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superscript epsilone] indicates an editorial change since the last revision or reapproval.

INTRODUCTION

The utilization of well tested and uniform laboratory practices is essential to the production of
reliable and defensible environmental data whose validity can be demonstrated at a later date through
the use of written field and laboratory records. This document is intended to provide general guidelines
for the elements of laboratory practices that are considered to be basic to the performance of
laboratories that provide services in the sampling and analysis of atmospheres and emissions. This
document is intended to stimulate an awareness of good laboratory and field practices.

1. Scope Applicable Test Methods of Committee D-19 on Wéter
1.1 This guide covers criteria to be used by those respon- D 3249 Practice for General Ambient Air Analyzer Proce-

sible for the selection, evaluation, operation, and control of dureg ) o )

laboratory organizations engaged in sampling and analysis of E 548 Guide for General Criteria Used for Evaluating

environmental atmospheres, including ambient, work space, Laboratory Competenée

and source emissions (stack gases), as well as atmosphegc

deposition samples. | N} il o i
1.2 This guide presents features of organizations, facilities, 3-1 Definitions—For definitions of terms used in this guide,

resources, and operations which by their selection and contr§€€ Terminology D 1356. _ o
affect the reliability and credibility of the data generated. 3.2 Other terms that are applicable to this guide have been
1.3 This guide presents the criteria for the selection andfined in Guide E 548 and are appended to this document as

control of the features listed in 1.2 so that acceptable perfor"MNex Al.
mance may be attained and sustained. Also, this guide presenys

recommendations for the correction of unacceptable perfor- ) ) . L .
mance. 4.1 This guide describes the criteria, practices, and recom-

1.4 This standard does not purport to address all of theMmendations for the physical resources, data validation, and
safety concerns, if any, associated with its use. It is thénode of operation of the laboratory.
re_sponsibility of the user of this standard to establish appror, Significance and Use
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

Terminology

Summary of Guide

5.1 Data on the composition and characteristics of environ-
mental atmospheres, such as ambient air, work space air, and

2. Referenced Documents stack gas emissions, are frequently used to evaluate the health
21 ASTM Standards: and safety of humans. Data on the composition of atmospheric
D 1356 Terminology Relating to Sampling and Analysis of deposition samples are often used for environmental impact

Atmosphere assessment. . .
D 1357 Practice for Planning the Sampling of the Ambient -2 These data are frequently used to ascertain compliance

with regulatory statutes that place limits on acceptable com-
fpositions and characteristics of these atmospheres.
5.3 Laboratories that produce environmental sampling and
analysis data and those who have the responsibility of selecting
* This guide is under the jurisdiction of ASTM Committee D-22 on Sampling and a laboratory to perform air quality studies need to know what
Analysis of Atmospheres, and is the direct responsibility of Subcommittee D22.01
on Quality Control.
Current edition approved Nov. 10, 1997. Published January 1998. Originally —————
published as D 3614 — 77. Last previous edition D 3614 — 90. 3 Annual Book of ASTM Standardgol 11.01.
2 Annual Book of ASTM Standardgol 11.03. 4 Annual Book of ASTM Standardgol 14.02.

Atmospheré
D 2777 Practice for Determination of Precision and Bias o
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criteria, practices, and recommendations have been acceptedange of procedures.
by consensus within this field of endeavor. 6.1.4 Data Recording—The laboratory should keep records
5.4 Demonstration and documentation by a laboratory thavf submitted samples and completed analyses in a manner that
there is judicious selection and control of organizationalprovides for the retrievability, preservation and traceability of
factors, facilities, resources, and operations enhance the retihe sample source, the procedures used, and the person or
ability of the data produced and promote the acceptance qdersons responsible for the sampling and analysis.
these data. 6.1.4.1 All laboratory data sheets should be dated and
I . signed by the analyst.
6. Responsibilities and Duties of the Laboratory £23.1.4.2yA policy ¥or the use of computers for data acquisi-
6.1 The purpose of the laboratory is to provide informationtion, archiving, and mathematical calculations should be imple-
that is factual, accurate, reliable, and adequate for its purposgented.
The procedure by which this is to be achieved is by the 6.1.5 Data Validation—The laboratory should keep records
effective administration of a quality assurance (QA) plan by theof analytical performance by means of audit procedures,
management of the organization. The elements of a qualityeference sample programs, and interlaboratory tests. Where
assurance plan are described in 6.1.1-6.1.6.1. applicable, quality control charts should be used to report
6.1.1 Organizatior—A table of organization which indi- results from these validation activities. Quality control proce-
cates the organizational structure and the lines of authoritydures found in most current methods should be followjf.
areas of responsibility, and job descriptions should be avail- 6.1.6 Deficiency Correctior-The organizational system
able. Key personnel, including their workplace locations andshould provide the authority and the responsibility for a
phone numbers, should be identified for each organizationalesignated person or persons to investigate out of control
entity. Separate organizational charts for subcontractors miglfrocedures and to inform the laboratory management of the
also be needed. QA managers should be identified along withroblems that occur. This is often the responsibility of the QA
their relationships to other project personnel. The QA managmanager.
ers should be organizationally independent of project manage- 6.1.6.1 A current log should be maintained of such deficien-
ment so that the risk of conflict of interest is minimized. cies and the action taken to correct them.
6.1.1.1 Human ResourcesThe key personnel of the orga-
nization should be described by means of personal résumés Organization

presenting the applicable education and work experience 7.1 The production of reliable data is dependent upon the
relative to his or her position in the table of organization andconscientious effort of everyone who has any involvement with
the requirements of that position. the service. Therefore, it is important that each member of the
6.1.1.2 Physical ResourcesThe laboratory facilities organization have a clear-cut understanding of his or her duties
should provide a working environment that is clean, air-and responsibilities, and their relationship to the total effort.
conditioned, heated, well-lighted, and safe. The instrumentarhe management of the laboratory has a prime responsibility in
tion and equipment should be appropriate to the operationglefining the policy goals in relation to the quality of perfor-

needs of the laboratory. mance and assigning the specific areas of responsibility to the
6.1.2 Methodology—Written procedures should be readily individual. The human resources that are required for the

available to all personnel. operation of the laboratory will vary with the specific functions
6.1.2.1 Sample collection and handling procedures, anghat are to be served, but the minimum personnel and their

storage requirements should be written. 3ua|ifications should generally be as follows:
6.1.2.2 Calibration and standardization procedures should 7.2 Human Resource$?)

be written. 7.2.1 The Director—The laboratory director should be a
6.1.2.3 Standard Operating Procedures (SOPs) and analyf{sil-time employee of the organization that operates the labo-

cal methods should be written. ratory. He or she should have an earned baccalaureate degree in
6.1.2.4 There should be a document control system to assuggience or engineering from an accredited college or university

that the written procedures are current and complete. or the equivalent (see Note 1) with a minimum of 5 years
6.1.2.5 All of the above should be periodically subjected toexperience in sampling and analysis of atmospheres or in a

performance and system audits. related field. The director should have the following responsi-
6.1.3 Metrology SystemsAll systems for making measure- pjlities:

ments should have the following features: 7.2.1.1 Selection and approval of methods of sampling and

6.1.3.1 Calibration and standardization procedures, includanalysis,

ing a description of a procedure for establishing traceability, 7.2.1.2 Implementation of a quality assurance program to
description of calibration standards, and a schedule for caligescribe the quality of technical data,
bration, 7.2.1.3 Development of standards of performance and

6.1.3.2 Preventative maintenance procedures inCIUding @valuation of personne| by these standards, and
schedule for maintenance intervals and documentation of their 7.2.1.4 Training of personnel.

proper completion, and

6.1.3.3 Records of modification of configuration that may
occur in any measurement system due to repair and Servicing s he poidface numbers in parentheses refer to the references at the end of this
of equipment, replacement of components or reagents, Gfandard.
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Note 1—Theequivalentrequirement is for the purpose of recognizing tory environment should be compared against samples that

those persons who may have a comparable educational background thghye been exposed to the laboratory environment.
has been obtained through recognized and qualified educational resources7 3.5 In order for the hoods to be effective in removing

but does not result in the award of a baccalaureate degree. The use of this " * . .
term will necessarily require the judgement of the user of this guide.nOX'Ous' harmful, or interfering fumes and aerosols from the

Certification by acknowledged professional boards is encouraged. laboratory environment, the hoods must be operating at their

. . designed capacity. They should not be located in areas of
7.2.2 The Laboratory SuperviserThe laboratory supervi- countervailing winds, such as between two open doors. Under

sor should be a full ime employee of the organization tha‘i.lsual operating conditions, hoods will require from 0.0236

operates the laboratory, and should have a minimum of al3s 1o 0.059 /s (50125 f/min) per 0.093 A of face area
earned baccalaureate degree in science or engineering from Blce velocities should be checked routinely by qualified
accredited college, university, or the equivalent (see Note 1)personnel for compliance with specifications

and a minium of one year analytical responsibility. . I
793 'Il'hlél Senior S%/aﬁ—The s}érlﬂor stafpf of the }Ilaboratory 7.3.5.1 For a more detailed treatment of ventilation consult
should conduct the difficult and nonroutine sampling andREf' (3) L i )
analyses and should directly supervise the technical staff. Each 7-3:6 In order to minimize the generation of noxious,
member of the senior staff should have a baccalaureate degrB@rmful, or interfering fumes in the laboratory environment,
in science or engineering from an accredited college opPOtentially troublesome samples and reagents should be
university or the equivalent (see Note 1). handled in properly operating hoods. Sinks should not be used
7.2.4 The Technical Staf The technical staff will normally for some sample or reagent disposal. The disposal area ghould
consist of qualified personnel who conduct routine samplind?® Well separated from the laboratory area and meet applicable
and analyses and may also include highly trained and qualifieﬁafet,y sta_ndards. The specific disposal r_nethods are not covered
people who specialize in difficult procedures. in this guide. In some standards the disposal method for the
7241 Each member of the technical staff should havé€agent and sample will be defined. When this information is
formal, on-the-job training in the analyses and areas of'Ot supplied in the standard, useful information may be
assigned responsibility. Training should be provided on-site?bta'”ed from guides to control hazardous qhemlcal spllls,_ and
and in many cases should be supplemented by short coursg@nuals of laboratory safety which are available from various
offered by equipment manufacturers, professional organizdaboratory supply firms (see Re#)). Disposal to the munici-
tions, universities, or other qualified training facilities. pal sewers should be in accordance with applicable local, state,
7.2.4.2 After appropriate training, the staff member must@nd federal regulations. o
demonstrate acceptable results in the analysis of an applicable?-3.7 The mix-up of samples and the cross-contamination
quality control or performance evaluation sample. hazards are more easily avoided when there is adequate bench
7.2.5 The Support StafThe support staff will normally —Space or working area per analyst. As a general guideline there
consist of personnel who perform routine services such aghould be 150 to 300 #tper analyst or 12 to 24 lineal ft of
cleaning glassware, transportation and handling samples af@nch space per analyst. The space requirement per analyst
equipment, maintenance of sampling equipment, and cleric&lepends upon the equipment or apparatus that is being used,
and secretarial services. the number of samples the analyst is expected to handle at any
7.2.5.1 Each member of the support staff should hav@ne time, and the number of operations that are to be

sufficient on-the-job training for his or her level of responsi- Performed by a single analyst. The laboratory may also have a
bility as defined by the laboratory director. requirement for specialized facilities, such as a perchloric acid

7.3 Physical Resources hood. The lighting level may vary from 50 to 100 fc (538 to

7.3.1 The laboratory environment can affect the results of:076 m/nf) depending upon the tasks being performed in the
analyses which are intended to describe the character éfea.(5)
atmospheres and emissions; therefore, the laboratory facility 7.3.8 The reliability of the instruments is sometimes af-
should be carefully considered. fected by electrical supply factors including voltage, frequency,
7.3.2 The specific items of equipment and apparatus that a@nd electrical fields. Some instruments may require a separate
needed for the performance of standard methods are describgtbunded circuit or a regulated power supply for stable
in those standards. If the laboratory proposes to perform @peration. Such a supply is recommended as a good laboratory
procedure, it should possess the specified items of equipmeptactice. A battery powered back-up supply is recommended,
and apparatus. especially for computer controlled equipment and data acqui-
7.3.3 The laboratory should be kept as free from interfersition devices.
ence as is necessary to avoid contamination of the samples.7.3.9 The laboratory should be supplied with the following:
This may require such precautions as sweeping the floot) Class ABC type fire extinguisherg) spill control materials
carefully with a compound to suppress dust, periodicallyfor acids, bases, and flammable materi&geye wash and
coating the floor with an inert material, vacuuming or scrub-safety shower facilities4) eye protection, and other safety
bing walls, floors, benches, and equipment, and wearingevices that may be consistent with the particular laboratory
lint-free laboratory clothing. Care should be taken to avoidoperation. The facility should provide for the safe disposal of
introducing potential contaminants when choosing cleaningeagents and samples with written instructions for the use of
products. these procedures by utility or support personnel. The labora-
7.3.4 Samples that have been protected against the laborary may be required to have an EPA waste generator number
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for compliance with the Resource Conservation and Recovergnents should have calibration procedures supplied by the
Act. (6) manufacturer.

7.3.10 In general, the physical conditions in the laboratory 9.4 Whenever possible, metrology system calibration and
shall comply with applicable requirements of the Occupationametrological procedures should be traceable to standard pro-

Safety and Health Act(7) cedures and standard weights and measures.
9.5 Periodic performance control of metrologic equipment
8. Methodology should be instituted and records of performance maintained.

8.1 The use of written procedures that should be periodi:rhe use of control charts may be an aid in maintaining a record

cally reviewed is essential to the systematic performance dff Performance. _
operations. Procedures have a tendency to undergo a process oP-6 All metrology systems should have a record of calibra-
evolution over a period of time. Modifications of the proce- tion and maintenance schedules and there should be a notation
dures may be needed periodically and they should be note@f @ny configuration changes that may have occurred in any

Such notations should be explicit, dated, and signed with th&YStém. Also, records of significant changes in calibration
initials of the person responsible. should be noted and reviewed periodically for indication of

8.2 Although the laboratory should maintain a library of "€eded modifications of systems or procedures.

references for its methodology, it is inconyenient t(_) use &0 Recommended Operational Practices
reference book at the bench. Therefore, it is desirable to 101 Th d laborat . hich. if
establish standard operating procedures (SOPs) for the labor, il ' d e'lrlet argtmanyl/( good fa Orl‘ii 8|ry prac |t<_:es VSV ich, If
tory. Each set of directions should be identified on each pag%ez\:avi)ré\évtliceinareoagioﬁoa\llgore reliable operation. Some o
and contain the date of the document, date of the revision, i , ) .
applicable, and the page number out of the total number of 10'1.'1 A bound field logbook ShOUId. be 'kept by the field
pages. This is to serve the purpose of providing a documer?[ampllng team_for th_e purpose of recording field measurements
control procedure or a means of maintaining the procedures iﬂnd,other pertinent information necessary to r_efresh the sam-
a complete and current condition. pler's memory in the event that some information is lost, or if

8.3 A readily accessible office file of methods used shoulathe sampler is, calied to testify concerning his field activities.
o 10.1.2 A log should be kept of incoming chemicals and
be maintained and kept current.

8.4 The detailed procedures of formerly used method reagents and upon the makeup of reagents, with an indication

. . . of their expected shelf life.
should be archived for reference and documentation of prior 10.1.3 A reagent blank should be carried throuah all sam-
procedures. C g g

pling and analytical procedures.

10.1.4 The colorimetric sample determinations should be
9. Metrology Systems ; . . .

performed against distilled water. The colorimetric values for

9.1 The basic system of weights and measurements for @e reagent blank should then be corrected, rather than blank-
laboratory should be as comprehensive as required to conduiglg out the reagent. This technique allows the analyst to
all the necessary measurements. National Institute of Standarggvelop some knowledge of the usual value of a reagent blank
and Technology (NIST) certified mass standards provide thghich will serve as a warning against an unsuitable reagent.
standard against which the laboratory balances may be 10.1.5 When the data are obtained through the use of a
checked. This also provides the basic method of V0|Umetri@tandard curve, the points on the curve should be treated
calibration of glassware. An NIST-certified thermometer pro-statistically and a regression line should be developed for the
vides a check on the temperature measurement systems. A pose of the analysis.
of color standards may be used to check the wavelength 10.1.6 The utilization of reference materials, which are
calibration and the stray light characteristics of a spectrometefyailable from such sources as the National Institute of
or colorimeter. These systems should be common to mosttandards and Technology, are encouraged for conformation of

analytical laboratories. Many of these systems, such as bajhe adequacy of the technique and the analyst. This is also a
ances and spectrometers, may be maintained and certifie@eful tool for trouble-shooting deficiencies.

under an annual service contract.

9.2 Atmospheric sampling often involves the measurementl. Data Recording
of gaseous volumes. This means that the calibration of the 11.1 There are many systems for recording data, depending
variable-area meter (rotameter) that is used in the field shouldpon the means by which the data are generated. These systems
be traceable through the dry gas meter calibration or the wedre all acceptable as long as they meet the basic requirements
meter calibration to the spirometer calibration which is con-that are outlined in 6.1.4.
sidered to be a primary standard. The bubble flow meter is 11.1.1 For more detailed discussion of data recording and
another primary volume measurement that should be availablecord keeping procedures, especially in evidentiary situations,
for low flow rates of gaseous volumes. see Ref(8).

9.3 The laboratory should also be capable of making other 11.2 The most commonly used and most functional method
physical measurements that may be necessary to the charaf-recording data from the laboratory is the use of a laboratory
terization of the atmosphere or emission, such as, but natotebook that is specifically printed for this purpose. The pages
necessarily limited to, wind velocity, barometric pressure, andare serially numbered in pairs with a carbon between the pages
relative humidity. The apparatus for making these measureo provide a matching serial numbered copy of the data. These
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