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Ohio Radon Measurement Device Protocol
Ao Quality Assurance

i. Licensees providing measurement services using radon and radon product
measurement devices shall establish and maintain a gualify-assurdnee program

(QAP).

a Thiese programs shall include writteri procedures for aftaining quaﬁty‘-i
-asswrance objectives and g system for recording and monitoring the results
of the quality-asturance measirendents for each device used.

b The QAP shall tnclude the act of documenting the quality-assurance
activities outlined s this section. This inclndes documenting all quaiity-
assurance information in a log, tracking the information over time,
charting the quality-assurance results aid midintaining the related
statistical data. ‘These records shall be retained for at least five years.
These records are auditable by the director.

T All licensees are required to follow manufacturer’s instructions for use and
calibration of all devices.

2, The iject1ve of quahty asstrance is to ensure that data are scientifically sound
and of known precision and accuracy. This paragraph discusses the six géneral
categories of quahw‘cemml mieasuretnents. Specific guidance is provided for
each method in the relevant protocol.

a. Calibration Meastrements. Calibration measurements are samples
collected or measurements made in a kmown radon envirohment; such as a
radon chamber, Instruments providing immediate resuits, such as
<ontinuous working level and radon monitors, shall be operated in a radon
chamber to establish individual instrument calibration: factors.

i Two of the key compornents of quality assurance and quality
control for radon devices are anmuil cafibration and backgiound
checks. Providers of anmual calibration intlude:;

& The device mandfacturer; or

-3 A radon chamber or calibration Facility that has rezcewe:d
written authorization from the device mannfacturer to
provide calibration and is listed by 4 national radon.
proficiency program,
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Calibration measurements rmust be conducted to determine and

verify the conversion factors used to dérive the concentration
tesults. These factors are deterniinied normally for a range of
concentrations and exposure times, and for a ran ge of mher
exposure or analysis conditions pertinent to the particular device.

Determination ¢f these ca%zbratwn factors is a necessary part of the
ldboratory anafysis and is the responsibility of the laboratory.
These calibration measurement procedures, including the
frequency of tests and the numiber of devices o be tested, shail be.

specified in the QAP maintained by manufacturers and maiys;s

laboratoties.

Licensees prov zo‘mg measiirements with aétive dévices dre
réijuired to recalibrate and conduct background checks on their
mistrunents at least once every twelve months.

. Known exposure

teasurements of spiked samples conmst af detectors that have been
exposed to kriown concentrations in aradon chamber, These detectors,
such-as charcoal canisters, alpha-track detectors, liguid seintillation
devices and electret ion chambers, are labeled and submitted to the:
laboratory in the same manner as ordinary samples to preclude special
processing.

if.

Licensees w;mg passive measurement devices shall conduct spﬂce&

-measuremients at 4 rate of three per ong hundred measurements,

with a mifimum of three per year and & méikimum reuired of six
per month. Devices should be expmed in a radon chamber at a
mintmum of three différent radon concentrations, such as
approximately four, ten to thirty, and Ehzfty to one undred

pleocuries perliter. Devices also.shouid be exposed in a radon

chamber with varying fevels of humidity.

Spikes shail be Inbeled in the sarhe manuer as field defectors fo
ensure identical processing. The results of analyses of detectors
exposed to known radon conceritrations shall be monitored and
recorded. These results also shall be reported back to the radon iab

* upon completion so the Iab may asséss tieir own quality-control

processes. -Any significant deviation from the known
concentration to which they were exposed shall be investigated and
corrective action takén.
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Background Medsurements. Background measurements are requited both

for continuous monitors and for passive detectors requiring laboratory
analysis.

i

i

i,

iv,

i,

Licensees using continuous monitors shall perform sufficient
instrument backvreund measuremnents to establish s reliable
instrument background and 1o sct 35 a check on instrument
gperation.

Passive detector§ requiring laboratory analysis require one type of

background measurenvent made in the liboratory and another in
the field.

Licensees using passive detectors shall employ field controls
{called blanks} equal to approximately five pér cent of the
detectors-that are deploved, or twenty-five each month, whichever
is smaller.

These conirols shall be set aside from each detector shipment, kept
sealed and in a low radon environmei, labeled in the seme manner,
as the field samples to preclude special processing, and returned to
the anatysis laboratory along with each shipment. These field
blanks measure the bac:kgmtmti exposure that may accumulate
during shipment and storage. The results shall be monitored and.
recorded,

The recommiended action o be taken if the concentration measured

by one or more of the field blanks is significantly greater than the

tower limit of detection (LLD) s dependent tipon the type of
detector and is discussed in the protocof for each method.

The storage area of all radon test devices shall be measured for

tadtn and recorded anniially.

. Dggﬁcata Measurements. Duplicate measurerients provide a check on the

precision of the measwrement result and allow the user to make an

estimate of the relative precision. Large precision efrors may be caused
by detector manufacture or improper da&a transeription or handling by
suppliers, laboratories, or technicians performing placements. Precision
error can be an important component of tire overail error; therefore,
licensees performing measurements shall monitor precision.
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i Duplicate measurements shall be side-by-side measurements made
o - imatleast ten per cent of the twral number of measurement
locations; or fifty each mionth, whichever is smaller. The locations
selected for duplicate measurement shall be distributed
systematically throughout the entire population of samples.

i, The precision of duplicate measurenients shall be monitored and
recorded in the quality-assurance records. The ana‘fysxs of data
from duplicates shall be plotted on control charts. These results
shall also be reported back to the radon lab upon completion 5o the
lab may assess their own quaiity—canmi processes. if the
precision estimmiated by the user is ot within the precision expected
of the measurement method, the cause of the problem shall be
investigated.

1L Detectors shall be treated identically in every respect. They shatl
be shipped; stored, opened, installed, removed and processed
together, and not identified as duplicates to the processing
faboratory.

3 Routine Enstrumem Performance Checks. Propér functitning of analysis
equipment and operator usage requires that the equipment and
measurement system be sublect to-roufine checks. Regular monitoring of
equipment and operators 18 vital fo ensure consistently accurate resuits
Performance checks include the frequent use of an instrument check
source. Components of the device (such as a pump,. battery or electronics)
shall be checked regularty and the results nioted in a record. Bach user
shall develop methads for regularly monitoring ( preferabiy daily with use}
theit- measurement system and. for recording and reviewing results.

f. Cross-checks, Licensees using active monitors shall check their monitors
for bias on a regular basis. Ideafly, such megsurements are made in a
radon chamber. Exposure in 2 radon chamber is required during.
catibration. It'can be difficult to expose activé monitors more éfte‘n tharn
onceevery twelve moriths, I is importimt to more frequently-assess the
contmuad sausfactory operatzen Qf rhe mstmment respcnse zmd w emure
piaceé into servzce _after Lzﬁ zbmtm& Cmmnchecks ﬁ%_zaﬂ be pcrfomwd
prior tb placing an instrument being returned to service after calibration
and at six months (plis or minus.z month) after calibration. The following
conditions shall be met:

i Where feasible, a cross-check shall bégin with an instrument
backgroumd medsuremernt.
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i, The cross-check measurement shall be made in an environment
that has i}e_en‘ chosen for its stability and radon concentration that is’
sbove the lower linit of detection.

iii.  Cross-checks shall be side-by-side measurements.

1 One of the mstruments shall have been calibrated within the last
forty-five days.

.. A measureniént of & least forty-eight houts duration shall be
conducted.

vi.  The bias of cross-check medsurements shall be monitored and
mcorded n ahe quaixty assurance recards If the bzaa csnmated by
cause of the: problem s_ha]i be mvt‘:stagatcd é_m& corrective ac_tlon
taken in #ccordance with the licensee’s director-approved QAP.

g, Protocol for using continuous radon monitors (CRs) 1o measute indoot radon
concentrations

L.

Q¢

Refer t6 appendix A to rile 3701-69-07 of the Administrative Code fora list of
general conditions that shall be met and Standard information that shall be
documsnted.

When performing a radon measurement, the CR shall:
a. be programmed to run continuously;

b record periodiedlly the average radon concentration over the integration
period (houtly or more. frequeﬁﬂy} in 4 manner that is readily accessible; and

c. tecord these data for at least forty-eight hours. Longer measurements may
be required depending on the: continuous monitor type and the radon level
being nieasured.

If the first four hours of data from a radon mieastwemerit dre discarded betause data
are produced prior to the establishment of equilibrium conditions in the test device,
there myust be & mininum of forty-cight remaining hotrs of data to be averaged arid
shall be sufficient io represent a two-day measurement.

Every CR shall be calibrated in a radon-chamber before initially betng placed into
service and after any repairs or modifications that could affect the calibration.
Subsequent recalibrations and background checks shiall be perfonne«d &t least once
every twelve months. Each scintillation cell requires an individual calibration factor.
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Background measurements shall be performed after every one thousand hours of
operation of scintillation-cell-type CRs and whenever any type of CR is
calibrated. The background shall be checked by purging the monitor with clean,
aged air or nitrogen in accordance with the manufacturer’s instructions. In
addition, the backpround eount rate shall be monitored in accordance with the
manufacturer's instruction.

Licensees providing measurement services with CR devices shall perform duplicate

‘measurements. The pedformance and analysis of duplicates shall be completed in

accordance mth paragraph (A} 2)(d) of this appendix.

Purnps and flow meters shall becliecked befors and after éach measurement in
aceordanice with the manuficturer’s instraction.

Licensees providing measurernent services with CR devices shall perforrn cross-
checks. The performance and anaiysis of cross-checks shail be cotpleted in
accordance with paragraph (AJ(2NE of this appendix.

L8 Protocol for using alpha-track (AT) detectors to measure indoor radon ¢oncentrations

L.

;S.}

Refer to appendix A to tule 3701-69-07 of the-Administrative Code for a fist of
general conditions that shail be met and standard information that shall be
documented.

Licensees providing measurerent services with AT devices shall perform known,
expostire measurements {spikes). The performance and analysis of spikes shall be
completed inr accordance with patagraph (A}2¥b) of this appendix.

Licenisees providing measurement services with AT devices shall perforin duplicate
measurements. The performance and andlysis of duplicates shall be completed in
accordance with paragraph (A} 2)(dy of this appendix.

Licensees providing measurenient services with AT devices stiall perform
background measwrentents. The-performance of background measurements shall be
cortipleted in accordance with paragraph (A}2)(c) of this appendix.

a The results shall be monitored and recorded. If any fieid blank has a
concentration significantly greater than the LED established by the supplier,
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it may indicate defective packaging or handling and the licensee shal
investigate the cause. If the average value from the field blanks is
mgmﬁcantiy greater than the L!_D established by the supplier, this sverage
valte shall be subtracted from the individual values reported for the other
devices in the exposure group,

b, It may be advisable to use three sets of detectors {preexposure, ficid and
postexposure background) in order to allow the most thorough and
eomplete evaluation of radon Tevels. For example, one group of detectors
(preexposure detectors) may be earmarked for background measurement
and returned for processing immediately after the other detectors are
deployed. The results from these detectors determine if the number of
tracks acquired before deployimert is significant and should be subtracted
from the gross resuli. The second set of background detectors
{postexposure background detectors) ate obtained just before the field
monitors are fo be collected and are opened and kept in the same locdtion
as the rerurning field mondtors for the same duration, and returtied with
them. Finally, this "postexposure background* is subtracted from the field
resulis, if found w be significant. o general, a value of one picociirie per
titer or greater for any blank AT indicates a significant level that should be
investigated and potentially subtracted from the ficld AT results.

D. Protocol for using electret jon chamber radon (ES or EL} detectors to measure indoor
radon concenteation.

I

Refer to appendix A to rule 3701-69-07 of the Administrative Code for a list of
general conditions that shall be met and standard information that shall be
documerited.

Every short-term and long-term elecrret systent and the electret veader(s) shall be
calibratéd by the manufacturer. Calibrations shall be performed prior to initial
use, after any repairs or modification that could affect the calibration and at least
orice every twelve months. Deterininiation of calibration factors for short-teim or
long-term detectors requires exposure of detectors 1o known concentrations of
radon-222 b & radon exposuré chamber. Sinee short-term and long-term electret
detector systems are also sensitive to gamma radiation. & gamma exposure rate
measimenient in the test chiniber is also required at feast once every twelve
months,

Licensees préviding measarement services with ES or EL devices shall perform
Kiiowit exposure measurements {spikes). The performarice and analysis of spikes
shall be‘completed in accordance with paragraph {AX2)b) off this appendix.
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Licensees providing measurement services with ES or EL devicgs shall perform
duplicate measurements. The performance and analysis of duplicates shall be
completed in aceordance with paragraph (A)2)(d) of this appendix.

Licensees providing measurement services with short-term or fong-teriv electrets
shall set aside a minimudm of five per cent of the electrets or ten, whichever
mumber is smaller, from each shipment and evaluate then for voltage drift, The
electrets shall be kept covered with pmt&ct:ve caps in 2 low radon enviromment
and analyzed for voltage drift over a time period similar fo the time period ysed
for those deploved in measwements. Any voltage loss found in the control

‘electiets of more than one volt per week over a three week test period for short-

term electrets, or one volt per month over a three month period for long-term
electréts, shall be mvestigated.

‘Proper opération of the surface volitieter shail be monitored following the.

manufacturer's procedures for zeroing the voltmeter and analyzing 2 reference
electiet: Thése chiecks shall be conducted at feast oice a week while the
voltoeter is it use; These checks shall also be recorded.

E. Protoeot for using activated charcoal adsorption (AC) devites to. measure indoor radon
concentrations:

L

Refer to appendix A to rule 3701-68-07 of the Administrative Code for a Hst of
general conditions that shall be met and standard information that shall be
documented.

Licensees providing measurement services with AC devices shall perform known
exposure measurenents (spikes). The performance and anatysis of spikes shall be
completed in accordatice with paragraphi (A)(2)(b) of this appendix,

Licensees providing meastrement services with AC devices shall perform duplicate

‘measurements, The performance and analysis of duplicates shall be completed in

accordance with paragraph (AX2)(d) of this appendix.

Licensees providing measurement services with AC dévices shall perform
background messurements. The performarnce of background measurements shall be
completed in accordance with paragraph {AX2){(c) of this appendix..

a, ¥ any field blank has & concentration signifi icantly greater than LLD
established by the laboratory, it may mdicate s defective device of poor
procedures and the Hcensee shall 1 investigate the cause.
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b, If most of the field blariks have concentrations significantly greater than the
LLD established by the laboratory, the lcensee shall investigate the cause
and notify the marufacturer, supplier and laboratory of a possible probler.

F.. Protocol for using charcoal liguid scintillation (1.8} devices to measure indoor radon
coneentrations

L. Refertoappendix A to rule 3701-69-07 of the Administrative Code for 2 fist of
general conditions that shail be met and standard fnformation that shall be
documented.

2. Licensees providing measurement services with LS devices shall perform known
exposure measurements {spikes). The performance and analysis of spikes shall be
completed in°accordance with paragraph (A)2)(b) of dhis appendix.

3. Licensees providing measaremeiits services with LS devices shall perform duplicate
measurements. The performance and analysis. of duplicates shail be cempieie(i in
accordarce with paragraph (AXZ}d) of this appendix.

4. Licensees providing meastrement services with LS devices shall perfﬁrm
background measurements. The performance of background measurements shall be
completed in accordance with paragraph (A} 2)(c} of this appendix,

a, If any field blarik has & concentration significantly greater than the LLD
established by the laboratory, it may indicate 4 defective device or poor
procedures and the licensee shall investigate the cause.

b, if mast of the field blanks have concentrations significanily greater than the
LLD established by the laboratory, thelicensee shall investigate the cause.
and notify the manufacturer, supplier and laboratory of a possible problem.

G Protocol fottsing continuous working level *{CW} rronitors to measure indoor radon
progeny concentrations

i Radon decay product measurements may be appropriate under certain conditions in
large buildings. but are not ciinently routinely petformed by licensegs or
‘recommended by the*American Association of Radon Scientists and
Technologists.” The director does not recormmend their usé for home environmerit
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or residentidl real estdte measuremerits. Licensees interested i using CWs for
measurement purposes shall submit standard operating procedures, consistent with
this Part, specific to the model and design of the CW instrumert to the director for
approval.

Conditions and nformation ifi appendix.A te rule 3701-69-07 of the
Adrministrative Code shall bemet

Any measurement result based on radon progeny shall be reported fo no more than
three decirnal places, ¢.g., 0.033 working Ievel {WL),

The integrated average WL over the theasutement period shatl be reported s the
reasiremesit resnit.

When performing # radon measurement; the CW shall be programmed t run
commuousky, recording the periodic WL and, when possible, the total integrated
average WL. The ionger the operating tiie, the smaller the uncertainty associated
with using the measurement result to estimate a longer-term average concentration.

Working lével valies shall be converted 16 picocurie per fiter and both shall be
reported to the client. The conversions from WL to picocurie per liter shall be
presented and explained clearly in the report to the client. A statement shall be
included in the measurement report that this approximate conversion is based on 2
forty per cent equziibnwn ratio, In addition, the report shali state that this
equilibrium ratio is typlcal, but that any indaor enviromment may have a differemt
and varying relationship between radon and radon progeny.

Every continuous WL monitor shell be calibrated in 2 radon chamber before being
placed into service and after any repairs or modifications that could affect the
calibration. Subsequent recalibrations shall be performed af least once every twelve
months.

Background measurérnents shall be pexfomed alter gvery one hundred sixty-eight
hours of aperamn anid wheoever the unit is calibrated. The C'W shall be purged
with clean, aged air or nitrogen in accordance with the manmufactirer’s instructions,
In addition; the baﬁkgroumi coutit rate may be monitored more frequently by
operating the CW id a low radon concentration.

Measurement licensses providing meastrément services with CW devices shall
perforin duplicate measurements. The perfomance and analysis.of dupiicares shall
be completed in accordance with paragraph (A¥2)(d) of this appendix.

Punyps and flow meters shall be checked before and after each measurement in
accordance with the manufacturer’s instruction to ensure accuracy of volume
measurements. This may be periormed using & dry-gas meter orother flow
measurement device of iraceable acouracy.
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Licensees providing measurement services with €W devices shall perform cross-
checks. The pérformance and analysis of cross-checks shall be completed in
accordance with paragraph (AY(Z)E} of this appendix.
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