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1. Identification of the Test Method
Continuous Radon Monitor (ELAP Method ID 7037)
2. Applicable matrix
Air and Emissions
3. Detection Limits and Instrument Specifications
Sun Nuclear 1027

Operating range: 0.1 to 999.9 pCi/l
Sensitivity: 2.5 counts per hour per picocurie per liter 
Measurement Range: 0.1 to 999 picocuries/liter (pCi/l)

Operating Range: 45 degrees F to 95 degrees F

Accuracy: ±20% NRSB
Measurement Intervals: 1 hour
Operating Range: 45 degrees F to 95 degrees F

Sun Nuclear 1028
Sensitivity: 2.5 cph/pCi/l
Measurement Ranges:



0.1 to 999.9 pCi/l



1000 to 9999 pCi/l



1 to 9999 Bq/m3


10.00 to 99.99 kBq/m3
Accuracy: ± 20%, NRSB
Measurement Intervals: 1, 2, 4, 8, 12, 16, 20, 24 hours
Operating Range: 45 degrees F to 95 degrees F
4. Scope and application

This standard operating procedure (SOP) covers the steps needed to test for indoor radon in buildings and homes involved in real estate transactions.  The buildings and homes are tested with a continuous monitor for at least 48 hours.
5. Summary of the test method

The Sun Nuclear, Model 1027 and Model 1028, are classified as Continuous Radon Monitors (CRMs).  Refer to the Sun Nuclear manual for a complete summary of the test method.
6. Definitions

pCi/L, (picocurie per liter): millionth of a curie per liter of air
7. Interferences

Below is a list of issues that may effect radon measurements:
· CRM was not properly located away from high heat and/or high humidity areas.
· CRM was not placed the proper distance above the floor (20 inches), from exterior walls (12 inches), doors and windows (3 feet), and other objects (4 inches).
· Closed house conditions were not maintained.

· Closed-house conditions means keeping all windows closed, keeping doors closed except for normal entry and exit, and not operating fans or other machines which bring in air from outside. Fans that are part of a radon-reduction system or small exhaust fans operating for only short periods of time may run during the test.

· Windows and outside doors were not closed at least 12 hours before beginning the test.

· The test was conducted during severe storms or periods of high winds.
8. Equipment and supplies

Sun Nuclear CRMs (model numbers 1027 & 1028) are employed.  They use a diffused-junction photodiode detector.  The CRMs are equipped with the following:

· Power Supply: Operates on 12 VDC supplied by external power adapter universal to 110-230 VAC, 200 mA Internal 9 volt alkaline battery provides100 + hours of operation
· Cables: Power cord- standard 6 foot, 3 conductor cable with 3 prong wall plug, USB cable-standard 6 foot, USB connector “a” and USB connector “b”

· Control Panel: 16 character LCD with a low power reflective display with .3” character height

· Keypad: 6 momentary switches provided in a sealed membrane overlay
· Data Port: RS-232 9 pin D connector allows printer data to be sent to PC 

· Battery Backup: One 9 V alkaline battery supplies 24 our operation. LED indicated low battery

· Key Lock: Inhibits tampering with the device
9. Sample collection

Proper sampling conditions are discussed with the client (owner) and/or the real estate agent.  The client and/or agent are/is responsible for guaranteeing that closed-house conditions were met and maintained during the testing period and the CRM was not tampered with or relocated.  A non-interference agreement is signed between the laboratory and the client and/or agent.
All CRMs are deployed for 48 continuous hours.  In cases where closed conditions have not been met, a 12-hour delayed start or extended monitoring period of at least 60 hours after closed conditions is to be implemented.
The measurement location should not be within 90 centimeters (3 feet) of the doors and windows or other potential openings to the outdoors.  If there are no doors or windows to the outdoors, the measurement should not be within 30 centimeters (1 foot) of the exterior wall of the building.  The detector should be at least 50 centimeters (20 inches) from the floor, and at least 10 centimeters (4 inches) from other objects. 

10. Quality control
Quality control is met by doing the following: a) background readings, b) annual calibration, c) duplicates, and d) semi-annual cross-checks.  The annual calibration is an indicator of accuracy while duplicates are an indicator of precision.
10.1. Background Readings

The background count must be measured in a low radon environment every 20th 48-hour measurement.  The background measured must be below 2 pCi/L.
10.2. Annual Calibration and Semi-Annual Cross-Checks
All CRMs are calibrated annually in a radon chamber against a known reference standard and cross checked semi-annually against a more recently calibrated unit.  If the CRM is repaired or modifications are made to it, it must be re-calibrated.
Records of annual calibrations and semi-annual cross-checks are to be kept for each unit.  The calibration must take into account instrument adjustments and background measurements.  The units are calibrated with a traceable reference standard.  Individual calibration (correction) factors must be applied correctly to each unit.
10.3. Duplicates

Duplicate measurements are taken when two or more detectors are available at the laboratory.  The side-by-side measurement must be performed at a frequency of one (1) in ten (10) analyses.  The records of these side-by-side measurements are kept on file for review.
Duplicate measurements must be made in at least 10% of the total number of measurement locations, or 50 each month, whichever is smaller.  When field duplicates are taken, the field locations selected for duplicate measurements are distributed systematically throughout the entire population of samples.  The precision of the duplicate data from radon levels measured at 4 pCi/L or above must be within 10% Relative Standard Deviation (RSD: for a long-term series of duplicate measurements), or 14% Relative Percent Difference (RPD: for a single pair of duplicates).  Data from duplicate measurements are recorded and incorporated into a control chart.  Acceptance limits are established for the duplicates.
11. Procedure
The CRMs are placed in the building according to U.S. EPA protocols (EPA 402-R92-003 and EPA 402-R92-004).  A data collection form and non-interference agreement is completed at each location.  The following items are to be noted on the data collection form:

· The exact location of the CRM, including a sketch

· Attainment of closed-house conditions

· Date and time of deployment

· Date and time of retrieval

· Serial or model number of the CRM utilized

· Condition of crawl space, if applicable

· Unique identifier of client and client’s address

· Routine instrument check, including but not limited to, zeroing the instrument and checking the power supply

The CRM is retrieved after a minimum of 48 continuous hours.  The data from the CRM is downloaded to a personal computer.  The results are gathered and reported to clients through a formal report.  The report must include those items listed in the reporting section of the Quality Manual.

12. Calculations
The CRMs record pCi/L automatically in one (1) hour increments.  Overall average and U.S. EPA protocol average are calculated automatically, too.  U.S. EPA protocol average is reported.  It is important to note that the first four (4) hours must be omitted.
Other calculations to be performed are as follows:

· Relative Standard Deviation (RSD: for a long-term series of duplicate measurements) or Coefficient of Variation (COV) calculated as the standard deviation (s or s) of a set of values divided by the average (Xave or μ), and usually multiplied by 100 to be expressed as a percentage.

COV = RSD = (s/ Xave) x 100 for a sample,

COV ' = RSD ' = (σ/μ) x 100 for a population

· Relative Percent Difference (RPD: for a single pair of duplicates)

RPD = [(|X1 - X2 |)/ Xave] x 100

where
X1 = concentration observed with the first detector or equipment;

X2 = concentration observed with the second detector, equipment, or absolute value;

|X1 - X2| = absolute value of the difference between X1 and X2; and

Xave = average concentration = ((X1 + X2) / 2)
· Percent (%) Uncertainty
%Uncertainty = 100% x [1/(SQRT of Counts)]

where Counts are determined as

[cph per 1pCi/L)] x (radon level measured in pCi/L x U.S. EPA average hours of test)

13. Method Performance
The method performance is indicated in the CRM’s operation manual.  It is usually 
14. Data Assessment and Acceptance Criteria for Quality Control Measures

Refer to Section 10.3.  The precision of the duplicate data from radon levels measured at 4 pCi/L or above must be within 10% RPD until sufficient data is generated to calculate in-house control limits.  After sufficient data has been generated, the data will be assessed using control chart limits.
15. Corrective Actions for Out-of-Control Data

A corrective action procedure will be initiated as stated in the corrective action section of the Quality Manual.
16. Contingencies for Handling Out-of-Control or Unacceptable Data
Sections within the Quality Manual deal specifically with non-conforming events and reporting of results with qualifiers.  For example, if a quality control measure is found to be out-of-control, and the data is to be reported, all samples associated with the failed quality control measure are reported with the appropriate data qualifier.
17. References
Operation Manual for Sun Nuclear CRM Model 1027
Operation Manual for Sun Nuclear CRM Model 1028
NYS Subpart 55-2, Approval of Laboratories Performing Environmental Analysis, Sections 55-2.1 through 55-2.12 effective November 17, 2004
U.S. EPA, May 1993, Protocols for Radon and Radon Decay Product Measurements in Homes (EPA 402-R92-003)

U.S. EPA, July 1992, Indoor Radon and Radon Decay Product Measurement Device Protocols (EPA 402-R92-004)
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