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Environmental Impact Assessment for Phenol

Contaminated Soil Remediation processes
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Abstract

Environmental Impact Assessment for Phenol

Contaminated Soil Remediation processes

The rapid industrialization has led to an increase in the supply

and consumption of hydrocarbons, which are wused as raw

materials for chemical products. Consequently, incidents of

hydrocarbon leakage have become frequent, exacerbating

environmental pollution issues in soils, oceans, and groundwater.

This study evaluates the environmental impacts of four

hydrocarbon remediation technologies (thermal, sulfuric acid,

sulfuric  acid/thermal, ultrasonic) to identify the most

environmentally friendly method. Additionally, it assesses the

efficiency of thermal-chemical oxidation methods by varying

parameters such as temperature, oxidant, and additive amounts

for the decomposition of phenols in soil. The influences of initial

phenol concentration, sulfuric acid injection amount, and reaction

temperature on the thermochemical decomposition reaction are



elucidated. Environmental impact assessments are conducted to

establish eco-friendly conditions for the remediation process.

Statistical experimental design and response surface

methodology were employed to derive optimal decomposition

conditions for optimization.

To facilitate the phenol decomposition in the soil system,

thoroughly cleaned soil was prepared by drying. Experiments were

conducted using four decomposition methods (thermal, sulfuric

acid, sulfuric acid/thermal, ultrasonic). The experimental conditions

included Soil mass(kg) = 37.50, TPH = 30g/kg, Water = 5L/kg Soil,

and PS = 80g/l water. For environmental impact assessment, both

Recipe 2016 Midpoint (Hierarchical) and Recipe 2016 Endpoint

(Hierarchical) methods were employed, with the latter integrating 18

midpoint categories into three protection areas.

The environmental impact assessment for each decomposition

method revealed that, in the midpoint analysis, the impact on the

environment ranked in the order of sulfuric acid > thermal >

ultrasonic > sulfuric acid/thermal. However, in the endpoint

analysis, the sulfuric acid/thermal treatment exhibited the least

_iv_



impact. The overall ecological impact of sulfuric acid/thermal

treatment was only 23% (2.64 points) compared to sulfuric acid

treatment alone, and the adverse impact on human health was

minimal, with a reduction of at least 28% (3.39 points) compared

to sulfuric acid treatment. Moreover, the resource depletion

attributed to sulfuric acid/thermal treatment was less than 24%

(2.90 points) compared to sulfuric acid treatment, indicating an

overall minimal impact.

Subsequently, to derive the optimized conditions for the sulfuric

acid/thermal treatment method, scenarios achieving achievable phenol

decomposition efficiency were identified. For each scenario, a

quantitative environmental impact assessment was conducted, and an

analysis of material and energy flows based on Sankey Diagram was

performed. As a result, it was revealed that among the environmental

impact indicators, the most significant influence was observed on

human health and the global warming index. In particular, the

analysis based on the Sankey Diagram indicated that the electrical

energy used in the unit processes for heating rod heating, PDS, and

TPP synthesis accounted for 86.95% of the impact on global warming.
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O 7]ewist

715 ¥gto] o] MeElEl Midpoint £A43} QA= K| LUEK| S
(GWP: Global Warming Potential) o]ty 2Al7}A0of 2QJst XA EA}
dAE 5715 kgCOZ-eqz  FHelstal, 7|ewisto] s A=id
Midpoint EA3} QA= A|F2UE3HK|4(GWP:  Global Warming
Potential) o]0} £A17}A0] ol3t Aold 2} A2 571E kgCO2-eq

2 =)}
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SyatEn, AZte B2 we} 45U 0F o] Zag et
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Potential)= kgPM10-eq®2 EAASIEH, I8 HA A AMAEE= PMIO,

on], WaArAT o] slojml Z47F 0.11 kgPM10-eq @ 0.07

kgPM10-eq2 EA =}
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AshstA ARSHY] A3 R]4(POFP:  Photochemical — Oxidant

Formation Potential)e= A AANS}E(NOx)o] T7] o2 H&=o| wet

0l

MAE = doEr gubg 97]513H2(NMVOC: Non- Methane Volatile

Organic Compound)?] &= kg ©H= F7dsto] UeEPH 5743 A=

@9= kgNMVOCZ EJFHOH,

i)

gatd AMejo] ogh POFP& 0.85
kgNMVOC lon, u=hitd/IAels Hitd o5 Aot vlud
1/4 2%(0.21 kgNMVOC)2.& JERJT) (0.12 kgNMVOCYE Hol| x| A}
2o]A 0.09 kgNMVOCE u}ehatdof A Saig).
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24P (NOx), L RUOKNH3), ofutetd(S02), Feha4a(H2S) SOl <3l
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st Adetd &S 2AE & e B=E kgSO2-eqz UERAQIT
ot Aol gt TAP7F 1.68 kgSOZeqz 71 =L, BA|E
(0.51 kgSO2-eq), WAt /EA2](0.35 kgS0O2-eq), =21t #2](0.22
kgS0O2-eq) =0 2 TAPZ} SolAitt.

LAt A2lE o8&t lkg TPH 23l Al TAP(1.68 kgSOZeq)= &

Ol‘

2 SO0z of7] Hi&(1.31 kgSO2-eq)oll osf HAstlon, oa2
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[ 2.12] TPH @F EYF AP latE S R ol F9U=t AFEP 2 MEP) Bl
=7

QA &7 A|$(HTP: Human Toxicity Potential)= atefE9] 2ot

ox.

U e

ox.

JdTFS Hrtety, SAHTerrestrial) @4 (Freshwater) ol &F

(Marine) AEj=A(Ecotoxicity) X|4~(TETP, FETP, METP)= Z}z}9]

oZ

BiAlol oieh mWsivtsde B7tste A2 T+ kg 1.4-DB(HZ=Hl

A)-eqs AFE-SHCE.

_22_



Ultrasonication

Persuliate/Heat |

Hest 463,

Persulfate

0 10 20 30 40 S0 60 70 80 90 100 110 120 130

Human Toxicity - HTP (kg 1,4-DCB-Eq)

Ultrasonication 0.01
Persulfate/Heat | 0.01
Persullate
0 0.01 0.01 001 0.02 0.03 0.03 0.04 0.04 0.04 0.05
Terrestrial ecotoxicity - TETP (kg 1,4-DCB-Eq)
Ultrasonication
Persuliste/Heat
Heat-| 5.19)
Persulfate
0 2 4 6 8 10 12 14 16 18

Freshwater Ecotoxicity - FETP (kg 1,4-DCB-Eq)

Ultrasonication

Persulfate/Heat

Hest- 4!53)

Persulfate

0 2 4 3 3 10 12 14 16

Marine Ecotoxicity - METP(kg 1,4-DCB-Eq)

(2% 2.13] TPH 9% £9F A{2]712% QA(HTP) U Ae) S4 A% 8]

_23_



WArE/Ex2]e] HTP= 28.7 kgl 4-DB-eqz 7P WHton] ¥

=42 BAHEE 3 QouA] Aol Sa45(Y7t, BlA, A2
& e ' 9ol Alstez HiEgso 2Asts Jo=2 uEEAL, TETP

9 FETPS] 37]: HTPECH e 42502 MANY =4S 1d o

AA Yol 58S = 227t Ao

u

® EX|o]&

EXAESX4(LOP: Land Occupation Potential)= AFEE EX|9] A
T2 =X|(Agricultural) EAX|AS X|(ALOP)F T=A](Urban) EAX|QEES
A14(ULOP), AtHEAR|HEHA]S(NLTP: Natural Land Transformation

Potential) 2 F&&0H, HIF m20=2 , EXASA]|4(LOP: Land

_||>4r
O_u
ol
_,d

Occupation Potential)= A= EX|Q] AT 2 =X|(Agricultural) EA]
A9 K%(ALOP)2t ©A|(Urban) EXE & A5(ULOP), AFol EA|#1gHR| 4
(NLTP: Natural Land Transformation Potential)2 &%, A7F m2

o

Hu
Ay
oX
ol
I

it /B4 2]e] ALOP(AZE 2.29 m2)+= =4t A2)(AXt 10.4 m2)
v vjwst o 22%0] sty FAel(H7t 3.53 m2) ¥ EZap A2 (AT
6.88 m2)o] H|sfA= AXs] Fon, whitdA/dx2]e] ULOP(HZT 3.44

m2)= WA A(AZE 18.7 m2)of vlsh B Wi FA(AIE 4.31
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m2)ol| vlsl oF oo, xau A(AIF 3.21 m2) Bh= 25 =4
WG/ EA12]e] NLTPE B 7]eof Blsh E2 Z1o= Frieo], &

Aolg B &4 GF FHolM 92T 714 A0 Upepdh,
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=(E). 25 ¢ 4ds o4
28 37t X|5(WDP: Water Depletion Potential)= =& Adtof] 2

A AHEEE 9 doe2H m3oz EAHY, 45 14X »~(MDP: Metal
Depletion Potential)= ZFote 574 At A AMREl= 4 ALY
A 2K kgFe-eqi2 &AL 1 st A T 12X 4 (FDP: Fossil Depletion
Potential)= #Zetd Azw Ao AREH o4 dyAe Fe=z
kgoil-eq2 UERATEH

a}14l/ARj2jo] WDP 2 FDPL: & 7120l u]sh W9roLt MDPO} 4%
x gt Aeluct w1 AAElol SARE Ho2 Uehdon], 1 kol TPHE A
2jsh=t]l & 373 L] =o] AH|EQlon, WU ES Ajsto] 134 L, 7HE
189 L, Pole4 Aiol= 48 L7t AR Zlo= 48 (e daid

G Aol AGEIE VIR RSt Hol2s ABile] A1)

Ultrasonication
Persulfste/Heat | 7777777777777777777777777777 @@
Heat - 0.71)

0 0.2 0.4 0.6 0.8 1 12 14 16 18

Water depletion - WDP (m?)
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® Ecosystem quality - terrestrial ecotoxicity
12 ® Ecosystem quality - terrestrial acidification
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AE(1.89 kg), ¥/(1.53 kg) H AA7EA(4.22 m3)o] ARED, [AMSH
Al G A2 sl 14.42 kg FAH, 3.73 kg AT, 1.08 kg9
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QAR U2 EFS IS MRSt 40°C oA 24413 o]

15

AZAAN ALESHACY,

stgion, =4 AH|:= UV-Vis spectrophotometer; GENESYS™ 40

Vis/UV-Vis Spectrophotometer (Thermo Fisher Scientific, USA)Z

2ot g AAHOlA HE SRR SUES o83t UehhlL,

o= FFAs 250~0.12 mg/L &0l At
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e 2lag @ ks Adele =52 90 HE 5% (2.000ppm
&) 90% ol EIES AU YL AL &, M U A FULL

Al QE R Leof Zsgeh Auts & 3.1 Zoh

[Table 3.1] Hix w2 Folas £ 242 A AU E dgay

No. Phenol (ppm) Temp PDS PP Removal (%)
(°C) (a/ke) (a/ke)
1-1 2000 30 90 15 91.06
1-2 2000 40 75 10 91.69
1-3 2000 50 60 2 91.76
1-4 2000 60 45 5 92.81
1-5 2000 70 10 12 90.38
2-1 5000 30 106 5 95.73
2-2 5000 40 85 5 91.01
2-3 5000 50 70 0 91.15
2-4 5000 60 55 10 92.84
2-5 5000 70 50 18 95.69
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AeYsHATHRE 3.2).

[Table 3.2] Hl& =8 Fdlas =21 245 At Alu=]2(1-1~2-5)
Systems

Indicator Unit HO[ 12 T ] e |18
Global warming kg CO2-Eq 1.23E+00 341E+00 558E+00 7.77E+00 9.94E+00
Ecotoxicity kg 24-D-Eq 5.65E-01 140E+00 223E+00 3.07E+00 3.90E+00
Eutrophication ka N 1.97E-04 498E-04 T796E-04 1.10E03 1.41E-03
Acidification moles of H+-Eq 3.18E-01 B8.17E-01 1.31E+00 1.82E+00 232E+00
Ozone depletion kg CFC-11Eq 6.58E-08 1.25B-07 1.83E07 243E07 2.97E-07
Photochemical oxidation kg NOx-Eq 2.83E-03 7.74E-03 1.26E-02 1.75E-02 2.24E-02
Human health - carcinogenics ka benzene-Eq 1.93E-03 459E-03 720E-03 9.95E03 1.27E-02
Human health - non-carcinogenics kg toluene-Eq 5.24E+00 1.10E+01 1.66E+01 226E+01 2.83E+01
Human health - respiratory effects, average kg PM2.5-Eq 253E-03 6.84E-03 1.11E-02 155E-02 1.98E-02
Indicator Unit 21 | 22 | x| 24 | 25
Global warming kg CO2-Eq 1.23E+00 3.42E+00 5.59E+00 7.80E+00 1.00E+01
Ecotoxicity kg 24-D-Eq 568E-01 1.40E+00 224E+00 3.10E+00 3.97E+00
Eutrophication ka N 1.94E-04 497E-04 798E-04 1.11ED3 1.43E-03
Acidification moles of H+-Eq 3.17E-01 8.18E-01 1.32E+00 1.83E+00 2.35E+00
Ozone depletion kg CFC-11-Eq 6.94E-08 1.27E-07 186E-07 247E-07 3.12E-07
Photochemical oxidation kg NOx-Eq 284E-03 774E-03 126E-02 176E-02 22BE-02
Human health - carcinogenics kg benzene-Eq 1.86E-03 456E-03 721E03 1.01E-02 1.28E-02
Human health - non-carcinogenics kg toluene-Eq 5.25E+00 1.10E+01 168E+01 228E+01 293E+01
Human health - respiratory effects, average kg PM2.5-Eq 253E-03 6.85E-03 1.11E02 1.55E-02 1.99E-02

Vg 2 S ulAE Hoe Uehgrh 121 §97] 28 Yoo o
2 A7) Al ALY F7) V3 2 9T AR Uedn, B4 ex
AZOIA A L A7 £ HI&S 53 Bol &g Anst AR
Ho= wHEd,

OpX]ato 2 Sankey Diagram 7|8t A|U2]¥ =4 L oYX s&

A BATHE 3.4).
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