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The novel of this project is an innovative composite technique that combines
single-well velocity flow vector measurement, co-solvent, and electrokinetics
technique for in-situ treatment of contaminated soil and groundwater by chlorinated
organic matter. The main innovative technique is the use of a single-well velocity flow
vector measurement technique to obtain a detailed groundwater flow field in the site,
which is beneficial to grasp the location of possible residual chlorinated solvent
pollution sources; co-solvent (ethanol) is added to groundwater to improve
groundwater’s dissolved capacity to chlorinated organic matter The co-solvent ethanol
can also produce a biological reaction to degrade chlorinated organic matter; finally,
the electro-osmotic flow promotes the movement of the dissolved phase pollutants in
the soil and groundwater layer, and the groundwater pumping can effectively remove
the soil and groundwater with chlorine organics.

In addition, low-concentration chlorinated organics can degrade chlorinated
organics through biological reactions generated by co-solvents and electrodynamic
methods. Final, to make the groundwater quality of contaminated sites meet national
control standards. The pumped groundwater is treated by the wastewater treatment
facility and then returned to anodes. Based on the above description, this research
project is to establish a treatment technology with rapid, accurate, multi-functional,
and economically efficient chlorinated organic matter, which is believed to be an
important technical reference for treating contaminated soil and groundwater in the
future. After a series of tests, it can effectively clarify the efficiency and operating
parameters of the combined single-well velocity flow vector measurement, co-solvent,
and electrokinetics technique to treat contaminated soil and groundwater by
chlorinated organic matter, such as pollutant range determination, ethanol injection
concentration, and frequency, the influence of various electrochemical reactions
produced by electrokinetic on the groundwater layer, the influence of biological effects
and the control of operation time and so on. Finally, to discuss the remediation effect
under this integrated technique and the remediation cost.

The experiment of this project is carried out in accordance with the schedule of

the plan. At present, the installation of pollution remediation equipment, engineering,



regular monitoring, and efficiency evaluation had been completed. The remediation

equipment includes remediation wells and monitoring wells, electrodes, power

equipment, pumps, and wastewater treatment facilities, and so on. The equipment

installation is in line with the planned schedule; the pollution improvement project,

regular monitoring, and efficiency evaluation are all implemented in accordance with

the plan. Until now, the results of the report can be summarized as follows:

This project has established a complete in-situ remediation system for chlorinated
organic matter in soil and groundwater through single-well velocity flow vector
measurement, co-solvent, electrokinetic and wastewater treatment facility. After
remediation, the pH and conductivity of the groundwater can be maintained in a
stable state.

After the model test, the concentration of PCE has reached N.D; the average
removal efficiency was 95%; the concentrations of cis-1,2-DCE and VC have
dropped to the groundwater monitoring standard.

According to the measurement results of monitoring wells at different depths of
the contaminated site, the average flow rate of groundwater is about 13
cm/day~25 cm/day. It can be understood that the site is a topographic structure
with good water permeability.

After 4 months of remediation in the hot area of the polluted site, the
concentration of all chlorine-containing pollutants is lower than the monitoring
standard, and the main pollution area has been greatly reduced.

The genetic testing of microbial strains in the groundwater shows that the water
contains dominant bacteria such as Geobacter, Dechloromonas and
Sulfurospirllum, which should assist in the degradation of pollutants.

The detection of heavy metal content in groundwater and discharge water of this
project has confirmed that the operation of the remediation technique has no
heavy metal pollution to the groundwater and discharge water.

The groundwater of the cathode can be effectively degraded after-treatment of the
wastewater treatment facility, and all the concentrations of chlorine-containing
were below the monitoring standard. The discharged water can be returned to the
injection well (anode end) to achieve the goal of groundwater circulation.

For the remediation cost of chlorine-containing pollutants at this site, this
remediation technique can reduce the operating cost of the traditional treatment
method (soil excavation method) by about 40%, which proves to be a competition
for in-field application.
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FHp P 6/25 6/25 6/25 6/25 6/25
wrlr e | 20 | L
F o 0.01 | 0.02 ND ND ND 0.005 ND
= F % [ 035 | 0.7 0.522 0.032 ND 0.085 0.401
Z&#2% [0025]0.05 0.129 0.027 0.175 0.025 0.021
ey [0025]005] DIOHSH 0.046 0.125 0.015 0.022
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Z&2% [0025]005 0.060 |
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B4z & /E'J“ MWO03 23 T -k ¥ 3 5= 2 /#f 2 P FfEe T AA -2 ¢ o 11 Geobacter
LB RHF46.27%) 0 & A3 B E ¢ 4 LR EB2 - (1051%) 0 # L 4
B e 4~ 5 B4 &+ ¢ > 12 Dechloromonas(26.8%) % Sulfurospirillum(19.19%)
% 1 & g%/ > Dechloromonas % *# f# TCE 4p B i% 2 4 > Sulfurospirillum 7= 3 =
}I?%iﬁ M Ar BRRWMEpEZ R 5 C {'1'*5‘25‘ 2y ;5 & MWO3 E pl# ¢ » 1
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A4 B4 MWO03
Geobacter (46.27%) Dechloromonas (26.8%) | Pseudogulbenkiania (81.5%)
Croceibacter (8.8%) Sulfurospirillum (19.19%) Azoarcus (4.1%)
Rubrivivax (2.53%) Geobacter (10.51) Vogesella (3.76)
Treponema (2.48%) Azoarcus (2.57%) Dechloromonas (2.96%)
Unclassified (1.9%) Blvii28 (2%) Denitromonas (0.77%)

437 Hup TokA R BRE(R 5% ) ERA

A A Ad B4 MWO03
Geobacter 79.28% 17.84% 0.32%
Croceibacter 15.21% 0.98% 0.04%
Dechloromonas 2.51% 45.51% 3.48%
Sulfurospirillum 1.01% 32.59% 0.17%
Pseudogulbenkiania 1.99% 3.08% 95.99%
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thpE B i o BorlE %
(mg/L) | (mg/L)
& (Cu) 5 10 N.D N.D 0.004 N.D
& (Zn) 25 50 0.032 | 0.021 | 0.001 0.020
& (Ni) 0.5 1 0.003 | 0.001 | 0.005 0.002
& (Cd) 0.025 0.05 N.D N.D 0.002 0.001
& (Cn) 0.25 0.5 0.005 | 0.003 | 0.004 0.002
& (Pb) 0.05 0.1 0.004 N.D 0.004 0.003
& (Ti) - -- 0.043 | 0.028 | 0.018 0.017
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iR kKRBl S S @ RPIER 402 4 ¢ & ~BOD~COD 2 SS2 kA& ¥
3 — AR AT }\?#;ﬁl_g FAFFAEMINZF P kRS ¥ 5 ND
(<0.005 mg/L) * ¥t iRl *ein KA N KT 2 3 & 5 W5 kAR T & M2 RARE
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R R R B RIS R R R
BOTOR s TBRJE S 2 Rk A i SR T L (k) o

Bsdl 2RIV A - &

%39 P H AW IR TRRAR S

¥ R7E P 728 | 8/25 | 9/29 | 10/26 | 11/24 | 12/28
4 17 5 £ (mg/L) 9 20 6 12 15 11
875 £ (mglL) 78 95 63 85 77 92
% 1% F 48 (mg/L) 1.4 12 1.2 3 8 7
Pé R 7 25 9 12 10 14
¢ % (mg/L) ND | ND | ND | ND | ND | ND
Wg-1,2-= £ ¢ %(mg/L) | ND | ND | ND | ND | ND | ND
= & ¢ % (mglL) ND | ND | ND | ND | ND | ND
& ¢ 4% (mglL) ND | ND | ND | ND | ND | ND
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