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Industry Industrial process             

Electronics manufacturing Metal cleaning
Solvent production Metal machining
Pesticide / herbicide manuf. Tool and die operations
Dry cleaning Vapour and liquid degreasers
Instrument manufacturing Paint stripping
Solvent recycling Storage and transfer of solvents
Engine manufacturing
Steel product
manufacturing
Chemical production
Rocket engine / fuel manufacturing
Aircraft cleaning / engine degreasing

CHLORINATED SOLVENTS USES



1. pharmaceuticals, chemical processing, aerosols, food extraction, urethane foam blowing and surface treatment 
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CHLORINATED SOLVENTS



445 17 3.4 1.2 75-34-3 1,1-Dichloroethane

37 3.4 1.3 540-59-0 1,2-Dichloroethylene

0.5 60 3.9 1.2 78-87-5 1,2-Dichloropropane
(Propylene dichloride)

26 56 3.4 1.2 107-06-2 Ethylene dichloride

164 5.1 1.4 96-18-4 1,2,3-Trichloropropane

390 NA 4.6 1.3 71-55-6 Methyl chloroform
(1,1,1-Trichloroethane)

82 NA 4.5 1.5 79-01-6 Trichloroethylene

160 NA 2.9 1.3 75-09-2 Methylene chloride

192 NA 4.1 1.5 67-66-3 Chloroform

250 NA 5.3 1.6 56-23-5 Carbon tetrachloride

NA 4.6 1.4 79-00-5 1,1,2-Trichloroethane

72 NA 5.8 1.6 79-34-5 1,1,2,2-Tetrachloroethane

47 NA 5.8 1.6 127-18-4 Perchloroethylene

ppm Odor ThresholdFlash Point, ºFVapor DensityLiquid DensityCAS NumberCompound



Chloromethanes , 
Tetra and trichloroethane , 
Tetra and trichloroethene , 
Chlorobenzenes, 
PCBs (electrical transformer oils), 
Creosote (wood treaters), 
Coal tar (manufactured gas plants [MGPs]). 

Dense Non-Aqueous Phase Liquids
DNAPL



Dense Non-Aqueous Phase Liquids
DNAPL

Immiscibility with water - they form separate ‘phases’.

Low absolute solubilities - DNAPL can’t dissolve quickly in groundwater: 
it may persist for decades before dissolving.

Relatively high densities - DNAPLs are denser than water, and can 
therefore sink beneath the water table, polluting the full thickness of an aquifer.

Low viscosities – that allows rapid subsurface migration.

Toxicity - Many DNAPLs are suspected or proven human carcinogens.





CHLORINATED METHANES

Carbon tetrachloride is listed as a suspect carcinogen, an animal carcinogen at relatively high 
doses, not a likely human carcinogen; however, liver cancer has been reported. It can be absorbed 
through intact skin. It causes CNS depression, can damage the kidneys, liver, or lungs, and can 
cause anemia,  rapid and irregular heartbeats. Health effects appear to be greatly increased by 
alcohol consumption. 

Chloroform is a suspect carcinogen. It causes CNS depression, rapid and irregular heartbeat, and 
liver and kidney damage.  

Methylene chloride is listed as a potential carcinogen. It causes CNS depression, liver and kidney 
damage, and can cause elevated blood carboxyhemoglobin (also caused by exposure to carbon 
monoxide). Contact of the liquid with skin or eyes causes painful irritation and possible burns.

CHLORINATED ETHANES

1,1-Dichloroethane is highly flammable. It is a CNS depressant, but seems to be less likely than 
other chlorinated solvents to cause liver or kidney damage.

1,1,1-Trichloroethane: Effects reported in humans due to acute inhalation exposure to methyl 
chloroform include hypotension, mild hepatic effects, and CNS depression.

1,1,2-Trichloroethane: Studies on dermal exposure in humans have reported stinging and burning 
sensations and transient whitening of the skin.

CHLORINATED SOLVENTS TOXICITY



CHLORINATED ETHENES

Tetrachloroethylene causes  irritation of the upper respiratory tract and eyes, kidney dysfunction, 
and at lower concentrations, neurological effects, such as reversible mood and behavioral 
changes, impairment of coordination, dizziness, headache, sleepiness, and unconciousness.

Trichloroethylene : Short-term exposure causes irritation of the nose and throat and central 
nervous system (CNS) depression, with symptoms such as drowsiness, dizziness, giddiness, 
headache, loss of coordination. High concentrations have caused numbness and facial pain, 
reduced eyesight, unconsciousness, irregular heartbeat and death . 

Vinyl Chloride: Aside from being a known carcinogen , it has been found to cause a number of 
other conditions, including Raynaud's syndrome, angiosarcoma, and acroosteolysis.

CHLORINATED SOLVENTS TOXICITY

PCE

TCE

VC



CHLORINATED SOLVENTS EFFECTS 



CHLORINATED SOLVENTS PRODUCTION IN CATALONIA 



SOIL POLLUTION CONTROL IN SPAIN



SOIL POLLUTION CONTROL IN SPAIN



CHLORINATED SOLVENTS NGRs



2006

GROUNDWATER POLLUTION CONTROL 



CHLORINATED SOLVENTS CATALONIAN VGs



75Tetracloroetilè

60Dicloroetilè, 1,1

50

*    10

Tricloroetilè

Substàncies del GRUP 4

750250Diclorometà

600200Xilens suma

450150Bromoform

300100Etilbenzè

300100ETBE

24080Dicloroetilè, trans-1,2

24080Clorobenzè

21070Cloroform

Substàncies del GRUP 3

50010Naftalè

9020Tricloroetà, 1,1,2

9020Benzè

5010Diclororetà, 1,2

308Tetraclorur de Carboni

307Tetracloroetà, 1,1,2,2

10,05Hexaclorobenzè

Substàncies del GRUP 2

Valor Genèric d’Intervenció
(VGI) µµµµg/l.

Valor Genèric de No Risc
(VGNR) µµµµg/l.

ESBORRANY



SITE 1



SITE 2



CHLORINATED SOLVENTS ENVIRONMENTAL DISTRIBUTION



PHYSICAL ISOLATION OF DNAPL SOURCE ZONE





DNAPL EXTRACTION: Pump and treat





POTENTIAL NEGATIVE IMPACTS OF DNAPL MASS REDUCTION

• Expansion of the source zone due to mobilization of residual DNAPL

• Undesirable changes in the DNAPL distribution

• Undesirable changes in physical, geochemical, and microbial conditions
• Adverse impact on subsequent remediation technologies

• Increased life-cycle costs of site cleanup





ABIOTIC AND BIOTIC TRANSFORMATIONS



DEHALOGENATION MECHANISMS

l



ANAEROBIC REDUCTIVE DEHALOGENATION
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This schematic illustrates the relative performance range for the major biodegradation processes.

ELECTRON ACCEPTORS IN GROUNDWATERS





BIOTIC REDUCTIVE DEHALOGENATION



ANAEROBIC BIOREMEDIATION

If                            Solution

Aerobic conditions Add carbon (aerobic biodegradation of C 
will consume the dissolved O2 present).

Limited carbon Add carbon (propionate, lactate, butyrate,

molasses, hydrogen releasing compound®.

Limited nutrients Add nutrients (Ammonia and phosphate).

Low pH Add buffer (bicarbonate)

Incomplete dechlorination Add microbial consortium.



Ability of a system to maintain important attenuation mechanisms through time. 

In the case of reductive dechlorination, sustainability might be limited by the 
amount of electron donor, which might be used up before remedial goals are 
achieved.

Sustainability is affected by the rate at which the contaminants are transferred 
from the source area and whether the protecting mechanisms are renewable.

SUSTAINABILITY



CF DECHLORINATION INHIBITION



AEROBIC COMETABOLISM



Residual DNAPL in (a) unsaturated and (b) saturated porous media



CONTAMINANT CHARACTERISTICS TO ESTABLISH 



SITE 2







Denaturing Gradient Gel Electrophoresis (DGGE)



PHYTODEGRADATION





PHYTODEGRADATION & BIOTECHNOLOGY



Clones

PHYTODEGRADATION & BIOTECHNOLOGY



• Greater than 25 species worldwide
• Fast growing ( 3 to 5 meters/year)
• High transpiration rates (100 liters/day for 5 year old tree)
• Not part of food chain
• Trees can be used for paper production or as biomass for energy
• Long lived (25-30 years)
• Grow easily from cuttings
• Can be harvested and then regrown from the stump

Adapted from Gordon (1997) and Schnoor et al. (1995)

ADVANTAGES OF Populus s p. IN PHYTOREMEDIATION





Poplars are able to survive when grown in water containing 50 ppm TCE (Gordon et al., 1997).

TCE is acutely toxic to a variety of crop plants at concentrations of about 2 mM in the gas phase 
(Ryu et al. 1996).



TOXICITY TESTS





RATE OF WATER USE



SELECTION AND PRODUCTION OF INOCULS



GROUP PRESENTATIONGROUP PRESENTATIONGROUP PRESENTATIONGROUP PRESENTATION

Dra. Amparo Cortés (UB-Farmàcia)
Dr. José Mª Carmona (UB-Geologia)
Dra. Diana Puigserver (UB-Geologia)
Dra. Magdalena Grifoll (UB-Biologia)
Dr. Nieto (UB-Biologia)
Dra. Victòria Estaum (IRTA-GC)
Dra. Cinta Calvet (IRTA-GC)

GROUP OBJECTIVESGROUP OBJECTIVESGROUP OBJECTIVESGROUP OBJECTIVES

• Improving knowledge on media, and on health and 
environmental risks; 

• Reducing costs of sustainable soils and ground wate rs 
remediation, while increasing efficiency.
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