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Beryllium content and geochemical position in bedrock, surface water and
atmospheric deposition was studied in an experimental catchment ,»Lesni

potok* in the region with the Rl’éany 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 F ions in water. Low content of Be in the cumulative samples of
atmospheric deposition confirmed the insignificance of this input for the Be i
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 extention of their cycling.

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

Beryllium is a typical lithophile trace element with average abundancy in
the Earth’s continental crust of 3.0 ppm (Krauskopf, 1979) with higher
concentrations in acid igneous rocks. Data on the Be content in the sedimenta-
Ty rocks are not so plentiful as they are for magmatic rocks (Wedepohl,
1969). Higher concentrations of Be (lower tens of %) are found in clayey
materials with higher content of iron.

From the point of view of Be inputs into the environment, its high content
Significam in some types of coal. According to Wede pohl (1969),
Majority of coals contain x . 1 to x . 10 ppm of Be, but Bou3¥ka (1981),
on the other hand, reports Be 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).

is
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In the course of weathering beryllium enters the surface- and ground wa-
ters 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 contain 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 (Vesely etal., 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 Be’* 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 complexes of aluminum, [A1F2+] and [AIF;"]
(Vesely et al., 1989). Beryllium migrates, according to Borovec
(1993), in surface water of neutral pH, in the form of dissolved [Be(OH),]
or as [Be(OH)"].

Remarkable and unique input of beryllium into the environment - of its
radio-nuclide "Be (with the decay half-time Tip= 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-
pernova SN 1987 A) (Papaste fanou, 1991).

Recent enhancement and acceleration of the Be cycle is promoted prima-
rily by its additional anthropogenic inputs into the environment and through
the secondary effect of the Be 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 SO7 and NOy 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 Si0y) 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 (Sktfivan etal, 1989; Sk¥ivan, JonaSova
1990). ’

The main o_bject%ve 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 evaluatg the content of Be in the underlying rock and in its main rock
forming minerals

s !o find out lh.e correlation of dissolved forms of Be in surface water with
its pH and with concentrations of significant complexing anions.

EXPERIMENTAL

The complex :S'tudy of geochemistry of beryllium in the environment has
been pe.rformed in the upper part of the Jevansky brook watershed with the
!mder]ymg rock of RiCany granite. Majority of the field work was performed
in the E:xperimental catchment , Lesni potok“brook M inatik, Houd-
527139,95;)-86, Skfivan etal, 1988,1989; Sk¥ivan, Jond%o-

Rock samples were collected in a small abandoned quarry W from the
watershed (see loc. A on Fig. 1) and in a large quarry which was in operation
up to 'the last year, NW from the village Zernovka (loc. Z on Fig. 1), as the
material from locality A was moderately weathered. Both_samples. in ’wéighf
cczcll. 10 kg, were cgllectcd for the evaluation of bulk chemical C(;mposilion
and for the separation of main mineral components, their chemical analyses
and for further laboratory leaching experiments. o
FigSair)lp;es _of surfape wafer were collected at the closing profile (see W on
wer‘e i nﬁ[péppcd wgh a limnigraph and a Thomson overflow. The samples
o cdiately filtered through a membrane filter (-0.45 pm) and stabili-

ith diluted HNO3, so that they represent the sum of the dissolved forms

of Be. The sampli ilisati
: ampling and stabilisation of water a scribed i i
B e aon joigrretoy re described in detail

Th i i
€ extent of the inputs of Be and other elements through atmospheric

depositi i :

(wgt alrtnlc(l)lé was s}udxcd by sampling both the total atmospheric deposition

| r%/, which represents the gravitational deposition and the washing-
of the precipitation), and the throughfall, which provides informa-
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1. Map of the study area with sampling localities depicted

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 D on
Fig. 1.) using modified Voss samplers. Small amount of diluted HNO3 was
inserted into the bottle for sampling total atmosphenc deposition to avoid
adsorption of ionic forms of trace clements onto its walls. At the end of the
sampling period the aliquot of the throughfall water was acidified with dilu-
ted HNO;3 and after 24 hrs. both types of samples were membrane filtered
(-0.45 pm) so that the concentrations of elements in the solution represent
the sum of their dissolved forms and the forms weakly bound to the solid
o of the deposition. The procedures of collecting the samples and their

further processing were described by Skfivan and Vach (in press).

RESULTS AND DISCUSSION

The bulk chemical composition of the rock samples, together with the
data published previously by Minafik and Houdkova (1986) are
summarized in Tab. L. Tab. II shows the contents of selected minor and trace
elements.

The parent rock material is formed by the Ritany 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 aliv c o v d, 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 Nb. 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
24ppm (NEmec, 1978).

The contents of selected trace elements in both types of the atmospheric
deposition are presented in Tab. IIl. 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 (Skfi -
van, Jondfovad, 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 Ri¢any granite. Mean values according to M j .
nafik and Houdk o v 4 (1986), numbers in columns A and Z represent material sampled

in 1993

Contents (%)

Element
(oxide) min. — arithmetical A 7

mean - -
SiO, 67.85 71.80 69.59 70.37 71.50 O
TiO, 0.08 0.44 0.25 0.28 0.52
ALO; 14.21 15.98 15.09 16.49 14.54
Fe,03 1.15* 2.98 1.83" 1.27 2.23
FeO - - - ‘ 0.81 1.78
MnO 0.02 0.09 0.05 - -
MgO 0.54 1.66 0.91 0.61 1.37
CaO 0.82 1.76 1.16 0.74 0.94
Na,O 3.51 4.98 4.01 4.72 3.24
K,0 4.32 5.86 4.89 4.02 4.14
SO, - - 2 <0.01 0.03
P,05 0.15 0.41 0.24 - -

*) total Fe content presented as Fe2O3

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

Samples of the forest canopy throughfall contain 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 in d-
berg, 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 should be a result of foliar leaching of matter originating
in the internal tree tissues.
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11. Contents of selected minor and trace elements in the lvll’éany granite. Accordingto Mina -
#ik and Hou dkovié (1986), numbers in columns A and Z represent material sampled in

1993
T Contents (ppm)
Element - —_— arithmetical B A 7
mean - =
As 1.1 11.0 5.3 13
B 13 330 74 1
Be 5.0 14.0 8.4 11 9.50 7.75
Co 2.75 32.0 8.1 15
Cr 20.6 140.0 83.1 16
- 2.5 2.5
F 700 1 900 1 390 11
Ni 11 59 31 16
Pb 37 140 56 21
Sn 3.6 44.0 15.1 11
Sr 183 475 332 21 470.0 247.5
Th 9.0 40.5 22.4 74
U 6.25 21.0 7.3 12
w 0.75 3.10 - 17
Zn 18.0 82.5 41.0 21 39.8 62.0

*) number of samples

Tab. IY 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 Riéany 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
concentratign of SOF is fairly high. Its origin is, with respect to low am’ount
?Ofnssu'lphur in the granite, also chiefly in the atmospheric deposition of SOF~
Resu;:‘i nsollutlon of (NH4)2$O§ a'erqsol and of the absorption of gaseous SO;.
Charactef (;wth of the precipitation (p_H = approx. 4.3) is reflected in acid
Drecipitatio the surface wa.ter, wh}ch is the more acid, the higher is the
B or; volume. Relatively hl_gh concentration of F ions is caused
B Sy e ?f\_/ated content of fluom}e in thf: parent rock (see the Tab. II),
Hig, 1gn.1 1cant for the gomplexatlor_t of dissolved Al and Be (see above).

gl content of Be, exceeding the maximum permitted values, is typical for
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I11. Contents of selected trace ele

deposition and of throughfall, sampling site D.

g

ments (in ppb) in the cumulative samples of total atmospheric

Type of Contents (ppb) ]
Element sample arithmetical ik, o standard n
mean deviation

- CAD* <0.20 - - - 33
TH* 0.34 <0.1 1.0 0.32 6

C CAD 3.20 <1 22 4.31 46
TH 9.30 72 15.5 3.22 6

Mn CAD 35.60 <10 310 54.70 46
TH 1957 870 4 670 1267 6

b CAD 5.66 1 15 3:29 53
TH 1.76 «0.5 2.9 0.90 6

Sr CAD 8.55 <5 25 4.68 31
TH - - - - 0

Zn CAD 85.10 9 370 75.60 41
TH 272.5 51 870 294.7 6

¥y CAD = cumulative atmospheric deposition
TH = throughfall

IV. Bulk chemical composition, contents o

sampling site W

f Be and pH in samples of surface water from

Element/ion Semenk
(units) arithmetical . ki) stan.da.rd L
mean deviation

Na (ppm) 7.569 6.2 8.9 0.758 21
K (ppm) 1.077 0.8 1.7 0.230 21
Ca (ppm) 18.942 10.02 30.06 4.894 21
Mg  (ppm) 7.696 2.43 10.21 2.111 21
HCO;3; (ppm) 8.970 4.21 22.58 5.488 21
Cl (ppm) 6.347 2.84 8.51 1.397 21
SO, (ppm) 74.683 51.85 98.32 13.669 21
NO; (ppm) 6.826 1.31 11.38 2.676 17
E (ppm) 0.491 0.37 0.60 0.097 21
Be (ppb) 7158 2.0 24.0 5.271 31
pH 5.070 4.63 5.85 0.299 56
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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 fivan, Jonda§ova,1990). Nevertheless, the pH of water is
the main factor li{niling the resulting concentration of dissolved Be. Other
gtreams 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 (Skfivan etal, in press).
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Cyklus berylia v prostfedi pod antropogennimi vlivy.

Scientia Agric. Bohem., 25, 1994 (1): 69-79.

V modelovém povodi ,,.Lesni potok™ na hornim toku Jevanského potoka na Cerno-
kostelecku byla studovina geochemicka pozice stopového toxického prvku berylia
a jeji antropogenni ovlivnéni. Jako podklad poslouZily tidaje o obsahu a zikladnich
formich Be v podloZni horning, povrchové vodg, celkové atmosférické depozici
a v podkorunovych srazkach.

PodloZi $ir¥i oblasti tvofi Ri¢ansky granit, kyseld hornina s nizkou pufracni schop-
nosti vii¢i kyselym atmosférickym sraZkam, obsahujici zvy$ené koncentrace fady
stopovych prvkii v&etné Be. Vzorky hornin byly odebrany v opu$téném lomku v t€sné
blizkosti modelového povodi (mimé navétraly materidl) a v doneddvna t€Zeném lomu
u obce Zemovka (zcela &erstvy materiil). Chemické sloZen{ hominy, v&etng 15 sto-
povych prvki, ukazuji tab. I. a II. Vysledky potvrzuji, Ze jde o typicky cinonosny
granit s vy$$im podilem t€kavych komponent a zvy$enym obsahem Sn, Pb, Be, F, B
aW.

Nejvyznamnéj§i geochemickou charakteristikou berylia ve studované oblasti jsou
zvy¥ené koncentrace rozpu§ténych forem Be v povrchovych tocich, zplisobené urych-
lenym zvétravanim podloZni horniny v disledku chemického pilisobeni kyselé atmo-
sférické depozice. Systematicky monitoring obsahu stopovych prvki v atmosférické
depozici vylouil mo¥nost vyrazného ovlivnéni obsahu Be v povrchovych tocich
timto vstupem (obsah Be, Cu, Mn, Pb, Sr a Zn v kumulativnich vzorcich celkové
atmosférické depozice je uveden v tab. III).

Celkové chemické sloZeni, obsah Be, F a pH povrchového toku, vzorkovaného
v mist& koncového profilu modelového povodi, ukazuje tab. IV. Zikladn{ sloZeni
povrchové vody, zejména nizky obsah NO3, alkilif a alkalickych zemin odraZi zpiisob
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vyuZiti povodi (zalesnén;'l_ oblast bez osidleni) a mélo reaktivni horninové podloZi.
Naopak vysoky obsah SO% S\.'éd(‘ff o vlivu kyselé atmosférické depozice, co¥ se rovné?,
pr ojevuje nizkymi hodnotami pH. Tato charakteristika toku spole¢né s vy$8im obsa-
hem hominového fluéru zpiisobuji vysoké koncentrace Be v povrchové vods.

Posledni ze sledovanych charakteristik, podkorunové srazky (tab. III), odraZeji
vyznam impaktniho zichytu aerosolu z pfizemnich vrstev atmosféry a zejména (v pii-
padé esencialnich prvki) fyziologickych mechanismi mobilizace elementi z ptidniho
a zvétralinového prostedi.

Prezentované vysledky potvrzuji vyznam procesu druhotné (nepfimé) antropo-
genni kontaminace prostfedi toxickym beryliem v diisledku intenzifikace chemického
zvétrivani homin pisobenim kyselych atmosférickych sraZek. Souasng vytvifeji
predpoklady pro orientaci dalftho detailngj§tho vyzkumu pozice Be v supergenni
zOné.

berylium; cyklus; prostfedi; povodi; depozice; povrchovi voda; podloZi; mobilizace
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