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Background

In the post, heclth assessments by the Centers for Disease Control? for
residents of Montcloir, West Orange ond Glen Ridge, New Jersey have ossumed
thot future eéxposure would be limited to 0 relotively short period {(obout
two years) rother than extending over o long period of time. Over a short
time, residents moy olter their behavior in order to lower their risk, but

1. necess&?y repairs or olterations in the house or repoirs to drivewoys,
sidewalks, etc.

2. changes in living patterns
eddition of children
chonge in age of children
retirement - increcsed leisure time
oddition of pets
change in economic status
sole or lease of the home

3. chonges 1n perception of risk over time.

The following ossessment was designed to evaluate the long-term risks to
residents of Montclair ond Glen Ridge and to evoluate new environmental ond
éxposure data thot have become ovailoble. This assessment was based on
data provided by the U.S. EPA region II, Emergency Response and Remediol
Division and Region 1I REM contractor, Camp Dresser end McKee Inec. "This
assessment considers exposures due to soil ingestion, vegetable ingestion,
soil disturbance, whole-body external gammao rodiotion, radon, and water
contomination. The risks given in this assessment are excess risks and do
not include the background risk for cancer.

Soil Ingestion

activities involve digging or if the ground has been cultivated. In Glen
Ridge, core semples onolyzed ot depths from 0.5 to 1.0 feet ronged from 45
to 2,200 pci/gm for radium226 gng 1p Montcloir up to 2,000 pci/gm. (Dota
ore not available for West Orange.) While surface somples were not taken,
0 limited number of orgonic soil samples ot 0.5 ft. hod on overage
concentraotion of 100 pci/gm indicoting thot elevated concentrotions do
exist at the surface so thot children may ingest contaminated soil. Other
rodioactive isotopes are 0lso present above background levels and will be
ingested along with radium including isotopes of uraonium, thorium and
lead. The equilibrium ratios for each isotope relotive to radium 226 .
given in Table A of the oppendix for the most importont isotopes.



f

In colculotions of the risk to children, we assumed thot children ages 1 to
6 ingest from 0.181 groms to 1.8 groms of soil per doy.3 The activity
ingested for each 1sotope 1is given in the oppendix in Toble B. Actual
exposures to children will vary widely. Children playing on highly
contaminated oreas could e0sily ingest the average surface concentraotion
daily and peck concentrotions regularly. Children playing on less
céontominaoted areas may ingest background levels primorily mixed with
occossional extreme exposures. However, for all children the potentiol for
oxposure to elevated levels is substontjol. We have ossumed that children
are exposed to 100 pci/gm or 40 pei/gm doily and to concentrations of
2,000 pci/gm for 7 days each year. For exposures at average soil
concentrotions of 100 pei/gm or 40 pPci/gm plus occosional exposures to peok
concentrations of 2,000 pci/gm, the total committed dose to bone is 62 ond.
38 rem respectively (this includes 19 rem from the 7 day exposure to

2000 pci/gm). The 50 year committed dose to bone from selected isotopes is
given in Table 12, Estimotes for the lifetime risk of dying from bone
concer range from 5 X10~6 per rem 4 to 27 x 10-6 per rem 5 to

bone. The excess risk of dying from bone cancer for individucls who
ingested dirt as children for 5 yeors ot 100 pci/gm or 40 pci/gm (plus

7 day/yr exposures to 2,000 pci/gm) of eoch isotope in Teble 1 is

3~ 16 X 10~% and 2 - 10 X 10-% respectively.

Teble 1
Fifty year committed dose in REM to bone from direct
soil ingestion by children over ages 1 - 6

s0il concentration (pci/gm)

Isotope 100 40

‘ Rg266+D 9.0 - 80 3.9 - 39
Th232+D 0.054 - 0.54 0.023 - 0.23
Th230+D 0.060 - 0.60 0.026 - 0.26
Pb210+4D 0.45 - 4.5 0.20 - 2.0
total 9.6 - 96 4.1 - 41
medioﬁ 43 rem 19 rem

3.0 X 105 mrem/microcurie ingested (ref. 2)

Prevention of soil ingestion on ony long term bosis would imply constant
supervision of children or not allowing them to Play outside. Both of
these alternatives ore unreolistic. Restriction of oreas of high
contominotion in the form of behavior chonges or physicol borriers does not
seem feosible in most instances becaouse without physical barriers children
will not avoid "forbidden” areas when unsupervised ond because some "hot"
areas surround significont portions of residences.
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Ingestion of Rodium - 226 through vegetables

Gordens located in oreas of contomination will leod to the ingestion of
radium®26 through vegetable consumption for both adults and children.

v Table 2
. Lifetime risk of death from bone cancer from ingestion of
vegetables grown in radium?26 contaminoted soil over 60 years+

80 yr. committed

rodium content dose per year of 1ifetime risk lifetime risk
‘of soil(pci/gm) ingestion (Rem) 60 yeor exposure one yeor exposure

2,000 25.6 8 - 42 X 10-3 1-7X10°%

500 6.4 2 -10 % 10-3 3 -17 X 10-5

100 1.3 4 - 21 X 10-4 6 - 35 X 10-6

40 0.5 1 - 7% 10°4 2 -11 % 10-6
+3.0x 105 mrem/microcurie ingested (ref. 2)
1.4 X 10~3 (pei/kgm plant)/(pci/kgm soil)

The risks from bone cancer ond doses to bone associated from the ingestion of
Pb210 4n vegetables are 9iven in Table 3. It is expected that Ra226 gng
Pb210 will provide the most significont exposures through this route.

Toble 3
Lifetime risk of death from bone concer from
ingesting vegtobles grown in soil contominoted with Pp210

50 yr. committed

lead -210 content dose per year of lifetime risk lifetime risk for
of soil(pci/gm) ingestion (Rem) 60 year exposure one yeor exposure
2,000 114 3 - 18 x 10-2 5 - 30 x 10-4
500 28 8 - 43 x 10-3 1 - 7 X 10°%
100 6 2- 9x10-3 3 - 15X 105
40 2 7 - 36 X 10-4 1 - 6x 105

6.8 x'1o~2 (uci/kg plaont)/(uci/kg soil)
1.5 X 10% mrem/uci ingested
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Taoble 4 gives the totol lifetime risk of dying from bone cancer for vegetaoble
ingestion routes. Eoch year residents live on contominated porperty, their
éxcess risk of dying from bone cancer may increase by 0.13 - 37 X 10-% from

Table 4
Totol Lifetime risk of dying from bone cancer
from vegetoble ingestion pothways

801l concentration lifetime risk
. (pci/gm) 60 year exposure
) 2,000 4 - 22x 10-2
' 500 1 - 5x 10-2
100 - 2 - 11 x10-3
40 8 - 42 x 10~4

Rad1um2€ and Pb210 gng tneir decay products give significant doses to
organs other than bone when ingested. Rotio's between doses to other organs
and to bone ore given in Toble C in the oppendix. The organ doses from
ingestion of vegetables at various soil concentrations of rodium ond leod
ore given in Teble 5 for rodium ond leod. The risks from these exposures
ore difficult to predict becouse of the uncertointy in risk estimates for

some orgons. However, the dose to some orgons is considerable even at
moderotely elevoted levels.

Teble S
Committed dose in rem to organs from
ingestion of Ra226 gng pp210 4, vegetation per yeor

Ra-226 Pb~210
so0il
concentration whole body GI troct kidney liver kidney

(pci/gm)

2,000 19 26 14 32 91
500 5 7 3 8 22
100 0.9 1 0.7 2 5
40 0.4 0.5 0.3 0.6 2

So0il Disturbonce

Both adults and children moy come into direct contoct with highly

contominoted soil if the ground is disturbed by common octivities such os

cultivation for gordens, londscoping Such os reseeding lawns or plonting
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shrubs, flowers, tre&s: etc. ond repoiring or adding drivewoys, walkwoys,
decks and porches. These ore common octivities ond should be expected even
when residents have been warned obout "hot" spots. Near surfoce
contamination may be brought to the surface during ony digging activity,
greatly roising the potential for exposure. To expect residents to
permanently (or even over several yeors) refrain from oll of the octivities
listed above is unrealistic. Direct contominotion of honds ond clothing
with highly contominoted soil is quite possible during gordening, etc. and
could lead to excess internol and external exposures os well as
contomination inside homes.

Gaommo Rodigtion

Residents are exposed to whole-body external gommo radiotion from buried
radium waste in their yords and under their homes, Twelve properties ore
known to have o combination of indoor and outdoor exposures thot. could leond
to doses above 250 mrem per year. Calculations have been made only for
houses with indoor radon problems so that more residents may have exposures
above 250 mrem than given here. The estimates of oxposure used in thisg
assessment were mode by EPA ond are based on 75% percent occuponcy ot the
overage baosement level and 25% ot the average outdoor level. Outdoor gommag
levels exceed S0 microR/hr on thirty-two properties. Exposure rates of 300
microR/hr are fairly common aond levels as high as 400 to 500 microR/hr occur
in limited oreas. Residents may receive significent doses from these
elevated gomma levels. Actual doses are difficult to calculote or predict
becouse the size of the dose depends heavily on the living potterns of eoch
resident. A summory of gommo exposure dota is given in Table 6.

Table & .
Summary of Gomma Exposure Dato

Number of Houses

Glen Ridge Montcloir West Oronge total
801l removal fully .
or partiolly 4 5 0 9
completed
indoor gomma : 2 2 1 5
shielding complete
estimoted averoge
gomma exposure 2 7 3 12
lorger thon 250 mrem
per year
outside gommo levels
above 50 microR/hr 9 18 3 32



generations due to the genetic effects of rodiotion. The lifetime risks
including genetic effects for various dose levels ore provided in Toble 7.
The risk due to concer in the current generation is 1/2 the total risk

vear they live in their home. At 500 mrem/year the residents' risk risesg by
5.5 X 10~5 eoch yeor.

Toble 7
Lifetime risk of deoth from rodiogenic cancer and
genetic effects from external gommo ‘exposure

annual .
whole-body gamma lifetime rigk+ lifetime risk from
exposure 70 yeor exposure one year exposure
200 mrem 3.0 x 10-3 4.3 X 10-5
500 mrem 7.5 X 10-3 1.1 X 10-4
1,000 mrem 1.5 X 10-2 2.1 X 104
tref, 4

Radon .

Houses that were designated gs "aw or "B" homes were ventilated by EPA to
reduce radon exposure to those residents Quickly.l Homes designated as
"C" homes were only recently ventiloted go that the success of ventilation
can not be evoluated vyet in those residences. However, dato are available
to colculote an annual average rodon concentration for A ond B homes. The
average results for 4 consecutive quorters ore given in Table 8. The dato

Even ot radon doughter concentrotions of 0.02 w3 the excess lifetime risk is
1 ~4 X% 10-% for each yeor of exposure. At o concentration of 0.05 wl the
risk per yeor of eéxposure rises to 0.4 - 2 X 10~3, One side effect of



Table 8

Lifetime risk of death from lung concer bosed on
radon levels averaged over 4 quorters ofter ventilation
in homes originally designated as A or B

nNumber of houses lifetime risk lifetime risk
working level in eoach ronge per 1000% per 1000
1iving area basement 70 Yr. exposure one yeor exposure
0.01; 7 - 30 0.10 - 0.43
4 3
0.02 13 - 50 0.19 - 0.79
5 7
0.05 30 - 120 0.43 - 1,7
3 0
c.10 60 - 210 0.86 - 3.0

"EPA risk estimotes for lifetime radon exposure

Waoter Contamination

While woter somples have been onolyzed for Ra228, gdequate date are not
available on background woter concentrotions of radium in New Jersey to
determine if ground water systems have been contominated. Appropriate

background values should be obtoined for comparison with water somples
olready token.

Summary

It 1s importent to note that each resident moy ocrue on excess risk through
each route of exposure described, including ingestion of radium and other
radioisotopes, contominotion of clothes ond homes from contact with the so0i)
whole body external rodiotion ond indoor radon. Since the half-11fe of
radium?26 45 about 1600 yeors, the concentrotions of rodium
in the soil and the associoted risks will not decrease over the lifetime of
the residents nor over the useful life of the homes.. Under current
conditions the rodium contominoted soil cannot be contained in o woy that
will prevent significont éxposures to residents. Children Ploying in
contominated orees of Montclair, Glen Ridge or west Orange may ingest soil
contaominoted with radium, leod, uranium and thorjium. The excess risk of
dying from bone cancer from ingesting so11l ronges from 0.2 - 1.8 x 10-3,
Ingestion con olso occur through food chains. Both odults and children may
consume vegetables grown in contominated oreas with on Ossocioted lifetime
risk of 2 - 11 X 103 at so0il concentrotions of 100 pci/gm for rodium ond
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lead. In oddition organs other thon bone will olso receive significant doses
from the ingestion pothway including the whole-body, the gastrointestinol
traoct, kidneys, ond liver. The exposure from direct soil contoct during
gordening or other octivities is more difficult to estimate. However, highly
contaminated soil exists very close to the 8011 surfoce where it con be
eosily disturbed during ony type of digging increosing the probability end
severity of exposure through ingestion or external rodiation. 1In addition,
residents could easily carry contaminoted soil into their homes on shoes and
clothing.

Residents ore exposed directly by gommo radiation from contamination
Surrounding or underneoth their homes. Some estimotes of gomma doses have
been made but actual doses will depend upon the porticulor resident and how
much time they spend indoors or in particulor areas of their property,
Colculotions indicate that residents in 12 homes currently may receive over
250 mrem per year. The excess lifetime risk of dying from concer for these
residents from externol gommo exposure is 2.0 X 107°. (If the genetic
component of the risk is included the excess risk rises to 3.8 X 10'3.)

While ventilotion equipment wos instolled in many homes to lower indoor rodon
concentraotions, 8 houses originolly clossified os tier A or B hove averoge
indoor levels above 0.02 wl with 3 above 0.05 wl. For lifetime exposure ot
0.02 wl , the risk of dying from lung concer ranges from 1 - § X 10-2,
Because of the large risk ossocioted with rodon, even at the recommended
remedial action level, indoor rodon concentrotions should be lowered as much
08 possible below 0.02 wl.

While indoor rodon poses the largest single risk to most residents, other
exposure pothways connot be ignored ond must be addressed i plans to
remediote Montclair, Glen Ridge and West Orange. Eoch yeor residents continue
to live on contaminoted areas their excess risk of dying due to radiotion
induced concer increases significontly. This ongoing exposure odds to the
risk these residents have already accrued while living in these homes. The
onnucl excess risk to o significont number of residents cleorly exceeds the
10-5 to 10-5 ronge. while it moy not.olwoys be possible to lower the

risks from environmentol contominants to below 105 or 10-6 (such os with
indoor radon), the levels of risk to these residents from radioactively
contaminated seil worrant expedient ocction to substontially lower the risk to
current ond future residents. Actions to lower exposure that depend upon
permanent chonges in behavior or on mechanicol and barrier type systems thot
may be easily destroyed by residents during common home repoirs or additions
ore not desirable meons of lowering exposure and may be ineffective over long
periods of time.



Appendix

Toble A

ratios of radionuclides in core
somples (some isotopes were not
measured ond values are estimated by cDM)

isotope rotio
y238 1
u234 1

Th232 10

Th230 10

Ra226 10

Pb210 10

Table B

Ingestion in microcuries for
90226. Pb21°. The32 gng TH230

over five yeors by children

80il concentrotion . 5 yeor

pei/gm ingestion
100 0.03 -~ 0.33
40 | 0.013 - 0.13

2,000* 0.013 - 0.13

+ 7 doy/yr exposure



Table C

-

Rotios of dose to organs and whole
body to bone doses (dose X/dose bone)

organ Ro226+D Pp2104D
whole body 0.73 0.036
bone 1.0 1.0
kidney 0.53 0.85
GI-LLI | 1.1 -
liver - 0.29
(Brodsky)
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