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Introduction

Since 1990, our laboratory has dealt with a number of field studies to characterize the chemical contamination of
the Venice lagoon, with a focus on the assessment of a number of persistent organic pollutants (POPs) — such as
the highly toxic polychlorinated dibenzodioxins (PCDDs), dibenzofurans (PCDFs), and biphenyls (PCBs) — and
the development of human exposure scenarios thereof.! Over the last several years, studies have been carried out
to investigate bottom sediments and clams (Tapes sp.) to develop strategies for risk management of local food
production and contamination problems.? Within this framework, PCDD and PCDF profiles in clams collected
at sediment sampling sites ® have here been subjected to principal component analysis (PCA).

Materials and methods

Clam samples from Venice lagoon were collected (where available) in georeferenced sites, already sampled for
sediments,* by professional operators. They were preliminarily classified according to the subdivision already
adopted for the entire Venice lagoon,* subdivided into five virtual risk areas (RA’s) with theoretically decreasing
exposure values (Table 1) (a sixth RA was the sea neighbouring the lagoon). Once delivered to the laboratory,
specimens were subjected to immediate pre-treatment: the matrices for analysis were pools (>200 g of fresh
tissue) of the edible parts of many mollusc individuals. Pools were drained off to remove loose water. For the
assessment of organic chemicals, matrices were stored at —20 °C; later, they were allowed to thaw out and
combined with fully **C-labelled (internal) standards for chlorinated analytes. Quantitation of organic analytes
was carried out by HRGC-LRMS(SIM) or -HRMS(SIM). Good laboratory practice and QA/QC protocols were
applied throughout. Details on analytical procedure were reported elsewhere.* PCA was applied to PCDD and
PCDF analytical data (Table 1). For each sample, congener concentrations were normalized against the pertinent
cumulative analytical concentration %,;,(PCDD+PCDF, pg/g), the latter obtained by the medium bound approach
when dealing with limits of determination. Samples (cases) and congeners (variables) with a high incidence
(>40 %) of non-detects throughout the samples were removed to minimize the non-detect impact on PCA.>

Results and discussion

Three components were extracted from the data set, that accounted for a cumulative percentage of 85 % (Table
2). The first component (PC 1) weighs more in the positive direction for the samples collected in background
areas, and in the negative direction for samples from sites under industrial impact(s) (Table 3; Figure 1): among
the principal factors influencing sample distribution densities in the Venice lagoon,® it has a particular
discriminating power. From the factor loadings plot (Figure 1), d6 and d7 are the variables with the highest
positive loadings whereas those with the highest negative loadings are f4, f5, f8, 9, and f10. These two
congener patterns appear to reflect, respectively, a generic combustion origin followed by atmospheric fallout
and the release from industrial sources once present in the industrial area of Porto Marghera. PC 2, whose
highest positive loadings are associated with variables f1, f2, f3, and 6, has the maximum scores for samples
4411, 4410, 7473, and 7474 (Figure 1). These samples were obtained from the Canal Grande in Venice and
from the main Chioggia Canal, two areas exposed essentially to motorboat traffic. In PC 2, the highest negative
scores are for samples collected in industrial and background areas. This congener profile seems to represent in
clams an “urban type” feature and the differences from the profile with a similar classification for sediments
could be ascribed to the toxicokinetic and toxicodynamic processes in the organism. As already observed for
sediments,® the data set in Table 1 may be subdivided into three clusters according to the pertinent local
exposures. Therefore, clams appear to reflect local pollution as well, and the five risk areas hypothesized (Table
1) can be reduced to three.
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Table1. Selected relative congener concentrations (%) and total analytical concentrations (pg/g) of PCDDs (d1
through d7) and PCDFs (f1 through f10) in clam samples, and sample classification in virtual risk areas (RA).

Sample/Site d4 d6 d7 f1  f2 3 f4 {5 fr 8 f9 10 Total RA

Chioggia90 0.61 9.03 449 105 1.85 343 246 123 205 114 093 101 248
Scardovari 0.67 9.46 600 7.09 157 293 164 094 131 6.08 039 6.74 3.09

X1 038 242 107 3.07 181 149 526 239 225 221 3.05 441 321

E3 0 476 6.7 952 294 390 563 277 312 225 208 329 116
E4 0 401 201 712 255 274 438 219 164 182 201 319 110
E5 0.38 323 120 596 2.08 282 528 240 288 239 271 353 200
E6 0 372 154 889 3.64 323 614 331 234 202 243 283 124
F2 205 7.08 205 142 372 484 447 0 261 145 0 181 537
F4 050 427 142 115 247 3.05 562 311 373 252 219 227 849

5/2 034 218 9.2 588 197 232 542 260 249 172 214 471 316
7484 024 181 79 464 166 169 508 218 189 161 322 515 420
4411 033 335 131 220 347 572 489 217 321 17.7 203 203 126
4410 045 3.90 139 242 379 489 460 241 365 164 171 180 7.77

7C 050 3.14 122 804 214 299 6.29 287 330 190 249 356 152
8/2 0 351 127 6.72 193 265 535 261 316 192 241 361 875
7483 041 272 94 125 281 366 552 3.00 322 214 292 298 259
7473 046 480 244 385 287 6.09 288 140 218 823 055 573 3.17
7474 056 4.03 153 368 287 6.35 414 237 364 104 112 105 449
7475 0 634 284 170 224 273 3.04 191 237 735 0 232 140

Caleri 0.61 109 635 542 134 214 217 100 118 559 047 487 3.43
D2 044 402 173 163 282 477 544 224 331 186 2.07 213 4.46
Pel 1 045 574 214 836 203 344 459 188 3.05 206 243 246 252

S. Erasmo 0 557 184 165 266 558 429 262 368 183 174 187 174
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Table2. Eigenvalues, variance (%), and cumulative variance (%) associated with the
three PC’s selected (eigenvalue, >1.0).

Component number Eigenvalue Percent of variance Cumulative percentage
1 6.52 50.17 50.17
2 3.38 25.98 76.15
3 1.20 9.25 85.40

Table3. Sample scores.

Samples/Site  Component 1 Component2  Component 3

X1 -2.78 -2.39 0.74
E3 -1.85 0.60 -0.50

E4 -0.48 -1.25 -0.51

E5 -2.14 -0.89 0.37

E6 -1.98 0.41 -0.60

F2 3.08 1.57 4.32

F4 -1.70 0.69 -0.17
52 -2.40 -1.67 0.56
7484 -2.85 -2.92 0.77
4411 -0.49 2.28 0.070
4410 -0.15 2.66 0.0087
7C -2.16 -0.25 0.23
8/2 -1.77 -0.71 -0.84
7483 -2.49 0.43 0.27
7473 3.15 2.33 -0.45
7474 1.27 3.34 -0.54
7475 2.35 -0.54 -1.32
Chioggia 90 3.61 -1.22 -0.22
Scardovari 5.09 -2.38 -0.27
Caleri 5.19 -3.02 -0.46
D2 -0.46 1.46 -0.024
Pel 1 -0.089 -0.29 -0.073
S. Erasmo 0.046 1.76 -1.39
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@) PC score plot (b) Factor loading plot
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Figurel. PCA score- (a) and factor loading (b) plots obtained from PC’s 1, 2 and 3 of the data set. The
sample symbols in the main box reflect the subdivision in five virtual risk areas (cfr. Table 1): RA 1, X; RA 2,
O;RA3,;RA4, A\;RAS, @.

di, 2,3,7,8-T,CDD; d2, 1,2,3,7,8-PsCDD; d3, 1,2,3,4,7,8-H,CDD; d4, 1,2,3,6,7,8-H,CDD; d5, 1,2,3,7,8,9-
H«CDD; d6, 1,2,3,4,6,7,8-H,CDD; d7, OsCDD; f1, 2,3,7,8-T,CDF; f2,1,2,3,7,8-PsCDF; f3, 2,3,4,7,8-PsCDF;
f4,1,2,3,4,7,8-HsCDF; 15, 1,2,3,6,7,8-H;CDF; f6, 1,2,3,7,8,9-HsCDF; {7, 2,3,4,6,7,8-HsCDF; 18, 1,2,3,4,6,7,8-
H,CDF; 19, 1,2,3,4,7,8,9-H,CDF; 10, OgCDF.
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