7. CONCLUSIONS

1. Els nivells plasmatics de dioxines i furans a les poblacions de Mataré i Arenys de
Mar observats el 2008 son equiparables als observats en altres paisos
industrialitzats i els nivells de dioxines i furans en llet materna el 2008 a la

poblacié de Matard son els més baixos dels publicats fins el moment.

2. L’evolucio dels nivells sanguinis de dioxines i furans a les cohorts d’estudi va
mostrar una lleugera tendéncia a ’augment durant el periode 1995-1999 i una
lleugera tendencia al descens durant el periode 1999-2005 i un comportament
practicament pla durant el periode 2005-08. Durant tot aquest periode els nivells
mitjans d’aquestes substancies han oscil-lat entre 13 i 20 pg I-TEQ/g grassa,
variacions en un marge forca estret, pel que es podria considerar que s’han

mantingut relativament estables al llarg de tot el periode d’estudi.

3. La comparacio de les mostres independents del 1995 i el 2008 mostra que durant
els darrers 13 anys els nivells de dioxines i furans s’han mantingut més o menys
estables a la poblaci6 de Mataré (descens poc rellevant d’un 5%) i han
experimentat un descens lleugerament més important a Arenys de Mar

(d’aproximadament el 38%).

4. Com en les fases anteriors d’aquest estudi, el 2008 els nivells de dioxines i
furans en sang al grup d’exposats a la planta incineradora no mostra diferéncies
rellevants respecte dels grups controls, indicant que U’exposicidé a la planta
incineradora no és un factor de risc per tenir uns nivells més elevats d’aquestes

substancies.

5. Des del 1997, els nivells sanguinis de PCBs han experimentat un descens constant
en tots els grups d’estudi fins a situar-se en uns nivells molt propers a 1,0 ug/L a

Matar6 i a 1,4 ug/L a Arenys de Mar el 2008, uns valors que es poden considerar
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baixos. El 2008 només el grup d’Arenys de Mar va trencar aquesta tendencia al
descens. La comparacio de les mostres independents del 1995 i el 2008 mostra que
durant els darrers 13 anys els nivells de PCBs han disminuit en aproximadament un

50% tant a la poblacio de Mataré com en la d’Arenys de Mar.

6. El comportament dels nivells de PCBs al llarg dels ultims 13 anys ha estat

totalment independent de |’exposicio a la planta incineradora.

7. En tots els grups d’estudi els nivells de plom en sang han experimentat una clara
tendencia a disminuir en els Gltims 13 anys. El 2008 no s’observa cap diferencia en
els nivells de plom en sang entre els diversos grups d’estudi, situant-se molt

propers a 1 pg/dl en tots els casos, uns valors que es poden considerar baixos.

8. Els nivells de cadmi en sang s’han reduit a la meitat en els Ultims 13 anys, al
llarg dels quals s’ha observat una homogeneitzacio en els valors dels diversos grups
d’estudi que el 2008 eren molt propers al 0,1 pg/dl en tots els casos. Aquest
descens es va produir entre el 1995 i el 2002 i, des d’aleshores, els valors de cadmi
en sang a les poblacions de Matar6 i Arenys de Mar s’han mantingut més o menys
estables a uns valors clarament inferiors als de referéncia per a la poblacio no

exposada laboralment.

9. L’any 1999 es va observar un pic en la concentracio urinaria de crom. Des
d’aleshores aquests nivells s’han mantingut estables en tots els grups a uns nivells
urinaris per sota dels 0,5 pg/g creatinina, que es poden considerar baixos. Es
considera que les petites diferéncies entre exposats i no exposats no tenen cap

rellavanca clinica.

10. Els nivells de mercuri en orina, que no havien mostrat cap tendencia clara al
llarg del periode 1995-2005, han mostrat un descens en tots els grups d’estudi el

2008. No s’observen diferencies en els nivells de mercuri en orina entre exposats i
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no exposats a la planta incineradora, situant-se aquest nivells per sota de 1 pg/g

creatinina en tots els casos, uns nivells que es consideren baixos.

11. Després d’un lleuger descens dels nivells de niquel en orina entre el 2002 i el
2005, aquests nivells s’han mantingut estables durant el periode 2005-2008. Les
petites diferéncies observades entre exposats i no exposats a la planta incineradora
no es consideren clinicament rellevants i aquests valors en tots dos grups es

consideren baixos.

12. Els nivells d’arsenic en orina van experimentar un ascens entre el 2002 i el 2005
i un lleuger descens entre el 2005 i el 2008. No s’observen diferencies rellevants

entre els diversos grups d’estudi.

13. En cap cas els nivells dels metalls pesants considerats han superat els valors de

referéncia per la poblacio no exposada laboralment.

14. Durant els 13 anys de seguiment de U'estudi, en els treballadors de la planta
incineradora no s’han observat canvis importants en els nivells de dioxines i furans
(que se situen al voltant dels 15 pg I-TEQ/g grassa), els nivells de PCBs indicadors
van mostrar un pic el 1999, un important descens el 2002 i des d’aleshores una
estabilitzacio (situant-se el 2008 en uns valors inferiors a 1,2 pg/L) i, pel que fa als
metalls pesants, el seu comportament no ha estat diferent a ’observat en els

altres grups d’estudi.
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Tive resules of &n environmental program arsund the municipal salld waste ncinerator [M5A1) of Matard
(Catalomia, Spain), which was designed o assess the potential impact of the facility on the close envinan-
ment and the health of the population kiving in the vicindly, are here reponied. Metals, polychlorinaced
dibenzo-p-tioxins and dibenzalisrans [PCDDYFs) and polychloninated biphenyls (FOBs) were analyzed
in 0l amd air samples collected infarpand the facility. In solls, Mn and #n showed the highest metal con-
cemtrations {ranges: 136-648 mg kg~ " and 20.6-978 mg kg ", respectively ), while oLsl concentraions
af PODOYF: and POBS were 0140046 ng WHO-TEQ kg " and 167-3340 ng kg ", respectively, In air, the
highest metal levels corresponded to Qo (range; 26.9-529 ng i) and Mn [range: 692-19.3 ngm™"},
whibe those of PCDD{Fs and PCBs ranged Q.008-0.015 pg WHO-TEQ m~ and 9.20-42.1 pg m ", respec-
tiwedy. Carcinogenic and non-Carcimogenic risks derived of exposure (0 metals, PCDDFs and FCOBs did

not exceed the threshold values, Complementarily analyzed with the results obtained in the concurrent
biomonitoring study and the stack emissions, data indicate that the M5 of Matard does not mean sig-

miflcant hisman health risks derived of emissions of metals, PCODVFs and PCRs,

i@ 2000 Elsevier Lid All rights resersed.

1. Intraduction

Human biomanitoring provides a measure of expasure to chem-
bcal pollutants through all relevant pathways making possible to
identify trends and changes in exposure. This s the main reason
to considerate it as an ideal instrument for risk assessment and
management (Angerer et al., 2007 ). On the other hand, to elucidans
the sources of the expesare, it is critical to know the emvironmental
concentrations) of the chemical{s) under study to correct any risk
situation,

Municipal solid waste incimerators [(MSWIs) are potential
sources of hazardous pollutants since they entail the combustion
of a wide range of residues containing chlorine atoms and heavy
metals [Van Caneghem et al, 2000) If not properly cleamed,
eTNiESi0n gases may contain dangerous substances such as poly-
chiorinated dibenzo-p-dioxins and dibenzofurans (PCODFs], poly-
chlorinated biphenyls (PCBs) and heavy metals, among others. All
those chemicals are typically associated with adverse health effects
{Alcock et al, J003; Jdrup, 2003 ) n additdon to thelr todcological
effects, some of them (e.g., organochlarinated compounds) are also
characterized by their capacity for bloaccumulation and persistence
(Madal et al, 20091

* Cormesponding autbor. Tel: +34 977 759 380; fax: +34 977 750 322
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- see front matter & 2010 Elsevier Lod. All rights neserved.
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Although M5WIs have been considered traditional sources af
the above mentioned pollurants (especially PCDDJFs) thelr contri-
bution to total emission has dramatically declined in recent years
(Wang et al, 2008]), This is basically a consequence af the recent
technodogies developed mo comply with the strict emission regula-
tions, In the European Union, until now the only indwstrial activi-
ties whote PCDDF emissions have béen legislated are waste
incinerators. However, other activities such as traffic. cement
plants, agricultural burning, home heating, ete. may alsa emit not
only PCDDYFs but also POBs and heavy metals [Mari et al., 2008).
In spite of the strict regulations, incineration continues generating
a great controversy and concemn in the general population, espe-
cially those living near the facilities.

I 1994, 3 MSWI stanted its regular operations in Matard | Barce-
lona, Catalonia, Spain). To assess the potential exposure of the pop-
ulation living near the facility, a hiological monitoring study was
indtiated. Since then, PCDDJF concentrations have been measured
in blood samples of the population in consecutive surveys [Gonez-
alez et al, 1998, 2000), being the last one performed in 2009
{unpublished data). The results have shown a similar trend for
the inhabitants living near and far From the MSWI, making evident
that PCDOF exposure is mainly determined by dictary intake. The
purpose of the present study was to develop an environmental sur-
veillance program by analyzing metals, PCDD(Fs and PCBs in ol
and air samples in order to complement the results of the biomon-
itoring program, which is alse being carried out,
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2. Materials and methods

21 Sampling

in Movember of 2008, soil and air samples were colleced at dif-
ferent sampling points in the neighborhood of the MW of Marand.
Three sampling points were located in Matard (one inside the
MSW1, and two in Matard city at =1 km and <1 km from the facility,
respectively L An additbonal sample was taken in a controd/back=-
ground site located in the village of Aremys de Mar (Barcelona,
Spain, 12 km from the faclliy). The facility capacity is 164 000
tons/year, providing service to 28 municipalities in the regeon.

sampling of alr and soil, as well as the analytical methodology
have been recently described (Mari et al, 2007, 2008). Briefly, air
samples were collected by means of high=-valume active samplers
(Tisch Environmental, Cleves, OH, USA) specific for organic com=
pounds (TE-1000 PUF) or particulate matter (TE-B0700V). In turn,
particle-bound and gas-phase PCOD(Fs were separately taken by
using polyurethane foam (PUF) and quartz fibre fileers. Volumes
ranged from 2046 to 2272 m’, 300 to 346 m®, and 577 to 759 m®,
for particulate matter, PCB and PCODYF samples, respectively. Col-
lection times were 24 h for both particulate matter and PCBs,
whereas PCDDYF air sarmpling lasted for 48 h. Soil samples (500 g
approximately]), which consisted on four subsamples within an
area of 25 m?, were taken from the upper 5cm of ground, dried
at room termperature, and sieved through & 2 mm mesh soreen.

2.2, Analytical procedure

221, Organochiarinared compamds

The determination of PCOD{Fs and PCBs in soll samples was
dome via High Resolution Gas Chromatography coupled to High
Resolution Mags Spectrometry [HRGCHREMS), in combination with
the Isetope dilution technigue, It was based on the US EPA method
1613 for PCDIDYFS, and a combination of the US EPA Method 1868
and JI% K 0311 for PCBs. The concentrations of PCODJFs and PCBs in
air were determined by HRGC/HREMS, following the German VI
3459 methad,

Appropriate labeled extraction standards (3C,;-PCDDJFs
substituted congeners, 170,;-PCB congeners) were added in order
to controd the whole sample preparation process and o evaluare
potential losses. An Accelerated Solvent Extraction (ASE] was car-
ried out by using toluene, The extract was concentrated and di-
wided into separate paris for the determination of the tanget
compounds. The clean-up procedure was carried out by using
adsorption chromatography on a mixed silica column and adsorp-
tion|/fractionation an alumina, The final cbrained PCDDYF- and PCB-
extracts were injected and analyzed separately on an Agilent GBS0
Capillary Gas Chromatograph equipped with a DB5-MS capillary
column and coupled to a Waters Autospec Ulima High Resolution
Mags Spectrometer, with selected ion recording at reselution of
10000, Recovery percentages ranged 49-139% and 75-101%, for
s0dl and air samples, respectively.

222 Merals

The pre-treatment of soil and air samples followied that previ-
ously described [Madal et al, 2007). Briefly, 0.5 g of sample were
digested with 5 mL of HNOy (65% Suprapur, E. Merck, Darmstade,
Germany) in Teflon bombs for 8 h ar room temperature, and eight
additienal hours at 80°C, On the other hand, quartz fibee filters
were [reated with a mixoure of 2 mL of HMOy (658 Suprapur, E
nberck) and 3 ml of HF {37.5%, Panresc 54, Castellar ded Vallés, Bar-
celona, Spain} in hermetic Teflon bombs for 8 h at rodm tempera-
ture and & h at 80 °C. Subsaguently, the exiract was evaporated in a
gand bath, and reconstituted with HMOs, The contents of arsenic

[As), cadrmdum [(Cd), cobalt (ol cheomium [Crl copper (Cul, mer-
cury [Hg), manganese (Mn), nickel (M, lead (Pb), antimany [Sb],
tim {5n), thallium (T}, vanadium (V] and zinc (Zn) in both monitors
were determined by means of inductively coupled plasma spec-
trometry (ICP-MS, Perkin Elmer Elan 60000 Blank and control sam-
ples, as well as reference materials (Sodl, Loary clay, Resource
Technology Corperation LS, CRM 052), were used to check the
accuracy of the instrumental methods, The recovery percentages
of the reference material ranged 99-138% and B8-115% in soil
and air, respectively.

2.3 Hummmn health risks

The concentrations of metals, PCODVFs and FCBs in air and soal
samples collected in the vicinity of the MSWI were used for the
evaluation of exposure and risk characterization around the facil-
iry. The exposure of the local population was estimated by consid-
ering three different routes: oral (ingestion), dermal, and
inhalation. The numerical expressions for the caloulations of the
ingestion dermal and inhalation exposure and ingestion and der-
mal risks were taken from the “Spanish Royal Decree 972005
{RD 9/2005) on the establishment of the list of the activities poten-
tially contaminant of soils (MiA, B005), and the criteria and stan-
dards for the declaration of contaminated solls, which in turm are
hased on the US EPA RAGS methodology (EPA, 19890 The expres-
slons (Eqs. (1])=(3)) used o evaluate the exposure through inges-
tion (Expyng). dermal contact (Expaenm). and inhalation {EXpien)
were the following:

Cooq » EF = IFP

Exp"‘_—ﬂ'wulﬁﬁ (1
 Cygn w 0.000001 = AF = ABS = EF = 54

E¥Paren = BW « 365 (2
Car x IR x EF ;

E¥Pin “ “BW 365 )

The values and description of the different parameters are pre-
sented im Table 15 (supplementary information) Once exposure
wias caloulated, the characterizatbon of non-carcinogenic risks con-
sisted on calculating the Hazard Quotient (HQ) which is defined as
the relation between the predicted exposure and the oral reference
dose (RfD.) Since no dermal reference dose has been established
yet for the pallutants here studied, this value was assumed o be
equal to the R, Cancer risks (CR) through ingestion and dermal
exposure were assessed by multiplying the predicted oral and der-
mal exposure by the oral slope factor, On the other hand, inhala-
vion rsks were calculated based on the most updated US EPA
RAGS methodology for this pathway [EPA, 20096, The new meth-
odology (Inhalation Dosimetry Methodology) is based on expasure
concentration (ECL This is different from the old intake methodol-
oy that included consideration of inhalation rate and body weight,
The new methodology suggests that the amount of chemical that
reaches the target site through inhalation is directly related o
the exposure concentration [ECL being not a simple function of
inhalation rate and body weight at all (EPA, 200901 The expres-
sions (Eqs. [4)-(B)) used for risk characterization were the
fallowing:

~ ExPirgs = ED
g e, = — e ar— (@)
HOu, = _E_E:'“ (5
Car = ET = EF = ED
B = s . 8
= EDN = &5F,
CRiag: derm = Eﬂ"l"‘*"""‘m— )]
CRish = EC = IUR (8)
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3, Results and discussion
1.1, Environmental comcentrotions in solls

Table 1 summarizes the individual concentrations of heawy
metals. congeners and sum of PCODJFs and PCEs in sodl samples
collected withinfaround the MESWA of Matard, Manganese and Zn
showed the most elevated concentrations (ranges: 136-
G438 mg kp~' and P006-07.8 mg kg ", respectively). Antimony lev-
els were below the detection limit in all samples, while Hg was
only detected at the MSWI sample (0,11 mg kg") Arsenic. Cu,
Wi, Pb, Sn and Zn showed the highest levels in the MSWI site, How-
ever, none of the analyzed metals shawed a clear and progressive
reduction in concentration in relation to the distance o the facilitg.
Metal concentrations in solls were In the same range as those re-
cently reported mear other M53WIs (Vilavert et al. 2008; Wu
&t al, 2009

With respect to the individual PCDIVF congeners, the most
substituted dioxins (OCDD and 1.2.3.46.7 8-HpCDD) and furans
(OCDF and 1,234,6,7.8-HpCDF) were the most abundant, while

Table 1
Concenrratiodd of micropsllutants [metals. POODUF aad PCB2) in sedl samples
oollenied around the PSWE of Muarand [Caddania, Spain).

IS il km =1 km Arenys de Mar

Az 34z el 219 083
Cd {1 ] (i1 -] LT ] oS
Co 5&T EF - ] 183 B39
Cr 1.1 12.1 417 11.8
Cu 268 240 m? 123
g ol HD HD HD

in 3BE 463 1% f15
L 453 131 102 31h3
Fh 387 103 1 145
Sh HD HD L ] ]

5n 106 0RE (=12 ]
Tl a2l a2l KL 25
¥ 41,3 L5 ] 144 Ta0
£n S7.B a0l 2956 753
23, 7.B-TCD s ] [ 16} [iTi.]
1207 8-PeC DD 0 1] (1152 ] 0%
1.2.3,4.7 8-HwlDik o110} MO (i} ] MO

12,567 B-HxlDo oz MO 039 (1R [1]
1,23,7.8 5-HulDD a4 HO (K] MO

123467 8-HpCDD 1320 i ] B30 130
ocnn TAD (L] 4500 T80
237 E-TODF HD HD HD HD

123,75 PeCDF M HD 22 noa
2347 B-FelDF o4 HD i o
1L A TR-HxCTF il ] HD a4 o
1,2 36,7 B:-HaCOF D MO Ll ik

1357 5.0-H=CDF M HD M HD

23467 B-HaCDF at M air QL
1.2, 548, 7 B-HplDF as] Q5] 1.90 60
1.2,3.4,9.89-HpCF [ 0] [ 4] [ 4] [ 1]

n i .50 asa 1.0 as7
Tatal WHO-TEQ o4 o485 035 a.41
PREZE MO 200 130 110

PCE#52 MO B0 B5.0 420
ICRE 101 MO qa 200 340
FCE1 18 HO 60 .o FLE]
FCH#153 340 500 (£ 290
PCH®13A 260 i) S50 L]
FCHE1E0 0 660 1 300 720
LB 167 1 B4 40 438

Unirs: PCDINFs, PCBs- ng kg™ "; metals: mg g™ ' ND: no decected.

Limit of detection: Hg She 008 mpkg " 2378 TC00: 0 eg kg '; 1,23,78-
PelD, 1,234, 7.8-Hul00, 12357 8-Hul00, 1237 8 0:-Hel DD, 34,7 8-PeCDF,
E3ATE-PeCDF, 12387 8-HaDF, 12,57 8.8-HelDF: 008 ng kg - 33.78-TCDF:
lJ.I!-rtlh:l n 123,47 E0-HplDF: 017 ag kg ' PCEEZE ESIEN00, wiiE
17 gk,

the lowest contribution corresponded to 1,2,3.7.8,9-HoCDF and
2,37 B-TCDF. with undetected valwes for all the samples. The
2.3.7 B-TCDD congener was only detected in bwo samples, with val-
wes of 0050 ng kg ™" (M5SWI) and 0052 ng kg™ (Arenys de Mar).
Total PCOD(F concentrations ranged from 0L14 to 046 ng WHO-
TEQ kg~ (within and <1 kmi from the MSWI, respectively). When
compared to the total PODDJF concentrations found in other sites
of Catalonia under the potential influence of M5Wis (Ferré-Huguet
et al., 2006; Schuhmacher and Domingo, 2006), the current levels
wiould be in the lowest part of the range.

Mowadays. in Spain there is not a legal framework for the wse of
anils according to the PCODJF concentration, However, sorme Eun-
pean countries have legislations that set the reguirements relative
o the use of soils depending on their PODDJF concentrations.
Hence, for preventive purposes, in Germany PCDDYF levels in soils
should be below 5ng TEQ kg ', while the threshold values are
1000 and 10000 ng TEQ kg " in industrial and residential areas,
respectively (EPA, 2008c) In Switzerland, guide values of 5 ng 1-
TEQ kg-! are proposed as appropriate for any use, while 20 ng I-
TEQ kg™ is the control level in case of vegetables for human/ani-
mal consumptlon are grown, or the use implles potentlal soll
ingestion, Finally, the range 100-10 000 ng 1-TEQ kg " is the action
bevel that would imply decontamination (Schmid et al.. 2005).

Regarding PCH concentrations in soils around the MW of Ma-
tard, the bevels of the sum of seven congeners ranged from
167 ng kg~ (MSWI) 1o 3340 ng kg~ (>1 km from the MSWI1), The
site with the lowest concentration was the M5WL In fact, in this
sive only three congeners, the heaviesr ones, were found above
the cormesponding detection limit. The PCE profile observed in all
samples was similar, being the most chlorinated congeners the
st abundant, especially PCB#180, while the mast velatile com-
pounds showed the lowest concentrations. This is indicative of
the physical-chemical characteristics of the congeners (Schuhm-
acher et al., 2004). High-chlorinated PCBs are more associated to
the particle phase, having a rendency to deposic and accumulace
in soils, On the other hand, light PCE congeners, which tend to
b in the gas phase, are more frequently found in air,

1.2 Environmental concenfrations in mir

Table 2 summarizes the spedific concentrations of heavy metals,
PCODfFs and PCBs In air sampdes collected withinfaround the
MSW af Matard, The highest leveds in air were noted for Cu [range:
26.9-529 ng m ") and Mn (range: 6.92-19.3 ng m~*1 In contrast,
Cr and Hg levels were below their corresponding detection limirs
in all samples (<047 and <019 ngm~, respectively)l Thallium
wias only detected in one (<1 km from the MSW1) of the four sam-
ples, with a concentration of 008 ngm™, The spatial analysis
showed no differences with respect o the distance to the plant.
In general terms, the concentration of metals in all air samples
were similar to those recently reported arcund other BM5WIs in
Catalonia, Spain [Mari et al., 3D08; Vilavert et al., 2009)

The profiles of PCDINF congeners in air were similar in the four
sites here studbed. The PCDDF patterns were also very similar o
those found in the soil samples collected at the same sites, being
the heaviest congeners the most abundant (OCDD, 1.2.3,46.7 8-
HpCDD and OLDFL On the other hand, 2,3 78-TCOD and
1,2,3.4,7 89-HpCDF were minority congeners, with levels below
their corresponding detection lkmdts In all samples. Total FCOGF
concentrations in air ranged from 0008 pg WHOSTEQ m 7, in Are-
nys de Mar, o 0.015 pg WHO-TEQm™? in the MSWI. The results
were similar to those observed in other industrial and urban areas
in Catalonda (Marl et al. 2008; Vilavert et al., 2008} The PCODF
prafiles of each ambient air sample are deplobed in Fig 1. together
with the mean profile of six stack M5W] emission measurements
PCODYF emissions from the facllity were periodically collected

Please cite this article in press as: Rovira, |. et al Envircnmental mendtaring of metals, PCODIFs and PCBs a5 a comiplementary tool of biclogical sunveil-
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Table 2
Conceniratioed of micropolhdants (medals, PCODYEs and PCBs) im air samples
collecned around the MSWT of Maed (Catalonda, Spaen)

IS <1 km ] Arenys de Mar

s 250 030 506 wm
Cd 1] 013 0zT 038
o 1T 0as iy 40
Cr a8} MR ML} Mk
LaT] 34.7 529 139 A
g D MR Mk [ 1]
Bni 193 154 &z JEE]
. 1 445 643 330 5T
5] 104 100 1.75 1.3
5h 3d& 387 1.62 2BD
&n B 6 i &12
Tl HD L1 511 510}

L 4 140 515 s
In Mt hlA LY 1Y
157 A-TCDD M N MO [uln)
1,2.3,7,8-PesTIN HD o (iTi i1 Quiog
12547 8-HalDD anay aunm (il [l ey
1,236, 7T B-Ha(DD Ll [z (1T 1] (i i1
123780100 D008 oo 0006 000G
13,3457 8-Hpl DDy Ll sy 0?0 53
nia i} oas 133 [T | 148
3,7.8-TCOF u00E 008 0007 (50
12,37 8-PeCOF G [l rs] 0006 0oz
1347 8-PeCDF [PTibES (a1 (L& 0005
12347 B-HxLDF oone 008 0006 0004
123,67 &-HxCDF (h00H (.50 (L0 0.00%
1.2.3,78 9-HxLDF MO 0001 00Oz 0oaz
L3AAT B-HelDF [T 1 0007 noos 004
1,23 46.7.B-Hp(OF 0024 0021 no1e 0oe
123,47 B.0-HplTIF MO HD M HD
JCOF 0039 0O0ZE HD HD
Tutal WHG-TEQ 08s nma amsy il
FCH# TS 1l 185 116 167
FCR#52 11.6 108 427 1.33
FCHE 101 211 a0z 47 M
FCHa11E M NI [ 1] NIy
PCHE153 183 3172 1.4z [ ]
PCH® 138 nos FAL 110 (Wi
PCRE A0 ] s KO ]
E FCBs o i 42.1 13 .20

Usics: PODIDYFs: pgm"; PCBS: ng m-"; meerabi; ng m— M0e net detecred; NA: not
available.

Limit of dewection: Cr: 04T ngm"; HE 08 agm " 2376-TCOD: D60 E-
T egmt, 12,07 5-PeCOD: 225 E-06 ng e~y 1,23,7,8,9-HaCDF: 1.5E-05 ng m™";
123470 8-HpCDF: 1.4 E-05 ag m Y PCES1 18, #180; 0.8 ng m~

B -

A
ﬂ'rﬂ? r;".'-‘" 5

l,‘

(four times a year] by means of high-volume sampling devices,
according to the UME-EM 1948-1 norm referred to “Sampling from
statiomary source emissions”, Total PCOD(F concentrations in the
cmission samples ranged bepween 00022 and 00155 ng |-
TEQm ?, being clearly below the maximum guideline (0.1 ng |-
TEQm ) Some differences may be observed between emission
and irmmission profiles, especlally regarding the percentages of
some PCOD(F comgepers, In fact, OCDD was substiiuted by
1,2,3.4,6,7 8-Hpl{DOD as the predominant compound in waste incin-
eraron emissions, in agreement with recently published data (Gao
et al,, 2005) This would be a first indication that other natural or
anthropogenic sources contribute to the burden of PCDD(Fs in
environmental compartments,

The concentrations of PCEs in air samples collected around the
MSWI of Matart were between 920 and 42.1 pg m~* (control site
and <1 km of the facility, respectively). The ambient air samples
showed an oppasite pattern with respect to the sail samples, being
the lightest congeners more abundant in air (especially PCR#38
and #52). As commented above, these expected results would be
related to the physical-chemical characteristics of the congeners,
as rhe lightest are more abundant in the gas phase, and the heavi-
est tend to be sorbed to particles (Schuhmacher et al., 2004 On
thi other hand, PCB#118 could not be detected in any of the sam-
ples, while PCB# 180 was only detected in the sample collected ar
»1 km of the facility. In any case, the four samples showed lower
PCE levels than those recently found by Madal et al. {2008) in urban
areas of Tarragona (Catalonia), and by Mari et al, (2008 around an-
oither M5WI in 5. Adrid de Besds (Barcelona, Catalonia, Spain),

3.3 Human health risks

The results of the estimation of total heavy metal, PCODJF and
PCH exposure for individuals living in the four sires studied around
the M5 of Matard are summarized in Table 3, With respect 1o
metals, the dirsct exposure for the diverse elements varied from
131 = 1077 o 162 = W0 ¥ mg kg~ " d~" (Hg and V, respectively).
5ol ingestion was the maln pathway of exposure for all metals,
ranging between 61% and 74%, except for Cd, whose major expo-
sure pathway was dermal absorprion (508). Moregwver, air inhala-
tion was the minor route of exposure for heavy metals (0.3- 145

The results of the estimated risks for all metals are summarized
in Table 4. The carcinogenic risks were only evaluated for those
clements whose slope factor has been established (EPA, 2009a)

W maan amissions profile ,

ﬁfﬁﬁ o &’fﬁﬁfﬁfﬁfﬁﬁ ¢

B

Fig- 1. FCODYF congener profiles of emission and imenission samples collscted arvend the M5WI of Matard,

Please cite this article (n press as: Rovira, [. et al, Environmental monizocing of metals, PCOD{Fs and PCBs as a complementary tool af biological survedl-
lance 1o assess human health risks. Chemosphere (2010, dod; 10, 1006{) chemcaphere. 201 0.06.0016




L Rovira et ol f Chemasphere g [D0100) xox- e ]

This is the case of As ingestion, and As, Cd and Cr inhalation. In
Spain, the acceptable excess of cancer risks is 1 out of 100000
for lifetime exposed individuals, All the carcinogenic results wers
below 107%, which means a non-significant carcinogenic risk
Regarding the non-carcinogenic risks, the HQ ol all elements was
below the unity, considered the safe threshold, Among them, inha=
lation of As presented the highest value (0,301 corresponding to
the controd site (Arenys de Mar),

It has been largely staped that dietary intake is the most lmpor-
tant exposure pathway to some chemical pollutants such as metals
and POPs [Martl-Cid et al, 2008a; Peralta-Videa et al. 20081
Marti-Cid et al. [200Bb) recently determined metal exposure
through food intake for the Catalan population. A dietary intake
of 3.5, 014, 0,14 and 0.85 pg kg~ d-" was calculared for As, Cd,
Hg and Pb, respectively. These values are one- to threefold higher
than those corresponding 1o environmental exposure. According

o those results, in the case of As, Od, Hg and Pb the dietary expo-
sure would range from 94% (Pb) to more than 99% [As) of the total
expesure. Therefore, Ir is clear that the dietary intake is, by far, the
main contributor to the carcinogenic and non-carcinogenic risks of
mietal exposure for the population living near the MW of Matand,

With regard o PCODYFs, total exposure was very similar in the
four studied sites, with a mean value of 4.2 « 10 *ng WHO-
TEQEg "d " Mo correlation was found between the degree of
exposure and the distance to the Facility, Inhalation was the main
pathway of exposure for PCOD{Fs in all sites (TI%)L followed by
dermal contact (14%) and so0il ingestion { 13%] For PCBs, the same
patermn of exposure was cbserved (V9% 145 and 7% for inhalation,
dermal contact and soil ingestion, respectively). The carcinogenic
risks were calculated using the US EPA oral slope factors (EPA,
2008a) of 0O13npg "kgd for TCOD  equivalemts, amd
210 %ng " kgd for PCBs (assuming a high-risk scenariol In

Table 3
Hewey metal [y kg " d "L PCDDUF (g WHO-TEQ kg " &) and PCB [ g ' ') esgposure for indiwiduals living in the surroundings of the MW of Matars,
Pattrarays of expoaure MEW <1 km *1 km Arenys de Mar
&8 Sadl ingeirion 6 13E-06 1 26E-06 42606 1.44E-08
Dermai confact BSIE-00 1.34E-06 3.65E-05 1.53E-06
Alr frihalarian B A4E-07 533E-04 1. 35808 LAUE-DE
Tom! expomre 133E-08 1E5E-06 BASE-DE S0
cd Ko ingestion A TIE-07 1A8E-07 1.55€-07 T.T0E-0E
Dermal confoct 1.68E-07 537E-08 5.65E-0E LTEE-0E
Alr iribalarng 138E-07 GIIE-08 7. H4E-0E 1.OZE-O7
Toiol sposure TIOE-07 TEAE-07 185907 LOTE-07
Cr Soil ingesrion 1.73E-05 1 88E-05 B.51E-DS 1. B&E-D%
Devmal confoc &1 5E-06 6.EGE-06 2.INE-DE BSSE-D6
Ak inbalanios E37E-08 BATE-08 6,5 TE-08 EITE-DE
Total expoaure LISE-04 156E-05 8.E2E-06 & SE-0%
Co Soil ingemion U1 GE-06G 1.23E-05 1.B5E-D5 1ATE-0%
Dermal centact L25E-06 433E-06 1 E-O ARSE-0E
Adr [nbakarion 1.2GE-07 QEIE-08 4.54E-0E 1.¥E-07
Tetal expoaure 1.25E-08 | ERE-05 J1ATE-DG 1. PRE-05
Cu %ol ingestian A 19E-05 1.31E-05 LBEE-05 1.893E-0%
Dyrmmal caniocy 1.49E-05 4 BGE-0G S.061-06 BASE-D6
Adr inkalation SA1E-00 1 ASE-05 HUOGE-D5 TABE-D6
Teatal Fxpeiure EB3E-05 A23E-05 1 1EE-05 335E-05
Wz il dngestion 1.77E-07 THIE-08 THIE-08 THIE-0E
el eaiteT G.2BE-08 2.77E-08 2. 7TE-OR 2.77E-DB
Air inholation L55E-08 255E-08 21.55E-08 2A5E-0K
Taral sxpeiure TB5E-07 131E-07 1L.IE-07 1L31E-O07
| Sail bngestion 7.GOE-06 5 GE-06 A, T1E-06 56TE-06
D! canmtaT 2.73E-06 Z11E-08 1,6TE-D6 200 E-DE
Air ishodation 1.2 2E-06 1.76E-06 SunSE-O7 1 S6E-06
Taral expasurs 1.16E-05 AH1E-06G T.2AE-06 324E-D6
Fh Sail npertian 5.57E-05 1.E1E-05 AOEE-05 2 36E-05
D! comar 1.8BE-05 S.71E-08 1, 45E-05 BIOHE-D6
Alr inhaigtion 4.320-068 2 O0E-06 4.81E-07 1.11E-06
Taral expassre 3.0EE-05 ZARE-05 5,5KE-05 33BE-05
¥ Sodl mpeifos 6. TTE-05 1.05E-04 LISE-05 LITE-04
Dwermiad cosracr 2A0E-0% B7IE-05 2.00E-D5 A VBE-0
Alr inhatatian 3 1EE-06 LHIE-06 1.25E-08 31323E-06
Tiris! Expaiare 5.FIE-05 1ARE- 1.3TE-05 12E-0
Zn Kol il 1, 53E-04 1.41E-04 4B2E-05 1.1BE-04
Dermat coaract SANE-0% & DIE-05 I.GEE-05 A IRE-05
Abr irihalarn [i%1 ] il nd
Tou expomire 2ATE-0 1.0 E-04 & 26E-05 1 BOE-04
PODDNFs 5ol ingesrion 2.19E-07 T.1RE-0T 5.51E-07 BABE-07
Devmal confoct 2. 55E-07 T.RSE-O07 5.HTE-07 BAGE-07
Adv iribalams 4 0FE-DE ET1E-06 1.51E-06 207E-0G
Todel mopomne 4. 4TE-DE 4 19E-06 4.GSE-06 AAE-06
POES Sadl ingestion LE1E-04 LATE-03 5.32E-03 GA4E-04
Deveal confoct 5.568E-04 E12E-03 1L11E-02 L AGE-03
Adr (nbalarion LTIE-02 A04E-03 1.20E-02 BTHE-00
Todel soposune 1. ME-02 £ 94E-02 JB3E-02 1.09E-02
fid; Mot analymed
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Tabde 4
Carcinogenis and non-carcinegenic naks (uretless) derived from exposure bo maelal, PCODIFS and P83 for the pegulatien livieg arousd the MSW1 ol Macand.
Patiraays of exposure MW <1 lom =1 lem Arenyd die Mas
Carcisapeaic risk
As Sodl Ingesrion 3 94E-06 E10E-O07 Z20E-TH; BARETY
Dermal confoct A200-06 BAIE-0T 3 34E-06 9 86E-OT
Alr i haleras &.41E-06 347E-O7 E99E-06 1.8 B0
Toln! carcinagenic risk 1.35E-08 BA2E-06 1.64E-05 222E-05%
Cd Alr iihaldms 3 73E-07 1.71E-07 1.98E-07 LITEAT
Cr Alr inhalsmon 1.34E-0 1.34E-06 1.33E-06 | 34E-D8
FCOOFs Sodl ingesrion 1.22E-08 4 DOE-DE I 07E-04 SA0E-08
Devmai contac 1.30E-08 A26E-08 ¥27E-08 3184E-DE
Al b o I 20E-07 1.54E-07 ZE-07 L.IBE-OT
Todel corcimagenic risk 254E-07 EATE-O7 LAIE-07 | 93E-07
PCHs Soil ingesrisn T 24E-10 ZAGE-09 AATE-0G SAGE-10
Dvrmal peninc 4. TRE-10 525E-00 D53E-08 L I5E-09
Al inkabarioa SEZE-08 SBGE-0E SAGE-D5 25
Todal corrisagenic risk TAZE-00 1.76E-08 1. 94E-04 158E-09
Fan-~cercinagenic rish
s Tetal nan-cancer rick 1.22E-01 1.40E-0F 1. 86E-01 300601
od Teral nan-cancer rik 1.2BE=03 A.0ZE-D4 AN2E-04 20GE-14
Cr Teral nan-cancer riik LOTE-0F 1.0TE-0F S 17E-03 | 2GE-02
Cn Teral nan-cancer rik L.15E-01 1.12E=01 A D0E-02 1 23E-01
Cu Tafal man-cancer risk 1AE-03 4.44E-04 5 RAE-04 B.53E-D4
Hg Taral san-coscer Frhk 1. 1OE-OF E.50E-D4 BSOE-04 BA0E-04
LT Tafal man-cascer ritk S.21E-04 A0FE-04 E10E-04 154E-D4
Pis Taral san-coecir rHk 216803 E2FE03 1.58E-02 BTGE-0%
W Toral son-cascer rkk LEIE={1F LESE-OZ BI0E-03 3,18E-02
Fru Taral man-cascir riik 0E 04 B 36E-04 Z09E-04 SIE-04
FCOOFs Tora! son-coscer rkk | ASE-{1 1OE-02 134803 AS0E-03

turn, the inhalation unit risks (IUR) considersd were 3.8 « 1072
and 57 = 1077 ng™" m”, for TCOD equivalents and PCBs, respec-
tively. The cancer risk ranged 167 = 10°7"-2.46 « 1077 and
254 = 107%-1,32 = 107" for PCDD{Fs and PCHs, respectively, As it
can e seen, the maximem level of risk assumable according to
the Spanish legislation (10°%) was not exceeded in any case. The
nion-carcinogenic risks (Hazard Quotient ) for PODDYFs were estab-
lished by comparing the exposure o PCODJFs with the tolerable
daily intake (TDI) established by the World Health Organization
(1-4 pg WHO-TEQ kg~" d"'}. The HQ for PCODJFs comprised val-
ues between 8.59 = 1077 and 1,45 = 1077, below the maximum va-
lue af 1, which Is considered as safe. For PCBs, the HQ could not be
calculated since Reference Doses have not been established yet for
these compounds.

It has been demondtrated that dietary intake is the main path-
wiay of exposure to PCLXFs for the general population, with a con-
tribution up oo 95% {Schecter et al., 2006, Mart{-Cld et al., 2008a).
Recently, PCOD{Fs and PCBs have been determined in foodstuffs
widely consumed [n Catalonla (3pain) to establish the dietary in-
take for the population of this Spanish region [Liobet et al,
2008). According to that study, for the Catalan population the die-
tary exposure o PODDYFs and PCBs was 3.7 = 107% ng WHO-
TEQkg "d " amd 11.5ngkg "d ', respectively. Consequently,
the resulrs Indicate that the direct (or environmental) exposure
in the area under study only accounts for 1.2% and 0.3X of the total
exposure to PCDD{Fs and PCBs, respectively.

Since 1994, when the M5WI of Matard started it4 regular aper-
ations, a biomondtoring study has been munning to establish the
internal dose, and thus human exposure to heavy metals, PCODY]
Fs and PCEs. Those pollutants have been measured since then in
plasma of two groups of inhabitants of Matand (Gonzalez et al,
1958, 2000]. The first group was considered as exposed population,
since the distance from their homes o the plant was from 0.5
1.5 km. The secand group was considered as control, since the par-
ticipants lived at between 3 and 4 km from the facility. In addition,
Fram the third survey on, an additional contral group was sdded.
The purpose of the new group was o specifically evaluate the cau-

sality bepween the increase of PCODJF levels observed during the
period 1995-1987 and the emissions from the MWL This third
group was composed by residents of Arenys de Mar and, therefore,
putsicle the area under direct influence of the facility. For all three
groups, similar trends were observed in the levels af PCODJFS in
plasma, indicating that the increase of PCODJF body burden was
associated to the dietary intake, rather than to the presence of
the MSWI. The growing trend of PCODYF levels in blood was ab-
served until 2002, when it was reversed. These results agree with
the decrease noted in PCODF concentrations in food |Marti=Cid
et al,, 2008a), On the other hand, PCE levels in plasma have de-
creased from the first survey in the exposed and non-exposed
groupd, indicating again that the main pathway of exposure is
nat related to the Facility, A similar decreasing rend for PCBEs in
foodstuffs has been also observed in recent years (Lobet et al.,
2008}, Far metals, no clear rends were observed for the different

Eroups,

4, Conclusions

The results of the current surveillance program have shown that
the environmental levels of all analyzed pollutants are bow in com-
parizon with other areas with similar characeristics. Therefore, the
current data indicate that the MW of Matard is not being a signif-
pcant source of heavy metals, FPCDD{Fs and PCBs in the area, [t is
also interesting to note that the environmental results agree with
the trends observed in the biological sureeys, which showaed simi-
lar trends in the expasure of PCDDYFs and PCEs of subjects living
near and far from the facility. On the other hand, it has been ab-
served that the behavior of merals, not only in environmental,
bust also in biological samiples, is very variable and consequently
difficulr to control. Finally, it can be stated that the BMSWI of Ma-
tard does not add relevant/significant health risks for the popula-
tion living In the vicinity of the facility. In spite of this, in order
to verify the proper operation of the faciliny, a continued monitor-
ing ks clearly desirable.
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