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{s the Purpose of this Guide?

nerat f ewage
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nformation about the regulatory § icies of NRC and FPA, sources
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radioactive materials n Sewage, guidance on sampling and analysis of 1ihe

materials in sewage sludge and ash. and methods to assess levels of
radioactive materials in these byproducts of wastewater treatment Append X
is a background discussion about radioactivily

Although 1t 1§ imlikely that radionuc!ide levels in sludges and ash at most
POTWs acroc: the country pose a concern for treatment plant workers OF th
yeneral public, 1t 1§ possible that lew concantrations of radioactive materia
from natural and nan-made sources could become cancentrated n s1.dge products
at some "OTWs However, there 1§ no general concern for worker safety or
general public exposures De.duse of the Yow amounts of radioactive materials
that are legally authyr ized Ly be disposed into the sanitary Sewer system by
federal or >tate law and regulations

fven though NRC and the States regulate industrial and medical discharge:
liquid wastes containing low levels of licensed radioactive material to thi
sewer system, it 1§ important for the POTW manager and operator to understar
what types and amounts, if any, of radioactive materials may be entering the
POTW. There are several ways to develop this understanding. One way 10
obtain this information 1s Dy sampling and testing the sludge products

Another way to obtain information i1s to jgentify what licensed and other
activities discharge into the POTW and work with the Vicensees and otnher
industries to understand what they are discharging. Analysis of radioactive
materials can be made part of the existing analysis programs for other
pollutants, or the POTW manager or operator may wani 10 set up a program
whereby any licensed discharger routinrely notifies the POTW of the type, leve
and timing of discharges to the system while monitoring of the POTW influent
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The operator of a POTW may decide to sample sewage sludge and ash for
radioactive mater‘als based on the nature of industries discharging to the
collection system or to establish background measurements [f measured leve
f radioactivity ed the levels sugnested in Section 8, 11 may De
appropriate r necessary to mit certain sludge/ash use OV jisposal
practices, further restrict radioactive material discharges by specif

ensee! r a'ter operations at the gatment works
Who Regulates Radioactive Material?

e
wing summary
fferent agencies Appendices

NRC NRC is responsible for ensuring that discharges of radiozctive materia
by their licensees into the sewage sys*em are in compliance with applicabie
NRC requlations under Title 10 of the Code of fFederal Regulations (CFR) Part
0 Under the Atomic Energy Act of 1854, |'RC regulates the civilian use! f
certain radioactive materials (byproduct, source, and special nuclear
materials) in Lhe United States These radioactive materials a e used at
nuclear power reactors, and industrial, acadiemic, medical, and research ar
development facilities NRC's mission is to ensure adequate protection of the
public health and safety, and to protect the /ironment This mission 1§
accomplis/ .d through i1i1censing of nuclear facilities and the possession, Uuse
and disposal of nuclear materials; the development and implementation of
guidance and requirements governing licensed activities; and inspec.ion and
enforcement activities to ensure compliance with these requirements. Peopie
who have a license and are regulated by NRC are called "licensees.”

States: NRC has entered into agreen. its with 30 States to allow these States
to regulate most types of radioactive material within their borders, in lieu
of NRC These States are referred to as Agreement States. Agreement States
have established reaulations and procedures comparable to those established by
NRC. The only fac.lities not regulated by Agreement States are nuclear power

plants and Federal facilities

Radioactive materials that occur naturally, other than uranium and thorium
are not regulated by NR( In Yieu of Feoeral regulations, States have the
responsibility to regulate naturally-occurring radioactive material. At this
time, several States have issued regulations for the contro)l of sources of
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L}

i ¢
nably evable" process Liquid wa
14

vy
harged to a sanitary sewers ystem must ailso a eve levels that do T
interfere with handling o disposal of solids a the POTW, and that do
result in general public exposures that are more than a small fraction of

annual dose limit DOE 1s in the process of updating these requirements
1
Y

regulation 10 CFR Part R314) which, when ‘vumu‘gd'»d will rpp!a(e Oy

5400.5 The proposed rule includes 10 CFR Part 20 source term limits, &

with the Order DOE 5400.5 concentration 1imits

EPA: EPA is responsible for regulations .o protect the health and safety of
workers at POTWs and the publ i« and the environment Lhat are exposed to sewage
sludge and ash produced Dy POTW EPA has responsibility for establishing
generally applicapie standards for the | ntection of the environment frc
radioactive materials under the Atom Energy Act EPA also administers the
Comprehensive Fnvironmental Response, Compensation, and Liability fct (CERCL
or *Superfund") to provide for remedial action in | 2sponse 10 releases or
substantial threats of releases of hazardous substances into the environment
EPA regulates the management of hazardous waste under the Resource
Conservation and Recovery Act, and toxic materials under the Toxic Substances
Control Act while radioactivity is not & 1isted characteristic for defining
hazardous wastes under the Resource Conservation and Recovery Act (RCRA) ,
sites contaminated with radioactive substances have become regulated as
Superfund sites under CERCLA or under other regulatory pregrams EPA has
authority to delegate these program to State agencies while providing
requlatory ove-iight There are currentiy no EPA regulations fer
radionuc)lides under the Clean Air Act that apply to POTNS: however, NK
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~equlations in 10 CFR Part 20 include regulations for air emissions from its
iicensees.

EPA. under its authority to provide guidance for all Feaeral agencies in the

formulation of radiation standards and 1n establishing cooperative progvims
with the States, has issued proposed guidance in 1994 for radiation protection
of the general public. This authority stems from an executive order of the
President and the Atomic Energy Act. In addition, under the authority of the
Safe Drinking Water Act, EPA 1imits radiation content in drinking water. EPA
also protects groundwater from introduction of radicactive pollution under

several programs, ircluding by regulation or statute.

The EPA POTW "pretreatment program® under the Safe Drinking Water Act is
designed to protect the »OTWs by (1) praventing the introduction of pol' tants
into sewer syst:ms that would interfere wi h the operation of a POTW,
including interference with its use or disposal of municipal sludge, (2)
preventing the introduction of pollut: into POTWs which will pass through
the treatment works or otherwise be ircompatible with such sources, and (3)
improving opportunities to recycle and reclaim mun,cipal ard industrial

wastewaters and sludges.

Local Authorities: Local authorities are derived from ihe federal and State
statutes and regulations and will vary from locality to locality. The NRC has
found that if a municipality has sound reasons, other than radiation
protection, a municipality can require the pretreatment of wastes to eliminate
or reduce radioactivity. Furthermore, although NRC regulations allow users of
regulated materials to discharge to treatment plants, these regu.ations do not
compel a sewage treatment operator to accept radioactive materials from NRC
licensees. Some localities are addrossingothc potential problem of
concentration of radioactive material at POTWs by either (1) requiring
pretreatment of waste by specific licensres or (2) liriting the dis.harge of
radioactive materials. For example, the State of Oregon and the city o

dered a state licensee to install a pretreatment system to
contro) the discharge = thorium oxide into sewer lines. The Metropolitan St.
Louis Sewer District passed an ordinance . 1991 that limits the aggr te
discharge of radioactive materials into the sewage system. Other cities <eem
unsure whether a municipality or treatment plant can lawfully regulate or
prohibit a licensee's discharge of radioactive materials in the sewage system.
Appendix F describes two examples from the cities of Albuquerque and St.

Louis.
3. Why is There Radioactivity in Sewage $ludge?

There are three general sources of radioactivity in the environment: a
natural source, a natural source but concentrated or “enhanced” by human
activities, and a human-made source. Natural sources of radioactivity are
found widely spread in the environment. A1l geological formations ané .cils
contain uranium, radium, radon, and other radicactive elements in smot)
amounts. Water that originates in or moves through geologic deposits

Portland, Oregon, or
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ve mater ing ! i
ever ¢ breathe ( r ! { ' Ja
of radioact material » cidentally enhan
hemically., by human act ty and technologies assof lale
es Fxamples of sources of natural radiation whid
human activ) ) ! , wastes from mineral ores
drinking water treatment,
ermal energy produt t

active ateria

aIO'Y£!
harged 1nto the saf tary ewer
)ther industy sident harges can contain naturally-occur
radioactive materials that are n¢ ubject to licensing regulation,

fertilizer residues It is als csible ‘hat industrial, commercial,

medica)l facilities might discharge into the sanitary sewer system outs

"‘\}H“d!‘\"“‘ license

The pu-pose of waslewale) treatment facilities 1s to reduce OF remove
pollutants from wastewater 1n order to ensure adeGuate water quality before
the treated effluent is reused or Jdischarged to surface waters The removal
of radionuc)ide contaminants by various wastewater treatment processes and t!
usual association of ! on*aminants v th solids can cause a concentrat

of the radionucli<es ‘n the treatment facility's other byproduct, sewage
sludge (or ash if the sewage sludge 1s incinerated) What was once disposed
of into the sanitary sewer in a dilute form, may be concentrated during SOme
stages of wastewater treatment or sludge processing

concentration of radioactive materials occurs in the same manner as non
radioactive materials such as heavy metals The concentration may ocCCur
during several stages of wastewater treatment, including various physical,
chemical, and b'.logical wastewater treatment processes Sludge treatment af
processing may result in increasing the concentration by weight of the
radioactive contaminant by decreazing the concentration of other component
Incineration of sludge has proven to be the greatest concentration proce:
Final concentration will depend on the numerous aspects of the entire
processes used at the treatment facility, such as the chemical form of the

{
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The EPA repor "Radioactivity f Mur pa ludge" and the 1954 GAD re
cited in Section ] summarize the data available on radioactive materia
sewage sludge At specific sites, the radionuclides ranged from numer
radionuc)ides to specific radionuclides from specific sources Most
radionuc)ides were present at very low concentrations At most sites,
sludge contained radionuclides from medical treatment and research facili
(lodine-131, Chromium-5]1 and Selenium-75) Radionuclides are released t
sewer system thruugh releases of isotopes during handling ar through
excretion Sy patients Thase medrcal ntaminants were found to not
significant dose when the :ludge wa! ind applied due to their short

27 3 m halt 1 fe and r 1 information on radi

aire disi ] ! Appendix A

e 1986 |PA
{ ind ‘1Y PO . " " .‘ ] 5 3 {q¢ d! o',\ ‘d‘, )
attributed ’ Juct ‘ smoke detectors At one {
1

wah

these ‘_)ftﬂ ) ) ' i Y -y<‘ “ the "’d!"vt"' r‘ A !

ahd Sewer

High concentrations of Radium-226 are found in the groundwater in some areas
of the U.S., for example [11inois and Wisconsin Under the Safe Drinking
Water Act, many drinking water facilities are required to treat their drinking
water to reduce radium concentrations to a ceptable levels At some POTWs,
radium found in sewage sludge has been attr.buted to residuals discharged to

the sewer system from drinking water treacment facilities

A more recent case of contaminated sludge involves the Northeast Ohio Regional
Sewer District's (NEORSD) Southerly Sewage T._atment Plant A 1991 aerial
radiological survey, intencs¢ to measur? radiation around an NRC licensee,

jetected elevated levels of radiation at the POTW, which were found to be from

Cobalt-60, Radium-226 and Cesium-137 in the ash from incinerating their sewage
s ludge The latter two radionuc)lides were in the normal range of naturally
occurring radioactivity found in the area. AL least part of the Cobalt-60
contamination was due to releases from a licensed manufacturing facility

NRC, the State, and NEORSD have funu.d surveys of the site. NEORSD has funde
site remediation activities and installed a fence to prevent public access

4. What re Background Radiation and Naturally-Occurring Radiocactive
Materials

Background radiaticn is the radiation that is emitted from naturally-occurris
radiocactive materials in and on the Earth and in space, and does not include
medical and occupational activities. Almost everything, including people,

1
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Lummarized n the fol g table Haffert | 1. 1994)

Average Dose Typical Range of Variabi|

L'm & 'Y‘_ !v J Lmy t’"" 1' 1‘

Terrestrial radiation mé - jioact material that 1s natura
curring in the environment Radc C in the environment and 15 Le
eparately in the following table because of the large contribution i1t give
compared to the other terrestrial sources Cosmic radiation comes from outer
space and penetrates through the atmosphere covering the earth; the amount
cosmic radiation will vary depending on the altitude and latitude where ONe

live Internal radiation comes from substancs that are n the human DOdY
naturally, and that are naturally radioactive, primarily Potassium-40

As shown, these doses can vary grea.lv, as the various factors that contribute
to background radiation are not constant from location to location, and our
|ifestyle. and daily activities vary the.e amounts Lo some extent Since the
atmosphere surves o0 a shield against co*mic radiation, this dose increas
with altitude: the dose at an altitude of | mile (for example, In the
Rockies) is abou’ double that at sea jevel (30 mrem/yr) Also a flight on a
commercial airliner increases your dose from cosmic gamma rays about 4 to 5
mrem for each cross-country flight

Dose rates from terrestrial sources vary from about 10 to 100 mrem/yr across
the U.S The major sources in the ground are potassium, thorium, and uraniun
The higher doses are associated with uranium deposits in the Colorado Plateau
granitic deposits in Nce England, and phusphate deposits in Florida., The
lowest rates are the ¢- dy soils of the Atlantic and Gulf coastal plains
you live in a brick e. instcod of one made of wood, you may add up to
mrem/yr to your annua rose due to naturally-occurring thorium yranium, ar
radium found in the clays of which bricks are made
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owing table lists background radionud t may De press
ludge and as' All these radionuclides rom terrestrial

sirontium-90 an” (estum-13/, which are radioactive fall

testing of nuclear weat

YRe
ad 1

1600 years

Radium-228 el O years
thorium-232 alpha 4 billion years

Uranium-238 alpha 4.5 billion years

What ae the Sources of Radioactivity in Sludge Caused by Human Activity?

global fallout from

In addition to radioactivity from a natural origin or
the influent to

in
weapons testing, a known source of radioactive materials in
POTWs is from the disposal of radioactive materials enhanced by human activily
or produced by hu=ans This radioactive material is discharged into the
sanitary sewer system by licensed users of radioactive materials and other
activities

Lavoratories and uni.ersities use radicactive materials (e.g. Carbon-14)

ncluding the marking and detection of molecules 1n genetic
. K :

research
in the development

research, the study >f human and animal! organ systems, and
of new drugs
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150 be found 1n co.sumer products, SucCh as STM0ke

Juminous watches, and tobacco products. It 1s
ducts is about 9

Radioactive materials may &
detectors (Americium-241),
estimated that the dose to an individual f.om consumer pro

mrem/ yr.

An individual also receives radiation
the practice of nuclear medicine, radioactive materials (e.g. lodine-131,

Phosphorus-32, and Strontium-90) are administered to patients for the
diagnosis or treatment of 111lnesses such as cancer or Graves disease.

There are currently about 24,000 NRC and Agreement State licensees in the

United States., About one third of these are NRC )icensees, while the

remainder are licensed by Agreement States. Licensees include utiifties,
nuclear fuel fabricators, universities, medical institutions, radioactive
source manufacturers, «  companies that ise radioisotopes for ingustrial

purposes.

About 50% of NRC's materials licensees
or small amounts of short-lived radi
pote a contamination problem nless
facilities that do not discharge to the san
sealed sources are well logging licensees,

and nuclear power plants.

The remaining S0% of the NRC's materials licensees are conditionally
authorized to dispose radioactive materials into the sewer system.
example, radioactive material is handled in *unsealed" forms in the

fuel fabrication industry, in production of radiopharma
in research. The limits in quantities and concentrations NRC and the

Agreement States allow to be discharged to
dose 1imit thut could be received by an individual member of the public,
assumi=g certain conservative conditions in calculating the

the encapsulation is broken,

for

The following table 1ists ty:es of NRC 11c.asees that could dispose

radioactive materials into t

POTW sewage or those t - coul. be preseri.
scope 1icensee is usually authorized for any isotope with an

from | to 83, which means that many more isotopes
be found being disposed into the sanitary sewer, thus

inclusive.

exposu-e from medical procedures. In

yes aither sealed radivactive sources

oact.ve mater lals, Sealed sources do not
Examples of

tary sewer because they use only
industrial radiography licensees,

nuclear
ceutical medicines, and

the sanitary sewer are based on the
potential dose.

e sewer system and isotopes previously found in
It should be noted that broad
atomic number

than those 1isted here could
this table is not al
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n-14
valt-60
esium-137
Hydrogen-3
lodine-125/131
lron-59
Manganec««-54
Phosphorus 37
Sulphur 35

Carbon i“
nremium
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Waine
lron-5%%
Phosphorus 3773
Strontium-89/90
Sulphur-35
Technet {um-99m
Thallium-201

C———— —

Manufacturin, and : | Americium-24)
Distribution (broad Ant imony=-125

scope, nuclear Cobalt-60

laurdries, ‘ Cesium-134/137
jecontamination Hydr~gen-3

| services) Manganese 54

‘ Niobium-9&

Phosphy. us-32
Plutonium-218/239/240
Polonium-210
Strontium-89,90
Sulphur-3%
Uranium-233/234/23%/238
Zirconium-95
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How do | An2lyze the Radicactive Material in Sewige Sludge and Ash?

Under what circunstinces would | sample? The decision to sample shoulad !

based on an 2ssessment of the nature ~f industries discharging to the
collection system The NRC or the Agreement State can help you determine the
licensees in your sewage collection system Radioaralyeis can be performed to
understand the levels of naturally-occurring radioactivity or made part of the
routine analyses for other pollutants Examples are discus.sed in Appendix |

Where do | sample? Collect samples of sewcge sludge, ash, or other
products produced at your facility Collect the samples as close as |

to the point where the material leaves the POTW Examples of sampling
oul ha

a digester, filter press or drying bed, lagoon o

Who analyzes the samples? It i1s generally necessary
laboratory for analysis because POTWs do not have the equipment

11
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How do | sample?
laboratory firs
needed anag
laborat

t¢

ank
»amp 1 @ 0 De openeq ar
aval i ab a samj e of Lhe
stream cannot } collected, ' ,tream should be cut across for equa
ime periods i1 the ' is full A sample collected fron
filter nress should ’ empost several small samples collected at
i1fferent 10 . . across | 15 S within the filter cake A samp ¢
llected from a drying bed, truck, or pile should be scoops from various
areas and els of *he drying bed, kK or pile A sample of incinerate
ash should oe from the locatio : ollected stored The
collection date and time shou ' lose to the date that the sludge or as
leaves the plant for transpo 0 landf or for land application
Mow do ] ship the sampies 0 the laboratory? The following are genera
instructions 1f you have any questions or need assistance, ¢ ntact the
laboratory performing the analysis

Ensure that the samples are properly labeled with the name of the facility
location or source of the sample, the name of the person taking the sample,
and the sample date and time Complete a Chain-of-Custody form with the name
of the facility, location or source of the sample, the name of the persor
taking the sample, and the sample date and Lime Place the samples in the
shipping container The person taking the sample should sign the compieted
Chain-of-Custody form and enclose the form with the samples Seal the
shipping container and place the security seal across the top of the
container, and attach the appropriate shipping labels send the sampie

the laboratory as quickly as possible (e.g. overnight delivery) after
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NOTE: NRC and EPA do not currently have regulations addressing radioactive
materials in sludge products at POTWs NRC and EPA are developing the
following table to describe concentrations of radioactive materfals in

| sludge or ash These estimated concentrations will be based on dose

| modeling calculations which assume how individuals could be exposed to

| these radicactive materials. These models, for example, assure that an
indivigual spends % of the year on site and hours a day oviside, So ‘

| far, a Jose level has rot been chosen for the calculations., «e welcome any |

| comments on the need for this table and the appropriate dose level for the

| calculations In the interim, the table will be developed for factors to

|
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| convert concentration tv dose or risk
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ncentration 1o Dose (or Risk) Conversion Factors
for Radioactive Materials in Sewage Sludge and As!
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Appendices

A, Fundamenteis of " diation

B. NRC and EPA Regional Offices by State and ldentification of Agreement
States

C. NRC Regional Offices

0. EPA Regional Offices

. State Agencies fo, Radiation Centrol

F. Examples of POTWs that have Radionuclide Materials Programs

G. Bibltography and Sources of Additicna’ luformation
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APPENCIX A
FUNDAMENTALS OF RADIATION

What is Radiation?

People are subjected to natural radiation from outer space, from naturally-
occurring radioactive materials in soils, in the food and water we consume,
and in the buildings where we |ive and work. The te . “radiation" as it
relates to radioactive material describes the energy given off by the material
as it decays. lonizing radiation produces char?od particles, or ions, in the
material in which it encounters. At excessive levels, the process of
fonization can cause disease and injury to plants and animals.

The three most common types of ionizing ra“iation are:

o Alpha radiation - positively charjed particles that are emitted from
naturally-occurring and man-made radioactive material. Uranium, thorium
and radium emit alpha rad ation and 3o they are called "alpha emitters.”
The alpha particle has the least penetrability. Most alpha particles
can be stopped by a single sheet of paper or skin, Consequently, the
principle hazard from alpha emitters to humans is caused when the
material is ingested or inhaled. The limited penetration of the alpha
particle means that the energy of the particle is deposited within the
tissue (e.g., 1ining of the lungs) nearest the radioactive material once
inhaled or ingested. Examples of alpha emitters are the nacurally-
occurring radionuclides radon, rad.um, thorium and uranita,

« Beta radiation - negatively charged particles that are typically more
peneti ating but have less energy than alpha particles. ‘ota articles
can penetrate human skin or sheets of paper, but can usually be stopped
by thin layers of plastic, aluminum or other materials. Carbon-14 and
Hydrogen-3 (or tritium) are two common "beta emitters.” Although they
can penetrate “umz- ckin, beta part’ les are similar to alpha pretizles
in that the predominant hazard to humans comes from ingesting or
inhaling the radioactive materfals that emit beta radiation.

* Gamma (or X-ray) radiation - the most penetrating type of radiation.
They can pass through the human body and common construction materials.
Thick and dense layers of concrete, steel, or lead are used to stop

amma radiation from penetrating to areas where humans can be exposed.
amm: emitters can pose both external and internal radiation hazards to
humans. Technetium-99m is an example of a "gamma emitter" that is
widely used in medical diagnosis. Potassium-40, a common naturally-

occurring radionuclide, is also a gamma emitter.

Some radionuc)ides emit more than one type of radiation. For example, Cesium-

137 and lodine-13] are both gamma and beta emitters.
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\ wou ] ]
one would say "the activity f the uraniu ontainer
Generally, the higher the activily of the material, the greater the
health hazard associated with that material if it is not properly conti
At nuclear power reactors, the activity of radioactive material may be
fescribed in (erms of hundreds to ml 111ons of Curies, whereas the units
typically d to descrihe activity in the environment ar { at PC Ws are

mitliont

’

uries ) irt ‘ / erocurie

rth 1/4), after thres
f a radionuclide has a ha
emaining after 10 years would be 1/2

Afte 100 years (10 half-lives), the remaining act

f the amol that was orig nally present Some radioat

f.1ives measured in terms of minutes

ave extreme| { t ha
. for example, dine-131, r medical procedures, has a halt

8 days Others have hal ives measured in terms of millions to billi

years: for example, naturally occurriry Thorium-232 has a hali 1ife of 14

11ion vears. and natural Uranium-238 nhas half-1ife of 4.5 billion year
Some radioactive materials decay to form other radioactive materials Theue
so-called decay produc” in tvrn, decay o stable nuclides or oth
radioactive materials tach material formed through decay has a unique set
radiological properties, such as half-life and energy given off through decCay
In the case of the radioactive materials at P TWs. the radioactive material:
present may consist of one or more separate decay "chains® or "series." The
naturally-occurring uranium and thorium decay chains are summarized ir
following table

the
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emit gamma rays when they
exposure rate y Measure

time, usually an hour

*un i 11 ' B ¢
ates 4 LYypiCally measurt
th

tern i For exampli n many part f e United States the exj

~ate from natural source adiation is between & and 15 uR/hy This
ambient leve , referred to as the background exposure rate

Many commercially available radiation detectors measure radiation fields in
terms of uUR/hr or counts per minute (cpm) *"CPM" refers to the number of
lonizing particles striking the detector surface in a minute. A fraction of
these particles are recorded by the dctector as counts. The number of counts
per minute can then be related to exposure rate or radiation dose for a know
radionuc)ide fo: which *he ins.rument has been calibrated

Radiation dose 1s a measurement or estimate of the body's exposure to ionmizing
radiation. It 1s typically measured in units red In the environment and
at POTWs, ses are or.en measyred in terms of millirem (mrem) Amillirem i
Jne one-thousandth (1/1,000) of a rem; a microvem is one-millionth of 1 rem
(1/1,000,000) The dose rate is expressed in terms of dose per unit time,
again usually an hour, as millirem/hr. For externz)l radiation, exposure rates
are often equated to dose rates using the conversion of 1 uR/hr = |
microrem/hr. Doses from internal exposure to radiocactive material that has
been ingested or inhaled are more dif cult to determine Computer models
that account for the distribution and excretion of the radiocactive material
within the body are used for estimating doses and dose rates from internal
radioactive contamination

What are the Effects of Radiation Exposure’

when radiation interacts in and through living *1issue, 1t may damage some
cells in the body. Some cells may not survive the damage and die while other
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1pal ncern associated wit
ancer Years d,'l" the expi
v #'1‘40‘ ) ‘,.;lry are loss

‘1‘41,4 Cancer

| @

What are the types of radiation and half-1ifes for the radionuclides that are
caused by human activities and may be present at POTWs?

ARSI A BTSRRI TS St S S S SO TSRS T AN

Radionu ladiat) | Halt ife

" - — sk I AL, B— — = p—

—

Americium-24] ‘ alpha gamma ‘ 458 years

.’" imony n.t ."dn'Y‘g % years
- a - - - - - B - - — - - - - el -

0 7 " £1 .
| Bery!llium | gamma _53 days

Carbon-14 betu b | 5750 years

Cesium-134 beta, gamma 2 years

L'_*‘,w”_.,!-‘_l _beta, gamma 30 years

| Chromium-51

gamma | ¢B days
Cobalt-57 gamma 271 days
Cobalt-60 1 Doty QoW _95 years

ol

}L,a‘ |{um-67 gamma - | , 3 days

“ ‘_‘;\_*‘1' ogen-J (ti L1y 1 . [t'} R 1 year
|
|

i Indium 1] gamma 3 day!
Lindiu il - : — , . >
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Niobium- 8%
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netium-99m
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Thorium-232
Uranium-273
Urantum-234
Uranium-235
Urantum-238

| Xenon-133
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beta, gamma
-

jamma
-
gamma
-

hp b
Ve d

J amma
gamma
- -

beta

bet 7
beta
gaima
Janmd

alpha, gamma
alpha

alpha, gamma
alpha

_Alpha

beta, gamma

beta, gamma

beta, gamma

alpha 4 710 million years
|
|
1

y days

2 years
14 billion years

](H.".OOO year!
247,000 years
4.5 billion year:

§ days
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What are the Standards for Protection OF Huma Health from Exposure L0 Hazal
ich as lonizing Radiat Rad ctivity Sewage 5 ge?
. y 1
L ! | { { "o t ! {
| Standard or Guideline Type Year Limit
(dose or risk)
r | | v
l standards for the ¢ Y Regul at n (40 99 | Concentrat |
jsposal of Sewa |udge F R.503%) 1 | car inoger at
| (does not includé | risk and risk refe
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| Resource Conservation and | Advance Not ¢ of \ 1996 | 10 %0 10" 1
| Recovery Act (RCRA) | Proposed | and protection of
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i Releases From So0li1d Waste | F.R 264, ;M(l<
| Management Units at Mazardous | Subpart
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Type

Standard or Guideline Limit
(dose or risk)
e e :

low as rea
| achievable (ALARA
not to exceed .
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(ALARA); 100 mrem/y
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individual sources
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Management an: Disposal of | Regulation ¢ 15 mren/yr and MCL
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Transuranic Wast. Subpart B
| disposal)
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Standard or Guideline Type ;Y AP Limit
(dose or risk)

1976 § pCi/]

Drinking Water MCLs - Radium Regulation (40
C.F.R. 14],

The basic radiation jiotection standards formulated by the NRC for
radionuclide users are published in the Code of Federal Regulations (CFR),
Title 10, Part 20. These stan-ards were prepared irom the recommendations of
advisory boards such as the National Council on Radiation Protection and
Measurements (NCRP, 1971, Report 19) anrd the Internatioral Committee on
Radiological Protection. The reguirements for disposal of radioactive
materials into the sa itary sewer are in 10 CFR 20.2003.

Radiation protection standards applicable to DOE facilities ar.
following regulations and internal DOE NrAers:

,ound in the

10 CFR Part 834 - Radration Protection of the Public and the Environment
(to be issued soon)

10 CFR Part 835 - Occupational Radiation Protection
Order DOE 5400.1 - General Environmental Protection Program

Order DOE 5400.5 - Radiation protection of th~ Public and the
Environment

Order DOF 5820.2A - Radioactive Waste Manaqement
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State Department of
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Albuquerque, New Mexico

The City of Albuquerque has established a Radioactive Discharge Monitor)
Program (RDMP) This is a voluntary program of moenitoring and reporting
Albuquerque POTW has found they have the responsibility to be aware of all
discharges to the sewer system that could impact operations at the treatment
rlant or impact the health and safety of employees and the public, The POI
has implemented a program of discharger registration that requires '

to (1) periodically report their radionucl iischarges, (2)

to perform surveillance monitoring, and (3) commit to voluntarily
discharges to levels that are as low as : al achievable

reqistrations are issued and monitoring *he dischargers

accordance with a . , ise and waslewat control crdinance

agreement co { be in the rm of an amandme , existing sewe

permit

The Albuquerque POTW obtained a list of licensed radioactive materials

in the municipal service area from the appropriate requlatory authority (Ne
Mexico 1s an Agreement State tach of the licensees was evaluated to
determine whether or not they discharge or have the potential to discharge
radioactive materials to the sewer This includes an initial walk-through
familiarize the ROMP staff with the nature of the cperation and potential
ooprrtunities for waste minimization

The POTW negotiated discharge limits with the dischargers so that the
aggregate. regulated discharges from all licensed fac'lities is ALARA and
produces no greater than | 1n 10,000 excess risk of fatal cancer to the "mos
exposed" individual The POTW also works with potertial dischargers to
prevent accident:! releases of radicactive materials,

The Albugquerque POTW retains a certified Health Physicist to interpret the
reports from the dischargers and from monitoring the dischargers and th-
treatment facility. The health physicist uses radietion expcsure modeis to
ensure the radiation dose to the "most exposed”™ individual is ALARA.

" == O O

W W e re

The dischargers are asked to provide annual reports regarding the discharges
they have made or plan to make to thz sewe) In addition, the RDMP staff
collects samples from the facilities’ sample locations on a regularly
scheduled basis and’or unannounced. The samples are analyzed by the State
To date the racicisotopes fourd ‘n the sewage hive been of medical origir
Gamma radiation detectors installed 't the plant have indicated that nc
measurable rad.ation exposure is being received by plant workers
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Louls, Missouri

"t

a 7 ncernt

NeIir 118 h 18

) 9] 14 J S( ‘“.4
ncentrated by the district's wastewater treatment yrocesses and
affect the district's

ystem Dy um yma | |

& Lhe Ner

pose a hazard for the employees and adversely
disposal options.

The District Ordinance for sewer use contains a limit of ] curie/yr for the
aggregate discharge from all users in a watershed (except excreta from
individuals undergoing medical treatmant or diagnosis). This numher i
currently under review

The district requested lists

LB .

the licensees letters informing the t he
to write the sewer district re
1€

pes from the NRC and the State and wr

mits for radionuclid

discha *gers Licensees are
J1scharge radioactive mg s and indicating the
amounts to be discharged annuai y The district then approve:
"""J"“ The 11strict requir 1\,,»«)!!»7‘, ref
ensure compliance with the Di: ICt Ordinance and State and Federal
tions The licensee's discharge permit is then modified to
Lhe reporting requirements

orts from the 1ice

":.“;U ! a
the approval of discharges and

As alternatives to discharging to the sewer system, licensees are encourage
to consider shipping the waste to an approved low-level radicactive waste
disposal site or storing the waste for at least ten half-lives to allow
sufficient decay to background levels prior to disposal to the sewer.
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EPA drinking water residuals management report
GAO, 1994, Nuclear Regulation, "Action Needed to
Contamination at Sewage Treatment Plants
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