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Coupling health risk assessment and life cycle assessment for environmental and
economic impact assessment of site remediation
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Abstract: A large number of contaminated sites in China pose a great threat to the local environment health and safety. It is urgent to carry out
remediation and pay attention to the sustainability of remediation processes. Based on the concept of green and sustainable remediation ( GSR)  this study
proposes an assessment framework coupling health risk assessment ( HRA) and life cycle assessment ( LCA) to calculate the net environmental benefits
( NEB) associated with health risks and secondary environmental impacts of site remediation. A case study was conducted at an industrial site polluted by
polycyclic aromatic hydrocarbons ( PAHs) and mercury in Southwest China. The assessment framework was established to select the most appropriate
remediation goal. NEBs of different remediation goals were calculated. The results show that under a wide range of scenarios if the ‘best’ remediation
goal is chosen the NEB can increase by 1.6~15 times and the NEB brought by unit economic investment can increase by 3 ~7 times in comparison with
directly selecting the screening value as the remediation goal. We conclude that decision makers can apply the proposed comprehensive assessment
framework and achieve a better balance between local environmental quality improvement and the secondary impact of remediation processes in order to
achieve better environmental and economic sustainability.
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Remediation GSR) ( 2018) ;
( 2013) .GSR 10°~107"
(ITRC) 2011
( 2018) .
GSR
(ITRC 2011). GSR “
” ( Green remediation ) “ 7
( Sustainable remediation)
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2008)
’ ( Hou et al. 2020D) “ 2 ( Case study and methods)
7 2.1
N 2.1.1
( Hou et al. 2020Db) . N
( 2020) .
GSR
( 2012;
Huysegoms et al. 2018) a
( Hou et al. 2017) . a . b
GSR
1.
1
Table 1 Mean value of sampling points and remediation goals
/ 1/ 2/ 3/ 4/ 5/ 6/
(mgekg™) (mgekg™) (mgkg™) (mgkg™) (mgkg™) (mgkg™) (mgekg™)
a 2.95 5.5 2.2 1.1 0.55 0.3 0.2
a 3.79 55 22 11 5.50 2.0 1.0
b 3.53 55 22 11 5.50 2.0 0.6
0.83 33 18 12 8.00 4.0 1.5
0 1) 1 GB36600—2018 { ( ) ) ;2) 4 GB36600—2018
« ) :3) 6
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Fig.1 Framework coupling LCA and HRA
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2
Table 2 Soil volume and essential data of life cycle inventory under different remediation goals
i 2 3 4 5 6
346.0 695.7 1871.4 4863.8 5107.0 3408.0 m’
0 0 0 385.8 405.1 2612.0 m?
*f 4170.0 8313.0 22360.5 86244.6 90420.0 210888.5 kWh
( ) 3679.8 7399.2 19903.0 55831.4 58623.0 64024.2 L
0 0 0 19279.8 20146.4 116099.4 GJ
* 40.00 69.57 187.14 6044.96 6311.21 33721.99 m?
T 240.0 288.0 432.0 672.0 672.0 1036.0 t
HDPE? 1425.0 2137.5 2850.0 4275.0 4275.0 5700.0 kg
pvct 450.0 675.0 900.0 1350.0 1350.0 1800.0 kg
* 5190.6 10435.7 28071.1 78744.2 82681.4 90299.2 kg
23902.0 33462.7 37366.0 31213.7 32619.3 21262.6 kg
¥ 0.52 0.52 0.69 1.56 1.56 2.71 t
: 0 0 0 0.4 4.0 294 ¢
( ) 2046.9 2097.2 2236.7 7753.2 7767.9 13234.2 L
* ot E
2.2.3 (HRA) NEB (1)
X ( () o) NEB=SHRA—S}“ (1)
A A Stra ( DALYs) ;
N Sica ( DALYs) ; NEB
4 . ( DALYs) .
1.5 m f f>0
i (
) f
3 150 cm
50 ecm § » f
1~256 ( Hou et al. 2017) .
2.2.4 ( NEB)
2.2.5
LCA  HRA
( Disability adjusted life years DALYs)
1500 *m™
(WHO 2021). LCA 2500 em” 2
( comparative toxic units CTUh) . .
3 ( Results and discussion)
DALYs ( Fantke et al. 2017) . 3.1
3.1.1
DALYs ( Steckling et al. 2017; Goel 3
et al. 2019; Chen et al. 2021)
N 3~ 4 2~7
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Fig.3 Secondary environmental impact ( midpoint) of the six remediation goals after normalization
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3 HRA ( DALYs)
Table 3 HRA results under different remediation goals ( DALYs)
1 2 3 4 5 6
a 0.102 0.119 0.128 0.148 0.161 0.165
a 0.122 0.293 0.332 0.349 0.358 0.370
b 0.135 0.155 0.176 0.186 0.192 0.194
0 0 0 0.009 0.160 1.218

0.358 0.568 0.637 0.692 0.871 1.947

3.3 NEB
f  NEB 4. f
/=1
5 10
Fig.5 NEBs brought by per 100000 yuan of economic cost
( Lemming et al. 2013)
“ 7 ( Cundy et al. 3.4
2013) . 1<f<5 NEB
2 3 >
f=5
2 <sf<4
NEB ( 4)  1.4~15
0.75
4 DALYs
Table 4 NEBs under different ranediatinn goals a(nd para)meter f 0-5 0.75
( DALYs) 5
f 1 2 3 4 5 6 100% 1~
1 0.227 0381 0370 -0.623 -0.545 -4.136 3 0.5
1.5 0271 0443 0459  -0.185 -0.073 -2.108 71.8% ~79.1%;
2 0293 0474 0503  0.034  0.163  -1.094 4~6 75%
2.5 0306 0493  0.530  0.166 0305  -0.486 86.2% ~90.2%. ( Lemming et al.
3 0315 0505  0.548 0254 0399  -0.080 2013)
3.5 0321 0514 0560 0316 0467  0.209 LCA
4 0326 0521 0570 0363 0517 0427 ' LCA
45 0329 0526 0577 0400 0556  0.596
5 0332 0530 0583 0429 0588  0.731
6 0337 053 0592 0473 0635 0934
10 0.345 0549 0610 0561 0730  1.339
20 0352 0558 0623 0626 0800  1.643 3.3
/ ' 4 ( Conclusions)
10 NEB > 1) LCA HRA
NEB ( NEB)
2
NEB ( 4 3~7
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Table 5 Relative scores of important environmental indicators under condition changes
1 2 3 4 5 6
100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
058 77.3% 77.7% 84.2% 97.2% 97.3% 99.6
0.75 S 88.6% 88.8% 92.1% 98.6% 98.6% 99.8%
0.75 N 100.0% 100% 100% 92.5% 91.9% 88.5%
058 75.2% 76.6% 83.8% 98.8% 98.8% 99.8%
0.75 S 87.6% 88.3% 91.9% 99.4% 99.4% 99.9%
0.75 N 100.0% 100% 100% 83.5% 82.9% 80.3%
0.58S 71.8% 72.2% 79.1% 96.8% 96.9% 99.5%
0.75 S 85.9% 86.1% 89.6% 98.4% 98.4% 99.8%
0.75 N 100.0% 100.0% 100.0% 90.2% 89.5% 86.2%
:0.5S 0.5 0.75 S 0.75 0.75 N 0.75
2) NEB of sustainability and stakeholder engagement for " gentle "
remediation approaches: the European context ] . Journal of
Environment Management 129: 283-291
f 4 . 2019.
I 39: 48654874
2sf<4 Fantke P Bijster M Cuignard C et al. 2017. USEtex © 2.0
NEB ( Documentation ( Version 1.1) M .
4) 1.6 ~ 15 Favara P ] Krieger T M Boughton B et al. 2011. Guidance for
3) performing footprint analyses and life-cycle assessments for the
remediation industry J . Remediation Journal 21: 3979
NEB Goel A Ola D Veetil A V. 2019. Burden of disease for workers
attributable to exposure through inhalation of PPAHs in RSPM from
4) cooking fumes J . Environment Science Pollution Research 26:
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