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Abstract A hydrogeochemical prospection has been carriedirotiie Milano province with the purpose to
better identify and characterize Nitrogen pollutisources. A network of 90 wells has been considéoed
geochemical prospection and 37 wells were alsoidered for isotopic survey. A geochemical stratifion
both in chemical characters and in isotopic oneslieen identified and related to local pollutiorepbmena.
The organic character of Nitrogen pollution phenomeéhas been identified and related to vulnerability
characters of surveyed area. The obtained redldis to improve previous vulnerability mapping mets.
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1. Introduction

Diffuse and localized pollution phenomena charamtemany aquifers located at foothills of Alps. In
particular in the Milano province high vulnerabilivalues of local sediments are accompanied by
intense anthropic impact due to industrial and cadfiral activities. Detailed researches on
environmental impact of anthropic activities stdrie the second half of past century. In particular
Martinis et al. (1976) described the hydrologidah@cteristics of the Po plain between the Ticind a
Oglio rivers and identified main physical and cheahicharacteristics of phreatic nappe, of second
semi-confined aquifer and of deep local aquiferan€ani (1978) discussed pollution dispersion
phenomena in different sedimentary conditions o tilano plain. Francani (1980) furtherly
discussed feeding characteristics of aquifers énMiilano area. Carcano and Piccin (2002) described
all aquifers of Lombardy Region and payed attenthydrostratigraphic features. In particular ére
main aquifers are widely present in the Milano pmoe. The first aquifer is phreatic and is conggitu

by gravels and sands derived from carbonatic Pp&aAlhills. Semi confined and confined deepest
aquifers are characterized by more siliceous compinattributable to alpine petrofacies (Carcano
and Piccin, 2002). The contemporary existence gh lpermeability aquifers and highly polluting
human activities caused matter of concern abouterability of aquifers in past decades.
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Fig. 1. Province of Milano - Sampling point area




Porto et al. (2006) summarized information comirayrf different sources with the purpose to compile
a new vulnerability map of the Milano province. fidie concentration increased during past three
decades inducing research Agencies and local Atifsoto promote further researches on pollution
diffusion features of the area. With the purposbketier highlight nitrate increasing in groundwatar
geochemical and isotopic prospection was receatlpdhed by the Province of Milano (Fig. 1) in the
frame of “Progetto Nitrati”.

2. Sampling and analytical methods

Three test site areas (Fig. 1) were selected witténMilano province territory. In test site areas
groundwaters were sampled from wells charactetigedepth in the range 20+220 m.

In particular a group of wells was chosen in thstfphreatic aquifer, while a second group was
chosen in the second, semiconfined aquifer in wahisracterized by a depth of 40+100 m. Some
samples were chosen in the deep aquifer in wellsacherized by a depth of 100+250 m.

All samples were collected in polyethylene 500 loottles and stored in a refrigerator. Electric
conductivity, temperature and Hg@ere analyzed in the field. Cl, SONOs;, were measured by
Liquid Chromatography, while Ca, Mg, Na, K were lgmad by Atomic Absorption Spectroscopy.
Analytical error has been estimated <5%.

Oxygen and Hydrogen isotopes were analyzed by mefafillERMO DELTA mass spectrometer
according to equilibration method. Nitrogen and @xy in NQ were analyzed according to Fukada et
al. (2003).

3. Geochemical features of groundwaters
Main geochemical characters of analyzed sampleswarenarized in the Table 1 and in the Piper
diagram showed in Fig. 2. Ca-Hg®nic couple prevailed in all samples.
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Fig. 2. Piper diagram of all sampled groundwaters.

Electric Conductivity values range between 200 &8d@uS/cm (Fig. 3).
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Fig. 3. Regression line of Electric Conductivity®€0; in Milano province's aquifers (R0.85).



Table 1
Chemical and isotopic composition of sampled grovatdrs
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1| Agrate Brianza 40.0 05/12/06 726.8 22.3 36.0 35.0 4R0.51|1814.2| 29. 13.6 1.2 9.8
2|Bernareggio 95.0 22/11/06 609.1 421 34.0 13.0 4p6.4 |1718.21 28.3 37.3 3.3 -8.06 -52.0 6.6
3|Biassono 57.3 11/12/06 4450 05 7.0 20 4157 [50 91.03|mL.7| 1.4 -8.32 -538 7|7
4|Biassono 144.9 11/12/06 4820 39 €0 7.0 3861 [14.7 9527|227 | 1.0 -8.40 -56/0
5/ Cambiago 335 22/11/06 628.0 41.8 25.0 11.0 4H2.6 (15491183 148 1.4 58
6/ Cambiago 771 22/11/06 605.7 05 16.0 7.0 5045 (151 118®|23.2] 1.4 -84D -558
7|Cavenago diBrianza 89.0 22/11/p6 666.5 54.2 B2.0 12.0.84515.9 119.7 27.3 214 20 8.1
8| Cerro Maggiore 42.0 08/11/06 529.6 46.8 13.0 13.0 399.90|1201.3 234 149 155 -8.19 -53.8 B.5
9/ Cinisello Balsamo 46.0 24/11/06 523.7 3.8 36.0 18.0 14B@1.4| 105.64 22.2 369 37 -814 -53.2 6.9
10| Cinisello Balsamo 79.1 24/11/06 639.4 39.9 37.0 20.0 .54434.5 127.0 28 9.0 08 -7.99 -53.6 4.7
11| Cinisello Balsamo 55.0 24/11/06 543.0 35.0 31.0 18.0 .64017.2| 108.7 21.1 19,7 20 1.7
12| Gessate 455% 13/12/06 506.3 49.2 30.0 14.0 426.6 |12.50131.0] 10.2 1.} -8.35 -546 £.7
13| Lainate 80.0| 13/11/05 3986 44.6 27.0 15.0 367.8 2.2 3102.1| 9.6/ 1.0 -825 -540 7.4
14| Lesmo 55.0 05/12/05 5134 20.2 21.0 140 4720 [16.7 1082|3B6.2] 3.5 -8.02 -512 7.6
15| Lissone 61.3| 22/11/06 667.7 4%5 3.0 24.0 4185 [135611®.6| 12.§ 1.2 -7.69 -50.6 7.4
16| Monza 51.5| 22/11/06 471)0 186 10.0 6.0 4105 3.1 100.2|2m.6| 1.2 6.2
17|Monza 48.0| 22/11/06 720[1 45.3 38.0 31.0 4134 [119 119®|36.8 1.6 7.8
18/Monza 38.0] 22/11/0p 4952 11.1 13.0 14.0 3936 8.4 10MI7|{28.6| 0.7 -8.21 -54)5 57
19/Monza 60.0 30/11/0p 570|6 44.0 42.0 24.0 3%7.7 6.6 11RFH|22.8 1.2 -7.38 -48|1 86
20|Monza 37.0] 21/11/05 526|3 46.9 32.0 25.0 3969 [6.1 B0.42 ¥B.9 6.3 -7.35 -48)5 84
21/ Muggio 126.0 01/12/06 580(0 27.7 27.0 17.0 4354 [3.2 41125.7| 147 1.3 78
22| Nerviano 103.5 08/11/06 589.8 41.2 41.0 12.0 4474 [12.6.71127.2| 18.6 1.9 7/0
23| Nerviano 22.0, 07/11/05 6360 35.7 26.0 19.0 4%1.4 (17.1.91128.4| 19.5 2.0 5(7
24| Pero 67.0/ 13/11/05 5003 35.4 41.0 26.0 3%25 [18.6 103.81|23.0] 1.4 -8.95 -60/7 62
25| Pessano con Bornago| 40.8 13/12/06 733.2 [31.1 |43.0 | 3249|5159 115.6 28 543 H54 7.8
26| Pogliano Milanese 14.0 06/11/06 723.2 52.3 32.0 25.0.69125.8| 121.5 26.4 428 4{2 8.2
27|Rho 59.3| 13/11/06 448|7 42.0 380 15.0 368.7 3.0 107.94|2m.0| 1. -859 -56/5 7|1
28| Rho 225| 06/11/06 5872 49.7 52.0 32.0 4318 7.0 86.7 |I®B| 7.5 -8.28 -552 8|9
29/ Rho 23.0/ 06/11/06 584/9 35.2 34.0 29.0 4305 164 975 |20%| 4.0 6.2
30| Ronco Briantino 321 21/11/06 569.2 56.9 45.0 20.0 41920| 1145 26.5 212 2/1 9.2
31| Sesto San Giovanni 78/0 24/11/06 605.6 43.0 44.0 |23.0.9445.6) 101.3 29.4 378 38 i
32| Sesto San Giovanni 86,0 24/11/06 432.8 285 P6.0 |10.8.8p36.4 93.2| 205 1266 13 -850 -55.3 4.2
33| Sulbiate 58.0 22/11/06 607.2 61.5 39.0 18.0 420.1 [19.6.2118.9| 10.9 1.0 8/l
34| Triuggio 90.0| 01/12/06 426/8 283 280 17.0 4064 15.01924.1| 289 2.9 -7.85 -509 6.7
35| Vanzago 52.0 13/11/06 5215 352 3.0 18.0 3P4.1 (157 P282| 42.3 4.2 -8.61 -583 6.6
36| Vedano al Lambro 126/0 22/11/06 56#.0 35.1 35.0 P2.0.744¥4.3| 106.3 24.6 49,1 49 -756 -50.1
37| Vedano al Lambro 45.0 21/11/06 573.9 11.1 27.0 4.0 24243.9| 95.4| 18.2 33.2 3|3 1.
38| castiglione stiviere 23.0 07/11/06 784.0 20.0 39.0 1%B6.0| 16.] 126.5 409 175 1.7 1
39| guidizzolo 49.0 27/11/06 7390 55.0 44.0 29.0 543.1 [1033.9] 41.1 26.9 2. 6
40| merate 39.5 21/11/06 588.4 28.7 258 12.6 4388 (152 1@79| 147 14 -797 -516 6.4
41 Abbiategrasso 102/0 20/12/04 3916 16.8 26.8 [19.1 3744|193.1| 182 36.8 36
42| Abbiategrasso 187/0 22/04/04 417.3 29.5 37.5 P3.7 3480|184.5| 181 453 4.4
43| Arconate 206.0 03/11/04 3334 60 210 35 2638 141 [i1R4| 6.6/ 0.5
44| Assago 170.0 11/10/04 244.4 61 46 4.8 2%8.0 14.0 70.12|1a48] O.
45| Barlassina 140.0 06/10/04 3924 2.8 124 P.2 361.1 |1632 819.1 26.6 2.J
46| Barlassina 198.6 06/12/01 264.3 49 129 125 2731 |1610 |714.8 149 1.5
47| Bellinzago Lombardo 32.) 05/05/04 658.0 36.2 29.4 208054 15.0 110.5 27.f 46/5 4.6
48| Bellinzago Lombardo 54.0 12/05/04 585.0 31.2 19.2 ]523.3] 13.8 984 22.f 318 30
49| Bellinzago Lombardo 92.0 22/04/04 4290 84 9.0 [7.6 BI4.2| 888 182 14Pp 14
50| Caponago 59.0 16/09/03 659.7 2.0 33.7 23.6 497.8 |14.1.1106.8| 55.1 5.4
51/ Caponago 1500 16/09/03 4120 4.0 147 125 3895 [14.66 |90.9| 245 2.4
52| Casorezzo 2100 05/10/04 340.8 11.6 14.0 0.6 304.8 |14919 |612.9) 30.6 3.0
53| Cernusco sul Navigl 450 16/12/04 6123 245 36.5 R4®.Y 13.3 1141 26.5 50/6 5.0
54| Cerro al Lambro 1800 15/07/04 266.7 1.0 59 [7.4 25819(1®0.4| 16.9 102 1.0
55| Cinisello Balsamo 76.0 15/07/03 631.0 39.9 38.6 23.3.%0%5.0 122.7 27.) 52/4 52
56| Cinisello Balsamo 1490 14/01/03 2840 50 B30 [7.1 2BaB3| 67.6| 174 84 0f
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Table 1 (continued)
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57| Cinisello Balsamo 1800 14/01/03 214.0 2.0 3.0 4.8 2468B3| 609 124 52 04

58| Cogliate 165.0 15/12/04 337.0 26.3 126 11.0 3184 [18.96 [18.8] 29.1 2.8

59 Colturano 115.0 09/06/04 403.1 48 1p.8 94 3411 (1572 3@0.7| 151 1.4

60| Corbetta 133.5 09/11/04 529.0 2B.0 355 21.8 4R6.1 |15.01 994.2| 49.8 5.0

61| Corbetta 186.) 09/11/04 404.4 21.0 20.0 15.6 3R9.2 |14.38 [780.8| 29.0 2.9

62| Desio 109.0 20/08/03 5383 41.3 32.8 19.7 406.6 [15.8 12| 42.7 4.2

63| Desio 148.0 16/07/03 2653 14.0 11.0 $4 3212 6.1 V6.78|11.4| 2.2

64| Desio 63.0] 12/11/03 4610 265 21.0 171 3%9.5 [16.1 90.53|27.6 2.1

65| Garbagnate Milanese 176.0 17/11/04 1836 |7.1 |48 |6.4.723B.7| 56.3| 146 9.2 09

66| Grezzago 100.p 16/12/¢g3 372.0 2.0 16.0 10.8 348.7 (16.02 [81#9.8| 19.9 2.0

67| Grezzago 160.p 17/12/03 354.0 2.0 20 B85 296.1 (157 [%6/3|15.1| 0.4

68| Inveruno 150.0 03/11/04 3727 95 10.0 83 3747 [12.0 88948| 19.9 2.0

69| Inveruno 178.0 03/11/04 3600 40 70 69 3169 176 70851143 1.3

70| Legnano 125.0 14/10/04 4183 51 155 119 3p48 [11.6 [72190| 32.7 3.3

71 Legnano 153.0 14/10/04 300.7 10.0 7. 7.7 2953 (148 [4718|15.4| 0.5

72| Lissone 136.0 19/04/04 554.0 13.8 5D.0 31.1 4P3.4 [18.08 924.9| 55.9 5.6

73| Lissone 70.0 15/11/04 6656 4%0 39.3 247 4773 [19.7 9128.0| 420 4.1

74/ Melzo 90.0| 13/05/04 448)0 158 235 159 3425 144 83.49|223.1] 2.4

75/ Melzo 87.0| 31/05/04 447]3 147 271 187 3727 129 84.29|240.1| 4.9

76| Muggio 80.0/ 10/09/03 651J0 420 39.0 245 499.0 144 11BM6| 55.8 5.6

77/ Muggio 151.0 10/09/08 390/5 175 19.0 1B.1 360.5 [4.9 8203| 31.8 3.2

78 Nerviano 164.0 20/09/04 2140 19 30 6.2 2581 131 63R4(139| 0.3

80| Nova Milanese 70.0 10/11/04 619.5 4]l.6 375 225 419.33(1507.8| 26.1 35.2 34

81| Parabiago 100.0 29/11/04 481.4 40.7 23.0 16.8 363.0 |17016 |922.8 32.0 3.2

82| Parabiago 164.0 29/11/04 299.7 154 94 0.0 278.2 (1443 |617.8| 16.§ 1.7

83| Parabiago 100.0 29/11/Q04 4460 29.7 15.6 124 3J72.2 |1582 |81.9 29.1 3.0

84| Parabiago 2000 20/10/03 256.6 9.1 16.0 12.0 294.8 |17.89 |716.6| 18.4 1.8

85| Paullo 118.5 26/05/04 4007 52 83 91 3488 165 78.86|207.2| 1.6

86| Pogliano Milanese 170[0 14/09/p4 313.0 112 75 |9.8 83083.0 71.9| 182 175 1|8

87| Pogliano Milanese 200/0 11/05/D4 34B.6 B4 105 [105.23288.3] 69.8| 19.1 24D 2/4

88 Rho 152.0 14/12/04 2442 2/5 80 92 326.6 158 ¢€6.8 |16.B5|255

89 Rho 184. 14/12/04 208/4 20 7,0 7.0 2916 17.8 §9.9 |15.2|210

90| Tribiano 90.0| 09/06/04 469/5 9/6 251 1b.3 377.2 159 8295| 249 2.6

91 Tribiano 143.0 09/06/04 374/0 41 64 83 3665 16.0 §2.929|116.4 1.6

HCGO; highest values are found in the first phreaticifequdue to prevalence of pre alpine calcareous
rocks in aquifer. Lowest HCQralues are found in the second semiconfined aguiiceous matrix

Is characterized by limited release of salts dumager interaction processes, thus upper aquifers a
relatively enriched in HC@compared to second and deep aquifers (Fig. 4).
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Fig. 4. Regression line of HG®s depth in Milano province's aquifers’€R.59).



Nitrate are particularly present in the north af #ilano province and are related to the existerice
towns sewages, of cattle-breadings and to the wiiligations of inorganic fertilizers, thus isotope
techniques were utilized to better understand ghamaers origin and to discriminate the exact origin
of Nitrogen.

4. | sotopic char acteristics
Isotopic values are summarized in Table 1. Theiodthisotopic water line (Fig. 5) is very similar t
the line obtained by Longinelli and Selmo (2003)izibg precipitation samples collected in Northern

ltaly (D = 7.75'%0 +9.4).
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Fig. 5. Regression line 6f%0 vs3D isotopic groundwater composition in Milano proséfs aquifers.

Values in the interval -7 + -8 were found in thepapaquifer and evidence local recharge processes
(Longinelli and Selmo, 2003). More depleted samplese found in the second and third aquifer.
They evidence that deeper aquifer are feeded byersgirecipitated on Pre-Alpine and Alpine
mountains.

Some samples collected in wells characterized bilasi depth were also characterized by relatively
depleted values in Oxygen and Hydrogen isotopestadube feeding effects of the close Villoresi
Channel (Fig. 6).
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Fig. 6. Regression lines 81°0 vs&D composition in selected wells near Villoresi Cheln

Nitrogen isotopic values were found in the rangeb+4+10 (Fig. 7). All samples are in the typical
range of organic derived Nitrogen (Clark and Frit297; Kendall, 1998).
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Fig. 7. Frequency distribution &f°N in nitrate coumpound of sampled groundwaters

Although all samples were found, in principle, anegfed by organic processes a significant dispersio
of values is noticeable (Fig. 8). Obtained valuEgy.(9) allow to confirm the organic origin of
Nitrogen compounds collected in considered wellmil&r values were collected by Dadomo et al.
(2005), Pilla et al. (2005).
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Fig. 9.5"N vs3'%0 in sampled wells

In the centre-north area of the Milano provinceiteate dilution process as been evidenced: high
nitrate content waters characterized &% typical of rains (Longinelli and Selmo, 2003) dikited
with isotopically depleted waters typical of deepgquifers feeded by northern areas (Fig. 10).
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Fig. 10. Different dilution processes evidenced\y; and'®0-H,0 in sampled groundwaters

5. Vulner ability implications

Highest organic Nitrogen values were found in sdraespot areas of the Milano province. Not all
identified areas are affected by cattle-breadargss, thus urban sewages originated by townsean b
considered responsible for observed pollution phesra. Available vulnerability map (Porto et al.,
2006) allows a general description of potentiallynerable areas obtained by superimposition of
informative layers related to water depth, aquipermeability, slope, etc. No informative layers
related to processes originating Nitrogen compouadsonsidered and obtained data on Nitrogen
isotopes should be considered as an additionalmedes useful to better constraint vulnerability
characteristics of the Milano province.

In particular intrinsic vulnerability evaluated byeans of SINTACS methodology (Civita, 1994)
considers phreatic aquifer. In the considered amaifer setting is relatively heterogeneous and
aquifers located in the Northern side of the Milgmovince are characterized by gravel and sands and
exploited both at shallow and highest depths. i Southern side aquifers are multilayered and
exploited only at depth > 30 m characterized by lsvtical permeability. Usual hydrochemical
monitoring techniques don't allow to effectively telg pollution phenomena, while isotopic
techniques allowed the detection of more detaildiifpon phenomena processes.

6. Conclusions

Obtained values allow to confirm highly vulnerablearacteristics of explored aquifers. Oxygen and
Hydrogen isotopic ratios of sampled waters eviddntteat shallow aquifers are feeded by local
precipitations. This feature confirm that most lopallution phenomena are characterized by short
paths and short time duration processes. Longesstiaiows dilution processes of pollutants able to
affect the deeper aquifers. Nitrogen isotopic velaad Oxygen isotopic ratio in Nitrate allowed to
identify the organic origin of Nitrogen. A signifiot amount of organic Nitrogen is generated by
urban sewages and particular care will be devateithé identified topic by local Authorities. New
parameters, including isotopes, will be considetedmonitor local groundwaters in the Milano
province within the frame of the “Progetto Nitrati”
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