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Summary - Atmospheric bulk deposition of major and tratEeents was measured at Venice from
November 1995 to October 1997. Collection was edriout using polyethylene bulk passive
samplers, samples being collected bi-weekly. Ineprtb highlight the contribution of the
atmosphere to water chemistry and particle budgethe Lagoon of Venice, the geochemical
composition (Si, Al, Ca, Mg, K, Na, Mn, Cr, Zn, Rbd, Cu, As) of dissolved and insoluble bulk
fractions was determined by AAS + ICP mass speatomGreat sample variability was found,
with almost two orders of magnitude between maxinanmd minimum values for several metals.
All fluxes in 1995/96 were 30% lower than in 1996/9anging from —3% (Ca) to -57% (Li),
except for Zn, Cd and As. On the contrary, thelsibty of all elements decreased during 1996/97.
Partitioning between soluble and insoluble phabesvs that Al, Cr, Fe and Si are mainly in the
insoluble form, whereas for As, Ca, Cu, Mg, Na, iPb and Zn the dissolved fraction represents
50-90% of total input. The amount of particle loaffiects partitioning between dissolved and
particulate, especially for Al and Pb. Seasonaladity was evident. The lowest pH values (~5.2)
were recorded in winter, causing an increase aflsldly for all metals except for As, which
showed the highest solubility in summer.

Riassunto - In questa nota vengono presentati i dati di doei di campionamento di metalli
pesanti di origine atmosferica nelle deposizionkkaiVenezia. La deposizione atmosferica degli
elementi maggiori e degli elementi in traccia éastaccolta ogni due settimane da novembre 1995
ad ottobre 1997 mediante campionatori passivigh tbulk". La composizione geochimica (Si,
Al, Ca, Mg, K, Na, Mn, Cr, Zn, Pb, Cd, Cu, As) deftazioni bulk solubile ed insolubile e stata
determinata tramite AAS + spettrometria di massR. ICrisultati ottenuti indicano che quantita
significative di Al, As, Cd, Co, Cr, Cu, Pb, Sb @ Xengono rilasciate in laguna tramite la
deposizione atmosferica. E stata rilevata una feat@bilita tra i campioni, con una differenza di
almeno due ordini di grandezza tra i valori masseminimo per molti metalli. Ad eccezione di
Zn, Cd e As, tutti i flussi sono risultati piu badsl 30% durante il primo anno di campionamento
(1995-96) rispetto al secondo anno (1996-97), ammzioni a partire da —3% (Ca) fino a -57%
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(Li). Al contrario, la solubilita di tutti gli eleenti € diminuita durante il 1996-97. Lo studio dell
ripartizione tra le fasi solubile ed insolubile rras che Al, Cr, Fe e Si si depositano
principalmente in forma insolubile, mentre per &g, Cu, Mg, Na, Ni, K, Pb e Zn la frazione
solubile rappresenta il 50-90% dell'apporto totake.quantita di particolato presente influenza la
ripartizione tra fase solubile ed insolubile, sdjutto per Al e Pb. E evidente una certa variabilit
stagionale. | valori piu bassi di pH (~5,2) sonatistegistrati in inverno, con un conseguente
aumento della solubilita per tutti i metalli ad ezione dell'’As, che ha mostrato invece solubilita
maggiori in estate.

INTRODUCTION

In the last few decades, actions for safeguardiggltagoon of Venice have been mainly
addressed to geomorphological and hydraulic intérer, almost completely neglecting the
contribution of atmospheric deposition to the dasesin environmental quality.

Some atmospheric pollution surveys were conducyeBdytolaccini and Gucci over a 2-year
period between 1973 and 1977 They measured Fe, Mn, Pb, V and Cd contents é th
atmospheric aerosol suspended particulate colleatetiree sampling sites in the Venice area:
insular urban area (Venice city centre), industaag¢a (Marghera) and mainland urban area
(Mestre). The highest concentrations of iron, maega, vanadium and lead were found in the
urban zone of the mainland, whereas cadmium exdildifferent behaviour from that of the other
metals, being higher in the insular urban zone.

Other works have been undertaken on a regiona stalrder to assess the quality of réafiw,
and showed that the average rain composition appedgd the nitrate/sulfate mixture with a
volume-weighted average pH of 5.42 and a molao mm3-/so42-, equal to 0.91.

In order to investigate the importance of atmosighfall-out of pollutants to the lagoonal
environment, since 1993 our group has been cormdustiudies on total atmospheric deposition
using bulk samplefs’-€

The aim of this paper is to present the data oé&@-pulk deposition sampling of heavy metals
from the atmosphere, derived from bi-weekly coll@tin a station in the Lagoon of Venice.

EXPERIMENTAL

A total atmospheric deposition sampling station was up at Venice (45°26’ N, 12°21’ E)
from November 1995 to October 1997 (Fig. 1).

Atmospheric total deposition was collected by meahsa bulk sample?, composed of a
polyethylene bottle with a polyethylene funnel taue area = 0.065 %) placed inside a PVC
container. The sampling equipment was mounted etaialess steel support which, in order to
avoid contamination, was painted with an inert \&rnBulk deposition was sampled every two
weeks. Sampling was carried out following protoauspted by the WMO (World Meteorological
Organization), for which the Institute of Marine @®gy is a scientific consultat
A total of 46 samples were collected over a tworyesaiod: 24 samples from November 1995 to
October 1996, and 22 samples from November 19@&tober 1997.

Physical-chemical parameters (pH and conductivitgje measured on samples immediately
after collection. They were then filtered through fim diameter Nuclepdrepolycarbonate pre-

weighed filters. Filtering was done with a Millige Sterifil unit, equipped with a pre-filter on the
cover, to avoid contamination with ambient air.oiler to obtain total particulate concentration,



the insoluble fraction was dried in a dry-box aedmeighed. Sampling blanks were collected by
washing the polyethylene funnel of the sampler v@i@® mL of Milli-Q™ water (DDW), and
laboratory blanks were also produced with DDW. Distained solutions were then treated and
analysed following the same procedures used faraamples.

Dissolved and particulate metal concentrations vdetermined by analysing the filtered and
residual fractions. After dissolution in an acidigxture, the insoluble fraction was digested in
Teflon bottles in a microwave digestion unit. Sdéuland insoluble fractions were analysed for
major (Si, Al, Ca, Mg, K, Na) and trace elementsn(NCr, Zn, Pb, Cd, Cu, As) by AAS + ICP
mass spectrometry.

All manipulations were conducted in a clean roomigped with a laminar flow bench.

RESULTSAND DISCUSSION

Variability of atmospheric deposition

In spite of the relatively long sampling periodegr sample variability was found, with almost
two orders of magnitude between maximum and minimraiaes for several metals. For example,
total Pb fluxes ranged from 9 to 227 pfuay?, Cd from 0.07 to 2.32 pgfday?!, and Na from
1 to 47 mg ? day?.

Figure 2 shows the mean atmospheric bulk fluxessored at Venice. Annual fluxes of major
elements ranged from 0.4 gdy! for Al to 3 g m? y'1 for Na. Trace element fluxes fell between
0.3 mg m? y'1 for Cd, 18 mg n? y'1 for Pb, and 34 mg iy for Zn. All fluxes in 1995/96 were
30% lower than in 1996/97, ranging from —3% (Ca}$53% (Li), except for Zn, Cd and As. In
fact, as may be seen in Figure 2, all the elememtdocated over the 1:1 line, whereas Zn, Cd and
As are positioned below, showing higher fluxes wlgirihe first year of sampling (Zn +3%, Cd
+38% and As +10%) than in the second. Insteadsdhability of all elements decreased during
1996/97 (Figure 3). That is, total daily averagexéls of most metals were higher in the second
year, whereas soluble fluxes were higher in thst f{Table 1). During the study period, the
observed solubility varied from ~5 % (Si, Al) to redhan 80 % (Ca, Na, As, Cd).

The observed increases in pH (ranging from 5.5386 to 6.40 in 1997, see Figure 1) and the
reduction in rainfall (from 850 mm in 1995/96 to06m in 1996/97), clearly explain the decrease
in soluble fraction fluxes in 1996/97. In geneték solubility of several elements increases with
lowering pH112 In our case, for Pb, the pH=4 solubility rangeahf 80 to 90 %, decreasing to
10-20 % at pH=6. The percentage of dissolved frastiof Al, Cd, Cr, Cu and Zn was also
dependent on the pH value. For example, during shely period, Cr showed an inverse
correlation with pH, with fluxes of dissolved Craleasing from ~35 %, at pH=4 to ~5 %, at
pH>6.

In Table 2, data are combined in order to obtagamseasonal fluxes and solubilities for the
main elements. Values reported are the averagesasional fluxes observed during the two-year
period of sampling. Seasonal variability is evidesgpecially in winter, when lower pH was
recorded (mean pH = 5.07 in 1995/96 and 5.24 ir6/899, and gave rise to the greatest solubility
for all metals except As. This element showed ighést solubility in summer, when Zn and Cd
showed their lowest. For Cd, the lowest depositikmxes were recorded in summer.

The increase in solubility observed in autumn flonast all elements is probably due to a
general decrease in particulate load. In factepsnted by Guerzormt al. (19992 for dissolution
in rainwater, with high particle concentrations g@ubilities of Al, Fe, Pb and Cd decrease and,
vice versa, increase with low loads.



Atmospheric loads
The degree to which a trace metal is enrichedtiveldo a specific source may be assessed
approximately by using an enrichment factor (EFy. €rustal sources, Al is normally used as the

source indicator element and the Earth’s crushassburce materigd The EE,  value is then

calculated according to an equation of the type; EF (C,/CA,)/(C,JCy o), Where G and G
are the concentrations of a trace metal x andeSpectively, in a bulk sample, angd.@nd G,

are their concentrations in average crustal matéria

Figure 4 shows that anthropogenic elements (mddily Cd, Cu and Zn) were anomalously
enriched in both years, with the exception of Nhieh is assumed to have a significant crustal
source. Enrichment in Ni with respect to continestast concentration was observed during the
first year of sampling. All EF values were higherlio95-96 than in 1996-97.

In order to evaluate the importance of atmosphé&itout of pollutants to the lagoonal
environment, we calculated the supply rates of lsetathe lagoon (surface area = 550%w@nd
compared them with riverine loads. Results are shiowTable 3. As may be seen, for Pb, Cd, Zn
and Cu, the atmospheric loads are comparableh@ber than riverine ones.

CONCLUSIONS

» Partitioning of total atmospheric deposition betwekssolved and insoluble phases shows that
Al, Cr, Fe and Si are mostly in the insoluble fonrhereas for the other metals studied (As, Ca,
Cd, Cu, Mg, Na, Ni, K, Pb and Zn), the dissolveatfion represents 50-90 % of the total input.

» The solubility of the different metals depends rhaom pH, the amount, and the mineralogical
characteristics of the particulate load.

» Significant amounts of Al, As, Cd, Co, Cr, Cu, Fh and Zn of anthropogenic origin are
delivered into the Lagoon via atmospheric depasjtio particular, Pb, Cd, Cu, Ni and Zn were
enriched from 17 (Ni) to more than 1000 times (@dth respect to average continental crust
concentrations.

* The magnitude of atmospheric input indicates tlodiae deposition is an important contribution
which cannot be neglected in the study of biogewmit& cycles of anthropic elements
introduced into the Lagoon of Venice. More studies needed, with the deployment of several
sampling stations around the Lagoon, in order w@stigate site-to-site variability and to detect
the sources of different metals. Comparisons watfosol analyses will also help in defining the
limits of concentrations in air and the role of #tenosphere in overall budgets.
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FIG. 1 — Location of atmospheric deposition sangp8ite (white arrow).

10000

1000

100

10

1996/97 mgmZy™*

0.1 -

Na ’
number of days 372 11 line ] o .-
mean pH 6.40 Si 0
- rain mm 600 K o , Ca
Al Mg
Ba pp _@&7Zn
Mn 0.
. Sr .’C‘u
r 0. -
","'
| Li . Vv number of days 375
° mean pH 5.53
Sb ’_.C"O. As rain mm 850
® Mo O
s T
0.1 1 10 100 1000 10000

1995/96 mg m 2y

FIG. 2 — Total bulk fluxes observed during studyiqe
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TABLE 1 - Mean bulk daily fluxes at Venice. Tot stal (soluble+insoluble) fraction, sol =
soluble fraction.

Elemen [Fractior Fluxes pg md* Elemen [Fractior Fluxes pg it o
1995/96  1996/97 1995/96 1996/97

tot 6023 7143 |, tot 100.71 92.26

Na sol 5871 7052 sol 89.00 56.17
tot 1100 1274 | tot 39.86 54.83

K sol 877 753 sol 20.14 6.32
tot 1858 2226 |y tot 27.13 35.67

Mg sol 1254 829 sol 16.41 10.42
tot 4486 4401 |4 tot 0.92 0.65

Ca sol 4238 3965 sol 0.86 0.49

_ tot 2800 3671 | o tot 1.61 1.39

Si sol 159 111 sol 1.42 0.97
tot 731 1049 |, tot 7.08 11.00

Al sol 79 24 sol 0.66 0.54
tot 20.78 30.66

Mn ol 13.52 9.69

TABLE 2 - Mean bulk seasonal fluxes at Venice. Wint November to January, spring =

February to April, summer = May to July, autumn eglist to October.
Values represent average fluxes observed durirtgdarnpling years.

units winter spring summer | autumn
particulate mg/I 20.00 20.67 18.78 9.10
pH 5.13 6.33 6.49 5.96
Na pgm-dt [4291.7 |3606.0 | 12427.7 | 5519.8
solubility % |95.3 97.3 97.8 98.2
K pgm’dt (9527 773.2 1939.6 1003.0
solubility % |76.8 60.2 60.7 64.8
Mg pgm-d'  [1477.4 [1951.1 | 2975.3 1740.4
solubility % |57.5 49.4 49.0 64.8
ca pgm-dt  [2773.3 |4557.1 | 6273.7 4325.1
solubility % |95.5 88.7 95.8 93.6
Si pgm-dt [2537.2 |3831.7 | 4245.6 2336.6
solubility % |4.6 3.3 5.1 7.8
Al pgm°d*  |815.5 887.2 1273.0 533.3
solubility % |13.6 7.7 3.3 18.1
n pgm-d*  |83.6 90.7 131.5 79.6
solubility % |82.8 70.0 68.3 80.0
Pb pgm-dt  |38.3 28.4 61.4 58.5
solubility % |40.2 9.8 11.9 33.4




L pgm-d+  [31.9 27.6 27.5 37.7
solubility % |56.6 29.6 28.0 46.6
cd pgm‘dt 0.9 0.7 0.6 1.0
solubility % |87.8 72.1 68.4 84.6
or pgm-dt (9.8 9.7 10.2 5.9
solubility % |15.7 3.7 4.4 16.5
Ni ugm-d®  [10.7 10.5 11.5 4.1
solubility % |46.0 41.8 50.3 35.8
Fo pgm’dt [1306.2 |1033.1 | 1891.1 920.2
solubility % |14.1 1.6 1.0 4.9
As pgm’dt  |2.0 1.3 1.4 1.2
solubility % |82.8 63.6 83.0 81.3

TABLE 3. Supply rates of metals to Lagoon of Ven{aannes ¥}). River data from Water

Autority of Venicé?®.
atmospheric deposition rivers
element total soluble total soluble
As 0.3 0.2 4.6 4.0
Cd 0.14 0.13 0.06 0.03
Pb 8.6 2 3.0 0.3
Zn 19 14 18 6
Ni 1.8 1.1 3.9 2.4
Cu 6 2 7 3
Al 178 9 - -
Co 0.2 0.1 - -
Cr 1.7 0.1 3.5 1.0
Sb 0.2 0.1 - -




