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IhTRCiJLJCTIOC 

The information contained herein co:mxises the fir+ part of a report in 
two parts covering a complete industrial hygiene and medical survewf 
the Lindsay Chemical Company plant in West Chicago, Illinois. 5' 

urvey was conducted in order that mutual benefit might accrue both 
to ELndsay Chemical Comoanv and to the Atomic Energy Commission. To the 
Lin&ay Chanical Compan$, in order that they might-have an accurate 
deLfnition of the extent of occupational exposures within the plant and 
also some knowledge of medical history of their present and past employees. 
To the AEC so that any future plant construction could be madevith the 
maximum toticological information. 

In order to define.potential hacards within the operating areas, values 
have been assigned to airborne concentrations of the primary radioactive 
components of the materials being processed, thorium and thoron. The 
values have been chosen as carefully as possible on the basis of infor- 
mation available prior to the writing of the report. The value for 
thorium has been based on the accepted value for uranium. This con- 
centration, of 70 d/m/$, presumes that from the radioactivity standpoint 
both uranium and thorium are equally toxic. The concentration of thoron 
has been based on the accepted value for radon, of lo-11 curies/liter. 
Here again toxicity had been considered identical on a radioactivity 
basis. 

Whereas by inference these maximum allowable concentration values have 
considerable validity, it cannot be emphasized too strongly that only 
through careful epidemiological studies is It possible to establish the 
maximum concentration to which a worker can be exposed with safety. 

Radiation measurements were taken within the plant and outside of the 
plant but only the Ir@wt values have been assessed for potential 
danger. The values taken outside the plant area are presented without 
interpretation as any possible danger In these areas depends on the 
use to which these areas will be put. 

On the b&is of the maximum allowable concentrations which have been 
used, there are several plant areas in &ich overexposures were found 
to exist. Where this is true, an effort has been made to define the 
source of excessive concentrations and to suggest superficial means 
for remedying the situation. No effort has been made to provide 
specific detailed recommendations for the control of atmospheric 
h 
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SCOPE 

This is a repcrt of.a survey performed during, the period Septcnber I.6 
through 18, 1952 at the Lindsay Chemical Company, Vest Chicago, Iwois, 
The survey was made in antj.cipati,on of the corstrvctior: of a rcfinav to 

A% 
ly thorium riitrate or other thoriL-m in,tcnnedietcs to the Fernald 
, and covered the health ar,d safety problems existing in the.refin- 

in&of thorium and the concurrent separation of rare earth materials. 
LT.; 

$ 
PUFWSE 

This survey was made with the following objectives in mind: 

1. To gather data from &ich to calculate the daily weighted average 
exposures of plant employees. 

2. To make an ir,tcnsive study of present snd past health experience 
of all Endsay workers toward an estimation of the toxicity of 
thorium and thoron. 

3. To suggest to Lindsay, physical and procedural changes which would 
be needed in the present plant to correct expowres which exceed 
the interim benckxsrks now being used. 

k. To provide information on w&h new thorium facilities can be 
designed. 

lX:sULTS OF STUX 

Tentative maxlmum permissible concentrations of 70 d/m/N3 for thorium, 
and lC-11 c/l of thoron kave been used as benchmarks in this analysis. 
Of the eighty-tkm employees studied, forty-nice (sY.e;b) ticre exposed to 
thorium.concentretions exceeding the tentative mzximum permissible level; 
ten of these had exposures of 210 to 2100 alpha dis-htegrations per 
minute per cubic meter of air (d/m/$). The exposures of a13. plant 
people exceeded the level of thoron now considered as safe. 

1. Thor-iun 

A complete breakdown of the daily weighted exqosue to thorium of plant 
personnel follows: 
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TABL3 I 

kqber of per$Jmel -------------------------- I$ 
Average weighted exposure -------------------- 151 d/n/%+* 
Mximum weighted exposure -------------------- 2000 d/x/G 

No. Persone 

Less Q,a2 70 d/,&3 _-_---___--___--__-------- 
70 to 210 d/&J3 _-----_--_------------------- 
210 to 350 d/,&3 ---------------------------- 
350 to 700 d/)&J _-------_--------_---------- 

'; yv; 

O~el 700 d/,&j w-m'--_------------------------ ll (I&) 

* d/i&3 = disintegrations per minute per 
cubic meter of air. 

70 d/m/h.3 = maximum allowable concentration 
&AC) tentatively used by the 
Hew York Operations Office. 

2. Thoron 

The following table summarizes the calculated weighted thoron exposures 
as estimated from daughter a.easurements. (See Method of Study.) 

TABLE II 

Summary of Gtimated Daily Weighted Thoron E&-posure 

Number of Personnel Studied -------------------- 
Average weighted exposure (c/l)* --------------- 528f: 10-11 
Maximum weighted exposure (c/l) ---------------- 202 x 1O-ll 

No. tiployees 

Less than lo-11 c/l --_-________________-------- 0 
1 to 5 x 10-11 e/l -----__-__-_-___--__--------- 
5 t,J 10 x 10-11 C/l ----__-____-___--_---------- 
10 to 20 x lo-11 c/l ---_---______---_---------- 
20 to LO x lo-I.I. C/l ---___________-____-------- 

1; $7;;;' 

8 (9h 
J,O to 80 x lo-11 c/l ___________________________ 
80 h 160 x 1~3.1 c 

/ 
1 __________________________ 

over 160 x k-11 

"2 '(:';;y 

c 1 -_________-___--_---------- 3 (3k) 

* c/l = curies per liter 
The maxinun allowble concentration (MAC) for the 
thoron is precently accepted as lo-l.l c/l. 
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3. Radiation Measurements 

a) Smear Samples taken throughout the Lindsay plant area showed 
removable slpha surface contamination of from Ilr to 150009 

The highest contamination (15000 alpha .. 
in Building k Balcony at the thorium 

$h) External Radiation Neasurenent - Inplant: Ekcossive direct .i. radiation was found in the "black mud" and nflrst gray mud" 
storage areas located on the Building 3 Balcony. Activity 
measurements exceeding the highest range of the 261OA Beta- 
Gamma Survey meter (20 milliroentgens per hour - mr/hr) were 
found (using a closed dndow). 

c) &terns1 Radiation Measurement - Gutplant; h;eir plant location, 
sump, and storage areas: The highest radioactivity measured 
was in the "black mud" storage area. The reading made in 
direct contact over the "black mud" pile (approximately 106 
pounds) was LO mreps beta, 330 mr/hr gasnna and 2.x 106 
d/m/lOO'cm2 alpha. (Juno'readings.) 

METhOD OF STUDY 

A. Thorium 

Dust samples were collected on 1 l/8" Whatman #Ll filter paper, engoloy- 
lng a Universal air 7pump at 0.5 cfm as the sampler. The collection 
period varied from 0.5 minutes to 100 minutes, depending on conditions 
of operation and dust loading. 

The dust sanlples collected are divided into: 

(1) General Air Samples - a sample obtained of a general working 
area or room atmosphere. 

(2) Sreathing gone Samples - a sample obtained in the breathing 
cone of an operator during the performance of a particular 
task or operation. 

B. ,Thoron 

B-use of the decay characteristics of the thorium chain, we have no 
&#rct method for measuring thoxvn gas concentrations with portable 
field equipment. It is possible, howover, to collect thoron daughter i. 
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products together with. an airborne dust sample. The activity of the 
dust sample may then be used as an indirect mesns for calculating 
initial thorium daughter concentration after subtracting the con 
tration of long-lived alpha emitters. By using the radioactive gj& 

IK 
ve of Pa220 (thoron) and'its daughter products, the thoron con&n- 
tion may be estimated with reasonable accuracy. The method of analysis 

L$ thoron is described In detail under Analytical Method for Thoron. The 
d&t collection medium and the apparatus is the same as described above. 

.& 
C. Radiation Measurements 

Area monitoring for radiation intensity at various plant and outplant 
locations was done with: 

1. jets.-Gamma Survey Meter 2610~ - A geiger tube Instrument with a 
shielded window to permit screening out beta particles. This is 
count rate meter reading intensity in milliroentgens per hour 
(mr/hr). The instrument has three ranges (0.2, 2.0, 20 mr/hr, 
full scale). 

2. Juno - An ionization chamber Instrument for detecting alpha, beta 
andgarrna emitting radioactive materials. The Juno measures 
radiation intensities in three ranges, 50, 500 and 5000 mr/hr, 
full scale, and has selective shields to permit distinguishing 
the three types of radiatiun. 

3. Smears - The remt-able alpha surface contamination MS determined 
by wiping approximately 150 sq. cm area of a surface with a What- 
man #W filter paper. The alpha contamination adhering to the 
filter paper was counted on an alpha scintillation counter. 

ANAIXTICAD METHOD FOR THORON 

Rationale 

The properties of thoron make it difficult to analyze directly. (See 
Decay Scheme, Flgurs 10.) Thoron Is, however, the parent of a chain of 

{t& solid radioactive decay products which can be sepsrated from air by 
filtration. Neglecting ThA, (0.16 set half-life) the thoron daughter 

t, products will decay with a half-life uhich is long enough to permit a ,!:.I ' ,.' 
(, 'a ," ~..~ " measurement of their radioactivity within a day or two after collection. 
:. yi ' ~ ., 1 '. 
j:.'~';Y Dl@ing sampling at a constant rate, decay products will build up on a 

lector and approach a constant activity. At equilibrium the rate 
will equal the rate of decay. However, for the thoron 



daughter chain thjs equilibrium will be reached only after 100 hours of 
sampling. It is therefore neither desirable nor practical to sample to 
equilibrium. For sampling times less tba~n 100 hours, tu:, more th.r;i L 
&nutes, it is possible to calculate the percentage of equilibriw: 
activity which will be present on the collector. (For sampling times 

:zfz 
than 8 minutes this is not possible, since the decay constants 

^a lved are not known to sufficient accuracy.) 

l&alpha activity of thoron decay products may be converted to thoron 
co&e&ration by the equation: 

c,l p (2) (h.5 x 10-16) (d/m) 

(F) l/m 

where 
c/l = curies/liter of thoron 

2 = empirical correction factor for absorption 
and incomplete particle retention 

d/m = d/m at end sampling period 

F = build-up factor 

l/m = sampling rate 

It is possible that thoron and its daughters may not be in ratioactive 
equilibrium in the sampled air. In this case the above calculation 
would more correctly represent the conceRtration of only one o,f the 
daughters. From the relative half-ljves of the thoron series, however, 
it is apparent that this can not be a serious discrepancy. 

Prockdurc 

The total activity of the sample* 9 was measured by a Samson alpha survey 
meter 7 to 12 hours after collection and the decay of those samples of 
higher activity was followed. All the filter papers were subsequently 
re-counted for long-lived activity. After subtracting the second count, 
the net first count extrapolated to Ce end of the collect-ion period 
represents the activity of the daughters. This wss then computed by 
Ge above equation to equivalent thoron activity. 

if 

T lower limit of detection of the Samson meter as used is approxl- 
:ely 250 d/m. This represents 2.0 x lo-11 c/l of thoron in an 8 
nute sample measured after 10 hours. 

-. 
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JCB X5AL‘ISIS SF4E?YfS (See Appendix B) 

The job,anal;rsis sheets give a detailed analysis of ti?e expoo:ure-tir? 
relationship of each employee on the project. This consists o* state- 
ment of the total time spent on each specific component of the job with 

e number of times each task is performed per day. The average con- 

cso recorded 
entration as obtained from a minimum of three samples per location is 

9 The time weighted average exposure per full working 
:@g is determined by dividing the sum of all products of concentration 
.%imes time, bjj the total number of minu'cea per day. In estimating thoron 
exposuresituas found that only long term samples contained sufficient 
thoron daughter products in the form of dust to be measurable. In viei 
of the fact that plantoperation requires the operators to remain in 
their work areas almost full time however, the lack of short, breathing 
zone, thoron samples Qes not appear important. If anything, exposures 
which are calculated neglecting breathing zone samples will be somewhat 
underestimated. Because complete breathing zone coverage was not pos- 
sible however only General Air information was used to determine the 
individual daily weighted thoron concentration exposures. 

PROCESS DESCBIPTIOlI 

1. Monozite Sand received in 100 pound burlap bags are dumped into a 
continuous ball mill. The'mill discharge is transferred to a sand 
hopper by buggy, and dumped. Five hundred pound batches of ground 
sand are reacted with fuming sulfuric acid yielding "pot cake". 
'Jnreacted sand is dried, recrushed, and treated as virgin sand. 

2. The "pot cake" is leached with water and filtered. The sludge 
obtained from the filter press is called the first "gray mud". 

3. The "first gray mud" is boiled with caustic yielding a crude 
thorium hydroxide knoim as "red mud". Upon leaching "red mud" 
with sulfuric acid, a "black mud" sludge is obtained. This sludge 
contains mesotboriom, thorium and rare earths, and is discarded. 

h. Cied mud" is dissolved in sulfuric acid and precipitated with 
hydrofluoric acid yielding a crude thorium fluoride known as 
"second gray mud". 

5. The "second gray mud" is leached with a soda ash solution and the 
residue is crude rare earth-thorium carbonate. The carbonate 

gy solution is precipitated with caustic yielding an impure thorium 
hydroxide known as %bite mud". 
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6. u pon dissolving the "white mud" in hydrochloric acid and precipitating 
with sulfuric acid thorium sulfate crystals ar? obtained. The crystals 
are dissolved in water, precipitated again hith caustic yi 
thorium hydroxide. e&y, This is leached with nitric acid to pro 

7' 
thorium nitrate solution. The thorium nitrate solution is crystal- 
lized, centrifuged and recrystallized to produce the purified thorium 

?~. nitrate tetrahydrate. 

2. Thorium nitrate precipitated with oxalic acid yields thorium oxalate, 
which upon calcining Is decomposed to thorium oxide. 

A flow sheet of the above operation is included (Figure 1). 

DISCUSSION 

In order that the data of this report may be interpreted, it is neces- 
sary to have some criteria of to.dcitg. The following maximum allowable 
concentrations are suggested: 

1. Thorium: 70 disintegrations per minute per cubic meter of air. 

Although there Is no generally accepted WC for thorium, the New 
York Office has tentatively accepted the level which has been in 
use for some tires for insoluble uranium compounds. There is no 
apparent reason uhy the radioactive toxicity of 'these two materials 
should differ significantly when expressed on an activity basis. 

2. Thoron: 10-u curies per liter.of air. 

As in the case of thorium, there is as yet no generally accepted 
MAC but the "American Conference of Governmental Industrial 
Hygionists" has tentatively proposed the value used in this 
report. Again this is taken from the accepted value for radon 
with the same rationale as expressed above. 

In this study it was found that forty-nine cf the eighty-four plant 
employees are exposed to thorium concentration exceeding the U.C. The 
ball mill, rotary drier, pot diggers, thorium oxide preparation, and 
dissolver operators had exposures ranging from 3 to 12 times the !4.4C 
while the rare earth fluoride rotary drier, and pot operators had 
exposures of 18 to 30 times MAC, respectively. Table III contains 
the individual daily weighted thorium exposures for all occupations. 
ce~ 

%t 
e thoron exposares of all Lindsay employees were all fannd to exceed 
e tentative MAC of lo-11 curies per liter. The range of these expo- 

&es was from 8 MC found for the office personnel to 202 MAC for the 
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No. of 
Employees 

Rotary Drier 
Pot Operator 
Pot Diggers 
Pot Baker (srall room) 
Pot Digger (small room) 
HP Operator 
Maintenance &Repair - Bldg 3 
Press Operators 
Working Foreman (Press) 
Thorium Oxide Preparation 
Thorium Nitrate Crystallization 

Building lJ 
Rare Earth Fluoride Rotam Drier 
Hydroxide Drier 
Thorium Sulphate 
Thorium Extraction 
Dissolving Operator 
Cascade Operator 
Thorium Nitrate Mold Crusher 
Chemical Operator Foreman 
Maintenance & Repair - Bldg !A 
Maintenance &Repair - Bldg 2,3,h 
Other Personnel (not handling Th) 

Building 2 
Plant Sunerintendant 
Productlbn Superintendant 
Assistant Superintendant 
Maintenance & Repair Supertisor 
Recoivlng and Shipping 
Control Laboratory 
Labor Crew 
Office Personnel 

To 

Av&.ge Daily Weighted Concentration 

77 
77 iz 

lib 52 

5; g 

1300 lljlr 
280 1% 

ii: 
97 

200 
220 202 --. 
lb 160 
18 152 

GO I.& 
130 100 

:; 
56 
39 

23 

2 . 
6 13 

12 12 
12 19 
92 
6 

151 52 



the dissolving operator. The highest single general air concentration 
920 x lo-11 MS found at a dissolving kettle #16,on the Building 4 
Balcony. It j.s safe to assuxe that since the majority of the r?:.-.:+‘d 
breathing zone thoron concentrations reported in the sample reco&rg t:~;~is 
were about 10-Y curies per lfter, the estimated individual daily%horon 
vncentrations shown in Table IV are probably on the low side. 

&om the sample data in Table IV the need for process improvement and 
cdntrol is obvious if the tentative levels are accepted. _. 
Following is a summapJ of the main points from which a high dust dis- 
persion was noted: 

I. Ball Mill 

a) During the operation of loading monozite sand tnto the mill, 
visible dust was dispersed throughout the area. An average 
BZ concentration 780 d/m/M3 was found, This concentration 
was primarily from: 

1. Lack of ventilation at the bag dump hopper. 

.- 

2. FYequent jamming of sand conveyor. 

3* Lack of ventilation between weigh hoTper and syntron 
feeder, and syntr& feeder and ball mill. 

IJ. Spread.of contamination from 

(a) frequently open or leaky monozite sand bags 
(b) dust escaping from leaky ball mill 
(c) lack of central vacuum cleanup system. 

b) Lading a buggy with sand from the discharge of the mill is 
even dustier. An average breathing zone concentration of 
3&00 d/m/l@ MS found. Lack' of ventilation at the hopper and 
mill discharge are primarily responsible for the high dust 
concentrations. 

II. Rotazy Drier 

Tab.dation of this operator's daily tasks are shown in Table Iy. The 
highest average breathing zone concentration (3!&l d/m/M3) was found 
.uring the unloading of the sand from the mill discharge onto buggies. 

6 
is is the save operation as perfonaed bjr the mill operator. 

"li 



TABLE IV 

TABULATION OF AVEBAOE BBEATBIlG ZOhE SAIKPLES 

OPEQATION Concent,ration (d/m/k3) 
Average 

>*2 buggies with monozite 3u.n 

2i- Loads Drier with 3 wheel barrel- 100 
; leads of wet monozlte sand 

3. Unloads material from drier into 663 
pile ln center of area 

IJ. Loads material with truck 132 

BaIlMill 
1 . Loads one buss~ with sand from 3Lloo --- 

discharge of mill 
2. Loads six sacks of monozite sand 785 

Into mill 

‘Y Ihmping buggy of sand into hopper. 9.530 
at center of pot area 

2. UnIoadlng sand hopper Into pot 13204 
barrel 

3. UnIoadlng ona barrel of sand into 3150 
pot containing fuming H2SOh 

%%$& pot cake out of pots 
2. Loads buggy with sand from 

16 
3LOC 

discharge of mill 
3. LJnloading buggy of sand into 

hopper at center of pot area 
h. Loads buggy 

9.530 

3LOO 

Pot LX= 
mgs unreacted sand from pot 

Pot Baker 
1. Charging acid and reclaimed 

sand into pots 
60 

2. Loading sand from hopper Into c<an 93 

~a~k!$$,o dnm 280 
Clean press b ack mud (mesothorlum) 235 

3-; Cleaning first gray mud press. 122 
h. Loading first gray mud into barrels 70 
f;. Cleaning second gray mud press 380 

11-a 

3960 

UO 

113.0 

210 

3900 

980 

lILoo0 

3lJ coo 

8700 

260 
3.50 
I70 
1110 
390 

Low - 

2800 

60 

I400 

5L 

2800 

690 

3600 

!1800 

560 

3600 

2800 

8.0 

3 

2 

3 

2 

3 

3 

3 

4 

I.4 

:: 

3 

3 

1 

3 

3 

2 
2 
2 
2 
2 



Table IV - continued 

OPEFlATICR 

6. Loading second gray mud 
Into barrel 

Rare E&h Fluoride Rotary Drier 
1. Shoveling LE. Fluoride from 

drum into rotary drier 
2. Charging grinder hopper with 

dried R.E. Fluoride 
3. Blscharglng R.E. Fluoride 

from grinder into drum 

Hydroxide Drier 
1 . Unloads 13 pans R.E. Hydroxide 

Into dnun 
2. Loads wet R.E. Hydrate Into 

13 pans 
3. Loads 13 pans into drier 
k. Clean up area with sweep 

Tnorium Extraction - Bldg h 
1. Cleaning second grade 

thorium mud 
2. Loads second grade thorium 

mud into drum 

Thorium Nitrate Nold Crusher 
f . Crushing Th(No3)h mold In hood 

Thorium Oxide Preparation Room 
1. Loads trays with thorium oxalate 

and inserts Into furnace after 
unloading thorium oxide trays 
from furnace 

2. Unloads trays ThO2 from furnace 
into bottle 

Thorium Nitrate Crystal.Ilzation 
1. Scoops thorium nitrate from 

Conccntratlon (d/&3) 
Average Ha Low - 

No. of 
sa-rp1%3 

150 

:: 

66 

505 

19000 

810 

200 

197 
830 

185 

2250 

14 

5000 

52000 

41 

93 
- 

76 

680 

tioo 

3w 

220 

190 

2300 

16 

8200 

78 3 
.l 

9 2 

w 2 

1 

380 3 

120 3 

160 3 
1 

180 2 

2200 2 

ll 

1800 

16Oooo 107000 

82 Ill 

3 

2 
Flbre Pak carton lntc mixing 
k&tle 

f 
i. ,$ 

11-b 



Three other operational samples obtained during loading of the drier, 
loading monozite sand into trucks and unloading the drier averaged 100, 
132 and 663 d/m/X3, respectively. Direct contributors to the esessive 
concentrations are: 0: 

f 1. Dumping of unreacted sand on floor in center of area. 
‘ 3 2. Crushing large pieces of material with shovel, in open. 

3. Frequent handling of material. 

b. Lack of ventilation. 

111; Pot Area 

The pot area is affected by -ihe dust generated during the unloading of 
milled sand from the sand hopper into the pot barrel, dumping buggy 
of sand into hopper at center of pot area, and unloading barrel of 
sand into pot of fuming sulfuric acid. -Average breathing zone samples 
of 13,200, 9500 and 3150 d/&13, respectively, were found for the ahove 
operations. Since the average general air concentration in this area 
is 76 d/m/1$3, it is quite evident that local dust and fume control at 
the source is desirable. Several practices observed in this area 
which directly affected the exposure of the individuals were: 

1. Frequent spillage of monozite sand and pot cake onto floor. 

2. Eating of food end smoking in operating area. 

3. Digging out pots irith hsnd scoop exposing operator to dust 
and fumes. 

-rL’ . Rere Earth Fluoride Rotary Drier 

Dust creation in this area by far exceeded that created In other 
operating areas. Fortunately, the rare earth fluoride contsins only 
0.25;b thorium oxide thus the radjonctivit~ csntoht of the collected 
air samples were not is high as found in other areas. I!ouevcr,n 
single brcatbing zone sample taken during the discharging of rare 
earth fluoride from the grinder into a drum revealed a thorium, con- 
centration of 19,000 alpha d/m/43. The following violations of good 
practice tier-c noted: 

.C% 
f' l* 

Lack of ventilation at discharge end of Hotary drier. 

'J; 2. Open system from drier to grinder. 

- 12 - 



3. Grinder cherging hoed inzdeqwtelg- vezt:latsd. 

l!. &tire grinder unit lf3ks Cwt. 
.L ;, 

$ 
5. Inndequzte ring tpe cxlzuct at discharge of grinder. 

6. Outlet. of Dracco collector rec:rculstes inside the 
operating area spreading dust throughout the area. 

P. Pare Earth Hydroxide Crier 

Initially the rare earth hydxside is dumped onto the floor between the 
rare earth fluoride rotary drier and the hydrate drier. This fuming 
pile of hydrate is then transferred to trays and thence to the drier. 
The ent3.rc area between the hydrate drier an6 pile was covered with a 
hea-+y yellov dust. Averag? breathing zone samples of the four opera- 
tions performed by this operator ranged from 200 to g3C d/m/X3. 

The surveyors noted the following violations of good industrial hygiene 
procedures: 

1. Storage of rare earth hydroxide (often fuming) in an 
open area between the rare earth flcolide and drier. 

2. Loading of hydroxide into pans in open area. 

3. Conveying of &st laden pans in open. 

h. Contamination of entire floor area rcith dried hydrate 
and tracking of material to adjacent areas. 

5. Unloading of hydrate from pans into drums vas performed 
in open, creating a dusty atmosphere. 

0. Drums filled with dried hydrate were left unlidded. 

VI. Press Arcas 

Cleaning and loading of the various press cakes exposed the operators 
to averqe BZ concentrations ranging from 70 to 380 d/m/%3. The 
highest concentrations found were at the "second gray mud" presses. 

Such operations as hand cleaning of the presses dth scrapers, shoveling 
~Fthe cake into barrels or into tanks and.cleanup of areaffter press 
$:dumping contributed to the average general air concentration of 125 
Y.; A_ 



alpha d/m/K found on the Building -3 %lcsny. 3 Tn ad~ditiw, a direct 
radiation exposure to beta and gamma or both exists during the clesning 
of the presses. A lack of gloves on many of the press op::rat~,r:. :::L‘ 
noted. &. I 

p ITI. Thorium Oxide Preparation Room 
in 
I During the operation of loading trays with thorium oxalote and inserting 

into calcincr, the operator w as exposed to an average Breathing Zone 
concentration of 5000 d/m/X3. While uriLond%~g the trays of thorium oxide 
from cdciner into a bottls in the open, an average breathing zone con- 
cantration of 52,OCO d/dK3 was found. 

The lack of adequate hooding facilities for loading and unloading of 
thorium oxalate and thorium oxide, and the general spread of contao+- 
nation were primarily responsible for the excessive dust concentrstion. 

Table 7 ~ri-lch contains a tabulation of the average general air samples 
she-.-s the major concentration of both thorium and thoron in Building h. 
The average thorium concentration was fou~nd to be 2& d/m/X3 and the 
average thoron concentration 263 x 1O-ll curies per liter. 

VIII. Radiation 

A. Inplant 

1. Table VI contaj.ns the results of a complete radiation 
swvey of thorium production, office and laboratory, 
areas et the Lindsay Chemical Company. The highest 
readings obtained were found on the Building h Balcony 
the location of high thorium and thoron concentrations. 
Three foot level (waist high) moasu~rements near the 
thorium nitrate kettles, hydroxide filter, cascade 
and thorium nitrate crushing hood averaged 2 mreps 
beta and h.5 mr/hr ganma. Readings exceeding the 
capacity of the 2610~ for both beta and gamma were 
found in direct contact with top and sides of thorium 
nitrate tub. 

2. Smears - The highest removable contamination (a 15,000 
alpha d/m/sample, sme&r taken over an area of 150 cm2) 
was found at the thorium nitrate kettle located on the 
balccny of Plant h. The site also of the highest 

:: thoron and thorium dust concentration. 
$ 
,i x: B. Cutplant *: 

1. Table VII and Figures 2 and 3 contain the results of 
direct radiation measurements made in outdoor storage 
areas and of the waste liquors frum the procass. lhe 

-I.&- 



TABLE '7 

TABUIATION OFAVERACE GENZPAL AIR SAWLES 

LOCATION 

7 

Average Concentration Z-. 
Thorium Thomn 
(d/m/M3 ) (10-11 c/l) 

-Building 3 

Mill and Drier Area 
Pot Area 
Balcony 
Main Floor under Presses 
Small Pot Room 

Building L 

Main Floor 
White Mud Filter Press Area 
Unite Mud Tank Area 
Balcony 
Cascade Room (hraporation) 
Main Floor North of Thorium -- Production Area 

129 111 
49 11s; 
18 73 

2z 2; 
3& 39 

Building 2 

Thorium oxide Preparation born 
Thorium Crystallization Area 
Receiving and Shipping Area 
Control Laboratory 
&.chine Shop 
Old Mantle Production Area 
Locker Room 
Main Office Brea 

l’s 
12 
13 

5 s 5 
6 

36 
20 
l-4 
19 

:: 
22 

0 

U-a 



TABLE VI 

MCATION 

Building 3 - MiU Drier Area 

P 
Floor, Ball Mill Changing End 
Sample, Monozite Sand 
,Floor, Unroacted Wet Sand 

-.. Floor, Charging End Dtier 
Sample, Unrcacted Wet Sand 
Sample, Dry Unreacted Sand 
Sample, Top of Momzite Sand Burlap Bags 
Floor, Discharge End Drier 

Building 3 - Pot Area #2 
Side Sand Hopper 
Pot Cake 
Crud on Top of Pot 
Platform - Pot Cake Discharge Tank 
Floor, Front of Sand Hopper 
Glove of E. Kramp 

Building 2 - Small Pot Room 
Side Sand Hopper 
Crud Top Pot 
Pot Cake 2nd Baking 
Floor Front Pot 
Floor in Front Sand Hopper 

Building 2 - Men’s Locker Room 
Top of Iocker 
Floor 

Building II - Rare Earth Fluoride Area 
Floor, R. E. Fluoride Drier 
Dust on R. E. Fluoride Hopper 
Floor, Discharge of R. E. Fluoride Hopper 
Top R. E. Fluoride Drier, Feed Fnd 

Building & - Rare Earth Fluoride Area 
Floor, Feed End R. E. Fluoride Drier 
pJf¶ 2 ; P 

drate Bin 

Build& L 
. . ydrate Drier 
- Process Area ,. Floor, Front Cerox Sifter 

i Platform Cerox Ryd. Filter 
Floor, 15 ft. South Elevetor 
Top Thorium Rydride Filter Press 
Floor Under Thorium Rydride Filter Press 
Floor Elevator 

RESUDI'S (d/m/sa@c) 

i 
330 I' 

1200 
860 
650 

1500 
lllOc, 

540 
250 
LLO 
2;; 
670 

150 
50 

2&~ 
120 
U&O 

230 
180 

5?0 
::o” 

1600 



Table VI - continued ..;, 

t 

IDCP.TIOIi RESULTS (d/m/sanple) 

Building .!I - Balcony 
Floor, Front Elevator Ealcony 
Floor in F'ront ThN03 Kettles 
Side of ThNOq Kettle 

1900 
930 

8700 
Liquid ThN03JKettle 
Floor, front Cascade 
Dust on Top - Cascade Hood 
Wall South hd on Top Cascade Hood Near Breaker 
Floor, front Breaking Table 

15000 
1700 
I.@ 
270 

ilOo 

.Y 

l&-c 



IWTION 

Building 2 

RFADJGS -.---- 
o(d/n/lOO cm2 P mreps/hr 

Passageway, R.E. Corner - Floor Level '. 0.23 
Passagekay, N.E. Corner - 3’ Level .., 0.2 
BBL. Rare Barth Fluoride, Stored N. &d - Top 0.05 
BBL. R.E. Fluoride, Stored N. End - Side, Contact 0.0.5' 
BBL. R.E. Fluoride, Stored N. End - " , 6” ” 
Drum Cerox Oxalate, Top Contact Z.05 
Drum Cerox Oxalate - Side Contact 0.15 
Drum Cerox Oxalate - Side 6” Contact 0.1 
Dram R.E. Hydrate - Top Contact 0.05 
Drum R.E. Jiydrate - Side Contact 0.05 
Fm Rt,xJiydrate - Side 6” Contact 0 

- Side 6’1 0 
Opposite Shipping Door - Contact - Floor Level _ 0.5 
Dams, ThN03 (2h Drums, 190 lbs. each) 

Top of Drum - Contact 
Side of Drum - Contact i' 
Side of Drum - l/2' 6 
Side of Drum - 1' 5 

Drum, Th02 - Top Contact 
Dnrm, Th02 - Side Contact 
Drum, Th02 - Side l/2' 

2.2 

Drum, Th02 - Side 1' 0:; 
Near Shipping Door - Floor Level 0 
Old Mantle Plant 

Bastnasite Storage 0.25 
Old Webbing, N. End - Contact 3 
OHWebbing, N. End - 3’ 0.9 
Riddle Room - 3’ Level - 0.1 
Work Tables - Contact 0.12 
Asbestos String Box - Contact 0.25 
Mantle Shelf, N.W. Corner 
Storage Bin, N.W. Corner -_ 
N. End Center - Contact - Floor Level 2.25 
Center - Contact - Floor Level 
South Bnd - Contact - Floor Level 2; 

Machine Shcp 

0.12 25000 
0.05 
2.5 8000, 
2.5 
0.08 
0.5 2000 
0.25 

2: 3000 
1.1 
0.7 
2.5 
2.5 ucoo 

:: 
5000 

31 
22 

1: 
7.5 
2.5 

1”:; 
0.3 
0.2 

00,75 

1cOoo 

1.5 
0.5 
0 
0.1 

SOW 
17000 

3000 
Lo000 
16000 
8000 
8000 

Electric Shop Area - Work Bench 
Aisleway 
Stockroom - Counter 
Front of StockrJom - Floor Level 
Plachine Area - Bench 
Machine Area - Floor Level 
Center Machine Shop - 3' Level 

0.03 
0.05 
0.06 
0.06 

', 0.05 
o.ot 

-' 0.035 

0.02 
0.1 

0.08 
0.1 
0.06 

; 0.05 

2000 
10000 

Meg. 
9000 
5000 

U-d 

e 
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Table VII - continued 

i.03~103 

ThN03 Drms, Near BJB Office - Top Contact 
ThN03 drums, Near BJ3 Office - Side Contact 
ThNO3 Druxs, Near BJB Office - Side l/2' 
ThNO3.Drums, Near BJB Office - Side 1' 
La Treating Room 

Table Top - Contact 
Center of Room - 3’ Level 
On Scale by Th02 Bottle, l/5 Full 
firnace Room 

Et‘ont of Furnace Door, 1'. 
Center of Room - Floor Level 

., Center of From - 3’ Level 
Table Top by Trays 

.Asbestos Gloves 

Center of Middle Room-in Front of ThNO3 Kettle 
3’ Level 
tloor Level 

Men's Locker Room, Center - 3' Level 

R,E. Carbonate Drum - Top Contact 
R.E. Carbonate Dorm - Side Contact 
DN~, Barneslte (Re203) - Side 

R!LmI!KiS 
Bmreps/hr ilk chd/m/l30 cl&! 

Men's Locker Room; Center - Floor Level 
Control Laboratory 

West Center - 3’ Level 
Table Near Hood. 
Polishing Room Center Table - Top 
West Center - 3’ Level 

Building 3 

Passageway, N. End - 3' Level 
Paesageway, N. End - Floor Level 
Pas'sageway, Center - 3’ Level 
2nd Gray PTT'N. Tank (IUl) - Side Contact 
Red Mud, Cone Bottom Tank, Washing - Contact 
Red Mud Filter Press in Operation 
Red Mud filter Press in Operation - Floor Level 
Passage Between Ball Mill & Pots - 3' Level 
Passage Between Ball Mill & Pots - Floor Level 
Pot Area 

Bucket Pot Cak - Top Contact 
Near Bucket - Floor Level 
Pot Cake Dissolving Tank - Side 
Send Hopper - Side Contact 
l+ont of Sand Hopper - Floor Level 

i Front of Sand Hopper - 3’ Level 

0.3 

0.1 

0.4 

0.1 
0.5 

I 1.0 

0.1 

0.1 

.. o.c!!l 

1 
0 
0 
0 
0.5 
5 
0.3 
1.9 

1 
0.5 
0 
0 
1 
0.1 

l&-e 

:“o 
20 
Ill 

::i 
12 

0.3 
1.5 
0.7 
0.75 
0.7 
2 

2: 

0.7 
OA5 

i:; 
0.3 
0.3 
0.2 
0.2 

0.25 
3 
2s 

10 
ll 
1.5 
3 
1.2 
2 

3 

22:; 

t: 
1:6 

7mo 

3000 

35o@Jo 
tioooo 

123000 
1~30300 

.50000 

20000 

Neg. 

11000 

28000 

120000 

22OCo 

3000 
8000 

29000 



Table VII - continued 

IOCATION READINX 

+ 
--._- 

IW+&hr xmr/hr qd/m/lW cm2 

Bucket of Sand - Side Contact 0.5 
Bucket of Sand - Side l/2' 1 
Bucket of Sand ; Side 1' 0.5 
Glove, E. Kramp - Palm Side 0.6 

Small Pot Area 
Platform in Front of Pots 0 
In Front of Pots - 3' Away - 3' Level 0.15 
Pot Cake from Unreacted Sand (Baked 2nd Time) G.j 
Center of Room - Floor Level 0.15' 
Front of Unreacted Sand Hopper - Floor Level ' 2 
Bucket of Unreacted Sand - Side Contact 0.5 
Platform Just South of Hopper .- OS 
Work Table 0 
HF Operator's Cabinet 0.06 

Around Black Mud Press - Floor Level -. off scale 
Bottom Pan under Black Mud Press off scale 
Around Second Gray Mud Press - Floor Level 5 
Beside Second Gray Mud Press 1.5 
BBL. First Gray Mud - Top Contact 3.5 
BBL. First Gray Mud - Side Contact 2.; 
BBL. first Gray Mud - Side 6" 
Red Wud Dissolving Tank - Side Contact 2" 
Red Hud Dissolving Tank - Side 6" 1.5 
Red Mud Boiling Tank - Side Contact OS 
Red Mud Boiling Tank - Side 6" 0.5 
Between Red Mud Boiling & Dissolving Tanks _ 

Floor Level Ir . . . 
3' Level 1 

BBIS. F!Lrst Gray Mud From Yard - Top Contact off scale 
BBIS. First Gray Mud From Yard - Side Contact 1 
BBIS. First Gray Mud From Yard - Side 6" 1.5 
Front of Red Mud Boiling Tank - Floor Level 1 

Building h 

Passage Between Bldgs 2 & h - 3' Level - 0.1 
Passage Between Bldgs 2 & h - Floor Level -- 0.17 
Jugvzst of Hydrate Driers (S. End) - Floor -0.1 

Between Driers - '3' Level ." 0.1 
Between Driers - Floor Level 0.35 
Damp Rare Earth Hydrate in.Tray 0.2 
Front of Feed End of R.E. Fluoride Drier - 

Floor Level 0.3 
Discharge End'of R.E. Fluoride .Drier - 

Floor Level 0.18 

II 8000 
2s 

:.5 1~000 

1 5000 
0.6 
3 17000 
!?:I: 22000 

ljCO0 
1 

;.7j 5~0 
0.25 3003 
0.1 boo0 
9 

10 
3 
2.5 
9 

10 

77.~ 
6.5 

: 
t:: 

off sc.ale 
20 
11.5 

6.F; 

0.3 

2: 

0.6 
0.55 
1.2 

0.25 

0J.l 

18000 

ll000 

12000 
9m0 

1joCC 

15000 



Table VII - continued 

LOCATION 

Just W. of Th Centrifugal - Floor Level 
BDL. ThN03 - Top Contact 
BBL. ThN03 - Side l/2' 
BBL. 'I'hNo3 - Side 1' 
West of Centrifugal - 3' Level 
BBL. R.E. Hydrate - Side Contact 
Front of Cerox Sifters - Floor Level 
Th Hydroxide Filter Press, 3" 
glevator - Floor Level 
Front of Elevator on Balcony - Floor Level 
Front of Elevator on Balcony - 31 Level 

,ThNO3 Kettle - Side Contact 
ThN03 Kettle - Side l/2' 
ThNo3 Kettle - Side 1' 
Front of ThNO3 Kettles - Floor Level 
Front of ThN03 Kettles - 3' Level - 3' Away 
Th Hydroxide Flltsr, 3' South - 3' Level 
Front of Cascade - 3' Level 
Table at End of Cascade 
Tub of ThN03 - Top Contact 
Tub of_ThN03 - Side Contact 
Tub of ThN03 - Side 6" 
Pan of ThN03 - Top Contact 
Pan of ThNo3 - Side Contact 
Pan of ThNC3 - Side 6" 
Front of Crusher - Floor Level 
hont of Hood - 2' Away - 3' Level 
Th Extraction Filter Press - Top 
Th Extraction Filter Press - Floor Level 
Front of Elevator - Floor Level 
First Gray Mud Spilled on Floor 

PEADIN% 
pmreps/hr -d& dd/m/lOO cm* 

0.5 1 38000 
0 5.5 
0 3 

:.*5 
1.8 
1 

0.05 1.75 
0.6 0.75 70000 
0.3 1.2 

-1 2 1~0000 
0 

; 
:.* 

15 
1 12 

6" 2:; 

1 0.5 2.5 - P’ L.5 
2.5 

> 20 720 
720 220 1 U.> ~ 

off scale 17.5 
3 15 

-. t 2 
"' 2 3 

53.5 i 
5.5 3.5 
2.5 5 

Black Mud Storage - off scale .off scale 
Between Black & 1st Gray Mud Storage - 3' Level\ 0.5 10.5 
2 l/2 Feet From Black Mud BBIS. .' off ecale 20 
3 Feet From Black Mud BBLS. 17 
h Feet From Black Mud BBLS. 11 

Ball Mill 

Bags of Monosite Sand - Top 
Near Bags of Ssnd - Floor Level 
Between Large Pile (6" Between) 
Pile of Bags - Side Contact 
Pile of Bags - Side l/2' 
Pile of Bags - Side 1' 
Pile of Bags - Side 3' 

10 
. . . 

- Lb0 1; 
1.0 10 
1.0 6.5 
1.0 
0.5 



Table VII - Continued 

LOCATION READJXS 

/mreps/hr - smr/hr a'd/m/lOO cm2 

Discharge of &reacted Monozita Sand Drier - 
Top Contact 
Side Contact 

1.0 7.0 

Piles of Spilled Yonozite Sand - Top 25" 
Center of Room - Floor Level 1.5 

;:; 
. 

Pile of Wet Unreacted Monozite Sand - Top l.5 
Discharge Ball Mill Honozite Sand - Top Contact 1.0 2.: 
Discharge Ball Kill Monozite Sand - Side 6” l.@ G 
Near Ball Mill Discharge - Floor Level 1.0 
Eall f4ill Charger Eopper 0.5 
Charger Drier 1.0 
Center of Area - Floor Level 1.0 



. . . e 
liquid waste of approximately 160,~~ fluid gallons 
per day from Plant 2, 3, and & contains approximatelv 
O.!J$ solids by volume. The liquor discharges through 
an undergrouiti sewer to a sump area located a l/I; mile 
south of the plant. The highest messzement obtained 
(1.5 mreps/hr beta, 7.5 mr/hr gamma and 110,000 d/m/100 
cm2 alpha) was on direct contact with a pile of material 
dredged from the sumps. Evidence of contamination was 
found at the site of the excavation for a new thorium 
plant. 0.9 mr/hr gamma and 8,000 d/m/100 cm2 alpha 
was found. 

2. Solid Sludge which includes "black mud", thorium 
extraction residue, "first gray mud" and 'fsecond 
unreacted sand" are stored within a cyclone fenced 
enclosure located 200 yards south of the sump area. 
Waste materials are trucked from the plant to this 
storage area several times a day. The highest reading 
found in direct contact with the road at several 
locations~bctween the sump area and the storage area 
was 0.6 mrepps/hr beta, 1.3 mr/hr gamma and 1~0,000 
alpha d/m/l00 cm2. A h80 ton pile of "black mud" 
located at the extreme north east corner of the 
enclosure provided the highest radiation 
&O mreps beta, 330 mr/hr ganma and 2 x 10 rdings* d/m/100 
cm2 alpha was found using 3 Juno instrument. 

COKCCL’JSI@N 

Daily weighted thorium and thoron concentrations exceeding the presently 
accepted preferred levels have been found for a majority of the Lindsay 
plant employees. 

If the departures from good industrial hygiene practices noted in the 
Discussion are corrected, it is our belief that the airborne dust 
exposures of all plant personnel can be substantially reduced. 

-.15 - 



~REXDIN;S 

8 w/hr dd,'m&JO cm2 

LOCATION 

bmwps/hr 

I. Site of I\ew Building 50' S. of Bldg 3 
3' Level 
contact GrouIld 

0 

On Street 150 yds S. Plant 
3' Level 
Contact Ground 

II. Sump Area 150 yds S. of Plant 
Inside Gate (30') - 3' Level 
inside Gate (3Cl) - Contact Ground 
Unreacted Sand Pile 

0.05 
0.5 
1.5 

1 ft. above liquor in North Sums 
Ground at S.E. Corner of N. Sump 
Pile of Sump Sludge - Contact 
Hole East of South Sump - 1st 
Hole East of South Sump - 2nd 
Material Dredged from Sump 
Road inside Sump Area - 3' Level 

2.0 
2.0 

2:; 

0:05 

0 
0.7 
0.6 
0 

III. Mud Storage Area 1)~ mile S. of Flant 
Road into area at corner - 3' Level 
Road into area at corner - Contact 
Road into area 50 yds W. corner 
3511 from new plant site - graded 
Pile of mud from Sunp 50' awy fron: fence 

3' Level 0 
co@lct 2.0 

Pile of Old India 1st Gray Nud 
con+isct 0.5 
Top of Tile - Contact .off scale 
Top of Pile - 1' away 6.0 

2nd Unreacted Sand - Contact 2.0 
Be+cl:gruund Between 2nd Unreacted Sand 

and Extraction Residue 
Idoho 1st Gray Eud - Contact 5.0 
Road - 3' Level 1 
India 1st Gray Mud - Contact 12 
India 1st Gray Mud - 3' Level 
India 1st Gray Kud - Contact in holo 

where sifted 
India 1st Gray llud - 3' Level 

20 

0.5 
0.9 

0.16 
0.5 

0.15 
0.1!5 
IL.0 
0.15: 

::5 

C::: 
7.5 
0.25 

0.L 
0.55 
1.3 
0.2 

1.5 
5.0 

2.5 
17.5 
10s 

6.0 

5.0 
lb.0 

5.5 
Ilo 
20 

120 
off scale 

8000 

lC0OO0 
85000 
L5000 

1~0000 
110000 

&OOOO ! 
160000 i 

I 
lC000 

L7OOG 

60000 

25cDoo 

200000 

800000 

15-a 



Table VIII - continued 

LOCATION 

III. (continued) 

Roadway 7' From Pile 
Scrapings - Contact 
Between Unreacted Sand and Scrapings 
Thorium Mraction Residue - Contact 
Thorium Mraction Rssiduc - 6" 
Black Mud Pile - With 2610 beta-gamxra 

12' F’rom Pile at Fence 
11' From Pile 
10 FYom Pile 

9' From Pile 
Black Mud Pile - With Juno 

12' Away 
10' Away 

9' Amy 
81 Away 
7'Awy 
&' Away 
3' Away 
1' Away 

Contact Over Pile 
Over Pile 

e . 

READIIGS 

P mrcps/hr J'& dd/m/lOO cm2 

5’ 
1 

off scale 
20 

19s 
off scale 
off scale 
off scale 

21 

10 
15 
15 

:z 

10 
30 130000 

6.5 

1'; 
110000 

2.5 
19.5. 

off scale 

22 

2: 

t: 

s7; 
85 

210 
330 2000000 

15-b 


