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PJtot.eC.Uovt ~a.nita.ifte VIFI1 
C eYLtlte Lou.vig ny 
LUXEMBOURG 
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200, Jtu.e de ta. Loi 
1040 BRUXELLES 

7 Vecemb~ 797 2 

20-27 MMch 7973 

14-15-16 NovembeJt 7973 

7 

PRESENT AT 
THE MEE
TING N° 
=====•=•==a:-

1-2-3 

1-2-3 

1-2-3 

1-2-3 

3 



COUNTRY 

============= 

COMMISSION OF 
THE EUROPEAN 
COMMUNITIES 

NAME AVRESS 

============= ========================•==•=•=== 

R.MAGNAVAL A6~oc~at~on EURATOM /C.E.A 
P~otection 6anita~e 

H. OTT 

P.RECHT 

G.SERRINI 

M. Th. VAN VER 
VENNE 

BoLte po~tale n°6 
FONTENAY AUX ROSES ( f,'tance_) 

V.G.RecheAche Science et Educ~t{on 
200 ~ue de ta Lo~ 
1040 BRUXELLES 

V. G .A 6 6aL'te~ ~ociaR.e~ 
P~otect~on ~andaJAe 
Ce~e Louv-<.gny 
LUXEMBOURG 

Centlr..e commun de ReciiCJtche 
21 02 0 ISPRA- Va.,'te~ e-

V.G.A66a~e~ ~oc~e~ 
P~otect-{on ~anuaA!te V /F I 1 
Cent~e Louv,{gny 
LUXEMBOURG 

Meeting~ n° 1 - 7 Ve.cembe!t 1972 

n°2 - 20-21 M~ch 7973 

n°3 - 14-15-16 Novembe~ 7973 

8 

PRESENT AT 
THE MEE
TING N° 
========·=· 

3 

2 

3 

3 

3 



NON - ORGANIC MICROPOLLUTANTS OF THE ENVIRONMENT 

A. FOREWORD 

This report has been prepared by the working group on the 

consequences for man and his environment, of environmental pollution due 

to non-organic micropollutants; it is part of the outline of actions 

that have to be undertaken at Community level in the domain of reduction 

of pollutions and nuisances. These actions are included in a comprehen

sive programme of the European Communities in the field of environment 

that has been accepted by the Council of Ministers on the 19th of 

July 1973. 

Non-organic micropollutants are listed in the first category 

of pollutants of the environment which have to be considered primarily 

because of their toxicity and of the present state of knowledge concer

ning their sanitary and ecological importance. 

The objective evaluation of risks being the aim of the general 

programme a knowledge is required of the level of these pollutants in 

the environment as well as a study and analysis of the undesirable effects 

which would result from exposure of the target to a given pollution or 

nuisance. 

At a meeting held on December 7th 1972, the working group de

cided to prepare an inventory of the data available since 1968 on the 

levels of non-organic micropollutants in the environment. The report 

has been compiled by Mr BOUQUIAUX from information supplied by dele

gates of the various Member States. The list of micropollutants was 

examined at the meeting of December 7th, 1972. The final date agreed 

by the rapporteur for receipt of information was May 15th 1973. 



A first draft of the report was examined at the meeting of 

March 20th and 21st 1973. The final text was discussed at the meeting on 

November 14th-16th 1973 and was agreed by the experts present except 

for Volume 4 which was written by Mr BOUQUIAUX after the last meeting. 

It should be remembered that 2 important non-organic micropol

lutants were studied in depth at the Symposium "Problems of contamina

tion of man and his environment by Mercury and Cadmium" organised by 

the Commission of the European Communities in Luxembourg on 3-5th Ju-

ly 1973. 

The whole report appears in 4 volumes entitled: 

Volume - general presentation; 

Volume 2 - detailed listing of levels present in the 

environment; 

Volume 3 - synthesis of data; 

Volume 4 - methods of analysis. 
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B. PRESENTATION OF THE VOCUMENTS 

The available in6o~mation 6o~ 26 element~ ~ent to the Vi~ecto~ate 
o6 Health P~otection o6 the Commi~~ion 6o~ the Eu~opean Communi
tie~ by ~ep~e~entative~ o6 it~ membe~ count~ie~ in an attempt. 
to compile an invento~y o6 data on the occu~~ence o6 non-o~ganic 

mic~opollutant~ in the envi~onment i~ p~e~ented in Volume~ 2 and 

3 • 

Volume 2 cla~~i6ie~ about 11,000 mea~u~ement~ and the data 6o~ 
each element a~e ~et out in eleven chapte~~ acco~ding to the 
natu~e o6 the ~ample~ on which they a~e ba~ed . 

Whe~e not al~eady done by the autho~~ o6 the data,~e~ie~ o6 
individual ~e~ult~ have been g~ouped ~o a~ to li~t the numbe~ 
o6 ~ample~ (n) , the lowe~t value (X min ) , the highe~t 

' value ( X max ) - the~e p~e~ent the ~ange - and the a~ithmetic 
mean ( X ) • Vata ~e~ulting 6~om a ~pecial ~ituation o~ cha~ac-
te~i~tic o6 the ~ample~ analy~ed have been p~e~ented ~epa~ately 
eg'hot-~pot~' . Thi~ t~eatment o6 the data ha~ pe~mitted a 
~ea~onably homogeneou~ p~e~entation o6 ~e~ult~ 6~om many ~ou~ce~ 
which i~ the p~e-~equi~ite 6o~ an analy~i~ and inte~p~etation 
o6 p~e~ent ~ituation . In thi~ connection it ~hould be ~emembe~ed 
that ~ome element~ a~e natu~al mic~o-con~tituent~ o6 the 
envi~onement and whe~e thi~ i~ the ca~e they a~e not to be 
con~ide~ed a~ mic~opollutant~ . 

Volume 3 contain~ an analy~i~ o6 the ~e~ult~ ~et out ~n table~ 
that co~~e~pond to tho~e in Volume 2. The table~ ~how the 
'o~dina~y' level~ o6 the non-o~ganic mic~opollutant~ o~ mic~o

con~tituent~ that occu~ in wate~~, ~ediment~, living o~gani~m~, 
6ood p~oduct~, ai~ and ~oil . The 'o~dina~y' level i~ exp~e~~ed 

a~ a ~ange o6 ~e~ult~ 6~om which ext~eme and exceptional concen
t~ation~ a~ well a~ tho~e 6~om ~pecial ~ituation~ have been 
omitted (they a~e the ~ubject o6 ~epa~ate con~ide~ation ) . 
In addition to the 'o~dina~y' concent~ation the~e i~ included 
a value on which the 'o~dina~y' concent~ation i~ eente~ed • 

. I. 



Thi~ value i~ not alway~ the ave~age o6 the ~e~ult~ but cove~~ 
a mo~e ~e~t~icted a~ea than the ~ange , in which the ave~age~ 

given by autho~~ occu~ with g~eate~ 6~equency . The numbe~~ 
o6 ~ample~ on which the 'o~dina~y' and cent~e value~ have been 
e~tabli~hed have been given in the table~ ~o a~ to give ~ome 
indication o6 the con6idence that can be attached to them. 

Thi~ kind o6 t~eatment o6 the data wa~ con~ide~ed nece~~ay i6 a 
pictu~e o6 the ~ituation wa~ to be p~e~ented ~ince it wa~ impo~
~ible to de~ive median value~ ( in the ~tati~tical ~en~e) 

1 2 

in the ab~ence o6 availability o6 eve~y individual ~e~ult and the 

6act that in many ~cienti,ic publication~ only ave~age~ had been 
quoted . Even ~o the data have yielded a ve~y u~e6ul pictu~e hel

ped by the 6act that the majo~ity o6 the ~e~ult~ a~e o6 ~ecent 

o~igin (7969 to 1913 ) and with 6ew exception~ they have been 
obtained u~ing mode~n method~ o6 analy~i~ ~uch a~ atomic ab~o~ption, 
neut~on activation, X-~ay 6luo~e~cence and UV-~pect~og~aphy . 
It i~ wo~th pointing out that although lead wa~ the ~ubject o6 
~pecial con~ide~ation by anothe~ Wo~king Pa~ty , data we~e al~o 

~ubmitted 6o~ thi~ exe~ci~e and they have been included . 
In the ca~e o6 cyanide~ no data we~e ~ubmitted and acco~ding to 
Belgian, Vutch and United Kingdom expe~ience , the p~e~ence o6 
cyanide~ i~ exceptional and i~ limited to ~peci6ic and cont~ol

lable pollution . 

C. EVALUATION OF THE VATA 

The ~e~ult~ have been ~et out in 11 chapte~~ acco~ding to o~igin 

o6 the ~ample~ (eg wate~~.~ediment~, etc .. ) . In ~ome ca~e~ it 
wa~ nece~~a~y to ~ub-divide chapte~~ and thi~ led to con~ide~ation 
o6 the ~e~ult~ unde~ 20 ~ection~ . Since 26 element~ we~e cove~ed 

the~e a~e 520 (20 X 26 ) element/~ection combination~ . Table 7 

~et~ the~e out and al~o give~ the 6ollowing in6o~mation :- numbe~ 

o6 ~ample~ (n) , the numbe~~ o6 autho~~ ~ubmitting in6o~mation, 

the level o6 the mic~opollutant~ ~n each ~ection exp~e~~ed a~ the 
decimal loga~ithm o6 the inve~~e o6 the concent~ation . 

. I. 
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It wa~ to be expe~ted that va~iation~ in the amount o6 in6o~ma

tion ~ubmitted would ~e~ult in va~iation~ in ~o~e~age 6o~ ea~h 
mi~~opollutant . In 6a~t although the~e a~e 520 po~~ible element/ 
~e~tion ~ombination~ the~e a~e ~e~ult~ 6o~ only 199 o6 the~e 

~ombination~ . 06 the~e 199, 85 a~e ba~ed on le~~ than 25 ~ample~ 

( o~ the numbe~ o6 ~ample~ wa~ not ~tated) . 91 ~ombination~ a~e 

ba~ed on le~~ than 50 ~ample~ and 133 on le~~ than lOO ~ample4, 

leaving 66 ~ombination~ ba~ed on mo~e than 100 4ample~ . 

06 the~e 66 element/~e~tion ~ombination~ (whi~h a~~ounted 6o~ 

about 85% o6 the total numbe~ o6 ~ample4), the 6ollowing ob~e~va
tion4 ~an be made 

24 ~ombination~ a~e ba~ed on data ~ubmitted by 
a ~ingle ~ount~y only 

14 eombination~ a~e ba~ed on data ~ubmitted by 
2 ~ount~ie~ 

12 ~ombination~ a~e ba~ed on data 4ubmitted by 
3 eou.nt~ie~ 

4 ~ombination~ a~e ba~ed on data ~ubmitted by 
4- c.o u.H.t~tie~ . 

1 ~ombination~ a~e ba~ed on data ~ubmitted by 
5 c.ount~ie~ 

3 ~ombination~ a~e ba~ed on data ~ubmitted by 
6 ~ount~ie~ 

2 combination~ a~e ba~ed on data ~ubmitted by 
8 c.ount~ie-6 

(7 to 1 autho~4) 

(2 to 11 au.tho~4) 

(3 to 10 au.tho~~) 

(4 to 9 autho~4) 

(1 to 14 autho~4) 

(72 to 18 autho~4) 

{76 autho~~) 

A 6u~the~ analy~i4 o6 the data (Table 2 ) ~eveal-6 that the~e 
we~e only 13 element/-6e~tion eombination4 6o~ whic.h not le~~ than 
1,000 ~ample~ we~e available . The b~eakdown 6o~ the4e i4 a~ 
6ollow~ 

combination ba4ed on ~e-6ult4 6~om only 
a ~in g l e c. o u nt~ y Cd.6 ( 6 autho~~) 

2 ~ombinatio n-6 ba4 ed on ~e~ult4 6~om 
3 c.ount~ie4 A-6.8 ( 4 autho~~) 

Pb.6 { 6 autho~~) 

2 eombination6 ba4ed on ~e~ult~ 6~om 
4 ~ount~ie..-6 Cd. 8 ( 8 autho~.t>) 

cu. 8 ( 9 au.tho~4) 

4 ~ombination.6ba4ed on ~e-6ult-6 6~om 
5 ~ount~ie.t> c d. 1 (74 autho~4) 

Cu. 1 (73 autho~.t>) 
Pb. 1 {14 autho~~) 
Pb.8 (8 autho~4) 

. I . 



2 combination~ba~ed on ~e~ult~ 6~om 
6 count~ie~ 

2 combinatioM ba~e.d on ~e.~ult~ 6~om 
8 count~ie.~ 

Hg. 1 
Hg. 5 

Hg. 6 
Hg. 8 

( 18 autho!L~ ) 
(72 autho!L~) 

(76 authoJt~) 
(76 authoJt~) 
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It i~ ve~y cle.aJt 6~om the above. that the. 11,000 ~e.~ult~ ~ubmitte.d 
a~e. veJty badly and i~~egula~ly di~t~ibute.d among~t the. va~iou~ 

e.le.ment/~e.ction combination~ and Table 1 ~how~ whe.~e data a~e 

lacking o~ inadequate. . FoJt example. the ~ituation 6o~ 6ood in 
~e~pect o6 the p~io~ity mic~opollutant~ iA that while. moJte than 

1,000 ~e.~ult~ aJte available. 6o~ Hg, only between 1,000 and 

2,500 a~e. available. 6o~ A~, Cd, Cu, Pb and about 100 ~e.~ult~ 6o~. 

C~, Sn and Zn . No data at all we.~e. ~ent in on the. occu~~ence o6 

Be. and Ni in 6ood • Ne.a~ly all the. Jte.~ult~ 6o~ Cd in maJtine. o~ga

ni~m~ come. 6~om the United Kingdom • 

Some inte.~e.~ting ob~e.Jtvation~ can be. made in ~e~pect o6 ~orne. 

geog~aphical aJte.a~. Thu~ the in6lue.nce o6 geology can be noted 

in the. Rive.~ Conway (UK) whe~e the.~e. i~ a ma~ke.d di66eJte.nce. in Cd 
and e.~pecially Zn be.twe.e.n the. e.a~te.Jtn (non-mine~alized ~e.cto~) 

and the. we.~te~n ( mine.Jtalize.d ~e.cto~) . Fo~ ~ea wate.Jt the. 

6ollowing ~ituation~ a~e appa~e.nt 

Ea~te~n IJti~h Sea -~ai~e.d Cd and Zn le.ve.l~ 

Wel~h coa~tal a~e.a~ -~ai~ed Cd,Cu,Pb level~ 
Engl~~h Channel;Seve.~n E~tua~y and 
Belgian coa~tal aJte.a -~ai~ed Cd, Cu, Pb,Zn level~. 

Fo~ ma~ine oJtgani~m~ 

Engli~h Channel; Seve.Jtn E~tuaJty -~ai~e.d Cd,Pb,Hg,Zn level~ 

UK e.~tua~ie~ and Medite.~~anean 
Sea -~ai~e.d Hg level~ 

Fo~ type.~ o6 ~ample. : 
Tuna (e.~pecially blue. 6in ) 
Swo~d6i~h 

CJtab (b~own meat) -~ai~e.d Cd level~ 

. I . 



V. COMPARISON OF RESULTS WITH EXISTING STANVARVS 

Table 4 give~ the inte~national ~tanda~d~ 6o~ d~inking wate~ 

( WHO 7912) togethe~ with the ave~age and highe~t value~ ~ent in 

6o~ d~inking and ~ive~ wate~~ . The ~tanda~d~ 6o~ Cd, Pb and 
Hg a~e ex~eeded by ~orne 4ample~ o6 d~inking wate~ . 

No ~u~h compa~i4on~ we~e made 6o~ 6ood be~au~e o6 the la~k 
o6 inte~national ~tanda~d4 . It ~an be pointed out howeve~ that 
4ome o6 the data (eg Hg in 6i~h ) ~how level~ that ~ould lead 
in ~pe~ial ~a~e~ to an intake that may ex~eed the p~ovi~ional 
tole~able weekly intake~ ~e~ommended by FAO/WHO whe~e the4e a~e 
available . 

E. METHOVS OF ANALYSIS 

1 5 

Table 5 ~how~ the app~oximate pe~~entage~ o6 ~ample~ analy~ed by the 
di66e~ent te~hnique~ available. Whe~eve~ it wa~ po~~ible to u~e 
it atomi~ ab~o~ption wa~ the method mo~t 6~equently employed . 
X-~ay 6luo~e~~en~e wa~ u~ed by only two autho~4 6o~ mea~u~ing 

Fe and Ti in ~oil~ and plant~ (~e6.32) and 6o~ Cd, Pb and Ni ~n 

ai~ pa~ti~ulate~ and in ~ain (~e6.43) . UV-~pect~og~aphy wa~ u~ed · 
by one autho~ 6o~ wo~k on ~ive~ and 4ea ~ediment~, ~oil~ and 
plant~ ( ~e6 75 and 32) • Pola~og4aphy wa~ u~ed by 6ive autho4~ 
6o~ wo~k on ~ive~ and ~ea wate~~ (~e6 73,79,24,25,50) and by 
one (~e6.55) 6o~ mea~u~ing Cu in 6~uit . Neut4on a~tivation 
wa~ u~ed 6o4 the dete~mination o6 Hg in va~iou~ kind4 o6 ~ample~ 

and 6o4 Mn and Zn in butte~ (4e6 6.4 /6.1, 16,22,23,30.4, 34,36, 

41 and 59 ) • Methyl-Hg wa~ mea~u~ed by ga~ ch~omatog~aphy . 

Fo~ detail~ on analyti~al method~ , ~ee Volume 4 • 

F. CONCLUSIONS 

1. Even though 11,000 analyti~al ~e~ult~ we~e ~ubmitted it mu~t 
be ~eali~ed that they ~ove~ a ~on~ide~able numbe~ o6 
mi~~opollutant~ and ~ection4 o6 the envi~onment (799 element/ 
~ection combination~) and that the di~t~ibution o6 the ~e~ult~ 
between the4e ~ombination~ and the membe~ ~tate4 o6 the 
Community i~ ext~emely va~iable . 

. I. 
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The ove~all ~tati~t~cal validity o6 the data i~ gene~ally 

doubt6ul o~ low . Thi~ wa~ to be expected becau~e ~ome o6 
the ~e~ult~ a~o~e 6~om i~olated dete~mination~ while othe~~ 
we~e the ~e~ult o6 de~igned p~og~amme~ o6 wo~k ca~~ied out to 

a~~e~~ the cu~~ent national ~ituation~ ~n ~e~pect o6 ~peci6ie 

non-o~ganic mic~opollutant~ . 

1 6 

Even~~o the document~ p~e~ented a~e valuable ~ince they con~ti

tute'a compendium o6 in6o~mation which wa~ p~eviou~ly lacking . 
In ~orne ca~e~ ~e~ult~ a~e available 6~om a ~igni6icant numbe~ 

o6 ~ampl~~ and 6~om mo~e than one o~ two eount~ie~ . 

2. The Council o 6 Mini~ te~~ ( R I 2 2 55 el 13 ( EW9) ) ag~eed that ce~tain 

non-o~ganic mic~opollutant~ ~hould be li~ted in an o~de~ o6 
p~io}ity and that ce~tain action ~hould be taken by p~e~c~ibed 

~" 
date~ . The ~tudy that ha~ been made o6 the p~e~ently available 
data which ha~ not been done 6o~ eve~y element in g~eat depth 

~how~ clea~ly that mo~e data will be ~equi~ed in ce~tain ~ecto~~. 
Even among~t the p~io~ity element~ the~e a~e 6ome on which 

exi~ting in6o~mation i~ ~ca~ce eg Zn, Cu and Sn . Element~ ~uch 

a~ A4,Ba,Be, Bi, Mo, Sb and V a~e only ~po~adically ~ep~e~ented 

in the data . Fu~the~ examination o6 the data may ~how othe~ 
gap~ and p~e~umably 6u~the~ wo~k , in ~orne ca~e~ o6 an 

explo~ato~y natu~e, ~hould be encou~aged . 

3. To thi~ end and to en~u~e a¢ 6a~ a~ i~ po~~ible that any 
6u~the~ data obtained a~e both ~ep~e~entative and compa~able, 

any 6u~the~ wo~k to be done ~hould be ca~~ied out acco~ding 
to a gene~ally accepted ~cheme . In thi~ way the inte~p~etation 

o6 data 6~om the point o6 view both o6 it~ toxicological ~igni-

6icance 6o~ man and 6o~ the quality o6 the othe~ ~ecto~~ o6 the 
envi~onment can be made a~ ~eali~tic a~ po~~ible . 

4. Fo~ ~orne mic~opollutant~ and 6o~ ~orne ~ecto~~ o6 the envi~onment 
it appea~~ that p~e~ent data, though limited, may not ~equi~e 
to be.~upplemented ~ince thei~ toxicological and envi~onmental 
impo~tance a~e al~eady known 6~om expe~imental wo~k and the 

indication~ a~e that ~tanda~d~ a~e not p~e~ently ~equi~ed . 
Whe~e thi~ i~ the ca~e it i4 doubt6ul whethe~ the limited 
~e4ou~ce4 o6 manpowe~ and equipment ~hould be u~ed 6o~ wo~k 

the ~e~ult~ o6 which may not in6luence p~e~ent thinking . 
. I. 
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Fu~the~mo~e it ~hould be ~emembe~ed that the~e a~e othe~ 

~ub~tan~e~ be~ide the non-o~gan~~ mi~~opollutant~ 6o~ whi~h 

6u~the~ data may be ~equi~ed . 

5. Additionally , the ~ituation in ~e~pe~t oS the p~io~ity 
mi~~opollutant~ ~hould be kept unde~ ~eview ~o a~ to a~~e~~ the 

~a~~e~~ o6 any mea~u~e~ taken to limit thei~ o~~u~~en~e and to 
dete~t t~end~ . 

6. In con~luding that the~e i~ a need 6o~ mo~e wo~k to be done the 

6ollowing ob~e~vation~ ~hould be taken into a~~ount 

( i ) In ~elation to the o~~u~~en~e o6 mic~opollutant~ in 

human 6ood,in6o~mation on dieta~y patte~n~ i~ ve~y de~i~a

ble . In ~orne ca~e~ total diet ~tudie~ ~hould be 
con~ide~ed . In thi~ ~onnection account mu~t be 
taken o6 the ~on~ide~able o~gani~ation ~equi~ed 6o~ ~u~h 

wo~k and the ~o~t~ involved . 
il) Ac~ount ~hould be taken o6 e~pecially vulne~able g~oup~ 

o~ ~e~to~~ o6 the population and o6 'hot ~pot~' (ie ~itua
tion~ whe~e expo~u~e i~ likely to be abno~mally high). 

Thi~ al~o applie~ to othe~ ~ecto~~ o6 the envi~onment . 

r. Although not 6o~ thi~ Wo~king G~oup to unde~take and ~eali~ing 
that wo~k may be al~eady in hand, it i~ ~on~ide~ed that the 

app~op~iate expe~t g~oup~ ~hould add~e~~ them~elve~ to the 

6ollowing 

( i ) The de~i~ability o6 ~olle~ting data on the o~~u~~en~e 

o6 the li~ted mic~opollutant~ in app~op~iate humain ti~
~ue~ . 

( ii) Studie~ on the bio-availability, inte~a~tion~(~yne~gi~m/ 

antagoni~m) o6 the~e ~ub~tan~e~ both in man and othe~ 

~ecto~~ o6 the envi~onment . 
(iii) Re~ommendation~ 6o~ action to limit ~ou~ce~ o6 ~onta

mination whe~e ~uch i~ po~~ible . 
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I 111eAh II I I II I I It I I 1------ It------ 1------ 1------ et------ 1------- 1------ n------• ------ 1------
~ II I I It I I II I I 
I VR y II I I " 4 2 I 2 I ( 6 ) II 18 I 2 I 5-4 
I It I I II I I II I I ------------------- 1------ ... _____ , ______ 1------ 11------ 1------- , ______ 11------· ------ ·1------
1 II I I II I I II I I 
I 'DRY 11 8 I I 5-4 II I I It 20 I 2 I 6 
I II I I II I I ll I I 

5 • F Jte.-6 h watelt 
1------ 1 ... ----- 1------ 1------ It------ 1------- 1------ 11------1 ------ 1------
1 II I I ll I I h t I 
I WET II I I 11 1 7 4 ' 3 I 1 II f I 
I II I I II I I II I I 

------------------- 1------ ,._ _____ 1------ 1------ 11------ I------- 1------ It------ ------ t------
1 It I I II I I It I 
I fJRY II I I II I I .. t 
I It I I II I I II I , ______ ------- 1------ 1------ "------ 1------- '------ .._ _____ ------ 1------
1 II I I II I I h I 

: WET :: : : : 3 0 6 1 l 1 : 1 ( - 6- 5 t : 
------------------- ·------ -------I ______ 1------ 1L----- I _______ I ______ "------ ------ 1------
_::~~-~~-- !_ _____ L ____ ! ______ !__ ____ L!:~- !_ ___ : __ i~~j~~l L!~!- --~--- L!~=~-

1 II I I II I I 9-1 It I 

B.Food : WET :101 : l 6 : 1511 : 8 l (- 6) : "'100 2 : 8-6 
-------------.:..----- 1------ IL----- ~------ 1------ 'L-- --- ~------- '------ "------ ------ '------

9. AJJr.. 
1 II I I I " I I II I 

:A.bt :: : ! :: ? : 3 :12-10: ? 2 :12-11 
t_ ----- IL- ---- I_----- 1------ U.----- '----- -- '------ II__---- ------ '------1 II I I It I I II I 

:Palt.tic. :: 52 : : 4-3 :: 44 l : 6-3 : 52 l 5-4 
'------ U.----- L----- ~------ U.----- ~------- ~------II_ _____ ------ ~------1 It I I II I I It I 
I Rn i 111 II I I h ?. I I > 8 II ?. 

1
1 9 

I """'-#' II I I II I I II 

------------------- :------ ~----- :------ :------ :t----- :------- :------ =------
lo.so : 0 I II I I It ? I 1 I 1 6 II ? 

-'(..(,., I II I I II • I I - It • 

------------------- :------ ~----- :------ :------ :.----- :------- :------ ::------
7 7 P D-OA~. I DRY II I I II ' I II 10 

• .U.U""'-0 I II I I It I I II 

-------------,----- 1 ______ ~----- I ______ 1 ______ ·----- ·------- I ______ :------

115 >6362 >1631 

n = ttwnbelt oo 4\amplu 

A uthOJrA = nw;1be1L oo a uthoM 

P • log 1 o o6 i~rtve.Jt.&e o6 c.once.ntJta.t.ion (W/W) 

C oncen;tJr.a..ti.o~ between bltac.kw Me exceptional c.oncent7la..t.ion6 • 
FoJt the e.xplana.Uon o6 uni:t6, .6ee Table. 3. 

_.., _____ :-----~ 

2 : 6-4 
------:------

: 5 
------·------
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T A B L E 1. 

=•========·=~~··===~~=====fir•=============•••••tf=========•=•==••====t====•=•=====•==•=•=• 

SECTION OF Tf1E ENVIRON- :: COBALT :: COPPER :: FLUORINE 
MENT. :: !~ :: 

" " " ------------------- ------ ~-----,------,------ ~-----1-------,------~------r------,------
" I A'' I II A" I It I AU- I 
II t1 I w- I It tt ""'- I II n I I 

!! :.thoM : p !! .thoM ! p : ! theM ! p 
=··=·=·======·===== ====== :~=====:======l====== ~-·=== =======:========··=··: =··=··:··=··· 

U I I It I 9-8 II I I 

1. R.iveJL wateJt :: 54 4 : 1 : 1 0 - 8 :: 77 3 0 1 3 : ( - 1 ) :: 1 0 0 : : 1 ft 1 I n I n I I 
------------------- ------ ~----- ~------ ~------ r----- -------~------~~------~ ------,------

2. Sea. wa.teJL 
( 6..tfte~ted 

" I I It I II I I 
II I I II I I 10-9 II I I 

II 60 I 1'1 I 8 3 II 405 II 10 I ( ) II I I II '\, I t. I > • It I -8 II I I 
t1 I I II I I It I I 
11 I I It I I II I I 

------------~------ ------ tr----- ~------ ~------ ~~------~------- •------ n------~ ------ ,------
" I I 11 I I II I 

< 2 ~m :: ? : : 4 • 3 :: ? : : 4 :: : 
II I I ll I I fl t 

3. R-i.v eJt ~ e.cUme.t1U 
------ tr--- -- ~-- ---- •-- ---- tr- ----- 1------- 1------ 11------1 ------ ------

11 I I II I II I 
< 1 6}Jn1 fl I I II ? I 4 ll I 

t1 I I II I II I ------ 1r ----- 1------ 1------ It"----- ------- 1------ u----- -1 ------ ------
II I I It I II I 

80- II 7 I I II I II I 
II 3 5 I I 5-3 II 37 5 I 5-4 II I 

_f!l~~- :~-- --- :------ :------ :!------ ------- :------ ::------: ------ ------
•• t I It I II I 
II 92 t 3 I 5 II 18 2 I 5-3 II I 
II t I II I II I 

VRY 
------------------- ------ ~----- •------ 1------ ~----- ------- 1------u------1 ------ ------

11 I I II I II I 
II I I II I II I 

< 16 wn :: : : :: ? : 4 • 3 : : 
------ It------ 1------ ·-- ---- ~- ---- ------- 1------ q------1 ------ ------
80- :: : : :: : : : 

me.6 h :: 3 : : 5 :: 3 : 5 :: : 
------ .... - ---- 1------ 1-----• tt------ ------- 1------ 11------I ------ ------

11 I I It I tl I 
II 43 I I 6 II 78 2 I 6-4 It I 
II I ! II I II I 

VRY 
------------------- 1------ 1 .. ----- 1------ 1------ ~~----- ------- 1------11------1 ------ ·------

1 t1 I I II I II I I 

: ORY :: 4 : : 6 :: 20 2 : 6-5 : : ! 
I - - - - - - It- - -- - - 1- - - - - - I- - - - - - It- - - - - - - - - - - - - 1- - - - - - 11- - - - - - - - - - - - I - - - - - -
I II I I U I It I 
I WET tt I I II I II I 
I II I I II I II I 

5. F~tuh wateJL 
oJtga.nMm6 

------------------- I-- --- - It----- - 1-- - --- I---- -- I'- -- --- --- --- - I---- -- It------ --- --- 1------
t It I I U I q I 
I fJRY II I I II I " I 
I II I I II I II I 

6. Sea. oiLganMm6 
1------ ~----- 1------ 1------ ''------ ------- I_----- II------ ------ I------I II I I II I I II I 

I
I WET u 1 1 11 5 9 8 1 5 1 6 5 n 1 

II I I II I I - II I 
------------------- •--- --- ~ ----- I ____ -- 1------ 1L-- --- I _______ I ______ "------ ------ '------

' 11 I I II I I ( 9) 8 II I 
1. VJt.iniUng IAXLteJt I II 76 2 I 4 I 9-8 It 2 58 I 4 I - .. I 

-·----------------- : ______ ~----- : ______ : ______ ::_ _____ : _______ : __ J:ll =------ ------ : _____ _ 
I 11 I I II I 18 6 II I 

8 • Food : (t'ET 11 1 7 0 1 2 1 9- 8 11 273 6 1 9 1 
- .. 1 

------------------- I_----- ::.. ----- :_----- :_----- :. ----- :------- :_-J:.? 1 ::_----- ------ :------
9.Ai..JL 

I II I I It I I II I 

: A.bz. :: ? : 2 p 3- 12 :: ? : 3 : 1 2- 1 0 :: I : 
I ______ lL----- '------I ______ 11.----- I _______ ·------"------·------'------
1 t1 I I It I I II I I 111'>,., .. + ;C It 52 I I 5 II 4 3 I I 4 2 It I I rwtAA. II I 1 It I I - II I I 

~------ tL----- '------ ~------ a _____ ~------- •------ 1'------~ ------ ~------
' II I I II I I II I I 

: Ra..in :: ? l : 1 0 : ? ! l 8 g : l ------------------- :------ *----- :-- ---- :- ----- :t----- :---- --- :------ :---- -- : ------ :------
7 0. SoU ' " 79 I I 6 5 II " I 3 I 5 " 4314 I I 2 3 

------------------- l------ ~----- :------:--=--- 3---: __ :------- ll:~:~l ::------: ------ :-~:_:_ 
11. P funU : VR Y :: l l :: 31 : 1 :s (-4 ) :: : : ------------------- ·- ----- *----- I ___ --- 1 ___ --- • ----- , ___ ---- I ______ ::------· ------ I ___ ---

>1404 >5695 4414 

n = n.umbelt o6 ~ample6 
l 

A uthoM= nw;tbett o6 authoM 

p • lo970 o6 lnve.Jt~e o6 conce.nt~a.tion. (W/W) 
Conce.~atio~ b~e.e.n htack~ aJte. e.xce.ptional conc~ation6. 
FoJt the. e.xplana..tion o6 u.ni..U, ~e.e. Table. 3. 
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T A. B L E 1. 

••••••••••••=•••••••••==··~r··=·=··············~···•••••••••••••••••••=•••••••••••••••••• 

SECTION OF THE ENVIRON
MENT. 

" " " :: IRON : LEAV : 
" . " It tl II 

MANGANESE 

------------~------ ------ :~-----,------,------:~-----1-------,------:------r------,------
:: : A.~ : :: : Au- : : : ACL. : 
ll t1. 'thO'"._ I p It t1. I thO" I. I P II n I 4-IA,., I. 1 
II I '""" I II I '~ I I I """"I.V"~ I 

p 

·········=·········~······ :~·····!······:······>····=:=······!······=······: ······!······ I Q I I ,; 6 II I I 9-8 II I I 
1 R • wat I It 521 1 6 1 o- ll l 1 1 It 1 a 

__ :_:~~----~-----:------ ~-----:------ :--l~~l ~--~~~:----~~-:--~:~~:---~~:: ___ : __ :-~:~~:6.3) 
: :: : : 10-8 = : 10-9 ~ : : 
: :: 114: 3 : (-1): 254 6 : (-8) = 202: 2 : 10-8(-1) 
I II I I II I ft I I 
I II I I II I q I I 

2 • Sea. watVt 
( 6-iUeJted ) 

-------------------~------ •r----- ~------ ~------ r----- -------~------ .. ------, ------~------
• I 11 I I II I II ! I 

3 R . ,..,I: ... ~ IA4-• I 2 11 I I II '1 I " I I • -<..Ve/t .6CC.W\..lllerii'\A) I < \lltl It I I II • I 4-3.3 II I I 
I II I I II I Q I I 
~------ If" _____ ~------ ~------ lr' ----- ------- ~------ •• ------1 ------ ~------
1 II I I II I II I I 
I< 16}ln1 II I I II I h I I 
I " I I II I II I I •-- ---- •r--- -- 1------ ~------ n------ ------- 1------ ~~------~ ------ ------
1 U I I It I tt I 

I 8 0- II I I II 375 I 4 ( 2 ) II 3J5 I 

: muh = : ! = : - : : 1------ ~----- 1------1------ ~----- ------- 1------u------1 ------ ------
3.3-2 

' U I I II I II I 
I VR y II 12 t I 2 " 9 9 3 I 4 • 3- 3 II 8 4 I 
I II I I II I II I 2 4-3 

-------------------•------ ~----- 1------1------ ·~----- ------- •------n------• ------ ------' II I I U I a I 
I II I I II I h I 
I< 16}lm II I I II I 0 I 
I II I I II I I I ·------ ·----- 1------ 1------ It------ ------- 1------ tt------1 ------ ------
1 II I I II I It I t80- II I I II I It I 

: me.6h :: : : :: 3 : : 4. 3 :: 3 : 1------ tt------ 1------ 1------ ..,. _____ I------- 1------ tt------1 ------ ------
3.3 

II VRY II I I II I I " I 
It I I It 85 I 3 I 5-4 n 43 I 

I It I I II I I U I 4-3 
------------------- 1------ It------ 1------ 1------ ~~----- 1------- 1------11------ ------ 1------

1 It I I II t I II I 
I VRY II I I It 58 I 2 I 6-5 u I 
I II I I II I I It I 

5. F1Le.4h wate!L 
·------ ~----- 1------ ·------ ~----- t------- 1------ ·------ ------ 1------1 II I I II I I ft I 
I WET II I I II I I " I 
t n I I n I I II I 

------------------- 1------ ·----- 1------ 1------ L----- 1------- 1------ h------ ------ 1------1 H I I It I I II I 

: VRY : 19 : : 4-3 :: : : : 19 : 5-4 1------ ,... _____ 1------ , ______ ~----- •------- I ______ "------ ------ 1------
1 II I I n I I 1-6 3 Q I 
I WET II I I It 2 2 12 I 6 I • II I ------------------- : ______ =------ :_ _____ : ______ :_ _____ :_ ______ :_r~_6:_5J:L _____ ------ : _____ _ 
I It I I II I 19 8 II I 

1 • f)Jti.nk.ing «.tlteJL : :: 6 3 1 : 2 : 8 - 6 ~ 1 6 6 : 5 : - : 1 5 8 3 : 8- 1 
------------------- '------ IL----- '------ 1------ tL----- ~------- ,_J:Jj_ 11------ ------ 1------1 ll t I II I I q I 

B.Food :WET : 115 : 2 : 6-5 :2155: 8 :1{-6} : ? , 2 : 8-5 
---------------- --- I_----- IL----- I_----- I_----- tL----- I_------ I_----- lt..----- ------ I_-----

9.Ai.Jr. 
I II I I II I I It I 

: Abt :: ? : 2 : 1 0- 8 :: ? : 4 : 1 0- 8 : ? 3 : 11- 1 0 
1------ IL----- L----- 1------ U.----- '------- '------ "------ ------ 1------1 II I I II I I II I 
IPa/t.ti_c tt I I II I I II 1 
I II I I II I I II I :------ ~----- :------ :------ =------ :------- :------ ::------ ------ :------
: Rain = ? : : 1 : ? : 1 : 1. 3 : ? 1 : 8 

-------------------:------ =------ ~----- ~----- ·----- :------- ~-----t----- ------:------
1 0. SoU. : : 11 : : 3- 2 = ? : 3 : 5- j 3 : 1 9 : 4 ------------------- :------ =------ :------ :------ :t----- :------- :J=-.!-~ =------ ------ :------
11. P.fan:U : VRY : 30 : 1 : 4-3 : 15 : 1 : 5 : 31 : 4 

• ------------------- 1 ______ t----- 1 ______ 1 ______ ·----- I _______ I ______ :------ ------ ·------

>1585 >6380 >1491 

n • ttwnbelt o6 .6ample6 

A uth.OIL6• nw11be1L o6 authoiiA 

P • tog 7 o o 6 .inv eiL.6 e o 6 c.o nc.e.ntJt.a.t..i.o n (WI W) 

Co ncentlta.Uo~ between b!Ulckw aiLe except.i.o na1. c.o nc.en.tJr.a;tio n.6 
FoiL the expla.na.Uon o6 u.n.i.t.-6, ~ee Table 3. 
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TABLE 1. 

e•••==··=··~·····=·=·===•=fir•==·=··············~··························=·············· 
SECTION OF THE ENVIRON- :: :: : 

MENT :: MERCURY : MOLYBDENUM = 
II II II 

NICKEL 

-------------------·------ :~-----,------,------ :~-----r-------,------:------r------,------
:: ! A~ ! !! Au- : : A«L- : 
:: n :thoM : P :: n thoM P : n : tA.oJU : P 

=•==••••••••a•••••• I••==•• :F••===:===••=:==•=•=>===== •••=•=• ••••••=••••••: =•••••I•••••• I II I I II II I 
: :: 2 2 54 : 18 : 11- 9 : 2 8 1 3 1 0- 9 : 9 46 : 
I Q I I tt tt I 

l • R.iv elL wa..teJt 13 9-8 ( -1} 
-----------~-------~------ ~-----~------ ~------ r----- ------- ------~~------~ ------ ------

1 II I I II II I 
I II I t II II I 

: :: 120: 5:11-10 :: : 212: 
I II I I II II I 
I II I I II Q I 

2 • Se.a watelt 
' o.iUeJted l 4 9 

-------------------,------ tr----- ~------ ~------ r----- -------·------~~------~ ------,------1 II I I II I II f I 

3 R • ,...J : ... , I II I I II I II I I 
• ..{.Ve/t .6~.U.-'\.111e.nt6 I <2~m II f I 1 I 6-5 II I II ? t 1 I 4 

I II I I Q I II I I 1------ w----- ~------ ~------ r----- ------- 1------~~------~ ------~------1 II I I II I II I I 
I< 76lJm II ? I 1 I 6-5 ll I It I I 
I II I I II I II I I 1------ w----- 1------1------ ~----- ------- 1------~~------• ------•------
1 II I I II I It I I 180- It I I II I II I I 
I h II I I II 375 I 6-5 II 375 I 1 I 4 3-4 
I tne,6 It I I II I II I I • 1------ ~----- 1------ •------ ~----- ------- 1------n------1 ------~------
1 II I I 8-1 II I II 99 I 3 I 5 4 
I VR y Q 46 0 I 4 I (- 6} " I II I I -

. I II I I II I It I I 
-------------------·------ ~----- 1------1------ ~~----- ------- 1------11------· ------1------

1 II I I II I II I I 
I Q I I II I II I I 
I< 76lJnt II I I II I I It I I 
I II I I II I I II I I 1------ ~--- -- 1------ 1------ fto------ I------- 1------ 11------1 ------ I------
1 II I I II I I II I I 
t80- II I I II I I II I I 
I 11 I I II 3 I I >6 II 3 I 1 I 5 
I nle,.6h Q I I II I I II I I 1------ 1 ... ----- ~------ 1------ .._ _____ 1------- 1------ n------1 ------ 1------
' II I I II I I II I I 

: VR Y :: 9 6 : 3 : 1 ( - 6 ) : : : : 4 3 : 1 : 5 ------------------- 1------ ·----- 1------ 1------ ~~----- , _______ 1------ 11------· ------ 1------
1 q I I II I I II I I 
I VRY It I • II I I II 20 ' 2 I 6-5 
I II I I It I I tl I I 1------ 1 .. ----- 1------ 1------ "------ 1------- 1------ ·------ ------ 1------
, II I I 1-6 3 II I I Q I 

5. F1te..6h watell 
oJtgani.6m.6 

I ~JET II 115 4 I 12 I • II I I II t 

------------------- : ______ :~----- : ______ LJ:~J- :t _____ : _______ :_ _____ ::_ _____ ------ : _____ _ 
I II I I II I I II I 

: VRY : : : :: : : : 91 2 : 6-5 
1------ ~----- ~----- 1------ ~-----'------- '------L----- ------1------1 II I I Q I I It I 
1 WET " 1 5 3 5 1 I 1 6 I 1 ( - 6 } II I 1 n I 
I II I I Q I I II I 

------------------- ·------ ,.. _____ •------ 1------ "------ I _______ I ______ .._ _____ ------ , _____ _ 
I II I I II I I It I . 

1.V!Un.Wtg «.Wtelt : :: 123: 8 :J0(-8) :: 88 : 3 : 10-9 : 156 4 :9-8 
-------------------:------ ~----- ~----- :1:) ___ t----- :------- ~-----:------ ------:------
8. Food : WET : 1114 : 76 : ( _ 1 ) : 1 0 0 : ! 8 : : 

------------------- 1------ IL----- ~------ 1------ tL----- ~------- ~------ "------ ------ ~------1 II I I II I I II I 
.I A;, It 'I I 2 I 73 11 I I " 'I 2 I 72 10 

..VL. II • I I II I I II • I -9.Ai.A 
'---- -- IL--- -- '------ 1------ lL----- ~------- ~------ It_ _____ ------ 1 .......... .. 
I II I I II I I II I 
IPaJLUc. It 57 I I 1-5 II I I II I 
I II I I II I I II I :------ ~----- :------ :------ ~----- :------- :------ =------ ------ :------
: Ra.W : ? : : > 1 0 : : : g ? 1 : >8. 3 

------------------- :------ ~----- :------ :------ :t----- :------- :------ :------ ------ :------
1 0. SoU : : t ! : : : : 2 4 1 : 5 

------------------- :------ ~----- :------ :------ ·----- :------- :------ :------ ------ :------
11.P.eant.6 ! VRY :: : : : : : :: : ___________ ._ _______ ~------ t----- 1 ______ , ______ ·----- I _______ , ______ :------ ------I _____ _ 

>21383 181 >1909 

n • numbeJt o6 .6ample.6 

A uth01l.6 • nwnb ell o6 a uthoM 
p • log 1 o o 6 .inv ell.-6 e o 6 c.o nc.en.tJta.t.io n (WI W) 

Conc.entJta...ti.on6 between blU1c.kw aJte exc.epti.ona.l c.onc.en:tlr..a.lion6 
FoiL .the e.xpla.na..tion o0 u.nw , .6ee Table 3. 
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TABLE J. 

···········•··········=•••tr••••••••••••·······~··················••t•••••••••••••••••••• 
fl fl h 

SECTION OF THE ENVIRON- :: SELENIUM :: SILVER : 
MENT. : : ~ 

STRONTIUM 

-------------------.------ :r-----,------,------ ~-----r-------,------:------r------1------

=•••••&••··········I···=·· 
1. RiveJL wateJL 

I 
I 
I 
I -------------------,------•. I 

2 • Sea. wateJL 
( 6.itte!ted ) 

I 
I 
I 
I 
I 

-------------------~------1 

3. Ri.velt .6ec:Wne.n,U : <2wn 
I 
~------
1 
1<l6lJm 
I , _____ _ 
:so-
' 1 muh 1------
: VRY ___________ J _______ : _____ _ 

I 
I 
1 <76lJm 
I , _____ _ 
I 
180-
1 
1me..6h 1------
: VRY 
I 

------------------- 1------1 
I VRY 
I 1------
1 
I WET 
I ------------------- , _____ _ I 
I VRY 
I 

1------1 

: WET 
------------------- 1------1 

1 • v !UniUng LA.tttelt : 
------------------I _____ _ I 

&.Food : WET 
------------------- I _____ _ 

9.MA. 
I 
I A' IA.Jt.. 

·------1 

: p a/t.t.i..c. I _____ _ 

I 

: Ra.in 
------------------- :------

10.SoU 1 
I 

------------------- :------
- 11 • p la.rl.U : VRY 

: : A~ : :: : Au- : g :A"- : 
" n ltho" .. 1 P " n 1 tho" .. 1 P • n 1 .,.,~,..,~.. , 
II I '""" I II I '"'~ I II I "'-'""'""" I 

p 

:~·····:=·····:=·····~····=:·······:······=······: ······:······ II I I lt I I II I I 
tl 1 I I tl I I II I I 
II 45 I 6 I 9 II 6 I 1 I 9 II 27 I 1 I 1 (- 6) 
II I I tt I I tt I I 

~-----~------ ~------ ~~-----~-------~------n------1 ------~------
" I I II I I h I I 
II I I It I I II I I 

It I I II 201 111-10" I I It I I II I I II I I 
It I I It I I h I I 
If I I II I I II I I r----- ~------ ~------ r-----·-------,------n------1 ------~------
" I I It I I It I I 
It I I It I I II I I 
It I I It I I It I I 
It I I II I I It I I ar----- ~------ a------ ar------ ------- •------ ,,------~ ------ ,------
" I I It I II I I 
ll I I It I It I I 
It I I II I II I I 
lr----- ~------ ~------ ..------ ------- 1------u------1 ------ •------
'' I I It I II I I 
It I I II I It I I 
It I I ll I It I I 
It I I n I It I I 

~----- 1------ ·------ ~----- ------- 1------lt------1 ------1------
" I I It I II I I 
It I I II I II I I 
It I I It I h I I 
~----- 1------ 1------ 11------ ------- 1------ tt------1 ------ 1------
" I I It I II I I 
II I I It I II I I 
It I I It I tt I I 
It I I It I I I I It---- -- 1------ 1------ ..,_----- I ------ - 1------ 1------1 ------ I ------
II I I II I I II I I 
II I I II I I It I I 
It I I It I I II I I 
II I I II I I It I I tt------ 1------ 1------ .._ _____ 1------- 1------ n------1 ------ 1------
11 I I II I I II I I 
It I I It I I It I I 
II I I II I I II I I 
1 .. _____ 1------ 1------ ·~----- , _______ , ______ 11------1 ------ 1------
.. 
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I I · II I I It I 1 

It I I 6-5 It I I II I I 
It I I It I I II I I ·----- 1------ , ______ ,.,. __ --- , _______ 1------ ·------1 ------ , _____ _ 
II I I It I I h I I 
It I I II I I It I I 
It I I It I I II I I 
h------ 1------ 1------ L----- 1------- 1------ lt------1 ------ t------
11 I I II I I II I I 

: : : :: 11 : : 1-6 : : : 
"'------ ·------ 1------ "------ 1------- I ______ "------·------ 1------
" I I II I I II I I 
II I I It I I ft I I 
11 I I It I I II I I 
... ____ - 1------ 1------ .... _____ I ___ ---- I ______ .._ _____ I ------ 1------
11 I I It I I It I I 
II 95 I 3 I 9 It I I II I I 
q I I It I I I I I 

IL----- 1------ 1------ 1..----- ~---- --- ~------ lt------1 ------ 1------11 I I II I I II I 
II 99 I I 1 It I I II I 
It I I II I I I I 

IL----- ~------ 1------ "------ '------- ~------ "------ ------ ~------11 I I It I I It I 
II I I It I I II I 
II I I II I I II I 

IL----- ~----- ~------ "------ '------- ~-----"------ ------1------11 I I II I I II I 
II 53 I I 6 5 II I I It I 
Q I t - II I I II I 

tL----- ~----- ~------ IL----- ~------- ~------ "------ ------ ~------11 I I It I I II I I 
II I I II I I II I I 
It I I It I I II t I 

a _____ ~------ •------ "------ ~------- '------ "------I------ ~------" I I It I I II I I 
II I I It I I It I I 
II I I U I I It I I 

~----- :------ :------ ·----- :------- :------ ::------:------ :------
" I I II t I II I I 
II I I q I I II I I ____________ .., ______ , ______ *----- I ______ 1 ______ ·----- ·------- I ______ :------1 ------ 1 _____ _ 

110 

n • nwnbelt o6 4ample.6 

A uthOIL6• nw-r1beJt o6 authoJU 

91 

p • log 1 o o6 .inve.JL4e. o6 c.oncentJta.t..ion (W/W) 
Conc.entJuLU.o~ buween bJr.a.c.kw Me exc.epti.onat conc.enVr.a..U.on-6 
FoiL the explana.tlon o6 un-i;t-6, .6ee Table 3. 

21 

24 



TABLE 1. 

··························tr···················~········································· 
SECTION OF THE ENV10N

MBNT. 
" " h :: TIN :: TITANIUM : 
" . " " " " 

VANAVIUM 

------------------- ------ :~-----,------,------ :~-----T-------,------:------r------,------
:: : A~ : :: Au- : = : A"- : 
:: n :tholt.6 : P : n tholL6 : P : n : thOJL6 : · P 

·················••i•••••• :~·····:······:······>····· ·······:······=······: ······:······ I II I I It I II I I 

J • R~veJL c.M.teJL : :: : : :: : : 300: 2 : 9-8 
-------------------·------ ~-----:------ :------}----- -------:------:------:------:------

" I I II I II I I 
Q I I It I II I I 
q I I II I II I I 
II I I It I II I I 
II I I II I h I I 
II I I II t I II I I ------------------- ------ r----- ,------ ~------ r-----~-------·------ .. ------1 ------~------
" I I II I I II r I 

2 It I I II I I It t I < \.1111 It I t II I I It I I 
II I t q I I It I I ------ w----- ~------ ~------ r-----•------- •------~~------~ ------,------

<16,1m II I I It I I U I I 
~ II I t It I I h I I 

II I I II I I II I I ·------ tr----- 1------1------ ~-----1------- 1------n------• ------•------
" I t II I I q t I 

:: 375 : : 5-4 :: 375 : : 3-2. 3 = 315 : : 4 
It I I II I q I I 

~----- 1------ •------ ~----- ------- •------n------• ------1------

1 
•80-
1 
• meAh 1------

11 I I II I II I I 
II I t h t II I I 
It I I II I It I I 

: VRY 
I 

-------------------·------ ~----- 1------1------ ~----- ------- 1------·------· ------1------1 " I I II I II I I 
II I I It I I I I 
U I I Q I q I I 
II I I II I I I I 

I 
1< 76lJm 
I , _____ _ ·----- 1------1------ ~----- ------- 1------·------1 ------·------11 I I II I II I I 

It 3 I I It I II I I 
It I I 6 tl 3 I I 3 II 3 I I 4. 3 
It t I It I I II I I 

·----- ~----- 1------ ~-----·------- 1------11------1------1------

I 
180-
1 

1me.6h 1------ 11 I I It I I ft I I 
II I I II I I h I I 
It I I II I I II I I 

: VRY 
I 

------------------- 1------ ·----- , ______ 1------ ·~----- ·------- •------ ·------1 ------ 1------
" I I II I I II I I 

: 10 : 1 :5 (-3): : : : : : ..., _____ ·------ 1------ .._ _____ ·------- , ______ ·------1 ------ , _____ _ 
1 
I VRY 
I 1------

It t I II I I II I I 
II I I II t I It I I 
It I I II I I Q I I 

1 
I WET 
I 

------------------- 1------ ·----- 1------ , ______ ~----- •------- , ______ ·------· ------ , _____ _ 
It I I II I I II I I 
II I I II I I t1 I I 
II I I II I I Q I I 

, 
I VRY 
I 1------ .., _____ '------ 1------ "------I _______ I ______ .._ _____ ,------ 1------

11 t I q I t II I I 
Q I I It I I I I I 
It I I It I I It t I 

1 

•WET I 

------------------- '------ .. _____ 1------ 1------ IL----- '------- ~------ "------1 ------ '------1 It I I II I I II I I 1 f)lriutl-ti..,.,., ,v.+nlr I II I I II t I I I I 
• 'IA.I""I""-'~ ~~" I It I t It t I I 12 I 3 I 9-8 

------------------- '------ L----- '------ L----- L-----~------- ~-----•------~------ 1------1 II t I II I I II I 

8. Food : WET : 99 : 3 : 6-4 : : : : : 
-- ... ------------ ... --- 1------ IL----- L----- I_ ...... --- tL-- --- I_---- ... - I_-- ... -- II..- ... --- -- _ ...... _ I- ... ----t It I I ft I I II I 

I A;, It I I " ' I u I 
I "VL. II I I II I I I ? 2 I J 2 - 1 0 
1------ IL----- '------ '------ tL----- '------- ~-----~----- ------~------

9.AJJl 
1 It I I H I I II I 
II p ..... ,. :A It 4 2 I 1 I 4 3 ,, I I II I 
W~q I I - It I I II I 

:------ ::------ }------ :------ J------ :------- :------ ::------ ------ :------
1 Rn ; L1 11 1 1 II I 1 n 1 
I """""'' It I I II I I II f J I 9 

------------------- :------ t----- :------ :------ :t----- :------- :------ ::------ ------ :------
1 0. SoU. : : 1 4 : 2 : 5 ( - 4 • 3 ): 77 : 1 : 2 : 2 4 1 : 5-4 

-------------------:------ t----- ~----- ~----- ·----- :------- ~·----~-----:------:------
11 P o-.A~. 1 DRY tt 1 1 n 1 1 " 1 ' 

• .(..U.IIAA I I I I Q J3 I J I 5-4 h I I 

------------------- '------ t----- L----- '------ ·----- ~------- ~-----~-----•------~------
483 

n r: numbelt o6 4ample4 

A uth046 • nWHbeJr. o6 a utholt4 

342 

P • lo910 o6 lnve~4e o6 concent~ation (W/WJ 
Co nc.entlta.ti.o n6 be;tween bJr.ac.ke.U aJt e exc.ept.io nat co nc. ent:lta.tio tt6 
F oJt the expla.na.tio n o 6 un-LU, .6 ee Table 3 • 
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T A B L E J. 

··························~r·················••tf••······································· 
SECTION OF THE ENVIRON- :: :: : 

MENT :: ZINC : ZIRCONIUM : 
" " " -------------------------- :~-----,------,------:~-----T-------,------:------r------,------
: : At.V- : :: Au- : g :AU... 
: n :.tholt6 : P : n tholt6 : P = n : thOIL.6 p 

···················~······ ~-····:·-····:······>····· ....... :······=······: ........... . 
J • R.ivelt IQUeJt 

I It I I 8 1 U I II I 
I It 88 3 I J 2 I - tl I II I 
: II : : (-6) : : g : 

-------------------~------ ~-----~------ ~------ 1;----- -------~------ .. ------1 ------ ------
1 It I I 9 8 II I II I 
I II I I - II I II t 
I Q 351 I 1 I ( 1 3) 11 I tt I 
I II I I - • 4 I II I 
I It I I II I II I 
I II I I Q I II I 

2.Se.a watelt 
( 6-Utelled ) 

-------------------~------ r----- ~------ ~------ r----- -------~------~~------, ------,------
1 II I I II I II I I 

3.R J,vnlr .. ,...J:,_,...,../-t I 2 • '1. I J 14 3 It I II 1 1 
~ "'"' .g ~IIU""'-0 I < J,1n1 II I I - II I II I I 

I • I I II I II I I 

~------ r----- 1------ ~------ r----- -------~------u------~ ------~------1 II I I II I II I I 
I< J 6lJm II I I II I II I I 
I II I I II I II I I , ______ r----- 1------ , ______ ~----- ------- 1------u------~ ------~------

: 8 0- :: 3 7 5 : 1 : 4- 3 : : = : : 
: me..6h : : : (- 2) : : : : : 1------ ~----- , ______ , ______ ~----- ------- 1------tt------1 ------1------
1 Q 92 I 3 11-3 II I II I I 
I DRy II I I - 2 3 ) " I II I I 
I II I I • II I ft I -------------------1------ ~----- 1------1------ ~~----- ------- 1------·------1 ------ ------1 II I I II I It I 
I It I I It I tt I 
1<76lJf'IJ It I I II I Q I 
I II I I II I It I 

4. Sea .6 ecUmhl;u 
1------ ..,. ___ -- 1------ , ______ ~----- ------- 1------ ·------1 ------ ------
1 II I I II I It I 
180- II I I II I It I 
I II 3 I 14 II I II I 
I nJe.6h II I I II f I II I 

:~-VR---v-- :r---8-s- :-----3- :lsl:4- :------ :------- :------:------: ------ ------
11 I I II I I ft I 

I It I t(-3.3)11 I I II I ------------------- 1------ ·----- 1------ , ______ ~----- 1------- 1------ 11------· ------ 1------
s. F1Le..6h wa.tell : DRY : 20 : 2 :4 : : : : : ! 

I It I I ft I I II I t 1------ ·----- 1------ ·------ .... _____ ·------- , ___ --- ·------1 ------ 1------
,1 WET II I I It I I • I I 

It I t It I I It I I 
I It I I It I I II I I ------------------- , ______ ·----- 1------ 1------ .... __ --- 1------- 1------ lt------1 ------ , _____ _ 
I It I I It t I II I I 
I VRY II I I II I I • I I 
I It I I II I I It I I 

1------ ~----- '------ 1------ L----- 1------- '------ "------1 ------ 1------1 It I t R I I II I I 
I WET II 322 I 6 I 5 ( -4) II I I • I I 
I II I I It I I It I I ------------------- 1------ a.----- 1------ 1------ ... _____ I _______ I ______ "------1 ------ '------
1 II I I II I I 01 I I 

1 • V" ; ut 1., ; "', IA.t.tteJt. t h 2 6 4 I 5 I 8-1 Q I I I I I '""'"'""""'tf I II I I II I I I I I 
------------------- 1------ L ----- 1------ 1------ L----- ~---- --- ~------ 11------1 ------ ~------1 II I I II l l II I I 

II WET • 7 31 I 4 I 1-4 • l I II I I 
It I I II I I It I I 8.Food 

------------------- 1------ IL----- '------ 1------ tL-- --- ~------- '------ "------1 ------ ~------1 II I I It I I II t l 
I Ai.Jt II ? I 2 IJ 0-8 3 .. I I It I 
I II I I • II I I I I 9. AiA. 
1------ L----- L----- 1------ tL----- ~------- ~-----~----- ------ '------1 II I I II l I It I 
1
1
paJt..t.iC. II 52 I 13 3-1 :ztl I I II 1 

II I I • • .7tt I I U I 

I ______ L----- L----- ~------ ~----- '------- ~-----~----- ------ ~------1 U I I It I I h I 

I
I R~'~;"' 11 'I 1 1 1 n 1 t 11 t 

I.VU' II • I I H I I • I 

-;o~~u----------- ;------ f---;- r---;- !~I~~ t--;4- !----;-- !---~-- r----- ------ ~------
------------------- :------ t----- r----- ,------ 1------ ~------- ~------ ~------ ------ :------

1 J. Pla.nt.6 : DRY : 3 7 : 1 :4. 3 (- 31:: : : : : 
-------------------- ·------ t----- 1 ______ I ______ ·----- I _______ ·------ :------ ------I _____ _ 

>2561 
n • numbell o6 .6ample-6 

A uth.OIL6 • numb ell o6 a uthoJU 

24 

P • log 1 o o6 .l.nve.JL.6e o6 c.once.ntJta.t.ion (£V/W) 

Conc.entJutt.ion4\ between bJr.a.c.ke.U aiLe exc.e.pt,.ional c.onc.en.tluLtion4\ 
foiL .the expl.a.na.:tion o6 un.iU, ~ee. Table. 3. 
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T A B L E 3. 

EXPLANATION OF UNITS USEV. 

UNITS OF CONCENTRATION INVERSE 

1ppt 1 ng I kg 

Jppb 1 ug I kg , 1 ug I l 

7ppm 1 mg/kg 

g /kg 

LOG. INVER 
SE = p 

7 2 

9 

6 

3 

2. 3 

2 

The exp~e~~ion p u~ed in Table 1 , i~ u~e6ul 6o~ ~hawing 

di~ectly the o~de~ o6 concent~ation between va~iou~ media . 

28 
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T A B L E 4. 

COMPARISON OF RESULTS WITH EXISTING STANVARVS 

_________________________ f ___________________________________ -----------------------

: WHO STANVARVS 1912 
: ~g/i 
II 
II 

RESULTS 
~g/l 

·-----------,-----------y----------- -----------1-----------
: LimU 1 max. max. VJU.niU.ng , R.ive.Jt wa..telt 
It I • ,., .... + I 
11 c.onc.. 1 4ec.omm. pellm<A-6. """"'-elL ~~ 1 ~~ 

: : : (un6.iUe.Jted) 
It I ._ 

·==·=======··======·===·=·===========I==··==·········====······=========~·========== 
II I It I 
II I II I 

: 50 : : 1 .15 : 6 
II I II I 
• 1 " up to 8 1 up to 2 6 
II I It I 
I I II I 
II I II I 

------------------------·-----------·-----------~-----------~-----------~------------• I I II I 

: 70(5)~ : : : 2 : 2.5 
II I I II I 
" 1 1 " up to 13 1 up to 10 
II I I It I 

cac1m.wm 
I I I II I 
II I I II I 

------------------------·-----------+-----------~-----------~-----------~------------• I I M I 

: : 50 : 1500 : 39 : 19 
II I I II I 
" 1 1 " up to 600 • up to 300 
II I I II I 

Coppell 

" I I II I 
" I I tt I 

------------------------·-----------~-----------+-----------~-----------~------------
" I I II I 
II I I II I 
: : 100 : 1000 : up to 8000: up to 20000 
II I I It I 

------------------------·-----------·-----------+-----------·-----------~------------• I I It I 
It I I II I 
II 100(50)~ I I II 76 I 79 
I I I II I 
11 • 1 • up to 110 1 up to 128 
II I I I I 

Lead 

I I I I I 

------------------------·-----------+-----------+-----------·-----------·------------11 I I II I 
II I I II I 
II I 50 I 500 II 24 I 125 
II I I 11 I 
• 1 1 11 up to 540 1 up to 650 
II I I II I 

Mangane-6e 

II I I It I 

------------------------·-----------+-----------·-----------·-----------~------------" I I II I 
It I I II I 
It I I I 0.25 I 0.35 
II I I 1 I 
It I I II Up to 1 3 • 5 I U.p tO 4 • 45 
It I I It I 

Me!tc.Uily 

It I I II I 

------------------------·-----------~-----------~-----------·-----------~------------• I I II I 
II I I II t 
II 1 0 I I II '\, 1 I '\12 • 5 
II I I II t 
II I I II Up tO 5 I Up tO 10 
It I I II I 
II I I It I 

------------------------·-----------~-----------~-----------~-----------~------------" I I It I 
II I I It I 
II I 5000 I 15000 II 250 I 200 
II I I II I 
11 1 1 "up to 16101 up to 3250 
II I I II I 

Z.inc. 

II I I II I 

-~----------------------------------------------~-~-------------------------~--------

RemaJLiu : ~ BU:Ween biUlc.kw : newly p1topo~e.d ~t4ndtVtcU (WHO ,H~.i.nJU. meet.Otg 1912) 

~~ F ilu,t nu.mbeJt : mean o& the. JLUu.tt6 - o6 Vol. 3 
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