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ABSTRACT

Although traditional soil use in Chillan and Chillan Viejo is agricultural, both cities have seen their surrounding areas expand and change drastically. Economic
activities have increased, including phytosanitary companies and petroleum derivatives used in agriculture and transport. This has had a large impact on the soil.
The present work studies total hydrocarbon contamination (lineal and polycyclic aromatics) and chlorine pesticides (Aldrin, Dieldrin, DDT, and DDE) in

surface soils near potential sources of pollution.

The concentration of total hydrocarbons in the majority of the samples analyzed is between 0.1 and 70 mg/kg. Only 8.8 % exceed 70 mg/kg., indicating the

need for recovery before use, according international regulations.

The pesticide Aldrin was found in 41.2 % of the soil samples, DDT in 32.4 %, Dieldrin in 29.4%, and DDE in 2.9%. These levels exceed the maximum limits
established for ecological improvement in Chile. Amongst themselves, total hydrocarbons correlated with total pesticides and with DDT, but not with Aldrin or Dieldrin.
Correlations were also found for total pesticides with DDT and Aldrin, and strong correlations were observed for DDT with Aldrin, and Aldrin with Dieldrin.
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INTRODUCTION

Few studies of urban soil pollution have been carried out in Chile.
Contamination with hydrocarbons and organochlorines has been detected in
the Biobio Region. Between 1987 and 1989, agricultural soils near the Laja
and Biobio rivers were found to have the following concentrations: 0.5-5.0 mg/
kg Dieldrin, 0.5 mg/kg Aldrin, and DDE; DDT was not observed ". In 1998,
total aromatic hydrocarbons (61.8 + 2.7 mg/kg) were found in surface soils
in the city of Talcahuano, although no relationship was found between soil
texture and the concentrations of these pollutants >¥. More recent reports, in
soil samples from the Laja river basin reports quite low concentrations both of
chlorinated compounds and Polyciclic Aromatic Hydrocarbons (PAHs), in the
latter case the highest concentrations were found nearby of a saw mill area?

Several studies have focused on the factors responsible for the adsorption
processes of persistent organochlorine compounds®. For example, when the
partition coefficient (Koc) surpasses 100,000, the compounds are adsorbed by
the soil with greater force. In the case of DDT, the adsorption coefficient is
240,000, and that of DDE is five times greater than that of DDD (780,000)
9. Nevertheless, some organizations estimate that DDT, Aldrin, and Dieldrin
have a Koc of 10° 7. The adsorption coefficients of PAHs with low molecular
weights oscillate between 10° and 10%; intermediate molecular weight PAHs
have adsorption coefficients of 10%, and those with high molecular weights are
between 10° and 10° 7. The factors that intervene in the adsorption process
of these organic compounds %19 are clay type and content, organic matter,
and humidity, even in sediments from lake systems '*'". Climatic factors like
temperature, precipitation, and evapotranspiration also influence the behavior
of these compounds.

The aim of this paper was to investigate the levels of total hydrocarbon
compounds and several organochlorine pesticides in urban soils in the cities of
Chillan and Chillan Viejo, since these towns have growth significatively during
the last 20 years, towards former agricultural areas, and to relate the levels
found with some soil properties such as texture and organic matter content.
In addition it is hypothesized that cities are diffuse centers of PAHs pollutants
from vehicle and combustion emissions, whereas they are receiving pesticide
loads from nearby arable lands.'?

Finally, observed levels are compared with international regulations such
as the Netherlands quality criteria for soils'*'¥, since Chile lacks of such kind
of regulations.
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MATERIALS AND METHODS

Study area

Chillan and Chillan Viejo are located in central-southern Chile, in the
central valley between the Andes Mountain Range (east) and the Coastal
Mountain Range (west). The cities are laid out in a flat, slightly hilly area,
with the northern edge not exceeding 170 m altitude and the southern edge not
exceeding 109 m.

The urban area sits in the Itata River Valley, between two tributaries:
Nuble River and Chilldn River. The rivers are found in the sub-valley of the
Las Toscas Estuary, tributary of the Chillan River, consisting of the Luz de
Cato Canal and the Camarones and Las Lechuzas channels. Urban expansion
covered 932 hectares of agricultural lands between 1978 and 2000."

Sampling sites and urban surface soil treatments

A total of 34 sites were selected for sampling in Chillan and Chillan Viejo.
The sites, between 5 and 10 m from potential contamination sources, are
indicated on the map of the two urban centers (Plan 1).

In April 2001, samples of undisturbed soils were taken, where no digging
was being done, to a depth of 10 cm. Sites free of pavement were chosen, such
as areas beside sidewalks and on traffic islands dividing avenues. Some were
grassy, others bare, and others had sparse vegetation or trees.

Approximately 1 kg of soil was extracted with clean gardening shovels,
taking care not to contaminate the samples with any substances surrounding the
site. The samples were placed in aluminum foils and polyethylene bags, sealed,
identified numerically with masking tape, and stored in a freezer (-20°C)
until being sent to the laboratory. At the same time, the sampling sites were
located on a scale (1:10.000) map of Chillan and Chillan Viejo. These were
then entered on an urban map using the Geographic Information System (GIS),
Maplnfo. The final map, showing the spatial distribution of hydrocarbons and
organochlorine pesticide pollution, was cleaned up with Macromedia FreeHand
9.
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N° and address of soil samples.

01 Av. O”Higgins-Av. Libertad

02 Av. O”Higgins-Constitucién

03 18 Septiembre-Collin

04 Av. Collin-Isabel Riquelme

05 Av. Collin-Yerbas Buenas

06 Av. Alonso de Ercilla (Al Paso)

07 Av. Los Puelches-El Volcan 363

08 Av. Argentina 160

09 Av. Argentina-Av. Libertad 536

10 Av. Ecuador-Av.O”Higgins

11 P.N. Bandejon Central (Rio Huacho)
12 P.N. Frontis Rio Huacho

13 Arauco-Maipén

14 18 Septiembre-Maipon

15 Av. Los Puelches-Av. Alonso de Ercilla
16 Av. O”Higgins-Maipén

17 Av. O”Higgins frente Ruta 5
18 Av. O”Higgins 2007

19 Av. O”Higgins-Marchant 2060
20 Av. O”Higgins 2896

21 Av. O”Higgins 2879

22 Av. O”Higgins 3093 >

23 Uruguay 405 & S
24 Uruguay-Av. Ruiz de Gamboa S
25 Av. Ruiz de Gamboa 395

26 Uruguay 371

27 Uruguay 328

28 Sepiilveda Bustos 35 (S.Q.M.)

29 Sepilveda Bustos 1181

30 Antartica Chilena 198 c

31 Tarapacéa 381

32 Tarapaca 30

33 Av. Ruiz de Gamboa (Vulcanizacion)

34 Vera Suarez 20 s

755000
5947500 +

0000000000000000000000000000000000
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Plan 1. Superficial soil samples in Chillan and Chillan Viejo. 2001
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Fuente: Henriquez, F. M. et. al. (2006)

Sample analysis

Soil samples were homogenized and analyzed in the laboratory of
Chemistry of Natural Products at the Faculty of Natural and Oceanographic
Sciences, University of Concepcion, with a 200 mesh sieve to separate
vegetable matter from solid bits.

Humidity was established by drying the samples at 105°C and determining
the total organic matter by calcination at 500°C. The soil sample texture was
analyzed according to the USDA system in the laboratory of the Department of
soil, Faculty of Agronomy, University of Concepcion. This system reveals the
percentages of clay, mud, and sand that make up the soil.

The chemical detection of aromatic polycyclic hydrocarbons was done
with gas chromatography-mass spectrometry and total hydrocarbons were
analyzed by ultraviolet spectrometry. First the hydrocarbons were separated
into a silice gel column in four fractions: lineal aromatics (F1: n-paraffin’s,
F2: solvents) and polycyclic aromatic hydrocarbons (F3: aromatics and mono-
and bicyclics and F4: polycyclic aromatics). The F3 and F4 fractions were
investigated with ultraviolet spectrometry and gas-mass chromatography,
respectively. The analysis of DDT, DDE, Aldrin, and Dieldrin was done with
gas chromatography with electron capture detectors according Pastor et al. '©.

PAHs were analyzed in a GC-MS HP5890 using a HP5-MS column 30
m, 025 id., 0.25 pm particle size, the temperature program was 60°C for 5 min
then 10°C/min up to 275°C. Detection was performed using both Scan and
SIM methods.

Organochlorine pesticides were assessed using GC Shimadzu 9A with
an Electron Capture Detector (ECD). Nitrogen was used as gas carrier; the
chromatographic column was a HP-5. Temperature program was as follows:
initial 215°C and then 10°C/min up to 250°.The detection limits of the method
were 0,1 mg/kg dw for total hydrocarbons and 0,01 mg/kg dw for individual
chlorinated pesticides. They were determined as the signal noise ratio>3.

The relationships of pesticides, lineal hydrocarbons, and polycyclic
aromatic concentrations with surface soil organic matter, humidity, and textures
were established through Pearson’s correlation coefficient (r). The index (-1.0
to 1.0) indicates the degree of linear dependence between the two data sets of
the positive samples.

The distribution of the proportions of total hydrocarbons and pesticides
was also obtained for the different soil uses and potential contamination
sources in both cities.
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Table 1. Physical and chemical characteristics, uses, and potential sources of pollutants in surface soils of
Chillan and Chillan Viejo.

Sample Organic Humidity — Textura (USDA) Total Total

No. matter hydrocarbons pesticides
Sand Mud Clay
@) ) ) ) () mgkg  mgke
1 592 1084 517 300 183 6.05 6.04
2 16.60 1470 373 433 194 7.00 ND
3 261 1407 748 170 82 8.65 126
4 3.16 1177 649 256 95 7.87 ND
5 3.90 6.05 815 140 45 ND ND
6 3.15 397 816 150 34 533 ND
7 5.44 6.67 663 266 7.1 8.04 0.10
8 8.19 1024 622 224 154 15.10 19.67
9 11.65 1238 394 441 165 7.52 6.42
10 511 838 705 204 9.1 4.06 2.83
11 7.02 6.25 643 266 9.1 6.49 ND
12 728 6.04 639 227 134 4.47 0.39
13 537 1068 752 180 68 244 ND
14 17.10 6.04 521 442 37 595 0.81
15 339 1055 692 213 95 3839 0.38
16 8.78 1917 3599 275 126 1.25 0.12
17 5.51 4.08 731 200 69 10.30 ND
18 424 274 815 140 45 1538 ND
19 398 1.98 805 171 24 ND ND
20 5.05 417 770 216 14 1338 1.01
21 3.56 3.03 733 192 15 845.50 ND
22 19.09 1.93 872 120 08 ND 1.90
23 10.54 - 817 159 24 ND 70.46
24 218 220 723 229 48 14.92 0.40
25 1045 1191 576 261 163 14.43 295
26 4.96 424 542 305 153 7.58 7.34
27 1547 6.63 628 262 11.0 ND 51.83
28 1518 276 665 285 50 1.92 ND
29 10.07 2.90 806 150 44 ND 0.84
30 5.59 7.09 525 426 49 ND 0.18
31 4.58 323 628 302 70 0.22 ND
32 20.25 1167 916 66 18 188.42 ND
33 574 1179 560 257 183 93.68 62.70
34 1.84 2.84 793 138 69 59.77 0.50
ND: Non detected
- @ Non analyzed
RESULTS AND DISCUSSION

The physical characteristics (total organic matter, humidity, texture) of
the surface soils in Chillan and Chillan Viejo are shown in the table 1. Later,
the chemical characteristics, that is, the concentration of organochlorine
compounds such as total hydrocarbons and total pesticides (DDT, DDE,
Aldrin, and Dieldrin) were analyzed.

The soil use determined the type of coverage at the sampling sites. The
potential sources of pollutants corresponded to urban economic activities near
the sampling site (Table 1).

Total hydrocarbons contaminated 82 % of all the sample sites analyzed.
Using the standards set for the Netherlands '*'%, 47 % of the sampled surface
soils exceeded 7.0 mg/kg, indicating the need for investigation prior to use and
9% surpassed 70 mg/kg, requiring recovery (Table 1)

Spatial distribution of surface soils contaminated with total

hydrocarbons.
The following plan of downtown Chillan (Libertad, Maip6n, Arauco,

940

Soil  Urban source
cover of'
contamination
DDT DDE Aldrin Dieldrin
mg/kg mg/kg mgkg mg/kg
Sparse  Gasoline
514 ND 038 052 grass sales
Gasoline
ND  ND ND ND  Bare sales
Gasoline
ND ND 126 ND  Bare sales
Gasoline
ND  ND ND ND  Bare sales
Gasoline
ND  ND ND ND  Bare sales
ND  ND ND ND  Bare  Tire services
Gasoline
ND ND ND 0.10  Bare sales
Gasoline
1364 055 086 462 Bare sales
Gasoline
176  ND ND 4.66  Lawn sales
Gasoline
283 ND ND ND  Bare sales
Pesticide
ND ND ND ND  Lawn sales
Pesticide
ND ND 039 ND  Grass sales
Sparse  Gasoline
ND ND ND ND  grass sales
Gasoline
ND ND 081 ND  Bare sales
ND ND 038 ND  Bare Tire services
Gasoline
ND ND 012 ND  Bare sales
Sparse
ND ND ND ND  grass  Tire services
Sparse
ND ND ND ND  grass  Tire services
Sparse
ND ND ND ND  grass  Tire services
Gasoline
101 ND ND 101 Lawn sales
Oil change
ND ND ND ND  Bare  center
Sparse Electric
123 ND 067 ND  grass  workshop
Hardware
6540 ND 5.06 ND  Bare store
ND ND ND 040  Bare  Tire services
215 ND ND 080 Bare  Tire services
Mechanical
4.41 ND  0.59 234 Bare  workshop
4378 ND 226 579 Bare  Turnery
Pesticide
ND  ND ND ND  Bare sales
Sparse
ND ND 084 ND  grass Lumber yard
Sparse
ND ND 0.18 ND  grass Lumber yard
Sparse
ND ND ND ND  grass  Tire services
Sparse Mechanical
ND ND ND ND  grass  workshop
61.05 ND ND 1.65  Bare  Tire services
ND ND 038 0.12  Bare  Motor repair

O’Higgins, Ecuador streets) and the area to the southeast of the city (Los
Puelches-El Volcan and Los Puelches-Alonso de Ercilla) reveals soils with
demonstrable contamination levels that should be investigated before any use,
according the regulations of the Netherlands. This contamination could be due
to neighboring tire services and gasoline distributors. Contamination was also
found in the soils to the west of Chillan (Uruguay, Ruiz de Gamboa, Vera Suarez
streets). In this area, many sites require investigation and others recovery. This
pollution comes from the large number of tire services, mechanical workshops,
turneries, lumber yards, and motor repair shops here. No total hydrocarbons
were detected in the soils of Sepulveda Bustos and Antartica Chilena streets
(Plan 2).

In Chillan Viejo, the sites at O’Higgins 2007 and 2896 and O’Higgins-Ruta
5 were contaminated with total hydrocarbons, requiring investigation prior to
use and at O’Higgins 2879 the soils need to be recovered. All these sites are near
businesses engaging in gasoline sales, tire services, or mechanical workshops.
No total hydrocarbons were found at O’Higgins 3093 and O’Higgins-Marchant
2060 (Plan 2).
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Standard of pollution
according to Netherlands
quality criteria for soils.

Sﬁ( Non detected 7

O Pollution demonstrable >0,1 mg/kg \\ iy

® Soils should be investigated i
before used >7,0 mg/kg

Yk Soils should cleansed >70,0 mg/kg Vs

(F. Mapfre, 1994; Danish EPA, 2000)
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Plan 2. Spatial pollution distribution by total hidrocarbons in urban superficial soils in Chillan and Chillan Viejo. 2001
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Fuente: Henriquez, F. M. et. al. (2006)

Spatial distribution of surface soils contaminated with pesticides

The chemical analysis of the total pesticides showed that 59% of the soils
samples are contaminated with these compounds. Of all the polluted samples,
70% contained Aldrin, 55% DDT, 50% Dieldrin, and 5% DDE (small amounts).
Half of these soil samples contained one of the pesticides researched, 30% had
two, 15% had three, and 5% had all four pesticides (Table 1).

The spatial distribution of the soils with organochlorine pesticides exceeded
the standard maximum amounts permitted, as established by the Chilean
Agricultural and Livestock Service (SAG) for the protection of grasslands
and ecological improvement. For soil treatment benefiting agriculture and
ecological improvement, the SAG has set a maximum permitted level of
0.5 mg/kg DDT, 0.02 mg/kg Aldrin, and 0.02 mg/kg DDE and 0,02 mg/kg
Dieldrin in grasslands and areas of ecological improvement '”. Such standards
are referential, because urban soil contamination processes are not regulated
in Chile.

For example, to the west of Chillan (inset, plan 2), several urban sites (Av.
Ruiz de Gamboa, Uruguay 405, Uruguay-Ruiz de Gamboa, Ruiz de Gamboa
395, Uruguay 328) are contaminated with Aldrin (253+63 times the maximum
value permitted), Dieldrin (290+£231), and DDT (327+88). This could be due
to past agricultural use with unpaved streets and sidewalks or to filling with
material taken from riverbanks, agricultural lands, or agricultural residue.

The urban settlement is on a terrace of fluvial-volcanic deposits, apparently
compacted and impermeable, with a hydromorphism '® that impedes the
migration of chemicals to deeper layers since the clay colloids in the soil
swell in humid conditions, inhibiting the filtration of water. This may be more
frequent in recently moved soils. The possibilities of greater humidity content
increase when considering anthropic factors like deforestation for road-building
and the installation of urban and suburban infrastructure '. Moreover, Aldrin
and Dieldrin are not easily leached from the soil by water (Plan 3).

DDT levels for the so-called four avenues of Chillan surpassed the
maximum permitted amount by 5.6+2.0 times (Ecuador with O’Higgins and
Argentina with Libertad) and 27.3+ 8.8 times (Argentina 160 and O’Higgins
with Libertad). Furthermore, Aldrin and/or Dieldrin levels exceeding the
permitted amounts were also found in all the sites mentioned above. At
Argentina 160, the metabolite DDE was found to be 28 times the permitted
maximum for urban ecological improvement (Plan 3).

In Chillan Viejo, Aldrin and DDT were found to be 4346 times the
allowed amount at O’Higgins 2896. DDE levels were similar at this site and at
O’Higgins 3093, that is, 5.6 £2.0 times the allowed value (Plan 3).

Average concentration and Pearson’s correlation for organochlorine
compounds

Average values of samples contaminated with organochlorines indicate that
the greatest concentrations are of total hydrocarbons (51.6 mg/kg), followed by
DDT and pesticides, in the surface soils of both cities. DDE was found in one
sample and at lower concentrations than DDT, Aldrin, and Dieldrin (Table 2).

Table 2. Average concentrations of organochlorine compounds in samples of surface soils
from Chillan and Chillan Viejo

Compounds mg/kg

Total 51.6
hydrocarbons

Total Pesticides 11.3
DDT 16.9
DDE 0.6
Aldrin 1.0
Dieldrin 2.1
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Plan 3. Spatial pollution distribution by organochlorine pesticides

in urban superficial soils in Chillan and Chillan Viejo. 2001

Standard for the ecological improvement. (*)

* Aldrin: Maximum permitted = 0,02 mg/kg
YV 0,86 0,12
V 226 £1,26
V 6,00 £5,06

*Dieldrin: Maximum permitted = 0,02 mg/kg
Y% 0,80 £ 0,10 s
Y 2,34 * 1,65
Y 5,79 % 4,62

ufy
N

*DDT: Maximum permitted = 0,5 mg/kg
O 283 £ 1,01

@ 13,64 £ 4,41
@65.40 £43.78

*DDE: Maximum permitted = 0,02 mg/kg
% 0,56 0,55

(According to S.A.G. 1986)

(Agricultural and Livestock Service) av. Shouveda BUL2S,

oy

g

oS

4y s

5000 m

The Ministry of Health defines these chemicals as highly toxic substances
20 The presence of these compounds in urban soil is not regulated in Chile.
A comparison of the standards given above for agriculture soils with the soils
of Chillan and Chillan Viejo shows that, in both cities, these chemical largely
exceed the standards (Tables 1-2, Plan 3) and more critically DDT are higher
than the metabolite DDE, which can be interpreted as a recent use of this
prohibited pesticide.

Total positive hydrocarbon compounds correlated well with total pesticides
and DDT. No correlation was found for total hydrocarbons with Aldrin, and
Dieldrin. Total pesticides correlated significantly with DDT and Aldrin. DDT
had a high correlation with Aldrin and Aldrin with Dieldrin (Table 3).

Table 3. Pearson correlation coefficients for organochlorine compounds in surface soils
from Chillan and Chillan Viejo

Total Total Pesticides DDT Aldrin
Hydrocarbons
Total
Pesticides 0.738
DDT 0.980 0.996
Aldrin -0.181 0.922 0.962
Dieldrin -0.156 0.505 0.260 0.865

Origin of total hydrocarbons and pesticides in Chillin and Chillin
Viejo

Total hydrocarbons could reach the soils of both cities via anthropogenic
activities like accidental spills and petroleum-derived services supplying
transport and vehicular repair. Of the soils found containing total hydrocarbons,
353 % were 5 and 10 m from gas and oil distributors, 23.5 % were at
similar distances from tire services, 8.8 % were near mechanical workshops
and oil change stations. The lowest percentage of contamination with total
hydrocarbons was found near electric workshops and no hydrocarbons were
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found near turneries, lumber yards, hardware stores, and motor repair shops
(Table 4). Other factors also influencing hydrocarbons in urban soils include
humid or dry atmospheric depositions from incomplete combustion processes,
forest fires, the incineration of agricultural waste in the surrounding rural
ecosystem, and urban residential heating emissions (firewood, kerosene, and
sawdust) 2V. Such emissions contribute perceptibly to the toxic effects of
airborne breathable particles 2.

Table 4. Proportion of hydrocarbons and pesticides detected in soils next to potential pollution
sources in Chillan and Chillan Viejo

Gas Tire Pesti Ol Electric  Tumery ~ Lumber Hardware ~ Motor  Total Total %
sales  servi cide  change  workshop yard repair D ND
ces sales  center

THydr 353 235 88 88 29 0.0 00 00 0.0 794 206 10C
T.Pest 265 118 29 59 29 29 59 29 0.0 61.7 382 10C
DDT 147 59 00 29 29 29 00 29 0.0 323 677 10C
DDE 29 0.0 00 00 00 0.0 00 0.0 0.0 29 97.1 10C
Aldrin 47 29 29 29 29 29 59 29 29 411 588 10C
Dieldrin 11.8 88 0.0 29 0.0 29 0.0 0.0 29 294 70.6 10C

D = Detected: ND =Non detected

Pesticides in Chillan and Chillan Viejo are due to their residual, persistent
properties and their slow dissipation in soil -?*2% after their use as insecticides
for parasite prevention in plants (prior to 1980). DDT was prohibited in 1984 2%,
Dieldrin in 1987 2, and Aldrin in 1988 ?”. Finally, in 2004, the SAG published
an inventory of prohibited pesticides ?¥.

However, the second source of pesticides in urban soil could be the illegal
sales and use, although in lesser quantities. For example, 5.9% of the soils near
lumber yards and 2.9% of those near commercial pesticide and fertilizer offices
contain Aldrin. Nonetheless, 2.9% of the soils near mechanical workshops,
oil change centers, electric workshops, turneries, and hardware stores contain
DDT and Aldrin. Moreover, the highest percentages of soils with DDT, DDE,
Aldrin, and Dieldrin are located near gasoline suppliers and tire services, except
for the last, in which Aldrin reached 2.9% and DDE was not detected (Table
4). The presence of these substances in these locations could be explained
by accidental spills during loading and unloading of the compounds; by later



residual volatilization, in which the compounds are dispersed through the air
currents and can adversely affect human health, especially in workers exposed
to the compounds for eight or more hours in areas where these chemicals are
bought and sold *?*3%3V; and by evaporation *”; but not by dermal contact with
bare contaminated soils ©, although cancer risks due to exposure to Aldrin
and Dieldrin are still under discussion the EPA classifies them as category B2
human carcinogenic agents®?.

Relationships of hydrocarbon compounds and pesticides with the
physical characteristics of the surface soils.

Some studies suggest that the residual and persistent nature of hydrocarbon
and pesticide compounds is due to their adsorption by the organic fraction and
humidity in the soil »*. Analogously, the residual character is established as
being due to their adsorption by the clay content in the soil .

The physical analysis of the soils indicates that 79.6 % of the samples
concentrate only 20.3 +10.1% of the organic matter and the remaining 29.4%
had only 8.8+1.8%. Furthermore, 61.8% of the sampled sites had 8.4+1.9% of
the humidity, 35.3% had 19.2+10.2%, and no information regarding humidity
was available for the final 3.0% (Table 1).

The analysis done according to the U.S.D.A. system indicated that most
soil textures in the two cities had a high percentage of sand and low percentage
of clay (Table 5).

Table 5. Soil component proportions for different textures in Chillan and Chillan Viejo

Surface soil Samples (%) Sand (%) Mud (%) Clay (%)
textures

Sandy mud 61.8 752 +52.1 442 £17.0 183+ 37
Muddy sand 235 81.7+77.0 21.6 +13.8 69+ 14
Mud 8.8 51.7+373 441 +30.0 194165
Sand 59 91.6 =872 12.0 £ 6.60 1.8+ 038

In these mid-cities, a high correlation was observed only between Dieldrin
and total organic matter in the urban soil; such a correlation was not found for
any other pesticide or total hydrocarbons. In the latter case, this data coincides
with the results obtained by Henriquez et al., in Talcahuano township . All
the chemicals analyzed had similarly little significant or negative correlations
with clay content and soil humidity (Table 6).

Table 6. Pearson correlation coefficient for soil characteristics and organochlorine compound
concentrations in Chillan and Chillan Viejo

Total Total DDT  Aldrin  Dieldrin
Hydrocarbons  Pesticides

Total Organic

Matter 0.062 0.213 0.073  0.261 0.787
Humidity -0.178 0.148 0.238 -0.124 0.323
Sand 0.207 0.023 0.154  0.376 -0.446
Mud -0.224 -0.119 -0.224 0276 0.430
Clay -0.110 0.144 -0.044  -0.338 0.344

Maximum total hydrocarbon concentrations were found in sandy soils.
The samples from Los Puelches with Alonso de Ercilla (southeast of Chillan)
and Vera Suarez 20 (west of Chillan) had total hydrocarbon values of 38.4 and
59.8mg/kg, indicating demonstrable contamination at these sites. The sample
taken at O Higgins 2879 (southwest of Chillan Viejo) registered 845.5 mg/kg
total hydrocarbons and the samples at Tarapaca 30 and Ruiz de Gamboa (west
of Chillan) had 188.4 and 93.7 mg/kg, respectively, indicating the need for
soil recovery (Table 1 and Plan 2). In these soils of sandy mud, sand, and
muddy sand, leaching is faster and has a greater capacity to stop the pollutants
and avoid their movement into underground waters. Low clay contents in bare
areas and sparse grasses contribute to this thick texture.

Bare areas and sparse grass coverage present a micro-relief and facilitate
periodic flooding from rain and the retention of greater humidity in these soils
during autumn-winter. This explains the higher chemical concentrations,
considering that the subsoil in most of Chillan and Chillan Viejo includes
strata of volcanic flow conglomerates '¥ with compact clays (thick) that impede
drainage to the subsoil. Therefore, studies of deeper samples that could provide
relevant historic data would be interesting.

In April 2001, when the sampling was done, the cities had 61.0 mm of
precipitation, with a maximum of 33.2 mm in 24 h and total accumulated rain
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for the month of 133.0 mm 3%. The average maximum temperature in April
2001 was 19.6°C, the average minimum was 6.4°C, and the average for the
month was 12.4°C. Maximum evaporation in 24 h reached 5.7 mm whereas
total evaporation for the month was 84.7 mm 3.

Surface humidity in urban soils was associated with urban expansion
onto inadequate lands of fluvial origins, variable textures, and heterogeneous
mixtures of clay, mud, sand, and scant gravel. These lands are generally
saturated at shallow depths, causing the surface soil to remain humid. Since
Aldrin and Dieldrin rarely leach in water, Dieldrin persisted in the soil for five
years at these latitudes ¥, unlike tropical regions where it disappears in one
month due to higher temperatures and evaporation .

Hydrocarbon and pesticide distribution by soil use.

The greatest proportions of total hydrocarbons and pesticides in both cities
were distributed in bare surface soils. Likewise, this type of ground cover was
the only one in which the metabolite DDE was found. This can be explained
by some chemical or biological process occurring in the presence of compact,
humid soil. The scarcity of organic matter, clay, and some undetermined process
could impede the breakdown of DDT into DDE. When bare, the soil freely
adsorbs chemical elements without the obstacle granted by natural coverage
with grasses, lawns, or scarce grass and the compactness of the soil (Table 7).

Table 7. Proportions of hydrocarbons and pesticides according to urban surface soil use in Chillan
and Chillan Viejo.

Total Total DDT DDE Aldrin  Dieldrin
Hydrocarbons  pesticides
Sparse Grass 18.0 12.0 6.0 0.0 12.0 3.0
Bare 49.0 43.0 21.0 29 26.0 24.0
Lawn 9.0 6.0 6.0 0.0 0.0 6.0
Grass 3.0 3.0 3.0 0.0 3.0 0.0
Non detected 21.0 36.0 64.0 971 59.0 67.0
Total (%) 100 100 100 100 100 100

In conclusion, the results indicate that the residual and persistent nature
of pesticides, total hydrocarbons, and their adsorption onto organic molecules,
clay content, and soil humidity, is a complex process established by the balance
between adsorption in soil colloids, transformation or degradation, loss in
gas or liquid form and, at the same time, by the type of clay and soil pH,
which are determinant in the availability of xenobiotics. A partial correlation
exists between pesticide concentration and hydrocarbons with soil texture
and organic matter 3. Urban expansion and increased economic activities
derived from different needs are, without a doubt, having a negative impact
on the soil, due essentially to commerce and the use of petroleum derivatives
to satisfy agricultural and vehicular needs. The impact of pesticides is related
with phytosanitary use and commerce. The presence of pesticide substances
could also originate in fill dirt coming from river shorelines that receive diffuse
contamination and agricultural and urban soils and stubble prior to urbanization,
caused by the high water table in this flat, slightly hilly area.
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