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2.5.7 Analytical Methodology

All samples. collected for compliance monitoring shall be analyzed using Arizona state-approved methods.
If no state-approved method exists, then any appropriate EPA-approved method shall be used. Regardless
of the method used, the detection limits must be sufficient to determine compliance with the regulatory
limits of the parameters specified in this permit. Analyses shall be performed by a laboratory licensed by
the Arizona Department of Health Services, Office of Laboratory Licensure and Certification. For results

to be considered valid, all analytical work shall meet quality control standards specified in the approved
methods. A list of state-certified laboratories in Arizona can be obtained at the address below:

Arizona Department of Health Services

Office of Laboratory Licensure and Certification
250 North 17® Avenue

Phoenix, Arizona 85007

Phone: (602) 364-0720
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2.7.2 Operation Inspection / Log Book Recordkeeping

A signed copy of this permit shall be maintained at all times at the location where day-to-day decisions
regarding the operation of the facility are made. A log book (paper copies, forms, or electronic data) of the
inspections and measurements required by this permit shall be maintained at the location where day-to-day
decisions are made regarding the operation of the facility. The log book shall be retained for ten years from
the date of each inspection, and upon request, the permit and the log book shall be made immediately
available for review by ADEQ personnel. The information in the log book shall include, but not be limited
to, the following information as applicable:

Name of inspector;

Date and shiit inspection was conducted;

Condition of applicable facility components;

Any damage or malfunction, and the date and time any repairs were performed;
Documentation of sampling date and time; and

Any other information required by this permit to be entered in the log book.

Monitoring records for each measurement shall comply with A.A.C. R18-9-A206(B)(2).




B. Recordkeeping.

1. A permittee shall make a monitoring record for each sam-
ple taken as required by the individual permit consisting
of all of the following:

a. The date, time. and exact place of a sampling and the
name of each individual who performed the sam-
pling:

The procedures used to collect the sample;
The date sample analysis was completed:
The name of each mdividual or laboratory perform-
ing the analysis:

. The analytical techmiques or methods used to per-

form the sampling and analysis:

. The chain of custody records: and
Any field notes relating to the information described
in subsections (B)(1)(a) through (f).

A permittee shall make a monitoring record for each mea-

surement made, as requured by the individual permut, con-

sisting of all of the following:

a. The date. time. and exact place of the measurement
and the name of each individual who performed the
measurement:

The procedures used to make the measurement: and
Any field notes relating to the information described
in subsections (B)(2)(a) and (b).

A permittee shall mamtain monitoring records for at least

10 years after the date of the sample or measurement,

unless the Department specifies a shorter time period in

the permut.
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PART II. MONITORING AND REPORTING

A. Sample Collection and Analysis

1.  The permittee is responsible for the quality and accuracy of all data required under this permit.

2. Quality Assurance (QA) Manual

The permittee shall keep a QA Manual on site that describes the sample collection and analyses

processes. If the permittee collects samples or conducts sample analyses in house, the permittee
shall develop a QA Manual that addresses these activities. If a third party collects and/or
analyzes samples on behalf of the permittee, the permittee shall obtain a copy of the applicable
QA procedures. The QA Manual shall be available for review by ADEQ upon request. The QA
Manual shall be updated as necessary to reflect current conditions, and shall describe the

following:

a.  Project Management, including:

Purpose of sample collection and sample frequency;

When and where samples will be collected;

How samples will be collected;

Who will collect samples and their qualifications;

Laboratory(s) that will perform analyses;

Any field tests to be conducted (detail methods and specify equipment, including a
description of any needed calibrations); and

Pollutants or analytes being measured and for each, the permit-specific limits,
Assessment Levels, or thresholds, (e.g. the associated detection limits needed.)
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Who will collect samples and their qualifications;

Laboratory(s) that will perform analyses;

Any field tests to be conducted (detail methods and specify equipment, including a
description of any needed calibrations); and

Pollutants or analytes being measured and for each, the permit-specific limits,
Assessment Levels, or thresholds, (e.g. the associated detection limits needed.)

Sample collection procedures including

Equipment to be used,; -

Type and number of samples to be collected including QA/QC samples (i.e.,
background samples, duplicates, and equipment or field blanks);

Types, sizes, and number of sample bottles needed,;

Preservatives and holding times for the samples (see methods under 40 CFR 136 or
9 A A.C. 14, Article 6 or any condition within this permit that specifies a particular
test method); and

Chain of custody procedures.

c. Specify approved analytical method(s) to be used and include;

Limits of Detection (LOD) and Limits of Quantitation (LLOQs); .
Required quality control (QC) results to be reported (e.g., matrix spike recoveries,
duplicate relative percent differences, blank contamination, laboratory control

~ sample recoveries, surrogate spike recoveries, etc.) and acceptance criteria; and
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Sample collection, preservation and handling shall be performed as described in 40 CFR 136
including the referenced Edition of Standard Methods for the Examination of Water and
Wastewater, or by procedures referenced in A.R.S Title 9, Chapter 14 of the Arizona
Department of Health Services (ADHS) Laboratory Licensure rules. The permittee shall outline
the proper procedures in the QA Manual, and samples taken for this permit must conform to
these procedures whether collection and handling is performed directly by the permittee or
contracted to a third-party.

Analvtical requirements

The permittee shall use a laboratory licensed by the ADHS Office of Laboratory Licensure
and Certification that has demonstrated proficiency within the last 12 months under R9-
14-609, for each parameter to be sampled under this permit. However, this requirement
does not apply to parameters which require analysis at the time of sample collection as
long as the testing methods used are approved by ADHS or ADEQ in accordance with
A.R.S. 36-495.02(A)3). (These parameters may include flow, dissolved oxygen, pH,
temperature, and total residual chlorine.)

The permittee must utilize analytical methods specified in this permit. If no test procedure
is specified, the permittee shall analyze the pollutant using:

i.  Atest procedure listed in 40 CFR 136 which is also approved under A.A.C. R9-14-
610:; .

ii.  An alternative test procedure approved by EPA as provided in 40 CFR 136 and
which is also approved under A.A.C. R9-14-610;

iii. A test procedure listed in 40 CFR 136, with modifications allowed by EPA or
approved as a method alteration by ADHS under A.A.C. R9-14-610(C); or

iv.  If no test procedure for a pollutant is available under (3)(b)(i) through (3)(b)(iii)
above, any Method approved under A.A.C. R9-14-610(B) for wastewater may be
used, except the use of field kits is not allowed unless otherwise specified in this
permit. If there is no approved wastewater method for a parameter, any other method
identified in 9 A.A.C. 14, Article 6 that will achieve appropriate detection and
reporting limits may be used for analyses.

For results to be considered valid, all analyticﬁl work, including those tests conducted by
the permittee at the time of sampling (see Part IL.A.4.a), shall meet quality control
standards specified in the approved methods.
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For all field testing, or if the information below is not included on the laboratory reports
required by Part I1.B.2, the permittee shall attach a bench sheet or similar documentation to each
DMR that includes, for all analytical results during the reporting period:

a.  the analytical result,

b. the number or title of the éppmved. analyﬁcal method, preparation and analytical
procedure utilized by the field personnel or laboratory, and the LOD and LOQ for the

analytical method for the parameter, and

any applicable data qualifiers using the most current revision of the Arizona Data
Qualifiers (available on line at http://www.azdhs.gov/lab/license/resources/resources.htm).
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Monitoring Records

The permittee shall retain records of the following monitoring information:

Date, exact location and time of sampling or measurements performed, preservatives used;

Individual(s) who _perftlrmed the sampling or measurements;

Date(s) the analyses were performed;

Laboratory(s) which performed the analyses;

Analytical techniques or methods used; |

Chain of custody forms;

Any comments, case narrative or summary of results produced by the laboratory. These
comments should identify and discuss QA/QC analyses performed concurrently during sample
analyses and should specify whether analyses met project requirements and 40 CFR 136. If
results include information on initial and continuing calibration, surrogate analyses, blanks,
duplicates, laboratory control samples, matrix spike and matrix spike duplicate results, sample

receipt condition, or holding times and preservation, these records must also be retained.

Summary of data interpretation and any corrective action taken by the permittee.
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36-495.01. Licensure program; rules

A. On or before July 1, 1991, the department shall license environmental
laboratories engaged in compliance testing. Upon application for an
environmental laboratory license, the department shall issue the license if,
after investigation, the department determines that the application
conforms with the standards established by the department.

B. The director shall prescribe rules providing for minimum standards of
proficiency, methodology, guality assurance, operation and safety for
environmental laboratories and may prescribe standards for personnel
education, training and experience to meet federal environmental statutes
or regulations, or enabling reciprocity with other states and the manner and
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36-495.02. Exemptions

A. This chapter does not apply to an environmental laboratory in this state
that is:

1. Certified or designated by the United States environmental protection
agency as the laboratory which provides analytical services to this state
required for the delegation of primary enforcement responsibility under a
federal law or regulation administered by that agency.

2. Operated by the Arizona department of agriculture or the radiation
regulatory agency.

3. Performing only compliance testing of parameters which require analysis

at the time of sample collection as long as the testing methodologies

| | | by the direct f the d I * of healt] .
MMEW i i -
4. Licensed to perform those analyses for which it is licensed or certified by
another agency of this state.
5. Accredited by a national voluntary laboratory accreditation program
administered by the national institute of standards and technology and
approved by the department.
B. In addition to the exemptions established in subsection A, the director
may also exempt by rule certain classes of environmental laboratories and
types of compliance testing, parameters and methods, if the director
determines that the exemptions will not adversely affect the public health or
the environment. The rules shall be developed in cooperation with the
director of the department of environmental quality and the director of the
Arizona department of agriculture.




This decument contains an unofficial version of tl'ni new rules in 9 AAC, 14, Article 6, effective October T, 2016.

An out-of-state laboratory at which only microbiology testing of bottled water is
performed and for which the owner holds a current and valid environmental laboratory
license or certificate, issued by anotaer state of the United States, that specifically

authorizes drinking water testing;

A person that:
i Employs methods approved by either ADEQ or the Department; and
b. Tests compliance samples either:
i For turbidity or conductivity at the time of sampling, or
ii. With a maximum helding time of 15 minutes after sampling; or
A laboratory that only performs compliance testing on daily chlorine dicxide or chlorite
drinking water samples or ultra-low-range total residual chlorine wastewater samples as
long as that laboratory is:
a. Emploving methods approved by either ADEQ or the Department; and
b. Testing compliance samples immediately at the time of sampling, from which

results may be obtained more than 15 minutes after sampling.

R9-14-603.

License Application and Process; Transferability

A To obtain an initial or renewal license to operate a laboratory, an applicant shall submit to the

Departiment, within the time prescribed in subsection (B), an application that contains:
1.

The following information in a Department-provided format:

a. The name of the laboratory;

b. The current Arizona license number for the laboratory, if any;
. if any;

C. The current EPA certification number for the laborato
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4500-H* B. Electrometric Method

1. General Discussion

a. Principle: The basic principle of electrometric pH measure-
ment 1s determination of the activity of the hydrogen ions by
potentiometric measurement using a standard hydrogen electrode
and a reference electrode. The hydrogen electrode consists of a
platinum electrode across which hydrogen gas is bubbled at a
pressure of 101 kPa. Because of difficulty in its use and the po-
tential for poisoning the hydrogen electrode, the glass electrode
commonly is used. The electromotive force (emf) produced in the
glass electrode system varies linearly with pH. This linear rela-
tionship is described by plotting the measured emf against
the pH of different buffers. Sample pH is determined by extrap-
olation.

Because single ion activities such as ay ' cannot be measured,
pH is defined operationally on a potentiometric scale. The pH
measuring instrument is calibrated potentiometrically with an in-
dicating (glass) electrode and a reference electrode using National
Institute of Standards and Technology (NIST) buffers having as-
signed values so that:

pHy = — log o,
where:

pHp = assigned pH of NIST buffer.

The operational pH scale is used to measure sample pH and is
defined as:

FE, — E,)

= =+
PH, = pH, + ==

where;

pH, = potentiometrically measured sample pH,
F = Faraday: 9.649 = 10* coulomb/mole,

E, = sample emf, V,

E. = buffer emf, V,

R = gas constant; 8.314 joule/{mole "K), and
T = absclute temperature, K,

Note: Although the equation for pH, appears in the literature with
a plus sign, the sign of emf readings in millivolts for most pH
meters manufactured in the U.S. is negative. The choice of neg-
ative sign is consistent with the IUPAC Stockholm convention
concerning the sign of electrode potential.’>

The activity scale gives values that are higher than those on
Sorenson’s scale by (.04 units:

pH (activity) = pH (Sorenson) + .04

The equation for pH, assumes that the emf of the cells containing
the sample and buffer is due solely to hydrogen ion activity un-
affected by sample composition. In practice, samples will have
varying ionic species and ionic strengths, both affecting H* activ-
ity. This imposes an experimental limitation on pH measurement;
thus, to obtain meaningful results, the differences between E, and
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1020 QUALITY ASSURANCE"

1020 A. Introduction

This section applies primarily to chemical and radiochemical
analyses. See Sections 8020 and 9020 for quality assurance and
control for toxicity assays and microbiological analyses.

Quality assurance (QA) is a laboratory operations program
that specifies the measures required to produce defensible data
with known precision and accuracy. This program is defined in
a QA manual, written procedures, work instructions, and re-
cords. The manual should include a policy that defines the
statistical level of confidence used to express data precision and
bias, as well as method detection levels (MDLs) and reporting
limits. The overall system includes all QA policies and quality
control (QC) processes needed to demonstrate the laboratory’s
competence and to ensure and document the quality of its ana-
Iytical data. Quality systems are essential for laboratories seek-
ing accreditation under state or federal laboratory certification
programs.

QA includes both QC (1020B) and quality assessment
(1020C). For information on evaluating data guality, see Section
1030.

1. Quality Assurance Plan

Establish a QA program and prepare a QA manual or plan.
The QA manual and associated documents include the following
items'™: cover sheet with approval signatures; quality policy
statement; organizational structure; staff responsibilities; analyst
training and performance requirements; tests performed by the
laboratory; procedures for handling and receiving samples; sam-
ple control and documentation procedures; procedures for
achieving traceable measurements; major equipment, instrumen-
tation, and reference measurement standards used; standard op-
erating procedures (SOPs) for each analytical method; proce-
dures for generating, approving, and controlling policies and
procedures; procedures for procuring reference materials and
supplies; procedures for procuring subcontractors’ services; in-
ternal QC activities: procedures for calibrating, verifying, and
maintaining instrumentation and equipment; data-verification
practices, including inter-laboratory comparison and proficien-
cy-testing programs; procedures for feedback and corrective
actions whenever testing discrepancies are detected; procedures
for permitted exceptions to documented policies; procedures for
system and performance audits and reviews; procedures for
assessing data precision and accuracy and defermining MDLS;

and frequency of, management review and updates to the QA
manual and associated documents.

On the title page, include approval signatures, revision num-
bers, and a statement that the manual has been reviewed and
determined to be appropriate for the scope, volume, and range of
testing activities at the laboratory,* as well as an indication that
management has committed to ensuring that the quality system
defined in the QA manual is implemented and followed at all
times.

The QA manual also should clearly specify and document the
managerial responsibility, authority, quality goals, objectives,
and commitment to quality. Write the manual so it is clearly
understood and ensures that all laboratory personnel understand
their roles and responsibilities.

Implement and follow sample-tracking procedures, including
legal chain-of-custody procedures (as required by data users) to
ensure that chain of custody is maintained and documented for
cach sample. Institute procedures to trace a sample and its
derivatives through all steps from collection through analysis,
reporting of final results, and sample disposal. Routinely practice
adequate and complete documentation, which is critical to ensure
that data are defensible, to meet laboratory accreditation/certifi-
cation requirements, and to ensure that all tests and samples are
fully traceable.

Standard operating procedures describe the analytical meth-
ods to be used in the laboratory in sufficient detail that a
competent analyst unfamiliar with the method can conduct a
reliable review and/or obtain acceptable results. SOPs should
include, where applicable, the following items’ ~*: title of refer-
enced, consensus test method; sample matrix or matrices; MDL;
scope and application; summary of SOP; definitions; interfer-
ences; safety considerations; waste management; apparatus,
equipment, and supplics; reagents and standards; sample collec-
tion, preservation, shipment. and storage requirements; specific
QC practices, frequency, acceptance criteria, and required cot-
rective action if acceptance criteria are not met; calibration and
standardization; details on the actual test procedure, including
sample preparation; calculations; qualifications and performance
requirements for analysts (including number and type of analy-
ses); data assessment/data management; references; and any
tables, flowcharts, and validation or method performance data.
At a minimum, validate a new SOP before use by first deter-
mining the MDL and performing an initial demonstration of
canability using relevant regulatorv guidelines. (Note: MDL

QUALITY ASSURANCE (1020)/Quality Control

cially available reference materials certified traceable to
international or NIST SRMs to establish the integrity of the
laboratory calibration and measurement program. Formulate
document-control procedures, which are essential to data defen-
sibility, to cover the entire process: document generation, ap-
proval, distribution, storage, recall, archiving, and disposal.
Maintain logbooks for each test or procedure performed, with
complete documentation on preparation and analysis of each
sample, including sample identification, associated standards and
QC samples. method reference, date/time of preparation/analy-
sis, analyst, weights and volumes used, results obtained. and any
problems encountered. Keep logbooks that document mainte-
nance and calibration for each instrument or piece of equipment.
Calibration procedures, corrective actions, internal QC activities,
performance audits, and data assessments for precision and ac-
curacy (bias) are discussed in 1020B and C.

Data reduction, validation, and reporting are the final steps in
fhe data-generation process. The data obtained from an analytical
Instrument must first be subjected to the data-reduction processes
described in the applicable SOP before the final result can be
obtained. In the QA manual or SOP, specify calculations and any
correction factors, as well as the steps to be followed when
generating the sample result. Also, specify all the data-validation
steps to be followed before the final result is made available.
l_!epon results in standard units of mass, volume, or coneentra-
tion, as specified in the method or SOP or as required by
regulators or clients. Report results below the minimum quanti-
tation level (MQL) or MDL in accordance with the procedure
prescribed in the SOP, regulatory requirements, or general lab-
oratory policy. The MQL is the lowest level that can be quan-
titated accurately.

Ideally, include a statement of uncertainty with each result.
Se.e references and bibliography for other useful information and
guidance on establishing a QA program and developing an
effective QA manual,

2. References

1. U.S. EnvironmenTAL ProTECTION AGENCY, 2002. Guidance for Qual-
ity Assurance Plans (QA-G-5), EPA/240/R-02/009. U.S. Environ-

1020 B. Qua
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36-495.07. Inspection; investigations

A. The department may make an initial inspection, and
thereafter an annual inspection, of each laboratory to determine
cgmpliance with this chapter or rules adopted pursuant to this
chapter.

B. An application for licensure pursuant to this chapter
constitutes permission for the department's entry or inspection
of the laboratory during the pendency of the application and, if
licensed, during the term of the license for the purpose of
determining compliance with this chapter or rules adopted
pursuant to this chapter.

C. The department may require, as part of its inspections, that
the laboratory demonstrate proficiency in performing tests that
it offers by examining specimens submitted by the department,
the United States environmental protection agency or other
proficiency testing services approved by the department.

D. In addition to the inspections provided for in subsection A of
this section, the department, on its own initiative or on the
receipt of a written complaint from a person setting forth facts
which, if proven, constitute a violation of this chapter or rules
adopted pursuant to this chapter, may make an investigation of
the laboratory's operations, techniques and procedures. If the
investigation or an inspection conducted pursuant to this section
discloses past or current noncompliance with statutes and rules,
the director, in accordance with section 36-495.09, may deny,
susEend or revoke a license issued by the department pursuant
to this chapter

E. At any time the department may conduct an investigation of
the operation of an unlicensed laboratory performing compliance
testing and may conduct on-site inspections of the laboratory,
records, procedures and methods to determine whether the
laboratory must be licensed pursuant to this chapter,

F. The director by rule shall establish standards and procedures
for third party accreditation and exempting inspections and
inspection fees for a laboratory that is accredited by a third

party.
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1.

Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;
B Sample collection process;
C.  Calibration and standardization process;
D Specific quality control practices:
i) 1D of QC types;
i} Frequency,
iii) Acceptance criteria;
iv) Required corrective action if acceptance criteria not met
E. Details on the actual test procedure;
Record of each analyst’s training
A. Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).
Documented Preventative Maintenance on instrumentation.
Records for all reagents and standards.
A. Date receipt, lot #, expiration date, dates of use.
B.  Discard or segregate all expired standards or reagents.
Records (Loghooks or bench sheets) maintained for each test or procedure.
A.  Method reference;
Sample ID, sampler, sample date and time;
Standard and QC sample results;
Reagent blank results (turbidity and TRC only}(not in-line meters);

mo N ®

Date/time of preparation/analysis for sample;
i) Analysis time within 15 minutes of sample time;
Analyst name or initials;

o m

Calibration data and sample results obtained;
H. Corrective actions if QC or method requirements not met;
i) Data not reported until the cause of the problem is identified and either corrected or

qualified;
I Indelible ink;
J. Corrections to records only made with single line thru incorrect entry, correct entry written

to side with initials and date of person making change; and
K. Records maintained for at least 10 years (R18-9-A206(B)(3).




*Used by ADHS as checklist
Wastewater Treatment Plant QA/QC Requirements for Exempt Methods Rev. 2.1, 11/29/2010
1. Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;

Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:
i) 1D of QC types;
i} Frequency;
iii) Acceptance criteria,;
iv) Required corrective action if acceptance criteria not met
E. Details on the actual test procedure;
Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).
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1. Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;

Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:
i) 1D of QC types;
ii} Frequency;
iii) Acceptance criteria,;
iv) Required corrective action if acceptance criteria not met
E. Details on the actual test procedure;
Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).
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1. Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity,|temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;

Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:
i) 1D of QC types;
ii} Frequency;
iii) Acceptance criteria,;
iv) Required corrective action if acceptance criteria not met
E. Details on the actual test procedure;
Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).
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1. Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;

Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:

i) 1D of QC types;

ii} Frequency;

iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met

E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).
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1.

Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).

Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A. Specifications for reagents and standards;

Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:

i) 1D of QC types;

i) Frequency;

iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met
E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).
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1. Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)

A.  Specifications for reagents and standards; | e.g. pH buffers, DI Water, Stds, etc.
Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:

i) 1D of QC types;

ii} Frequency;

iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met

E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).
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1.

Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).

Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A. Specifications for reagents and standards;

Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:

i) 1D of QC types;

i) Frequency;

iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met
E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).
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1.

Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).

Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A. Specifications for reagents and standards;

Sample collection process;

B e.g. grab sample taken with cup on pole
C. Calibration and standardization process; sampling device taken back to
D Specific quality control practices: or performed directly in flow (DO

i) 1D of QC types; and temperature)
i} Frequency;

iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met

E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).
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1.

Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).

Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)

Specifications for reagents and standards;

Sample collection process;

Calibration and standardization process;

Specific quality control practices:

i) 1D of QC types;

i) Frequency;

iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met
E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).

Record of a method detection limit study (ultra low level total residual chlorine only).
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1. Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
Specifications for reagents and standards;

Sample collection process;

Calibration and standardization process; e.g. thermometer against NIST,
Specific quality control practices: 3 pH buffers + check buffer,

i) 1D of QC types; DO - air calibration procedure
i} Frequency;

iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met

E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).

Record of a method detection limit study (ultra low level total residual chlorine only).
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1.

Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).

Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;
Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:
i) 1D of QC types;

ii} Frequency;

iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met

E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).
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1.

Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).

Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;
Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:
i) 1D of QC types;

ii} Frequency;

iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met

E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).
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1. Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;

Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:

i) 1D of QC types; e.g. pH check buffer, duplicates,

ii) Frequency; accuracy check for ULR TRC
iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met

E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).
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1.

Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).

Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;
Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:
i} ID of QC types;

ii} Frequency;

iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met

E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).
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1. Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;

Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:

i} ID of QC types;

i} Frequency, e.g. each run, weekly, monthly, etc.
iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met

E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).
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1.

Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).

Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;
Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:
i) 1D of QC types;

ii} Frequency;

iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met

E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).




Wastewater Treatment Plant QA/QC Requirements for Exempt Methods Rev. 2.1, 11/29/2010
1. Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;

Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:
i) 1D of QC types;
ii} Frequency;

iii) Acceptance criteria; e.g. w/1 0.1 pH units, about 100%, etc.
iv) Required corrective action if acceptance criteria not met

E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).




Wastewater Treatment Plant QA/QC Requirements for Exempt Methods Rev. 2.1, 11/29/2010

1.

Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).

Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;
Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:

i) 1D of QC types;

ii} Frequency;

iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met

E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).
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1. Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;

Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:

i) 1D of QC types;

i} Frequency;

iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met e.g. recalibrate

E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).
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1.

Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).

Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;
Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:

i) 1D of QC types;

ii} Frequency;

iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met

E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).
Record of a method detection limit study (ultra low level total residual chlorine only).
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1. Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;

Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:
i) 1D of QC types;
ii} Frequency;
iii) Acceptance criteria,;
iv) Required corrective action if acceptance criteria not met
E.  Details on the actual test procedure; e.g. specific to your meter and
Record of each analyst’s training environment
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).

Record of a method detection limit study (ultra low level total residual chlorine only).
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1. Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;

Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:

i) 1D of QC types;

i) Frequency;

iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met
E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).

Record of a method detection limit study (ultra low level total residual chlorine only).




Wastewater Treatment Plant QA/QC Requirements for Exempt Methods Rev. 2.1, 11/29/2010
1. Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;

Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:

i) 1D of QC types;

i) Frequency;

iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met
E. Details on the actual test procedure;

Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).

Record of a method detection limit study (ultra low level total residual chlorine only).
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4500-H* B. Electrometric Method

1. General Discussion

a. Principle: The basic principle of electrometric pH measure-
ment 1s determination of the activity of the hydrogen ions by
potentiometric measurement using a standard hydrogen electrode
and a reference electrode. The hydrogen electrode consists of a
platinum electrode across which hydrogen gas is bubbled at a
pressure of 101 kPa. Because of difficulty in its use and the po-
tential for poisoning the hydrogen electrode, the glass electrode
commonly is used. The electromotive force (emf) produced in the
glass electrode system varies linearly with pH. This linear rela-
tionship is described by plotting the measured emf against
the pH of different buffers. Sample pH is determined by extrap-
olation.

Because single ion activities such as ay ' cannot be measured,
pH is defined operationally on a potentiometric scale. The pH
measuring instrument is calibrated potentiometrically with an in-
dicating (glass) electrode and a reference electrode using National
Institute of Standards and Technology (NIST) buffers having as-
signed values so that:

pHy = — log o,
where:

pHp = assigned pH of NIST buffer.

The operational pH scale is used to measure sample pH and is
defined as:

FE, — E,)

= =+
PH, = pH, + ==

where;

pH, = potentiometrically measured sample pH,
F = Faraday: 9.649 = 10* coulomb/mole,

E, = sample emf, V,

E. = buffer emf, V,

R = gas constant; 8.314 joule/{mole "K), and
T = absclute temperature, K,

Note: Although the equation for pH, appears in the literature with
a plus sign, the sign of emf readings in millivolts for most pH
meters manufactured in the U.S. is negative. The choice of neg-
ative sign is consistent with the IUPAC Stockholm convention
concerning the sign of electrode potential.’>

The activity scale gives values that are higher than those on
Sorenson’s scale by (.04 units:

pH (activity) = pH (Sorenson) + .04

The equation for pH, assumes that the emf of the cells containing
the sample and buffer is due solely to hydrogen ion activity un-
affected by sample composition. In practice, samples will have
varying ionic species and ionic strengths, both affecting H* activ-
ity. This imposes an experimental limitation on pH measurement;
thus, to obtain meaningful results, the differences between E, and




Wastewater Treatment Plant QA/QC Requirements for Exempt Methods Rev. 2.1, 11/29/2010
1. Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;

Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:

i) 1D of QC types;

i) Frequency;

iii) Acceptance criteria,;

iv) Required corrective action \f acceptance criteria not met
E. Details on the actual test procedure;

Record of each analyst’s training \
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).

Record of a method detection limit study (ultra low level total residual chlorine only).




Wastewater Treatment Plant QA/QC Requirements for Exempt Methods Rev. 2.1, 11/29/2010
1. Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;

Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:

i) 1D of QC types;

i) Frequency;

iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met
E. Details on the actual test procedure;

Record of each analyst’s training

A, Review of the method and the SOP procedure.

B. Review of manufacturer’s guidelines for instrumentation used.

C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)

Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all

reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).

Record of a method detection limit study (ultra low level total residual chlorine only).
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Wastewater Treatment Plant QA/QC Requirements for Exempt Methods Rev. 2.1, 11/29/2010
1. Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;

Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:

i) 1D of QC types;

i) Frequency;

iii) Acceptance criteria,;

iv) Required corrective action if acceptance criteria not met
E. Details on the actual test procedure;

Record of each analyst’s training

A, Review of the method and the SOP procedure.

B. Review of manufacturer’s guidelines for instrumentation used.

C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)

Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all

reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).

Record of a method detection limit study (ultra low level total residual chlorine only).




Wastewater Treatment Plant QA/QC Requirements for Exempt Methods Rev. 2.1, 11/29/2010
1. Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;

Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:
i) 1D of QC types;
ii} Frequency;
iii) Acceptance criteria,;
iv) Required corrective action if acceptance criteria not met
E. Details on the actual test procedure;
Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).

Record of a method detection limit study (ultra low level total residual chlorine only).




Wastewater Treatment Plant QA/QC Requirements for Exempt Methods Rev. 2.1, 11/29/2010
1. Using ADHS exempt approved method(s) for pH, dissolved oxygen (DO), turbidity, temperature,
total residual chlorine (TRC), and specific conductivity (AZPDES, NPDES, APP and Reuse Permits).
2. Standard Operating Procedure (SOP) for each ADHS exempt approved method reported (SM
1020A.1)
A.  Specifications for reagents and standards;

Sample collection process;

B
C. Calibration and standardization process;
D

Specific quality control practices:
i) 1D of QC types;
ii} Frequency;
iii) Acceptance criteria,;
iv) Required corrective action if acceptance criteria not met
E. Details on the actual test procedure;
3. Record of each analyst’s training
A, Review of the method and the SOP procedure.
B. Review of manufacturer’s guidelines for instrumentation used.
C. Initial demonstration of capability by using 4 replicates of a Laboratory Control sample [LCS]
or Laboratory Fortified Blank [LFB] - (Not temperature, DO or in-line meters)
4. Record of each AZPDES/NPDES permitted plant’s participation in an annual proficiency test for all
reported exempt methods with either a DMRQA or WP sample (Not temperature or DO).

| 5. Record of a method detection limit study (ultra low level total residual chlorine only). I




6. Documented Preventative Maintenance on instrumentation.

7. Records for all reagents and standards.
A.  Date receipt, lot #, expiration date, dates of use.
B. Discard or segregate all expired standards or reagents.

8. Records (Loghooks or bench sheets) maintained for each test or procedure.
A.  Method reference;

Sample ID, sampler, sample date and time;

Standard and QC sample results;

Reagent blank results (turbidity and TRC only)(not in-line meters),

Date/time of preparation/analysis for sample;

i)  Analysis time within 15 minutes of sample time;

Analyst name or initials;

Calibration data and sample results obtained,;

Corrective actions if QC or method requirements not met;

i) Data not reported until the cause of the problem is identified and either corrected or
qualified;

Indelible ink;

Corrections to records only made with single line thru incorrect entry, correct entry written

to side with initials and date of person making change; and

Records maintained for at least 10 years (R18-9-A206(B)(3).




6. Documented Preventative Maintenance on instrumentation. | e.g. on bench sheet or in log book
7. Records for all reagents and standards.
A. Date receipt, lot #, expiration date, dates of use.

B. Discard or segregate all expired standards or reagents.
8. Records (Logbooks or bench sheets) maintained for each test or procedure.

A.  Method reference;

Sample ID, sampler, sample date and time;

Standard and QC sample results;

Reagent blank results (turbidity and TRC only)(not in-line meters),

Date/time of preparation/analysis for sample;

i)  Analysis time within 15 minutes of sample time;

Analyst name or initials;

Calibration data and sample results obtained,;

Corrective actions if QC or method requirements not met;

i) Data not reported until the cause of the problem is identified and either corrected or
qualified;

Indelible ink;

Corrections to records only made with single line thru incorrect entry, correct entry written

to side with initials and date of person making change; and

Records maintained for at least 10 years (R18-9-A206(B)(3).




6. Documented Preventative Maintenance on instrumentation.

7. Records for all reagents and standards.
A.  Date receipt, lot #, expiration date, dates of use.

B. Discard or segregate all expired standards or reagents
8. Records (Loghooks or bench sheets) maintained for each test or procedure.
A.  Method reference;

Sample ID, sampler, sample date and time;

Standard and QC sample results;

Reagent blank results (turbidity and TRC only)(not in-line meters),

Date/time of preparation/analysis for sample;

i)  Analysis time within 15 minutes of sample time;

Analyst name or initials;

Calibration data and sample results obtained,;

Corrective actions if QC or method requirements not met;

i) Data not reported until the cause of the problem is identified and either corrected or
qualified;

Indelible ink;

Corrections to records only made with single line thru incorrect entry, correct entry written

to side with initials and date of person making change; and

Records maintained for at least 10 years (R18-9-A206(B)(3).




6. Documented Preventative Maintenance on instrumentation.
7. Records for all reagents and standards.

A. Date receipt, lot #, expiration date, dates of use.

B. Discard or segregate all expired standards or reagents.

8. Records (Logbooks or bench sheets) maintained for each test or procedure.

A.  Method reference;

Sample ID, sampler, sample date and time;

Standard and QC sample results;

Reagent blank results (turbidity and TRC only)(not in-line meters),

Date/time of preparation/analysis for sample;

i)  Analysis time within 15 minutes of sample time;

Analyst name or initials;

Calibration data and sample results obtained,;

Corrective actions if QC or method requirements not met;

i) Data not reported until the cause of the problem is identified and either corrected or
qualified;

Indelible ink;

Corrections to records only made with single line thru incorrect entry, correct entry written

to side with initials and date of person making change; and

Records maintained for at least 10 years (R18-9-A206(B)(3).




6. Documented Preventative Maintenance on instrumentation.
7. Records for all reagents and standards.

A. Date receipt, lot #, expiration date, dates of use.

B. Discard or segregate all expired standards or reagents.

8. Records (Logbhooks or bench sheets) maintained for each test or procedure.

A. Method reference;

Sample ID, sampler, sample date and time;

Standard and QC sample results;

Reagent blank results (turbidity and TRC only)(not in-line meters),

Date/time of preparation/analysis for sample;

i)  Analysis time within 15 minutes of sample time;

Analyst name or initials;

Calibration data and sample results obtained,;

Corrective actions if QC or method requirements not met;

i) Data not reported until the cause of the problem is identified and either corrected or
qualified;

Indelible ink;

Corrections to records only made with single line thru incorrect entry, correct entry written

to side with initials and date of person making change; and

Records maintained for at least 10 years (R18-9-A206(B)(3).
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6. Documented Preventative Maintenance on instrumentation.
7. Records for all reagents and standards.

A. Date receipt, lot #, expiration date, dates of use.

B. Discard or segregate all expired standards or reagents.

8. Records (Logbooks or bench sheets) maintained for each test or procedure.

A. Method reference;

Sample ID, sampler, sample date and time;
Standard and QC sample results;

Reagent blank results (turbidity and TRC only)(not in-line meters),
Date/time of preparation/analysis for sample;

i)  Analysis time within 15 minutes of sample time;

Analyst name or initials;

Calibration data and sample results obtained,;

Corrective actions if QC or method requirements not met;

i) Data not reported until the cause of the problem is identified and either corrected or
qualified;

Indelible ink;

Corrections to records only made with single line thru incorrect entry, correct entry written

to side with initials and date of person making change; and

Records maintained for at least 10 years (R18-9-A206(B)(3).




MAY PH  SM4500-HE
Day | Spl Time | Sampler || 4.00 | 7.00 | 10.00 | 7.00C | Slope | Temp Eff Temp | Time | Anlayst Notes
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6. Documented Preventative Maintenance on instrumentation.
7. Records for all reagents and standards.

A. Date receipt, lot #, expiration date, dates of use.

B. Discard or segregate all expired standards or reagents.

8. Records (Logbooks or bench sheets) maintained for each test or procedure.

A.  Method reference;
Sample ID, sampler, sample date and time;
Standard and QC sample results;
Reagent blank results (turbidity and TRC only)(not in-line meters),
Date/time of preparation/analysis for sample;

i)  Analysis time within 15 minutes of sample time;

Analyst name or initials;

Calibration data and sample results obtained,;

Corrective actions if QC or method requirements not met;

i) Data not reported until the cause of the problem is identified and either corrected or
qualified;

Indelible ink;

Corrections to records only made with single line thru incorrect entry, correct entry written

to side with initials and date of person making change; and

Records maintained for at least 10 years (R18-9-A206(B)(3).
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16 | 7:594] 56 §3.95] 201 9.92|16.96| 938 P31 L 226/720 21.512: 104] S8 | Cleaw [Tbe
17 | ZSAl SR 2] 26319971 921935122 730 [22.1[%:234 DR | 3.94 58 S-)7-//
18 17:5001 S 13931699 7.9¢[¢ KAKIZIDS | 233 [2/.9[2:99A] SO [Keleaw peshe G/ pashe
19 173%41 SR 401697 10.01]6 T7|T7¥ R2G | 7241 [22.0]7:504] SA -

20 - - - —_ —_ —_ ~— - — — — — /U;)“/' Tawes SR
21 | 7:4SA SA[H.0016.771992 700|777 12311 737 [25.5|F00n| SR

22 | 7:514 SR | Y.02] 200[l0.01] Z02] 72212 Y 226 |2op SR _

23 | K00 SAVL0116.959/0.0016.991529023.00796249) 221 [ B 3A] SR | Cltew 1Rahre

2 |7 YA SRE3971£9%1 9971 £.99192.61224] 78] |22.5|3 04 SA _
2s | 7:51Al SREY.ov[701]/p.000 2001928 232 7S La¥ [7's6a] SR [aly SB 5251
26 [:3AM SB13.97/6.99] 9.93169¥]9.9 22 7] 7,23 [21)[3:354 SR

27 | B:00a] WT) M 7 10| 7 23 7.5 | 23 | 815«| WT

28 [ 800a| WTL 4 | 7 | 10| Y 23| 7.5 |23 18!5¢| WT

29 | 800a| WT | 4 7 110 | 5% 23 7.5 123 [¥/5a| WT

30 |Rigge] WTL M | 77 10 | 7 23| 7.8 |23 [gusa| WT

31 | 7:994] SB |39 0041 7.041953122.2] 744 |D K| 7:SeM SA | cleury papbe.




6. Documented Preventative Maintenance on instrumentation.
7. Records for all reagents and standards.

A. Date receipt, lot #, expiration date, dates of use.

B. Discard or segregate all expired standards or reagents.

8. Records (Logbooks or bench sheets) maintained for each test or procedure.

A.  Method reference;
Sample ID, sampler, sample date and time;
Standard and QC sample results;
Reagent blank results (turbidity and TRC only)(not in-line meters),
Date/time of preparation/analysis for sample;

i)  Analysis time within 15 minutes of sample time;

Analyst name or initials;

Calibration data and sample results obtained,;

Corrective actions if QC or method requirements not met;

i) Data not reported until the cause of the problem is identified and either corrected or
qualified;

Indelible ink;

Corrections to records only made with single line thru incorrect entry, correct entry written

to side with initials and date of person making change; and

Records maintained for at least 10 years (R18-9-A206(B)(3).




6. Documented Preventative Maintenance on instrumentation.
7. Records for all reagents and standards.

A. Date receipt, lot #, expiration date, dates of use.

B. Discard or segregate all expired standards or reagents.

8. Records (Logbooks or bench sheets) maintained for each test or procedure.

A.  Method reference;
Sample ID, sampler, sample date and time;
Standard and QC sample results;
Reagent blank results (turbidity and TRC only)(not in-line meters),
Date/time of preparation/analysis for sample;

i) Analysis time within 15 minutes of sample time;

Analyst name or initials;

Calibration data and sample results obtained,;

Corrective actions if QC or method requirements not met;

i) Data not reported until the cause of the problem is identified and either corrected or
qualified;

Indelible ink;

Corrections to records only made with single line thru incorrect entry, correct entry written

to side with initials and date of person making change; and

Records maintained for at least 10 years (R18-9-A206(B)(3).




20 pH  SM4500-H B

ay [|Spl Time | Sampler| 4.00 | 7.00 | 10.00 | 7.00C | Slope | Temp Eff Temp || Time | Anlayst Notes
7:444| SB | 4.62| 7.05| 10.0| 70119 2]2¢.3] 252 [22.4] 75t | SR
Z{RA| 5B | 399 701 .99 ¢.7%198.0( 2% 2| 72489/ 2.7 7:59] S8
2414 SR | Y00] 7o) )0.B| 769197.8] 23.6| 2.44 | 2t2] 7:5:4] SR
3034l SR |38 (69919921 £911925123.9] Zy2 213U w4l SC 394 S8 s-¢-11
7524 S4B [y.06] 704[1002[ 20592422 7] 241 |21 2| e[ SA
R0 Al SR 4.0l 7mlice]2oila21123ul 759 122 30 20 Sg
7'414| S8 [3.99]| 6.97| TR . %[ T65[24.1| 2.40 [21.7]7:504 57

7:4Y41 SR [3.71] z.00[/0.03] 7,001 %) [25.7 1 7.3y [21S |7:572| 53 |

SB 1296|6.9919.95£.97195 93 912355/7.38122. 113 1024] SR [ 798 sR §-9-1. 55w

Cleayw  robe

et - — — e o - - Not Takew S’%
11 |A04] S [395]2.011297(4.9¢1959 [23S | 7.33 [21.4]8:33] S8
2 17:514 58 [39717.06]9.951€.92[95.11229( 2 42 [22.4]R:054] B
13 1 7:4968 S8 [39514£.9%1.03]17.01 19494 [24.1 | 734 [21.9]7:S94 S~
14 12:39A] S8 |3.95|&.9C|/0.0Y| 7.06[ 11.3[27-C] 7.27 1211 ]72:51| S8 [*A Ngt o 543
15 | 7:944) S8 139Y1€.991/0.05|203194.i1a34]| 7.94 [2.717:5] &R
16 1 7:594] 56 [3.95] 2011 9.92{6.96]93%123.1] 76/723[21.5]8: [b4] S8 | Cleaw P2be
7 §1Z:USAl SR 2394 763199716 9219351222 730 [22. 113234 DR | 3.94 58 s-)7-//
18 17:5001 S 13931699 7.9¢[¢ KAKIZ | DS | 233 [2).912:99A] SO [Kefea pese G/ pashe
19 173%A41 SR {40197 10.61l6. 77|72 229 | 74| |22.0]7:504] SA -
20 - - - —_ —_ —_ ~— - — — — — /U;)“/' Tawes SR
21 17:YSA SB 14.0006.7719.791 700| 77.7 | 23.[| 7.37 [22.51F00n] SR
2 || 7:514 SR [Y4.03] 2o0[l0.01] 7021927 239] 299 [22.6] 20a] SR i
23 000 SA 14011659 /0.0016.991524123.01 796791 22 | B A SR | Cltew 1Fahe
2 |7 Y94 SR 13 991£9%19971£.99192.61224] 73] 225|304 SA _
2s 07:41Al SR [4.60[701]/p.000 2001928 [232] 7S La#[7sta] SR [aly SB 5351
26 [R: 3 SR [3.97]6.99] 9.93169¥[9.9 [22. 7] 7,23 [21)]3:354 SR
27 1Q:00a| WwT| M | 7 [10] 7 23| 175 [ 23] 818« WwT
28 18:00a| WT | 4 | 7 | 10| W 23| 75 123]8!a| WT
29 ||8i00a| WT | 4 7 1101 7 23 7.5 123 |85 WT
30 [IRiGgel WT | Y4 7 101 7 2% 7.8 [23 [gus<| WT
31 17:99AQ1 SB [397[699110.04] 7.04] 95.3[22 744 12 | 7:Seh) SR | Clenry  pepbe




6. Documented Preventative Maintenance on instrumentation.
7. Records for all reagents and standards.

A. Date receipt, lot #, expiration date, dates of use.

B. Discard or segregate all expired standards or reagents.

8. Records (Logbooks or bench sheets) maintained for each test or procedure.

A.  Method reference;
Sample ID, sampler, sample date and time;
Standard and QC sample results;
Reagent blank results (turbidity and TRC only)(not in-line meters),
Date/time of preparation/analysis for sample;
i) Analysis time within 15 minutes of sample time;

Analyst name or initials;
Calibration data and sample results obtained,;
Corrective actions if QC or method requirements not met;

i) Data not reported until the cause of the problem is identified and either corrected or
qualified;

Indelible ink;

Corrections to records only made with single line thru incorrect entry, correct entry written

to side with initials and date of person making change; and

Records maintained for at least 10 years (R18-9-A206(B)(3).




M &Y 20 pH SIVI 4500-H B
Day | Spl Time | Sampler| 4.00 | 7.00 | 10.00 | 7.00C | Slope | Temp Eff Temp | Time | Anlayst Notes

11H0.011e TT| 17 (229 | 241 1220 [2:504] SA

—_

/L'T:)“/' Taken YZS

N
o

1 | 7:9Y4| SB [¥.62] 7.05| 10.0] 7.01[99.2|2¢.3] 752 [22.6]| 75¢| 38
2 | 7284 SR [ 399 7-01] 9.99| £.9%198.01 2.2 2.49/7.47121.7 | 7:59] S8 | Clean Probe
3 |24 SR [ 400 Zoa| 10.8] 709192.8] 236] 2.44 212 7:54] SR ‘
s |4 034 SR |35 69919972 ¢911925[23.9] Zy2 (213|144 SC 1399 S8 5-¢-/1
s | 7524 SA (4.0t 704[1002[ 20592423 7] 241|212 [Fws| SA
6 [Q:h Al SR (4.0l 7mlisei]20i[921]23ul 754 132.3[%: 24 Sg
7 17¢914] S8 [3.9Y] 6.9 T e.B|FeS|24.1]| 240 [217|7:24] S~
8 | 7:qYA] SB [3.91] 2.00[/0.63] 7.00| 9.\ [23.7 | 7.3 |2LS [7:5%] S A3 ,
o 17:¢ | SR [396[6.99]19951£.97195 91 R.912.3577.38122. 1 |3 1024 SR [ 748 SR §-9-1_FEsi
10| — — = I 5| - | = — | == " = | o= — | Not Taker 54
11 | A4 SB [395]2.01]997(4.9¢1959 [23S | 7.33 (214833 S8
2 | 7:514 58 [39717.06]9951€.92[95.11229( 2 42 [22.4|R:054] B
13 | 7964 SG | 2951£.9%00.03] 7.0[[994124.1 | 737 (219 [7:S14 S5
14 | 2:139A] S8 |3.95|&.9C[/0.0Y[ 706 14.3[27-C1 7.27 (21711 72:S1| S8 |* A& Nt 6nv 543
15 | 7:944| S8 139Y1€.991/0.051703194.ila34]| 7.94 [2.7 | 7:55] &R
16 | 7:594] 36 [3.95] 2011 9.92{6.96]93%123.1] 76/72[21.513: b4] S8 | Cleaw P2be
17 |ZUSAl SR 1234 763199716 9219351222 730 [22.1[3:234 DR | 3.94 58 s-)7-//
18 17:501 S& 139316991 9.9¢[¢ SAWI3p[ DS T 733 [2/.9]7:594 SO [Kcfeaw pesbe Gl pashe
19 [73RA SR 1401149 C
=

'YSA SA | YH.00 é?.;‘] 9791 700|777 [ 23.1| 7.37 |2>.5[F00n 5‘?3

21

22 | 7:5\0 SR [Y.03[ 2p0[/0.01] Z02| 727234 7.9 [22.6] 0] SR _

23 | K02 SA 1401165 /.0016.991524123.01796/79[ 221 [B: B SR | Cltew [Fihe
2 |7 YA SR1391£9%1 9271 £.99192.61224] 78] |2.5|30A SA _
2s | 7:41Al SR 1Y.60[701]/p.00[ 2001928 [232] 775 La# [7s6a] SR [aly SB 5351
26 [4:3A SR [3.97]6.99] 9.93169¥[9.9 [22.7] 7,23 [21)[3:354 SR

27 | B:00al WT| M 7 10| 7 23 7.5 | 23 | 81S«]| WT

28 | 8:00a| WT 1 4 | 7 | 10| T 23| 75 |23 [8!5«] WT

29 | 8'00a| WT | 4 7 1101 7 23 7.5 123 [¥/54] WT

30 | Rigdel WT | Y 7 101 7 23 7.8 [23 [gus<| WT

31 | 7:99A SB [397[699110.04] 7.04] 95.3[22 744 1D X[ 7:SeM SR | Cleary  pepbe




6. Documented Preventative Maintenance on instrumentation.
7. Records for all reagents and standards.

A. Date receipt, lot #, expiration date, dates of use.

B. Discard or segregate all expired standards or reagents.

8. Records (Logbooks or bench sheets) maintained for each test or procedure.

A.  Method reference;
Sample ID, sampler, sample date and time;
Standard and QC sample results;
Reagent blank results (turbidity and TRC only)(not in-line meters),
Date/time of preparation/analysis for sample;
i)  Analysis time within 15 minutes of sample time;
Analyst name or initials;
Calibration data and sample results obtained,;
Corrective actions if QC or method requirements not met;

i) Data not reported until the cause of the problem is identified and either corrected or
qualified;

Indelible ink;

Corrections to records only made with single line thru incorrect entry, correct entry written

to side with initials and date of person making change; and

Records maintained for at least 10 years (R18-9-A206(B)(3).




MAY 2011, pH  SM4500-HB
Day | Spl Time | Sample 10.00 (| 7.00C | Slope | Temp Eff Temp | Time | Anlayst Notes

1 [ 7:9A| SB 9g.212¢.3] 252 |22.6] 7:s% | 58

2 7484 SR 9821 2% 20 2.49/749 2.7 | 7:59| S8 Cleaw  Probe

3 [ 74 SR 928|236 2.44 | 22| 54| SR ‘

4 | 4034 SR 92.5123.91 742 12! 3 Lyal SC 394 s8 5-¢- 11

s | 72524 S84 D412 7Y 7249 212 |Fe24| SA

6 [R:h Al SA Q2 11 23u] 759 [32.3]%: 24A Sg

7 [ 7:414] S8 TeS[2.1] 2.40 |21.7 [7:X)| S

g [7:4YA] SR 3. 0312000 %1 |23.72 | 7.3 |2LS [7:574| 513 ,
o 178 | SB 1396 £.99(9.95,.97195 939 p35/7.38122. 1 [B1024] SR [7:48 sR s-9-1l 75
10| — — —~ | = | = = — | == " = | o= — | Not Taker 543
11 | A4 SR J395]2.011F97[k 9¢1954 [23S | 7.33 12148334 S8

12 | 7:514 56 §39717.06]9.950.92[95.11229] 2 42 |22.4[R:054] SB

13 | 7468 SB 12951 £.9%000.0317.01 (999|241 N 7 34 219 [7:S94 S+

14 [ 213941 S8 [13.951¢.9¢[/0.07[|7.06] 74.3|27-C 7.27 | 211 [7:S1 | SB [*A Net 0w 53
15 | 7:944| S8 §139Y16.991/0.051703194.i |34 7.94 |21.7 | 7:5] &R

16 | 7:594] 56 §3.95] 201 9.9206.96] 93K 1231 | 7X/72]21.512: 104] S8 | Cleaw [Tbe
17 | ZSAl SR 7] 2631997l 92193581222 | 730 [22.1[3:234 DR | 3.94 58 S-)7-//
18 175041 NA& £3930699179¢I6 SAWI30[DS 1 7233 12).9]72:094] SO [Kefeaw perre Gl pashe
19 73R4 SQ §401]LIT[0.01[§¢ TT| TE (229 | 7241 [22.0[72:564] SA -

=

20 il o I — — — — /L'T:)“/' Takeq YZS
21 YSA SA 1 H.0006.791 9.9l 700! 77.7 O.R

22 | 7:514 SR | Y.02| 200[l0.01| Z02] 727 SR _

23 [ K028 SANY01165/0.00[16.991 5241 SR | Sl [Rabe
24 | 7: 494 SRE3991£9%19.990£.99197.6 SA _
25 [ 7414l SR Y.60[701]1p.0Z6D[92Z SR (ALY 56 5-25-)
26 [B:3A SB132.9716.99] 998 le.95]9..9 | SK

27 [ Qs WwTL M [ 7 [ 10l 7 18«] WT

28 | 8:00a| WT | Y 7 O || 7 RUSa| WT

29 | 8:00a] W '{ 7 10 7 wT

30 [Riggal WTL Y | 7 10 |7 ° WT

31 [ 7994 SA Bazle aq b all7.04[ 95.31 SA | cleary pegbe




6. Documented Preventative Maintenance on instrumentation.
7. Records for all reagents and standards.

A. Date receipt, lot #, expiration date, dates of use.

B. Discard or segregate all expired standards or reagents.

8. Records (Logbooks or bench sheets) maintained for each test or procedure.
A.  Method reference;

Sample ID, sampler, sample date and time;

Standard and QC sample results;

Reagent blank results (turbidity and TRC only)(not in-line meters),

Date/time of preparation/analysis for sample;

i)  Analysis time within 15 minutes of sample time;

Analyst name or initials;

Calibration data and sample results obtained,;

Corrective actions if QC or method requirements not met;

i) Data not reported until the cause of the problem is identified and either corrected or
qualified;

Indelible ink;

Corrections to records only made with single line thru incorrect entry, correct entry written

to side with initials and date of person making change; and

Records maintained for at least 10 years (R18-9-A206(B)(3).




MAY 20 PpH  SM4500-H B
Day | Spl Time | Sampler| 4.00 | 7.00 | 10.00 | 7.00C | Slope | Temp Eff Temp | Time | Anlayst Notes
1 | 7:9Y4| SB [¥.62] 7.05| 10.0] 7.01[99.2|2¢.3] 7.52 [22.6]| 75¢ | 38
2 | 74R4| 5B [395| 7-01| 7.99| ¢.78|98.0| 2% 2| 248/7471 2.7 | 7:59| S8 | Cleaw Lo be
3 | 24l SR [ 400] 7o2| )0.B| 704197.8] 36| 2.44 | 202|754 SR ‘
s | 034 SR |35 69%]199214911925123.9] 742 121. 3|44 SC [39Y S8 5-¢-/1
s | 7524 SA (9.0t 704[1002[ 20592423 7] 241|212 [Fwzh|SA
6 [N A SR [d.oi7mlioel]20i[921[23ul 754 [92.3]%: A Sg
7 |1 704914 S8 [3.9Y]6.97| 795 C.%|F65]24.1] 240 (217 |7:N4] 57
s | 7:4YA] SR [3.71] 2.00]/0-03] 2.00| %.) [28.7 | 7.3Y [2IS [7:574[ 5 A3 |
9 L7:¢- | SR 39| £.9919.95[£.97195 91 R.9[235/7.38122. 1 |B1024] SR [7:48 sR §-9-11_F&x
10| — — — - | = | = e - - i | v — | Not Taker 5A
11 | CA0A] SB [395]2.01]1997(4.9¢1959 [23S | 7.33 (2148334 S8
12 [ 7:5)4 5B 1397|7.06]99506.972195.11229| 2 42 [22.4[R:«054] SB
13 | 7:H6A S8 |2.9514.59%110.03| 701 {94Y|24.1 | 734 121.9]|7:S94 84
14 | :39A| S8 |3.95|¢.9C|/0.0Y| 706 T1.3]27-6] 7.27 1211 |72:51 [ SB [*A Ngt o 543
15 | 2:494| S8 13,9Y]€.991/0.05|203194.i|234]| 734 |21.7 | 7:57] &R
16 | 7:594] 58 [3.99] 204] 9.92]16.96]93%123.1| 7X/72[ 1.5 104 S8 | Cleaw PRbe
17 [ ZUSAl SR 12394 76399 9232350222 | 730 [22.1[F:238 DR | 39Y 58 S-J7-1/
18 1 7:50A1 SB 1393165917916 SA8I300DLS | 7233 [21.9]2:394] SO [Kcleaw parbe Gl probo
19 73R4 SR [Y01]IT[0.OTETITT 7R 1229 | 7241 220 [72:564] SA '
20 | — — - | = =] = =] = — — — | — Not Taea SR
21 | 7:4YSA SA [H.0016.771999 700|777 | 231l 737 [25.5|F00n| SR
2 | 7:514 SR [Y.03 2p0|10.01] Z02{ 29[ 23Y] 7.9Y [22.5] 04| SR /
23 | K02 SA 14011659 /.0016.99]1524123.01796/79[ 221 [B: A SR | Cltew [Rahe
2 |7 YA SR1391£9%1 9271 £.99192.61224] 78] |2.5|30A] SA _
2s | 7:51Al SR 1Y.60[701]/p.00[ 2001928 [232] 775 La¥ [7's6a] SR [aly SB 5251
26 [4:3A SQR [3.97]6.99] 99316995422 7] 7,93 [21)[3:354 SR
27 | Q00a| W[ M [ 7 [ 10] 7 23| /.5 123 | guS«| WT 1
28 | :00a| WT | Y 7 Ol 23 785 | 23|85 wT
29 |800a| WT | H | 7 |10 7 23| M7.8 [23 [8!54| WT
30 |Rivge] WT | M | 7 10 | 7 23 7.8 123 |gus<| WT
31| 7:94A41 SG 139716991 )0.041 7,091 95.3[22.2] Z4Y [0 K[ 7:SeA SA [ Cleary papbe




6. Documented Preventative Maintenance on instrumentation.
7. Records for all reagents and standards.

A. Date receipt, lot #, expiration date, dates of use.

B. Discard or segregate all expired standards or reagents.

8. Records (Logbooks or bench sheets) maintained for each test or procedure.

A.  Method reference;
Sample ID, sampler, sample date and time;
Standard and QC sample results;
Reagent blank results (turbidity and TRC only)(not in-line meters),
Date/time of preparation/analysis for sample;
i)  Analysis time within 15 minutes of sample time;
Analyst name or initials;
Calibration data and sample results obtained,;
Corrective actions if QC or method requirements not met;

i) Data not reported until the cause of the problem is identified and either corrected or
qualified;

Indelible ink;

Corrections to records only made with single line thru incorrect entry, correct entry written

to side with initials and date of person making change; and

Records maintained for at least 10 years (R18-9-A206(B)(3).




MAY 20 pH  SM4500-H B
Day | Spl Time | Sampler| 4.00 | 7.00 | 10.00 | 7.00C | Slope | Temp Eff Temp | Time | Anlayst Notes

1 | 7:YYA| SB | H.62| 7.05| 1.0 Z.01|19g.2(2%.3] 252 |22.4| 72:5¢ | S8

2 | 72484| 3B | 399 701 9.99] ¢.78198.0124.2 | 2487421 2.7 | 7:59| S8 | clearw  Pavbe

3 | 24l SR [ 400] 7o2| )0.B| 704197.8] 36| 2.44 | 202|754 SR ‘

s | %4034 SR |35 69¢(992]14911925123.9] Zy2 121 3|E:44 SC 394 S8 5-¢-11

s | 7524 SA (9.0t 704[1002[ 20592423 7] 241|212 [Fwzh|SA

6 [Q:h Al SR (4.0l 7mlitei]20i[921]23ul 754 [32.3]%: 24A Sg

7 17¢914] S8 [3.9Y] 0.9 T C.B|FeS|24.1]| 240 [21772:24] S~

s | 7:4Y4] SB 13.71] 2.00[70.03] 2.00| %) [23.7 | 7.3y [2IS |[7:574] S A3 |
9 178 | SB 1396[6.99(9.95(£.97195 9039 [23577.38|22. 1 [B:024] SR [7:48 SR s-9-1l 75
10| — — = I 5| - | = — | == " = | o= — | Not Taker 543
u | A4 SB [395]72.01{2497]49€1954 (23S | 7.33 [20.£]%:334] S@

12 | 7:514 58 [39717.06]9.951€.92[95.11229] 2 42 [22.4|R:054] SB

13 | 7464 SR 129514£.9%10.03[ 701{94Y[24.1 | 734 |21.9]7:S94 X

14 | 2:139A| S8 [3.95(&£.9C|/0.04| 7.06| 14.3[27-E] 7.27 (211 [72:S1 | SB |[* A& Nt 6w 54
15 | 7:4944| S8 139Y1€.991/0.05|203194.ila34]| 7.94 [2.7 | 7:5] &R

16 | 7:594] 58 [3.99] 204] 9.92]16.96]93%123.1| 7X/72[ 1.5 104 S8 | Cleaw PRbe
17 |ZUSAl SR 23] 763|199 =293 51222 | 730 [22.1[:234] DR [ 3.94 58 S-)7-//
18 175041 N& 13931699 770D | 733 [2).9]7:594] SO |Kefeaw perre Gl pashe
19 173341 SR [401[9T0.61]6.T7|7% 229 | 7241 |22.0]7:504] SA -

20 | — - - | = =] =] =1 = — - — | — Not Tarea SR
21 | 7:4YSA SA [H.0016.771999 700|777 | 231l 737 [25.5|F00n| SR

22 | 7:514 SR [Y.02| 2p0[l0.01] Z02] 27| 22Y 294 122.6| 04| SR _

23 | K02 SA 14011659 /.0016.99]1524123.01796/79[ 221 [B: A SR | Cltew [Rahe

2 |7 YA SR1391£9%1 9271 £.99192.61224] 78] |2.5|30A] SA _
2s | 7:51Al SR 1Y.60[701]/p.00[ 2001928 [232] 775 La¥ [7's6a] SR [aly SB 5251
26 |R: 34 SR [3.9216.9919.9%]6.9¥]96.9 [22. 7] 7.23 [211]3:354 SR

27 | B:00al WT| M 7 10| 7 23 7.5 | 23 | 815«| WT

28 |1800a| WT 1 4 |7 | 10| T 23| 7.5 |23 ]|85a]l WT

29 | 8'00a| WT Y 7 |0 7 23 '_’3_ 23 | 854 | WT

30 |Rivge] WT | M | 7 10 | 7 23| 7.8 |23 [gusa| WT

31| 7:94A41 SG 139716991 )0.041 7,091 95.3[22.2] 744 [0 K[ 7:SeA SA [cleary pagbe




6. Documented Preventative Maintenance on instrumentation.
7. Records for all reagents and standards.

A. Date receipt, lot #, expiration date, dates of use.

B. Discard or segregate all expired standards or reagents.

8. Records (Logbooks or bench sheets) maintained for each test or procedure.

A.  Method reference;

Sample ID, sampler, sample date and time;

Standard and QC sample results;

Reagent blank results (turbidity and TRC only)(not in-line meters),

Date/time of preparation/analysis for sample;

i)  Analysis time within 15 minutes of sample time;

Analyst name or initials;

Calibration data and sample results obtained,;

Corrective actions if QC or method requirements not met;

i) Data not reported until the cause of the problem is identified and either corrected or
qualified;

Indelible ink;

Corrections to records only made with single line thru incorrect entry, correct entry written

to side with initials and date of person making change; and

Records maintained for at least 10 years (R18-9-A206(B)(3).




M &Y 20 pH SIVI 4500-H B
Day | Spl Time | Sampler| 4.00 | 7.00 | 10.00 | 7.00C | Slope | Temp Eff Temp | Time | Anlayst Notes

—_

/L'T:)“/' Taken YZS

N
o

1 | 7:9Y4| SB [¥.62] 7.05| 10.0] 7.01[99.2|2¢.3] 7.52 [22.6]| 75¢ | 38
2 | 72484| 3B | 399 701 9.99] ¢.78198.0124.2 | 2487421 2.7 | 7:59| S8 | clearw  Pavbe
3 |24l SR [ 400 Zoa| 0B8] 709]92.8] 36| 2.44 | 212 7:54] SR ‘
s | 034 SR |35 69%]199214911925123.9] 742 121. 3|44 SC [39Y S8 5-¢-/1
s | 7524 SA (9.0t 704[1002[ 20592423 7] 241|212 [Fwzh|SA
6 [N A SR [d.oi7mlioel]20i[921[23ul 754 [92.3]%: A Sg
7 17:414] S8 [3.9Y] 0.9 T9%| C.% TS5 24.1] 2.40 [21.7 |7:24] 57
8 | 7:qYA] SB [3.91] 2.00[/0.63] 7.00| 9.\ [23.7 | 7.3 |2LS [7:57%4] 5173 ,
9 1728 | SR [39|6.9919.95£.9719S 1 r 91257738122 | [B1028] SR [7:48 SR 5-9-11 T
10| — — = I 5| - | = — | == " = | o= — | Not Taker 543
11 | CA0A] SB [395]2.01]1997(4.9¢1959 [23S | 7.33 (2148334 S8
12 | 7:514 58 [39717.06]9.951€.92[95.11229] 2 42 [22.4|R:054] SB
13 | 796 SQ | 2951£.9%00.03] 7.0 [[944 1241 | 739 219 [7:S14 S5
14 | 21394 S8 [3.951£.9C|/0.04| Z.06] 14.3|27-&] 7.27 [211 [72:S1| S8 [* & Nt 6/ 53
15 | 7:4944| S8 139Y1€.991/0.05|203194.ila34]| 7.94 [2.7 | 7:5] &R
16 | 7:594] 56 [3.95] 2011 9.92{6.96]93%123.1| 76/73[21.513: 04| SB | Cleaw P2be
17 |ZUSAl SR |Z34] 763199716 9219351222 730 [22.1[%:234] DR [ 3.94 58 S-)7-//
18 17:501 S 1393(6.9919.9¢[¢ SAWII [ DS T 733 [2/.9]7:594] SO [Kefeaw pebe 61l pashe
19 173341 SR [401[IT10.61]6. 77|17 229 | 74| [22.0]7:504] SA -
=

YSA SA (40016771979 700|777 | 23.11 737 [25.5|F00n 5‘?3

21

22 | 7:5\0 SR [Y.03]2p0ll0.01] 702 927234 7.94 [22.6| 04| SR -

23 | 00N SO 1Y0116.991 /00016 991 524123 0[79C/249[ 22 [R:34] SR | Cleew [Rure
24 | 7:WIA SR I3 971£9%19971£.99192.61224] 73] [2.5[3:04 SA

25 (7414 SR|Y.0[701[10.00[726D[92% (232 775 LGt [7seA SR [ald 5B §-25-/1
26 4o le S 2l ga S aqieadiGe s to L woa ol dsood S

2] 3:00al WL M | 7 [10] 7 23 | 7.5 [ 23 [gus WT

28§ 8:00a] WT 1 4 | 7 |10 | U 23| 75 |23 )8!l WT

290800l WT | 4 | 7 |10 23| 75 |23 [8!5] WT

30?“ K168 WT L J | . 7 :Q ﬁ j‘) < :;3;35'1.,_,‘. v\/""

a1 [ T:9Al SB 139719911000 7.04[95.3[22.2] 744 [0 K[2:SM SA [ cleany pagbe




6. Documented Preventative Maintenance on instrumentation.
7. Records for all reagents and standards.

A. Date receipt, lot #, expiration date, dates of use.

B. Discard or segregate all expired standards or reagents.

8. Records (Logbooks or bench sheets) maintained for each test or procedure.

A.  Method reference;

Sample ID, sampler, sample date and time;

Standard and QC sample results;

Reagent blank results (turbidity and TRC only)(not in-line meters),

Date/time of preparation/analysis for sample;

i)  Analysis time within 15 minutes of sample time;

Analyst name or initials;

Calibration data and sample results obtained,;

Corrective actions if QC or method requirements not met;

i) Data not reported until the cause of the problem is identified and either corrected or
qualified;

Indelible ink;

Corrections to records only made with single line thru incorrect entry, correct entry written

to side with initials and date of person making change; and

Records maintained for at least 10 years (R18-9-A206(B)(3).




M &Y 20 pH Sivi 4500-H B

Day | Spl Time | Sampler| 4.00 | 7.00 | 10.00 | 7.00C | Slope | Temp Eff Temp | Time | Anlayst Notes

1 | 7:9Y4| SB [¥.62] 7.05| 10.0] 7.01[99.2|2¢.3] 7.52 [22.6]| 75¢ | 38

2 | 74R4] 3B [ 39| 701 9.99| ¢.78198.0124.2|7248/97(21.7 [ 7:59] S8 | eany  Lrobe

3 | 7:YIA] SRektdO) 7.02) JO.B| 7091979 36| 2.44 | 2L2] 7514 SR :

a | 034 SBI[Z84069%1997]£97]925]23.9] 742 (21 3|§ma| SC 18394 SRS -1

s | 72524 848 14.060 70410021 2051924122 2] 724 (312 [Fweb|SA

6 [Q:h Al SR (4.0l 7mlitei]20i[921]23ul 754 [32.3]%: 24A Sg

7 17¢914] S8 [3.9Y] 0.9 T C.B|FeS|24.1]| 240 [21772:24] S~

s LA S8 [3.71] 2.00[/0.03] 2.00]| %.1[23.7 | 7.3 [|2I1S [72:57%4| 573 ,
o L7eg—- | SB 123.96]£.9919.95(£.971959103912355/7.38122. 1 [B1024] SR | 2248 SR S-9.11 F&r
10 - — - — — - — — — - — — Not Takev Xy

11 | CA0A] SB [395]2.01]1997(4.9¢1959 [23S | 7.33 (2148334 S8

12 | 7:514 58 [39717.06]9.951€.92[95.11229] 2 42 [22.4|R:054] SB

13 | 7464 SR 129514£.9%10.03[ 701{94Y[24.1 | 734 |21.9]7:S94 X

14 | :39A| S8 |3.95|¢.9C|/0.0Y| 706 T1.3]27-6] 7.27 1211 |72:51 [ SB [*A Ngt o 543
15 | 7:4944| S8 139Y1€.991/0.05|203194.ila34]| 7.94 [2.7 | 7:5] &R

16 | 7:594] 36 13,951 2011 9.92{6.96]93%123.1] 76/72[21.513: 04| S8 | _Clear [P2be

g AVA
B 1631997 16.92]9351222 | 730 [22.)[8:23% DR | 394 58 S-/7-//

18 1 7:504 SA [S93109919.9¢6|¢ 5AWI3 0| DS | 233 [21.9]2:594] 56 Kejeaw peshe 61 prohe
19 73R4 SR [Y01]LIT[0.01[e TT|ME (229 | 74| [22.072:504] SA

—_

/L'T:)“/' Taken YZS

N
o

<

< NRN|N
KA
>

'YSA SA | YH.00 é?.;‘] 9791 700|777 [ 23.1| 7.37 |2>.5[F00n 5‘?3

21

2 | 7:51] SR |Y.02 200|10.01] Zo2l 29[ 239 2.97 [22.6] 04 SR i

23 | K02 SA 14011659 /.0016.99]1524123.01796/79[ 221 [B: A SR | Cltew [Rahe
2 |7 YA SR139£9%1 9971 £.99192.61224] 73| 42251804 SA :
25 17414l SRIY.ow[7o1{/p.o0[726D]972% (232 775l2a sia] SR (a1 SB 52571
26 [4:3A SR [3.97]6.99] 9.93163¥[9.9 [22.7] 7,23 [21)[3:354 SR

27 | B:00al WT| M 7 10| 7 23 7.5 | 23 | 815«| WT

28 1 800a| WT | 4 |7 [1ID] T 23| 7.5 |23 |85e| WT

29 | 80| WT | H 7 |10 23 .5 1 23 [B:/5a| WT

0 |Rogel WT | Y |7 | 10| 7 231 7 23 |815a] WT

31| 7.94A41 SG 139716991 )0.41 7,091 95.3[22.2] 744 [0 K[ 7:SeA SA [cleary pagbe




6. Documented Preventative Maintenance on instrumentation.
7. Records for all reagents and standards.

A. Date receipt, lot #, expiration date, dates of use.

B. Discard or segregate all expired standards or reagents.

8. Records (Logbooks or bench sheets) maintained for each test or procedure.

A.  Method reference;

Sample ID, sampler, sample date and time;

Standard and QC sample results;

Reagent blank results (turbidity and TRC only)(not in-line meters),

Date/time of preparation/analysis for sample;

i)  Analysis time within 15 minutes of sample time;

Analyst name or initials;

Calibration data and sample results obtained,;

Corrective actions if QC or method requirements not met;

i) Data not reported until the cause of the problem is identified and either corrected or
qualified;

Indelible ink;

Corrections to records only made with single line thru incorrect entry, correct entry written

to side with initials and date of person making change; and

Records maintained for at least 10 years (R18-9-A206(B)(3).




