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Contamination of groundwater by organic contaminants is now widely recognized as a serious threat to the integrity of 
many municipal and rural. water supplies. The source of this contamination includes various waste disposal activities (e.g., 
industrial impoundments, landfills, accidental spills, underground storage tank leaks, pesticide and fertilizer application, etc.) 

This project is to illustrate a ten-year study on the removal of trichloroethylene (TCE) contaminated groundwater. TCE is 
a widely used solvent primarily for metal degreasing &nd dry cleaning operations (US EPA. 1975). In October 1978, a fitting on 
a 1,890 L underground storage tank of trichloroethylene (TCE) was found to be leaking in Vero Beach, Florida. The tank had 
been in place approximately three years, but the volume of the spill was undetermined since the duration and leak rate were 
unknown. Trichloroethylene is soluble in water to 1,100 mg/L at 25°C and has a specific gravity of 1.466. This characteristic 
enabled the TCE at the spill site to migrate at least 246m laterally and 18.3 m vertically to the Vero Beach City Production 
Well. Samples of shallow groundwater adjacent to the storage tank revealed a TCE concentration of 39,000 ppb (Everglades, 
1978). Aware of this problem, the local and state authorities gave permission to pump out the contaminated water as a means 
of reducing concentrations in the aquifer. A 15 em gravel packed well was installed in proximity to the spill site. The well 
was approximately 18.3 m deep, with the bottom 3 feet being screen. Water was pumped from the well at a rate of 
approximately 0.75 million L per day. The water was air sprayed to strip the organic compounds and subsequently discharged 
and mixed by means of a hydraulic pump in the canal and to the coastal estuary. Water, sediment and biological samples in the 
run-off canal and estuary were collected and analyzed for a continuous ten-year period. The resulting data was to assess the 
contaminated groundwater dean-up process, contaminants removal efficiency and the impact of contaminants discharged to a 
canal and the estuarine coastal environment. 

CONTAMINANT REMOVAL 

The contaminated groundwater was pumped out and sprayed into the air. The contaminant was then discharged by a 
hydraulic jump in a nearby drainage relief canal. The contaminated ·water was sprayed down to the surface of the canal through 
ten nozzles installed on a water pipe suspended above the canal. Each nozzle had a 1.5 em orifice diameter and a capacity of 
5llpm at 3 kPa pressure. The nozzles broke down the water into fme droplets which increased the air-water contact surface 
area. Samples were collected at 3m below the spray heads. Table 1 shows the concentration of contaminants in the aerated 
effluent, the concentration of contaminated groundwater and the removal efficiency of each compound. The results showed that 
60 to 90% efficiency was normally observed for all compounds. The efficiency apparently varied with initial groundwater 
concentration, air and water temperature, Henry's law constants and wind speed and direction at the discharge site (Dilling 
et al., 1977; Mackay et al., 1973). 

Table 1. Contaminants concentration and removal efficiency (Aprill981 to February 1992) 

Concentration (J.IWI) 
Compound StoraJ:e tank site Aerated effluent Removal efficiency (%) 

Trichloroethylene 2591-28.1 759-7.63 66-73 

1, 1-Dichloroethylene 123-1.83 36.1-0.1 71-94 

1,2-Dichloroethylene 3738-244 1452-57.5 61-76 

Vinyl chloride 495-38.8 121-9.59 76-75 

CONTAMINANT SPilL SITE MONITORING 

Contaminants in the vicinity of the original spill site were reduced as the contaminants were removed by pumping the 
aquifer. The chemicals were not being removed from the area at the same rate but were responding to the treatment in the 
same general manner. After pumping of the contaminated well began in 1981, the concentration of all contaminants at this site 
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increased as the most highly contaminated water was pulled back towards the spill site. Once this water had been removed, 
contamination levels began to decline. At the spill site, TCE rapidly increased from 3,006 )lg/1 in April to 10,673 )lg/1 in 
June 1981. Since that time, TCE concentrations had declined at an approximate rate of 850 )lg/1 per month to a concentration 
of 876 )lgll in April1982. Further dewatering continued to remove the TCE at a slower rate. The TCE level in February 1992 
had decreased to 28.1 )lgll. Figures 1 through 4 show the detected contaminants observed in the groundwater from Apri11981 
to February 1992. 

Cis and trans 1,2-Dichloroethylene and 1,1-dichloroethylene responded to the decontamination pumping in a manner 
similar to TCE but at a much slower rate. These compounds reached their peak concentrations in March 1982, ten months after 
pumping began, whereas peak TCE levels were recorded only two months after the commencement of pumping. Cis and 
trans 1.2-dichloroethylene, initially present at 984 )lg/1 in Apri11981, increased with pumping to a peak of over 4,028 )lg/1 in 
March 1982. These compounds subsequently declined in concentration to a level of approximately 242 )lg/1 in February 1992. 
Following a similar pattern, 1,1-dichloroethylene increased from an initial concentration of 20.2 )lg/1 to a maximum of 144 )lgll 
in March 1982. This compound was then gradually reduced to 4.76 )lg/1 in February 1992. Vinyl chloride in the spill area 
declined from a peak concentration of 528 )lgll in August 1981. It has not, however, responded as positively to the pumping as 
the other contaminants. The level of vinyl chloride in February 1992 was 38.8 )lg/1. 

Heavy rainfall during the summer recharged the aquifer and diluted the contaminant concentrations in the groundwater. 
Since the decline of the contaminant level in the aquifer could also be attributed to the biodegradation (Parson et a!., 1983; 
Wood et al., 1980; Wilson et al., 1983) and the dewatering process to remove the contaminants, the actual rainfall effect on the 
contaminants concentration cannot be clearly defmed (Wang et al., 1985; 1991). 

A total of approximately 8.15 billion liters of contaminated water has been pumped from the storage tank site from 
Apri11981 to February 1992. Table 2 shows the amountofTCE, 1,1-DCE, 1,2-DCE and vinyl chloride removed from the spill 
site. The total amount of contaminants removed during this period was found to be approximately 1,028 kg. 

Table 2. The amount of contaminants (kg) removed from the spill site 

Compound 4181 to 12/83 1/84 to 12/86 1187 to 2/92 

Trichloroethylene 1617 203 96.8 

1,1-Dichloroethylene 36.5 12.6 16.9 

1,2-Dichloroethylene 1703 1413 755 

Vinyl chloride 257 232 159 

IMPACT OF CONTAMINANTS DISCHARGED TO AN ES1UARINE ENVIRONMENT 

The aerated effluent was discharged to the main relief canal which extends 2.5 km west of Vero Beach and flows towards 
the Indian River. The river is a lagoon estuary along the central east coast of Aorida. This canal received surface drainage 
water at average monthly rates of 0.59 to 7.13 cu. m/sec (USGS, 1982). Water sediment and oyster tissue samples at different 
sites were collected from the canal and estuary on a quarterly basis to assess the impact of the contaminated water on the canal 
and coastal environment 

The pollutant concentrations found in the discharged water and the canal flow rate affect the concentrations in the canal. 
Higher concentrations in the discharged water normally resulted in higher pollutant residues in the canal water. Rapid canal 
flow reduced the contaminant concentrations and stagnant flow increased the concentrations in the water. With TCE 
concentrations in the discharged water between 3,165 and 2,969 )lg/1, the canal concentration varied from 56.7 to 44.8 )lg/1 at a 
canal flow rate of 0.51 cu. m/sec. When the TCE concentration in the discharged water was less than 10 )lg/1 and the canal 
flow rate was greater than 0.85 cu. m/sec, the resulting concentration in the canal was less than 0.1 )lgll. With flow rates 
greater than 0.85 cu. m/sec and a 1,1-DCE concentration in the discharged water less than 15.5 )lg!l, the concentration was 
found to be less than 0.1 )lgll in the canal. For 1,2-DCE concentrations less than 500 )lg/1 in the discharged water and canal 
flows greater than 0.71 cum/sec, the 1,2-DCE concentration was less than 0.1 )lg/1 in the canal. The highest 1,2-DCE and 
1 ,1-DCE concentration was less than 0.1 )lg/1 in the canal. The highest 1,2-DCE and 1.1 DCE concentrations found in the 
canal were 43.6 and 1.40 )lgfl which occurred with a canal flow of 0.21 cu m/sec and the concentrations in the discharged water 
were 740 and 16.7 )lg/1, respectively. 

Sediment samples were collected from the Discharge, Midway and Confluence Sites in the canal. Quartz sand with shell 
fragments was most abundant in the Midway and Discharge Sites in the canal and organic mud was the primary component 
observed in the Confluence Site. Trichloroethylene concentrations ranged between 0.5 to 6.24 ng/g at the Discharge Site which 
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normally exhibited the highest concentration in the canal. Samples from the Midway and Confluence Sites were between ~ 0.5 
to 2.38 ng/g and~ 0.5 to 1.70 ng/g, respectively. Oyster samples from the Confluence Site and the west shore of the Indian 
River approximately 70 meters south and 300 meters north of the Main Canal were analyzed. Oysters collected at the 
Confluence Site had higher concentrations than the other two sites in the river. The concentration from these three sites ranged 
between 10.8 to~ 0.1, 2.8 and:!> 0.1 and non-detectable(~ 0.1) for the Confluence, North Confluence and South Confluence 
Sites, respectively. 

Vinyl chloride was another compound in the discharged water. Since this compound has a high vapor pressure 
(= 2660 mm at 25°C) and low solubility in the water (= 1.1 mg/1 at 25°C), the concentrations of vinyl chloride in the water. 
sediment and oyster samples were found to be less than 1.0 J..Lg/1, 2.0 J..Lg/1, and 4.0 J..Lgll, respectively. 
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Figure 1 

Trichloroethylene Concentration at the Storage Tank Site 
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Figwe 2 

1,1-Dichloroethylene Concentration at the Storage Tank Site 
140 

130 

120 -....J - 110 0> 
:l ........ 

100 w 
(.) 

90 Cl 
I 
~ 80 -
~ - 70 0 
c 
0 60 

:t= 
~ 50 ..... c 
(J) 

40 (.) 
c 
0 30 

(.) 

20 

10 

0 
! ' 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Feb Jul Jan 

1981 I 1982 I 1983 I 1984 I 1985 I 1986 I 1987 I 1988 I 1989 I 1990 1991 ' 1992 • 1993 

Quarterly Observation 



LJj 

u 
0 

I 

C\1 
...-0 
c 
0 

~ ..... 
c 
(]) 
() 
c 
0 
u 

4000 

3600 

3200 

2400 

2000 

1600 

1200 

800 

400 

0 

Figure 3 

1 ,2-Dichloroethylene Concentration at the Storage Tank Site 
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Figure 4 

Vinyl Chloride Concentration at the Storage Tank Site 
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