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What is a radionuclide (radioisotope)?

• element
- any one of 100+ unique substances from which all matter is 

comprised;  defined by the number of protons 
- examples:  hydrogen, oxygen, nitrogen, carbon

• isotope
- variant of an element with a different number of neutrons, but 

with the same number of protons
- the number following the element indicates the mass number 

(protons + neutrons)
- examples:  radium-226, radium-228 (both have 88 protons but 

radium-226 has 138 neutrons and radium-228 has 140 
neutrons)



What is a radionuclide (radioisotope)?

• isotopes are either stable or unstable
• unstable isotopes are radioactive
• unstable isotopes undergo radioactive decay to achieve 

stability
• one of three types of particles or radiation (alpha particles, 

beta particles and gamma rays) is emitted during each 
stage of decay

• radioisotopes can emit more than one kind of radiation, 
but are classified by the most dominant



Radioactive Decay Series

• examples of decay series:

Uranium-238
U-238 → Ra-226 → Rn-222 → Po-210 → Pb-206

(α) (α) (α) (β)           (stable)

Thorium-232
Th-232 → Ra-228 → Ra-224 → Pb-208

(α)            (β)              (α)            (stable)



Radionuclides in the Environment

• natural sources
- uranium and other 

deposits
• man-made sources

- hospitals
- research facilities
- pharmaceutical companies
- nuclear power plants
- fallout from nuclear 

weapons testing

• uses
- nuclear medicine
- industry & mining
- food preservation
- household goods
- geology, archaeology and 

paleontology
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Radionuclides in the News

• Marcellus Shale
- 400 million year old marine 

sedimentary rock
- largely untapped natural gas 

reserves
- environmental concerns 

around the drilling and 
extraction processes 

- releases of naturally 
occurring radioactive 
material to the environment 

• Fukushima & I-131
- 3/11/11 earthquake and 

tsunami
- nuclear meltdowns
- releases of radioactive 

isotopes (I-131)
- largest nuclear accident 

since Chernobyl
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Radionuclides Rule
Code of Federal Regulations

40 CFR
141.25 – analytical methods
141.26 – monitoring frequency
141.55 -- MCLGs
141.66 – MCLs
142.16 – special primacy requirements
142.65 – variances and exemptions
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Quick Reference

MCL
[§141.66]

MCLG
[§141.55]

DL 
[§141.25, 
Table B]

BAT 
[§141.66(g), 
Table B]

Gross α 15 pCi/L 
(excludes 
Rn & U; 
includes 
Ra-226)

0 3 pCi/L RO

Ra-226 5 pCi/L 0 1 pCi/L IE, RO, LS

Ra-228 0 1 pCi/L

Uranium 30 µg/L 0 1 µg/L IE, RO, LS, 
C/F

Gross β/ 
photon

4 mrem/yr 0 varies IE, RO

RO = reverse osmosis; IE = ion exchange; LS = lime softening; C/F = coagulation/filtration



Radionuclides Rule Overview

• the Rule applies to all CWS
• sampling is to be performed at each entry point

to the distribution system (EP) 
• specifies MCLs for gross alpha, combined Ra-

226/-228, uranium and beta/photon emitters
• provides public health protection by reducing 

exposure to natural and man-made 
radionuclides
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Alpha Emitters
(gross α, Ra-226/-228 and U)

• initial monitoring
ˉ systems without historical data had to take 4 

quarterly samples before 12/31/07

ˉ if initial monitoring samples are > MCL, quarterly 
monitoring is required until 4 consecutive 
quarters are < MCL
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Alpha Emitters
(gross α, Ra-226/-228 and U)

• reduced monitoring
ˉ RAA BDL → sample every 9 years
ˉ DL ≤ RAA ≤ ½ MCL → sample every 6 years
ˉ ½ MCL < RAA ≤ MCL → sample every 3 years

• increased monitoring
ˉ RAA > MCL → quarterly sampling until 4 

consecutive quarters are < MCL
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Beta/Photon Emitters
(gross β, γ emitters, I-131, Sr-90 and tritium)

• man-made radionuclides 
• no monitoring required for most CWS
• monitoring only required if designated by the State 

as “vulnerable” or “contaminated”
• “vulnerable” screening level = 50 pCi/L
• “contaminated” screening level = 15 pCi/L
• screening level = “level of concern”
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Beta/Photon Emitters
(gross β, γ emitters, I-131, Sr-90 and tritium)

• monitoring – “vulnerable” systems
ˉ quarterly samples for gross β
ˉ annual samples for tritium and Sr-90
ˉ if the RAA of (gross β - K-40) ≤ 50 pCi/L → reduced monitoring 

(1 sample/3 years)
ˉ any exceedance triggers monthly monitoring until the 3-month 

running monthly average is < screening level (50 pCi/L) 
ˉ exceedance of screening level requires analysis of individual 

radionuclides (speciate) and dose calculation for compliance 
with 4 mrem/yr MCL

7/20/2011 U.S. Environmental Protection Agency 14



7/20/2011 U.S. Environmental Protection Agency 15



Beta/Photon Emitters
(gross β, γ emitters, I-131, Sr-90 and tritium)

• monitoring – “contaminated” systems
ˉ quarterly samples for gross β and I-131

• monthly samples or composites of 3 monthly samples
• average 5 consecutive daily samples 1x/quarter (I-131)

ˉ annual samples for tritium and Sr-90
• composite or average of 4 quarterly samples

ˉ if the RAA of (gross β - K-40) ≤ 15 pCi/L → reduced monitoring (1 
sample/3 years)

ˉ any exceedance triggers monthly monitoring until 3-month running 
monthly average < 15 pCi/L

ˉ exceedance of screening level → same as “vulnerable” systems
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Background Radiation & Relative Doses

• background radiation
ˉ exposure has increased from 360 mrem/yr → 620 mrem/yr
ˉ due to an increase in medical imaging procedures

• relative doses
ˉ mammogram = 30 mrem/yr
ˉ gastrointestinal series = 1,400 mrem/yr
ˉ cosmic radiation (Denver) = 50 mrem/yr
ˉ live near a nuclear power station = < 1 mrem/yr
ˉ gross β MCL = 4 mrem/yr = single chest x-ray
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EPA’s RadNet Program

• background
ˉ environmental monitoring since 1978
ˉ national network of monitoring stations
ˉ regularly collect air, precipitation, milk and drinking water
ˉ tracks ambient radiation levels in the environment

• RadNet drinking water program
ˉ quarterly sampling in Jan, April, July and Oct
ˉ more than 50 sites nationwide
ˉ sites are primarily located in major population centers
ˉ from finished water supplies (tap samples)
ˉ volunteer driven
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EPA’s RadNet Program
• RadNet is NOT

ˉ regulatory/compliance monitoring
ˉ a check on drinking water systems
ˉ a means for monitoring nuclear facilities
ˉ an early warning system for nuclear accidents

• additional sampling
ˉ EPA initiated extra rounds of sampling
ˉ states in Region 3 monitored
ˉ some systems sampled ahead of reduced monitoring 

schedule
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EPA’s RadNet Program

• results
ˉ below levels of public health concern
ˉ consistent with what was expected from the Japanese 

Nuclear Incident
• data

ˉ all Japan related sample analysis:  
www.epa.gov/japan2011

ˉ RadNet website:  www.epa.gov/radnet
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Iodine-131

• facts
ˉ radioactive form of iodine
ˉ byproduct of nuclear fission
ˉ half-life of 8 days
ˉ used to treat thyroid disease/cancer
ˉ sources include nuclear power plants, hospitals, medical 

treatment centers and pharmaceutical manufacturers
ˉ regulated contaminant – one of 168 individual emitters 

(gross β)
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Iodine-131

• MCL
ˉ 3 pCi/L, yielding a dose of 4 mrem/yr
ˉ calculated based on standard assumptions:  2 L intake 

per day, at an average body weight of 70 kg and over a 
70 year life span (chronic exposure)

ˉ extremely protective of human health
ˉ World Health Organization standard = 270 pCi/L
ˉ Canadian standard = 162 pCi/L
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Iodine-131

• Philadelphia & I-131
- elevated I-131 levels persist in Philadelphia after 

Fukushima related radiation subsides in the rest of the 
country

- RadNet data reveals detects of I-131 slightly over MCL 
in Philadelphia in last few years

- conclusion:  source of I-131 in the Philadelphia area 
unrelated to Fukushima
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Iodine-131

• source track-down
- Philadelphia’s drinking water is safe!
- PWD, PADEP and EPA have entered into a Joint Action 

Plan to aggressively track down potential sources of I-131 in 
Philadelphia’s source waters

- PWD sampling its three drinking water plants (raw & 
finished) for gross β and I-131

- PWD also sampling for ambient source water concentrations 
of gross β and I-131 at seven locations in the Wissahickon 
Creek, downstream of POTWs
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Iodine-131

• source track-down
- PADEP sampling effluent for I-131 at the five POTWs in the 

Wissahickon Creek
- EPA looking at sewer collection areas for each POTW in the 

Wissahickon
- so far, no “smoking gun” identified
- patients treated with I-131 for thyroid disease could be a 

cause
- low flow stream sampling may help to identify potential 

sources



Questions???
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