todine from the 
added R I and thus be titrated. 

A Interflerenee: The inteiferences de-
scn'bed in Section 408C.lfr apply also lo 
detennination of CIO,. 

of chlorine in Section 408C.3 are required. 
Also needed are the following: 

0. Sodium hydroxide. NaOII. 6.V 
A Sulfuric ocU. ll,SO., 6.V, I f 5. 

4. Procedure 

2. Apparalua 

The apparatus required k given m Sec­
tions 408C:2e through d 

3. Reagents 

A l l reagents listed for llie deterniinalion 

Minimize elTeds of p l l . lime, and lem­
peraiure of reaction by standardizing all 
conditions. 

a. Titration o f free ovailabW tM„r in, ' (hy­
pochlorite and hypochlorous acid): Add suf-
ftcient 6/V NaOH to raise sampk p l l lo 12. 
After 10 min, add hN l l ,SO. In tower p l l 
to 7. Thraie with standard phenyknine 
oxide li irani to Ihe amperomeiric end point 
as given in Section 408C. Record result as 
A. 

b. TilMthut o f free aaailoHe ehhrine and 
chhramine: Add bN NaOH to raise u m p k 
pH lo 12. After 10 min, add M II.SO. to 
reduce pH lo 7. Add I m l . K l solution. 
Titrate whh standard phenylarsine oxide 
tilrant lo Ihe amperomeiric end point. Re­
cord resuh as 0. 

e. Titration t i f f r , v iimilahl,- rhhtrihe, 
chhramine. and one-fifth a^araihible CIO^ 
Adjust umple p l l lo 7 wilh p l l 7 phos­
phate buifer solution. Add I m l . K l so­
lulion. Titrate with standard phenylarsine 
oxide li irani lo llie aiiiperonieiric end 
point. Record resuft as C*. 

d. TiiroihH o f free available chlorine, 
chloramines. ClOf. and chlorite: Add I niL 
K l solulion in sample. Add stiiriciciil bA' 
l l jSO, 10 lower p l l In 2. After II) min, .idd 
sulTiciciit 6yV NaOII lo raise p l l m 7. Ti­
trate wilh standard phenylarsine oxide l i ­
irani 10 Ihe amperomeiric end point. 
Record result ns D 
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5 C.-ilciil,-ilion 

Convert individual titrations (.-L B. C, 
and D) inln chhiriiie ciHicenlraiion by Ihe 
foUowing equation: 

iiif Cl If I ' l ./I. 
H X 200 

ml. umple 

where; 
E = ml. plirn>l.ir\in( miile liifniiofi .Tnr 

ncli inilithliMl Miiiplr A. h C, m 0. 

C:ilciilale i.'K), and inilividual cliliiriiii-
fr:iclions as follows: 

mg CIO, as CIO,/L = I 9 (C - B) 

ffl|CIO,asa,/L - i { C - B) 

m| free (vaibblc clitorine/l. •: A 

mg chliiriminc/L «t chlon'ne = B - 4 

mg chlnrile/l. « chlorine « = 4 a - $ C - l - l ) 

410 C. DPD Method (TENTATIVE) 

I. General Oscussion 

a. Principle: This method is an extension 
of Ihe N.N-dicihylp-phcnyleiiediamine 
(DFD) method for determining free chlor­
ine and clihiramincs in water. CIO, appears 
in Ihe first sicp of this procedure hut only 
to Ihe exieni of unc-fifili of its total avail­
able chlorine cotiieiii correspiNidiiig to rc­
duelion of CIO, to chlorite ion. If the 
.sample is then acidified in ilic presence of 
iodide the chlorite also re.icts. When neu­
tralized by subseqiieni addition of bicar­
bonate, the color thus produced 
corresponds lo the total available chlorine 
conlenl of llie CKI,. If chlorite is present 
in Ihe sample, this will Ite included in the 
step involving aciililicalioii and iieutrah-
zathin. Chhiriie that did not result from 
CIO, reduction bv the procedure will cause 
a iHtsitive error eqiial lo twice this chlorite 
conceiitratiiiii. In evaluating mixtures of 
these various clil>iiii-coni|Miuiids, it is nec­
essary to suppress free chlorine by adding 
glycine liefore reacting the sample with 
DPD reageni. Diireienliation is based on 
the fad Ihal glycine converts free chloiine 
insianlaneoiisly into chloroaniinoacelic 
acid bill has no elTecl on CK),. 

fr. Interference: The inierference by ox­
idized manganese described in Section 
i M U \d a|iplies. also to CIO, ililermin:i. 

lion. Manganese interference appears as an 
increase in the first titrations after addition 
of DPD. with or without K l , and irre­
spective of whether there has been prior 
addition of glycine. Titration readings must 
be corrected suitably. Interference by chro-
mate in wastewalen may be corrected sim­
ilarly. 

Iron contributed to the sample by adding 
ferrous ammonium sulfate (FAS) tilrant 
may activate chlorite so as lo interfere with 
Ihe first end |Kiinl oflhe titration. Suppress 
this effect with additional EDTA, disodium 
sah. 

2 Rcagciils 

Reagents required in addition lo those 
for Ihc DI 'D -free-combined chlorine 
method as listed in Section 408D.2 are as 
follows: 

a. Clyeinv solulion: Dissolve 10 g 
NII ,CI{ ,COOII in IOO niL disli lkd waler. 

fr. Sulfuric arid solulion: Dilute 5 ml 
ciiiic l l ,SO, III i m m l . with distilled water. 

r. Soilium bicarbonate solulion: Dissolve 
27.5 g NalICO, in 500 niL distilled water 

d. EDTA: Disodium salt of elhylenedi-
auiiiie letra:i>rlic aciil. solid 
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3. Procedure 

For umples conlaining more than S m g / 
L total availabk chtorine follow ihe dilu­
tion procedure given in Section 408D.3. 

a. Chhrine dioxide: Add 2 niL glycine 
solulton lo IOO mL umple and mix. Place 
S m l . eack of buffer reageni and DPD in­
dicator sululKNi in a squrale li lralion flask 
and mix (or use alwui 500 mg DPD pow­
der). Add about 200 mg EDTA, disodium 
u h . Tkcn add glycine-lreated sample and 
mix. Thraie raphlly wi lh standard FAS t i ­
lrant until red cotor k disckarged (Reading 
O. 

k F ^ aaaihble ehhrine and ehhra. 
mine: Using 6 second 100-mL sampk fol­
tow tke proecdum of Sectton 40gD.3e 
adding about 200 mg EDTA. dkodium 
sah. tohklly wiik the DPD reagento (Read­
ings A, B, and Q . 

c ThMl aaaihble ehhrine Including 
chlorite: Alter OMaining Readmg C add I 
mL HAO« solution lo the u m e sampk in 
Ihraiton Hash, mia, and k l stand aheul 2 
min. Add S mL Nal ICO, solulton, mix. 
and Ihraie (Readmg 0 ) . 

d Cbhrimeuie procedure: Instead of l i ­
lralton i r i tk standard FAS solulhM. col-
onmeinc procedures nay be used te obuin 
tke readings al 'fack stage. ClBlibratc col-

luiton as directed In Section 40IE.4e. U u 
of addhtonal EDTA. dkodium u l l , whk 
Ike DPD reagents b not required in col-
orimetrk ptooeduics. 

4. CaktdaNons 

For IOO ml. umpk, I ml. FAS solulton 
~ I mg availabk chlorine/L 

In the absence ofchhrite: 

Oihit ine 4iaiide - %G (nc l.«C cipfcncd a i 

Cto . ) 

I ' m available chhmnc • .1 - t i 

Monochlaraniiiic ^ B - A 

Dicklaraniine " C - B 

Total BvailaMc chtorine - C 4 4G 

I f Ihe Step leading lo Reading B k omit­
ted, monochloraniine and dichtoramine are 
obtained tegetker wken: 

CamUacd avaMlkle ckhMlnt - C - A 

I f h k desired le ckeck for preaence e f . 
cktorile ta sample, obiain Reading A 
Cktorile b indicaicd i f O b greater tkan 
C -f 4C. 

In the presence ofekhaite: 

Odnriat 4iaiMc > SC(iw i . tO aafatiaaB 
aaCIQ,) 

0 - ( C 4- 4G) 

I iMartoa • ^ - C 

- a - A 
' C - B 

Total a i a i k l l i ck la ihn •• O 

. i I 

i • 
t' 

If t b emhied. 

-• C - ,1 

410 D. Bbliogfaphy 

Cmeral 

INCOIS, R.S. A C M . RiOCMNlB. I»«g. Ckimieal 
propcftica afchlofiac dioxMe ia water Ircal-
•KiN. / Amtr. Waitr Wtrkt A l t 40:I10T. 

F A I I N , A.T. IMS. Chkuine dioxide in water i r n l -
•KRl. / Imn. N'«fer JTnU. I I :BI . 

lliNHUHN. I I W A n s lNi. l l l ! l . I ' lM I t i i n i 

cokirinMtrie mcibod Itar dctcnninaliiia of 
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411 CHLORINE REQUIREMENT* 

Cktorine demand is the quantity of 
chlorine that must he added to a unh vol­
ume of svaier to'react with all the chtorine-
reaeubk maierMls. Ilecause some chtori-
natiim processes do not require aimpkte 
u ik fact iun nf the chlorine demand, chto­
rine requirement is the more applicable 
term. 

Chlorine requirement is tlie quanthy of 
chtorine thai musl lie added to a unh vol­
ume of waler under speciHed condittons 
(pH, contact lime, lemperaiure) lo achieve 
a speciHed resuh. Examples include Ihe 
quanthy of chtorine required to limit Ihe 

' maximum bacterial count in wastewater or 
lo oxMite iron and manganese in a polabk 

waler for subsequent removal to specified 
kvels. 

Where applicable, chlorine residuals 
m-iy be determined by any of the methods 
of Section 408; Ihe ume method musl he 
used for h u h laboraiur)- testing and i<p-
eraliimal control. 

In reporting results, include all condi­
ttons of testing such as pH, conlacl lime, 
temperature, and Ihe analytkal procedures 

*A | fM . i 4k f SlJiidjiil t^tcfhial. CiMMaiMin. l i l t 

Chlorine requirement is nnt an absolute 
lest and the resuhs of laboratory, studies 
must be applied with cautton lo plant np-
eraliims. The primary purpose «if the lest 
k to proviile guidance in the cnnlrol of 
chlorinaiitm fur disinfedinn or other pur-
pnses.. 

411 A. Method (or Control of Disinfection 

1. General Discussion 

r l i h i i i i i i ' re ip i i r i - i i i r i i t c.iin Iw dr ter i i i i i io i l 

• m .1 pLi i i l iH I . I IMI I . I I IMS M'.ilr l u l l , in iini-.l 

cases, i l is better determined in the plant, 

under plant condit ions, and wi th plant 

eipi ipi i icnl 
I I I t i l l ' p l l l i l I, " . I , l l l l ' tl.>« o l u. i ' . l ,» i l , 1. 
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are sU( >ic because of the presence 
ofbicai . iand carbonates ofthe alkali 
and alkaline earth metals. 

I . General Discussion 

a. Principle: The basic principle nf elec-
ironielric pH measurement is delemiina-
lion of Ihe activity of the hydrogen ions by 
polentiomelric measurenieiil using a slaiid-
anl liytlrogen cledioi lr ,intt a lel'eirm-e 
electrthle. The hydiogeii cledroile consists 
of a platinum electrtxie across which hy­
drogen gas is bubbled at a pressure of IOI 
kPa. Becauw of difficulty in ils use and the 
potential for poisoning the hydrogen elec­
trode, Ihe glass electrode commonly is 
used. The etectromotive force (emO pro­
duced in Ihe glass electrode system varies 
lineariy whh pH. This linear rektumship 
k described by ptotiing the measured emf 
against Ihe p l l of different buffers. Sample 
pH is determined by extrapolation. 

IkcauM single ion activities such as a „ , 
cannot be measured, pH is defined opera-
liimally on a polieniiomeiric scale. Tlie pH 
measuring instrument is calibrated polen-
liimteirkally with an indicating (glass) 
electrode and a reference electrode using 
Nattonal Dureau of Standards bitlfers hav­
ing auigned values so Ihal: 

p l l . - - hlgn«a> 

where: 
pH. - assigned pit ol NBS baffct. 

The pperaiional pH scale is used to mea­
sure u m p k pH and k ikfined as: 

where: 
pl l . « poinMloincliiesHy measured sample 

pH. 
F •• Faraday: 9.649 X 10* coutomb/molc,. 

£, » umpk ciirf. V, 
E, • balTcr emf. V, 
ft - gas cmtstaBl; 1114 jo«lc/(male 'K), 

and 
r -'« abinliilc temperature. *K. 

NorC: Allliougli Ihe equation for p l l , ap­
pears in the literature with a plus sign, Ihe 
sign of emf readings in millivolts for most 
p l l meters inanufaciiired in Ihe U.S. is neg­
ative. H ie choice of negative sign is con­
sistent with Ihe lU I 'AC Stockholm 
convention concerning the sign of eledrnde 
potential.'-' 

Jhe j idivi iy scale gives tallies that are 
hi|>hrr Iban lIuMe.on Sorrnson's scale hy 
O.IM units: 

pH (activity) ' pll (Sorenum) > DIM 

The equation for pH, assumes Ihal the emf 
of the cells containing the sampk and 
buffer is due solely io hydrogen ion activity 
unaffected by umple composition. In prac­
tice, samples will have varying iimic species 
and tonic strengths, both affecting H* ac­
tivity. This imposes an experimental limi­
tation on p l l measurenteni; thus, lo obtain 
meaningfid resuhs, Ihe differences bdween 
E, and E, slinuM lie minimal. Samples musl 
be dilute aqueous soluitons of simple sol­
utes ( < 0.240. (Choose buffers to bracket 
the sample.) Determination of p l l cannot 
bc matk accunicly in nonaqueous media, 
suspensions, colloids, nr high-ionic-
slrengih solulions. 

k Intetfererreef The glass electrode Is 
relatively free from interfereiKC from cotor, 
lurbidhy. colloidal matter, oxidants, re-
dudants. or high u l in i iy . except for a so­
dium error at p l l > 10. Reduce this error 
by using special "tow sodium error" elec­
trodes. 

pH measurements are affected by tem­
perature in Iwo ways: mechanical effeds 
that are caused by changes in the properties 
of Ihe electrodes and chemical effects 
caused by equilibrium changes. In ihe first 
instance, the Nernsiian stope increases with 
increasing lemperaiure and electrodes lake 
lime to achieve thermal equilibrium. Tliis 
can cauw long-term dri l l in p l l . Ilecause 
chcmkal equilibrium affects p l l . standard 
p i l buffers have a specified p l l at indkated 
temperatures. 

Always rc|i<iri icniperaiure al which p l l 
IS nirasiircd. 

2. Apparatus 

It. p l l meter consisting of potentiometer, 
a glass cledroile, a reference electrode, and. 
a temperature compensating device. A cir­
cuit is nmip l r ln l thrniigh the polenliom-
rtrr wlii-n the elotrihles aie iiiimemrtl in 
Ihe lest solution. Many p l l meters are ca­
pable of reading p l l or millivolts and some 
have scale expansion .that permits reading 
to 0.001 pi t unit, but most instruments are 
not that precise. 

For routine work use a p l l meter ac­
curate and reproducible to O.I p l l unh with 
a range of 0 lo 14 and equipped wilh a 
lemperaiure compensaiinn adjustment. 

Although manufacturers provide oper­
ating instructions, the use of different de­
scriptive terms may be confusing. For most 
inslrumenls, there are two controls: inter­
cept (set buffer, asymmelry, slandarditc) 
and slope (tem|«eraliire, offset); their func­
tions are shown diagramatieally in Figures 
423:1 and 2. The intercept control shills 
the response curve laterally lo pass through 
the isopotential poiiil with no change in 
slope. This pemiils bringing the instrument 

I n le t |.|il Conlful- f i l l 

I'lSii" 4IJ:I. KIcrlriitfr asKnlial ••. all. Iinri-
Ccpl t<inl<i4 shitis ictcMM cuc«< 
biri.illv 

on scile (0 niV) wilh a p l l 7 buffer thai 
has no change in potential with lempera­
iure. 

The slope control rotates the emf/pl l 
slope about Ihe itopotential point (0 mV/ 
p f l 7). To adjust slope for temperature 
without disturbing the intercept, select a 
buffer that brackets the sample with p l l 7 
buffer nnd adjust shi|ie control Ii i p l l nf 
Ihis buffer. The instrument will indicate 
correct millivolt change per unit pH at the 
test temperature. 

b. Reference electrode consisting ofa 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 ofthe reference elec­
trode is critical because at this point the 
electrode forms a sail bridge wilh the sam­
ple or buffer and a liquid junction potenii:il 
is generated that in lurn affects tIte poten­
tial produced by the reference eleciriKle. 
Reference electrode junctions may be an­
nular ceramic, quarit, or .asbestos fiber, or 
Ihe sleeve type. The quanz type is niost 
widely used. The asbestos fiber type is nol 
reconiiiiended for strongly basic solulions. 
Follow the manufacturer's rec«mimcnda-

•SOO. 

soo-
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N — loirc i i<MV/(H wMi 
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l ion on use and care of Ihe reference elec­
trode. 

Refill nonsealed ekclrodes wilh Ihe cor­
rect electrolyte lo proper level and make 
sure Junclton k properly wdted. 

r. Chss eleetnde: The sensor electrode 
is a bulb of special glass conlaining a ffaed 
concentration of H O or a buffered chloride 
solution in contact wllh an internal refer­
ence eledrode. Upon immenion of a new 
elertrode in a solution Ihe outer bulb sur­
face becomes hydrated and exchanges so­
dium tons for hydrogen tons to buiM up a 
surface layer of hydrogen ions. This, to­
gether wllh Ihe repubton of antons by ff xed. 
negatively charged silkale sites, prixfuces 
al the glass-solulton interface a potential 
Ihal k a function of hydrogen ion activity 
in solulton. 

Several types of glass electrodes are 
availabk. Combination ekctrmks incor­
porate the g lau and reference ekclrodes 
into a singk prdbe. U M a "tow sodium 
error" elect rede Ikat can operate al kigh 
temperaturea fer measuring pH iwer 10 be­
cauw standard g lau ekclrodes yieM er­
roneously low values. Fer measemg pH 
betow I standard g h « efccliodu yieM er­
roneously high vahus; ns 

d BeakerK Preferably tue peljrelkykne 
or TFE{ beakeis.. 

e. Stirrer \ i t k d lker a magndic. TFE-
coaled stirring bar or a meckanical stirrer 
w i ik inert plasiie-oealed hnpeller. 

/ Fhar t^amber U w for continuous Row 
measurements or for poorly buRkred so­
luitons. 

3. Reagenla 

a. General prepantion: Calibrate tbe 
electrode system against standard buffer so-
lui iont of knemti pH. Becauw buffer so­
lutions may deleriorale as a resuh of mold 
growlb or contamination, prepare fresh as 

I TCHM m c^valaH. 

iieciied for accurale work hy weighing ihc 
amounts of chemicils specified in Tabk 
423:1, dissolving in distilled waler al IVC, 
and diluting to ItXX) inL. This is particu-
k r i y important for borate and carbonate 
buffers. 

Boil and cool disl i lkd waler having a 
conductivity of kss lhan 2 fsmhos/cm. To 
SO m L add I drop of utura led R O so­
lulion suilabk for reference electrode use. 
I f Ihe pH o f thb lest solulion k between 
6.0 and 7.0L U M h lo prepare all sundard 
soluitons. 

Dry KH,PO. al IIO lo IKTC for 2 k 
before weigbing but do not beat ttnsubk 
kydraled potassium tdroxalate above H f C 
nor dry tke oiker specified buifer u l i s . 

Ahkougk ACS-grade ckemicab gener­
ally are ulkfactery for preparing bufffer 
solutions. UM eertified nuteriab avaibbfe 
from Ike Naltonai Bureau o f Slandards 
wken the greatcai accuracy b required. For 
routine analysis, U M eommercklly avaH­
abto buflkr tablets, poarders, or solutions ef 
tested qualHy. In preparing buffer soluiiens 
from soNd u l n . tasure compkic soleiton. 

As a rale, select and prepare buffer so­
luitons cbiacd as prhnary slandards in Ta­
ble 423:1; m e n t secondary standards for 
extreme shualtons cncounteicd h waste­
water measurements. Consult Tabk 423:11 
for accepted pH ef standani buifer aolu-
ttons at teihperaiures oiker tkan 2 S ^ In 
routine use, store buffer soluitons and u m ­
ples to polyelkykne bottles. Replace buffer 
soluitons every 4 weeks. 

A Saturated potassium hydrogen tartrate 
w lu thn : Skake vigorously an eacen (S to 
10 g) of Rnely crystalline K M C . I I / > . whk 
IOO Iu 300 n iL distilled waler at 2S*C in a 
glass-stoppered bottle. Separate ckar so­
lulton from undissolved material by decan-
lation or flhralton. PrcMrve for 2 montks 
or more by adding one thymol crystal ( I 
mm diam) per 200 m l . solulton. 

r. Saturated eoleium hydroxide soluthn: 
Calcine a well-washed, tow-alkali grade 
CaCOi in a platinum dish by ignhing for 
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I h at IIRlun:. CiMd. hydrate by shiwiy 
adding distilled water with stirring, and 
heat to boiling, trixil. filter, and colled solid 
Ca(l)ll), on a frilled glass fiher of medium 
porosity. Dry at I KTC, cool, and pulverire 
In uniformly fine granules. Vigorously 
shake an excess of fine granules with dis­
tilled water in a stoppered polyethylene 
bottle. Ixl lem|ieratnre come lo 2S*C aher 
mixing. Filler supernatant under suction 
through a sintered glass filter of medium 
poroshy and use filtrate as the buffer so­
lution. Discard buffer soluiicm when ai-
niospheric CO| causes lurbidily to appear. 

d Auxiliary soluthnv 0. Î lf NaOH, 0. IN 
n a , iN n a (dltote fire votomcs U t i i a 
wilh one volume distilled waler). and acid 
potassium' fluoride solution (dissoire 2 g 
KF in 2 mL cone ll|SO. and dilute to IOO 
ml. with distilled waler). 

4. Procedm 
BL Instrument calibration: In eack CBM 

follow manufacturer^ inslruciiims for pll 
iiKler and for storage and preparation of 
elcciroiles for UM. Recommended solulions 
for skorl-lerm storage of electrodes vary 
wiik type of eledrode and manufacturer, 
but generally kave a condudiviiy greater 
ikan 4000pmhos/cm. Tap waler is a bdler 
subsihuie than distilled water, but pll 4 
buffer is best for Ihe single glass eledrmle 
and uturaled KCl is preferred for a cal-
nnirl and Ag/AgCI reference electrode. 
Saturated KCl is the prcfcrretl vilution for 
a combination eledrode. Keep electrodes 
wel by reluraiiig.lhem lo storage solution 
whenever pll meter is not in use. 

Before use, remove electrodes from stor­
age solution, rinse, bhit dry with a soh ' 
tissue, place in initial buffer solution, and 
set the isopotential point (f 2a above). Se­
lect a second buffer within 2 pll units of 
sample pll and bring sample and buffer lo 
same lemperaiure, which may be the room 
temperature, a fixed temperature such as 
2)*C, or the lemperaiure ofa fresh sample. 
Remove eledroiles from first buffer, rinse 

thoroughly with distilled bkit diy. 
and immerse in second buhw. .ecord tem­
perature of ineasurement and adjust tem­
perature dial cm mder so that nicter 
indkaies pll value of buffer at test tem­
perature (Ihis is a slope adjustment). 

Use Ihe pll value listed in the tablet fur 
the buffer used at Ihe test lemperaiure. Re­
move cledrudes from second buffer, rinse, 
thoroughly wilh distilled water and dry 
electnxles as indicated above. Immerse in 
a third buffer betow pll 10, approxiniairly 
3 pH unhs differeni from Ihe second; the 
leading should be within O.I unit for the 
pH oflhe third buffer. If ihe meter response 
shows a difference greater than 0.1 pll unit 
from expected value, look for trouble with' 
Ihe electrodes or potentiometer (see is Ut 
and b below). 

The purpoK of siandardixalion is to ad­
just Ihe rcspooM of the glass ekdnidc to 
the insiramenl. When only occasional pll 
measurements are made siandardixe in­
siramenl before each measurement. When 
frequent measurements are mack and the 
inslrumcnl k stable, siandardiu less fre­
quently. If sample pll values vary midely. 
standardise for each sample with a buffer 
having a pll whhin I to 2 pll units of the 
umpk. 

k Sample analysis: Establish eqiiilibriiiiu 
between electnxles and sample by stirring 
sample lo insure homogeneity; stir gently 
to minimize carlmn dioxide enlrainnieiu. 
l*or buffered samples or those of high ioiiir 
Streiigth, condition electrodes after clean­
ing by dipping them into sample fbr I min 
niol dry. immerse in a fresh portion of tin-
same sample, and re.id pll. 

With dilute, ptxirly buffered solutions, 
equilibrate electrodes by immersing iii 
three or four successive portions of sample. 
Take a fresh sample to nieasure pll. 

5. Trouble Shooting 

a. Potentiometer: To locale trouble 
source disconnect electrodes and. using a 
short-circuit strap, conned reference clei-' 



irode terminal to glass ekcirode icraiinal. 
Oburve change in p l l when insiramenl 
calibration knob is adjusted. I f potentiom­
eter is operating properly, h wil l respond 
rapidly and evenly lo changes in calibration 
orer a «dde scale range. A faidly polen-
Itomeler wil l fail lo respond, wi l l read er-
ralkally. or wi l l show a drift upon 
adjustment. Switch In the milKvoll scakon 
whkh Ihe mdcr shouM read rero. I f in-
cperienced, do not aiiempi puienltomrfer 
repair other than maintenance as dcKribed 
m insiramenl manual. 

A Eteetrodev I f polenltonKler k func-
Itoning properly, took for tke famramcnt 
fault m Ike efectrode pair. SubsiHute oiie 
ekctrode at a lime and cran-checfc whk 
two buffen Ikat are about 4 pH units apart. 
A devialton greater tkan a I pH unh m-
dkaies a fauhy electrode. G b u electrodes 
lan u^ainc oi scraicnes. oeierwraiicm, or 
aocumulalton o f debris on Ihe g lau surface. 
Rquvenale ekctrode by alieraaiely im-
mening H ihrre l i m n each hi 0.1/V l i a 
and 0. \ N NaOH. I f t hk fa iK hnnierw l ip 
in K F solution for 30 s. Alter rejuvcnaliim. 
soak in p l l 7.0 buffer ovemight. R inu and 
store to p l i 7.0 buffer. R i n u agam wilh 
distilled water before U M . Proleui coatings 
can be removed by soakmg glau ekclrodes 
to a I 0 » pepsin solulton adjusted to pH 
I to 2. 

To check reference ekcirode. oppoM Ihe 
emf of a qucstiombfe reference electrode 
against another one of the u m e type thai 
is known to be gmxl. Using an adapter, 
plug good reference electrode into glass 
eledrode jack of potenitomder; then plug 
questtoned ekcirode into reference ekc­
trode jack. Set meter lo read millivolts and 
lake readings wilh both electrodes im­
mersed in the same electrolyte ( K a ) so­
lution and then in the same buffer solulion. 
The milNvuli readings should lie 0 ± 3 niV 
for both solutions. I f different elednxles 
are used, i.e., silver: silvcr-chtoride against 
cahimel or vice versa, ihe re.iding wil l he 
44 ± S inV for a good reference rlcctroile. 

INUHGANIC NONMETALIS (400) 

Reference ckdnx le iiinililck generally 
are Iraceabk to a ckiggcd junctitm. Inter-
rapiinn of the continuous i r ickk nf elec-
Indyle Ihnwgh Ihe junction causes increau 
in rcspnuM lime and drifk in reading. Qear 
a ctogged junciiiM by ap|tlying suction lo 
llie l ip or by boiling l ip in disl i lkd water 
until Ihe ekclrolyle flows freely when suc-
l i im is applied to l ip nr pressure is ap|4ied 
lo the fin hok. Replacrabk jiinclions are 
availabk commereklly. 

6. Preckion and Accuracy 

By careful U M ef a bboraiory p l l meter 
whk good elcdrodrs. a precision of ±0.02 
pH unh and an accuracy of ±0.03 pH unh 
can be ackkvcd. However, ±0.1 pH unh 
represents Ike Kmh of accuracy under nor­
mal condhions, especially for measurement 
of waler and pooriy buffered solulions. For 
Ihis reason, report p l l values to Ihe nearest 
0.1 p l l unh. A synlhdk u m p k o fa Oarfc 
ami Lubs buffer sidulion cd p l l 7.3 was 
analyzed eleclnNnelrically by 311 labora­
tories wilh a standard deviation i d ±0.13 
p l l unit. 
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424 PHOSPHORUS* 

Phosphorus iKciirs in natural waters and 
in wastewaters ahiiosl solely as phosphates. 
Tlicse are classified as orihopliosphales. 
ciNidensed phosphates (pyro-, nieta-. ami 
nllier pidyphosphates), and organically 
hinind phosphatrs. They occur in solution, 
in panicles or drl i i t i is, or in the Iwxlies of 
aquatic organisms 

' Tl icK forms uf pliospliale arise from a 
variety of sources. Small amounts of certain 
condensed phnspli.Ttes are added to some 
waler supplies during treatment. Larger 
quantities of Ihe same compounds may be 
added when the waler is used for launder­
ing or other cleaning, because these ma­
terials aie niajoi coiisliiiiciits of many 
commereial cleaning preparations. I'hos-
phaies are used extensively in the treatment 
of boiler waters. Orlhophosphales applied 
to agricultural or residential cultivated 
land as fertilireis are carried iiilo surface 
waters with storm runoff and lo a lesser 
exieni wilh meiting snow Organic phos­
phatrs are fornieil piiniarily by biological 
processes I hey an- contribiiied lo sewage 
by body wastes ami fund icsidues. and also 
may be formeil finm nithophosphales in 
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biological treatment processes o ' by re­
ceiving water biota. 

Phosphoras is essential to the giowili of 
organisms and can be Ihe nutrient that Hin-
iis Ihe priinary productivity of a body of 
waler. In instances where phosphate is a 
grnwih-liiiiiiing nutrient, the disri.arge nf 
raw or tieated wastewaliEr, agricultural 
drainage, or certain industrial wastes to 
that waler may stimulate the growth of 
photosynthetic aquatic micro- and macro-
organisms in nuiunce quantities. 

Phosphates also occur in botzoni se-.li-
menls and in biological sludges, both as 
precipitated inorganic forms and si.nriMi-
raled into organic coiiipounils. 

1. Definition ol Terms 

Phosphorus ana'lyses embody two geii--
eral pnN:edural sieps: (a) conversiim o'the 
phosphoras form nf interest to d s.soivctl -
nnhophosphate, and {b) colorim.-.ric ile-
terniination nf dissolved orlhoph I'.pliate 
The separation of phosphorus intr Us var. 
ions forms is defined analytically bin the 
analytical differentiations have been se­
lected so that ihey may be used f-- in­
terpretive purposes. 

ri l lral inn through a 0 4S fini pi.ie iliaiii 




