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เฑรริก!ท5Ltเนการว็เพรา®*ปริมาชน รเดํธม- 226 นร®นพรเพิ!ม ในพุ,วอย่า<mเกึษ 
จ ไก*Jริเว£แ1กรเ ftB งเ IftSd งบ,ร่ 3 เรเนีทม 3 น*ง นร®ในคัวฮอ่างปราท®เร ทเก์ไเจากอ่าา 
Puget Sound มรร ั รพ ่ 1ง เน โ!ร® เทศร*ร ั ;[จเมร ิกา ค่า:พ้รอ*ในนองปริมาftเรเตีอม-226 
ไนท้ายซ่า ง นา เท่ากับ 0 .428 พใพุริพ่อรพริ โพ!เม็ค่าออ่ในช่วงร®*ว่าง 0 .043 -1 .552 
นิโฅคริพ่จรพร รา*รับนพรเจิรนในคัวอ?ทงนามีค่าร®*ว่าง 3.0 ถง 190.0 มิรริกรัมพ่จริดร 
ส์า*รนปริมา(แรเดลม-226 นร*นพรแ!เม ในคัวออ่ Iงปราท®เ8 5ค่าพงนพํ 0 .833-20.328 
•พโ^พริพ่ฟ้กิโรกรัมนํ้'*นัทรพ แร® 114. [ - 259 .3 มั้รริกรัมพอกรัมเถ้า พามรำพไ} 

ยรท ั ๋ ไร ํ } าก(ทร 'ว เพรา®*มบiา ปร ิมาทmค ุรม-226 ในตัว;)อ่างนํ้า มีค่าพากว่าเกเพ่> 
กำพนพร*รพของกร®ทรวงราราณรใเแร®อง4การพก*ริ่งนไ»«รอม น*งร*ร ัฐอเมร ิกา ทิ่ฮอมใ* 
มิ*ฑ้ไน'นาพึ๋ม น®ท^ากนิ้ร้งนพ่'ทเรี ๊ม นาแรเพิ8ม-226 นร®นครเซีอม มพวามรม•พาเธ์ก้นเพา®ใน 
คัวจิย่างtt'i เท่านั้น ไพ่ท]ว่าม็พวามรมพนรอย่างเพ็อะเทันในตัวBร่างปราฑ® เ ร &กเว้นในคัวออ่าง 
ปรา Eng l i sh so le 

ABSTRACT 

Radium-226 and Caloium were measured in water samples f rom t h e 
v i c i n i t y o f t h r e e uranium mines and i l l f i s h samples c o l l e c t e d f rom 
Puget Sound, Washington s t a t e . The rad ium con ten t o f the samples 
were below the maximum p e r m i s s i b l e c o n c e n t r a t i o n 3 pCi /L f o r 
ir ink, ins water recommended by the P u b l i c Hea l th Se rv i ce and บ . ร . 
Environmental P r o t e c t i o n Agency. The mean va lue o f Ra-226 i n water 
was 0.428 pCi /L a i d ranged from 0.043 t o 1.552 p C i / L , whereas 
ca lc ium ronbent ranged from 3 .0 t o 190.0 mg/L, Ra-226 c o n c e n t r a t i o n s 
and ca lc ium con ten t i n whole f i s h were 0 .833-20.328 p C i / k g wet w t . 
and 114.1-259.3 mg/g ash, r e s p e c t i v e l y . Resu l ts o f t he s tudy 
i n d i c a t e d t h a t Ra-226 c o n c e n t r a t i o n i n water was c o r r e l a t e d w i t h 
ca lc ium c o n c e n t r a t i o n but t h a t t h i s c o r r e l a t i o n was not observed i n 
f i s h sample except Eng l i sh s o l e . 



I. Introduction 

Radium-226 i s a naura l l y occur r ing rad ionuc l ide and i s ex t rac ted 
d i r e c t l y f r on uranium ore; t he re fo re , i t i s released t o ground end 
surface waters as natura l leaching and as a water product from uranium 
mining. Ra-226 also occurs in rocks and s o i l as v e i l as i n the bottom 
sediments. Many benthie organisms such as worms and crustsoeans ingest 
sediments and hence t h i s rad ionuc l ide along w i t h t h e i r food and l i n k in 
the food chain. Fish according t o the species may represent the second, 
t h i r d , or f ou r th t roph ic leve ls o f the food chain . The Ra-226 content of 
f i s h species which are eaten by man w i l t be more important . Since Re-226 
is re ta ined i n the bone, when taken in to the body o f man i t damages the 
rad iosens i t i ve hematopoietic t i ssue in the bone marrow and may produce 
cancer, i t i s considered t o be a very t o x i c rad ionuc l ide (Cember 1969). 

The purpose of t h i s study was to determine the concent ra t ion o f 
Ra-226 in the ground and surface water co l l ec ted in the v i c i n i t y o f 
uranium mines and to examine the Ra-226 leve ls i n marine f i shes 
co l l ec ted from Puget Sound in Washington s t a te . 

Calcium i n the environment profoundly a f f e c t s t he phys ica l and 
b i o l og i ca l behavior o f radium. Moreover, i n the l i v i n g systems, 
calcium is re fe r red toas the " n u t r i e n t analog" of radium (Rope and Whicker 
1985).Therefore, th isstudyinc luded the ana lys is o f cs lc ium content . 

11. l i t e r a t u r e Review 

A. Occurence 

Radium is the heaviest member of the a l ka l i ne ear th group. There 
are four n a t u r a l l y occur ing isotopes of t h i s element. The most 
important of these i s the longest l i v e d , rsdium-226, which i s • 
member of the ursniun-238 ser ies as shown in f i g u r e 1. As a r e s u l t 
of i t s r e l a t i v e l y long h a l f - l i f e and the h igh na tu ra l abundance o f 
i t s parent , Ra-226 i s the most abundant radium isotope. Some of the 
physical p roper t ies reported f o r radium are sunmerized in t ab le 1. 



Radium-226 i s p r e s e n t i n u ran ium m i n e r a l s and i s a w a s t e p r o d u c t 

o f t h e u r a n i u s m i l l i n g p r o c e s s . M i n i n g o f u ran ium can enhance rad i um 

r e l e a s e i n t o water s u p p l i e s by d i s t u r b i n g t h e u r a n i u m o r e and 

e x p o s i n g t h e o r e s u r f a c e t c l e a c h i n g p r o c e s s e s . Because o f i t s h i g h 

s o l u b i l i t y , Ra-226 can he found i n wa te r s u p p l i e s f a r i n excess o f 

t h e c o n c e n t r a t i o n o f t h e pa ren t u ran ium (Sedet 1965) . 

B. RaJiam-225 i n t h e e n v i r o n m e n t 

Radium-2.26 i s w i d e l y d i s t r i b u t e d and i s p r e s e n t i n t r a c e amounts , 

i n most m a t e r i a l s . The range o f Ra-225 c o n c e n t r s t i o n i n v e g e t a b l e s i n 

I f . a l " and i n 3er»any a re 0 . 7 2 - 1 . 2 p C i / k g wet w t . (de B o r t o l i and 

Gasfl iorte 1972) ar.d 1 . 0 - 6 . 1 p C i / k g wet w t . (Muth t9G0) , r e s p e c t i v e l y . 

The Ra-225 l e v o l s r e p o r t e d f o r t h e average d i e t i n Hew York and 

San F r a n c i s c o a re 1 . 7 - 0 . 8 p C i / g 'Ja, w i t h e x c l u s i o n o f d r i n k i n g w a t e r 

(F isenne and K e l l e r 1970) . Radium-226 c o n t e n t o f wor Idw ide . so i 1 

sample i s i ) .03--3.8 p . 7 i / g , e x c l u d i n g t h e h i g h background a r e a s , w i t h a 

mean v a l u e o f 0 . 7 2 p C i / g <de B o r i c I i and Gag I ione 1972 ) . Anderson , eo 

a l . ( 1 9 6 3 ) , r e p o r t e d t h a t t h e n a t u r a l background Ra-226 c o n t e n t i n 

sed iments o f t h e C o l o r a d o R ive r d r a i n a g e . a v e r a g e s 1.6 p C i / g . 

The Ra-226 c o n t e n t o f s u r f a c e ' wa te r i s u s u a l l y v e r y l ow . 

Kaufmann and B l i s s (1977) n o t e d t h a t t h e Ra-226 c o n t e n t o f s u r f a c e 

water ranged f r o m 0 . 0 1 t o 0 . 1 0 p C i / L , w h i l e some ground w a t e r may 

c o n t a i n as much as 100 p C i / L . Anderson, e t a l , ( 1 9 6 3 ) , r e p o r t e d t h a t 

t he n a t u r a l d i s s o l v e d rad ium c o n c e n t r a t i o n s i n s u r f a c e w a t e r f r o m an 

u n p o l l u t e d l o c a t i o n i n t h e Co lo rado R i ve r b a s i n ave rage 0 . 2 p C i / L , 

but t h e c o n c e n t r a t i o n s i n t h e Do lo res R i v e r r o s e as h i g h as 88 p C i / L 

i n 1956 as a r e s u l t o f d i r e c t d i s c h a r g e of u ran ium m i l l was tes i n t o 

the r i v e r . The average r a d i u m c o n t e n t o f บ , ร . d r i n k i n g wa te r i s 

0 . 0 4 2 p C i / L (Hursh 1953) . The c o n c e n t r a t i o n o f Ra-226 r e p o r t e d f o r 

aome r i v e r s and lakes i n Europe a re as f o l l o w (de B o r t o l i and G a g l i o n e ) i 

Germany 

Nwthe r l and 

Yugoslav i ร 

0 . 0 7 - 0 . 8 4 n C i / t 

0 . 0 4 - 0 , 1 5 p C i / l 

0 . 3 0 - 1 . 10 p C i / l . 



Accord ing t o the i « M r e p o r t . Re-226 content i n t h e r m * I end R i n t r t l 
waters i n I t a l y are I I h igh as 48 p C i / i . Po l fkepov (1366) r e p o r t e d a 
Mean va l ve f a r r a d i u s content i n บ , ร . r i v e r s o f 0 .07 p C i / L , w h i l e f n 
a Lapwater i t raged f r o * 0 .0 t o 5.8 pC i / L . Th is i s compared w i t h t h e 
data repo r ted f o r tapwater i n Germany which i s 0 .03 -0 .34 pC i /L <de 
ftortoli and GasIione 1972' . 

Edgington, et a l . (1970) , repo r ted t h a t t h e Ra-226 
concen t ra t i on in sand and i n marine alffae c o l l e c t e d f rom coas ta l 
waters o f Puerto Rico ranged f r o a 0 .033 t o 0.086 p C t / g awl f rom 
ฮ.045 t o 0.073 pC i /g , r e s p e c t i v e l y . The range o f Ra-226 l e v e l s i n 
ocean water i s 0.C8-0.15 pC i /L f o r bottom samples and approx imate ly 
10** pCi /L f o r su r face sample (Eisenbud 1973>. 

c . Radium-226 i n F ish 

Radium-226 content f o r f i s h repo r ted i n t h e l i t e r a t u r e arm 
l i s t e d i n t a b l e 2. Swanson <1983) no ted t h a t f i s h f rom a lake 
a f f e c t e d by รท opera t ing uranium mine end m i l l had Ra-226 l e v e l s one 
t o two orders of magnitude above l eve l i n f i s h f rom รท 
uncontaminated c o n t r o l lake . In the same s tudy , he found t h a t Ra-226 
was h igher i n the s k i n and bone than i n f l e s h . Th is was a t t r i b u t e d 
t o t he h igh ca lc ium content o f s k i n and bone and t h e f a c t t h a t Ra-
226 can rep lace ca lc ium, r a s u l t i n g i n h igh c o n c e n t r a t i o n s . 

Calcium i n the environment p ro found ly a f f e c t s t h e phys ios ! and 
b i o l o g i c a l behavior o f radium* The range of ca l c ium i n f r e s h waters 
( r i v e r s and lakes) was g iven by Vanderploeg, e t a l . (1S75), as 1 .9-
114 mg C a / น Kr imholz and Foster (1957) rep ro ted a range o f 2-200 «g 
Ca/L. The mean calu ium content of the r i v a r water o f Nor th America 
i s 21.0 mg/L (Wetzel 1975), whereas i n sea water i t v a r i e s f rom 398 
t o 424 mg/L depending on the s a l i n i t y (Edg ing ion, e t a l . , 1970) 



The calcium content of r i sh has been invest igated in a number 
j f studies. Tercpleton and Brown (1364) reported calcium values from 
4 0 to 75 »g Ca/g bone (wet weight) and 0 .042-0.29 m g Ca/g muscle 
(wet weight) f o r iirown t rou t (Saimo hrut ta) t i ssues . Vanderploeg. 
et a l . (1975), reported a range of 19.5-90.4 mg Ce/g wet bone and 
c . 0 8 9 - 0 . 9 3 »g Ca/g wet muscle. The calcium content of blood of 
A t lan t i c salmon (Selmo sa lar ) was reported by Hoar (1957) to range 
from 133 to 174 TBg Ca/L and t o depend on the l i f e cycle stage of the 
f i s h . 

D. Tox ic i ty 

The metabolism of Ra-226 in animals and plants is s im i la r t o 
uhat of calciums i t accompanies caiciuir throughout the food chain, 
f i n a l l y being bound in the bone t i ssue . About 70-90 X of the Sa-226 
in the body is contained in bones, the remaining f r a c t i o n being 
d is t r ibu ted approximately uni formly i l l aof t t i ssues . In animal 
studies, i t has been found tha t although Ra-226 i n i t i a l l y is 
deposited on bone surfaces, espec ia l ly in areas of rapid bone 
formation , continual intake and bone remodeling cause the Ra-226 to 
become uniformly d i s t r i bu ted throughout the bone (Wrenn, et a l . , 1985). 

In 1930, a mixture of zinc su l f i de ( f luorescent substance) and 
Ra-225 was painted on watches and clocks by women workers. The 
workers of ten t ipped the brushes on t h e i r l i p s or tongues. Tears 
l a t e r , among 1,285 radium-dial women workers, 63 bone sarcomas and 
23 head c«trnico:r.as were observed (Mays and Roland 1985). The e f f e c t 
of Ra-226 on mutation ra tes , and there fore on overa l l qua l i t y of thfc 
gene pool, is not wel l known. 

The maximum permissible concentrat ion of Ra-226 i n d r ink ing 
water recommended by the Public Health Service is 3 ,pCi/L, and by 
the Environmental Protect ion Agency (EPA) is 5 pCi/L ( tee, et a l . , 
1980). 



H i . Materials and Methods 

A, Sample C o l l e c t i o n s 

Water samples were c o l l e c t e d f r o m c e r t a i n l o c a t i o n s i n a reas 

w h i c h may have r e c e i v e d con tam ina ted r u n o f f f r o m t h r e e u r a n i u m mines 

i n n o r t h e a s t e r n Wash ing ton s t a t e . The mines a r e Wes te rn N u c l e e r t I n c . , 

Dawn M i n i n g C o . , and -Joy M i n i n g Co. The s t u d y s i t e s a r e shown on F i g . 2 . 

The f i s h samples c o l l e c t e d f o r t h i s s t u d y were a l l b o t t o m f i a h 

uhat a r e commonly consumed by man. F i s h samples a n a l y z e d i n t h i s 

s t u d y a r e 36 fol lows: 

1. Dov*r s o l e (M ic ros tomus p a c i f i c u s ) 

2 . E n g l i s h s o l e (Parophrys v e t u l u s l 

3 . Rex. s o l e <G lyp toeepha lus z a c h i r u s ) 

4 . 5 lender s o l e ( L y o p s e t t a ex i I i s ) 

5. Hake ( M e r l u c c i u s p roduc tus? 

6 . Longnose s k a t e ( R a j a r h i n a ) 

B. Sample P r e p a r a t i o n 

Water samples were a c i d i f i e d w i t h c o n c e n t r a t e d n i t r i c a c i d t o 

prevent rad ium a d s o r p t i o n and t o remove t h e adsorbed rad ium f r o m t h e 

g l a s s s u r f a c e as w e l l . Bar ium c a r r i e r and b a r i u m - 1 3 3 t r a c e r were 

a tided t o 2 I i i e r s o f ร wa te r sample wh i ch was t h e n e v a p o r a t e d t o a 

sma l l vo lume. 

F i s h samples were we ighed , measured, sexed , and i d e n t i f i e d by 

s p e c i e s . S ince i t has been found f r o m e x a m i n a t i o n s made by t h e 

P u b l i c H e a l t h S e r v i c e t h a t f i s h can be e f f e c t i v e l y r a d i o a s a a y e d i n 

t h e i r e n t i r e t y (Sabo , e t a l . , 1963) , t h e who le f i s h e s were a n a l y z e d . 

Samples were d r i e d a t 80°c and d r y - a s h e d a t 550°C. Ashed f i s h 

samples were d i s s o l v e d i n c o n c e n t r a t e d n i t r i c a c i d . T rea tmen t w i t h 

hydrogen p e r o x i d e and h y d r o c h l o r i c a c i d was somet imes necessa ry t o 

remove u n o x i d i z e d m a t e r i a l and t o c l a r i f y t h e s o l u t i o n . B s r i u m - i 3 3 

and ba r i um c a r r i e r were used as t r a c e r and c a r r i e r , r e s p e c t i v e l y . 

The chemica l y i e l d was measured f rom Ba-133 , whereas ba r ium c a r r i e r 

was used t o c o - p r e c i p i t a t e t h e r a d i u m . 
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c . Radium and Calc ium A n a l y s i s 

Rad tuiL-226 i n t h » water samples was de te rmined by t h e radon 
emanat ion t e c h n i q u e . The rad ium was c o - p r e c i p i t a t e d w i t h ba r ium 
s u l f a t e . The p r e c i p i t a t e was conve r ted f r om s u l f a t e t o ca rbona te and 
d i s s o l v e d i n n i t r i c a c i d . Chemical y i e l d was de te rmined by c o u n t i n g 
t r ie gamma a c t i v i t y o f bar i um- 133 • The s o l u t i o n was de-emanated and 
a-*ed for- two t o f o u r weeks t o a l l o w radon-222 t o g r o w - i n . The 
ร'.,tut i on wa-i a g a i n de-emanated i n t o an evacuated s c i n t i l l a t i o n c e l l , 
and t he a l p h a a c t i v i t y o f radon-222 พรร coun ted . 

?ท t h e case o f f i s h samples, p r e c i p i t a t i o n was done t h e Some way 
es d e s c r i b e d above, except t h a t i f t e r t h e p r e c i p i t a t e was. c o n v e r t e d 
t o c a r b o n a t e , i t was d i s s o l v e d i n n i t r i c a c i d . Radium daughte r 
p roduc ts were e x t r a c t e d f rom t h i s s o l u t i o n i n t o t h e n o y l t r i f l u o r o a c e t o n e . 
Bar ium s u l f a t e was r e - p r e c i p i t a t e d , s t o r e d f o r t h r e e weeks, and 
counted f o r Ra-226 Alpha a c t i v i t y . 

Ca lc ium was de termined by a tomic a b s o r p t i o n spec t ropho tome t r y 
i n d i l u t e d a l i q u o t p o r t i o n s . A l t t h e r e s u l t a have been c o r r e c t e d f o r 
t h e b l a n k . 

C a l c u l a t i o n 

Ra-226 a c t i v i t y = A 
BxCxDxExF 

where A « n e t a lpha ccunt r a t e (cpm) 
B " sample volume ( l i t e r s ) c r sample we igh t 
C ~ e f f i c i e n c y o f de-emans t ion and c o u n t i n g 
D = c o r r e c t i o n f a c t o r l - e * 4 f o r radon-222 i n g r o w t h , where t 

i s t h e t i m e f rom t h e f i r s t de~emanst ion o f radpn t o t h e 
•nd o f t h e second de-emanat ion 

E = r e c o v e r y o f ba r ium '133 
F - c o r r e c t i o n f a c t o r l - e " f o r radon-Z22 daughter i n g r o w t h 

(Rn-222 decay) , where t i s t h e t i m e f rom t h e end o f t h e 
second de-emanat ion o f r sdon t o t h e t i m e o f c o u n t i n g 
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0 . Q u i l i t y > » M r » B C » 

To ensure t he r e l i a b i l i t y o f the radium a n a l y s i s techniques and 
the r e s u l t s , t h r e e d i f f e r e n t q u a l i t y c o n t r o l methodologies were used.* 

C a l i b r a t i o n w i t h Ra-226 s tandards obta ined from Nat iona l 
Bureau o f standards (NBS) 

2. Cross-checked a n a l y s i s w i t h บ . ร . EnvironmentaI P r o t e c t i o n 
Agency (EPA) Qua l i t y Assurance prograa 

3. Rep l i ca te ^ t e r m i n a t i o n s on t h e same sample 

A lso , to e s t a b l i s h the accuracy o f the r e s u l t s , sample sp iked 
w i t h known amounts of Ra-226 were analyzed. 

IV. Resul ts and Discuss ion 

Radium-226 i n water 

The a c t i v i t y o f Ra-226 and the concen t ra t i on o f c a l c i u a i l l 
water samples as we l l as the Ra/Ca r a t i o are g iven i n "Table 3 . 
Surface and ground water samples were c o l l e c t e d d u r i n g the pe r i od 
from May 1391 throughout October 1904. Ra-226 concen t ra t i ons found 
i n *-he water samples are r a t h e r lowt t he mean va lue i s 0.428 pC i /L 
and the range i s 0.043-1.552 p C i / l . These values arm lower than t h o s e 
repor ted by Roue and Whicker (1985) , which ranged 12 t o 23 pCi/L เท 
water from . a sur face pond near an open-p i t uranium mine. Calcium 
contents of t h e water va r i ed over a wider range, 3 .0 t o 190 m g Ca/L, 
than the Ra-226 va lue. The l i n e a r reg ress ion model (Ne te r , e t « 1 . , 
1985) was used t o examine t h e r e l a t i o n s h i p between concen t ra t i on o f 
Ra-226 and ca lc ium c o n t e n t . The c o r r e l a t i o n between Ra-226 and 
ca lc ium, equal t o 0 .648, was h i g h l y s i g n i f i c a n t (R • c o r r e l a t i o n 
c o e f f i c i e n t * 0 .42 f o r d f * 33) , ร 
l eve l i nd i ca ted a p -va lue less than 
contents ts bhonw i n F igure 3. 

Inee t h e t - t e s t a t 95% conf idence 
0,0005. The graph p l o t of Ra-226 



Over the Der icd of t i n e c o l l e c t e d , t he re were no major changes 
in the Ra-226 l eve l f o r sur face water saaples a t e i t h e r the Dawn 
Mining Co. (SMC) 6 i t e s or the Western Nuclear Inc . (WKI) s i t e s , nor 
f a r ground water samples at the DNC s i t e s as shown in Figure 4 and 5, 
respect i v e l y . 

B. Radium-226 in F ish 

เท t h i s s tudy, 22 samples were c o l l e c t e d on 12 September 1986 
and 16 January 1987, and whole f i shes were analyzed fo r Ra-226 and 
calc ium. The r e s u l t s are reported in Table 4. Concentrat ions o f 
Ra-226 ranged from C.833 t o 20.328 pCi /kg wet w t . and ca lc ium 
contents ranged f rom 114.t t o 259.3 mg Ca/g ash. The mean Ra-226 and 
calc ium values were 4.062 pCt/kg wet w t . and 199.3 mg Ca/g ash, 
respect i v e l y . 

A regress ion ana lys i s (Neter , et a l . , 1985) was performed on 
the Ra-226 content versus calc ium content o f the f i s h samplee in the 
same way as f o r t he water samples. The c o r r e l a t i o n c o e f f i c i e n t s 
ca lcu la ted fo r a l l of the species analyzed were not s i g n i f i c a n t l y 
greater than zero, showing t ha t there i s no c o r r e l a t i o n between Ra-
226 l eve l s and ca lc ium contents . However, when the data were 
analyze by species, t h i s was not t r u e f o r Engl ish 6ole (Paraphrys 
ve tu l us ) t the c o r r e l a t i o n of Ra-226 and ca lc ium- is 0.916 w i t h a 
c o r r e l a t i o n s o e f f i c i e n t o f 0.839 which make6 the c o r r e l a t i o n 
s i g n i f i c a n t s t t he 0.05 p r o b a b i l i t y l eve l (p < 0.0005) . There are 
c lear d i f f e rences in the concen t ra t i on o f Ra-226 w i t h i nc reas ing 
calc ium. The graph p l o t of Ra-226 l eve l s in Engl ish so le and ca lc ium 
is shown in Figure 6. 

No s i g n i f i c a n t 2nd cons is tent d i f f e r e n c e s between sexes i n sny 
species were observed. Comparison of the Ra-226 a c t i v i t y among a l l 
6ampling loca t ions showed tha t slender sole ( l y o p s e t t s ex i11 ร) 
and Engl ish sole (Parophrys ve tu lus ) f rom P t . Gardner s t a t i o n E 
had the h ighest va lue . The Ra-226 concent ra t ions of samples f rom 
t h i s s i t e were higher than most p rev ious ly repor ted values f o r 
ed ib le f i sh ,wh i ch are around 1-10 pCi /kg wet wt . Muth, e t «1. (1960), 



reported values of 4.0 pCi/kg wet wt. i n he r r i ng and ร.3 pCi/kg wet 
wt. in haddock for Ro-226. A range of Ra-226 from 1.4 to 3.2 pCi /kg 
wet Wo. was reported f o r perch (Perca f l u v i a t i l i s ) by de 
Bo r to l i and GagIione <1372). However, the range of value measured a t 
the F t . Gardner s ta t i on E <16-20 pCi/kg wet w t . ) is s im i l a r t o leve ls 
in f t s h reported in other l i t e r a t u r e . Values reported by Jenkin 
<1969) i n Pac i f i c salmon (Qncorhynchus keta and 0 . k iButch) 
were 2-50 pCi/kg wet wt. Ra-226 content in brook t r o u t <Salvelinus 
font i na1i ร) and rsinbow t r o u t <5a Imp ga i rdne r i ) from surface 
ponds near an open-pit uranium mine was 11-43 pCi/kg wet wt . (Rope 
and Whicker 1985). Swanson (1983) noted tha t in lakes a f fec ted by a 
uranium mine and m i l l in Saskatchewan, Canada, the Ra-226 level in 
white sucker (CatOStowns commersoni), lake wh i t e f i sh (Coregonus 
c lupeaformi) , ;md lake t r o u t (Salve! inus namaycush) were 9 . - , 
1.8, and 0.8 pCi/g ash, assuming 7.ox, 3.0% and 2.2% ash content of 
these species, respec t i ve ly . The Ra-226 a c t i v i t y {ท t h i s study 
versus f i s h species is shown in Figure 7. 

The q u a l i t y con t ro l of both procedures was t e B t e d f o r 
r e p r o d u c i b i l i t y and r e l i a b i l i t y using a water sample w i th Ra-226 
obtained from EPA's Qual i ty Assurance D iv i s i on i n Las Vegas, and 
spiked water samples. The data was shown in Table 5. The chemical 
y ie ld and counting e f f i c i e n c y were determined by using a Ba-133 
tracer and a standard radium so lu t i on . The chemical y i e l d f o r both 
methods was cons is ten t l y more than 85%. The lower l i m i t o f de tec t ion 
(LLD), blank value plus three times standard dev ia t ion f o r 30 and 60 
minutes counted for emanation method and p r e c i p i t a t i o n method were 
0.12 and 0.27 pCi, respec t i ve ly . 

V. Conclusion 

Radium has been found in waste products of uranium mining, in 
water suppl ies, and in the sediment, Radium has the lowest MXimum 
permissible water concentrat ion of any of the rad ionucl ides in the 
uranium-radium ser ies (Table 6 ) , which ind icates a greater hazard t o 
man from ingest ion of Ra-226 than the other members of the chain. 
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in t h i s s tudy, Ra~226 concent ra t ions were measured in ground 
Wttter and sur face water samples c o l l e c t e d in the v i c i n i t y of t h ree 
uranium mines and in marine f i s h c o l l e c t e d from Puget Sound, i n 
Washington s t a t e . Tha f i s h i n t h i s study were conf ined t o bo t tomf i sh t 
t h e i r usual h a b i t a t i s on s o f t bottom and they feed main ly on clams 
s iphons, other small mol luscs , marine worms, small crabs and shr imps, 
and b r i t t l e s t a r s . The f i s h sarcples in t h i 6 study are o f f i s h 
consumed by man, the f l e s h of so le (orde* P leuronect i fo rmes) and 
hake CMerlucc ius produotus) being popular in B r i t i s h Colombia, 
as we l l cร the pec to ra l f i n s o f longnose skate (Raja rh ina ) (Mart 1980). 

Concentrat ion of Ra-226 in a l l water samples were below t h e 
maximum permiss ib le concen t ra t ion f o r d r i n k i n g water (MPC^), 
recommended by the Pub I ic แรเalth Serv ice and EPA as 3.0 p C i / l and 5 
pC i /L , r e s p e c t i v e l y . i t can be concluded t h a t t he re has not been any 
s i g n i f i c a n t re lease of Ra-226 t o ground or sur face waters d u r i n g t he 
per iod o f t h i s s tudy. S t a t i s t i c a l ana lys i s o f the data showed t h a t 
there is B c o r r e l a t i o n between Ra-226 and calc ium content of water 
samples. In f i s h samples, This c o r r e l a t i o n was observed i n Eng l i sh 
s o l e . The h ighest content o f Ra-226 was found a t P t . Gardner s t a t i o n 
E, But t h i s value was w i t h i n the range of value repo r t i n t he l i t e r a t u r e , 

V I . Recommendation > 

1. Per iod ic sampling o f the water and marine f i s h should be 
conducted to cont inue eva lua t i ng poss ib le t rends {ท Ra-226 content 
over t ime . 

2. Sea water should be analyzed f o r Ra-226 con ten t , as the 
d i f f e r e n c e s i n Ra-226 content in f i s h can be exp la ined p a r t l y by 
the d i f f e r e n c e s in Ra-226 concen t ra t ion in water . 

3. The parameters such as concent ra t ions o f o ther elements 
which may i n t e r f e r e w i t h r ad ionuc l i de uptake; seasonal and 
annual temperature t and the chemical spec ia t ion of t he r a d i o n u c l i d e 
should be considered. 
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Taule เ Phys ica l p r o p e r t i e s of radium (Sedei 1956). 

Dens i t y 

M e l t i n g p o i n t 

B o i l i n g s c i n t 

I o n i c r a d i u s , R & ( I l ) 

D i f f u s i o n c o e f f i c i e n t Rat 11) a t t8°c 
Equiva lent conductance 
i o n i z a t i o n p o t e n t i a l t 

F i r s t e l e c t r o n 
Second e l e c t r o n 

ca. 6 g/cm 
ca. 700*0 
ca. 960°c 
ca. I140°c 

1.52 A 
1.37 A 

0.667 cm*/sec 
57.3 cm*/ohm 

5.26 eV 
10.10 eV 

Table 2 L i t e r a t u r e values f o r Ra-226 concen t ra t i ons i n f i s h 

Type of sample concen t ra t i on Reference 

A. F l e s h 

Rainbow t r o u t . Salmo ga i r d n o r i 
Various f reshwater and pe lag ic 

f i s h 
White sucker , 

Catostomus coamersoni 
P a c i f i c salmon, Oncorhynchus 

keta and 0^ k i s u t c h 
Haddock 
Co 1 
•fellow perch, Perca f lavescens 
Largemouth bass, 

Micropterus salmoides 

4 - I I pC i /kg wet 

2 pC i / kg wet 

13 pC i /kg wet 

2-50 pC i / kg wet 
6.3 pC i / kg wet 
4.0 nC i /kg wet 
1 '10 pC i / kg wet 

1.5 pC i /kg wet 

Parsont (1967) 

Holtzman (1969) 

Whicker (1972) 

Jenk in (1969) 
Muth et B l . (1960) 
Muth et a l . (1960> 
Parsont (1967) 

Parsont (1967) 



- 1 5 -

Table 2 L i t e r a t u r e va lues Tor Ra-226 concen t ra t i ons i n f i s h 

Type Ci* samp le 

B. Bone 
White sucker I 

Catjstorous commersoni 
Various pe lag ic and f reshwater 

f i s h 

Rainhow t r o u t , Salmo g a i r d n e r i 
Yellow perch, perca f lavescsns 
Largemouth bass. 

M ic rop terus aalmaid&s 

concent ra t i on 

0 .05 pC i / g ash 
3-12 pCi /g ash 
0 . 7 - 9 pCt /g ash 

0 .4 pC i /g ash 

Reference 

1.2 pC i / kg wet Whicker (1972) 

Hcltzman (1969) 
Parsont (1967) 
Parsont (1967) 

Parsont (1967) 

c . Who le F i s h 

F e r c h t P e r c a f l u v i a t i โ i s 

Lake chub, Couesius ptumbeus 
White sucker , 

C a t c s t o m u s co iamerscn i 

S p o t - t a i l s h i n e r , 

Not rop ia hudsonius 
Ninespine s t i c k l e b a c k , 

Pung i t i us p u n g i t i u s 
Ci-sto, Coregonus a r t e d i i 
Trout -yerch, 

Percopsis omiscoroaycus 

1 .4 -3 .2 pC i / kg wet De B o r t o l i and 
GagIione (1972) 

11.2-56.8 pC i / g ash Swanson (1983) 

9 .7 -58 .3 p C i / g ash Swanaon (1983) 

51 .8 -70 .2 pC i / g ash Swanson (1983) 

27.9 p C i / g ash Swanson (1983) 
4.7 pCi/g ash Swanaon (1983) 

56.3 pCi/g ash Swanson (1983) 
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T a h i e 3 Ra-225 c o n t e n t o f w a t e r nea r u r a n i u m m i n e . 

Sample l o c a t i o n Ra-226 C a l c i u m Ra/Ca 
pC i / L r.»«f/L p C i / S 

A. s u r f a c e Water 

CMC รพ : 0 . 1 0 1 4 0 . 0 2 2 4 . 7 2 1 . 5 

0 . 0 5 7 + 0 . 0 1 9 9 . 2 6 . 2 

0 . 1 2 4 + 0 . 0 3 2 13 .1 9 . 5 

รพร c . 3 0 2 + 0 . 0 5 2 11 .8 2 5 . 6 

0 . 2 7 1 + 0 . 0 4 3 2 0 . 3 13 .4 

รพ2D โ;. 136+0.033 190 .0 0 . 7 2 

0 . 0 9 2 + 0 . 0 1 7 139 .0 ว . 4 9 

WNt MW2 0 . 3 9 8 + 0 . 0 6 4 12. 1 3 2 . 9 

1 . 5 5 2 + 0 . 1 1 3 2 0 . 4 7 6 . 1 

c . 1 3 4 + 0 . 0 2 6 2 2 . 0 8 . 4 

0 . 2 3 1 + 0 . 0 3 3 2 1 . 1 10 .9 
MW3 0 . 6 6 5 + 0 . 0 5 7 1 2 . 5 5 3 . 2 
MW4 1 . 2 0 4 + 0 . 0 7 7 14 .9 8 0 . 8 

1 . 2 1 3 ^ 0 . 0 7 9 17 .4 6 9 . 7 

1 . 2 3 2 + 0 . 0 9 3 14 .3 0 6 . 2 

1 . 1 2 5 + 0 . 0 6 4 19 .4 5 8 , 0 
MW6 0 . 6 1 1 + 0 . 0 4 7 2 5 . 9 2 3 . 6 

0 . 3 7 6 + 0 . 0 4 2 2 6 . 4 1 4 . 2 
PH 0 . 1 8 7 + 0 . 0 3 0 7 1 . 3 2 . 6 
L I 0 . 1 4 9 + 0 . 0 3 5 4 . 1 3 6 . 5 
L3 0 , 1 7 7 + 0 . 0 2 9 8 . 1 2 1 , 7 

0 . 2 2 2 + 0 . 0 5 6 4 . 9 4 5 . 4 
JMC S t a t i O Q 2 0 . 5 0 4 + 0 . 0 4 3 3 . 0 169.7 

0 . 8 5 4 + 0 . 0 9 4 9 , 6 8 9 . 3 

B. Ground Water 

OMC GWI 0 , 0 4 3 + 0 . 0 1 4 144 ,0 2 9 , 9 

GW2 0 , 4 1 1 > 0 , 0 3 8 179 ,0 2 . 3 

GW3 0 . 1 9 0 + 0 . 0 4 4 17 .1 1 1 . I 

0 , 3 3 4 + 0 . 0 4 8 2 0 . 1 1 6 . 2 

0 , 3 1 4 + 0 . 0 7 2 154 ,0 2 . 0 
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T a b l e 3 Ra-225 con ten t , o f w a t e r nea r u r a n i u m s i n e . 

Sample l o c a t i o n Ra-226 C a l c i u m Ra/Ca 

p C i / L m g / l p C i / g 

3W5 C . 3 ? ' + 0 . 0 4 3 i 9 . 6 1 9 . 9 

0 . 2 2 7 + 0 . 0 3 7 2 2 . 9 9 . 9 

0 . 3 4 8 ^ 0 . 0 4 9 162 .0 2 . 1 

G .184+0 .026 2 6 . 3 7 . 0 

WNl cvn 0 . 1 7 6 + 0 . 0 2 6 8 4 . 5 2 . 1 

T a b l e 4 Rad ivm-22n c o n t e n t o f w h o l e f i s h c o l l e c t e d on 12 September 

1986 and 16 J a n u a r y 1987. 

S p e c i e s Sample l o c a t i o n . Ra-226 Ca Ra/Ca Sex 

P i . Gardner p C i / k g wet w t mg/g a s h pCi/g 

E n v l i v h s o l e C o n t r o l s i t e 1 5 . 4 6 6 + 1 . 1 9 9 2 1 3 . 6 0 . 5 p 
S l e n d e r s o l e 4 . 9 3 3 + 0 . 9 0 0 2 5 9 . 3 0 . 6 F 

S l e n d e r s a l e C o n t r o l s i t e 2 1 . 8 0 9 + 0 . 5 9 1 1 8 2 . 8 0 . 3 N 

Longnose s k a t e 0 . 9 0 9 + 0 . 3 4 1 1 3 1 . 6 0 . 3 -

Rex s o l e Navy s i t e r e p 1 8 . 9 2 1 + 1 . 8 9 5 194 .3 0 . 6 F 
E n g l i s h s o l e 2 . 5 9 0 + 0 . 5 8 6 197 .3 0 . 4 N 
S l e n d e r s o l e 2 . 4 0 6 + 0 . 5 6 3 2 2 8 . 0 0.4 F 

S l e n d e r s o l e Navy s i t e r e p 2 4 . 2 7 7 + 0 . 8 3 2 2 3 7.4 0 . 6 N 
S l e n d e r s o l e 3 . 6 0 0 + 0 . 6 5 9 ! 59. 9 f . o F 

E n g l i s h s o l e C o n t r o l s i t e 1 1 . 3 7 5 + 0 . 5 1 6 197 .3 0 , 2 N 
Dover s o l e < P t . S u r d n e r ) 0 . 8 3 3 + 0 . 2 2 0 2 1 9 . 6 0 . 3 -

E n g l i s h s o t e S t a t i o n E 2 0 . 3 2 8 + 2 . 6 2 3 2 0 7 , 8 1 . 5 F 

S l e n d e r 4 0 l e 17 .000+3 .165 1 2 4 . 0 0 . 6 N 
S l e n d e r s o l e 15 .934+3 .049 2 3 7 . 1 0 . 7 F 



- 18 

Table 4 Radium-226 con ten t o f whole f i s h c o l l e c t e d on 12 September 
1986 and 16 January 1987. 

Spec i e s Sample l o c a t i o n , Ra-226 Ca Ra/Ca Sex 
P t . Gardner pC i / kg wet wt mg/g ash p C i / g 

Hake 3.026+0.809 124.0 0 .8 F 

Hake S t a t i o n 3 2.274+0.58! 114.1 0 .3 F 

Dover so le Con t ro l OT 3.963+0.632 231.6 0 .9 M 
Eng l i sh so le 1.091+0.364 203.3 0 .3 M 
Slender so le 1.117+0.366 164.5 0 . 4 F 

Eng l i sh so le Transect 7 10N 2.915+0.712 215.6 0 . 4 F 

Slender so le Transect ICOM 0.899+0.337 247.6 0 . 2 M 

Tabla 5 R e p r o d u c i b i l i t y and r e l i a b i l i t y t e B t . 

Number of t e s t Resu l ts ( p C i / L ) 

Eroanafcicn Method 
Spiked sample 

1 
2 
3 
4 
5 

Average va lue 
Known va lue 
บ . ร . EPA sample 

1 
2 
3 

Average va lue 
Known va lue 

18 .61 

18.90 
18.68 
18.48 
18.57 

18,66+0.16 
18.75 

5.97 
6.02 
6.03 

6.01+0.03 
6.00+0.90 
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Tab le 5 R e p r o d u c i b i n t y and r e l i a b i l i t y t e s t . 

Number o f t e s t Resu l t s ( p C i / L ) 

P r e c i p i t a t i o n Method 
Spiked sample 

1 
2 
3 
4 
5 

Average va lue 
Known v a l u e 

3 . 6 2 
9 .77 
9 . 5 4 
8 .83 

10.01 
9.35+0.60 

9 .38 

U.S. EPA # t 
1 
2 
3 

Average v a l u e 
Known v a l u e 

6 .30 
6 .23 
6.22 

6.25+0.04 
6 .30+0.95 

บ . ร , EPA #2 
1 
2 

3 
4 
5 

Average va lue 
Known v a l u e 

5 .99 
6 .13 
6.06 
6 .10 
6 . 1 9 

6.06+0.08 
6 .10+0 .92 
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Tab le 6 Maximum p e r m i s s i b l e c o n c e n t r a t i o n s i n wa te r 
f u r r a d i o n u c l i d e s i l l t h e u r a n i u m - r a d i u m s e r i e s . * 

i s o t o p e MPC i l l p C i / L C r i t i c a l o rgan 

Ra-226 .า. 3 Bone 

Pb-210 33 X i dney 

Po-210 233 Bone 

Th -230 667 Gl t r a c t 
Th-234 6 ,667 Gi t r a c t 

บ-234 10,000 GI t r a c t 

ช-238 13,300 G1 t r a c t 

Bt -210 13,300 Gl t r a c t 

(No v a l u e a re g i v e n f o r o t h e r members o f t h e s e r i e s ) 

* 1/30 Th HB 69 v a l u e o f c o n t i n u o u s o c c u p a t i o n a l 

exposure as recommended by t h e I n t e r n a t i o n a l Commission 

on R a d i a t i o n P r o t e c t i o n . The บ . ร . P u b l i c H e a l t h S e r v i c e 

Or i n k i n g Water S tanda rds < 1962) l i m i t t h e Ra-226 concen-

t r a t i o n i n wa te r used f o r d r i n k i n g t o a y e a r l y 3 . 0 pC i / L 
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Fig. I. Uranium aeTies decay schema. 
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Fig. 2. Location map of study area for water and fish samples 

collected. 



FIr 2.1 Sampling s ta t ions at Dawn Mining company (DMC) 
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Fig 2.2 Sampling s ta t ions at Joy Mining company (JMC) 
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Fig 2.3 Sampling s ta t ions at Western nuclear 1 Inc . (WN1) 



Fig 2.6 Sampling s t a t i o n s I n Port Gardner 
Depths i n meters. N - North, M - Middle, ร - South 



- 2 7 -

R*:22S 
pCi/kg wet wt. -

7.5-

5.0-

2.5-

0 . 0 -

- า 

ท 
English Slender Rex Dover Hake Longnose 
sole sole sole sole akate 

Fig 7. Ra-226 level (pCi/kg vet vt.) v». species 



I S -

Ca mg/'L -

zsc* 

100+ 

50+ 

Ra-226 pCi /L 
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Fig !>. Ra-226 content* of surface water Maple at BMC and WMI sites 
(pCi/L) vs. period of tine collected. 
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Fig ร. Ra-226 concents of ground water c o l l e c t e d a t DMC s i t e s 
(pCl/L) v s . per iod of tiixe c o l l e c t e d . 
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r i g . 6 . fta-226 content* o f Engl ish so la (Parophrra v t t t f l u i ) 1ft 
pCl/kg ve t v t . vs. ca lc luB contents i n ag/g ash. 


