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A case of groundwater contamination
by organo-chlor ine comPounds

IJn exempte de potlution des eaux souterraines
par des composes organo-chlorurés

P a o l o  F A B B R I . ,  A n g e l o  F E R R O N A T O * * ,  P i e t r o  Z A N G H E R I .

Mots-c lés :  Étude cas,  Pol lut ion,  Eau souterra ine,  Mat ière organique,  Chlore '

Vénét ie.

Abstract

Over the last  15 years,  2)  cases of  groundwater pol lut ion by chlor inated hydrocarbon compounds have

been c l iscovered in the Vener ian Plain.  The pol lut ion or ig inates in the upper Venet ian Plain in an unconf ined

aquifer and often reaches confined aquifers located downstream.

These are point  source pol lut ions and the pol lutants are t ransported by groundwater f low wi th very l i t t le

dispersion.  The distance covered can reach 20 km wi th a residence t ime in some place of  more than 10 years.

A pollution lasting 4 years, recognised in 1986 near Cittadella (Padova, Northeastern Italy), was investigated

in detai l .  The spat ia l  and temporal  evolut ion of  the pol lut ion process was studied fo l lowing chemical  analysis

of  490 moni tor ing wel ls .  The points far thest  f rom the source of  the pol lut ion to be af fected were spr ings 6 km

downstream.

The temporal  evolut ion is  character ised by a re lat ively rapide decrease in the concentrat ion,  l inked to the

rapid f lcrw rate of  the aqui fer  (10 to 20 n/day).

In wel ls  located nearesr the source of  pol lut ion (1 to 2 km),  sudden increases in concentrat ion,  very

marked and of  short  durat ion (1 to 2 months) are re lated to a r ise of  the water table of  the unconf inecl  aqui fer .

*j:Pn...-.na 
can be explained by the periodic leaching of pollutants, during infiltration into the unsaturated

Résumé

Au cours des l1 dernières années,  21 cas de pol lut ion des eaux souterra ines ont  été re levés,  dans la p la ine

véni t ienne. I l  s 'agi t  de pol lut ion d 'organo-halogénés.

Ces processus de pol lut ion ont  commencé en haute pla ine véni t ienne, dans un aqui fère à nappe l ibre.  l ls

,n,  ,or , , r .nt  at te int  les nappes capt ives s i tuées plus au sud.  Les sources de pol lut ion sont  ponctuel les et  les

pol luants se t ransfèrent  avèc l 'ear ,  souterra ine selon la d i rect ion d 'écoulement de la nappe, avec une dispersion

ires l imi tée.  La distance parcourue peut  at te indre 20 km, avec une pers istance en certa ins cas supér ieure à dix

I l  a été étudié avec précis ion un cas reconnu en 1986 d 'une durée de 4 ans,  dans la zone de Ci t tadel la

(Padova, Nord-Est  I ta l ie) .  Des analyses chimiques in i t ia les de 490 pui ts de survei l lance ont  permis d 'étudier

l 'évolut ion spat ia le et  temporel le du processus de pol lut ion.

La pol lut ion s 'esr  déplacée sur une distance de 6 km, jusqu'aux << résurgences >,  quì  furent  les points les

olus lo inta ins at te ints.

*  Dipart imento di  Geologia,  Paleontologia e Geof is ica del l 'univers i tà '  Via Giot to 1 ' r  -  35131 Padova ( I ta l ia)
. '  uLSS 19,  Set tore Ig iene Pubbl ica,  v ia Pi lastroni ,  I -35013 Ci t tadel la (PD) ( I ta l ia) .
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. . .  
L 'óvcl lut ion ternporel le est  caractér isée par une tendancc à une rapide c l in-r ìnut ion de concentrat ign,  l iée à

l 'écoulerrent  rapic le de la nappe (10-20 m/ iour) .

. .  
Dans les ptL i ts  les p lus près de la source (1-2 krn)  de rapic les augmenrat ions de la concentrat ion,  t rès nerres er

I imi téc 's c lans le temps (L-2 mois)  sont  en re lat ion aoec lo re i rontée d!  la surface piézornétr ique de I 'aqui fère a nappe
l ibre.(-e phénomène s 'expl iqr-re par I 'entraînement des pol luants,  lors cìes épisoi les d ' inf i l t rat ion, . lans la rone non
s a tu rée.

Introduction

Aquifer conrarninarions by organo-chlorine com_
pounds are derected in many industralized counrries,
nevertheless there are a few systematic analyt ical
data on cases of groundwater contaminat ion. This
study concerns a case occurred in the Venetian plain
(Fig. 2).  The contaminat ion evolut ion of organo_
chlorine compounds by means of numerous chelical
groundwater analyses has been studied.

Tlie hydrogeological situation of Venetian plain
[Bortolami et al., I9761 is schematically il lustrated
in f igure 1. The subsoi l  of  the high Venet ian plain
is made of gravels depositated by the rivers Leogra,
Ast ico, Brenra and Piave. These deposits form an
unconf ined aquifer.  I ts watertable is 50-100 merres
deep along a belt at the foot of the mountains while
it becomes shallower, going South, until ir outdrops
spontaneously in the lowest parts along a conrinuous
E-W belr  in the rniddle plain (< r isorgive >>).  Here,

NORTH

the.  subsoi l ,  composed of  a l ternat ing gravel  beds
and silty-clayey layers, forms a mulristàtùm confined
system. The natura l  feed factors of  th is  aqui fer  are
main ly  the d ispers ion f rom warercourses and se-
condary the d i rect  in f i l t ra t ion of  ra inwarer .

Groundwater regime of high Venetian plain is
character ized by one h igh levei  per iod (usual ly  Sep-
tember) ,  and one low level  per iod (usual ly  Apr i i ) .
Figure 4 shows the groundwater regime since 19g6
in a wel l  near  Ci t tadel la  lPadova,  Nìr rh-East  I ta lv)
( f ig .  2) .  This  case of  contaminar ion is  located in  the
transi t ion zone f rom high p la in to middle p la in,
near  the bel t  o f  << r isorg ive u (F ig.  1 and 2) .  $7ater_
table depth is more than l0 m near the pollution
source and less than I  m near the < r isorg ive >.  An
example of  s t rat igraphic s i tuat ion is  repor ted ìn
Figure 3.

InJuly 1986 the conraminat ion was derected du-
ring routine analyses of groundwater quality. Tri-
ch loroethy lene was the main contaminant  whi le  te-
t rachloroethy lene and 1,1, i  t r ich loroerhane were of
minor  imDortance.

SOUTH

Middle plain

Sea leve l

O o o c o o o ^ o = -
' o - ^ o u : o o '
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Irig. L Hydrogeolr.tgìcal ntodel of higb ancl midd.le Venetìan Plain (Modèle hydrogéologique de la
ven i t i enne )
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A CASE OF GROUND\rATER CONTAMINATION BY ORGANO-CHLORINE COMPOUNDS

Between July and August 490 groundwater wells
were analysed to character ize both the p lume of

contaminat ion and the spat ia l  concentrat ion d is t r i -
but ion and,  f ina l ly ,  to  ident i fy  the contaminat ion
source ( industr ia l  wastes) .

ì7hen contamination was detected, the plume
was already 6 km long and 0.7 km wide. It coincided
wi th a paleochannel  of  Brenta r iver  as shown in
aereal  photographs.

Downstrearn the contamination source the maxi-
mum concentration recorded was 1074 p.g/1.

The pol lu t ion t ime-evolut ion was studied us ing
fortnightly chernical analyses on 14 monitoring wells
(F ig .  2 ) .

Between 1986 and 1987 the water  of  126 pr ivate
wells was declared unpotable because it exceeded
the l i rn i t  o f  potabi l i ty  (100 Vg/ l )  Today the conta-
minat ion is  a lmost  exausted.

Chernical  water  analyses were made by gas-cro-
matographic rncthods.

Fig. 2. Localis,rtion ctt' monitoring tuells and of conîaminttion
plume (.Lt'tcalísation des puits de surveillance et du panache de

oo l lu t ion)

1. - Analysis of contaminant in-
troduction in groundwater

Figure 4 shows the groundwater regime and the
organo-chlor ine compounds concentrat ion observed
in wel l  83;  th is  wel l  is  150 m downstream the
pol lu t ion source.  There is  an ev ident  re lat ion bet-
ween water table depth and contaminant  concentra-
t ion :  the ra is ing of  water table washes away conta-
minants from the unsatured zone.

Yearly the groundwater regirne (Fig. a) is cha-
racterized by only one maximum. Therefore there
is a sequence of << contamination peaks > with annual
pe r i od  and  dec reas ing  i n rens i t y .

Contamination peaks decrease exponentially as
shown  i n  we l l s  74 ,80  and  81  downs t ream we l l  83
(F ig .  5 ) .

I t 's  important  to  remember that  there has been
no int roduct ion of  other  contaminants af ter  d isco-
vcr ing of  th is  contaminat ion.

(Depth in m)

Fig. j. - Stratigraphy
p u i t s  1 2 1 3 )

LEGENDA
1 t -

o
a
o

tocahsar ion  o i  s r fang iaphy  I2 r3

Phfealihelnc measurement poiht

sand and fine gravel
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2. -  Analysis
pagatron

contaminant pfo-
Igrounowatef

Analysis of concentrat ion-t ime diagrams of mo-
nitored wells permits to divide them in two groups.

The first group includes those wells (74, 80 and
B1) located more than 1,) km downstream the conta-
mination source 1Fig. 5) ; the second group includes
wel ls  loca ted  fu r ther  (12 I ,  124,8 ,96 ,  105,100 and
127)  (F ig .  6 ) .

The depth of all these wells ranges from 20 and
30 rn. \)7ell 45 is discussed larer, because its depth is
more than t0 m.

2.I.  -  The f i rst group of wel ls

The rnain characteristics of these wells are :

a)  t i rne-cc lncentrat ion curve decreasing;

b) a series of < contamination peaks >> with yearly
per iod.

\Xlell 83, located close to the pollution source,
shows two < principal peaks , (A : 1074 p.g/l aod
B:600 pLg/ l )  and one << secondary peak > (A1 620
pgl l )  (F ig.  a) .

The o pr inc ipal  peak > A is  very ev ident  in  the
f i rs t  group of  wel ls  (F ig.  5) .  As previously  observed
at  wel l  83,  the arr iva l  of  the contaminar ion peak is
recognizable in all wells belonging to the first group.
Besides there are other  less ev ident  contaminanr
peaks spaced one year between them.

Knowing the d is tance between wel ls ,  the arr iva l
t i rnes of  the contaminant  peak (wi th a prec is ion of

15 days depending on monitoring frequency) and
well location (they are along the same stream line),
it 's possible to calculate the contaminant propagation
velocity through the arrival of << contaminant peaks >>
in wel ls  74,  B0 and 81 (Tabl .  1) .
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A CASE O}T GROUNDWATER CONTAMINATION BY ORGANO-CHLORINE COMPOUNDS

Tabl .  l .  -  Contaminant veloci ty
(Vitesse da Polluant)

v, ,*  -  d ist . / t ime -  average veloci ty  of  contaminant (m/day) ;
v , , , ' , ,  :  d i s t . / ( t ime -15 )  -  m in imum ve loc i t y  o f  con tam inan t  (m /day )  ;
v , , , , , ,  :  d i s t . / ( t i r ne *15 )  -  max imum ve loc i t y  o f  con tam inan t  (m /day )  ;

We l ì s Peak l) is t
( m )

T ime
(day) (m/day) (m /day ) (m /day )

8a-14
8a-14
8 1 7 4
7.1-80
80-u l
71-81
7.'r'tl I
14-8
1 4-r21

A I
B
A

A I

A

l t 0
350
l t 0
900
1t0

L 3t0
L  l t 0
2550
i  500

r22
B3

r 1 0
49
32
83
B6

190
r3 t

2.81
tt.22

3 .  l 8
r rJ . l7
14.06
16.27
t5 .10
13.42
16.42

2 .55
3 .51
2.80

14.0ó
9 .51

l3 .78
13.11
12.1+/+
15.7 |

1 . 2 7
5 . 1 t
1 .68

26.41
26.47
1 9 . 8 t
19 .01
l/+.57
Ù . t ( )

Wei l  83 is  out  of  paleochannel  whi le  wel l  74 is
wi th in paleochannel  :  the arr iva l  at  wel l  74 is  s low
(average velocity :3.4 m/day). In those wells located
wi th in paleochannel  the contaminant  ve loc i ty  is  h i -
gher ,  that  is  to  say average veloc i ty  is  16,1 m/day
( t a b l . 1 ) .

In  the concentrat ion- t ime d iagrams of  wel ls  80
ancl 8l there is a very high peak (narned < 0 >> in
Fìgure 5) ,  which indicates the presence of  a peak
older  than (  A >.  This observat ion is  more ev ident
in the concentrat ion- t ime d iagrams of  the second
group of  wel ls ,  where the peak << A > is  not  c lear ly
recognizable except  in  wel ls  8 and 127 wi th uncer-
tainty (the calculated velocities are l3 and l7 m/day).

Is  should be noted that  the groundwater  veloc i ty
is  h igher  or  equal  to  contaminant  ve loc i ty .  In  fact ,
dur ing t ransport  organic contaminants can be ab-
sorbed and desorbed by organic material of the solid
phase aqui fer .

having :
v r  -  R ' v ;
Where :
v6 :  groundwater  veloc i ty  ;
R :  retardat ion factor ;
v ;  -  c 0 n t J m i n a n t  v e l o c i t y .
According to Mc Carty et al. ll99ll :
R :  I  + 0.63 ( f , , . )  1k, ,* )  (8/n)
\7here :
f,,. = organic rìatter content in the solid phase
k.*  :  d is t r ibut ion coef f ic ient  n-octanole/water

ò = density of sol id phase
n :  porosi ty

Groundwater  veloc i ty  is  about  30 m/day,  consi -
der ing R :  2,  in  our  hydrogeological  s i tuat ion for

trichloroethylene [Mc Carthy et al., l98l; Berretta,
19921.  The value thus calculated is  very h igh;  gene-
ra l ly ,  in  these areas,  groundwater  veloc i ty  ranges
few metres/day.  The h igh veloc i ty  can be re lated to
the presence of paleochannel and to the drainage
ef fect  drre t t - l  .  r isorg ive >.

2.2. - The second group of wells

The specific characteristics of this second group
of wells (Fig. 6) can be thus synthetized :

a )  c o n c e n t r a t i o n - t i m e  c u r v e  e x p o n e n t i a l l y
decreasing;

b)  the present  of  < pr inc ipal  peak > (cal ied 0)
only s l ight ly  ev ident  in  the f i rs t  group of  wel ls .

The above-ment ioned behaviour  (see point  a)  is
connected to a d is tance h igher  than 1,5 km between
the second group of wells and the source.

In these conditions the following physical and
c h e m i c a l  p h e n o m e n e  a r e  i m p o r t a n t :

- hydrodispersion ;
-  in teract ion between aqui fer  so l id  phase and

contaminant ;
- differential filtration velocity at different depth

(hydrodynamic d ispers ion by f inger ing)  ;

Considering the effect of these three factors, the
observat ion made above a)  is  expla inable as in ter-
sect ion and super imposi t ion of  s ingle contaminant
peaks.  The resul t  o f  th is  phenomenum is  a < d is-
charge exponent ia l  curve >.  This curve is  not  a d is-
censional  phase of  a s ingle < contaminant  peak >
but  a < not  real  > d ischarge peak der iv ing f rom the
fusion of single peaks.

The contaminant input rnechanism in the aquifer
is  shown in f igure 7A (comparable to wel l  83)  ;
f igure 78 (wel ls  s i tuated 1,5 km downstream) and
f igure 7C (wel ls  s i tuated downstream).

In the f i rs t  and in the second group of  wel ls ,  in
the f ina l  par t  of  thei r  concentrat ion- t i lne d iagrarns
(star t ing f rom November 1990),  i t  can be observed
a contemPofaneous increase in concentrat ion values
(  l0-20 Vg/ l ) .Such increment  of  contaminant  va lues

coinc ides wi th phreat imetr ic  level  increment .  The-

refore it can be supposed that the increase in phrea-
t imetr ic  level  washes away contaminants adsorbed
in the fluctuation aquifer zone. This phenornenum,
common in the a l l  arealconcerned by contaminant
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A CASE OF GROUND\IATER CONTAMINATION BY ORGANO-CHLORINE COMPOUNDS

event, happens probably throughout the analysed
period. During init iai stages the concentration vaìues
are so high that the concentration level increament
is  v is ib le only  in  the f ina l  par t  of  a l l  d iagrams.

Final ly ,  in  the second group of  wel ls  the conta-
minant peaks are diff icult to recognize. In this case,
for tn ight ly  sampl ing in terval  can lead to the loss of
t he  s ing le  peak  cu lm ina t i on .

The different factors above-listed interact with
the concentration course during time. Unfortunately
it is diff icult to quantify exactly the different factors
and thei r  var iat ion dur ing t ime.

As repor ted in  point  b) ,  in  the second group of
wel ls  there is  a peak 0,  which is  not  so ev ident  in
the d iagrams of  f i rs t  group of  wel ls .  Consider ing a
contaminant  propagat ion average veloc i ty  of  about
16 m/day ( tabl .  l ) ,  i t  can be calculated that  peak 0
star ted in  September 1985 and arr ived at  wel l  I27
(situated about 6 km from source) in October 1986.

In September 1985 there was the annual  phrea-
t ime t r i c  l eve l  cu lm ina t i on .

It is possible that this peak was too produced by
the same mechanism previously described : the was-
hing away of the pollutant presenr in the unsaturated
zone of source area.

Fig. 7. A) Schematìc representation of time-concentrdtion

near the îoltrce; B) in the t'irst groap of uells; C) in rhe

second group of u.,ells. (A) Représentation schérnatique des

var iat ions de concentrat ion près de la source;  B) dans le premier

groupe de pui ts;  C) dans le deuxièrne groupe de pui ts)

In well 83 this peak 0 must have a higher concen-
tration (some thousands of V"g/l) than the highest
measured value.

2.3. - Analysis of the contaminant de-
p l e t i o n  p h a s e  i n  t h e  s e c o n d
group of wells

Analys is  of  concentrat ion- t ime d iagrams of  the
second group of wells (Fig. 6) shows thar contami-
nant depletion follows an exponential equation :

C, - fo. g-"t

where :

C, : concentration at t ime t (.V"g/l) ;
Co : highest concentration calculated (pg/l) ;
a : depletion coefficient ;
t : t ime from the start of the depletion phase

(days) .

The exponential equation can be simply rrans-
formed in :

Log  C , :  Log  Co  -  a . t . Log (e )

D a t a  u s e d  i n  e l a b o r a t i o n s  h a v e  b e e n  t h u s
treated :

- << Pollution culmination > was considered the
star t  point .

In almost all the second group of wells, when
pollution was determined (fuly 1986) the culmination
phase which is before the < depletion phase >, was
already over. Therefore July 1986 was chosen as
deplet ion star t  phase.  Only in  the mosr sourhern
well (well 127) values before October 1986 were
excluded.

- Values after October 1990 were excluded. In
fact these excluded values individualize concenrra-
tions sti l l  r ising, coming from a raising of the aqui-
fer, (par. 3.2). The excluded values represenr low
pol lu t ion concentrat ion,  most ly  in f luenced by st ru-
mentar  ef fofs .

An example of elaboration results related to well
121 is  shown in the f igure 8.

The values of << a >> was calculated for the second
group of  wel ls .  These values are shown in table 2.

Tabl. 2. - Values of << a >> of the second group of wells
(Valeurs de r a r dans le deuxièrne groupe de paits)
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' ù l e l l  3 o ( l Q l )

5  2 . 1 2
8  2 . t 8

9 6  2 . 1 6
1 0 0  2 . 1 0
121 2 .35
1 2 4  r  8 2
t27  2 .26

Average 2 .19
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I t  can be observed that  va lue < a > is  s imi lar  in

a l l  wel ls  suggest ing therefore s imi lar  t ime and ve-
loc i ty  condi t ions of  the pol iu t ion deplet ion.

Pararneter  < a > l ike deplet ion coef f ic ients used
in hydraul ic  and hydrogeological  problems ( i .e .  de-
p let ion spr ing curve) ,  shows the deplet ion rapid i ty .

In the cases of pcll lution depletion values of < a >
depend on source character is t ics,  contaminant  types
ancl  hydrogeological  character is t ics of  aqui fer .

It could be interesting to compare different conta-
minant  s i tuat ic lns dur ing deplet ion phase;  general ly
there are not  many data about  evolut ion of  the pol -
lu t ion c ' lep let ion.

2.4. - Observations about well 45

Well 4) is the deepest well considered (60 rn
deep cornpared to 20-30 rn deep of  the other  wel ls)
ancì it was screened only in the last 6 m. It is situated
between the unconfined aquifer and the first confi-
necl  aqui fer .

Cornpar ing the concentrat ion- t ime curve of  wel l
45 1Fig.  9)  l2 l  and 124 (Fig.  6) ,  these last  two are
fror-r-r 20 to 30 rnetres far from well 45, it can be
noted that  pol lu t ion arr ives to a l l  three wel ls  but
wi th very d i f ferent  t ime and concentrat ion.

In well 45 the maximum concentration measured
has a c le lay t i rne of  one year  and hal f  compared to
wel ls  121 and l24l  besides i ts  va lue is  three t ime
Iower than the one measured in wells l2I and 724.

This behaviour  can be thus expla ined :
- 

.organo-chlorine compounds in aquifer tend
ro  go  oown ;

ef fect ive veloc i ty  changes wi th the depth ;
greater  retardat ion factor .

1 2 1

t o g C t = t o g C 0 - o . l . b g  c

clo E

trqi Dú

ú ú d o

TIME (daYS)

f lg. U. '  Deplet ion carre ot '  wel l  121(Courbe de tarissernent du
p u i t s  1 2 1 )

Depletion coefficient <( a >) was calculated also
fo r  we l l  4 ) .  Th i s  va lue  (1 .68 .10 -3 )  i s  comparab le
to the ones of the second group of wells. In fact it
represents the same pol lu t ion event  in  hydrogeolo-
g ical  condi t ion par t ia l iy  d i f ferent .

Well 45 is the only one deep 60 m, so other
observations are not possible.

I t  is  c lear  that  pol lu t ions involv ing the unconf i -
ned aquifer can spread dangerously, in relatively
long-time, in a confined aquifer, as already occurred
in other  pol lu t ion events in  the Venet ian Pla in [Al -
tissimo et al., 1990; Altissirno et al., 19911.

Final ly ,  i t  is  essent ia l  remernber the importance
of geological structure in the contaminant propaga-
t ion contro l .

C onclusions

In  groundwater  contaminat ion studies i t  is  fun-
damental  the analys is  of  space- temporal  evolut ion.

An example of organo-chlorine pollution selected
among the numerous happened in the Venetian
pla in is  repor ted in  th is  paper [Al t iss imo et  a l . ,
1991]. The analysis has been made comparing hydro-
chemical  data ( for tn ight ly  analyses made by U.L.S.S.
19)  wi th hydrogeological  data (phreat imerr ic  level ,
p luv iometr ic  heads and l i thostrat igraphy) .

The d is tance between contaminanc source and
monitoring wells, the particular hydrogeological struc-
ture in  which the phenomenum took p lace,  have
been considered in the analysis.

L I
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i l l  l ' i l  L i /  l l

I ì

Fig.  9.  -  Concentrat ion-t ime diagram

de var iat ion de concenttat ion du pui ts
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According ro rhe recorded data it is possible to
make thes general considerations :

- Evolution of space-temporal contaminant phe-
nomena is a function of hydrogeological structure,
contaminanr rype and input  mechanism ro the
aqulter.

-  P r e s e n c e  o f  p a l e o c h a n n e l s  i n  t h i s  a r e a
confirm that these morphological features have a
high intrinsic vulnerabil ity. Such fearures act as drai-
nage axis and draw around the contaminants. It is
noted that this hydrogeological situation allows a
quick evolut ion of  contaminant  deplet ion.

This is an advantage for the pollution narural
exhaustion and permits to study its evolution during
t i m e ;

- to compare hydrogeological and hydrochimical
data is very importanr in order ro understand the
contaminant  input  mechanism ro the aqui fer ;

Par t icu lar ly  in  th is  s tudied case i r  has been
possib le :

- to identify the conraminanr input mechanism
to the aqui fer ,  which is  contro l led by phreat ic
r e g i m e ;

- to distinguish single conraminant peaks in a
distance of about 1,) km and to calculate propagarion
contaminant  ve loc i ty ;

- to individuate the < contaminant peak > pre-
sence (peak 0) preceding peak A, which is the maxi-
mum concentration found ;

- to quantify approximately depletion time of

this pollution, induced by an intermittenr source
wi th  decreas ing  in tens i ry .
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