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ABSTRACT

Radium—-226 and Calcium were measured in water samples frowm the
vicinity of +&hree wursnium mines and in tfish samplies collected from
Puget, Sound, Washington 3tate. The radium content of the samples
were below the maximum permissible concentration 3 pli/L for
drinking wabter recommended by the Public Haslth Service and U,S,
Environmental Protection Agency. The mean velue of Re-226 in water
was 3,428 pCi/L ard ranged from 0.043 +to 1,552 ©pCi/L, whereas
calcium content raenved from 3.0 to 130.0 mg/L, Ra~-226 concentrations
and calcium content in whoie fish were 0.933-20,328 pCi/kg wet wt,
and 114,1-259.3 neg/€ ashy, respeciively. Results of +the study
indicated that, Re-226 concentration in water was correlasted with
calcium concentration but that this correlation was not observed in
fish sampls except English sole,



. Int.roduction

Radium-226 is a naurslly occurring redionuclide and is extructed
directly from wuranium ores therefore, il is released to ground and
surface wavers as natura! leschiny and as 8 weter product from ursnium
mining, Ra-226 alsc occurs in rocks and soil as well as in the bottom
sediments. Many benihic or¥anisms such as worms snd crustacesns ingest
sediments and hence this redionuclide along with their food and link in
the food chein. Fish according to the species may repraesent the second,
third, or fourth trophic levels of the food chain. The Ra-226 content of
fish species which are eaten by man will be wmore importent, Since Re-226
is retained in the bone, when teken into the bidy of men it dasmages the
rediosensitive hematopoietic tissve in the bone marrow and may produce
cancer, [t is considered to be & very toxic radionuclide (Cember 1969).

The purpose of this study wes to determine the concentrstion of
Ra-22€ in the ground and surface water collected in the vicinity of
uranium mines and Lo examine the Ra-226 1levels in merine fishes
collected from Puget Sound in Washindton State.

Calcium in the environment profoundly affects the physicel and
biological behavier of radium. Moresover, in the living systems,
calcium isreferrsdtoss the "nutrient analog” of radium (Rope and Whicker
1985) . Therefore,thisstudyincluded the anaslysis of cslcium content.

11, Litersture Review

A Occurence

Radium s the heaviest member of the slkaline eurth group. There
ere four naturally occuring isotopes of +4this element., The most
importent of these is the 1iongest 1lived, radium-226, which is s
member of +the urenium-238 ceries ss shown in figure 1. As a result
of its relestively 1lony helf-1ife and the high natural sbundence of
ite parent, Re-226 is the most sbundant redium isotope. Some of the
physicail properties reported for radium sre summerized in table i,
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Radium-22¢ is present in uranivum minerals and is a8 waste praduct
of the wuraniun milling process. Mining of vranium cen enhence radium
release into water supplies by disturbing the vurenium ore and
exposing thke ore surface tL¢ leaching processes. Because of its high
solubility, Ra-226 can bhe found in water supplies far in excess of

the cuncentration of the garent uranium {Sedet 1365K).

B.  Hadium-228 in bhe eavironment

Radivm~-226 is widely distribuked and is present in trace amounts.
in wmost maberials. The range of R&-220 conceuntration in vegetables in
tvalv and in Jermany are 0.72-1,2 pCi/kg wet wt. {de Bortoli and

Gaglione 1372) and 1.0-6,1 pCi/ks wet wt. (Myth 19050}, respechively.
‘vThe Ra~-225 levels reported for the avarege diet in Hew York and
San Fraucisco are 1,7-0.8 pCi/9d iCa, with exclusion of drinking water
(Fiserne and Keller 1970). Radium~226 conktent of worldwide soil
sample is ),08--3.8 pli/#, escluding the high backdround areas, with a
mean ;§alue of 0.72 pCi/¥ (de Bortcli and Gaglione 1972). Anderson, e:
al, (1963}, reported that tne natural bLackground Ra~-226 content in

sediments of the Colorado River drainage .averages 1.6 pCi/¢.

The Ra-226 content of surface  water is usually very lay.
Kaufméhn‘ and Bliss ([977) noted that the Ra-226 content of surface
water randged from 0.0! to 0,10 pCi/lL, while some ground water may
contain es much as 100 pCi/i. Anderson, et al., (1963}, reported that
the natural dissolved radium concentrations in surface water from an
unpolluted location in the Colorado River basin averade 0.2 pCi/l,
Eul the concentrations in the Dolores River rose as high as 88 pCi/L
in 1956 as a8 result of direct discharge of uranium mill wastes into
the river., The average radium content of U,5, drinking water is
2,082 pCi/L (Hursh 1953). The conceniration of Ra-226 raported for

some rivers and Iakes in Europe are as foilow (de Bortuli and Gaglione):

Germ‘ny 0.07-C.84 OCi/L
Natherland s 0.,34~0,15 pCi/sL
Yu¥oslavis C.30-1.10 pCi/L
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According to the eame report, Rs-226 content in Lhermal and minersl

‘waters in [tsly ere e hi¢h as 48 pCi/L. Polikapov (1966) reported a

mean valve for redise content in U.S5. rivers of 0.07 pCi/L, while in
s Lapwater it raded from 0.0 Lo 5.8 pCi/L. This is compared with the
dasta reported for tapwster in Germeny which is 0.03-0.34 pCi/L (de
Bortoli and Gaglione 1972,

Edgington, et al. (19370}, reporved that tLhe Ra-226

concentration in sand and ip wmarine aslgee collected from coastsl

. waters of Puerto Ricc ranged from ©0.333 ta 0.086 pCi/g and from

aw

8.045 to 0.073 pCi/’¢, respectively. The range of Ra-226 levels in
ocean water is 0.08-0.15 pCi/L for hottos samples and approximebely
10°° pCisL for surface sample (Kisenbud 1973).

c. Radium-~-226 in Fish

Radium-226 content for fish reported in the literature are
listed in teble 2. Swanson (1983) noted that Ffish from s lske
affected by a&n operating uranium mine and mill had Ra-226 levels one
to two orders of magniteude above ievel in fish from an
uncontamineted control lake. In the same study, he found that Ra-226
was FhLivher in the skin snd bone then in flesh., This was attributed
to the hiyh calcium content of skin and bone end the fact that Ra-
226 rcan replsce calcium, rasulting tn high concentrations.

Calcium in the environment profoundly effects Lhe physical and
biological behevior of redium, The renys of celcium in fresh waters
(rivers and lakes) was given by Vanderploey, et al. (1975}, s 1.9~
114 m¢ Ca/L, Krimholz and Foster (1957) roproﬁid s renge of 2-200 my
Cs/L., The mean calcium content of the river water of North America
is 21,0 mwy/L (Wetzel t975), wheress in ses water it veries from 396
to 424 my/l depending on the salinity (Ed¥ington, «t sl., 1970)
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The calcium content of fish has been investigated in a number
af studies. Templeton and Brown (1964) reported celcium values from
48 %o 75 wmy Ca&’¢ bona (wet weisht) and $.042-0.29 my Ca’g muscle
(wat weight) for brown Lrout (Saimg Lrubttal thissues, Vanderploe¥.,
et al. (1975}, reported a renve of 19,5-80.4 mg Ce/y wet bone and
¢.089-0.93 m¢ Ca’y wet muscle. The caizcium content of blood of
Atlantic salmon (Selmo_ salar) was reported by Hoar (1957) to range

from 133 to 174 m¥ Ca/L and to depend on the life cycla shage of the
fish.

D. Toxicity

The meLabolism oé Re-226 in animals and plants is similar to
ithat of celcivumi it accompanies caicium bLhroughout the food chain,
finally beiny bownd in the bone tissue. About 70-~920 % of the Re-226
in the body is contained in Lomes, Lhe remaining fraction being
distributed approxinately uniformly i1 soft tissues, In animal
studies, it has been found 4that althousk Ra-226 initially is
deposited on bone surfaceé, especially in areas of rapid bone
formabion , cuntinuwal intaké and bone remodeling cause the Ra-226 to

become uniformly distributed tvhroushout the bone (Wrenn, et al,, 1985).

in 1930, a mixbure of zinc sulfide (fluorescent substance) and
Ra-228 was paintad on watches and clocks by women workers., The
workers often tipped the brushee on their lips or tonyues., Years
ister, amonyg 1,285 pradium-dial women workers, 63 bone sarcomes and
‘23 head carnicouas were observed (Mayes and Rolend 1985). The effect
of Ra-226 on nugetion‘ratéé; and therefore on oversll quality of the

sene pool, is not well known,

The meximum parmissible concentration of Rs-226 in drinking
water recommended by the Public Health Service is 3 pCi/L, and by
the Environmentel Protection Adeacy (EPA) is 5 pCi/L (lee, ot al.,
1380,



Jli. Materiale and Methods

A Sample Collections

Water samples wares collected from certsin locations in areas
which m3y have received conteminated runoff from three uranium mines
in northeastern Washington State. The wines are Western Nuclear, Inc.,
Dews Mining Ca., 2nd -ioy Mining Cuv. The study sites are shown on Fig.2.

The fish samples collected for this study were all bottomfish
Lhat are commonly consumed by man. Fish samples analvzed in this

study are as follows?

‘. duovar sole (Microstomus pacificus)

2. En¥lish sole (Parophrys vetulus)

3, Rer sole (Glyptocephalus zachirus)

4, Slender socie (Lyopsetts exilis)

5. Hake (Merluccius productus)

6. Longnose skate ‘Eiii rhinn)

B Sample Preparstion

Water samples were acidified with concentrated nitric acid to
prevent radium adsorpltion and to remove the adsorbed radium from the
vlass surface as well., Barium carrier and barium—133 tracer were
added %o 2 liters of & water sample which was then eveporated to a
small volume.

Fish samples were weighed, messured, eexed, end identified by
species, Since it has been found from oxaﬁinations made by the
Fublic Health Service that fish can be effectively radicessayed in
their entirety (Sabo, et al,, (963), the whole fishes were snslyzed.
Sempies were dried st 80°C snd dry-sshed st 550°C. Ashed fish
samples were dissolved in concentrsted nitric acid., Treatment with
hydroden perozide and hydrochloric acid wss sometimes necesssry to
rewove unoxidized material and to clerify the solution, Berfum-133
end barium carrier were used as tracer and carrier, respectively,
The chemical yield was measured from Bas-133, whereas berium carrier

wes used to co-precipitate the radium,.



Ce Radium_and Calcium Aralysis

Radium-22 in the walter samples was determined by the radon
emanatfon technique. The radium was co-precipitsted with barium
sulfate. The precipitate was converted from sulfate Lo carbonate and
dissolvad in nitric scid. Chemical yield was deLermined by counting
tne gamma activity of barium-133. The solution was de-emsnated and
agzed for 3Lwe to four weeks Lo allow radon-222 Lo ¥row-in. The
sslution was axain de-emanabed into an evacuated scintillation cell,

and the alpha activilty of redon-222 was counted.

'n the case of fish samples, precipitation was done the same way
a5 desceibei above. axcept that ifter the precipitate was converted
to carbcnata, it was dissolved in nitric acid. Radium daughter
produchts were extracted from this solution into thenoyltrifluoroacetone.
Bariuvm sulfate was pre-precipitated, stored for three weeks, and

counted for Ra-22€ slpha acbivity.

Calciuvm was Jatermined by atomic absuvrption specbrophotometry
in diluted aiiquot gurtions. All the results have bheen corrected for
the Llank,

Calculation /i

Ra-226 activity = _ A
BxlxDxExF

wihere A = net alphs ccunt rate (cpm)
B =~ sample volume (liters) cr sample weisht
C = gfficiency of de-smanstion and counting |
b = correciion tactor l-e¢ ' for redon-222 ingrowth, where t
ie the time from the first de-emanastion of redﬁn to the

end of the second de-emanaetion i !
|

= pecovery of barium-133 \

F = correction factor -9 ° for radon-22Z dsushter ingrowth
(Rn-222 decay) , where + is the time from bhelund of the

second de-vmaneation of radon to the time of counting
|



0. guality Assurance

To ensure *+the roliabilily of tLhe radtu- analysis techniques und
hhe results. three different quality »ontrol nethodologils were used.

1. Calibration with Ra-226 standards cbtained from Nationel
Bureauy of standards (NBS)

2. Cross—checked analysis with U.5. Environmental Protection
Afency {EPA) Quality Assurance grogram

3. Replicate !eteruinatipns on the same sanple

Also, wu estabiish the accuracy of the resulis, s&mple spiked

with known amounts of Ra-226 were analyzed.

IV, Results and Discussioﬁ

A, Radium~-226 in water

The sctivity of Re-226 and the concentration of calcivm in
iater samples as well as the l;/Ca ratio sre sxven in Tahlc 3.
Sar-ace ard wround water samples were uO]lELde during uha period
.from May 1381 bhrougho-ﬁ Ocnober l984. ls~226 concentrations found
xn ‘he water samples are rather lowi the mgan value is 0.428 pCi/L
and the range»is 0.G43~ 1.552 pCi/L. These vnlues are lower than those
reportea by Rove &nd Wb:cher (1983), which rangod 12 to 23 pCi/L in
'water from a surface pond near an open-pib uranium mine. Calcium
contents ‘of the weter varied over a wider range, 3.0 to 190 mg Ca/L,
than the Ra-226 velue. The linear r'graisiJn model (Neter, ot al.,
1965) was used to oxemine the rulationshtp between coneentrntion of
Ps-226 and caslcium conmtent. The correlstion between Ra-226 snd
calciumy, equal to 0.648, was msiny significent (R = correlstion

tficierv = 0 42 for df . 331, s&nce the t-test at 95% confidence
lTavel indicatod 3 p-valuo less tbon O 0005. The ¢raph plot of Re-226
contents ie snonw in Flgure 3.
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Over the pericd of time collected, there were no major chenges
in the Re-226 level for surface water samples at either the Dawn
Ninind Co. (DMC) sites or the Western Nuclesr Inc. (WKI) sites, nor
faor <round water samples at the DNC sites as shown in Figure 4 and 5,

respectively.

B. Radium-226 in Fish

Iin this study, 22 saemples were collected on 12 Septembher 1986
and 16 January 1987, and whole fishes were analyzed for Re-226 and
calcium. The results are reported in Table 4. Concentrations of
Ra-226 ranged from C.833 to 20.328 pCi/kg wet wt, and calcium
contents ranged from (14.1 to 259.3 wme Ca’/yg ash. The meen Ra-226 and
calcium values were 4.062 pCi/kg wet wt. and 199.3 m¢ Ca/¢ esh,

resprcbively.

A regression analysis (Neter, et al., 1985) was performed on
the Ra-226 content versus calcium content of the fish samples in the
same way et for the water samples. The correlation coefficients
calculated for all of the species analyzed were not sigpificantly
dreater than zero, showing that there is no correlation between Ra-
226 levels and calcium contents. However, when the data were
analyze by species, this was mnot true for English sole (Paraphrys
vetulus){ +the correlation of Ra-226 aend calcium- is 0.916 with s
correlation coefficient of 0.839 which makes the correlstion
stgnificent at the 0.05 probability 1level (p < 0.0005). There sre
clear differences in the concentrstion of Rs-226 with increasing
calcium. The graph plot of Ra-226 levels in English sole end celcium
is shown in Figure 6.

No significant 2nd consistent differences betwsen sexes in sny
species were observed. Compsrison of the Re-226 activity among all
éampling locations showed that slender sole (Lyopsetts exilis)
and English sole (Parophrys vetulus) frowm Pt. Gardner Station E

hed the highest value. The Ra-226 concentrations of esmples from
this site were higher then most previously reported velues for
edible fish,which ere around 1-10 pCi/ky wet wt. Muth, et al., (1960),



-9-

reported velues of 2.0 pCi/kg wet wt. in herring and §.3 pCi/kg wet
wt. in haddock for Ra-226. A range of Ra-226 from 1.4 to 3.2 pCi/ky
wot wie was reported for perch (Perca fluviatilis) by de
Bortoli and Gaglione (1372)., However, the renve of value measured at
the Pt. Gardner Station E (16-20 pli/ky wet wt,) is similar to levels
in fish reported in other literature. Values reported by Jenkin
(1963) in Pacific salmon (Oncorhynchus kota and O. kisutch)
were 2-50 pCi/kd wet wt. Ra-226 content in brook trout (Salvelinus

fontinalis) and rsinbow +trout (Selmo gairdneri) from surfece

ponds near an open-pit uranium mine was 11-43 pli/kg wet wt. (Roape
and Whicker 1985)., Swanson {1983) noted thet in lakes affected by a
uranium mine and wmill in Saskestchewsn, Canada, the Ra-226 level in

white sucker <(Catostomus commersoni), lake whitefish (Corogohqg

clupeatormi), and lake trout (Salvelinus namaycush) werb 9.7,
1,8, and 0.8 pCi/s esh, assuming 7,0%, 3.,0% and 2.2% ash content of
these species, respectively. The Ra-226 activity In this study

versus fish species is shown in Fidurs 7.

The quality control of both procedures was tested for
reproducibility and relisbility using a water ssmple with Re-226
obtsined from EPA's Quality Assursnce Division in Las Vegss, end
spiked water samples. The data was shown in Table 5. The chemical
yield and counting efficiency were deteormined by using a Ba-133
tracer and 8 stendard radium solution. The chemical yield for both
methods was consistently more then 85%, The lower limit of detection
(LLD), blank value plus three times standard deviation for 30 end 60
mindbas counted Ffor emanation method and precipitation method were

.12 and 0,27 pCi, respectively.

v. Conclusion

Radium has been found in waste products of uranium mining, in
water supplies, and in the sediment., Redium has the lowest meximum
permissible water rconcentration of any of the radionuclides in the
uranium-redium series (Table 6), which indicstes s groater hszerd to
man from ingestion of Ra-226 than the other members of the chsin.
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in this sbudy, Ra-226 concentrations were measured in ground
weter and surface water samples collacted in the vicinity of three
uranium wmines and in marine fish collected From Puget Sound, in
Washington State. Tha fish in this study were confined to bhottomfishs
their usual habitet is on soft bottom and they feed mainiy on clams
siphons. other small molluscs, marine worms, small crabs and shrimps,
and brittle stars. . The fish <samples in this study are of fésh
consumed by man{ the flesh of eole (order Pleuronectiformes) and

hake (Merluccius productus) being popular in British Colombia,

as well ¢s the pectoral! fins of longnose skate (Raja rhina) (Hart 1980).

Concentraticn of Ra-226 in all water samples were below the
max imum permissible concentration for drinking water (KPC”)v
recommended by the Public Health Service and EPA as 3.0 pCi/l and 5
pCi/L, respectively. It cap be.concluded that there has not been any
significan® release of Ra-226 to ground or surface waters during the
period af this study. Statistical analysis of the data showed that
there is a8 correlation between Ra-226 and calcium content of water
samples. In fish samples, This correlation was observed in English
sole. The hivhest content of Ra-226 was found at Pt., Gardner Station
E. Bubl this value was within the rande of vslue report in the literature.

Vi. Recummendation B )

Lo Periodic samplind of +the water and marine fish should be

conducted to continue evaluating possible trends in Ra~226 content
over time.

2. Sea water should be analyzed for Ra-226 content, as the
differences in Ra-226 content in fish can be explained partly by
the differences in Ra-226 concentration in water.

3. The parameters such as concentretions of other elements
which may interfere with radionuctide uptakes sessonsl and

anpud! - temperature ¢ and the chemical epeciation of the redionuciide
should be considered,
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Tavle | Physical properties of radium (Sedat 1956),

Density ca. b gﬁcu’
Meliing point ca. 700°C

ca. 960°C
Boiling puint Cée ll40°C
Jonic radius, Ra(1l1) .52 A

1.37 A

Diffusion coefficient Ra(il) at 18°C  0.667 cm /sec
Equivalent conductence 57.3 cm /ohm

fonization potentialt
First electron 5.26 eV

Second electron 16.10 eV

Table 2 Literature velues for Ra-226 concentretions in fish

.Type of sample concentration Reference

A. Flesh
Rainbow trout, Salmo gairdneri 4-11 pCi/skye weai: Parsont (1967)
Varicus freshwater and pelagic

fish 2 pCi/kg wet Holtzmen (1969
White sucker, ‘ :

Catostomus commersoni 13 pCi/kg wet Whicker (1972)
Pacific ssimon, Oncorhynchus .

kets and O, kisutch 2-50 pCi/kg wet, Jenkin (1969)
Haddock 5.3 pCi/kg wet Muth et al, (1960)
Cod . , 4,0 nCi/kyg wet Muth et sl. (1360)
Yellow perch, Perca flavescens §£-10 pCi/kyg wet Parsont (1967)

Lardemouth bess,

Micropterus salmoides. 1.5 pCi’/kg wet Parsont, (§967)
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Literature values for Ra-22
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soncentrations

in fish

Type o7 sanmple

——— e

concentration

Reference

B. Boune

White sucker,

Catostomus commersoni

Various pelavdic and freshwater
fish
Rainhow trout, Salmo gairdneri

Yellow perch, percs flavescens

Largemouth bass,
Microonterus salmoides

C. thlgugish

Ferch, Perca fluviatilis

Lake chub, Cosesius plumbeus
White sucker,

Catcstomus commerscni
Spowvail shiner,

Notropis hudsonius

Ninespine stickleback,

Pungitius pungivius

Cisco, Coregonus artedif
Trout -perch,

fercopsis omiscomaycus

1.2 pCi/ksg wet
V.05 pCi/g ash
3-12 pGCi/g ash

0.7-9 pCi/g ash

0.4 pCi/g ash

1.4-3,2 pCi/ky wet
11,2-56.8 pCi/¢ ash
9.7-59,3 pCi/¥ ash
51,8-70,2 pCi/¥¢ ash

27.9 pCi/g ash
457 pCi(g ash

56.3 pCi/g ash

Whicker (1972}

Holtzman (1969)
Parsont (1967)
Parsont. (1967)

Parsont (1967)

Ve Bori,oli and
Gagliome (1972)
Swanson (1883)

Swanson (1383)

Swanson (1983)

(1983)
({1383)

Swanson

Swanson

Swanson (1583)
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Tabie 3  Ra-225 content of weter near uranium mine.
Samp'e Iocetion Ra-226C Calcium Ra/Ca
pCi/L ag/L pCisg
A. Surface Water
DMC sW! 2.10140,022 4,7 1.5
0.057+40.019 3.2 5.2
0.124+40.032 13.1 9.5
w3 ©.,30240,052 1t.8 25.6
0.27143,043 20.3 13.4
SW2D ©.136+0.033 t90.0 0.72
0.092+0,017 133.0 0.49
WNL MW2 0.398+0,064 12.1 32.9
1,55240.113 20.4 7641
¢.184+0.026 22.0 8.4
0,23;+40,033 21.1¢ 10.9
Mw3 €.665+40,.057 12,5 53.2
nw4 1.20440.077 14,9 80.8
1.,213+6,073 17.4 69.7
1,232+40.093 14,3 86.2
1.125+0,064 19.4 58,0
NWE 0.611+0.047 25.9 23.6
0,37640.342 26.4 14,2
PH C.187+0,030 71.3 2.6
{ 0.149+0.035 4.1 36.5
L3 C,17740.029 8.1 21.7
0.22240.056 4.9 45.4
JMC 5tatiop 2 0.504+40,043 3.0 169.7
0.854+0.094 9.6 89.3
B. Cround Water
oMC owi 0.04340.014 144,9 29,9
GW2 0.,411+40,038 179.,0 2.3
GW3 0,130+40,044 7.4 t1.1
0,334+0.048 20.1 16.2
0,314+0,072 154,0 2.0
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Tabie 3  Ra-226 content of water near uranium mine.

Sample location Ra -226 Calcium Ra/Ca
pCi/L ms’L pCi’/ g
W5 €.37:40,043 19.6 19.9

$.22770,037 22.9 3.9
0.348+3,043 162.0 2.1
0.123+0,026 26.3 7.0

WNL GwW! 0. 176+40.026 84.5 2.1

Tabie 4 Radium-22C content of whole fish callected on 12 September

1986 snd !6 January 1987.

Species Sample location, Ra-226 Ca Ra/Ca Sex
Pt. Gardner pCi/ked wet wt mg/g ash pCi/y¢

English sole Control site ! 5,466+1,199 213.6 0.5 F
Slender sole 4.933+0.900 259.3 0.6 F
Slender sole Control site 2 1,809+0,591 182.8 G.3 |
Longnose skate 0.909+0,341 131.6 0.3 -
Rex sole Navy site rep 1 B,92141,835 194.3 0.8 ¥
Eﬂglish sole ) 2 590:"0'586 197.3 0.4 M
5lendsr sole 2,406+0.563 228.0 0.4 F
Slerder sole Navy site rep 2 4.27740,832 237.4 0.6 M
Slender sole . 3,600+0,659 159,9 1,0 ¥
Englieh sole Control site 1,3754+0.516 197.3 0,2 M
Lover sole (Pt. Surdner) 0,833+0,220 219.6 0.3 -
English sole tet ion E 20,328+42,623 207.8 1.5 y
Stender s0le 170000130165 124,0 006 M

Slender sole 15,934+43,049 237.1 8.7 ¥



Takle 4 Radium-226 content aof whole fish collected on 12 Septembar
1386 and !6 January 19387.

Saecies Sample location, Ra-226 Ca Ra/Cs Sex
Pt. Gardnenr pli/kyg wet wt me/¥ ash pli/¢

Hake 3.026+9.809 124.9 c.8 F
Hake Station 3 2.27440.581 114,1 0.8 F
Dover sole Control OT 3.963+4C.632 231.6 c.9 M
Enslish sole 1.091+40,.364 203.3 c.3 N
Slender sole 1.117+0,366 164,.5 0.4 F
English sole Transect 7 10N 2.91540,712 2158.6 Q0.4 F
Slender sole Transecl, 1COM 0.8399+0,337 247.6 0.2 N

Table 5 Reproducibility and reliability test.

.t = 4 7 - - ——

Rumber of test, Results (pCi/L)

Emanat ion Method

Sviked sample

i 18,61

2 18.90

3 18,68

4 18,48

5 ‘ ‘ 18,57 -
Average value 18,6540.16
Known value 18,75
U.S., EPA sample

1 5,97

2 6.02

3 6,03 - e
Average vslue 6,01+0,03

Known velue 6.,0040,30



Table 5 Raproducibility end relisbility west.

Number of Lest

-~

Results (pCisl)

Precipitation Method

Spiked sample
i
2
3
¥l
5
Avarage value

Known value

Uo.S, EPA #1t

1

2

3
Average value

Enown value

U.S, EPA #2

1

2

3

4

5
Averasie value

Known vatue

8.62
9.77
9.54
8.83

10.01

9.35+40, 60

3.38

6.30
6.23
6.22

§.25+0,04

6,30+0,95

5.99
6,13
6.06
6,10
6019

6.06+0,08

6.10+0,92
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Table 6 Maximum permissibhle concentrations in water

. . . . . . .
fer radionuclides in the ursnium-radium series.

- —— —— —

{sotape MPC. in pCi/L Critical! ordan
R;t;;é J.3 Bone

Pk -210 33 Kidney
Po-210 233 R Bone
Th-230 667 Gl tract
Th-234 6,667 GI tract
U-234 10,00¢C Gl tract
J-238 13,300 GI tracy
B1-2130 13,300 Gl tract

{No value are given for ather members of the series)

"1/30 Th HB 69 value of continuous occupational
eiposure as recomnmended by the [nternational Commission
on Radistion Protection. The U.S. Public Health Service
Brinking Water Standards (1962) !imit the Ra-226 concen-

Lration in water used for drinking to a yearly 3.0 pCi/L
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Fig 2.1 Sampling stations at Dawn Mining company (DMC)

_LEGEND

se o-Ground ater
se o-Surface and Seepage
Kater, Sedicent
o o-Orinking Nsler
XAty Porticulates,
Radon, Direct
) Ga=x, Sofl ‘
O-Vegetation °
Tshimekatn Creck
~Fish

NOTE: See Table C} for
OSHS specific
samle points

: L _] [

L XL ]




Sample Point

ol LU

Plant Site

ﬁorm Fork

Flode)le Creek

® Sotl

© Vegetation
& Sediment
® Vster

o 1o

Sample Point

2 Junction

NOTL: See Tadle C-1 fox
DSHS specific
sa=ple points

0 500 1000 2000 3000
eteserracinennl
SCALE IN FEEY

Fig 2.2 Sampling stations at Joy Mining company (JMC)



-25-

P4
~7

] . 1FGEND

e Water
e So1}

O Sediment
0 Afr, Gemme
& T

a Vegetation
'l Late Fish

F2
case

MINE AREA

KOTE: See table () for
DSHS specific sample
points.

‘ &N
— Bae p]

°2

R e
Qoo

Tun Tom
Ose

VELLPINIY
SCALE: 1° = 2000°

Fig 2.3 Sampling stations at Western nuclear, Inc. (WNI)




~ 26

geme-

PORT
GARDNER

1655

g AT SOUTH

Fig 2.4 Sampling stations in Port Gardner
Depths in meters. N = North, M = Middle, S = South



-27 -

Ra-226 - 3
PCi/kg wet wt. -
7.5~
R 7
$.0- )
2.5~ H :
003" ’ l '
'_’-—-L.‘ ....... L'_--"—---L..J ------ M hahahedatedesiad - I Sndadaiad e dadatnd . -
English Slender Rex Dover Hake Longnose
sole sole sole sole ) skate

Fig 7. Ra-226 level (pCi/kg wet wt.) vs. species
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