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Abstract: [ Objective ] The environmental footprint assessment of in-situ chemical oxidation
remediation technology (ISCO) for polluted sites has important scientific research value and practical
significance for promoting green and sustainable remediation. However, its application in chlorinated
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hydrocarbon-contaminated sites has not received much attention. [Method] This study employed the
ISCO method to remediate a chlorinated hydrocarbon-contaminated site. The remediation of polluted
sites using ISCO is divided into four stages: material consumption, transportation process, remediation
process, and sampling testing. SiteWise ™ tool was used to conduct an environmental footprint
assessment. [ Result]The results showed that using ISCO technology to remediate 73 800 cubic meters
of polluted aquifers resulted in 1 261 tons of greenhouse gas (GHG) emissions, total energy
consumption of 16 876 GJ, 4 096 kg of SOx emissions, 2 678 kg of NOx emissions, and 912 kg of
particulate matter 10 (PM10) emissions. The environmental footprint mainly came from the use of
materials such as sodium persulfate and sodium hydroxide, and the consumption of construction
electricity caused higher atmospheric pollutant emissions. The Monte Carlo analysis results indicated
that the coefficient of variation of greenhouse gas emissions was less than 10%. Also, the sources of
uncertainty in this study mainly included redundant designs from ISCO, as well as significant
differences in mechanical efficiency and emission factors between different countries. [ Conclusion]

The SiteWise™ tool has reference value for the environmental footprint assessment of 1SCO
remediation projects in polluted sites in China and future researchers should update it locally by
considering machinery types and efficiencies, emission factors, and units of measurement. These
considerations will improve applicability to the environmental footprint assessment of polluted sites in
China.

Key words: Chlorinated hydrocarbon; Life cycle assessment; Greenhouse gas; In situ chemical
oxidation (ISCO)
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Tablel The concentration of pollutants and the target value in groundwater

FFg HRY WSS 5 HiMA

No. Pollutants Concentration/ ( ug-L™) Target value/ (ng-L'™)
1 ALt 115~3 660 20

2 -1,2-— RN 177~328 148.5

3 11- =& Oh 58.6~332 50

4 Ji-1,2- — & 2 86~4 190 70

5 1,2- =&ALk 56~110 40

6 =R 300~2 800 210

7 Iy 50~907 40

8 1,1,2,2-I9E &% 2.3~54 2
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Table 2 Input list of environmental footprint accounting project for In-situ chemical oxidation

remediation technology (ISCO)

el " - o .
Type T H Item HK 24 Characteristics & Quantity
Mﬂ e DN50, fé%zﬁ% (PVC) , -
THFE 14.5 m %
Material FA 27 T B R 559 t
consumption  JIE 7 A 170 t
IK B IR K 2811t
2% TALEHANR GEHED 24 AR, @%HiEEE 200 km
UK YN R il s R 18 NIk, £k 20 km, 90
. H & 328
Transportation d
kL BRI, ALY, S 729t %R RS 300 km
o I L 24, B4 10t, EHEEE 300
WIS i km
630 kW 25 [f 2% 2 &4, &6 8t, iEHilE % 50 km
(£33 I HEHEAE L 1%, fElL250h
UK Espallivgl 0.55 kKW Fit FEHL 2%, 1Bl 720h
Remediation & i A 255 27N B L 2%, 1Bl 720h
FE IR JKEE, VOCs il 774 4
Sampling & I E AT +3%, VOCs Kl 553 4
Testing PR R e 186 1

L23 VP LH  FET AL AT S, R SiteWise™ B Z A AIETT Yk 1ISCO 12
5 LA RS R VAl o SiteWise™ #UfF A B SHORIE T EPA. IR LM I B E, %8
B 5 S E i ) R G S H A REIR AR AN A, AR AT 2019 A r (] X 45 Fi o JE HE 0] L HETRERL
THEAT T8, NOx SO, A PM10 HES A BRI 3 [ REIRZ5 M2 AT 1 S8 (R 3) .

*® 3 B et HERE T E#HE

Table 3 Updated values of several emission indicators

HEBFEFE Emission indicators AL Unit {H Value

CO, kg-(KW-h)™ 9.419%x 10
NOy kg-(KW-h)™ 1.648x 107
SOy kg-(KW-h)™ 4.035x107
PM10 kg-(KW-h)™ 2.763X10°

E: NOXEEWH; SOXMEMH; PMLO,AIIRAF R4 . KRl Note: NOX, Nitrogen oxide; SOx, Sulfur oxide; PM10,

Particulate matter 10. The same as below.
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Bl EACZ IR AR R 300 km AMAIZ 2%, @A 5 4 M RR I e i FE
B . (EFERDREERT BL BT3B & LUAR, ASHITFUIF AR5 FEFE i R B 5 e it FE 15
Wi o o B 2GR E N B L S SEFEDL W UL BEREANE ML SR T7 1 5 S A 22 5, %8020 PR R i
RZ 551 SiteWise™ BAFERIME, FF1E— & A E . AT FU I Oracle Crystal Ball TH
SRR TR, X GHG HEBCIT A 45 AT AN 52 V24T

2 #iR5ie

2.11SCO R BT L5 R
25, 1% I1SCO BHE TR GHG HEBUE & 1 261 t CO-eq, EREFEN 16 876 G, #T 4
BB 487K S KER GHG HESE 17.09 kg CO,-eq, AEFE 228.7 MJ. K544 NO, HEi 2 678
kg, SO #Fik 4 096 kg, PM10 ik 912.4 kg; 7K BV AEAUR AEEZG AL HIFA T, B HEN 2811
to EWE 4.
& 4 1SC0 BEFERHIN B E LR
Table 4 Energy consumption and emission accounting results of ISCO

fiE
E@I%ﬁ_ Energy GHE/ AR NO,/kg SOukg PM10/kg
Remediation consumpt  (t CO,-eq) Water/t
ion/GJ
Rl 15 899 1073 2811 2380 3365  905.3
ST g 338.4 23.44 0 6.19 2042  0.64
Jiti TR 630.7 164.1 0 286.6  700.8  4.87
B IR 8.04 0.41 0 4.74 10.3 1.54
At 16 876 1261 2811 2678 4097 9124

E: GHG,BESKX. T[E. Note: GHG, Greenhouse gas. The same as below. (DMaterial consumption,@Transportation,®
Remediation,@Sampling & Testing,®Total.

£ ISCO Jiti L& AT, AT M RH R AH 1 A = i R i s a3 e il ey (&1 20,
GHG HFBUEL R 1) 65.6%. ELREFEMN) 78.2%, & K544 NOL. SO, PM10 FFEUE ) 61.8%-
80.8%. 72.5%. MRV AMANAEIFEFTIER GHG HE. AEFE. NOx. PM10 HEf 7l b
() 18.5%. 15.5%. 26.1%. 25.5%, Jiti LidF2 M) ARl i i) GHG R, REFE. NOx. PM10
HEB 5 5 BB 13%. 3.7%. 10.7%. 17.1%. HEALZEFIR BRI . SEAI AL P2 i B R
B iEE, EPE 1 kg IERRIREAFEAE 1.48 kg CO,, 277 1 kg A AL AN =4 1.37 kg CO,, LK ISCO
S TR RN, il TR s, FA e RN SE AN AR 7= LR it T3 72 Fa ge v 4
X =T052 1SCO P b ) FEETTHRIT « N D3 S e PRIV 28 18 3 i DRl s b s LB PR,
SR 2 A RO HE R ¥ A S B S B /D, A BT A2 32 v PR SR Ak 24 700 2R 7, JLBR S R i B A
BRI, F A R B R A A SR A A . BRAICE T REFRE, T RUPEIK 1SCO [MBREE 2 728
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Fig.2 Analysis of the proportion of emission intensity in each link of ISCO
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Fig.3 GHG emission intensity of each step of ISCO
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Fig.7 Frequency histogram of carbon emissions based on Monte Carlo simulation (95% confidence
interval)
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Table 5 Comparative analysis of greenhouse gas (GHG) emission levels of different remediation
technologies

J¥5 No. GHG/ (kg-m®) ¥4 kJF Data source
1 17.09 A 5T This research
2 150 [10]

3 12.25 [9]

4 12.79 [17]
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