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PREFACE
T h i s f ina l report presents the results obtained on HRI Projec t No. 4901-A,I T a s k 32, " C o l l e c t i o n , ' A n a l y s i s and Characterization of Vennicul i t e S a m p l e s forFiber Content and A s b e s t o s Contamination." The task was undertaken for theEnvironmental Protection Agency under EPA Contract No. 68-01-5915 with Midwes tResearch I n s t i t u t e . S a m p l e col lect ion was conducted by HRI, Hr. Kenneth T h o m a s ,sampl ing crew chie f . The analytical portion of this task was conducted throughsubcontracts with Ontario Research Founda t i on , Dr. E. J. C h a t f i e l d , Projec tManager, and IIT Research I n s t i t u t e , Hr. David J o n e s , Pro j e c t H a n a g e r . T h i sreport was prepared by Hr. Gaylord R. Atkinson, MRI T a s k Leader , with assis-tance from Hr. T h o m a s , Dr. C h a t f i e l d , Hr. J o n e s , and Hs. Donna Rose (MRI).
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A B B R E V I A T I O N S , D E F I N I T I O N S , A N D S P E C I F I C A T I O N S
The f o l l o w i n g are special terms or s p e c i f i c a t i o n s that are used in thisreport.
1. Vermiculi te - A natural ly occurring hydrated laminar mineral s i l i ca t e .Due to layers of water of hydration between the laminae, the vermiculite ex-f o l i a t e s or expands when heated.
2. Beneficiation - The process of obtaining vermiculite par t i c l e s fromthe ore.
3. Vermiculi te grades - W. R. Grace, the largest U . S . vermiculite pro-ducer, separates the bene f i c ia t ed vermiculite into f ive size grades. Grade 1is the l arg e s t ; Grade 5 the sma l l e s t . Company grade s p e c i f i c a t i o n s were notobtained, but the f o l l o w i n g size data were determined by examination of thef ive grades from Libby, Montana. The data are presented as an indication ofd i f f e r e n c e s among the grades.

Approximatemaximum Approx imat edimension number of A p p r o x i m a t e weight/(mm) p a r t i c l e s / g average par t i c l e
! 1 5-10 23 42 mg2 3-5 130 7.4 og3 1-3. 1,700 0.58 mgT 4 0.5-1 11,000 91 Mg5 0.2-0.5 130,000 7.6 pg

4. Asbe s t o s -A general term for a number of na tura l ly occurring fibrousmineral silicates. Asbes to s f a l l s into two major c las se s , the serpentines andamphibole s . Chrysot i le is the generally encountered serpentine. The variousamphibole s are not easily i d e n t i f i e d using the electron microscope, and theentire group is general ly reported as "amphiboles" from the EH analysis.• ( W i t h greater e f f o r t the chemical compos i t ion, can be determined with the mi-crop robe.)
The major f i b e r s i d e n t i f i e d by o p t i c a l micro s copy in this s tudy wereamphibo l e s o f the t r e m o l i t e / a c t i n o l i t e series. T r e m o l i t e and a c t i n o l i t e d i f -fer by the ratio of iron and magnesium in the m o l e c u l e , which r e s u l t s in arange of r e f rac t iv e indice s . The series is compri s ed of a continuous varia-tion with an arbitrary d iv i s i on between the two. The c ompo s i t i on of t r e m o l i t eranges f r o m C a 2 M g E S i 0 2 2 ( O H ) 2 t o C a 2 H g < F e S i e 0 2 2 ( O H ) 2 and that o f a c t i n o l i t eranges f r o m C a 2 M g 4 F e S i g 0 2 2 ( O H ) 2 t o C a 2 M g F e 4 S i c 0 2 2 ( O H ) 2 . A n y c o m p o s i t i o n withinthis series is o f t e n repor t ed s i m p l y as " t r e m o l i t e / a c t i n o l i t e . "
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EM - Electron microscpy
TEH - T r a n s m i s s i o n electron microscopy
SAED - S e l e c t e d area electron d i f f r a c t i o n
JCPDS - Joint Committee on Powder D i f f r a c t i o n Standards
MRI - Hidwe s t Research I n s t i t u t e , the prime contractor.

I I I T R I - I I T Research I n s t i t u t e10 V. 35th StreetChicago, I l l i n o i s 60616
I OKF - Ontario Research Foundat ionSher idan Park Research CommunityK i s s i s c a u g a , Ontario, Canada L5K 1E3



I SECTION 1
I N T R O D U C T I O N

i In December 1978, the venniculite industry submitted information to the4 EPA regarding heal th problems experienced by employees who were proce s s ingasbestos-contaminated venniculite. The original submission indicated that| bloody pleural e f f u s i o n s had been detec ted in 4 of 350 employee s; symptom-* • atology and clinical f i n d i n g s in the employees were similar to those foundin individuals with asbestos-related diseases. Subsequent f o l l o w - u p studies1 by the Occupational S a f e t y and H e a l t h Admini s t ra t i on (OSEA) revealed an evenj higher prevalence of heal th problems among the employees.
, Vennicul i t e , mined in the United S t a t e s since 1929, is a hydrated* magnesium-iron-aluminum si l icate and is o f t e n contaminated with a sbe s t i f orm4 minerals. A f t e r mining, venniculite is processed to remove impurit ie s; how-ever, some impuri t i e s , including asbe s to s , may remain in proces sed vennicu-l i te .
4 Although venniculite may contain f ibrous material s , the hea l th e f f e c t sfrom venniculite i t s e l f are unknown. A priority review of asbestos-| contaminated venniculite, completed by the O f f i c e of T e s t i n g and Evaluationin June 1980, sugge s t ed that the asbestos in venniculite may be responsible
I for the reported adverse heal th e f f e c t s , and it concluded that certain infor-mation gaps needed to be f i l l e d b e fore an in-depth risk assessment on vennicu-lite could be initiated.
* The available information on the compos i t ion of commercial venniculiteindicated that asbestos contamination of venniculite does occur but that thedegree and kind of contamination might be d i f f i c u l t to assess and might varywith the source of the venniculite. T h e r e f o r e , the object ive of this task, was to sample and analyze venniculite to determine the contaminants, particu-larly the amount of a s b e s t i f o rm minerals present. The study was to provide .in format ion to be used in the assessment of the risk to the p o p u l a t i o n ex-posed to a s b e s t i f o r m minerals from venniculi te at each of the various stages' of its commercial distribution.
' • T h e original task objec t ive w a s divided into t w o phase s . T h e f i r s t phasewas to conduct an in-depth analysis of f i b e r s present in, and associated with,venniculite ore concentrates and b e n e f i c i a t e d venniculi te f r o m the m a j o rvenniculite mines in the United S t a t e s and b ene f i c ia t ed venniculite from theport s of entry. Both bulk and air s a m p l e s were to be co l l e c t ed and analyzed.The second phase was to have been a s imilar analysis of bulk and air sample sfrom a representative number of e x f o l i a t i o n p l a n t s in the United S t a t e s . Be-cause of a s h i f t of p r i o r i t i e s within EPA, the scope of the task was reduced.The task was l imi ted to the c o l l e c t i o n of air and bu lk s a m p l e s f r o m three U . S .



, mines (W. R. Grace in libby, Montana; V. R. Grace in Enoree, South Carolina;' and Patterson in Enoree, South Carolina). The air sample s vere analyzed only* by phase contrast microscopy, and the o r i g i n a l l y p lanned electron microscopicanalysis vas omit ted.
I W i t h the reduct ion of e f f o r t , a set of the bulk sample s that vas con-sidered to be representative of each mine vas selected as "priority" samplesI for immediate analysis. T h i s set included the head f e ed for the ore process-ing mill and, where size grades vere p r o d u c e d , the s m a l l e s t and mid-sizegrades. T h i s set, representing seven sample s , vas analyzed by various tech-niques including electron microscopy for f i b er content, with emphasis on as-j b e s t i f o r m minerals. The analysis vas done by tvo independent laboratories.* It vas considered po s s i b l e that f i b er s could be bound between the vermiculitep l a t e s and that f i b er s could be released with ex f o l ia t i on . T h e r e f o r e , analy-| ses vere conducted both on the sample s as received and a f t e r laboratory ex-j f o l i a t i o n . Laboratory e x f o l i a t i on d i f f e r s from commercial e x f o l i a t i o n in thatunder the conditions of commercial e x f o l i a t i o n much of the f ine s and heavies

I are removed f rom the vermiculite. The laboratory e x f o l i a t i o n is done underconditions that produce no sample fract ionation. T h u s , ouch of the asbestosvould be removed from the vermiculite during commercial e x f o l i a t i o n , but none_ vould be removed during laboratory e x f o l i a t i o n .
* The analyses of these samples vere in various stages of complet ion whenthe decis ion vas made to reduce the scope of the task. Analy t i ca l result s? are available for most of this set, but for some samples the complete set ofi results from both laboratories vas not obtained.
f . T h i s report includes material compiled from reports submitted by Ontarioj Research Founda t i on .and IIT Research Inst i tu t e . The remainder of this reportpresent s the summary, experimental me thod s , sampl ing, sample handl ing, analyt-. ical result s , and appendix . Three addit ional volumes of appendice s containthe de ta i l ed analytical results.



III1

i
IIIII11II

SECTION 2
S U M M A R Y

In December 1978, the vermiculite industry submitted information to EPAregarding the health problems experienced by employees who were processingasbestos-contaminated vermiculite. A prior i ty review of asbestos-contaminatedvermiculite, comple t ed by the O f f i c e of T e s t i n g and Evaluation in June 1980,suggested that asbestos in vermiculite may be responsible for the reportedadverse health e f f e c t s , and it concluded that certain information gaps neededto be f i l l e d be fore an in-depth risk assessment of vermiculite could be ini-t iated.
The objec t ive of this task was to develop the protocol and to conductsampl ing and analysis to determine the composit ion of vermiculite with empha-sis on the content of a s b e s t i f o r m minerals.
The original scope of the s tudy included two phases. The f i r s t phasewas for the collect ion and analysis of air and bulk samples associated withvermiculite ore and benef i c iated vermiculite from the four major U . S . minesand ports of entry. The second phase was for a similar e f f o r t for a repre-sentative number of e x f o l i a t i o n p lan t s .
Due to priority s h i f t s within EPA, the second phase was not undertakenand the scope of the f i r s t phase was reduced. Three mines and bene f i ca t ionp l a n t s were sampled and the sample s ana lyz ed , but the scope of the analysiswas reduced from the original protocol . The air sample analysis was l imitedto phase contrast optical microscopy for a selected set of the sample s , andthe electron microscopic analysis of the air sample s was not p e r f o r m e d .
The bulk sample s were analyzed by optical microscopy and x-ray d i f f r a c -tions (XRD) for the densi ty separated f rac t i on s and by transmission electronmicroscopy (TEH) for the iospropanol suspended frac t ions of nonexfo l iatedvermiculite and the water suspended frac t ions of e x f o l i a t e d vermiculite. Theresults of the optical microscopy and XRD analyses are summarized in T a b l e 1.
The bulk sample TEH analyses were conducted in a semirandoo sequence,but with the sequence ordered for the two analytical laboratories so thateach of a set of pr ior i ty sample s would be analyzed by at least one of thelaboratories early in the program.
When the program scope was reduced, a set of seven prior i ty sample s wasse lec ted to best represent the two larges t mine operations. However, thesample for TEH analysi s undergoes many s t ep s of pr epara t i on for analys i s , andwhen the program scope was r educ ed , several low p r i o r i t y s a m p l e s had been pre-pared for analy s i s . Author i za t i on was la t e r obtained for the c ompl e t i on of



T A B L E I . S U M M A R Y O F O P T I C A L M I C R O S C O P Y / X R D A N A L Y S I S R E S U L T S

1 S a m p l e 8

Libby GraceGrade 1, 270-1Grade 2, 276-1Grade 3, 259-1Grade 4, 282-1Grade 5, 264-1Grade 5 (1-day), 267-1
H e a d f e e d , 291-1Extrac t , 294-1Baghouse m i l l , 297-1-Screen p l a n t , 288-1

S . C . Grace

Fibrou sEstimatedmass, %

4-64-72-40.3-12-42-5
21-2~61-4fi-122-5

t,

phase sMineraltype s

Trem-actinTrem-act inTrem-actinTrem-actinTrem-actinTrem-act in
Trem-actinTrem-actinTrem-actinTrem-actin

N o n f i b r o u sEstimatedmass, %

1-33-5< I1-32-54-8< 16-91-32-61-4

amphibole sMineraltype s
.. .

Trem-actinTrem-actinTrem-actinTrem-actinTrem-actinTrem-actin oA n t h o p h y l l i t e STrem-actinTrem-act inTrem-actinTrem-actin

Grade 3, 430-1

Grade 4, 433-1

Grade 5, 427-1

H i l l f e e d (+100 mesh),436-1 < 1

Grade 3, e x p a n d e d , 439-1

Grade 4, e x p a n d e d , 442-1

MixedA n t h o p h y l l i t eTrem-act inHiredA n t h o p h y l l i t eTrem-actinMixedAnthophy l l i t eTrem-actinMixedA n t h o p h y l l i t eTrem-act inMixedA n t h o p h y l l i t eTrem-actinMixedA n t h o p h y l l i t eTrem-actin

2-4 Trem-actin< 1 A n t h o p h y l l i t e
1-3 A n t h o p h y l l i t e1-4 Trem-actin
4-67 .; A n t h o p h y l l i t e2-4 >"* Trem-actin
J-37,^ , A n t h o p h y l l i t e6-9 ' Trem-actin
< 1 A n t h o p h y l l i t e< 1 Trem-actin
< 1 A n t h o p h y l l i t e0.5-1 Trem-actin

S . C . Pat t er sonU n g r a d e d , 573-1 < 1 MixedTrem-actinA n t h o p h y l l i t e '
4-8 1, ^ A n t h o p h y l l i t e8-12 Trem-actin

a With the exception of S a m p l e No. 267-1, all results are for composites ampl e s .
b F i b e r bund l e s were mixed phase m a t e r i a l s — b o t h a n t h o p h y l l i t e andt r e m o l i t e - a c t i n o l i t e were present.
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analyses of samples nearly completed. The analysis data are complete fromboth laboratories for the seven priori ty sampl e s , but the data may or may notbe complete for the others.
A d i f f e r e n c e in the interpretation of the analytical protocol resultedin a variation in the counting procedure. The requirement to count 100f iber s was interpreted by ORF to mean 100 a s b e s t i f o r m f i b e r s , while IITRIcounted 100 par t i c l e s , d e f i n e d as f iber s by their aspect ratio of equal orgreater than 3. To check the s ignif icance of this counting variation, twosample s with d i f f e r e n t f iber characteristics (the grade 5 samples from Libby,Montana, and Enoree, South Carol ina) were selected for each laboratory to re-peat the analysis using the alternate procedure. T a b l e 2 is a summary of theTEK analysis of the selected sample s and includes the number and parts permillion of f ibers as determined by the two laboratories.
The results suggest that there are more a sb e s t i f orm f i b er s associatedwith the smaller size grades of vermiculite than with the larger grades. Bothdust samples co l l e c t ed at Libby were found to have a very high amphibole con-tent and indicate that considerable asbestos is removed from the vermiculiteduring bene f i c ia t ion. The South Carolina vermiculite appears to contain sub-s tant ia l ly less a sb e s t i f orm f ibers than does that from Libby, Montana.
T a b l e 3 is a summary of the phase contrast results of the air samples.Only one of the analyzed air samples exceeded 2.0 f i b e r s / c c . However, therainy weather conditions at the time of sampl ing for all three locationsnight have resulted in lower than normal f i b e r counts.
Given the expected variability of the method, IITRI and ORF results ap-pear to be in general agreement. : • ' • '



TABLE 2. SUMMARY OF ELECTRON MICROSCOPY ANALYSIS

Priority1*S a m p l e sample

Libby GraceG r a d e 1270-1G r a d e 2276-1Grade 3 P259-1259-0259-1259-0Grade 4282-0282-1282-0Grade 5 P264-1264-0264-1(0)264-0(1)2.64-1264-0264-1(0)264-0(1)H e a d f e e d P291-1291-0291-1Extractor294-1M i l l dust297-0297-1Screening dust288-0288-1

A n a l y s i s ,e x f o l i a t e dno

XX

X

XXXX

XX

X

X

yes

X
X

XX

XX

. .
X• x' XX

X
X

X

X

A s b e s t i f o r m f i b e r s , a l l l engthsA m p h i b o l eF i b e r s / g Massx 106 ( p p m )

31.6
23.4
38.92542.059

1651.8
11810012798142160119110

62.513073.8
55.0

100777
3001,800

78
48.5

21059250240
146017

840-6001,2005702,600•1,800"3502,600
670690590
420

4,60035,000
3,00041,000

C h r y s o t i l eF i b e r s / gx 10€

0.9 3.
0
0.9< 2.10.4 6.< 1

0< 0.4
-< 1.4---< 1.6-< 1.6
1.41.2-
0.7 3.
--

< 1.6-
(cont inued)

Mass( p p o )

5 x 10" 3

0
0.01 -1 x 10~3

-

0-
--------
0.13< 1- _4 x 10"J

--
--



TABLE 2 (cont inued)i

4

1
1
1
1
1
1
1

ti
*
*
j•
a•

Priority1*S a m p l e sample

S . C . GraceGrade 3 P430-1430-0430-1430-0Grade 4433-1433-0433-1433-0Grade 5 P427-1427-0427-1(0)427-0(1)427-1427-0427-1(0)427-0(1)Head f e ed P .436-1 ...436-0436-1Grade 3 e x f o l i a t e d439-1
S . C . Pattersonb e n e f i c i a t e dUngraded P573-1573-0573-1573-0

A n a l y s i s , 0

e x f o l i a t e dno

XX

XX

XXXX

XX

XX

yes

XX

XX

XXXX
..

X

XX

A s b e s t i f o r m f i b e r s , a l l l ength sA m p h i b o l eF i b e r s / gx 106

1.02.73.12.4
1.62.73.12.7
0.6173.0313.52.93.22.4

i 0.3121.3
11.7

0.031.70.51.1

Chryso t i l eMass F i b e r s / g( p p o ) x I0 6

0.55< 13.71
6.5351.42
1.5374.81304.11207.39
0.49220.81
-

3.7 x Kf<2734

0.1< 0.3•
< 0.5

-
< 0.3-
< 0.3

•
2.60.072.6•

< 0.3-
0.9

i
0.3

-

' 0.03< 0.30.2< 0.3

Mass( p p m )

5 x 10"4

--
--.-
-

1 x 10"4

< 1---< 1
•-< I-
-

*

,1.4 x 10~*
Q5. 3, a 10~3

-

a The "I" and "0" f o l l o w i n g the s a m p l e number indicates the analyzing labora-tory, IITRI and ORF, respect ively. The " ( I ) " and "(0)" indicates thecounting procedure, e.g., 264-1(0) are the re sul t s from IITRI using theORF procedure.
b Seven sample s were de s ignat ed as p r i o r i ty sampl e s for comple t e analys i s atthe time the program was reduced in scope.
c A n a l y s i s was conducted on the s a m p l e s as received and f o l l o w i n g laboratorye x f o l i a t i o n , which unlike commercial e x f o l i a t i o n , does not cause s a m p l ef r a c t i o n a t i o n .



TABLE 3. RESULTS OF THE PHASE CONTRAST ANALYSIS OF AIR SAMPLES• _____ COLLECTED AT THREE VERMICULITE SITES

I
I
I
1
I

S a m p l e

Libby, Grace
106 F i e l d blank®133 F i e l d blank8

131 Front loader146 Pit haul driver138 Mine analyst141 Bottom operator130 No. 2 operator139 Dozer operator101 S h u t t l e truck104 Screening p l a n t , DW111 Screening p l a n t , DW108 T r a i l e r court136 No. 5 substation
South Carol ina, Grace
312 F i e l d blank"346 F i e l d blanka

340 H i l l monitor321 H i l l lab technician301 Dragline operator347 No. 4 bagger330 No. 3 bagger328 H i l l ( E K E ) downwind335 H i l l (N) crosswind307 Hine (N) crosswind323 Hine (E) downwind338 Hine (W) upwind310 Truck driver300 Screening plant f l o o r
South Carol ina, Patterson
505 F i e l d blank*533 F i e l d blank*508 Payload operator520 Plant foreman542 B a g g e r / f o r k l i f t513 ( N E ) downwind506 Control off -site515 ( S E ) crosswind528 ( S V ) upwind

S a m p l evol. (£)

•
•

303297294276285270385390368169111

_-
340478240•• 31428528780291154264257354

_.
255252249188274299147

F i b e r s / c cORF

< 0.020.030.02< 0.011.51.23.10.020.10.080.10.030.03

< 0.02< 0.020.030.07< 0.010.060.10.050.04< 0.010.010.03< 0.010.06

< 0.02< 0.02< 0.010.01< 0.01< 0.01< 0.010.010.02

I I T R I
•- •
0.040.050.040.011.90.49.70.20.20.50.02ND B

0.02

0.040.020.03
° - £ND B

0.10.050.£4ND*0.020.020.010.30.14

< 0.010.020.040.3
MNDrND b

0.01ND K

a Values for blanks were calculated assuming a 100-liter sample.
b ND: No f i b e r s de t e c t ed (100 gr id s) .
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II
I SECTION 3

EXPERIMENTAL PROTOCOL
t A s tudy protocol was prepared for the task and reviewed by EFA and theI subcontractors b e f or e s a m p l i n g and analyses were undertaken. A p p r o p r i a t ec o d i f i c a t i o n s vere made f o l l o w i n g a d d i t i o n a l reviews. The protocol "Task 32 -* S t u d y Protocol for the C o l l e c t i o n and A n a l y s i s of V e r m i c u l i t e and Related Sam-i p i e s for the Evaluation of F i b e r Content vith Emphas i s on A s b e s t i f o r m Fibers"appears in this volume as A p p e n d i x A. A d e t a i l e d analytical procedure forr bulk sample s prepared by IITRI appear s as A p p e n d i x B.
• *

During the program some m o d i f i c a t i o n s from the s tudy protocol were foundto be necessary or d e s i rab l e , end minor changes were made. T h i s section dis-' cusses the general pro toco l b r i e f l y , with m a j o r emphasi s on areas where modi-* f i c a t i o n s were made.
! SAMPLE COLLECTION

No major changes were made in the s a m p l i n g pro toco l . The f o l l o w i n gt items are noted:
1 1. V. R. Grace ' representat ives would not allow-.ERI personnel into any '
f . of the proce s s ing f a c i l i t i e s . All s a m p l e s , both bulk and air, from withinthe proce s s ing f a c i l i t i e s were c o l l e c t e d by EPA personnel.>

2. Ore proce s s ing at Libby, Montana, involved a wet b e n e f i c i a t i o n pro-' cess, while both f a c i l i t i e s in S o u t h Carolina used dry b e n e f i c i a t i o n processes .» The d i f f e r e n c e s in proces se s resul ted in d i f f e r e n t type s of waste material s .
I 3. V. R. Grace has automatic s a m p l i n g equipment at various p la c e s in! their proc e s s ing for their QA program. Portions of these sample s were ob-tained that represented 7 to 10 days of operation b e f o r e our sampl ing . Oneday of automatic sample c o l l e c t i o n was observed by the sampl ing crew EPA rep-I resentative.

S A M P L E H A N D L I N Gf
t Bulk S a m p l e s
f The bulk s a m p l e s were packed in double sealed bags in the f i e l d andi s h i p p e d by air f r e i g h t to M R I . The increment sample s were r i f f l e d i v i d e d , anda p p r o x i m a t e l y equal por t i on s of each increment of the same s a m p l e type were
f combined, mixed , and r i f f l e d iv ided to obtain r e p l i c a t e c ompo s i t e sample s foranalysi s .i



I Air S a m p l e s
The air sample f i l t e r s were retained in the f i l t e r car tr idge s duringtransport to HRI. The p l u g g e d cartr idges were p l a c e d in a sp e c ia l containerI to maintain the f i l t e r s in a horizontal po s i t i on with the co l l e c t ing surface• up and hand-carried back to HRI. At HRI the f i l t e r s were cut into threeequal portions and each portion indiv idual ly taped to the bottom sur face of a1 49 x 9 mm Mil l ipor e© p l a s t i c petrie dish. A set of one-third of each air sam-ple f i l t e r was band-carried to the two laboratories for analysis.

i
J
I

S A M P L E A N A L Y S I S
Bulk S a m p l e Analys i s

Since no microscopy technique is capable of measurement over the wholesize range of fragments present in vermculite s ampl e s , it is of extreme impor-tance, prior to selection of the analysis procedure, to understand prec i s e lyhow the analytical results are to be a p p l i e d .
The basic choice in the analysis of vermiculite was either to c ompl e t e ly

{ pulverize the material and reduce the par t i c l e sizes into a range suitable fora single analytical technique, or to retain the original size di s tribut ion andmeasure relevant parameters on the material as normally used. Using the lat-• ter approach, numerical f i b er counts per unit mass of original material are] meaningful and assist interpretation on the basis of current medical opinion1 that f i b e r numbers are the important exposure criterion.
{ If the material is comple t e ly crushed, there are a number of di sadvantages;

1. The f i b e r size dis tribution is not pre served, and any numerical f i b e r• count is meaningless except that f i b e r volume can be considered as an indica-; tion of the mass percentage of f i b e r in the original sample material.
2. Even the mass value thus obtained is not representative of that inthe f ina l produc t , since at e x f o l i a t i on much of the massive material is sepa-rated and discarded.

' 3. S i m p l e X-ray d i f f r a c t i o n (XRD) measurements of the amphibole or ser-. pentine content of such a pulverized sample is of inadequate sensi t ivity (about1% for amphiboles and pos s ib l e 5% for serpentine). Moreover, XRD is incapableof dis t inguishing the fibrous varieties from other amphiboles or serpentine.
4. The crys ta l lography of the f ibers may be altered (Spumy et al.,1979).»
The procedure of G h a t f i e l d and Lewis (1980) 2 was des igned to retain thesize dis tribution of the material as it is normally used, and to a l low verysensitive measurement of asbestos f i b er concentrations down to de t ec t ion lim-its in the parts per mil l ion ( p p m ) region.

10
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I
I
1
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j
1
I

I
J
1
1

I

E s s e n t i a l l y , their procedure was:
1. To suspend the b e n e f i c i a t e d veraiculite in water and s a m p l e , fortransmis s ion elec tron microscope (TEH) a n a l y s i s , only the range of p a r t i c l esizes which would include all r e sp irab l e f i b e r s .
2. To s imulate on a laboratory scale the industrial e x f o l i a t i o n proce-dure, and to examine by TEM the f r a c t i o n which does not f l o a t on water. Thef l o a t i n g f rac t i on would in fa c t be the f ina l product. If f ibers have beenfound in the earlier analyses , the f l o a t i n g f r a c t i o n could al so be examined todetermine its f i b e r content.
3. To examine typi ca l vermiculite f l a k e s for the presence of intercalatedf i b e r s which may be released on e x f o l i a t i o n .
If there are no very large f i b e r s pre s ent , the a s sumption can be madethat any f ibrous component has been sampl ed r epre s en ta t ive ly from the aqueoussuspension, and the re sul t s can be interpre t ed as total f i b e r concentrationsby weight. Where large amounts of asbestos f i b e r s are present throughout thewhole size spectrum, the procedure introduces a size c u t - o f f above which nop a r t i c l e s are included in the analysis. Under these condit ions the concentra-tion by weight must be interpreted c a r e f u l l y , a l t h o u g h concentrations by numberwill be almost u n a f f e c t e d . It is important when using this method that thesize c u t - o f f e s tabli shed does not restrict the representative s a m p l i n g of thelarge s t f i b e r s considered to be respirable. T i m b r e l l (1965)* has determinedthat the f r e e f a l l i n g speed of high aspect ratio f i b e r s is propor t i onal to thesquare of the diameter and only increases s lowly with length. The largestcompact p a r t i c l e s normally found in lungs are about 10 micrometers ( p m ) indiameter (unit d e n s i t y ) , which as a f i r s t approx imat ion was found to be equiv-alent to a f i b e r of about 3.5 pm in diameter, whatever its l eng th may be.Hence, the size cu t-o f f in the analytical method should exceed a unit densi tyequivalent spherical diameter of 10 pm, which corre sponds to a sphere of 5.6pm diameter if the d en s i ty is assumed to be 3.2 g/cm*. The f a l l i n g veloc i tyof a sphere is obtained f r o m the S t o k e s ' r e la t ionsh ip:

g ' d * ( p s - p i )

where V = terminal velocityg = acceleration due to gravityd = diameter of the sphereps = density of the spherepL = d en s i ty of the liquidrj = c o e f f i c i e n t of vi scos i ty of the liquid
For a sphere of 5.6 pm diameter and dens i ty of 3.2 g / c m s the terminalveloc i ty in water is ca l cu la t ed to be 0.0037 c m / s e c , or 270 sec/cm. Under theag i ta t i on condi t ions in the ul trasonic bath, it is unl ike ly that p a r t i c l e s ofthis low f a l l i n g veloc i ty will d epo s i t during the period when representatives a m p l e s of the d i s p e r s i o n are withdrawn for a n a l y s i s . A c c o r d i n g l y , it can bes ta t ed that the method y i e l d s a f i b e r count which inc lude s all f i b e r s consid-ered to be r e s p i r a b l e .
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The analytical procedure described above does not yield an actual totalf i b e r content by weight where very large f i b e r s are pre s en t , and it is forthis reason that the init ial s t e p of a low m a g n i f i c a t i o n op t i ca l examinationvas incorporated. In this way such sample s can be detected b e f or e e f f o r t isexpended on TEM f i b e r counts which may be irrelevant. However, the TEM proce-dure oust s t i l l be used if determination of the re spirable f i b e r concentrationis required.
Both analytical laboratories contributed to the pr epara t i on of theadopted protocol and both laboratories f o l l o w e d the protocol. However, therewere variations in emphasis and in t erpre ta t ion of the protocol by the two lab-oratories, and these d i f f e r e n c e s were not recognized until some of the resultswere obtained. W h i l e to a degree the variations in procedures prevent the di-rect comparison of r e su l t s , the s l i g h t l y d i f f e r e n t approache s complement eachother and give a bet ter overall under s tanding of the s ampl e s than would eithers ingle approach.
The s i g n i f i c a n t d i f f e r e n c e s were as f o l l o w s :
1. ORF examined the bulk sample s by opt i cal microscopy for the presenceand qual i tat ive i d e n t i f i c a t i o n o f a s b e s t i f o r m f ib er s . IITRI p e r f o r m e d morecomple t e qual i tat ive and semiquantitative analysi s of the bulk sampl e usingdensi ty f r a c t i o n a l s eparat ion, f o l l o w e d by component i d e n t i f i c a t i o n by opt icalmicroscopy and X-ray.
2. The f o l l o w i n g appeared in the protocol for the TEM analysi s: "Hakef i b e r count - determine chrysot i l e or amphibo l e s . Count 100 f i b e r s or 10grid s of 200-mesh screen. Determine the l imi t s of d e t e c t i on and count moregrids if necessary." ORF interpreted this statement to mean count 100 chryso-t i l e or amphibole f i b e r s ; IITRI interpreted the statement to mean count 100p a r t i c l e units with an aspect ratio of equal to or greater than 3. To deter-mine the e f f e c t of the d i f f e r e n c e of counting procedure between the two labor-atories, two sampl e s were s e l ec t ed for cross comparison. For these two sam-p l e s each laboratory examined the sampl e by the o t h e r ' s procedure as well astheir own. The two sampl e s were selected to represent a high and low concen-tration of a s b e s t i f o r m f i b e r s ( G r a d e 5 f rom Libby and Grade 5 f r o m South Carol inaGrace).

A i r S a m p l e A n a l y s i s
Due to a change in the scope of the task, the analysis of the air samplef i l t e r s by TEH was not undertaken. The op t i ca l phase contrast analys i s wasconducted according to the protocol .
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SECTION 4
S A M P L I N G

S a m p l i n g trips were cade to the Grace mine end processing f a c i l i t i e s nearLibby, Montana, during October 21-26, I 9 6 0 , and to both the Grace and PattersonDines and proce s s ing f a c i l i t i e s near Enoree, South Carolina, during November3-6, 1980. Both air sample s and bulk sampl e s vere co l l e c t ed at each location.Air sampl ing vas of two t y p e s , personal and s tationary. For the personal sam-p l e s , nine Dupont Model 4000 samplers vere used. The f l o w rates vere cali-brated b e f o r e and a f t e r sampl ing. S t a t i o n a r y air s a m p l i n g vas conducted us-ing battery-powered s tationary samplers des igned by MRI. T h e s e samplers haveproven to be e f f e c t i v e in previous air sampl ing p r o j e c t s . 4 ' 6 ' 6 Wind condi-tions during s a m p l i n g vere recorded using a Vang meteoro logical s tation.Brief de s cr ip t ions of sampling conditions and a l i s t of samples col lected f o l -low.
V. R. GRACE MINI, LIBBY, MONTANA

Mr. Fred Eaton of W. R. Grace, Cambridge, Massachu s e t t s , vas the companyrepresentative f or th e coordination o f s ampl ing . Mr. Jim S a l o i s o f MSHA,H e l e n a , Montana, vas present at the request of Ms. Diana M. K r a f t , MSEA,Arlington, Virginia. - Mr. S a l o i s vas f a m i l i a r vith the Libby f a c i l i t i e s , andhis presence and sugges t ions vere very h e l p f u l .
At the request o f . M r . Eaton, d u p l i c a t e concurrent personnel air sample svere taken, one for this task and one for Grace. Thus each sub j e c t vas f i t t e dvith tvo samplers . Mr. Eaton also requested that all personal air samplerpumps used for this task be recal ibrated at the Libby f a c i l i t y even thoughthey had been calibrated ju s t b e f ore shipment from MRI. The nine pumps usedvere determined to have f l o w rates ranging between 2.03 and 2.19 l i t er s /Bin.The f l o v rates for the s tationary sampler s vere measured at the time the sam-plers vere set up, p er i od i ca l ly during sampl ing , and at the end of sampling. , .The s p e c i f i c f l o w rates, calibration da ta , and related informat ion appear inA p p e n d i x C of this report.
S a m p l i n g vas s chedul ed and conducted on T h u r s d a y , October 23, 1980. Forseveral days prior to sampl ing the weather had been rainy, and sampl ing vasstarted in heavy fog vith e s s e n t i a l l y no vind in the mine area. There vas noevidence of dust in the mine, from either the mining operation or along thetruck routes. The weather cleared shor t ly a f t e r noon. The vind direct ionand speed were recorded during the s a m p l i n g day.
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The o b j e c t i v e vas to take a short (2-hr) s a m p l e , f o l l o w e d by a longer(6-hr) s a m p l e that vould complete the vork s h i f t . The actual times variedsomewhat f rom the intended t imes, but the actual times and volumes for eachsample vere recorded ( A p p e n d i x D).
Grace has a routine bulk s a m p l i n g procedure as part of their productquality control program. At our request they had taken and retained bulksample s of the f ive grades of product p lu s related head f e e d , t a i l i n g s , anddusts for 7 to 10 days be fore air sampl ing. The sample s taken on October 23vere comparable to the earlier s a m p l e s , but their co l l e c t ion vas observed andverif ied by Tom Dixon of EPA.* The air sample s collected at Libby, along withthe approx imate s a m p l i n g duration, are given in T a b l e 4. Figure s 1 and 2 showthe vind conditions and site po s i t i ons for the s tat ionary air samplers . Thebulk sample s c o l l e c t ed at Libby are given in T a b l e 5.

V. R. GRACE MINE AND PROCESSING HILL, ENOREE, SOUTH CAROLINA
Hr. Fred Eaton, vho vas the company representative at Libby, Hontana,vas al so the company -representative at Enoree. Ore from tvo mines ( L a n f o r dand F o s t e r ) are hauled to the proce s s ing mill at a third location. Duringthe sampl ing period only the F o s t e r mine vas in operation. The F o s t e r mineis l o ca t ed near the southwest corner of the junc t i on of County Road 50 andInters ta te 26 in Spartanburg County. The mill is located on Highway U.S. 221about 1 mile south of the junct ion with Highway 92, in Laurens County. Theinitial schedule vas to sampl e at the mine on T u e s d a y , November 6, 1980, andat the mill on Wedne sday. However, because of rain during T u e s d a y morning,the mine vas closed and the s chedule vas reversed. A l igh t rain f e l l T u e s d a ymorning; the remainder of the sampling period vas clear and cool.
The air samples collected at*the Grace Enoree operations are given inT a b l e 6 and the bulk s a m p l e s are given in T a b l e 7. The vind condi t ions andair s a m p l i n g site po s i t i ons are shown in Figure s 3 and 4 for the mill and inFigure s 5 and 6 for the mine.

P A T T E R S O N V E R M I C U L I T E C O M P A N Y , ENOREE, S O U T H C A R O L I N A
The Patterson mine and e x f o l i a t i o n / b a g g i n g operations are located approx-imate ly 7 miles northeast of the W. R. Grace mi l l . No mining vas underway onthe day of s a m p l i n g , November 6, 1960, so sampl ing vas only conducted aroundthe proce s s ing p lant . Patterson does not size their product and produces as ingle size grade. The air sample s co l l e c t ed at the Patterson p lan t arel i s t ed in T a b l e £ and the bulk sample s in T a b l e 9. The vind conditions andair sampl ing site po s i t ions are shown in F i g u r e s 7 and £.

* MRI employee s vere excluded from all mil l operat ions .

14



T A B L E 4 . A I R S A M P L E S COLLECTED A T T H E G R A C E M I N E A N D M I L L , I I E B Y , M O N T A N A
Appro*.F i l t e r time Analysi sassignmentS a m p l e de s cr ip t ion

Pesonnel sampler sFront loaderFront loaderPit driverPit driverHine analystMine analystH i l l operator, bottomMill operator, bottomH i l l operator No. 2H i l l operator No. 2Bulldozer operatorBulldozer operatorS h u t t l e truck driverS h u t t l e truck driver
Stat i onary samplersStat i on 7 screening plant D.W.Stat ion 7 screening plant D.W.S t a t i o n 7 screening plant D.W.Station 7 screening plant D.W.Stat ion 6 screening plant U.W.S t a t i o n 6 screening p lant U . W .S t a t i o n 2 perimeter D.W.S t a t i o n 2 perimeter D.W.S t a t i o n 2 perimeter D.W.Stat ion 2 perimeter D.W.Stat ion 4 perimeter C . W .Stat ion 4 perimeter C . W .Station 5 lower meadowS t a t i o n 5 lower meadowS t a t i o n 9 trailer courtS t a t i o n 9 trailer courtS t a t i o n 8 car loadingStat i on 8 car l oad ingStat ion 3 "22" level dumpS t a t i o n 3 "22" level dumpS t a t i o n 1 substation No. 5Stat ion 1 substation No. 5F i e l d blanks

N o .

131135148126138129141146130125139128101121

104111112120116124109113145147103149119115108102123122107134136132114137106133110

(hr)

25252525252527

2266262266222626232626

PC EM
- -

X
X
X XX
X
X
X X

XX XX

X X

X XXXXX

H o l d

X
X

X
X
X

XXXXXXXXXX

XXXX

X

a PC - phase contrast o p t i c a l micro scopy, EM - e l e c tron micro s copy,Eold - sampl e retained without analysi s .
b S t a t i o n numbers ind i ca t ed in F i g u r e 2.
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Figure 1. Wind rose pattern showing the direction and intensityof the wind during the air s a m p l i n g period at theGrace , Libby, Montana, f a c i l i t y .
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F i g u r e 2. Map of the Grace , Libby, Montana , f a c i l i t y showingthe s ta t ionary air s a m p l i n g lo ca t ions .



t TABLE 5. BULK SAMPLES COLLECTED AT THE GRACE MIKE AND MILL, IIBBY. MONTANA
1 S a m p l e de s cr ip t ion Ho. of sample s
• is __ _ f* _.* _ *. _ ,1 «_ _.»_ « __ __ j _ _ _ ^ * ^ ^ * ^ *

I
Benef i c ia t ed Grade 1 vermiculite 11
Beneficiated Grade 2 vermiculite 11 a
Benef i c ia t ed Grade 3 vermiculite l l a

I Benef i c ia t ed Grade 4 vermiculite l l f i

Benef i c ia t ed Grade 5 vermiculite 11*
Dust from screening plant 8i

f Dust from dryer 9C

H e a d f e e d 9 C

I Under 90 mesh 9°
Coarse t a i l s 9°

II Extractor 9

I a Days c o l l e c t ed for 11-day sample s: October 7, 8, 9, 10, 13, 14, 15, 16,17, 21, 23, 1980.
| b Screening p lan t du s t s c o l l e c t ed: October 8, 9, 10, 13, 14, 15, 17, 23,1 1980.
j c C o l l e c t e d October 8, 9, 10, 13, 14, 15, 16, 17, 23, 1980.
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TABLE 6. AIR SAMPLES COLLECTED AT GRACE, ENOREE, SOUTH CAROLINA

1 S a m p l e d e s c r ip t i on
(line personnel sample sTruck driver 1Truck driver 1Truck driver 2Truck driver 2Dragline operator 6Dragline operator 6
Hice s tat ionary campl e sCrossvind N. s tat ion 1Crossvind N. station 1Cross wind S. s tat ion 3Crossvind S. s tat ion 3Upwind W. s tat ion 4Upwind W. station 4Downwind E. s tat ion 2Downwind E. s tation 21 mile off site s tation 51 Bile o f f s i t e s tation 5Along haul routeAlong haul route
H i l l personnel s ampl e sF o r k l i f t operatorF o r k l i f t operatorBaggerBaggerBaggerBaggerBaggerBaggerH i l l monitorH i l l monitorH i l l laboratory technicianH i l l laboratory technician
H i l l s ta t i onary sample sH i l l o f f i c eScreening f l o o rScreening f l o o rScre en ing f l o o rCros swind N. s ta t i on 1Crosswind N. s t a t i on 1

F i l t e rH o .

315324310320301306

351318307353316338323352334350331354

305339314322330349347337336340308321

304300332341345343

A p p r o x .time(hr)

222526

542542262525

242424343334

723125

Analys i sassignmentPC EM H o l d
- -

XXX XX X

XXX XXXX XXXXX

XX XXx .XX XXX £X

XX X XXX
( c o n t i n u e d )
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TABLE 6 (cont inued)

S a m p l e d e s c r i p t i o n
H i l l s ta t ionary sample s (continued)Crosswind N. s tat ion 1Crosswind N. s tat ion 1Crosswind S. station 3Crosswind S. station 3Upwind V. s tation 4Upwind W. s tation 4Downwind E. s tation 2Downwind E. station 2
O f f s i t e control
F i e l d blanks

F i l t e rN o .

328313342326344309335302
329
312346319348327

A p p r o z . A n a l y s i stime as s ignment(hr) PC EM H o l d

2 X552 (void) X52 X5
7

XX XX

XX

X
X
X

X

« PC - phase contrast op t i ca l micro scopy, EM - electron micro s copy,H o l d - sample retained without analysi s .
b S t a t i o n numbers indicated in Figure 4.

1 '
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TABLE 7. BULK SAMPLES COLLECTED AT THE PATTERSON OPERATIONS__________ ENOREE, SOUTH CAROLINA _________
* S a m p l e description_______________________No. of s ampl e s
* Rav ore from s t o c k p i l e 1
I Rav ore prescreening hopper 1

Postscreen ore 3 e

] Dried ore A e

I E x f o l i a t e d f ina l product 4*
* W a s t e from screening 4
I Was t e from e x f o l i a t e r 4

I a S a m p l e s were c o l l e c t ed at approx imat e ly 2-hr intervals.
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F i g u r e 3. Wind rose p a t t e r n showing the d i r e c t i on andin t en s i ty of the wind during the air s a m p l i n g periodat the Grac e , Enoree, S o u t h C a r o l i n a , m i l l .
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F i g u r e 4. Map of the Grace, Enoree, S o u t h C a r o l i n a , mill areashowing the stationary air s a m p l i n g locations.
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F i g u r e 5. Wind rose p a t t e r n shoving the d i r e c t i on andintensity of the wind during the air s a m p l i n g periodat the Grace» Enoree, S o u t h C a r o l i n a , mine.
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F i g u r e 6. Map of the Grace, Enoree, South Carolina mine area showingthe stationary air s a m p l i n g locations.
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TABLE 8. AIR SAMPLES COLLECTED AT PATTERSON, ENOREE, SOUTH CAROLINA

I S a m p l e d e s c r i p t i o n
Personnel sampler sB a g g e r / f o r k l i f t operator

Foreman

Payload operator

S t a t i o n a r y sampler s .Crossvind S . E . s ta t i on 2
Crossvind N.W. s tat ion 4

Upwind S . W . s tation 3
Downwind K . E . station 1•
Remote, control
Fie ld blanks

F i l t e rN o .

542504517520521511508519516

515502503518531540528525513-i 523506527505522533538

A p p r o x .time(hr)

233233233

362626262626

A n a l y s i sass ignmentPC EM H o l d

X X XX X XX X X

X XXX XXX XX XX XX XX X

a PC - phase contrast op t i ca l microscopy, EH - electron microscopy,H o l d - cample retained without analysis.
b S t a t i o n numbers indicated in Figure 4.
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I
TABLE 9. BULK SAMPLES COLLECTED AT THE GRACE HINE AND HILL,ENOREE, S O U T H C A R O L I N A

S a m p l e description________________________No. of s a m p l e s
B e n e f i c i a t e d Grade 3 vermiculite 7 e

I Benef i c ia t ed grade 4 vermiculite 7a

Benef i c ia t ed grade 5 vermiculite 7*
1 Dryer composi te 7
I H i l l f e e d +100 mesh 7*

H i l l f e e d -100 mesh 7*
1 Vet scrubber di scharge compos i t e 1
4

C o m p o s i t e total t a i l s , November 5 1!
« L a n f o r d Hine compos i t e , November 5 1

F o s t e r Hine C o m p o s i t e , November 5 1
E x f o l i a t e d Grade 4 "stabilized" l c

E x f o l i a t e d Grade 4 p la in 1°
•

E x f o l i a t e d masonry insulation Grade 3 "coated" l c

E x f o l i a t e d Grade 3 p l a i n 1

& Days c o l l e c t ed for 7-day sample s: October 27, 28, 29, 30, 31, November 1,1980.
b C o m p o s i t e c o l l e c t i on for October 28j 29, 30, 1980.
c The e x f o l i a t e d samples vere sampled at the Eearney Expansion plant .
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F i g u r e 7. Wind rose p a t t e r n shoving the wind d i r e c t i o n and intens i tyof the wind during the air s a m p l i n g period at theP a t t e r s o n , Enoree, South C a r o l i n a , f a c i l i t y .

28



1
Mill endPackagingOpt ration

/ ^—.
/ ' I
I II I

— — T o Highway 2 2 1
Skateh of Pattcrson V c r m t c u l l t c(Sample! H-6-60)
A Meteorological Station

Q Air S a m p l i n g Stat ion

F i g u r e 8. Hap of the P a t t e r s o n , Enoree, S o u t h Caro l ina ,f a c i l i t y shoving the s tat ionary air sampl ing- locat ions .
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III
SECTION 5

S A M P L E H A N D L I N G
All of the bulk sampl e s were c h i p p e d air f r e i g h t to KRI f r o m the c a m p l i n gcites. The air sample s vere hand-carried and maintained in a hor izontal ,campl e-up pos i t ion.

BULK SAMPLES
H o s t of the bulk cample s were c o l l e c t e d as increment cample s repre sent inga span of time. C o m p o s i t e s ampl e s vere prepared for this analysis. To pre-pare the composite campl e s , each increment cample vac r i f f l e d to obtain a rep-resentative f r a c t i o n of the increment. A p p r o x i m a t e l y equal weight f r a c t i o n sof each of the increments vere combined to make a compos i t e sample . The com-p o s i t e sampl e was then mixed and r i f f l e d to produce four equal sample s . One ofthe f o u r t h s vas set aside and retained as a control. One of the f our th s vasagain r i f f l e d to produce tvo f r a c t i o n s , each one-eighth of the original sample .T h e c e tvo f r a c t i o n s vere combined with the other tvo f o u r t h s to result in thecomposi te division into 1/4, 3 / 8 , and 3/8 of the original composi te . The"1/4" f r a c t i o n vas retained at HRI, one "3/8" f r a c t o n vas sent to IITRI, andthe other "3/6" f r a c t i o n vas cent to OBf for analysis .
A list of the bulk sampl e s and the increment veight s used to prepare thecompos i t e s are given in A p p e n d i x D.

A I R S A H P I E S
The air sample f i l t e r s vere retained in the f i l t e r car t r idge s duringtransport to HRI. The top retainer por t ion of the c a r t r i d g e vas then removedand a cutting t e m p l a t e po s i t i oned over the f i l t e r to a l l ow the f i l t e r to becut into three equal portions. The t empla t e held the f i l t e r around the cir-cumference of the f i l t e r but did not contact the sampling portion of the f i l -ter. Each portion vas then removed f r o m the s a m p l i n g car tr idge and taped tothe bottom eurface of a 49 x 9 ran H i l l i p o r e ® p l a s t i c p e tr i e dish. A eet ofone-third of each air s a m p l e f i l t e r vas hand-carried to IITRI in C h i c a g o ,I l l i n o i s , and to ORF in H i s s i s c a u g a , Ontario.
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I

II
SECTION 6

A N A L Y T I C A L R E S U L T S
The analytical results of this program consist of f ind ing s from (a) theopt ical and x-ray d i f f r a c t i o n (XRD) data and (b) electron microscopy data forthe bulk samples and from the phase contrast optical microscopy data for theair samples. The de ta i l ed XRD and EM data are contained in three volumes ofappendice s . S p e c i f i c data in the appendice s are referenced for each samplein this section.
The data obtained for the bulk samples by IITRI from the density sepa-rated frac t ions provided a good overview of the composition and complexity ofthe sample s . These data, including weight percent of three densi ty f rac t i ons ,and a l i s t ing of i d e n t i f i e d mineral phases in the various samples are pre-sented in summary at the beginning of this section. Thi s is f o l l o w e d by thecomplete results obtained for individual sample s .
In the IITRI examination the sample s are separated into three frac t ionsbased on density. The f ra c t i on s are:

.1. Density greater than 2.97 g / c c , sinks in 1,1,2,2-tetrabromoethane( T B E ) .
2: Density l e s s than 2.97 and greater than 2.76, f l o a t s on TBE, sinksin T B E / i s o p r o p a n o l mixture with densi ty of 2.76 g / c c .
3. Density less than 2.76, f l o a t s on 2.76 g / c c liquid.
T a b l e 10 is a l i s t of s e l e c t ed related minerals and their densit ies( s p e c i f i c gravity). From these values it can be seen that the vermiculitewould be separated from most of the other mater ia l s , and that the mater ial smore dense than vermiculite would be separated into two f rac t i ons . The weightpercent of materials in each density f rac t i on of sample s is given in T a b l e11.
The mineral phases i d e n t i f i e d in each sample f ra c t i on analyzed by XRDare l i s t ed in T a b l e 12. A key is provided with this table which groups theminerals according to t y p e s , and l i s t s chemical f ormula s and JCPDS f i l e cardnumbers for the pat terns which were used to i d e n t i f y the mineral species.The raw data obtained in the analyses appear in A p p e n d i x I.
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TABLE

Mineral
Vermicul i t e
Biotite
Chrysot i l e
Serpent ine
T a l c
A n t h o p h y l l i t e
Act ino l i t e
T r e m o l i t e
Ferroac t ino l i t e
Cummingtonite
Grunerite
Diop s id e

tHornb l ende
Quartz
Olivine

10. SPECIFIC GRAVITIES OF SELECTED MINERALS

Chemical f o r m u l a
( M g , C a ) o a ( M g , F e , A l ) s o ( A l , S i ) 4 0 1 0 ( O H ) 4

K ( M g i F e ) s ( A l S i a 0 1 0 ) ( O H ) 2

H g s S i 2 O e ( O H ) 4

H g a S i 2 O f i ( O H ) 4
H g s S i 4 0 1 0 ( O H ) 2

( M g , F e ) T S i 8 0 2 2 ( O H ) 2

C a 2 ( H g , F e ) 8 S i 8 0 2 2 ( O H ) 2

C a 2 M g £ S i 8 0 2 2 ( O H ) 2

C a 2 F e g S i 8 0 2 2 ( O H ) 2

( M g , F e ) T S i 8 0 2 2 ( O H ) 2

F e 7 S i 8 0 2 2 ( O H ) 2

C a M g S i 2 0 6

( C a , N a ) 2 a ( M g , F e , A l ) 6 S i 6 ( S i , A l ) 2 0 2 2 ( b H ) 2

Si0 2

( M g , F e ) 2 S i 0 4

S p e c i f i cgravity
2.4

2.8 - 3.2
2.5 - 2.6
2.3 - 2.6
2.7 - 2.8
2.85- 3.2
3.1 - 3.3
3.0 - 3.2
3.2 - 3.3
3.1 - 3.3

3.6
3.2

3.0 - 3.4
2.65

3.27 - 4.37
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II
TABLE 11. DENSITY-SEPARATED (AND HAND-PICKED) FRACTIONS PRODUCED

1
I

W t % W t %band-picked tetrabromoetbaneS a m p l e f i b e r s sinks
Libby GraceGrade 1, 270-1 4.5Grade 2, 276-1 4.5Grade 3, 259-1 1.0Grade 3, 259-1 d u p l i c a t eGrade 4, 282-1 0.3Grade 5, 264-1Grade 5 (1-day), 267-1H e a d f e e d , 291-1Extractor, 294-1 1.0Baghouse m i l l , 297-1Screen p l a n t , 288-1
S . C . GraceGrade 4, 433-1Grade 5, 427-1H i l l f e ed (+100 mesh) ,436-1Grade 3, e xpanded , 439-1Grade 4, e x p a n d e d , 442-1
S.C. Patterson ....U n g r a d e d , 473-1

9.812.29.18.710.917.226.755.810.5.2.73.5

3.910.926.3
0.2* 0.4

' 18.1

Wt %2.76sinks

5.15.622.6
14.111.425.66.127.317.625.3

48.94.623.6
0.4* 0.4

13.9

Wt %2.76f l o a t s
-

85.182.268.3
75.071.447.838.162.279.871.2

47.284.450.1
99.4* 99.2

68.0

Vitb the exception of S a m p l e No. 267-1, all results are for compositesamples.
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TABLE 12. SUMMARY OF X-RAY DISTRACTION ANALYSIS RESULTS

S a m p l e Fract ion-Phase Mineral phases id en t i f i ed from XRD data( e x l u d i n g vermiculi te) __
Libby GraceG r a d e 2, 276-1

Grade 3, 259-1

Grade 5, 264-1

T B E - S I N K - f i b e r s :TBE-SINK-mil l cy , green1

TBE-SINK-dk. green, glas syT B E - S I N K - l t . green, g l a s s y
T B E - S I N K - f i b e r sT B E - S I N K - t O t a l
T B E - S I N K - f i b e r s • c

T B E - S I N K - t o t a l

Grade 5 (1-day), 267-1 T B E - S I N K - f i b e r s
T B E - S I N K - t o t a l

H e a d f e e d , 291-1 T B E - S I N K - t o t a l
2.76 SINK-total

2.76 F L O A T - t o t a l

T r e m o l i t e , talcT r e m o l i t e , ta l cDiops ide , magnetiteD i o p s i d e , magneti te
T r e m o l i t eD i o p s i d e , s p f t e n e , a t t g i t e , f l u o r a p a t i t e
T r e m o l i t e , d i o p s i d e , sphene, talc , magnetiteDiopside , tremoli te , magnetite, f l n o r a p a t i t e ,sphene, hematite, rhodonite
T r e m o l i t e , d i o p s i d e , ta l c , sphene, angite,f l u o r a p a t i t e , quartz, magneti teD i o p s i d e , sphene, tr emol i t e , augi t e , quartz,f l u o r a p a t i t e , magnet i t e , hematite
D i o p s i d e , t r emol i t e , augi t e , f l u o r a p a t i t e ,sphene, magne t i t e , h emat i t e , quartzBiotite, tremolite, vermiculite-hydrobiotite,d i o p s i d e , quartz, t a l c , f l u o r a p a t i t e , sphene,c a l c i t e , magne t i t e , hemati teT r e m o l i t e , d i o p s i d e , quartz, vermiculite-hydrob io t i t e , ca lc i t e , f l u o r a p a t i t e , ta l c ,ant igor i t e

(continued)
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TABLE 12 (continued)

S a m p l e Fraction-Phase Mineral phases i d e n t i f i e d f rom XRD data_____(exluding vermiculite)
S . C . GraceGrade 3, 430-1

CO

Grade 5, 427-1

M i l l f e e d , 436-1

S . C . Pat t er sonU n g r a d e d , 571-1

2.76 SINK-total

2.76 FLQAT-nonmicac eou s

T B E - S I N K - f i b e r s

T B E - S I N K - t o t a l

T B E - S I N K - f i b e r s
T B E - S I N K - g r e e n , g l a s s y pT B E - S I N K - g r e e n , milky •"
T B E - S I N K - c o l o r l e s s , g la s sy

T B E - S I N K - t o t a l
2.76 SINK-total

Sodium, tremol i t e , hornblende, a n t h o p h y l l i t e ,t a l c , vermiculite-hydrobiotite, f l u o r a p a t i t e ,sphene, ca l c i t e , quartzQuartz, microcline, a lb i t e , sodium tremoli te ,sphene, vermiculite-hydrobiotite
T r e m o l i t e , a n t h o p h y l l i t e , sodium hornblende,vermiculi te-hydrobiot i te , ta l c , sphene,f l u o r a p a t i t e , a l b i t e , magnetiteSodium hornblende, tremoli t e , a n t h o p h y l l i t e ,f l u o r a p a t i t e , sphene, vermicnli te-hydrobioti te ,magnetite
S o d i u m t r emol i t e , a n t h o p h y l l i t e , t a l c ,hornblendeH o r n b l e n d e , sodium tremol i t e , spheneSodium tremolite, hornblende, sphene,f l u o r a p a t i t eF l u o r a p a t i t e , a n t h o p h y l l i t e , sodium tremol i t e ,hornblende

Tremol i t e , iron an thophy l l i t e , sodium hornblende,t a l c , f l u o r a p a t i t e , rut i l e , sphene, magnetiteT a l c , tremoli te , a n t h o p h y l l i t e , hornblende,quartz, ru t i l e , f l u o r a p a t i t e , vermicnlite-hydrobio t i t e

a W i t h the exception of S a m p l e No. 267-1, all results are for composite samples .



KEY TO TABLE 12
Mineral name

Micaceous mineralsVenni cu l i t e
Biotite
Vermicu l i t e -hydrob io t i t e
A n r p h i b o l e sT r e a o l i t e
S o d i u m tremolite
A n t h o p h y l l i t e
I r p n an thophyl l i t e
H o r n b l e n d e
S o d i u m hornblende
PyroxenesD i o p t i d e
Aonite-augite
S e r p e n t i n eAnt igo rite
Iron oxide sMagnet i t e
H e m a t i t e
OthersT a l c
Quartz
H i c r o c l i n e ( f e l d s p a r )
A l b i t e ( f e l d s p a r )
C a l c i t e
F l u o r a p a t i t e
S p h e n e ( t i t a n l t e )
Rutile
Rhodoni te

Chemical f o r m u l a per JCPDS ( f i l e card number)

•4H20
K ( F e , M g ) 8 A l S i 8 0 1 0 ( O H ) 2K ( M g , F e ) e ( S i , A l ) 8 0 2 o ( O H ) 4 -nH 20

C a 2 M g s S i £ 0 2 2 (OH) 2
K a 0 2 e ( C a 1 . 7 S K a 0 . 2 6 ) M £ 5 S i 8 0 2 2 ( O H ) 2
M g 7 S i 8 0 2 2 ( O H ) 2
( M g t F e ) 7 S i e 0 2 2 ( O R ) 2
C a 2 ( M g , F e ) e ( S i , A l ) s 0 2 2 ( O H ) 2
( C a , N a ) 2 . 2 6 ( M g , F e , A l ) 6 . l s ( S i ( A l ) 6 0 2 2 ( O H ) 2

C a M g ( S i 0 3 ) 2
( C a , N a ) ( F e , M n , Z n , M g ) ( S i , A l ) 2 0 6

M g 8 S i 2 0 £ ( O H ) 2

Fe sO«
c-Fe208

H g 2 S i 4 O l 0 ( O H ) 2
Si0 2
K A l S i 3 0 8
K a A l S i 8 0 8CaC0 3
C a E F ( P 0 4 ) sC a T i S i O £Ti0 2
MnSi0 3

(16-613)
(2-45)

(13-465)

(13-437)
(23-666)
(16-401)

(9-455)
(21-149)
(20-481)

(11-654)
(19-1)

(7-417)

( 1 9 - 6 2 9 )
(13-534)

(19-770)
(5-490)

(19-932)
(10-393)

(5-586)
(15-876)
(11-142)

( 2 1 - 1 2 7 6 )
( 1 3 - 1 3 8 )
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The XRD data g e n e r a l l y conf irmed the mineral i d e n t i f i c a t i o n made micro-s c o p i c a l l y . The XRD d a t a also confirmed the observation that p a r t i a l l y al-tered mineral p h a s e s — p a r t i c u l a r l y a l t ered b i o t i t e -venni cu l i t e p h a s e s — w e r epresent. Since vermiculite is generally formed as an alteration product ofbiot i te mica, it was not surpri s ing to f i n d the intermediate pha s e , nixedlayer vermiculite-hydrobiotite material in most samples .
The XRD analyses did provide some surprising results. The most inter-es t ing result was the abundance of vermiculite in the hand-picked f i b e r frac-tion of the Grade 5 composite from G r a c e ' s South Carolina mine (MRI S a m p l eHo. 427-1). Micro s c op i ca l examination of the ground material submitted forXRD revealed that the vermiculite was intergrcwn with the amphibole f ibersand al so did in f a c t occur in a p s e u d o m o r p h i c a l l y f i brou s crystal habit.Another rather interesting result of the XRD work vas the ident i f i ca t ion of asodium-bearing f i b rou s tremol i t e phas e in the South Carol ina samples .
I n t e r p r e t a t i o n of the XRD data vas hampered by the peak intensity altera-tions caused by crystal pre f erred orientations. Host of the mineral phaseshad crystal m o r p h o l o g i e s vith at least one exaggerated c r y s t a l l o g r a p h i c axis.T h u s , in preparing sample s for XRD as thin f i l m s by f i l t r a t i o n onto silvermembranes, the crys ta l s tended to orient vith the exaggerated crystal p lane spara l l e l to the f i l t e r s u r f a c e — i . e . , vermiculite p l a t e s and tremolite f iber slanded on the f i l t e r s lying f l a t , rather than on end. Even the pyroxenes,such as d i o p s i d e , which generally do not show the prominent pri smatic mor-p h o l o g y because cleavage along the prism p lane s is not so p e r f e c t as it isin amphibole s , tended to orient themselves on the silver membrane and thusp e a k in t en s i t i e s in the XRD p a t t e r n s did cot correspond to p u b l i s h e d data.Quartz and f e l d s p a r s vere p r a c t i c a l l y the only mineral species detected thatdid not exhibit p r e f e r r e d orientation e f f e c t s in the XRD data.

The e f f e c t s of crystal p r e f e r r e d orientations on d i f f r a c t i o n peak in-tensities are very clearly demonstrated by the XRD data obtained for thephases analyzed of S a m p l e No. 276-1 (Libby, Grade 2). The phase s analyzedvere hand-picked and vere relat ively pure phase materials. D i f f r a c t i o n peakpo s i t i on s vere consistent vith the phase s i d e n t i f i e d — t r e m o l i t e and d i o p s i d e —but relative peak intensities vere cot consistent vith the publi shed values.A care ful review of the pub l i sh ed crystal p lane r e f l e c t i o n s corresponding tothe peaks that demonstrated the greatest variation from publi shed intensityvalues c l ear ly indicated that the peak intensity variations vere due to crystalorientation e f f e c t s . That is, peaks showing higher r e l a t i v e ' i n t e n s i t i e s com-. .pared to p u b l i s h e d data corre sponded to crystal p lane s that vere p r e f e r e n t i a l l yplaced in. the x-ray pa th (e.g., the elongated axis of a prism or f i b e r ) whileabsent peaks or peaks with low intensities compared to pub l i sh ed data corre-sponded to crystal planes p lac ed e s s en t ia l ly out of view of the x-rays (e.g.,the end-on-view of a pri sm or f i b e r ) .
Indiv idua l S a m p l e Result s

The r e su l t s f or i n d i v i d u a l s a m p l e s f o l l o w . The order o f pr e s en ta t i on i s(a) graded sample s from Libby; (b) other Libby s a m p l e s ; (c) graded sample sf r o m S o u t h C a r o l i n a , G r a c e ; (d) other s a m p l e s f r o m S o u t h Caro l ina , Grace; and(e) sample s from South Carol ina, Patterson.
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. Much of the d e t a i l e d data and se l e c t ed p h o t o g r a p h s are contained in ap-1 pendice s . The a p p e n d i c e s appear in this volume and three supp l emen tary vol-• umes .*
I The pre sentat ion for each sample include the sample t y p e , code numbers1 assigned to the sample** and a p p e n d i c e s page r e f er ence s , op t i ca l microscopydiscription of the sample, and electron microscopy results.
I
I
I
i

The d e t a i l e d opt ical microscopy examination results presented here areprimari ly those submitted by IITRI. The ORF opt i ca l microscopy examinationprovided quali tat ive information on the presence or absence of visible f i b e r sand i d e n t i f i c a t i o n of those f iber s observed. The ORF results were in agree-ment with the more d e t a i l e d result s presented here.
S a m p l e 270, Libby, Montana, Grace, Grade 1, Compos i t e

IITRI Code Ho. 129A p p e n d i x - r e f e r e n c e sElectron microscope 1-64-87
. H a c r o s c o p i c a l l y , this sample was composed of 1- to 20-mm chunks of goldI to green micaceous minerals, 1- to 15-mm bundles of white to p a l e green f i b e r s ,• and 1- to £-mm chunks of nonmicaceous, nonfibrous minerals. The nonmicaceousminerals ranged in color from deep green, to pa l e green, to white to c o l o r l e s s .| Prismatic as well as conchoidal ly f rac tured chunks of nonmicaceous mineralsi were observed. Fibrous bundles were s u f f i c i e n t l y large and numerous to allowhand-p i ck ing b e f o r e the d en s i ty s epara t i on was conduc t ed .
| The mineralogical composi t ion of .the s a m p l e , as determined by po lar izedlight microscopy analyses of the density-separated and hand-picked f ra c t i on s ,
f ' is presented in T a b l e 13. T r e m o l i t e - a c t i n o l i t e f i b e r s were i d e n t i f i e d as sig-• c i f i cant s a m p l e components. No f ibrous serpentine minerals were d e t e c t ed .

[ %Photographs, this volume A p p e n d i x E, pp. E-2 to E-25.IITRI EM, A p p e n d i x I, pp. 1-1 to 1-121.IITRI 3RD, A p p e n d i x I, pp. 1-122 to 1-160.« ORF EM, A p p e n d i x II (two volumes) pp. II-l to 11-203 and 11-204 to 11-420.i ** Orig inal ly the three f ra c t i on s of the sample c ompo s i t e s were assignedunique ID numbers. For this report the de s ignat ions were s i m p l i f i e d so* that por t ions of the same composi te sample had the same ID number f o l -i lowed by a l e t t e r indi ca t ing the analyzing laboratory. H o s t of thecomputer generated data in a p p e n d i c e s I and II relate to the originalID numbers.
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TABLE 13. COMPOSITION OF SAMPLE 270-1
Est imated mass___Mineral phase_______concentration (%)

T r e m o l i t e - a c t i n o l i t e f i b e r s 4-6T r e m o l i t e - a c t i n o l i t e prisms 1-3Sphene 1-2D i o p s i d e 2-5Augite < 1H o r n b l e n d e < 1H a g n e t i t e , hematite 1-2Calc i t e 1-3Quartz 3-5Biotite 1-2T a l c < 1Vennicu l i t e 72-82Other minerals 1-3

T r e m o l i t e - a c t i n o l i t e was i d e n t i f i e d as the primary f i b rou s phase presentin the sampl e . Fiber color, r e frac t ive indi c e s , and extinction angles wereall consistent vith a t r emo l i t e -ac t ino l i t e amphibole . Both co lor l e s s (white,m a c r o s c o p i c a l l y ) and green f i b e r bundle s were ev ident; the green-colored f i b e rbundles were the more abundant.
The f ibrous phase of this sample was not as w e l l - f o r m e d as it was in theother bulk sample s analyzed f rom Libby. That i s , f i b e r bundl e s containedhigher propor t i on s of material s that would be more correctly c l a s s i f i e d ASpri smat i c rather than f i b r o u s , than did other s a m p l e s from Libby. Part i c l e sthat could readily be c l a s s i f i e d as f ib er s tended to be much shorter in thissample compared to other sampl e s analyzed f rom Libby. An unusual morpho l og i ca lpar t i c l e type was a s igni f i cant component of the f ibrous phase of this s a m p l e ,and was noted as only a trace component of the t r emol i t e -ac t ino l i t e phase inother camples . The par t i c l e type was composed of l ame l la t ed tremolite-act inol i t e pr i sms , intergrown at angle s as great as 60 degrees to each other.In other s a m p l e s , par t i c l e s composed of the lame l la t ed prisms were composed ofent ire ly p a r a l l e l c ry s ta l s . It would appear that the nonpara l l e l intergrownprisms represent an intermediate metamorphic s tate, between pri smatic and fi-brous tr emol i t e-ac t ino l i t e .
Other mineral t y p e s such as d i o p s i d e , hornblende, sphene, ca l c i t e , quartz,and even the venniculite tended to mimic the nonparalle l intergrown prism mor-p h o l o g y of the t r emo l i t e -a c t ino l i t e , rather than the truly f i brou s morpho logy.
The degree of intergrowth of amphibo l e and pyroxene mineral phase s withthe venniculite appeared to be greater in this sample compared to other Libbys a m p l e s . T h a t is, a higher p r o p o r t i o n of the vennicul i t e p l a t e s in this sam-ple contained other mineral phases sandwiched between layers, than other Libby
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s a m p l e s d i d . A higher propor t ion of the s tacked vermiculite p l a t e s al so appeared to be weathered in this sample compared to other sample s . A summaryof the EM result s for this sample appears in T a b l e 14.
nut i*. tanan «r turnn* maoMerr ttsaat lot mint HUT, tug, tuat i

J l W t c~c.. >«rt 9f ill0' l i w r r / t )
*t>1nl«>c to btswu* MM I*. «f *t«lnl«u t* liUmttti mat t*. »tMI tatttnn I rtWr Htnt tnc lw tit*n Kt C«n«MM« I f t t t f cwcntraUM (Utnlauml <M*cu< (f^«) ' c*«t«l Bu> touml 4>ucu4 (M*) t*utl*t

«.« «.*-M j n M s.i u « «n.« t.K-u.i c.t ^ «* f.i «.t * T« . » 1 . 1 c 1 0 ^ 1 1 C

• 1 • •rUWl. < U £ S ) ; C • c t e T M C t U ; «M t • U U l .

S a m p l e 276, Libby, Montana. Grace. Grade 2, Compo s i t e
IITRI Code No. 128, OBF No.A p p e n d i x referencesPhotographs £-14,15; XRD 1-157-160Elec tron microscope I-E8-91

The sample vas composed of 1- to 12-om f l a k e s of gold to deep green mida-ceous f l a k e s . Whi t e to gray to green f i b e r bundles ranging in diameter from1 to 5 mm and in lengths from 2 to 15 mm were re lat ively abundant. Other con-s t i tuent s observed macroscopical ly were g l a s s y , l ight to dark green mineralchunks; mi lky, p a l e green chunks; and co l or l e s s to mi lky white chunks.
The abundance and large grain sizes of the f i brous bundles allowed foreasy hand-separation of f i b er s for gravimetric determinations.
The mineralogical compos i t ion of the s a m p l e , as determined by po lar iz edl igh t microscopy analyses of the various hand-picked and dens i ty-separatedf rac t i on s , is l i s ted in T a b l e 15. The hand-picked f ibrous material was readilyrecognized as the tremoli te-act inoli te amphibole. No serpentine fibrous mate-rial was de t e c t ed .



TABLE 15. COMPOSITION OF SAMPLE 276-1tIII
Est imated massMineral phase concentration (%)

T r e m o l i t e - a c t i n o l i t e f i b e r s 4-7T r e m o l i t e - a c t i n o l i t e prisms 3-5Sphene < 1
I Diopside 4-7Augite 1-2Hornb l ende < 1Magnet i t e , hematite 1-2C a l c i t e 1-2Quartz 3-5Eiotite 2-4T a l c < 1Vermicu l i t e 66-72Other minerals 1-4

T r e m o l i t e - a c t i n o l i t e was found to be the primary constituent of the fi-brous phase of this sample . A l t h o u g h f i b e r bundle s were up to 15 mm in l e n g t h ,no s ingle f i b e r s were found anywhere near this length. Bather, the f i b e r bun-dle s were composed of short f i b e r s intergrovn at s l ight angles to each other.All f i b e r bundle s contained both the truly f ibrous material as veil as themore bulky, l a m e l l a t e d prisms. I n c l u s i o n s such as d i o p s i d e , hornblende, andcalcite within f i b er bundles tended to adopt a f ibrous morphology.
Optical p rop er t i e s of the tremol i t e-ac t inol i t e f i b e r s again included in-clined extinction angles and refract ive indices s l i g h t l y greater than thetruly pr i smat i c t r emol i t e-ac t ino l i t e f r a g m e n t s . Most of the f i b e r bundles ex-hibited a s l i g h t l y greenish color when mounted in immersion oil. The f i b e r swere also pleochroic.
The f i b e r bundles also probab ly contained some traces of a n t h o p h y l l i t e ;and talc was de tec t ed m i c r o s c o p i c a l l y within several f i b e r bundles .
There was an unusual f i brou s phase found in the 2.76 sink f ra c t i on that.could not be i d e n t i f i e d . The f i b e r s had r e f rac t iv e indices higher than thet r e m o l i t e - a c t i n o l i t e f i b e r bundle s and were a d e e p blue-green color. Thestrong coloration resulted in anomalous interference colors s imilar to thoseseen for glaucophane-riebecki te . T h i s component was les s than 0.1% of thetotal s a m p l e ; t h e r e f or e i n s u f f i c i e n t material was avai lab l e for a d d i t i o n a lcharacterization s tudies . A summary of the EM results for this s a m p l e ap-pears in T a b l e 16.
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S a m p l e 259, Libby, Montana, Grace, Grade 3, Composi t e
IITRI Code Ko. 122, ORF Ko. 261*A p p e n d i x referencesPhotographs E-2-4, XRD 1-123-125Electron microscope 1-14-25, 11-20-43

M i c r o s c o p i c a l l y , the sample was composed of large (1 to 7 on) gold to
{ black micaceous f l a k e s ; dark green, glas sy f ragment s ; white to pa l e greenf l e x i b l e f i b er bundles up to 8 mm in l eng th; and at least three other color-less to pa l e green mineral phases.
f| the oineralogical composition of the s a m p l e , as determined in the Fillanalysis of the three density-separated f r a c t i o n s , is l i s t ed in T a b l e 17.Amphibo l e ( t r e m o l i t e - a c t i n o l i t e ) asbestos f i b e r s were found in rather s i g n i f i -• cant concentrations. No serpentine minerals were d e t e c t ed , however.
• .

• TABIE 17. COMPOSITION OF SAMPLE 259-1
Estimated massMineral phase concentration (%)

T r e m o l i t e - a c t i n o l i t e f i b er s < 1Tremol i t e-ac t ino l i t e prisms 2-4Sphene" 1-3Diops ide 3-7T Augite 2-3j M a g n e t i t e , hematite < 1Calc i t e 2-5« Quartz 2-5i Biotite 10-15Vermiculi te 65-72. Other minerals 1-3
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The tremolite-actinolite occurred almost exclusively in an unquestionablyf ibrous crystal habit with very l i t t l e pri smatic tremoli te-act inol i te present.The f i b e r bundles were found to be composed of very f in e , l easable , f l e x i b l ef i b er s . In most of the f i b e r bundle s , the individual f i b er s were not p e r f e c t l ypara l l e l to each other and were not as long as the f i b er bundles; numeroussmall groups of short f iber s stacked at s l ight angles to each other both ver-t i c a l l y and horizontally comprised the "fiber bundle." Optical propert ie s ofthe individual f i b er s included refract ive indices greater than 1.610, extinc-tion angles greater than 0 degrees, and pale green color with s l ight pleo-chroism.
Other mineral phases (including alteration produc t s) were included ineach f i b e r bundle. In some cases, these other mineral phases were pseudo-morphical ly f ibrous. Quartz, calcite, t i tanite, and d iop s id e were all ob-served in a fibrous habit. Calc i t e was the most abundant p s eudomorphi ca l lyf ibrous mineral. Approx ima t e ly 10% of the "2.76 sink" frac t ion was composedof white f i b er bundles, which upon teasing and microscopic examination werefound to be composed of 70 to £0% calcite overgrown on 20 to 30% tremolite-act inol i te f ibers .
The tremolite-actinoli te f iber s were also observed to be t i g h t l y bound tovermiculite p l a t e s and growing in between layers of vermiculite. A summary ofthe EH results for this sample appears in T a b l e IS.
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S a m p l e 282, libby, Grace, Grade 4, Compos i t e ;

IITRI Code Ko. 126, ORF No. 281A p p e n d i x referencesElectron microscope 1-92-97, 11-356-375
H a c r o s c o p i c a l l y , the sample was observed to contain mos t ly 1- to 4-mmgoldish-brown vermiculite f l a k e s . Whi t e f i b e r bundles up to 3 mm in l eng thwere visible. Nonmicaceous, nonfibrous mineral phases were also observed; atleast three d i f f e r e n t mineral phases ranging in color from white to emeraldgreen were de t e c t ed .
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The mineralogical composit ion determined for this sample by polarizedl i gh t microscopy is l i s t e d in T a b l e 19.

TABU 19. COMPOSITION OF SAMPLE 282-1
Estimated massMineral phase_______concentration (%)

Tremol i t e -a c t ino l i t e f i b er s (0.3)-1T r e m o l i t e - a c t i n o l i t e prisms 1-3Sphene < 1Diops ide 3-7Augite 1-2Hornblende < 1M a g n e t i t e , hematite 1-3Calci te < 1Quartz 1-3Biotite 1-3Vermicu l i t e 76-88• Other minerals 1-3

T r e m o l i t e - a c t i n o l i t e was again de t e c t ed as a s i g n i f i c a n t campl e componentI and vas again present in three di s t inct crystal habits. The truly pri smatici t r emol i t e -ac t ino l i t e vas most abundant. H o s t p r i smat i c f r a g m e n t s had smallbundle s of f i b er s or bundle s of the thin, l a m e l l a t e d prisms (that could readi ly• frac ture to produce p a r t i c l e s d e f i n a b l e as f i b e r s ) attached to them. Practi-• c a l l y all bundles composed primari ly of truly f i b rou s t r emo l i t e -a c t ino l i t econtained thick, chunky prisms or the l a m e l l a t e d prisms. All truly f ibroust r emo l i t e -a c t ino l i t e bundle s were composed of intergrown f i b e r s ; i.e., no bun-
I d l e s were composed of uni form l eng th , p a r a l l e l f i b e r s . Groups of f i b e r s grow-ing at angles as large as 75 degrees to each other were observed in the samebundle. The l a m e l l a t e d prism bundl e s , however, did tend to be composed ofcrystals growing p a r a l l e l to each other. Bundles composed of both the trulyf i brous material and the thicker, l a m e l l a t e d pri sms also tended to be composedof nonparal le l crystal bundles.

The t r emo l i t e -a c t ino l i t e f i b e r bundl e s hand-picked from the s ampl e rangedin color from pure white to deep green. Less than 10% of the f i b e r bundleswere the pure white co lor; most f i b e r bundle s were p a l e green and had re frac-tive indices in the m i d d l e range reported for the t r emol i t e - f erroac t ino l i t es o l id so lut ion mineral series. Ex t in c t i on ang l e s for the t ru ly f i b r o u s crys-ta l s and crystal bund l e s were inclined at l eas t 5 degree s .
No f i b r o u s a n t h o p h y l l i t e , p r i s m a t i c a n t h o p h y l l i t e , or ta l c were de t e c t edin this sample . However, some hornblende in a morphology that could be clas-s i f i e d as f i b r ou s was d e t e c t e d . The hornb l ende bund l e s containing cry s ta l s
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c l a s s i f i a b l e as f i b e r s were composed pr imar i ly of the thicker, core br i t t l elame H a t e d prisms.
The 2.76 sink f r a c t i o n contained a s i g n i f i c a n t f r a c t i o n of b iot i te . Theother m a j o r cons t i tuent s of this f r a c t i o n were vermiculite f l a k e s intergrownwith t r emo l i t e -a c t ino l i t e , d i o p s i d e , and iron oxides .
The 2.76 f l o a t f ra c t i on was re la t ive ly f r e e of pyroxene and amphibolemineral f r a g m e n t s . Few f l a k e s of vermiculite intergrovn with amphibole min-eral phase s were d e t e c t ed . A summary of the EH re sul t s for this sample ap-pears in T a b l e 20.
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S a m p l e 264, l ibby, Grace, Grade 5, C o m p o s i t e
IITRI Code No. 120, OBF No. 263A p p e n d i x references - •Photographs E-5, 18-20, XRD 1-126-129Electron microscope 1-26-52, 11-44-166

M a c r o s c o p i c a l l y , the sampl e was observed to be a f i n e , goldish-brown pow-der composed of obviously f l a k e - l i k e and f ibrous p a r t i c l e s . The f l a k e - l i k ep a r t i c l e s were genera l ly les s than 2 mm in diameter. Fiber s up to 3 mm inl ength were present. At least two other nonvenniculite, nonf ibrous mineralphases were observed; one was green in color, while the other was colorles s .
The mineralogi ca l compos i t ion of the cample determined by Pill analys i s ofthe three dens i ty- s eparat ed f r a c t i o n s is l i s t ed in T a b l e 21.
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TABLE 21. COMPOSITION OF SAMPLE 264-1
Est imated mass___Mineral phase_______concentration (%)

T r e m o l i t e - a c t i n o l i t e f i b e r s 2-4T r e m o l i t e - a c t i n o l i t e prisms 2-5Sphene 1-3Diops ide 6-9A u g i t e 1-3H o r n b l e n d e < 1Magnet i t e , hematite 1-3C a l c i t e 1-3Quartz 1-3Eiot i t e 3-7Vennicul i t e ' 70-74Other minerals 2-4

Tremol i t e-ac t ino l i t e was present in a f ibrous morphology. In this sam-p l e , however, a s i g n i f i c a n t amount of pr i smat i c t r e m o l i t e - a c t i n o l i t e was al sopresent. Both f i b e r s and prisms exhibited inclined ext inct ion. T h e r e ap-peared to be some f i b e r s c lose to the t r emo l i t e end member of the series, asre fract ive indices of some f i b e r s were observed to be at or j u s t s i g h t l y below1.600. / '
The tremolite-actinoli te f i b e r bundles occurred as the nonparal l e ls t randed bundle s . A higher p er c en tage of the f i b e r s and f i b e r bundles wasfound intergrown with vermicul i te , b i o t i t e , and the other low d e n s i t y mineralsin this sample compared to the larger p a r t i c l e sample s .
P s e u d o m o r p h i c a l l y f i brou s quartz, c a l c i t e , d i o p s i d e , and augi t e phase swere again d e t e c t e d . A summary of the EM re su l t s a p p e a r s in T a b l e 22.
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S a m p l e 267, Libby, Grace , G r a d e 5, 1 Day
A p p e n d i x referencesPhotographs E-14, XRD 1-153-156

Macros c o p i c a l l y , the sample was composed primari ly of f i n e (0.5 to 3 mm)goldi sh-brown micaceous f l a k e s . Pale green to white f i b e r bundle s up to 2 mmin l ength were visible. At least two green, nonmicaceous mineral phas e s andone c o l o r l e s s , nonmicaceous mineral phase were observed.
The mineralogica l compos i t ion of the s a m p l e , as determined by p o l a r i z e dl ight microscopy analyses of the various dens i ty- s eparated f r a c t i o n s , is l i s t edin T a b l e 23. Fibrous amphibole— mos t ly t r e m o l i t e - a c t i n o l i t e , with some inter-grown a n t h o p h y l l i t e — was d e f i n i t e l y present. No serpentine f i b e r s were de-t e c t ed , however.
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TABLE 23. COMPOSITION OF SAMPLE 267-1
Est imated massMineral phase concentration (%)

T r e m o l i t e - a c t i n o l i t e f i b e r s i 2-5T r e m o l i t e - a c t i n o l i t e pri sms 4-8A n t h o p h y l l i t e (prisms and f i b e r s ) < 1S p h e n e < 1Diop s id e 10-15A u g i t e 1-3Hornblende < 1M a g n e t i t e , hematite 1-3C a l c i t e 1-2Quartz 1-3Biotite < 1T a l c 1-2Venniculi te 65-70Other minerals 1-3

The t r e m o l i t e - a c t i n o l i t e occurred, in many d i f f e r e n t p a r t i c l e s but occurredpredominantly as irregularly fractured f ragment s of solid prisms. Prismaticf ragment s composed of numerous thin, stacked pri sms which vere capable off ra c tur ing into e l o n g a t e d , p a r a l l e l - s i d e d f r a g m e n t s d e f i n a b l e as f i b e r s vereobserved but represented less than 1% of the total sample . Truly f ibrous bun-dl e s composed of very f ine , leasable individual f i b e r s , vere s igni f i cant sam-ple components. T y p i c a l l y , the f ibrous bundl e s vere composed of short f i b e r sthat vere not p e r f e c t l y p a r a l l e l . Rarely vere f i b e r bundle s composed of indi-vidual f iber s that ran the entire length of the bundle. Obvious f i b er s verealso found attached to (i.e., "growing f r o m " ) chunky, pr i sma t i c f r a g m e n t s andfrom the l a m e l l a t e d prisms. Both p r i s m a t i c and f i b r ou s varieties of tremoli te-actinoli te vere found bound to and intergrovn with veraiculite p l a t e s to aminor extent.
The extinction angles of both pr i smat i c and f i brou s varieties of thetremoli te-act inoli te vere on the order of 7 to 18 degrees. Refract ive indicesof the pr i smat i c variety tended to be greater than those of the f i brous habit.Prism colors vere m o s t l y green, while f i b e r bundle colors ranged from color-less (white) to p a l e green, depend ing upon the type s and amounts of inclusionspresent within the bundle s .
A n t h o p h y l l i t e f i b er s and prisms vere d e t e c t ed . The f ibrous f orm vas foundonly intergrown vith the t r e m o l i t e - a c t i n o l i t e f i b e r s . F r e e a n t h o p h y l l i t epri sms as veil as pr i sms intergrown vith t r e m o l i t e - a c t i n o l i t e pr i sms verepresent. A l m o s t al l the t r e m o l i t e - a c t i n o l i t e f i b e r bundle s that containedanthophyl l i t e also contained talc .
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U n l i k e the 266-1 compos i t ed grade 5 campl e from Libby, this uncomposi t edsampl e did not a p p e a r to contain other mineral phase s in p s e u d o m o r p h i c a l l y fi-brous habits . None of the f i brou s ca l c i t e d e t e c t ed in the 264-1 s a m p l e wasfound in this cample.
H o s t of the nonmicaceous contaminant minerals present in this cample werehigh dens i ty material s and were thus found in the TEE eink frac t i on . The 2.76dens i ty f r a c t i o n s were relatively f r e e of nonvermiculite mineral p h a s e s , par-t i c u l a r l y the 2.76 f l o a t f rac t ion.
S a m p l e 291. Libby, Grace, H e a d Feed Compo s i t e

IITRI Code No. 130, ORF No. 290A p p e n d i x referencesPhotographs XRD 1-130-134Elec tron microscope 1-2-13, I I - 1 - 1 9
M a c r o s c o p i c a l l y , this sample was quite variable in color, p a r t i c l e mor-p h o l o g y , and grain size. The overall color was a l i g h t brown. Relat ive ly fewmicaceous f l a k e s were visible to the naked eye; the large s t f l a k e s were lessthan 10 mm in size. Under the s t ereomicroscope, most of the brownish, f in epowder ( l e s s than 1 mm) material present was observed to be micaceous. Sev-eral large white to p a l e green e longated (and probably f i b r o u s ) rock chunksgreater than 20 mm were observed. Obvious mixed phase grains (i.e., mineralphases p a r t i a l l y a l t e r e d ) were also present as 1- to 15-mm grains.
M i c r o s c o p i c a l l y , the cample wac observed to be composed primari ly of non-micaceous, contaminant minerals. The overall sample c ompo s i t i on determined bymicroscopical analyes of the dens i ty-separated f r a c t i o n s is presented in T a b l e24.

TABLE 24. COMPOSITION OF SAMPLE 291-1
Estimated massMineral phase concentration (%)

T r e m o l i t e - a c t i n o l i t e f i b er s 21-26T r e m o l i t e - a c t i n o l i t e prisms 6-9Sphene 1-3D i o p s i d e 24-29Augi t e 2-5H o r n b l e n d e < 1M a g n e t i t e , hematite 3-5Calc i t e 3-5Quartz 4-7Biot i t e 1-2V e r m i c u l i t e 20-25Other minerals 3-6
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T r e m o l i t e - a c t i n o l i t e was a m a j o r component of this sample and occurred inboth f i brou s and p r i s m a t i c crystal habit s . The f i b r ou s habit was found asdiscrete f i b e r bundle s , f i b e r bundles intergrown with pri smatic amphibole andpyroxene mineral p h a s e s , and as small f i b e r bundles pro trud ing from vermicu-l i t e (or other micaceous mineral) p l a t e s . F i b e r bundles were composed mo s t lyof smaller, shorter irregularly stacked bundles of f i b e r s , rather than asbundles o f p e r f e c t l y p a r a l l e l , uni form l eng th f i b e r s . Opt i ca l proper t i e s o ff i b e r bundle s i d e n t i f i e d as t r emol i t e -ac t ino l i t e indicated that a wide rangeof chemical compositions was present; i.e., some end member tremolite andf e r r o a c t i n o l i t e phase s as well as the intermediate a c t ino l i t e were present.
The tremoli t e-act inol i t e f ibrous phase was a major component of each den-si ty f ra c t i on because of the m u l t i p h a s e nature of a large percentage of thep a r t i c l e s in this sample . I n c l u s i o n of lower d en s i ty phase s within each f i b e rbundle as well as attachment of f i b e r bundle s to lower d e n s i t y mineral grainsresulted in a lower than normal bulk den s i ty for the t r emol i t e -ac t ino l i t e .
Some unusual f i brou s phase s were present. F i b e r bundle s exhibi t ing theanomalous blue and pink inter f erence colors typ i ca l of c ro c ido l i t e (r i e b e ck i t e)asbestos were observed. The r e f rac t iv e indices of these f i b e r s as well astheir inclined ext inct ion angles (and XRD d a t a ) ruled out croc ido l i t e as themineral species. The f i b e r bundles were s trongly p l eo chro i c (yel low-green toblue-green), and this undoub t ed ly caused the anomalous interference colors.Further characterizat ions by electron microprobe, micro X-ray d i f f r a c t i o n , andelectron microscopy must be per formed in order to f u l l y i d e n t i f y this phase.P o s s i b l e mineral i d e n t i t i e s inc lude f e r r o a c t i n o l i t e , sodium t r e m o l i t e , andglaucophane.
I d e n t i f i c a t i o n of all mineral pha s e s present was impo s s i b l e . Many inter-media t e , p a r t i a l l y a l t ered phases were present in this s ampl e . XRD data sug-gested that antigorite is present in the low density frac t ion. A summary ofthe EM results for this s a m p l e appear s in T a b l e 25.
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• S a m p l e 294, Libby, Grace, Extrac tor W a s t e , Compo s i t e? *̂~̂^ ^ ~ ' " " — — — i — • ' • • — ' - - • j * .._.-

' IITRI Code No. 234
( A p p e n d i x referencesPhotographs £-151 Electron microscope 1-96-102
' T h i s sample was quite broad in p a r t i c l e size. It was composed pr imari ly: of 0.2- to 15-mm gold to brown micaceous f l a k e s . W h i t e f i b rou s bundle s up to9 mm in l eng th vere observed. The f i b rou s bundle s were s u f f i c i e n t l y abundantI and large in size to a l l ow hand-picking a f t e r dens i ty s eparat ions were con-J duc t ed . K o n f i b r o u s , nonmicaceous mineral f r a g m e n t s which were m o s t l y green incolor were present in diameters up to 6 mm.

The mineralogical composi t ion of the sample is l i s t ed in T a b l e 26. Sam-ple components were i d e n t i f i e d by p o l a r i z e d l igh t microscopy analyse s of thehand-picked and dens i ty- s eparat ed f r a c t i o n s . Fibrou s amphibole mineral phas e swere de t e c t ed in the analyse s , but no f i b r o u s s erpentine mineral pha s e s weredetec t ed.

TABLE 26. COMPOSITION OF SAMPLE 294-1
{ Estimated mass1 ___Mineral phase______concentration (%)

T r e m o l i t e - a c t i n o l i t e f i b e r s 1-4! T r e m o l i t e - a c t i n o l i t e pri sms - 1-3•Sphene 1-2D i o p s i d e 3-7Augite < 1H o r n b l e n d e < 1M a g n e t i t e , hematite 1-2Calc i t e 1-3Quartz 4-10Biotite 6-9T a l c < 1Vermicul i t e 68-76Other minerals 1-3
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The t r e m o l i t e - a c t i n o l i t e occurred pr imari ly as f i brous crystal bundle s. and crystal bundle s containing both f i b rou s and p r i s m a t i c mater ia l s . Coarsecrystals composed only of bulky, pri smatic material s were rare. Tremo l i t e -
( ac t ino l i t e f r a g m e n t s composed only of e l o n g a t e d , narrow, thin, l a m e l l a t e dpr i smat i c crys ta l s were al so rare but were not as rare as the chunky pr i smat i c: crystal s . Both pr i smat i c crystal morpho l og i e s were observed mo s t ly in con-j unc t i on vith the f i brou s m o r p h o l o g y ; that is, most of the t r emo l i t e -ac t ino l i t emineral f r a g m e n t s that contained pr i smat i c material also contained at least: 25% truly f ibrous material. Fibrous crystal bundles containing mos t ly f i brou scrys tal s were again observed to contain small bundles of short f i b e r s that! were stacked at s l i gh t angle s to each other both l o n g i t u d i n a l l y and la t e ra l ly .| S i n g l e f i b e r s that ran the entire l eng th of the f i b e r bundle were rarely seenand were only observed in rock f r a g m e n t s that contained at least 35% pr i sma t i c. materials. The f i b e r s grew p a r a l l e l to and on top of the p r i s m a t i c material.

Refrac t iv e indices of the f i brou s t r emol i t e -ac t ino l i t e tended to begreater than those of the pr i smat i c t r emo l i t e -a c t ino l i t e crys ta l s . P r a c t i c a l l y
I all f i b e r bundles exhibited a green coloration and pleochroism in plane polar-ized l i gh t . Prismatic c rys ta l s tended to be more s trongly colored than thef ibrous crys tal s . Prismatic crys ta l s also tended to be more blue-green than. -green. Extinct ion angles of both the pr i smat i c and f i b rou s crystal habitswere greater than zero.

Intergrowth of t r emol i t e -ac t ino l i t e and pyroxene minerals vith vermicu-li te was greater in this Libby sample than it vas in most of the other Libbys a m p l e s in c luded in thi s group of 10 l e s s er p r i o r i t y vermicul i t e s ampl e s .T h i s is r e f l e c t e d by the r e la t ive ly high weight percentage of the 2.76 sinkf ra c t i on .
Fibrous phases in a d d i t i o n to t r emo l i t e -a c t ino l i t e were de t e c t ed . Somep s e u d o m o r p h i c a l l y f i brou s calc i te vas found intergrown in t r emol i t e -ac t ino l i t ef i b e r bundl e s . P s e u d o m o r p h i c a l l y f ibrous d i o p s i d e and ( p r o b a b l e ) hornblendevere also d e t e c t e d . T r a c e s of f i brou s a n t h o p h y l l i t e intergrown vith talcwithin f i brou s t r e m o l i t e - a c t i n o l i t e bundles vere also observed. There veretvo add i t i ona l f i brou s phas e s present that could not be i d e n t i f i e d becausethey vere present in such low concentrations and could not be i s o la t ed forf u r t h e r s tud i e s . One f i b r o u s type exhibited the anomalous inter f erence colorsand higher r e f ra c t iv e indices as sociated vith the glaucophane-riebecki te seriesamphibole s . The other f i brou s phase exhibited the lower r e f rac t iv e indicesand anomalous inter f erence colors this analyst has observed in chrysot i l e sam-p l e s containing b io t i t e and vermiculite. A summary of the EH result s for thissample appear s in T a b l e 27.
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, S a m p l e 297 libby, Grace , Baghouse, M i l l Dust. C o m p o s i t e
' IITRI Code Ko. 136, ORF No. 296A p p e n d i x references» Photographs £-17I Electron microscope 1-103-108, 11-376-388
* The c a m p l e vas a brownish-green, very f in e p o w d e r e d , mineral dust. Obvi-| ously micaceous f l a k e s as large as 4 mm in diameter were observed. Obivouslyf ibrous crys tal s up to 2 mm in length were also d e t e c t ed .
* Density separations in heavy l iquid s did not result in clean s epara t i on s* of the various mineral phases . Fine p a r t i c l e sizes resulted in temperature-induced turbulent motion of p a r t i c l e s rather than strict dens i ty s e t t l i n g .! The p a r t i c l e s were al so extremely agglomerated and thus behaved with the com-i po s i t e dens i t i e s of the component p a r t i c l e s .

] The mineralogical composition of the s a m p l e , as determined by the polar-j ized l i g h t microscopy analyses of the various dens i ty- s eparated f r a c t i o n s , ispresented in T a b l e 28.i
; TABLE 28. COMPOSITION OF SAMPLE 297-»I

Est imated mass___ Mineral phase ___ [ _____ concentration (%)
T r e m o l i t e - a c t i n o l i t e f i b e r s 8-12T r e m o l i t e - a c t i n o l i t e pri sms 2-6S p h e n e , 1-3D i o p s i d e 3-6Augi t e 2-5H o r n b l e n d e < 1M a g n e t i t e , hematite 1-3Calc i t e 1-3Quartz 2-5Biotite 1-3T a l c < 1Vennicu l i t e 55-61Other minerals 2-5

T r e m o l i t e - a c t i n o l i t e was a ma jor sampl e component. Bundles composed oftruly f i b r o u s c ry s ta l s as well as l a m e l l a t e d pr i sms and chunky p r i s m a t i c f r a g -ments o f t r e m o l i t e - a c t i n o l i t e were d e t e c t e d . S i n g l e c ry s ta l s o f t r emo l i t e -a c t i n o l i t e in m o r p h o l o g i e s c l a s s i f i a b l e as f i b e r s were not u n e x p e c t e d l y abun-d a n t , as the s a m p l e obviously was f ine p a r t i c l e material produc ed f r o m f r a c -ture and abrasion of larger mineral grains. Both the truly f i b r o u s b u n d l e s
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1 and l a m e l l a t e d pri sm type s of t r emol i t e -ac t ino l i t e would be expec t ed to giverise to s ingle c ry s ta l s m o r p h o l o g i c a l l y d e f i n a b l e as f i b e r s . A g a i n , the dis-tinction between f i b e r - l i k e amphibo l e c ry s ta l s produc ed f rom p a r t i c l e s micro-s c o p i c a l l y d e f i n a b l e as f ibrous and f i b e r - l i k e c r y s t a l s produced from mineralgrains composed of thin, narrow, lame l la t ed prisms, may be immaterial. It wascertainly not po s s i b l e to d e f i n e the origins of all the f i b e r- l ik e tremolite-act inol i t e s ingle crys tal s present in the sample .
A n t h o p h y l l i t e was again detec ted as a very trace (< 0.1%) sample compo-nent. Fibrous hornblende and the u n i d e n t i f i e d f ibrous blue-green amphibolewere also de t ec t ed again.
Trace s of a mineral with morpho log i ca l and opt i ca l p r o p e r t i e s s imilar tononfibrous serpentine were de tec t ed in the 2.76 f l o a t f r a c t i o n . Concentrationof this p o s s i b l e serpentine was e s t imated to be well below 0.1% of the sample .The low concentration pre c luded fur ther i s o la t i on for v e r i f i c a t i o n of the pro-posed ident i ty . A summary of the EM resul t s for this s a m p l e appear s in T a b l e29.
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S a m p l e 288, Libby, Grace , Screening Plant Dust , Compo s i t e
IITRI Code No. 135, ORF No. 287A p p e n d i x re ferencesPhotograph s £-16.Electron microscope 1-108-113, 11-389-402

H a c r o s c o p i c a l l y , the sampl e was observed to be a very f i n e , p a l e greenpowder. Obvious micaceous f l a k e s up to 2 mm in diameter were present. Fromthe bulk dens i ty of the s a m p l e , it appeared that micaceous type minerals werethe primary sampl e components. '
Density s eparat ions produced a d e e p e r green, powdery f r a c t i o n (sinks int e trabromoe thane), a brownish-green f r a c t i o n with some micaceous f l a k e s (sinksin 2.76 dens i ty l i q u i d ) , and a go ld- co l or ed f r a c t i o n obviously composed pri-marily o f micaceous f l a k e s (2.76 f l o a t s f r a c t i o n ) . The mineralogical composi-tion of the s a m p l e , as determined by p o l a r i z e d l igh t micro s copy analyses ofthe three d e n s i t y - s e p a r a t e d f r a c t i o n s , is pre s ented in T a b l e 30. S e p a r a t i o n sof the d en s i ty f r a c t i o n s were not very c l ean, in part due to the very smallgrain sizes, but mo s t ly due to the intergrowth of high densi ty phases with lowdens i ty pha s e s .
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t TABLE 30. COMPOSITION OF SAMPLE 268-1

1
I

| Est imated mass1 Mineral phase_______concentration (%)
! T r e m o l i t e - a c t i n o l i t e f i b e r s 2-5* T r e m o l i t e - a c t i n o l i t e prisms 1-4Sphene < 1» D i o p s i d e 3-6t Augite 1-2H o r n b l e n d e < 1» M a g n e t i t e , hematite 1-3. C a l c i t e 1-3Quartz 4-7Biotite 1-3T a l c < 1Vermiculi te 68-7SOther minerals 1-4

• I d e n t i f i c a t i o n of mineral phases was somewhat hindered by the r e la t ive lysmall p a r t i c l e sizes of the f rac tured mineral f r a g m e n t s . Numerous shards ofvermiculite were present and could ea s i ly be mistaken for f i brou s mineral type sI on m o r p h o l o g y only. 'The vermiculite shards could eas i ly be d i s t ingu i sh ed from' the f ibrous amphibole s on the basis of r e frac t ive index, however.
| A l t h o u g h the mineral f r a g m e n t s in the s a m p l e were quite abraded and f rac-1 tured, three d i s t i n c t l y d i f f e r e n t morpho log i e s of the t r emo l i t e -a c t ino l i t emineral phase were observed. The chunky, p r i s m a t i c c ry s ta l s that would nott f rac ture to produce f r a g m e n t s d e f i n a b l e as f i b e r s were the l eas t abundant• t r emo l i t e -a c t ino l i t e phase present. F r a g m e n t s composed of e l o n g a t e d , narrow,thin, l a m e l l a t e d t r emo l i t e -a c t ino l i t e pri sms were as abundant as the bundle s
f of nonpara l l e l intergrown, truly f ibrous t r e m o l i t e - a c t i n o l i t e crys ta l s . Mor-p h o l o g i e s of the very small ( l e s s than 10 pm w i d e ) s ingle t r e m o l i t e - a c t i n o l i t e1 crystals that could be c l a s s i f i e d as f ib er s on the basis of aspect ratios sug-g e s t e d , that equal propor t i on s of the larger l a m e l l a t e d pr i sms and true f i b e r' bundle s had been abraded to produce the s ing l e c ry s ta l s . T h a t is, many of thei " f iber-l ike" s ing l e crys ta l s were more p l a t e y than true f i b e r s would be ex-pec t ed to be. However , at this small p a r t i c l e s ize, the origins of p a r t i c l e s• c l a s s i f i a b l e as f i b e r s — e i t h e r f rom l a m e l l a t e d pri sms or true f i b e r bundle s--are only s p e c u l a t i o n and may well be immaterial.

In a d d i t i o n to the t r e m o l i t e - a c t i n o l i t e f i b r o u s a m p h i b o l e , f i b r o u s antho-p h y l l i t e was d e t e c t e d by i t s p a r a l l e l e x t in c t i on a n g l e s and d i f f e r e n t r e f r a c -tive indices . F i b r o u s a n t h o p h y l l i t e was well below 0.1% of the s a m p l e mas s ;it was most f r e q u e n t l y found in a s s o c ia t i on with ta l c .
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Other f i brous phase s present included a morpho logy of hornblende thatcould be considered f i b r o u s , and p s e u d o m o r p h i c a l l y f i b rou s quartz and ca l c i t e .The u n i d e n t i f i a b l e blue-green amphibo l e with the anomalous int er f erence colorss imilar to glaucophane-riebecki t e series amphibo l e s was again de t e c t ed .
The 2.76 f l o a t f r a c t i o n contained a mineral phase with op t i ca l and morpho-l og i ca l p r o p e r t i e s consistent with nonfibrous serpentine. I n s u f f i c i e n t cumbersof par t i c l e s were available for fur ther i d e n t i f i c a t i o n studies. A summary ofthe EM re sul t s for this sample appears in T a b l e 31.
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S a m p l e 430, Enoree, S o u t h Caro l ina , Grace , Grade 3, C o m p o s i t e
IITRI Code No. 121, OPJ No. 429A p p e n d i x referencesPhotograph s E-7-8, XRD 1-135-138Electron microscope 1-60-65

H a c r o s c o p i c a l l y , the sampl e vas observed to contain 1- to 5-mm black tobrownish-gold micaceous f l a k e s , and 1- to 3-mm f r a g m e n t s of nonmicaceous min-erals. The nonmicaceous minerals were white, p a l e green, or reddish-brown incolor. No obviously f i b r ou s phase s were de t e c t ed in the s t ereomicroscopicexamination.
The compos i t i on of this s a m p l e as determined by PLM analyses of thedens i ty- s eparated f r a c t i o n s is l i s t e d in T a b l e 32.
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TABLE 32. COMPOSITION OF SAMPLE 430-1

Mineral phase Es t imat ed massconcentration (%)
A n t h o p h y l l i t eTremol i t e-ac t inol i t eA u g i t eHornb l endeA p a t i t eM a g n e t i t e , hematiteCalci t eQuartz, f e l d s p a r sT a l cVermicul i t eOther minerals

< I2-4< 11-21-21-2< 14-61-280-901-2

As is evident f r o m T a b l e 32, the sample was composed pr imari ly of vermic-ulite. Relatively l i t t l e contaminant, convermiculite mineral matter vaspresent.
Both t r emol i t e-ac t ino l i t e and a n t h o p h y l l i t e amphibo l e s were d e t e c t ed .The t r emo l i t e -a c t ino l i t e occurred almost exc lus ive ly in a very bulky, pris-matic morphology. However, small e l o n g a t e d , p a r a l l e l - s i d e d p a r t i c l e s couldf r a c t u r e f rom these prisms to yield p a r t i c l e s c l a s s i f i a b l e as "fibers." Sofew large par t i c l e s of an thophyl l i t e were observed that it is impos s ib l e toc o n f i d e n t l y s tate whether .or not truly f i brou s a n t h o p h y l l i t e vas pre sent .Cer ta in ly , e longated f i b er- l ik e p a r t i c l e s of a n t h o p h y l l i t e were observed.
The 2.76 f l o a t dens i ty-separated f r a c t i o n contained some unusual, nott o t a l l y characterizable material. Irregular, l ight green p a r t i c l e s composedof microcrys ta l l ine material rather s imilar to s erpent ine minerals were pres-ent. T h i s material was obviously an a l t e ra t i on s tate in t ermedia t e betweenamphibole and la t er- s tage p r o d u c t s , and may well include serpentine minerals ,though none were i d e n t i f i a b l e as such. A summary of the EM resul t s for thissample appears in T a b l e 33.
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S a m p l e 433, Enoree, S o u t h Carol ina. Grace. G r a d e 4. C o m p o s i t e
Code No. 127, ORF No. 432A p p e n d i x referencesElectron microscope 1-114-119, 11-403-420

M i c r o s c o p i c a l l y , the sample was observed to be composed of 0.5- to 4-mmgoldish-brown f l a k e s of micaceous mineral and 0.2- to 2-mm white, brown, tan,and green nonmicaceous minerals. No obviously f ibrous phases were detected inthe macroscopic examination.
The mineralogical compos i t ion of the s a m p l e , as determined by p o l a r i z e dl ight microscopy analyses of the densi ty-separated f ra c t i on s , is l i s ted inT a b l e 34.

TABLE 34. COMPOSITION OF SAMPLE 433-1
Estimated mass___Mineral phase_______concentration (%)

Fibrou s mixed amphibole < 1A n t h o p h y l l i t e - p r i s m a t i c 1-3T r e m o l i t e - a c t i n o l i t e 1-4S p h e n e , ilmenite < 1Augi t e < 1A p a t i t e 1-3Hornblende 2-5Magnet i t e , hematite • 1-2Rhodonite , pyroluc i t e < 1Calci te < 1Quartz, f e l d s p a r s 3-8T a l c . 1-3Vermicu l i t e 75-81Other minerals 2-5

Both t r e m o l i t e - a c t i n o l i t e and a n t h o p h y l l i t e amphibo l e mineral phase s werede t e c t ed in the s a m p l e . N e i t h e r amphibole was f ound in a bulk grain morphol-ogy that could be considered f i brou s . T h a t is, the as-received mineral grainswere d e f i n i t e l y p r i s m a t i c crys ta l s which were, for the most p a r t , s t ou t , sin-gle crystal pr i sms . Less than 10% of each amphibole occurred as grains com-posed of the e l o n g a t e d , thin, narrow l a m e l l a t e d pri sms that could r ead i lyfrac ture to produce p a r t i c l e s d e f i n a b l e as f i b e r s . L a m e l l a t i o n s tended to bei m p e r f e c t ; thu s , f r a c t u r e d f r a g m e n t s , though e l o n g a t e d , d id no t have p a r a l l e lsides and f r e q u e n t l y had unevenly terminated ends.
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f T r e m o l i t e - a c t i n o l i t e pri sms were g enera l ly p a l e green and p l e o chro i c , andj exhibited inclined extinction. The a n t h o p h y l l i t e was co lorle s (in transmi t t edl i g h t ) , had re frac t ive indices lower than the t r e m o l i t e - a c t i n o l i t e , and exhib-, ited p a r a l l e l extinction. T r e m o l i t e - a c t i n o l i t e vas o c ca s ional ly found inter-i grown with hornblende. The a n t h o p h y l l i t e and t r emol i t e -ac t ino l i t e prisms were* never found intergrown with each other in the same mineral fragment in thissample.i The r e la t ive ly high propor t i on of the 2.76 sink dens i ty- s eparated frac-tion r e f l e c t s the degree of intergrowth of the amphibole f i n d pyroxene mineralf phase s with the vermiculite. In general , the vermiculite p l a t e s of this sam-• pie were more irregular, s t ra ined , and intergrown with other mineral phase sthan were the vermiculite p l a t e s of most of the Libby, Montana, sample s . At, l eas t two other micaceous mineral phase s that could not be i d e n t i f i e d werepresent in a d d i t i o n to the vermiculite. As these phase s were micaceous, they; were included in the mass accounting for vermiculite. A summary of the EMresults for this sample appears in T a b l e 35.
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« S a m p l e 427, Enoree, S o u t h Caro l ina , Grace, Grade 5, C o m p o s i t e
•

IITRI Code No. 119, ORF No. 426A p p e n d i x references[ P h o t o g r a p h s E-8-10, 21-23, XRD 1-139-142i Elec tron microscope I - 6 6 - 7 S , 11-204-334
t The s a m p l e was a goldish-brown powder composed of l e s s than 2-mm f l a k e -i l ike p a r t i c l e s . No obviously f ibrous phase s were d e t e c t ed in the macro s copicexamination. S u b m i l l i m e t e r grains of nonmicaceous g o l d , green, c o l o r l e s s , andwhite minerals were observed in the s t e r eomicro s cop i c examination.
' The mineralogical compos i t ion of the sample determined by FIM analyse s ofthe den s i ty- s epara t ed frac t ions is l i s t ed in T a b l e 36.
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t TABLE 36. COMPOSITION OF SAMPLE 427-1

Es t imat ed mass___Mineral phase_______concentration (%)
Fibrous mixed amphibole < 1A n t h o p h y l l i t e 4-6T r e m o l i t e - a c t i n o l i t e 2-4S p h e n e , i lmenite 1-3Hornblende 2-5A p a t i t e 1-2M a g n e t i t e , hematite < 1Rhodonite, pyroluci te 1-2C a l c i t e < 1Quartz, f e l d s p a r s 3-6T a l c 1-3Vermicu l i t e 72-78Other minerals 1-3

D e f i n i t e l y f i brou s mineral phase s vere de t e c t ed in the tetrabromoethanesinks fract ion. However, the f ib er s vere veil below 10% of the TBS frac t ionf t n d thus vere le s s than 1% of the to ta l s a m p l e . A n a l y s i s of s e l e c t ive ly re-moved f i b e r s indicated that both a n t h o p h y l l i t e and tr emol i t e-ac t ino l i t e verepresent within the f i b e r bundles. The a n t h o p h y l l i t e was i d en t i f i ed by itsp a r a l l e l extinction and its s l i g h t l y lower r e f rac t iv e indices compared to.thet r emol i t e-ac t ino l i t e . " r

The a n t h o p h y l l i t e and t r emo l i t e -a c t ino l i t e occurred pr imar i ly in veryc l early p r i s m a t i c crystal habits. However, gr ind ing of the prisms did producep a r a l l e l - s i d e d , e longated p a r t i c l e s which could be c l a s s i f i e d as f i b er s .
T a l c was found both as f r e e p l a t e s and incorporated within the f i b e r bun-d l e s . The t a l c incorporated within the f i b e r bundl e s tended to be f ibrous inmorpho l ogy .
Some p s e u d o m o r p h i c a l l y f i brou s mineral phase s vere found in this sample . •Some of the sphene ( t i t a n i t e ) and f l u o r a p a t i t e vere present as frac tured f r a g -ments m o r p h o l o g i c a l l y characterizable as f ibrous . A summary of the EM re-su l t s for this sample a p p e a r s in T a b l e 37.
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. S a m p l e 436, Enoree. S o u t h C a r o l i n a , Grace , H e a d F e e d . C o m p o s i t e
IITRI Code No. 131, ORF Ko. 435A p p e n d i x re ferencesP h o t o g r a p h s E-10-12, XRD 1-143-147Electron microscope 1-53-59, 11-167-203

K a c r o s c o p i c a l l y , the s a m p l e was observed to be quite varied in grain size,grain morpho log i e s , and grain colors. Black to go ld micaceous f l a k e s up to5 mm in d iamet er were m a j o r components. Dark to p a l e green g la s sy chunks upto 3 mm in d iameter vere present. C o l o r l e s s to white irregular g l a s s y f r a g -ments, some with obvious iron-staining, were as large as 15 mm. Milky whiteto l ight green irregular chunks were al so as large as 15 mm.
The composi t ion of the sample determined by PLM analyses of the density-s eparated f r a c t i o n s is pre sented in T a b l e 36. T h i s s a m p l e was pr imar i ly non-micaceous contaminant minerals , with l e s s than 50% vermiculite.



J TABLE 38. COMPOSITION OF SAMPLE 436-1
? Es t imat ed mass( ___ Mineral phase _______ concentration (%)
{ Fibrous mixed amphiboles < 1i A n t h o p h y l l i t e - p r i s m a t i c 1-3T r e m o l i t e - a c t i n o l i t e 6-9

I Sphene - 2-4H o r n b l e n d e 11-15A p a t i t e 2-4. M a g n e t i t e , hematite . 1-3i Rhodoni t e , pyroluc i t e 1-2; C a l c i t e 1-2Quartz, f e l d s p a r s 23-28} T a l c 3-5j Vermicul i t e 32-40Other minerals 1-3

Fibrous amphibole mineral phases were d e t e c t ed , most ly in the tetrabromo-ethane sinks f r a c t i o n , but vere less than 1% of the total sample . Both antho-p h y l l i t e and t r emol i t e -ac t ino l i t e f i b r ou s amphibole phases vere de t e c t ed . Ina d d i t i o n , it is l i k e l y that f i brou s hornblende vas a l so incorporated withinthe f i b e r bundle s .
The three m a j o r amphibole type s pre s ent , a n t h o p h y l l i t e , tremol i t e-a c t ino l i t e , and hornb l ende , occurred pr edominant ly as pri sms. F r a c t u r e ofhornblende pri sms to yield p a r t i c l e s c l a s s i f i a b l e as f i b e r s is unlikely.However , the pri sms of a n t h o p h y l l i t e and t r e m o l i t e - a c t i n o l i t e were obviouslylayered and cleavable to par t i c l e s d e f i n a b l e as f i b e r s .
T a l c was again rather abundant and was al so found as f r a c t u r e f r a g m e n t sthat might be c l a s s i f i e d as f i b er s .
The milky green, rough t ex tured, irregular mineral grains were i s o l a t e df r o m the TBS f r a c t i o n and analyzed s eparate ly. M o r p h o l o g i e s of the crushedf r a g m e n t s produced in grinding ranged from irregular to e l o n g a t e d pr i sms .Color and extinction characteristics (as observed on p a r a l l e d - s i d e d f r a g m e n t s )were consistent with t r e m o l i t e - a c t i n o l i t e , but r e f r a c t i v e indice s were s l i g h t l ylower than the indices of the g l a s s y , obviously p r i s m a t i c f r a g m e n t s oft r e m o l i t e - a c t i n o l i t e observed in the sampl e . X-ray d i f f r a c t i o n s tud i e s ofthis pha s e ind i ca t ed this material was a sodium t r emo l i t e . A summary of theEM r e su l t s for this s a m p l e appear s in T a b l e 39.
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S a m p l e 439, Enoree, S o u t h Caro l ina , G r a d e 3, Commerc ia l ly E x f o l i a t e d
IIT5U Code Ko. 133, ORF No.A p p e n d i x referencesElec tron microscope 1-120-121

The sampl e was typ i ca l in appearance of expanded vermiculite used aspacking material or coil condi t ioning mater ial . I n d i v i d u a l p a r t i c l e s wereobviously composed of m u l t i p l e , stacked vermiculite p l a t e s . Colors of the] stacks ranged from white to tan to brown to l igh t green. Diameters of thei p l a t e s ranged from 1 to 5 mm. Lengths of the expanded stacked p l a t e s werequite variable and ranged up to 15 mm. Non nonmicaceous mineral phase s were| de tec t ed in the gross , s t ereomicrQscopic inspec t ion of the sample.
Density s eparat ions did not yield much higher dens i ty (greater than 2.76).. material. T a b l e 40 l i s t s the mineralogical composit ion of the sample deter-

i mined by the po lar i z ed l ight microscopy analyses.

TABLE 40. COMPOSITION OF SAMPLE 439-1
Est imated massMineral phase concentration (%)

Fibrous mixed amphibole < 1A n t b o p h y l l i t e - p r i s m a t i c < 1T r e m o l i t e - a c t i n o l i t e < 1S p h e n e < 1Augite < 1A p a t i t e 1-3H o r n b l e n d e < 1M a g n e t i t e , hemati te 1-2Rhodoni t e , pyro lu c i t e < 1C a l c i t e < 1Quartz 1-3T a l c 1-2V e r m i c u l i t e 85-95Other minerals 1-3



F l u o r a p a t i t e was the primary nonmicaceous mineral constituent of both thetetrabromoethane and 2.76 sinks d e n s i t y - s e p a r a t e d f r a c t i o n s . A p a t i t e c r y s t a l svere s i g n i f i c a n t l y larger in size and more abundant than any other nonmicaceousmineral phase d e t e c t ed .
Part ic l e s c l a s s i f i a b l e as f i b e r s on a morpho l og i ca l bas i s , upon high mag-n i f i c a t i o n inspec t ion, vere found to be m o s t l y veroiculi te shards and s c ro l l s .Refract ive indices vere a major characteri s t i c observed to d i s t ingui sh vermic-uli te "fibers" f r o m amphibole f i b e r s since vermiculite r e f rac t iv e indices ares i g n i f i c a n t l y lower than t r emol i t e-ac t ino l i t e and an thophy l l i t e r e f rac t iveindices.
T r e m o l i t e - a c t i n o l i t e and a n t h o p h y l l i t e vere present as coarsely pr i smat i cmaterial and as f ine fractured par t i c l e s c l a s s i f i a b l e as f iber s . The pris-matic crys tal s each comprised le s s than 10% of each sink f r a c t i o n and verethus each less than 0.1% of the total sample. The f i b er- l ik e crystals verepresent at a count rato of one per 1,000 p a r t i c l e s ; on a mass bas i s , t h e r e f o r e ,their concentrations vould have to be in the part s per mil l ion range. A sum-mary of the EH resul t s for this sample appear s in T a b l e 41.
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S a m p l e 442, Enoree, South C a r o l i n a , G r a d e 4, C o m m e r c i a l l y E x f o l i a t e d
T h i s s a m p l e vas a f ine-grain, expanded vermiculite. The e x p a n d e d , stackedvermiculite p l a t e s visible in this sample ranged in diameter from 0.5 to 3 mm.l engths of the stacked p l a t e s ranged f r o m 1 to 5 mm. Par t i c l e colors verewhite, tan, brown, and greenish brown. No nonmicaceous mineral pha s e s verede t e c t ed in the macroscopic inspection.
Density separations of this sample also produced r e la t iv e ly l i t t l e highdensi ty (greater than 2.76) material . The miner a logical compos i t ion of thesample determined in the p o l a r i z e d l igh t microscopy analyses of the variousdensi ty f r a c t i o n s is presented in T a b l e 42.
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TABLE 42. COMPOSITION OF SAMPLE 442-1
^̂ «V____ *̂̂ BM.̂ ^H.̂ ^_^_^H^HH ^ — — — — — — — — — — — ~ ^ — — ™ « — — — — — — ^ — — —

Est imated massMineral phase_______concentration (%)
Fibrou s mixed amphibole < 1A n t h o p h y l l i t e - p r i s m a t i c < 1T r e m o l i t e - a c t i n o l i t e 0.5-1Sphene < 1Augite < 1A p a t i t e 1-2H o r n b l e n d e < 1Magnet i t e , hematite 1-2Rhodoni t e , pyro luc i t e < 1Calc i t e < 1Quartz 1-2T a l c < IVermicul i t e 85-95Other minerals 1-2

T r e m o l i t e - a c t i n o l i t e was the primary nonmicaceous mineral type in boththe tetrabromoethane and 2.76 sinks f r a c t i o n s . It occurred primarily ascoarse, chunky prisms. Up to 10% of the t r e m o l i t e - a c t i n o l i t e occurred ASoverall p r i s m a t i c f r a g m e n t s composed of e l o n g a t e d , thin, narrow l a m e l l a t e dpri sms. T h i s crystal f orm undoub t ed ly produced many.of the s m a l l , f i b e r- l ik ecrystals observed. The larger anthophyl l i t e f ragment s present occurred onlyas the. chunky pri sms.
The very small ( l e s s than 10 pm diamet er) amphibole crys tal s present inmorpho l og i e s d e f i n a b l e as f i b e r s were both a n t h o p h y l l i t e and tremolite-ac t ino l i t e . It was i m p o s s i b l e to determine i f these f i n e , f i b e r- l ik e crys tal swere abraded from large bundle s of truly f i brou s material or were f rac turedf r om the l a m e l l a t e d prisms. Number concentrations of the f i n e , f i b e r- l ik eamphibole crystal s were greater in this sample compared to sample 439-1.However, mass concentrations must be considered to be again in the par t s permil l i on range. f
S a m p l e 573, Enoree, South Caro l ina , Pat t er s on , U n g r a d e d , Compos i t e^̂  •

IITRI Code 124, ORF No. 572A p p e n d i x re ferencesPhotographs E-13, 24-25, XRD 1-148-152Elec tron microscope 1-79-83, 11-335-375
M a c r o s c o p i c a l l y , the sample was observed to have a wide size range and tobe a brownish-gold material with some obviously micaceous f l a k e s . Brownish-g o l d , nonmicaceous grains ranged up to 10 mm in size, while the micaceous



, f l a k e s vere 7 to £ mm in maximum dimension. Fragments of nonmicaceous min-erals up to 20 mm in diameter vere present* Color s of the conmicaceous min-4 erals vere milky white, milky green, and g l a s s y green. Ko obviously f ibrousphases vere observed in either the unmagnif ied or stereomicroscopic examine-• tions.I . The composition of the s ampl e , as determined by PLM analyses of the« densi ty-separated f r a c t i o n s , is l i s t ed in T a b l e 43.

TABLE 43. COMPOSITION OF SAMPLE 573-1
Est imated massMineral phase_______concentration (%)

Fibrous mixed amphibole s < 1A n t h o p h y l l i t e 4-8T r e m o l i t e - a c t i n o l i t e 8-12S p h e n e , i lmenite, rutile 1-2Hornbl ende 1-3A p a t i t e 1-2M a g n e t i t e , hematite 1-2Rhodonite, pyrolucite < 1C a l c i t e < 1Quartz, f e l d s p a r s 26-32T a l c • 12-16Vermicul i t e 33-38Other minerals 1-3

T h i s sample appear s to have been exposed to some type of heat treatment.G l a s s y agglomerates vere observed in the total sample and vere, of course,concentrated in the 2.76 f l o a t s f ra c t i on .
Ko obviously f ibrous bundles vere observed in the stereomicroscopic exam-ination of the TEE frac t ion. S m a l l , e l o n g a t e d , coarse f i brou s to pri smaticvhite p a r t i c l e s vere observed in the TEE f r a c t i o n ; however, they vere ingreater abundance in the 2.76 sink fraction. In the TEE, this par t i c l e typevas les s than 1% of the f r a c t i o n , vhile in the 2.76 sink the pr i smat i c tocoarse f ibrous phase represented 10 to 20% of the f r a c t i o n mass. T h e s e par-t ic le s vere general ly not t easable with a f in e needl e and thus are not in atrue f ibrous habit. However , g e n t l e crushing and gr ind ing produced l ong, thinp a r a l l e l - s i d e d p a r t i c l e s which would be c l a s s i f i a b l e as f i b e r s .
The TEE f r a c t i o n contained numerous p a l e green, p r i s m a t i c amphibole min-eral p a r t i c l e s which vere determined to be t r e m o l i t e - a c t i n o l i t e . A g a i n , eventhese c l ear ly pr i smat i c p a r t i c l e s could be f r a c t u r e d to y i e ld p a r t i c l e s d e f i n -able as f i b e r s . A l t h o u g h the a n t h o p h y l l i t e compri s ed 10 to 20% of this frac-tion, p r a c t i c a l l y all of it also occurred in an obviously p r i s m a t i c crystal
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habit. W h i l e f ra c tur e of the pr i smat i c a n t h o p h y l l i t e could yield f r a g m e n t s; c l a s s i f i a b l e as f i b e r s , this f r a c t u r e vas not r ead i ly a c c o m p l i s h e d ; irregular,j a g g e d f r a g m e n t s tended to be produced.
'. The pri smatic to coarse f ibrous mineral phases found in abundance in the* 2.76 sink frac t ion vere i so lated and c a r e f u l l y examined. The p a r t i c l e s werefound to be composed almost exclusively of ta l c and a n t h o p h y l l i t e . Tremol i t e -I a c t ino l i t e vas only a trace constituent of this f rac t i on . G r i n d i n g of theI p a r t i c l e s re sul ted in ready frac ture of both the ta lc and an thophy l l i t e intolong, thin, p a r a l l e l - s i d e d fragment s c l a s s i f i a b l e as f iber s . Larger fragment sj shoved spl intered ends suggestive of f i b e r bundles.

Unlike the Grace s a m p l e s f rom S o u t h Caro l ina , the Patter son s a m p l e con-tained p r e d o m i n a n t l y rutile rather than sphene titanium phases . Some of the] rutile vas found in e l o n g a t e d , thin crystal habits. A summary of the EM re-' suits for this sample appears in T a b l e 44.
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Air S a m p l e , Phase Contract Results
The result s of the examination of the air sample f i l t e r s by phase con-trast analys i s are presented in T a b l e 45.
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TABLE 45. RESULTS OF THE PHASE CONTRAST ANALYSIS OF AIR SAMPLESC O L L E C T E D A T T H R E E V E R M I C U L I T E S I T E S

S a m p l e

Libby, Grace
106 F i e l d blank*133 F i e l d blank*131 Front loader148 Fit haul driver138 Hine analyst141 Bottom operator130 No. 2 operator139 Dozer operator101 S h u t t l e truck104 Screening p l a n t , DV111 Screening p l a n t , DW108 T r a i l e r court136 No. 5 substation
South Caro l ina , Grace
312 F i e l d blank*346 F i e l d blank*340 M i l l monitor321 M i l l lab technician301 Dragline operator347 No. 4 bagger330 No. 3 bagger328 H i l l (ENE) downwind335 H i l l (N) crossvind307 Hine (N) crosswind323 Hine (E) downwind338 Hine (W) upwind310 Truck driver300 Screening plant f l o o r
South Carolina, Fatt er son
505 F i e l d blank*533 F i e l d blank*508 Fayload operator520 Plant foreman542 E a g g e r / f o r k l i f t513 (KE) downwind506 Control o f f - s i t e515 (SE) crosswind5 2 8 ( S W ) upwind

S a m p l evol. (£)

m-
303297294276285270385390368169111

«,
-

34047824031428528780291154264257354

.
-

255252249188274299147

F i b e r s / c cORF

< 0.020.030.02< 0.011.51.23.10.020.10.080.10.030.03

< 0.02< 0.020.030.07< 0.010.060.10.050.04< 0.010.010.03< 0.010.06

< 0.02< 0.02< 0.010.01< 0.01< 0.01< 0.010.010.02

I I T R I
, .
0.040.050.040.011.90.49.70.20.20.50.02ND B

0.02

0.040.020.03
° - £taf0.10.050.04mf0.020.020.010.3 .....0.14

< 0.010.020.040.30.1ND°ND b

0.01ND*
a V a l u e s for blanks were c a l c u l a t e d as suming a 100-li ter s a m p l e ,
b ND: No f i b e r s detected (100 g r i d s ) .
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II
TASK 32S T U D Y P R O T O C O L F O R T H E C O L L E C T I O N A N D A N A L Y S I S O F V E R M I C U I I T EAMD RELATED SAMPLES FOR THE EVALUATION OF FIBER CONTENTW I T H E M P H A S I S O N A S B E S T I F O R M F I B E R S

I. Background
Ii In December 1978, the vermiculite industry submitted informat ion tothe EFA regarding hea l th problems experienced b y ' e m p l o y e e s who were proce s s ingasbes tos-contaminated vermiculite. The original submission indicated thatb loody pleural e f f u s i o n s had been detec t ed in 4 of 350 employee s ; symptomato l-ogy and clinical f i n d i n g s in the employees were s imilar to those found in in-dividual s with asbestos-related diseases. Subsequent f o l l o w - u p studies by theOccupational S a f e t y and H e a l t h Admini s t ra t i on (OSHA) revealed an even higherprevalence of health problems among the employees.

V e r m i c u l i t e is a hydrated magnesium-iron-aluminum s i l i ca t e which hasbeen mined in the United S t a t e s since 1929. A f t e r Dining, vermiculite is pro-cessed to remove impur i t i e s , inc luding a s b e s t i f o r m mineral s; however, all con-taminants are not removed. I n f o r m a t i o n suggests that the three major domesticd e p o s i t s in Montana, S o u t h Carol ina, and Virginia contain a s b e s t i f o r m minerals.Some impurities, including asbestos, may remain as a contaminant in processedvermiculite. . .
A l t h o u g h vermiculite cay contain f i brou s mater ial s , the heal th ef-f e c t s from vermiculite i t s e l f are unknown at this time. A pr ior i ty review ofasbestos-contaminated vermicul i te , comple t ed by the O f f i c e of T e s t i n g and Eval-uation in June 1960, sugge s t ed that the asbestos in vermiculite may be respon-sible for the reported adverse heal th e f f e c t s , and it concluded that certaininformat ion gaps needed to be f i l l e d b e f o r e an in-depth risk assessment onvermiculite could be init iated.

• Several p r o j e c t s have been init iated to f u l f i l l the in format i on gapsand complete the pr er egu la tory analysis on vermiculite. A control optionsanalysis has been ini t ia t ed to determine regulatory s trategy to control asbes-t i f o r m mineral-contaminated vermiculite, and a subst i tute analysis is in prep-aration to evaluate replacement s for vermiculite produc t s . Work has al so beeninitiated on a material s balance to show the mass f l o w of vermiculite alongwith the release of any associated a s b e s t i f o r m mineral, and the development of •a mineralogy p r o f i l e with a s a m p l i n g and analysis protocol of vermiculite isunderway to characterize the f i brou s materials within vermiculite.
From the available information on the composition of vermiculite, itseems there is the p o s s i b i l i t y that asbes tos contamination of vermiculite doesoccur, but that it may be d i f f i c u l t to assess the magnitude of the contamina-tion. T h e r e f o r e , the o b j e c t i v e of this protocol is to s p e c i f y the sampl ingand analysis procedure to determine the composi t ion of vermiculi te , particu-l a r l y the amount of a s b e s t i f o r m minerals 1 present in the vermiculite. T h i s

For prac t i ca l analysi s p u r p o s e s , th e s p e c i f i c i d e n t i f i c a t i o n o f a s b e s t i f o r mminerals will be l imited to chrysot i l e , the amph ibo l e s , and vermiculites cro l l .
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vill provide the needed i n f o r m a t i o n on the risk to the p o p u l a t i o n exposed toa s b e s t i f o r m minerals from vermiculite at each of the various stages of itscommercial di s tr ibut ion.
The protocol vill be conducted in tvo phases . The f i r s t phase villbe an in-depth analysi s of the a s b e s t i f o r m f i b e r s present in and as soc iatedwith vermiculite ore, ore concentrates, and b e n e f i c i a t e d vermiculite f rom thefour m a j o r vermiculite mines in the United S t a t e s and of b ene f i c i a t ed vermicu-li te from the ports of entry. Both bulk and air samples vill be col lec tedand analyzed. The second phase vill be a s imi lar analys i s of bulk and airsample s from a representative number of e x f o l i a t i o n p l a n t s in the United S t a t e s .The e x f o l i a t i o n p l a n t s vhere s a m p l i n g vil l occur vill be s t a t i s t i c a l l y chosenby Exposure Evaluation Division (EED) to include all the major sources ofvermiculite.

I I . Preparat ion f o r S a m p l i n g
A . Inventory ' S u p p l i e s

1. All necessary equipment for s a m p l i n g bulk vermiculite and airvill be gathered and inventoried.
2. F i l t e r s to be used for the collection of airborne part i c l e svill be assembled and labe led b e f o r e sample s are obtained.
3. Cal ibrat ion of the pumps vill be p e r f o r m e d prior to their ship-ment to the sampl ing site and recalibrated in the f i e l d .
4. All s u p p l i e s vill be packed and sh ipped to the vermiculite sam-p l i n g site at least 2 days in advance of the arrival of the crev.

B. S i t e Inve s t i ga t i on
1. Survey site - Upon arrival at the site, the crew chief andother de s igna t ed persons vill survey the site to determine the locat ion ofthe f a c i l i t y , its boundaries , and the locat ions of various operations withinthe f a c i l i t y .
2. S e l e c t s a m p l i n g points - The crev chief and other d e s igna t edpersons vill select a p p r o p r i a t e point s for the c o l l e c t i on of ore sampl e s andairborne part iculate s . O f f i c i a l s of the host p lant vi l l be invited to par-t i c i pa t e and assist in the survey and se l ec t ion of s a m p l i n g points .

I I I . S a m p l i n g
A. Bulk M a t e r i a l

1. Basis for s e l e c t i on of protoco l - No American S o c i e t y for T e s t -ing M a t e r i a l s (ASTM) method vas f ound that i s d i r e c t l y a p p l i c a b l e to this situ-ation. The f o l l o w i n g re lated methods are used for guidance.
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a. American N a t i o n a l S t a n d a r d s I n s t i t u t e (ANSI)/ASTM D 75-71( 1 9 7 S ) S t a n d a r d M e t h o d s o f S a m p l i n g A g g r e g a t e s .
b. ASTM Designation: D 2234-72 S t a n d a r d M e t h o d s for C o l l e c -tion of a Gros s S a m p l e of Coal.
c. ANSI/ASTM £ 105-58 (1975) S t a n d a r d Recommended Practicef or Probabi l i ty S a m p l i n g o f M a t e r i a l s .
d. ASTM Designation: C 702-72 S t a n d a r d Method s for ReducingF i e l d S a m p l e s o f A g g r e g a t e t o T e s t i n g S i z e .
e. ASTM Designation: C 516-75 Standard S p e c i f i c a t i o n s forVermicu l i t e Loose F i l l I n s u l a t i o n .
f. BS 612 (British S t a n d a r d s I n s t i t u t i o n ) Methods for Sam-p l i n g and T e s t i n g of Mineral A g g r e g a t e s , S a n d s and F i l l e r s .
g. -Other Considerat ions - The minimum quantity of any sampleshould be 5 to 10 times the ant i c ipated analyt i cal needs. The analyticalneeds vill vary with p a r t i c l e eize and range from a p p r o x i m a t e l y 40 g for f in ematerial to 1,000 g for 25-mm p a r t i c l e size. T h e r e f o r e , sample size minimumsshould range from 400 g to 10 kg.
Each sample may consist of a composi te of individual samplingincrements representing d i f f e r e n t times and/or locations. Increments vill besampled and stored s epara t e ly with a compos i t e made under laboratory condi-tions by combining representative f ra c t i on s of each increment.

2. S a m p l e s to be c o l l e c t ed - The ob j e c t ive of s ampl ing is to ob-tain s a m p l e s that are representative of the operations or sites. It is an-t i c i p a t e d that proper t i e s of the material s of s imilar type s vill vary withtime, operat ion and s p e c i f i c mine site origin. T h e r e f o r e , to obtain repre-sentative s a m p l e s , it is necessary that composi te sample s be prepared of agiven s a m p l e type from individual sampl e increments, each represent ing as p e c i f i c s ampl e time or site. It is l ik e ly that a his torical sample collec-tion is maintained (by the mine company) from several operation po int s withinthe f a c i l i t y . If these historical sample s are avai lab l e , it would be h e l p f u lto obtain se lec ted increment sample s for both the prepara t i on of a time aver-aged compos i t e and a comparison of present to past conditions.
The number of increment sampl e s to be c o l l e c t ed must depend on thevariabi l i ty of the sample and avai lab i l i ty of increment sources, vith a de-cision made by an experienced sampler d e p e n d i n g upon increment ava i lab i l i tyand proper s a m p l i n g procedures . All deci s ions vill be documented vith copiessent to the EPA task manager.

a. Raw ore and ore concentrates (Phase I)
(1) A bulk sample of the raw vermiculite ore represent-ing d i f f e r e n t par t s of the mine.
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1
(2) A bulk s a m p l e of the concentrated ore b e f o r e bene-J f i c i a t i o n .
(3) A bulk sampl e of dust f r o m the dust c o l l e c t i onequipment where such equipment exists.
(4) A water s a m p l e f rom washings and dust control opera-tions.
(5) A bulk sample of concentrated ore blend (bene f i c ia-tion f e e d ) b e f or e b ene f i c ia t i on.

b. Bene f i c ia t ed venniculite (Phase I)
(1) A bulk sample of each of f i v e grades of b e n e f i c i a t e dvenniculite.
(2) A bulk s a m p l e of material f r o m one to three inter-mediate b ene f i c ia t i on proces s ing s t ep s .
(3) A bulk sample of t a i l ing from the b ene f i c ia t i onprocess.
(4) A bulk sample of dust from dust co l l e c t ion equip-ment. •
(5) A water s a m p l e f rom washing and dust control opera-tions.

c . E x f o l i a t e d p lant sampl e s (Phase I I )
(1) A bulk sample of each of the f ive grades of vennicu-l i t e b e f ore e x f o l i a t i o n .
(2) A bulk sampl e of each of f i v e grades of e x f o l i a t e dvenniculite.
(3) A bulk dust saop l e from dust c o l l e c t i o n equipmentand other a p p r o p r i a t e related material.

B. Air S a m p l e s (Phases I and and II)
1. General considerations - Airborne p a r t i c u l a t e s a m p l e s will beco l l e c t ed at d e s igna t ed points inside and out s ide the p lant boundaries. Thes ampl ing will generally f o l l o w the EPA cethod described in Electron MicroscopeMeasurement of Airborne A s b e s t o s Concentrat ions - A Provi s ional M e t h o d o l o g yManual. EPA-600/2-77-178. Revised June 1 9 7 8 . T h i s method recommends po ly-carbonate 0.4 \nm Nucl epor e® f i l t e r s when p o s s i b l e , but a l l ow s for the use ofc e l l u l o s e acetate ( M i l l i p o r e ® ) f i l t e r s .
There are advantages and d i s a d v a n t a g e s to the use of either N u c l e -pore® or M i l l i p o r e ® f i l t e r s . The s a m p l e c o l l e c t e d on the smooth po lycarbonat e
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( N u c l e p o r e ® ) s u f a c e has poor retention e f f i c i e n c y and the sample may be lostor r ed i s t r ibu t ed during transport . The c e l l u l o s e ace tate ( M i l l i p o r e ® ) f i l t e r srequires an ashing procedure and reconst!tution on a polycarbonate f i l t e r forTEH analys i s . Ashing and reconst i tut ion is an extra s t ep in the procedurebut has the p o t e n t i a l advantage of e l iminat ing i n t e r f e r i n g organic par t i c l eanalysi s . T h i s reduces the need of m u l t i p l e time sampl ing to obtain a rangeof f i l t e r l oad ings . A s b e s t o s contamination has been reported in come lot s ofboth Nucl epore® and H i l l i p o r e ® f i l t e r s .
The current consensus of l eader s in the f i e l d is to favor the useof M i l l i p o r e ® f i l t e r s for the type of sampl ing and transport that vill be re-quired on this program.
The po t en t ia l presence of asbestos f i b e r s in the f i l t e r s themselvesvill require car e fu l at tention to the s e lec t ion and analysis of f i l t e r blanksand f i e l d blanks.
2. Control blanks

a. F i l t e r blanks - Four f i l t e r s f r om each package of 100f i l t e r s , one from each box of 25, vill be selected by random numbers asf i l t e r blanks. The f o u r f i l t e r s vill be quartered and one-fourth of eachcombined as a composi te cample.
b. F i e l d blanks - One of every 10 f i l t e r s vill be a f i e l dblank, sub j e c t ed to all proce s s ing conducted with an actual air sample exceptfor th e sampl ing i t s e l f .

3. S a m p l i n g procedure - All sampl ing, f i x e d and per sonal , vill betaken using 37 mm 0.45 \tm M i l l i p o r e © f i l t e r s backed with 5 (m M i l l i p o r e ® f i l t e r sand a M i l l i p o r e ® suppor t p a d . The s a m p l i n g rate vill be approx imat e ly 2 l i t e r /cin with the exact rate determined p e r i o d i c a l l y throughout the sampl ing periodby the use of cal ibrated f l o w meters.
S a m p l i n g vill be s cheduled for 6 hr (or longer for ambient and back-ground s a m p l e s ) . However, if the f l o w is found to reduce during s a m p l i n g ,indi ca t ing that the f i l t e r is l o a d e d , s a m p l i n g vill be s t o p p e d and the timeand f l o w rate recorded.
4. Air sampl e s vill be co l l e c t ed - Personal air zone sample s andf i x e d sample s located at targeted areas vill be taken. The use of personalsample s vill d epend on the individual work pat t erns and on the cooperation of•the host company. When p o s s i b l e , individuals at each vork station vill beequipped with personal sampler s .
When p o s s i b l e , air s ampl e s vill be taken vhich correspond to thebulk sampl e s (Sect ion III-A-2). The f o l l o w i n g air samples vill be taken.Any variation f r o m these sampl ing locations vill be documented.

a. Air sample s taken at operat ions b e f o r e b e n e f i c i a t i o n(Phase I ) .
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I
I (1) An air cample at the nice during mining.

' * ( 2 ) A n a i r sample a t dumping o r crushing operation.
I (3) Air campl e s around the mining f a c i l i t y .

(4) Air sampl e s downwind of du s ty operations.
{ (5) Air sample s along s h i p p i n g lanes.
i (6) An air sample as a background control within thegeographic region.i

b. Air samples taken from the ore b ene f i c ia t i on operations.(Where mining and b e n e f i c i a t i o n are at the same general l o ca t i on , several ofthe sampl e s may be the same.) (Phase I)
(1) An air sample at each of s e l e c t ed vork s ta t ions inthe bene f i c ia t ion operation.
(2) Air sample s around the b e n e f i c i a t i o n p l a n t .

* (3) Air sampl e s at grading (screening) operations.
(4) Air sample s downwind f r o m dus ty operat ions .

i
(5) Air samples along sh ipping lanes.
(6) An air sampl e as a background control within thegeographic region.

c. Air sample s taken from the e x f o l i a t i o n operat ion. (PhaseI I )
(1) An air sample from each of se lected vork stations inthe e x f o l i a t i o n operations.
(2) Air samples around the e x f o l i a t i o n p lant .
(3) Air sample s downwind from dusty operations.

d. A meteorological s tation will be i n s t a l l e d en-site to col-lect air speed and direction data throughout the sampl ing period.

I V . S a m p l e H a n d l i n g
A. Bulk S a m p l e s

The increment s a m p l e s will be s h i p p e d to a central laboratory.Each increment sample will be divided by a p p r o p r i a t e procedures ( r i f f l e di-vided or cone and quarter). Part of each increment wi l l be retained and the
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remainder combined with otter a p p r o p r i a t e increments to f o rm a composi te sam-ple . The composite will be mixed and sp l i t ( r i f f l e or cone and quartered) toprovide a p p r o p r i a t e s p l i t ana ly t i ca l sampl e s . The compos i t e s ampl e s will bep r o p e r l y d e s igna t ed and submitted for analyse s .
B. Air S a m p l e s

1. S p e c i a l handl ing - When s a m p l i n g is c o m p l e t e d , the f i l t e r 'cartridge will be turned to a p o s i t i o n with the f i l t e r horizontal and -thecollection sur face up, the cartridge disconnected from the p u m p , the car-tridge cover r e p l a c e d , and the inlet and exit holes p l u g g e d . T h i s horizontalf i l t e r pos i t ion vill be maintained during transport and storage. The car-tr idge will be p l a c e d in a special container for transport.
2. Each f i l t e r vill be divided and each port ion vill be taped tothe bottom sur fa c e of the pe tr i d i sh and del ivered to d i f f e r e n t laboratoriesto provide for replicate analysis.

V. S a m p l e A n a l y s i s
A. Bulk S a m p l e Analys i s

The analysi s protocol for the bulk venniculite sampl e s vill includepara l l e l approaches which, to a degree , support one another. However, becauseof the great d i f f e r e n c e s in the detec t ion l imi t s of the d i f f e r e n t methods ,the j u s t i f i c a t i o n of some approaches is their s impl i c i ty as preliminaryscreening procedures rather than their sensitivity. X-ray d i f f r a c t i o n of theunfrec t ionated sampl e s is an example of a s imple procedure with limited sensi-tivity. T h e s e methods may serve to i d e n t i f y ' some sampl e s with gross quanti-ties o.f asbestos and el iminate the need for continued analysis.
1. U n e x f o l i a t e d vermiculi te , b e f o r e and a f t e r b ene f i c ia t i on

a. Examine the sample as received with a lov pover (30X -)s tereomicroscope for quantities of visible f i b er s .
b. If f i b er s are observed, estimate the weight (%) of f ibrousmaterial. If a p p r o p r i a t e , remove (band p i c k ) the asbestos from the sampleand weigh. r
c. I d e n t i f y the isolated a s b e s t i f o rm mineral by appropr ia t emeans (PLM, XRD, etc.).
d. To i s o l a t e the f i n e f i b e r s f r o m vermiculi te, start with asample quantity d epend ing on p a r t i c l e size. Place the sampl e in a s p e c i f i e dbeaker size and add 10 times the sample weight of p r e f i l t e r e d isopropy1 al-cohol.
The s a m p l e quant i t i e s , i s opropy l alcohol volume and beakersizes to be used are as f o l l o w s :
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Volume T a l l FormS a m p l e Grams IPA Beaker (ml)
Grades 1 and 2 40 400 1,000
Grades 3 and 4 20 200 400
Grade 5a 40 400 1,000
U n b e n e f i c i a t e d material and 40 400 1,000other t a i l i n g s , etc.

a Grade 5 is expected to have more variab i l i ty than the other grades .
Place the beaker in an ul trasonic bath, s t ir , a l l ow the largep a r t i c l e s to s e t t l e (during ultrasonic t r ea tment) and withdraw aliquot por-tions from near the: center of the liquid for op t i ca l microscopic analysis(i.e., PIU) and to prepare a series of Nuclepore® f i l t e r s for EH analysis.Ser ia l d i lu t i on may be required to obtain optimum f i l t e r l oading.
e. The Nuclepore© f i l t e r with suspended f ine s will be used toprepare a TEH grid by the EPA carbon-coated Nucl epor e© f i l t e r technique.*

f. Make f i b er count - Determine chrysotile or amphiboles.Count 100 f iber s or 10 grid of 200 mesh screen. Determine the limit of de-tect ion and count more grids if necessary..
» g. I d e n t i f y s p e c i f i c amphibo l e s using s e l ec t ed area electrond i f f r a c t i o n or zone axis se lected area electron d i f f r a c t i o n p l u s energy dis-persive X-ray analysis.

h. E x f o l i a t e a portion of the b e n e f i c i a t e d vermiculite byspr inkl ing no more than a one p a r t i c l e thick layer of s a m p l e , in a preheated(800°C) sha l l ow container and p l a c e the container back into a 800°C oven for5 sec. Examine the e x f o l i a t e d sample as described in No. 2.
2. E x f o l i a t e vermiculite ( f o r laboratory expanded s ampl e s of Phase Iand for Phase II) - An important f eature of the analytical procedure to achievehigh micro f iber de t ec t ion sensi t ivity is the f r a c t i o n a t i o n of the s a m p l e toremove much of the in t er f er ing vermiculite, thereby g r e a t l y enriching whatevera s b e s t i f o rm f iber s that may be present. The basis of f rac t i ona t i on is thef l o a t a t i o n on water of the e x f o l i a t e d vermiculi te and the we t t ing and sinkingof the asbes tos and other f i b e r s . T h i s assumes that a p r o p o r t i o n a l l y highf r a c t i o n of the f i b e r s are not p h y s i c a l l y attached to the vermiculite par t i-cles. T h i s is a reasonable a s sumpt ion but one that will be v e r i f i e d by theexamination of representat ive s a m p l e s o f the f r a c t i o n that f l o a t s .
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i S t a r t i n g with a cample quanti ty d e p e n d i n g on p a r t i c l e size, or grade,i
Vennicu l i t e S a m p l e W a t e r| Grade W e i g h t ( g ) Volume ( m l )I — — — — — —1 and 2 40 2,000

*
3 and 4 20 1,000

5 40 2,000
and proceed as f o l l o w s :

a. F l o a t s eparation - Place the expanded vermiculite in a2,000 ml p l a s t i c beaker and add water. S t i r for 30 sec and skim off thevermiculite and drain on a 50-mesh screen. C o l l e c t the drain water and re-turn it to the beaker. Discard the vermiculite. 2 ' •
b. Disperse the "sink" material with u l trasonic treatment.Remove an aliquot during treatment for a prel iminary PLM examination and forTEH analysis. Double d i lu t i on may be necessary to obtain proper grid load-ing.
c. . Examine preparat ion by PLM as a prel iminary p a r a l l e l exam-ination.8

d. Prepare TEH grid by EFA carbon-coated N u c l e p o r e © f i l t e rtechnique. - . '. • > • ^*I • • . • t "
e. Fiber count - Determine chrysot i l e , total amphiboles andvermiculite s crol l s . Count 100 f i b e r s or 10 grids of 200-mesh screen. De-termine licit of de t e c t i on and count more grids if necessary.
f . I d e n t i f y s p e c i f i c amphibole s using SAED p l u s energy dis-persive X-ray analysis.

3. Mis c e l l aneou s bulk sample s
a. Dust camples

(1) A prel iminary examination of the dust sample will bemade by optical microscopy including PLM for the i d e n t i f i c a t i o n of grossquantities o f a s b e s t i f o r m f i b e r s . If gross quantities o f f i b e r s are identi-f i e d , the quantities will be e s t imated and the analys i s terminated.

* S e l e c t e d sample s will be examined to v e r i f y the absence of asbestos inthis f ra c t i on .s If PLM examination reveals a gross quanti ty o f i d e n t i f i a b l e a s b e s t i f o r mf i b e r s , the quantity should be e s t imated and the analys i s t erminated.( M o d i f i e d during the p r o j e c t to continue a n a l y z i n g . )

A-9



(2) If the campl e is cot adequate ly characterized by PLM,a portion of the s a m p l e vill be d i sp er s ed in water and f i l t e r e d for EM analy-sis.
b. W a s h water s a m p l e s - The s o l i d s present will be d i s p e r s e din the water and a l iquot s f i l t e r e d for a p p r o p r i a t e o p t i c a l and EM analysi s .

B. Air S a m p l e s
1. Portions of s e l e c t ed f i l t e r s will be used to determine f i b e rcount by the s tandard NIOSE procedure using phase microscopy.
2. The major analysis of the air sample s will b a s i c a l l y f o l l o wthat s p e c i f i e d in the EPA document, "EPA-600/2-77-178, Revised June 1978,Electron M i c r o s c o p e Measurement of Airborne A s b e s t o s Concentrations * AProvisional M e t h o d o l o g y Manual.
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APPENDIX B

D E T A I L E D A N A L Y S I S PROCEDURES A S S U B M I T T E D B Y I I T R I



, PROCEDURES
I

B U L K S A M P L E A N A L Y S I St
t Quantitative analysis requires that valid and rigorous procedures beused during all phases and s t ep s of a procedure and that these procedures be» w e l l - d e f i n e d b e f o r e work on the f i r s t s a m p l e is begun. The approach and logicused by IITRI was based on:

• A s tudy protocol prepared by HRI,
• Discussions of the protocol with HRI, and
• Discussion on procedures with Ontario Research Founda t i on (ORF).

The bulk sample procedure is presented in Figure B-l. Where we note that thef i r s t operation is, as with any s a m p l e , s ampl e log-in. The bulk s a m p l e isthen subdivided for two d i s t inc t series of sequential s t ep s . The f i r s t beginswith analysis of the sample "as received" for gross ( d e f i n e d for this s tudyas > 1% by we igh t) f i b e r contamination and characterization by po lar iz ed l ightmicroscopy. S a m p l e s which are not found to be g r o s s l y contaminated are movedinto the s t ep s of i s opropyl alcohol b e n e f i c i a t i o n and electron microscopyanalysis for f i b e r content.
A p a r a l l e l screening test for the second series of s teps is whether thesample received is an e x f o l i a t e d vermiculite or not. If it is e x f o l i a t e d , nowork is n e e d e d ; if not, the sample is th ermal ly e x f o l i a t e d , the product isb e n e f i c i a t e d , and the "sink" f ra c t i on analyzed by electron microscopy.
In the subsections which f o l l o w , IITRI describes the procedures used f o r :
• S a m p l e s p l i t t i n g
• Optical microscopy

- Preliminary inspect ion- S a m p l e s eparations- Polarized l ight microsocpy- X-ray d i f f r a c t i o n
• Elec tron microscopy

- Bene f i c ia t i on- S a m p l e preparat ion- Ele c t ron microscopy analysi s

T a s k 3 2 — S t u d y Protocol f o r t h e C o l l e c t i o n a n d A n a l y s i s o f V e r m i c u l i t eand Related S a m p l e s for the Evaluation of F i b e r Content with Emphasi so n A s b e s t i f o r m F i b e r s (Revised November 1 3 . 1 9 8 0 ) . ~
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S A M P L E S P L I T T I N G
The cample s vere s p l i t into a l lquo t s using e spinning r i f f l e r . 2 Ther i f f l e r is e ro tat ing tray containing s a m p l e receivers. As the tray rotates ,the receivers extract a s a m p l e f rom the f l o w i n g powder stream. T h i s time-averaged sample consisting of cany small aliquots produces a sample free ofbiases due to s egregat ion variation in aerodynamic diameter and the p o w d e r ' sf l o w proper t i e s .

•Each f ra c t i on co l l e c t ed was p l a c e d in a clean, g l a s s cream jar, labe l edwith the IITRI sample number and submitted for analysis or stored. IITRIr i f f l e d a minimum of f our f ra c t i on s f rom each s a m p l e — o n e each for PLH, al-cohol b en e f i c i a t i on , thermal e x f o l i a t i o n , and a back-up sample. The targetsize for each sample was:
• Twenty grams for vermiculite Grades 3 and 4.
• F o r t y grams for all others, inc lud ing vermiculite Grades 1, 2, and5.

O P T I C A L M I C R O S C O P Y
The ob j e c t ive s of the po lar ized l ight microscopy analyses were to:
• Determine if f i b e r s were pre s ent ,

•• I d e n t i f y the f ibrous phases de t e c t ed ,
• Determine the concentrations of a s b e s t i f o r m phase s in the bulk sampl e ,;•* and /. .*' .- •• . ; ;:

• I d e n t i f y the pr i smat i c mineral phases present that could f rac ture toyield "fibrous" par t i c l e s .
To achieve these ob j e c t ive s , several sample preparat ion s teps and sup-pl ementary analyses are used as integral p a r t s of the po lar iz ed l igh t micro-s copy analysi s . The sampl e s eparat ion s t ep s enhance the (semi-)quantitativeaspect s of microscopical analyses which rely heavily on e s t imations of com-ponent concentrations. The suppl ementary analyse s , p r i n c i p a l l y x-ray di f-f ra c t i on , were conducted to e s t ab l i s h i r r e f u t a b l e id en t i t i e s of phases—e s p e c i a l l y those in a f ibrous habit.

Preliminary Inspec t ions
The bulk s a m p l e portions submitted f or po lar iz ed l igh t microscopy (PLM)were f i r s t inspec ted with a low power s t ereomicroscope to determine the numberof d i f f e r e n t mineral phase s pre s ent , the as soc iat ions of the various pha s e s ,and the presence of f i brou s phases . T h i s pre l iminary inspection also servedto determine which s a m p l e s epara t i on s t e p (hand-p i ck ing of f i b r o u s pha s e s , or

A S T W C702 7 1 T , T e n t a t i v e Method f o r Reducing F i e l d S a m p l e s o f A g g r e g a t eto T e s t i n g S i z e .
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heavy liquid s eparat ion) should proceed f i r s t . N o t a t i o n s on sample color,texture and general par t i c l e size ranges were cade at this time.
S a m p l e S e p a r a t i o n s

The ob j e c t iv e of the sample s eparat ions was to concentration any fibrousphase s to f a c i l i t a t e both the phase i d e n t i f i c a t i o n and quantitation tasks.Eubsamples for the separation procedures were obtained by coning and quarter-ing* the sample f r a c t i o n submitted for PIM analysi s . The entire PIM samplef r a c t i o n was poured out of its container onto a clean piece *of f o i l andquartered with a broad-bladed spatula . The desired subsample size (one ortwo quarters) was retained on the f o i l and the remainder of the PIM samplewas returned to its container. For those sample s that received a d u p l i c a t eseparation analysis, the coning and quartering was repeated.
Hand-Pick ing—When the preliminary inspection revealed the presence of several bundlesof f i b e r s at least 1 mm in diameter and 3 mm in l eng th , hand-picking of thef i brou s p h a s e ( s ) with a f ine-pointed tweezers was the f i r s t s eparation s tepper f ormed . The separation subsample of the PIM sample was weighed on a pieceof tared f o i l and then spread to a monolayer of par t i c l e s . W h i l e viewingthrough the s tereomicroscope, the f i b er s were tweezed from the subsample andplaced in a tared weighing pan. Mixed part i c l e types containing at least 25%fibrous material , as well as . to ta l ly f ibrous par t i c l e s were tweezed. The pancontaining the f i brous phase as well as the f o i l containing the nonfibrousremainder of the subsample were then reweighed (to 0.1 mg) and the mass per-cent of "pickable" f ibrous material was calculated.

When smaller bundles were present, hand-picking was done either a f t e rthe f i r s t heavy liquid s eparat ion s t ep or, for some s a m p l e s , was not f ea s i -ble. The procedure for hand-picking f i b e r s f r o m the "sinks" f r a c t i o n of thef i r s t heavy liquid separation is e s s en t ia l ly the same as for the bulk sub-sample s .
Heavy liquid Separat ion—Konvermicu l i t e mineral pha s e s , p a r t i c u l a r l y amphiboles and pyroxenes,were separated f r o m the vermiculite bulk sample s on the basis of dens i ty us-ing a s imple s ink-f loat method. The densities of the mineral phases mustd i f f e r by at leas t 0.2 g / c m 2 for this method to work. T a b l e B-l l i s t s thes p e c i f i c gravities of vermiculite, some of the amphibole minerals, and othermineral contaminants commonly associated with vermiculite.

* S e e Reference 2 , page B-3.

B-4



T A B L E B-l. S P E C I F I C G R A V I T I E S O F S E L E C T E D M I N E R A L S

Mineral

Vexmicul i t eEio t i t eChrysot i l eSerpent ineT a l cA n t h o p h y l l i t eAct ino l i t eTremo l i t eFerroac t ino l i t eCummingtoniteG rune riteDiops id eHornblendeQuartzOlivine

Chemical f o rmula

( H g , C a ) 0 « ( H g , F e , A l ) s o ( A l , S i ) 4 O l 6 ( O H ) 4K ( H g , F e ) s ( A l S i a O l 6 ) ( O H ) 2H g s S i 2 0 6 ( O H ) 4H g S S i 2 O f i ( O H ) 4M g s S i 4 O l o ( O H ) 2( H g , F e ) T S i 8 0 2 2 ( O H ) 2C a 2 ( H g , F e ) g S i 8 0 2 2 ( O H ) 2C a 2 M g s S i 8 0 2 2 ( O H ) 2C a 2 F e s S i 8 0 2 2 ( O H ) 2( H g , F e ) 7 S i 8 0 2 2 ( O H ) 2F e 7 S i s 0 2 2 ( O H ) 2• Cal igSi 2 Oe( C a , N a ) 2 _ 8 ( H g , F e , A l ) 6 S i 6 ( S i , A l ) 2 0 2 2 ( O H 2 )Si0 2( H g , F e ) 2 S i 0 4

S p e c i f i cgravity

2.4 -2.E-3.22.5-2.62.3-2.62.7-2.82.85-3.23.1-3.33.0-3.23.2-3.33.1-3.33.63.23.0-3.42.653.27-4.37

The dens i ty separation technique is based on the pr inc ipa l that parti-cles with a greater dens i ty than the liquid they are suspended in will sinkwhile p a r t i c l e s with dens i t i e s equal to or less than the liquid dens i ty willf l o a t in the liquid. Mineral powder samples subjec ted to this f l oa t- s inkprocedure should be composed of s ingle phase grains of f a i r l y uniform sizeand less than 1 to 2 mm in diamter. As par t i c l e size approache s subsievesize (i.e. , l e s s than 37 p m ) , other f or c e s inc lud ing f r i c t i o n , p a r t i c l eshape, and thermal turbulence inf luence the s e t t l i n g characterist ics of part-icles as ouch as density. The s eparat ion of most bulk sample s will improveif gr inding or sieving is p e r f o r m e d prior to using the f l o a t - s i n k procedure.W h i l e this would have been true for the vermiculite s a m p l e s , these s t ep s wereomitted to preserve the integrity of the sample .
Two dens i ty separations were p e r f o r m e d on each sub sample y i e l d i n g threef r a c t i o n s based on dens i ty d i f f e r e n c e s . The s eparat ion subsample was f i r s tsu spended in 1,1,2,2-tetrabromoethane (TEE), s p e c i f i c gravity of 2.97; theTEE "sinks" were the f i r s t densi ty s eparat ion f r a c t i o n recovered. The TEE" f l oa t s " were then suspended in a T E E / i s o p r o p a n o l mixture ( s p e c i f i c gravityof 2.76) y i e ld ing two other dens i ty- s eparated f r a c t i o n s , the "2.76 sinks" andthe "2.76 f l o a t s . " The procedure is described in de ta i l below.
The d en s i ty sub sample s were dried for 24 hr at 90°C; then accuratelyweighed in tared 250-ml beakers. A p p r o x i m a t e l y 200 ml of tetrabromoethanewere a d d e d , and the mineral powder s lurrie s were vigorous ly a g i t a t e d with as p a t u l a . The slurries were al lowed to stand undisturbed for 12 to 24 hr.The top 160 to 175 ml of tetrabromoethane containing the " f l o a t s " were then
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decanted into a 400-ml beaker and tetrabromoethane and i sopropanol were addedto produce 300 ml of 2.76 s p e c i f i c gravity l iquid. T h i s slurry vas ag i ta t edand al lowed to separate for 12 to 24 hr until migrat ion of p a r t i c l e s in the2.76 sp. gr. liquid ceased. The top 200 to 250 ml of liquid containing the"2.76 f l o a t s " were decanted into a clean beaker.
The s eparated f rac t i on s were recovered by f i l t e r i n g each suspensionthrough a tared, 0.22 (fin pore size, H i l l i p o r e ® membrane f i l t e r . The re-covered mineral f rac t i on s were dried for 24 hr at 90°C and weighed. Sincelo s se s of materials were unavoidable during the decanting and hand l ing , thecalculat ions of the mass percent for each dens i ty f r a c t i o n represented in thetotal sample are based on the summed masses of recovered mat er ia l s , ratherthan on the subsample mass determined at the start of the dens i ty separations.For sampl e s from which f i b e r s were hand-picked b e f o r e the dens i ty s eparat ions ,the mass of the hand-picked f i b er s was a d d e d to the mass of the TEE f r a c t i o nfor ca l cu la t ion of the mass percents of each dens i ty s eparat ion f rac t i onrepresented in the total bulk sample.
The actual losses occurring in the heavy liquid separation s t ep s weredetermined to be 2.2 to 5.5%. Dupl i ca t e s eparat ions p e r f o r m e d on two of thesample s indicated the density f r a c t i o n data were reproducible to within 5%.

Polarized light Micro s copy
A portion of the iinseparated s a m p l e and of each separat ion f ra c t i on wered i sp er s ed in a standard immersion oil (tu = 1.515) on a g la s s s l i d e for PLMAnalys i s . Mineral phases present were i d e n t i f i e d , at least as to mineralgroup, by morphological proper t i e s and by observation of optical proper t i e s ;including extinction a n g l e s , b i r e f r ingenc e , r e f r a c t i v e . i n d i c e s , color andpleochroism. I n d i v i d u a l p a r t i c l e t y p e s ' removed from sub sample s by hand-picking were mounted in other standard re frac t ive index l iquids to a l lov pre-cise determination of par t i c l e re frac t ive indices. Comparison of the unknownmineral p a r t i c l e p rop er t i e s with those of known reference sampl e s and pub-l i shed handbook values allowed i d e n t i f i c a t i o n of various mineral type s .
Indiv idua l phase concentrations were m i c r o s c o p i c a l l y es t imated in thedens i ty s eparated sub sample s on the basis of relative p a r t i c l e sizes and f r e -quency. Mas s concentration ranges for individual mineral phases were describedas:
Primary > 25%H a j o r 5 to 25%Minor 0.5 to 5%Trace < 0.5%

The concentrations of the individual mineral phases in the total bulk samplewere obtained by m u l t i p l y i n g the m i c r o s c o p i c a l l y es t imated concentration ofthe phase in the s eparat ion f ra c t i on by the mass f r a c t i o n the sub sample repre-sented of the total sampl e . For many s a m p l e s , individual mineral phase s oc-curred in smal l concentrations in all the d e n s i t y - s e p a r a t e d f r a c t i o n s .M u l t i p l e - p h a s e p a r t i c l e s a l so contributed to the presence of high d en s i ty
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mineral phases in the two lower densi ty f r a c t i o n s . T h u s , the concentrationsof individual phase s within the total s a m p l e were determined by summing theconcentration determined for each dens i ty-separated frac t ion.
X-Ray D i f f r a c t i o n

Posit ive i d e n t i f i c a t i o n of mineral p h a s e s , p a r t i c u l a r l y f i brou s amphi-boles , by polarized light microscopy, is d i f f i c u l t . T h e r e f o r e , to c learlye s t a b l i s h id en t i t i e s of ma jor and f i brou s mineral p h a s e s , x-ray d i f f r a c t i o n(XRD) analyses were conducted on selected separation subsamples and individ-ual phase s hand-picked f r o m s eparat ion sub sample s . The major o b j e c t i v e ofthe XRD analyses was i d e n t i f i c a t i o n of the f i brou s phase s .
IITRI used the thin f i l m technique, since this is most suitable for thevery small quantities of material s available f rom hand-picking. The thinf i l m s were prepared by f i l t e r i n g the i s opropano l suspended material through asilver membrane (25 mm diamter, 0.45 pm pore size). The XRD sample s wereground to -325 mesh in a diamonite mortar prior to the f i l t r a t i o n . As im-p l i e d above, this technique provides an XRD pat tern for material quantitiesas low as 0.1 mg; 'its drawback is that quanti tat ion is not pract ical due top r e f e r r e d orientation of many minerals including amphibole f i b er s .

. D i f f r a c t i o n pa t t e rn s were obtained with a Rigaku brand, rotat ing copperanode d i f f r a c t o m e t e r operated at 50 ki lovolt s and 10Q m i l l i a m p s . The CuKx-ray lines, with* an averaged wavelength of 1.54184 A, were thus generates.H o s t patterns were run at a scan rate of 2 ° / m i n . A f t e r conversion of the 20d i f f r a c t i o n angles to d-spacings in angstroms, the sample d i f f r a c t i o n pat-terns were compared to standard d i f f r a c t i o n patterns publ i shed by the JointCommit t e e on Powder D i f f r a c t i o n S t a n d a r d s for mineral i d e n t i f i c a t i o n s .
ELECTRON MICROSCOPY

The objec t ives of the electron microscopy analysis were to (a) determinei f r e sp irab l e asbes tos f i b e r s were pre s en t; (b) i d e n t i f y the f i b e r s presentwithin the l imitations of the EPA Provisional M e t h o d ; 3 (c) determine thenumber concentration of re spirable asbestos f i b e r s in the bulk s a m p l e ; and(d) e s t imate the mass concentration of "respirable" f i b e r s in the bulk sam-p l e .
The s t ep s required to achieve these objec t ive s are:
• Eenefic iation of vermicullte sample s ,
• S a m p l e preparation, and
• Elec tron microscopy analysis .

Electron Micro s cope Measurement of Airborne A s b e s t o s Concentrat ions; AProvis ional M e t h o d o l o g y Manual . EPA-600/2-77-178 . A v a i l a b l e f r o m U . S .Environmental Protect ion Agency, O f f i c e of Research and DevelopmentTechni ca l I n f o r m a t i o n S t a f f , Cinc innat i , Ohio 45268, S a m u d r a , A . , e t a l .
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B e n e f i c i a t i o n
Two bene f i c ia t ion procedures were used for the sample s; one used isopro-panol and the other water as a working f l u i d . Each is described below.

I s o p r o p a n o l Benef i c ia t ion—The isopropanol benef ic iat ion procedure was used for those samples whoseasbestos f i b e r concentration, as determined during the PLM analysi s , was lessthan 1% by weight , and to s ampl e s 259-1, 264-1, and 291-1* at the s p e c i f i c re-quest o f MRI.
T h i s benef i c iat ion required p a r t i c l e - f r e e i s opropano l , a sonic bath andtall f o r m beakers. The weighed sampl e was p l a c e d in a ta l l f o r m beaker ofa p p r o p r i a t e size; a volume a p p r o x i m a t e l y equal to 10 times the sample weightof f i l t e r e d i sopropanol was added and the beaker and contents put in an ul-trasonic bath.
The ultrasonic bath was turned on, the mixture was stirred using a cleans p a t u l a , the large par t i c l e s were allowed to s e t t l e , and aliquots were with-drawn from the center of the liquid column. The aliquots were di luted with as u f f i c i e n t quantity of p r e f i l t e r e d i sopropanol to permit f i l t r a t i o n (30 to 50ml). Each aliquot was quanti tat ively t rans f e rr ed to a Kucl epore® f i l t e rfor electron microscopy analysis.

Aqueous Benef i c ia t ion—One of the ob j e c t ive s of the study is to determine the f a t e of the as-bestos which may be in the run-of-the-mine graded vermiculite. To determinethe f a t e of the asbestos, IITRI ex f o l i a t ed the graded vermiculite samples byexposing them in an 800°C oven, benef ic iated the resulting e x f o l i a t e d sam-p l e s , and used electron microscopy to determine the asbestos content of thesink frac t ions .
Thermal e x f o l i a t i o n is used to prepare expanded vermiculite product s .T h i s treatment can readi ly be s imulated in the laboratory. A monolayer ofu n e x f o l i a t e d vermiculite is sprinkled into a preheated sha l l ow quartz con-tainer which is inserted into an 800°C oven for 5 sec. A f t e r the 5 sec ex-pire, the dish is removed, permitted to cool and the e x f o l i a t e d vermiculiteis stored for analysis. The process is repeated until all of the sample ise x f o l i a t e d .
The e x f o l i a t e d sample s t i l l contains all of the components originallypre s ent; however, most of the vermiculite phase can now be removed by anaqueous f l o a t process. In the f l o a t proce s s , the e x f o l i a t e d vermiculite i sp laced in a container, 1 or 2 liters of f i l t e r e d , d i s t i l l e d water is stirredfor 30 sec and the "vermiculite f l o a t s " removed and drained on a 50 mesh, U . S .S t a n d a r d sieve. The drain water is c o l l e c t ed and returned to the originalcontainer, and the vermiculite f l o a t s are d i s carded .
The water (in its container) is then p lac ed in the sonic bath, soni-ca t ed , and aliquot s a m p l e s are removed with a p i p e t t e . The procedure used to

* M i d w e s t Research I n s t i t u t e sample numbers.
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prepare f i l t e r s is identical to that used in the i sopropanol b ene f i c ia t i on ,except that f i l t e r e d , d i s t i l l e d water i s s ub s t i tu t ed for i s o p r o p a n o l .
S a m p l e Preparation

The basic procedures IITRI used to analyze the s ampl e s are documented inElec tron Micro s cope Measurement of Airborne A s b e s t o s Concentrat ions; A Pro-visional M e t h o d o l o g y M a n u a l ; a however, four sample s were analyzed using a mod-i f i e d protocol. Both protocol s use identical sample preparation procedures,which are discussed below f o l l o w e d by a d e s c r ip t i on of the analyt i ca l proto-cols .
The membrane on which the sample is d e p o s i t e d was air-dried overnight ina C l a s s 100 clean workbench; a wedge-shaped portion of the f i l t e r was cut,carbon-coated, and 0.3 mm diameter circle was then removed with a punch f romthe wedge for t rans f er to a 200 mesh copper transmission electron microscopygrid. The J a f f e washer technique was used to t ran s f e r the sample to the grid.
In the J a f f e washer technique, a stack of 40 clean, 4.4 cm diameter,paper f i l t e r s is p laced in a clean gla s s petrie dish. S p e c t r o s c o p i c gradechloroform is then added until the level is at the top of the stack of f i l t e rpaper. Several small (but larger than the 0.3 mm diameter g r i d ) pieces of 60or 100 mesh s ta inle s s steel (SS) screen are p lac ed on the stack of f i l t e rpaper. An orientation mark is p laced on the outside of the petri di sh, and a"map" showing the location of each piece of SS mesh is drawn. A sample to'betrans f erred is p l a c e d , carbon-coated side down, onto a transmission electronmicroscope grid and the pair is p laced on the center of a piece of SS mesh.The sample ident i f i ca t ion is noted on the "map." The procedure is repeateduntil the washer is f i l l e d or all sample s to be prepared are in place.
The ch l oro f orm level is maintained at the top sur face of the stack off i l t e r paper for the 24 to 72 hr required to dis solve the Kuclepore© membrane.The preparat ion is c omple t ed by al lowing the residual ch l o ro f o rm to evaporatef r om the g r i d , then p l a c i n g the grid in a labe l ed grid storage box. All ofthe procedures described are per formed in a C l a s s 100 clean workbench.

Electron Microscopy Analys i s
EPA Provisional Method—The prepared samples are examined using a JEOL 100C analytical electronmicroscope. The electron microscope (EM) is used in the transmission mode toscreen the sample prior to the analysis and to p e r f o r m the enumeration andsizing of each f ib er located in the selected grid o p e n i n g ( s ) . The scanningtransmission electron microscopy (STEM) mode is used to obtain nondispersivex-ray data at a t i l t angle of 40°.

See Reference 3, page B-7.
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Prior to analysis of the sample , it is inspected at low (500X) magni f i-cation to assure that the m a j o r i t y (80%) or more) of the grid openings areclear and the carbon f i l m intact. The p a r t i c l e l o a d i n g is a l s o determined atthis time. Any sample found over l oaded , d a m a g e d , or not adequate ly clearedis not used in the analyt i cal p ro c e s s , but is reprepared f rom either theoriginal suspension or the f i l t e r , as appropr ia t e .
The accepted preparat ions are immed ia t e ly counted by randomly s e l e c t inga grid o p e n i n g ( s ) and counting, s izing, and c l a s s i f y i n g each f i b e r found inthe grid opening. The f i b e r s are c l a s s i f i e d as chrysot i le a sbe s to s , amphiboleasbestos, not asbestos, ambiguous, and no pattern based on morphology and thes e l e c t ed area d i f f r a c t i o n (SAD) pat t ern. The SAD pat t erns are not recorded(except a few for documentat ion) or indexed. The comparison is visual and ifthe pa t t e rn is obviously compat ib l e with one of the asbestos minerals , thef i b e r is so c l a s s i f i e d . A nondispers ive x-ray pat t ern is o f t e n used as anaid in the c l a s s i f i c a t i o n , par t i cu lar ly when nonasbestos phases capable ofprovid ing f a l s e po s i t iv e f i b e r i d e n t i f i c a t i o n are known (by PLM, XRD, or f romgeo log i ca l sources) to be present.
S i m i l a r l y , f i b e r s whose S A D pa t t e rn characteristics d i f f e r s i g n i f i c a n t l yfrom asbestos pat tern characteristics are c l a s s i f i e d as "not asbestos," andthose prov id ing no pattern* or indeterminate pat t erns are c l a s s i f i e d as "nopattern" or "ambiguous" f i b e r s , r e spec t ive ly. T h e s e data are recorded, withthe size data taken for each f i b e r , and is reported for each f i b e r observed.
The f i b e r enumeration and sizing is continued until approximately 100f i b e r s have been compl e t ed or 10 grid openings have been examined. The dataare taken from two d i f f e r e n t TEH grids whenever po s s i b l e .

M o d i f i e d Provisional Method--IITRI. analyzed four sample s using a m o d i f i e d Provisional Method to countthe f i b e r s . The method was m o d i f i e d to f a c i l i t a t e obtaining s t a t i s t i c a l l yvalid counts, which in turn permits es t imation of conf idence l imi t s for theanalysis. The m o d i f i c a t i o n s are based on di scus s ions with Dr. £. C h a t f i e l dand one of our ob j e c t ive s is to provide data for comparison of our re sul t swith d u p l i c a t e anayses at Ontario Research Foundat ion (ORF).
As previously s ta t ed , the m o d i f i c a t i o n s a f f e c t the analysis of the sam-ple during electron m i c r o s c o p y — n o t during preparat ion. The s p e c i f i c changesare in the l oad ing requirement and the f i b e r i d e n t i f i c a t i o n criteria.
The d i f f e r e n c e in loading requirement is in the basis for s e lec t ion of agrid. IITRI select s grids for analysis based on total loading of par t i c l e s .We have found that this basis f a c i l i t a t e s p a r t i c l e and f i b e r i d e n t i f i c a t i o n ,a l though it can cause low f i b e r counts in sampl e s containing asbestos at thepart per mi l l ion concentration level.

F i b e r s which are too close to another p a r t i c l e or to the edge of the gridf r e q u e n t l y are "ambiguous."
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The CRT procedure bases grid selection of a f i b e r l oad ing (with, ofcourse, an upper limit f i x e d by total p a r t i c l e l o a d i n g ) of, i d e a l l y , 10 as-bestos f i b e r s per grid opening. Since the ob j ec t ive is to obtain s tat i s-t i c a l l y valid counts, this procedure al so c a l l s for counting on f o u r gr id sp r e p a r e d from d i f f e r e n t areas of the f i l t e r . T h i s enhances the s t a t i s t i c a lva l id i ty of the data.
It is obvious that using the higher l oad ing requires screening many moref i b e r s when the ORF procedure is f o l l o w e d ; thus, the IITRI method, which in-volves c l a s s i f i c a t i o n . of each f i b e r encountered, must be m o d i f i e d . The ORFprocedure al lows screening on the basis of morphology and other informat ionknown about the sample s . As an example, vermiculite s cro l l s and p l a t e s arecommon nonasbestos "fibers" in vermiculite s a m p l e s . However, they have muchlower contrast than do amphibole f i b e r s and prisms and are readily distin-guished by an experienced analyst scanning the vermiculite sample s . T h u s ,the nonasbestos f i b e r s are pa s s ed over, chrysot i le is i d e n t i f i e d on The basisof its unique morphology and amphibole f i b e r s are i d e n t i f i e d by morphologyand the c o m p a t i b i l i t y of the f i b e r s ' SAD pat t ern with known, amphibole pat t erns .

The ORF procedure results in three c l a s s i f i c a t i o n s of f i b er s analyzed:chryso t i l e , amphibo l e , and u n i d e n t i f i e d f i b er s .
Data Reduction—The data f r o m each procedure is reduced using similar procedures . Thef i b er concentration in f i b er s ' per gram is computed based on the originalweight of vermiculite f r o m which the sample was prepared . It is computedusing Equation 1:

= Kf .i Af • ^T (1)

where C» = Concentrat ion, f i b e r s per gramN£ j = Number of f i b er s of type i countedn * = Number of grid openings countedA| = Area of one grid opening, cm2

A| = Area of f i l t e r from which grid was made, cm2

Vr = Weight of sample , gVf = T o t a l volume of b on i f i ca t i on f l u i dV. = Aliquot volume used for f i l t e r preparat ion.
IITRI and ORF used s imilar but d i f f e r e n t gr id s . T h o s e used by IITRI wereextremely uniform in opening areas and not all openings were measured. ORFused a d i f f e r e n t grid which was not as u n i f o r m and measured each grid open ingthat was counted.
The total mass of f i b e r s is e s t imated using a right circular pr i sm modelto compute a volume, then m u l t i p l y i n g by a d e n s i t y and summing over each f i b e rtype . T h i s ca l cu la t ion is shown in Equation 2. The mass concentra t ion, f . / g ii s computed by s u b s t i t u t i n g the t o ta l f i b e r mass e s t imate into Equation l, g

f o r N f .
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nM, = 2 ? x d2 x £ r e x 103 (2)1 i=l *

where: M f = Estimated total f i b e r mass , f
d 2 = F i b e r diameter ( p r o j e c t e d w i d t h ) , urnI = Fiber l ength , pme = Mineral dens i ty, g/cm 3 : chrysoti le = 2.6 g / c m 3

amphibole = 3.0 g / c m 3

F i b e r de t e c t ion l imi t s for any sample can al so be computed using Equation 1.To do this, the value of 1 is substi tuted for N,, equivalent to assuming 1f i b e r is d e t e c t e d . All de t ec t ion l imi t s reported herein are in f i b e r s pergram.
When high f i b e r l oadings are encountered, or when the ORF al ternate pro-cedure is used, the average f i b e r count per grid opening and the s tandard de-viation (S) are determined. T h e s e values are computed using standard methodsbased on a normal dis tribution and the f i b er count data are then given with95% conf id enc e l imit s .

Airborne F i b e r A n a l y s i s —The enumeration and measurement of airborne f iber s is accomplished usingtwo w e l l - d e f i n e d and e s tab l i shed techniques. The f i r s t is the NIOSH s p e c i f i e dphase contrast f i b e r enumeration by opt ical microscopy. The procedures aredescribed in de ta i l in DHEW (NIOSH) Publicat ion No. 79-127. The second ana-lytical method i s t h e U.S. EFA's Provisional M e t h o d o l o g y , described in EPA-600/2-77-178, revised June 1978. The NIOSH procedure is summarized below,since it was used for analyses on this program; the EPA electron microscopeprocedures are identical to the procedure described as S a m p l e Preparation andElectron Micro s c opy A n a l y s i s (EPA Provisional M e t h o d ) in the bulk sample pro-cedures .
S a m p l e Preparation

S a m p l e s to be submitted for phase contrast enumeration are co l l e c t ed once l lu lo s e acetate ( H i l l i p o r e ® or equivalent) f i l t e r s using an open fa c e f i l t e rholder. The sample is prepared for enumeration using one of two techniques-dis so lving the f i l t e r in a solution of dimethyl ph tha la t e and diethyl oxalatecontaining clean, d i s so lved membrane for vi scos i ty control 4 or by c o l l a p s i n gthe membrane pore structure using a solution of hexane/ l ,2-d i ch loroe thane/p-dioxane and rendering the c o l l a p s e d membrane transparent by exposure to ace-tone vapors . £ Both techniques end by covering the sample with a cover s l i p ,with the la t t er technique requiring a 1.505 r e f r a c t i v e index oil. IITRI usesthe second procedure because it provide s a permanent mount with no restric-tions on the count-time frame. T h i s preparat ion procedure is routinely usedb y I I T R I f o r p r o f i c i e n c y analyt ical t e s t i n g ( P A T ) f i b e r enumeration.

Contained in P&CAM 239, recommended by NIOSH.M i l l i p o r e ® Procedure, T S 0 1 8 .
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Fiber Enumeration
The f i b e r s on the f i l t e r are enumerated using the f o l l o w i n g pro to co l . APorton G r a t i c u l e is used to d e f i n e counting areas. A minimum of 20 areas and amaximum of 100 areas are counted. A f t e r 20 areas have been counted, theenumeration of f i b e r s is t o p p e d when 100 f i b e r s have been enumerated. F i b e r sare enumerated using the f o l l o w i n g rules:
• F i b e r is ent ire ly within counting areaC o u n t — 1 f i b er if length > 5 |Jm
• Fiber has one end in counting areaC o u n t — 1 / 2 f i b e r if l ength > 5 \m
• F i b e r crosses two s ide s of counting areaCount—no f i b e r
• Fiber does not enter counting areaC o u n t — n o f i b e r

N o t e : All f i b e r s — d e f i n e d as p a r t i c l e s having p a r a l l e l s i d e s , l eng th to di-ameter ratio £ 3 and l ength > 5 p m — a r e enumerated by the NIOSH procedure.T h u s , if the p r o b a b i l i t y is high that nonasbestos f i b e r s are pre s ent , theNIOSH procedure can overstate the actual asbes tos f i b e r concentration. Thereason for the po s s i b l e over statement is the f a c t that phase contrast il-lumination does not a l low the analyst to i d e n t i f y the individual f i b e r s .
The f i b e r count data are converted to airborne f i b e r concentration usingEquation 3:

^ • ( 3 )

where: F = Airborne f i b e r concentration, f i b e r s / c cf = Number of f i b e r s enumerateda£ = T o t a l counting area, cm2

A£ = Area of f i l t e r used for sample c o l l e c t i on , on 2

V* = Volume of air s a m p l e d , cc
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APPENDIX C

A I R S A M P L E S F L O W R A T E S A N D S A M P L E V O L U M E S



The Dupont Mode l 4000 personal air s a m p l e r s were ca l ibra t ed b e f o r e anda f t e r each day of sampl ing . The ca l ibrat ion was done with a 500-ml soapbubble meter and a s t op watch. The s a m p l e r ca l i bra t ion values are given inT a b l e C- l .
The data for the volume c a l c u l a t i o n for the various personal air s a m p l e sare given in T a b l e C-2.
The f l o w rates for the s tat ionary sampl er s were measured at the beginningof s a m p l i n g , p e r i o d i c a l l y during s a m p l i n g and at the end of sampl ing. Thedata for the s tat ionary sampl er s are given in T a b l e C-3.
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T A B L E C - l . P E R S O N A L S A M P L E R C A L I B R A T I O N S ( E A C H V A L U E R E P R E S E N T S A M I N I M U M O F T H R E E D E T E R M I N A T I O N S )

Grace , Libby MontanaS a m p l e r
I D

186172
186173
186174
186175
1-7328

o 2-7334
6-7329
7-7317

Pre-s a m p l i n g

2.13
2.12
2.09
2.12
2.07
2.16
2.12
2.19

Post-sampl ing

1.91
1.92
1.96
1.93
1.89
2.13
1.99
1.99

Grace M i l lPre-sampl ing

2.02
1.96
1.99
1.98
2.02
2.00
2.02
2.01

Post-s a m p l i n g

2.07
1.94
2.00
2.01
2.04
2.04
2.07
2.00

Enoree, N o r t h Caro l inaGrace M i n e Pat t er sonPre- Post- Pre-Avg sampl ing sampl ing Avg sampl ing

2.04
1.95
2.00
2.00
2.03 1.94 1.99 1.97
2.02 1.98 1.92 1.95 1.94
2.04 1.95 2.00 1.98 1.95
2.01 1.93

Post-sampl ing Avg'

.1.93 1.93
1.94 1.94
1.93 1.93

a Value s used to calculate sample volume.



TABLE C-2. DATA FOR VOLUME CALCULATIONS FOR PERSONAL SAMPLES

S a m p l eno.

101121125126126129130131135138139141146148
300301 fl3 0 4 ( S ) a

305306308310314315320321322324
330 „3 2 2 ( S ) a

336337339340 m341 ( S ) a

347349

S a m p l e rID

1-73281861737-73171661752-73341861727-73171861741861741661722-73346-73296-7329186175
2-73346-73291661741861726-73297-73172-73341861731-73282-73347-73171861731-7328
1-73282-73346-73291861751861726-73292-73341861751-7328

F l o w(£/min)

2.072.122.192.122.162.132.192.092.092.132.162.122.122.12
2.021.982.002.041.982.01.95.95.97.95.01.95.97
2.032.022.042.002.042.042.022.002.03

Times ampl ed(min)

186429264278266270130145283138125130261140
17512143814136220313214612728023824131
14120220524630218179157251

Volume
t t )

385• 909578589575575285303591294270276555297
35424067628871740825726525054647847061
285408•418492616369160314507

(cont inued)
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TABLE C-2 continued
TimeS a m p l e S a m p l e r F l o w sampl ed Volumeno. ID ( £ / m i n ) (min) (£)

504 2-7334 1.93 185 357508 7-7317 1.93 132 255511 6-7329 1.94 194 376516 7-7317 1.93 188 363517 2-7334 1.93 192 371519 7-7371 1.93 177 342520 6-7329 1.94 130 252521 6-7329 1.94 184 357542 2-7334 1.93 129 249

a 3 0 4 ( S ) , 3 3 2 ( S ) , and 3 4 1 ( S ) were stationary sample s .
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TABLE C-3. VOLUME CALCULATIONS FOR STATIONARY SAMPLES

S a m p l e
CO.

102103104.107108111112113115116119120122123124132134136145147149
302307309313316316323328329331334335336342343344345350351352353354

Averagef l o wa/min)

0.971.042.191.901.162.082.051.390.790.901.002.202.361.470.880.961.940.971.091.411.14
0.741.311.041.811.851.181.542.372.131.521.080.851.941.582.361.051.770.871.261.451.961.59

Times a m p l e d(min)

270182178109146177301143321174128299179166343362404114386387369
3212223213293143201001213871281249413632732884122331332352322324

Volume
t t)
261189390207169368616199253156128658422244302348784111421545420
2392913345955823781542878231951348026451677488216288420511632515

(continued)
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TABLE C-3 continued

S a m p l eno.

502503506513515518523525527528531540

Averagef l o w( £ / m i n )

1.671.462.231.301.701.761.722.192.131.022.082.04

Timesampl ed(min)

351144123145175342348342345144144343

VolumeU )
585210274188299601599748735147300701
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APPENDIX D

I N C R E M E N T B U L K ' S A M P L E S C O L L E C T E D A N D C O M P O S I T E D



H o s t of the sample s submitted for anaysis were composites of increments a m p l e s . To prepare the composi te s a m p l e s each increment sample was r i f f l e dto obtain a representative f r a c t i o n of the increment. A p p r o x i m a t e l y equalweight f rac t ions of each increment frac t ion were combined to make a compositesample . The compos i t e sample was then mixed and r i f f l e d to produce f our equals amp l e s . One of the f o u r t h s was set as ide and retained as a control. One ofthe f our th s was again r i f f l e d to produce two-eights of the original composite.The two-eighths were combined with the two- four th s so that the composi te wasdivided into 1/4 , 3 / 8 , and 3/8 of the original. The "1/4" was retained atMRI: one "3/8" was sent to IITRI; the other "3/8" was sent to Ontario (ORF)f o r analysi s .
Each of the increment sample s was assigned a sample ID number. T a b l e sD-l, D-2, and D-3 l i s t s the increment s a m p l e s f r om the three co l l e c t i on lo-cations that were processed into composi te s . T a b l e D-4 l i s t s the sampl e s thatwere not proce s s ed.

D-l



T A B L E D-l. I N C R E M E N T A N D C O M P O S I T E S A M P L E S F R O M L I B B Y , M T , G R A C E

S a m p l ede script ion

Grade 1GradeGradeGradeGradeGradeGradeGrade 1Grade 1Grade 1Grade 1Grade 1
Grade 2Grade 2Grade 2Grade 2Grade 2Grade 2Grade 2Grade 2Grade 2Grade 2Grade 2Grade 2
Grade 3Grade 3Grade 3Grade 3Grade 3Grade 3Grade 3Grade 3Grade 3Grade 3Grade 3Grade 3

Datecol lec ted

10/7/8010/8/6010/9/8010/10/8010/13/8010/14/8010/15/8010/16/8010/17/8010/21/8010/23/80Composi t e
10/7/8010/8/8010/9/8010/10/8010/13/8010/14/8010/15/8010/16/8010/17/8010/21/6010/23/80Composi te
10/7/8010/8/8010/9/8010/10/6010/13/8010/14/8010/15/8010/16/8010/17/8010/21/8010/23/80Compos i t e

S a m p l eID

151152153154155156157156159160161270
162163164165166167168169170171172276
173174175176177178179180181182163259

S a m p l eweight
<*)

1,0301,0021,0021,0001,0019991,0021,0091,000798991

1,0011,0061,0041,0041,0041,0029561,0021,002873992

9991,0021,0021,0021,0039971,0031,0009971,000964

Weightf o r composi te
(8)

126125126125125125125125125125125

125125125125125125125125125125125

133113121122127124129124124124125

(continued)
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TABLE D-l continued

S a m p l ed e s cr ip t i on

Grade 4Grade 4Grade 4Grade 4Grade 4Grade 4Grade 4Grade 4Grade 4Grade 4Grade 4Grade 4
Grade 5Grade 5Grade 5Grade 5Grade 5Grade 5Grade 5Grade 5Grade 5Grade 5Grade 5Grade 5
Head f e e d ?Eead f e e d 8

Eead f e e d 8

Head feed*Eead f e e d a

Eead f e e d 8

Eead f e e d 8

Eead f e e d 8

Eead f e e d 8

Eead f e e d 8

Datecol l ec t ed

10/7/8010/8/801 0 / 9 / C O10/10/8010/13/8010/14/8010/15/8010/16/8010/17/8010/21/8010/23/80Compo s i t e
10/7/8010/8/8010/9/8010/10/8010/13/8010/14/8010/15/8010/16/8010/71/8010/21/8010/23/80Compo s i t e
10/8/8010/9/8010/10/8010/13/8010/14/8010/15/8010/16/8010/17/8010/23/80Compos i t e

S a m p l eID

184185186187188189190191192193194282
195196197198199200201202203204205264
223224225226227228229230231291

S a m p l eweight
( g )

1,0001,0049971,0021,0011,0001,0001,0221,0009991,002

1,0001,0011,0059999981,0001,0001,0009979951,000

9589659559519539479499501,000

Weightf o r composite
( f )

125125125125125125125125125125125

125125124125129129124126124126125

125125125125125125125125125

(continued)
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TABLE D-l continued

S a m p l edescript ion Dateco l l ec t ed S a m p l eID
S a m p l eweight

( g )
Weightf or composite

ExtractorExtractorExtractorExtractorExtractorExtractorExtractorExtractorExtractor
Dust,Dust,Dust,Dust,Dust,Dust,Dust,Dust ,
Dust,Dust,Dust,Dust,Dust,Dust,Dust,Dust,Dust,

screeningscreeningscreeningscreeningscreeningscreeningscreeningscreening

plantplantplantplantplantplantplantplant
oill baghousemill baghouseDill baghousemill baghouseoill baghouseoill baghousemill baghouseDill baghouseoill baghouse

10/8/801 0 / 9 / 8 010/10/8010/13/8010/14/8010/15/6010/16/8010/17/80Composite.
10/8/8010/9/8010/10/8010/13/8010/14/801 0 / 1 5 / 8 010/17/80Compos i t e
10/6/8010/9/8010/10/8010/13/8010/14/8010/15/8010/16/8010/17/80Composi te

250251252253254255256257294
206207208209210211212288
215216217214218219220221297

870860852860860893887890

1,0081,0009981,230996965980

1,0069981,0031,0099779891,0021,004

125125125125125125125125

125125125125125125125

125125125125125125125125

All "head f e ed" cample s contained rocks too large to pas s through thechannels in the r i f f l e box. T h e s e vere separated out, weighed sep-arately, and retained at MRI.
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TABLE D-2. INCREMENT AMD COMPOSITE SAMPLES FROM ENOREE. SC. GRACE

S a m p l ed e s c r i p t i o n

Grade 3Grade 3Grade 3Grade 3Grade 3Grade 3Grade 3Grade 3
Grade 4Grade 4Grade 4Grade 4Grade 4Grade 4Grade 4Grade 4
Grade 5Grade 5Grade 5Grade 5Grade 5Grade 5Grade 5Grade 5
H i l l f e e d + 100 meshH i l l f e e d + 100 meshH i l l f e e d + 100 oeshH i l l f e ed + 100 meshH i l l f e e d + 100 meshH i l l f e ed + 100 neshH i l l f e ed + 100 neshH i l l f e ed + 100 oesh
Grade 3 e x f o l i a t e dA n a l y s i s ID
Grade 4 e x f o l i a t e dAnalys i s ID

Datec o l l e c t ed

10/27/8010/28/601 0 / 2 9 / 8 010/30/8010/31/801 1 / 1 / 8 01 1 / 2 / 8 0Compos i t e
10/27/8010/28/8010/29/8010/30/8010/31/8011/1/801 1 / 2 / 8 0Compos i t e
10/27/8010/28/8010/29/8010/30/8010/31/801 1 / 1 / 8 011/2/80Compos i t e
10/27/8010/28/6010/29/8010/30/801 0 / 3 1 / 8 01 1 / 1 / 8 01 1 / 2 / 8 0Compos i t e
1 1 / 5 / 8 0

1 1 / 5 / 8 0

S a m p l eID

389390391392393394395430
396397398399400401402433
403404405406407408409427
375378379381384386388436
424439
422442

S a m p l eweight
(8)

1,5382,5842,4451,9002,5842,6822,768

1,4902,4502,3802,3902,7152,6103,005

1,7292,4592,5902,1652,7002,4902,770

451881776709956836792

203

260

W e i g h tf o r compos i t e

120120125125125125126

125125125125125125125

123126119125125125129

225225225225225225225
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TABLE D-3. INCREMENT AND COMPOSITE SAMPLES FROM ENOREE. SC. PATTERSON

S a m p l ed e s c r i p t i o n

UngradedUngradedUngradedUngradedUngraded

Date*c o l l e c t e d

11/6/801 1 / 6 / 8 01 1 / 6 / 8 01 1 / 6 / 8 0Compos i t e

S a m p l eID

567568569570573

S a m p l eweight
(8)

1,7701,7001,1861,780

Weightf o r c ompo s i t e
( g )
250250250250

a Increments taken at 2 hr intervals.
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TABLE D-4. BULK SAMPLES THAT WERE COLLECTED BUT NOT__________SUBMITTED FOR ANALYSIS__________________
S a m p l e d e s c r i p t i o n Number o f increments

Grace , Libby, under 90 mesh 9
Grace, Libby, coarse tai l s 9
Grace, SC, mill f e e d , under 100 mesh 7
Grace, SC, dryer composi te 7
Grace , SC, vet scrubber discharge 1
Grace , SC, compos i t e to ta l ta i l s 1
Grace, SC, Lanford mine composi te 1
Grace, SC, F o s t e r mine composite 1
Grace, SC, No. 4 concrete aggregate , s tabil ized 1
Grace, SC, No. 3 masonry insulation 1
Patterson, SC, raw ore prescreen 1
Patter son, SC, raw ore postscreen 3
Patter son, SC, raw ore m u l t i p l e grab f r o mmain ore p i l e 1
Patter son, SC, main waste p i l e 4
Patterson, SC, p r e e x f o l i a t e d waste 4
Pat t er son , SC, bagged product 4
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APFEKDIX E

PHOTOMICROGRAPHS AKD TEH MICROGRAPHS OF SELECTED SAMPLES



1. Photomicrographs (IITRI) (p. E-2 to E-17) of s e l ec ted sample s .
All pho tomicrographs were taken with s l i g h t l y uncrossed po lar s unless
otherwise indicated.

2. TEK micrographs (ORF) (p. E-18 to £-25) of s e l e c t ed sample s
to i l l u s t r a t e the type s of par t i c l e s observed in sample s of vermicu-
l i t e f r om the various locations represented in this s tudy. It should
be noted that these micrographs were taken using specimen grids pre-
pared for i l l u s t r a t i o n purpose s only and the p a r t i c l e loadings are
considerably heavier than those required for TEM evaluation.
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2 5 9 - I - T B S ; 52X. Unevenly f rac tured f ragment s of dark green d i o p s i d e andaugl t e .

259-1-2.76 f l o a t ; 8 A X . Large f l a k e y p a r t i c l e s ar e vermiculite with whites tre s s l ines. Arrow p o i n t s to a f l a k e of ta l c intergrown with t r emo l i t e -a c t ino l i t e f i b e r s .
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2 5 9 - I - T B S - F i b e r s ( g r o u n d ) ; 208X. Large bundle in the center is unquestionablyf ibrou s tremol i t e-act inol i t e . N o t e the (whi t e) interference dolors o ff i b e r s growing at angles to the main f i b e r bundle which has been rotated toan extinction pos i t ion (and is t h e r e f o r e gray).

2 5 9 - I - T B S - F i b e r s ( g r o u n d ) ; 208x. T h i s p a r a l l e l - l a m e l l a t e d pr i sm m o r p h o l o g y o ft r e m o l i t e - a c t i n o l i t e was f o u n d within hand-picked f i b e r bundles .
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259-1-2.76 sink; 208X. Calc i t e (bright whi te) growing in & p s e u d o m o r p h i c a l l yf i brous crystal habit within tremolite-actinolite f i b e r bundles. Some cal-cite crys tal s (arrows) could be frac tured to yield "fibers".

259-Z-2.76 f l o a t ; 84X. Arrow po in t s t o a f l a k e o f l a m e l l a t e d quartz. The
f l a k e y , l a m e l l a t e d m o r p h o l o g y was caused by the quartz f o r m i n g Inbe twe enverml cu l i t e p l a t e s .
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2 6 4 - I - T B S ; 208X. Arrows point to t r emol l t e-ac t lno l i t e in two d i f f e r e n t crys-tal h a b i t s — t h e p a r a l l e l , lame l la t ed prisms and truly f ibrous material. Themott led coloring of the f i b er bundle is due to the various angles at whichthe individual f i b e r s are intergroving with each other.

2 6 4 - I - T B S ; 208X. The circle ou t l ine s one t r e m o l i t e - a c t i n o l i c e p a r t i c l ewhich contains 2 d i f f e r e n t crystal h a b i t s — t h e p a r a l l e l , l a m e l l a t e d prisms
on one end and m a t t e d , intergrown f i b e r s (whi t e p o r t i o n ) on the o th er end.
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264-1; 84X. The large elongated par t i c l e In the center is f i brou s tremolite-ac t lno l i t e with inclusions(arrows) of prismatic tremolite-actinolite. Thelarge f l a k e y white par t i c l e (arrow) is a sheet of quartz adhering to venai-cul i te and was- a p p a r e n t l y growing inbetween vermlcu l l t e p l a t e s .

291-1; 84X. The f r i a b i l i t y o f the t r e m o l i t e - a c t i n o l i t e f i b e r bundle s i sdemons tra t ed here. S i m p l e d i s p e r s i o n of the s a m p l e r e su l t ed in abrasion
o f numerous sma l l e r f i b e r bund l e s f r o m th e l a r g e b u n d l e s p r e s e n t .
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430-I-TBS (minimaT~grinding); 208X. The t r emol i t e-ac t ino l i t e , hornblende anda n t h o p h y l l i t e amphibole f ragment s are mos t ly irregular to chunky prisms.Some s lender prisms vhlch could yield par t i c l e s c l a s s i f i a b l e as f i b er sare present.

430-1-2.76 sink ( a f t e r gr ind ing); 208X. Most of the pr i smat i c to near f i b rou sa m p h i b o l e s epara t ed into this d e n s i t y f r a c t i o n because it vas so i n t i m a t e l yintergrovm with vermiculite and talc .
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430-1-2.76 f l o a t ( g r o u n d ) ' ; 208x. A l t h o u g h optical and morphological proper-ties of the m o t t l e d phase d e p i c t e d were consistent with serpentine minerals3RD data ruled out serpentine as Its I d e n t i t y . Mixed layer vermicullte-h y d r o b i o t l t e was I d e n t i f i e d in the XRD work.

4 2 7 - I - T B S ; 84X. Several large l a m e l l a t e d , p a r a l l e l prisms o f t r emol i t e-a c t i n o l i t e and a n t h o p h y l l i t e are visible.
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427-I-TBS ( g r o u n d ) ; 208X. Crushing of the large emphlbole prisms producedprisms vich s p l i n t e r f ragment s that could morpho l og i ca l ly be d e f i n e d asf i b er s .

4 2 7 - I - T B S - F i b e r s ( g r o u n d ) ; 208X. Crushing of coarse "fibers" produced m o s t l ypr i smat i c material. Arrows point to the numerous v e rr l cu l l t e and ta l cp l a t e s I n t e r g r o v m within "fiber" bundl e s .
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427-1-2.76 sink; 208X. The vhite portion of the circled par t i c l e is talc.The remainder is ( l a m e l l a t e d ) prismatic anthophyl l i t e . Numerous f l a k e s oftalc intergrown with a n t h o p h y l l i t e were found in this f rac t i on .

m * * - ^ t«.: »V.« *. "• * .f . . . • • » • ' * * - • ' • * - - ;<*t«-

436-1; 82X. The anphibole s are mo s t ly chunky and pr i smat i c in thi s sampl e .Arrow p o i n t s to t r e m o l i t e composed o f rather t h i c k , l a m e l l a t e d pri sms.
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4 3 6 - I - F l b e r s (ground); 208X. T r u l y f ibrous anphibole as well as very chunky,pri smat i c par t i c l e s were produced when par t i c l e s macroscopical ly c l a s s i f i a b l eas f i b e r bundles were ground.

4 3 6 - I - T B S - g r e e n , g l a s s y ( g r o u n d ) ; 208X. T h i s phase was a mixture of horn-
b l e n d e and t r e m o l i t e - a c t i n o l i t e . The a m p h i b o l e s 1 m o r p h o l o g i e s werep r e d o m i n a n t l y chunky prisms.
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436-I-TBS-milky green (ground); 208X. Mineral grains composed of this trena-il te-hornblend mixture were, irregular in shape and rough. Appearance s ofcrushed f ragment s indicated that the grains were composed of agglomeratedsmaller crystals which themselves were irregularly grown.

4 3 6 - 1 - I B S - c o l o r l e s s , g l a s s y ( g r o u n d ) ; 208X. The predominant material i sf l u o r a p a t l t e — h i g h c o n t r a s t , c oncho ida l ly f r a c t u r e d p a r t i c l e s .
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5 7 3 - I - T B S ; 82X. Non-vennlculite phases were mos t ly chunky, prismatic amphi-bo l c s , iron oxides (b lack) and f l u o r a p a t i t e (rounded, gray p a r t i c l e s ) .

5 7 3 - I - T B S ( g r o u n d ) ; 208X. G r i n d i n g did result in f r a c t u r e o f some a m p h i b o l egrains into e longated f r a g m e n t s m o r p h o l o g i c a l l y c l a s s i f i a b l e as f i b e r s .
Most o f th e amphibo l e f r a g m e n t s re tained chunky, p r i s m a t i c m o r p h o l o g i e s .
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2 6 7 - I - T B S ; 82X.d i o p s i d e . Fibrous and prismatic amphiboles (arrows) are present with

2 7 6 - I - T B S - m i l k y green ( g r o u n d ) ; 208X. Like the milky green mineral grains of436-1, the milky green grains of this s ampl e were composed of m u l t i p l e ,poorly formed amphibole crystals. Unlike the 436-1 sample , the individualcrys ta l s in this s ampl e exhibited mos t ly f i b r o u s morpho log i e s .
E-14



276-I-TBS-dark"grecn glassy ( g r o u n d ) ; 208X. The pyroxene, d l o p s l d e , exhibitssome concholdal as veil as pr i smat i c frac ture pa t t e rn s .

2 9 4 - I - T B S ; 82X. Small amph lbo l e f i b e r bundle s and large a m p h l b o l e prisms arepre s ent . N o t e the layered crystal growth of the f ra c tur ed t r emol i t e -a c t i n o l i t e fragment (arrow).
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288-1; 52X. The m o t t l e d coloring of this large trenol i t e-ac t inol i t e f i b e rbundle is due to the non-parallel , radiating growith pa t t ern of the indivi-dual f i b e r s in the bundle.

268-1 ( f i n e s ) ; 208X. Much abrasion and di s integrat ion of large f i b e r bundleshas obviously occurred in the proc e s s ing of the vennlcul i t e , as ind i ca t edby the numerous very f i n e f i b e r s pre sent .
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297-1; 208X.ac t ino l i t e The f i n e , s ingle f i b e r s here were abraded f r o m larger tremolite-f l b e r bundles.
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Transmiss ion electron micrograph shovingtypi ca l par t i cu la t e matter found In vatersuspension a f t e r laboratory e x f o l i a t i o nof S a m p l e 264-0, Grace, Libby, Montana,Grade 5 (compo s i t e) .
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Tranemle s i on electron micrograph shovingtypi ca l p a r t i c i p a t e matter f o x m d In watersuspension a f t e r laboratory e x f o l i a t i o nof S a m p l e 264-0, Grace, Libby, Montana,Grade 5 ( c o m p o s i t e ) .

E-19



1.0 um
Transmieeion electron micrograph shovingtypical p a r t i c u l a t e matter found In watersuspension a f t e r laboratory e x f o l i a t i o nof S a m p l e 264-0, Grace, L l b b y , Montana,Grade 5 (compos i t e).
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Transmis s ion electron micrograph shovingtypical p a r t i c u l a t e matter f ound in watersuspension a f t e r laboratory e x f o l i a t i o nof S a m p l e 427-0, Grace, Enoree, S o u t hCarolina, Grade 5 ( c o m p o s i t e ) .
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Transmission electron micrograph showingtypical par t i cu la t e matter f o u n d in watersuspension a f t e r laboratory e x f o l i a t i o nof S a m p l e 427-0, Grace, Enoree, S o u t hCarolina, Grade 5 ( c o m p o s i t e ) .

E-22



V ' ; ! ^ \ i ^ > ' - • ' • • . > '***^ " . • . ' • ' ' "^'4^4••*• ^ . ^ ^ v ' ^ - ^ T ? -•'V-/.»v.-V|M5«^.'•-•'••'•I?-v^*« ^ «.«:•»:,•^ V - ' - . - ^ a S ^ V j ^ - r l i ^ t y -• •"' <•'• ' ^ ^ a H P : y ' y ^ . : - ^ - Q' •'

1 * i * . < * ' . ;-:.y<L •: Vk.. %?." \-

-^•' >_-^i- •* • • • • nanMSak -«•-«»••» • . . r•̂v.̂ .i* •; .'«L'"."- ••*-<*^^r@^^^ft-v>^';
<*. ">-̂  ->:^̂  •' • ^ S i ^ K S S j• • •
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1.0 urn
Transmission electron micrograph shovingtypical p a r t i c u l e t e matter found in watersuspension a f t e r laboratory e x f o l i a t i o nof S a m p l e 427-0, Grace, Enoree, S o u t hCarol ina, Grade 5 (compo s i t e) .
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Transmiss ion electron micrograph shovingtypical par t i cu la t e matter found in vatersuspension a f t e r laboratory e x f o l i a t i o nof S a m p l e 573-0, P a t t e r s o n , Enoree, S o u t hCarolina, U n g r a d e d , Dried Ore ( c o m p o s i t e ) .
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Transmiss ion electron micrograph shovingtypical p a r t i c u l a t e matter f ound in vatersuspension a f t e r laboratory e x f o l i a t i o nof S a m p l e 573-0, P a t t e r s o n , Enoree, S o u t hCarol ina, I f a g r a d e d , Dried Ore ( c o m p o s i t e ) .
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