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SUMMARY 

Fine and coarse particles in suspension in the atmosphere were collected 

on two teflon filters using a dichotomous sampler. The concentration of Al, Br, 

Ca. Ce, CI. Co. Cr. Fe, K, La. Mn, Na. P. Pb, S, Sb, Sc, Se, Si, Sm, Th, V, and 

Zn was determined by ED-XRF and INAA. The elemental concentration was 

analyzed using linear correlation coefficients, enrichment factors and principal 

factor analysis, in order to identify the aerosol sources. The main sources of the 

aerosol particles were the marine one, re-suspended soil, fuel oil combustion, 

phosphatic rocks, refuse incineration and residual high temperature processes. 

INTRODUCTION 

A t m o s p h e r i c pol lut ion is a w o r l d - w i d e problem w h i c h i m p o r t a n c e has g r o w n , m a i n l y 

in u r b a n a reas like S a o P a u l o , o w i n g t o the increas ing e f f e c t s o f pol lutants o n h u m a n 

h e a l t h . 

A p p r o x i m a t e l y 15 mil l ion peop le l ive in the S a o Pau lo Met ropo l i tan a r e a , w h i c h is 

l o c a t e d o n t h e At lant ic P l a t e a u , 7 0 0 t o 9 0 0 m a b o v e s e a l e v e l , o n t h e T r o p i c o f C a p r i c o r n , 

8 0 km f r o m t h e At lant ic c o a s t l i n e . T h e general t o p o g r a p h y is rather c o m p l e x a n d t h e air 

f l o w is s t r o n g l y in f luenced b y l o c a l cond i t i ons . 

B e s i d e s , Sao Paulo h a s a w i d e urban industr ial a r e a , w i t h 1 5 0 , 0 0 0 i n d u s t r i e s s u c h 

a s c e m e n t , su lphur ic a c i d , fe r t i l i zer and pe t rochemica l p l a n t s , i ron and s tee l w o r k s . 
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re f iner ies , chemical m a n u f a c t u r i n g , e tc and an a u t o m o b i l e f leet g reater t h a n 4 . 5 mill ion 

v e h i c l e s . 

O n e o f t h e m o s t i m p o r t a n t p rob lems in t h e a t m o s p h e r i c a e r o s o l s t u d i e s , is t o 

d e t e r m i n e t h e re lat ion b e t w e e n v a l u e s m e a s u r e d in t h e e n v i r o n m e n t and t h o s e emi t ted b y 

s o u r c e s . 

N o w a d a y s , s p e c i a l e m p h a s i s is be ing g i v e n t o t h e appl icat ion of m o d e l s w h i c h g o 

f r o m t h e e lementa l c o n c e n t r a t i o n s 11-61 o b t a i n e d in a recepto r t o the s o u r c e s . 

In th is p a p e r , c o r r e l a t i o n c o e f f i c i e n t s , e n r i c h m e n t fac to rs a n d pr inc ipa l factor 

a n a l y s i s o n e lementa l c o n c e n t r a t i o n data o b t a i n e d b y Energy D i s p e r s i v e X - R a y 

F l u o r e s c e n c e ( E D - X R F ) a n d Ins t rumenta l N e u t r o n A c t i v a t i o n A n a l y s i s ( I N A A ) , w e r e used 

t o c h a r a c t e r i z e t h e a e r o s o l prof i le o f t h e c i t y o f S a o Pau lo . 

ANALYTICAL QUALITY CONTROL 

For the qual i t y c o n t r o l o f the ana ly t i ca l p r o c e d u r e fo r a e r o s o l s a m p l e s , t w o 

i n t e r c o m p a r i s o n sample se r ies and t w o r e f e r e n c e mater ia ls w e r e a n a l y z e d . T h e va lues 

p r e s e n t e d for t h e s e mater ia ls w e r e resul ts of o n l y o n e determinat ion a n d t h e s tandard 

d e v i a t i o n s w e r e c a l c u l a t e d f r o m stat is t ica l c o u n t i n g er ror . 

1. Samples provided by Dr. Sadasivan (India) 

T h e s e s a m p l e s w e r e d is t r ibuted during t h e s e c o n d R C M , J a k a r t a , N o v e m b e r 2 0 - 2 4 , 

1 9 8 9 , a n d w e r e c o l l e c t e d in B o m b a y , Ind ia , o n W h a t m a n 41 f i l ters u s i n g a h igh v o l u m e 

s a m p l e r . T h e c o l l e c t i o n d a t a and results obta ined f o r t w o samples are p r e s e n t e d in T a b l e 1. 

2. Samples provided by Dr. Landsberger (USA) 

T h e s e samples w e r e prepared f r o m t h e J a p a n N I E S V e h i c l e E x h a u s t Reference 

M a t e r i a l . Four t e f l o n f i l te rs : t w o b lanks , one l o a d e d w i t h f ine f rac t ion ( < 2 . 5 pm), and one 

w i t h c o a r s e f r a c t i o n ( 2 . 5 t o 1 0 pm) w e r e a n a l y z e d . 

T h e s e f i l ters w e r e r e w e i g h e d o n a m i c r o b a l a n c e in a r o o m w i t h a b o u t 5 0 % 
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h u m i d i t y . T h e filter r ings w e r e c u t using a s ta in less s t e e l s c i s s o r s w h i c h le f t a p p r o x i m a t e l y 

a n o n e mil l imetre b o r d e r o n e a c h filter r ing. 

T h e results in jug/g o f f i l ter , w i t h o u t s u b t r a c t i o n of b lank v a l u e s a n d b a s e d o n fi lter 

w e i g h t , are p resented in T a b l e 2 . 

3. Reference materials 

A b o u t 3 0 m g of t w o re fe rence m a t e r i a l s : U r b a n P a r t i c u l a t e M a t t e r 

( N I S T - S R M - 1 6 4 8 I a n d V e h i c l e E x h a u s t ( N I E S - C R M - 0 8 ) w e r e a lso a n a l y z e d . T h e resu l ts are 

p r e s e n t e d in T a b l e 3 . 

EXPERIMENTAL 

Aerosol sample collection and analysis 

T h e sample c o l l e c t i o n w a s m a d e us ing a Sierra I n s t r u m e n t s m o d e l 2 4 4 

D i c h o t o m o u s Sampler ( v i r tua l impactor ) w h i c h f r a c t i o n a t e d s u s p e n d e d p a r t i c l e s in to t w o 

s i z e f r a c t i o n s , 2.5 t o 10 pm ( c o a r s e part ic les) a n d l e s s t h a n 2 .5 pm ( f ine p a r t i c l e s ) . T h e s e 

t w o f r a c t i o n s w e r e c o l l e c t e d un i fo rmly o n t w o t e f l o n m e m b r a n e f i l ters w i t h a f l o w rate of 

1 m 3 / h . S a m p l e s w e r e c o l l e c t e d at the w e s t e r n p e r i p h e r y of the c i t y , 1.5 m a b o v e g r o u n d 

l e v e l . T h e co l lec t ion t i m e w a s 2 4 h. 

T h e m a s s o f pa r t i cu la te matter w a s d e t e r m i n e d grav imet r ica l l y w i t h a p rec is ion of 

1 pg us ing a m i c r o b a l a n c e a n d a 2 , D P o rad ioact i ve s o u r c e t o el iminate e l e c t r o s t a t i c e f f e c t s , 

in a r o o m w i t h h u m i d i t y c o n t r o l l e d b e t w e e n 4 0 t o 6 0 % . 

T h e f i l ters w e r e a n a l y z e d f i rst b y E D - X R F us ing a T E F A s y s t e m w h i c h h a d a dual 

a n o d e M o / W - X - R a y t u b e . M o and C u p r i m a r y X - r a y f i l ters w e r e u s e d t o obta in 

m o n o c h r o m a t i c e x c i t a t i o n . T h e X - r a y s p e c t r o m e t e r c o n s i s t s of a S i (L i ) X - r a y d e t e c t o r , 

ampl i f ier and pulse h e i g h t analyser w h i c h m e a s u r e s the e n e r g y a n d in tens i t y of 

c h a r a c t e r i s t i c X - r a y s g e n e r a t e d in exc i ta t ion p r o c e d u r e . 

A f t e r t h a t , f i l ters w e r e submit ted t o a n I N A A . S a m p l e s a n d s t a n d a r d s w e r e 

i r rad iated for 5 m i n u t e s u n d e r a neut ron f l u x o f a b o u t 1 0 1 2 n - c m ' 2 - s ' ' , f o r t h e analys is o f 
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e l e m e n t s that g i ve rise t o s h o r t - l i v e d rad ionuc l ides . For long l ived r a d i o n u c l i d e ana lys is , 

s a m p l e s w e r e i r radiated for 2 4 h under a n e u t r o n f l u x of 1 0 1 3 n - cm" 2 - s ' \ 

S t a n d a r d s w e r e p repared b y pipett ing su i tab le a l iquots of s t a n d a r d solut ions 

o b t a i n e d b y d i sso lu t ion o f h i g h degree of pur i ty m e t a l or ox ide o f e l e m e n t s o n p ieces o f 

41 W h a t m a n fi lter paper a n d dry ing under a n in f ra red lamp. T h e m e a s u r e m e n t s w e r e 

c a r r i e d out after su i table coo l ing t imes w i t h G e ( l i ) d e t e c t o r O r t e c mode l 8 0 0 1 - 1 0 2 2 V , w i t h 

reso lu t ion of 2.6 k e V at t h e 1 3 3 2 k e V g a m m a peak o f 6 °Co c o u p l e d t o a 4 0 9 6 channe l 

g a m m a s p e c t r o m e t e r O r t e c m o d e l 6 2 4 0 B . 

RESULTS AND DISCUSSION 

Aerosol sample results 

T h e a b o v e p r o c e d u r e a l l o w e d the d e t e r m i n a t i o n of the f o l l o w i n g e l e m e n t s : A l , B r , 

C a , C e , C I . C o . C r . F e , K, L a , M n . N a , P. Pb, S , S b , S c . S e , S i , S m , T h , V , a n d Z n in 5 2 

a e r o s o l samples . R a n g e , g e o m e t r i c m e a n s , and d e t e c t i o n l imits, c a l c u l a t e d us ing cr i ter ion 

o f I U P A C [ 7 ] , are p r e s e n t e d in Tab le 4 . 

T h e e lemental c o n c e n t r a t i o n data w e r e a n a l y z e d b y m e a n s o f cor re lat ion 

c o e f f i c i e n t s , e n r i c h m e n t f a c t o r s , and principal f a c t o r ana lys is in order t o o b t a i n in format ion 

a b o u t aerosol s o u r c e s 

Correlation coefficients and enrichment factors 

T h e usual c o r r e l a t i o n coe f f i c ien ts w e r e c a l c u l a t e d . It w a s o b s e r v e d t h a t t h e number 

o f s igni f icant co r re la t ions w a s higher in the c o a r s e part icu late mat te r t h a n in t h e fine o n e s . 

E l e m e n t s A l , C e , F e , L a , S c , S i , S m . a n d T h w e r e c l e a r l y a s s o c i a t e d in t h e c o a r s e part ic les , 

w h i l e in t h e f ine f r a c t i o n e l e m e n t s m o s t f r e q u e n t l y a s s o c i a t e d w e r e B r , P, S , S b , and V . 

In order t o e v a l u a t e the cont r ibut ion o f a n t h r o p o g e n i c a e r o s o l s o u r c e s , the 

e n r i c h m e n t fac to rs (EF ) w e r e ca lcu lated using F e a n d N a a s r e f e r e n c e e l e m e n t s t o Ear th 

c r u s t and s e a w a t e r , r e s p e c t i v e l y and the a v e r a g e c o m p o s i t i o n o f t h e m repor ted b y t h e 

[9,1 OJ l i terature. T h e r e s u l t s are p resented in T a b l e 5. 
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T h e inves t igat ion of s o u r c e s using the c r i te r ion es tab l i shed b y R A H N [ 1 1 ] , w h e r e 

e l e m e n t s w i t h EF less t h a n 7 h a v e g o t their or ig in in t h e inves t iga ted s o u r c e , w h i l e t h o s e 

w i t h E F g reater t h a n 10 are e n r i c h e d in relat ion t o t h a t s o u r c e , a l l o w e d t o o b s e r v e tha t 

e l e m e n t s Br , C I , C r , P b , S , S b , S e and Z n w e r e e n r i c h e d in re lat ion to E a r t h c r u s t w h i l e t h e 

p r o b a b l e s o u r c e of A l , C a , C e , C o , K, L a , M n , N a , S c , S i , a n d T h w a s r e - s u s p e n d e d so i l , 

o n c e t h e y p resented EF v a l u e s less t h a n 7 in b o t h f ine a n d c o a r s e p a r t i c l e s . O n l y the 

e l e m e n t V p resented a d i f f e r e n t b e h a v i o u r , w i t h EF g r e a t e r t h a n 10 in f ine a n d less t h a n 

7 in c o a r s e part iculate m a t t e r . O n t h e other h a n d , all e l e m e n t s w e r e e n r i c h e d in re lat ion 

t o s e a w a t e r e x c e p t Br and C I , w h i c h probably are o f m a r i n e or ig in , s i n c e the i r E F v a l u e s 

w e r e less t h a n 7 , for b o t h f ine a n d c o a r s e par t ic les . 

Principal factor analysis 

T h e P F A w a s ca r r ied o u t us ing the S t a t g r a p h i c s . s o f t w a r e o f t h e S ta t i s t i ca l 

G r a p h i c s C o . on the e lementa l c o n c e n t r a t i o n d a t a . A f t e r e x t r a c t i o n o f the pr inc ipa l f a c t o r s , 

a n o r t h o g o n a l rotat ion ( V A R I M A X ) w a s carr ied o u t t o m a k e the i n t e r p r e t a t i o n o f t h e 

f a c t o r s eas ier . C o a r s e and f ine part icu late matter w e r e t rea ted s e p a r a t e l y . 

Results for coarse particles 

T h e result of P F A for c o a r s e part ic les are p r e s e n t e d in T a b l e 6 . S i x f a c t o r s e x p l a i n e d 

8 8 . 7 % of the data v a r i a n c e . A l l e lements p r e s e n t e d h i g h c o m m u n a l i t y , i nd ica t ing a g o o d 

d a t a f i t t ing . A l t h o u g h t h e s i x t h f a c t o r p resented u n r o t a t e d e igenva lue less t h a n 1 . 0 , i t w a s 

c o n s i d e r e d in the analys is b e c a u s e it p resented e i g e n v a l u e greater t h a n 1.0 a f t e r r o t a t i o n . 

T h e f irst fac to r w a s respons ib le for 4 3 . 4 % of t h e var iance and h a d h i g h loadings 

fo r A l , F e , S c . T h and rare e a r t h s . 

It appeared t o r e p r e s e n t t h e cont r ibut ion f r o m t h e r e - s u s p e n d e d s o i l . T h e h igh 

c o r r e l a t i o n of V w i t h th i s f a c t o r ind icated a c o n t r i b u t i o n o f another s o u r c e . T h i s s o u r c e 

a p p e a r e d t o be emiss ion f r o m fue l oil c o m b u s t i o n w h i c h w a s enr iched in V a n d s o m e rare 

e a r t h s . 

T h e s e c o n d f a c t o r p r e s e n t e d a h igh c o r r e l a t i o n w i t h C a , K, P. S a n d S i , w h o s e 

p r e s e n c e w a s at t r ibuted t o a fert i l izer plant l o c a t e d 4 k m a w a y f r o m t h e s a m p l i n g s i te . 

P h o s p h a t i c rocks are t y p i c a l r a w mater ial of th is k ind o f p lant . 
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O n l y e lements C I a n d N a w e r e separated i n t h e th i rd f a c t o r , w h i c h w a s c lear ly 

a s s o c i a t e d to marine a e r o s o l . 

T h e fou r th f a c t o r w a s highly a s s o c i a t e d w i t h Br and S b , and s e e m e d t o represent 

e m i s s i o n s f rom h igh t e m p e r a t u r e p rocesses . 

Re fuse inc inera t ion , a s o u r c e k n o w n t o be e n r i c h e d in Z n [ 1 2 ] , a p p e a r e d t o be 

r e p r e s e n t e d in the f i f th factor . T h i s approach s e e m e d t o be reasonable s i n c e t h e r e w a s a 

m u n i c i p a l inc inerator i n o p e r a t i o n n e a r t h e sampl ing s i te during s a m p l e c o l l e c t i o n . 

T h e s i x t h f a c t o r had h igh loadings for C r a n d Pfa a n d w a s a t t r i b u t e d t o emiss ions 

f r o m industr ial p r o c e s s e s . 

Results for fine particles 

T h e V a r i m a x ro ta ted f a c t o r matrix f o r f ine par t i cu la te mat ter is p r e s e n t e d in T a b l e 7 . 

F i v e f a c t o r s w e r e respons ib le f o r 8 3 . 4 % of the t o t a l va r iance . Al l e l e m e n t s w e r e w e l l 

e x p l a i n e d by th is f i t t ing , e x c e p t the element B r , w h o s e c o m m u n a l i t y w a s 0 . 5 9 . 

In general the in te rp re ta t ion of m a n y o f t h e s e fac to rs w a s s imi lar to t h a t of t h e 

c o a r s e part ic les . 

T h e inf luence o f phosphat ic r o c k s (high l o a d i n g s fo r K, N a , P, S a n d S i ) and re fuse 

inc ine ra t ion (h igh loading f o r Z n ) appeared in the f i rs t fac to r , wh i le in t h e s e c o n d one a 

c o n t r i b u t i o n of fuel oil c o m b u s t i o n w a s ident i f ied ( h i g h corre lat ion w i t h V a n d rare ear ths ) . 

T h e third f a c t o r h a d h i g h loadings for C I a n d S b and w a s a s s o c i a t e d t o h igh 

t e m p e r a t u r e p r o c e s s e s -

A little c o n t r i b u t i o n of s o i l appeared in the f i f th f a c t o r . T h i s s e e m s reasonab le o n c e 

t h e major i t y o f soil w e n t t o t h e coarse part ic les f r a c t i o n . 

T h e s o u r c e a s s o c i a t e d w i t h the four th f a c t o r , w i t h h i g h l o a d i n g f o r C a and a n 

in te rmediary one for C r , w a s n o t c l e a r l y ident i f ied . 

T h e e lement F*b w a s d ist r ibuted b e t w e e n f i r s t and s e c o n d f a c t o r s . In t h e f a c t o r 2 , 
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P b w a s a s s o c i a t e d w i t h B r , a n d th is [13,141 e m i s s i o n is f requent ly a s s o c i a t e d w i t h leaded 

a u t o m o b i l e s . A C E T E S B r e p o r t [15] has s h o w n a Pb c o n c e n t r a t i o n d e c r e a s i n g in S a o Paulo 

d u r i n g per iod f r o m 1 9 7 8 t o 1 9 8 3 , due t o t h e " A l c o h o l P r o g r a m m e " t h a t s t imu la ted the 

ut i l i zat ion of pure a lcoho l a n d gasol ine b lended w i t h 2 0 % a lcoho l , a s v e h i c l e f u e l . 
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Annex 5 

T A B L E 1 

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

B Y D r . S A D A S I V A N , i n n g . m " 3 

E L E M E N T S A M P L E A S A M P L E B 

A l 4 2 5 9 + - 1 1 7 8 9 8 9 +- 3 8 8 
A s 6 7 + - 5 169 +- 1 3 
B r 3 5 + - 2 7 7 +- 5 
C e 2 . 0 + - 0 . 3 4 . 8 +— 0 . 5 
C I 2 2 1 9 + - 8 7 6 5 8 1 +- 2 0 5 
C o 2 . 9 6 + - 0 . 0 9 7 . 7 3 +— 0 . 0 8 
C r 1 3 4 + - 2 4 9 4 + - 5 
F e 4 0 3 1 + - 4 6 8 9 8 5 +— 6 0 
K 1 0 3 7 + - 4 0 2 2 4 3 +- 1 7 9 
L a 1 . 5 3 + - 0 . 0 5 4 . 0 0 +- 0 . 0 5 
M n 271 + - 2 4 0 5 +— 3 
N a 1 1 7 0 + - 2 8 4 3 9 6 +- 7 2 
S b 15. 6 + - 0 . 9 5 0 +- 2 
S c 1. 16 + - 0 . 0 1 2 . 6 8 +- 0 . 0 2 
T h 0 . 4 1 + - 0 . 0 3 1. 0 8 +- 0 . 0 7 
V 1 7 . 6 + - 0 . 7 4 2 +- 1 

C O L L E C T 1 O N F R O M 1 7 : 4 5 H 2 8 / 0 3 / 8 9 F R O M 17= 5 5 H 2 9 / 0 3 / 8 9 
P E R I O D T O 9-. 4 5 H 2 9 / 0 3 / 8 9 T O 9 : 4 5 H 3 0 / 0 3 / 8 9 

A V . F L O W 1 2 9 8 l / m i n 6 2 3 1 / m i n 
R A T E 

T O T A L 1 2 4 6 m 3 5 9 2 m
3 

V O L U M E 

V O L / D I S C . 15. 31 m 3 7 . . 3 7 m 3 

S E N T 
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Annex 5 

T A B L E 2 

R E S U L T S O B T A I N E D F O R S A M P L E S P R O V I D E D B Y D r . L A N D S B E R G E R , 

I N u g / g O F L O A D E D F I L T E R W E I G H T 

B L A N K S S A M P L E S 
E L E M E N T 

16 17 2 5 F 2 5 C 

A l 1 1 . 9 + - 0 . 4 8 . 6 + - 0 . 3 13 . 6 + - 0 . 4 3 2 . 3 + - 0 . 8 
A s — 0 . 0 0 4 + - 0 . 001 0 . 0 0 9 + - 0 . 0 0 3 0 . 0 3 8 + - 0 . 0 0 3 
B r 0 . 0 9 + - 0 . 01 0 . 0 6 9 + - 0 . 0 0 3 0 . 2 8 + - 0 . 0 3 0 . 5 4 + - 0 . 01 
C a 6 9 + - 3 1 1 1 4 + - 4 5 5 8 + - 1 2 9 6 + - 4 9 
C I 1 4 + - 1 - 7 8 + - 3 — 
C o 0 . 0 7 + - 0 . 01 0 . 0 6 5 + - 0 . 0 0 4 0 . 0 8 8 + - 0 . 0 0 9 0 . 0 7 7 + - 0 . 0 0 6 
C r 0 . 3 2 + - 0 . 0 5 0 . 4 0 + - 0 . 0 6 0 . 2 8 + - 0 . 0 3 0 . 3 9 + - 0 . 04 
F e 1 2 + - 2 3 2 + - 5 1 9 + - 2 3 4 + - 3 
M n 0 . 0 9 + - 0 . 01 0 . 2 7 + - 0 . 01 0 . 2 5 + - 0 . 01 0 . 5 3 + - 0 . 0 2 
N a 1 . 9 + - 0 . 2 2 . 1 + - 0 . 3 9 . 6 + - 0 . 5 1 8 . 6 + - 0 . 7 
S b 0 . 0 0 5 + - 0 . 0 0 1 0 . 0 0 5 + - 0 . 001 0 . 0 3 2 + - 0 . 0 0 2 0 . 0 4 5 + - 0 . 0 0 4 
S c 0 . 0 0 1 0 + - 0 . 0 0 0 2 0 . 0 0 0 5 + - 0 . 0 0 0 3 0 . 0 0 2 1 + - 0 . 0 0 0 2 0 . 0 0 4 5 + - 0 . 0 0 0 4 
W - 0 . 0 0 9 + - 0 . 0 0 2 0 . 0 1 6 + - 0 . 0 0 5 0 . 0 4 9 + - 0 . 0 0 5 
Z n 9 . 3 4 + - 0 . 6 1 1 . 7 + - 0 . 5 1 4 . 7 + - 0 . 3 1 6 . 3 + - 0 . 3 
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Annex 5 

T A B L E 3 

R E S U L T S O B T A I N E D F O R R E F E R E N C E M A T E R I A L S , i n u g / g 

U R B A N P A R T I C U L A T E M A T T E R V E H I C L E E X H A U S T 
N I S T - S R M - 1 6 4 8 N I E S - C R M - 8 

E L E M E N T : : " 
T H I S R E C O M M E N D E D T H I S R E C O M M E N D E D 
WORK V A L U E WORK V A L U E 

A s 1 1 5 +— 12 1 1 5 a 2 . 6 
B a 6 4 4 +— 8 3 7 3 7 1 4 2 +— 19 b 
B r 5 5 7 +— 16 5 0 0 6 0 . 1 +- 0 . 4 5 3 
C a 5 8 0 0 0 +— 1 8 0 0 0 b 5 1 0 0 +— 1 8 0 0 5 3 0 0 
C e 4 4 +— 3 5 5 a 3 . 1 
C o 1 8 . 7 +- 0 . 3 18 3 . 2 +- 0 . 1 3 . 3 
C r 3 9 5 +— 3 4 0 3 2 7 . 8 +- 0. 8 2 5 . 5 
F e 3 3 4 0 0 +— 6 0 0 3 9 1 0 0 4 0 0 0 + - 1 0 0 b 
L a 3 3 +- 3 4 2 1 . 2 3 + - 0 . 0 8 1. 2 
R b 4 8 +— 5 6 2 a 4 . 6 
S b 4 4 . 6 + - 0 . 6 4 5 6 . 10 +- 0 . 0 8 6 . 0 
S c 6 . 5 6 +- 0 . 0 8 7 0 . 5 2 + - 0 . 0 5 0 . 5 5 
S e 3 0 +— 5 2 7 a 1. 3 
Sm 3 . 0 3 +- 0 . 0 3 4 . 4 0 . 180 + - 0 . 0 0 1 0 . 2 0 
T h 7 . 0 + - 0 . 2 7. 4 0 . 3 2 + - 0 . 0 3 0 . 3 5 
W 4 +— 1 4 . 8 6 . 0 + - 0 . 2 b 
Z n 4 8 0 2 +- 3 2 4 7 5 0 9 9 6 + - 10 1 0 4 0 

a — E l e m e n t n o t d e t e r m i n e d 
b - T h e r e a r e n o r e c o m e n d e d v a l u e 
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Annex 5 

T A B L E 4 

R A N G E , G E O M E T R I C M E A N S A N D D E T E C T I O N L I M I T S F O R C O A R S E 

A N D F I N E P A R T I C U L A T E M A T T E R , I N n g . m ~ 3 

C O A R S E F I N E 
E L E M E N T D E T E C T I ON 

R A N G E G E O M E T R I C R A N G E G E O M E T R I C L I M I T S 
MEAN M E A N 

A l 3 4 9 - 2 3 9 6 1041 4 9 - 2 5 8 1 1 5 1. 1 
B r 0 . 8 2 - 3 . 0 7 1 . 7 8 3 . 0 4 - 2 7 . 74 8 . 21 0 . 0 3 
C a 1 0 0 - 4 6 3 1 8 1 8 2 1 - 2 3 6 1 0 9 0 . 7 
C e 0 . 6 0 - 4 . 0 7 1 . 5 6 0 . 0 6 - 1 . 5 7 0 . 3 6 0 . 14 
C I 8 1 - 1 1 2 8 3 5 6 1 7 - 5 5 8 71 34 
C o 0 . 1 5 - 0 . 9 0 0 . 4 7 0 . 1 2 - 0 . 8 0 0 . 3 7 0 . 0 3 
C r 2 . 0 3 - 1 9 . 8 9 12. 3 0 . 5 2 - 2 1 . 6 5 1 1 . 5 0 . 3 
F e 1 7 6 - 1 5 6 4 7 0 6 7 9 - 4 0 8 2 1 6 17 
K 6 6 - 5 3 3 2 1 4 7 4 - 6 3 9 2 9 7 17 
L a 0 . 3 1 - 1 . 5 6 0 . 7 4 0 . 0 6 - 0 . 4 0 0 . 19 0 . 01 
Mn 5 . 5 - 1 2 6 . 5 2 7 . 5 5. 4 - 1 6 1 . 8 2 6 . 5 0 . 2 
N a 8 9 - 1 0 7 7 2 1 5 . 8 1 3 4 - 8 9 4 2 5 4 . 8 12 
P 4 9 - 2 6 0 104. 4 5 7 - 2 1 6 1 2 0 . 7 0 . 8 
P b 9 - 1 1 8 3 0 . 7 3 1 - 1 6 0 7 2 . 2 0 . 8 
S 1 7 4 - 3 8 8 2 7 1 4 6 7 2 - 4 0 5 1 2 0 9 6 14 
S b 0 . 7 7 - 7 . 17 2 . 5 7 1. 0 2 - 8 . 4 2 3 . 18 0 . 01 
S c 0 . 0 4 - 0 . 3 9 0. 13 0 . 0 0 3 - 0 . 0 2 6 0 . 0 0 9 0 . 0 0 3 
S e 0 . 0 8 - 1 . 8 4 0 . 3 5 0 . 3 3 - 5 . 8 4 1. 31 0 . 2 
S i 6 9 4 - 4 3 8 7 2 0 4 0 1 4 2 - 5 3 5 3 4 2 2 
Sin 0 . 0 2 - 0 . 2 8 0. 0 9 0 . 0 1 1 - 0 . 2 4 4 0 . 0 4 9 0 . 001 
T h 0 . 0 5 - 0 . 3 9 0 . 16 0 . 0 0 4 - 0 . 271 0 . 0 3 0 . 01 
V 1 . 7 8 - 1 1 - 5 2 4 . 7 4 . 1 6 - 2 7 . 15 1 0 . 6 0 . 2 
Z n 1 3 - 1 2 5 5 3 . 8 3 2 - 3 2 6 9 5 . 3 0 . 2 

MP 8 0 0 0 - 3 3 9 0 0 1 7 1 9 8 . 6 1 2 2 0 0 - 5 2 5 0 0 2 6 4 9 2 . 4 
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T A B L E 5 

E N R I C H M E N T F A C T O R S C A L C U L A T E D I N R E L A T I O N T O 

E A R T H C R U S T ( E F s o i I ) A N D S E A W A T E R ( E F s e a ) 

A V E R A G E C O M P O S I T I O N 9 , 1 0 

C O A R S E F I N E 
E L E M E N T 

E F s o i I E F s e a E F s o i I E F s e a 

A l 0 . 91 > 1 0 0 0 0 . 3 3 > 1 0 0 0 
B r 5 0 . 5 1 . 3 7 5 8 5 . 2 
C a 1. 6 9 9 . 5 0 . 6 9 1 1 . 2 
C e 1. 8 4 > 1 0 0 0 1 . 3 9 > 1 0 0 0 
C I 194 0. 91 125 0 . 19 
C o 1. 3 4 > 1 0 0 0 3 . 4 6 > 1 0 0 0 
C r 8 . 7 3 > 1 0 0 0 2 6 . 5 2 6 . 5 
F e 1 > 1 0 0 0 1 > 1 0 0 0 
K 0 . 5 8 2 7 . 4 2 . 6 5 3 2 . 2 
L a 1. 7 4 > 1 0 0 3 1 . 4 3 > 1 0 0 0 
Mn 2 . 0 5 > 1 0 0 0 6 . 4 4 > 1 0 0 0 
N a 0 . 5 4 1 2 . 0 8 1 
P b 1 6 7 > 1 0 0 0 > 1 0 0 0 > 1 0 0 0 
S 1 9 4 3 9 . 2 > 1 0 0 0 9 7 . 6 
S b 9 1 2 > 1 0 0 0 > 1 0 0 0 >Tooo 
S c 0 . 41 > 1 0 0 0 0 . 1 > 1 0 0 0 
S e 491 > 1 0 0 0 > 1 0 0 0 > 1 0 0 0 
S i 0 . 5 2 > 1 0 0 0 • 0 . 2 8 > 1 0 0 0 
Sm 1. 0 2 - - — 

T h 1 . 5 8 > 1 0 0 0 0 . 1 > 1 0 0 0 
V 2 . 4 7 > 1 0 0 0 1 8 . 4 > 1 0 0 0 
Z n 5 4 . 5 > 1 0 0 0 3 1 4 > 1 0 0 0 



Annex 5 

T A B L E 6 

P R I N C I P A L F A C T O R A N A L Y S I S R E S U L T S F O R C O A R S E 

E L E M E N T A L C O N C E N T R A T I O N D A T A 

F A C T O R 
E L E M E N T C O M M U N A L I T Y 

1 2 3 4 5 6 

A l 0 . 8 9 0 . 9 3 
B r 0 . 8 3 0 . 7 7 
C a 0 . 9 6 0 . 9 3 
C e 0 . 8 4 0 . 9 2 
C I 0 . 9 0 0 . 9 5 
C o 0 . 6 9 0 . 7 7 
C r 0 . 7 5 0 . 7 4 
F e 0 . 8 3 G . 8 6 
K 0 . 9 3 0 . 9 7 
L a 0 . 8 9 0 . 9 5 
Mn 0 . 8 9 0 . 8 7 
N a 0 . 8 3 0 . 9 0 
P 0 . 9 3 0 . 9 5 
P b 0 . 6 5 0 . 6 3 0 . 8 7 
S 0 . 8 3 0 . 9 5 
S b 0 . 7 0 0 . 8 2 
S c 0 . 9 4 0 . 9 7 
S i 0 . 5 8 0 . 7 7 0 . 9 6 
Sm 0 . 7 6 0 . 9 2 
T h 0 . 7 4 0 . 8 1 
V 0 . 7 6 0 . 8 3 
Z n 0 . 8 3 0 . 8 5 

E i g e n v a l u e 9 . 5 4 3 . 8 4 2 . 1 5 1 . 7 3 1 . 2 9 0 . 9 7 
V a r i a n c e , '/. 4 3 . 4 1 7 . 5 9 . 8 7 . 9 5 . 8 4 . 4 
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T A B L E 7 

P R I N C I P A L F A C T O R A N A L Y S I S R E S U L T S F O R F I N E 

E L E M E N T A L C O N C E N T R A T I O N D A T A 

E L E M E N T 
F A C T O R 

• C O M M U N A L 1 T Y 

A l 0 . 7 9 0 . 9 0 
B r 0 . 5 8 0 . 5 9 
C a 0 . 8 5 0 . 81 
C e 0 . 7 8 0 . 9 0 
C I 0 . 8 9 0 . 91 
C r 0 . 5 4 0 . 7 5 0 . 8 8 
F e 0 . 7 4 0 . 8 5 
K 0 . 8 2 0 . 9 0 
L a 0 . 8 2 0 . 8 8 
N a 0 . 8 7 0 . 8 9 
P 0 . 6 7 0 . 81 
P b 0 . 5 1 0 . 6 7 0 . 8 3 
S 0 . 6 3 0 . 8 2 
S b 0 . 7 3 0 . 8 2 
S c 0 . 5 9 0 . 5 2 0 . 7 9 
S e 0 . 5 4 0 . 8 7 
S i 0 . 7 2 0 . 8 7 
V 0 . 5 9 0 . 7 2 
Z n 0 . 8 7 0 . 8 0 

E i g e n v a l u e 8 . 31 2 . 5 8 1. 9 7 1. 71 1. 2 8 
V a r i a n c e , % 4 3 . 7 1 3 . 6 1 0 . 4 9 . 0 6 . 7 


