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ABSTRACT

Pb-210 (T, = 22.3 y), a natural radionuclide from U-238 se@m be found in the atmosphere, as a product of
#Rn decay that emanates from the ground, wherddtasabecome rapidly fixed to aerosols and returthéo
earth as dry fallout or are washed out in the rdinis natural radionuclide has been widely usedaas
atmospheric tracer, to determine the aerosol rasgléme as well as chronometers in the environn&n210
was measured during a period of two years, 2012018, in samples of rainfall in all the rainy ewemiat
ocurred at the Instituto de Pesquisas Energétidaiscieares (IPEN) campus (33'59.24” S - 4844'15.63” O
at 760 m above sea level) which is located in theaf Sdo Paulo, in the state of Sdo Paulo, Bréxi-210
concentration was measured in a total of 123 rairgnts by beta gross counting in a low backgrowasfpw
proportional detector, after radiochemistry progedurhe results obtained were correlated to seasods
rainfall. The concentrations 6t%b in rainfall varied from the minimum detectablgivity, 4.9 mBq L* to
1408 + 43 mBq [*. The highest concentrations were obtained in theths of winter and the lowest in
summer. The monthly depositional flux &fPb, varied from 4.03 Bq fmonth! to 46.4 Bq nf month®
presenting a strong correlation with the amoungretipitation and hence showing seasonal trends.

1. INTRODUCTION

The natural radionuclid&’Pb (Ty, = 22.3 y) has been widely used as tracer of sosien,
transport processes in watershed and as chron@amettdre environment. It is present in the
atmosphere as decay products of the’§fn. The?*’Rn is replenished in the atmosphere by
emanation from the surface of the earth whereprisluced by decay 6f°Ra in geological
materials >%b return to the earth as dry fallout or are washedn rain. AS?’Rn is a noble
gas that emanates predominantly from the Earthrimental crust, the activity 6fPb in
the air is longitudinal dependant, and its actiwill decrease with elevation from the Earth’s
surface due to a decrease in the activit§?#tn [1-5].

1% js scavenged by aerosols and subsequently renfimra the atmosphere, primarily by
precipitation. In areas where the amount of raingalow, the dry fallout can be a significant
component of the bulk depositional flux while ireas where there is a relatively higher
amount of rainfall, the wet fallout is the majomgoonent (>90%) of the bulk depositional
flux. In general, the amount of rainfall controleetseasonal variations of the depositional
fluxes of*!%b, while precipitation-normalized depositionalxs during spring are higher in
the middle latitudes [6-10].



From measurements of the activities”8Pb in rainfall, it is possible to estimate its aahu
flux, which is useful in understanding sedimentoctlogy. The behavior &f°Pb provides
knowledge on the behavior of other chemical spacieémospheric aerosols and knowledge
of site-specific atmospheric fluxes is also cruttaktudies of the impact of atmospherically
delivered pollutants on terrestrial ecosystemssi$ntope has also been used to determine
aerosol residence time and removal rates of aexosol

The chemical composition of rainfall is a combioatiof the chemical composition of the
droplets that form clouds and substances that jiecate the raindrops during precipitation.
Thus, rainfall, somehow, depicts characteristicaioimass with particles and water soluble
gases, which cross the raindrops during rainfall exidence of this is the change in chemical
composition of rainwater in relation to weather.offrer evidence is the inverse relationship
between the total amount of dissolved ions andgtmentity of rainfall, suggesting that the
majority of the present ions in the rainfall arecarporated to the water during the
precipitation, process known as below-cloud removal

The atmospheric deposition is a major mechanismyoling and redistribution of various
chemicals on the planet's surface, exerting, tbezefa key role in continental and coastal
biogeochemical processes. The qualitative and daawe knowledge of atmospheric
deposition is relevant to the understanding of éamipemical cycles of elements and the
influence of human activities on these processep [1

In the city of Sdo Paulo, the first studies of cheh characterization of rainfall were
conducted between November 1983 and February 188 manual collection in a single
sampling point, with determinations of free acidapd total acidity. In this period, the
average pH of rainfall recorded was equal to 4.biclv characterized the phenomenon of
acid rain [12].

There is limited data on the depositional fluxes?8Pb in the precipitation in Brazil,
compared with data from Northen Hemisphere [4,-60813-17]. The aim of this paper is to
present preliminary results 6%b concentrations in rainfall collected in the aitfy S0
Paulo - Brazil to provide the baseline data for Ik depositional fluxes of*Pb. For a
period from April 2011 to June 2013 (26 months)nfdl samples were collected and
measured and the resulting seasétf®b data were correlated to seasons and precipitdtio
was also possible to estimate the depositional éuthis natural radionuclide in the city of
Séo Paulo.

2. MATERIALS AND METHODS
2.1. Site Description

The sampling site is located at IPEN — InstitutdP@squisas Energéticas e Nucleares, FIG. 1,
which is approximately 10 km west from downtown SZaulo. The city of S&o Paulo is
situated on a plateau in southeastern Brazil, ttude 2333'59.24” S and longitude
46°44’'15.63” O, having an average altitude of 760 rov@bsea level. Climate in the area is
temperate tropical with dry period in winter andngain summer. The annual average
temperature is 19°C, showing minimum and maximum of 1%23and 24.8C, respectively.
The annual rainfall in the city, for the studiedipd, averaged from 1590 mm to 2081 m.
The winds in IPEN campus are predominantly fromSB& sector.
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Figure 1: Brazil and S&o Paulo map and IPEN aeriaview.

2.2. Sampling

Rainfall was collected in each rainy event from iR@011 to June 2013, in a polyethylene
container of 0,132 f totaling 123 rainy events. It was only considepeecipitation values
grater than 5 mm, because this volume is used #toacterize different radionuclides
deposition process [13, 18]. At the end of eaclmyragvent and when the sample was
collected, the container was rinsed with 300 mLLgf HNO;s and 200 mL super pure water,
which were added to the sample. The amount of jpitation in mm was obtained from a rain
gauge installed at the sampling point and the pld ma&asured in this rainfall collected.
Since the rainfall container was exposed to theoafrnere continuously, the total deposition
was collected, that is, the wet and dry falloute Emtire collected sample was acidified with
HNO; at pH lower than 2, in order to avoid losses du@dsorption on the concentration
process, and then concentrated to a final voluni®0ofmL.

2.3.%p determination

21%p concentration was determined by radiochemicatesture that consists of an initial
precipitation of Pb with 3M k50O, dissolution of the precipitate with nitrilo-treatic acid at
basic pH, and precipitation 6fPbCrQ with 30% sodium chromate. TA¥Pb concentration
was determined through its decay prod@®Bi, by measuring the gross beta activity of the
“%pCrQ precipitate. The chemical yields were determingdghavimetric analysis. The
methodology minimum detectable activity, MDA, i94nBq L. **°Pb was determined in a
low background gas flow proportional detector [19].

3. RESULTS AND DISCUSSION
Table 1, Table 2 and Table 3 present the samplatg, dhe amount of rainfall in mm, pH

values,?*Pb concentration in mBq1, and®%b flux in Bq n¥, for each rainy event that
occurred from April to December 2011, in 2012 araf January to June 2013, respectively.
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The amount of precipitation for the study periodgad from 5 to 160 mm of each rainy
event; in September of 2011 and August of 2012thexs no precipitation.

The pH values of each rainy event ranged from #3042, characterizing the rainfall from
lightly acid to lightly basic.

?1%p concentrations ranged from the minimum deteetabtivity, 4,9 mBq [* obtained in
rainfall of 12/18/2011, to 1408 + 43 mBq'Land the®%b flux results ranged from
0.13 Bq nfto 22.77 Bq rif.

Table 1: Sampling date, volume (mm), pH?°Pb concentration (mBgL") and *®Pb flux (Bq m?)
for the samples collected in 2011.

Sampling V  pH 2%p  “%Ppflux Sampling mm pH 2%p  2%p flux

2011  mm mBgL?  Bgm? 2011 mBgL?  Bgm?
02/04 52 461 35%4 1,59 11/10 116 525 86+9 09,11
08/04 8 4,72 211+19 1,40 26/10 13 7,03 250+20 ,792
12/04 65 nm 73x6 4,43 29/10 24 6,60 130x16 2,79
21/04 22 572 294+20 5,46 12/11 126 558 30+3 ,992
27/04 16 5,86 13118 1,74 22/11 8 6,73 1044 +887,15
01/05 6 590 42z+4 0,23 29/11 20 6,20 122+13 71,7
15/05 12 nm 378+24 3,80 01/12 10 6,87 445 0,38
07/06 25 6,50 44416 9,32 07/12 18 6,84 158+7 ,262
09/06 25 nm 144+10 2,89 08/12 30 6,88 22%1 0,55
26/06 23 550 272+19 5,26 10/12 18 6,38 744 920,
30/07 6 6,30 1408+43 7,08 14/12 10 6,47 160+161,79
20/08 25 6,48 31418 6,68 15/12 25 6,80 122+192,72
31/08 36 544 400+12 13,34 18/12 5 7,42 <MDA -
02/10 20 6,44 127520 6,20 24/12 20 6,83 115+8 1,48
08/10 13 6,40 500 48 5,44 30/12 58 6,59 83+5 833,

nm: not measured
- MDA: 4.9 mBq L*
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Table 2: Sampling date, volume (mm), pH*°Pb concentration (mBqL") and **%b flux (Bq m?)
for the samples collected in 2012.

Sampling mm  pH “%Pb  “%Pbflux Sampling mm pH “%b  “%p flux
2012 mBgL?  Bgm? 2012 mBgL?  Bgm?
05/01 14 5,84 19720 2,28 12/05 14 6,70 359x273,79
10/01 34 6,19 69 +2 0,47 25/05 23 6,22 26414 784,
12/01 28 6,49 96 +6 1,32 01/06 5 6,74 63768 80,5
14/01 22 5,90 864 1,44 07/06 120 5,69 936 691,
17/01 30 6,17 117+13 2,68 19/06 62 6,21 185x7 ,418
18/01 30 5,87 127+13 2,86 20/06 30 6,12 118+112,85
20/01 48 5,92 111 0,43 07/07 15 6,49 93+6 1,11
24/01 66 5,27 1057 5,36 12/07 7 6,84 61253 013,
11/02 160 5,21 43 +3 6,12 16/07 90 591 36334 2,72
14/02 15 4,84 114524 13,10 19/09 5 6,41 1049+8 3,66
17/02 15 4,54 342%24 4,02 25/09 12 571 91+90 ,650
19/02 22 5,27 207 +26 3,14 11/10 16 655 244+6 ,793
22/02 6 6,00 213+33 1,05 17/10 15 6,37 28543 ,384
23/02 5 6,70 50556 1,34 19/10 5 6,32 774+x11 762,
24/02 12 581 48772 2,80 22/10 14 496 349+305,10
27/02 10 4,35 232+8 1,95 27/10 28 5,18 239+9 526,
02/03 14 7,02 244+21 1,92 08/11 7 590 109+8 781,
10/03 50 6,32 1616 6,77 10/11 94 6,08 805 375
13/03 8 6,17 501+28 3,23 20/11 22 585 155%+11 ,332
15/03 12 6,20 100z*6 0,87 24/11 5 575 142+6 10,6
22/03 54 6,14 864 3,87 26/11 19 5,30 43+ 3 1,17
24/03 8 6,30 126+10 0,70 01/12 27 551 20527 561
27/03 10 6,55 133%6 1,20 05/12 10 5,60 274+10 ,685
08/04 8 6,83 26418 1,64 13/12 15 597 129+20 ,871
11/04 70 5,04 302x7 19,72 15/12 76 5,83 60x2 731,
12/04 18 545 1012 1,48 17/12 5 530 260+£20 804,
21/04 30 6,56 152+16 3,43 19/12 30 593 160x7 ,711
26/04 38 6,03 41 +6 1,55 20/12 21 580 134+13 051,
27/04 70 6,28 73+4 4,13 27/12 18 560 112+7 94,0

29/12 62 498 135%4 2,45
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Table 3: Sampling date, volume (mm), pH*°Pb concentration (mBqL") and **%b flux (Bq m?)
for the samples collected in 2013.

Sampling mm pH  “Pb #%Pbflux Sampling mm pH  “Pb  ?%bflux
2013 mBgL® Bgm? 2013 mBgL® Bgm?
08/01 6 6,21 334+t27 2,20 07/03 13 4,72 173+9 871,
12/01 38 592 49zx9 1,61 08/03 85 508 126+12 ,331
14/01 46 5,38 72x3 3,19 11/03 6 498 171%9 0,74
16/01 25 5,67 61 0,13 13/03 6 6,00 16419 1,34
19/01 5 578 24214 0,83 16/03 25 6,01 42+6 50,8
26/01 16 6,7 141+13 2,28 20/03 13 6,10 1646 801,
01/02 20 6,19 114zx10 2,14 24/03 10 6,20 205+121,86
06/02 5 6,27 341x21 1,78 26/03 22 587 89zx6 92,1
07/02 12 542 109+14 1,35 05/04 7 580 188+9 951,
08/02 25 591 180zx12 3,61 06/04 5 590 221+17 ,161
14/02 95 5,04 162+t6 12,15 12/04 30 6,20 80x3 481,
15/02 28 6,10 226+13 5,05 22/05 12 6,80 234 +182,96
18/02 44 593 2337 6,80 28/05 6 6,80 214+12 671,
19/02 34 43 2363 7,51 01/06 26 6,23 16216 683,
23/02 7 491 80214 3,34 11/06 9 528 213+16 681,
26/02 14 6,03 175+20 2,40 16/06 16 5,69 177 +142,79

24/06 94 557 229+6 20,99

The monthly amount of precipitation for the studsetiod is plotted in Fig. 1. Comparing
the amount of precipitation among the 26 monthstatly, it is possible to indentify the
climate of S&o Paulo, temperate tropical, with geyiods in winter and rainy in summer only

in 2011, where the winter months presented the dowedues of rainfall.

In 2012 the months of June and July presented mmgbxes of rainfall, which can be
comparable to the summer months of January, Feparad March. In 2013 the months of
June and July also presented high indexes, liROIr2.

AMJJASOND
2011

Rainfall

JFMAMJJASOND
2012

Figure 1: Monthly precipitation in the city of S&o Paulo during the sampling period
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The Radiological Environmental Monitoring ProgramlBEN - Programa de Monitoracao
Radiolégica Ambiental - PMRA, which was establishedl992 [20], has data of rainfall
(measured inside of IPEN campus) since 1993, Figs 2t can be seen, in almost 20 years of
measuring and up to present time, the year of 2@ti2xhe highest rainfall recorded [21].
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Figure 2: Annual rainfall measured by PMRA, IPEN snhce 1993 (2013 - from January
to July).
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Fig. 3 presents the rainfal volume, mm, and thevpies for the samples collected in 2011.
It can be observed, for the studied period of 2814t the months with higher rainfall volume
were the months of spring followed by autumn aret the pH values ranged from 4.61 to
7.42

mm
r + 8,00

120 |

100 f + 7,00
80 f
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Figure 3: Rainfall volume, mm, and pH values far famples collected in 2011.
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Fig. 4 presents the rainfal volume, mm, and thevpies for the samples collected in 2012.
It can be observed, for the year of 2012, thattleaths with higher rainfal volume were the
months of spring followed by autumn and that thevallies ranged from 4.35 to 7.42.
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Figure 4: Rainfall volume, mm, and pH values for tle samples collected in 2012.

Fig. 5 presents the rainfal volume, mm, and thevpies for the samples collected in 2013.
It can be observed, for the studied period of 2@81&; the months with higher rainfal volume
were the months of spring followed by autumn arat the pH values ranged from 4.35 to
6.80.
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Figure 5: Rainfall volume, mm, and pH values for tle samples collected in 2013.

Fig. 6, 7 and 8 present thi&Pb concentrations, mBq’i. and the rainfall in mm, for 2011,
2012 and 2013, respectively. For the whole perindlied it was found that the highest
concentrations of'®Pb were obtained in the winter months in which $enamounts of
rainfall occur. Moreover, large amounts of rainfeluse the sample’s dilution and hence
lower concentrations 6f%Pb.
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Figure 6: “%Pb concentrations, mBq L*, and rainfall, mm, for 2011
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Figure 7: *%Pb concentrations, mBq L*, and rainfall, mm, for 2012
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Figure 8: 2%Pb concentrations, mBq L*, and rainfall, mm, for 2013.

Fig. 9 presents the monthly depositional fluxX¥¥Pb, Bq n? month', and the rainfall, mm,
for the studied period and Fig. 10 the relationdiepveen thé'%Pb flux per season and the
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amount of rainfall. The monthly flux varied from08, Bq m? month* to 46,4 Bq rif month

! the highest flux was obtained in the month whie highest rainfall occurred, February
2013, followed by February and April of 2012, sunnraed fall. The high values obtained for
21%p flux could be due to higher release rate$*®n from the continent due to warmer
temperatures in summer.
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Figure 9: Monthly depositional flux of 2*°Pb, Bq mi? month™, and rainfall, mm, for the
studied period
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Figure 10: Relationship between thé'°Pb flux, Bq m™, per season and the amount of
rainfall, for the studied period

4. CONCLUSIONS
This paper presets the preliminary results¥3Pb concentration measured in all the rainy
event that occurred from April 2011 to June 2023P&N, Sao Paulo, SP, Brazil in order to

provide the baseline data for the bulk depositidhates of >*°Pb in Brazil and southern
hemisphere and to understand the atmospheric lwehafthis radionuclide.
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The concentrations of'®b in rainfall varied from the minimum detectabletiwty,
4.9 mBq ! to 1408 + 43 mBq L. The highest concentrations were obtained in thaths
of winter and the lowest in summer.

The monthly depositional flux of%Pb, during the studied period, did not remain camist
but varied from 4.03 Bq fmonth® to 46.4 Bq rif month® presenting a strong correlation
with the amount of precipitation and hence shovaegsonal trends.

REFERENCES

1. G. A. Peck, J. D. Smith, “Determination 6t%0 and?%b in rainwater using
measurements 6t°Po and*°Bi,” Anal. Chim. Acta.V. 422, pp.113-120 (2000).

2. R. Winkler, g. Rosner, “Seasonal and long-termatam of“*%b concentration in air,
atmospheric deposition rate and total depositidaciy in south Germany.Sci. Total
Environ,V. 263,pp.57-68 (2000).

3. M. Baskaran, E. Glenn, “Residence time of arcticzehaaerosols using the
concentrations and activity ratios dPPo,?*°Pb and’Be,” Journal of Aerosol Science
V. 32,pp.443-452 (2001).

4, S. Likuku, “Wet deposition of**Pb aerosols over two areas of contrasting
topography,”Environ. Res. LettV. 1, pp.1-6 (2006).

5. J. K. Cochran, H. Feng, D. Amiel, A. BECCK, “Naturadionuclides as tracers of
coastal biogeochemical proces$, Geoch. ExplorationV. 88, pp.376-379, (2006).

6. M. Baskaran® A search for the seasonal variability on the dejmsl fluxes of'Be
and?*°Pb’ . J. Geoph. Research00, pp.2833-2840 (1995).

7. C. Dueias, M.C. Fernandez, E. gordo, S. Cafiet&®dvez, “Chemical and radioactive
composition of bulk deposition in Malaga (Spainftmospheric Environmen62,
pp.1-8 (2012).

8. D. McNeary, M. Baskaran, “Depositional charactéistof ‘Be and **®Pb in
Southeastern MichiganJ. Geoph. Research08 pp.1-15 (2003).

9. D. McNeary, M. Baskaran‘Residence times and temporal variations ?8Po in
aerosols and precipitation from southeastern MaigUnited States,’J. Geoph.
Researchl12 pp.1-11 (2007).

10. K. Hirose, Y. Kikawada, T. Doi, C.-C. Su, M. Yamamp“**®Pb deposition in the far
East Asia: controlling factors of its spatial anemporal variations,”Journal of
Environmental Radioactivify102, pp.514-519 (2011).

11. P. A. Souza, W. Z. de Mello, J. Maldonado, H. Ewdistg, “Composi¢do quimica da
agua de chuva e aporte atmosférico na Illha GraRdlé,Quim. Nova?29, pp.471-473
(2006).

12. T. F. M. Leal, A. P. G. Fontenele, J. J. Pedraiti, Fornaro, “Composicao ionica
majoritaria de aguas de chuva no centro da cided8ab Paulo,’Quim. Nova27,
pp.855-861 (2004).

13. S. Caillet, P. Arpagaus, F. Monna, J. Dominik, ‘t6&s controlling’Be and?'%Pb
atmospheric deposition as revealed by samplingiddal rain events in the region of
Geneva, SwitzerlandJ. Environ. Radioactivity53, pp.241-256 (2001).

14. M. Baskaran, “P0o-210 and Pb-210 as atmospheriernsagnd global atmospheric Pb-
210 fallout: a Review,J. Environ. Radioactivityl02 pp.500-513 (2011).

INAC 2013, Recife, PE, Brazil.



15.

16.

17.

18.

19.

20.

21.

J. Du, J. Zhang, J. Zhang, Y. Wu, “Depositionaterats of atmospheritBe and***Pb

in coast of China Sea, Shangai, Chinattospheric Enviromen#2, pp.5101-5109
(2008).

Renfro, J. K. Cochran, B. A Colle, “AtmosphericxXas of 7Be and 210Pb on monthly
time-scales and during rainfall events at StonyoRrdNew York (USA),”J. Environ.
Radioactivity 116, pp.114-123 (2013).

R. L. Lozano, E. G. San Miguel, J. P. Bolivar, Maskaran, “Depositional fluxes and
concentrations ofBe and®*®Pb in bulk precipitation and aerosols at the imaieef of
Atlantic and Mediterranean coasts in Spaih,”"Geophysical Researchl6, pp.1-14
(2011).

I. Vallés, A. Camacho, X. Ortega, I. Serrano, Sadguez, S. Pérez, “Natural and
anthropogenic radionuclides in airborne particulateanples collected in Barcelona
(Spain)”,J. Environ. Radioactivityl00, pp.102-107 (2009).

S. R. Damatto, J. J. Messias, B. P. Mazzilli, “®eas variation of*%Pb concentration
measured in rainfall in Sdo Paulo — Brazil. Intéioral Topical Conference on Po and
Radioactive Pb isotopes,” Sevilla, Espafa, 26 t@2@ber (2009).

V. M. F. Jacomino and M. F. Maduavlonitoracdo Ambiental nas Imediacbes de
Instalacdes Nucleare$PEN-Pub-363, Sao Paulo, Brazil (1992).

Relatério PMRA -Relatério de Avaliacdo do Programa de MonitoracaadRlogica
Ambiental do IPEN 201Relatérios do SGI. Sistema de Gestédo IntegraddPE®!.
Séo Paulo, 21/07/2013.

INAC 2013, Recife, PE, Brazil.



