o o
e e R —

st PRI R T ’ A B 5 i
e e Rk s ke i et S e

R S " ST ’ : If you have issues view]

br accessing this file con‘té'(‘:rtq 98- PEDCIR S O s s s o S

e

. | . . Mp-1
Nes far;?(;:';al H;rdro'carbon Vapor
480.43 Standards for Performance

National Criminal Justice Reference Service

R s © D

Evaluation of Combustibje

o 2 e | 2 PN
| | | Gas Detectors
This microfiche was produced from documents received for ’
inclusion in the NCJRS data base. Since NCJRS cannot exercise
“control over the physical condition of the documents submitted,
the individual frame quality will vary. The resolution charton - 5 ;
this frame may be used to evaluate the document quality. i 8 .

- are ” - A e S, s i .

R o vt ‘;ﬁ}méﬂlﬁdza.;‘_.f‘ Ty

+
!
I

€
¥
I (!
T
i
¥
H
¥
o ik b P el
&

=8 s . ) | } R ¢

o

FEERR

3.2
k2 20

e

EF
E
133

[l St ‘ RS
L
Technolegeement

o llit— y

|
I

Lt e

NATIONAL BUREAU OF STANDARDS-1963-A
3

MICROCOPY RESOLUTION TEST CHART B }

s Ao ATl 8 SRS R AR

Microﬁlm%ﬁfbgé&ures used to create this fiche comply with |
the standards set forth in 41CFR 101-11.504- -~ o ‘%‘

v U.S. DEPARTMENT OF
~ COMMERCE

National Bureau of
Standards

Points of view or opinions stated in this document are ,

tho§g of the au-tt.lc)r(s) and do not represent the offi'cial %D’ATE ”F“I’EMED * :
position or policies of the U. S. Department of Justice. SR R

; National Institute of Justice 7. -~ - . % ;
% United States Department of Justice S g BN T

Washington, D.C. 20531 S S ST,

e ey

hezes/emf | @

o S §
K - T
i it oy R > ) ’
. * N - . 5
- Y “ /
- s




ABOUT THE TECHNOLOGY ASSESSMENT PROGRAM

The Technology Assessment Program is sponsored by the Office of Development, Testing, and Dissemination of
the National Institute of Justice {(N1J), U.S. Department of Justice. The program responds to the mandate of the
Justice System Improvement Act of 1979, which created NIJ and directed it to encourage research and development
to improve the criminal justice system and.to disseminate the results to Federal, State, and local agencies.

The Technology Assessment Program is an applied research effort that determines the technological needs of
justice system agencies, sets minimum performance standards for specific devices, tests commercially available
equipment against thoge standards, and disseminates the standards and the test results to criminal justice agencies
nationwide and internationally.

The program operates through:

The Technology Assessment Program Advisory Council (TAPAC) consisting of nationally recognized criminal justice
practitioners from Federal, State, and local agencies, which assesses technological needs and sets priorities for
research programs and items to be evaluated and tested.

The Law Enforcement Standards Laboratory (LESL) at the National Bureau of Standards, which develops
voluntary national performance standards for compliance testing to ensure that individual items of equipment are
suitable for use by criminal justice agencies. The standards are based. upon laboratory testing and evaluation of
representative samples ‘of each jtein of equipment to determine the key attributes, develop test methods, and establish
miniteum performance requirements for each essential attribute. In addition to the highly technical standards, LESL
also produces user guides that explain in nontechnical terms the capabilities of available equipment.

The Technology Assessment Program Information Center (TAPIC) operated by the International Association of
Chiefs of Police {IACP), which supervises a national compliance testing program conducted by independent agencies.
The standards developed by LESL serve as performance benchmarks against which commercial equipment is
measured. The facilities, personnel, and testing capabilities of the independent laboratories are evaluated by LESL
prior to testing each item of equipment, and LESL helps the Information Center staff review and analyze data. Test
results are published in Consumer Product Reports designed to help justice system procurement officials make
informed purchasing decisions.

All publications issued by the National Institute of Justice, including those of the Technology Assessment
Program, are available from the National Criminal Justice Reference Service (NCJRS), which serves as a central
information and reference source for the Nation’s criminal justice community. For further information, or to register
with NCJRS, write to the National Institute of Justice, National Criminal Justice Reference Service, Washington, DC
20531.
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FOREWORD

The Law Enforcement Standards Laboratory (LESL) o1" the National Bureau of Standards
(NBS) furnishes technical support to the National Institute of Justice (NIJ) program to strengthen
law enforcement and criminal justice in the United States. LESL’s function is to conduct research
that will aséisf\\law enforcement and criminal justice agencies in the selection and procurement of
quality equipment.

LESL is: (1) Subjecting existing equipment. to laboratory testing and evaluation and (2)
conducting research leading to the development of several series of documents, including national
voluntary equipment standards, user guides, and technical reports.

This document is a law enforcement equipment report developed by LESL under the
sponsorship of NIJ as part of the Technology Assessment Program, which is described on the
inside front cover of this report. Additional reports as well as other documents are being issued
under the LESL program in the areas of protective equipment, communications -equipment,
security systems, weapons, emergency equipment, investigative aids, vehicles, and“clothing.

Technical comments and suggestions concerning this report are invited from all interested
parties. They may be addressed to the Law Enforcement Standards Laboratory, National Bureau of

a

Standards, Washington, DC 20234, p;

Lawrence K. Eliason, Chief
Law Enforcement Standards Laboratory
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% HYDROCARBON VAPOR STANDARDS FOR PERFORMANCE .
. £} James E. Brown*
¥ E
3 National Burean of Standards, Washington. DC 20234
[ ’7_ g'.
8
¥ f Calibration mixtures of hydrocarbon vapor were prepared for the calibration and performance evaluation of
[ portable combustible gas detectors which are used to detect the presence of accelerant vapors in cases of ,
e . . suspected arson. The standards contained vapors of aliphatic and aromatic compounds common to petroleum )
F E distillates such as gasolines, which are frequently employed as accelerants in arson fires. These standards were
! : prepared by a dynamic dilution technique in which the vapor evolving from diffusion tubes containing liquid
’ . 3 hydrocarbons was diluted with air.
! \ o The corcentrations of the vapors were calculated from gravimetrically determined diffusion rates of the
DU hydrocarbons and from measured flow of air at three temperatures: 30°, 50°, and 70 °C. Gas chromatographic
R analyses of the vapor-air mixtures generated at 30° and 50 °C showed that the vapor concentrations are
N } g essentially constant within measurement periods of 1 to 3 d and from one period to another, and that they .
. i agreed with calculated concentrations.
" . i ; Key words: acceleraits; arson; combustible gas; diffusion rates; diffusion tubes; detectors; gas chromatography;
3 fs hydrocarbons; vapor detectors; vapor generator; vapor standards.
P Y I por g P
; -y
B + “
- , . a “ i
- ) oy 1. INTRODUCTION
‘ - i This is a final report on the research and evaluation of a generator of hydrocarbon vapor
' . ? . standards. A summary is presented of the research results obtained during the period of January 1 ?
. . . . N N FERE H
- } 4 { i through October 30, 1979. i
' g . . - - A The purpose of the research was to develop standards of low concentrations of organic vapors |
: . [ that could be used by fire investigators to calibrate and evaluate the performance of hydrocarbon E
: . ? . 3 P vapor detectors, also known as combustible gas detectors or “smiffers.” Until this work, there
. R o S existed no readily available means for calibrating the sensitivity of these detectors. %
) ’ . ‘ § Numerous jurisdictions have initiated or are anticipating major programs to investigate
: . - i 2 suspicious fires. These programs will include the use of scientific techniques in the investigations :
. . v, - . . ) of fire scenes when arson is suspected, and may involve the use of combustible gas detectors. The -
.o most common accelerants for initiating incendiary fires are reported to be petroleum distillates, 9
- P N . A . . a,
= . ¢ v gasoline being the most available and most frequently used [1]'. Hence, there is need for
R g - . . . 1
- .- . \ : . calibration standards to evaluate the response of the detectors to low concentrations (parts per :
. * . . . million, ppm) of hydrocarbon vapors which are common to petroleum distiliates.
- - . : The sensitivity of most effective vapor detectors is variable. In addition, the sensitivity of :
. , some detectors will decrease by an unpredictable factor when the sensing element of the detector
# - - * . - » . - ;
- . becomes contaminated, through continued use, with residues from particulate matter or with ¢
) - . ) ’ vapors. of organo-metallic compounds (e.g., tetraethyl lead in leaded gasoline) which may be '
" s - - . *Center for Fire Research, Nationa!l Engineering Laboratory. .
- T, e - - . s X ! Numbers in brackets indicate lterature references in section 6. ,
-~ -~ ’ N ' . : ~ {
. ; . - o ) g . g 1 :
. - . ' o
- ; : M. .~ . 8
- ) : - » . - . !
R ;L:; B N : R s . N » ; ) B N =
. . - - - rd = * B %
g , . W - i - ' } B
7 . , . . R s . © K
. - e P - . . ) /‘ . 5
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encountered in the course of repetitive fire-scene investigations. Knowledge of the vapor detector
performance by the investigator is essential, because the primary use of these devices is for the
location of accelerant residues in incendiary fire debris, and the location: of residual accelerants is
a step in providing the physical evidence necessary to establish the erime of arson [2]. Thus, the
detector performance must be reliable, and reliability can be assumed through - frequent
calibrations using readily available standards. In this report a method is described for generating
predictable concentrations of hydrocarbon vapors at constant rates for long periods of time. The
report presents data on gravimetrically measured rates of diffusion of hydrocarbon vapors through
precision bore tubing. In all cases, the vapors evolved from liquids maintained at constant
temperature. Gas chromatographic analyses of the vapors.at various intervals within a diffusion
period are also reported, in order to confirm the constancy of the vapor composition.

2. SELECTED HYDROCARBONS FOR VAPOR STANDARDS

For the preparation of a vapor standard, four relatively pure compounds were selected from
which vapors could be generated simultaneously and at constant rates. The selection of the four

compounds was based on the fol]owing considerations;

1) the compounds are constituents of most gasolines,

the vapor pressures are such that, at convenient temperatures, variable concentrations
can be generated which approximate the concentrations that would be found at fire scenes

at which accelerants had been employed, and

2)

the compounds have vapor pressure-temperature relationships such that the vapors are

3)
produced at concentrations within the detectable limits of commercial vapor detectors.

It is recognized that gasoline formulations [3,4] contain both aliphatic and aromatic
compounds, and that both of these classes of compounds should be included in the vapor
standards.

Consequently, four commerciall; -available compounds were selected. Spectrograde isooctane
(2,2,4 trimethylpentane) and n-hexane (99 mole percent) were chosen to represent, respectively,
branched and linear chain-aliphatic hydrocarbons. Scintillation-count-grade toluene and o-xylene
were chosen to represent the aromatic hydrocarbons. The purity of these compounds was
presumed to be that claimed by the manufacturer. The vapor pressures of these compounds are
such that they may enable detection by sniffers, as the vapors evolve from the liquids absorbed in
a variety of substrates [5]. Similarly, the vapor pressure-temperature relationships of the selected
compounds are such [6] that vapor standards of various concentrations can be generated easily

from the pure liquids.

3. INSTRUMENTATION

3.1 Standards Generator

A survey of the literature on commercial vapor generators showed that instruments are
available which, with slight modifications, could meet the requirements for the generation of
dynamic vapor standards for the evaluation of combustible gas detectors. Based on this search, a
vapor generator, Analytical Instrument Development Mode! 350 Standards Generator?, was chosen
and modified. This involved replacing the diluent (air) flow meter normally provided on the
instrument with one that can measure a diluent flow of up to 2 L/min. With this instrument,

* Certain commercial equipment, instruments, or materials are identified in this paper in order to adequately specify the
experimental procedure. In no case does such identification imply recommendation or endorsement by the National Bureau
of Standards, nor does it imply that the equipment or material identified is necessarily the best available for the purpose.
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vapors are generated from liquids contaired in diffusion or permeation tubes, which are also
available from the manufacturer of the generator. For this work, the diffusion tube technique was
chosen as the most appropriate. A cross-sectional view of a precision bore diffusion tube and -its
reservoir containing a liquid sample is shown in figure 1. The liquid reservoir has a capacity of
about 4 milliliters (mL); tube bores are available with diameters of 0.5, 2, or-5 mm and lengths to

approximately 8 cm.

«—— Diffusion tube

«<— Bulb

Liquid Sample

FIGune 1. Cross-sectional diagram of a diffusion tube.

Vapors evolve through the diffusion tube at a constant rate when the liquid is maintained at
constant temperature (isothermal) and constant pressure (isobaric) conditions. These conditions are
achieved in the sample chamber of the standards generator. As many as four diffusion tubes can
be accommodated simultaneously. A diluent gas, for example, air, flowing at a controlled rate is
used to dilute the evolving vapor to pre-selected concentrations. A schematic diagram of the flow
system is illustrated in figure 2. Air under pressure enters the instrument at the inlet and then
passes through a pressure regulator and is adjusted to a lower working pressure. The air passes
through a charcoal filter to remove common contaminants, to yield essentially hydrocarbon-free
air. Next, the air is split into two streams, one providing diluent and the other flowing through the
chamber. Both are regulated by valves and are monitored by rotameters. The chamber air is
brought to thermal equilibrium with the chamber by passing it through a heat exchanger before it
enters the chamber containing the diffusion tubes.

3
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The air from the chamber passes through a three-way solenoid valve which directs the flow

‘either to the sample and vent ports or to the vapor outlet trap. The vapor outlet trap is used when

the generator is operating in a standby mode.
The flow through the chamber is continuously variable from about 50 mL/min to 150

raL./min. The diluent flow is variable from 0 to about 2 L/min. The chamber is operated at a fixed
temperature of either 30°, 50°, or 70 °C.

GAGE
| R DILUENT | INLET
ﬁ 0 FLOW REGULATOR
A ; CHARCOAL
M M FILTER
COMM. B E
SOLENOID E T
R E
[ R
CHARCOAL
| TRAP

VENT SAMPLE

3.2 Gas Chromatograph (GC)

The chromatograph used in this study was a commercial instrument equipped with dual
flame-ionization detectors, which were operated at 250 °C. The glass GC column, about 2 m in
length and 2 mm id., was packed with 3 percent SE30 on a solid support (supelcoport). The
column was maintained at 50 °C while the carrier gas, helium, flowed at 30 mL/min. The injection
ports were maintained at 150 °C. The GC was interfaced with a recording  integrator
(printer/plotter) from which the retention times and peak areas of the hydrocarbons were

obtained.

4. GENERATION OF SELECTED HYDROCARBON VAPOR STANDARDS

The diffusion rate r, in g/s, of hydrocarbon vapors through:a tube has been described [7,8]

as shown in eq (1)

r = (DMP/RT) {A/L) In P/(P-p) 8y

where D, M, P, R, and T respectively are the diffusion coefficient (cmz/s), molecular weight
(g/mol), of the compound, total pressure (atmospheres), gas constant (em®atm/mol-K) and the
absolute temperature (K). The partial vapor pressure in atmospheres of the compound at the
temperature 7' is represented by p, and 4/L (cm) is the ratio of the area to length of the diffusion
tube. Hence, eq (1) may be used to predict two important factors in the preparation of dynamic
vapor standards by the diffusion method: (1) the rates and length of time that the hydrocarbon
vapors may be generated through diffusion tubes, and (2) the constancy of the diffusion rates. In
addition, a theoretical issue remains: Does the observed data fit eq (L)?
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4.1 Calibration of Diffusion Tubes

About i i
cmmberos{t‘ tien:;l., of tthefhy(:rocaé;'b(;)n were weighed into a diffusion ‘tube and placed in the
enerator for 1 to at a selected temperat Duri is ti i
through the e e for | : perature. During this time, the air flowing
: e the evolving vapor was maintained i
ifTasion e o ey (0 p aintained at a rate of 100 mL/min. The
mponent was calculated {r i i iqui i
los during s e, om the gravimetrically measured liquid-weight
Same'l(;zf:‘)fle l Sl:mbmarizes th(e; calibration of the diffusion tubes at 30 °C. For each compound, the
ttusion tube was used repetitively for its rate d inati | ‘
ame terminations (runs). The di i
Biffusion e e WS e de ns). The dimengions of the
$ sted for each compound. A
+ Averaged rate values are si for al
mezzurements, although it appeared that t ilibri i runs 1 and
ureme emperature equilibrium was not obtained ir
S, ! 1 runs 1
2 until a significant amount of the measured diffusion time had elapsed e and

PAbLE V. Diffusion rates of selected hyvdroearbons w30 °

" Diffusion rate, up/min

Dimensions of Tube:

Inside diameter {mm) 2 2 5
Length (min) 76 62 3;} 32
Run Time (min) ri-Hexane Isooctane Toluene o-Xylene
i 1265 14.2 5.4 3:
. E 33.8
? l:‘:'oZS 15.2 6.2 33.9 gg
3 1350 16.1 7.1 34.4 9.5
4 4345 16,9 7.2 375 9.:1—
5 4340 16.8 7.0 374 10:0
Average = standard
deviation (Runs 1.5) 15.8%1.1 6.6£0.8 354%1.9 9.5£0.,5
Average == standard
deviation (Runs 3.5) 16.640.4 7.1£0.1 36.4+1.8 9,84:0.3
TamLk 2. Diffusion rates of selected hydrocarhons at 50°C
Diffusion rate, pg/min
Dimensions of tube;
lnside diameter (mm) 2 0.5 5 5
* Length (mm) 70 12 38 34
Run Time (min) n-Hexane Isoociane Toluene o-Xylene
; :360 460 6.4 914 25.8
: ] 525 43.5 6,7 92,2 27.3
4325 43.7 6.6 91.7 28.0
Average = standard
deviation 43.44:0.4 6.6:£0,1 91.820.4 26.941,5

.slzgts:r:;sefgx"ﬂt‘he‘ diff’us;onl rz;tes obtainsd at 50 °C are shown in table 2. Note that in this ca;se
lfusion tube had an i.d. of 0.5 mm and a len | i ’

' fusio o gth of 12 mm. Table 3

estimate of the diffusion rates at 70 °C, Only one measurement was made at 70 °C becauseglt;;isrr::l

q the ]lql"d n th y er X C alllbel (:()l]ld riot be Zl(:hleve(l Since |!le
¢ UI]lbl um betweel] € reservol ﬂnd the h y
bD]]l"g Pol"t 0f he Xane is 69 C- ¢
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“The results listed in tables 1-3 show that, for the same tubes, raising the temperature 20 °C
results in an expected increase in the rates at which the vapors are generated. 'l‘he.pr(?dictable
temperature effect on the rates of the vapor generation can be unde:sto?d quantitatively by
calculating the ratio of the vapor diffusion rates at 70°, 50°, and 30 °C. The results of these
calculations are given in table 4.

Tune 52 Diffusion rates of selected hydrocarbons at 70 °C

Diffusion rates, pg/min'

Time (min) n-Hexane Isouectane Toluene a-Xylene

1445 Bk, 17.9 234 7l

#he diffusion tubes listed in table 2 were also used in these measurements.
* Approximate value.

TABLE 4. Ratios of diffusion rates al temperature intervals of 20 °

n-Hexane

Temperatures (°C) Isonctane Toluene o-Xylene
50/30 2.6 B 2.5 2.7
70/50 - 2,7 2.6 2.0

* Not calculated.

The magnituld'és of the observed changes in the diffusion rates of n-hexane and toluene were
compared with tne expected rate changes based on eq (1), using known values of diffusion
constants [7] and vapor pressures [6] at 30° and 50 °C. These comisirisons were made-as a means

of evaluating the observed temperature dependence of the diffusion rates. For these calcu‘latiO‘nS,
diffusion coefficients of 0.0804 c¢m®/s and 0.0903 em®/s were obtained for hexane diffusion
through a 0.11-cm i.d. tube, respectively, at 30° and 50 °C. Similarly, diffusion coefficients of
0.0932 cm?/s and 0.0993 cm?/s were obtained for toluene diffusion through a 0.78-cm i.d. lul:e
at the respective temperatures. The vapor pressures of n-hexane are 0.241 atm (24.4 kPa) at 30 °C
and 0.525 atm (53.2 kPa) at 50 °C; and for toluene, the pressures are 0.048 and 0.121 atm (4.86
and 12.3 kPa) at the indicated temperatures. The total pressure was assumed to be one
atmosphere (~10" Pa) in all cases. The calculations show that the ratio of the diffusion rates of
hexane at 50 °C to that at 30 °C is 2.85, and the ratio of the rates for toluene vapor is 2.63 at the
same temperatures. These calculated values agree within 10 percent with the experimental. vah.xes
of 2.6 and 2.5, respectively. The agreement indicates that the experimentally determined diffusion
rates agree with the theoretical ratios predicted by eq (1). .

The useful life of a specific diffusion tube as a vapor generator may be estimated from the

diffusion rate and sample volume. This period, the life expectancy in days, was calculated for 2

mL (about one-half of capacity) of each compound contained in the referenced diffusion- u}l"bes,
using the diffusion rates reported in tables 1-3. The results of these calculations are‘E{s_,tpd:ﬁm table

Although the effect of the tube dimension on the diffusion rate was not investig.ated/in this
study, eq (1) indicates that the rate should be proportional to the square of the tube diameter and
inversely proportional to the tube length. Thus, diameters of 0.5, 2, and 5 mm should change the
life expectancy for a specific length in the ratio of 100:16:1 respectively.
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TAME 5. Half-life of vapor generators fin days)
uat various temperatures

Temperature (°C) n-Hexane,  [spoctane’ Toluene 0-Xylene
30 55 135 33 125
50 21 146 13 45
70 - 53 5 17

* For 30 °C. the diameter of the diffusion tube was 2 mm and its length was 62
mm; for 50° and 70 °C the tube diameter was 0.5 mm and its length was 12 mm,

4.2 Method for the Determination of the Vapor Standard Concentrations

The concentrations of the selected hydrocarbons in the vapor standards were calculated from
the gravimetrically determined diffusion rates and the air flow. The air flows measured with a
bubble meter were frequently monitored by the rotameters for constancy.

Although the GC analysis measured the vapor concentrations, the primary use of this analysis
was to establish constancy of the vapor concentrations within a run, and from run to run for a
given set of experimental conditions. The response of the chromatograph was calibrated with 0.2
percent (v/v) solutions of the selected hydrocarbons in carbon disulfide. Figure 3 demonstrates the
response of the GC and the column resolution for a 2-puL sample of the carbon disulfide solution
injected from a 10-uL liquid syringe. The GC was calibrated for each hydrocarbon. The
calibrations were based on the assumption that the hydrocarbons in the carbon disulfide mixture
would occupy a volume predictable from ideal gas behavior when vaporized at 25 °C. The results
of this calibration are given in table 6. Figure 4 shows a chromatogram of a 0.5-mL volume of
vapor-air mixture (1 mL gas:tight syringe) from the vapor generator, which was operating at 30 °C
with an air flow of 100 mL/min. Table 7 shows replicate determinations of vapor concentrations
in ppm and the respective standard deviation for various runs made of standards generated at
30 °C. Table 8 lists chromatographic results which demonsirate the effect of increasing the diluent
flow to about 1 and 2 L/min (at 30 °CG). Chromatographic results are shown in table 9 for vapors
generated at 50 °C.

Summaries of the average vapor concentrations determined by GC analyses at 30° and 50 °C
are compared in table 10 with concentrations computed from the averaged diffusion rates at the
respective temperatures, The computed values were derived from the diffusion rates, expressed in
microliters of vapor per minute, and the air flow rates, expressed in liters per minute. Generally,
good agreement is found between the techniques for the determination of the vapor concentrations.

In this study on the generation and calibration of vapor standards, only vapors of compounds
containing carbon and hydrogen were used. However, this method of vapor-standard. preparation
and concentration determination is also suitable for standards consisting of other potential
accelerants such as alcohols, ethers, and ketones, as well as selected compounds contained in other
multi-component accelerants such as paint thinners (solvents) and varnishes.

This method can be duplicated and conveniently used by fire investigators to calibrate and
evaluate the performance of combustible gas detectors. Only commercially available equipment
and materials are needed. Moreover, the manufacturer of a candidate vapor generator can provide
diffusion tubes of the length and bore selected by the experimenter, for generating specific vapor
standards at the desired diffusion rates and desired concentrations.
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PERIODICALS

JOURNAL OF RESEARCH—The Journal of Research of the
National Bureau of Standards reports NBS research and develop-
ment in those disciplines of the physical and engineering sciences in
which the Bureau is active. These include physics, chemistry,
engineering, mathematics, and computer sciences. Papers cover a
broad range of subjects, with major emphasis on measurement
methodology and the basic technology underlying standardization.
Also included from time to time are survey articles on topics
closely related to the Bureau’s technical and scientific programs.
As a special service to subscribers each issue contains complete
citations to all recent Bureau publications in both NBS. and non-
NBS media. Issued six times a year. Annual subscription: domestic
§13; foreign $16.25, Single copy, $3 domestic; $3,75 foreign.
NOTE: The Journal was formerly published in two sections: Sec-
tion A “Physics and Chemistry” and Section B ‘“Mathematical
Sciences.”

DIMENSIONS/NBS-This monthly magazine is published to in-
form scientists, engineers, business and industry leaders, teachers,
students, and consumers of the latest advances in science and
technology, with primary emphasis on work at NBS. The magazine
highlights and reviews such issues as energy research, fire protec-
tion, building technology, metric conversion, pollution abatement,
health and safety, and consumer product performance. In addi-
tion, it reports the results of Bureau programs in measurement
standards and techniques, properties of matter and materials,
engineering standards and services, instrumentation, and
automatic data processing. Annual subscription; domestic $11;
foreign $13,75. -

NONPERIODICALS

Monographs—Major contributions to the technical literature on
various subjects related to the Bureau’s scientific and technical ac-
tivities.

Handbooks—Recommended codes of engineering and industrial
practice (including safety codes) developed in cooperation with in-
terested industries, professional organizations, and regulatory
bodies.

Special Publications—Includé proceedings of conferences spon-
sored by NBS, NBS annual reports, and other special publications
appropriate to this grouping such as wall charts, pocket cards, and
bibliographies.

Applied Mathematics Series-——Matheniatical tables, manuals, and
studies of special interest to physicists, engineers, chemists,
biologists, mathematicians, computer programmers, ‘and others

engaged in scientific and technical work.

National Standard Reférence Data Series—Provides quantitative
data on the physical and chemical properties of materials, com-
piled from the world’s literature and critically evaluated,
Developed under a worldwide program coordinated by NBS under
the authority of the National Standard Data Act (Public Law
90-396).

NBS TECHNICAL PUBLICATIONS

NOTE: The principal publication outlet for the foregoing data is
the Journal of Physical and Chemical Reference Data (JPCRD)
published quarterly for NBS by the American Chemical Society
(ACS) and the American [nstitute of Physics (AIP). Subscriptions,
reprints, and supplements available from ACS, 1155 Sixteenth St.,
NW, Washington, DC 20056.

Building Science - Series—Disseminates technical information
developed at the Bureau on building materials, components,
systems, and whole structures, The series presents research results,
test methods, und performance criteria related to the structural and
environmental functions and the durability and safety charac-
teristics of building elements and systems.

Technical Notes—Studies or reports which are complete in them-
selves but restrictive in their treatment of a subject. Analogous to
monographs but not so comprehensive in scope or definitive in
treatment of the subject area. Often serve as a vehicle for final
reports of work performed at NBS under the sponsorship of other
government agencies.

Voluntary Product Standards—Developed under procedures
published by the Department of Commerce in Part 10, Title 15, of
the Code of Federal Regulations. The standards establish
nationally recognized requirements for products, and provide all
concerned interests with a basis for common understanding of the
characteristics of the products. NBS administers this program as a
supplement to the activities of the private sector standardizing
organizations.

Consumer Information Series—Practical information, based on
NBS research and experience, covering areas of intetest to the con-
sumer. Easily understandable language and illustrations provide
useful background knowledge for shopping in today’s tech-
nological marketplace.

Order the above NBS publications from: Superintendent of Docu-
ments, Government Printing Office, Washington, DC 20402,
Order the following NBS publications—FIPS and NBSIR's—from
the National Technical Information Services, Springfield, VA 22161.

Federal Information Processing Standards Publications (FIPS
PUB)—Publications in this series collectively coastitute the
Federal Information Processing Standards Register. The Register
serves as'the official source of information in the Federal Govern-
ment regarding standards issued by NBS pursuant to the Federal
Property and Administrative Services Act of 1949 as amendey,
Public Law 89-306 (79 Stat. 1127), and as implemented by Ex-
ecutive Order 11717 (38 FR 12315, dated May 11, 1973) and Parc6
of Title 15 CFR (Code of Federal Regulations).

NBS Interagency Reports (NBSIR)—A special series of interim or
final reports on work performed by NBS for outside sponsors
(both government and non-government). In general, initial dis-
tribution is handled by the sponsor; public distribution is by the
National Technical Information Services, Springfield, VA 22161,
in paper copy or microfiche form.
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