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ENVIRONMENTAL MONITORING AT' ARGONNE NATIONAL LABORATORY 

ANNUAL REPORT FOR 1977 

by 

N. W. Golchert, T. L. Duffy, and J. Sedlet 

ABSTRACT 

The results of the environmental monitoring program at Argonne National 

Laboratory for 1977 are presented and discussed. To evaluate the effect of 

Argonne operations on the environment, measurements werc made for a variety 

nf rsdionuclldes in air, surface water, Argonne effluent water, soil, grass, 

bottom sediment, and foodstuffs; for a variety of chemical constituents in 

air, surface water, and Argonne effluent water; and of Lhe environmcntal 

penetrating radiation dose. Sample collections and measurements were made at 

the site boundary and off the Argonne site for comparison purposes. Some 

on-site measurements were made to aid in the interpretation of the boundary 

and off-site data. The results of the program are interpreted in terms of 

the sources and origin of the radioactive and chemical substances (natural, 

fallout, Argonne, and other) and are compared with applicable environmental 

quality standards. The potential radiation dose to off-site population 

a r m p a  is also estimated. 

I. IN'TRODUCT ION 

A. General 

This report is prepared to provide the U.,S. Department of Energy (DOE) 

and the public. with information on the levels of radioactive and non-radfo- 

active pol.lutants in the environment of Argo~.me National Laboratory (ANL) and 

on the amounts of pollutants, if any, added t o  Lhc el~vironment as a result of 

Argoiiut! operations. Thc report follows the guidelines given in DOE Manual 

Chapter 0513. The Laboratory conducts a continuous environmental monitor- 

ing program on and near the Argonne site whose. primary purpose is to determine 

the magnitude, origin, and identity of radioactive or potentially toxic 

chemical substances in the environment. Of special interest is the detection 

of any such substances released to the environment. by Argonne. One important . 



func t ion  of t h e  program is t o  v e r i f y  t h e  adequacy of Argonne's e f f l u e n t  pol- 

l u t i o n  c o n t r o l s .  

Argonne is  a mul t i -d i sc ip l ina ry  r e sea rch  and development l a b o r a t o r y  wi th  

s e v e r a l  p r i n c i p a l  o b j e c t i v e s .  It c a r r i e s  ou t  a broad program of r e sea rch  

a c t i v i t i e s  i n  t h e  phys i ca l ,  biomedical,  and environmental s c i ences  and s e r v e s  

a s  an important c e n t e r  f o r  energy r e sea rch  and development, both nuc lea r  and 

non-nuclear. Some of t h e  energy-related r e sea rch  p r o j e c t s  a r e  nuc lea r  

r e a c t o r  s a f e t y  s t u d i e s ,  improvements i n  t h e  u t i l i z a t i o n  of c o a l  f o r  power 

product ion,  c o a l  l i q u e f a c t i o n  s t u d i e s ,  t h e  development of e l e c t r i c  b a t t e r i e s  

f o r  v e h i c l e s  and off-peak energy s t o r a g e ,  magnetohydrodynamic power genera- 

t i o n ,  and s o l a r  energy u t i l i z a t i o n .  Environmental r e sea rch  s t u d i e s  i nc lude  a 

Great Lakes radioecology program, which i s  p r imar i ly  concerned wi th  t h e  

e f f e c t s  of e f f l u e n t s  from nuc lea r  and f o s s i l  f u e l  power p l a n t s  on Lake 

Michigan and o t h e r  watersheds,  s t u d i e s  on t h e  d i s p e r s i o n  and behavior  of 

a i r b o r n e  p o l l u t a n t s  under va r ious  meteoro logica l  cond i t i ons ,  and rec lamat ion  

of strip-mined lands .  Almost a l l  of t h e  work a t  t h e  Laboratory is  of an 

u n c l a s s i f i e d  na tu re .  

The p r i n c i p a l  nuc lea r  f a c i l i t i e s  a t  t h e  Laboratory a r e  a 5 MW heavy- 

water  cooled and moderated general-purpose r e s e a r c h  r e a c t o r  (CP-5) fue l ed  

wi th  fu l ly-enr iched  uranium; a 200 kW l ight -water  cooled and moderated bio- 

l o g i c a l  r e sea rch  r e a c t o r  (Janus) fue l ed  wi th  fu l ly-enr iched  uranium; one 

c r i t i c a l  assembly o r  ze ro  power r e a c t o r  (ZPR-9), t h a t  is fue led  a t  va r ious  

t imes wi th  pluroniulu, uranium, o r  a cornhination of t h e  two; t h e  Argonne 

Thermal Source Reactor (ATSR), a 10  kW r e sea rch  r e a c t o r  fue l ed  wi th  enr iched  

uranium; a 12.5 GeV pro ton  a c c e l e r a t o r ,  t h e  Zero Gradient  Synchrotron (ZGS); 

a 60-inch cyc lo t ron ;  s e v e r a l  o t h e r  charged p a r t i c l e  a c c e l e r a t o r s  ( p r i n c i p a l l y  

of t h e  Van d e  Graaff t y p e ) ,  cobalt-60 i r r a d i a t i o n  sources ;  chemical and 

m e t a l l u r g i c a l  plutonium l a b o r a t o r i e s ;  and s e v e r a l  h o t  c e l l s  and l a b o r a t o r i e s  

designed f o r  work wi th  i r r a d i a t e d  f u e l  e lements  and wi th  m u l t i c u r i e  q u a n t i t i e s  

of t h c  a c t i n i d e  P I  ements, 

B. Descr ip t ion  of S i t e  

Argonne.Nationa1 Laboratory ( I l l i n o i s  s i t e )  occupies  t h e  c e n t r a l  6.88 sq 

km (1,700 a c r e s ) . o f  a 15 .14 .sq  km (3,740-acre) t r a c t  i n  DuPage County, 4 3  km 



(27  m i l e s )  southwest of downtown Chicago, and 39 km (24 mi l e s )  due west of 

Lake Michigan. It l i e s  i n  t he  Des P l a i n e s  River Val ley ,  south  of I n t e r s t a t e  

Highway 55 and west of I l l i n o i s  Highway 83. Figures  1 and 2 a r e  maps of t h e  

s i t e  and of t h e  sur rounding  a rea .  The 8.26 sq  km (2,040-acre) a r e a  surround- 

i n g  t h e  s i t e  (Wate r f a l l  Glen Fores t  Preserve)  was formerly Argonne p rope r ty ,  

bu t  w a s  deeded t o  t h e  DuPage County Fores t  Preserve  D i s t r i c t  i n  1973 f o r  t h e i r  

u se  a s  a  publ ic .  r e c r e a t i o n a l  a r e a ,  n a t u r e  preserve ,  and demonstrat ion f o r e s t .  

The t e r r a i n  is  g e n t l y  r o l l i n g ,  partially-wooded, former p r a i r i e  and 

farmland. The grounds con ta in  a number of small ponds and s t reams,  t he  

p r i n c i p a l  one be ing  Sawmill Creek, which runs  through t h e  s i t e  i n  a  sou the r ly  

d i r e c t i o n  and e n t e r s  t h e  D e s  P l a i n e s  River  about  2.1 km'(1.3 mi l e s )  sou theas t  

of t h e  c e n t e r  of t h e  s i t e .  The land i o  drained pr ln la r i ly  by 'Sawmill. Creek, 

a l though the  extreme sou the rn  p o r t i o n  d r a i n s  d i r e c t l y  i n t o  t h e  Des P l a i n e s  

River ,  wl~lch  f lows a long  t h e  southern  boundary of the Fores t  Preserve .  This  

r iver .  f lows southwest u n t i l  i t  j o i n s  t h e  Kankakee River  about 48 km (30 mi l e s )  

southwest  of t h e  Laboratory t o  form t h e  I l l i n o i s  River .  

The l a r g e s t  topographica l  f e a t u r e  is t h e  Des P l a i n e s  River channel ,  about 

1 .6  km ( 1  mile)  wide. Th i s  channel  con ta ins  both t h e  River and t h e  Chicago 

S a n i t a r y  and Ship Canal. The i r  presence extends t h e  uninhabi ted a r e a  about 

1 .6  km (1 mile)  south  of t h e  s i t e .  The e l e v a t i o n  of t h e  channel. s u r f a c a  i f i  

180 m (590 f e e t )  above s e a  l e v e l .  B lu f f s ,  which comprise t h e  south  border  of 

t h e  s i t e ,  r i s e  from t h e  channel  a t  vary ing  s l o p e  angles  of 15' t o  60°, reach- 

ing a n  average e lcva t iur l  uL 200 m (b5O f e e t )  above s e a  l e v e l  a t  t h e  top .  The 

land then  s lopes  g radua l ly  upward reaching  t h e  average s i t e  e l e v a t i o n  of 220 m 

(725 f e e t )  above s e a  l e v e l  a t  940 m (3,000 f e e t )  from t h e  b l u f f s .  Seve ra l  

l a r g e  r av ines  o r i e n t e d  i n  a  north-south d i r e c t i o n  a r e  l oca t ed  i n  t h e  southern  

p o r t i o n  of  t he  s i t e .  The b l u f f s  and r av ines  gene ra l ly  a r e  f o r e s t e d  wi th  

deciduous t r e e s  of an  average h e i g h t  of 15-18 m (50-60 f e e t ) .  The remaining 

p o r t i o n  of t h e  s i t e  changes i.n e l e v a t i o n  by no more than 7 .6  m (25 f e c t )  i n  a 

d i s t a n c e  of 150 h o r i z o n t a l  m (500 f e e t ) .  I n  t h r  southoru po r t ion  of t he  

F o r e s t  Preserve ,  t h e  Chicago D i s t r i c t  P ipe  Line Co. and t h e  Atchison,  Topeka, 

and Santa  Fe Rai lroad have rights-of-way. 



Fig .  1. Sampling Locations at Argonne National Laboratory 



FILTER SAMPLIN 

Fig. 2.  Sampling Locations Near Argonne National Laboratory 



C. Meteorology 

The climate of the area is that of the upper Mississippi Valley, as 

moderated by Lake Michigan. A summary of ,the meteorological data col'lected . . 

on the site from 1950 to 1964 is a~ailable,'~) and provides an adequate sample 

of the climate. Similar data have been collected since 1964. 

The most important meteorological parameters for the purposes of the 

report are wind direction, wind speed, temperature, and precipitation. These 

are given here for 1977 and were provided by the Atmospheric Physics Section 

of the Radiological and Environmental Research Division at Argonne. The 

average monthly and annual wind roses are shown in Figure 3. The wind roses 

are polar coordinate plots in which the lengths of the radii represent the 

percentage frequency of wind speeds in classes of 2.01-6 m/s (4.5-13.4 mph), 

6.01-10 m/s (13.4-22.4 mph), and greater than 10.01 m/s (22.4 mph). The 

direction of the radii represents the direction from which the wind blows. 

Sixteen radii are shown on each plot at 22.5' intervals; each radius repre- 

sents the average wind speed for the direction covering 11.25O on either side 

of the radius. For example, in the plot labeled "77 total", the predominant 

wind blows from the west. The length and direction of this vector shows that, 

of the total wind observations, about 5% were in the 2.01-6 m/s range, about 

5% were in the 6.01-10 m/s range, about 2% were greater than 10.01 m/s; and 

about 12% of the observations were from the direction between 268.75O and 

281.25' (west). The number in the center represents the percent of observa- 

tions of wind speed less than 2 m/s in all directions. 

The roses show that the predominant winds were from the west and south- 

west on the average, but seasonal variations are apparent. The winds were 

primarily westerly in January and February. In the spring, the northeast 

lake breezes are evident. The warm southwesterly winds, brought up by the 

high pressure areas in the southeastern U.S., began in July and continued for 

the remainder of the year. The winds during 1977 were characterized by a much 

stronger westerly component than the usual southwest dominance in past years. 

The winds are sufficiently variable so that monitoring for any airborne re- 

leases must be carried out in all directions from the site. 

The monthly average wind speed at 44.5 m (146 ft) above ground level 

varied from 5.0 m/s (11 mph) in September to 7.0 m/s (15.4 mph) in March. 

Average monthly wind speeds at 1.5 m (4.9 ft) and 6.0 m (19.7 ft) above ground 
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F i g .  3 .  Monthly and Annual Wind Roses  a t  Argonne National Laboratory, 1977 



l e v e l  had maxima and minima i n  t h e  same months. A t  1 .5  m t h e  speeds ranged 

from 2.6 m / s  (5.7 mph) t o  4.1 rn/s (9.0 mph) a n d  a t  6.0 m ' t h e  range was from 
. . 

3.1 m / s  (6.8 mph) t o ' 4 . 8  m / s  (10.6 mph). 

The p r e c i p i t a t i o n  and temperature d a t a  f o r  1977 a r e  shown i n  Table 1. 

P r e c i p i t a t i o n  i n  August and September was w e l l  above average whi le  J u l y  was 

one of t h e  d r i e s t  months i n  h i s t o r y .  Overa l l ,  t h e  annual  p r e c i p i t a t i o n  was 

10% above average. The monthly temperature mean w a s  w e l l  below average i n  

January 'and w e l l  above average from March t o  June. The annual  mean, however, 

was e s s e n t i a l l y  normal. 

TABLE 1 

Weather Summary, 1977 

P r e c i p i t a t i o n  (cm) Temperature (OC) 

Monthly 
Month . Amount Normal- Average Normal 

January 1.16 4.70 .-12.4 -4.3 

February 1.49 4.04 -3.1 -2.6 

March 9.44 6.93 6.7 2.7 

A p r i l  

May 

June 

J u l y  

August 

Scp tcmbcr 

October 

November 

December 

D. Popula t ion  

The a r e a  around Argonne has  exh ib i t ed  a l a r g e  popula t ion  growth i n  t h e  

p a s t  1 5  yea r s .  Large a r e a s  of farmland have been converted i n t o  housing. A 

d i r e c t i o n a l  80-km (50-mile) popula t ion  d i s t r i b u t i o n  f o r  t h e  a r e a ,  which i s  

used f o r  t h e  popula t ion  dose c a l c u l a t i o n s  l a t e r  i n  t h i s  r e p o r t ,  is  shown i n  

Table 2. The d i s t r i b u t i o n ,  cen tered  on t h e  CP-5 r e a c t o r ,  was obtained by 



TABLE 2 

Incremental Population Dat.a in the Vicinity of ANL, 1974 

Distance, miles 0 - 1 ' 1 - 2 2 - 3 3 - 4 . 4 - 5 5-10 10-20 20-30 30-40 40-50 
Distance, km .0-1.6 1.6-3.2 3.2-4.8 4.8-E.4 6.4-8.0 8-16 16-32. 32-48 48-64 64-80 

Direction 

N 0 250 2150 31C10 - 3560 3657G 188820 294520 107730 194880 

NNE 0 25 1530 4530 3210 39600 336130. 545820 . 113100 0 

NE - 0 160 1650 1170 1240 - 29400 803170 1071375 0 0 

ENE 0 0 4330 755 1410 29850 737740 333865 . - 0  0 

E 

ESE 

SE 

SSE 

S 

SSW 

S W 

WSW 0 100 1 0 3 15 9140 5080 1980 5820 9990 E55 . 

W 0 1350 1115 6U30 9510 1570 47760 17720 17380 7510 

WNW 0 740 35 1965 1960 21470 91000 8390 4190 50590 

NW 0 180 200 2350 4995 13510 42110 74900 14910 12100 

. NNW 0 1150 1575 1340 3650 37980 111420 146640 90780 67920 

Total 0 3595 17405 24225 31645 ' 308850 3313530 3172040 754730 492620 

Cumulative 
Total 0 3595 21C1.00 45:25 76970 385820 3699350 ,6871390 7626120 8118740 



modifying a  s i m i l a r  d i s t r i b u t i o n  based on t h e  1970 U. S. Census and prepared 

by t h e  Regional and Urban S tud ie s  Department a t  Oak Ridge Nat iona l  Laboratory.  

The f i g u r e s  were ad jus t ed  i n  t h e  f i r s t  few k i lometers  by a c t u a l  i n spec t ion  of  

t h e  a r e a ,  and over t h e  e n t i r e  reg ion  wi th  t h e  use  of information,  from. t h e  

Nor theas te rn  I l l i n o i s  Planning Commission (NIPC), t h e  Northwestern Indiana  

Regional Planning Commisskon, and t h e  i n d i v i d u a l  County planning o f f i c e s  

o u t s i d e  of t h e s e  a r eas .  The NIPC provided popula t ion  f o r e c a s t s  by q u a r t e r  

s e c t i o n  f o r  1974 i n  t h e  s i x  county area '  around Chicago. The Northwestern 

Indiana Regional Planning Commission provided t h e  same type  of d a t a  f o r  Lake 

and P o r t e r  Counties.  The o t h e r  I l l i n o i s  Counties provided t h e i r  b e s t  esti- 

mates of t h e  1974 popula t ion  i n  t h e i r  r e s p e c t i v e ' a r e a q .  Th i s  count was 

usua l ly  a  l o c a l l y  ad jus t ed  e s t ima te  u s ing  t h e  S t a t e  of I l l i n o i s  Bureau of t h e  

Budget f o r e c a s t .  

E. Water and Land U s e  

The p r i n c i p a l  s t ream t h a t  d r a i n s  t h e  s i t e  is Sawmill Creek. This  Creek 

was formerly an i n t e r m i t t e n t  s t ream, responding i n  flow r a t e  l a r g e l y  t o  pre- 

c i p i t a t i o n  runoff .  It now c a r r i e s  e f f l u e n t  water  cont inuously from a 

municipal sewage t rea tment  p l a n t  (Marion Brook Treatment P l a n t )  l oca t ed  a  

few k i lometers  n o r t h  of t h e  s i t e  and ope ra t ing  a t  about 7.6 mega l i t e r s  (2 

i l l i l l ion g a l l o n s ) '  per  day. I n  a d d i t i o n ,  t h e  r e s i d e n t i a l  development i n  t h e  

a r e a  has r e s u l t e d  i n  t h e  c o l l e c t i o n  and channel ing of addi . t iona1 runoff  water  

i n t o  t h e  Creek. Trea ted  s a n i t a r y  and , l abo ra to ry  waste  water  from Argonne is  

discharged i n t o  Sawmill Creek at l o c a t i o n  7M i n  F igure  1. I n  1977, t h e  water  

flow i n  t h e  Creek averaged about 23 rnega l i le rs  (7 .8  m i l l i o n  ga l lons )  per  day 

upstream of  t h e  Argonne waste-water o u t f a l l ;  Argonne waste-water e f f l u e n t  

averaged 3 mega l i t e r s  (0.8 m i l l i o n  g a l l o n s )  p e r  day. The Argonne waste  water  

is  composed of  s a n i t a r y  waste  and l abo ra to ry  waste.  During 1977, t h e  labora-  

t o r y  waste  comprised 56% and s a n i t a r y  waste  44% of  t h e  combined Argonne 

ef f l uen r  . 
.Seven s treams.  (o r  channels)  t h a t  c a r r y  blowdown d i scha rge  water  from 

cool ing  towers a r e  considered e f f l u e n t s  s i n c e  they  l eave  t h e  s i te  boundary. 

These are shown i n  F igure  1. Two streams from t h e  200 Area l e a v e  t h e  s i t e  a t  

l o c a t i o n . 1 4 J  and 14G, r e s p e c t i v e l y ,  and e n t e r  t h e  Creek a t  15K; one from t h e  

300 Area e n t e r s  Sawmill Creek a t  l o c a t i o n  11L ( t h e  Creek c ros ses  t h e . s i t e  



boundary s h o r t l y  t h e r e a f t e r ) ;  another  s t ream from t h e  300 Area c ros ses  t h e  

s i t e  boundary a t  l o c a t i o n  7K and soaks i n t o  t h e  ground sou th  of t h e  si te.  

The channel  a t  14G c a r r i e s  water  p r i n c i p a l l y  from Bui ld ing  208 and the. 14H 

channel  s e r v e s  Bu i ld ing  203.   he 14G channel  e n t e r s  Sawmill Creek a t  15K, 

w h i l e  t h e  14H channel  e n t e r s  a pond a t  15H. The oL t f l iw  of t h i s  pond i s  an 

i n t e r m i t t e n t  stream which f lows i n t o  Sawmill Creek at 15K when s u f f i c i e n t  

water  is p re sen t .  The e f f l u e n t  a t  12L is on-s i te  and d r a i n s  t h e  Freund ponds 

l o c a t e d  a t  1 1 K  and 12K. Cooling tower e f f l u e n t s  from Buildings 200, 205, and 

212 e n t e r  t h e s e  ponds ups t r eamf romthe  12L sainpling p o i n t .  Sawmill Creek 

f lows i n t o  t h e  Des P l a i n e s  River  as descr ibed  e a r l i e r .  

Sawmill Creek and t 'he Des P l a i n e s  River  above Jal ie t ,  about 11 1u1; (13 

mi l e s )  sout l~wes t  of Argonne, r ece ive  very  l i t t l e  r e c r e a t i o n a l  o r  i n d u s t r i a l  

use.  A few people f i s h  i n  t h e s e  waters  downstream from Argonne and some duck 

hiinting t a k e s  p l a c e  on t h e  D e s  P l a i n e s  River .  Water from t h e  Chicago San i t a ry  

and Ship Canal i s  used f o r  some i n d u s t r i a l  purposes,  such as l i gd roe l cc t r i c  

gene ra to r s  and condensers ,  and f o r  i r r i g a t i o n  a t  t h e  S t a t e  p r i son  n e a r  J o l i e t .  

It is  a l s o  used as secondary coo l ing  water  by Argonne. The Canal, which 

c a r r i e s  Chicago Metropol i tan  San i t a ry  D i s t r i c t  e f f l u e n t  wa te r ,  is  used f o r  

i n d u u ~ ~ ' i a 1  t r n n ~ p ~ r t a t ~ n n  and some r e c r e a t i o n a l  boa t ing .  Near J o l i e t ,  t h e  

River  and Canal a r e  combined i n t o  one waterway, which cont inues  u n t i l  i t  

forrnc the  T ' l l i n o i ~  R l v e r  about  '18 lun ( 3 0  miles )  southwest of Argonne. The 

Uresdcn Nuclear Power S t a t i o n  complex is loca t ed  at  t h e  confluence nP Llie 

Kankakee, D e s  P l a i n e s ,  and I l l , i n o i s  Rivers .  The p l an t  uses  water  from t h e  

Kankakee f o r  coo l ing ,  and d i scha rges  t h e  water  i n t o  t h e  I l l i n o i s  River .  The 

f i r s t  use  of water  f o r  d r ink ing  is  a n  i n d i r e c t  one a t  P e o r i a ,  on t h e  I l l i n o i s  

River  about 225 k m  (140 mi l e s )  downstream from Argonx~e, wherc River  water: is  

used t o  r e p l e n i s h  groundwater s u p p l i e s  by i n f i l t r a t i o n .  Tn t h e  v i c i n i t y  nf 

t h e  Laboratory,  on ly  subsur face  water  (from a l l  a q u i f e r s ,  shal low and deep) 

and Lake Michigan watcr  aLe used f o r  d r ink ing  purposes.  

The pr inc ipa l ,  r e c r e a t i o n a l  a r e a  n e a r  Argonne i s  Wate r f a l l  Glen Fores t  

P re se rve ,  which surrounds t h e  s i t e  as descr ibed  i n  Sec t ion  I . B .  and i s  shown 

i n  F igure  1. Most of t h i s  area has rece ived  l i ~ r t l e  use  thus  f a r .  It was 

a v a i l a b l e  f o r  h i k i n g  and s k i i n g ,  and i t s  development and increased  u t i l i z a -  

t i o n  by t h e  p u b l i c  is  expected. Sawmill Creek flows through t h e  south  po r t ion  

of t h e  P re se rve  on i t s  way t o  t h e  Des P l a i n e s  River.  This  reg ion  of t h e  

P re se rve  (formerly named Rocky Glen) was used p r i n c i p a l l y  f o r  p icn ick ing ,  



hiking ,  and overnight' camping by youth groups, but  has been.c losed  f o r  re-  

h a b i l i t a t i o n  s i n c e  June 6,  1976. Eas t  and southeas t  of Argonne and t h e  

Des P l a i n e s  River 'are. loca ted  s e v e r a l  l a r g e  f o r e s t  preserves  of t h e  Cook 

County Fores t  Preserve D i s t r i c t .  The preserves  inc lude  t h e  two sloughs shown 

i n  Figure 2,  McGinnis and Saganashkee, a s  w e l l  a s  o t h e r  smal ler  lakes .  These 

.areas a r e  used f o r  picnicking,  boat ing ,  f i sh ing , '  and hiking,  A small  park 

loca ted  i n  t h e  e a s t e r n  'par t  of t h e  Argonne s i t e  (12-0 i n  Figure 1 )  is  f o r  t h e  

use of Argonne and Department of Energy employees only. 

The most r ecen t ly  a v a i l a b l e  information on milk and p r i n c i p a l  ag r i cu l -  

t u r a l  production i n  a 10,600 sq  km (4,100 sq mi) a rea  around Argonne i s  shown 

by County i n  Table 3. These es t imates  were obtained from t h e  I l l i n o i s  Crop 

Reporting Service  of t h e  S t a t e  Department of Agr icul ture  and a r e  f o r  1976. 

TABLE 3 

Agr icu l tu ra l  Production Near ANL, 1976 

Milk Corn Soybeans Wheat Oats 

No. of Mi l l ion  Mil l ion  
County Cows Pounds Bushels 

DuPage 300 3.2 '  2.0 . 0.51 0.14 0.13 

Cook 400 4.0 1.8 0.64 0.13 0.15 

W i l l  3,400 . 33.7 15.2 3 .1  0.73 0.58 

Kane 6,400 63.4 14.1 2.0 0'. 30 0.64 

Kendall 600 5.9 9 ..I. 1..5 0.25 0.25. 

Grundy 1,000 9.9 12.6 2.2 0.075 0.16 

Lake 1,400 13.9 1.8 0.47 0.32 0.30 

Note: To convert pounds , i n t o  kilograms, mul t ip ly  by 0.45; t o  convert 
bushels  i n t o  cubic meters,  mul t ip ly  by 0.035. 



11. SUMMARY 

Th i s  i s  one i n  a  s e r i e s  of annual  r e p o r t s  prepared t o  provide t h e  U. S. 

Department of Energy (DOE) and t h e  p u b l i c  w i t h  informat ion  on t h e  l e v e l  of 

r a d i o a c t i v e  and chemical p o l l u t a n t s  i n  t h e  environment and on t h e  amounts of 

such subs tances ,  i f  any, added t o  t h e  environment a s  a  r e s u l t  of Argonne 

o p e r a t i o n s .  The previous  r e p o r t  i n  t h i s  s e r i e s  i s  ANL-77-13. Included i n  

t h i s  r e p o r t  a r e  t h e  r e s u l t s  of measurements obta ined  i n  1977 f o r  a  number of 

r ad ionuc l ides  i n  a i r ,  s u r f a c e  water ,  s o i l ,  g r a s s ,  bottom sediment,  and food- 

s t u f f s ;  f o r  a  v a r i e t y  of chemical c o n s t i t u e n t s  i n  a i r  and water ;  and f o r  t h e  

e x t e r n a l  p e n e t r a t i n g  r a d i a t i o n  dose. 

T o t a l  a lpha and b e t a  a c t f v i t i e s ,  f i s s i o n  and a c t i v a t i o n  products ,  plu-  

tonium, thorium, and uranium were measured i n  a i r - f i l t e r  samples c o l l e c t e d  

cont inuous ly  a t  t h e  s i t e  per imeter  and o f f  t h e  s i t e .  A l l  t h e  o f f - s i t e  and 

per imeter  samples contained only r ad ionuc l ides  from n a t u r a l  sources  and 

nuc lea r  t e s t  de tona t ions .  Short- l ived f i s s i o n  products  were de t ec t ed  a t  a l l  

sampling l o c a t i o n s  i n  t h e  s p r i n g  and dur ing  t h e  l a s t  f o u r  months of t h e  y e a r ,  

and a r e  a t t r i b u t e d  t o  f a l l o u t  from t h e  Chinese atmospheric nuc lear  t e s t s  of 

Nnv~mher  1 7 ,  1976.  and September 17 ,  1977. No a c t i v i t y  a t t r i b u t a b l e  t o  

Argonne o p e r a t i o n s  could be de t ec t ed .  

* 
The pl<tonium-239,240 concen t r a t ions  i n  a i r  averaged 19  x 10'lR u ~ i / n ~ l ,  

about  t h r e e  t i m e s  t h e  1976 va lue ,  arid were nea r ly  i d e n t i c a l  a t  a11 sampling 

l o c a t i o n s .  The monthly v a r i a t i o n s  showed a "spr ing  maximum" i n  s t r a t o s p h e r i c  

f a l l o u t  of plutonium s i m i l a r  t o  t h a t  observed f o r  beryllium-7 ( a  n a t u r a l l y -  

occu r r ing  nuc l ide )  and s e v e r a l  t i s s l o n  products .  Tile r e s u l ~ s  f i idicatcd t h a t  

t h e  a i r b o r n e  plutonium was from atmospheric  nuc lea r  t e s t  de tona t ions  and t h e r e  

was no evidence t h a t  any of t h e  plutonium o r i g i n a t e d  a t  Argonne. The average 
* * 

plutonium concen t r a t ion  was equ iva l en t  t o  0.002% of t h e  CG. 

Argon-41 and hydrogen-3 (as water vapor)  repre6ent  t h e  major a i rbo rne  

r a d i o a c t i v i t y  releas .ed from the  Laboratory.  The argon-41 concen t r a t ion  and 

* 
The r a d i o a c t i v i t y  u n i t s  a r e  descr ibed  i n  Sec t ion  111. 

* * 
The hazard due t o  a  given concent ra t ion  of a  r a d i o a c t i v e  nuc l ide  i s  assessed  
i n  t h i s  r e p o r t  by comparison wi th  t h e  Concentrat ion Guides (CG) and annual 
dose l i m i t s ,  o r  Radia t ion  P ro tec t ion  S tandards ,  f o r  uncont ro l led  a r e a s  
s p e c i f i e d  by t h e  U .  S. Department of Energy i n  chap te r  0524 of t h e  DOE 
Manual. ( 3 )  The p e r t i n e n t  C G s  a r e  l i s t e d  i n  t h e  Appendix, Sec t ion  1V.B. 



corresponding r a d i a t i o n  dose a t  t h e , s i t e  boundary was l e s s  than  t h e  d e t e c t i o n  

l i m i t  (50% of t h e  CG) of t h e  p re sen t  sampling system, bu t  was c a l c u l a t e d  from 

an atmospheric  d i s p e r s i o n  model t o  be 4.5 x 10-lo p C i / m l  and 5.7 mrem/yr i n  

t h e  predominant e a s t  t o  n o r t h e a s t  wind d i r e c t i o n s .  These va lues  a r e  1.1% of t h e  

CG and t h e  non-occupational dose l i m i t  t o  i n d i v i d u a l s  (500 mrem/yr') f o r  un- 

c o n t r o l l e d  a r e a s .  The . ca l cu la t ed  dose a t ' 2 . 2  km (1.4 mi l e s )  NE, where t h e  

c l o s e s t  fu l l - t ime  r e s i d e n t s  l i v e ,  is  3.0 mremlyr. These va lues  a r e  c o n s i s t e n t  

wi th  p e n e t r a t i n g  r a d i a t i o n  dose measurements made a t  t h e  s i t e  per imeter .  The 

measured hydrogen-3 concen t r a t ion  a t  t h e  s i t e  per imeter  averaged about  11 x 

10-l2 p C i / m l ,  which is  0.006% of t h e  CG and about  s e v e n .  t imes g r e a t e r  than 

t h e  of f - s i t e  concen t r a t ion .  The corresponding dose is 0.02 mremlyr. 

Argonne waste water  is  discharged i n t o  Sawmill Creek, and t h i s  s t ream 

was sampled above and below t h e  s i t e  t o  eva lua t e  t h e  e f f e c t  of Argonne opera- 

t i o n s  on i t s  r a d i o a c t i v e  content .  The nuc l ides  ( f o r  which ana lyses  were made) 

added t o  the  Creek i n  t h e  waste  water ,  and t h e  pe rcen t  CG of t h e i r  average 

Creek concen t r a t ions ,  were hydrogen-3, 0.039%; strontium-90, 0.01%.; 

neptunium-237, 0.0006%; plutonium-239,240, 0.0002%; americium-241, 0.0001%; 

and curium-244 and/or  californium-249, < 0.00003%. Although Sawmill Creek 

i s  not  a  source  of po tab le  water ,  t h e  dose t o  an  i n d i v i d u a l  u s ing  water a t  

t hese  concen t r a t ions  a s  h i s  s o l e  sou rce  of d r ink ing  water would be l e s s  than 

0.28 mremlyr. 

Sawmill Creek flows i n t o  t h e  Ues P l a i n e s  Kiver,  which i n  t u r n  flows i n t o  

t h e  I l l i n o i s  River.  The r a d i o a c t i v i t y  l e v e l s  i n  t h e  l a t t e r  two s t reams were 

s i m i l a r .  t o  t hose  i n  o t h e r  s t reams i n  t h e  a r e a ,  and t h e  a c t i v i t y  added t o  t he  

Creek by Argonne waste water  had no measurable e f f e c t  on t h e  r a d i o a c t i v e  con- 

t e n t  of e i t h e r  t h e  Des P l a i n e s  o r  I l l i n o i s  Rivers .  

Plutonium concen t r a t ions  i n  s o i l  showed t h e  same gene ra l  range and 

average a t  t h e  s i t e  per imeter  and o f f  t h e  si te.  The average plutonium-239, 

240 content  of t h e  top 5 cm of s o i l  was 0.7 x 10-3 p c i / m 2  . a t  t h e  s i t e  p e r i -  

meter and 0.8 x l ~ - ~  u c i / m 2  o f f  t h e  site.  The corresponding plutonium-238 

averages were both 0.04 x p c i / m 2 .  The plutonium content  of g r a s s  was 

s i m i l a r  t o  t h a t  found i n  previous y e a r s  and was about  a  f a c t o r  of l o 4  l e s s  

than  s o i l  from t h e  same loca t ion .  The r e s u l t s  were wi th in  t h e  range repor ted  

by o t h e r  l a b o r a t o r i e s  f o r  f a l l o u t  from t e s t  de tona t ions  and t h e  plutonium 

found i n  s o i l  and g r a s s  is a t t r i b u t e d  t o  t h i s  source .  The plutonium content  



of samples from beds of s t reams and ponds ranged from 1 x p C i l g  t o  45 x 

pCi/g of plutonium-239,240, a  range found i n  prev ious  yea r s  t o  be normal 

f o r  f a l l o u t  plutonium i n  such m a t e r i a l s .  The concen t r a t ions  of uranium, 

thorium, and s e v e r a l  gamma-ray e m i t t e r s  measured i n  s o i l ,  p l a n t ,  and bottom 

sediment were normal. 

Milk from a d a i r y  farm near  t h e  Laboratory was analyzed f o r  s e v e r a l  . 

f i s s i o n  products ,  i nc lud ing  hydrogen-3. Hydrogen-3 concen t r a t ions  were a l l  

< 200 x p c i / m l  ( t h e  d e t e c t i o n  l i m i t ) .  The skrontium-90 and cesium-137 

concen t r a t ions  were s i m i l a r  t o  1976. Strontium-89, iodine-131, and barium- 

140 were de t ec t ed  l a t e  i n  t h e  year  a s  a  r e s u l t  of f a l l o u t  from a Chinese 

atmospheric  nuc lea r  test .  

Measurements of penrLra t ing  r a d i a t i o n  wcrc made a t  s e v e r a l  l o c a t i n n s  a t  

t h e  s i t e  boundary and o f f  t h e  s i t e .  The o f f - s i t e  readings  averaged 92 mrem/yr, 

w i t h  a  s tandard  dev ia t ion  of  7  mrem/yr, which is  wi th in  t h e  normal range f o r  

t h e  a r e a .  A t  t h r e e  l o c a t i o n s  a t  t h e  s i te  boundary, above normal readings  

were recorded t h a t  were a t t r i b u t a b l e  t o  Argonne ope ra t ions .  A t  t h e  south  

f ence ,  t h e  doses were about  114 mrem/yr above normal a t  l o c a t i o n  71 i n  F igure  

1 and about  10 mrem/yr above normal a t  l o c a t i o n  8 H ,  as a  r e s u l t  of r a d i a t i o n  

from an on - s i t e  te~uporary  s t o r a g e  f a c i l i t y  f o r  radioact ive. .wa.s te .  About 300 m 

sou th  of t h e  f ence  t h e  measured dose dropped t o  w i t h i n  t h e  normal range ,  101 

mrem/yr. Along t h e  n o r t h  s i d e  of t h e  s l c e ,  rhe dose aL tlie fence st l o c o t i o n  

141  was 119 mrem/yr above normal a s  a  r e s u l t  of r a d i a t i o n  from cobalt-60 

sou rces  i n  Bui ld ing  202. These l o c a t i o n s  a r e  unoccupied, so  t h e r e  a r e  no 

i n d i v i d L a l s  r e c e i v i n g  t h i s  dose. 'The c a l c u l a t e d  dose r a t e  t o  t h e  r e s i d e n t s  

c l o s e s t  t o  t h e  sou th  boundary, about  1.6 hn ( 1  mi le )  from t h e  fence  l i n e ,  was 

about  0.002 mrem/yr; s i m i l a r l y ,  t h e  dose r a t e  t o  t h e  r e s i d e n t s  c l o s e s t  t o  t h e  

n o r t h  boundary, about  0.75 km (0.5 mi le )  from t h e  fence  was about  0 .2 mremlyr. 

Thus, doses t o  i n d i v i d u a l s  l i v i n g  near  t h e  s i t e  w i l l  no t  exceed 0.04% of t h e  

500 mremlyr l i m i t .  

Levels  of chemical c o n s t i t u e n t s  and o t h e r  water  q u a l i t y  parameters  were 

measured i n  Argonne waste and e f f l u e n t  water  and i n  Sawmill Creek; t h e  r e s u l t s  

were compared t o  t h e  s t anda rds  adopted by the  S t a t e  of l l l i n o i s .  Concentra- 

t i o n s  'of mercury, hexavalent  chromium, i r o n ,  manganese, and z inc  i n  t h e  

D e s  P l a i n e s  River were measured t o  determine whether any c o n t r i b u t i o n  from 

Argonne waste water  could be seen.  



The Biochemical Oxygen Demand (B.O.D.) i n  t he  Argonne combined s a n i t a r y  

and l abo ra to ry  waste-water e f f l u e n t  exceeded t h e  S t a t e  of I l l i n o i s  s t anda rd  

i n  two of t h e  weekly samples. The ammonia n i t r o g e n  exceeded t h e  s tandard  i n  

January,  February, and Apr i l .  Suspended s o l i d s  d id  no t  exceed t h e  S t a t e  

l i m i t  a t  any time. Average concen t r a t ions  of each of t h e  o t h e r  chemical con- 

s t i t u e n t s  measured i n  t h i s  e f f l u e n t  were a t  o r  below these  s tandards .  The 

concen t r a t ion  of mercury averaged 100% of t h e  S t a t e  s tandard  and exceeded 

t h i s  va lue  16% of t he  time ( i . e . ,  i n  16% of t h e  samples).  No o t h e r  c o n s t i t u -  

e n t  i n  t h i s  e f f l u e n t  exceeded t h e  S t a t e  s tandard  a t  any time. 

The average concen t r a t ions  of hexavalent  chromium from s i x  of t h e  seven 

coo l ing  tower e f f l u e n t  channels  used f o r  blowdown were below t h e  S t a t e  

s tandard .  The average concen t r a t ion  a t  one l o c a t i o n  (14H) exceeded t h e  

s tandard  b u t  extremely low water flow cond i t i ons  prevented normal d i l u t i o n  

and r u n o f f ,  thus  caus ing  p e r s i s t e n t  h igh  l e v e l s .  The l e v e l s  i n  t h e  o t h e r  s i x  

channels r ep re sen t  a  marked r educ t ion  from 1976. 

The average va lues  i n  Sawmill Creek f o r  d i s so lved  oxygen and chemical 

c o n s t i t u e n t s ,  except  ammonia n i t rogen  and d isso lved  s o l i d s ,  were w i t h i n  t h e  

S t a t e  of I l l i n o i s  s tandards .  The average ammonia n i t rogen  l e v e l  above the  

Argonne waste-water o u t f a l l  was 2.8 t imes t h e  S t a t e  s t anda rd ,  and exceeded 

t h i s  s tandard  i n  50% of t h e  samples. The ave iage  l e v e l  below t h e  o u t f a l l  was 

1 . 5  t imes the  S t a t e  s tandard  and exceeded t h i s  va lue  i n  40% of t h e  samples. 

The average concen t r a t ion  of d i s so lved  s o l i d s  above t h e  Argonne o u t f a l l  ex- 

ceeded t h e  S t a t e  l i m i t  by 20%, b u t  below t h e  o u t f a l l  i t  was less than  t h e  

s tandard .  On two occas ions ,  l e v e l s  of f e c a l  co l i fo rm i n  t h e  Argonne waste 

water  exceeded t h e  i n d i v i d u a l  sample s tandard  of 400 organisms/100 m l ,  but a t  

no time was the  monthly s tandard  of 200 organisms/100 m l  (geometric mean) 

exceeded. Ind iv idua l  va lues  f o r  copper ,  cyanide,  i r o n ,  mercury, and s i l v e r  

exceeded S t a t e  s t anda rds  from 6% t o  28% of t h e  time. Hexavalent chromium 

l e v e l s  were i.n excess of t h e  S t a t e  s tandard  1% of t h e  time. Samples c o l l e c t e d  

i n  t h e  D e s  P l a i n e s  River d i d  no t  show any e f f e c t  of  Argonne e f f l u e n t  on l e v e l s  

of mercury, hexavalent  chromium, i r o n ,  o r  z inc  i n  t h e  River .  

S tud ie s  of l ead ,  bery l l ium,  and p a r t i c u l a t e  ma t t e r  i n  a i r  were c a r r i e d  

ou t .  The va lues  obta ined  f o r  p a r t i c u l a t e  ma t t e r  a t  four  l o c a t i o n s  met both  

primary and sec0ndary.U. S. Environmental P r o t e c t i o n  Agency (USEPA) s tandards .  

Values obta ined  f o r  bery l l ium and l e a d  agreed wi th  ambient a i r  s t u d i e s  per-  

formed elsewhere. 



111. MONITORING RESULTS 

A. Radiological 

The radioactivity of the,environment was determined by measuring the 

concentrations o,f radioactive nuclides in naturally-occurring materials and 

by measuring the external penetrating radiation dose. Sample collections and 

measurements were made principally at the site perimeter and off the site for 

comparison purposes. Some on-site results are also reported when they are 

. useful in interpreting perimeter and off-site results; Since radioactivity 

is usually spread,by'air and water, the sample collection program has concen- 

trated on these media. , In addition, soil, plants, foodstuffs, precipitation, 

and materials from the beds of lakes and, streams were also collected and 

analyzed. 

The results of radioactivity measurements are expressed in.this report 

in terms of microcuries per milliliter (vCi/ml) for water, air, and milk, and 

microcuries per gram (g) and square meter (m2) for soil and vegetation. When 

a nuclide was not detected, the resuit is given. as less than (<) the minimum 

amount detectable (detection limit) by the analytical method used. Averages 

including individual results 'that were less than the detection limit were 

calculated by one of the following two methods. If a large fraction (usually 

50% or more) of the individual results was less than the detection limit, the 

average was calculated with.the assumption that such results were equal to 

the detection limit, and the resulting average value is expressed as less 

than (<) the computed average. If only a small fraction of the individual 

resuits was less 'than the detection limit, the average was calculated with 

the assumption that such results were actually one-half of the detection 

limit, and the average is given as a definite value. The averages that are 

obtained by using these two methods under the conditions indicated are be- 

lieved to give an adequate picture of the true average concentration at 

locations where the concentrations not only varied greatly, but were at times 

not detectable. 

Average values are usually accompanied by a plus-or-minus ( 2 )  limit 

value. Unless otherwise stated, this value is the 95% confidence limit cal- 

culated from the standard deviation of the average (standard error), and is a 

measure of the range in the concentrations encountered at that location. It 



does not  r ep re sen t  t h e '  convent iona l  e r r o r  i n  t h e  average of repea ted  measure- 

ments on t h e  same o r  i d e n t i c a l  samples.  Since many of t h e  v a r i a t i o n s  observed 

i n  environmental r a d i o a c t i v i t y  are not  random bu t  occur  f o r  s p e c i f i c  reasons  

( e . g . ; . n u c l e a r  t e s t i n g ) ,  samples c o l l e c t e d  from t h e  same l o c a t i o n  a t  d i f f e r e n t  

t imes a r e  not  r e p l i c a t e s .  The more random t h e  v a r i a t i o n  i n  a c t i v i t y  a t  a  

' p a r t i c b l a r  l o c a t i o n ,  t h e  c l o s e r  t h e  confidence l i m i t s  w i l l  r e p r e s e n t  t h e  

a c t u a l .  d i s t r i b u t i o n  of va lues  a t  t h a t  l o c a t i o n .  The averages and confidence 

l i m i t s  should be i n t e r p r e t e d  wi th  t h i s  i n  mind. When a plus-or-minus f i g u r e  

accompanies an  i n d i v i d u a l  r e s u l t  i n  t h i s  r e p o r t ,  i t  r e p r e s e n t s  t h e  s t a t i s t i c a l  

count ing e r r o r  a t  t h e  95% confidence l e v e l .  

The measured concen t r a t ion  o r  r a d i a t i o n  dose i s  compared wi th  app ropr i a t e  

s t anda rds  a s  a  means of a s s e s s i n g  t h e  hazard.  The s t anda rds  used i n  t h i s  re -  

p o r t  a r e  t h e  Concentrat ion Guides (CGs) and annual  dose l i m i t s  (Radiat ion 

P r o t e c t i o n  Standards)  g iven  i n  DOE Manual Chapter 0524. ( 3 )  The p e r t i n e n t  CGs  

a s  w e l l  a s  t h e  d e t e c t i o n  l i m i t s  a r e  given i n  t h e  Appendix, Sec t ion  1V.B. A l -  , 

though the  C G s  apply t o  concent ra t ions  above n a t u r a l  l e v e l s ,  t h e  pe rcen t  of 

CG i s  sometimes given i n  t h i s  r e p o r t  f o r  a c t i v i t i e s  t h a t  a r e  p r imar i ly  of 

n a t u r a l  o r i g i n  f o r  comparative purposes.  Such va lues  a r e  enclosed i n  paren- 

t heses  t o  i n d i c a t e  t h i s .  

1. A i r  

The r a d i o a c t i v e  content  of p , a r t i c u l a t e  ma t t e r  was determined by c o l l e c t -  

i n g  and ana lyz ing  a i r - f i l t e r  samples. The sampling l o c a t i o n s  a r e  shown i n  

F igures  1 and 2. Separa te  c o l l e c t i o n s  were made f o r  radiochemical  ana lyses  

and f o r  a lpha ,  b e t a ,  and gamma counting.  The l a t t e r  measurements were made 

on samples c o l l e c t e d  cont inuously on a sbes to s - ce l l u lo se , f i l t e r  paper changed * 
weekly a t  e i g h t  l o c a t i o n s  a t  t h e  Argonne s i t e  per imeter  and a t  f i v e  l o c a t i o n s  

o f f  t h e  s i t e .  Measurements were made a t  t h e  per imeter .because  comparison 

between per imeter  and o f f - s i t e  concen t r a t ions  i s  necessary  i n  eva lua t ing  and 

e s t a b l i s h i n g  t h e  normal environmental concen t r a t ion .  I f  on ly  o f f - s i t e  

r a d i o a c t i v i t y  were r epo r t ed ,  t h e i r  normali ty  o r  o r i g i n  could n o t ' b e  eva lua ted .  

.Higher  a c t i v i t i e s  a t  t h e  s i t e  per imeter  may i n d i c a t e  r a d i o a c t i v i t y  r e l e a s e d  

by Ar'gonne i f  t h e  d i f f e r e n c e s  a r e  g r e a t e r  than  t h e  e r r o r  i n  sampling and 

* 
The s i t e  per imeter  samplers a r e  placed a t  t h e  n e a r e s t  l o c a t i o n  t o  t h e  s i te  
boundary fence  t h a t  provides  e l e c t r i c a l  power and s h e l t e r .  



measurement. Such results require investigation to determine the cause of 

the difference. The relative error is between 5 and 20% for most results, 

but approaches 100% at the detection limit. 

The total alpha and beta activities in the individual weekly samples' are 

summarized in Table 4. These measurements were made in low-background gas- 

flow proportional counters, and the counting efficiencies used to convert 

counting rates to disintegration rates were those measured for radon decay 

products on filter paper. The average concentrations of a number of gamma-ray 
- 

emitters, as determined by gamma-ray spectrometry performed on composite 

weekly samples, are given in Table 5. The gamma-ray detector is a shielded 

74 cm3 lithium-drifted germanium diode, calibrated for each gamma-ray emitting 
I 

nuclide listed in Table 5. 

The alpha activities, principally due to naturally-occurring nuclides, 

averaged the same as che pas t  srvri-a1 years and aaere in their nnrmsl range. 

The average beta activity for the year, 1.5 x 10-l3 pCi/ml, was about three 
' 

times the 1976 average. The results in Table 5 indicate that the increase 

was principally due to intermediate half-life fission products (zirconium-95- 

niobium-95, ruthenium-103, ruthenium-106-rhodium-106, cerium-141, and cerium- 

144). Their presence in the air during the spring ol: LLia yedf was the rcuult: 

of stratospheric fallout from an atmospheric nuclear test by the People's 

Republic of China on November 17, 1976. Fission products ( e . g . ,  ruthenium- 

103, iodine-131, barium-140-lanthanum-14% and ' cerium-141) f run, a Cl.lil~esc 

atmospheric nuclear test on September 17, 1977, were detected in the last 

four months of the year. In addition to the gamma-ray emitting nuclides 

listed in Table 5, yttrium-88 was detected during the spring at concentrations 

up to 0.3 x 10-I u ~ i / m l  and technetium-99m, tellurium-132, and neodymium-147 

were observed shortly after the test of September 17, 1977. The maximum con- 

centrations for each of these nuclides were: 1.1 x 10-l5 uCi/ml for techne- 

tium-99m, 2.8 x 10-15 pCi/ml for tellurium-132, and 6 . 1  x pCi/mb for 

neodymium-147. These nuclides were produced in nuclear tests and their con- 

centrations at the site perimeter and off the site were similar. About 45% 

of the gamma-ray activity was due to beryllium-7, principally produced in the 

stratosphere by cosmic-ray interactions. The remaining activity was primarily 

fission and activation products from nuclear test detonations. 
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TABLE 4 

* 
Total Alpha and Beta Activities in Air-Filter Samples, 1977 

(Concentrations in 10-l5 pCi/ml) 
- - 

No. of Alpha Activity Beta Activity 
Month Location Samples Av. Min . Max. Av . Min . Max. 

January perimeter 
off-site 

February perimeter 
off-site 

March perimeter 
off-site 

April perimeter 
off-site 

May perimeter 39 2.6 1.4 6.2 328 114 516 
of f-site 18 2.7 0.6 5.1 285 111 467 

June perimeter 35 2.5 1.1 7.3 290 217 435 
off-site 15 2.7 0.9 7.6 293 115 5 81 

July perimeter 42 2.3 0.8 4.4 219 159 304 
off-site 16 2 ..0 0.6 5.8 202 138 30 7 

August perimeter 39 1.3 -0.5 2.8 163 68 2 80 
of f-site 14 1.1 0.2 1.6 151 5 7 233 

September perimeter 36 1.5 0.6 3.7 136 4 6 487 
off-site .18 . 1.4 0.2 3.2 148 3 3 480 

October perimeter 42 1.9 0.6 3.4 201 8 6 523 
of f-site 19 1.9 1.0 3.0 194 84 486 

November perimeter 36 2.0 0.6 4.5 99 . 65 145 
off-site 21 2.1 0.9 3.8 108 50 159 

December perimeter '41 ' 2.3 0.9 5.2 " 80, 48 1.3.7 
off-site 19 2.4 1.5 4.2 8 2 55 128 

Annual perimeter 463 2.220.3 0.5 8.9 155 2 54 25 523 
Summary off-site 203 2.2 2.0.4 0:'2 9.8 151 + 49 25 5 81 

Percent perimeter - (0.022) (0.005) (0.089) 1.55 0.25 5.2 
CG off-site - (0.022) (Q"002) (0.098) 1.51 0.25 5.8 

- ..-- * 
These results were obtained by measuring the samples four days after they were 
collected to avoid counting the natural actLvity due'to short-lived radon and 
thoron decay products. This activity is normally present in the air and dis- 
appears within four days by radioactive decay. 



TAELE 5 

Gamma-Ray hctt~ity in Air-Filter Samples. 1977 

(Concen:rations. in uCi/ml) 

January perimeter 89 < 0.1 4.3 2.4 0.8 < 0.5 < 5 0.4 0.9 1.8 1;O 
off-site :8 < 0.1 4.3 2.1 1.0 < 0.5 < 5 0.4. 1 .O 1.7 1.0 

February. 

Marck 

April 

May 

June 

July 

August 

September 

October 

November 

Decenber 

Annual 
Summary 

perimeter 
off-sits 

perimeter 
of f-site 

perimet ar 
off-sits 

perimetar 
of f-sit a 

perimet,ar 
of f-sit.: 

perimeter 
off-site 

perimeter 
off-site 

perimeter 
of f-site 

perimeter 
off-site 

perimeter 
off-site 

perimeter 
off-site 

perimeter 
of f-site 

Percent CG perimeter (0.26) 0.02 6.3 0.24 5.0 0.11 < 8 0.34 0.29 . . 0.11 12 
(X 10-3 off-site (0.25) 0.02 6.2 0.27 5.0 0.11 <'8 0.36 0.23 0.10 .12 



The similarity of the annual averages of airborne alpha, beta, and gamma 

activities at the site perimeter and off the site indicates that these activi- 

ties originated in a widespread'source - fallout' from nuclear test detonations 
and naturally-occurring materials - and not in a localized source such as 
Argonne . 

samples for radiochemical analysis were collected at perimeter locations 

12N and 71 (Fig. 1) and off the site in Downers Grove (Fig. 2). Collections 

were made on a polystyrene filter medium. The total air volume filtered for 

the monthly samples was about 25,000 m3. Samples were ignited, at 600°c to 

remove-organic matter and prepared for analysis by vigorous treatment with 

hot hydrochloric, hydrofluoric, and nitric acids,. This treatment has been 

found in our laboratory to solubilize plutonium that had been ignited at 

1O0O0C. 

Plutonium and thorium were separated o n  an anion exchange column. The 

. acidity of the column effluent from this separation was adjusted to permit 
the extraction of uranium. Following the extraction, the aqueous phase was 

analyzed for radiostrontium by a standard radiochemical procedure. The 

separated plutonium, thorium, and uranium fractions were electrodeposited and 

measured by alpha'spectrometry. The chemical recoveries were monitored by 

adding known amounts of plutonium-242, thorium-234, and uranium-232 tracers 

prior to ignition. Since alpha spectrometry cannot distinguish. between 

plutonium-239 and plutonium-240, it should b.e understood that when plutonium- 

239 is mentioned in this report, the alpha activity due to the plutonium-240 

isofope is also included. The results are given in Tables 6 and 7. 

The average plutonium-239 and radiostrontium concentrations increased at 

all locations by a factor of about three from 1976. The general increase in 

the spring or early summer of the year is also seen in Figure 4, which shows 

the monthly plutonium-239 air concentrations for the past five years. The 

arrows at the bottom of the figure indicate the approximate dates of atmos- 

pheric nulcear tests. 

The monthly variations in the concentrations of strontium-89, strontium- 

90, and plutonium-239 correlate with the results for the fission products in 

Table 5. The presence of these radionuclides are considered to be due to 

fallout from the atmospheric nuclear tests mentioned previously. .There is 



TABLE 6 

Strontium and Plutonium Concentrations in Air-Filter Samples, 1977 

(Concentrations in 10'18 pCi/ml) 

Month Location 1 Strontium-89 Strontium-90 , Plutonium-238 Plutonium-239 

January 12N 1430 + 80 140 + 20 < 0.5 3.0 + 0.5 
71 1450 + 80 170 2 20 < 0.5 2.3 + 0.5 

,off-site' 1580 + 140 200 + 40 < 0.5 4.2 + 0.6 
February 

March 

Apri l  

M Y  

June 

July 

August 

September 

October 

November 

D e c ~ m h ~ r  

Annual 
Summary 

Percent CG 
(X 

12N 
71 

of f-site 

12N 
71 

of f-site 

12N 
71 

off-site ' 

12N 
71 

off -site 

12N ' 
71 

off -site 

12N 
7 1 

off-site 

12M 
71 

of f-site 

12N 
42 

of f-sf ce 

12N 
71 

off-cite 

12N 
7T 

off -site 

12N 
71 . 

off -site 

12N 
71 

off -site 

lperimeter locations are given in terms of the grid coordinates in Figure 1. 

2~lutonium-240 is included (see text) . 



TABLE' 7 

Thorium and .Uranium Concentrations in Air-~ilter Samples, 1977 

(03ncentrations in 10-l8 uCi/ml) 
- - -  

Month ~~cation' Thorium-228 Thorium-230 ~horium-23z2 Uranium-234 Uranium-235 uranium-238' 

January 12N 
7 1 

off-site 

February 

March 

April 

May 

June 

12N .' 
7 I 

of f-site 

12N 
7 1 

off-site 

12N 
7 1 

off-site 

12N 
7 1 

off-site 

12N 
7 1 

off-site 

July 

August 

September 

12N 
7 1 

off-site 

12N 
71 

off-site 

12N 
71 

off-site 

October 12N 
7 1 

off-site 

12N 
71 

off-site 

November 

December 12N 
7 I 

off-site 

12N 
71 

off-site 

Annual 
Summary 

Percen CG 
(X 10-3 

lperimeter locations are given in terms of the grid coordinates in Figure 1. 

2 ~ h e  concentrations in units of pg/m9 can be obtained by multiplying the value in u~l/inl by 2.96 x for urarr1u111-238 
' and by 9 x 1012 for thorium-232. The mass of the other thorium isotopes in comparison to thorium-232 and the other 
uranium isotopes in comparison to uranium-238 are negligible. 



F i g .  4. Plutoliium- 2 39 Concentrations in A i r  



no i n d i c a t i o n  t h a t  they o r i g i n a t e d  from Argonne ope ra t ions ,  and t h e i r  concen- 

t r a t i o n s  were s i m i l a r  a t  t h e  s i t e  per imeter  and o f f  t h e  s i t e .  A pronounced 

s p r i n g  peak is  evident  i n  t h e  plutonium and s t ron t ium a c t i v i t i e s ,  i n d i c a t i n g  

t h e i r  s t r a t o s p h e r i c - f a l l o u t  o r i g i n ,  and n o t  i n  t h e  thorium and uranium con- 

c e n t r a t i o n s .  

The thorium and uranium concen t r a t ions  a r e  i n  t h e  same range found dur ing  

t h e  p a s t  s e v e r a l  y e a r s  and a r e  considered t o  be of n a t u r a l  o r i g i n .  The per- 

cen t  of CG f o r  t h e  averages is  included f o r  completeness; t h e  va lues  a r e  

placed i n  parentheses  s i n c e  t h e  concen t r a t ions  a r e  considered t o  be background 

l e v e l s .  The amounts of thorium and uranium i n  a  sample were p ropor t iona l  t o  

t he  mass of m a t e r i a l  c o l l e c t e d  on t h e  f i l t e r  paper ,  and t h e  bulk  of t h e s e  

elements i n  t h e  a i r  was due t o  resuspens ion  of s o i l .  I n  c o n t r a s t ,  t h e  amount 

of plutonium i n  t h e  a i r  samples con t r ibu ted  by s o i l ,  i f  t h e  resuspended s o i l  

has  t h e  same plutonium concen t r a t ion  a s  t h e  f i r s t  5  cm on t h e  ground, ranged 

from ahout 1% i n  August t o  33% i n  January of t h e  t o t a l  plutonium i n  t h e  

samples. 

A i r  sampling f o r  argon-41 and hydrogen-3 ( t r i t i a t e d )  water  vapor was 

conducted i n  t h e  exhaust s t a c k  of t h e  CP-5 r e a c t o r  (Building 330, 9H) because 

t h i s  r e a c t o r  i s  t h e  p r i n c i p a l  source  of t h e s e  nuc l ides  a t  t h e  Laboratory,  and 

measurement of t h e i r  concen t r a t ions  a t  t h i s  l o c a t i o n  provides  a  source  term. 

T r i t i a t e d  water  vapor measurements were a l s o  made a t  t h e  s i t e  per imeter .  

Argon-41 was c o l l e c t e d  by f i l l i n g  an evacuated "Marinelli-type" con ta ine r  

wi th  a i r  and was measured by gamma-ray spectrometry.  Hydrogen-3 ( t r i t i a t e d )  

water  vapor i n  a i r  was c o l l e c t e d  by adso rp t ion  on s i l i c a  g e l  and was measured 

by counting t h e  desorbed water  i n  a  l i q u i d  s c i n t i l l a t i o n  counter .  

Hydrogen-3 concen t r a t ions  a t  t h r e e  per imeter  l o c a t i o n s  and o f f - s i t e  a r e  

given i n  Table 8. The l2M l o c a t i o n  (1900 m ea s t -no r theas t  of the.CP-5 r e a c t o r )  

,may be considered a  per imeter  sample f o r  CP-5. The average hydrogen-3 concen- 

t r a t i o n s  a t  a l l  per imeter  l o c a t i o n s  a r e  s i m i l a r  t o  p r e v i o u s . y e a r s '  r e s u l c s .  

The data show c o r r c l a t i o n  wi th  wind d i r e c t i o n  and i n d i c a t e  that, r e l a t i v e  t o  

t h e  r e a c t o r ,  d i l u t i o n  t o  t h e  background l e v e l  occurs  be fo re  reaching  t h e  s i t e  

boundary i n  d i r e c t i o n s  o t h e r  than  t h a t  from which t h e  wind is blowing. The 

average and maximum per imeter  concentrat l ,nns were equ iva l en t  t o  0.006% and 

0..12% of t h e  CG, r e s p e c t i v e l y .  



TABLE 8 

Hydrogen-3 Perimeter and Off-Site Concentrations, 1977 

* No. of Concentrations in 10-I* pCi/ml 
Month Location Samples Av . Min. Max. 

January 8F 8 
141 8 
12M 2 

of f-site 2 

February 8F 8 3.0 < 0.1 12 
141 8 8.0 0.5 31 
12M 2 , 3.3 3.2 3.5 

of f-site 2 0.5 < 0.1 0.9 

March 8F 9 3.4 0.1 15 
141 9 6.8 0.3 44 
12M 2 13 13 1 3  

uff-slLe . 2 0.9 0.4 1.4 

8F 9 26 1.0 119 
141 9 9.7 1.0 30 
12M 2 12 5.4 19 

off-site 2 0.8 0.7 n . 9  

May 8F 8 47 2.4 162 
141 8 13 1.6 44 
12M 2 4.7 1.3 8.1 

off-site 2 2.1 1.5 2.8 

June 8F 9 50 1.8 240 
141 9 12 1.0 42 
12M 2 1.6 1.0 2.1 

off -site 2 2.9 2.5, 3.2 

July 8F ' 9 14 1;O 60 
141 9 2 3 0.9 56 
~ Z M  2 1.4 1 .n ?R 

off-site 2 1.2 0.1 2.3 

September 

August 8F 9 
141 R 
1211 2 

of f-site 2 

8F 8 
141 8 
12M 2 

off-site 2 

October 8F 9 10 0.4 78 
141 9 1 1  1..9 3 9 
12M 2 3.5 2.0 5.0 

off-site 2 0.8 0.7 0.9 

November 8F 9 8.0 0.5 4 9 
141 9 4.6 n . 3  1 3  
12M 2 38 2 6 49 

off-site 2 1.1 0.7 1.4 

Dcccmber 8F 8 2 . 0  0.4 11 
141 9 5.3 0.4 16 
.I 2M 2 3 0 6 . 6  53 

off-site 2 0.3 < 0.1 0.5 

Annual 8F 103 16 t 9.4 < 0.1 240 
Summary 141 103 9.6 2 3.0 U . 3  5 b 

12M 24 11 t 6.6 < 0.1 5 3 
of f-site 24 1.2 t 0.4 < 0.1 3.2 

Percent CC 8F - 0.0080 < 0.00005 0. i2 
14 I - 0.0048 0.000151 0.028 
12M - 0.0055 < 0.00005 0.026 

off-site - 0.0006 < 0.00005 0.0016 

*Perimeter locations are given in terms of the grid coordinates in Figure 1. 



The o f f - s i t e  concen t r a t i ons ,  measured about  10  km (6.2 mi l e s )  northwest  

of  t h e  Laboratory,  were a l s o  s i m i l a r  t o  l e v e l s  observed a t  t h i s  l o c a t i o n  i n  

1976. Th i s  background l e v e l  of hydrogen-3 should be  s u b t r a c t e d  from t h e  o t h e r  

concen t r a t i ons  i n  Table  7  t o  o b t a i n  t h e  Argonne c o n t r i b u t i o n .  

Argon-41 and hydrogen-3 ( i n  t h e  form of t r i t i a t e d  water )  from t h e  CP-5 

r e a c t o r  c o n s t i t u t e  t h e  major p o r t i o n  of t h e  gaseous r a d i o a c t i v e  e f f l u e n t  

r e l e a s e d  from t h e  Laboratory.  During 1977, t h e  t o t a l  amount of argon-41 

d ischarged  from t h e  r e a c t o r  was es t imated  t o  be  4.0 x . lo4 C i ,  ' based on a  

measured r e l e a s e  r a t e  of 1.54 C~/MW-hr. S ince  t h e  h a l f - l i f e  of t h i s  n u c l i d e  

i s  only  110 minutes ,  about  5% w i l l  decay be fo re  reaching  t h e  s i t e  boundary i f  

t h e  argon-41 moves w i th  an  average wind speed of  3.4 m / s  (7.6 mph). The t o t a l  

amount of  hydrogen-3 ( a s  t r i t i a t e d  wa te r )  d i scharged  from t h e  CP-5 r e a c t o r  was 

360 C i ,  based on a  measured r e l e a s e  r a t e  of 0.041 C i /h r .  These d i s cha rges  and 

the , co r r e spond ing  doses  w i l l  b e d i s c u s s e d  f u r t h e r  i n  Sec t ion  III .A.6.a .  

Other a i r b o r n e  e f f l u e n t s  were cons ide rab ly  lower. A sma l l  amount of 

argon-41, about 1 . 5  C i  i n  1977, was r e l e a s e d  from t h e  Janus  r e a c t o r  (Bui lding 

202, l o c a t i o n  131) .  I n  a d d i t i o n ,  o t h e r  e f f l u e n t s  were krypton-85, es t imated  

t o  be 15  C i  and e lementa l  t r i t i u m  gas ,  est5mate.d t o  b e ' 0 . 4  C i .  The o t h e r  

n u c l i d e s ,  i n  m i l l i c u r i e s  o r  sma l l e r  amounts, were va r ious  f i s s i o n  products .  

The r e l e a s e  of iodine-131 ( a  n u c l i d e  of  i n t e r e s t )  i n  CP-5 exhaust  . 

a i r  was es t imated  t o  be 0.015 C i / y r ,  based o n - c o n c e n t r a t i o n  measurements i n  

t h e  s t a c k .  The maxi~uunl c o ~ l c e n t r a t i o n  a.t 1 . 5  k111 (U.93 m i l e ) ,  assuming no 

ground depos i t i on ,  would be  about  1 x 10-l6 u C i / m l ,  o r  of  t h e  CG. 

2. Sur face  Water 

T o t a l  (nonvo la t i l e )  a lpha  and b e t a  a c t i v i t i e s  were determined by count ing  

t h e  r e s i d u e  remaining a f t e r  evapora t ion  of  t he  wa te r ,  and apply ing  count ing  

e f f i c i e n c y  c o r r e c t i o n s  determined f o r  uranium-233 ( f o r  a lpha  a c t i v i t y )  and 

rhalliunl-204 ( f o r  be t a  a c t i v i t y )  t o  o b t a i n  d i s i n t e g r a t i o n  r a t e s .  Hydrogen-3 

was determined by l i q u i d  s c i n t i l l a t i o n  count ing  of a  s e p a r a t e  sample, and 

t h i s  a c t i v i t y  does no t  appear  i n  t h e  t o t a l  n o n v o l a t i l e  b e t a  a c t i v i t y .  Uranium 

was determined f l uo ropho tome t r i ca l l y ,  and t h e  r e s u l t s  c a l c u l a t e d  i n  terms of  

a c t i v i t y  wi th  t h e  assumption t h a t  t h e  i s o t o p i c  composition was t h a t  of n a t u r a l  

uranium. Analyses f o r  o t h e r  r ad ionuc l ides  w e r e  performed by s p e c i f i c  rad io-  

chemical s e p a r a t i o n s  followed by a p p r o p r i a t e  count ing.  One l l t e r  a l i q u o t s  



were used for all analyses except hydrogen-3 and the transuranium nuclides. 

Hydrogen-3 analyses were performed by counting 10 ml in a gel system. Plu- 

tonium and neptunium analyses were performed on 10 or 50-liter samples by a 

plutonium chemical separation method,(4) modified to include neptunium, 

followed by alpha spectrometry. Plutonium-236 was used to determine the 

plutonium and neptunium yields. A further modification of this procedure 

allowed the group separation of a fraction containing the transplutonium 

elements. (5) Americium-243 was added to determine chemical recovery and 

individual nuclides were measured bydpha spectrometry. 

Argonne waste water is discharged into Sawmill Creek, a small stream 

that runs through the Laboratory grounds, drains surface water from much of 

the site, and flows into the Des Plaines Rlver about 500 m (0.3 mile) down- 

stream from the waste-water outfall. Sawmill creek was sampled upstream from 

the Argonne site and downstream from the waste-water outfall to determine if 

radioactivity was added to the stream by Argonne waste water or from surface 

drainage. The sampling locations are shown in Figure 1. Bel6w ehe wasre- 

water outfall, daily samples were collected by a continuous sampler, which 

operated about 85% of the year. When the continuous sampling device was not 

operating, a grab sample was collected each working day. Equal portions of 

the samples collected each week were combined and analyzed. The results ob- 

tained in this way represent the average coilcentrations fa L l ~ e  weekly samples. 

Above the site, samples were usually collected once a month and were analyzed 

for the same radionuclides as the below-outfall samples. 

Annual summaries of the results obtained for Sawmill Creek are given in 

Tah1.e 9. Comparison of the results, and 95% confidence limits of the averages, 

for the two sampling locations shows that the nuclides whose presence in Creek 

water can be attributed to Argonne operations were hydrogen-3, neptunium-237, 

plutonium-239, americium-241, and occasionally strontium-90, plutonium-238, 

curium-242 and/or californium-252, and curium-244 and/or californium-249. 

The percentage of individual samples containing activity attributable to 

Argonne was 90% for neptunium-237 and plutonium-239; 80% for hydrogen-3; and 

70% for americium-241. The concentrations of all these nuclides were low 

compared to the CGs. The principal radionuclide added to the Creek by 

Argonne waste water, in terms of concentration was hydrogen-3. Its average 

concentration (equivalent to 0.039% of the CG) was the lowest since 1972. 



TABLE 9 

Radionuclides in Sawmill Creek, 1977 

Type of * No.of Concentration uCi/ml) 
' 

' Percent CG, 
Activity Location Samples Av . Min. Max. Av . Min . Max. 

Alpha 16K 12 2.5 + 0..6 1.6 4.8 (0.083) (0.053) (0.16) 
(nonvolatile) 7M 252 1.8 + 0.2 0.70 4.1 (0.060) (0.023) (0.14) 

Beta 16K 12 23 + 4' 14 3 2 (0.77) (0.47) (1.1) 
(nonvolatile) 7M 252 1 9 2 1  . 11 33 (0.63) (0.37) (1.1) ' 

Uranium ** 
(natural) 

* 
Location 16K is upstream from the Argonne site and location 7M is downstream from the Argonne waste-water outfall. 

** 
Uranium cc.ncentrations in units of pg/l can be obtained by multiplying the concentration given by 1.48 x 109. 
The average concentration in the Creek then becomes 3.6 ug/l. 



The hydrogen-3 i n  t h e  Creek above t h e  s i t e  was s i m i l a r  i n  concen t r a t ion .  

t o  l e v e l s  found away from t h e  Laboratory s i t e  and i s  c h a r a c t e r i s t i c  of t h e  

c u r r e n t  ambient l e v e l s  i n  s u r f a c e  water .  During 1977, t h e  hydrogen-3 content  

of o t h e r  l a k e s  and streams ranged from < 200 x lo-' pCi/ml t o  450 x lo-' p ~ i / m l  

and averaged < 223 x v ~ i / m l .  

The average t o t a l  a lpha  and b e t a  a c t i v i t i e s  were s l i g h t l y  h ighe r  above 

t h e  s i t e ,  which i n d i c a t e s  t h a t  a t  t imes Argonne waste water  contained l e s s  of 

t h e s e  m a t e r i a l s  than  Creek water .  The h ighe r  a c t i v i t i e s  above the  s i t e  were 

probably due t o  t h e  water  added t o  t he  Creek by a  l a r g e  municipal  sewage 

t rea tment  p l a n t .  The l a r g e  amount of d i s so lved  s o l i d s  a d d e d , i n  t h e  sewage 

. water  i s  n a t u r a l l y  accompanied by a  sma l l  amount of raclioacrivr luua,Le~lals, 

and e v i d e n t l y  i n c r e a s e s  t h e  r a d i o a c t i v i t y  i n  t h e  Creek water .  

I n  a d d i t i o n  t o  t h e  n a t u r a l  b e t a  a c t i v i t y  and t h a t  added by Argonne wasre 

water  a t  t h e  o u t f a l l ,  b e t a  a c t i v i t y  from nuclear  de tona t ions  was de t ec t ed  a t  

bo th  sampling loca t io 'ns  . The normal n o n v o l a t i l e  b e t a  a c t i v i t y  i s  approximately 

8 x u C i / m l ,  whi le  t h e  c o n t r i b u t i o n  from t h e  upstream municipal  sewage 

t rea tment  p l an t  i s  ano the r  8 x 10" p C i / m l .  It is  es t imated  t h a t  f a l l o u t  

a c t i v i t y  added about  ' 6  x 10'~ u C i / m l  t o  t h e  n o n v o l a t i l e  b e t a  a c t i v i t y  a t  both 

l o c a t i o n s  and t h a t  t h e  Argonne c o n t r i b u t i o n  t o  t he  water  below t h e  o u t f a l l  . 

averaged about 1 x lo-' u C i / m l .  The Argonne c o n t r i b u t i o n  remained t h e  same 

a s  i n  1976, whi le  t h e  f a l l o u t  ~ o n r r i b u L l o u  increased by a  f a c t o r  of t h r e e .  

The t o t a l  concen t r a t ion ,  r e g a r d l e s s  of source ,  must be used i n  a s s e s s i n g  t h e  

h e a l t h  hazard of a r ad ionuc l ide  n o t  n a t u r a l l y  p r e s e n t ,  and the  pe rcen t  of  t h e  

C G s  f o r  a l l  n u c l i d e s . l i s t e d  i n  Table 8 was low. 

The t o t a l  r a d i o a c t i v e  e f f l u e n t  discharged t o  t h e  Creek i n  Argonne waste 

water  c a r b e  es t imated  from the  average concen t r a t ions  and t h e  volume of 

water  c a r r i e d  by t h e  Creek. These va lues  a r e  10 C i  of hydrogen-3, 0 .1  m C i  of 

neptunium-237, 0.08 m C i  of plutonium-239., 0.05 m C i  of americium-241., and 

,< 0.05 m C i  of curium and californiuim' nuc l ides .  

A pathway s tudy .was  conducted t o  examine t h e  d i s t r i b u t i o n  of plutonium 

and neptunium discharged  i n t o  Sawmill Creek. , Sar~uples were c o l l e c t e d  of water ,  

suspended sediments ,  a l g a e ,  and f i s h  and analyzed f o r  plutonium and neptunium. 

The suspended sediment was separa ted  i n t o  two f r a c t i o n s  by f i l t r a t i o n ,  coa r se  

( p a r t i c l e  s i z e s  g r e a t e r  than  2.5 pm) and f i n e  ( p a r t i c l e  s i z e s  between 2.5 and 

0.45 i ~ m . )  Water was c o l l e c t e d  a t  t h e  p o i n t  t h e  Laboratory d i scha rges  i t s  



waste water into sawmill Creek and at various points downstream. 

The water and sediment data (Table 10) indicate that the loss by sedimen- 

tation is greater for plutonium than for neptunium. Because of the relatively 

high velocity of the stream to a point about 200.m below the outfall, loss of 

both elements from the stream is by association with the coarse sediment 

fraction. Beyond the 200 m point, the stream velocity slows sufficiently so 

that the loss of plutonium and neptunium with fine sediment dominates. 

Analysis of algae and fish samples for plutonium-239 and neptunium-237 
. . 

and a comparison of their concentrations (wet weight) to the average annual 

concentrations of these nuclides in Sawmill Creek water yielded the following 

concentration factors (CF),. In algae, CFs were 465 for plutonium-239 and 195 

for neptunium-237. In fish samples, the CFs were 850 for plutonium-239 and 

280 for neptunium-237. The fish sample was a composite of several species. 

Since Sawmill Creek empties into the Des Plaines River, which in turn - 

flows into the Illinois River, the radioactivity in the latter two streams is 

important in assessing the contribution of Argonne waste water to the 'environ- 

mental radioactivity. The Des Plaines River was sampled twice a month below, 

and monthly above, the mouth of Sawmill Creek to determine if the radioacti- 

vity in the Creek had any effect on the activity in the River. Annual 

summaries of the results obtained for these two locations are given in Table 

11. The average nonvolatile alpha and uranium concentrations in the River 

were very similar to the 1976 averages, and although higher than earlier years, 

still remain in the normal range. The beta activities were about 30% higher 

than 1976 due to increased fallout from nuclear testing. This is evident 

from the results obtained for fission product concentrations. Results were 

quite similar above and below the Creek for all radionuclides since the 

activity in Sawmill Creek was reduced by dilution so t,hat it was not detect- 

able as such in the Des Plaines River. The natural nonvolatile beta activity 

was about 14 x lo-' uCi/ml, and the excess, 6 x lo-' vCi/ml, was due to fall- 

out. The average nonvolatile alpha and beta activities, 1.0 x pCi/ml 

and 11 x vCi/ml, respectively, of 23 off-site surface water samples 

collected this year (excluding the Des Plaines River) were similar to the 

levels found in previous years. 

The radioactivity in samples 01 Illinois River water, shown in Table 12, 

were similar to those found in other bodies of water in the area and to the 
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TABLE 10 

Distribution of 239~u and 237~p 
Between Water and Suspended Sediment 

(Concentrations in 10-I pcilml) 

Data * 
Collected Location Fraction 

October 10 Outfall (7M) Water . 4.5 (19%) 44.7 (90%) 
Fine Sediment 2.9 (12%) < 1 - 
Coarse Sediment 16.6 (69%) 4.2 (10%) 

24.0 48.9 

Clctnher 10 200 m Below Water 
Out fall Fine Sediment 

Coarse Sediment , 

November 23 , Outfall. (7M) Water 
Fine Sediment 
Coarse Sediment 

November 23 30 m' Below Water & Fines 
Outfall -, Csarse S~diment. 

November 23 200 m Below Water & F i l ~ e s  7.1 (31%) ' 9.3 (68X)  
Out fall . Coarse Sediment 15.7 (69%) 10.2 (52%) 

22.8 19.5 

November 23 500 m Below Water 3.3 (20%) 17.7 (68%) 
Outf all Fine Sediment 9.8 (60%) 6.2 (24%) 

Coarse Sediment 3.3 (20%) 2.0 (8%) 
1G.4 25.9 

* 
Suspended sediment results are given in terms of the voluu~e of water 
filtered. 



TABLE 11 

Radionuclides in Des Plaines River Water, 1977 

Type of * No. of Concentration uCi/ml) Percent CG 
Activity ' Location Samples Av . Min. Max. Av . Min . Max. 

. . Alpha ' . A 12 1.9 t 0.4 1.0 3.3 (0.063) (0.033) (0.11) 
(nonvolatile) B 23 1.9 t 0.3 0.87 4.1 (0.063) (0.029) (0.14) 

Beta 
(nonvolatile) 

** 
Uranium 
(natural) 

Nep tunium-237 

* 
Location A, near Route 45, is upstream and location B, near Lemont, is downstream from the mouth of Sawmill Creek. 
See Figcre 2. 

** 
Uranium concentrations in units of ug/l cen be obtained by multiplying the concentration given by 1.48 x lo9. 
The avosage soncentration is 3.1 ug/l. 



T'ABLE 12 

Radionuclides in Illinois River Water, 1977 

(Concentrations in pCi/ml) 

Locat ion 
Ilate * * ** 
Ccllected Alpha B2t.a Hydrogen-3 Uranium . Neptunium-237 Plutonium-239 

McKinley Woods June 14 
State Park 

Below Dresden 
Power Station June 14 

Morris June 14 0.13 6.8 < 200 1.0 

Starved Rock 
State Park June 14 

McKinley Woods October 
State Park 1.0 15 

Below Dresden 
October 6 1.3 6 . '3 Power Station 

. . 

Morris October 6 1.6 . 8.0  < 200 1.3 - - 

Starved Rock 
1.0 State park Cctober 6 ; .4 

* 
Nonvolatile activity. 

** 
Uranium concentrations in units of pg/l c.an be obtained by multiply in.^ the concentration by 1.48. x lo9. 



a c t i v i t i e s ' f o u n d  p rev ious ly  a t  t h e s e  same l o c a t i o n s .  No r a d i o a c t i v i t y  o r i g i -  

n a t i n g  a t  Argonne could be d e t e c t e d  i n  t h e  D e s  P l a i n e s  o r  I l l i n o i s  Rivers .  

3. S o i l ,  Grass ,  and Bottom Sediment 

The plutonium con ten t  of s o i l ,  g r a s s ,  and bottom sediment was measured 

a t  t h e  s i t e  per imeter  and o f f  t h e  s i te .  The o b j e c t  of t h e  o f f - s i t e  sampling 

was t o  determine t h e  d e p o s i t i o n  of  plutonium from weapons t e s t i n g  f o r c o m p a r i -  

son wi th  per imeter  samples,  and wi th  r e s u l t s  ob ta ined  by o t h e r  o rgan iza t ions  

f o r  samples ' co l l ec t ed  a t  l a r g e  d i s t a n c e s ' f r o m  nuc l ea r  i n s t a l l a t i o n s .  Th i s  

l a t t e r  coinparison i s  u s e f u l  i n  de te rmin ing  i f  t h e  s o i l  a c t i v i t y  near  Argonne 

i s  normal. For t h i s  purpose, t h e  s i t e  s e l e c t i o n  c r i t e r i a  and'.sample prepara-  

t i o n  techniques  used by t h e  DOE Environmental Measurements ~ a b o r a t o r ~ ' ~ )  were  

used. S i t e s  were s e l e c t e d  i n  s e v e r a l  d i r e c t i o n s  and a t  v a r i o u s  d i s t a n c e s  

from t h e  Laboratory.  Each s i t e  was s e l q c t e d  on t h e  b a s i s  t h a t  . the s o i l  

appeared,  o r  was known t o  have been, undis turbed  f o r  a  number of y e a r s .  

Attempts were made t o  s e l e c t  open, l e v e l ,  g r a s sy  a r e a s  t h a t  w e r e  mowed a t  

reasonable  i n t e r v a l s .  P u b l i c  parks  were s e l e c t e d  when a v a i l a b l e .  

Each s o i l  sample cons i s t ed  of f i v e  c o r e s  t o t a l i n g  432  cm2 i n  a r e a  by 5 cm 

deep. Th i s  is  a  depa r tu re  from p a s t  p r a c t i c e .  Samples had been c o l l e c t e d  

down t o  30 cm t o  measure t o t a l  plutonium d e p o s i t i o n  and a s  a  r e s u l t  of f i v e  

y e a r s  of sample c o l l e c t i o n  and a n a l y s i s  a t  t h i s  dep th ,  t h e  t o t a l  plutonium 

depos i t ed  i n  t h e  Argonne environment has  been e s t a b l i s h e d .  By reducing t h e  

sampling depth t o  5 cm, t h e  a n a l y s i s  should be  more s e n s i t i v e  t o  changes i n  

c u r r e n t  depos i t i on .  The g r a s s  samples were ob ta ined  by c o l l e c t i n g  t h e  g r a s s  

from a  1 m2 a r e a  i n  t h e  immediate v i c i n i t y  of a  s o i l  sample. A grab sample 

technique  was u s e d . t o  o b t a i n  bottom sediment.  A f t e r  d ry ing ,  g r ind ing ,  and 

mixing, 100 g  p o r t i o n s  o f  so i l ' ,  bottom sediment,  and g r a s s  were analyzed by 

t h e  s'ame method d e s c r i b e d ' i n  Sec t ion  1 I I . A .  . f o r  a i r - f i l t e r  r e s i d u e s .  Resu l t s  

a r e  g iven  i n .  t e r m s  of oven-dried s o i l ,  bottom sediment ,  o r  g r a s s .  

Comparison of  t h e  pe r ime te r  and o f f - s i t e  r e s u l t s  i n  Table  1 3  shows t h a t  

t h e  same gene ra l  range of  c 'oncentrat ions e x i s t s  i n  a l l  a r e a s  f o r  both pluton-  

ium i s o t o p e s ,  and i t  may be concluded t h a t  t h e  plutonium i n  t h e  pe r ime te r  

samples r e s u l t e d  p r i m a r i l y  from f a l l o u t  of d e b r i s  from nuc l ea r  de tona t ions .  

Concent ra t ions  i n  t h e  f i r s t  5 cm of  s o i l  a r e  two t o  t h r e e  t i m e s  l a r g e r  t han  

I n  t h e  f i r s t  30 cm; t h e  d e p o s i t i o n  pe r  u n i t  a r e a  i s  two t o  t h r e e  t i m e s  sma l l e r .  



TABLE 13 

Plutoni~m Content of Soil, 1977 

Date - Flc tonium-2>8 Plutonium-239 
Collected Location lo-g ;:ci/g 1~~ uci/m2 lo-g ~ ~ i / g  lom3 uci/m2 238pu/239pu 

* 
Ferimeter 

June 16 SOE 1.1 + 0.1 0.05 + 0.01 15.2 + 0.5 0.68 + 0.02 0.070 

June 16 141 0.9 + 0.1 0.04 + 0.01 18.5 + 0.5 0.89 + 0.03 0.046 

June 16 14N 1.0 + 0 2 0.06 + 0.01 19.3 + 0.5 1.03 + 0.04 0.055 

June 1E 

June 1E.' 

November 15 

November 15 

November 15 

November 15 

Average 

9f.f -Size 

Channahon, IL June 14 

June 14 

June 14 Starved Rock 
State Park, IL 

June 15 

June 15 

October 6 McKinley hods 
State Park, 15 

October 6 Dresden Lock 
and Dam, IL 

October 27 Saganashkee 
Slough, LL 

. October 27 MeGinnis 
Slough, IL 

Average 

* 
The locations are given in terns of the grid coordin3tes in Figure 1. 



That  is, about  one-third of t h e  plutonium is  i n  t h e  top  5 cm. 

Composite monthly p r e c i p i t a t i o n  samples w e r e  analyzed f o r  plutonium-239. 

The r e s u l t s  a r e  g iven  i n    able 14 a long  wi th  r e s u l t s  s i n c e  1973 f o r  compari- 

son. The t o t a l  1977 . depos i t i on  by p r e c i p i t a t i o n  was about  t h r e e  t i m e s  t h a t  

of 1976, a  r e f l e c t i o n  of t h e  i nc reased  f a l l o u t  from atmospheric  nuc l ea r  t e s t s ,  

and was equ iva l en t  t o  0.5% of t h e  t o t a l  plutonium p rev ious ly  depos i t ed ,  which 
. . 

i s  r epo r t ed  t o  be '  2.2 x  p c i / m 2 .  (7) The d a t a  i n  Table  14 i s  i l l u s t r a t e d  

i n  F igure  5.  The arrows a t  t h e  bottom of t h e  f i g u r e  i n d i c a t e  t h e  approximate 

d a t e s  of t h e  Chinese atmospheric  nuc l ea r  tests. Comparison of  t h e  r e s u l t s  i n  

Figure 5 w i t h  t h e  plutonium a i r  concen t r a t i ons  f o r  t h e  p a s t  f i v e  y e a r s  i n  

F igure  4 shows e x c e l l e n t  agreement. A log-normal d i s t r i b u t i o n  p l o t  of t h e  

monthly plutonium d e p o s i t i o n  r e s u l t s  i n  a  s t r a i g h t  l i n e  b e s t  f i t ,  i n d i c a t i n g  

a  s i n g l e  plutonium s.ource, e v i d e n t l y , s t r a t o s p h e r i c  f a l l o u t .  

The ' thor ium,  uranium, and gamma-ray e m i t t e r s  i n  s o i l  samples were a l s o  

measured, and t h e  concen t r a t i ons  i n  t h e  per imeter  and o f f - s i t e  samples (Table  

15)  were s i m i l a r .  These a r e  expected l e v e l s  of che na tu ra l l y -occu r r ing  thor -  

ium and uranium a c t i v i t i e s  and n u c l i d e s  a t t r i b u t e d  t o  f a l l o u t .  I n  terms of 

mass, t h e  average thorium concent . ra t ions were 1 .9  Og/g and 2.2 l ~ g / g  a t  t h e  

per imeter  and o f f  t h e  s i te ,  r e s p e c t i v e l y ,  whi le  t h e  uranium concen t r a t i ons  

were 2.0 pg/g a t  t h e  per imeter  and 2.6 pg/g o f f - s i t e .  

The r e s u l t s  of r a d i o a c t i v i t y  measurements i n  g r a s s  a r e  given i n  Tables  

16  and 17. .The g r a s s  samples were washed be fo re  a n a l y s i s  t o  remove s u r f a c e  

s o i l ,  which c o n t a i n s  cons iderab ly  more r a d i o a c t i v i t y  p e r  gram than  g r a s s .  I f  

t h e  g r a s s  i s  analyzed wi thout  washing, r e s u l t s  a r e  more v a r i a b l e  and d i f f i c u l L  

Lo compare between l o c a t i o n s .  The per imeter  and o f f - s i t e  plutonium concen- 

t r a t i o n s  a r e  s i m i l a r  t o  each o t h e r  and t o  r e s u l t s  of  p rev ious  yea r s .  A l l  t h e  

r e s u l t s ' ,  pe r ime te r  and o f f - s i t e ,  w e r e  w i t h i n  t h e  range expected and observed 

from f a l l o u t .  I n  t e r m s  of d e p o s i t i o n ,  t h e  plutonium-239 concen t r a t i on  was a  

f a c t o r  of about  l o 4  l e s s  than  i n  sdil  from t h e  same , loca . t ion .  Thorium, 

uranium, and t h e  d e t e c t a b l e  gamma-ray e m i t t i n g  n u c l i d e s  were s i m i l a r  a t  the 

perimeter and o f f - s i t e ,  which i n d i c a t e s  t h a t  t h e i r  concen t r a t i ons  a r e  due t o  

na tu ra l l y -occu r r ing  n u c l i d e s  o r  f a l l o u t ;  The presence  and concen t r a t i on  01 

some of t h e  sho r t - l i ved  f i s s i o n  products  s t r o n g l y  depends on the' t ime of  

sample c o l l e c t i o n  r e l a t i v e  t o  an atmospheric  t e s t .  



TABLE 14 

Ground Deposition of. Pzutonium-239,240 

(Units of 10-6 $i/m2) 

Month 1973 1974 1975 1976 1977 

January - 0.60 + 0.10 1.1 + 0.18 0.25 2 0.06 0.17 + 0.08 

February 0.14 + 0.04 1.1 2 0.16 1.7 + 0.19 0.38 + 0.09 0.15 + 0.07. 

March 0.27 + 0.06 2.0 + 0.22 1.5 + 0.17 0.58 + 0.09 0.74 + 0.15 

April 0.40 + 0.07 5.2 2 0.37 4.0 2 0.43 0.21 2 0.07. 1.0 2 0.17 

May 0.50+0.06 4.620.31 1.820.18 0.58+0.11 1.820.21 

June 0.16 + 0.04 3.5 + 0.26 1.9 + 0.i8 u.65 z 0.12 1.2 2 0.18 

July 0.32 2.0.10 5.6 + 0.37 0.48 + 0.10 0.26 2 0.07 0.71 + 0.15 

August 0.34 + 0.14 1.0t0.19 0.3820.09 0.15+0.06 1.620.21 

September 0.27 + 0.17 0.25 + 0.11 0.10 + 0.06 0.06 + 0.05 1.5 + 0.20 

October . 0.30 + 0.12 0.45 + 0.10 0.12 + 0.08 0.30 2'0.10 0.85 -+ 0.15 

November 0.2220.10 0.7320.12 0 . 0 8 9 U . 0 7  0 1 0 5 k 0 , 0 ~  0,72+Q,14 

December 0.46 2 0.12 0.71 r 0.12 0.21 2 0.08 0.12 + 0.07 0.43 2 0.10 

Average 
Monthly 0.31 2 0.07 2.1 + 1.2 1.1 + 0.7 0.30 + 0.13 0.91 k 0.31 
Deposition 

Annual 
Deposition 3 . 3 8  

Percent 
Added to 0.2 '1.2 0.6 0.2 0.5 
Existing 



F i g .  5. Plutonium-239 Surface Deposition 



Radioxucl i3es  i n  S o i l ,  1977 

( C o n c e n t r ~ t i ~ n s  i n  uCi/g) 

Date Zirconium-95- Uranium 
Col l ec t ed  Locat ion Niobium-95 Cesiurrrl>7 Ceri-~m-141 Cerium-14lc Thorium-223 Thorium-230 Thorium-232 ( n a t u r a l )  

* 
Per imeter  

1I)E 

1 $ I  - 

14N 

9N 

6 1  

8 N  

' 7EF 

13N 

14E 

. June 1 6  

June 1 6  

June 1 6  

June 1 6  

June 16 

November 1 5  

November 1 5  

November 1 5  

Kovember 1 5  

Average 

Off-Si te  

Channahon, I L  June 14 

June  14 

June 14 

Morr is ,  IL 

Starved Rock 
. S r a t e  Park ,  IL, 

June 1 6  

June 1 6  

October 6 

Leaont,  I L  

Roneovi l le ,  EL 

McKinley Woods 
S t a t e  Park ,  IL 

October 6 Dresden Lock 
amd Dam, IL 

October 27 Saganashkee 
Slough, IL 

October 27 McGinni s 
Slough, IL 

Average 

* 
The pe r ime te r  Locat ions  a r e  g iven i n  t e r n s  of t h e  g r i d  c c o d i n a t e s  i n  Figure  1. 



TABLE 16 

Plutonium Content of Grass Samples, 1977 
- - 

Date Plutonium-238 Plutonium-239 
Collected . Location Wi/g pci/m2 pCilg u~i/m2 

* *  
Perimeter 

June 16 10E 0.12 + 0.08 0.027'+ 0.018 0.84 + 0.15 0.189 + 0.034 
June 16 141 

June 16 14N 

June 16 9N 

June 16 6 1 

November 15 8N 0.73 + 0.16 0.106 + 0.023 2.52 + 0.28 0.365 + 0.041 
November 15 7EF 0.39 + 0.10 0.093 + 0.024 2.72 + 0.25 0.650 + 0.060 
November 15 13N 

November 15 14E 

Average 0.46 + 0.31 0.091 + 0.068 1.40 + 0.57 0.285 + 0.144 

Of £-Site 

June 14 Channahon, IL 0.1.3 H . 0 8  0.020 + 0.012 0.91 + 0.15 0.137 + 0.023 
June 14 Morris. IL 0.08 + 0.08 0.006 + 0.006 0.72 + 0.14 0.054 + 0.011 
June 14 Starved Rock 0.02 4 0.07 0.002 + 0.008 0.93 + 0.15 0.109 + 0.018 

State Park, IL 

June 16 Lemont, IL < 0.01 , < 0.001 0.64 + 0.12 0.100 2 0.019 

June 16 Romeoville, IL 0.03 + 0.06 0.005 + 0.011 0.87 + 0.13 0.172 + 0.026 
October 6 McKinley. Woods 0.86 2 0.37 0.109 + 0.047 0.99 + 0.38 0.126 + 0.048 

State Park, IL 

October 6 Dresden Lock 2.68 + 0.54 0.5412 0.109 3.032 0.57 0.612 + 0.115 
and Dam, IL 

October 27 Saganashkee 1.28 4 0.29 0.114 + 0.026 3.20' 0.45 0.285 + 0.040 
Slough, IL 

October 27 McGinnis 0.98' 0.28 0.1302 0.037 2.66 + 0.43 0.354 + 0.057 
Slough, IL 

Average 0.67 ' 0.60 0.103 ' 0.115 1.55 2 0.72 0.217 2 0.117 

-- . . .A- 

* 
The perimeter locations are given in terms of the grid coordinates in Figure 1. 



Radionuclides in Grass Samples, 1977 ' 

Coas:entratirons in pCi/g Concentrations in uCi/g 
Date Uranium 

Collected Location 95Zr-95Nb 103h . 137~: 140Ba-140La 1 4 1 ~ ~  14"ce 228~h 230~h 232~h (natural) 

* 
Perimeter 

10E 

141 

14N 

9N 

61 

8N 

7 EF 

13N 

14E 

June 16 

June 16 

June 16 

June 16 

June 16 

November 15 

November 15 

November '15 

November 15 

Average 

4' 

June 14 

June 14 

June 14 

Channahon, IL 3.3 2 0.5 

Morris, IL 1.8 -+ 0.4 

Starved Rock 
State Park. IL 1;5 2 0.3 

June 16 

June 16 

October 6 

Lemont, IL 1.8 2 3 

Romeoville, IL 2.0 t 0.3 

McKinley Woods 4.0 + 0.6 State Pzrk, IL 

October 6 Dresden Lock 6 5.8 2 0.7 Dam, IL 

October 27 Saganashkee 
Slough, IL 14.3 2 1.5 

October 27 McGinnis Slough, IL 9.7 + 1.0 

Average 4.0 2 2.9 

* 
The perimeter locations are given in terms of the grid ccordinates in Figure 1. 



Bottom sediment samples were analyzed f o r  thorium, uranium, plutonium, 

and gamma-ray emitters f o r  comparison. The r e s u l t s  a r e  given i n  Tables  1 8  

and 19.  Plutonium r e s u l t s  vary  widely between l o c a t i o n s  and a r e  s t r o n g l y  

dependent on t h e  r e t e n t i v e n e s s  of t h e  bottom m a t e r i a l .  I n  1975, a  bottom 

sediment sample from t h e  pond a t  15H i n d i c a t e d  s l i g h t l y  e l e v a t e d  concentra-  

t i o n s  of plutonium..  Comparison of t h e  r e s u l t s  of  t h e  f o u r  15H pond.samples 

c o l l e c t e d  on August .24,  1977, wi th  t h e  two o f f - s i t e  samples c o l l e c t e d  t he  
. . 

same day from s i m i l a r  types  of ponds demonstrates  t h a t  t h e  concen t r a t i ons  i n  

t he  sediment of 15H a,re i n  t h e  normal range.  I n  g e n e r a l ,  t h e  average  concen- 

t r a t i o n s  of a l l  t h e  n u c l i d e s  t h a t  were measured a r e  s i m i l a r .  Th,e uranium 

and thorium concen t r a t i ons  were normal and s i m i l a r  . t o  t hose  found i n  s o i l .  

I n  terms of mass, t h e  uranium concen t r a t i ons  were 4 .0  ug/g a t  t h e  pe r ime te r  

and 2.2 pg/g o f f  t h e  s i te ,  whi le  t h e  thorium concen t r a t i ons  were 2.3 ug/g 

and 1 . 8  ug/g a t  t h e  per imeter  and o f f - s i t e ,  r e s p e c t i v e l y .  

4.  Foods tuf fs  

Raw mi lk  was c o l l e c t e d  monthly from a l o c a l  d a i r y  farm sou th  of Lemont 
, . 

and analyzed f o r  s e v e r a l  r a d i o a c t i v e  n u c l i d e s  by methods s i m i l a r  t o  t hose  

used f o r  water .  Iodine-131 was analyzed w i t h  a  d e t e c t i o n  l i m i t  of  1 x 10- lo  

pCi/ml by a  ba t ch  ion-exchange s e p a r a t i o n  followed by b e t a  count ing .  Cesium- 

137 was analyzed wi th  a  d e t e c t i o n  l i m i t  of  5  x  10-lo p C i / m l  by an ion-exchange 

s e p a r a t i o n  followed by gamma-ray spec t romet ry .  The oth.er n u c l i d c s  w e r e  

analyzed by t h e  same methods used f o r  water  and wi th  t h e  same d e t e c t i o n  l i m i t s .  

The r e s u l t s  a r e  given i n  Table  20. The concen t r a t i on  of hydrogen-3 i n  milk 

f o r  a l l  samples was less than t h e  d e t c c t i o n  l lmir .  The-average  strontium-90 

concen t r a t i on  was s i m i l a r  t o  1976, wh i l e  t h e  average  cesium-137 concen t r a t i on  

i nc reased  by about 35%. These n u c l i d e s  a r e  f i s s i o n  p roduc t s  from nuc l ea r  

tests and t h e i r  presence i n  milk is  no t  r e l a t e d  t o  Argonne ope ra t i ons .  Stron- 

tium-89, iodine-131, and barium-140 concen t r a t i ons  above t h e  d e t e c t i o n  1 i m J . t  
A .  

and t h e  i n c r e a s e  III t h e  cesium-137,and s t ront ium-90concent ra , t ion  l a t e  i n  t h e  
S '  

f a l l  a r e  a t t r i b u t e d  t o  the' p r ev ious ly  d i s cus sed  atmo.spheric . ,  . nuc lea r  t e s t s .  

The concen t r a t i ons  g iven  i n  Table  20 may be  compared t o  t h e  CGs f o r  

d r i n k i n g  water  g iven  i n  t h e  Appendix, P a r t  B. The d r i n k i n g  water  CGs a r e  

based on an i n t a k e  of  2.2 l i ters  per  day. The consumption of  one l i t e r  of 

milk pe r  day wni~ld r e ~ u l t  i n  au average i n t a k e  of 0.5% of t h e  strontium-90, 

and 0.007% of t h e  cesium-137 Concent ra t ion  Guides. 



Alpha-Par t ic le  ~m1tti.r.g Nuclides i n  Bottom Sediment, 1977 

~ o n c e n t r a t . i o n s  i n  13-6 u ~ i / p ,  Concentra t ions  i n  lo-' v ~ i / n  
Date Uranium 

Col l ec ted  Locat ion Thorium-228 Thoricn-13Cl l 'k~rium-232 ( n a t u r a l )  Plutonium-238 Plutonium-239 2 3 8 ~ u / 2 3 g ~ ~  

* 
Perimeter  

* .  

August 24 I l l e t  15H Pond 0.19 + 0 . 0 1  0.30 + 0.01 D.19 f 0.01 2.3 t 0 .1  6.3 t 0.3 ' 0.071 0.4 f 0 .1  

August 24 South Center 
15H Pond 

August 24 North Center 
15H Pond, 

August 24 O u t l e t  1 5 H  Pond 0.25 + 0.01 0.38 f 0.01 0.25 + 0.01 2.1 + 0.1 1.1 + 0.2 21.2 t 1.1 0.053 

Average 0 . 2 6 t 0 . 0 6  0 . 4 1 + 0 . 0 8  0 . 2 6 t 0 . 0 6  2 .7 .2  0.8 1 . 3  + 0.7 . 2 2 2 1 - 1  . 0 . 0 6 2 t 0 . 0 1 3  

June 14 DuPage River,  
Channahon, IL. 

June 16  Long Run Crsek, 
Lemont, IL 

August 24 Pond, Lemont Rd. 0.21 C,.O1 
a t  76th S t . ,  IL 0.35 ? O . C 1  Cc20 f 0.01 2.4 t 0.2 2.2 2 0.2 45.3 + 1.8 0.049 

August 24 Ponds 83rd st. 0.28 f 0.01 0.55 a . C l  0.27 t 0.01 
Clynderven Rd . , 2.1 t 0.1 15.0 + 0.9 0.087 1 .3  + 0.2 

October 6 DuPage River,  0.17 + 0.01 0.22 + 1.02 C.19 + 0.01 1.2 t 0 .1  0.6 t 0 .1  0.4 t 0 . 1  - Zhannahon, I L  

October 27 Des P l a i n e s  E i v e r ,  0.19 + 0.01 0.27 t 3.01 C.15 + 0.01 1 .6  t 0 .1  2.0 2 0.2 10.6 t 0.7 - 
Brookf i e l d  , ZL 

October 27 S a l t  Creek. 
Western sp;ings, 0.11 t 3.01 0.23 + 0.01 3.19 0.01 1.i + 0 . 1  0.4 t 0 .1  0.7 + 0.1 - 
IL 

Average 0.20 + 0.04 0.30 I 0..09 3.20 t 0.04 1 . 5  = 0.4 1 .0  t 0.6 10.8 + 12.3 0.068 t 0.038 

* 
The per imeter  l o c a t i o n s  a r e  given i n  t e r m  of t h e  g r i d  ccord ina tes  i n  Figure  1.. 



TABLE 19 

Gamma-ray Emitting Nuclides in Bottom Sediment, 1977 

(Concentrations in pCi/g) 
- 

Date Zircorium-95- 
Collected Lccation Niobium-95 Ruthenium-103 Ruthenium-106 Antimony-125 Cesium-137 Cerium-141 Cerium-144 

* 
Perimeter 

~ i ~ u s t  24 Inlet 15H Pond 0.3 + 0.1 < 0.1 < 0.1 < 0.1 0.2 f 0.1 < 0.1 < 0.1 
August 24 . South Center 

' 15H Pond 0.5 t 0.2 < 0.1 < 0.1 < 0.1 1.9 + 0.4 < 0.1 0.5 f 0.2 

.August 24 North 'Center 
15H Pond 0.6 .! 0.2 < 0.1 < 0.1 0.2 + 0.1 2.8 + 0.4 0.1 + 0.1 0.2 + 0.1 

lugust 24 Outlet 15H Pond 2.7 + 0.4 0.2 + 0.1 0.6 + 0.2 0.1 .+ 0.1 2.2 + 0.4 0.1 + 0.1 . 1.2 + 0.3 
Average 1.0 = 1.1 < 0.1 < 0.2 < 0.1 1.8 + 1.1 < 0.1 0.5 + 0.5 

. . . . 

Off -Site CII 
W 

June 14 DuPage River, 
Channahm, IL 1.8 ? 0.4. < 0.1 < 0.1 < 0.1 0.1 + 0.1 < 0.1 < 0.1 

Zune 16 Long Run Creek, 0.2 + 0.1 Lemont, IL < 0.1 < 0.1 < 0.1 0.1 + 0.1 < 0.1 < 0.1 . 

' P.ugust 24 

August 24" 

Ostober 6. 

October 27 

Pond. Lexont Rd. 
at 76th jt., IL 1.7 + 0.4 

Pond, 83rd St. & ' 0.4 O.l 
Clynderven Rd., IL 

DuPage River, 0.1 2 0.1 Channahon, IL 

Des Plaiaes ~iver, 1.2 + 0.3 Bro~kfield, IL 

Salt Creek, 
Western Springs, 0.2 + 0.1 
IL 

Average 0.8 + 0.6 

* 
The perimeter locatiom are given in terms of the grid coordinates in Figure 1. 



. . TABLE 20 

R3dionuclides in Milk, 1977 

[Concentrat ions in pCi/ml)r 

Date 
Collected Hydrogersr3 . Strontium49 Strontium-90 Iodine-131 Cesium-137 Barium-140 

January 5 < 200 < 2 2.6 < 0.1 1.7 < 2 

February 2 < 200 < 2 .  1.4 < 0.1 1.6 < 2 

March 2 < 200 < 2  - 1.9 < 0.1 1.2 < 2 

< 200 < 2 < 0..1 2.0 April 7 . 2.3 < 2 

June 1 < - 200 4.3 4.5 < 0.1 2.7 < ? 

July 6 < ,200 5.5 5.5 < 0.1 3.0 < .2 

August 5 < 200 < 2 -2.9 < 0.1 5.3 < 2 

September 7 < 200 < 2 3.3 < 0.1 3.8 < 2 .  

October 5 < 200 22.6 5.6 37.4 4.2 15.8 

November 2 < 200 13.. 1 4.5 2.9 6.1 

December 7 < 200 . < 2 

Average < 200 < 5.2 3.2 ? 0.8 < 3.5 3.3 ? 1.0 < 3.5 



Several samples of garden vegetables grown 8-16 km (5-10 miles) from 

Argonne were obtained and analyzed for plutonium, uranium, and thorium. The 

results are given in Table 21, and the concentrations are expressed in terms 

of air-dried weight. Compared ,to the results for pass-, the plutonium-239 

concentrations are about a hundred times lower, while the uranium concentra- 

tions are about ten times lower. The uranium results are in good agreement 

with analyses of the same types of vegetables measured during 19.75 and 1976. 

The plutonium content, although extremely variable, covered about the same 

range of concentrations as in the last two $ears. Included with the plutonium 

results is a concentration factor (CF), which is defined as the ratio of 

plutonium concentration in the food divided by the average plutonium concen- 

tration in soil. As in the case of milk, the radioactivity is unrelated to 

Argonne operations, but the information is valuable as background data. 

5. External Penetrating Radiation 

Measurements were made with calcium fluoride (dysprosium activated) 

thermoluminescent dosimeter (TLD) chips. Each measurement was the average of 
, . 

three or four -chips expos,ed in the same packet; The response of the chips 

was calibrated with an NBS standard radiuin-226 sourre, and the results cal- 

culated in terms of air dose. Dosimeters were exposed at a number of loca- 

tions at the site boundary to determine the dose, if any,, due to Argonne 

operations at the closest uncontrolled approaches to the T.shoratory, and st 

several locations on the site. The latter were chosen for two purposes: to 

determine where abnormal doses might be encountered, and where the results 

might be useful. in determining thc origin ul: a n y  abnormal dose readings 

obtained at the boundary. Readings were also taken at five off-site locations 

for comparison purposes. 

The results are summarized in Tables 22 and 23, and the site boundary 

and on-site readings are also shown in Figure 6. Measurements were made in 

six successive exposure periods that varied in length from 55 to 78 days, and 

i l l  tocal covered the period from January 4, 1977, to January 5, 1978. The 

results for each period were calculated in terms of annual dose for ease in 

comparing measurements made for different elapsed times, and were weighted 

according to their exposure times in calculating the annual average at each 

location. The error glven for an average is the 95% confidence limit calcu- 

lated from the standard error. 



TABLE 21 

Radionuclides in Garden Vegetables, 1977 

Food 

Concentration ( 1 ~ ~  p C i / g )  Plutonium-239 
' Uranium concent rat ion 

Thorium-228 Thorium-230 Thorium-232 (natural) (10'12 uCi/g) . CF . 

Beets. 0.6 t 0.2 1.2 t (5.2 0.6 t 0.1 4.4 t 0.4 16 2 9 6 x 10'~ 

Cabbage 0.1 t 0.1 0.1 ,t 0.1 0.1 2 0.1 2.7 t 0.2 9 2 3  4 10'~ 

Corn (kernels) 1.4 2 0.1 ' 2.9 2 i3.8 2.3 t 0.8 1.5 2 0.6 < 35 < 1.4 x.10'~ 

Tomatoes 0.1 2 0.1 0.2 2 0.1.. 0.1 t 0.1 2.1 2 0.2 3 2 2  1 lo4 



TABLE 22 

. . Environmental Pene-trating Radiation a t  O f f  -Si  t e  Locations, 19'77 

Dose Rate (mremlyear) 

Period of Measurement 
.Locat ion  114-317 317-5124 5/24-7119 71.19-9/16 9116-11/10 11/1.0-1/5 Average 

Downers Grove . 87 5 0 84 9 0 9 7 9 5 90 2 5 

Lockport 

Lombard 

Oak Lawn 8 3 8 2 74 8 4 84 8 3 82  2 4 

Oakbrook 97 9 5 103 100 102 100 99 t 3 

Average t i 9 2 6  9 3 2 6  88 2 9 94 2 6 96 2 6 93 2 6 92 2 6 



TABLE 23 

Emironmenta l  2 e r x t r a t i n g  Radia t ion  a t  ANL, 1977 

Dose Rate  (mremlyear.) 

Period of Measurement 
Locat ion 114-317 3,';-5/24 5/24-7119 7119-9/16 9116-1111~ 11110-115 Average 

14L - Boundary 

141  - Boundary 

14G - Boundary 

13D - Boundary 

9/10 EF - Bou.ndary 

8H - Boundary 

8H - Center ,  S t .  P a t r i c k ' s  Cemetery 

71 - Boundary 

61  - 200 m N of Quarry Road 

9L - Boundary . 

9H - 50 m SE of CP-5 

8H - 65 m S of 316 

8H - 200 m NW of Waste S torage  
Area (He l i po r t )  

71 - Center ,  Waste S torage  Area 2060 I090 2470 4260 3200 1950 2640 2 900 

1 0 / 1 1 ~  - Lodging Facilities 8 2 8 1 .8 2 7 3 80 88 8 1  2 5 

9J - Between ZGS Conder-zer 
and 386 



Fig. 6 .  Penetrating Radiation Measurements at the ANL Site, 1977 



The o f f - s i t e  r e s u l t s  averaged 92 mrem/yr. The standard e r r o r  of t h e  

mean of a l l  30 ind iv idua l  r e s u l t s  was 1.4 mremlyr. (The standard e r r o r  of 

t h e  average of t h e  f i v e  separa te  loca t ions  w a s  6 mrem/yr.) From 1972 t o  1976 

t h e  corresponding averages and standard e r r o r s  var ied  from 90 + 2 mrem/yr 

(1976) t o  105 + 2 mremlyr (1972). The five-year average was 98 + 3 mremlyr. 

The 1977 average i s  wi th in  t h e  range found previously. The v a r i a t i o n s  from 

year-to-year have been consis tent  a t  each locat ion.  The annual average a t  

Downers Grove, Lockport, and Lombard have been wi th in  5 mrem/yr of t h e  

average of a l l  f i v e  o f f - s i t e  locat ions  (usually wi th in  2 mremlyr). A t  

Oak Lawu Ll~e r e s u l t s  have been from 8 t o  11 mrcm/yr below, and a t  Oakbrook 

tho rosults ,  havebeen7 t o  11 mrem/yr a h n w ,  the  ~)vera11 average, 

I f  the  o f f - s i t e  loca t ions  a r e  an accura te  sample of t h e  r a d i a t i o n  back- 

ground i n  t h e  a rea ,  then annual averages a t  t h e  slLe buur~dary rauglug Irum 00 

t o  104 (92 5 12) mremlyr may be considered normal wi th  a 95% probab i l i ty ,  o r  

95% of Lhe buul~clary r rsulLs  sl~oulcl have averages i n  t h i a  range. To compare 

boundary r e s u l t s  f o r  individual  sampling periods,  t h e  standard dev ia t ion  of 

t h e  30 ind iv idua l  o f f - s i t e  r e s u l t s  i s  useful .  This value  is  7.4 mremlyr, so 

t h a t  s i n g l e  boundary r e s u l t s  i n  t h e  range of 92 + 15 may be considered normal 

with a 95% probabi l i ty .  

A t  two locations,  71 a t  the  south  boundary of t h e  s i te ,  and a t  141 north 

nf  R ~ i i  1 d i n g  702, t h e  dose r a t e s  were cons i s t en t ly  above t h e  normal range. A t  

71 t h i s  was due t o  r a d i a t i o n  from a Radioactive Waste Sforage F a c i l i t y  i n  the 

nor thern  ha l f  of gr id  71. Waste is packaged and temporarily kept  i n  t h i s  

a r e a  p r i o r  t o  removal f o r  permanent s torage  elsewhere. The n e t  above-normal 

dose at t h i s  loca t ion  was about 114 mremlyr, considerably less than i n  1976 

and s i m i l a r  to  the  1975 value. A t  141 t h e  average dose r a t e  was about 119 

mrem/yr above normal. This dose is aCtrfbuLed t a  the  use of cobalt-60 i r r a -  

d i a t i o n  sources i n  Building 202. A change i n  the  o r i e n t a t i o n  of t h e  sources 

i n  .July, 1977 ,  arrot1nt.s f o r  the dif ference  i n  t h e  measured dose r a t e s  a t  

t h i s  loca t ion  between t h e  f i r s t  and second halves of t h e  year. 

Dose v a r i a t i o n s  from period t o  period a t  the  same loca t ion ,  which a r e  a t  

least i n  p a r t  e t a t i s t i c a l ,  and t h e  d i f fe rences  between loca t ions  make i t  d i f -  

f i c u l t  t o  determine with high c e r t a i n t y  when s i te  boundary doses a r e  only a 

few mremlyr above normal and due t o  Argonne operat ions.  Three c r i t e r i a  are 

used t o  i d e n t i f y  such locat ions :  1 )  the  r d u l t s  f o r  each sampling period a r e  



f r equen t ly  above t h e  o f f - s i t e  average f o r  t h e  same per iod;  2) t h e  annual  

average a t  a  l o c a t i o n  exceeds t h e  o f f - s i t e  average (92 mremlyr) p l u s  twice 

t h e  s tandard  e r r o r  i n  t h e  average,  7 mremlyr; o r  3) occas iona l  r e s u l t s  a t  a  

p a r t i c u l a r  l o c a t i o n  a r e  s i g n i f i c a n t l y  above the  normal va lue  f o r  t h a t  loca-  

t i o n ,  bu t  do no t  exceed t h e  o f f - s i t e  normal range. The l a s t  c r i t e r i o n  could 

apply t o  a  l o c a t i o n  such a s  13D, where t h e  r e s u l t s  have been c o n s i s t e n t l y  

below t h e  average.  A t  t h i s  l o c a t i o n  t h e  ground con ta ins  cons ide rab le  g r a v e l ,  

which has l e s s  radium than t h e  usua l  c l a y  sub - so i l ,  and t h i s  probably 

accounts f o r  t h e  low dose r a t e s .  Appl ica t ion  of  t h e  f i r s t  two c r i t e r i a , a n d  

the  d i f f i c u l t i e s  i n  i n t e r p r e t i n g  smal l  d i f f e r e n c e s  from n a t u r a l  background 

by TLD measurements a r e  i l l u s t r a t e d  below. 

The dose r a t e  a t  8H i s  of i n t e r e s t ,  s i n c e  i t  l i e s  i n  S t .  P a t r i c k ' s  

Cemetery, which was i n  use  be fo re  Argonne was cons t ruc t ed ,  and which i s  open 

t o  v i s i t o r s .  The dose a t  t h e  c e n t e r  of  t h e  Cemetery was about 1 2  mremlyr 

above t h e  o f f - s i t e  average bu t  w i t h i n  t h e  upper l i m i t  (106 mrem/yr) of t h e  

normal range. Resu l t s  for ' some i n d i v i d u a l  pe r iods  were a t  t h e  95% upper 

l i m i t  f o r  such measurements, 107 mremlyr. An upper l i m i t  f o r  t h e  excess  

dose a t  8H is about 10  mremlyr, based on t h i s  type  of comparison, a l though 

s t a t i s t i c a l l y  t h e  dose a t  t h i s  l o c a t i o n  may be considered normal. s i m i l a r .  

bu t  somewhat h igher  r e s u l t s  were obta ined  i n  prev ious  yea r s .  

A t  t h e  south  end of t h e  Laboratory s i t e ,  t h r e e  p o s s i b l e  sources  of ex- 

t e r n a l  r a d i a t i o n  e x i s t :  d i r e c t  r a d i a t i o n  from t h e  Waste S torage  F a c i l i t y ,  

d i r e c t  r a d i a t i o n  from a  tandem dynamitron and low-power r e a c t o r s  i n  Bui ld ing  
- 

316 ( l o c a t i o n  9GH), and argon-41 from t h e  CP-5 r e a c t o r  a t  l o c a t i o n  9H. The 

c o n t r i b u t i o n  from CP-5 t o  t h e  dose a t  8H i s  considered n e g l i g i b l e  s i n c e  dose 

r a t e s  measured i n  o t h e r  d i r e c t i o n s  from CP-5 a t  t h e  same d i s t a n c e  were l e s s  

than a t  8H. The c o n t r i b u t i o n  from Bui ld ing  316 is a l s o  considered n e g l i g i b l e  

s i n c e  t h e  d o s e  a t  the Cemetery d i d  not  decrease  when t h e  dose c l o s e  t o  t h e  

bu i ld ing  decreased a f t e r  t h e  r e a c t o r  i n  t h e  b u i l d i n g  was provided w i t h  addi-  

t i o n a l  ' shielding.  Since t h e  dose a t  t h e  c e n t e r  of t h e  Cemetery averaged 

8  mrem/yr above t h a t  a t  t h e  boundary, t h e  excess  dose i s  a t t r i b u t e d  t o  t h e  

m a t e r i a l  s t o r e d  a t  71, r a t h e r  than t o  sources  no r th  of t h e  Cemetery. 



6. P o t e n t i a l  Radia t ion  Dose Es t imates  

a .  A i r  and Water Borne Radionucl ides  

The r a d i a t i o n  doses a t  t h e  s i t e  boundary and o f f  t h e  s i t e  t h a t  could 

have been rece ived  by t h e  p u b l i c  from r a d i o a c t i v e  m a t e r i a l s  l eav ing  the  s i t e  

were c a l c u l a t e d  by two methods. Where measured r ad ionuc l ide  concen t r a t ions  

i n  a i r  and water  a r e  a v a i l a b l e ,  t he  conversion of concen t r a t ion  t o  dose was . 

based on t h e  r a t i o  of environmental concen t r a t ions  t o  t h e  Concentrat ion Guides 

g iven  i n  Table 24. Th i s  t a b l e  g ives  t h e  annual  r a d i a t i o n  doses t h a t  would 

r e s u l t  from cont inuous exposure a t  t h e  s p e c i f i e d  concen t r a t ions  f o r  those  

n u c l i d e s  whose presence i n  t h e  envi,ronment a r e  a t t r i b u t a b l e  t o  Argonne. For 

argon-41, t r i t i a t e d  water  vapor ,  and iodine-131 r e l eased  from r e a c t o r  s t a c k s ,  

doses were c a l c u l a t e d  from an atmospheric  d i s p e r s i o n  model making use  of a 

sou rce  term and meteoro logica l  d a t a .  

The p r i n c i p a l  exposure pathway f o r  r a d i o a c t i v e  subs tances  r e l ea sed  from 

Argonne i s  d i r e c t l y  from a i r  t o  man by i n h a l a t i o n .  Although Sawmill Creek 

water  is  not used , f o r  d r ink ing  purposes,  t h e  dose t h a t  would be rece ived  by 

an i n d i v i d u a l  i n g e s t i n g  water  a t  t h e  concen t r a t ions  found i n  t h e  Creek i s  

c a l c u l a t e d .  A minor exposure r o u t e  i s  from water  t o  man by i n g e s t i o n  of 

I l l i n o i s  Rivcr water  267 km (140 mi l e s )  downstream from Argonne (Sec t ion  I . E . ) ,  

b u t  t h e  d i l u t i o n  of Sawmill Creek water  a t  t h i s  po in t  i s  s o  g r e a t  t h a t  the 

dose c a l c u l a t i o n  i s  meaningless.  No o t h e r  exposure pathways a r e  s i g n i f i c a n t .  

Argon-41 and hydrogen-3 ( i n  t he  form of t r i t i a t e d  water )  from t h e  CP-5 

r e a c t o r  r ep re sen t  t h e  major p o r t i o n  of t h e  gaseous. r a d i o a c t i v e  e f f l u e n t  r e -  

' l e a s e d  from t h e  Laboratory.  The concen t r a t ions  and dose r a t e s ,  a s  a func t ion  

of d i s t a n c e  from CP-5, were c a l c u l a t e d  f o r  t h e s e  two ni~cl . ides  by a computer 

program based on an  atmospheric d i s p e r s i o n  model. (8) The fo l lowing  parameters 

were used i n  t h e  c a l c u l a t i o n s :  

. a )  r e l e a s e  r a t e s  (measured i n  t h e  CP-5 exhaust stack): argon-41, 

1.54 Ci/Mw-hr; hydrogen-3, 0.041 Ci /hr .  

b) metoro logica l  d a t a :  t h e  wind v e l o c i t y  d a t a  shown i n  F igure  3.  

c )  t h e  u s u a l  parameters  f o r  s t a c k  h e i g h t ,  bu i ld ing ,  wake, plume 

momentum, tempera tures ,  e t c .  
I 

The c a l c u l a t i o n s  were c a r r i e d  o u t  t o  80 km (50 mi l e s ) .  The argon-41 

r e s u l t s  f o r  t h e  f i r s t  4.8 km ( 3  miles )  a r e  given i n  Table 25. Doses were 



TABLE 24 

Concentration-to-Dose Conversion Fac to r s  

* *. 
Concentrat ion Dose 

( ~ C i / m l )  (rem) C r i t i c a l o r g a n  Nuclide Medium 

Water 
Water 

Kidney 
Bone 

A i r  Whole Body 

Water Bone 

Water 
 at e r  

G I  (LLI) 
Bone 

Water 
Water 

G I  (LLI) 
Bone 

Water Bone 

Air 
Water 

Whole Body 
Whole Body 

Iodine-131 A i r  1 x 10-lo 1 .5  Thyroid 

Neptunium-237 Water 3 x lo-6 3 Bone 

Plutonium-238 Water 5 x lo-6 3 Bone 

Plutonium-239 Water 5 x lo-" 3 Bone 

3 3 Strontium-90 Water Bone 

* 
The concen t r a t ions  and doses a r e  t h e  Radia t ion  P r o t e c t i o n  Standards (RPS) 
s p e c i f i e d  i n  DOE Manual Chapter 0524 f o r  ind . iv idua ls  i n  uncont ro l led  a r e a s ,  
except  f o r  americium-241 (bone),  californium-252 (GI and bone) ,  and curium- 
242 (bone).  Since RPS va lues  f o r  t h e s e  nuclide-organ combinations a r e  no t  
given inDOEM 0 5 2 4 , t h e  concent ra t ions  used were one-tenth of t h e  168 hour 
occupat iona l  va lues  s p e c i f i e d  by t h e  ICRP . (9)  



TABLE 25 

Argon-41 Radiat ion Dose From CP-5 Reactor,  1977 

(mi l l ' i r  em/ year)  

Sector  

  is tance 
1.5 km 0-1.6 km 1.6-3.2 km 3.2-4.8 km 

(0.93 mi) (0-1 m i )  . (1-2 mi) '(2-3 mi) 

N 4.2 10.4 1.9 0.8 . 

NNE .5 .6 13'. 9 2.6 1.1 

NE 4 . 7  11.6 2.2 0.9 

ENE 5.5 13.8 2.6 1.1 

E . 6 . 8  17.0 3.2 1.3 

ESE 

sk' 

SSE 

S 

SSW 

S W 

WSW 

W 

SNW 

NW 

NNW 3.2 8.0 1 -5, 0.6 

Average 3.5 8.7 1 .6  0.7 



c a l c u l a t e d  f o r  t h e  mid-point of t h e  annu la r  i n t e r v a l .  Thus, t h e  dose f o r  

0-1.6 km (0-1 mi l e )  average  is  t h e  dose  a t  0.8 km (0.5 mi l e ) .  The h i g h e s t  

dose r a t e s  a r e  i n  t h e  N t o  E s e c t o r s .  I n  t h i s  a r e a  t h e  f u l l - t i m e  r e s i d e n t s  

r e c e i v i n g  t h e  l a r g e s t  dose,  3  mremlyr (ou tdoor s ) ,  l i v e  2.2 km (1.4 mi l e s )  

from t h e  r e a c t o r  i n  t h e  NE d i r e c t i o n .  Th i s  dose i s  less than  1% of t h e  

s t anda rd  (500 mrem/yr) f o r  i n d i v i d u a l s  i n  uncont ro l led  a r e a s .  The dose 

v a r i e s  g r e a t l y  w i th  d i s t a n c e  i n  t h e  f i r s t  s e v e r a l  k i l ome te r s .  Thus, i n  t h e  

NE d i r e c t i o n  i n d i v i d u a l s  would r e c e i v e  5.6 mrem/yr i f  they  were outdoors  

throughout  t h e  yea r  a t  1 .6  km and 1 .2  mremlyr i f  they  were ou tdoors  a t  3.2 km. 

The measurement technique  f o r  argon-41 i s  adequate  i n  t h e  v i c i n i t y  of  

CP-5, bu t  i s  no t  s u f f i c i e n t l y  s e n s i t i v e  t o  measure the  concentra.t ion a t  t h e  

s i t e  boundary. However, an  upper l i m i t  f o r  t h e  argon-41 dose  a t  t h e  s i t e  

boundary can be es t imated  from t h e  p e n e t r a t i n g  r a d i a t i o n  dose measurements 

made w i t h  thermoluminescent dos imeters  (TLD) and d i scus sed  i n  Sec t ion  I I I . A . l .  

The measurements made sou th  of t h e  r e a c t o r  and n o r t h  of Bui ld ing  202 a r e  ob- 

s cu red  by d i r e c t  r a d i a t i o n  from s e v e r a l  gamma-ray sou rces ,  bu t  i n  o t h e r  

d i r e c t i o n s ,  i nc lud ing  t h e  predominant wind d i r e c t i o n s  t o  t h e  e a s t  and n o r t h e a s t ,  

t h e  dose r a t e s  a t  t h e  s i t e  boundary w e r e  i n  t h e  normal range  found o f f - s i t e .  

I n c r e a s e s  i n  excess  of two s t anda rd  d e v i a t i o n s  of any s i n g l e  o f f - s i t e  r e s u l t  

( i . e . ,  g r e a t e r  than  92 2 1 5  mremlyr) would have been recognized as abnormal, 

and on t h i s  b a s i s  t h e  dose from argon-41 a t  t h e  s i t e  boundary was less than  

about  1 5  mrem/yr. Thus, t h e  c a l c u l a t e d  doses  and those  measured by TLD ag ree  

w i t h i n  t h e  a b i l i t y  of t h e  TLD system t o  d e t e c t  above-normal doses .  

The popula t ion  d a t a  i n    able 2 was used t o  c a l c u l a t e  t h e  popu la t i on  dose 

from argon-41. The r e s u l t s  a r e  given i n  Table  26, t o g e t h e r  wi th  t h e  average  

lxldivldual dose. For comparison, t h e  t a b l e  a l s o  g ives  t h e  e s t ima ted  n a t u r a l  

e x t e r n a l  r a d i a t i o n  dose,  which was c a l c u l a t e d  w i th  t h e  assumption t h a t  t h e  

ave rage  of f - s i t e ,  dutdoor  r a d i a t i o n  dose 'measured by TLD a p p l i e s  t o  t h e  e n t i r e  

area w i t h i n  an 80 km (50 mi l e s )  r a d i u s .  

The dose r a t e s  duc t o  hydrogen-3 from CP-5, c a l c u l a t e d  i n  t h e  same manner 

as f o r  argon-41, a r e  a s  fo l lows .  The maximum'dose a t  1 . 5  km (0.93 m i l e ) ,  in 

t h e  NNE d i r e c t i o n ,  i s  0.011 mremlyr. The maximum i n d i v i d u a l  exposure t o  f u l l -  

t i m e  r e s i d e n t s  i n  t h e  a r e a  occurs  i n  t h e  1.6-3.2 km (1-2 mi l e s )  annulus  i n  

. t h e  NNE d i r e c t i o n ,  where t h e  annual  dose i s  c a l c u l a t e d  t o  be  0.007 mremlyr. 

A.suinmary of t h e  r e s u l t s  is  given i n  Table  27. A comparison.of t h e  doses  



c a l c u l a t e d  from. t h e  me teo ro log ica l  model w i t h  t h e  measured d a t a  from Table  8  

i s  g iven  i n  Table  28. I n  bo th  ca se s  concen t r a t i ons  a r e  converted t o  dose a s  

d e s c r i b e d  e a r l i e r .  The agreement is  good i n  view of  t h e  l a r g e  number of  

v a r i a b l e s  and parameters  i n v o l v e d . i n  o b t a i n i n g  both t he  c a l c u l a t e d  and 

measured va lues .  

TABLE 26 

Argon-41 Average I n d i v i d u a l  and Popula t ion  ~ o s e '  From CP-5 Reactor ,  1977 

Dose 
D i s t ance  Avg. mremlyear . .  an-rem/ yea r  

( k.m Popu la t i on  Argon-41 Na tu ra l  Argon-41 ~ a t u r a l  

TABLE 27 

Hydrogen-3 Average I n d i v i d u a l  and Popula t ion  
Dose From CP-5 Reactor ,  1977 

Di s t ance  
(km) Popu la t i on  . .  Avg. mrem/gear Man-remlyear 

TABLE 28 

Comparison of  Ca lcu l a t ed  and Measured Hydrogen-3 Dose Rates ,  197.7 

D i r e c t i o n  Dis tance  (km) Ca lcu l a t ed  (mremlyr) Measured (mremlyr) 
- - -- 

NNE 1 . 5  
ENE 1 . 9  
S W 0.45 



The iodine-131 released from CP-5 would result in an individual dose of 

0.002 mredyr at 1.5 km (0.93 mile) in the NNE sector and a population dose 

of about 0.001 man-rem/yr in the 1.6-3.2 km (1-2 miles) annulus. These values 

are so small that the calculations for greater distances are not worthwhile. 

The only location where radioactivity attributable to Argonne operations 

could be found in off-site water was Sawmill Creek below the waste-water out- 

fall. The nuclides added to Sawmill Creek by Argonne waste water, their con- 

centrations in the Creek, and the corresponding dose rates if.water at these 

concentrations werc used as the sole water supply by an individual are given 

in Table 29. In the case of strontium-90, a small fraction (5%) was contri- 

buted by Argonne and the remainder by fallout, but the total concentration is 

included in the dose calculation since the total exposure is the figure of 

interest, regardless of source. 'For the other nuclides, essentially all of 

the activity may be attributed to Argonne. The dose rates were all well 

below the standards for individuals in uncontrolled areas. It should be 

emphasized that Sawmill Creek is not used for drinking, swimming, or boating. 

Inspection of the area shows there are few fish in the stream, and they do 

not constitute a significant source of food for any individual. 

TABLE 29 

Radionuclide Concentrations and Dose Estimates 
for Sawmill Creek Water, 1977 

-- 
Conc. (avg.) Dose Rate Percent of 

Nuclide u~i/ml mremlyear Standard 
~ .- - .- 

Hydrogen- 3 1.16 x lo3 0.19 0.039 

Nep tunium-237 0:017 0.017 0.0006 

Americium-241 0.0056 0.0021 (kidney) 0.00014 

. . 
0.0034 (bone) 0.00011 

Curium-211 11 and/or < 0.0017 < 0.0007 or < 0.00002 or 
Californium-249 < 0.0013 < 0.00004 

As indicated'in Table 9, occasional Creek samples (less than 10) con- 

tained traces of plutonium-238 and curium-242 and/or californium-252, hut  the 



averages  were only  s l i g h t l y  g r e a t e r  ' than t h e  d e t e c t i o n  l i m i t .  The annual  

dose due t o  consuming water  a t  t h e s e  concen t r a t ions  can be c a l c u l a t e d  as was 

done f o r  those  n u c l i d e s  more commonly found i n . C r e e k  water ,  but  i t  should be 

noted t h a t  t he  method of averaging  probably exaggera tes  t h e  t r u e  concent ra t ion .  

These annual doses  a r e :  2 x 10'~ mremlyr f o r  plutonium-238 and from 3.6 x 

t o  2.4 x mremlyr f o r  t h e  o t h e r  t ransplutonium nuc l ides .  

b. Ex te rna l  P e n e t r a t i n g  Radia.t ion 

Above normal f ence - l i ne  doses a t t r i b u t a b l e  t o  Argonne ope ra t ions  were 

found a t  t h e  s o u t h  boundary ad jacen t  t o  t h e  Waste S torage  F a c i l i t y  ( l o c a t i o n  

71) ,  a t  t h e  n o r t h  boundary near  Building 202 (14 I ) ,  and poss ib ly  t h e  sou th  

boundary a d j a c e n t  t o  S t .  P a t r i c k ' s  Cemetery (8H). The r e s u l t s  a r e  d iscussed  

i n  Sec t ion  IIT.A.5. 

A t  l o c a t i o n  71, t h e  fence- l ine  dose from Argonne was about 114 mremlyr. 

Approximately 300 m (0.2 mi le )  south  of t h e  fence l i n e . t h e  measured dose had 

decreased t o  w i t h i n  t h e  normal range,  101  mremlyr. There a r e  no i n d i v i d u a l s  

l i v i n g  i n  t h i s  a r ea .  The c l o s e s t  r e s i d e n t s  a r e  about  1.6 km (1 mi le )  sou th  

of t h e  fence  l i n e .  A t  t h i s  d i s t a n c e  t h e  c a l c u l a t e d  dose r a t e  (based on ex- 

p o n e n t i a l  abso rp t ion  of t h e  r a d i a t i o n ,  a decrease  i n  i n t e n s i t y  w i th  t h e  

squa re  of t h e  d i s t a n c e ,  and an i n c r e a s e  i n  i n t e n s i t y  wi th  d i s t a n c e  due t o  t h e  ' 

bui ldup  f a c t o r )  i s  0.003 mremlyr, i f  t h e  energy of t he  r a d i a t i o n  was 0.66 MeV, 

and 0.014 mrsmlyr, i f  t h e  energy was 1 .3  MeV. The energy apcctrum of the  

r a d i a t i o n  i s  n o t  known, s o  i t  i s  necessary  t o  assume a n  energy t o  make t h e  

c a l c u l a t i o n s .  Since cesium-137 and cobalt-60 a r e  common rad ionuc l ides ,  t h e  

en.ergies  of . the  gamma-rays from t h e s e  nuc l ides  were used i n  t he  c a l c u l a t i o n s . .  

A t  -St.  P a t r i c k ' s  Cemetery (8H) t h e  upper l i m i t  of t h e  es t imated  dose 

a ' t t r i b u t a b l e  t o  Argonne was about  1 2  mremlyr. An i n d i v i d u a l  spending an 

average  of 1 hr/week a t  t h i s  l o c a t i o n  would r e c e i v e  an  annual  dose of about  

0.007 mremlyr. 

I n  t h e  area n o r t h  of t h e  s i t e ,  where t h e  fence- l ine  r a d i a t i o n  dose from 

t h e  cobai t -60 sou rces  i n  Bui ld ing  202 was measured a t  about 119 mremlyr, t h e  . 

n e a r e s t  r e s i d e n t s  a r e  750 m (0.47 mi l e )  t o  t h e  north-norehwest. Tllr dose a t  

t h a t  l o c a t i o n  ( c a l c u l a t e d  a s  descr ibed  above) was 0.20 mremlyr. '  ,In a d d i t i o n ,  

t h e  argon-41 dose h e r e  i s  about 2 mrernlyr. 

. . 



. . The a p p l i c a b l e  Radia t ion  P r o t e c t i o n  Standards f o r  whole body e x t e r n a l  

r a d i a t i o q d o s e  t o  t h e  g e n e r a l  popula t ion  is  a  maximum of 500 mremlyr t o  

c r i t i c a l  i n d i v i d u a l s ,  o r  i f  i n d i v i d u a l  doses  a r e  no t  known, 170 mremlyr t o  a  

s u i t a b l e  sample of t h e  exposed popula t ion .  (3)  The l a t t e r  c r i t e r i o n  assumes 

t h a t  t h e  maximum dose t o  i n d i v i d u a l s  i n  t h e  sample w i l l  n o t  exceed t h e  average 

by more t han  a f a c t o r  vf t h r ee .  Thus, t h e  doses  t o  i n d i v i d u a l s  1 i v i n g . n e a r  

t h e  s i t e  w i l l  no t  exceed 0.04% of  t h e  500 mremlyr l i m i t  o r  0.12% o f  t h e  

, " su i tab le  sample" l i m i t .  A t  t h e  f ence  l i n e  where h ighe r  doses  were measured, 

t h e  land  i s  wooded and unoccupied. 

c.  Summary 

The t o t a l . d o s e  rece ived  by o f f - s i t e  r e s i d e n t s  was combined from t h e  

s e p a r a t e  pathways t h a t  c o n t r i b u t e  t o  t h i s  t o t a l :  argon-41 immersion dose,  

hydrogen-3 i n h a l a t i o n  dose,  and cobalt-SO e x t e r n a l  r a d i a t i o n  dose.  The high- 

est dose was about  3 mremlyr ( e s s e n t i a l l y  a l l  from argon-41) t o  i n d i v i d u a l s  

l i v i n g  NE of  t h e  s i te .  

B.  Chemical P o l l u t a n t s  

1. Water 

The nonrad ioac t ive  environmental  water  d a t a  contained i n  t h i s  r e p o r t  

have been c o l l e c t e d  i n  a n  e f f o r t  t o  a s c e r t a i n  Argonne compliance w i t h  state 
of I l l i n o i s  r e g u l a t i o n s  on s u r f a c e  s t r eam and e f f l u e n t  water  q u a l i t y ,  a s  w e l l  

a s  t o  v e r i f y  t h e  adequacy of ~ r ~ o n n e ' s  e f f l u e n t  p o l l u t i o n  c o n t r o l s .  T h e  

a p p r o p r i a t e  s t anda rds  a r e  l i s t e d  i n  t h e  I l l i n o i s  P o l l u t i o n  Cont ro l  Board 

Rules and Regula t ions ,  Chapter 3. ( l o )  Stream Qua l i t y  s t anda rds  appear  i n  

P a r t  I1 and E f f l u e n t  Q u a l i t y  s t anda rds  appear  i n  P a r t  I V  of  t h i s  document. 

The de te rmina t ion  of manganese was performed u s i n g  convent iona l  a tomic 

abso rp t ion  spectrophotometry,  and r e s u l t s  f o r  t h i s  element a r e  included f o r  

t h e  f i r s t  t i m e .  The oftier a n a l y t i c a l  t echniques  were p rev ious ly  desc r ibed .  (11) 

The r e s u l t s  of t h e  measurement of chemical c o n s t i t u e n t s  a r e  expressed a s  

mi l l ig rams  (mg) o r  micrograms (ug) pe r  l i t e r  (1) .  Averages were c a l c u l a t e d  

a s  descr ibed  i n  Sec t ion  1 I I . A .  Yearly averages  a r e  r epo r t ed  w i th  a  ( 2 )  l i m i t  

va lue .  T h i s  va lue  is t h e  s t anda rd  e r r o r  a t  t h e  95% confidence l i m i t  and i t  

is c a l c u l a t e d  from t h e  s t anda rd  d e v i a t i o n  of t h e  y e a r l y  average.  Only when 

t h e  sample concen t r a t i ons  a r e  random does t h i s  va lue  approach t h e  a c t u a l  



d i s t r i b u t i o n  occu r r ing  a t  t h e  sampling l o c a t i o n .  I n  some i n s t a n c e s  i t  appears  

t h a t  t h e  measurements do r e p r e s e n t  a  n a t u r a l  background concen t r a t ion  and t h e  

v a r i a t i o n  is r e p r e s e n t a t i v e  of c l i m a t i c  cond i t i ons .  

A l l  of t h e  r e s u l t s  a r e  compared t o  t h e  app ropr i a t e  S t a t e  s t anda rds ,  which 

a r e  l i s t e d  i n  Table 30. Minimum d e t e c t a b l e  amounts a r e  included f o r  compari- 

son. The d e t e c t i o n  l i m i t s  f o r  t h e  atomic abso rp t ion  methods r e p r e s e n t  twice 

t h e  background v a r i a t i o n ,  which i s  commonly used f o r  t h i s  purpose. Detec t ion  

l i m i t s  f o r  i o n  s e l e c t i v e  methods a r e  those  l i s t e d  by t h e  manufacturer ,  s i n c e  

they  depend on t h e  s o l u b i l i t y  of t h e  e l e c t r o d e  m a t e r i a l  used. 

. A s  i n  t h e  p a s t ,  t h e  ,major emphasis has  been placed on Sawmill Creek, a  

t r i b u t a r y  of t h e  D e s  P l a i n e s  River ,  s i n c e  t h i s  is  t h e  p r i n c i p a l  r o u t e  f o r  

was te  water  l e a v i n g  t h e  Argonne s i t e .  A major e f f o r t  was devoted t o  s tudying  

c o o l i n g  tower blowdown e f f l u e n t s  and a  cont inuing  emphasis was placed on t h e  

c o n t r o l  of  mercury r e l e a s e  i n  t h e  e f f l u e n t .  

a .  E f f l u e n t  Water 

The major d ischarge  of waste water  from Argonne ope ra t ions  i s  by way of 

t h e  waste  t rea tment  p l a n t .  The water  volume from t h i s  sou rce  i s  approximately 

3  m e g a l i t e r s  (800,000 g a l l o n s )  p e r  day and i n  1977 was comprised of 44% sani -  

t a r y  waste  water  and 56% water  from l a b o r a t o r y  ope ra t ions .  The l abo ra to ry  

was te  water  is he ld  i n  0.26 mega l i t e r  (69,000 g a l l o n s )  tanks  and is checked 

f o r  r a d i o a c t i v i t y  be fo re  r e l e a s e .  The r e l e a s e  of t h e s e  tanks  occurs  wi th  

some p e r i o d i c i t y  a t  a  r a t e  of about 4,200 l i t e r s  (1,100 g a l l o n s )  pe r  mfnute. 

The s a n i t a r y  waste  water  i s  re l eased  a t  a  reasonably cons t an t  r a t e  dur ing  t h e  

e n t i r e  24-hour per iod .  

The performance of t h e  s a n i t a r y  waste  t rea tment  p i a n t  was monitored by 

t h e  Reclamation Control  Laboratory of t h e  P l a n t  Systems Divis ion.  This  was 

done by ana lyz ing  twice weekly samples of t h e  combined s a n i t a r y  and ' l abo ra -  

t o r y  waste  systems f o r  biochemical oxygen demand (B.O.D.), suspended s o l i d s ,  

and ammonia n i t r o g e n  con ten t .  Each sample w a s  a  composite of e i g h t  s e p a r a t e  

grab  samples taken approximately once pe r  hour. A l l  ana lyses  were performed 
(12) a s  o u t l i n e d  i n  Standard Methods. 

Release of  chemical p o l l u t a n t s  from t h e  waste t rea tment  p l a n t  was mod- 

to red  on a continuous b a s i s  dur ing  t h e  work week. A flow p ropor t iona l  24-hour 



TABLE 30 

Water Quality Standards and Detection Limits 

(Concentrations in mg/l) 

State Standard Analytical 
Constituent Stream Effluent Detection Limit 

Ammonia ~itrogen (as' N) 1.5 2.5 (Apr.-Oct.) 0.1 
4.0 (Nov . -Mar. ) 

Barium 5.0 2.0 0.1 

Cadmium 0.05 0.15 0.0002 

Chromium (hexavalent) 0.05 0.3 

Chromium (triva1,ent) 1.00 1.00 

Copper ,O. 02 1.0 

Cynanide 0.025 0.025 

Fluoride 1.4 15 

Iron 1.0 2.0 

Lead 0.1 0.1 

Manganese 

Mercury 

Nickel 

P H 

Silver 

Total Dissolved Solids 1000. - 

Zinc 1.0 1.0 



sample of t h e  combined s a n i t a r y  and l a b o r a t o r y  e f f l u e n t  was obta ined  each day 

and was analyzed f o r  c o n s t i t u e n t s  of i n t e r e s t .  

There a r e ,  i n  a d d i t i o n ,  seven e f f l u e n t  channels  from cool ing  water  

o p e r a t i o n s  which were monitored on a once-per-week schedule by grab sampling 

( s e e  F igure  1 ) .  These channels  c a r r y  blowdown water  from va r ious  coo l ing  

towers  and once-through cool ' ing water systems. Add i t iona l ly ,  t h e  channel a t  

'85 a l s o  c a r r i e s  some m a t e r i a l  from t h e  t rea tment  of S a n i t a r y  and Ship Canal 

water  used f o r  coo l ing  a t  t h e  ZGS Complex, and t h e  channel  a t  11L con ta ins  

some photographic was tes  from t h e  same source.  

The r e s u l t s  ob ta ined  f o r  t h e  s a n i t a r y  waste parameters  a r e  shown i n  

Tab le  31. The averages  f o r  January,  February, and A p r i l  exceeded t h e  S t a t e  

of I l l i n o i s  s t anda rd  f o r  ammonia n i t rogen .  The five-day biochemical oxygen 

demand and d i s so lved  s o l i d  va lues  were w e l l  below t h e  s tandards .  

TABLE 31 

Performance of  San i t a ry  Waste Treatment P l a n t ,  1977 

Month 

Concentrat  i ons  (mg/l) --- 
Ammonia Suspended 

B.O.D. 5 Nitrogen So l id s  

January 

February 

March 

A p r i l  

May 

June 

Ju ly  

August 

September 

October 

November 

December 2.6 1 .7  2.40 

S t a t e  
Limit 



The r e s u l t s  ob t a ined  f o r  chemical c o n s t i t u e n t s  i n  t h e  waste  t rea tment  

p l a n t  e f f l u e n t  a r e  shown i n  Table 32. A l l  of  t h e  average concen t r a t i ons  were 

below t h e  S t a t e  s t anda rds  except  mercury. The average concen t r a t i on  of m e r -  

cury was 0.5 p g / l  (100% of  t h e  S t a t e  s t anda rd )  which is  h igher  than  1976 by 

1.4%. However, one sample was extremely high (28.4 u g / l )  and r a i s e d  t h e  

average from 0.4 t o  0 .5  u g / l .  The sou rce  of t h i s  r e l e a s e  was no t  d i scovered .  

S tud ie s  t o  prevent  f u t u r e  r e l e a s e s  of t h i s  t ype  a r e  cont inu ing .  The l e v e l  of 

hexavalent  chromium was reduced by about  a  f a c t o r  of  t h r e e  from 1976. The 

r educ t ion  was due i n  p a r t  t o  changes i n  t rea tment  procedures  which u s e  non- 

chromate m a t e r i a l s ,  a l though inc reased  p r e c i p i t a t i o n  was a l s o  a  f a c t o r .  

T.,evels f o r  bery l l ium,  cadmium, f l u o r i d e ,  i r o n ,  l e a d ,  n i c k e l ,  s i l v e r ,  and z i n c  

remained e s s e n t i a l l y  t h e  same a s  i n  t h e  p a s t .  The l e v e l s  of copper were i n -  

creased approximately 30% from 1976. 

Resu l t s  ob ta ined  f o r  t he  coo l ing  tower e f f l u e n t s  a r e  shown i n  Table  33. 

Average chromium concen t r a t i ons  a t  a l l  sampling l o c a t i o n s  were s u b s t a n t i a l l y  

lower than r e s u l t s  ob ta ined  I n  1976 w i t h  t h e  excep t ion  of 14H. The primary 

reason  f o r  t h e  dec rease  i n  t h e s e  l e v e l s  i s  a s  p rev ious ly  desc r ibed .  The 

s t ream a t  11L conta ined  t r j v a l e n t  chromium a s  w e l l  a s  s i l v e r .  The chromium 

(111) r e s u l t s  from reduc t ion  of hexava len t  chromium by f i l m  p roces s ing  

chemicals ,  which a r e  i n t e r m i t t e n t l y  d i scharged  t o g e t h e r  w i th  s i l v e r ,  from 

f i l m  p roces s ing  a r e a s  of t h e  ZGS Complex. Samples a t  t h i s  l o c a t i o n  averaged 

97% of t h e  S t a t e  s t anda rd  f o r  hexavalent  chromium and exceeded t h i s  va lue  33% 

of t h e  t i m e .  Although average concen t r a t i ons  o f  t r i v a l e n t  chromium and s i l v e r  

were w e l l  below S t a t e  l i m i t s ,  l e v e l s  of s i l v e r  i n  t h e  f i r s t  q u a r t e r  of  t h e  

yea r  were h ighe r  than  normal. The e f f i c i e n c y  of  t h e  s i l v e r  removal system 

was improved, and t h i s  change reduced t h e  s i l v e r  l e v e l s  du r ing  t h e  l a s t  t h r e e  

q u a r t e r s  o f  t h e  yea r .  

Samples c o l l e c t e d  a t  12L, 12F (a new l o c a t i o n ) ,  and 14G never exceeded 

t h e  S t a t e  s t anda rd  and averaged less than  3% of  t h i s  va lue .  The average  

level a t  l o c a t i o n  14H exceeded t h e  S t a t e  s t anda rd  and i n d i v i d u a l  samples ex- 

ceeded t h i s  v a l ~ i o  14% of  t h c  t i m e .  I r ~ v e s t l g a t i o n  of t h e  f low p a t t e r n s  a t  

t h i s  s i t e  revea led  t h a t  t h e  r e s u l t s  ob ta ined  w e r e  due t o  a  ve ry  low water  

flow. When h igh  chromium(V1) l e v e l s  were found, they p e r s i s t e d  f o r  l ong  

pe r iods  and were, .I.n ' f a c t ,  morc a measure of l a c k  of  d i l u t i o n  r a t h e r  t han  

cont inuous i n j e c t i o n  o f  chromium(V1) i n t o  t he '  s t ream.  
. . 



TABLE 32 

Chemical Corstituents in Effluent From ANL Treatmerit Plant, 1977 

No. of C.oncentration (mg/l or ug/l) Percent of Percent Exceeding 
Constituent Saraples f .vg  . Win. Max. Standard (Avg.) State Standard 

Barium 56 < 0.1 - .  - < 5 0 

* 
Beryllium : 2 0.059 + 0.016 0.022 0.104 - - 

* 
Cadmium 56 1.1 r 0.2 0.3 2.4 0 .7 

Chromium(V1) 232 0.020 r 0.002 < 0.01 0.082 6.7 

Chromium(II1) 56 0.013 + 0.002 < 0.01 0.038 1.3 

* 
Copper 56 251 2 6 9 115 2.5 

Fluoride 

Iron 

* 
Lead 

* 
Manganese 

* 
Mercury 

Nickel 

pH 
. * 

Silver 

Zinc 

* 
Concentrations in' pg/i. 



TABLE 33 

Cooling Tower Effluents, 1977 

No. of Concentration (mg/l or ug/l) Percent of Percent Exceeding 
Constituent Location Samples Avg . Min . Max. Standard (Avg . ) State Standard 

Chromium(II1) 11L 4 3 0.05 + 0.03 < 0.01 0.49  5 

* 
Silver L1L 43 12.7 2 7.3 0.2 147 12.7 



h .  Sawmill Creek 

Samples c o l l e c t e d  f o r  eva lua t ion  of t h e  e f f e c t  of t h e  s a n i t a r y  wastes  on 

s t r eam q u a l i t y  were ob ta ined  once per  week us ing  s p e c i a l l y  cons t ruc ted  sampl- 

i n g  b o t t l e s .  The sampling b o t t l e s  were designed t o  provide temperature 

measurement a s  w e l l  a s  t o  minimize changes i n  oxygen content  dur ing  c o l l e c t i o n .  

These samples were c o l l e c t e d  15  m (50 f e e t )  upstream of t h e  Argonne out-  

f a l l  [7M (up)]  and .60  m (200 f e e t )  downstream o f - t h e  o u t f a l l  [7M (down)]. 

Add i t i ona l ly ,  samples t o  be  examined f o r  f e c a l  co l i form were c o l l e c t e d  a t  

l e a s t  f i v e  t imes p e r  month a t  t h e  7M (up) l o c a t i o n ,  bu t  downstream t h e  samples 

were c o l l e c t e d  a t  t h e  same frequency immediately i n  f r o n t  of t h e  o u t f a l l  g r a t -  

i n g  t o  minimize contaminat ion from Sawmill Creek. once' per  month a  sample 

w a s  ob ta ined  a s  t h e  water  e n t e r s  t h e  s i te  (16K), which is downstream of t h e  

Marion Llroolc 'l'reatmedc P l a n t .  

Except f o r  f e c a l  co l i form,  t h e  d a t a  from t h e s e  s tudces  a r e  i n  Table 3 4 .  

The average  l e v e l  f o r  allullollia n i t r o g e n  upstream is 2.8  t imes t h e  S t a t e  of 

I l l i n o i s  s tandard  and i n d i v i d u a l  samples exceeded t h i s  va lue  50% of t h e  t ime. 

The downstream sample averaged 153% of t h e  S t a t e  s t anda rd  and exceeded t h i s  

v a l u e  40% of t h e  time. A l l  of t h e  samples obta ined  downstream t h a t  exceeded 

t h e  s tandard  were due t o  upstream contamination. The d i s so lved  oxygen l e v e l s  

ob ta ined  dur ing  1977 averaged 107% and I U Z ~  s a t u r a t i o n  f o r  /M (up)  afid 7M 

(down) samples. The f a c t  t h a t  va lues  exceeded 100% s a t u r a t i o n  i s  due p r i -  

mar i ly  t o  pho tosyn the t i c  a c t i v i t y .  The t o t a l  d i s so lved  s o l i d s  above t h e  out-  

f a l l  exceeded t h e  S t a t e  s t anda rd  f r e q u e n t l y ,  and increased  t h e  s o l i d s  conrenc 

of t h e  downstream samples. S imi la r  r e s u l t s  f o r  t h e s e  c o n s t i t u e n t s  were 

obta ined  i n  1976. 

The f e c a l  co l i fo rm s t anda rd  r e q u i r e s  t h a t  t h e  monthly geomerric mean 

n o t  exceed 200 organisms/100 m l  and t h a t  no s i n g l e  sample exceed 400 organ- 

isms/100 m l .  Samples ubtained above t h e  7M o u t f a l l  exceeded t h e  200 organ- 

isms/100 m l  s t anda rd  i n  May, Aug~ist ,  September, October,  and December and 

t h e r e  were n ine  i n s t a n c e s  when t h e  400 organisms/100 m l  s tandard  was exceeded. 

The sample obta ined  a t  16K exceeded t h e  400 organisms/lO0 m l  s tandard  i n  

November. Samples obta ined  a t  t h e  Argonne o u t f a l l  never  exceeded t h e  200 

organisms/100 m l  monthly s t anda rd ,  bu t  d i d  exceed t h e  400 organisms/100 m l  

s t anda rd  on t h r e e  occasions.  These l a t t e r  h igh  l e v e l s  were due t o  exces s ive  

c h l o r i n e  demand (or  requirements)  a t  t h e  t rea tment  p l a n t ,  and , t he  cause was 

l o c a t e d  and remedial  a c t i o n  taken.  



. ~ 

TABLE 34 

Sawmill Creek - Effect of Sanitary Waste, 1977 

No. of Concentration (mgjl) Percent of Percent Exceeding 
Constituent Location Samples Avg . Min. Max. Standard State Standard 

Ammonia' 714 (up) 5 2 4.2 + 1.1 < 0.1 18.5 280 
Nitrogen 7M (down) 52 2.3 t 0.7 < 0.1 10.3 153 

* 
Dissolved 714 (UP) 4 9 107 2 9, - - - 
Oxygen . 7M (down) 49 102 t 8 - - - 

Total Dis- 7M (up) 52 1196' 2 117 591 1851 
solved Solids 7M (down) 52 904 2 38 586 1239 

* 
Percent saturation. 



Samples t o  e v a l u a t e  t h e  e f f e c t  of combined s a n i t a r y  and l a b o r a t o r y  waste 

on t h e  concen t r a t ions  of chemical c o n s t i t u e n t s  i n  Sawmill Creek were c o l l e c t e d  

f i v e  t imes  pe r  week. These were t h e  same samples taken f o r  r a d i o a c t i v i t y  

ana lyses  (Sec t ion  1 I I . A .  2. ) . 
Resu l t s  f o r  t h e  chemical c o n s t i t u e n t s  i n  Sawmill Creek a r e  summarized i n  

Table  35. I n d i v i d u a l  samples f o r  hexavalent  chromium a t  7M (down) exceeded 

t h e  S t a t e  s tandard  1% of t h e  t ime,  whi le  t h e  s tandard  was n o t  exceeded i n  

samples upstream of  t h e  o u t f a l l .  Upstream samples con ta in  c o n t r i b u t i o n s  from 

e f f l u e n t s  11L, 12L, 145,  and 14G, a s  descr ibed  e a r l i e r .  I nd iv idua l  samples 

exceeded t h e  S t a t e  s t anda rd  f o r  mercury 6% of  t h e  t ime a t  t h e  7M (down) loca- 

t i o n ,  and the  sou rce  is  t h e . A r g o n n e , o u t f a l l .  However, t h i s  y e a r ' s  average i s  

a  f a c t o r  of two l e s s  than  i n  1976 due t o  c a r e f u l  survei.ll.ance and t rea tment  of 

e f f l u e n t  water  con ta in ing  mercury. The S t a t e  s tandard  f o r  s i l v e r  was exceeded 

i n  22% of  t he  samples. The source is  t h e  11L e f f l u e n t  cha'nnel which con ta ins  

photographic waste .  The i r o n  s t anda rd  was exceeded i n  26% of t,he samples. 

Much of t h i s  i r o n  r e s u l t e d  from s o i l  e ros ion  dur ing  pe r iods  of  heavy p rec ip i -  

t a t i o n .  A s  can be seen  from t h e  Argonne e f f l u e n t  l e v e l s  i n  Table 35, t h e  

i r o n  sou rce  must be i n  t h e  s t ream a r e a  s i n c e  e f f l u e n t  l e v e l s  f o r  i r o n  were 

much lower.  I n d i v i d u a l  samples exceeded t h e  s tandard  f o r  copper 28% of t h e  

t ime,  and it i s  be l i eved  t h a t  t h e  copper i s  con t r ibu ted  l a r g e l y  by plumbing. 

Levels  f o r  cyanide exceeded t h e  S t a t e  s t anda rd  i n  7% of t h e  samples. I n  a t  

l e a s t  one case ,  t h e  upstream sample was a s  high a s  t h e  downstream sample, The 

sou rce  is  not known. The S t a t e  has  proposed r a i s i n g  the  cyanide s tandard  t o  

0 . 3  mg/l, and no sample was g r e a t e r  than  15% of t h i s  p ro j ec t ed  l e v e l .  Levels 

f o r  o t h e r  c o n s t i t u e n t s  d i d  not  exceed t h e  S t a t e  s t anda rds  i n  any i n d i v i d u a l  

sample. The annual  average  d id  n o t  exceed t h e  S t a t e  s tandard  f o r  any of t hese  

co1is LLLue11Ls. 

c. Des P l a i n e s  River  

The e f f e c t  of Sawmill Creek on t h e  Des P l a i n e s  River  was eva lua ted  by 

c o l l e c t i n g  samples at Willow Springs (ups t r eamof  Argonne) and a t  Lemont 

(downstream of Argonne). These samples were analyzed f o r  t o t a l  mercury, 

hexavalent  chromium, manganese, t o t a l  i r o n ,  and t o t a l  z inc .  The r e s u l t s  a r e  

i n  Table 36. Two of t h e  samples had very  high l e v e l s  of  suspended m a t e r i a l ,  

a s  evidenced by i r o n  l e v e l s  of 2.2 and 9.0 mg/l. I n  no case  was t h e r e  any 

i n d i c a t i o n  t h a t  hexavalent  chromium o r  mercury l e v e l s  were a f f e c t e d  by t h e  

Argonne e f f l u e n t .  



TABLE 35 

Chemical Constituents in Sawmill Creek, 1977 

* No. of Concentration (mg/l or pg/l) Percent of Percent Exceeding 
Constituent Location Sanples Avg . Min . Max. Standard (Avg.) State Standard 

Barium 7M 
* * 

Beryllium 7M * * 
Cadmium 7M 

Chromium(V1) 7M (Up) 
7M (Down) 

Chromium(II1) 7M 
** 

Copper 7M 

Cyanide 7M 

Fluor.ide 

Iron 
* * 

Lead 

Manganese 
* * 

Mercury 

Nickel 

pH * * 
Silver 

Zinc 

7M 

7M 

7M 

7M 

7M (UP) 
7M (Down) 

7M 

7M 

7M 

7M 

* 
Location 7M (up) is 15 m (50 ft) upstream from the waste-water outfall. All other samples.were collected. 
60 m (200 ft) downstream from the. outfall. ** 
Concentrations in ug/l. 



TABLE 36 

c h e m i c a l - . ~ o n s t i . t u e n t s  i n  t h e  Des P l a i n e s  River ,  1977 

* Nc. of ~ o n c e n t r a c i o n  (mgll . o r  p g l l )  
Cons t i tuent  Locat ian Sanples Avg . Min . , Max. 

Chromium (VI) 

I ron  

Man;anese 

** 
Mer =ury 

Zinc 

* 
Locat ion A ,  near  Route 4 5 ,  i s  upstream and Locat ion .B;  near  Lemont, 'is 
downstream f rcm. t h e  moat-3 ~f S a m i l l  'creek. See ~ i g d r e  2. 

. . 



2. Air 

Studies were conducted in 1977 to assess background levels of particulate 

matter in air at Argonne prior to the beginning of several large scale coal- 

burning experiments. Studies of lead and beryllium levels in air have been 

coaducted for several years to establ'ish 1) the effect of ambient lead levels 

on the aquatic systems, and 2) .to determine the effect of Argonne beryllium 

operations on the environment. 

Samples for particulate matter determination were collected on glass 

fiber filters (20 cm x 25 cm) at four separate locations. High volume samp- 

lers were used (General Metals Corp.) and samples were collected for seven- 

day periods. The air flow rate varied from 1.27-1 .70 m3/min. , depending on 

the sampler design, and was verified using a Root's meter as a primary 

standard. The papers were equilibrated before and after use in a dry box 

(relative humidity less than 35%) for a minimum of 24 hours. .All weighings 

were conducted in this same dry box. 

Weekly  sample^ wcre collected at uue location to determine ambient lead 

levels. The samples were collected using Millipore paper (0.8 vm pore size) 

at a flow rate of about 2 liters per minute. It has been shown that flow 

rates greater than this value, using this collection procedure, cause low 

results for lead. The filters were dissolved in nitric acid and analyzed for 

lead using conventional atomic absorption spectrophotometry . Appropriate 

blanks and standards were similarly treated. 

A monthly sample was collected at a location near beryllium operations 

to evaluate their effect on .ambient beryllium levels. ~illipore filters were 

used at a flow rate of about 8.5 liters per minute and analyses were performed 

as for water. 

The results from these studies are shown in Table 37. The geometric 

mean (Gm) is reported since this best described the distribution of the data 

obtained. Average values for air particulates ranged from 43 vg/m3 at 12M to 

58 vg/m3 at 12F. The data reported represent different time periods since 

sampling was established as equipment became available. Thus, samples at 185 

and 12F included most of the spring and summer when particulate levels were 

high, while sampling at 12M began in late September when the particulate 

levels were decreasing. 



TABLE 37 

Total Particulate, Beryllium, and Lead in Air 

Concentration (pg/m3) 

Constituent Locat ion Avg. (Gm) Min . Max. 

Particulate ' 185 52 32 102 
12F 5 8 35 129 
8 F 4 7 3 1 75 
12M 4 3 '3 1 68 

Beryllium 12M 1 .  1 0  0 . 6 ~  . 3 . 3 x 1 0 - ~  

Lead 12M ' 0.39 0.13 0.88 

In general, ambient air particulate data are best described by a log- 

normal distribution, and the daca obtalned a L  10J is presentcd in Figure 7 

in this form. The straight line is a least squares fit. The data at the 

other three locations were similarly treated and the same results obtained. 

The values obtained for beryllium are similar to results obtained pre- 

viously and are in the range of values to be expected in ambient air, 1 x 

pg/m3 to 4 x 10'~ pg/m3. The values obtained for lead in air are lower than 

previous years, which pr'obably represents the effect of lower lead content of 

gasol ine .  A log-normal distribution plot of the lead,results is sham in 

Figure 8. As can be seen, an excellent fit is obtained using this presenta- 

tion. The levels of particulates, beryllium, and lead found in ambient air 

at Argonne are considered normal for this area and do not indicate an effect 

of Laboratory operations. 



Fig. 7. Log-normal Distribution Plot of Particulate Matter in Air at ANL, 1977. 
Geometric mean - 51.6  pg/rn3; geometric standard deviation - 1.34 pg/m3; 
arithmetic mean - 54.2 pg/m3. The straight line i s  a least-squares fit to 
the data points. 



Fig .  8. Log-normal Distribution Plot  of Lead Content of Air  at ANL, '1977. 
Geometric mean - 0.39 pg/rn3; geometr ic  s tandard deviation - 1.54 pg/m3; 
ar i thmetr ie  mean - 0.43 pg/m3. The straight  line is a leas t -sqnares  fit to 
the data points. 
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B. Environmental Quality Standards, Detection Limits, Analytical Errors, and 

Quality ~ssurance 

1. Standards 

All of the standards and.detection limits for chemical constituents, and 

some of those for radionuc'lides and external radiation, are give11 111 ~ 1 1 e  iiiain 

body of the r e p n r t .  Tn addition, in Table 38 are collected the air and water 

environmental quality standards and detection limits (minimum detectable 

amounts) for all radionuclides, and for those materials, for which measure- 

ments were made. These standards are the Concentration Guides given in DOE 

Manual Chapter 0524, and are used in this report to assess the hazard of a 

measured concentration of a radioactive nuclide. Chapter 0524 distinguishes 

two CGs, one for occupational exposure ,in controlled areas and one for un- 

controlled areas, beyond the site boundary where individual's can be exposed 

nonoccupationally, for 168 hours per week. The CGs in the table are tor 

iincontrollec! areas. For water the standard selected was for the soluble 

form of the radionuclide; for air the standard for the insoluble form was 

selected (except for iodine-131, for which the soluble form was chosen as a 

more conservative standard). 

The detection limits were chosen so that the.error at the 95% confidence 

level is equal to the detecrion limit. The relative error, in a result decreases 

with increaking concentration. At a concentration equal to .twice the detection 

limit, the error is about 50% of the measured value, and at 10 times the 

detection limit, the error is 10%. 



TABLE 38 

Concentration Guides and Detection Limits 

(uCi/ml) 

Nuclide or 
Activity 

Concentration Guide 
Water Air 

Detection Limit 
Water Air 

Uranium-238 * 
Uranium - natural 
Zirconium-95 ** 
Alpha 

* * 
Beta 

* 
Concentration Guides converted from the "sp~rial curie" uccd in DOEM 0524 to 
the standard curie. 

** 
The Concentration Guides for unknown mixtures depend, within the range given, 
on whether certain radionuclides are known to be present in concentrations 
less than 0.1 of their CGs, and the sum of the fraction of the CGs for all 
such nuclides is less than 0.25. For most total alpha and beta results given 
in this report, the largest CG is applicable. 



3. Quality Assurance Program 

a. Radiochemical Analysis and Radioactivity .Measurements 

All nuclear instrumentation is calibrated with standard sources obtained 

from the U. S. National ~ureau of Standards (NBS), 'if possible,. If NBS stand- 

ards were not available for particular nuclides, standards from the Amersham- 

Searle Co. were used. The equipment is usually checked on a daily basis with 

secondary counting standards to insure proper operation. Samples are periodi- 

cally run in duplicate or'with the addition of known amounts of a radionuclide 

to check precision and accuracy. In addition, standard and intercomparison 

samples distributed by the DOE Environmental Measurements Laboratory (EML), 

the Quality Assurance Branch of the U. S. Environmental Protection Agency 

(EPA-QA) at Las Vegas, and the lnteitrlarional ALuutic Energy Ag~asy ( I A R A )  a.re 

analyzed regularly. The EPA-QA intercomparison program consists of analyzing' 

a variety of samples, at intervals selected by the participant, to which known 

amounts of various radionuclides have .been added by the EPA laboratory. A 

summary of all the EPA-QA samples analyzed in this laboratory in 1977 is shown 

in Table 39. The program and our participation in it is somewhat expanded 

compared to 1976. The DOE Environmental Measurements Laboratory Quality 

Assurance Program (DOE-EML-QAP) is a quarterly distribution of four or five 

different sample matrices containing various combinations of radionuclides. (13) 

Results of our participation in this program during IY// aite given iu 'I'able 40. 

In the table the comparison is made between the EML value, which is the result. ' 

of replicate determinaf ions by Ll~a t Laboratory, and the \?a1 IIP. ob taiped in our 

Laboratory. More than 95% of all the intercomparison samples received were 

analyzed for.the radionuclides for which results were requested. To assist 

in judging the quality of the results, typical errors for our analyses are 

2-25%, the error in the EHL resulLs I s  1-30% ((dcpcnding on the n~ir . l . ide  and 

the amount present), and the error in the added amount in the EPA-QA samples 

is 2-5% (our estimate). 

b. Chemical Analysis 

With each set of atomic absorption analyses, standard amounts of trace 

~netals were analyzed,in blank. solutions at concentrations corresponding to' 

50 and 100% of the current State standards. Recoveries were determined by 

comparing these results to results obtained by analyzing stream and effluent 



TABLE 39 

.Summary of EPA-QA Samples, 1977 

Type of Number Avg . Difference 
Sample Analysis Analyzed From Added 

Air Filter Total Alpha 5 

Total Beta 5 

Strontium-90 2 

Cesium-137 5 

Plutonium-239 1 

Water 

Milk 

Total Alpha 

Total Beta 

Hydrogen-3 

Chromium-5 1 

Soil . Plutonium-239 1 16% 



TABLE 40 

Summary of DOE-EML-QAP Samples, 1977 

Average Difference from EML Value 

Nuclide Air Filters Water , .  Soil Tissue vegetation 

Cobalt-60 

Iron-59 

Zinc-65 

strontium-'89 

Strontium-90 

Zirconium-95 

N~ub lu lu -85  

Ruthenium-103 

Ruthenium- 1-06 

Antimony-125 

Radium-226 

Thorium-228 

Uranium-234 

Uranium-238 

Uranium - total 

P1utoniu111-238 

Plutonium-239 

Americium-241 

The figure in parentheses is the number of samples. 



samples to which identical concentrations were added. Average recoveries 

ranged 'from about 85-loo%, with a standard deviation of about 10%. 

Recovery studies were also performed for ammonia nitrogen, fluoride, and 

hexavalent chromium analyses, and .similar'results were obtained. 

The laboratory also participated in the intercomparison program for the 

analysis of trace elements in 'water sponsored by the EPA (~incinnati Labora- 

tory). ., o 

. , 

The results for the three concentration levels distributed are shown in 

Table 41. In some cases the concentrations added by the EPA were below the 

normal limits of detection by direct analysis, e.g., iron and nickel. In 

other cases, e.g., beryllium and .cadmium, levels are considerably higher tlml 

environmental levels normally encountered. 

  he results obtained for all of the elements, with the exception of 

mercury and cadmium, are in agreement within expected ranges. The cadmium 

results were obtained using a flameless atomic absorption technique, rather 

than a conventional flame. The reason for tlle somewhat higher than expected 

; deviation is not known. 

The initial results obtained for mercury (A) were considerably lower than 

expected. The samples were prepared by dilution of the EPA standard according 

to their directions. The fact that resu.lts approached better agreement as 

the amount .increased indi'cated that 'stability problems were being encountered. 

Previous studies in this laboratory have shown that concentrations of mercury 

of less than 10 vg/l are difficult to maintain in solution. To test this, a 

small aliquot from each EPA-supplied concentrated solution was diluted by the 

procedure used in our laboratory to maintain a pH favorable for mercury sta- 

bility. As can be seen, the results obtained from samples il2 and /I3 are quite 

good (B). The results obtained for sample ill are still low, which could in- 

dicate that stability problems still exist. 

c. Sampling, Sample Storage, etc. 

Many factors enter into an overall quality assurance program other than 

the analytical quality control discussed above. Representative sampling is 

of prime importance. The installation of a continuous water sampler in 

Sawmill Creek during the year provides a representative sarnp1.e for a critical 



TABLE 41 

Results of EPA Quality Assurance Samples 

(Concentrations in pg/l) 

Metal 

Added Added Added Avg . 
Lower Limit Found Found Found Found 
of Detection I'i 1 #2 # 3 Added 

Beryllium 0.02 16/17 78179.3 3981383 1.01 

Cadmium 0.2 5.214.1 23/19 73/61 0.81 

,Chromium 10 16/16 15kj144 2091186 0.94 

Copper 5 1.6112 72/66 102195 0.86 

Iron 80 26/36 4171428 6781698. 1.12 

Lead 2 22/24 2651298 3521343 1.05 

Mercury (A) 0.10 0.810.4 4.512.2 9.417.2 0.56 

Mercury (B) 0.10 0.810.5 4.514.7 9.419.1 0.83 

Nickel 

Zinc 



sampling location since the rate of discharge of waste water varies appreci- 

ably during each 24-hour period. 

The accuracy of the flowmeters in the air sampling equipment is verified 

periodically with a calibrate'd.rotameter. 

Samples are pre-treated in a manner designed to maintain the integrity 

of the constituent sought. For example, samples for trace radionuclide 

analysis are acidified immediately after collection to prevent hydrolytic' 

loss of metal ions, but aliquots for radioiodine analyses are 

withdrawn first, since trace iodine is unstable in acid solution. 
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