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lll.rno Presidente
Si ritiene opportuno informarla che in data 10 Maggio 2016, la prestigiosa rivista scientifica EnvironmentalMonitoring and Assessment, ha pubblicato un lavoro di un gruppo di ricercatori dell’istitutoZoopropfilattlco Sperimentale della Puglia e della Basilicata dal titolo “Environmentai monitor!ng of thearea surronding oli welis in V& d’Agri ( itoly): eiernent Qccumuìarion in bovine organs”.
Nello specifica sono stati analizzati gli organi di accumulo di animali da reddito ( ovini e bovini) chepascolano nelle aree della VaI d’Agri per verificare il livello di la metalli pesanti.
Su un totale di 129 anImali esaminati, solo 5 hanno presentato livelli superiori al limiti indicati dallaLuropean Commi5sion Regulation per cadmio e piombo, mentre tutti gli altri animali avevano livelli molto
inferiori.

Il lavoro ( che allego alla presente), oltre a suggerire l’ovino come animale indicatore del livello diinquinamento dell’ambiente da metalli pesanti, sottolinea che nella aree di pascolo, prospicienti i pozzi diestrazione del petrolio, tali livelli sono estremamente bassi e pertanto si può affermare, su una basescientifica, che non esiste alcun pericolo per la salute umana.
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Environmental monitoring of the area surrounding oli wells
in Vai d’Agri (Jtaiy): element accumuiation in bovine
and ovine organs

0w Mledicu Marco Iummarlno• Giuseppe Paglia’
Marina Taraila’ Michele Mangiacotil
A. Eugenio Chiaravulle

Rcccivcd: 29 December 2015 fAcetpid: 21 ApriI 2016
•tj SpdnerlnlcmatianaI Publishin Swhzeriand 2016

Abslract [ti this work, cnvironmenial heavy mcml con
tarpination in the Vai d’Ari arca of Southem iraiy was
rnonitored, measuring the accumulation ol’ IS hcavy
metals (U, Hg, l’b, Cd, As, Sr, Sn, V, Ni, Cr, Mo, Co,
Cn, Zn, Ca, Ma, Fe, and Ai) in the orans oranimuis
mied in the suntunding arca (kidncy, Iun, and liver of
bovine and ovine speeics). Vai d’Agri featurcs vaHous
oil pmcessing centeis which aro polenlialiy a significant
source of environmenrai poilution, making il essentiai lo
pcrform studics that vill outhne the Male of the arI on
which any rccovcry plans and inlerventlons may be
developed. The an&ysis was canied cui using oWicial
and accredimed analytical mcthods based on inductively
coupicd plasma muss spectmmeny, and the measuro
ments ivere siaiistically processed in order lo give a
conu-ibution lo risk assessment. Even lhough Ove san
ples showcd Pb and Cd concentrations above the iimìts
de6ncd in the Europcan Commission Reguiation (EC)
No 188 1/2006, the metta concentmdons of mosÉ cli>
mcnls suggesL that contamination in ihis ama is low,
Conscquentty, these resulls also suggesi «hai there is
no panicular dsk for human cxposure lo toxic truce
eiements, Ncvcrthelcss, the findins of mhis work con
1km Ihat elemcnt accumulation in ovine spccics Is cor
rciated with geographicai Iiveslock area. Thereforc,
ovine-speciftc organs milit be used as bioindicators

O. Miedica Nt, lainniurino ‘0, Paglia ‘ M. l’unito
NI. Mangincoiti A. E. CiuamvuIl (E)
Chemisuy Dcpanmcnt istituto Zaopmfdanico Sperirneniale dellaPuglia e della Basilicain, Via Manrrdonin 20, 71121 Fagi italye-mail: izsfgcliimicatiscaIi.ic

far monitoring contaminalion by specific toxic clemenrs
in exposcd amas.

Keywords Truce elements’ Hcavy mcials• ICP-MS
Envimnmcnlal contamination •Oli weljs

lntroductlon

The chemical conlaninatian of the cnvirotiment bus a
pervusive cffcct un bath human populalion gmwth and
tcchnoiogical dcvelopment. ]The release of chemical
containinanls mIo the cnvironment may ho due (05ev
era! Lypes of events, such as cii or chemicai spills,
nuclear failout, or incoreci managenenl of harmful
wasIes (infeclious, Ioxic, or mdioactive, espccially in
deveioping councrics). Giobal conceru over the public
hcalth impaet attribuied to cnvironmental cheinical con
Uunination bus been incrcasing o’er the Iast thrve de
cades. Indccd, the World Health Organization (WHO)
cstimates that about a quader orali diseases ave due lo
prolonged exposure (o cnvironmcntal pottution.
However, most al’ Iliese discascs ‘ire not casy to dclcct
and may be ncquircd during childhood and manifcsled
only in adulthood (Kimani, 2015; Schmitt, 2015).

The majoHty al’ dnngemus chemical conmminanls,
considercd particularly hannful l’or humans, especially
childrcn (Velea ci al., 2009), aro hcavy mernls (pailicu
Iarly Pb, Cd, i’ig, As), rclating Io water and soil contata
natlon (Jfirup, 2003; Velea ct al,, 1009; Zhuang ct al.

2008), ami PM,5, PM10, CO, SO2, NO2, and O,, reint
ing ma air poilutian (Zhang eL aL. 2015).

Publishcd unline: IO Muy 2016
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Fleavy meials aro commoniy ddflned as tlzose
having a density of moro ihan 5 g cm3, and cudmi
UTII, mercury, iead, ami arscnic (half-metal) aro con
sidered veiy dangerous due to thcir poienliai far
hìgh exposure (Denny, 1987; Jamp, 2003). Once
absorbed, cadmium accumulases irreversibly in the
human body, particuiarly in kidneys and liver, and
may cause irreversible damage botti to these organs
ami Lo bones nnd the rcspiratory Lract (Bcrnard and
Lauwerys, 1986; Bcrnard, 2008). Mercury is anolher
highly toxic metai to hunian health, since i poscs a
panicular threat to the development or the child in
moro ami, in a nursing woman, it may pass mio

brcast milk. Mcrcury. mercurous, and mercuric salts
and its short-chained alkyl compounds, such as
meihyirnercury, may cause protein precipitation, en
zymc inhibition, and may damage primarily the
brain, wherc thcy cari remain far a iong cime, ami
gui iining and kidney (Berlin et al., 2007; Rishcr
and De Woskin, 1999; World Heahh Organizalion,
2007; Broussard ci al,, 2002; Bemhoft, 2012). Lead
Is known to inteitere with sevemi body functions,
affecting the central ncrvous, bepaiie, hematopoietic,
and renal systems, producing serious disorders
(KaIia and Flora, 2005; Flora et aI.. 2012).
Rcgarding arsenic, the inorganic fonn Lends Io be
marc taxic than the urganic mie does. The buman
healih cffccts of chronic arsenic toxiciiy aro ve1I
known as aiscnieosis, characteHzed by skin pigmen
tation md kcniiosis. Moreover, arscnic may interfere
with ceilular respirelion and may dcveiop iis carci
nogenicity aiso by dircct interaclion with reti celi
membranes (Jomova ci ai., 2011; Cuba Mazumder,
2008; Agency for Toxic Substances and Discase
Regisity, 2011).

In order to monitor the pollution level in the vi
cinity ofan industria! buik-up area, the investigation
of heavy mcml Ievels in surface wnters, scdirnenis,
plants. soil, and animai organs Is mie of the 6rst
operaiions to be implementcd (Szarek-Lukaszewska
et ai., 2002; Zhuang ci ai., 200%; Veica ci al., 2009;
Ako(n ci ai., 201 4).

The main objective of Uns work was the environmcn
tal monitodng of the Vai d’Agti ama afsouthem Itaiy,
by measuring the accumuiation of IS heavy melals (U,
Rg, Pb, Cd, As, Sr, Sn, V, Ni, Cr, Ma, Co, Cu, Zn, Ca,
Mn, Fe, ami Al) in the ergans of animals raised in the
surrounding atta (kidncy, lunQ, ami liver of bovine and
ovine species). Vai d’Agfi is a unique area fcawring

seveni all prucessrng ccntcnwhich-can ho asigniflcant
souree ofcnvironmcntal poilulion, making it csscntial io
pcrfonn studies ihai viil ouiline lite stato of the ‘ari on

which uny recovery plans and inicrventions may be
dcvciopcd (Loperte and Cosmi, 2015).

The anaiysis was carried cui using official and
accrcditcd analyiical methods bascd on inductively
couplcd plasma mass spcctrumeuy (ICP-MS), and the
data recorded tvcre statisticaily processcd in order Io
give ‘a confribution Io risk assessrncni

Materials und methods

Chemicais

Thiny pcrccnt (v/i’) H101, 68 (t’li’) lINO3 and ultra
pure watcr were purchased frani Romul Ltd (Cambridge,
UK); standard solutions of the elerncnis (11, Rg, Pb, Cd,
As, Sr, Sn, V, P41, Cr, Ma, Co, Cu, Zn, Ca, Ma, Fe, asid
Al) (1000 mg 1. ‘) were supplied by CR4 Ltd. (Stam
Zagon. Bulgaria); uitnpum arpa, anhydrous animo
ala, tinti mcthanc (P4 55) ‘vere purchased from AIR
Liquide s.p.a. (Miian, ltaly).

Sampiing

A telai of 129 samples ivere coileoteti froni three
diffcrcnt gcographie areas non oli welis in V’ai
d’Agri (Southem Itaiy). Thcse areas tvere the fai
iowing: Corleto Pcrticara (40° 22’ 49584” N—16° 2’
29.545” E), Gmmento Nova (40° il’ 14.851’ N—15°
53’ 25.926” E), and Viggiano (40° 20’ 49.341” N—
15° 53’ 58,399” E). The animai organs vcrc eoilecL
ed frani a slaughtcrhousc, undcr the supervision of
the personnel invoived in the research project, who
checked that ali operaiions were executed by
avoiding any possible coniamination of the samples.
The sampies may be considerati representaiive of
respective geographic area, since the animais ‘vere
bara and raiseti in the thrce arcas incntioned above.
The moniioring was carried out by evaluating the
Ieveis of IS heavy metais (U, H, Pii, Cd, As, Sr,
Sn. V, Ni, Cr, Mo, Co, Ct’, Zn, Ca, Mn, Fc, and Ai)
in different org’ans (kidney, iung. ami liver) of bo
vino and ovine spccies raised in these three areas.
An accurate description of the sainpiing Is shown in
Fig. i.

Springer
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FIg. I Expcdmenwl dcsìgn, Due
hundrd twtnly-ine smnpits
(kidneys, livcn, ciad Iungs) wcrv
obtuincd rmm bolli ovine unti
bovine specici caliccleti in thrce
differuni ereas (Gnimenlo Nova,
Viginnc, anti ConcIa Penicon)
sumjunding cii welis in Vai
d’Agni

Appanims unti methods

mis manitoHn wus cardeti cui using the UNI EN
15763:2010 reference method (European Commilcee
far Standardization, 2010). This method has bcen
accredited by the lialian organism far Iaboratory
acereditation, ACCREDIA, since 2010.
Appraximately 500 g of the sample was coliccted
unti then homogenized in a commerciai biender
(mode) HGB2WTG4, Waring Laboratory Science,
Stamford, USA). The hcmogenized sample (1.0
±0.0001 g) was wcighed by un analytical balance
(Mett)er Toledo s.p.a., Navate Milanese, Milan.
ltaly) and then mineralizeti. Micrawave-assistcd acid
digesilon was carried out using un ETHOS-ONE
microwave reaction system (Milestone s.r.I.
SoHsoie, Bergamo, ltaly). The UNI EN [3805 rcf
erence procedure was adopied (European Commitcee
far Sinndardizaiion, 2002): 1.0 g of the homogc
nized sampie was weighcd inside a Teflon vessel,
unti then 6 mL of 68 31, (Wv) aNO3 and 2 mi.. of
30 % (t’tv) l4Q, vere addcd. The vessels wcre
pluced mio the microwave reaction system and tatui
sample digestion was obtaincd through the foilow
ing schedule: up Lo 120 °C in 15 mio unti constant
far LO mm; up Io 190 °C in 15 mm tinti constant for
20 mia; cooling siage (30 mm) io reach room tem
perature. Afler digesLion, the pressure in the vessels
was released and the resuhing hydrolysate was
transfered lino 50-mL polypropyiene tubes whieh

were fihled o the rnark by addition of ultrapure
waier for ftrther ana)ysis by )Cr-MS,

An inductively coupled plasma muss specirame
Ler (PerkinElmer Inc., mode) Elan DRC li,
Massachusetts, USA) equipped with a concenirie
nebulizer (Meinhard Associates, Golden, USA), a
baffieti cycionic spny chamber (Glass Expansion,
Inc., West Merbourne, Australia), and a quartz Lorch
wich a quanz injector tube (2 mm li) was used. The
analytical procedure was submitted Lo a validation
procedure which assured all analytical pcrfontanccs
rcquired far rhis type ofdeterminntion, All vulidation
parumeters which charactedzc the ann)yucal proce
dure, together with un accurate description of opera
tiana] parameters, are reporteti in ThbIe I. Twa repli
catcs of each sample were analyzcd, and the heavy
metal concentrations weie cvaluuted is the meno
of twa measuremenis. Certifled macerial (NIST
I 577b—bovine liver) was analyzed at each work
ing session far quality assurance purposes. This
mcthod hus already been upplicd successfully far
other heavy metal monitoring studies (Micdico
et al,, 2013, 2015).

Dain nnalysis

Data wus tcsted far normal distribution unti sinee
Gaussian distribution was not achieved far all paranie
tcrs, before perfoiming principal componcnt analysis
(PCi) and ANO VA icst, we fint normnlized lite datusci

VAi,- OAGRI
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Tnbtc i ICP-MS sectjns anil validalion pammivn

InduciicIy coupled plasma ma$S spectmmcler selliflgs

ltndiohxquency gcr.emlor

Gas flow

.‘\rIun ecbulìnlicn P.ow

Pump scnings’Srnnple flash

Sompte nasi, spccding

Rod delny

1{e,d deiay anaIy,, spcaii,g
Wash

\Yasi pcaJrng

Scanning siIings’dwtll fime

Swcqisfrcading

ftcadingatplicate
Rcpiicnc,

Scannn8 mode

RrqLcy VflCflÉ3t

Vahdation pammesea

Etccncrn Cniibrndon Detenuinulion RSD (%) LOQ (a; (‘1
nrse coefflcient(R3) (n I0
tra mL)

Al 2 0—200 0.9997 7.1 59
As 0 5—50 0.9987 9.S li
Cd 0.5-50 0.9999 53 2.8
Co 0 5—50 0.998) 6.3 99
Cr 05-50 09980 7.2 3
Cc 2.0-200 0.9987 2.) Il
Fe 2.0-200 0.9981 31 3 I IO’
$ig 0,1 10 0.9986 83 1.3
Mn 2,0-200 0,9980 3.7 30
Mo 0 5-50 0.9992 4.1 12
Ni 0,5-50 0.9875 59 30
Pb 0.5-SO 0.9982 5.7 56
Sn 0.5-30 0.9991 85 56
Sr 0.5—50 0.9993 2.1 9.9
11 0.01-1.0 0.99)9 3.0 072
V 05—50 0.989) 78 5
Za 2,0—200 0.9986 29 I IO’
Ca 2.0—200 0.9975 49 J,5x IQ

by mean ccnlctin (Uie avcragc value is cakulated ami
Wen subtracccd by the data), ami then we scalcd the data
by using the unit vaiiance scaling rncthod (mensa-eco
iered ami dividcd by standard deviation of each
variable).

PCA was pcrformcd using SIMCA (Umctrics,
Swcden). Berore PCA, data Iowcr Iban che lirnii of
quantirication (LOQ) was repLaced with LOQ/(2’’2).
This approach was indicaled by the Italian National

Institute of Henlth, in the’ docurneni “Ropporl
ISTISAN 04/15”, as a protcctivc measure related io
health noci cnvjronment (Italian National (nstiluce af
Hcahh, 2004). Baia was scaled hy using the unii
variance scaling rncthod beCore l’CA. One-way
ANO VA (est was uscd Co flnd clcmcnis tltat changed
significantly between orgnns, Iocations, noci spccies
(fi . 0.05).

Rcsults unti discussion

The ovemil goal of this work was io monicor the accu
mutation of the sclectcd elemcnts in mmm animals nised
in the arca sunounding cii welts in Ltaly. \Ve iberefore
Lricd io undcrsmnd of which the investigatcd matdces
was Che basI maicli far use as a bioindicator for contam
nani element accumulation.

Summwy of data

Sarnplcs vere collccted in no arca of approximalc
ly 1700 km2 surrounding the cii wdlls of Vai

fobIe 2 Range noci average valucs of the avcmll daloset (vi a I 291

Elemeni Range (ng g -) Acragc*SD (ng g

li 0.5l-2.2 0.60±2.1

Hg I.oa_21 2.1 ±2.6

Pb 4.0—II42 56± 134

Cd 2.0—2j34 206±370
As 15—35 I64
Sr 7.O—453 33 ± 57

So 4.O—673 SI *114
V TI’45 14*12

Mi 2r—1936 63±253

Cr 9.r—2670 159i,382

Ma 69—3770 S07778

Co 7.0—202 44*42

Co 915418’ 37.2± 102’

Zia 7.53’ 147’ 25.7’ ‘*212’

Cc 9.3’ 1540’ 123’±241’

Mn 2r—7.61’ .46’ ± 1.820

Fe I6.0’—1890’ 168’±205’

AI 42’—39.J’ 3.87’±4.82’

‘LOQ2’)

‘velues tebe multiplieci by IO’
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d’Agri. A tatui cf 129 samplcs verc coltceled in
chis study, including kidneys. Iivers, and Iungs
[ram both ovune unti bovine species (Fig. I). Far
13 al’ the IS elements inciudeti in Lhis study, aver
90 % of che measurements were higher dma the
LOQ. Far the remaining tìve elemcnts (1.), Hg, As,
Su, ami V), [nere than 50 % al’ che measurements
‘vere lower Lhan the LOQ. Range ami average
vaIucs l’or the overali dacasei are reported in
TaNe 2.

Elcment distribution in organs

ECA was used as che lirsc siep far duca reduccian unti
visualization, with the aim af high]ighling any vari
ation in the danisci. The principal components aro

rank-ordercd by the variubility Lhat they reprvsent in
the data Sec. with the IÌESL principal component nc
counting far the greatesi variabilicy in che data unti so
on (Trygg ci aI., 2007).

As expcctcd, wc observed thut dutTcrenc organs
ciusicred scparatcly along the first pruncipal campo
nent (PCI) thac accouncs far 24 94 of the iomI vari
ance (Fig. 2). Thineen elcments changed significani
Iy between organs as described in Fig. 2 (Table 3,
ANO VA tesI, p<O.05). Both essential tinti toxic de
ments influenceti the clustering in the first campo
nerns. Mosi of them mninly accumislateti in the liver,
such as Ma, Ce, Ma, Zn, Cu, unti Pb (Fig. 2). On the
other hand, Cd was faund ai bighor eoncentmtians in
the kidncv, while AI accumulated mainly in the lung
(Fig. 2). Accumulation of Cd in kidncy is in

Element p value (Anova)
Ma 1.29E-44
Co 2.62E-31
Mo 5.47E-31
Zn 1.IIE-20
Cu 3.70E-13
Cd 3.BSE-10
AI 6.OIE-06
As 0.00024691
Fe 0.00065951
U 0.022346

Pb 0.03001
Sa 0.033309
Hg 0.033557

Ma

I

Pi,

(04

‘i,
,1

_

! 1»

FI. 2 DisiHbunon af elcmcrils in organs. a Principal cumpuncni nnalysis unti p vnlues far significuni CICniCIILS (samplcs n coloreil byargini). la Accumutacian af sekttcd eicmgnts in kWncy, t(er. ami Iung. £rn,r hu,s reprzsent standani devintians
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Table 3 Elcrnent ditHbndon in kidncy Btaqd!ung . .- -

Element Kidney (,i = 50) LR’cr (n “ 30) Lung (49)

Runge (ng gj Avcmgc±S0 (ng g”) Rungc (irn 9 ‘) Avcrngc±SD (ng g ‘) Range (ng g ‘) Avenee±SD (ng g

Ub 0.5l’—2.l 0.3±0.3 0.51’-!.) 0.5±0.2 (151’ 1.1 0.5±0.1flgb l.o’_86 2.5±1.8 l.0’-27 2.7±4.8 I.0—2S 1.3±0.2
Pb” 6.0410 64±127 16—1142 l02t217 4.0’ 81 21±19
CdU (i.0—2345 151 ± 501 20—300 118 ± 69 2.O’—95 I I ± 6
M” I5’35 18±6 15’—’) IS 2 15’-21 5±3
Sr 7.O’—454 46±77 7J3’—71 16 LI 3 7jr—:43 32 ±47
5flb 4.0’—225 22±45 4.0•-225 55 128 4.0—63O SI ± 45
V JJ’—96 14±13 I ‘91 16±18 IP—44 13±6
Ni 21’—l930 171±282 21’—557 117*127 21’—1490 185*231
Cr 92’—1A9’ 92±222 9.2’—I3 102±248 [9—167’ 264*535
Ma” 69—2.25’ 577±414 83—3.77’ 1.9? *762 99—2.08’ 316±95
Ca1’ 7.0t83 34 ± 20 37—203 106 ± 42 7.0--94 I? ± Il
Cub 915—12.5’ 3.91 ‘±2,07’ 3.I0’—818’ 149± 171’ I.0S’—I 14’ 2.64’± 1.50’
Zn” 7.53’—28.8’ 17.5’±6.14’ 19.5’ 147’ 53.3’ ±29.6’ I I.4’13.2’ 17.I’*333’
Ca 19.8’—IOIO’ 133’±206’ t9.3’—459’ 61.0’ ±81,7’ 31S’—1540’ 149’±323’
Mn” 113—2.16’ 1031*570 1.71’ -7.61’ 433’ * 1.55’ 21’—5.49’ 143=03
Fe 16.0’—UI’ 87.2’±64.9’ 15.2’—1890’ 254’:377’ 70.0’—525’ 197’±gR.I’
1b 42’—6.49’ 23’ ±1.71’ 42’—6.I0’ 1,84’ * 1.79’ 42’39.3’ 6.43’*6.79’

“p<005 (one.way ANO VA lesi)
‘VaIues lo be multiplicd by io

agreement with prcvious studics (Akan eL al., 201 0;
Abd Ei•Saiam et aI., 2013; Akato cI ai., 2014;
Alkmim Filbo et aI., 2014; Canw ct al., 2014). No
informalion was found io suppon accumulation oFAI
in 11w iungs of bovune and ovune species.

The Ievels of mosi of the eiemcnts seem io show
tinI, aL the time of Uis study, contamination relatcd
Lo the presence of oli welIs Is munimal. Oniy five
sampies showed conccntrations of Pb or Cd which
may 1w considered signiflcantly higher than those of
the others (p<O,OS), Iaking as refercnce the iimiis
estabhished by the Europcan Commission Regulation
(EC) No. 1881/2006 (European Commission, 2006)
reiated Lo Lliese twa eIemenls in animai organa (legai
Iimits relaled fo Rg, Sii, nnd As in animai organs are
noi established). These tvcre hvo bovine samples
(one liver ami one kidney) collected in the area of
Viggiano, with Pb concentrations bigher than
500 ng g ‘ ami threc kidney sampies (two ovincs
from around Grumenio Nova anzi one bovine [mm

near Concio
1000 ng gt

Perticara) with Cd levels bigher than

Elemeni distribulion by the sampiing ama

Even though PCI accounts far the grcatest vari

abiiity in the data, \ve aiso evalualed the possibil
ity of further ciustering along the other pruncipai
components. In Fi. 3, we show the PCA per
formed by dividing sampies based on their sam
pling area. We noticed tinI the second principul
component (PC2) partiy separatcd sampies coilect
ed in the Viggiano area (Fig. 3a). Nevenhcless,
afler pcrforrning ANOVA, none of the elemcnts
changcd significantly from one samphng arca te
the nexl.

\Ve then piottcd the second and the third compo
nents (accounting rcspecLivcly for 13 ami 12 % of
the total varianee) (Fig. 3b). Wbile PC2 provided the
cluster [or samples collected in Viggiano, PC3
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highlighted othcr useful information. Jndced, bovine
and ovine sampies frani Vigginno providcd twa
separate clusters (Fig. Jb). In orda io better under
siand this flnding. we performed another PCA sep
antely mi bovino unti ovine samples (Fig. 4). The
new analysis highlighted the fact ihat ovino samples
separated betier according io the sampling arca
(Fig. 4). Univariate analysis (Table 4, ANOVA
[est) confirmcd the l’CA results by showing that, in
bovine samples, only three elements changcd signif
icantly among different areas (Sn, li, unti Hg,
p<0.05). On the other hand, ovino samples had 10
elements Lhat showed significani changes among the
3 areas (Zn, As, V, U, Bg, Mo, Pb, Ma, Co, unti Sn,
p<O.O5). Some of these elements, sudi as As, V,
and Mo, have previausly bcen associated with

pollution frani peirochemical arcas (Nuda! eL al.,
2004; Bosco et al., 2005; Nudal ct aI., 2009). In
more ihan 50 % of the wcasurements, the levels of
As and V vcre Iowor dian the LOQ. This resuit
secms io indicate a Iow onvironmenial imputi of
ai! wells in the investigateti arca. Anothcr elcment
often associuted vidì pollution dedvin rroin peira
chemical pÌants Is Cr (Nadal ci al., 2004; Bosco
ci al., 2005; Nadal ct aI.. 2009), Lii this study, ‘ve
found increased Icvels in the area of Viggiano
fIbbie 2), althaugh due io the quile wide rango or
concentraLions, this change proved to be noi
significani.

The Grumcnto Non arca was characterized by
higher accumuiation of Rg unti Pb in ovine specics
Fig. Sa). Thcse two toxic elcmenis accumulated in

l’dncipai componenl unaiysis uf ovine sainplcs obtained by pini
ling the sccand unti the thini compnTlents. in botti a unti b, samples
att colon.’d by Ioetion)

Caviron Slonii Assiss 2OI6) iS&338 Puge7of)i 33X
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‘fobIe 4 Eiemcni dislribuhcn in uvine and bovinc.hnscd onsainplingiocalian -

OWne

Elemen; CerleLo Pedican(n —8) Grumcnto Nova (o 21) Vigwano (u 17)
Rangc (ng g ‘) Avcmge±SD (ig ‘) Rane (ng g’) Mcngc±SO (ng ‘) Rangc (ng g’) Acragc ±SD (ng (‘)
n. a. ri. a. 0.51’ 1.9 0.6*0,3 o.sri.o 06±0,2

11gb na. n. a. 1.0’ 27 4±6 1W—I.) li ± I.)
Pbb 10-53 23*15 4.0’ 190 36±48 si—imi j325
Cd 2.0’ 229 72*80 6.5 2245 418±697 6.1—910 146±253
Ai” n. a. n. i. I5’26 15±3 I3’—29 16±4
Sr 1539 14±8 7.0’ 195 39±51 11.454 91±117

40’ 21 6*6 4.0’ 203 25±49 4.0—673 172*206
n. a. o. o. I—45 3±9 II’—27 12*4
43-321 135±104 21’497 97±102 32—988 258±304

Cr 11-122 58*36 9.2’ 497 111±320 5—2668 532±885
MO” 131 2.51 • 948 ±967 86—3 77’ I .29’± 1.13’ 85—2.08’ 650± 652
Co” 7.0’ 102 44±39 7.0’ Il 17 ±19 14-133 44±33
DI l.80’—86.4’ 14.2’ ±29.3’ 915 14’ 159’*28.8’ 955—XIS’ 74. ±203’
Znb 9.5!-65.6’ 27.3’±20.I’ 7,53’5I.9’ 24.I’±Il.I’ I0.—7S.4’ 22.0’±16.l’
La 19V 9RA’ 44J ±23.5’ 24.9’—475’ :12’ 124’ 44R’—1540’ 418’ ±524’
Mnb 132-5.71’ 132±2.19’ 128.635’ i.7?’* .88’ 74—6.26’ I.30’± 1.91’
Fe 31.3’ 110’ 71.9’±30.4’ 25.6’—431’ 106’±91.6’ 16.0—635’ 210’* 171’
AI 639—5.05’ I.90’± 1.77’ 139-39.2’ 5.0I’*S.)B’ 508—6,67’ 2.93’ ±2.03’
Bovine

Elameal Corlcio ralicura (i, —8) Gnimcnto Nova (o ‘34) Viggiano (i, 4l)
Ranga (ng g’’3 Acnge±SO (n g ) Ru,’gc ngg I) Avenge ±SD (ng g ‘) Rangc (ng g ‘3 Aemge±SD (sig g ‘3
0.5I’1.2 0.8*0,3 051’—O.S 051±0.1 0.51’—2.I 0.7±0.1

lI I.0’—7 3±2 D’i 2±1 .0’-? 2±1
Pb 4.0’ 87 30±29 3.Q’-97 30±22 6 1132 101 ± 229
Cd 9-1.19’ 303±425 5—881 150±223 1.947 178±249
As I5’—26 18*5 15’ 30 16±4 I5’—35 18*6
Sr 7.0’ 35 16±9 7.0’ 34 15±7 7.0’ 280 28±34
5flb 27 363 143±111 4.0’—650 35±114 4.0’123 20±32
V Il’ lI 11*0 II’—20 11±2 lI’ 96 18±21

21’33 45±21 2)’ 1.94’ 205±3)8 21’-l.49 53±238
Cr 28 187 33±49 6—703 113± 157 6—559 103± 122
Mo 212 1.65’ 538±431 117 2.87’ 739±687 69-2.48’ 706*596
Co 7.0’-NB 29±38 70’ 23 43±51 70’ 165 ‘16±47
Co 2.12’—27.I’ 37.6’±91.1’ I.25’—452’ 38.3’=92.9’ I.0S’-43.9’ 15.4’±62.2’
in II.4’—62.I 22,0’±16.7’ 9.14’47,0’ 23.3’± 129’ 84V 137’ 305’±31.I’
Ca 57.6’ 520’ 37’ * 155’ 19.3’- 140’ 49.0’±25.9’ 20.V—915• 78,6’± 136’
Mn 21—4.94’ I.Q3 165’ 32—6.64’ I 30’* 1.76’ 49 7,61’ I51’± .85’
Pc 82.7’ 238’ 130’t56.5’ 50.3’ 314’ 55:91.9 35.2’ 890’ 215’±322’
Al 312—1,82’ I.26’± 1.46’ 32’ 14.9’ 4.59’±4.14’ 42’-26.3’ 3.95’±4.3?

sia. No npplicablc (All valuci arc Iowcr IImn 11w LOQ)
ZLOQ/rt)

“p <0.05 (one-way ANOVA lesi)

‘Vnlues io be muliiplicd by IO
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a
Kg (Ovino) PI, (Ovino) Sii (Ovino) AS (Ovino)

i +I Cannc G,t,1nt, v.r.4a :GIre Gmr.M, ,‘it.hc ao Ca.4,to @rMrtflt V r.,2 CtrIto ,.rnl, flt’.o
• P,rI.c.,. N..

, øfl•flNQ•
‘o

la

Hg COvino) PI, (Ovino) Sri (Ovino) A, (Ovino)

E3.T L iidn.0 Lioit tuig r.fl Oin Iunro I, In. o

Fig. 5 flisiribution cE 5eIccIed elemeni, in ovino sampies, a Distribution of schede,) elcmtnis in ovunv sanipìes based on hocalion. b
Disiribuilon orsclccrcd clemcnis in ibe organs or ovine species

ovune liver (FIg, 5b). In che Viggiana arca, we re
corded increascd ievcls ofSn dm1 accumulaled main
)y in che Iung, while As accumulatcd maun(y in the
kidney.

Ovines are one of the few iivcstock animais ihaL
bave rarely been raised in an intensive, eonfined
animai feeding operacion. Being a herbivorous mam
mai thal prefcrs to graze Cn gmss, il is particu)ariy
suitabio far monitoring coniamunadian in exposed
areas. Moreover, considering the fan Lhat many
shephcrds uso managed intensive rotational grazing,
wbere a Bock Is roraccd through mulcipie pastures,
ovines cnn be uscii as bioindicators of a vast area. in
contrast, bovincs aro often mised in cantroiied ani
mai fceding conducions and miglu be noi rcprcsenca
rive of a contaminated area.

Conciusions

In this study, ve monitoreil the accumulation of 18
elcmencs in iiver, kudncy, and iung of bavine and ovino
species miscd in Vai d’Auri. mis arca is chamcccdzed
by che presence of severa) oii wclis. Regarding ihe
ditlbrences arnong the Ibree sampiing arcas (Viggiano,
Grumenco Nova, and Corieto Percicara), afler
performing ANOVA, nane of che eìemencs appeared Io
change signiflcancly. Even though five sampics showcd

)mighcr Pb and Cd concentmtuons Lima ihat allowcd in the
Furopean Commission Reguialion (EC) No.
188(12006, the mean conccntntions of mesi cicmcnts
suggesc very slighc conininination of this area.
Consequcncly, these rcsuits aiso suggcsc ilmi cuore Is
no panicular dsk ror humans fmm cxposure io ioxic
Linee clements,

Most truce elemenis, such as Mii, Co, Ma, Zn.
Cu, and eh, accumulalcii mainly in che Liver. On the
other hand, Cd was found aL a bigher concentration
in the Icidney, while Al accumulaccii mainly in the
Iung.

As regards ditterences bcnvcen bovino and ovune
organs, ovine sampies had IO eiemenis thac showcd
significai-ct changes ainong the 3 areus (Zn, As, V, U,
Hg, Ma. Pb, Mn. Co, and Sn). Consequcnciy, the
findings of ihis work inakc 11 clear 11mL dei-tieni
accumulation iii ovine species corrclaied with the
geographicai iivestock arca. Thcrefore, ovune
specitie organs might be used as bioindicators for
monuloring contamination by specilie Ioxic elements
in exposed arcas.

Acknowledgcmcnis The auchon aro gncefiul br ha rinancial
suppon fl-om che Regionul Govcnimcnl ofilosilicata (luniyJ for the
pmjecl “Piano Di Surveghunrn Sunitada in Vai dAgi-i. mediante
l’uiilino di animali seiiiuneiIa per la tutela della saluto umana ed
unimule.”
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indirizzato a:
presidente.giunta(Weert.regjone.basiljcata.it
Il messaggio originale è incluso in allegato.
Identilicativo messaggio: opec28 1.20160518144456.17051.02.1.1 8pec.arubaJt
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Da:
Inviato:
A:
Oggetto:
Allegati:
Firmato da:
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Per conto di: protocollo@pec.izspb.it <posta-certificata@pècaru
mercoledì 18 maggio 2016 14:43
presidente.giunta@cert.regione.basilicata.it
POSTA CERTIFICATA: Pubblicazione lavoro ricercatori dellIZSPS
daticert.xml: postacert.eml (534 KB)
posta-ce rtificata@pec.aruba.it
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GuparAddin.AreaOrganizzativaOmogenea:
AOO Giunta Regionale

GuparAddin.DataDiProtocollazione:
18/05/2016

GuparAddin.NumerooiProtocollo:

20 16-00809 26
giovanna: xxx

Messaggio di posta certificata

i



Vregìdente Giunta

Da: Per conto di: protocollo@pec.izspb.it <posta-certificata@pecaruba.it>
Inviato: mercoledi 18 maggio 2016 14:45
A: presidente.g iu nta@cert. regio ne.basil icatajt
Oggetto: POSTA CERflFICATA: Pubblicazione lavoro ricercatori deIIIZSPB
Allegati: daticert.xml: postacert.eml (534 KB)
Firmato da: posta-certificata©pec.arubait

GuparAddin.DataoiProtocollazione:
Nessuna

Messaggio di posta certilicata

Il giorno 18/05/2016 alle ore 14:44:56 (+0200)11 messaggio
Pubblicazione lavoro ricercatori delIIZSPB” è stato inviato da “protocoHopec.izspb.it

indirizzato a:
presideme.iuntaìcen.regione.basilicata.it
Il messaggio originale è incluso in allegato.
Identificativo messaggio: opec28 1.20160518144456.17051.02.1.1 8pec.aruba.it



‘Presidente Giunta

Da: protocollo@pec.izspb.it
Tnviato: mercoledi 18 maggio 2016 14:45
A: presidente.giunta@cert.regione.basilicata.it
Òggetto: Pubblicazione lavoro ricercatori deIl’IZSPB
Allegati: prot. 9938-16.pdf; allegatopdf

GuparAddin.DataDiProtocollazione:
Nessuna

In allegato si trasmette quanto in oggetto - prot. IZSPB 9938 del 18/05/2016
Distinti Saluti
Istituto Zooprofilattico Sperimentale della Puglia e della Basilicata
Via Manfredonia, 20
71121 Foggia
Fax. 0881/786362
PEC: orotocollopec.izspb.it


