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ABSTRACT

Behavior of heavy metals (Fe, Co, Ni, Cu, Zn and Pb) content  in -dated healing mud profiles from San Diego  river outlet (western Cuba)  has been studied using X-ray fluorescence analysis. Iron-normalized enrichment factors  indicate the Co, Ni, Cu and Zn natural origin  (Enrichment Factor » 1), reflecting  a low anthropogenic impact to the area in the last 100 years. A minor lead enrichment  (EF = 2) in the last few decades was determined. The heavy metal levels in most  recent mud (0-5 cm,  on mg.kg-1 dry weight) were: Co = 18 ± 2, Ni = 62  ± 8, Cu = 52 ± 2, Zn = 72 ± 4 and Pb = 28 ± 2. The comparison with reported  Earth’s upper crust average shales and muds, and with data  reported for different muds used for medical purposes shows that heavy metal content in San Diego River mud is suitable for its use with  therapeutic purposes. 
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RESUMEN

Se determinan  los niveles de metales pesados (Fe, Co, Ni, Cu, Zn y Pb) en perfiles de  sedimentos del río San Diego, fechados con la técnica de  y  mediante la técnica de Fluorescencia de Rayos X. La normalización al hierro de  los contenidos de metales pesados indicó el origen natural de los elementos Co,  Ni, Cu y Zn, así como un muy moderado enriquecimiento en Pb, reflejando el bajo  impacto antropogénico que ha tenido esta área en los últimos 100 años. Los  niveles de metales pesados en los lodos más recientes (0-5 cm, en  peso  seco) fueron: Co = 18 ± 2, Ni = 62 ± 8, Cu = 52± 2, Zn = 72 ±  4 y Pb = 28 ± 2. La comparación con los contenidos de metales pesados,  reportados en la literatura en lodos de uso medicinal, mostró que el contenido  de metales pesados en los lodos del río San Diego es aceptable para su empleo  con fines terapéuticos.

 
Palabras claves: sedimentos, análisis por fluorescencia de rayos x,  metales pesados, usos terapéuticos, plomo 210, ríos, Cuba.




 

 

INTRODUCTION

Thermal muds are hydrothermal or hydrothermalized  pastes produced by primary or secondary mixing of clayey (geo) materials with  salty thermo-mineral waters, accompanied by organic materials produced by the  biological-metabolic activity of micro-organisms growing during the so-called “maturation”  process [1].  Peloids have been used in medicine since ancient times and more recently such old  practice has received applications also for wellness and relax purposes [2,3]. The  most important inorganic components of the peloids are clay minerals which make  them useful in spas due to their physical properties (i.e. absorption/adsorption  capacity, cation exchange capacity, water saturation, swelling index, grain size,  cooling index, etc.). Some recent investigations showed the necessity of studying  the geochemical abundance of potential hazardous  chemical toxic elements in peloids [2, 4-5] and although the use of healing  mud is very old, specific criteria for the evaluation of their contamination by  some trace metals (such as As, Pb, Hg, Cd, Zn, Cu, etc.) and their toxicity are  yet to be established.

Some recent investigations 
  showed the necessity of studying the geochemical 
abundance of potential hazardous chemical toxic elements in peloids [2, 4-5] and although the use of healing 
mud is very old, specifi c criteria for the evaluation of their contamination by some trace metals (such as As, Pb,  Hg, Cd, Zn, Cu, etc.) and their toxicity are yet to be established.

One of the big peloid  users in Cuba is the San Diego de los Baños Thermal   Center, located in Pinar  del Río, western Cuban province. The peloid used there is a mud extracted from  the San Diego river outlet (40 km from Thermal Center)  and maturated with sulphated and radonic thermo-mineral waters. The  present study was conducted in order to determine total concentrations of some  heavy metals (Co, Ni, Cu, Zn and Pb) in the vertical sediment profile in an  attempt to establish the pattern and history of their enrichment in San Diego river outlet  and to assess the quality of peloids in  medical uses at present and over time.

 

 

MATERIALS AND METHODS

Three cores were  collected in the San Diego  river outlet (Fig. 1) during the same journey. The core tubes were divided in 5  cm thick slices. All samples were dried at 60 °C. Large rock debris;  mollusk skeletons and organic debris were removed before sieving. The fraction  smaller than 1 mm  was ground to a fine powder (< 63 μm) in an agate mortar.  The pulverized samples were newly dried at 60 °C until obtaining a  constant weight. 





Heavy metal concentrations  were determined by external standard method of X-Ray Fluorescence Analysis (XRF) using the Certified Reference  Materials (CRM) IAEA-SL-1 [6], IAEA-Soil-5 [7], IAEA Soil-7 [8], BCR-2 [9] and  BCSS-1 “Marine sediment” from the Canadian National Research Council as  standards. All samples and CRM were mixed with cellulose (analytical quality)  in proportion 4:1 and pressed at 15 tons into the pellets of 25 mm diameter and 4-5 mm height. Pellets were measured using  Canberra Si(Li) detector (150 eV energy resolution at 5,9 keV, Be window  thickness = 12.0 μm) coupled to a MCA. A   (1.1 GBq) excitation source with ring geometry was used. All spectra were  processed with WinAxil code [10]. Detection Limits were determined according to  Padilla et al. [11] (in concentration units) as , where m is the sensibility in  per concentration  unit,   is the standard deviation of the  area of the background windows (peak window at 1.17 times the FWHM) and t is the measuring time (6 hours).

  The accuracy was evaluated using the  SR criterion, proposed by McFarrell et al. [12]:



where – experimental  value, CW – certified value and s is the standard deviation of . On the basis of this  criterion the similarity between the certified value and  the analytical data obtained  by proposed methods is divided into three categories: SR ≤ 25% = excellent; 25  < SR ≤ 50%
= acceptable, SR > 50% =  unacceptable. The analysis of five replica of the CRM IAEA-356 [13] is  presented in Table 1. All heavy metals determined by XRF analysis are  “excellent” (SR ≤ 25%) and the obtained results show a very good correlation (R  = 0.9999) between certified and measured values. 



In  order to asses the possible heavy metal pollution in mud, the element  enrichment was estimated by normalizing the results to a reference element,  using the Enrichment Factor [14]:



where X is  the concentration of the potentially enriched element and Y is the  concentration of the reference element. If the EF value of an element is close  to unity, it means that its observed concentration in sediment samples can be  considered as crustal material. Enrichment value higher than unity indicated  abnormal behavior for the corresponding element concentration. The average  elemental composition of the deepest core slices was used as background values,  considering the recommendations taken from Vreca and Dolenec [15]. Iron was  selected as reference element. The use of Fe to normalize the results is  recommended because the natural high levels of this element in the environment [16,  17]. 

The  sediment age has been successfully achieved starting from the determination of  the activity profiles of  and  and calculating  by the constant rate of supply (CRS) model using the excess   profile [18]. The activities of the radionuclide present in mud samples were  determined by gamma spectrometry using the CRM UC-1 and UC- 2, prepared in the University of Cantabria  (Spain)  [19] as standards. Sample preparation was standardized at 50 grams (dry weight) and  placed in the hermetic closed plastic container during 30 days so that a  secular equilibrium between ,  and shorter half  lives daughters of  was assured. Spectra were  measured during 24 hours in the Low-Background Gamma Spectrometer (LBGS) of the  Nuclear Analytical Lab at InSTEC, composed by a Low-Background Chamber, an  n-type closed-end coaxial high-purity germanium detector (DSG, NGC-3018, 130 ,  FHWM = 2.04 keV for 1332 keV  gamma line) equipped with an 8192  channel multichannel analyzer (webMASTER TARGET coupled to PC) [20]. The gamma  spectra were processed using the Gamma-W version 18.03 code (Dr. Westmeier  Gesellschaft für Kernspektrometrie GmbH). The minimum detectable activity (MDA)  of the system for 24 hours count acquisition were 6.1  for   and 0.6  for . The Determination Limit was  calculated according to Currie criteria [21].

 

 

RESULTS AND DISCUSSION

The behaviour of excess  and  average  activities measured in healing mud cores and the mud formation-year estimated by  CRS model are shown in Fig. 2.   In Cuba, the presence of  in sediments  is only due to fallout from nuclear explosions [22, 23].The artificial  radionuclide  ( = 30.2 years) has been appearing  in traces in the environment since the early 1950s, showing a
  characteristic activity  maximum in sediments between 1962 and 1964 due to atmospheric nuclear weapon  testing fallout maximum [24]. This  activity maximum (see  Fig.2) usually is used as data marker to verify the  age  sediment determination [25]. The last is in correspondence with formation year  estimation by excess  CRS model.



The  average concentrations of the heavy metals determined by XRF analysis in mud  cores from San Diego  river outlet are shown in Table 2. Low concentrations of all heavy metals in  the mud reflect a low anthropogenic impact, practically, in the last 100 years,  taking into the account the sediment age estimated by CRS method using the  excess  profile. 



Calculating the  Enrichment Factor respect to Fe for determined heavy metals using the deepest  core slice concentrations as background (Fig. 3), the chronological behavior of  the metal enrichment in last 80 years was obtained. The result shows the  natural Co, Cu, Ni and Zn origin (EF » 1) and a minor  enrichment for Pb (EF ~ 2) in the most recent  mud. Taking into account the urban area located in the west side of the river  (see Fig. 1), Pb enrichment in the last decades must be associated with wastes  from domestic diesel power plants and diesel kitchens, frequently used in Cuban  small towns, and with motor boat traffic in the area. 



Cuban regulations [26] do  not specify a maximum allowable limit for heavy metal content in healing mud.The  levels of the five toxic metals examined in the most recent San Diego River  muds (top  slice) are seen to be of the same order of magnitude as  those reported by Li [27] for average shale and muds (Table 3). From a geochemical  standpoint, the level of most individual elements in shales and muds can be  considered to approximate that of the specific element in Earth’s upper crust.  In terms of the toxic potential of the San Diego River muds, it is reassuring  that none of the values of toxic element levels documented in the San Diego  River muds are not significantly higher than Li’s terrestrial background  values. On  the other hand, the comparison with some muds, worldwide used for different  medical proposes; show that the heavy metal concentrations in San Diego River  are in the same concentration ranges. Taking into account that the peloide  maturation processes do not change the heavy metal content present in the mud [32,  33], the heavy metal content in San    Diego River  healing mud is not an impediment for its medical purposes. 



 

 

CONCLUSIONS

The  combination of the gamma spectrometry and XRFA permit to determine the  practically constant, in the last 100 years, levels of heavy metals in healing  mud from San     Diego River.  The  comparison with some muds, worldwide used for different medical proposes; show  that heavy metal content in San    Diego River  healing mud is suitable for its medical purposes. 

 

 

REFERENCES

1. VENIALE F.  Thermal muds: Perspectives of innovations. Appl. Clay Sci. 2007;  36(1-3): 141-147.

2. CARRETERO MI. Clay minerals and their beneficial effects upon human health. A review. Appl.  Clay Sci. 2002; 21(3): 155-163.

3. VENIALE F,  BARBERIS E, CARCANGIU G, et. al. Formulation of muds for pelotherapy:  effects of “maturation” by different mineral waters. Appl. Clay Sci. 2004;  25(3-4): 135-148.

4. MASCOLO N,  SUMMA V, TATEO F. In vivo experimental data on the mobility of hazardous  chemical elements from clays. Appl. Clay Sci. 2004; 25(1-2): 23-28.

5. GOMES CSF,  SILVA JBP. Minerals and clay minerals in medical geology. Appl. Clay Sci. 2007;  36(1-3): 4-21.

6. DYBCZYNSKI  R, SUSCHNY O. Reference Material SL-1 “Lake sediment”. Report IAEA/RL/64.  Vienna: IAEA, 1974.

7. DYBCZYNSKI  R, TUGSAVUL A, SUSCHNY O. Soil-5, a new IAEA certified reference material for  trace elements determinations. Geostand. Geoanalyt. Res. 2007; 3: 61-87.

8. PSZONICKI  L. Reference material IAEA soil-7. Report IAEA/RL/112. Vienna: IAEA, 1984.

9. WILSON SA.  The collection, preparation and testing of USGS reference material BCR-2,  Columbia River, Basalt, U.S. Geological Survey Open-File Report 98-00x, 1997.

10. WinAxil.  WinAxil code.Version 4.5.2. [software]. CANBERRA-MiTAC, 2005.

11. PADILLA R, MARKOWICZ A, WEGRZYNEK D, et. al. Quality management and method  validation in EDXRF analysis. X-Ray Spectrom. 2007; 36(1): 27-34. 

12. QUEVAUVILLER  PH, MARRIER E. Quality assurance and quality control for environmental  monitoring. Weinheim: VCH, 1995.

13. IAEA  reference material 356 “polluted marine sediment”. IAEA/AL/080 Report. Vienna:  IAEA, 1994.

14. SCHROPP SJ,  LEWIS FG, WINDOM HL, et. al.   Interpretation of metal concentration in estuarine sediments of Florida using  aluminum as reference element. Estuaries. 1990; 13(3): 227-235.

15. VRECA P,  DOLENEC T. Geochemical estimation of cooper contamination in the healing mud  from Makirina Bay, central Adriatic. Environ. Internat. 2005; 31(1): 53-61. 

16. MUCHA AP, VASCONCELOS MTSD, BORDALO AA. Macrobenthic community in the Douro estuary:  relations with trace metals and natural sediment characteristics. Environ.  Pollut. 2003; 121(2): 169-180.

17. VILLARES R,  PUENTE X, CARBALLEIRA A. Heavy metals in sandy sediments of the Rias Baixas (NW  Spain). Environ. Monit.Assess. 2003; 83(2): 129-144.

18. GELEN A,  SOTO J, GÓMEZ J, DÍAZ O. Sediment dating of Santander Bay, Spain. J.  Radioanal. Nucl. Chem. 2004; 261(2): 437-441.

19. GÓMEZ J, SOTO J. Ejercicio de intercomparación de resultados  de medida de radiactividad en la Red de Vigilancia Radiológica Ambiental.  Madrid: Consejo de Seguridad Nuclear, 1998. 

20. DÍAZ RIZO O, LÓPEZ PINO N, D´ALESSANDRO K, et. al. Characterization of the low-background  gamma spectrometer at INSTEC for environmental radioactivity studies. Nucleus.  2009; (46): 21-26.

21. CURRIE LA.  Limits for quantitative detection and quantitative determination. Anal.  Chem. 1968; 40(3): 586-592.

22. ALONSO C, DÍAZ M, MUÑOZ A, et. al. Levels of radioactivity in the Cuban marine  environment. Radiat. Prot. Dosim. 1998; 75(1-4): 69-70.

23. REYES H, LÓPEZ PINO N, DÍAZ RIZO O, et. al. Environmental radioactivity study in  surface sediments of Guacanayabo gulf (Cuba). AIP Conf Proc. 2009; 1139:  156-157. 

24. WALLING DE,  HE Q. The global distribution of bomb-derives 137Cs reference inventories. Final  Report on IAEA Technical Contract 10361/RO-R1. University of Exeter, 2000.

25. JETER HW.  Determining the ages of recent sediments using measurements of trace  radioactivity. Terra et Aqua. 2000; 78: 21-28.

26. National  Office of Normalization. Norma Cubana (NC 6). Peloids. Specifications. Cuban  national bureau of standards. Havana, 1998. (in Spanish).

27. LI YH. A  compendium of geochemistry. Princeton: Princeton University Press, 2000.

28. MASCOLO N,  SUMMA V, TATEO F. Characterization of toxic elements in clays for human healing  use. Appl. Clay Sci. 1999; 15(5-6): 491-500. 

29. SUMMA V,  TATEO F. The use of pelitic raw materials in thermal centres: mineralogy,  geochemistry, grain-size and leaching tests. Examples from Lucania area  (southern Italy). Appl. Clay Sci. 1998; 12(5): 403-417.

30. CARRETERO MI, POZO M, MARTÍN RUBÍ JA, et. al. Mobility of elements in interaction  between artificial sweat and peloids used in Spanish spas. Appl. Clay  Sci. 2010; 48(3): 506-515.

31. MIKO S,  KOCH G, MESIC S, et. al. Anthropogenic influence on trace element geochemistry of healing  mud (peloid) from Makirina Cove (Croatia). Environ. Geol. 2008; 55(3):  517–537

32. TATEO F,  SUMMA V. Element mobility in clays for healing use. Appl. Clay Sci. 2007;  36(1-3): 64-76.

33. TATEO F,  RAVAGLIOLI A, ANDREOLI C, et. al. The in-vitro percutaneous migration of  chemical elements from a thermal mud for healing use. Appl. Clay Sci.  2009; 44(1-2): 83-94.

 

 

Recibido: 27 de febrero de 2013 

  Aceptado: 25 de abril de 2013 



e15055313.jpg





e06055313.jpg
SR=

Cx —Cyl|+20

100%





e04055313.jpg
3o/mt






e05055313.jpg
counts.seg™’





f01055313.jpg
U T Locaton e satcns 1 San Uega ittt
(1-22010350°1 83006 "W; 2 2010734 00 30150443
32220102 TT'N831602.89°W,





e01055313.jpg
210pp





e03055313.jpg
238p,





e02055313.jpg
mg.kg?





e07055313.jpg





e08055313.jpg





t01055313.jpg
Table 1. XRF analysis of CRM IAEA-356 (mean D, n =5, mg kg except
Indicate, SR vales and Detcton Linis

Eement | Certied | Measured | SA06) | L, (hok?)
vae | value
Fetd | o4 [2s7e0m9| 29 B
o G st | o a0
[0 s | s=s | = it
o % | =2 | 1 0
= o7 | woess | 11 5
0 W me2]| 2 ]






t03055313.jpg
‘oo 3. ey et coron 3. ) 0 el s e i el e

Sonpi E) " W o
S Dogs s s et | wes | wer | mad
vrae s 2] T e w 3
e o 7). T 3 = ™
g ol 5 £ )
oot ] = ] T ®
o oy (3 5 ® 7 o7
Copt ] - & £} T
G oy 1) E} w ) o
(s, - 5 a FIE ) 05
et Spon (o7 s ET) EXN T T}
i b o ] 57 EI} ETE T T
oo Son ) ELCI XIS
Torgin son W FT T w5
Wfin o, oo BT i £ % E) 3






f03055313.jpg
s

Figue . Hstorcal heary motl rrhmontnheliog ud fom San Do
outet.





e10055313.jpg
2%Ra





e16055313.jpg
1¥Csg





e11055313.jpg





e09055313.jpg
220N





e13055313.jpg
Bq.kg'





e12055313.jpg





f02055313.jpg
| o e

. . =

Lissa
Loz

Aoty Barg’)

LTS 2 VoAt Berags 7 a0 505 D s 1 KD Sesi.
el Dashed ine shos 1o on prtubed et o GRS mogL Right s
shows o estimatad mud formaton yoar Emor i yaers)






e14055313.jpg
TVa





t02055313.jpg
Tabte 2. Average concentzations” for hemny metels dolermined v besing Fusd pofics fom San Dlego e ol

e o dets
3 S T O O - T )
oo | 301 | awar | amor | ae0r | seoz | amor | suez | wmoz
3 a2 | e | et | w2 | o | ms | s |
) Gt | o | e | e | vew | vmw | menw | e
o 2 TR I I I N I T
) et | mes | s | s | v | e | g | vmw
) w1 | w2 | mr | s | ws | me | w2 | ma

e <500 0 gt e






