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Abstract

Abstract

Per- and polyfluoroalkyl substances (PFAS) are persistent organic pollutants
characterized by their oil and water repellency, thermal stability, and chemical stability.
They are difficult to naturally degrade and can persist in the environment for a long time,
negatively impacting human health. Since 2009, the United Nations has implemented the
Stockholm Convention to gradually ban and restrict the use of various PFAS. In Taiwan,
PFAS contamination has been detected in environmental media surrounding industries
such as semiconductors, dyeing and finishing, and electroplating, particularly in effluents
and groundwater. Therefore, there is an urgent need to develop suitable treatment

technologies.

This project will apply three different treatment technologies to reduce PFAS at
potentially contaminated site. These technologies include regenerative adsorption
particles (RAP), hollow fiber nanofiltration membranes (hollow fiber NF), and pump-and-
treat groundwater extraction systems (P&T). RAP is a regeneratable precious metal oxide
catalyst based on activated carbon, has superior adsorption, redox property, and
advantages in recyclability. RAP has been demonstrated to effectively remove LNAPLs
in groundwater. Considering the extremely low PFAS concentration in groundwater,
hollow fiber NF will be used for pre-concentration, combined with RAP for treatment.
The hollow fiber NF has the advantages such as low inlet water quality requirements and
backwashing capability compared to the traditional spiral-wound NF. Foreign studies have
shown that NF have high trapping efficiency of PFAS, making it more promising for
further exploration. The P&T used in this project is a newly patented system, distinguished
from traditional air-lift and water-lift treatment methods. It is easily transportable, and not
only requires less space but also minimal maintenance. Additionally, it can simultaneously

remove free-phase floating oil.

This project aims to identify areas with relatively higher concentrations of PFAS in
groundwater, the area near the wastewater treatment plant of one industrial park. The
concentrations of PFOA and PFOS in the groundwater in this area are both higher than the
lifetime health advisory levels of 0.00007 mg/L set by the US Environmental Protection
Agency in 2016. This location represents a prime testing site due to its historical high

concentrations of PFOS. The primary concept for the first year of the project is to use

pump and treat (P&T) in conjunction with RAP for advanced oxidation treatment. Treated
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water will be reinjected into the aquifer under hydraulic control to achieve the goal of
removing PFAS from the groundwater. In the second year, the plan is to use hollow fiber
nanofiltration (NF) after P&T for pre-concentration. This involves doubling the pumping
rate compared to the first year and testing the application effectiveness under conditions
of relatively lower PFAS concentrations in the groundwater. The project will evaluate the
efficiency of PFAS removal and optimize practical operating parameters, further assessing

the overall effectiveness of the treatment system.

In the laboratory experiments, we not only established the LC/MS/MS analytical
method for PFAS but also evaluated several RAP-related treatment techniques. These
include assessing RAP's PFAS adsorption capacity, feasibility tests for RAP catalytic
oxidation, and adsorption/catalytic oxidation and regeneration tests, all aimed at
evaluating the effectiveness of RAP technology in reducing PFAS. We found that RAP has
a PFAS adsorption capacity comparable to that of original activated carbon. In the crucial
adsorption/catalytic oxidation and regeneration tests, RAP technology combined with
different oxidizing accelerating agents showed significant PFAS reduction effects. Ozone
aeration had the fastest reaction time (0.5 hours), followed by hydrogen peroxide with air
aeration (4 hours), while air aeration alone took 48 hours. Additionally, we observed only
trace amounts of PFAS intermediate products during PFOA treatment with RAP and air
aeration, while no intermediates were found in the other groups, indicating that this
outcome is related to the oxidizing power of the agents used. Additionally, through the
pre-concentration tests using two-stage NF series system, the concentration factors of
PFHpA (C7) and PFOA (C8) were significantly increased to 11.7 and 45.9 times,

respectively.

In the pilot field test, our team established one extraction well, one injection well,
and RAP equipment, and began operations and sampling analysis in July. The results
showed that the concentration of eight PFAS compounds increased during the second
month of the test. This may be due to hydraulic pull combined with the area's low location
and steel structures blocking water flow, or from the infiltration of rainwater during the
typhoon season, carrying PFAS from the soil into the groundwater. Data from three months
of operation at the on-site RAP facility indicate that PFOS concentration keeps almost the
same compared to the previous month, while all other PFAS concentrations have

decreased. This shows preliminary effectiveness, and the team will continue to monitor

the situation. To quickly assess the effectiveness of RAP in treating PFAS in the
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groundwater, we collected additional site water samples, concentrated them at least 50
times using NF, and conducted a two-day small-scale continuous flow column experiment

simulating the field conditions. The results confirmed that PFOS could be reduced from 1

ppm to about 0.2 ppm, consistent with the results of laboratory adsorption/catalytic

oxidation and regeneration tests.

Based on the feasibility assessments, it is preliminarily estimated that the NF
membrane pre-concentration effect can be utilized in the future. By combining this with
the use of oxidizing accelerating agents to assist RAP in adsorption and catalytic oxidation,
RAP can be continuously regenerated, achieving PFAS reduction. The consistent trend
between regeneration efficiency and oxidation function index further verifies that the
adsorption/catalytic oxidation, and regeneration processes of RAP can maintain its
activity, allowing it to be reused. Therefore, RAP is suitable as a solution for treating PFAS

in groundwater.
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B 3 T kg 1 RIE (PRT) ¢ SRk T £ 4 A AR (RAP) F s T ok @ PFAS

M, O atom ) )
Booster + Organic = CO,+H,0
- Ru-substitutional (COAC activation)  (adsorption) @ o

0,/0; .

L

. . e Nano film
Radical © GAC

(©)
B3.2-1 ()RAP “H L2 (b)(c) & 7 it chF 1t B R 484

Ru-interstitial

&71- RM@I’
FEEMESKRIRAHRIM S|{E
36 | 28 | 207

W3.2-2RAP B Z Rusr @4 sf b2 § i3 =it fi

Atk s RAP e 22 (Y B i do(1)E R B ehg VB R £ - ()i * 3
LAEE A H e ARR(ERRE TR Q) E I 2 @) G ]~ (5)
TREE SRR TS ARG AR MR g (Choneral 2020 G g ¥ bE e £ §
RSEH] > ORI F R R 60 A4 ARG pH S ~ 1058 BT ki3 iR A
Ruizd» 2 -5 4% -

2.RAP* § 4 VOC I#ic & *

— SRLAEF AP VOC e ed i % 5 @& % i 233 200°C 121+ fz RAP 4
FAEFETHERLE R VLR F 2 3% VOC » RAP e L § 4
VOC( " ¥ 5 b3 2 & il AL Bl 7Ehr B 3.2-3 > RISEIE 2 20 4 3.2 * 7
bkt RAP FIR AR E LF @Rt § 8 o 117 7 FF Ma ki
VOC kB % 235ppm » & % k& P34 A& 250~280 ppm > 4p ¥ & 5 90% » & %
Bor (B 3.2-4 22 4 3.2-3) > #-F BPEFEFF R E T 300 min PFo Pk Az 2 S
A 85%: F;’gr} BECOERT 71 VOC kAR R > 2484 F o a | 5
RAP st VOC 2. & & > #78lig 112. CO B R iX » F BAiE S | PFis COy ik
BAtgr 2o &P RAP R &2 L3 2i7fit ¥ it VOC 7 i > & H o A2 ik

f_._t°




O, analyzer

=8 ]

Pump

Multi gas
analyser

>

1, Reactor

{ 0
[ | |
(-1

Moisture
meter

®3.2-30;+RAP 7 F 2 “%rf Z_PleRE i

%3220 +RAP 7" ¥ 3 “fL/F’ W

%8 ¥ ¢

43 £ R

VOCs fa#g & k& ¥ %=235ppm

Os kR 250~280 ppm

02k R 33%

TR (R T 3667 h'!

R o

10 ¥R & (RH) 90 %




Be* B T ok D EIE (P&T) kSRR Ik AR T R 4 QS MR (RAP) Ik T ok ¥ PFAS

Removal efficiency

85%

THC removal (%)

120 150

B fa] (min)

W3.2-4 O; + RAP ¥ 7 ¥ 3 “,f Z_RlFREE-

%3.2-30; +RAP 7 F 2 “érf 2 pERE %2

voc COz kB CO kA
3 % 225 (%) (ppm) (ppm)

96 42

92 43

86 44

83 43

84

83

83

86

86

87
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PR TERIAEHFLE I E A b LNAPL 5 508t (3% - )
AR A R 3 % ¥u(Hydraulic circulation Flushing Soil remediation System,
HFS) RAP 2z & »t4 & +F > v HFS K 3vi@ @ F A 4 2. VOCs o B % 7 (&
32-4)0 © %% 1 #£(110 £)23#%F & PID $ipH 4 + RAP B wjk Pk § e
VOCs » H& 1 pliE % % 0.0ppm %2 & (111 #)B] 2484 X PID 2 FID £ ) &
Mz igf 2 kg o FID EREF #EHFF 5 0.6-77.3ppm > #£22k § # 5 5 0.0-
59.9 ppm > %+ RAP #H ¥ VOCs & § jeJ2 & - B4 > ¥ 4 iT4- ﬁi#\’aﬁ‘
. RAP 7 w'ipéefei % > 22 29 5% % B %s" T BT AR R T S
RAP {2 § § i % VOCs } - ZALR 1% firck o

%3.2-4HFS & § T # % %

PID ip| & (ppm) FID 7] & (ppm)

ERIP Y

e F L f e F

110/08/26 0.0

110/09/23 0.0

110/10/28 0.0

110/11/25 0.0

110/12/23 0.0

111/04/07

111/05/05

111/06/09

111/07/20

111/08/04

111/09/01

111/10/06

111/11/03

111/12/01
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o ¥ T ok D ASE(PET) 4 ST RS T L A Al s I (RAP)FI# Tk ¢ PFAS

15 112/01/12 0.0 0.0 2.6

16 112/02/02 0.0 0.0 3.1

LA A E 1 &R EEEYF(110/08~110/12)2 PID £ ifl & 5 A o
2.0 E % 2 &% FEE Y F(111/04~112/02)2 PID & FID £l 2 & 5 k& o

30—“4 3 A B e
4.111/01/13 % *b 4% FID & Pl#cdp > HFS & 2 & § RAPJEAR » % % 77.3 2 59.9 ppm ©

3.RAP* 1 ¥ 5 -kEJR R+ 2 B i %5 4
(1) RAP ** 1 ¥ &k a2 R *

RAP 221 SRk enfg® R 6185 > @ 3 COD~ ¢ it 4 BH‘& I ]
FHE G IR 288 B R “’%"Hﬁi‘éﬁ"’: b ok? %57 ER RAP F 1 4
FOrd RALEH - RIFFAM W ifs) T ¥ §LEF i L AR 2 %Mf
{6 £ 817 RAP aJ2 » 11T S5 Jqﬁﬁx&@mﬂ]\%ﬁﬁ%ﬁ :

(@) "k® £ £k R<50mg/L

(b) &% F48< 30 mg/L

() m# "% ~HO2 (B R F BF)R T
(d)pH 4>t # {4 (3 i pH % 9)

-4 RAP F REL SR EFHITHA B F RE W fR4cdk 3.2-5 977
e B E LIV E Y S a s — Bk COD 4 Y 500 mg/L v sEiRER i ds A AN
/%@I‘i’(li]fiz-S)’ PR KR oReng s g VR b ¢ F b COAC ff (T

F1 ubﬂ'],pw\)mﬁ?ﬁ‘ r]k);l‘(m326)ﬂ F Bty it 5 a3 &% & COD
% 500 mg/L BF > 5k E 18 COD P ' L S0mg/L M T S H A G S fAdk T
ﬁﬁtﬂ—%kﬁ@ﬂmﬁﬁw@ﬂ%’%ﬁi“%ﬁédf%“ﬁﬁﬁﬁﬁﬂ:
V- f67 N5 AR A ~ F VA B B TR e R § L 4 o F] 4t RAP
R e LY e -

%3.2-5 B & RAP F B B+t &

FEE o d B R/

B F LA B A feis £ S
(90%3F 1 ~ 10%¥% ") (Flp4e e vl )

RRF e A FRF A A A
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FEpER o 2024% 127 6p T = 03:03

g é/ﬁk?}éﬁ

(Recovery Activation) / per month

Effluent

Influent ==

FBniERCOD COAC
> 500 mg/L

Aeration

B

Air compressor

=]

=00 03
COAC fluid bed Ozone generator

M A (Maintenance Activation)

W3.2-5 RAP 7w d° & 5T &

R A ( Recovery Activation) / 1~2 month

AR #ERCOD < 500 mg/L

Influent

—p>

No. 1
COAC fixed bed
reactor

#3.2-6 RAP & Tk & SLom &
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B T kb SUASL(PET) S gE R R AR T R 4 Al A (RAP)Fj 3 T -k ¢ PFAS

14

RAP H#37 Rk o) -

TE* R AP ARER R R LRI RK > ARJEKE (50md (R 4
T 40 E)o e W AEIL AR R /%@-*v PR é,‘/w&;{eru&Jr Lo I T
B s feiik s COD ¥ % £ 900-1100 mg/L - L& "% 3 COD 500
mg/L 5 2t {8 AT in AR i{iﬂéiJri?tifi;JrRAP/q-‘; LT xL(‘mxﬁvﬁr ’ @Q’EEL*F’*
30 min) » RAP i § i s seie R @ & COD % 900-1100 mg/L » i
COD ¥ 60-80 mg/L -

RAP 3R 3k b=

E* R e o R EHE2 0 B Eny BRI AR ERER LK)

KB SR FEAKRK1I2mYd (2 5 G4EF25E) ¥ KRR F ‘m’]\wj 50-
100 m/d - #%c & wf@mm A2 R ORFIRRBKARILS F LRI (¥ COD
RS Rk S) 0 LR~ MOE R FE R 0 T F AR L e AR AR
RAP/ 4 % igiv % fb(il.uﬁv)% B FPFR 1h)> RAP & F it F b o sag -k e
B k& gk COD % 10000 mg/L> £ 22 % § #Gk & F%-k# & 2 COD 5000 mg/L>
mofs i r RAP £ § it 5 1 5 3ed2 3 COD<500mg/L > £i8 » M0k & ek
P paiav I IR

RAP ##3 Bk 6= °

¥ P 5 o BATO F A ERT B E AR RIZRFORE S 80 mYd (X 4
Xk i 1.0 #) > COD % 3000-6000 mg/L » -k & & 50°C ° 5§ RT3k A K Ad@ i 42
B 5 st 1+pH # B +RAP & st 1 (HRT= 1 h)+RAP * & #; 2 (HRT=
1 h+#BeER -+ s 20 85k COD kA& T @ A?fi%f[f] MR PLES<
500 mg/L - # ¢ RAP ¥ Jeth 1 i1 * Os/RAP 75 #4737 f2 » RAP & & H
2RI =n & Frdh e iE - B A COD - i COD<500mg/L B4 P
1?‘. o

FTRGKHE g PR G S F A 'fﬁél‘? A (drsF )d2F 4% RAP
-

WHrxF THI - RARRE T AR FAc LR 80°CH IRy Mg AlE
(MA, maintenance actlvatlon) v 4k 4 m;f;;,ﬁi‘\ ;% RAP 2% £ /H % I 4 rdp &
FAIVHAEL AL A i A4 80°C o 1T 4R A% i (RA, recovery
activation) » w44 e & G F (L e B A o




2

v 1 4 AR IR (RAP) B 25 4

Wei-Lun Chien, Ching-Hsuan Chuang, Anh Nguyen Thi Ngoc, Shan-Shan Chou,
Chih-Pin Huang, Ruthenium doped activated carbon as regenerative adsorption

particles for PFAS degradation in contaminated groundwater, /WA, 2024

HoTE s El o AT IR B (113 E 40 1) 0 201 ) o W
¥ Tk ? PFAS % ¢ HCH S o B RIERFTTRIBRIT Z PR T H/TE R
AT o

B o~ Ed o R LR S T X RF B2 £ 3 9 9T 189
B e 7 A2 AR RAPME R 5 4 Fk 4 ik TRk A(HFS) S % =

INAPL 542 232 & T REGIN G - B RFRTERKT X RT FHF
/B R ATFRTAT o

FEG PP R R £8P 26 ) FE LT EERLY LS
LR o SRR L F = L BTG RIFRE LT G B
R e FAHA10 £ 9 0 A g 505 A HR 2 AT e

HLE IR o RFFRGTEEIKT Z PR F /TR T PATAT
“W@\H?W‘W@%‘%W@‘%Wg‘ﬁﬁ%"@W‘ﬁﬁﬁ‘ﬁ@
(2022 & % 155 8p) > & F Bis k¢ Rl kM o 1 E T AL TR
(77) K R HT
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B 3 T kg 1 RIE (PRT) ¢ SRk T £ 4 A AR (RAP) F s T ok @ PFAS

? 2 & 23 gk (hollow fiber nano filtration, hi-NF)

FIITE 2IRE L RE 2 Re o & Repfif4e > 3 B
KESEH AR DI ARR B R A L B o RN AT A 5
N2 ¢ zgas s A de £ 3.3-1 AoF o P o
LA ARBREFHMTPEE LS P TR AR R
F 4 ‘mﬁf&iﬁl“* B TR R TRAIEE RE M
UAF TR B AR E ST F

S
%3.

«f '1}4 °
MR 7 B

-5
1y
i
i
U

g5 %3

1 $H#%%
CHmar
W AF
CHBE R
V3

iR EIRY
YT

I
e
— T

= R W
Yo 2 OF
=

3% -

e
279 (0
A5G J\/ kw

P o Y E
4&"@?1»@
7—\-“

(“\\'
~—

FiApse s 4

= R
Pl e

D& & |1 @Wiva
¥ ¢ R
(2) # i KX ®
U
B)%i5%
(A % Fie
(B)# ¥ F %

>R é‘;’ (=
i
= ™
¥ oo- o=
8=

= ¥ ¥

?\’g—

—\

o=
Foow WS

R

R EEFEES SRS RV R EE T R
NanoPure) » H % % % iicdcd 3.3-2 #77% o } 264 B s (polyethersulfone, PES):«
B g d s A6 LERET TR ART T ZRAPRTERF
BV ALY T RE R 2 f ke EEB AR PILEFTEG TR
Foziimgokd - B T VSRR E BB [ AR
NP
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iR

d pNo3lek s AR

£ 5 53 FMWCO) 300 Dalton

Bk R 4 4.5 bar

20-25 LMH/bar

okl £(25°CHE 2T

BB AL E F A
=38 E
BB R

B 10-40 °C
e iE 3 pH .
ot g % Fl(pH 9 % (=3aY ) 250000 ppm-hr

~100 ppm

~30 NTU

~160 pm

B RBdE T Rk w ORIk T S N2 (UFHRO) » #1270 AT & R
B AREY P TRAPRTE DAL E G ¥ G AR 15-25% B
PR 10-30% ~ FH B B0 15-30% » s { 2R 0 50-65%% B E 0 5

o

- %3 ¥ fT,Tg Sk B o W) 3.3-1 & @ ALEEREE 7 hfNF K w iz k37 £ o

R

Ak
Ak BABEB -
#kE

w7 g 4 NF s

[ R QA E hi-NF K B2 % 5%

W3.3-1 i stz 2 hi-NF kw5 4 B
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LR 2024#122 6p T = 03:03

¥ b TR AT (P&T) 5 SgEpe gk T £ 24 Aot (RAP) 8= 7 -k @ PFAS

P RARR AT S A ER P R SRl T S W;ﬂ, Fe 2
Bk (W 3.3-2) e G2 R E 3 Rk 2 kAL v el
S AR R EIE ol TR AR AL S o

b4
HEPRN

AR BT R
s FARKEPRARN

J‘:

¢ RTARRLARMALR
BAMA LM

. A\g\‘jlu.t L]

Bl = 0 i
Y 4
L .o
1 : . °>A.—_r1urv=1 4 4]
..J.(.(fq~ 3 * LERABRME

o il £

,/}aﬁJ&L . . nb;pi{m)
' —_. BH AR

sacrenan « MBR £ AWAANASE LS
F3.3-2 ¢ 25 AR AW 2?3

¥ — j7 @ NX Filtration > # & 3 & * & M ¥ 7 4 & 3 g % — dNF40 ¥+ PFAS
BoAoRF A BRI B% o B 5B PFAS ¥ 3 mE R T 5 o ik 4o B 3.3-
3 #7577 » ANF40 to & f& PFAS + @ § 5 4 7>90% > & 7 ;2 341 5 PFAS 9F

fd
EAEE 32 RAP k-2 VR 7 AR 3 > EEFE ] o

dNF40 PFAS performance on surface water

PFAS rejection

O Process Retention at 70% recovery

@ Membrane Retention

0”')

I I S e 5 e b S

D K7 ¥ Q% £ O o

& EFF LY I X L L FL S5
Q Q D T Q¥ &

W3.3-3 ¢ 2 S AR R & 6 PFAS ¢ chi g
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g é/l?e'}’/éﬁ

34 B ToRP D EIE L

AMEHERBE ST Y 2 Tk ® % %i(pump & treat system, P&T)
(W34-1) > 2 £EFRFHRGF UL d §2 A s Tk (348
413 55 M528311% ~ ¢ ML 43 %* 15543538%5) o« P&T ¢ 45 — 7 i A i, -
MR- B TR S SR ?‘%W%ﬂf5’MW%ﬂ-"§
SRR R LR ’~"’ %wkwﬁﬂéfzé@%a’ﬁ
L E LY - S Ag}ﬂi"i-‘ﬁ:"\"é\‘%ﬂ A 4?*"%1
RLR SR 1%‘%«'&)%1\ BN B F Tk «J}%}J\/f@ﬂ»
(R s 1R = PR IE R ’@a‘&wﬂ@" jﬂz U KR ’%ﬁ'”v V #3 T
ZARP oM BB B RYGFS O CABFLIEIRE £ ad?

~&%T«ﬁ?@£ﬁﬂngﬁi—rﬁ«ﬁaﬁﬁma%’j;
= ﬂl],k@@z‘ ,g
s A
ﬁ‘?ﬁﬁﬂ%ﬁii%ﬁﬁﬁ%
AR R IR R Lo B A 1 AR FIEE R 0 F 5 AR B BLAAR 1B %wawwﬁﬂhé7
R AR o

ApRFEE-BEE AP P BRTIRILRA > B
EA D #?ﬁmﬁlﬁwﬁf 3Fﬁ¢ﬂﬁi%1¢’w
wﬁﬁﬁﬁiﬁ4%1¢’¢ﬂﬁ%i%@aﬁwaw%uﬁw@y
S F R Il R 2 %“”*’ﬁu—ﬁﬁﬁﬁ¢aﬂﬁ*
Akl /%?mf“’1Qﬁ%4ﬁE%$&ﬁﬁ4
2R IGE k Fee ph vt RIS B

LR A RS A S U ’*47’ "“%‘?"zzL S0 U S R
¢¢%ﬁm\**x%“fﬂv’ﬁh%ﬁ"1?$6W‘ SHIF AP RIS HER 5 o kR

i E A HMER BB ppb ERA L MERDIL VA EFT A
Jaﬁpi’ﬂ&’@ﬁﬂ%mw@?%ﬁfiﬁbﬁ%ﬁﬁﬁﬂﬁﬂw~H%Sﬁ%ﬂv
BT OR GR (T RIE R AT o
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B 3 T kg 1 RIE (PRT) ¢ SRk T £ 4 A AR (RAP) F s T ok @ PFAS

oo
o 00O
L odd
Lad 1
QOO0

B3R

PR R 1| F A

B R 12 i&’iﬁﬁ%l Mo

VR 13 | FRZ

FAL KR ¢ EN FL {135 MS2831152 #74] & flwm
B13.4-1 P&T )i %7 3, )
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BT EziER (a0

41 3

A E A A AT
(RAP)#E fie ¥ ™ /K4 &) AT % 4
(hollow fiber NF)#% B & %8 #
¥ Mg 2T R A3

B4

2

2
T
i

R HFH)

£ o

R R

AN Rt R 1

EpEad

B

4.1-1

$- &

(¢ 35

B kTR R

k=3 B2 ERARE)

A 4

Fa I b

(FERIL T i B & 5 BIRR)

A 4

W T ok

2F B

(KB % ~FRUB G~

IESE % s
%)

A 4

(F MAER2E M2 FEE)

= 0k
=

%3+ RAPE #

WiEs TR

(F B2 X FBA%E)

p
) b ge
ﬂv}%@_‘l,ﬁ U

RAP % B R iF &
(LRge % BE % E)

RAP ¥ F g2 % %5

T 7};}1‘;,

DTk ket RAP 4%

y

BRI EJE 5 SARAP (8 R

1. RAP Ml ¥
AT #

2. I IRE I RFH R ek

3. TR FE T oRIEEKR

E—p:\.‘»lr‘ i iﬁp—‘;’—t"

A 4

BTk A SR % S+RAP I SN iE
1. RAP = /& (¥4 2 [ 347 5
2. PFAS ¥ & siid FiE

3. A ToRFE R R PRAS AR

s

N

B aITH B - £ & VR 2SR
L (P&T)H] &% PFAS o % =
i 0 e pERERG P
R R AT T 2

TR R
b T -k PFAS k& 4P

ST 18 g 22 e M

o R TR )
B2 R IR Ok
S X KT
= ¥ RAP %
e B

3. ZHHFET
K

RAP Hjtrg 4%

1. P‘/ﬁ&"-‘?—-i/ H:F' &

2. RAP £ 8y 48 % {hip|se
3. RAP 3 i 4 %

v

ffﬁ' FLIP

-

R ETTEY ="
P ‘fﬁﬁ o ATEET
. RAP #jiis¥t PFAS

W4.1-1 75 %4

LD - el e o
i
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Bt B T ok 1 RIE (PET) k Sp e R AE I T £ 4 A A R(RAP)F B # T -k ¢ PFAS

12 R R R

Ay h Y- ERFREAL E AW 42-1 %57 0 A BF g 5 PFAS
RAP b3t 9 B 7 38 (7 R]3% » %8 _LC/MS/MS 1 PFAS ~ %’?“” EiE
PFAS %% £ % hi-NF ?? Jk % PFAS 7
55%)‘ “1"?9[/7@_?“ FiL2 L2 BRABELERICIR 14 1 ..%%“:tz&uf\» G #7

3t 0 1R 2 RAP B psd| gt PFAS & 22225 (38 = 5) o

PFAS & = &k

!

D

. LC/MS/MS PFAS A& 45 23

v

2. %% RAP % PFAS =% % £
hi-NF 7 ik 4 PFAS 7 {74+

v

3.RAP LI § L ¥ (T 1385

J

v
\

-'ﬁ_/ ‘!""5-?-'_:‘_%?_)3-&

5ok
RAP 353 5 3 13

J

if" B

#= % PFAS #4447 i
(4 4, 6,8 1B #k)
FETE 201~ 2 e & R F

RAP % o #4+ & 47-BET
R
hi-NF Ff )k ? %5 PFAS ¥ {7 e

;%_;L % L sa 5@,% 21
L F YR E R

ESCVALAEE - E 3 A
P A RBEHEL APFFE 5 A
)

W4.2-1 RAP e 5% 5 P13 1 2 4

22

» ¥z RAP i‘
T4~ RAP it 3 it ¥ (7 325k =0
X ﬁaﬁ &




N R X 1

1. RAP § it # i dphBlE> 2

39 F RAP WL/ F il 4 0T RRAP LT S A AR
BYRMELRII (L LRKR T A 2 DA o) Ly
> 0x  B1 {837 T_RAP ey 1 if}ﬁ"/?hﬁ Sk B Aol 422 P o A IR
SRR A B AE T T RS REH G feBIER SO ppm 2 F U S 4 A
K(4p & * COD k& 100 mg/L) + 12 & % A k44 5 300 mL - RAP £ 75 mL & 7 &
oo @ % AR SR T 48(250 pm)ie {7 L B JEIRAL R F ORI B R RPFR G
30 Ak £ REEH T FREE KA > 2 {3 RAP « 5 35§ B (5300 47 F s eh
TOC » % TOC # % % & 5~7 % L 1218 § 5 & 80~85% > 8~10 =t L 527 7 X3¢ 80% -
T4 RAP T & ang v 2 5% o

RAPE{CINBEEE B IE R IZ SEEEH R
(RHIK - AHRAP)

ERIE ZEMEA

RAPE : 75 mL RAP . B2k : 300 mL RAPE : 75 mL RAP

) v, soeny NN
P

¥
=k Gl

S{EThAEFE IR BRUL R &

1~4 batch

FRTOC(E R R ) .

5~7 batch SHERTE

TOC,1q: 90~95%(new) ® REEIBE : 50 ppm—HHEHTOC : 35 ppm
TOC,,4: 80~85%(reuse) ® COACIEFEE : 20 % (75 mL RAP/300 mL 7K)
8~10 batch o ZFEER : 30 min/batch

TOC,q FER90%(new) ® ERFE : 2~5 L/min
TOC,,,MET:80%(reuse) o {EIREHER : 10 batches

TBEE E}’.nﬂ

W4.2-2 RAP ¥ i # & a‘g T 75 A 5
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B ¥ Tk dURIL(PET) 4 S gE T TSR T £ 2 AR A (RAP)F 3 T ok ¢ PRAS

2. RAP 4 B3 L FBi 425

FiE A2 h 5 RAP P ¥ R4 > 8 P anfhs RAP 34 F A4 o 5 B RAP &5
BERPFAS 41 > Hilh BB SLAF L E > RE4A 3 EE FfRBED
FOUOREEL LS > & RAP ML M F RJZoai o A% SR 1 £ -REEL F
AR R M-rl b R I AR & BR4h 080°CE R F 4] PRETSYIF 2 A G AU
% P R A H g 0 T R BlAcW 4.2-3 #7T o

BEbiEE|| BE : 80°C
K FERSRS : 4 h
REMHFEE : 500~1000 ppm

527K : 300 mL

-

W4.2-3 £ & i 257 L
3. ¢ 2 BEPRTRFERS

A A - ENFHREEE T hi-NF kT %X E(-F 4.2-4 977 ) > TR
0 AS4 PFAS Rigendf (v fodic 0 I 3 % Z E R ROHESK AR o hi-NF e
Zm 73 RTEET > ¥ 3 & 473300 2 2000 Dalton 2. ¥ e 4 £ § 2% #ds >
DAF R BT I RRES s AREF o Flt 0 TR E hi-NF RSg L i R
FoANRFTIRLI P RLIPFEOML S E PFBA(C4, 24 " A3 E 214)iFE
A PRED & B IR GadgiviEEie o £ uptiE 227 PFHpA(C7, 24 A &
+ £ 364)% PFOA(CS, 24 3k » + & 414) ki §2253% K o 1 % 3 7 hi-NF
TR AFRIET & BlAo W 4.2-5 907 -
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L BpER 20242127 6p 7= 03:03

T~ Y E R AR

ﬁgﬁ%ﬂangl?urem -‘P Q&#&ﬂdiﬂ &

E ¥

W4.2-4 %% NFH- 22 7 % B

\ 4
= 7K
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PFBA)(C4) ~ > & ~ = m B (perﬂuorobutane sulfonate, PFBS)(C4) - &
(perfluorohexanesulfonic acid, PFHxA)(C6) -~ i R g (perfluoroheptanom acid,
PFHpA)(C7) ~ > & A =& ﬁfr;:(perfluoroheptanesuIfonic acid, PFHpS)(C7) ~ > & ¥ &
(perfluorooctanoic acid, PFOA)(CS) 5 > & * '= & p& (perfluorooctane sulfonate,
PFOS)(CS)/”\ 17730 FME R (RS LA F 5 0.2-500 ppb o Fu

&SROk J\ﬁﬁ° 1-5 ppm kA & 7 RlsE 0 L 25 R PFAS 5 RAP Hojls

HY FAP R FRFP 2 RITFFE 2 TR BE > @ PR
ng/L level (B =0 @ 4rd is 5 814 &4 B pH&'TE 2ng/L) -

TR TR PFAS kAo B ARAFR ART S 3 A5 T % 3 A0 MR R
é%w&kﬁlﬁéFﬁﬁ’ﬁa$;M%Sﬁﬁﬁwﬁkﬁﬁ£#@§ v 44 5.1-
1 #5% o
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B 3 T kg 1 RIE (PRT) ¢ SRk T £ 4 A AR (RAP) F s T ok @ PFAS

£5.1-1 ¢ 21 AER AT %R T HBP 2 4 k1 47 PFAS A 47 5T 5 LA R

RE&3 PELEBENFARET BRAABINA%E
P % RHESLU(F K 5) £ 5 (1 k)

> 4 7 pa(PFBA) 0.00154

>4 7 A pa(PFBS) 0.00534

> & N pa(PFPeA) 0.00085

> 4 ¢ pa(PFHxA) 0.00059

>4 AR d L
F A B 4 (PFHXS)

> 4 & & (PFHpA) 0.00072

0.00077

>4 ¥ fi(PFOA) 0.00111

AR FREEBE L4
A B 14 (PFOS)

0.00310

H i+ : ug/L (ppb)

2. %% RAP # PFAS 5.3 £

d 2> RAP b ani A A AR R F 257 " FPRu—A—B 255 it )
EEA S REREESALY B RuSBE S 0.01% Flt BFf & RAP # &

R R FIRIT A FAATR VR 2ATRAP fr AC A 0t &G fFE b

£ > 4 51285 RAP v AC 234k 4+ » RAP 2 BET " 4 6 #f ~ 3% ik % # A

] % 938 mP/g ~ 0.45cm®/g ~ v i35 GAC 2. 961 m?/g ~ 0.45cmP/g » Bgom Be o7 f 43t 4

2 &% [RECRITE - SO VAL i A f}iﬁ—"ﬁ ke S _‘ﬂki;j’biki/?i»b
2 B BN It (< 2 nm) o
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#5.1-2RAP fr AC 2 V" £ & L3V 512

Wi > AC > %7 RAP
Lk I

BET surface area (m?%/g) 961 938

Pore volume (cm®/g) 0.45 0.45

Pore width (nm) 1.89 1.90

JEF IR S R A 4B RAP i 4 e AC A F 0 T 4 deid dF 3
P ¥ PFAS v ¥t % & » A3 & "% 12 2 mg/L e PFAS & = B-KiB 7R3 0 &
GE* RAP 2 AC & fEs 4 F - FF3t 2 & 7 f(C4) > 24 & B(CO)%2 2 4 * fL(CY)
St R AR o &AL PFAS £ A Bk B 5 LS (gil) ) e ge,ggrpH
EHAT A R PFRFER R0~ 1530456090 ~ 180 ~ 360 2 1440 ~ 4a) »
LC/MS/MS it 7 A 45 PFBA ~ PFHXA 2 PFOA k& % 1t » 3-8 d s s Hfd i3 4 1
S E R 0 F S AET L Aol 501 47T e

=il g RAP 2l g AC

@
0153045+
60 - 90 - 180 - v LC/MS-MS

o ORBITAL SHAKER 360 + 1440 -
2880min

| tRtRE | B |—| o |
W5.1-1 3= S s £ iz 2 Wl
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Bt ok D EJR(P&T) & e 3E ok T £ 24 AR (RAP) s T -k @ PFAS

(1) RAP 2 AC # PFBA 4% £

AR Bfe Y PFBA KR 5 2.12 mg/L > Bl3EMAH 5 15 L #4421 g shRAP &%
PR 0 F 3t A A ¥ PFBA Sofigsc %k (g & o 5 % FFIZ4c§) 5.1-2 #71 » S
'+ 2880 min & 0 -k ¥ PFBA 173 2 4Rk & (~100 ppb) » % 77 & A5 g4l e BiTe g
e FEHSRHEE DS A B 5 EER 3.12 mg PFBA/g AC & RAP 5% £ 3.07
mg PFBA/g RAP -

#F3 I RAPRACHPFBAR Mt 5 &

Conc. (mg/L)
PFBA (mg/g)

0 15 30 45 60 90 180 360 1440 2880
Time (min)

RAP#ZARIRE ACH AR RE —RAPR M 5 & ACE M %%

W5.1-2 & fEe it 42 (RAP 2 AC)% PFBA thes i £
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oy s
I BREHG

(2) RAP 2 AC %} PFHxA %% % £

A9 e ¥ PFHxA § % kA 9 5 2.59mg/L Blia 4 5 1.5 # 4= 1 g h RAP
SR 0 3R 3t A E R R 4 PFHXA S g2 % enZ B oo & % BIZ 4[] 5.1-3 #7o% o
jrt 2880 min {8 0 R F B A MBS ABTTH 0 A7 A AR ST d e
Sty B o ey B4 8] 5 et 3.86 mg PFHxA/g AC 22 RAP v %t % £ 3.88
mg PFHxA/g RAP -

EHRAPRACHPFHXAR AT

e

Conc. (mg/L)
PFHXA (mg/g)

0 15 30 45 60 90 180 360 1440 2880
Time (min)
RAP# R B ACHE AR R E —RAPE M A & ACRMEE

W5.1-3 & fas it F (RAP 2 AC)¥ PFHXA it 3 £
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Bt ok D EJR(P&T) & e 3E ok T £ 24 AR (RAP) s T -k @ PFAS

(3) RAP 2 AC %} PFOA 5% % £

v }%‘L{:}ﬁ Do BB R B A S A I o Fpt s A F %%k T PFOA ik
BBt s fEeda PFAS » X5 3.11 mg/L > Rl MAE 5 1.5 Lo S fifeb | g i
RAP o Hat o #5345 5 8% L% PFOA s fipre & chi B o i % 72 4o ] 5.1-4
AT 0 5 iE 2880 A 4B IEARLS 0 R F B AR AR T Y > AP S fE R
Lt B e BTt de o 22X B E £ A w5 S et 4.45 mg PFOA/g AC & RAP
2% £ 4.36 mg PFOA/g RAP -

#FHRAPZ AC#PFOA% "% £

N
-
w > o
o o o

~
N
o
PFOA (mg/g)

Conc.(mg/L)

©

3
N
o

v d

0 15 30 45 60 90 180 360 1440 2880

Time (min)
RAPZ; 4k B ACH 4Rk i === RAPWS. ' 5 £ ACws- it % &

o

=)
o
o

W5.1-4 & fe it (RAP 2 AC)% PFOA %% £

et g2 R AC e Mg R B Y RAP i B G a2 PFAS el £ i
F i kRES AL ERRPFT RS RfE FHJIL PFBA g #2588 -
Y3 L4p o PFBS pH 5 30 j i £ 0 v pH 5 590 A
R EREPHLE > T f pH @4 5~ [T o 7 B4 RAP H e /i §
LB R BT o

¥ A oot #(RAP 2 AC)¥ PFBA ~ PFHXA 2 PFOA w ' % E40% » & %
51-2 34k 4T o R P FFE TR 2 1 24 s (regeneration efficiency, RE) %
PR RAP £ 4 5623 B LB (N 1 AL 453 B ) i FHRE L4 @
Jfﬂ m«f’” - EQ'F* » MBI AR AT R 2 RAP § 1t # i sk RGTETE 4 A
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=g

pan gy 2 2,
MR S

RE=-" x100%
dfresh

Qfresh- P Kﬁgﬂ 'ﬁ

Qreg- P 'Tgﬂ E A2

v RAP:;stﬁm By BB E IR R Y P EER (R
FlEA L0 § & il FeEIR L R P RE 4 F e BB A
g A f’“&*%ffé’ﬁ# fao X ERORAET P o AARARE 0§ L IEGER S Y §
Vel § BN L F VA W EF KRR K AT E R FE LSk

Bt ¥ o ) A B R URAPIE (7 % LNAPLIS 4 siipe ™ -R3B-0 03385 & T4y

Bk CRAPUR Z F £ 224 L5 £ 4 4hz »ak4p g o Fpt 3t A F ALAIRAP
abgﬁio% o g i IRGEH$TPFASE (7T » 1§ VM7 2k~ B EPER - ¢ F'&mw 4 &
W2 § i dn iR S0 2 2 RAPHATTRPRASE i MR (Fif 2 - 7 5 B g
Tl HB R § A FPFASYE &% 2% L& R W:E\C-Féz;ééé#;i*ﬁ &+
2 fiE B ’i%fjﬁf“%‘?'ri_‘ﬁ*%%i’éﬁ?ﬂ\?%%# FHE S F 1 3E % (F i 2 RAP)$PFAS
P A o

3.RAP it § i+ ¥ {74 335%

AN TR Y BCE S PFAS AJE {vk o AR D R ek S0 K B RAP
it & fLatd o L:EE RAP % PFAS ek b/LIV F 1V 7 A48 20 ¢ pr st v L
fe@la f87 I e PFAS i &4 > 4% AR 2 a0 id 2 R B R et § b o ROpld
P B kR A PFAS (20-50 mg/L) A ji3»c% » & T A B E F L 5 L4 N S
KRBT HR - = 2P %> el AR U L
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B * BT ok dURIE (PET) & Mg e g kg T £ 2 Al AR (RAP)H 2 T ok ¢ PFAS

(1) > &£ ° =& p& PFBS (perfluorobutane sulfonate)

d L EME FHAA Pl P A FER S DR E L A (CR) A
B E A A AR e R 5(Ch) > REER Y BB 4 > C4 AIRB
PRIk > Ft R 0 A R g AR S CA iRt £ —
sodium perfluorobutane sulfonate (C4F9SO3Na » 4 + & 322) > 1T 5 P 5 4 4~ K& (7]

AB A e 50 mg/L 09 PFBS (CaFoSOsNa) » %4 i 4 & (7' f2 A -k eng
BRIER o AREHA 0SL ¥ 4 r 10 gRAP 18 » 4e# 3 50°C > 4c L5 i (7 | | phen
OV F o M- RAP £AFE (T S P F S 0 AT RIL S 9 DOC (73 425 #8t)
frk 35 > A PERE S 3-S5 P hP SRR T HHG 2 S d 3 RAP G it adi
BF o BJZis DOC ek 45 ¢ S > 7 5 »33%) o B> RAP $ PFBS {rd 4 e
B ER G VSRR A &Y 0 95 4mgPFBS/gRAP 1 2 0.35mgF/
g RAP > #7121 10 g RAP ¥ ¥ 't 40 mg 77 PFBS {r 3.5 mg 74 3+ > 4= 4540 » e
PFBS 7 25mg- % 5.1-3 s 2R &% %% > &g g 112> 95 8mgl i 3+
4257 DOCéz £+ d 11.2mg/L "% 1 45mg/l =+ (2 Tﬂ%“f‘zf] 60%) > & > 60%
HPFBS 38 § 1V 4 jR{s A 2 k4 3 /fg;,a 8 mg (25 mg*60%*(19%9/322) » 19 %
322 /] G ifrPFBS i3 /43 E) FPEET 23 F %S 0 PFBS & s
2o iswm 3 5%%% T s B b axkanTh o FREFLF (F L iLE
GUELLE ] ILJ%LFiw%i » ¥t PFBS § 7 & chidZrc %k o

%5.1-3RAP #it 3 i* PFBS - #H ¥ F =G F % B %

DOC  |DOC 4 % %

ki PH | (g %)

Rk 8.60 11.2

$ 335§ it (1 h) 6.17 4.47 60.2%

44§ it (1h) 6.23 4.80 57.2%

53§ it(1h) 6.18 4.55 59.5%

it PFBS JE & 50mg/L ; #84% 0.5 L : f§4L 109 : & 50°C : X L@ ™ 1h: &
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"L g o) 2
T "5%.‘;’5’?‘}%‘0

(2) > & * p& PFOA (perfluorooctanoic acid)

T A E A Y 2 - C8 pRF 44 PFOA L ASTEh s fedl 20 mg/L ¢
PFOA (CsFisHO, » 4 % & 414) > f-kHEMAFE 0SL P 4e » 10 gRAP 8 ¥ i T & (7
35 it F 5o d *t PFOA 4p % PFBS J5#i? % 4 f# - RAP hf it iieH 4w Lij 4
200 mg/L #F k& 200 mg/L =k & feshF B2 W FRF ) 2 EBETFRF
FR2A &2 295%A N -+ RAP €458 (7 4 #1509 % » A 47 A2 {5 ¢H DOC Ao
LA o0 RAE L BT > G SE T 2P F (S 0 PFBS rd 3 S
R T ER S 3 AP PTHR LT H R S04 S H KRS KT RAP
PR AEE U R 4E RN & fa4hE Lotk A 4 e RAP 7 200mg/L B E K F k2 /] BE
FHPRF 2AFFLE o AR AL DRI RRBLE ST R E R
FAHT AR &k T oAb 2R R R kg R E F T
e s RAP & (7 LI § 1V k45 1 4 RAP» 7 iF 5 AJLE T k¢ PFAS ih-
% o

#%5.1-4 RAP it ¥ it PFOA eh4#H ¥ (F = F 52 %

ki

pH

DOC
(mg/L)

DOC 4 % &%
(“o)

#2180

4.94

/7"]‘ 4v 200 mg/L BF% R+ F

%3455 L (2h)

7.61

4.12

16.6%

4355 1 2h)

7.70

4.22

14.6%

7 4r 200 mg/L = & e+ F

%3455 L 2h)

8.51

4.72

4.45%

$ 4355 L Q2h)

8.45

4.80

2.83%

L

¥ 345 2d)

7.55

4.30

13.0%

0.28

¥ Ay F 24

7.59

4.42

10.5%

0.46

iFi* : PFOAE&R 20mg/L ; %844 05L ; f§4+-10¢g

HE G EA AR
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B ¥ Tk dURIL(PET) 4 S gE T TSR T £ 2 AR A (RAP)F 3 T ok ¢ PRAS

S 2 L4 AR R

o R E AT BILF LA T E T NEF AL ERRIENT R - A E D
BagH > A HE LRGP RAPH L F it 4 o REJE KR AP o T EE T
KB PFAS kR 2 F ok {1 P s E AkEd NF{21°F ‘/%:ﬂ]ﬁ 5 B &
P AL ppm K PFAS > i 7 RAP s r/ighit 3 v 2 B 4 45 B aidB 0 F o AR
4o 5.1-5 97 o F X FHRA U - # RAP 27 E£4F 5 (TR0 o /it 5 1L F
B o WOESR L - TRRGEALZRAMEIFRFF B23) RAP RS
FARGEARAELORBVRE DG PP dp (o422 F77 )2 R E R
i oo a2 RAP -k P PFAS crms v/ fgit § (b 2 B 4 4 1% S dic o

‘t(ﬁ{mpfﬁzﬂgfzﬂ H R ]_’%‘ﬁHM(RE)

RAP
orone | FAPRR/LECRE

-[ RAPS{LINAE S E RS } BE{EIEEEE

W5.1-5 RAP s v/ it § it 2 1 4 32542 B

vy itendkivhdce 58 PR F CARBEZ F BRFRE A BIEARRM X
B e § A O A RIE R - R S RF S EBLF 2 S
KR 7 RZE o a;w 2w A B P2 RAP #47 LNAPL EU2 ik » 2% L &5 33 » A
B EF 05 FF k4R R 2R T RARE o dof] 5.1-5 7T o
EH L ﬁ-‘rﬁ(PFHxA)ﬂ 24 ¥ fe(PFOA)R 87 I ehPFAS 5 4 f e 79 % > & 15Tk
o I R SRSB4 47 pH & CPFAS 2 £ 33 kR BT FRF 2
A g 2 ARAE P AP S T BRI/ F I F S RAP (7 o AT RAP &2 1
4w it RAP 2% £ w7 E (V5 sb%‘p’]‘%"fﬂ T N 3

A3+ 3 RAP mong/iit § it i 4 e B sk ket & w5 PFHXA 2 PFOA
o BIEPE > 2 R PFAS ER 9 5 250 mg/L ~ kR L 1L za:* RAP & 1g- ¥
BE -~ pH EF RAP el § R SR B A KIL % A pH 5
9.0 ,p]«,—g ho BRI SR FAE I A e pH 75 (7 o RAP e f RUEHE A = fE
*ig 7o 5 (A)1.8890sh L5 B 5 05 ¥~ (B)if 4e SOmQ/L BEF -k (i
rjl;f VE A2 CERTFRFF B2 = ’4,:.23:.56%/%“41."”5— i RAP
EFLMXF K AT AIL S pH &~ PFAS frd 5 kR o
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-
1

(1) 2> & = g& PFHXA (perfluorohexanesulfonic acid)-RAP = ¥}/ it § i £ &

A
FEeAm

RAP % PFHXA =%t % £ 4 5 3.88 mg PFHXA/g RAP(% & 5.1-2) » F]}* A ¥ % &
AT ER ZBFIEY ERF ISP IR RS EAFH G A LIS LR
B% > @ PFHXA ER 5 245mg/lL > = 2R % S 40T

(@) RAP+L§ R 4 -F Ji 0.5 -] & ¥ iy % PFFXA ¥[;& 3 0.098~0.211 mg/L -
P4 & 1.39~1.51 mg/L % &5 ;

RAP+ 50 mg/L 3% k(M Z 5 B5)F R 4 P87 % PFHXA #jE1
0.377~0.498 mg/L % & # 1.19~1.27 mg/L &% 3 ;

() RAP+% # R # —F Ji 2 % {57 ¥ PFHXA % 2 4k & 0.468~0.545 mg/L %
4% 1.11~1.18 mg/L & &+ o

RAP $5fic % Ir § it & # 4] PFHXA § % 45ehg V¥4t 4 2 L9 % e da
BEIY AL S B4V *%éz%@*ﬁt/@? % H % PFAS #48 0 11 & RAP
Pt m4a s £ 48 PFAS ahdoif i 17 S8k o

£5.1-5 T (IR (R § 1 425 )RAP ¥ PFHXA #icdh
. e | oo F R . PFHxA conc.| & &+ 2 s
¥ R (mg/L) (mg/L)
PFHXA -k - - 2.45 N.D
RAPHL§ R A F 5%t dnhs pH B KT 9.0 (4781 % k- 4L p e &
B3 0.5h| 7.65 0.143 1.45
B4 0.5h| 7.68 0.211 1.39
B5 0.5h| 7.52 0.098 151
RAPHEEF ke (W 27 RF) A~dopH £ %1 75
B3 4h| 7.38 0.377 1.24
4h| 7.29 0.498 1.19

4 hl 7.39 0.459 1.27
P FRF RS A dpH ER D 75

48 h| 7.41 0.545 1.15
48 h| 7.26 0.468 1.18

48 h| 7.34 0.496 1.11

1.88
g Os/h

50 mg/L
H20:
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Bt ok D EJR(P&T) & e 3E ok g A AP SRR (RAP) 3 7 -k ¢ PFAS

(2) > & = pk PFOA (perfluorooctanoic acid)-RAP & ¥t/ iv § i* + 4 25
A BN/ F o

AT P PR LB F (2 AT 20m g/LPFOAba\)g}}\ R 2
o BEHFERTRESFERTLRFL S 0 F - SR FRF ?%,mwrﬁz:ﬁ 7
MEAF e 13§ M(DO=30mg/l) s ¥ FEF oRF R EACE L B R
(B%iE% kER CPFASER 5 10: 1) &yt =9 Bini24cH) 5.1-5 » RAP movg/ig i
FilRomeetmf e f Lo THREFRER CPFASERB T 5 2001 -

RAP %t PFOA % % £ X 5 4.36 mg PFOA/g RAP(% & 5.1-2) » F] & %Eé_‘&
B R LIBIEY > ER R ISP AT HRESETH B 516245
SHFHRSES WU PFOAER 5 250 mg/L » HREZ = 2 3

L L

() EMHAC2 H I RAP e : A %P HE e fok i > &4 4
e

(b) RAP+% % (1.88 g Os/h)R # : & i 0.5 -] B¥ it % PFOA ¥ 2 0.00957
mg/L > P4 = 1.55mg/L & &+

(C) RAP+50 mg/L B4 k(W2 7 #): F b 4 | PFis¥ 3 PFOA ¥ 1
0.244mg/L 2 & # 1.44mglL & 43 ;

(d) RAP+%Z F B 4 © &7 5 2 % 57 #-4 % PFOA I A 42k & 0.601mg/L % 2 &
1.19 mg/L & a5 -
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b BPER 20242127 6p T = 03:03

- L g 2t
A ,,:5%.‘:; f]‘@fq

5 % RAP+7% :?Fﬁx,:;? o BLEI|Y B A4 PFHXA (C6)% PFHpA (C7)4 = >
Y% PFOA 15 ¢ 7 A2 2.28% 1 PFHXA 2 0.25 %<1 PFHpA » # s ‘®4a¥ FF & 4 ]
&4 2o RRAP e L5 R &2 RAP e K7 5% e > >t PFOA § 1 %74t (8 » 4~

WHITHRAE? BFAP A &> B R4F 3 Bigrit PFAS (& RAP Hgsi]pr 2 @ /B 2 4+
A RPN ERRREG

B 48 B R (R /B S AB)
RAPHBPFOA R # 4 = H R EH mPFOA 34 5 43
F-FH 4 iR

[
RAP+AIr, 24h RAP+AIr, 48h

FIHAC  HRAP RAP+03,05h RAP+H202,2h RAP+H202.4h
H R A (AR i) K5 (R M/ 84k) * G RAR B

W5.1-6 7 j5o4 = (/L1 § 1RAP #)j% PFOA 2 & 4 & £ 4/

%
g
2
sl
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B 3 T kg 1 RIE (PRT) ¢ SRk T £ 4 A AR (RAP) F s T ok @ PFAS

%5.1-6 I JEIP =k (/T § 425 )RAP ¥ PFOA #cdk
- o | o F R 0 PFOA conc. i -
g (mg/L) (mg/L)
PFOA & -k - - 2.51 N.D -
RAP+L § R A 9% 440 pH BB AT 0.0 (5B 1 ¥ A k-84 i F i pH &)
B3 7.51 0.102 1.61
B4 | 0.5h 7.42 0.118 1.58
B5 7.60 0.067 1.45
RAP+EF Kk F koW FRF) 4 dopH EB &S 75
2 h| 7.48 0.521 1.13
4 h| 7.45 0.165 1.58
2 h| 7.41 0.784 0.97
4 h| 7.29 0.357 1.35

2 h| 7.35 0.698 1.01

1.88
g Os/h

B3

4 h| 7.26 0.211] 139
FRFFH&E A pH ER KT 75
24 h| 7.41 0.878|  0.923
48 h| 7.33 0.552|  1.26
PFHXA: 2.28%
24h) 7.35 0832 0945 | 1 0.055 mg/L
48h| 7.31 0.653 113  |PFHPA:0.25%
% 0.006 mg/L
24h| 7.43 0.856|  0.937
48h| 7.39 0.598|  1.19

MR R E R TR ERRARA 0 B4 RAP IR * T $
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=4

PN ke 2 2,
N nﬁ?g"—fff‘fn

B. 4%
Focd 1 HGEAIET IE L RAP /B F AEA R o T L

TiE e hE A AR ety 0 1 4F RAP SR T B 5 i PFOA R SRS T

Bt F AR AR % S RAP AR () 4 k%2 (QF tH ik

W#ok RAP E %1 o 3 f8 RAP 4 4n e licdp » i 3P 4o (] 5.1-7 2 £ 5.1-7)

(@) £ 225 (RE): # E%FF%' 47 X 2 PFOA 9 RAP (57 taskie=x
Bkt I AER >R L3 FEE)H RE EMEY KT %&E 8l%5 &
o HXETFRF TR, _E_(RE 72%) > & ¢ * ¥ i RaE& cH fHh RAP =
¥R RE B @] 15% > £ 1 BB ARSGE b Jp 0 BV R 2
AR TR AR R T R AR R L BRI T ) SR L
L iEEh L% o
Fitoidptht RS BF KT %R E(=85%) 0 3§ F & e (=83%)v A
o 5 b RAP S R e R ] 13% -

L LGRS i A R A - 5 - RAP St R

FOOMGEAE AR PRAS WA o T g £ 2 AR adE RAPEE R AT
EAFR Y o Fl @ma@ﬁf«ﬂ PFAS ¢ % o

B4 B PR (4 4B R1b)
RAPH| % PFOA%% 2 B 4 2% ¥ (RE)& 5%

RAP fresh -\

RAP+H202, 4 h (% 4% 3 #1L -k RAP)
RE=81%

RE=72%

RAP+Air, 48h (%442 LR RAP)

FHRAP (Z /IR #LKRAP)
RE=15%

R A% M %% (PFOA mg/g RAP)

1000 1500 2000 2500 3000

: . YHARAEAERR A2 R
time (min) *oR [ ff 4 APFOAR Z3.11mg/L ~ Elkib=1g:15L

W5.1-7 T §F33 = (5 /0t § 1 )RAP #]5% PFOA 52 f 4 %
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B ¥ ok AT (PET) 5 S gp eIk S T £ 2 AR SR (RAP)FIHH T ok ¢ PFAS

5507 T U5 (/0 §1ORAP FIj% PROA 52 § 154 it S Heh
TOC

Lt T304
RAP+EEF K - 86.0%
Wz FRF) ~ 84.8%
84.1%
82.2%
¥ b RAP X | B~ 14.5%
e e - 12.1%

*F " p -k TOC: 36.8 mg/L

RAP+7 s]g 9 3 F

5. hi-NF 77 Jk 5%

P § 2 fe4F 3 0 NF 2 4 PFAS 8= § > 3¢ Wang ef al. (2018)%= § 4%
BEER CHFRERNME < A F G PS5 L NF £ T PFOS 2 PFBS s 5 > #3R
A3 B e PFOS £ § % (rejection)3a 4 »+ 88% » A + £ ] ¢ PFBS # ¥ & 35.]
W 69% o e pE o A H A& “”’E\ T3 B oo PFOS G g 84 5 < o+ #% (size
awmmmﬂ’PFBSEJE%” @bdmﬁ&qumbmm AEF ALY LFEH Y
o $ PFBA £ 9 S 22 ki5oc % «n@ > fe & 200 ppb k& i PFBA 3 ik - 4743
TR A4 A 4 kg/em? (iR ™ 5 b iow ﬂz—f 90%Fr 95%F* 17 PFBA ,}; sde 5 PIERIE
2 &4k 5.1-8 977 c FEREFEHT LS ﬁmM%WMMQ | A AEEY '
(membrane pore size)s7? PFBA » W 42 5 95% (e crndi-R4& B vt w e 5 90% e { 3 kR
FIPFBA - £ § % /€.60.8%"% 5 25.4%; R 451 Mo iE ¥ w fc F e @ T ’44\4 84
B *% % 2.94 5 - Safulko ef al. (2023)% Wang et al. (2018)cr#= 3 ™ 3 IR % »

R r?v B NFVFN BT H S g v dRAPF NFIFP ETRES é
BIE/ A > 5 PFBA jib hokid > simm 41kl o

% 5.1-8 hi-NF Jk 5gipl8 i% 2 2 5 %
PLRRF AR AR TRA T 0 bR 2 fEw jaF inks SRS
D ig-k PFBA kA& 200 ppb - # (7 4 4 kg/cm?

ek | dk | k| BEE

(Ppb) (Ppb) (Ppb) (%)
¥le s 90% 193 75.7 934 60.8
¥z & 95% 189 141 556 25.4

LD SRS IcE 1SS

PFBA
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g P R EHREF O FAMA F P PFBA VI - TR T F o IR ITR
4 4 kg/em? ~ w iz F 90% ~ PFAS :2-kik A % 200 ppb 2 & iFig it » ¥ ‘]‘Xg-f’fﬁirg S
<+ & 7 PFHpA (C7)% PFOA(CS)%}%&%@ FreEI®L > A B3N NF 8 82 7V p
WoFEane- HERAPFAS B T B REF - FR AL F - X NFL%;),@E,%;,L
RIRETR 15 2480 e B AR 2 DRk B RRRRAG B2 R AR BR(P BIER)
DA RS fc o F %5 % 4ok 5.19 3 L NF 4 # PFHpA (C7)% PFOA (C8):h4 -k
KR ND o kS B IS T 117 2 4590 g B it prenir kA g
B Ak t3a® 2 NF % k% PFOA 2 PFOS é77 (712484 -

%5.1-9 & B # B hi-NF 3% (¥4 7 F PFAS k4 g &%

PFBA (C4) PFHpA (C7) PFOA (C8)

C4HF0O2 C7F13CO2H CsF15CO2H

214 364 414

4.17 11.7 45.9

2 3 RAP BT PFAS thd o3 i

W ABE A 2 RAP 31| PFAS #2 5 2& = » ¥ 5 42 RAP 5% Jk & PFAS
SRS BIVFEBEBETRS A PR KRB AL EM S T UG VR R
B AR 0 & RAP R4 B AR iy o Flut AR Bk R & 514 0T BERP S HE
P RAPEFL SRR T RFEBEEY T LRSI ERY 1 R4
e E LR R > %2000 ppm =% F Badh e f 80CR T £ 4 P FEIEE AL (D)
500 ppm =t & fé4h % (2) 1000 ppm = % Fa4h 3 fE=0 & pedpHE 0 104 B OCR T F 4
PR TR E M ARA G 4 5 RAP B § 1t # R Bk R (R 5.1-10)

4o T

(@ % 7= RAP H TOC * 324 Kf WG 13% ot % 6 A @7 3] 10 mifg (o

(b) /,"]‘ 4r 500 ppm NaOCl £ =t » 2 TOC * 323 ér‘ﬂ P I =60% ;

(©) 7 4v 1000 ppm NaOCl i& 7 £ /& 1t > H & 1 sa P & &> 500 ppm NaOCI £
st ke L KD T 83~86.9% ©
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B 3 T kg 1 RIE (PRT) ¢ SRk T £ 4 A AR (RAP) F s T ok @ PFAS

%5.1-10 7 £ & AR Bchp 2
) TOC A
s i TI3od g ¥ Wﬂﬁﬁﬂﬁg;¢%%
% i RAP B5~ B7 14.5%
(T VaF+ =0 5 b RAP St
BB i)
AE-1 B5~ B7 60.3%
(= # pa4 500 ppm) B8~B10 |  59.0%
g2 B5~ B7 86.9%

(s & F&4h 1000 ppm) B8~B10 | 83.0%
RAP £ :20% (75mL RAP/300mL k) {8 A :80°C : 7 JLPEm t4 | prigig > % 1 2 5

<10 m%/g
B8~ B10 12.1% (2 #7% 900~950 m?/g)

d P e A F RAP TR SR AR IGR D R R B R G
RS TN Y el 9 %r,?“ﬁ CECEAFRENFUURERES e “,f ’
Ffﬁi?é‘éﬁ?ﬂm RAP s Ru f £ pin4 » QP RRIE R * L B BART £ B35

AT BRI RAP > # %t Ru $ 24 # & 0.001~0.007% (w/w)2 152§ o & # 4o
LLL » % 7% RAP sb%ﬁd EEARR @ H AR R s 0 B W/"]‘ﬁ/k% iR N R
Bk F o AAR MRS BRI E W F CHACES k0 A
ﬁ’;’%;;f;\i%?)ié‘.f—‘r VR 0 AR AN S xLSfﬂJ SR AHE S F REFERE 2

Hoo MEFTE TG RAP B 03 RE LB g VR ELIEE o
52 Sk #FR A

R T B R TR Y 000297 21 A E AT 2 ok # (PT-1) ~ i1~ # (IT-1)
G5 AR 2 PR L (W] 5.2-1) e RS THRE T SRS RR TS 2
PR R BAcR) 5.2-20 Bl REREEPN S A B 7 A RAL S RIMHETA > #
ATHIS22 PRI L P B LD TH P mE AEE AR AT Y
0.5 2% BAs M I KL 2 K FHH o a RIEERY 000297 2k 4 & ¥ (K
)3.25 x 10 S m/sec » K & 4 >* 10* m/sec~10° m/sec & v -k eimv % o
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LR 2024#122 6p T = 03:03

- L g 2 2
I ~BFREH

000297

R
(m)

S5 W HE 3 | 7

nd R

P
bR b e

ERLEEZ) o : Bod mE

R ¢ wmE)

A e o
kR $he mp k@t

fd boiCEE

N

i
[Jusx
B soor s
[ w=
- B+ H w
| BB

WI5.2-2 WH-R% T 25 kR
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Bt ok D EJR(P&T) & e 3E ok R Al i EE R (RAP) ] 3+ T -k ¥ PFAS

5383 RAP 2 P&T %%k ~F it oy

1. 3R 35 ILIF R

AFFE N3 E 27 1 p g g EFe Ry 2ER
= %‘fﬁﬁ’ﬁiﬂ}#/}#'r%ﬂ‘ v 2k 4 GERIAR D BoF R R R E 106 2
| Bl KT dhd = 1 + 5 RlSAL BT M BE(H = o
[ )’Eﬁ}%*’ IFF-’WA W 5.3-2 0 2 » # IT-1 i1 > Bl IT-1A > &
d NG K 5B H T E3 0 (W S3IF TR ETF | ads T HHEME 2 s T
HARELT & zE'stﬂIT-lB rE3I s d A HR o EEE T ED S (W S53-3)
BrhF LA TREME 4R TEANE G A APME TR R B
ﬁfm:;ﬁﬁ’rar% 5.3-2 o 34 -k 2 PT-1 *}if > :‘E',&QPT-IA rE362% o d g AfHK -
% (B 5.3-3)Em B or 4RI £ F 1 A %ﬁga 3 b TOE MEL
:;E'Jfé?\PT-lB PE Ll 2w d E%H_@Zm;}{ » EAE R T & (W) 5.3-3)% 7 ~jpla
EP BT MRS BN Aﬁw\ ﬁiﬂﬁﬁ‘ R e
5.3-30 55 8 T EF RIS ISR TE R Sl F SR N e A=k
FERM A T EGI X D RJR(S R i

%531 F T EZPRE LT E

i) 44 8 1 45 (TWD97) 74U B 4 (TWDYT)

E N E N

28 250507.115 | 2742200866 | 250503907 | 2742200568
31 ' 250506491 | 2742210945 | 250506939 | 2742208337
36 ; 250510513 | 2742206501 | 250511169 2742209.02
11 ~ 250510795 |  2742208.176 250512.2 2742207.892

[ HERm)| wHe
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LR 2024#122 6p T = 03:03

- L g 2 2
I ~BFREH

000297

P
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g pER o 2024122 6p = 03:03

B 3 T kg 1 RIE (PRT) 4 SR kSR T £ 4 3]s AR (RAP)F R 3 T -k ¥ PFAS

O #7 g EEE L L] #~ s

W5.3-3 #» FERAL G0 W

%532 2 » A (IT-D)ige T a2 S HMA G- T4

= k= 0.1-2 1.7 2.3

0.2 0.22

MR P REE &

0.22
R PREES PR
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LR 2024#122 6p T = 03:03

-

4k ke 2 2,
I~B%83H

%5.3-3 g

F PT-1)Mig s ™ 82 SHEdls - T4

Pt s IIIIIIIIIIIIIIIIIIIIIIIIII

0.1 0.22

MR PR A

2. :}é‘,ff-?—?‘}iﬂﬁ%'iﬁ

A E113#47 9p310p ;i’:,é»‘#dv“,fi*(PT-l)‘:’—t?ii»

FREFALIFEFRAIF AT 2O RN FRE T 2 Eas T R ARGE R Y
FRSVHEESRE L AT 105 o ¢ ’i&-%‘ﬁ’“ﬁﬁ}ﬁ% R EA e g s = s
‘%ﬁci\ﬁ FRE -RIBBFRLITE -

ST-D3 k0% %

jxi;{}’ii#ﬂ:“fi*(PT-l)'f'—f";i%—*—*(lT-l)i*ﬁ‘_.’c’—:lé o BRERRGZ2RE2
A A F oAk 5.3-4 3% # ARG 1

R4t A 5351 RFEALM 534

£534 ko A AR

FTEHGE
(MSL,m)>

X(TWD97)e | Y(TWD97)-

250513.189+ | 2742208873+ 71.320+

250508.430+ | 2742207183+ T0.859+
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B 3 T kg 1 RIE (PRT) ¢ SRk T £ 4 A AR (RAP) F s T ok @ PFAS

%5.3-5 KX 2 AR 1 kbR

¥ R RES1LEEHE
1.4 % # (PT-1)
4/9 09 : 30 FIERSEPT-1K B ¥ FEid
17 240 %1 gL (T A IR 3 FA20m
18 : 00 B R E BRI
4/1012 : 05 PR o3k 2 (Hs a2
13 : 23 g+ 1 10.5m
13: 25 B Aok 4R
13: 30 T ELF R g AR
13 : 40 B hedvis b 2 E
13 : 55 wERd g
14 255 RGN AR E ITE
16 : 10 BB R BPF RS
2.1~ 2 (IT-1
4/1009 : 45 FIFERSEZIT-1IRE =8 il
09 : 50 % 1 BRiE (T A 1R 2R AR 2.0m
10 00 B sk & (1 R ae)
10 : 30 g+ 1 10.5m
10 : 40 TR I P
10 : 48 ol R Y Ve
10 : 52 B3 o B4R
11 : 20 AR
11 : 30 BERGU ATV E IR
16 : 10 B R BPR RS

68



HEem - w s
B B
it 1L+‘:\'xm AS
wap: ALBALD
wi: § 17

o410
e ni

it an
i i

i (13, & 0o

(LT o

~
* ERib

-~ RAVotias
] Gl +id

G
(BT

i g
i
LEIVETOALL)
RAD Ay ot
180 B4l

& 4. 1T

LR 2024#122 6p T =

69

03:03




L BpER 20242127 6p 7= 03:03

B TR AASE (PET) 4 BT RS T £ 4 A ST (RAP) VIR 3 T ok ¢ PFAS

3. RAP 2 P&T s stz §

A2t e 22 RAP 2 P&T % # %X+ (K 4.3-14) ¥ 113 851 [0 p X5 ¢
10T d EBBEPHLGF LT RAP 2 P&T K i e ka2 ¥ »38 67 3 p
I 4pEFEETRE 411%@/._” APET)ER " E A 1 2f 2R F(Ftlen
Zpe) s kakos F AR R 2R PR - I00LRAP < it * % -k T fie
BT AR E > TN ER R A Jﬁﬁiwm MR (TR Rk SE R AT
BTk s WK B T AET ek i o P&T i ALk e RAP T G e B 4o 5.3-50 &F
2 RAP %2 P&T i Lk B IR X 2 A PR S 4ol 5.3-6 > % & %1 2 1B 54
W 5.3-7 ¢

000297
O

st /%# HERF

W5.3-5 RAP 2 P&T % 5T G fie % ]
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LR 2024#122 6p T = 03:03

- 4k g 2 2
I~B%83%

Rk 4 (R 4 1,000L)
iR g

SR R
T A Rk
'k § & #E(PH - ORP)
2T

7R

Ol |IN|oc|jOT|A|lWIN

RAPH, (F »<#84£ 100 L » 3 £ 20L RAP)
I
el

=
o

-
|

W5.3-6 RAP 2 P&T & 5otk & 28 K 1F3)
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g pER o 2024122 6p = 03:03

B * B T ok dURIE (PET) k Sp e g kg T 4 Al R (RAP)F # T ok ¢ PFAS

KRR E
(% :pH~ % : ORP)

W5.3-7RAP 2 P&T % A H3 % %1 4
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g pER o 2024122 6p = 03:03

- L g 2t
a N ..:5%};’_‘ ‘—,fj“aé\q

= =1

# 4

s A RAPH, % & =it 11 12

B5.3-7RAP 2 P&T s AR H %% 1 2 21 & ¥ (&)
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g pER o 2024122 6p = 03:03

B * B T ok dURIE (PET) k Sp e g kg T 4 Al R (RAP)F # T ok ¢ PFAS

% AR RAPZ P&T i i3k % # &

B5.3-7RAP 2 P&T ¢ AliH-#20 %1 2 21 B 4 (§2)
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AL B gyl
I~ BERE%

 FEERRAETIE D T 1 P BT NE
4 RAP > B @k B FIF 8 AT~ ek g s 2R A
CLOFFRATERY BT E L 82 2P A 45 ~6.5 L/min

10 L/min > 83 %% ¢4 & 5 54 5.3-6

#5.3-6 HH R AR SR E

g o F W K
BRI E | BRREORE | R ) L =
(L/min) (L/min)

113/06/11

- : §SIRE D A

113/06/12

113/06/18

] - LRI
10 LERIER K

113/06/28

LIRS

10 P R 4

113/07/01

ST NiEHE

1,800.0 . 10 A

113/07/08

4,915.0 10 AL TR

113/07/16

28,800.0 10 A

113/07/23

43,110.0 10 A

113/07/29

56,070.0 10 TR AT ETH

113/08/08

R L

77,780.0 : 10 ik R

113/08/15

117,330.0 10 2R ¥

113/08/23

139,180.0 11 2R ¥

113/08/28

T TR

145,850.0 . 10 Sy vy

113/09/02

159,240.0 10 ZRBA KL

113/10/15

255,540.0 10 a3 ¥
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B * BT ok dURIE (PET) & Mg e g kg T £ 2 Al AR (RAP)H 2 T ok ¢ PFAS

5. ¥ ToRRPHELS T

A TRk REATED SRR pH EORP~ (T A ~H A -4 B2
PFAS £38 p » ﬁaKTa’ B2 PFAS Lk G EE T R T KT BB RGBT - B
PF SRR EZ R R LR TR P R AT
FE e By Brg > P heT

(@) A &k Fichh & Bac® 5.3-9 #757 » 0k pH @ e Bl e & 6.5~8.0 2 >
ORP i & § it fi 150 mV 2+ » RAP 7§ Bl i%# 1 > 6.5 mg/L -
BT F R A K98 RAP HIFE § 1Y B3 st § AR (T o

(b) ko & g3 a7 i ip] RAP 3205 € 8k B ficdy 9 (% 5.3-7)% 5 ND>
1 FdE e 5B Tk PRAS Bk B Rk §(< 20 ppb > 7 2 3 A4S K 17 & 1B
&5 0.5 ppm) o i Wrdk e fR 1S v EPIE o

(c) ¥ T -k PFAS #c¥; (% 5.3-7 - B 5.3-10 ~ W] 5.3-11 % ] 5.3-12) » > p[3E 5 B
V{5 PFAS B A AR 1 A 48% » BEHRM A FIT i 5

(C-1) % P&T - k4 %312 5 H B Fi > 4o+ % FlF 47 B4 1245
RaE o R IORGHIEA & o F L EE G PRFAS BIR 0 Tk 1§ P @R
FERER OERERFH -

(C2) %= 1 341 IR EHEYE > A Ba ki r X8 Ak Tk nisd mpE
T F B L PFAS s 2w i 0 B R TR 0 K PFAS LR

o

(d) RH-TH= B Beyjhi7 o % PFOSIERfrd— B2 L7 5 ¢ > 24 PFAS
B BT 0 g Rk 15 W R A B

¥ 5 P B R RAP $3.3-3 T kP PFAS @ sc sk o F|pt AP Y (T BISR

o AMEMERN - i IR IR (T S NF S5 A > 41l 2 “,ff@‘i%"irﬂ"?ﬁ

20 g g 0 F ooz hiNF SRk SE D 0 50 18 0 OIS0 54 07 il e

AR FHFRCEFFT> 14 1) 4y 7RGk RAP R PFAS

& (> 70%)1 2P © EThELS PFAS 93 50~60%4 35 4 & F R fcF % g v

i § 12 F o4 Rsk ik Apd o AR L4oW 5.3-8 #77 o ¥ RAP § i % it 4
LTl s Pl < 3 80% 0 & o RAP JEM R AL 247 o
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AL B gyl
I~ BERE%

ZBNFiREERA

J

pH . DO (mg/L)

W5.3-8 s - EHFRHFAA(FHT)

B RAPR % & A K H &R #R
EApHE OH#pHE ARAPH A EE i# /7 ORP # ;i ORP

113/7/16 113/7/29
113/8/8

113/10/15

N u
|

113/7/23 113/8/15

ORP(mV)

#ika

W15.3-9 33 RAP % % & &K B E Rl #cds
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B 3 T kg 1 RIE (PRT) ¢ SRk T £ 4 A AR (RAP) F s T ok @ PFAS

4537 #3557k PFAS % & 825 b K 4

Py
¥

7/18
T3
e

9/12
EA B

10 * &»
Eg= B

g R

R R

19

£ 4% (F)

ND

ND

ND

500

PO A7 ER
MALR & F

> & 7 f(PFBA)

0.194

0.00154

>4 7 AR (PFBS)

1.08

0.00534

2 & * e (PFPeA)

0.119

0.00085

2 i @ f(PFHXA)

0.134

0.00059

rE o ARpgEd L
I N N
(PFHXxS)

0.455

0.00077

> 4 R pa(PFHpA)

0.0382

0.00072

> 4 * pa(PFOA)

0.176

0.00111

AR FrEMRed S

sk A B 4 (PFOS)

11.9

0.00310
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BPAE
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LAMEUHENZEXBDHAT - MEABZFTHERY I ARMFAMEREZA -

HEHRE

B g2
I~B%83H

D-EC-17999-114
3 *x:il2

y-R

o= 4

TE24801-001
18P W F AR A TE(PRT) A 4 2682 BT 50T B o2 ) ¥ AR (RAP) A 3 F ok  PFAS
CET TR P -
R

Bl

BAE

(=) A A 3R 45 P AE ) 2 A ) 7 e

(VA RS BREF LMHRERT R LLE - WK BTIRE  od) > BREBAK
R REFRE £ BN MR AT ME RN SR T BRBESRETPIRA R -

Gr% 1 A(#

#RI10

o G

D-EC-17999-115
13 B W

i E MK | TE24801-001
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EX Y
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WF

® I 2024/10/21

b4 A% | AST03GOL

E |7 *

B 3R B

PFAST 4 ¥ %

® @ Ak

x | R B A R

2R¥EM

ng'l | 0101

NIEA W542.51B [ 0.00111

2 fFRGM IOt LR o Bkl

n/L 7.73

NIEA W542.51B | 0.00310

ERTE

ng/L 0.120

NIEA W542.51B | 0.00155

2 fUkEt

ugll | 0.0835

NIEA W542.51B | 0.00085

PRTK

wel | 00772

NIEA W542.51B | 0.00059

2 REHR

pgl | 00218

NIEA W542.51B | 0.00072

ERTAGIM AL LHF 5 Ak

ugl | 0247

NIEA W542.51B | 0.00077

2R T Aaksk

wg/ll | 0.694

NIEA W542.51B | 0.00534

UTFZE&

LARSHE 1A EIRMBRER | B st 2 B RESBREAEK -
EH o REMN 202447 B 3 8 16 25 09 4k
NIEA" & 4 B B30 B RREA R IE A4 ik ¢ 84 77 8 BU45 IR(MDL) 2 3] 2 44 #4 "ND" % 7% -
HRBAF  FEMIALREBFEEHRZA -

(% 2 R(GX 2 H) (R40% | E(% 1 H)

W5.3-10 # T -k % F % PFAS £ Bl V32 -113#£07 2
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¥ b TR AT (P&T) 5 SgEpe gk T £ 24 AR (RAP) s T -k @ PFAS
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2RTH
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NIEA W542.51B

0.00155

2RT A

ng/ll

1.76

NIEA W542.51B

0.00534

2 RR

ug/L

0.0504

NIEA W542.51B

0.00072

ERTH

g/l

0.153

NIEA W542.51B

0.00059

2R HeRa L X E 5 R AR

ug/l.

0.596

NIEA W542.51B

0.00077

ERFE

ugL
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NIEA W542.51B

0.00111
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11.1
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