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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 hydrocarbon-contaminated sites has not received much attention. [ Method ] This study
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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 SO, emissions, 2 678 kg of NO, emissions, and 912 kg of particulate matter
10(PM,) 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 ISCO 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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Table 2 Input list of environmental footprint accounting project for in-situ chemical oxidation remediation technology (ISCO)

25 Type i H Item HHE 2% Characteristics 4+ Quantity
FEHIF#E et DN50, H LM (PVC) , 145 mig 50 [
Material consumption Ak o BN 559t
i i 170 t
KB K 2811t
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PRI 186 4~

R3 FoERHEETEHRE

Table 3 Updated values of several emission indicators

HEJFE 4R Emission indicators P37 Unit {d Value
CO, kg (kWh) ! 9.419x 10!
NO, kg (kWh) ! 1.648x 10°°
SO, kg (kWh) ! 4.035%x10°
PM;, kg (kWh) ! 2.763%x10°

. NOy, AAMLY; SO., BAfLY; PMyo, AIIZA UKL
¥, FIE. Note: NO,, Nitrogen oxide; SO,, Sulfur oxide; PM,,
Particulate matter 10. The same as below.
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Table 4 Energy consumption and emission accounting results of ISCO

Jits T3R5 HEFE GHG/ KB
NOy/kg SOy/kg PM,¢/kg

Remediation Energy consumption/GJ  (t COz-eq) Water/t
4B #E Material consumption 15 899 1073 2811 2 380 3365 905.3
iz i f2 Transportation 338.4 23.44 0 6.19 20.42 0.64
Jjiti T34 72 Remediation 630.7 164.1 0 286.6 700.8 4.87
FESH K Sampling & Testing 8.04 0.41 0 4.74 10.3 1.54
411 Total 16 876 1261 2811 2678 4097 912.4

. GHG, iR%ESME. FIH. Note: GHG, Greenhouse gas. The same as below.
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OB 65.6% . RAAEFERY 78.2%, i KI5 17.1%. B FE B e . S E sl i A= - i /2
NO,. SO, 1 PM,o HEH Y 61.8% . 80.8%. 72.5%. B, A 1 kg i BREREN = 4E 1.48 kg CO,,
MRFE B AN A A P i R BT B GHG HERL . AEFE e 1 kg AN E 1.37 kg CO,, LUK ISCO &
NO, . PM o HER 751 5 1Y 18.5%.15.5%.26.1% BTRARAELR, i TomEs, Ktk mii
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Fig. 2 Analysis of the proportion of emission intensity in each link of ISCO
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Table 5 Comparative analysis of greenhouse gas (GHG) emission
levels of different remediation technologies

55 No. GHG/ (kgm™) B AEH IR Data source
1 17.09 A5 This research
2 150 [10]
3 12.25 [9]
4 12.79 [17]

Vocciante 2P 5E T 8 K FIFEH R 98 X — 4
WEEJRE . MR E NG, RS E
WA 1 CO, HEL 322k H /K BRI AE NG 7K b
MEEJeA s, BAMBEEM CO, H E2k H ke
THFERE 2= 2GR R R, FEE E AR 8 2 b B
FE CO, HERTTRR R H AL SRR R A . AT
PVE A e MR e R TR, k2
s X2 Y PR 0 o LA R, AR SR AR

e
3 45

LT[ N MR K AR TS Yt S S PR, A
LIRS T ISCO T4 T 55 2 b Y 32 22 STk IR

A A 245 301 3 At TR AR ST B ) A P D Bt T e AR
MIHLREIHFE. M “KEHMEIB " BRI A2 550 5 A
it T REFE . 38 FH SR o A 2 00 IR A S Ak 3% R
BRe IR AL T, R — kS
ISCO ¢ (el & i 22 7 1) . 3R B A AR5 e
MBS BARE AR XS 6 E B vibn, AR HE L
&2 HARE N 90 ug-Lfl, MEEM 1 ug'Lflo -
&0 HARE R 2 Z A8 R AR A, SRR
IR L, RS [FS seFE . BAntE 1 s
P 2E A B Z N HEBOK T, RE AN EBEH
b B FREANE R TREBEIR S M RH A, T RS
RIREE I . 456 E A28 fFk E EE, g7 1SCO
&5 T2 PR JE S PP AL A, AR A1 TR I LA iR 4
&5 RL A P R R IR A SR R K, B GE
HTFIRE 1SCO W85 Bl iTAl £l T H, I3k
I H ISCO B E BRI SR E R & %

S Z 3k ( References )

[ 1] Krembs F J. Critical analysis of the field scale
application of in situ chemical oxidation for the
remediation of contaminated groundwater[D]. Colorado
College: Colorado Springs, 2008.

[ 2] SiegristR L,Crimi M, Simpkin T J, et al. In situ chemical
oxidation for groundwater remediation[M]. New York:
Springer, 2011.

[ 3] Tsitonaki A, Petri B, Crimi M, et al. In situ chemical
oxidation of contaminated soil and groundwater using
persulfate: A review[J]. Critical Reviews in Environmental
Science and Technology, 2010, 40 (1): 55—91.

[ 4] Watts RJ, Teel A. Treatment of contaminated soils and
groundwater using ISCO[J]. Practice Periodical of
Hazardous, Toxic, and Radioactive Waste Management,
2006, 10 (1): 2—9.

[ 5] U.S. Environmental protection agency. Superfund remedy
report 17" edition: EPA-542-R-23-001[R]. Office of Land
and Emergency Management, 2023.

[ 6 ] VagiMC, Petsas A S. Recent advances on the removal of

organochlorine and organophosphorus

defined

2013/39/EU  from environmental matrices by using

priority

biorecalcitrant  pesticides by  Directive
advanced oxidation processes: An overview( 20072018 )
[J]. Journal of Environmental Chemical Engineering,
2020, 8 (1): 102940.

[ 7] Sun X K, Huang H, Wang H D, et al. Discussion of
problems in the process of large-scale contaminate sites
remediation and project practice[J]. Journal of

Environmental Engineering Technology, 2020, 5 (10 ):

883—890.

http://pedologica.issas.ac.cn



2 3

X4 SiteWise ™ PPAR AL LA EAIE B I T /KI5 YL IRBE SR B AFSY

457

[ 10 ]

[ 12 ]

[ 14 ]

[ 16 ]

China Environmental Protection Industry Association.
China Environmental Protection Industry Development
Report (2021 ) [R/OL]. (2021.10) [2022-01-19] http:

/lwww.caepi.org.cn/epasp/website/webgl/webglControlle
r/view?xh=1642560122335035024896.[ 71 [ FF 5% {5 471 =
A thze. HIERFREE AR L R R (2021 ) [R/OL].
(2021.10) [2022-01-19]http: //www.caepi.org.cn/epasp/
website/webgl/webglController/view?xh=164256012233

5035024896]

Lemming G, Chambon J C, Binning P J, et al. Is there an
environmental  benefit from remediation of a
contaminated site? Combined assessments of the risk
reduction and life cycle impact of remediation[J]. Journal
of Environmental Management, 2012, 112: 392—403.
Amponsah NY, Wang J Y, Zhao L. A review of life cycle
greenhouse gas ( GHG ) emissions of commonly used
ex-situ soil treatment technologies[J]. Journal of Cleaner
Production, 2018, 186: 514—525.

Hou D Y. Ten grand challenges for groundwater pollution
prevention and remediation at contaminated sites in
China[J]. Research of Environmental Sciences, 2022, 35
(9):2015—2025. [ 4 3. FE Tl 37 i T 7K 75 4 By
T RBEI]. FRBERMERT S, 2022, 35 (9):

2015—2025.]

Sang C H, Yang X T, Li X L, et al. Environmental
footprint analysis of ectopic soil remediation based on
SEFA method: A case study of a steel plant[J]. China
Environmental Science, 2023, 43( 10): 5359—5367.[%&
BIE, WK, %2, & 8T SEFA JFikmm L
A 5 AR A o M —— AR N R S ) (0] rp R
Bl 2023, 43 (10): 5359—5367.]

Lemming G, Hauschild M Z, Bjerg P L. Life cycle
assessment of soil and groundwater remediation
technologies :
Journal of Life Cycle Assessment, 2010, 15 (1):
115—127.

RenJ B, Tang L, Geng C X, et al. Emission of acidified

Literature review[J]. The International

gas from intercropped wheat field based on LCA
analysis[J]. Acta Pedologica Sinica, 2019, 56 (5):

1259—1268. [HEZ I, @A, BKIHE, 5. 5T LCA
SRAT YRR /N 22 2 R A S HE TR )], LAk,

2019, 56 (5): 1259—1268.]

Lemming G, Hauschild M Z, Chambon J, et al
Environmental impacts of remediation of a
trichloroethene-contaminated site: Life cycle assessment
of remediation alternatives[J]. Environmental Science &
Technology, 2010, 44 (23): 9163—9169.

Khan M A A, Qadir Z, Asad M, et al. Environmental

[ 17 ]

[ 18]

[ 19 ]

[ 20 ]

[ 21]

[ 22 ]

[ 23]

[ 24 ]

[ 25]

footprint assessment of a cleanup at hypothetical
contaminated site[J]. Applied Sciences, 2021, 11 (11):
4907.

Huang W Y, Hung W, Vu C T, et al. Green and
sustainable remediation ( GSR ) evaluation: Framework,
standards , and tool. A case study in Taiwan [J].
Environmental Science and Pollution Research, 2016,
23 (21): 21712—21725.

Farzad F. Environmental footprints and sustainability of
contaminated land remediation[D]. G6teborg, Sweden:
Chalmers University of Technology, 2011.

Xiao M, Liu P, Meng H, et al. Carbon footprint on
remediation of contaminated sites based on concept of
green and sustainability: A review[J]. Soils, 2023, 55
(4): 708—717. [HBF, XM, dwse, % HTHEN
FREE LAY TS YL S 08 S AR L S F ST S SR 0], 0,
2023, 55 (4): 708—717.]

Kim D H, Hwang B R, Moon D H, et al. Environmental
assessment on a soil washing process of a
Pb-contaminated shooting range site: A case study[J].
Environmental Science and Pollution Research, 2013,
20 (12): 8417—8424.

Ferdos F, Rosén L. Quantitative environmental footprints
land
studies[J].
Remediation Journal, 2013, 24 (1): 77—98.

and sustainability evaluation of contaminated

remediation alternatives for two case
Pagano M, Mosangini C, Avantaggiato A, etal. A low
impact technology chemical oxidation, bioremediation
and groundwater reinjection analysed with SiteWise™
and SEFA[R]. da Maggioli Editore, Ecomondo 2018.
ZhouY, XinY, FengT, etal. Environmental footprint
analysis of contaminated site remediation based on
Sitewise™ and SEFA methods[J]. China Environmental
Science, 2023, 43 (10): 5339—5348.[JlliF, %k,
WY, 4. Sitewise™ I SEFA Jr ikl F 5 Yedpit 155
FREL A LUAT T[] P EFREERL:, 2023, 43 (10):
5339—5348.]

Yan K, Lou J, Wang H Z, et al. Research of contaminated
sites based on knowledge graph analysis and its
development trend[J]. Acta Pedologica Sinica, 2021, 58
(5): 1234—1245. [JRE, B4R, L, 5. 155y
HAFR IR K S a e FE T RN R A (7], 0%
247, 2021, 58 (5): 1234—1245.]

Li JJ, Li X L, Liang L R, et al. Preparation of
biochar-based microcapsules for sustained-release

materials and enhanced chlorinated hydrocarbon

degradation effects[J/JOL]. Journal of Agricultural

Resources and Environment, doi: 10.13254/j.jare.2023.

http://pedologica.issas.ac.cn



458 E I 62 4
0807.[ZRA, Bk, Rleki, 5. AW RIEHIR application  research on  groundwater  pollution
% T ML I ) A B L5 Ak SRR R I A AR [J/OL. remediation technology for coking sites in China[J/OL].
R EIE S EE= R, doi: 10.13254/j.jare.2023. China Environmental Science, 2024, 44 ( 8 ):
0807.] 4709—4718.[ R AT, KM, HE, & KELMLT

[ 26 ] ZhengJR, Leng WP, WangJJ, etal. Bioremediation i R K VG5 Y 18 B R G ok 9 K B B 9% [J/0L].
technologies for cleaning up chlorinated-hydrocarbon P EFREERLE, 2024, 44 (8): 4709—4718.]
contaminated sites-a review[J]. Earth Science Frontiers, [ 29 ] Meng XS, Chen HH, He Y P, et al. Establishment of the
2024, 31 (2): 157—172.[fB5%, W30, FA4E:4E, environmental indexes in selection of remediation
. FAE TS QL b W U E s B BRI SR SR [T]. Hh schemes: A case study of an abandoned coking site[J].
EHIZE, 2024, 31 (2): 157—172] Environmental Engineering, 2021, 39( 2 ): 153—159.[#

[ 27 ] WangS1J, Mo H B, Fang C L. Carbon emissions dynamic KN, BRISTL, (-, 45, 5 i Hufs 2 B R 0 S i
simulation and its peak of cities in the Pearl River Delta 1 RS R AR S AR AT R SRR AL R B[], FREE
Urban Agglomeration[J]. Chinese Science Bulletin , T, 2021, 39 (2): 153—159.]

2022, 67(7): 670—684.[F /L&, RHEE, A1k, Bk [ 30 ] Vocciante M, de Auris A D, Franchi E, et al. CO,

VL = A N TR R 3 T e R i Bl A AR S Rk R 04 [T, B footprint analysis of consolidated and innovative

EMAR, 2022, 67 (7): 670—684.] technologies in remediation activities[J]. Journal of
[ 28 ] WuF Q,Zhang W H,Dong J, et al. Screening method and Cleaner Production, 2021, 297: 126723.

(REHE: HRM)

http://pedologica.issas.ac.cn



