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Beryllium content and geochemical position in bedrock, surface water and

atmospheric deposition was studied in an experimental catchment "Lesnf
potok" in the region with the ~cany granite as an underlying rock. Elevated
content of Be was found in the rock samples, which will be employed for
further study of the Be position in the rock-forming minerals and accessories.
Study of the bulk chemistry of surface water of the catchment revealed signi.:
ficantly elevated concentrations of Be, caused by low pH values and high
content of Fions in water. Low content of Be in the cumulative samples of
atmospheric deposition confrnned the insignificance of this input for the Be
cycling in the study area. The study of the trace element chemistry (including
Be) of forest canopy throughfall has verified the role of physical and physio-
logical mechanisms for the extent ion of their cycling.

beryllium; cycle; environment; catchment; deposition; surface stream; bed-

rock; mobilization

Beryllium is a typical lithophile trace element with average abu:ndancy in
the Earth's continental crust of 3.0 ppm (K r a u s k o p f, 1979) with higher
concentrations in acid igneous rocks. Data on the Be content in the sedimenta-
ry rocks are not so plentiful as they are for magmatic rocks (Wed e p o h 1 ,
1969). Higher concentrations of Be (lower tens of ~ are found in clayey
materials with higher content of iron. pl>rn

From the point of view of Be inputs into the environment, its high content
is significant in some types of coal. According to We d e p o h 1 (1969),
majority of coals contain x. 1 to x. 10 ppm of Be, but B o u ~ k a (1981),
on the other hand, reports ~e concentrations in coal ash from the Most region
(North Bohemian coal basin) in the range 0.7 to 990 ppm (with mean value
87 ppm), and in that of the Sokolov lignite basin 2 to 2 330 ppm (mean value

180 ppm).
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In the course of weathering beryllium enters the surface and ground waters
as one of their easily mobile chemical components. The dissolved forms of
Be are highly sensitive to the pH of water -uncontaminated waters of neutral
pH contmn usually less than 0.1 ppb Be, while waters, pH of which is affected
by the acid atmospheric deposition, exhibit Be content at least by one order
higher (V e s e I yet al., 1989).

Speciation of Be in surface waters depends on their bulk chemical compo-
sition. In waters with low pH value it is associated with organic matter of
MW 1 000 to 10 000. Dissolved Be in this case forms organic complexes or
it is present as free Be2+ ions. Formation of the complex [BeF+] becomes
significant in water with higher (neutral) pH, but it is (especially in acidified
water) less stable than the complexe~ of aluminum, [A1F2+] and [AlF2+]
(V e s e I yet al., 1989). Beryllium migrates, according to B o r o v e c
(1993), in surface water of neutral pH, in the form of dissolved [Be(OH)2]
or as [Be(OH)+].

Remarkable and unique input of beryllium into the environment -of its
radio-nuclide 7Be (with the decay half-time Tl/2 = 53.3 d.) -is caused by the
extraterrestrial sources of nuclei of mass 56 (Ni, Fe, Co) which absorb
neutrons and protons of the primary component of cosmic-rays to liberate the
nuclei of light elements with relatively long half-time. These nuclear reac-
tions become more significant during extraordinary cosmologic events such
as the supernova outburst, which occurred last on the 23rd Feb. 1987 (Su-
pcmova SN 1987 A) (P a p a s t e f a n o u , 1991).

Recent enhancement and acceleration of the Be cycle is promoted prima-
rily by its additional anthropogenic inputs into the cnvironment and through
the secondary effect of the Bc mobilization in the course of accelerated
hydrolysis of bedrock by acid atmospheric deposition. The fIrst mentioned
mechanism is caused mostly by the burning of fossil fuels, resulting in vast
emissions of fly ash with often high concentrations of toxic trace elements,

including beryllium.
The acid atmospheric deposition resulting from the enhanced anthropoge-

nic emissions of SO2 and NOx promotes the accelerated chemical weathering
of rocks. Considerable portion of trace elements present as accessories in the
rock-forming minerals, including beryllium, enters the resulting solutions and
together with them the ground- and surface waters. The increase in Be con-
centrations in surface water is strongly dependent on its pH. In forested areas
with the granitic bedrock (or another rocks high in SiO2) of poor buffering
capacity the pH of surface water often remains well below the neutral value
and dissolved Be reaches concentrations exceeding the permitted limit for
this kind of water. The mass-balance of input through total atmospheric
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deposition and output through surface water discharge performed in such type
of forested catchment has excluded the possibility of the atmospheric Be as

its main source (5 k l i van et al., 1989; 5 k l i van , J o n a § o v a ,

1990).
The main objective of this work was to obtain more precise data about the

Be concentrations in principal components and fluxes of the environment -

in rocks, surface water and atmospheric deposition. The study has been fo-

cused on the following problems:

-to evaluate the amount and forms of Be in surface water and in cumulative

samples of atmospheric deposition
-to evaluate the content of Be in the underlying rock and in its main rock

forming minerals
-to find out the correlation of dissolved forms of Be in surface water with

its pH and with concentrations of significant complexing anions.

EXPERIMENTAL

The complex study of geochemistry of beryllium in the environment has
been performed in the upper part of the Jevansky brook watershed with the
underlying rock of Ri~any granite. Majority of the field work was performed
in the experimental catchment "Lesnf potok" brook (M i n a f i k , H o u d -
k o v a, 1986; s k f i van et al., 1988, 1989; S k f i van , J o n a § o -

v a, 1990).
Rock samples were collected in a small abandoned quarry W from the

watershed (see loc. d on Fig. 1) and in a large quarry which was in operation
up to the last year, NW from the village Zernovka (Ioc. .?: on Fig. 1), as the
material from locality d was moderately weathered. Both samples, in weight
cca. 10 kg, were collected for the evaluation of bulk chemical composition
and for the separation of main mineral components, their chemical analyses
and for further laboratory leaching experiments.

Samples of surface water were collected at the closing profile (see ~ on
Fig. 1) equipped with a limnigraph and a Thomson overflow. The samples
were immediately filtered through a membrane filter (-0.45 j.lm) and stabili-
zed with diluted HNO3, so that they represent the sum of the dissolved forms
of Be. The sampling and stabilisation of water are described in detail
elsewhere (S k f i van et al., 1988).

The extent of the inputs of Be and other elements through atmospheric
deposition was studied by sampling both the total atmospheric deposition
(wet and dry, which represents the gravitational deposition and the washing-
out effect of the precipitation), and the throughfa1l, which provides informa-

)8
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tion about the influence of the content of pollutants in the near-surface layer
of the atmosphere.

Cumulative samples of both the atmospheric deposition and the forest
canopy throughfall were collected monthly at the locality Truba (see Q on
Fig. 1.) using modified Voss samplers. Small amount of diluted HN03 was
inserted into the bottle for sampling total atmospheric deposition to avoid
adsorption of ionic forms of trace elements onto its walls. At the end of the
sampling period the aliquot of the throughfall water was acidified with dilu-
ted HNO3 and after 24 hrs. both types of samples were membrane filtered
(-0.45 ~m) so that the concentrations of elements in the solution represent
the sum of their dissolved forms and the forms weakly bound to the solid
particles of the deposition. The procedures of collecting the samples and their
further processing were described by S k 1 i van and V a c h (in press).

RESUL TS AND DISCUSSION

The bulk chemical composition of the rock samples, together with the
data published previously by M i n a f i k and H o u d k o v a (1986) are
summarized in Tab. I. Tab. II shows the contents of selected minor and trace

elements.

The parent rock material is formed by the Rf~any granite. It represents

a massive rock of light grey colour of porphyric texture, with equigranular

groundmass of average grain size 3 mm. According to the results of numerous

planimetric analyses (P a I i v c o v a, 1965) the average modal composition
is as follows: quartz 28%, K-feldspar 29%, plagioclase (16% An) 35%, and

biotite 7%. As minor components are present muscovite and sometimes tour-
maline. Apatite, zircon, sphene, rutile and (scarsely) cassiterite are present as

accessories only.

Geochemically, it is a typical tin-bearing granite containing a consider-
able share of volatiles. It displays elevated content of Sn, Pb, Be, F, B, W,
and r-~b. No lateral variation of Be content was observed in this rock material.
Average contents of beryllium in 33 samples were 13 ppm, ranging < 4 to
24 ppm (N ~ m e c , 1978).

The contents of selected trace elements in both types of the atmospheric

deposition are presented in Tab. III. Samples collected in open landscape

(abbreviated here as CAD) can serve for the evaluation of the atmospheric
input of studied elements into the catchment. In previous work (S k f i -

van , J o n ~ ~ o v a, 1990) data from the sampling station at Sojovice of
the Czech Hydrometeorological Institute were mostly employed for the rough

balance of inputs and outputs. This station is situated approx. 30 km NW
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I. Bulk chemical composition (oxides) of the Rrtany granite. Mean values according to M i .
n a f r k and H o u d k o v' (1986), numbers in columns ,1 and ~ represent material sampled

in 1993

Contents (%)

arithmetical

mean

69.S9

0.2S

IS.09

1.83x

O.OS

0.91

1.16

4.01

4.89

Element
(oxide) min. ,1 ~max.

SiO2

TiO2

AI2O!

Fe2O3

FeO

MnO

MgO

CaO

Na2O

K2O

SO3

-P&

67.85

0.08

14.21

1.l5'

0.02

0.54

0.82

3.51

4.32

71.80

0.44

IS.98

2.98x

0.09

1.66

1.76

4.98

S.86

0.41

70.37

0.28

16.49

1.27

0.81

0.61

0.74

4.72

4.02

<0.01

71.50

0.52

14.54

2.23

1.78

1.37

0.94

3.24

4.14

0.03

0.15 0.24

') total Fe content presented as Fe2OJ

from the experimental catchment ,.Lesnf potok", which may cause uncer-
tainties about the validity of the employed data.

Samples of the forest canopy through fall contai~ strikingly higher con-
centrations of Mn, Zn, and probably also Cu and Be. It is well known that
the bulk chemical composition of throughfall differs significantly from that
collected in open landscape. Throughfall consists of three components: pre-
cipitation deposited on the canopy, dry deposition washed from it by rain,
and internal canopy biological sources. The chemistry of throughfall itself is
influenced significantly by rainfall characteristics, canopy age and type, dry
deposition load and by soil chemistry of the sampling locality (L i n d -
b e r g , 1989). The differences observed in the chemical composition of the
two types of atmospheric deposition may be then attributed to the scavenging
effect of the canopy, causing the impact capture of the near-surface aerosol
rich in anthropogenic pollutants, and to the metabolic activity of the vegeta-
tion. The latter mechanism is probably much more significant, as the three
above mentioned elements are essential for plants. Their elevated concentra-
tions in throughfall sho..ld be a result of foliar leaching of matter originating
in the internal tree tissiJe8~
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II. Contents of selected minor and trace elements in the Rf~any granite. According to M i n a -

f r k and H o u d k o v' (1986), numbers in columns .1. and ~ ~p~sent material sampled in

1993

numrer of samples

Tab. IV shows main data concerning bulk chemical composition of water
representing the surface discharge of the experimental catchment. Low
concentrations of main cations are typical for surface waters from areas with
bedrock of poor buffering capacity, such as the Ri~any granite. Analysed
samples are also low in NO3 which is typical for surface water from forested
areas. Relatively low concentration of CI- ions has its origin in the atmosphe-
ric deposition, mainly from the oceanic spray. On the other hand, the
concentration of so1- is fairly high. Its origin is, with respect to low amount
of sulphur in the granite, also chiefly in the atmospheric deposition of so1-
ions in solution of (NH4nSO4 aerosol and of the absorption of gaseous SO2.
Resulting low pH of the precipitation (pH = approx. 4.3) is reflected in acid
character of the surface water, which is the more acid, the higher is the
precipitation volume. Relatively high concentration of F ions is caused
mainly by elevated content of fluorine in the parent rock (see the Tab. II),
and it is significant for the complexation of dissolved AI and Be (see above).
High content of Be, exceeding the maximum permitted values, is typical for
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III. Contents of selected trace elements (in ppb) in the cumulative samples of total atmospheric
deposition and of throughfal\, sampling site Q

Contents (ppb)
Type of

sample
Element nstandard

deviation

0.32

4.31

3.22

54.70

1267

3.29

0.90

4.68

min max

CAD"

TH"

CAD

TH

CAD

TH

CAD

TH

CAD

TH

CAD

TH

Iarithmetical

mean

I <0.20

I 0.34

3.20

9.30

3S.60

19S7

5.66

1.76

8.55

85.10

212.5

33

6

46

6

46

6

S3

6

31

O

41

6

<0.1

<1

7.2

1.0

22

15.5

Be

Cu

<10

870

310

4670

Mn

1

<0.5

<5

9

SI

IS

2.9

25

Pb

Sr

370

870

75.60

294.7
Zn

') CAD = cumulative atmospheric deposition,

TH = throughfall

IV. Bulk chemical composition, contents of Be and pH in samples of surface water from
sampling site ~
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this type of surface water. Its main source represents the parent rock with

elevated content of Be, which is mobilized through the accelerated hydrolysis
of aluminosilicates, caused by the anthropogenic input of atmospheric pro-
tons (S k l i van , J o n ~ ~ o v ~ , 1990). Nevertheless, the pH of water is

the main factor limiting the resulting concentration of dissolved Be. Other
streams from the RI~any granite bedrock, which exhibit higher pH values as

a result of anthropogenic activities (agriculture, urbanization), are signifi-
cantly lower in Be (S k l i van et al" in press),
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Cyklus berylia v prostredf pod antropogennfmi vlivy.

Scientia Agric. Bohem., 25, 1994 (1): ()()-OO.

V modelovem povodr "Lesnr potok.. na hornfm toku Jevanskeho potoka na Cemo-

kostelecku byla studovana geochemicka pozice stopoveho toxickeho prvku berylia
a jejr antropogennf ovlivnenf. Jako podklad poslouzily udaje o obsahu a zakladnrch
forrnach Be v podloznf homine, povrchove vode, celkove atmosfericke depozici
a v podkorunoV.ych sraZkach.

podlozr sirsf oblasti tvoff Rrcansk.Y granit, kysela homina s nfzkou pufracnf schop-
nostf vUci kysel.Ym atmosferick.Ym sraZkam, obsahujrcr ZV.ysene koncentrace fady
stopoV.ych prvk\i vcetne Be. Vzorky hornin byly odebrany v opustenem lomku v tesne
blfzkosti modeloveho povodr (mfrne nav~tral.Y material) a v donedavna tezenem lomu
u obce ~emovka (zcela cerstv.Y material). Chemicke slozenf hominy, vcetne 15 sto-
poV.ych prvku, ukazujr tab. I. a II. V.Ysledky potvrzujr, ze jde o typick.Y cfnonosny
granit s vysslm podflem tekaV.ych komponent a zv.Ysen<;m obsahem Sn, Pb. Be, F, B J

~W~ )vf6 I
NejV.yznamnejsf geochemickou charakteristikou berylia ve studovane oblasti jsou

zv.Ysene koncentrace rozpusten.Ych forem Be v povrchoV<;ch tocfch, zpusobene urych-
len<;m zvetravanlm podloZnr hominy v dusledku chemickeho pusobenf kysele atmo-
sfericke depozice. Systematick.Y monitoring obsahu stopoV.ych prvk\i v atmosfericke
depozici vyloucil moZnost v.Yrazneho ovlivn~ni obsahu Be v povrchoV.ych tocfch
tlmto vstupem (obsah Be, Cu, Mn, Pb, Sr a Zn v kumulativnrch vzorcfch celkove
atmosfericke depozice je uveden v tab. m).

Celkove chemicke slozenf, obsah Be, F a pH povrchoveho toku, vzorkovaneho
v mfste koncoveho profilu modeloveho povodr, ukazuje tab. IV .Zilladnf slozeni

povrchove vody, zejmena nfzk.Y obsah NO3-, a1kalif a alkalick.Ych zemin odrazr zpu-
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)

sob vyufiti povodi (zalesnen' oblast bez osidlen1) a m'lo reaktivnf horninove podlofi.
Naopak vysoky obsah SO42- sved~i o vlivu kysele atmosfericke depozice. cof se
rovnef projevuje nizkymi hodnotami pH. Tato charakteristika toku spol~ne s vy~~im
obsahem hominoveho f1u6ru zpusobuji vysoke koncentrace Be v povrchove vode.

Posledni ze sledovanych charakteristik. podkorunove sra'fJcy (tab. m). odrfieji
vyznarn impaktnfho z'chytu aerosolu z pnzemnich vrstev atmosfery a zejmena (v pli-
pade esenci'lnfch prvkU) fyziologick.Ych mechanism\! mobilizace elementil z p\!dniho

a zvetralinoveho prostledi.
Prezentovane vysledky potvrzuji vyznarn procesu druhotne (neplime) antropo-

gennf kontarninace prostledi toxickYm beryliem v dusledku inteniiflkace chemickeho
zvetr'vanf hornin pusobenfm kyselych atmosferickych srfiek. Sou~asne vytvareji
pledpoklady pro orientaci dal~llio detailnej§llio vyzkumu pozice Be v supergennf

z6ne.

berylium; cyklus; prostfedf; povodf; depozice; povrchovA voda; podlo~f; mobilizace
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