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According to statistics from the Soil and Groundwater Remediation Fund Management
Board, up to 70 % of contaminated sites in Taiwan were affected by hydrocarbon pollution. Among
them, chlorinated aliphatic hydrocarbons(CAHs)account for the majority at 32 %. This
demonstrates the significance of addressing the remediation of organic pollution in Taiwan. When
dealing with organic pollutants in soil and groundwater, two common methods used in remediation
projects are Pump and Treat (P&T) and Soil Vapor Extraction(SVE). P&T is a treatment method
for dissolved pollutants in the saturated aquifer, where active pumping is used to remove the
contaminants. SVE, on the other hand, focuses on treating volatile organic compounds in the
unsaturated zone, using vacuum extraction to remove the pollutants. Both remediation techniques
require the installation of equipment for contaminated liquid or exhausted gas treatment at the site
above ground. For example, due to the significant variation in the concentration of gas-phase
pollutants extracted by SVE, many pollution gas treatment systems(such as thermal oxidation
systems)cannot be used in conjunction with a single SVE system on organics contaminated sites.
Therefore, Activated Carbon (AC) has become a widely used method for treating SVE exhausted
gases. AC adsorption offers advantages such as effective adsorption of organic pollutants and
convenience of use. Consequently, AC adsorption is commonly employed as a remediation
procedure for urgent response to environmental pollutants, whether it is for treating polluted gases,
wastewater, or groundwater.

Based on previous research conducted by the principal investigator, the study aimed to
develop a laboratory-scale experimental setup that combines "Activated Carbon Adsorption" with
"Activated Persulfate Regeneration of AC." It has been successfully demonstrated that the
activated persulfate regeneration system can effectively regenerate saturated AC, oxidize and
degrade organic pollutants, and generate wastewater containing only residual sodium sulfate and
sodium ions, which can be discharged directly. Therefore, it can serve as an effective alternative
to other carbon bed regeneration technologies. Moreover, when used to treat organic pollutant
exhausted gases from remediation sites using SVE, it provides good cost-effectiveness. This

includes benefits such as not requiring disposal of spent AC, saving labor for AC replacement,



high mobility for adjustment and equipment relocation in coordination with remediation activities,
and more.
In the first year of this project, the following objectives have been accomplished:

1. Design of on-site P&T wastewater and SVE exhausted gas AC adsorption and regeneration
automated equipment for organic contaminated sites.

2. Procurement of components for AC adsorption and regeneration automated equipment;
assembly, and establishment of the automated electromechanical control system.

3. Laboratory field testing to explore the operation of the AC adsorption and regeneration
automated equipment under different operating conditions in both gas and liquid phases.

4. Preliminary testing conducted on-site at the remediation site.

Keywords: Pump and Treat, Soil vapor extraction, Organic contaminant, Activated carbon,

Regeneration



FIF B B B 2 JE B oo s
i EEY R

L TSSO UT TP UPRUPRT 3

T 14
RN E TR T TRy B 3 ) W 16

LI xR Y 2



=

¥ 3 3§ ¥ ¥ § 5 ¥ ¥ ¥ F 3 3 F ¥ F 5 53 F F FH

] =x

— S ESHR(A)SVE 23 & F AT ~ B)SVE & F kB & (1 ABFr(C) P&T # 21 A

PR 2 B B R FE B ottt eae e 8
S BEHAE A2 PER SR P E T LR A PEAT R 9
S HBE BB E Y SVE B F R foi R R 2 R E R EERY 15
BN T B R B IARID] oo 16
I ~HHAZEEREE LA AR R E AR B 18
AP E A EEEWOERT FTL ERBE s 22
SO EERBHE R A A R R N R AR s 23
R S ATy L TN RO - i IFRAZ SOP 5 F v, 27
4 v AL T AR B 22 B TS e 32
LN BB R TEEE B e 32
Lo VB I T IR F AL e 43
L2 VACHEIFE L A P BTN 2 H e 43
L2 v BB T s 43
RT3 N0 TR 43
LI O EMERE R A E R AP B E s 43
L3 S TVOC FRIZE B B 1T A1 e 43
L S BB IR K A A T B s 44
LN S B F R BRI IR 20 AT B s 44
8 L T 0 A A Y 44
S RB BT IR R Z ORP BUE cooiiicecee et 44
Sl CEHBHEIEAR LR A T AR AITIIE B s 44
S BEFPBRBEFER P ALY LR s 50



% =X

Iy PSRBT R B TREISH A 12

22 FEMRASRE LA AR RFEREAHE EFHE 19
23 EMEMERE LA B KB EF A LFE 24
2 ASPEER(- )RR E R L AR E AT T Z BB R B 28
Fe S PFE(Z)ZBAEE E B AR T Z BB A 29
F O R (Z)ZB AR R A RRAEIFEATEZ R 30
Fo TP E(E)ZA ARG Z2 L 4 AR E Z MR e, 31

Zo8 N A MBLZ B R v L o 33
2 9 ACBM2 A4 pd XA R EE 2 88FBE 24202 e 40
A I g e -2 = A b e i - e £ SRR 45

*
*
*

I~ 3R 3 2 A B P B B 1 48

12 "ACs /2 £ 4 pd itk B2 883FRE 2422 s 49
13~ % e zh 332 b0 TOREAFHFAEILTF X F I 51
14~ BUABRIRE PREZ B TR Z J257 2 e 52



)

Wf PR B RS o BT BB R SR A SHRIT £ T
RELEPITP2ZEFLFRAENTHEE P TRY » BAFIHB2FH 0 5~ R
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B2 3V oP&T & - e A fok s TR BEMRS L5 L E T G s ,’fﬁ“r} ER
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P BB AL NPT HG O FRTE G P RE T F S AAILRA MR Y
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75 A PP R v
= AR

1. 75 Fdh f RAL A B

4. AR I HAE R A5 Ak AL AR
AT AL/ K R

&
3. BLM 205 e dh 2. 75 R oL FAC R
AL B3 AR 4F LR A
SRk AT A2 °

Bl - MM 22 mErgs PR PEAMET R

o= SRk B R T ARIIE R S R EREBAL 0 AGE()
£2 4o ()2 (3) 0 AC #EFEERRA ST S % AC 2 2 F i BAG CER AL R
d A[15,16] e AT Adr > ot FF AP T SR R AP IGF R P
W25 A S MR 0 S R BT R EIRRT RN E o T 5l
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Thermal activation:

S,0s* + heat — 2 SO4™ (1)

AC activation:
AC surface-OOH + S;05%> — SO4+ + AC surface-O0O- + HSO4 3 (2)

AC surface-OH + S;05% — SO4 + AC surface-O- + HSOy4 4(3)
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XL AL RRSG AFRRES I - L2 FIe IR EFRY TR 0 4
FI* Fa % 2 P&T 2k & e AC 2 £ 2 p d it 2K & 38 17 R JdZiplid o &
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P AERIE RS R F ACR R 2 p B iR 4 2 IR IR A
SOP » ‘AL {6 ik & FTHRBHRLT T 52 £ R F D AT D
BTG 2 PRTR G BB F 2 ACR R B 4 ff VR K7 fos k& AL 2
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2RFERE Pt B BE AR AL A ACHER C AR LT HT T F ks d SVE
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THEERLAAC LA B2ZACT FFT1>90%2 3G EE c AF IV EAKRBAL A ACHER

FHEHRAC 27 ¥ 0 d RARRFRR L L5 S A B S (TACR LT ¥
BRSPS Y )N A SPSB Y A3 2 e F R oot MF L BREBE 2ACKE
Bw L5 ERFSPS RAREFER MR FLEfR FPEFRFABAMRAL S
ACHRBSTEHE & F BT AP LA "HF 7 F2RFUME C EFFLGA
B2 LA o

Zo 1~ PP EREFES AR I EEE T ORISR

Frak o450k i Hht LA IR/ TRE R
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4O e B
Biodak o BTk
(3 27)
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S 1 0.272 (mg/L)

231 BH K4 LR T R TP

Al XA s B AR S RATREK AR TIE 6 K EFE B
W S0 Ay TREf e R A - k30 LB TR 0 A uEEG 92 mANT 95

(B0Z 5024 2 1 &)~ 98 At 2 i » P AME Bbeid R ETLH po LB Ed
HiF-FE2008 F 37 21 p 22 FAD Ak L 3R B TORF LA ER > kY E
T PR ER A Ay RIS A RT AL SRR IRE 5 15499 mg/kg

(F #1%% 5 1,000 mg/kg) s # T-k? Bps s F2 7 F > AFEAA NS 0272 mg/L~ 11.2
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TR H e Al L A2 3 2afF > ko5 8 % b8k p BnHn SVE 2 5 #8554

)

FRF T RE IS AL DR T RS H 2 ACS B A4 L EATAC PR

Fe b BEILIT A2 AREEBEE « 500 7 o AT 2 five F2 s A TRLS

(Technology readiness level, TRL) "4 + 2 FFfL > B 5 8- H FEEFHF B 2 F i g
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Fﬁ AC Regeneration 4+,7 AC Adsorption —»{ b v

pH ORP To discharge
sp Probe Probe

\/gcuum P
ume T Sampling port

&1 Flow Control Valva

Gas Or Liquid Flowv Meter

Adsorption
Column

Contaminant
| sp Gas Generation

Thermometer

] O AC FAC
Temperature - =1 S B 1 (ge) (8/8) BRI Bt 20 (%)

Peristalti
pﬁms’;a e Regulator Pristine 1= 2nd- 3rd. 1%reg.  2"reg.  3"reg.
AC reg. AC  reg. AC reg. AC cycle cycle cycle
0.208 0.201 0.192 0.188 96 92 90
0.205 0.198 0.195 98 93 92

Bl = ~#ECEMEBEAL Y SVE kb f oot bl 2 R R £5m Y
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