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The plan 1s to develop the nanoparticles separation technology for
biotoxicity testing in environmental water. A total of eighteen water samples
were taken: municipal wastewater, paper industry, mechanical processing park,
sheet metal painting industry, semiconductor science park, ceramics, cosmetics
raw materials manufacturing, electronic industry, leather processing and
manufacturing, optical electronics industry and natural water.

The separation of the asymmetric flow field field (AF4) system was
carried out after the dynamic light scattering (DLS) instrument screen the
nanoparticles in the water. The correlation between the DLS and the AF4
separation system was evaluated. AF4 separation system was used to study the
size distribution of nanoparticles in water samples. The composition of organic
components / inorganic metals was also studied by pyrolysis gas
chromatography mass spectrometry (GC-MS) / inductively coupled plasma

mass spectrometer (ICP-MS), and providing the draft method for separation of



nanoparticles in water.

The DLS detection of 10 in 18 water samples is higher than the screening
standard 1n 0.1um filter. The detected value of 12 samples 1s higher than the
screening standard for 0.22um filter. Most of the samples, the asymmetric flow
field field (AF4) system separates successfully from small to large particles in
water mobile phase and good reproducibility. Different vials might be signal
differences but does not affect the distribution of particle size. The o (Rg / Rh)
value greater than 1 shows that the nanoparticles of these water samples are
loose structure except for Paper industry effluent. The o value of Paper industry
effluent 0.6 to 0.8 indicates the structure close to the solid sphere.

Aarsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb),
silver (Ag), zinc (Zn), iron (Fe) are analyzed by inductively coupled plasma
mass spectrometry (ICP-MS) and are also manganese (Mn) / nickel (N1) /
selenium (Se) / calcium (Ca) / magnesium (Mg), a total of thirteen kinds of
metal / elemental components. As, Cu, Zn, Fe, Mn, Ni, Ca and Mg are tested
among these water samples.

Total Organic Carbon (TOC), Volatile Organic Compound (VOC) 1n
water and composition analysis by pyrolysis gas chromatography mass
spectrometry were also done.

A total of six water samples of municipal wastewater, sheet metal painting
industry and mechanical processing park are tested for biological toxicity. The
original water of sheet metal painting industry affects the cell viability. We
could estimate the cause of cells survival rate decline with the particle size and
organic / inorganic components analysis and achieve the development of nano-
material separation technology for biological toxicity testing in environmental

water.
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JRHTER “EREESORETAT Bk o LER A R 5.(2/3)- ER B /KBS Y Aok Yy E
BEEINT GHE TR OIS < NSRBI 240775 - fllG
B 2T HLER S SOt FR R M 2 /KRS /KRR - At ~ BRECEA 7K - A{ET3EK
B B ANREKRE S IL A EIAH RN B 1T - DA T S Kok iy
TIATARIE S AR 7y » [EIR RS i < B e iR (- -

SCRRBFE S ERA R 2K RS B 5 ARG fp AT 22 B Sl & ok — &b
8K~ ELEE - FORR - FORBE - ZORIRER - HEMK CoEIWFEE ' HEARAT
fusE st A S 20 SCRE R - (HERE B i 2 RIR A e B —1E
BRIk YE - Mok A s e A E S Ha s ok EE K - BE
B/KRERAORYE Z 3 An asH & e =2 B 2N R R e N e S8 TS EIHY R [E] A
RER g HNERENA 5 E REE KT IAoRYE Rh o A
TR o 4H A - PRI R i A e & AR Vs M iR 2 7K RS SR o et -
AUERERBEERFKE RIS RE R S EHE B /KR KRB AEY)E
PERHIEE - (HRE B 52 BV R ARG IR R AR E I RS 0 A1 B o SR e A
Vs RARR M o B IETAE R - ARG TR PAKAE B oA 5 AR 38 55
& NERIFKHZ 74 -

H AR GRS At A 2 i =V B - 33 fW#5 (Transmission Electron
Microscopy, TEM) ~ ffh 88 T8 E% (Scanning Electron Microscopy, SEM) ~ &~ 754
R (Atomic Force Microscopy, AFM) ~ & Y¢HHEE YEE (Fluorescence Correlation
Microscopy, FCM) ~ Z5 Rk EREE 53 Hr(Nanoparticle Tracking Analysis, NTA) ~ i35
i oy EE £ (Flow Field-Flow Fractionation, FIFFF) Kz @h8E S¢E &3 (Dynamic Light
Scattering, DLS)%§ - B8l 1 8 i B EN/KEG FaYZOREERL » FFcrzets
o HLE R e E I Eis © JRFJ7R MR ] ERE RS NIRRT
{BEALTIE TRl D &R+ - REE EARMERE 5 BB G RIR Aok
REWAECEOEEEREE: - [REE TR AR SRR PR ArRilo
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HUALIR BRI & - #E BB T A S A4 BE SGT R (A #(Diffusion
Coefficient) » HEMIHEERL F-HIIEA/N » (HFRBLEREE PRI S0nm LU ZHi
TR ST RIS BN A R EFR B 100nm BUN Z Rk F-47
e -

P EAE T E A SRS S B AR AT SRR FEE TR TR Bk
DR A HAETEROK R - RidE AN Y s tiiale 2 B /KiEER
SRYVER TR > YT R AR BT S o B S AT - FR o) e
Na—EBETRYE ZKER ¢ B SR BER e R R Y RS04
AR TR - BcE AR - TR E KB RoRYE
VIReH R 2 -

BIRREBET TR € R Y BB KRS h ok s
. ATEBEE KRR RIEN - SRR SRR - B TR

HIREE -

2. MREHEEE 1 nm 2 1000 nm > N B A] 3B AR B R 04T -
3. RIEBEEMESIHT > BRI EEMLEA - R EARONAER -
4. BN - BEREAGEAEE— 8 - S REEE R HBRERN: -

PLEF MR IAB R CHUR & Bl & B T /KR P Aok E 0 PR
ity > e ERREU R EN SR —EBESTOR T 2/Kietin - HREET T
—PEEA IS S o A

1-2 HEEE®

By CEREEAROREEAT Bk (O LB AR M FE (1/3) /K s roR P08 T Bl LRy 1T
i CEEILAHA SRS SRSl Kie P Ao RTE R A - MR
BN FRIIEETE REAOREPAT Bk O BB A IS BT T (2/3)- B K BG HY
FORPYESR R $dT/ (ES BN EEREUKE - LT ST E MRS
BN DI SRS BT R B K AG T o R E Y RS 040 R o 2 & Rl AfERR
TIRETIAT T AR PV S FEA R BRI e T SRR A R A A IS 5%
Bk oA Z Y - R TR RO KSR S TR E R oA Ak
MRS -



s

B Hi

il

ESNEAFFLTRERR 0 S ERE AR i HIERR ORI Y
SR SMAE RS © BRIEZST > BKEE BRI & Z R TE R T .2
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2. FHEaEREY SR DS HRNE  EROK A RE e A mIRE Ny
TORLREY 2nm BU AN A ASRER > BERIESOR TP E N B4 Y5
PEAMIEE R -

3. E—ERREUKEE > DRSS Z R B M KT oA R AR T -

4. BE/KB BRI AE SedE M N B S BT /K Ra 2 ST e 5 77 I PREAE
FUKRJCAUK > RIS EHH K T Z 0k E - meR 5K B R B ok
VIE R -

1-3 AT H R

e AEGRM: > AHIETE AR R E A N Vs R 2 B B K Re ok YY)
B oraEsdln - MBI CEIN I ER KIS P 2 2ok - R B LA
EER A BTG B S Z BRI BB R /KGRy TR e BE /K ek
FUARUK > LIAS SRR 850 o B 0 M 22 e 28K oKk 1 RS 7oA e ale o3 4H
FIGIRRE

st HERE TFA BB TATT
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FHoE stET RN

BE SIEFRSH

2-1 BREZORMITRYDEE ~ BN AEREE

FORKLT—MEF R 1 2 100 nm 5 B EERAHRTT S - A am KA oKL
T WAREER A e A BRIy BABEG T  HUEER R 1 £ 1,000 nm (K
IUPAC %) > t[Efk il et S A REREEIER (1 - NI (LS RRER L > ZA[RIRF

PHEHRRELA A Oy S FIBR R DT rIRE R - MR T RDANAS LR T ~ G 4Ry
Ghte > SR DIMERGIP AR E AL - S M 2B TR e - EROR
RLT IR — RO AHE T BB AE 28 T S8 AR Y EAE B - NI AR P ] - 2
EBVEREN A B F I EE BTN © Ree BRI S > SRR T#Y
JFUEIREE - BUEE T IREEN: - NIRRTt S - ERBEAOK
FAE = (E R

« EREESURNLT B E A
©  EREESOR RS &N iTEE
©  EREESORN T EERAH R AT RE

2-1-1 BRRZROKNL T4 MR T 28

FORRLT-IR S 2 H R PRI E I 28 h G g i (R 2= © 7oK RS
m= B E o M EMNRZE - HREERR - ORI Es Rt EiT o reE L -
R RIEEER > RERCEERIREN ¢ RN 3 AERRES > EpGEiEE T
KRB ERYERAE ~ fIT8E M SRS EERE T RIREEEHE
s > HILBZEA SR - IR HENESETORLTIREE - i 7 AR EAEY)
BRI E - BRI - A SRS B S8 TR GE R T
R BBl H RPN EAERIRER S B AT B AL T ROy 22 BB T
L PREFFORKLTHIFIGIRGE

AR5 B RSB B — ok S - R EE K HZE0RAR
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AR ENZER] - FORKL T M D E RS > TR A 28R 2 R T
A S EEFREHS > WA R ORI T A S R ARIRRE -

2. SUERPREEE RSFRVFORI T E
AT oy e et 1 B S ARG R ) BOR AR T 1R - PR TR
JEFIRRE NI Z FUERUR - $EAA R RS Z s -
TTEEYHEY SO RIREEREN I AT o S KT RN BRI
TGS AT - FHERCE S EMES IO LA AT M EsRayRtt e
TEE TR RS AR RSP HIIRE] @B IRE R/ N T e F RN E
fE rp AN S R B SR o Y HAY

3. PRERE AEIE
AEHEG M T B RS CET ERET 2 2 3 /NN PR RSB - 25
HRTT o BEE BRAARES -
AR NEREUS ST B R E R R IR 7 e - ansdaEs
RAERES - FUOEEEEERE - SR - £V T A ik
R R TR AR T - BTSRRI - RGN
Flad L ST BTG AU B S e T AT

or

2-1-1-1 EREHERN T
SEMBIEBIN IR TR R T P2 B ¢ 2011 AREEER) Trends in

Analytical Chemistry(53 AT EE2#ZAHAF]) T Separation and characterization of
nanoparticles in complex food and environmental samples by field-flow fractionation
DA 5y e Rt 53 e e T8 MEAE B BER B P YO T (B0 62 7=
Eisr#k (Field-Flow Fractionation, FFF) #HEEERSL © fEHEZEZEITEA
FoRKIFE AN RO T - FR&R M ~ st - 28 DURGFAAY R M i

(Detailed characterization ) * fEEFEEIFTE RIS > HE— &Y PHVE—F
Brah e —PEk - msm i (FFF) BMHERITHYTEAZ — » a[LUSEIH
BRIV T AE SR o ST RS T VB haolf - (A ~ 56 - Koo+
B RAUK ~ TIEEKAWIE ) - 48 FEF BRI - FFF w[LIE
Ao SRR es - 1355 2 HA R i i 2 S H & EH » Bk nlE £k
THRIVEMERR - &R IR EAENE R - FERER RIS E G
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TRt -

HNEREAIR > AR RGO - A RE BRI Bl - SURE
AEEFAYERI > HEPERERE - ARanHYECE ~ BT ARVERRL - BENHAYME
B~ o REERARRA R RCEEEE ~ TR AU ~ SN SHINER ~ (HHIESHEEA
FOERDND > BV EANTOTRE T L -

2-1-1-2 BABRESORNL F S B (N3 A

SEMBIEBITA IR T e 2 B3« 2011 38R Journal of
Chromatography A (JEHTHAT] A) " Flow field-flow fractionation for the analysis and
characterization of natural colloids and manufactured nanoparticles in environmental
systems BT 5Bk (Flow Field-Flow Fractionation, FIFFF ) FN KRB &
BAFRIS 240t NSRRI 0950 i BCREMERASE > BFam (oIl FIFFF FER
PABHE R NIEZRHLTHY 192 RSk - BB RIS —3% 9 < JREh=lER
JrEERe s (FIFFF) EBEBA-FEAR AN RIS KSR M+ 0 Bl s R MR
5T BHEAN - TS - I NESOR R FIVR AT R i -

ANIEA B4 #IE % » FIFFF fefit—fE 348 H = A Ry il - Bk
R T HRAU AR B ek B (% - A AR R ARCRIE RS ol © 5 B EA (RIS (1]
W FER S BRI ER/E5E ICP-OES / MS ~ Z S AfRE B i
MALS ~ B8 EU 438188 DLS ~ UV-VIS IRUEEE ~ &6 el ~ Ak
ay ~ FIAFEFENEE TEM ~ R+ 18i00EE AFM 55 ) &5& » RIlalR: FIFEF
AR RAVZORALT > T LA REM: © FHEE FIFFE BBt o i R b 18 &0
Feff » FIFFF Eaefe i EREA/N ~ IR - 45128 - (LBRAER RO+ B 5 5
Yii&5 & (Particle-contaminant association ) & EHTEN °

TEERET ARG - 2 F A BRI 53550 70 e 2 400 T RE X (B3, 1 s
TKEG VAR THIREE B oo AT - AHBAE R ] 275308 11 2 21 - #EMTEIIR
/KRG T AR ERE - RATR A — P 4 SRR M B s R e e 4

B5E -
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2-1-2 BRAORRL TR R BRI AT 2 A

AT A ETEAUG S 7 B 20 P B EHIESHEICE T - 2R
EEASD /AR ICP-OES / MS ~ Z SRR CHUR# MALS ~ BhRSCHUH
& DLS ~ UV-VIS lRUWEsE ~ Bt « A EMES - ZEAE T s
TEM ~ JF+JJ85#5 ARM 55 - A[EEELZ (e rHR HHRIR AR T2 T HE
MEEE BRVERR > MRS EE - ARYEIIEE SRS A NE © 2 AR
RO ~ BRI ~ BB TR R T IR AT R o
RAERSFRIENE, - Horh 22 A FE AR REOC AU #8 R BN AR A B m] EL R A SRR
GBS R - TR BN SRR SRR B R R
UM e S B RS o BT Hr ]

% B I B o Ry 8RR - e B R it LA Cie S
B A RGBS ERE Y HEE 5T HEY . ORI IEH]
FHEERN - BEfRE R H Z EHDE - WEREFHH TERORI T BIERCZ Bt
& o BB E R A SRR R BB &R - Foa N BT o0 i
gl - AT IEREEAR SSERIRKEG T RO 2 &R o (R B 2 A R
S ENETRHE DAV -

2-1-3 BREFORNL T EERAH e HT RE

NIFEAEY) R B S T 8 ~ 30 H—2 i TR bR s Bk -
B LR YA R - et~ IREUKEN RS - AR LEYE
Aot ~ ERIEEEL P22 - PRSP EAEER T e - Hor T &E397E 1,000 Dalton BL
T BEE RS NG By 1.5 nm UM (058 1 FR) « 2R E B R ok
TR Z BREEA (R IE 5 POy R N o BREEAORKI T E S Ry 100
nm LU 2y > SRR ORI TN e E R iAo 1~ P
=T HEBAT o AR LSRR DA R - YA - e
SRR RS 2 B A M R BRI S R > [ DU — D BRI e AT
LA UV Jested BB b 2 A HPIE - e Sk s B 2 /K o R
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o
IE

=X
%
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%
Gl
3

eI TR E SR el - FIRF 7 F B R
SRML T ATRE Z AT 4HRL - R RCER I BN EE G o S /KA i an = 220 -

® 1 BT o TFEERGHE—ER

7 FE(k Dalton) AHARIERR > F(nm) &5 (nm)

1 1.6 1.4

10 4.2 4.8

50 8.6 11.6

100 11.6 17.2
1,000 32 61
2,500 48 101.2
10,000 88.2 217.2
13,000 9 251

BRI © Wyatt, DYNAMIC SV7 Optimization Calculator

2-2 S ~ B R AR R E (5 A RS
2-2-1 BHREFORRL T EEE - BRSO

RS SR SR R B AN N BB GR (A A AR 2 SRR PSR ~ R R~ ey
EHERBEERGA  NETNERRGSRATEA SR - HEREETLE R
HHB SN T30 WA T i KGO TR EREREE - [FIF920 TR oA

WIFTA 48R - BIRE R AT B KRR ER - ZREERE

R - HEHEEIA 1 nm £ 1000 nm - R B SEAER T BE 9HT 5 [H
055 Ry EREE M 0 A - R AT RSO (E A - R DR adFiRE . BRI AR - BEE
B RETRE S — o0 8 - M EE e H A HMEE -

BhRESCHIG B P R A RS TR AR T BLAT 7y B ARl 7 - 728 AR AR B

)y
i
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AENH I > AT RN E SRR TR AT E R R o BIEHCR AR IERY
[ETRZ B {8 FHAHIBE e BCAE T oA > AT SR e AR R HR e oo £

EDCHHE R N R/ NERL ERS  SEE R T B (R ) -
G REFDER > FER R ARG R R R E) - AR
A N IEAE AT AT B S - HL (5% A= HCH A BRI ] 2 BE i — B RS ke e 1T
SL - 2B AR HIBE R LA [F A R MR T8 - AT 32 e
R FT R BRI R 4R A 2 R AU P B B I R BT &R, - BhREOLECH B R 5
ZIKEESRE AR - BB hnt e AR O T L

RO AT HNERE ~ &7~ B - BERERRER A RS 4 5 ]
FERIATREVERTE - A E A [FIF i R oA - mT BEERUR e gty ] 2 R R
5 WA AR AR E R E YR 2 -

2-2-2 BEFORM T8 - FHBERSERIMARR

RIS Sl 2.4 (Flow Field-Flow Fractionation, FIFFF) B —f@EEL i e )& »
JELUR AT AR Rl - PSRy B E T - KT BB ENAE 2 B AR
(Cross flow){E FHIT 7308  Jor i [FE 2 A e 6] 2. 3 f?ﬁ(ﬁb%ﬂﬁuu N TENS
Symmetrical FIFFF) » feaA6EhH 2 A& [m) i B i s 2 325 1 [ 2 (A i
AR DRI EE S o &80 (Channel flow) 5 R 2EHE T
o Bl R ENE FEEH T - ﬁ%ﬁfﬁi¥ﬁ%ﬁ’\l: P 218 7 ] A T AT B AE
> ELKRAEREINIER @ e B iaEtay E iR E) -

A R 55501 247+ (Asymmetrical FIFFF, ASFIFFF) - [HiE R EA —HIE
AN i PR AR AR - REE E B AL A (V) » 97 R
38 38 375 MR R (Vo) S A (B 2 R U B R (RIS (Vo) N B 77 2 Vin = Viw + Ve © Bl
EEZ HERRT RREEERD - EFRURENRE - ARSI E

B R AHENNEY - FEAERE R A E: O w4 o

NG M RGBT AT 5 M &0 £l - BAREET
() FHEFORT > AR H s de s 2 o EseR - &MLk 2
KN o
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(b)

(©)
(d)
()
0
(2)
(h)
(1)

(@)

(b)
(©)

1 FE A I Ales LU AR B AR T B AR A - R — 0 2 (22
& MRS ¢ BUER S ESTEERACP-MS) ~ ZAERFELHUN &
(MALS) ~ Z=IMERBAERAER(UV) ~ w5EEHES(FLD) ~ ZFEE B
(TEM) ~ R+ 888 (AFM) 3 R RERSGERETE - A8t
SHEE ~ BIRBCHUNER ~ RIMDERUWERIES ~ 8t EUIES AT Ry e oA
&t o HLERAN Ry I FELERI H 2450
AR ORI RN ~ TR - SRR
AT o TR IR R -

77y iR [ S B AL (A -
A EETRE %%/EJ\E%%VJK 5 2 R
MRS R i ] R 0 E A Bl B T S [ N 2 R oo B R AT R
T EER BE R EL LA S e
B EET o TSR Z A REEA S -

TEGREETTH - MRS RFA LTS
FEAZORRLF AN 1000 nm 1% » A]RE & PRI a8 R0 i e £ A m] THER
TTHEER SR -

TrHEs E AL A TR o RE EREEAEISR -

JrHEEEE R EAR LA RIREE AL TS AR R R -

2-2-2-1 Z 84T

() EhIEITEERR
*  Agilent 1260 JEHHEITEE 245 © VUITIRH - BBENELR HEEIFREEE
nPZEH LS (BT 900 uL BindHEs) -
© Wyatt MRS BERST © S BRI i8sH 0 ~ DUALTEC -
metal free N ETEFTIEGM T HE L4 ~ NETEAUGS R & BEE
78 (Long channel)
(b) (IS
o UV {EHIES ¢ Agilent VWD (HIES
o ZAMERFRECEESEE © Wyatt HELEOS T -+ /A SRR L AU 6
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(©)

kUSRS
o Agilent 1260 /RN ERS

2-2-2-2 Z4TRE
ANETE UG B S BRI TT R ~ BEHAR EEREEE - R B
IS - BB - ARSI ERS ) HESEE TR ¢

(a)
(b)
(©)
(d)
(e)

U DA SR E 2 JIIEL TS
BENELSE FEEIRREEE © AR EIE T ROk
& LR iEaH T © RERB BT kT
Ve BB ES ¢ R
NETERIE M T 280+ Ban o e
*  MAHTERSGESR BRI S - B BRS¢ BRI EDR
SRR B S - FRimTT A BEEER - RSN I7E R
DA BB RO BB B AN - TPECE ZRATRL 7070 - PR
J2 oy e A TP RS EAE DK U7 A AR o B (ORAG EEN IR
MRS » BEEATRUAS TP O R R - R B REEGRE I O
LS AL I DR TITETT RN 1V oA I TDAIT. (A b A AN A A 1)
SMAGIRED - BoESEMHIRE) - B T/ ML o B E A
RRLFRZHYBEER 5 RMEAE B S » MR T s AR AN B
B o NETRRUSS R T B R IR 0 BERCR - P E R R E
RO LA TR R - RS B AR 225 A A L MR e e A B A 4t ) 2 JBR
77 ARk REEE T MR - (e G Nk Bk +
Z SRR RN - DUZSHEIAR RN ROR © F A A &Y
BEREOVAL R i R R mRF AR T B o M K- PR e 7S e (B 2 R
A BE R AREE R A P L MR A T 2 & -
o NETERSEROBEEENE 1 R - HIERECERTEREULT
IHH -
(a) Detector Flow * 73 28 7K J7 [A] 7t 28
(b) Focus Flow * ik Aoy B ERS - Ryt ook ndiiol 55
of o J S B 3 AR A W (Inlet K2 Outlet) BT A 2 B @1
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(©)

(@)

(b)
(©)

(d)

Ny
QBT A

Cross Flow : T E [A)it 5 srBEEET 5 7R > 1ERE

TIBIEEAE T T R

ENEERELI TN EE ¢

Focus * e AR » JF 7k Bl [F B S AN /KRR
EHERIESRET)  FEmEA

Focus + Inject * f i AGEEH

Elution : 7% Detector Flow &z Cross Flow HYE%E » FEmEE

S BREIAG e FH e e A e
Elution + Inject : B ARFEF Z R in5t 2 HEE O BEE B
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Inletflow Sample injection
Impermeable wall

Focus flow

Injection

Focusing

Inlet flow

Impermeable wall

......... Relaxation

Outlet flow

Bottom frit
Cross flow out

Focusiong line

J Elution

FIFFF membrane
(accumulation wall)

P>

s

\
Intlet Injection

74
Outlet

Crossflow (out)

1R EEREE  E
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2-2-3 BRISEORRI PRI B ¢ S/ ERRLARTHEES

19 a2 » F¥EAE)ES Lord Rayleigh (John William Strutt)$g K28 By fa] A HH = EE
AFERE o fhfy RAEEFETE James Clerk Maxwell i3 1865 2 HAYEEA T FER, » Hhalt

Blgm o STEmAR T B ARROR 3T Z A i hE B Rayleigh-Gans-Debye (RGD) theory
of light scattering °

A CEE B D T Z BRSO R (B SRR e 2 %
PR T B BRI DA » fmiiot REVERSS + 2= E Y HIE VI » AT
ER D B 58 PRI D' A 8 B ORA A S A R B~V T 2 A CEF R I 1) s 22 LT A
B AP ) » SCHER NSRRI st R TV EEE 8 - e/ PE Y
HUR A T RE M I A B H 0 RO RV

®  SEEUHHY AR M EEL AR R A N2 AR R

BT FHIRASARE AR F AR/ MR 2 0ImHE » B R o7
TR R BRUN IR EE o ¥HFORIRIRTE /NI TF-(< 10nm) » BURHEETE ik
BEPE & A RRAAENSE © S SR A T —(EE N A A F ARS8
g o

HORASE R 75+ » 2R E TR [E B B E 2 o Hl s A AR i
RIS o BEGRNIRSY AR EE AR DR M EER M T o BOEAVERSR TR
& bEE RN AR5 - B HEFA L2 A EAET g AEEL -

s BT A FE (R M rT AR /K SE SR DR > e E a4 o THIR
o aE(E RSTHIEHRE RS JTHR root mean square (rms) P8 - B¢ Ry AR
radius of gyration (1) * ¥ THRFERIGZ I FHIAR INEHHE LB EK IS
e R TR Z A « B AHEE 77 A R E B (B bEikaR i ~ BRP
BUARIR) > PR APARF B A o] RS ELRAWR I  #RAE MEARE o o] S AR A
Mri@tTi% (Size Exclusion Chromatography, SEC)E AR EE 12235 T )2(Gel
Permeation Chromatography, GPC) 3t » i AE - R AR A RE USRI 8 -
Dt = HE & Mw FIHE TR « FrlllE 2 3 7 RF R B S S HE
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& A] F DAMERS AR Sn Ui o
® iR REIE T
Bruno Zimm” * #43# Rayleigh-Debye-Gans(RGD) theory » J&EL A YEETE IS
oL B RS EEAY 220 o IE4D Philip Wyatt 13 1993 £ * fa¥am S & P AT
At > Zimm R AR TR
Ke .1
R(8,c) M FP(8)
R(O,c) * excess Rayleigh ratio » KB /g 0 EERALIRIE ¢ Zpl#y 5 HIFRA
Bl B Stz - RFIEEE B e eioa e -
¢ NERE
Mw : HEPHHEEES
At BT HEHGREY
K* : HE 4 7 (dnlde)' ' IN: Ao
Na : aoffifipRE
P(O) : SEHU 2 A A M R Y B TR AR

24

2.2
P(g) w1- 1% < s sin? L4 0Gsin* &y - ..
34 2 2

no IR » A EEHIWEZIN & » B LR - ERTTA
HIA/ N PO PO © BIBORATHL T 40KRH% 50 28
KDL - BIARSECEFTSCALEY POO BT -

752 rg" W sin’(6 2)$F 1R(O OfFlE - & 0 =0 BFZRRat &M
Aq o BHARTZEEM HEE mEtEmR - e e
<rg>=RmiYm =%Zr,~’mﬁ
EAR B TR S E AL S @A - AU AT AR

1% > ALMER Global Fit F25 > GFTAAK T ZEREBERSTHIR % - 552
RGBT ERE S AR -
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2-2-4 BRFORRLI T HBGEE -

2-2-4-1 FAEHFE-SRA BT AR A SR MBS HT)

E E@f’ﬁ’ﬁﬁ@fﬁ 3R EPy-GC-MS) F— i E s o L aYIN A - it
FAREF R o HECARTRH St BAH BB LA 2 B R - F R
15/\*1\5”@44%79 JA—E = M IIES0 2 1000°C) » {32 iR RI A FEEEHY /)N
grF o W EREFRAR AT B E S R R A Btk o TR E R YR R
#J%ﬁwnﬂ’]iﬂ}ﬂz ~ GEREFIMEE - ELERR LRSS 2 DIRE K MM M L & YIME
AIRRE A B - 8RR B 2 L&Y - Rl ER SRR B4
(GORBETHIR I TYVE - REVIMRIERE ~ B2 - SR - 288 - BRS
FIEE) ~ A0~ 8o~ PR RV RVIRES A RYE - SRR A T SRS
TR
EXSTRAEIDY
AL Frontier Lab PY-2020 id
BEFE MR SRR RS Frontier Lab Selective Sampler
A BB PEAE4H. Frontier Lab MicorJet Cryo-Trap
ENGLfiR HEh#EREES Frontier Lab Auto-Shot Sampler
FRAAENTE L Agilent 6890N-5973N
NIST [l & et
F-Search 1577 F[EHF & E

M NS5) =
W= 1 BT FERTEG N8R A 100m > &1
2 50 kDa - 4lliE#E 100 nm > Ry &R ARIREE T A g2 2,500 kDa < 50
kDa fsw st L S EEEYIVIE TS - HEIRET TIRER o« DIER I /20540
o B TR RA (R (A 2 Fom) s @ Al AE Rk 300 £ S00°CORIE JThE
SERE R R T
—R B R BT E R AT I TEER - A SR B R AR BT
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HRITTRE R -

sfERAZIELT

BAUERRS T - EGA

stk - PR R BT E R

2.5 RAGHEME

BRonIRRE © RS/ R/ [E R

RERES - B EERCE - FORIETH S0CHZE 700°C » FREHEERE

20°C /min

AR ITAE R R E NIRRT - ResE 2 fhaa R E B - B

th 2 BHEYVE R 2SS R RALZ AY) - RALZ A 2.5 SRR i

BT NEREE AT o o PTAEREREA LT 2 Rk

() TREZORR TR LSRR BB — v BRI 2 o T A A S (e
SEZEaT -

b) ERESTEEY > HEEEERE Ty EREE A ] -

() & EGA S RALRE - vIfE R IRGEEAR AT 2 RS e R -

[ HEMEER A 1A > Reactive Pyrolysis

e © B R B TE R R

30 KA Gl B A

FRatiRRE - IRAR/BRE/EIRG

SEFEREEL C TR R 320°C A frtEinEL TMSH (Trimethylsulfonium hydroxide) 52
JE% 2 [EEY -

ATRE ISR

() BHEERNFEGaAEHEEAEREE 2 HAK -
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Oligomer &
Solvent & Big Compounds Polymer

Small compounds /j\/ e

M I
Medium Compounds
& Additives

40 100 200 300 400 500 600 o

B 2 FR AR B oy T B (A

2-2-4-) BEMSBREEEASESE O

EfG BRI SRR NS B REE LS RERESE - (TEA
BRI AEE M Z ENMRE — RV EBE ~ o ~ JFT1b ~ BE LSO S E
B E RIS
HEHIFELEs (Nebulizer) KR AR LS H LR - FEHETTR

BERRTI R SR TE 2 R (Aerosol) #iiik EEAE (Plasma) 1 B2

% » SH—ZRINEERE - %~ Fr b/t L% » RERFHIDT 2R R B T
T HEBEEZ S E S AERE (Mass spectrometer) FEHEE TS
(Mass-analyzer ) #&&45 TG EEE (Mass-to-charge ratios ) 22 B+ LAf#EfT 1% » DA
EHIZAFENLMERA] - AT 2 Te R 2 B M S E & LAF -

&

U>

-
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BRIFORSTAT LS (o LEAR IR TR 5E(3/3) - SR Ao e 2 BRS K e o R 7y MRl

2-3 FIEIR St EROR R

2-3-1 R E P AEHERS

&re AU S M RE R B BT RUS U B E 2 IN R o E R
TRBRFTIR A Z S AT A E A BT AU o il ~ (EA R iU R 2858
LHBTEE SRR

(—) e[ 2 A A ey
WlE 1 FrR Z A s R e o A o R e B ]
REREALE - HAERERFER 2 [FE RER A e T8 - BRI E
A[E] - HEEZ FEEBR M » NIE RS @ )aa7R 17" Calibration
Separation Devices” * B &4 HH -
*  E4THEEE Long channel (LC) » £ 29 cm
e  Spacer Height * 350 um
*  Membrane - Regenerated Cellulose (RC) » 10 kDa
*  Spacer Type * W
FH” Calibration Separation Devices”  F5-< 2 ElNR 240 A= H E 2 518k
m E AR REGE > BEECHRINIEG Y - WESIR BR T oo LB R
FARER - (EHRBEEREO IR 2K EBBREEAE - WHEL
Bh{% B Bha e W F 7 8 inlet & outlet ZBEJT - —f& = » LCHYH
IR E D IEVEAE 8 £ 12 % - [HE R AR 72 RV SRR E S 2 BT
L - AR BEREEEILER 12% -

(=) EBE (Back pressure)da%&
T E OB UL ARERGE - HEED) ER R 30 bar »
iﬁi@lﬁtﬁ%\%ﬁﬁ%‘ﬁﬁ%ﬂ%ﬁfﬁﬂﬂ%ﬁ M S ETIAHE - Ryt on B BRI
Bk FERREBREEEHE - mEEE NSRRGSR 0 AR
EEHEE R EREEEANRK » EHlE B AR E 2N - FENETR
FHEEHN LC BRJJMERSH] « Z&aHEESERifg - AR LU TR

24



SEEEE - RAOBEEEOC)
18N - K
AR BN ¢ Elution Mode + Inject

Detector flow : 1.0 mL/min

LC BEJJME * 12 & 15 bar

(=) Metal Free /3 frE B B FRE K (Focus Loop) R & F %2

RTREESE N TEMNRENESBHY Metal Free 7711 EES
&€ - Metal Free &%t &5t » SiLAEE H [FIR Cross flow Rl < fi &%
HilEsal g aEd] » OB A e E A BB R B0 59 2 LM - B
Agilent 1260 E &£ 25 Sample loop B DUALTEC 522 Focus needle
valve Fs- N SRl E S ML ERFTCRES 4 By PEEK B¢ Kalrez B¢ Viton #75 -
it gEE R EET - RILFOACEH BB EDNRE - I - LA F-BhaE
TREDIRERTHEE Focus Loop % - {#f] PEEK B #2250 Focus Loop port A
2 B L > {448 Focus Position sE{EZZE] 10% > Z 4B AE(E -
* kA RoEEEE (LO)
o BEH K
o EASEIHEE ¢ Focus Mode + Inject

Detector Flow * 1.0 mL/min

Cross Flow * 1.5 mL/min

Focus Position * 10 %
©  EHEERER Focus Loop s%E Fsf ] 100 cm & 0.125 mm ID PEEK &

() RIS SR B A A% B TR B B
B lEs EFE UV E0MES F 2 AR RO RN SRl A (s
sl RS EN R - R ETE R EEHIZS NG REN T A Z iR
IRIEA » FEESBHERCIE - 53 ASTRA #kEEN > Alignment ~ Band
Broadening FHEIE IR o %5 [FIEF DAAFIE H & H BSAIE A Aiem
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BRIFORSTAT LS (o LEAR IR TR 5E(3/3) - SR Ao e 2 BRS K e o R 7y MRl

PRAEMEELL EAARESS » IRATET 2 A R RO RO R & A T B
Ytata <~ Normalization ©

BSA {EIE M A EEe e SARERRaT

e  BSAEE ' 1.8 mg/mL ° inject : 20 uL

o THEEE : RoBEEEE (LO)

o EH: K

S HiT B S FEE DL T Alignment ~ Band Broadening 5z Normalization » &
&2 tHRGRERI AHE TR B E NI SSiE R 2 S IHER S » WEERFECERN %
t o FHLMRE R ER -

(T1) PRI £ 4
— LR TR B R IR R B N 2 AR - Rt B EH
H—(E RS ESRETTT « KRR 24 > RINEE 2TIEIBIE TR
R AL > PERSTE Wyatt ASTRA SHEAHT > SRULEESER Agilent
LC Chemstation | » —ER$EZHEH — ¢
() DERFILERE @ 2 AEEFRRLEET R UV (I8 R 16 e RS TR
+ PR B B A I SRR -
(2) ASTRA FTEZoRm T RT -4 Bl Rz i [ [
A RIE R 8 128 AR o M SRR [FI T 84k

ON) R FEHRK
SR ST RHEZE D S0 uV BUT > B8EFERY 20 uV DAA -

() B R e s TG
RAGBCE > MR Ry 10 4788 > S RKMEREE K 700 uL -

() FORMLF 77 Bl S e
LA 30 nm K 60 nm 5K KT8 RSO3 BEFEHREORES - i
F& R RS S -
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2-3-2 3B RAEHI RS TG 7A

(—) FRomAiEEHE
B 0.45 pm JERESN » AGEEAN 1 um JEREFTRRER R - MTEED > $CNIE TR 28
FB KM 2 B P IE R Polypropylene(PP) membrane » SfERSEAORKL T2
MR - R DR 2 & - N MR IR R LB A S ~ SR R
1A i P AR AR B R B e 14

(Z) AETEREGE B 24
BIRZAANE 3 - MBI ESURERET T BERSR > e BB
& > P AFERSCEZER] > AHUSS T BERSAIR L - A2
2 B SRUE K [F E AE HR Y BRI E - A e R -

(=) BEHEERE
Rt A B E YR - RS EIE TAT 0.02% (200 ppm) NaNs ©
F— IR 10mM NHNO: B Eh1H » FHE KA K 1mM BEEERY 77
HESCR © RS5O Frdl o imR Bkl 2 v gl - 55 00t
S ZBEHE M E 1 > Rk
* 7K +200ppm NaN;
*  ImM NH:NOs + 200ppm NaNs
*  10mM NH:NOs+ 200ppm NaNs
e 10mM NH:CI + 200ppm NaN:
*  10mM NaNO:s + 200ppm NaNs

(PU) 3T A A e s 25E fs
H pi ] EesE H B2 [ A 2 i EREERR A WfE 43 FiE RC (Regenerated
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(11)

BRIFORSTAT LS (o LEAR IR TR 5E(3/3) - SR Ao e 2 BRS K e o R 7y MRl

Cellulose)f& &z PES (Polyether Sulfonate)f o 35 R /KRR » Hfr RC
REHR K ME58AE PES 5 - (REEABIFTRCREUT - PES FRES Y Humic acid J
IMILTBASERE R - WHREORKL T2 778 - PUEIERIRE > PES B2
[EIS /NG RC B > DRIEE BRI /K G 2R TR 52 2 158 ) RC 1B
HETEFLIEARVINEL 1 kDa f2 10 kDa &% - 5170 BIHIEL 10 kDa 2 RC fHEEL
PES & » BREA [EI /KM 2 R R ok R T Ay 2 -

ARSI 7 B E B S R
MRIBREINEGE R - ARSI R o RS EE e T -
Detector flow * 1.0 mL/min

Focus flow * 2.5 mL/min

Start Time End Time Duration Mode Vx start | Vxend
(min) (min) (min) (mL/min) | (mL/min)

0 1 1 Elution 1.0 1.0

1 2 1 Focus -

2 12 10 Focus + Inject -

12 22 10 Elution 2.5 1.5

22 32 10 Elution 1.5 0.5
32 72 40 Elution 0.5 0

T2 80 8 Elution 0 0

80 90 10 Elution + Inject 0 0

BRI MTRFE] Ry 90 73t -
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FHoE FrEE RN

e

\

BWIATT|

3 ARSI T BT RS
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2-3-3 {(HAIZ&R

A ZEAEMIEE AT 73 Ry & _E(in-line) ELFEE(H M Ko BESR (of f-line) B4 © Hkidmn
LR BT - BRI 2R S /K Ae b a2 R TR B RS o Bl s -
MR ETTIRERER AT - SR EEMESE Y f ¢ RIME UV HMlEs K 2 AR
REOCHIUHTHER © BESRO (RO Ry - BRI SRAH I B S R R R S B AT
& -

(—) A UV (51123
BT ML » B 054 nm B - SREAMITEERSE  GFEIATAS
BRI TGE  FIERIE T2 S e E RS IOk T
REAEEERRTTE -

(7)) ZAEFRHURE
FRfbhFERS% - e A TREERIEORH I G A DG ERTR - e
s A R TR R oo TR EE - EHEE S 10 nm 2 1000
nm o FHEFRE BT BEURZR M T 2 3 R AR Re (B - MEEEZEAR
10 nm PA B BANENE - KRR R R 50 nm PANRER
Zimm Model =% ¢ FIEAR 50 nm #EH Berry Model f520E1E ¢ Fit
Degree 52515 m B (e (= L 2

(=) iR s
TR BN R A GOR o 2 IEE an L A8 Se B 7 BT E 38 SR oRof
TR AR AR Z ATRENE « iR R e RHE L BB FTfE E 2
BB o o RUER Z AR ik 70 AT AR R S A e S e RS
BEEENRETREARE T -
TR R REEEE  BRELL RO
o FRFRRE ZHE £ 100 nm
s ZAEREEREEE S ENEE S 10nm £ 1 um
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FoE tEE RS

o FIEHEUEFEALE AR 0.45 um & 1 um

FEARTEEEE Lum JEREWRAE T 2K oA 2 RIELEHERITEREE 0.45
um JERE R R U SRR AR E T

(1) F—EmRUEE - Bk < 10 nm

(2) FEERUE 10 nm < FI T ERE < 100 nm

() F=EERUCE 100 nm < T ESHIR < 450 nm

Fytfesl s — B RULEE#IE > FC® 2 mg/mL 40 kDa Dextran(ir F-A/N&Y
10 & 11 nm)HY 40 uL 7 E AR ETERGIE TR RSN - DAL T EE /KRG IR
b Z MHE JTARRIE » HUHAT IS R Ry 25— PR B e 2 B RS EE - [ 4
Fy Dextran X & & @A 5 H B

() A= T&JﬂZ SRR E ¢ B RAR e E AR
B 5 SRR RN EE MR R RN - FAME UV RO E ]
T - BRI E R R ] TR R R RE A T%%ﬂﬁz °
AL E 0 B B BT > S —E0 0 R BB RAS 73 M (EGA)
5oy Ry K FEM 2L AT DL TMSH (Trimethylsulfonium Hydroxide » =
FREASETOITABRETHE(L » nEEE g a4 E RS E

(7o) SEHSE AR E © BEM S ERTEE
BUREREEE « REESAIRGE - #or R R 2B RS 2K
g R B TT RN T - ER S EATE LA NIEA W313.52B - fic
GIA TR bR R E -2 BRSO K E BN SR PR A 2 T R RN
Hafl o EHLLTITE ¢

%

/.

Tl

*  fifi(As)
()
- [(€))
*  HHCu)
*  §H(Pb)
*  3RAg)
*  $¥(Zn)
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s #(Fe)

chromatograms

— Dextran-RC-40-1-1[104-10-13] — Dextran-RC-NH4NO3-1-30-1-1[104-10-14]
Dextran-RC-NH4NO3-10-30-1-1[104-10-16] — Dextran-RC-SDS-30-1-1[104-10-19]

=18
0.154
0.10
v
T
m 7™\
3 005 g5
g
e \ A
7\ .
0.00 H"."’: \-Au_._«*ﬂ“’"""‘%“— — o S TR
-0.057
20.0 40.0 60.0 80.0

time (min)

[ 4 40 kDa Dextran 7 7KAH/1mM NHNOs/10mM NH:NOvSDS F 85 f2 5 B El

&“ﬁfﬁ%ﬂﬁﬁhﬂx [ il H RS B o B R S5 2R > [E— BRI
TR VEHU RS0 E KA IS T RER S E 20 s ASRE
JEEE ¢ PR ER S fBUS KB Z O ERE s am S ML 8 B - AR AT R
SRR - ATREARKE R AR F R A - S RGHITEE KR 7Y
fr ERVEEL -

(Z) BBEEE T 5RO TR HIER SOCEU SR 2 2 8
FEENHRE TSR 0 > SeReaeesR R > M 10 mM A EhH S ik
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FHoE stET RN

TR R b o R R R 2 SR - BN TR RS o R T

TEEEREY o 8 B7KAH ~ 1 mM NHINO: FEEfH Kz 10 mM = FEREEIHH © DA
G nT ] A B Jg #E 3w (Double layer theory)PRET LR I BB (o BLRAG TS
B RSy R T 2SS AR

(=) 578 RC FE K, PES fEz= 2
JEEm I YRR T B Ky E BRI S AR AEE > AN EIE TR A8
FHF > PES B ESHG7A RC FEE » A 55, PES B TR > (B ofess: - 1EiE
R FREHIRR © 28 2 JeFR 3 HEEHDNA 100 nm 2k T~ AAESEIAE T b
REFSKER Z ELfl » RC BER(F T Z B FEELBI B A PES FE > Ef5 RC BESy
AR E © FiipREE 1 um JEREMRIE T » RC FFEAHELY PES BRAfG 2 1215
PRI 5 TIRTEERE 0.45 um JEREWRCE T AiE PES B2 15915
DR RC BB WAfERTER R T EXEEHR - 7R
PR R/ KR VSRS AT » o] MR G M E AN RS 5m
NS =

(V) FiEEHE 0.45 um K 1 um JERE

JCHUHEE E - AipEHE 1 um JEHE EERGRIE RS 0.45 um JEHA - A&
WEE S ARSTRCT - SOEE B R - PR fmgsh B - R
FHIE 2 Z 8 R Reas e » 0.45 um JERRE R 25 AT EH/INEE K o Bl
T HRASAATRE - B PERAE/ N © 10 1 um JERE BRI TR
=0 THERTERCRARE, BB OSUR R EEEL(RC B © 60 778
& © PES J# © 64 53§ 1&) KT A M TR SRR e s A3t 28
W BRSSPSR -

(1) B/KERZ UV A R ER
FIERER 0.45 um/1 pm 8RR 73 28 RC R&/PES REFR(ET » £2 UV I
WEHER & R o B B 13 22 15 70 » LU RC B A1 - 8] 4 27H7 10 nm
RLFRERY 20 g pifE - AR E AP RS /NS 10 nm - HBEERCH
[ 5 AR B A
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(B EMR AT MR- BERSeR A - BoKEE UV Rigry B3 A Rk
% o Fipd 0.45 um JERE > PES BRAHEIN RC B - 5o ife bz 13 2215 77
2 UV SR RIEETER - AR 1 um JEREIRAET - bR 13 2 15 70 8#
A o SRKTA LR e i i /K - ] 5 UV IR S B s o e 2 7
(RC F& : 60 7r8#1% 5 PES B @ 64 778#(%) -

ON) SRR IT-EeE e |
R IATHEIE RC R ~ FIREEE 0.45 um JEHE ~ KB ENAE IR > &K
B 2 U G SR AR eSS » e S ERR R IR ERIE B « Rtk
R=F <10 nm ~ 10 2 100 nm ~ 100 % 450 nm =(EE&E% - AFP7KEKER
SRR RAE 5y HAL T o A EEATRE - SN TR E DRI -
HeEaEEE ST M RIERSEERHFEICP-MS) » #KiE NIEA
W313.52B J57A#t ¥t (As) ~ #8(Cd) ~ #5(Cr) ~ $F(Cu) ~ $5(Pb) ~ $R(Ag) ~ F¥F
(Zn) ~ #(Fe)/\[HE 5/ -
JEE B PR & /KR FHE NG - 8 s =T E B JE - RS /KERE
NGB T Eh R
* 10 £ 100 nm : RACHLLRHE ~ SFEE ~ BEE ~ &1
e 100 & 450 nm : OB - IR - (%

() AE&HR BT
W[E g E 57 AT > BUEEEE 0.45 um JERF/ RC o BEE R/ ZKHH 2 =fEhr
IR > < 10nm ~ 10 2 100 nm Sz 100 2 450 nm Z S 7K HETEAZYARR
HHIEMT AT - DS H AR S & i3 -
#%7/KEEZ EGA B3 - BEA81T = kg it = 40R S #EE
100 £ 150C
170 £ 400C
* 500 % 650C
100 2 400°CoRE M EEHEE, © 1 500 2 650°C WEfH AllfE Rt kel
eI E5RETT ©
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FHoE stET RN

2-3-5 &

(—) NETHFUGS R T B R SFUR B SE R > HLRCTNB % B AR KA th R
SRR AN TR R R -

(D) R EE K 78S - Ml rE A2 mA T -

(=) SO TERTZ TR - FUAERS B R it i A% - %80t H AT
NETER G B REOE 3 TS Ee i R BEMR(T FRTEREE 0.45 um
JERE » RC 7 BEERA - &R/ NE R BT - H A gt
BREFTACEHSN - KIS B & o BiERL T S FE R & A Tt AT -
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R 2 BKBERAEREE T ZHAR 100 nm ZRALFERS] (BIERE 045 um B

RC 7B ERE)
K| B \ . . o
} _ g (2 |&F &Y |(eM | &l
A RO - - - \
i B % % % % Ko | 7K
ML | R
100 100 100 100 100 100
CEZIILE! 100 100
nm nm nm nm nm nm
nm nm
. . ratio  |ratio |ratio |ratio |ratio | ratio
ratio ratio
(%) (%) (%) (%) (%) (%)
(%) (%)
K+
200 ppm 47.6 24.2 30.6 21.7 21.8 13.6 5.4 13.0
NalNs
I mM
NH:«NO:s +
34.3 3.7 23.9 28.2 19.5 9.2 15.1 9.1
200 ppm
NaN;s
10 mM
NH:«NO:s +
38.2 16.1 27.3 18.4 11.1 14.0 12.5 6.4
200 ppm
NalN
10 mM
NaNOs + 200 | 24.2 14.2 18.3 16.1 22.3 11.9 9.5 14.9
ppm NaNs
10 mM
NH:«Cl+ 200 | 35.6 4.8 17.1 10.2 6.7 17.0 11.9 13.5
ppm NalNs
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FE GIEE R
% 3 BAKENRARBEBRENE T 2R 100 nm 23R FEEFT FiRE 0.45 um R
PES 3Bk 25 X)
RIK | B U o
. - B O = e I ) S e B O Y o
A | RO U - - .
i - &%z | % % % Ko | KE
D=3 LA D
100 nm | 100 100 100 100 100
e 100|100 |
ratio | nm nm nm nm nm
nm nm
(%) ratio ratio ratio ratio ratio
ratio ratio
(%) (%) (%) (%) (%)
(%) (%)
K+
200 ppm 3.1 5.4 7.2 11.6 1.5 7.7 0.2 0.4
NaNs
1 mM
NH:NOs +
5.2 5.0 2.1 10.5 3.9 6.0 0.3 -
200 ppm
NaN:
10 mM
NH:NOs +
54 5.8 9.3 9.4 10.5 2.6 5.6 4.4
200 ppm
NaNs
10 mM
NaNO:s +
5.7 5.5 0.1 4.1 7.2 5.2 2.1 3.5
200 ppm
NaN:
10 mM
NH«Cl+ 200 | 3.7 3.5 4.0 15.6 0.1 7.3 4.4 49
ppm NaNs
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2-4 BHAHFETIET =

TR EREEOREPT Bk (o LS A I o 52 (2/3) - B KA i SR R
LT 5 A BRI 2 A BRI BE T 277k lellE
/2T BRI R R R I 2 KRR - ARHE ~ BRI 7Ki8 ~ B TEEK
Wk BARBREKIG S B AR ERIRAH R B o - PLT IS/ KB h 3ok 1/
TIARIRIE AR 5T - (RIS an Z B (EaABa iR O -

BT E A UGS o B A C 1L A /775 AT TEPRK
fitals - R EAN EYE ek 2 R ToRYE R o BRI - BT
AR B B e AT > T oA B RPN & — e
BRORYYE ZKER - BRSSO BER i HERE ORIV B RSF oA > BT A
PeE T eHRE - BoE BV tislin - BRET R E/KER TV RORY B H I EYIRe TR
& o RIETEACE MR AR - Kt TR RKEUK EE A LS E)
SRFIREE SEAHRE /K BGHE T ORI RS oA R AR TERITSE -

SNSRI o SHEE T AR - S IR ORI
SRS RS © BRIEEZST > BEKBR B IUAUK N & Z R TE R e T .2
— " BIRER ST BV R A S A P i AR AE L B TR - HABUAR R
FTKERUUKE G & A 7R E I B B R  - AITtat =58
PREVES T 7K R e e S s Ho I T Bis e 7 IS /K BBUR K S TR ok e
B > FEIRPIERGS SRAETT T —PEE T - HE/KEGERES R LT 30k
. BUSENTAEERE T e E L AORYIE -

2. FHEa B SR DRI HRNE - B ROK A RE e A mIRE R Ny
TORIAEEY 2 nm BUMAIA TAASE - BOIERN TV E Nigs 8LV
PiAgHISE R -

3. HmERREOKET - DIHER SRR R Z R EN R oA B AR RS

4. BE/KHYBEBUAT R Ae Sedl M N B BT /K Ra 2 ST e S 71 I PREAE
AUK RCARUK - Rl B RIR KA T Z R E - Al AR5 /K R B B
RYTEHIRE -
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FHoE stET RN

Rt E BRI I TR ROKBURK i se =R B 20KEe » $e-+ /(oK

B > T

FORKLT-RIEG - B R AR Z R E KA - 2B TR RS

SR R SR ™ KRR B AT

(1)
2)
©)
(4)
©)
©)
(7)
)
©

H M REKGEFUKBCRUK) + A 757K BRI
BRI TR CERKBURUK) B i
PN L& GEFUK/BORK) © C BEES/K N 7KEZRET
MEEEGERKBOUK) D EE5 7K EE R
HACEBURUK) © E i

FEZ AN TR CERUKBURK) * F g
eSS SR BURK) © G ik

BESEBUUK) - H R

FZENI T BGSESEBUUK) © T

(10) YeREEFEGBURAK) * T K
(11) BZVKEG © K~ L& ~ MoKE
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FBEE BITHA
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FBEE BITHA

B=E WTHA

3-1 BRAmATRREL

AIHETEESTES 100 nm LUN ZF50RYE - LLO.T um JERE A5 - HI4H0 0.22 um
TEREATFRERRME - LARECR 100 nm DA Z SR TBE AR RIBEF LSRR e - B
Bi£2452 0.1 /022 um JERARER R 7 7 5 « MPYEER > SO BE A /K M HY Nylon
ME - Al R KEREGRIU L EY) - (REEERY - A HPLC 358 5 BiE
FNETFEREE/KEE [ TR [ RS S bR E Sk e [ &
TR ELEE RS - BRI -

BRENSTATRT > RKEEE 4°C KRR DL 0.1 um B 0.22 um JERE#EE> - I

R KERE R ol 3 (ERefRT% - FREIER Z KEEA 1S mL Bk
o SERRIRIA 4°C Agilent 1260 25 H AL RS T ERSRE T -

3-2 MRS R ETT KR Z P At

ST AT H AR RS Ry 100 nm PAN Z5ORPPE » 7KEREE 0.1 um JEREFiTR
Hi% o HAHER SN ATV EREE © BEIMETE 0.22 um JERERTEEE o A1
PN FHENRESCRUH R B 28 /K AG T oKL~ Z 7R - #EJ77A40 T ¢

(D) @S EmE A5  RAMEE A - EH AR A

B IOKEE=2K -
(2) AR
(@ RFE/D 4 ul ByEERE ARG - S A GG ERE S - R
Fi—tm/@ﬁ’\ffxnnﬁﬁfﬂ s BRI TS S R R A -
(b) FAGERR; R E AN EREE R I BUARE - 10 RN DR
ZEETRﬁHm’fW?F%B °
() & FPIEEENERmE b BRI TR -
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(d) FIEhniEE ARRSSAT > AR P A RO BB
BT BRI IREESHE AT - FRH anfl DUERET M B s -
() BEEE AR - FFErE ERMENINRE > SREERER
+0.3C -
@) FHEFEHRCEE 5 SEIHIE - DR B AR - FARENIHIENE 10
SRR - FRBIRUER RS RS - R Ry 1 2 3600

-

3-3 AEREG TR R

BIRZAANE 3 - MBI EIURMEET T BERSR > e ErE B
P A SEEZER > AERERS ST RGN Z - B EE 2 B )
A e [ A MR AR R RS E - AT B

3-3-1 B2 EptE S

Ryt R B E AR - R HYEENE SRR 0.02% (200 ppm) NaN3 » miffEt
S AEA TR E 2B - SRR LUK BB EMER - RZBUKE A1
WLEEZ TSR - SRR R K B TR T E e -

3-3-2 Syt E E R AR B

HRirT 8= H 2 2 p R g A Wit » 97 A1 RC (Regenerated
Cellulose)f& Kz PES (Polyether Sulfonate)f& e

T RRUK MR - Horp RC R /KRR AR PES B - (REEATHTEECERETR -
PES BE¥f/* Humic acid /N BATREFHEAR § BB Z 08 > PABYCER
@i > PES B Z [BIUA/ Nt RC R > RIS /KHES 7oKL i 92 2758 A RC
fe > HEEBESEE LA N 10 kDa -

WRHTHAE TS SR DL RC B BRSO R - BOAEE ] 10 kDa RC [HiE
i
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3-3-3 ARG H R M EESRBEE

(1)

2

B RE Z SR

Detector flow * 73 [F 78 7K 77 [A] 7t 28

Focus flow * BganiE A\ BEF AR - Rl pbindsmpai et - H
7y ke [ 2 7 W i A 2 R B A 47 2R

Cross flow * FE EL AT > 7B 28 5 5 7 [ 28

METFEAEFELLNIHE ¢

Focus * Bgdmd AR » 750 B R8I0 (58 [ 28 N ZKORU AR E 47 &

PEETST - FRR A EA

Focus + Inject © ¥ A EEH

Elution : %%&## Detector flow /& Cross flow HYEETE » Bk anbria 77 B

A R 7 e (A

Elution + Inject * RFEARFEF 2 Bk 58 2 HE N o F E

DA}

SHEGE
RIBRHAGGER - ARG R RSB T

Detector flow : 1.0 mL/min

Focus flow * 2.5 mL/min

Start Time | End Time Duration VX start Vx end
(min) (min) (min) Mode (mL/min) (mL/min)

0 1 1 Elution 1.0 1.0

1 2 1 Focus -

2 12 10 Focus + Inject -

12 22 10 Elution 2.5 1.5

22 32 10 Elution L5 0.5

32 72 40 Elution 0.5 0

72 80 8 Elution 0 0

80 90 10 Elution + Inject 0 0
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BRI TR Ry 90 73 -
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3-4 i {ENlEs

A EEAE BN 73 7] 73 Ry b (in-line) ELHE (UM S BESR (of f-line) (I AT - A%
an e eR BRI RIEE S RS /K i Z ML TR S R o Bl e -
MR ETTIRERER T - SR EEMESE I fy - RIMe UV HMIES K2 AERRRe
HIHHER © BESR TN Ry - BGR-SRAH TR (L - BUEMSRATERLE - 5
Pt AT e R ORI TE - SR AR AT R 6

3-4-1 RIME UV {HHIZS

B IR » PR 254 nm R < SRUCAIIIEIERSE  HHEIRRRRICH
BHRFAREE » LB HIE T2 B AR ORI T REESHEY
HRBUTTE -

3-4-) ZFAERPRECRETE (Wyatt DAWN HELEOS II)

PR T-3RGR - A A R EEREOR R T & AR ENEE - SR ENER
FEHEH R RTEE ORI SEER - BHIGEE A 10 nm £ 1000 nm -~ HAFRE
TG ERBURFORML T Z I TR RoAE > MEFMEZEAH 10 nm BLESBARNE
HNE - ZETERAERST B 50 nm BUNIFER Zimm Model #2285 RIEARL 50 nm
iR EH Berry Model f#(ET5 5 Fit Degree jiF 5 &5k in BB M FE (AR EE -

34-3 SRR
YRR GRS - F B TS E B M E SRR A
RS EE 2 TTRENE - S5 SR S  E BO S F E  BE RS - 59

IR A bt o3 A T AR R A AT B el e s R S R R R TR
AR -
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AHETEZER 100 nm PUT Z50KRWE - S RUEE i+ B 100 nm 2L
TR B A EARRER HIUZEE 100 nm DA b2 8777 DARL -

Ryt 10 nm AL Z W EFE > Bo® 2 mg/mL 40 kDa Dextran(iiz 1A/ 10
£ 11 nm)HY 40 uL 7 F ARNETRIGE M RGN - DL A /KES R m 2 A8 [E 5
ERRAE - BT ISR B 10 nm KRR 2 BERARE - Q970 AR 18 o0 $8E -
4 Fy Dextran A& 1B HERE L G R Bl

chromatograms

— Dextran-RC-40-1-1{104-10-13] — Dextran-RC-NH4NO3-1-30-1-1[104-10-14]
Dextran-RC-NH4NO3-10-30-1-1[104-10-16] — Dextran-RC-SDS-30-1-1[104-10-19]
- LS

0.154

0.10+
3
]
4
m ™\
©
3 0.05 Joo
- ~—
= "
[ /
(4 ] FLN

‘,_1//: / \\ g SRS =
0.00- = b = S —
-0.05-
1 1 1 1
200 40.0 60.0 80.0

time (min)

& 4 40 kDa Dextran A7KA8/ 1mM NHNO+/ 10mM NHNOy/ SDS 2 Bl A2 YA i s
=]

Fo & I CH BIRE AT Z RIS A0 > 3R 4 RS /KERZ o0 iR USCEERS ] » 5 2L
BIRBCHET RO B R N E TR (EE - BN TR RIEE -

48



FBEE BITHA

R 4 ZKERA R R Z 0 R SRR

BB R FER < 10nm 10 = 100nm >100nm
ARg #FRK 18 Z 38 mins
A MR BURK 18 Z 30 mins
B & #HiK 18 Z 28 mins
B & BURK 18 % 36 mins
CHEE #HK 18 % 38 mins
CHE BuK . 18 % 38 mins
12.1 & 17.9 mins

D El&E #HRK 18 % 36 mins

E®& BUmK 18 % 38 mins 38.1 & 68 mins

K 18 2 38 mins 38.1 & 58 mins

L& 18 2 38 mins 38.1 & 58 mins

3-4-4 REYE- R BT E BT

B %5 FEFERBAR AR B BRI B RS A/ S0 UV (3125 e
S B A S A T B T AR MR, - SRR
SIS » EGA -

=

EGA FEAEIZERMENRE - AT ROFUIR

B ¢ 500 ul (BB &

(D) EeimbrzK

o RREAREGEN - BICEREEL S0 2 75 ul 0 BN T0CHE - AR
HRETAKE - EFIRET2 500 uL Fil -

(2) EGA 73Hra%iE
REA Bat 500 uL KRR KR EEFEY) 2 15 il A BV SRR B AT R 68

t O trECERRETT

o BRI 1 80 £ 700°C » A  20°C /min

o EEMRRMERES C ON
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o BB/ HDRE ¢ 320
RAFENTE
AR 1 300°C > 43k 10 ¢ 1
HEFE ¢ 320C
HEEER - R EEiE 29 2 800 m/z
*  HETRCATE : 250C
o PURRE : 150C
*  S3TERE  UA-DTM 2.5 m x 0.15 mm (ID)
() NIEMEEAEIHT
A Bat 500 uL ZKEFRZK IR BB T A BalA TMSH 1EFITE - R it
A B R-FAR BT E RS & e Z IR T
o EREUFREE 1 350°C o 4EFF 5 mins
BEREM R AR ES ¢ ON
o EEURE/HEDRE * 320
RAHETE
HERECDERE  300C » 43EE 10 ¢ 1
HERE ¢ 50°C (47 1min) AR 10°C/min FE 2 320°C (457 6min)
B ¢ EEEE 1mL/min
o HRHE - fREE 29 2 800 m/z
o EETIRURE - 250TC
o PURMRE : 150C
o SFREFE : UA-5S30m x 250 um x 0.25 um

%

3-4-5 BERSEIRELR

?gﬁﬁ%ﬁé%@éﬁﬁ  REBLARIRGE o BRI R 2 B IR E KPS
J& M ETT R TT A - BUER G EATE A NIEA W313.52B » BL&HRA 21T
PeER nE- BRI KE B N EE 2 TR R EARAE A - 8N TE
*  Hfi(As)

*  $R(CD
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L 1(G))
*  #iCuw
*  #H(Pb)
*  RAQ)
*  $¥(Zn)
s #H(Fe)

3-4-6 4EFE 1R Total Organic Carbon (TOC)Z3 1t

RARIR(TOC) & LR & EFRo ARG ER—(EFE1E - & A eK
H o AL » sERFAHRY &AL B TR ERLREFEEE
REN L ATRYIHVRE - DUBKBLNE S LR > HIIFE 100C - FAIRE LR
—EEb > FE L NDIRGEEREALI MR 31T - HE (R S Al oM © #RIERE
PRER S AISEMEE > AT EEF T TICRREENR) - #RIERELT -

—_

FTFIER 60 psi (FE4EE)

FTBAEERS ~ TOC 1030 {23 E R

R EACTICBEL SR 100 g/L) K BEELAI(S%uEH) BRR 10 min A E
AR /K AR gl FH R s #% KHP (1000 ppm)

e L R A s T Win TOC #038

M BRI E (G I AR FE )

TOC FFE(COADTRE - 4Y7F 30 77

RS TEHD L ET - HhBR LA e B PR IR HE RS RA

RS TEHD LR ST - A LR e B PR IR HE SR
RRAGTERD R ST - MElE KRB RS - JE N ERE R IR BE R
. BLANK Reagent HE{(Z/D 3 KAL)

SEE 77 M method B Sequence 7R & 4R

e FRimE SmL

*  BEE{LA0.5mL

FALAI I mL

L © =N o kR wN

—_ = =
N
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13 *kl:ll:llil I:[I:IEI{/\/EJHK ?§L1W57J</E/%
14. Rl AtEVE BEALRIE A ZE H/KT - FsREGTERDER ST - TBE RS

3-4-7 KR SHTe- R BT E A

B fsE B R AR e T B B e o A /KB R SR WTE R A R AH RS - R IR
SRAHTE-RAH T E S K h 2 S AR LAY - R
(—) RRIHTeEE R
WCROmE 200
WRAFR ¢ 11 min
FARKEEERMORE © 5C
BHEFEIRADRE © —150C
BRFEREE © 230C
FRBEEFRE ¢ 4 min
EFDRE © 200
JESFEERT ¢ 1 min
[OlsEaE « 230C
[B[7JEHFfE] © 8 min
REEMA  SdEEREER (99.95%20 ) > #iE A 40 £ 3 mL/min
(=) RAHET R
STEEERE © DB-1 60 m x 320 um x 3 um

BTG+ SR RCESE 35°C 0 fRFF S min > FHLL 3°C/min FEZ 200C >
{=FF 10 min °
O RAS | SR 0 TR 0.8 mL/min > fE 99.99% LI L o
(=) BRI
BB 0 EL70eV
EEHEEEE o 45 £ 265 amu
FH EHmR A 280C
AT RUmIE < 280°C
R - B—RiER /DR S Tdwi > BRI eEME 07 7 e

pl)
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3-5 BENEHES

RATILTAE 7% » A AERK PSR E 2 KT B EAR S (LA A
BF o R RIS GO » WHE AR E RS 2 SR8 FIRREAHRL - B mm o iiiie
A0 S -

BEAh - EENRESCHCH B A (% = A THE AR - QI 5 FrdUE TR a5
S ol S o FA TSR RE AU R 0 i BT TR HEIR(TOC) oK Hh S A i
Y2 hdl

TKASERAE

|

B ATEEEE(0. 1um JEE)

!

IR CHH R ET Y Bt

!

BLENR SRRSO R B 2 A R RO CRHH R T

|
RSB SRBHTE / B TRt / UV

l

SRR - RERST < 100nm

l

{EEREH R
1. RARRRAEEITE L
2. BFEMSETERE

BB KRS
B 5 B L B
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3-6 SRR /KPROKML TRl T AR R
Rt R BB R 2K ok Ry 7 0% - EE/KEE R T3REK

FIRB T AR AT TR R AR IR TR - R F BRI BRI SRR DA
NG ER TK P ORI T B R il A% > D25 -
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% @% e ‘Eﬁigir%‘ﬁ

4-1 ENRBYEEETE(Dynamic Light Scattering, DLS) ¥ &I E 3T K A Hl
T

4-1-1 FFHEIRE R (Dynamic Light Scattering, DLSYEREE LSRRI T HI ERiEE

A A S K B AN N CERBE R A AR 2 ORISR ~ R R ey
EERBEEZRGA 5 NETNERRSSRATEA N - HE R E ]
HER ST BNEK T R 2 BRI KERE TR R EREE » [FIRF0)20 TR o a
#[E -

ﬁD—J}Ijb?-\/\ZmZREﬁ BIREEEU E TT B REE K R R EOR L - SZHAC
WEZ R . EEHEEREIH 1 nm 2 1000 nm > KT 1] E0RA AR o B ] 4
Mt 5 [EIRF R IR M A B en el B RE A - DR DB R - EADAIR R
BRSNS AN —r 88 - M E RS H EHMEE -

PRUENAF T ENER - A E—FEEREATE / l B ZAEREKEE KEE
LLO.1 um JERE AR - MEfTEIRRCHGTEE DLS #9734 » DUETI Y BB A

FHE 6 mR1_EAE R EREE /KR 2 BhRE SRR (EHIME & 6,000 2 70,000 counts A~
L RSP RAAPTKEKERN & Z R Falet Rl - SR UK RZEAREZ
HRME - 208 EFRERANEREIRSER R R8s - AR T7KEKEEZ
FRRECHUR SRR GS(E 7) » HARR AT B M A T SOR O ERER
BRESEHLET DLS HIEZY Ry 11,000 counts » AR EHEIGE R - AR RS CEUET R 4t (B0
R EEERRRE © HHEER/KEENE B =i 10,000 counts » H LT
67,400 counts Ay =1H °

I H BTEN RS CHUR 8 2 iR ST — BRI K EE Ryl - 22 Bl A 17K

ZHIEZY B 6,000 2 7,000 counts » = FI7KEEZKEEHNE 5% 12 6,000 Z 7,000 counts
HaR/KEHHME B =72 10,000 counts o 2B &G WIEMEE R TT A DN B0
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Sishnii- 2 P RS RRE S E U 2408 rT RIS B RS 8% 2 /KA » DLS JHIME 10,000 counts
PUEZ e eiEE H B ER M mEds - S IERiEtE £ 10,000
counts °

HAME R — et E = E KRR BN LA B 2 B IR AT B AOK LK
ZKESRHEATER 7,000 counts » ERAgATE KR £ 58,451 counts

FH 2 A /KRR DLS HMERAL - BT S - EFA/KEEZ /KERE 0.1
um JEREATRE S - SIS FOREYE - # DLS AlEE S -

WABRHHA 2 Bk R & ER{E - BFENREEHURN 8 DLS WAV B SE e 5 E £ 10,000

counts °

B AR CHUN R (DLS) g A EEAE
Al it BHO. Tum;Jig Fit

feopra 00 Lyl
FEE I 1 21178
bEZ I 16068

TR . 11125

TM7KE . 6690

b Bk

¢ I 6496
NIEA Pool F=— 58451
Reservoir 1 6697
NIEA Water 1 5782
0 10000 20000 30000 40000 50000 60000 70000 80000

Average Counts

B 6 BIREYEE B (Dynamic Light Scattering, DLS)#J&HRAE » &KHIFEEE 0.1 um JEHE
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1.01

Relativ |
eatpeScae
o

0.0+

FIUE GRS

chromatograms
— Houjin River-Water-700-31-01[105-05-18] Kuandu-Water-700-51-01[105-05-27]
— Kinmen-Water-700-22-01[105-05-20] — Water-700-07-02[105-05-27]
— Shimen-Water-700-72-01[105-05-27] — Beigang River-Water-700-33-01[105-06-30-Water]
— Chiku-Water-700-71-02[105-07-03-Water] — LinYuan-Water-700-15-02[105-06-30-Water]
— Erren River-Water-700-56-01[105-07-03-Water]

/ /\” AMMNMWW y
/ Aoy
M/J / \ %

; Wy A g
T stk WWWWWM

Wil
e L ﬁﬁ W\MJLMW\, WAMM

MMWM

20.0 30.0 40.0 50.0 60.0 70.0

time (min)

B 7 /BB AKRKE R ZE OSBRI A H BRSSO ES A
FERFREOCHGHERY - FIREEE 0.45 um JRARFRAGT

4-1-2 R B BUKER B BUR B (OLS) Z (U AE

RAEFEEREGE A/ BEKEE (F A TRERE R KUK R =B AR
TKEG) = oAl Fs

o HREK A TSKEEHERCE R KIBUR K

o RSN B RUEFUK/MURK

o MR - C E&S5/KEHRERKMURK

o CPERERIEEE - D BEE5KEEERE R K/BURK
o UEARE B WUURK

o PEEE F RUERKIBCRK

o Abdam RIS ¢ G BURK

o B H MUK

o RFEERL TRUORK

o OYEERL T RIBCRAK

o HZUKEE T K/ LIZ/ M KE
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8 &L 0.1 um JERERTRZ (R - BIRECAU R ZENHE - 1/ EEK
e D E& 5 /KRB IR K/ F EERK SRURK! G RIBCRK! H RO
PRI T RIBCARTKT T J%ﬁﬁﬁziﬁﬁ/ M K\ KRR B P ER AR (E 10,000
counts > EER-T/KE Bl EIEAEE - ROETTRENHIEEE M 23 0T
KRR o ST @

KB DL A ReETRK ~ C E&#ERK R K2 MHEE S - Beil
50,000 counts °

B RE SRR HE(DLS )W) i L i L 0. Lumjj Fs
Average counts
0 10000 20000 30000 40000 50000 60000 70000 80000

58552

AR HER K
ABRCRZK  —— 14580
BEUER/K —— 12051
BEAHK  —— 11317
Chl i K
ClE R /K 21271
Dig s HER K e — 11933
DI AR 7K — 6555
ER ALK ) 05,5,/
FEHE K — 223
FERACH 7K - 59772
GRZAiZK  ——516
HEEGHZK  — 6753
VB RCGHZK  — 587
JEEHCHRK  — 4193
K
L%
MK - 7968

63158

deh

73422

26658

B 8 +/\ A /KEREIRE RS (Dynamic Light Scattering, DLS)Z (5 HHE - &A1
BEE 0.1 um JRIE
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B 0.1 um JEREFTER IS - B AT 0.22 um JERE AR 5= - 2iE 9 B
0 A/ HKEEF - FIREE 0.22 um JERE 2B B =it 0.1 um JEfE 5 D E&E
57K BRI F RURUR /K G RR0R7K H RORTK TG K] T RO KIS
7K Z EAME R EE (A W ERAEEE{E. 10,000 counts » H kT F7KEE & m et
B 5 A RERUK ~ C EEER /KR KHHME, Rtrsr » KBS =2 520,520

counts °

B RECHURHAE(DLS) g fi{H Aif kPO 22um g

Average counts
0 100000 200000 300000 400000 500000 600000
AR K
ARZIBCGRZK 15818
BRI /K W 13069
BEZHCA K W 14518
CRIEHER /K  — 73151
CRAE O /K - 37666
Dl e 7K I 34701
DRl ECR K W 8175
ERG ALK - 37249
FECHES K = 12733
FRLBCH K B 6567
GG K ™ 6742
HEG G ZK m 8571
IBERCR 7K W 9282
IR /K 4390
K
Li% M. 35865
M7KIE I 20061

136021

3t 5

520520

B 9 +/\HKEREIRE LRSS (Dynamic Light Scattering, DLS) 2 {5 HHE » &A1
FEFE 0.22 um JEHE

T BRSO LA EE OB AEE R > AT (EERIE /KA KB h DL I AH Ry

aeE e - A SRS Z T/ (KB YRR EE 0.1 um 2% 0.22 um JEAE
T B K Rimta e - WS REPKERERET - S TR R SRR -
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4-2 MAHERGH M AL T 20 8ER - R 0.1 um JRERFRT

KR CAH EOL)RIE R > +/\H7KikkR D EE&BURK/ F RAHERTK
KGRI G RG] H RIBCAUK T IRBGARTKY T IResK MK e /(7K
fZoh > Her HKEERET A HR SSRGS -

(—) A BERK
Wk 10 Fros » [Fl—BEsEf T = B8 BOKBEIMEEE T » R 5
TG AR AT R/ NER Bk 2 AT FRRMEEy > B
SRR MR AR E L 2R - (BN R Sy BE 5y Ak
B .

200.01

10001
£90.0
<80.0
3
570.0]
s
2600,
50.01

40.01

30.01 .o

20.0 30.0 40.0 50.0 60.0 70.0
time (min)

[ 10 A BERUK > AiBEEE 0.1 um JRERFRAET
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() A BEoRAK
W& 11 s - [F—BEsE T =B - PKBEIMERE T » R ETE
TG AR AT R/ NE RSB p 2 AT KPR S B e
25 % 35 5ysE  FEIMEE > MRS —EL -

200.0

100.0
£90.0
=80.0
=]
5700
s
£60.0
50.0

40.0

SRR ANV .
i) Oy B

30.01,.,.. Wl

20.0 30.0 40.0 50.0 60.0
time (min)

B 11 A BBOUK > ATBEEE 0.1 um JEERFRAET
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(Z) A RBEFUK/EK
4008 12 FTs » TR BN TK 2 R A RS A AR S
K T S KRS T B A ZORRLT © (BRORK
AR -

200.0

100.01
£90.01
£80.01
g
%5 70.01
[
£60.01
50.01

40.01

3007 ! ,r

20.0 30.0 40.0 50.0 60.0
time (min)

B 12 A BEEFRUK@EE)/BURUKELE) » AiEEEE 0.1 um JEERFGRAET
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(M) B BRHESUK
W& 13 o > [Fl—BEsE T =B KRB EMEIREE T > SrBrT
DR > A (AR RSB TR E LR S E BRI
(DLS)Z A HIMEL & 12,000 counts » B S AEAEE 5 AR ETRREISR 240
s W IR BRI UK By2e (st > [ - B oK Tk F3OR i BE
BEATRE -

200.01

100.01
£90.0
c
58001
570,01
s
£600]
50.01

40,0

30.01

30.0 40.0 50.0 60.0 70.
time (min)

B 13 B BEFATUK » BiEEE 0.1 um JRARFGRAT
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(&) B BBK
WIE 14 B~ > Bl— R T =88 5 AR EIEGRGT - skERl
LSRRI BIRE U E(DLS) 2 M HIE 4T B 14,000 counts * @A
HEFUK 5 HI MRS s 50 nm PL T 2R & B4R -

200.0

200.0
%90.0
2800
m©
w70.0
E
60.0 i
LTI ‘
50.0 W”"M“M‘Mfmm ,
v ””WWWMM\
LU
40.0 | WWW‘W% "
R
200 300 400 500 600 70,

time (min)

[B 14 B BBURUK - RiEEER 0.1 um JEHRFRAT
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(7N) B BRAEEFUK/MUATK
A 15 AR > B WK Z U Rt R R BURUK > (RS ERL
78 ElEE — UK 5 BLENRE U B (DLS) Z EUHIME — 20 5 [HAEHS T = HhRd
PR BREERTEEEE 0.1 um JERRTR - W& Z T BB HA KR i = 1A

=3
=1

200.0

100.0

—_

590‘0
‘3’80.0
570.0
o

260.0

50.0

40.0

A par e e
W \A\/\/ ‘,yrw,\w
Yl

VNI o Wi
AN A Py ,A,UW,WM sl X

Ly
p '\V’w"‘ ! " My
-
30.07. gty W/\""W\'WW/MJKAMW/W'»,M»,M At

30.0 40.0 50.0 60.0
time (min)

B 15 B BECAUKAERVK/Z BB « ZIOK(ERERSTHEZEK) » A2 0.1 um
TR T
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(t) C EES/KEEEREER K
WE 16 AR > Fl—iE i T =88 FOKEERGRET - REE
TSR AR AT R/ INE K Sy KA Tp 2 b - BRI o R
YA —EL

200.01

100.01
£90.01
<80.01
=]
570.0]
s
£600,
50.01

40.01

30.0] et

20.0 30.0 40.0 50.0 60.0
time (min)

B 16 C E&S/KEEMHETR K > BIEE 0.1 um JEEGRET
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U\) C EES/KEEERECR K
WE 17 For > i T =88 . POKEERGRET - REE
TSR AR AT R/ INE K Sy KA Tp 2 b > B I B A 5y A
HEAERS - FERMESY o BRI AER R A R
{E R R R S e AR RS -

200.01

100.01
£90.01
o
58001
£70.0]
g
£60.0,
50.01

40.01

300) U Lo ot

time (min)

B 17 C E&S/KEEMERK > BIEE 0.1 um JRBEGRAET
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(L) C B&S/KERERERK/ARTK
W 18 AR > UMK 2 AR EHU B ORI R /KR E - B
TSR > BOR/K 2 FRRECHU RSR 78 B A TR /K o v D5 /K i
R EBRRE S STORNT - HRURK 2 EEER RS R T )

200.0

100.0
£90.0
=80.0
3
5700
g
£60.0
50.0

40.0

time (min)

B 18 C EE& S/KIE B UK (R E)BURUK (GLE) » RIBEEE 0.1 um JEHRFRA T
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U R

>3m A

(+) D B& 5K E R R K
WE 19 FoR > B T HER  POKEERGRET - REE
TR R AT/ NER B KR AT 5 RS B R
FEEE - AEROEHAEER - BR8N e -

200.0

\4\ N

) M%Ml

w g W

wamh »&w s
wﬁ‘/“‘*‘! \K)“,r‘"u L AR

s

8000
2900
2800
£700
E600

50.0

40.0

30.0% . . : :
20.0 30.0 40.0 50.0 60.0
time (min)

B 19D EEEFK » FIEEEE 0.1 um JRERFRAFT
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(+—) ERBERK
WlE 20 FroR > Bl —iRan T =88 FOKBEIERE T - AT
TS A BN/ NE A B K th Z R (B TTARAEAE rms %
KI> 50 nm - KEH TRt B Ed - IR - B
PEEE > AEIBRA A ZR » BB B S -

200.0

100.0
£900
<800
3

$700]
g

£60.0

50.0

40.01

30,01, o s

30.0 40.0 50.0 60.0
time (min)

B 20 E RECRK » RigeEE 0.1 um JEAEGRE T

70.
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U R

>3m A

(+=) K#

200.0

100.0
_90.0

gso.o
3700
2600

Esoo

40.0

30.0

WE 21 Fos > El— iR E T EE R 5 KRS EIEIRCE T - Bk
BARE > FOERIIH/NE RSB T MRS B iR
& FEFSEEE R - BB B A -

AT BRI i 2 AR ] (Focus time) AL i ek B2 X WL A 5
AR R ST s BB IR RIS R8s R
HrEiEA -

VIR
\\V\ ot A wﬁwfw Vw MW I
V“\)Q M’Vﬁ %\“uv%‘v
‘% 34/\14 b )‘;\M
R '%'\w bty «ﬂmmfmwﬁ i My Wr
rwﬂwff‘@\%
e W)
10.0 20.0 30.0 40.0 50.0 60.0 70.
time (min)

B 21 KK - AiEEEE 0.1 um JRARFRAT
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BRIFORSTAT LS (o LEAR IR TR 5E(3/3) - SR Ao e 2 BRS K e o R 7y MRl

(t=) L&
WE 22 AR > Bl TR EE - FOKBEEMEGRE T - A
TSRS B A R N E R B K e Z LT - Rl Z 3 5HR
1% rms #E4T 50 nm 5 FRERVEER Sy > Bl —BafEER MR - ARG s
HER > EAPERENS o ks -

200.0

100.0

—~

E900
$80.0
3

5700
g

2600
50.0

40.0

30.0, g e

20.0 30.0 40.0 50.0 60.0
time (min)

B 22 LR%/KAE - FIREEE 0.1 um JRARFRA T
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() KK N EERER ARG REeR Z Bay
KOBA7K B AR Bt /K38 i - AN BTG5 R 28 2 7 BERS
A BEEER/ANREME @ Bl B BN Focus time) » )
s - FREEG MERERFIEN &% 73T HEL 300 uL /500 uL /
700 uL =FEHERE R - FHER ASIRIF S e B AHE - AT EEEA1E 23 f
o
PSS - BREEEAST TENBRIE(EY 20 £ 30 2§ EEE 2 215k
SRR AR E Y N RN » (ER AR R R B = 5 5 TR
AR B2 (Y 35 ﬁfi?ﬁ)zﬁ%ﬁx&’EK{iﬁfﬁ{ﬁéﬁ%ﬁKf;ﬁ A =R
SRRA TR0 SHERER SR BERERE N MEATRTRENE -

-
o
o
o

rms radius (nm)

| ’ , i Wqﬁw WM WMW\MWMMWM«% WKV%X@@WWW
gl e,

il L o——

10.0

20.0 30.0 40.0 50.0 60.0
time (min)

B 23 KK > ABEE 0.1 um JERRRET » ZEBE 300 uL / 500 uL / 700 uL

B KBRS » st E MUBCATK (8 24) 5 C &R /K(E 25)72 300 uL /
500 uL /700 uL =FE#ERR EAGHR - FHEIH AT BRF RO LA SRR R i
SRS > (RIS AmEES R KPR/ S © INE - BB R R
B KL Z B RS RS A Z R B 2 -
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200.0 [ES]

30.0 40.0 50.0 60.0
time (min)

B 24 E BRECR/K/KAR » AUBREE 0.1 um JEFEMEAET » 242 E 300 uL / 500 pL / 700
uL

o
o
o

rms radius (nm)..

10.0

20.0 30.0 40.0 50.0 60.0
time (min)

& 25 C & S/KEERERICOKE @ BIEE 0.1 um JREEFGRAET - #EHER 300 ul/
500 uL /700 uL
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FIUE GRS

4-3 MAHERGH M AL T 2082 » BIREE 0.22 um JRARFRA:

KBNRECHCH (DL #EH12 - PRAEEE 0.1 um JEHARIEIL - FIHH 78
AR EE 0.22 um JERE 2 7KL » +/\7KERR D B 57K E RO K/ F RRUATKY
G BBCAUK! H BBCAUK! T IRIBCAUKY T R K LA HFKERSN - Hgs+ (&5

ETAERER SR T

(—) A BERUK
A 26 AR > [Fl—BR i TVUERE - FOKBEIMEGRME T - ARSI
ENIN R eE UNEVINGA )7 7 <o S A R o= =2 L N e = 31T R =2
£ > AEBSRTE ST ER  HARENAIS B s -

200.0

100.01
£900
=80.01
=
5700
8
£60.0,

50.01

40.01

3000 e

20.0 30.0 40.0 50.0 60.0 70.
time (min)

B 26 A BAESRUK > AiIBEEE 0.22 um JBEREAET
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(=) A RBRORK

WE 27 As > Bl T =B FOKBEEGRME T - ARSI
ZEE A/ N R KR TR LT o AR E P E R SR Y 25 & 35

oy EERVEEE o RIS EE ARSI —2 -

200.01

100.01
£90.0]
<80.0]
=]
570.0|
g
£60.0

50.01

40,01 i

30,0

k\“%wdcw%wb&wwwwwwwwwf T
it WW’M

W W
g
iR,
-

g

20.0 30.0 40.0
time (min)

B 27 A BECAUK > AIBEEE 0.22 um JEERERAET

50.0

60.0

70.1
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FIUE &R

(=) A BERUKBURUK

SN e

>3m A

AE 28 AR > AT EHURK Z FFRE R aa R B R ERUK - A]
R5/K e AR th ERFRAE 7ok T 5 (H & B RURUK R HE R

RHiek -

200.0

100.0
£90.0
£80.0
3

570.0
g

£60.0

50.0

40.0

30.0

20.0 30.0 40.0 50.0 60.0
time (min)

B 28 A BERUK@E)/BURUKELE) > ATEEEE 0.22 um JEERERAF T

70.
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(7U) B BR#EFK

WlE 29 FroR > [El—iRanE T =88 WEFATEEE 0.1 um R T > 7Y

IKIEEARORIT T - S BERTECRCR AN > HLAH(ERF RS MR AR LM

K2 %@bﬁbﬁ‘éﬁi%ﬂ&(DLS)Z’fﬂR/EJTE@ 13,000 counts > B EAEEEE(E 5 A
HRREGSR AT WIEEFRI LUK BZE A2 EEE - B R/KEE i1

BAREREBEATRE -

200.01

00.01
£90.01
380.01
b
£70.0]
E
60.0

50.0{, 41

40.01

30.0

time (min)

B 29 B BERTUK » FiREE 0.22 um JRARFRAT
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FIUE GRS

() B BRmRAK
W 30 - [F—franE T =EE  IUKIEEIEIRAT » R BRI TR L
= BRECEETEDLS) 2 M HIE LT By 14,000 counts » B& S i H#ER /K + FFERM:
B

200.01

100.01
~90.01
£800]
$70.0]
6001
£50.0]

40.01

30.01

30.0 40.0 50.0 60.0 70.1
time (min)

[E 30 B UK - RiEEER 0.22 um JRRFRET
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(%) B BRAEEFKMBORK
[ 5 k2 B AT R EE 0.1 um JEREIREE T HEE - [ 31 BUR B MR /K 2 e
SEFETERIATBCRK > IR ETAZE A sl 20K 5 BB B (DLS) 2 (=0H]
H—5 + (BRI = LRI /KRS RTAREE 0.22 um JERETR > & RT3
HHHAMKERKE RS -

200.0

100.0
=900
£80.0
$70.0

600
£500

40.0

30.0

time (min)
& 31 B BECRUKAERVK/Z BB - ZIOKERFRGHEEZERE) > AT 0.22 um
TR T
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(t) C E&ESKEERETRK

FIUE &R

SN e

>3m A

WE 32 AR > Bl T =B FOKBEMEGRE T - ARSI
Z A/ N R B KR TR 2 KT AR IRy o [El B

& AERSREAEZER - BRI B AEE -

200.01

B00.0
=90.01
£80.0
g
2 70.01
E

60.0

50.01

40.01

300

20.0 30.0 40.0 50.0
time (min)

B 32 C E&S/KEEBAESRUK » AIEEEL 0.22 um JEIREPEET

70.
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U\) C B&SKEERBRK

WE 33 As > [l T =B - FOKBEERE T - ARSI
Z A/ N R B KR TR 2 KT H RS s Es iz -

BREEE -

200.0 /’,

000
£900

$80.0
£700
60.0

50.0

40.0

30.0

RSN ~“r‘”~"ﬂ%“i‘¥'f\%“*‘v“imA.‘WM'MWWMMMMM "
W M
WS
R g

30.0 40.0 50.0
time (min)

B 33 C E&S/KEEMECAUK » BIBEEL 0.22 um JEIRPRET

60.0
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(L) C B&S/KERERAERK/BARTK
WE 34 A BORK 2 AFRE RS BlsS C H BB KR [F] - B =
TBURK 2 BFRECHUET RS (A UK - o] RS /K i BAaAR th AR
IEORALT 5 HIBURUKH 2 EER R R ST g ) -

200.01

§00.01
900
880.01

£700
60.0

50.01

an f\ r ‘
W ety Mol - e Jopw), ,r‘ ,,M/\W\LW'MW, ‘{‘W A WW‘,"
"y

40.0 A ’,,rﬂ,’( )

30.0~ ‘ ‘ . : :
20.0 30.0 40.0 50.0 60.0 70.

time (min)

B 34 C BES/KEEMERKGRE)BURVKELE) - FIEEEE 0.22 um JRARFREGT
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(-H) D B& 5K R K
Wl 35 [F]—BehndEl T/ EAE © EEESAEA AR 0.1 um JERREPRA T —20
FR/KREENE S - ARSI 8 vl D /N R e KB R Z T 5
BMEEL Y - [F— R - ARRGRE A =R - B BRI ik
I ATk, -

200.0 MMMWMWWV
ok M
“ | \ﬁ‘/ ’}’N}/h’ m/\v v\d oA
i Al h, Yy /V T
\47 m« VJ \W’J' e .

Ao i Aj‘ju‘}»“m«‘v'vww“;Vﬂjﬂ*wv\,w(\_‘/
[ \‘rv‘ “VW\‘ X

(_)

30.0%

time (min)

B 35D EESKEEBERK - FIEEE 0.22 um REEFRE T
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SRUUE AR G

(+—) ERBERK
A 36 - [F—tkanE TVUEHE & EEHSISAEAFTEEE 0.1 um JERREERAE T —20
/KB EET » ARG R ZS AT R/ N AT KR P 2y > H
IR rms R0 50 nm > REHLFHY o EER ELRE © FERMEE T » [
—ERanfR AR MEE - AERRAR A =R BB B S, -

200.01

100.01
£90.01
2 80.07
",1370.0’
§60.0’

50.01

40.01

30.01 R ’M,ﬂ,»,.,,:,/v.;;,,,w,,,;,MV. g

30.0 40.0 50.0 60.0 70.0
time (min)

[ 36 E MBUAUK > RiBEEE 0.22 um JEHRERAE T
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(+2) FRERK
Wil 37 Fl— o TIUER § /KRB EIET NS R RS ]
RN/ INE R T KR R M+ 5 FFRESEEGT ER SR Tl R+ rms 41K
£J 100 nm ; ifiy DLS HNE . m{E& - {# 12,733 counts °

200.01 "‘
,Jv

'800.01
~§9o,o—
£80.01
£70.01

")

E60.0]
50,01

40.01

0 gl it iy
oA Oy “WWW "
30,04 S

30.0 40.0 50.0 60.0
time (min)

B 37 F BERK - RTREEE 0.22 um JRARGRAET
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(+=)

200.01

100.01
90,01

gso.o—
700/

T

£60.01
w
Es50.0]

40.01

30.01

%P—HE Q‘D%Ejiu uFFH

K

W 38 - [El—HEAE T =R BERTEE 0.1 um JERERAE T RSS2
L KRR ENRIRGET » SEESER A > AT/ NE KB T
RS FEIRMEME -

20.0 30.0 40.0 50.0 60.0 70.
time (min)

B 38 K B/KER - FUBEEE 0.22 um JRARFGRET
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(I L&
Al 39 > Fl—famE T A EE  BEEEH 0.1 um JEEETR(T T EREEEAH
A KB EIRIRIE T - AT RIS R R SORET BN R T B
KR ZALT > Rl 2 FRAAE rms #24T 50 nm + FERMEAE

200.01

200,01
£900]
2800
[
270,01
E
60.0|

50.01

40.01

20.0 30.0 40.0 50.0 60.0 70.
time (min)

B 39 Li#/KEE - FIBEEE 0.22 um JRARFRET
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FIUE GRS

(+7) MIKEKE

100.0

rms radius (nm)

10.0

AE 40 Fl—BeiniEf TR » BPOKBEET » BTSSR
RPN R KB Z iy ARy B — R e
A EBRAHN T EER B T BE A F - EARERIE B s -

|
\'\
i e ol A A ‘h“WWWWh, M J
‘ ‘H‘“‘W | "‘"V“‘,u ,J HHAM Y "
u ‘KWMMWW Wi WM,“WW\W W'\W\( \( \
o ’\w WW%W
36.0 46.0 56.0 66.0 70.0
time (min)

B 40 M 7KEEZKAR - AilEEE 0.22 um JEERFRAT
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44 BIREEEUH B DLS) SR BB F R RS LR B (AR
MALS)R G 2R BRI R

BRECHUN 682 B A B AT B S 2R T B AU A B (Diffusion
Coefficient) » HEMHEER IR » A% Hydrodynamic radius (Rh) 7K&
&5 M2 AR RRO U R RIS #E Fh {RDH B B R N B Y 2 SR8
E o SR8 ~ 4 BERESO T 237K Root Mean Square Radius
(rms radius) » B¢PA Rg #oR » Rg B Rh FRFIEES b2 722550 » fiE i Z L f
AR RS 2R Re/RhATRL o HEH - o EHBV]N - BURALF45
R —ns 0 o EA T R=(EEH

Structure o0 =Rg/Rh
1. Solid Sphere 0.7
2. Empty Sphere 1.0
3. Star Polymer 1.5
4. Looseness 1.8

AR B 2 BRAS ~ 1BEIREE BN &S R R A RHEHRES 5 4
U ELEEY) 1% T e BE (Liposome) M A 22 L MRS T = » o (EHIE T
& B BENRECHUN G (DLS) ¥ 2% A L FFRE L HUR R (MALS) W 248 0 A i 5
ZHE 0 Al BhERE b b AR -

%5 BEIEIEELA T E 0.1 um JEHATRIE T - K2 Z AR ROt
HEEMALS) * #5RFE(Re) ~ BIROEEETERDLS) : KEFERDE o H
(Rg/Rh) -

K # Rg 1 Rh {H BB R A  BIREEHET(DLS) 2 Rh{H ° k% E RURUR
KB KOHRBRAN » /K& 4% Rh (EE /N7 50 nm

-7 KEE R E BOEUAUKSN - o EERRY 1 Al RHATHEVKE T2
FORKL T2 U ESIEFAR YIRS ¢ 1fl E RBURK o B8 0.6 £ 0.8 > f8d
PETE.OZIERRES © C BE@EBUUKT  #orhrT o B8R 1.0 - BELERZE0
HYEERES -
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U=

o
R SERIE

R 5 T KERZ S AR BMALS) B 7 RFER) - BIERURE
(DLS) K&+ Rh)EE o ERgRN) * FiEHE 0.1 um GG T

- AWE | AR | BRCER | BReROR | C BE&E# | C BEIE
JiK JiK 7K 7K K JiK
MALS -
40 | 69 | 50 | 67 66.5 52.1 47 | 66 | 41 | 69
Rg(nm)
MALS -
14152120129 1.5 2.0 05141102119
S.D.(nm)
DLS -
34.3 36.0 48.8 41.1 41.2 40.0
Rh(nm)
DLS -
1.8 2.7 4.1 1.7 0.9 3.1
S.D.(nm)
o=Rg/Rh | 1220|1419 14 1.3 1.1 |16 | 1.0 1.7
Conformation | 3 4 3 4 3 3 3 4 2 4
Tk D E&#R/K | ERIURK K i L%
MALS - 46 75 49 67 106 97 55 72
Rg(nm)
MALS - 2.9 4.2 1.1 1.1 2.7 7.9 0.8 0.5
S.D.(nm)
DLS - Rh(nm) 43.1 85.9 72.2 36.8
DLS - S.D.(nm) 4.7 3.2 1.6 2.7
o0 =Rg/Rh 1.1 1.8 0.6 0.8 1.5 1.3 1.5 2.0
Conformation 3 4 1 1 3 3 3 4

¥ @ Conformation 1. Solid Sphere 5 2. Empty Sphere 5 3. Star Polymer ; 4. Looseness
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BRIFORSTAT LS (o LEAR IR TR 5E(3/3) - SR Ao e 2 BRS K e o R 7y MRl

4-5 fEERT-EEB R

KEENRE LA BE(DLS) Wl » A TR /1 Bl 58 - % A SR R CHU (6
Tt Z KR > WS /KER TS ZOEAU B3 RO IS o fhigiss » PRE &K
o 2 E -

AHAETEEER 100 nm LR ZF0KHL T S EZUERRIE ST 100 nm AR
Z & 5 $HE E RUBCRUK ~ KO8k LB =KE: - BESMGEE RIS RS 100 nm A
EZRT RS KRR FUaEIRFE 2SI = - R 4 B KER R R R IR
e

R 4 ERERARRER T Z RS A

R ER < 10nm 10 = 100nm >100nm
A g HEFUK 18 % 38 mins
AR BURuK 18 2 30 mins
B W #EFK 18 2 28 mins
B B UK 18 2 36 mins
CHE #EHK 18 % 38 mins
CHEHE BuiK ‘ 18 2 38 mins
12.1 £ 17.9 mins

D E& #FK 18 % 36 mins

E & BUsiK 18 2 38 mins 38.1 & 68 mins

K 7 18 2 38 mins 38.1 & 58 mins

L% 18 % 38 mins 38.1 & 58 mins

TTERER NACZIOKER - 3 RIEF T AT R ) 2 1o o3 AT -

R HO T HESESEEE 0T FIHEFERM S EREEHJICP-MS)
ZeEC R BRI T 0T » K2 NIEA W313.52B J75A8H$hii(As) ~ $8(Cd) ~ $8(Cr) ~
HE(Cu) ~ $H(Pb) ~ $R(Ag) ~ #¥(Zn) ~ #H(Fe)/ (HERBITE © SERINIMTEREMn) /
$R(ND) / Hifi(Se) / $5(Ca) / $£(Mg) « MoHEHIEAIFE 6 - FIEH S = - E 2
PRE5 0.5 ug/L »
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FIUE GRS

& 6 RULEE 100 nm ZOKWTE R » BAKBEZEBERE (ug/l)

PRERRS /

e A g A B & B & C [Hl& C E&
ARK | BURK | EFRUK | BURAK | ERUK | BURK
(ug/L)

WEERERE | 26 mL 18 mL 16 mL 24 mL 26 mL 26 mL
fiHfi(As) <0.5 4.84 27.9 15.2 <0.5 6.91
#A(Cd) <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
$%(Cr) <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
#H(Cu) <2.0 <2.0 <20 <2.0 4.46 <2.0
$#4(Pb) <20 <20 <20 <20 <20 <20
HR(Ag) <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
F¥(Zn) 3.82 7.01 19.0 14.6 12.7 6.51
#(Fe) 5.37 8.52 2.4 2.9 5.42 3.21
$ii(Mn) <0.5 <0.5 0.79 0.5 <0.5 <0.5
FE(NI) <0.5 <0.5 <0.5 <0.5 0.93 <0.5
fifi(Se) <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
$5(Ca) 7.27 9.07 18.4 13.6 17.8 8.62
#E(Mg) 4.17 4.03 16.0 5.18 12.2 2.97
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& 6 7RUSE 100 nm FORPIE . » BKEZ EERE (ug/L) ()

PRERRS / D H& E & . -
BRE o) | MK Bk kA L
EERGTR 24 mL 26 mL 26 mL 26 mL
fifi(As) 25.3 <0.5 <0.5 <0.5
#A(Cd) <0.5 <0.5 <0.5 <0.5
#&(Cr) <0.5 <0.5 <0.5 <0.5
H(Cu) <20 <20 6.33 <20
#5(Pb) <20 <20 <20 <2.0
R(Ag) <0.5 <0.5 <0.5 <0.5
FE(Zn) 12.8 <20 3.49 2.79
#(Fe) 2.2 5.07 3.76 3.36
2 (Mn) 0.63 <05 <05 <05
FR(NI) <05 <05 <05 <05
fifi(Se) <05 <05 <0.5 <0.5
$5(Ca) 49.1 10.3 10.1 8.98
#E(Mpg) 25.6 4.83 3.52 6.98

(—) A BERK
A R K KBRS R ST 100 nm PA T Z B ES - il e @I TR E
13 TEBRBOTET » OHIEIEE(Zn) ~ #(Fe) ~ #5(Ca) &#EMg) » HI A

HEFUK R T57K > DLARTEREK R 1 > Bl 2 s B EA KR - H

PAKiiN=y-=U IS B

(=) A BBURUK
A FIRCRK /KRR AR R ST 100 nm DA N 2 & ES > il e @It E S
13 M@ IrRE i+ AEEE(Zn) ~ #i(Fe) ~ #5(Ca) ~ $:(Mg) S ifi(As) 5
MM e - &7 5/KREEE PR ARRIE - SEEBITREEBE T » K
BIRORUKBEBITR C SEER - e RVKEE It RN Z E R IR SR -
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(Z) B B#EFRK
B B K KB EE R R RSF 100 nm BA T 2 & B » il e BImEa s -
13 fEBEOTER T - MRIEFEZn) ~ #(Fe) ~ $5(Ca) ~ FEMg) ~ bifi(As) fedifi
(Mn) 5 g5 [T K > B Eemaris @ MEDSREREEER T
PRIZRASTRSR KMk, B hME R A B R RE » REERIERA
SHERNREBITERD - BTRRERERKHEH S B TE '8 -

(T9) B UK
B RO A KUK R ~F 100 nm LR 2 & E - il & BT EaE -
13 fEEEITE T - WEHER KRR EFE(Zn) ~ #(Fe) ~ $5(Ca) ~ $£
(Mg) ~ fill(As) K dd(Mn) 5 #EFR/KEE R &A KEIIEEN > BKEE g+ &
WA B TURZE A LR - 2 H A2k 80 AR5 e -

(H) C E@#ERK
C B R A KEEU KRR R ST 100 nm BL R 2 & E » ol e B mEs
& o 13 ESBOTE oM BHIEHECY ~ $E(Zn) ~ #EFe) ~ $5(Ca) ~ $EMg)
FeER(ND) 5 [E R DA R S (I e B R B2 R Ko i
A HEFK g S < JE R oy -

(N) C EERBCRK
C BEERURAKEEU AR R ST 100 nm LR 2 & E » Ml HEEwIE s
& o 13 ESBOTE M HIEIEE(Zn) ~ #(Fe) ~ §5(Ca) ~ $E(Mg) K i
(As) °

(t) D E&/5/KEEERESRK
D [E 57K B B R /K /K AR U R A R ST 100 nm PAN Z & ES - AoHH 5528
tEREE - 13EEBOTRERSIT B (Zn) ~ #(Fe) ~ $5(Ca) ~ $#
(Mg) ~ fifi(As) K dl(Mn)  EEDAERGEBRGE BT - LUELERETKEZ 80%
BZIE LR ELE Y B AR TERUEEMHD « ki
(NH.F) » B LB R AR EE - Ryl P LR A B A i T3 AR LR
MEFE AR ERRYEI YD » &85 KA 3 BRI A S5k 1 B ga i 198 A4 S rEss
BRI ER Y « AR SRR S EHE -

(\) E BIBUsK
E BRUR KK B SRS R < 100 nm PAR Z E&ES - Sy Rl S B s s
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& - B EgBOTRESTT > REEEe) ~ §#5(Ca) e BEMy) © SR MBS
Ferf - MHEAME SRR 2 R B - WID4thk - aREBtk - BaESs - RINEEA
NERL BT R T RSN AR TR KIRINE FbREESS - BS T~
K B KA R M 5 e

Ou K #
KOH/KARUER I RS 100 nm PUR 2 & B - 7r it il f@ Tt R E8 - 13
s TR o AEIEE(C) ~ #(Zn) ~ $(Fe) ~ $5(Ca) feiE(Mg) + K i
REFAZKIR - 22K PR R SRR ER ) » SR BRALES e K
JRAAR T8 KRR oy > IR TR /KB h 58 e s R AR

(+) L&
LB AKBCERA RS 100 nm BUN ZBES - orillte il e EotR = - 13
s ITRE T o HEIFE(Zn) ~ #(Fe) ~ $5(Ca) ke#EMg) & it L IZiis L
SO > NI e B R S R MR L - BN EROKER &
AR &8 28T -
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4-6 YEAEHERRE Total Organic Carbon (TOO)SHT - BITRERSH

SAEER(TOC)E LRI 2 BER AR B/ —EHEIE - & A MK
H - SERRATRIARES - s AR AL - LA EREAESLEFREE
RES A TRYIRIRE - DUBRERSNE B - FIIEE 100C - Rratstra kil
ZEEbR > F5 2L NDIRGEREEUEALI MR 31T o HE IR S Al oM © #RIERE
BE Sy AISENEE - Al [ER AT TIC(HEERER) -

R EKER > EREEEHE 0.1 um JEIRTR 2 IRtk S S imetise A > iR
TSN > B B BGERUKIL > St 2 FRIE S E RS A T © bR A ok C El&
y57K R BRI < #ERUKELRUR K - UMK Z $8A TR EL AR St R (K 5 T B
BERUAUK 2 SRR UK - B HBOKEEURAZ AR & —20 Relm MERRI T
(BEE R 0.5 W/ H) > FTRERER & MERRKL TR UK o - B AR itk
fe AE B UK = -

H AT+ 7KE T - B BERUK & A fes A HER(TOC)RRE 72.0 ppm @ FREH:
DRI S 28 2 S F UK 2k ~ A itk A B - SRRk
SHWE TR IR - LIZKR b aa fos SR (TICRE 100.0 ppm >
EHAKMETE K ICP-MS SR 2R S5 e e E - HEGHE R ACRIE Ry
W $5 ik 2Ry 1 B R SUK/BOR /K e C & R /K & A i W ik

A EL
SH o

]
>
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# 7TAEE 0.1 um FEREERAF T 2 HAR7KE Z A TR (TOC) R SR HEARAR (TIC) R EE

AR | AW | B | B | CE | CHE | DE | EM
HRBE | R | BOR | R | BUR | Wi | | | & | BUR | K| LR
7K 7K 7K K| K | oK | RK | K
TOC
25.1 155 | 720 | 112 | 21.8 4.0 24.9 4.0 13.7 | 16.0
(ppm)
TOC
1.87 | 0.19 1.56 1.42 1.89 | 0.63 1.55 1.92 | 0.13 | 3.52
RSD
(%)
TIC
292 | 19.2 | 40,6 | 625 | 459 | 15.8 | 34.1 | 35.1 | 25.7 | 100.0
(ppm)
TIC -
RSD | 096 | 091 | 049 | 1.03 | 0.06 | 0.31 0.8 0.81 | 0.22 | 0.86
(%)
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4-7 KPS MEE (LAY (Volatile Organic Compound, VOOIH] - B
(RE:Fivvagi

IHG I FUEr A SH RV E 7R - WERAEREE 10132 kPa T » sz L& YIRYRERELE 50
CE 20T - SEERFEARY) - EMEER R NURBEIPFE - IR LR
TEHARE > mfDUEE—25 00 By /B ¢ BedE ~ D78 ~ WSt~ s - Bl - g
B~ BRSTRIECAt - VOC HYEZ R A + 88 ~ BAUE ~ SJEMENE > BaE 2R
V)~ AREEY) - RESZRS - AR - fz - B B B BRAOOHEEEY)

H R TR A AR E PSRRI 8 i A A2 Y TSR REER ~ JREERR ~ Otk
EI5AE  BURREMERIRIRAGRREY) ~ Bt ~ SREEFIRSSFAETE - &
SREEEARL ~ X E ~ FAEE  FRERN ARSI -

TR BRI B ER L KR » KR L 2 /KA IR EE PRI a2
VUK > SHRERIY 3 2 5h - 2B EHRSRAT S 20575 R KR e
AilEaEE 0.1 um JERREIR - K7KEDL B Bt i AVCARTeRENIVGRE T > 7Y
=om NELUEM SRR o R P RS ATRYIE AT E R - REiTe ek 0 DA
W e DO AR PR L5 A Z R R A B I P e 2 T2 R A TR E B A SR i
e M SRAR AT EIE T BE S (E R 1% - FELVERHEIE R (ENES - EITKrpEs
MY Aol - eals 59 FERy - BABNE 8 Fin -
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R 8 BKEH IER M EMYRNIE (/L)

Py Ag |AMg | Big |B | CE |CE |DE | EM&
. AR | BoR | R | BOUR | & | B | & | BUR
FfITE H (ug/L) \ \ .
K| K| K KUK | ROK | UK | K
dichlorodifluoromethane | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
chloromethane N.D. | ND. | ND. | ND. | ND. | ND. | ND. | N.D.
chloroethene N.D. | ND. | ND. | ND. | ND. | ND. | ND. | N.D.
bromomethane N.D. | ND. | ND. | ND. | ND. | ND. | ND. | N.D.
chloroethane N.D. | ND. | ND. | ND. | ND. | ND. | ND. | N.D.
trichloromethane N.D. | ND. | N.D. | N.D. | ND. | ND. | N.D. | N.D.
1,1-dichloroethene N.D. | ND. | N.D. | ND. | ND. | ND. | ND. | N.D.
Methylene chloride 150 | ND. | ND. | ND. | ND. | ND. | 1.79 | N.D.
cis-1,2-dichloroethene | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
1,1-dichloroethane N.D. | ND. | N.D. | ND. | ND. | ND. | ND. | N.D.
trans-1,2-dichloroethane | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
bromochloromethane | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
chloroform N.D. | ND. | ND. | ND. | ND. | ND. | 299 | N.D.
2,2-dichloropropane N.D. | ND. | N.D. | ND. | ND. | ND. | ND. | N.D.
1,2-dichloroethane N.D. | ND. | N.D. | ND. | ND. | ND. | ND. | N.D.
1,1,1-trichloroethane N.D. | ND. | N.D. | ND. | ND. | ND. | ND. | N.D.
1,1-dichloropropene N.D. | ND. | N.D. | ND. | ND. | ND. | ND. | N.D.
benzene N.D. | ND. | ND. | ND. | ND. | ND. | ND. | N.D.
Carbon tetrachloride | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
dibromomethane N.D. | ND. | ND. | ND. | ND. | ND. | ND. | ND.
1,2-dichloropropane | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
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bromodichloromethane | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
trichloroethene N.D. | ND. | N.D. | ND. | ND. | ND. | N.D. | N.D.
cis-1,3-dichloropropene | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
teans-1,3-

N.D. | ND. | ND. | ND. | ND. | ND. | ND. | N.D.

dichloropropene
1,1,2-trichloroethane N.D. | ND. | N.D. | ND. | ND. | ND. | ND. | ND.
toluene 6.58 | N.D. | 493 | ND. | 1029 | N.D. | N.D. | N.D.
1,3-dichloropropane N.D. | ND. | N.D. | ND. | ND. | ND. | ND. | N.D.
dibromochloromethane | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
1,2-dibromoethane N.D. | ND. | N.D. | ND. | ND. | ND. | ND. | N.D.
tetrachloeoethene N.D. | ND. | ND. | ND. | ND. | ND. | ND. | ND.
1,1,1,2-tetrachloroethane | N.D. | N.D. | N.D. | N.D. | N.D. | ND. | N.D. | N.D.
chlorobenzene 230 | N.D. | N.D. | ND. | N.D. | N.D. | ND. | N.D.
ethylbenzene 134 | ND. | 4420 | ND. | ND. | ND. | ND. | ND.
mé&p-Xylene 246 | ND. | 86.54 | N.D. | N.D. | N.D. | N.D. | N.D.
bromoform N.D. | ND. | N.D. | ND. | ND. | ND. | N.D. | N.D.
styrene N.D. | ND. | 275 | ND. | ND. | ND. | ND. | N.D.
1,1,2,2-tetrachloroethane | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
o-Xylene 235 | N.D. | 82.07 | ND. | N.D. | N.D. | N.D. | N.D.
1,2,3-trichloropropane | N.D. | N.D. | 2.25 | N.D. | N.D. | ND. | N.D. | N.D.
Isopropylbenzene N.D. | ND. | 880 | ND. | ND. | ND. | ND. | ND.
bromobenzene N.D. | ND. | ND. | ND. | ND. | ND. | ND. | N.D.
n-propylbenzene N.D. | ND. | 1622 | ND. | ND. | ND. | ND. | ND.
2-chlorotoluene N.D. | ND. | 1622 | ND. | N.D. | N.D. | ND. | N.D.
4-chlorotoluene N.D. | ND. | 4541 | ND. | ND. | ND. | ND. | N.D.
1,2,4-trimethylbenzene | N.D. | N.D. | 93.26 | N.D. | N.D. | N.D. | N.D. | N.D.
1,3,5-trimethylbenzene | N.D. | N.D. | 403.46 | N.D. | 3.74 | N.D. | N.D. | N.D.
tert-butylbenzene N.D. | ND. | 51.79 | ND. | N.D. | ND. | ND. | ND.
1,3-dichlorobenzene N.D. | ND. | N.D. | ND. | ND. | ND. | ND. | ND.
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1,2-dichlorobenzene N.D. | ND. | N.D. | ND. | ND. | ND. | ND. | N.D.
sec-butylbenzene N.D. | N.D. | 339.38 | N.D. | 3.16 | N.D. | ND. | N.D.
4-Isopropyltoluene N.D. | ND. | 242 |ND. | ND. | ND. | ND. | ND.
1,4-dichlorobenzene N.D. | ND. | ND. | ND. | ND. | N.D. | N.D. | N.D.
n-butylbenzene ND. | ND. | 325 | ND.| ND. | ND. | ND. | ND.
1,2-dibromo-3-

N.D. | ND. | ND. | ND. | ND. | ND. | ND. | N.D.

chloropropane
1,2,4-trichlorobenzene | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
Napthalene N.D. | ND. | ND. | ND. | ND. | ND. | ND. | N.D.

1,2,3-trichlorobenzene | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
Hexachlorobutadiene ND. | ND. | N.D. | ND. | ND. | ND. | ND. | N.D.

J\HEKER > DA B WU K heefl L B S PE A ) > 59 (ks HIE B ool
16 B » QAR K - B i EESE B A S - @R PR /KMZER - Al
MZER A BIEEERS - BRI - — iR VOC 2B/ EFATF30 £ 70
5C > TR P S AL E AR P b = SRR H R A &Y 130 W - SR /K o ] il
SR HESEMAY) - BIRNEATER(TOC) 2 - B MU HIE T Ry 117K i
H=(72.0 ppm) 5 REEEEE VOC B2 TOC 73l i At K S - Bk Rk
ReForAmsh - BEEE K S rI e S i B Z £V 2 - AR /KaE
WP /KB B 1% > UK 59 TS E A i S ER (NHE - HAA
b = B fE(R(11.2 ppm) ©
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4-8 FHRAH R IT- R E R BT E AR

IR EBRSERHE T T EEREAEER 10 kDa 2 FHE R H 7>
HE AN o BB o0 B P ER 70 80T » 55 —80 70 By EGA 7iffr » 45 5REIRE
SEEYT Ry miz 44 0 SOESRIEAM LA ERE TR AR AT - TR
EIESHAMEE -

AEAFT B 2 S R A B T TR R T - SRR (R 4D RERE
([ 42)/ EGA EsElE m/z 39 5 44 » THE S TR EE R IEE RS - &
HHPAZ BESH ST RS N% - FLL TMSH (Trimethylsulfonium
Hydroxide » =HESE(LHFOITAERIETHE(L - R ESEE R e faaUERE
o EAARTEVI S8 - AW TR EIR I E SR TE MBS Ry s —E o o 504
WA R T E AT REME -

[ PP ERRR AT 5 75 RAR AR R F R -
A BEt 500 uL ZKEERR /KIS BEEY) 2 R dms il 5 uL TMSH i A ZRE#RAH
JETER T - ArECE R
o BAZURME 1 350°C > 4EFF 5 mins
o EREMRmERES  ON
o FRENHDRE : 320C
RARET R
o ERECEFE 1 300C > 4rRER 10 ¢ 1
o MRS 1 SOC(4EFRF 1 min) DAFFEZEE 10°C/min FRZE 320°C (4EFF 6 min)
o B EERZE 1 mL/min
o ERHE  fREE 29 2 800 m/z
* HEEFIRCRRE 1 250C
o EERACRRE 1 150C
o SFREFE 1 UA-S > 30 m x 250 um x 0.25 um
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Abundance
240000 |
220000
200000
180000 °
160000
140000 °
120000
100000 |
80000 °
60000

FEHE B Humic Acid - EGAE]S /M\
',1 \‘

40000 \MM*/

20000 |
0

Temp--> 50 100 150 200 250 300 350 400

\

\
\

450 500 550 600 650

Time -->

Abundance

100000
95000
90000
85000
80000
75000
70000
65000
60000
55000
50000
45000
40000
35000
30000
25000
20000
15000
10000

5000

m/z-->

Abundance

2800000
2600000
2400000
2200000
2000000
1800000
1600000
1400000
1200000
1000000
800000
600000 |
400000 |
200000

| S—

44.0

50 100 2 © 300 350

5.00 10.00 15.00 20.00 25.00 30.60

Average of 5.928 to 29.253 min.: Humic Acid-EGA

500 6

[ J
o’
L]
@ ®
[ ]
'| A 'u',h.J th»,,l“lu .‘Lg{.-'uw

».U_:_w J | Lt

Time-->

200 400 6.00 800 10.00 12.00 14.00 16.00 18.

00 20.00 22.00 24.00 26.00 28.00

B 41 BEHEERIEAE L EGA EIRE - EalE ke KRR ERE (H EZET)
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PUUES 5 REIE 5w

& & HBSA - EGAM#

|||||||||||

Time T e e e e e T e T e T e R e e e e e e
m 2,00 1.00 000 8,00 10,00 12,00 11,00 16, 00 18,00 20,00 22,00 21.00 20.00 28,00 0,00

& & HBSA - EGA H#HE

o o1
30000
25000
20000
15000

OO0 ‘ } “

bl i|I| Il

o 4o 6o 80

‘“ I M |J‘ HI JU LI ‘ .|I hl .MI H“ "I"J“J ‘..i".f: i o AL LS LI

,_-_7

bu} Mﬁ”n ") ! lW

500000 ‘

w-‘w"‘: {

(-
pix

\
ool | 1
HHHH) 4
1‘0‘7 0

I
\

]

. s T
Time 100 6.00

B 42 EHERELSMFEEH BSA Z EGA B: - B HBE S MR E
BE(HEZET)

WM\} J MW«\\

T T T T T T 1
00 22,00 2400 26.00 28,00 30.00 3200
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EGA EJzE > 80 2 500°C e frEL Z ahst R A tPIRTEL - 500 2

FoHEPIFTEL -

m/z 44 5 N& 100 nm A TS
Ap

GiEr S

Abundance

280000

240000

200000

160000

120000

80000

40000

Temp-->

Time-->

Abund;
38000
34000
32000
30000
28000
26000
24000
22000
20000
18000
15000
14000
12000
10000

B00O

6000

4000

2000

o
mfz—>

ance
441

& 0.1 um JRERRATREEL IR B /KR B TR SR/ K B EL - SRSt
URYTE 2 73RNSR /KRN RO FEE B T B » BR A&
HAARENSE - A AR A T F e 2R
FBoKBRIIATIEISE 40 N E 43 2 52 B -

A
TIC: AT HE T /K-EGA /
TIC: Fraction collector-Affz #E7 7K-EGA / 1(
|
A
B
100 250 00 550 600 650,
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 28.00

A 7K -EGA-80-5000C

[ .

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750

Abundance

600000
550000
500000
450000
400000
350000
300000
250000
200000
150000
100000

50000

Time-->

J

N

Abundance

180000
160000
140000
120000
100000
80000
60000
40000

20000

0
mjz—>

AJEHEfT /K -EGA-500-700°C

-l 1654 2410 2FA6 3485 2043 AEE— 510.0— -
50 100 150 200 250 300 350 400 450 500 550 600

TIC : Fraction-Az #E i 7K-TMSH

/

400 600 800 100012001400 160013002000220024002600280030003200

B 43 A BOEFUKZ EGA BIRE - B E M SRR EET)

700°C & [H

;/m]
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Abundance
280000

240000
200000
160000
120000

80000

40000
Temp-->
Time-->

bundance
34000 7 441
32000
30000
28000
26000

10000
000
6000
4000
2000 J

0

AT 7K -EGA-80-500°C

FIUE GRS

TIC: ARERLHK f

TIC: Fraction collector-AfizHT 7 /K-EGA

o,

N
.,

i AN
ANV \
)\ o/ \.
i
100 250 300 M 500 550 600 650

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

Abundance
150000

150000
120000 A HT 7K -EGA-500-700°C
100000
60000

40000

20000

2 000 165

mfz—>

Abundance
400000
360000
320000
280000
240000
200000
160000
120000
80000
40000

Time-->

P 8303281034 4665 ez 5
Sb IDTJ 150 200 250 300 350 400 450 500 550 600 650 700 750 0

AR eLov L N 4g

1 1 4pad
200 250 300 350 400

T
500

5362 F3l]

T T T
550 600 650

} f T
mfz=> 50 100 150 450

TIC: Fraction-AJ i 7K-TMSH

— \'\«.KM._JL%.._

4,00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00

B 44 A BBCRVKZ EGA [l ~ B M SEMRREERN(H EZET)
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Abundance
700000 ||
600000 ‘ TIC: B K-EGA
500000 | TIC: Fraction collector-Bfiz 3 i 7K-EGA
400000 |
|
300000 I‘
|
200000 '. r\/\/\/
100000
Temp--> JQB“QSD__MLTZSG—HMU_JDL__A 0 550 600 650 Wl"‘
Time--> 2. 00 4, 00 6. 00 8. 00 10. 00 12. 00 14. 00 16. 00 18. 00 20. 00 22, 00 24, 00 26. 00 28. 00
Abundance Abundance
130000 a4l1 280000 { *4[L
120000 260000
110000 240000
100000 220000 e s
o BIR HE i 7K-EGA-80-500°C 200000 BIAZHE 7 /K -EGA-500-700°C
80000 180000
160000
70000
140000
60000 120000
50000 100000
40000 80000
30000 60000
20000 40000
10000 ‘ 20000
o ’ 9f'.'|3 134.l| 1‘13.1 I:l? ,2‘313,9 Isﬁ&l ; ; ; ; SEB? 0 . 949 13401790 W31 oe7d 53, 63 4414 5354,
miz—> 50 100 150 200 250 300 350 400 450 500 550 miz—> 50 100 150 200 250 300 350 400 450 500
Abundance
2000000
1800000
1600000 TIC: Fraction-BJfi7#E it 7/K-TMSH
1400000
1200000
1000000
800000
600000
400000
200000 \
T |.I T IL- T T T T T T T T T T T
Time--> 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00

[ 45 B BAERUKZ BGA [EIEE - ‘BabE K K EFEER (R EET)

110



BT GERBE R
Abundance
900000 H/&‘
800000 . TIC: BREATRK-EGA
|

700000 [

600000 JI || TIC: Fraction collector-BJi i 7T 7K-EGA

|

500000 ‘I ‘|

|
400000 | ‘l
|
300000 | ‘||
|
200000 J |
JI /"‘ \

100000 N\\G'/—/ T
Temp--> rfl'lj-ﬁl‘l’-l \.150 200 300350 400" 450 5,09«"’1550 600 650
Time--> 2.00 400 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

Abundance Abundance
1100001 441 280000 441
100000 260000
90000 240000
220000
o B /it K-EGA-80-500°C oo BIRL 7 7K-EGA-500-700°C
60000 160000
50000 140000
120000
oo 100000
30000 80000
20000 60000
10000 40000
" LFE 39,1294, 13480 A7, 507 680,89, 7560, 20000
mfz“D ECI IDD IED ZIJD ZSD 3DEI 35!] 4(](] 450 Sﬂﬂ EED BOD EED YDD 75D 55 1{46“6“- 15‘0“”2‘50 2‘5“0””30‘0 5;0“ 40|0 45‘0 5(;0 55,0 "2;"0“9 55,0 760 For

Abundance
2000000

1800000
1600000
1400000
1200000
1000000
800000
600000
400000
200000

Time-->

mfz—>

TIC: Fraction-BJ§g i i 7/K-TMSH

l| T \L

400 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00

[ 46 B MEUAUKZ BGA [EI5E ~ BakE K K E R (R EET)
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Abundance
520000 TIC: CEEH#E7 7K-EGA W
280000 A
TIC: Fraction collector-C[E| & #7 7/K-EGA
240000 BEEmK M \
"
200000 / \
160000 M
M\/
120000 M
80000
i L
‘l\ ’,N/’w /M M\\
40000 4/ \ Y
Temp--> 100 450200250300 350400450~ 500 _ 550 600 _ 650
Time--> 2.00 4.00 6.00 8.00 10.00 12.0Gxd400 16.00 18.00 20.00 22.00 24.00 26.00 28.00
Ao Saons ] a4 aap
95000 220000
90000
85000 200000
80000 . 180000 iy
Tooto CE & #Efit 7K -EGA-80-500°C seo00 CE& # 77 7K -EGA-500-700°C
2000 140000
55000 120000
50000
45000 100000
40000
35000 80000
30000 60000
25000
20000 40000
15000
10000 20000
5000 l 0 100 11552 2093 2702 3222 442 : . L - IBRE
mII—Z‘O pas JlDD' ljSED’JZDﬁ’ESGO%SOEJEBJA«SDU ASDW 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750

Abundance
360000
320000
280000
240000
200000
160000
120000

80000
40000

Time-->

mfz-—->

TIC: Fraction-C[E]l& 7 7K-TMSH
|
400 6.00 £.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00

& 47 C E&S/KEEBERK < EGA B - HaE &7 e EER(H R

D)
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Abundance

P
240000 TIC: CEl& U K -EGA ! K"

Wf\
V4 \
200000 TIC: Fraction collector-C[E|& i 7K-EGA /ﬁw\w \

160000 ./ N'L

120000
80000
40000
Temp--> i
Time--> 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00
Abundance Abundance
soooo | 40 170000 ]
55000 i%
o CIE|& A7 7K -EGA-80-500°C 140000 CREI& 37 /K -EGA-500-700°C
40000 ii%
35000 100000
30000 90000
25000 80000
70000
20000 60000
15000 50000
40000
10000 30000
5000 20000
) L r 91‘ 135.1“1 93‘ 00 |2 =3 r 5‘49 . 441‘ 494| IEE?D r 10000
mfz—> 50 100 150 200 250 300 350 400 450 500 550 600 mje=> o S0 900 150500 T35 300 350 b0 4% “200 520 600 850 700 Fe0
Abundance
1100000
1000000
900000 . N
TIC: Fraction-CE[l& 7 7K-TMSH
800000
700000
600000
500000
400000
300000
200000 \
100000 IL P /“‘—'—

Time-> 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00

& 48 C E&S/KEEMIBURUK 2 EGA B - HaiiE & 7 e F SR ER (H R 2
D)
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Abundance Km
280000 .
TIC: DIE]lE #E7i 7K-EGA /
240000 f’
: i - A ol
200000 TIC: Fraction collector-D[&[[&#Efi{ 7K-EGA

160000 A
/

120000 / \\ M gt P
80000 #// S / \

40000 i / \
et A o naesennd
Temp--> 250 300 350 400350500 550 600 650

Time-> 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00
Abundance Abundance a1
42000 41 170000
40000 160000
38000
36000 150000
34000 140000 SRR v e - - o
o DI i 7 K -EGA-80-500°C 0000 D& ;7 7K-EGA-500-700°C
120000
52333 110000
24000 100000
22000 90000
20000 80000
1000 70000
14000 60000
12000 50000
10000 40000
gggg 30000
4000 20000
2000] ] L 10000
w0 100 150 200 250 300 350 400 450 500 S50 600 €50 700 750 mlszzn W50 B8 100 130140 980180 206 270 240 260 230 303 320 40
Abundance
800000
700000
600000 TIC: Fraction-D[&E|[& #E7 7K-TMSH
500000
400000
300000
200000 |

Time--> 4.00 6,00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00

B 49 D EES/KEERERKZ ECA Bz - HaE & BN HSYFER(H L2
D)
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Abundance

500000

400000

300000

200000

100000

P—qi \\\D%

TIC: EZRLTT 7K-EGA (f \

TIC: Fraction collector-EiZ 7 7K -EGA /

%WWMm

Temp-->
Time--> 2. 00 4. OO 6. DD 8. OO 10. OO 12. 00 14. DO 16. DO 18. 00 20. UD 22. 00 24, OO 26. DO 28. OCI
Abundance
Abundance
42000] 441 220000 | 441
40000
38000 200000
36000 - e
2000 EWE T 7K-EGA-80-500°C . ERZHLTT 7K -EGA-500-700°C
30000
S0 120000
22000 120000
20000 100000
18000
16000 80000
14000
12000 60000
10000
8000 40000
6000
4000 20000
200 | . 1054 - 2By S5 B L 68 S5 B 875,
y 750 100 150 200 250 300 350 400 450 500 530 600 630 700 750 800 ® 75 100 15 200 250 500 350 400 450 500 S50 600 830 700 790 00
mjz-—> mfz>
Abundance
400000
360000
320000
280000 TIC: Fraction-Ef# LT 7K-TMSH
240000
200000
160000
120000
80000 '
40000 \ i
Time--> 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00

& 50 E MBUR/KZ EGA = « EaE M EMRAEER(H EZET)

ST
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Abundance f#\‘
500000 "
o
400000 TIC: K;HH-EGA ll\
f \
300000 TIC: Fraction collector-K;4-EGA / \
200000
100000
Temp--> | i I 4
T S ZDU 4.00 6.00 8.00 10.00 12.00 1400 1600 18.00 20.00 22.00 24.00 2600 2800
ime--
Abundance Abundance
280007 441 220000 | 440
26000 200000
24000
2200 5 - K;#-EGA-500-700°C
i K34-EGA-80-500°C 10000 JH-EGA-500-
18000 140000
16000
120000
14000
12000 100000
10000 80000
8000 60000
6000
40000
4000
2000 20000
4.]0511 DL n‘!‘! PIAKJIFY 7 : 71 E ﬂnn 1nl;1 1ER1 ”l‘\ﬁ”l A71 R1 4 7ﬂ;
”W’Z—:‘D 50 100 150 200 250 300 350 430 450 500 550 EDU 550 700 750 EOO mfz—:D‘ 56 lDO 150 2DIO 250 30'0 350 400 450 500 550 600 550 700 750

Abundance

1600000
1400000
1200000
1000000
800000
600000
400000
200000

Time-->

& 51K #iz EGA

s A

TIC: Fraction-K;&-TMSH

4,00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00

o~ B E KRR ERE(H EZET)
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Abundance
600000
TIC: LJE-EGA
500000 ﬁ /
| \) i
J' 'wl TIC: Fraction collector-L}%-EGA /
400000 | \
[}
\
300000 |" '\ T /
n /
| |
200000 [
/ |
[ \

100000 [/ | T
Temp--> bﬂﬂﬂ%&%—w \350__.,_,400__459 M’SUTJ GUO GSOI
Time--> 2. DD 4. 00 6. OD 8. OO 10. OO 12. 00 14. OO 16. UD 18. 00 20. 00 22. DO 24. OD 26. OO 28. 00

Abundance
441
Abundance 441 280000

110000 260000
oo L;Z-EGA-80-500°C 240000 L;Z-EGA-500-700°C
30000 - 220000
80000 200000

180000
70000

160000
60000 140000
50000 120000
40000 100000
30000 80000

60000
20000 40000
10000 20000

0 |I 1ﬁ|51 1’57\1_‘ﬁ ‘R‘\_‘ Af'\ dnr !1595514“\@14 T ﬂ‘1_ 77 X T3 1742 .11 4355 4815, <

mfz—> 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 mfl’g 50 ](]G 150 ZDU 250 3')0 350 4DD 45D 500 550 EUU 550

P—qi \\\D%

Abundance

1
1
1
1

300000
200000
100000
000000
900000
800000
700000
600000
500000
400000
300000
200000
100000

Time-->

B 52L& EGA

\ I

TIC: Fraction-L;%-TMSH

J/_-——__.H

400 600 800 1000 12b01400 16001800200022002400260028003000320{3

o B E KRR ERE(H EZET)

ST
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49 SRS Y MR B B M

T/ UKL 0.1 um JERARTIE HE R - REIRO AN EOLS) WIS Gkt - K
HHAHE =R 10,000 counts Z KERRIEET TR G BT AT - 2 A FERF RO LA
BREOTEEIAT M TREERGT » SRORYE B G 2R e B TR
(TOC) / /K ATV OC) 3 KA T BN SR AH g M B B v L T RE A AR
HTAF -

+/\KEeH - D B@BUAUK ~ FIRERUKBURK ~ G RIBCAUK ~ H RIBUR
K~ TIRBOARK ~ T R /K ke MK ) (7K 2 DLS HNE AR Z #) ERfrte
10,000 counts A F1&E T HerTFABRIN LU N 2 — S BEE -

4-9-1 BRI BIRARLE

4-9-1-1 A BERTK
DLS HMERE > AH 50,000 counts (58,552 counts)
NIRRT -2 A TS AR B T B AR 28 AT O /N R Bl
FI+ o FEZRAFH AR #ELY Ky 60 nm 2 200 nm ©
o =Rg/Rh > 1 * I HEAUERRHL
DU e /K R - AR HA KR & 8 & & o AT S

4-9-1-2 A BERUHRK
DLS JHIE A 10,000 counts (14,580 counts)
NG5 -2 P RO C B R B AT 28 AT s I/ N R ok
K o FEZRRFH AR #EZY Ky 90 nm 2 200 nm ©
p=RgRh>1 * KT IEEIHERRAN
S I R(TOC) B A8 et (TIC) Bt e i /KR

4-9-1-3 B B#EERTK
DLS JHNERE S #IEMEAE(E > 49 12,000 counts
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FIUE GRS

NS5 -2 P RO B R Bl AT 28 rT s I N R ok
HIF o EESRR RS #EIELY £ 100 nm 2 200 nm -

0 =Rg/Rh > 1 : fr FREAIEREZEL

$5(Ca) ~ SEMe)ZRE T T/KEEA © HerS B HERBLE RS R

TOC HME K 72.0 ppm R &t KEE iR E - ERBE R B

59 T8 VOC HITEF e 16 TH » il KiE R i %

VOC F TOC HEAREgN Bt KBS - B e R E A YsEtie g -

4-9-1-4 B RIBURK
DLS JHNERNS S W) EREEAE(E » 49 14,000 counts
NIRRT -2 A TS AR REOE B B B AT 8 AT B N R Bl oK
K o FEZRALFH AR #ELY K 90 nm 2 160 nm ©
p=Rg/Rh>1 : FrFHERVEERRL

4-9-1-5 C EEHEHTK
DLS HMEfRE » A 50,000 counts (63,158 counts)
NIRRT 2 A TS AR RE LB B B AR a8 AT B I N R Bl oK
K o FEZRALFH AR #ELY K 90 nm 2 220 nm ©
o =Rg/Rh > 1 * I HEAUERRHL
S (Cu) ~ $£(Zn) ~ #(Fe) ~ $5(Ca) ~ FEMg) KIEWN) » FEIHI %

4-9-1-6 C EEHUATK
DLS JHNE A 10,000 counts (21,271 counts)
NG5 -2 P RO C B R B AT 28 AT s I/ N R ok
K o FEZRAFH AR #ELY Ky 80 nm 2 200 nm ©
BETHLT o =Re/Rh =1 * #E8 B 72 L EEKEG
HLA TR (TOC) B A A% (TIC) B i /KA

4-9-1-7 D BE&5/KEE R RK
DLS BRI S #IEEAE(E > 49 12,000 counts
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NS5 -2 P RO B R Bl AT 28 rT s I N R ok
RLF- o FEFORRL TR HEE LY £ 85 nm 2 200 nm

p0=Rg/Rh > 1 * R FHERIERARL

e B (Ca)HE(h Ry (5 FHRREL $5 AT~ EAG B 1 AT Z ik (HF)

4-9-1-8 E IsUA K
DLS JHI{E A 10,000 counts (29,554 counts)
NS5 -2 A SRR RE AU B 0 Bl 0 AT 80 AT B N 2 R EEAOR
RLT o ERFORRT-RACHEZY R 90 nm 2 220 nm
Rg (rms)fUEEAE RN 50 nm
I+ p=Rg/Rh=0.6 £ 0.8 : & HE.CEBEE
$5(Ca) ~ BEMe)ZK B L N 7K

4-9-1-9 K i
DLS JHlfEf = > K74 50,000 counts (73,422 counts) © Fil—H= 4P TATHH Sy [H]
HIKER DLS HIfEf S - W& & REEKES - #EGREFKEE R - 5
RARPYEA R R -
TR M- 2 A AR RO CHH D BE T 288 B ORI T8RS /R e

5

p=RgRh>1 * RLTIERIERRAN
$5(Ca) ~ FEM)ARE FOHL 7K A Fe BB A L8R /KA AR

4-9-1-10 L &
DLS HHE A 10,000 counts (26,658 counts)
NS5 -2 P AR RE AR 0 Bl o0 AT 2400 T B/ N 2 R ok
HIF o SRR HEIEL) £ 100 nm 2 180 nm -
p=Rg/Rh > 1 * T ERIEFAEL
#5(Ca) ~ #E(Me)ZKEJ* LBt Fa e E
TIC HI{E £ 100 ppm Sy Sl KE F = {E - FEARE R AR EE
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4-9-2 E£YEtESREEE

A RHEFUKIBURUK ~ B MR ZKBURK e C B R /KBURZK 7S A 7K B
teftdiie E R T Al - BRITARIPERAT

o A FIA T iR R AT S8 B THRE S ERHE
{55 AJERPEARRE hepG2 R AJE R R A 4 HaCaT > DL 25% K S0%F85E7K
BEITHIRE MR > DL dAHO ZEET7KIE Rbatk$iaa - IR KRS
HHREA G E -
hepG2 k¢ HaCaT 73 pll#fEY " iF4lpss g RN 730 £4¢ , (xCELLigence
RTCA DP System™, ACEA Biosciences, USA ) HF > &N » BFERE By 248
{8 well » BF(E well #5278 2410 E4HAE - AR ER CO: MfRFERN 7
Mg THRR B R - AHRRASHT I AR RARER (8918 2 24 /N ) > BRAE
U dHREEASS » SSEREEEETOK - BOKIEE 2 MR TIREBEE - 406k
B By 24 /INIE © BFBRIEE 43 A1 By 25% (50 uL+150 uL) Kz 50% (100 uL+100
UL)SE 2 4H - DAAHAREEE AR (E0HIER 3 4R AL T A E s e Az AR AR = BB R > B
BB ARAT A 8 T A M B R R A BN 22 > 45 15 S s EIH(E
AIHEECER N AR o 4R EE R (E L v] S FE AR B 1L -
SHREAEERIY L - £ _TEYRE S EIME MG E - 23 6 fER AT 25% 0
EBEF KAV R & a0l - mEHBE (i 53 M 54) - 2 TEAAA R B
RCAE T KAE SO%MEE T - B A BHBEN AR R &R - Hr i B A a4
A > B R /K AHRRAR 7S 257K 4H - 4R D By 49.1% 5 RHRE4RREAH
AR D By 52.89 % (1&] 55)
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20 [—

Neemakized Cel Index

51,67, 0.0505) Time (in Hour)

40

v
°

»
»

o

°

\

Normakzed Cell Index
° - - »
@ °
Ll i b ik i i il i L b b |

00 &=

°
°

s0 w0 150 00 30 o0 30 400 450
Time (in Hour)

B 53 NEEEAEME (L) 25%/KEEREE 24 /NGESR - (F) S0%/KERERER 24
INRHEESR - Ry R TR B MERUK 2 M R4
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Nermaized Cel lndex
2 > » »
s - <

Normaized Cell Index
- » »

Time (in Hour)

B 54 NEFHEME (B 25%KEEEREE 24 /NRHER 5 (F) S0%7KERERER 24 /)N
PGSR - My BB TR R B BeERUK 2 SIFEAE R4
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130.00
50% #f L% AE
120.00 117.44
110.00 106.54
102.70
&m 100.00 100.27
% 100.00 0575
x=
E: 90.00
_—
a=
S—
80.00
70.00
60.00
<000 49.01
40.00 .
milliQ ARE-HE AR ARR-F Rk BREk-MAk BRE-# Ak CHE-#Ask CH E-#iAzk
HaCaT i /& B 'H 4= ha
120.00
S50% #f L AE
110.11
110.00 L0608 109.00
101.60
100.00
100.00 98.91
%m
) A
Fr 20.00
P
%
)
2= $0.00
70.00
60.00
52.80
50.00 I
40.00
milliQ AN -HE LK ARR-FCR K BREL-MER BER-FMck CH E-dMEGHsk CH] -
HepG2 AT i 4= Bt

B 55( ) AMEREABELIEE 50%M B BER /K T4IEESE®R K 49.01%;( T AHE
FFREE4TAE B BoE T K TR 52.89%

DL B9 A Y E RS R AU - K Bl BRI R AR
Dosage dependent effect » 6 FEAE AT 25%/KEE BRI #0EA Z i T-/KAY 4B R 434
L dEEREEEE (@ 53 K@l 54) 5 T 2 4R EmREE Y B MUER /K S0%HRET -
B BB AR SRR D -
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FIUE GRS

UK B A MR 2 BRSO EE & DLS (E0HI(E - ERERRE S8R > H
gt H A E Vs MR s I SN B S B A AR 52 B G RUKEEZR DLS
EHAHEAR > (Y S0% KBEMRIF T BHEERE R A 2 5 - 558 B RO
IRZ AR AT RS > S83RH TOC HI{EE S Bt VOC s gl 16 35
AT THIFEE © BF B BBORKER ST - KB 5/Ka B % - IR
JEERMEEET T - PETH IR K2 A i ~ C El&@ 2 KER - DURIRE R B E R -
NELR S AR YYE S AV R 8 bR TR TV E R Aidh - HR
AR R SRt R BRI R — -

FRSKEHZZRYHEER - AR - A BOERUKE C &
HE
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S = N
FERE 4w

FLE GomEREH

AReTE L AN HRGS R T A LT 775 AT E Kk ie
b - RSt EY)EE ele 2 BREUKRSTORYIBE R T BERIT - IR TR
AR o BEE E AT - 7R JeA RO AU P BN & — EBER
KYYE ZOKEE - BRSO BER MRS R RIST 70 AT T AR
JreHEe > BoadraEttalle - ST EE/ KR PR RTE SN AR & - K
ST A R b A KR - R8T TR AR B K e K S B\ LS B BRIk
FESEAHRE Z KB HET TRV RS o0 AT B A BRI -

HATSIRESNARER > W ARARE R EREUK e T o T B ot 2 e
TR > MR AR DRSS -

AREFERRAT T TR B/ KURUK B SE =1 B AR KRS » 1/
JKEE - &EHIEREE 0.1 um / 0.22 um TR - ETHORRF9IE - BHEREAEREZ
ZORYVEKES - EYIE R TR SRS i A AT PR
BEATT -

o ERTIREK A TS/KEERIRROETR KBURK

o RSN B RUEFUK/MURK

o MBI TIE @ C B 5/KEIERHERKBUR K

o CPEBREZEE D EE 5 KEERERKBURK

o EAKE B RURK

o PEEZE : FRUERUKBURK

o Abdm RIS G BURK

o BB H WK

o RZEERC TRURURK

o OYEERL T RIBCRK

*  HAUKEE T KO/ L%/ M KEE
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(—) BRI # (Dynamic Light Scattering, DLS)FJ &R 1L RARAI 71T

FIFH TS e+ — - E K BK B Rl &8RTERE 0.1 um / 0.22 um JEHR
% > BT ENES LR WG B 10,000 counts ; [EIRFA I+ —KEE T - B2231H
SRR KK 7K A 2 B By B2 [ Vs 25l /K 2 HIMEAR T 5 Tt EA/K B A TR
R T E K 2 KRRl SRR SRS EESOtEEHE I E T RS -

RIEEE 0.1 um JEREIRIE T o S/ \HKEEE K 2 U E S P Y AR i
He > BHEEDETIR BN BTEIRIE R 5 Bl S A% A T/ Rt i - Hoep DL A it
FiK ~ C BRI/ R KH 2 JHESRE > A 50,000 counts ©

TIFARTEEIE 0.22 um JEREGRAET - 354/ KA + K A IE = 7
FIERIEAE - [ERE DL A BUETK ~ C BB/ R K = Bh 2 JEsR s > Hop
DA K 8 Fs e =i{E 520,520 counts ©

(D) RAERERIGER AR T 288 - IR 0.1 um REEPRG:
ZRUKER(EORAKBERRE T - NETERSS R RS E /N 2R
TR AL 5 AR B — R AR ME - SRR AR F R
HRIMA SRR R 2= » BB B tEE -
KT - B WoER/KBURUKREE RS SR E & 2 /0(DLS £ 12,000 2
14,000 counts » H& = FAWIERTZAEE 10,000 counts) * ORI IS ATEE 5 1fif K 387K
PRRITF IR MR - (BEAGRAS  BESCR TR0 -

(2 RAHEREERNAT T 0B - Bl 0.22 um R

ZEUKBOLIIKEEARIRT T ARG A R B N RSy
B KB ZH T M ERR Sy - [F—fRaf R - S a A FE R i
P ELER R - (B BRI B AT -

KT > B M RUK N B R ORI E S &80 (DLS £9 13,000 counts
& = 7S F B AR (E. 10,000 counts) » SBUKITR RIS RIS E + K IB/KE AR RiEzHE 0.1
um JERAR(T - FERMEE - (HERSIC BRI TR U 1 M UKE KRR A E
e > R BEREGNIREAE - (HAZEERR T EECR -

(1) EIROEEUR R (DL AN BB FEIS -2 AR GRS B8 (AFA-MALS) i %
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S = N
FERE 4w

St Z FORPTERIER T

K297 Re B/K &€ Rh ESEHRIRA © BIfOEEE (DLS)Z Rh
{H - B B MUBCRTZK B KOEKERSD > K& 444 Rh (B B/t 50 nm -

7K ER B BEOKIN - o HRgR)EARR 1 & 7 HFrHEUKEE S
KR T 2B R ERE BRI ELRE © T E BBUAUK o (B8 0.6 2 0.8 > FEAIRET
HOZEIBRES -

() EERO - BB R

KENREEHUT EE(DLS) WIET - BTGS2 402 A S AR BT
TR KR - IR S /KBTS Z SEHUH BRE FoRL AR AR ss - DRE &K
BERITEZ & - AHIEFEZER 100 nm DU 2 2R T S E BUTEHIER
~ 100 nm BA R ZE&fE] -

FIFH L ERE & BBATE R R ACP-MS) » ZEtiaig B 4T 047 » {8 NIEA
W313.52B it EHhH(As) ~ $8(Cd) ~ $8(Cr) ~ $H(Cu) ~ $55Pb) ~ $R(Ag) ~ $£(Zn) ~ 4
(Fe)/\MEEE /8 5 S8R/ Motia(Mn) / $8(ND) / ii(Se) / $5(Ca) / $:(Mg) » e+ =7F
BIBITERIT ©
*  #iCw : C EHEAETRK - K
s  FHnEEWEE | B RHERUKEURK » C E&EERIK ~ D EE 57K EE R

#K
s HEFeEEREE ¢ A RERKBURK ~ C BEER /KK E s K
*  Hfi(As) T ARRIUAUK ~ B BUEFR/K/BURK ~ C BERBURZK R D E& 57K

TR K

(7N) 485 1#h% Total Organic Carbon (TOC)/MT (BfTHEIEHIED)

o BB RUERKIN - GESEITR 2 R B i AR

o AR C B2 HEERVKBIBCRK » UMK 2 4875t B4R iOR S By IR

©  BMIBUR/K Z SRR K B R EROKE IRk FEtE
TR B (B E MR 0.5 WE/ H) > FTRERRIES s & M FRE AU K 5L
HApfmsR e I E RO K S

o BREUEFKEH RS E MR TOC)ERE 72.0 ppm @ BREH NS R &
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AOKMEZER - AeultE R A EBRERNE - BliEKTEARE R
Z MR TR

* LK EHRESSEERIR(TIORRE 100.0 ppm @ FEH KM +E K ICP-
MS BiE 2 E e E o R - AL AR AR e Rtk BE 5 K bk 2R 7

(1) /K141 (Volatile Organic Compound, VOO (L&t (B 1FHFAIER)

B RAE /KA B SRR IR S A ) > 59 (EIAgCRITE B RIS 16 1 - ARk
K BT EEBOARERE  BEPEAKMEER - HEhtde A
BRI  BRER - —fOHZET VOC & BEE AT 30 £ 70 78 - TR
Az E AR T b = JE SRR HEE B (F A R4 130 WE > SO /K o] iS5 s e s
By BREEER(TOC) A > B B i /K HNE . B+ KB th e = (72.0
ppm) > HHA B RER 7K 2 VOC B TOC B HAKE S » i EYrsE st t
BIZZ R B ER » Al RIBR T SRRy & 8 SRR o Amsh - B4
Rt RS AEYIB EHIR R . — -

AR /K &R B S < BEK BB % > ORUK R 59 TRIESE A Y o i B
PMEHNME - HEEA RS & WEE011.2 ppm) ; WRBHE B SRS -

V) BERERIT-FI R R R B B

TR Z &K - SedE BGA 3tk » EREES Fy m/z 44 > SHEAMESRH
APEHRE © MR FEA T A EEEET I EMERGHAR - BURBRARSE RSN > K%
RAEENR - AR AR B 2580 -

) BAEYHE BRI et

H#P ARV s BRas IREUT » KB B 5V R BT Dosage
dependent effect * 1~ 25%7KBLARIE N EREL R BET/KEVAE RS EL - SEIHETEAL
T A AEAAEAE IR EE Y B BOERUK S0%HYIRE T - BAIHEHAEERED -

A R RKER C [l R /K A A e 2 BIRRO LA 48 DLS HHIE - %
EroRE E BRS  BH Y ts iR Ede i B B SRR
4 0 B GEUKEEZR DLS (HHHER - B 5S0% /KERFRA T BRI R EOHI S AR
ZIFER > FE B WUERUK Z AR AT RS - S8R TOC AfESR = Bt
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Yo = LA
FERE 4w

VOC 3t gl 16 THA K THVEE © IR EEORYYE B A3
B R TSR T AR TSN - AR/ E T sH R R R SR IN 2R

() B&FFR

ST A AV R N IR B K R S OR Y E o B T i AT = B
IR © Rt BRI e B — P Ryt saip FT s - DIk
PIERAE AR VA AR 5 o SR P M B B ER PR N R S B e T B B MR ] AH A
M- HEREEFRRYEREYRe Z(EA -

RS EAHENRE CR & DLS #Ef TRk an @20 B - DIESKiR RIS A 2
E7ORYIE > HAT DLS R TRALIR AL - RACEA IR TR E Rl 7y
T > ZeRt B AT B E SN CHU & - MR oA - DU IR HHY -

H AT o R A RST /5341 R A T R S aH o A& B e 1T
M EBETIRIEER ARG TER UV (8 - Al EHE UV RIEE - SRR
T RSORYYE 2 BB A > BRI RIENES - WA E B e

[
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FNE KPP ORK T BRI T AR R

BANE KPR TR T AR

T

AT KIREE E R R © JeF BRSO LA B e Kk th 25w
ARHLT 5 PRI BTG 280 R 2 A TR RE O C AN 8 50 Bl B (R i
KRg 2 FORML T KT

i P
ATFEBEPORAE 10 nm PAE - A A RGFYRAERE T 2 IR /KGR
SRl S A M -

- TE

(—) BEEEEIATE ZHE - EEOEE 250 B 5 Al HE ISR -

(=) BB RO 2 4 s s FH oo i et

(2) ERRERMBE R SRR IR - ATREE AR THAIR R
A4 NIE SRR TSRk - AR ZE OB LAERR )]
HIGAHEE -

(MU) 7KAEPRBETR - FEFEDA B CHICR BT TR TS D Bt - DAREEH

SRR ML AR R R B U T -

* FREREEL A
(—) BfEEEESE (Dynamic Light Scattering, DLS)
Bt 1 A0 x 1 A7y 2 age e FE = il
iR NERE R ¢ A PE(1.25 ul) ~ IFEF@ uL) S
¢ 658 nm
MIAAECHIEEE ¢ 0.2 2 2500 nm
() NEFER S %48 Asymmetric Flow Field-Flow-Fractionation (AF4) System
MRSy iEdEE - 1 2 1000 nm
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BREER

SREPAT Lk (LRI ATRIT FE(3/3) - SR AT Ao Ml 2 BR UK B o R B 1y MRl

SrEEEEA RS ¢ Long channel » 246 mm

Ty B AT R © 30 bar

B4 (Spacen)/ 2 350 um

[FHiE)ERE ¢ 10 kDa cut off EHA 4 4EHE Regenerated Cellulose (RC) membrane
(=) ZAEFFRE U (Multi-Angle static Light Scattering, MALS)

B 658 nm

RASECRIEIE ¢ 10 2 1000 nm
(Y) S50 EAEEM T (High Performance Liquid Chromatography, HPLC)

R H—2EFEA0PHE (Tsocratic elution) B[]

o ERRE #8900 2 1000 uL

EHIEs RIME UV HHIES - ZEH 254 nm &

» Bt

(—) SAEK - DAERAY) 2 —TOKECE - HEMER 182 MQ
(Z) 2ZEAEAI(NaNs, Sodium azide, > 99%) ACS s/ &4k
(=) #WREFLE Sy 100 nm Z $HEFUEJIEES (Syringe filters)

* PREEIRTF

(—) SR TEERCRKEREE 1772 (NIEA-W109.51B) » LIFAEAR Z SR E R 255
(Bl & S A 4 U ER B 28 B TIRE 2 BOKER I TR - U E R B
BRI SR KR S TE LUEARACS: - 4CPRERERIS 2 PRAE R
o~ ARt - AR ~ R R E - aEE - SR
PREREEM ~ BREAES ~ R1FETZ - BREEA B RS BTIRONITE B 2 o

(Z) KEEERERZE S TIREHIRN > TRERB R MU IR T 2 RS R
ey Af o BRG] > EEHTREG 2 KR TE N B R 24 /NIENBRAA Y
T HESER IR KRR ACHREIR - RIRIENERIE R 48 /NKF Y HEST
SIHT ©

(Z) RBREE S EITEYHERMANE  AERERINEE LN KEE
o BB ET AR R IIE S LSRRI el Al
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AN KA T M7 4 5

A=V B E LSRR A R B i e s > RITETZRAN 200 ppm B8 E
BRI ERERKEG T - DI ORTT -

-~ HEITE

(—) BHREEHET 5 (DLS ) S B i B A
() 7KESEREERR > DI AFLAR 100 nm 2 $HE RS S Ef TR IETE » Bk
BRI AR K B R AR HE =
(2) R ERmME AR 55, - BIREEHUN & DLS SRR i - (£
AT S E#EE  — KR =X
(3) el ERE AR il
(@ KFED 4 uL BB A E R A A - S GRAERE S - BR
FEAREI R T B E RIS B IR R -
(b) FAGEER;  EE AN EEEE R B E 0 RE R DR
AR S S N
) = PSP RS L BRI 5 eEERE -
d) KRS E AR - FHERIAE A N A ROl S R
B I A I BB EFE 4T - AR i DUERE T B e -
(4) BB AR FEE RGN - SREEER +
0.3C -
(5) THEEERUCEE 5 4T DIE - DIRERNEUE HELME: - SEEETIHIERNE 10
EHE - BRI CERN EMREERREE  JCERRETAE 1 2 3600

-

(7)) NETREFUG5 R Bl S 2 A FRRE B R N AR
(1) ZAERRE RN EERIE
(a) EHE EAIIEERITE 1 (Size Exclusion Column, SEC) » FHEERZE R 0.5
mL/min °
(b) EREEEERE qu:‘ml/ﬁ 12 9 (Bovine Serum Albumin, BSA) 2
mg/mL » 100 uL #EFT5rREE -
() MFPiREkEa T #E7T Alignment ~ Band Broadening 5z Normalization * LA
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BRIFORSTAT LS (o LEAR IR TR 5E(3/3) - SR Ao e 2 BRS K e o R 7y MRl

TR SR MIERSE AR I —2K -

(d) SRIERBIATHIBREN - ZEFHE N ETRRTES R e E -

HEFH fe 2 e B R e

(a) Z7@E[EZE © Long channel
B4 (Spacer)/E & 350 um
[ AR ¢ 10 kDa FFA=4B4ERE Regenerated Cellulose (RC) membrane

(b) Bl 8 B s DA IO Rz © R AR BN T
[ Frit b > JERE 2 I -

() kP BFE (Spacer) e L&

() FERMREAIFFH BT EIEF o 5—#msabl SNm HEIHRFE X
HifEE P (EERAR - FHIESME PU(EIRAR 5 55 " wel INm 177
WF o I T E b A R PO (E R4S - P e /Nl B4k

3 B I 2 RS I

(a) Z28E ForEkF BT mEEE 4R (Inlet ~ Outlet ~ Cross flow) °

(b) 15/:\*%?:@ Elution + Inject mode T » 8% Detector flow £ 0.5 mL/min °

() MEHERE Ry B E S A PSR [HE N2 S aHER]
FLZRM - HE RO A E EUE TS Outlet B4R -

(d) fF[E 78R (Channel pressure) 5 7 E [A] /i BX JJ(Cross flow pressure)f&
JE &R 15 S e

) FARMEBEIBER » qlenth—3t22 BEE B R RN Z U INVR
o

(H TREEERERIREE - HEEEt s HEEBSA) » EiERE 200

ug > HE[FPERERE -

() NHEWRGSRARSETREH
F2E#H © PBS buffer
Detector Flow * 0.5 mL/min

Focus Flow : 1.5 mL/min
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FNE KPP ORK T BRI T AR R

Mode Cross Flow Focus Flow Time
1. Elution + Inject 1.5 mL/min - 1 min
2. Focus - 1.5 mL/min 2 mins
3. Focus + Inject - 1.5 mL/min 5 mins*
4. Elution 2.0 mL/min - 10 mins
5. Elution + Inject 0 mL/min - 10 mins

HERERSEE R > I EFR Focus Time 2 10 478 ©

(4) NETRIGES M AR S A SRR R FOE TR

)

HFY R I U5 o) B (L 1 2 B SR R B R R B R I A

A ARG TALE -

(@)
(b)
(©)

2% 7E Detector flow 0.5 mL/min

FF 2 A SRR RN R U e R BB ERL 20 Z 50 uV -

B R EREREFRAME A EHBSA) 50 2 100 ul T RIE
A5 R EE -

(d) R EEE hET Alignment & Band Broadening @ DARESELSE HIEHSRE

ST — 2 (#E 75 #E7T Normalization) °

TrfraiE
() JellaEREE 1.5 mL BRimif  FRE B E N B AT SERkiR

A 4 CHER B EhiEk as T R oot -

(b) NEERGE R AR S H N EE

@ © 7K (200 ppm NaNs)
Detector Flow * 1.0 mL/min

Focus Flow * 2.5 mL/min
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Mode Cross Flow Focus Flow Time

1. Elution + Cross Flow 1.0 mL/min - 1 min
2. Focus - 2.5 mL/min 1 min
3. Focus + Inject - 2.5 mL/min 10 mins
4. Elution + Cross Flow 2.5 -> 1.5 mL/min - 10 mins
5. Elution + Cross Flow 1.5 -> 0.5 mL/min 10 mins
6. Elution + Cross Flow 0.5 -> 0 mL/min 40 mins
7. Elution + Cross Flow 0 mL/min 8 mins
8. Elution + Inject 0 mL/min - 10 mins

ST HTEFRE 90 Sy

J\ ~ GER R
—) BEILHES R UV aRat 2 B4R
(7)) BEHUAR i < iy ] L
(=) MERSAE T Z ARG ERGR ¢ (KA 2 e a4 B Ol B dh 4R
MR AIERERSER -
(VU) B¢ Results fitting (Display © rms radius) 5P 5K AU ERER BRI 8 R ~F 2 4]
R -

7LL N u’g %
(—) ZAE RSN B 2 B L R B LEER 20 2 50 uV -
(&) fREEEERIRAE « W)X LZHEEE R EER R - FHEEEmE
EHBSA) » EEEER 200 ug 0 HEMCRERE -

m;

\J

K
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BRIFZORSTAT Ak e BRI HIRATIA SE(3/3) - BREAN AV ERAIZIREK
BEORYE BT ) SPRER [RFER R K EER

I - REERET 106 423 H 20 H A 3 HF 00 79

HhBE  ERARAT 1A M110 Eak=

HEER

R

(—) BREKE

1~ EEREAGE 2 2 T i
KRB RIREST -

EEHZ RS - ASTSEEHZHE
ERRESL BT 3 By Wyatt DAWN HELEOS
11 5 AR g f T 22 1H B8R 457 2 THEE -

2~ FEERE PR R 12 (R B
IR TEREZ 15 R —8 -

T B - OB 18 1
EEHEIMATS 3 BB KBRS -

3~ WJEGLL DLS &g 100 nm JEFE AT
FEHE > K% 0 BEASE] 100 / 220 / 450
nm 73R 2 AR -

B Z B - HRSORYEINESR
AR RS 100 nm LLUR 2RI+ » &%
17> DLS &S LA 100 nm JEREAET TR
oo BEYIEERB A EZ K - &
&S IRUTEE 100 /220 / 450 nm 2 KK &
[EHET T A AR R T 4R T DA
eV FEEAREE 2 2%

4~ SEREER - 912 TR
PR BURU /K o R B A

7R B - TSSO 25 LT
BRSO B2k B
k-

(&) MZEER

1~ REERE R B ERI TR A
FEJERY DLS £fig e &b ¥ 57A A
1T BRI EEAEE -

& BEE © AETSERLATHK
EISE o6 Yrno R A CERN I = VIN

B o 69 DLS Sl &t -

2~ REFESEHITIR > GEES
FIFFF B DLS S5l » #E5/KMHE
R B R il A EZE - B

B#HZ B EE - AUETERENR AL
TR o Bl 2 4 RS /K TR oKL
TR AR REUSH -
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RIS TR - A
GEEH— -

3~ IR EEEHVE _HE/ (T &
MIAZRIREREL O SRR - [FH
AZRORORL o AfTsedln - SR IASRTE
AETEMEE - AEERSEL
1T > AL filed B - 55 4 HAY
51417 0 FHIF TROY ) Bk T T
TYHL 0 55 26 HAYES 1 B2 1THY
fleld » 3 field -

Bz B - ERFRER TR
R E RN 03) KU -

4~ KRZERFIRIE TEET
SRR -

ﬂziﬁ

oH B

B Ze B - Al BRI (p144)40

T

1. JKRGPRE: - THET 1 T * 49 -

2. HUBEE/KEERL 0.1 um JEAEEE - 7
LLDLS ATk E & B )20 A
75 o

3. E/KBFGEREK » —B 73700 NaNs
PUETT A B US 5M R&T
Sy EB oy AR RGIRRE SR (I T R A A
(BEXEATE

H

(=) BEEREF

1~ SRR AL R A gs ) =
RET Iy BERAE S AR A0 T b E i 1
T PRRF A RT?

EHZ B - A ERRS S
BRHC & 2 A SR RE R R RO
TR #EMA A R RS B
[E R Z LT

FRRTEIETE S KB NaNs B 7L
ACIKRERH - BRI TR
TItfKER > R RS R o AfigiEAte
AT o SEAHERE S o

154



bk —

2~ TIRUWER R ERE AT BN
RRF B e WA ORAF?

TrRIER TR 2 /KR R B T T
PR SHR T © PREEZKIREE DLS 4]
Eit% > FTEERIRER ACHRAT > H
PHEBLFIR T AT A S

B > AEFTHAM R -

3 ~ 105 FEAiTREH (5 dn) i 7T 48 s e
{614 B 0.45 um > ARSI 0.1
um JERE > B Ay a9

R Zz B - AT E NS E
AR EE( 0.45 um/ 1 um JEHE HRE N Z
A5 AREI RS AORYYE E 7
2R R (<100 nm)#EF 753 HT 0 d5
EEF 0.1 um JEHA -

4~ FRomE/VIER 15 > HPET
TR B /K SRR AT/ K e e B85 T BE
HAZORMWRL ZKEE -

JEaHZ B - THRT 2/ ERAL 1S 4
an > SedE DLS EhRESCAUH F#)20 Eiie
TORPIE TR - BTSSR
ENS Ayt

(IU) $ZRHEH

1~ #iw E 0.1 um &K EHE L EERE
Ftg > 0.1 um ZFLESE SN > Bamil
0.1 um KJER > BEEE 100

nm AN ZHiE -

BN ZE B - REASE2HERR 100
nm PARHLFAZ 0.1 um A 4B i 5 2
PR > B 0.22 um JERERA:
LRI 225 MR T
B A A YEE -

2~ R EEmERE - 25 UHERE

Pl A -

Bz B > RS SUI
" o

155



BRIFORSTAT LS (o LEAR IR TR 5E(3/3) - SR Ao e 2 BRS K e o R 7y MRl

BRIEZORSIT Ak e LR HIRATIA SE(3/3) - BREANAYIEERAIZIREEK
SORPIE YRS ) P HREZ AR R K EER

I - REERED 106 42 8 H 10 H A 2 H§ 00 79

HhBE  ERARAT 4 1 M401 k=

FEER A
(—) BEENTE
- AREHEEEETAIEIENE | O B - SRR T

B AR N EER 7

FEETL B TFRIRARGEE =4 | REKERCRUK R L K iR
(RE 57K - I AR EF B BIKBE KLUt S -

M o SHBEEH KO R R L

fa] ?

2~ BRUR/KZ DLS=14317 K #ER | Bz B - B Mo /KEE s -

7K DLS=12051 » NEIHREEKEH 720 | WIRIZ B8R Z R8T - MIFRoRESR

ZRITF 3 BUR/KZ DLS BUs s A e
7K AE R (I (S v I i B AT
(10,000 counts) : & [E B W5 7KE 2812
iy B MR R R - HEAS
SEMERRERIR A PR R B o 2

/}IL

?ﬁz«

3~ P22-P33 2" TR R K pE s
KR T HHGE 80 IR B8
B - RS BITEE -

B Z B > ORI BB IERHT

4 ~ )& Standard Value 10000 {&40{a]
AI0E 0 ERREREH o

JRNHZ= o WIEmATRAE Ko I _EAESE
J\MEE BRI DLS $ifE - #EFCF %
TG 2 400- 2% P TS R RE I %
(AFA-MALS) 7 AfrlEzg » #5540 DLS £l
AF4-MALS ##—%4

IKETEPIKEE KSR AR - DLS (=Ml
B4 6,000 Z 7,000 counts » [E]HF AT Ay

156



bk —

FRAEGE ; HeR/KEE DLS B Bt 10,000
counts HLA AF4-MALS H[{5F2E 7] FEfY
R 8 - B0 B ERUE By
10,000 counts °

5~ % 2 FHETEEmE RS EE
an pH EEREER > JUEE S T E
FZREEHH - SRR FES T REE]
pH B R BB EHA RS HE &
AHAER - BUE A Water Rof88)
GER

B#Z B EE - RERETER LKA
e -

(&) MEEEH

1~ FEFA R S B AR AT AN > Pt
Koy TSRS E By 10000 0 EA)
THIFRRNEIRELRE > O ARER
BIE ?

R Ze B - IEBUEAR B RS By
EEEE © WIEREERE R R (E
HE/KEEM DLS BifH - #EEC~ SRR
Bt 2 80- 2 A SRR R CHIUN B8 (AF4-
MALS)Z#fril= - 1540 DLS B2 AF4-
MALS #24—%4

7KELEFI/KEE /KBNS K - DLS (=8
fB49 6,000 Z 7,000 counts » [E]iF A7 A
FeAELR - HER7KEE DLS E & & 10,000
counts H A AF4-MALS R154&E 7] FEHY
MR EEE - BRI BT E S E Ky
10,000 counts °

2~ AETEEHAVEIRO U R A
TRG-2 AR RO > EME
Rt KA ok mIE R 24
(ONETES Sk ) NI A=l )]
2

BE#Z B - ERMCORRENEIRE
JeRHE T - A RUEREEE E A AR
BlEh B AN PSRRI TR
R SRN - HR AR T4
BB I LA -

A ETE -2 A R RO AU AR

157



BRIFORSTAT LS (o LEAR IR TR 5E(3/3) - SR Ao e 2 BRS K e o R 7y MRl

EHORAA RS > ERFRETERR © E R
FHEMEORREEE - S AR
JERE R AT A IR AYZE8% peak HAITE
IR BRI DA SR
JERR BRI A ARE R S IEE -

3~ BHIHVES - BIEEKMEAY SR
FIRR/KMERIERA - TS B /K My
sk UK TR - ERAY AR
% 0 A DU ROV E A - R
0 SR BT B RE R R LA R
$5-2% A RFE R T A HE
T AR B A7 KR FORML 7 BERT
EZEHIA degas s BEHVIR T ? B
IrE T EERRE > R SORRE K
fErEsR RN -

JBE#ZE B - BN RUERIHEREER L
BRI - BHRESCASHYE > > RIE AT
AVERIEUE > FEA SRR AR -
A ST A5 -2 A R R AR
BRI RHEIT T T B & degas
BE > HRNEBXERIERR e LUK R
28 s BERE AR WUIRRE > FRER ITRE AR
HEERTE -

4~ [E LRI S - R Y E
9 FIE 33 {2 A RFRR
TR R Z ESESR - TAHIE RSTHY

ZORMRIE R AU A —6 > &

ANEL G Ry 2 fF e (R > 2

{178 size exclusion chromatography &
IRRST A By U707k - FREEEU)N

AR PR AT L > PR R/ VRO

A/ NEIEFLEA © DLE AT

e L Aam 0 B 9 FE 33 o~ m
FEA TS5 AR RO AU 2
TEF AR ?

JRHZz B R o MY size exclusion
AN HERS SRS
HE 250 2 ST BE R N R 4 SR
TE R ST ML T2 R S R e B A SR A
REIMAESE » REETAEEZAIER -
JR A EESA TR A T ERAIME R R T
RyF/INERIRFPRE 5 BRIEEZAD > Cross
flow HYESIE ~ JEREHVEERE - REEEAVHE
TS SR EEISER o IRAF
& HAT T 2 KBS » se B TR i
FHEA F AR IEZ R T A 5 R AT
BAEREIR > B R R R A
TR N i B b R 5 SR s
O % F R R RE I B — D e R L

chromatography ’

158



bk —

SRR

5~ HEEE T NaNs - Z A E
firtbadgEnym e > DF B =R

e

L

BN ZE Bk o NaNs IS AR B ZE Ut
ERRIEE » &0 S A 5 L s By
Mg - #80F BN ER EHAY RS -
A0 200 ppm 2 NaNs BIT] 5 AR fn

7y AR EER - R
200 ppm Z NaNs » fI%EE LRV A4
o dFR IS RO i R R S i

=) HEEERE

1~ SR AT S N BT
(AFDEREEZ > Frost Z SRR
ae SRR E BT > AT RETT
Brzg50 » kB MEREE

BHZERHE -

2~ Hirh BN 2 B E AR
58 RNeameBLES « SRS &~
AR - TPRéSEmamit - 0vA
P 2H 22 I > B

() fok  EEARE - Bk
T tEGH am” o B TURES
ANEAA “um” o O
Q) REIZKEE AF4 s 2 B
il » FELAA FEIFEE SRR - &RIE
— GRIE A ST Ry T e
1:[3 o

() HmETAEA & > B T8
PO TAET A ) At Bhas LA
(DLS) ~ "% ~ = ~ EHIZRS , Fr
2 BAR FAE BT E R 8 (GC-
MS) ~ BUFEM & EATE s ACP-MS) »

JBNGHZ B

(1) BALELr E RSB -

(2) ME[FEER TR RS 2 -

3) BEEP A Z @SSR EMTR
IR =5 -

159



BRIFORSTAT LS (o LEAR IR TR 5E(3/3) - SR Ao e 2 BRS K e o R 7y MRl

FERFHRECHU ERMALS) ~ FldE
MHENTEREEGC-M) K "
N~ SRR TOC 734 - H1E
S HHIE RE P (o FH 2 e e, ~ SR R

TIMTERLE

PN

7N

3~ SRR | AR T AT AR
TKREORKL T FE A R R IR —
B A AR e 0 thz
HAMEORR T e /A Z L -
BE L EEs 2 (MIER R AE AT
FoRRCT- i HE AT 2 A F
es I ARE A Z IRE] > 405K T
A BPETENY » =4 HBH 4k
W HESEREAE 100 ZOREL R RIH Ry

TORYET > WEORRE LS
% HILELL AF4 {F Ryt — 2 T30
HERL - MARAOLS [

B Z B - 8RO oy AF4 285
AR ERBUK B ORI T 28 I
HEAEGRT > AR B E &
% o

T HA AL 73 A 2 7 AR A 5

4~ AF4 TEEIE 2 86 > TR OB
(1 mM NHANO3)& = 2= (10 mM)
B 8 By A [EI b (Cl) BG5BT
(Na+)Z 4HPK @ FEAE TS5 % 71~ 45
s (0.39)H T LAFFAHRREA > HiTHAGE R
PR Rt B FT 2 S bR i 2 1o
RE > IR 2(p.40)E15% 3(p.4 1) > 1]
DASE 53 A7 o1 /K BB 2 (o P e
BENH » TRECL B EE RS R
{8 -

JBNGHZ B o BAHIEER > R 2
BASR 3 PGS RI/KREEIH R E T > RERoy
Bt 100 nm BUF Z 5o RbL 1o BESCR
AefE - BUBERDUKETAIH )
GER

5~ SUTEALFTIE Z DLS #EREAE s
10,000 - 2 BALTRER = ERERARYE -

B B - $HER R RO
€7 BIROCHU Res > RATRE— DR

160



bk —

BN P B R TR
FIRIREHE SRR R Ao &7
BOREAR - A — B AE
Bt -

s PIETIRAE Y S R R Es Y 22 5 BRI

FERE > T A KL -

6 ~ DLS Z &R IENN_E 5B A E(PDD)
ELAREART B MR ML R 2 7R
M - SIRIREDKE: - ORI BEAS
FESREMEANRREE ~ 355 ~ KR - ol
) B EHFORKR - BT e BTN
KSR Z ot E# ST E B
REME Ry T ARG —EEEHZ 50K
R o NILEERATA DLS S 73
[ E MBS - DL T R AT 2
BRI KB o RobL T E SRR S ot
&7

JENEHZ B o SrEUARE(PDD{E K DLS
BN B R AT R &
o

T~ BEIRFTERZIRTKEE > B T M
THZ HEVICGORKITEEZ AF
it (p.74-85) 5z DLS 455R(p.88) » ¥ 7/K
R EAME (D pH ~ HEE - fET
Ao~ R EIRG R RS HREER Y e
— B TR KE B R0 R B K
fEFFHIEE > DIRiE TR AR -

R Z B - pH ~ HEEHENEE
HEMIT 5 bR TOC 4b » A/ >
AR RAT AT B R R e
R TEIE I %4 2 117) -

8 AFtEZTHEEE "B

At 2 B K ORI E oy

Bl S EWITEa TS ) - ENNE AR
P51l 2 75 S LU S R S e

FLITIA -

BaHZ B o AT SRR A Y5
Mt Z Bl eI AR S T (0121
£ 125) > ARt geiE A st 2 IR

(1) $Z85EH

1~ DAEHRESCAS Fr 1L 2 B B8 (E

w o WIRTHLE K > F)EmIRAE

161



BRIFORSTAT LS (o LEAR IR TR 5E(3/3) - SR Ao e 2 BRS K e o R 7y MRl

10000 » HARER Z FLBEE e Fy ] 2

DIFIA AR (EE B /KB DLS 8
{8 BECAERIRERSR A 5-% AR
ARYCHIGT R (AFA-MALS) /3 T EE - 4550
DLS £ AF4-MALS #25—%4 ;

TKELA PR EE KBRS a K » DLS &Y
6,000 £ 7,000 counts » [E]HF o] 5 Ry LR
4% o HegZKEE DLS E & &1 10,000
counts HLA AF4-MALS H[{5F27E 7] FEfY
MR AT EE > HORFW BRI E S E Ky
10,000 counts °

2 ~ DIBhRE et gt i (R AR

ah > ARV S RER I ELREE AR
Ve ERUE 2 HIE - H LCS0 2 ECS0
FRIEE L - AR ERAY A A0 AT 7

JENEHZ B o SO Y E 2R R
K rESE/KRe LA A AR > B E R
Eedli & e st slba 2 80w
KH YRR R s R - SIH L
AREEAHEZ A EE T2 0 BLO.1 um JE
R P AR TR - BRI MR

(E

3~ BR A Bk C BE&IMRER /KRR
SREGITIRAEAEARTL 50 nm > A0{afEEEE
ZIREMEEAE 100 nm AN Z KT -

e Z R - DL0.1 um JEIERT R

% » HEIBHERIZEUKEETYA 100 nm A
BRI 5 A DAL N R AR A
T8 > FERLRD 100 nm DAk FAYEL

=,

B o

4~ Hpk 2 2R > ERAEFHE AL
FER I R E I RFAT

BE#Z B - 2 5 U %
st R R FHEFAT R i gk -

5 RSUEE SRR AT Z B
P RONE, > AT 25 YE 2
BERMT -

HZ B - 2MEEE TR 0
BSA AHUE H & H TS SRS
 BRE T AR MUR S NEE TR
o Sy BEREEHIE > HI{EA 30 nm B 60 nm
polystyrene #i7 FE{THIE - (HATHEE K&

162



bk —

FENTEHNRZERS 2T
ZE T fa7 B polystyrene N FtHE] » HUkE
HEFE A —E e IR R -

(1) FREZH

1~ BIREEHEA (DLS) B (Counts) NSL | B2 B R » BIRRCHUH (DLS).Z Bl
SRAH (Counts) L et PSP E -

2~ KOS BESCRAE > SARRIIHY]N | BEHZ B - ERERlE NS 075
FERITEENLCT > HIRNEFRS - Z 76) o A REREAN R A AR B B E
SCHAMR M - HATE St EREssE® oy
CRRRIRE] SR B)RREE - (A AR
UGE > AREREE PR TR R AL
ARICLAE SRS BT PAZKEG Z o BEeR -

3~ PElE 21 fe 34 (£ 0. Jum JEHEAT | B2 B0 - 0.1 um JERERTER EE PR (T
0.22um JERH - B340 A BUS/KBORZK | 8 > BR 100 nm PN 2Ry e EElsy
ETEEAERAR > ARA T AG RS | 100 nm BLEZ KT 5 ARACEAETHES 100
ST BRI R T nm LN Z FORKL T #E1 T RS > 0.1
um JERARE A R R B -

~

 JUE A B g 0~100 nm RIAE&EET | B Z B - B ROERUKBE S
EE > MR/ INRBURUKITERUKAE | IR BRI Z L - IR R
AR R N R - BFIETE | 2RI B0 0 2 100 nm AR EER
HFNA - o BERUKZELERY] -

[ AEE s P IEUNIN T T
e HIG/KIPELETAR ~ KRR/
R ZRAWNTT > SRS

FRAEAR TR 2 TR = > SRR iR -

5~ ARSCREEEHNEEM] TOC A TIC | B Z 8 s - &M TOC #1 TIC ZJ57%
TR BRI ERITINE =2 50 £ 51) -

163



BRIFORSTAT LS (o LEAR IR TR 5E(3/3) - SR Ao e 2 BRS K e o R 7y MRl

BRIEZORSIT Ak e LR HIRATIA SE(3/3) - BREANAYIEERAIZIREEK
SORPIE YRS | SHIRBEZ AR R K EER

REf © PEERE 106 4212 A 1 H B 11 EF 00 97

HBE  ERARAT 4 1 M408 EakE

FEAER

(—) RER/NE

1~ pEat SRS R E AR A e
Z R IR > BRI A
= P AT AR RERC SR ) A
Big > SARSTE T ARERORYTERIR
oA R sy dH R A ) B M T B
it 2 & Al PE B & AP
o T HER T ORI EE Y
R e B ERSIT?

BNaHZ B o AMIETERCR LAY
Mt 2 B i e AR H S T (0121
£ 125) > LAt geiEpc et 2 I

HE‘:E/ =
2 ~ Chapter F1-45am A 2B A HI%S

R AN -

JBaHZ B - Y SR
eIt Bt (p132 > 133) -

3~ P97 J5/KEE R H Zn > Fe > Ca >
Mg Z B ZK R RN HETR /K > o
HEREA ST ?

BE#Z B - N eERE 2B
P HERUKEROUKIRRE—3tE2K > mIRE
R ITEIE EHVER  RKATRERE
HE—D T -

4 ~ P138-J.m/E 2 EE 1R Il #i[E] 80-
120% % F6 55k 8 R~ RN g

& Counts ? °

B#Z B - HRE T ARLEATR
FTA 7Kk > 3 AMER -

&) MZEEEH

1~ HPRERES R B RR TP e o
b el oo S A R 21
EAETCC R A A AR

B#Z B o IEEMTEEL -

164



bk —

" Nanoparticle | » 2540 Ry
" Environmental Nanoparticle | FL#—

2

2~ FEstE RIS AT 2 55 =1
FEBTAER » &ie—17 " AR

K Rt T B i AR

R T HIRHE T INRERE

TKEG R ZoR L B G HY 7 A

FEEH -

2 I BRI R BEER

3~ BPEFHANECE 133 B IH
SKEN TFAKTKE S UFEEIER

"I AKEE - 56 135 HAVEEERIA
Nz TFg o SEeRy "5y - ok
FTRKIENIARES 5,6,7,8 + 550
1,2,3,4 -

JENaHZ B R
1 -

- A RARSE S TE

4~ FEIANR(CORERE TR
B Mk A YR SOBH ) e
ZIEIERy " B ROB R SR sk i
SITER - B =TAECE) R E]
TR E SR R S AT e R 0 T
It —AEIEE 0 EZEIER T E
FER RS an AT SERAR - AR

AR ZE R A AR IR TS AR R |

BEHZ B - LT E O ERIEREE
(28] (0137)

5~ BTEEFH/NFEEE 135 BRI AT
BRE] SR A YR H B R bR
oA s B i e AT A0 200ppm
PR KRS ) BB TR T EsE
A YrER B S LR 52
EorrElRs > AR 200ppm HYE

Ba#Z B - LT E o ERIER A
sfZs] (0138 139) °

165



BRIFORSTAT LS (o LEAR IR TR 5E(3/3) - SR Ao e 2 BRS K e o R 7y MRl

FULBRBE KRS - LURISUHER
e

6~ FFEFH/NEEE 135 FORVEIEES
=77 " Band Boarding ;| B1%E 137 H
85 JL1THY " Band Boarding | > 55 B
/B T Band Broad =& Broading | °

BE#ZE B > LENATEES S

Band Broadening °

7~ FHEFS 136 HESE 137 HEAH
TR S < B ENEFT I N7 Al

[ PBS buffer] B [7K + 200 ppm 2%
{e$h] - S EREREE B85
far ?

JF5E 136 R AR AR B & B 1E R
1Edn > PBS buffer Rl & 2 ENH 1M
JF5E 137 H Rt HRan i Z 2 8h
> BRFEEHE B E KR LUK B2 Bt
WG - SIWKEMHRTA A E -

CEHEETEEAENAEE L 138 H
HeEE] T Zimm Model | 1 T Berry
Model | » {HEJ7TAE N R E R IL

L2 il
- BAEHE B GEAEREITA
YIRS 7

BN Ze B - Ry o PRI RE L S0 0
AT LMELE -

9~ 56 139 HEt BT AREZSHL
B AR - SSNEERS
FIRSARE AT - BB MYER R
BUEASIEIEETEEE?

ERHZE B - A HS TEE - BAT
SRR - EISMBR LA ER
BRI -

10 ~ 5 173 FHHY FIFFF 81 AsFIFFF -
A REBLICSUM SRR Y AFA B — 2

Bz B o EBE -

(=) HEEHE

1~ 55 55 AR R iEE
R e

JE#Z B - BEME 05D -

2~ 5 62 HEREE LT > Bk BIRUK
KGN o PEEST MR o DR
8(p.62) i O(p.63)ERIFATA 15 K

B#Z B o U E T EMIER -

166



bk —

B miEH 022 wm JEHEZ HHE S
72 0.1 1 m JERE -

3~ KUBRAGETEF - KL 0l em
TEREEE 0.22 ¢ m RS FTIR R - FHEC
AFA-MALS #1778 » WE7KEREEHRS
RS HEREAE - 5> > BEA
ST BN A B R K (5
FErESM TR EHENER) > B
HROL -

B Z B - PSS BRI PR
BEGSIRAE > RSB in AR S BR A
Brm B AL > HRTE SRS
oy CR R ] RO )R AR - iRk
HREEDTS » 76) » AJREFREE M
AT R SR L E S CE B PR RS
ZITRERER o

4~ A RIBCROKER T E e m (R~ %
HORRIEARFHERUK - e mRERZK
Bt RINREE - A e B AR
K g FROKE R - EeES
BN SRRSO > BE 8
FiAAERH?

BaHZ iR - BN R RE B
FHF M B ICET T/K G PR - AN HEREIX
FUKZ BB RS > MREf REE
PREE RO DA T i R Bl B 5 20
3 -

(1) MEEHF

1~ SFfRMAET R AR I T R
IE

BHZ B - iR E N
FegEm T o

2 ~ SEHERD 15 R BT et a

LIRE

BN BT o I ATSERERAL 15 (R i
IKERBURUK > ReAiTe 3 MHREKEK

i -

3~ AR R oL T o B
fiir > HoiE PR Ry Z BB R
SR BEZ M IS FEE]E 7 FERAE -
HA 5 BRI E (R R BRaI s B PR IR
B B AR 2 P8R > FIAKEREIE

SR E A R ] o

R ZE B - D7 AR IR
[ R BBV B S T TN SB R
(p136 % 143) -

4~ FKERHIAR S8 100 nm DA T & T
Gt > Bl bR AL B AT R A R

BHE B - BB OTEIE RIS TT
HEEHZHHEEE - WEETNE

167



BRIFORSTAT LS (o LEAR IR TR 5E(3/3) - SR Ao e 2 BRS K e o R 7y MRl

Ryl 100nm LI& ZBehh - HAE
BRI T > 8- T IHETK L

MUK Z &SRB AT LA EFEEEEOR

N
Ba ©

EH

(095 £ 98) °

5~ REZ BB AR R A UL A

% B - i A E 282

=R BURERRR -
(L) FEEHH
1~ JKEESFHT TOC ke TIC ZRilfh > ¥ | R B - HABH S A SS 5

A TRAH Y oA -FI] FH 2RSS A JE i
Bk > AR AR E T
IR E R BE2EBIE UM 2 ERHR
—fhH o

T Bl RS o A R A S T B R
W S AT B /KR TP R R T Y
FIZSURET © B HiRgis 2 - &
AR A EHE -

H TR RS Z R R T /KR
BRI > B KR AR R
PR > ATHESTORRL TN & Z A R
= [EIRF R RHE LS 0.1 um JERERITE
BRI T 8T > Nati ) B
il HHYIE

WS B T EORYIE T 2 AR

3

FTRT AT RE R 2 = EE PR R s E sl
f A E 5 AT S T B R R
VESE -

2~ 49 HEEEE )
ReT#aEft 2 -

st IS /KO

EEHZE B - S/KEEACKRTaERE
TS (pl18 & 120) °

3 FAEEFRYINEUEEH S - | B AEE - B AECHTTTEE
2% (pldd) -

4~ hRZAEREEER - M | REZEEE - WP MIRZEEERE

RN RNl VN E S EROHAENS > DRI &R -

b5 o DIFEERE -

168



bk —

HHEE - EEE | R B - S el A
ks BRI (p132 0 133) -

169



BRIFORSTAT LS (o LEAR IR TR 5E(3/3) - SR Ao e 2 BRS K e o R 7y MRl

170



Bk —

Bfif 5k —.

171



BRIFORSTAT LS (o LEAR IR TR 5E(3/3) - SR Ao e 2 BRS K e o R 7y MRl

172



R 9 MERBKEFRTHRARS IRERGE—HR

biif o —

Water type or

Device, detectors,

groundwater, clay
pore water
(Germany),
isolated from
natural water
(UK). Commercial
humic acid

(Aldrich)

Uv254

1, 5and 10 kDa RC
(Schleicher and
Schuell

and Wyatt

Technology)

samples kept under
anaerobic
conditions

Humic substances
1solated on anion

exchange column

0.02% NaN3

0.1 mM NaOH +

0 - 50 mM NaClO4,
pH 10

5 mM Tris, pH 9.1
(optimal)

50 mM Tris, pH 9.1

CF: 1.0 mL min-1

XF: 1/3/4/5 mL min-1

Develop method for optimal
recovery for humic substances.
Testing different membranes and
carriers with different

compositions and concentrations.

Pretreatment Carrier solution Operating conditions Study objective Chemical species
location membrane
Humic and fulvic
acid in 0.01% Tween +
FIFFF (F-1000) Groundwater

Commercial humic

acid (Aldrich)

FIFFF (F-1000)
UVv254 , ICP-MS 1

kDa RC (Postnova)

30 mM Tris, pH 7.5

CF 1.0 mL min-1

XF 2.0 mL min-1

Interaction between metal 10ns

and humic substances.

Cd, Cu and Pb
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Stokes - Einstein equation.

Device,
Water type or Operating

detectors, Pretreatment Carrier solution Study objective Chemical species
location conditions

membrane

FIFFF (F-1000)

Uv254, 0.45 um and

FLD250/430 , 0.01 um Size based speciation of
Loire River and CF: 1.0 mL min-1

LS 90-, filtration Pre- 0.025% SDS + river NPs and trace metals Al, Fe, Mn, Cu, N1
its tributaries, XF:0.25— 0.1 mL

MALLS, ICP- concentration 0.02% NaN3 association to different and Pb
France min-1 (50 min)

MS, (25-fold) 1 kDa colloidal phases.

STEM-X-EDS ultrafiltration

1 kDaRC

Determination of colloidal

Vail Lake,

FIFFF (F-1000) particles sphericity and
Bailey Brook 0.025 um CF 1.0 mL min-1

Uv254 , AFM 1 mM NaNO3 permeability by testing the -
River and filtration XF 3.0 mL min-1

1 kDa RC hard sphere assumption of
TerRiver, UK
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Water type or Device, detectors, Chemical
Pretreatment Carrier solution Operating conditions Study objective
location membrane species
AsFIFFF (AF-
0.2 um. Determine size of
Peat-draining 2000) UV220,
Samples stored nanoparticles iron in river water,
rivers in northern ICP-MS, 25 mM NaCl NR Fe
1 week before and its behavior during mixing
Scotland 1 kDa RC
analysis with seawater.
(Postnova)
AsFIFFF (AF-
0.7 um filtration. Determine size distribution of
2000)
Some samples UV-absorbing organic
Rio Negro and Uv254 ,
concentrated by FF: 4/5 mL min” matter, variations with
small tributaries, LS 7-angle 10 mM NaNO:s ,
reverse 0smosis. CF: 1.0 mL min” season and between small and -
Brazil Podsol 1 kDa RC pH 5.7
Samples stored one XF: 3.09/0.25 mL min" | large rivers and soil water.
water (Postnova)
year before Comparison
10 kDa RC
analysis between AsFIFFF and SEC.
(Postnova)
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Water type or

location

Device, detectors,

membrane

Pretreatment

Carrier solution

Operating conditions

Study objective

Chemical species

River water and

FIFFF (F-1000)

Determine size

distributions of coloured organic

uv254 , 0.45 um filtration
coastal seawater, matter and iron
FLD350/480 , and FF: 4.5 mL min"
Mississippi and 10 mM NH4Cl, pH 8 nanoparticles in river and P, Mn, Fe, Cu,
FLD275/340 , ICP- | concentration with 1 CF: 0.5 mL min’
Pear] Rivers 55 mM NH«Cl, pH 8 seawater, and their binding of 7Zn, Pb and U
MS kDa ultrafiltration XF: 3.0 mL min”
and Mississippi elements. Comparison between
1 kDa PES (50-fold)
Bight, USA rivers with different water
(Pall Filtron)
chemistries.
ASFIFFF (AF-2000) Characterize the different
uv2i0, types of organic NPs
Coastal seawater, FF: 2.0 mL min"
FLD350/450 , 55 mM NH.4Cl, binding trace elements in Fe, Cu, Ag, La,
Gullmarn Fjord, um filtration CF: 0.5 mL min"
ICP-MS, AFM 2 mM (NHs ).CO;s, pH 8 coastal seawater, their Er and Pb
Sweden XF: 2.0 mL min”
1 kDa PES sources, formation and
(Pall Filtron) seasonal variations.
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(12.6-20-fold)

substances and
biopolymers, based on

fluorescence.

Device,
Water type or Carrier
detectors, | Pretreatment Operating conditions | Study objective Chemical species
location solution
membrane
Characterization of NPs
binding elements in waste
water. Different conditions
0.45 um FF: 4.0 mL min-1
for determination of small
Wastewater filtration and CF: 1.0 mL min-1
(0 - 15 kDa) and
treatment concentration 10 mM XF: Al, Cr, Mn, Fe,
AsFIFFF large (10 - 10,000 kDa)
plant effluent, Lake with NaNO:s , pH 0.1/0.25/0.3/0.4/1/3/1 Cu, Zn, Ag, Cd
(AF-2000) NPs.
Geneva water, 1 kDa 5.4 — and Pb
Distinction between humic
Switzerland ultrafiltration 0 mL min’
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Device,
Water type or Carrier
detectors, | Pretreatment Operating conditions | Study objective Chemical species
location solution
membrane
Sieving (32
um),
dispersion in
AsFIFFF
water 3 Method optimization for
(Eclipse 2)
months, soil NPs, with respect to
Uv280, FF: R
dialysis- 1/3/10 mM recovery and separation
MALLS CF: 1.0 mL min"
Soil extract cleaning of NH:«NO:s , efflciency. Variation of -
10 kDa RC XF: 0.3/0.5/0.8 mL
decantate, pH 8 cross flow and carrier
(Wyatt min’
settling- composition and
Technolog
removal of concentration.
\)
unstable
colloids

during 2 years
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Device, _ _ _
Water type or Carrier Operating o Chemical
. detectors, | Pretreatment ' N Study objective '
location solution conditions species
membrane
Leaching of
soil 1n pure
water during Development of
I mM
16 h, ., | ASFIFFF-ICP-MS for
_ _ NH:NOs | FF: 0.75 mL min _ .
_ ASFIFFF | centrifugatio . so1l nanoparticles. Pb, Sn, Se, Sb,
Soil extract ‘ +0.1mM | CF: 1.0 mL min _
(Eclipse 2) | n, 0.45 um . Comparison between Cd and As
SDS, XF: 0.5 mL min
filtration of on-line and off-line
pH 8 .
supernatant, quantification.
spiking with
trace metals
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filtration of

supernatant

Device,
Water type or Carrier
detectors, Pretreatment Operating conditions | Study objective Chemical species
location solution
membrane
Suspension of
compost 1n
AsFIFFF
ultrapure water,
(AF-2000)
agitation, Method development for
Uv190 -
settling- characterization of metal
520, ICP-
removal of ultrapure CF: 0.8 mL min" association to micro and Al, S1, Pb, Zn and
Compost leachate | MS
large particles, | water, pH 8 XF: 0.1/4/5 mL min" | nano-particles in compost. | Cu
1 kDa RC
centrifugation Combination of normal
(Postnova)
of decantate, and steric elution mode.
1 kDa PES
0.45 um
(Postnova)
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Device,
Water type or
detectors, Pretreatment Carrier solution | Operating conditions | Study objective Chemical species
location
membrane
Air-drying of
AsFIFFF sediment,
(AF-2000) | disaggregation
uv?220, by mortar and
Mg, Al, Si, Ti,
FLD350/45 | 125 um sieving,
River sediment, FF: 0.4 mL min’ Determine binding of Cr, Mn, Co, Cu,
0, suspension in 0.5 mM
Clark Fork CF: 1.4 mL min" elements to nanoparticles in | Zn, Sr, In, Ba,
MALLS, 0.1 M NaClL Na:P:0r
River, USA. XF: 0.4 mL min" rivers sediment. La, Ce, Pr, Pb,
ICP-MS Repeated
Biand Th
10 kDa sonication and
PES (Pall centrifugation to
Filtron) remove >100

nm particles
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Device, _ _ _
Water type or Carrier Operating o Chemical
_ detectors, | Pretreatment _ N Study objective _
location solution conditions species
membrane
the water o
Optimize the
samples were
. . FF: 3 times cross | characterization of the
filtered using . _
AsFIFFF flow rate polydisperse colloidal
_ a 0.45 um '
(Eclipse _ CF: 0.6, 0.8, and 1 | phase of drain water
filter NH:NO:s _ _ o
sub-surface 3) _ _ . .| mL min-1 with verifying cross
' immediately | 10 and 10" Cu
drainage Uv254 _ XF:0.3,0.45, 0.6, | flow and channel flow.
after sampling | mol/L _
10 kDa . 0.9;04,0.8,1.2; | Colloidal copper
and stored in o '
RC 0.5,0.75,151.5 concentration 1n drain
the dark at 4 _
. _ mL min-1 water was measured
C until .
_ with ICPMS.
analysis

182




R MEBRBKEFRTHRASKIRERE—ERE

biif o —

hexane and heating
of water to remove
hexane and ethanol

residuals

1n size with engine speed and

load.

Device,
Chemical
Water type or location detectors, Pretreatment Carrier solution Operating conditions Study objective
species
membrane
Collection of
particles on filter,
sonication of filters
Determine the size
in ethanol.
distribution of particles emitted
FIFFF Mixing with hexane
from engines.
(homebuilt) and water with 0.05% Triton
Exhaust from diesel CF: 4.63 mL min" Comparison between heavy and
Uv254 0.05% Triton X- X-100 + 0.02%
and gasoline engines XF: 0.60 mL min” light-duty diesel engines and
10 kDa RC 100. NaN: , pH 8
gasoline engines. Study variations
(Amicon) Decantation of
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FIFFF: flow field flow fractionation;

ASFIFFF: asymmetrical flow field flow fractionation, AF4;

RC: regenerated cellulose;

CF: channel flow;

XF: cross flow;

FF: focus flow rate;

DL: detection limit;

PSS: polystyrene sulfonate;

SDS: sodium dodecyl sulfate;

LS: light scattering;

SEM: scanning electron microscopy;

kDa: kilo Dalton;

VPSD: volume particle size distribution;
NPSD: number particle size distribution;
STEM: scanning transmission electron microscopy;
X-EDS: X-ray energy dispersive spectroscopy;
PES: polyether sulfone;

NR: not reported.

R SRR 11 BESCRR 12
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bifek =

Feimdmot 7K E PR i R e [
No.1 . < 100nm
No.2 o >100nm
T
No.5 A RCRK < 100nm
No.6 A R 7K < 100nm
No.7 C E&RBUiK <100nm
No.8 C EEAERK <100nm
No.9 < 100nm
No.10 L% >100nm
No.11 B BB 7K < 100nm
No.12 B R K < 100nm
No.13 D EE R K < 100nm
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b EE A A A PR F)
SUN DREAM ENVIRONMENTAL TECHNOLOGY CORPORATION
BRI S

H &4 3% - ERSD106B0438
&4 - R1060438B11

Hhoh B AR/ AR (B ) /3R AR 0 R] /3 52 46 58
No. 1 No. 2 No. 3 No. 4

¥H%A 8 ) ) B ) BmyE| B o | #

B1060721C | B1060721D | B1060721E | BI1060721F
w = i

<0.00050 | <0.00050 | <0.00050 | <0.00050 | mE¥lism | mgL

<0.00050 <0.00050 <0.00050 <0.00050 | NIEA [ mg/L

45 <0.00050 | <0.00050 | <0.00050 | <0.00050 | wmaTlisw | mgL
49 0.00633 | <0.00200 | <0.00200 | <0.00200 | wm¥fism | mgL
4 <0.00200 | <0.00200 | <0.00200 | <0.00200 | wmFelosm | mgL
= <0.00050 | <0.00200 | <0.00050 | <0.00050 | wmafalssm | mg/L
s 0.00349 | 0.00373 | <0.00200 | <0.00200 | wmafelsw | mgL
m 0.00376 | <0.00200 | 0.00507 | 0.00405 | wmafelssm | mgL
iz <0.00050 | <0.00050 | <0.00050 | <0.00050 | wieA¥olism | mgL
e <0.00050 | <0.00050 | <0.00050 | <0.00050 | wmafalosm | mgL
& <0.00050 | <0.00050 | <0.00050 | <0.00050 | me¥olism | mgL
45 0.0101 0.0107 0.0103 0.00699 | v Folsm | mgL
" 0.00352 0.00596 0.00483 0.00484 | nmafshism | mgL
UTFEA&

=

FEEERR(RE

BB ALEE

R
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BB IEA AR PR E]

e T AR B AR E

bifek =

¥ K4 3% © ERSD106B0438
44 5% - R1060438B11

e B AR/ AR B (AR ) /HAR R /4R 8 4 3
No. 5 No. 6 No. 7 No. 8
%A ) ) k| § o4 3
B1060721G | BL060721H | B10607211 | B1060721]
® 7S m
0.00484 | <0.00050 | 0.00691 | <0.00050 | wmmTissm | mgL
3 <0.00050 | <0.00050 | <0.00050 | <0.00050 | wEsTilism | me/L
st <0.00050 | <0.00050 | <0.00050 | <0.00050 | wmTlism | me/L
4 <0.00200 | <0.00200 | <0.00200 | 0.00446 | weTolsm | me/L
85 <0.00200 | <0.00200 | <0.00200 | <0.00200 | wmafifism | mgL
i <0.00050 | <0.00050 | <0.00050 | <0.00050 | wea¥olnsm | mgL
5 0.00701 0.00382 0.00651 0.0127 | wm¥liss | mgL
3 0.00852 0.00537 0.00321 0.00542 | nmaWolasm | mgL
I3 <0.00050 | <0.00050 | <0.00050 | <0.00050 | wa¥olssm | mgL
54 <0.00050 | <0.00050 | <0.00050 | 0.00093 | wmTlusw | mgL
£ <0.00050 | <0.00050 | <0.00050 | <0.00050 | wemTlism | mgL
5 0.00907 0.00727 | 0.00862 00178 | vma¥liss | mgL
% 0.00403 0.00417 0.00297 0.0122 | mmaTlsse | mgL
RFTEE
.
—_—
LAEREFIR(R)AE]
B B|ACLEE
Ears ﬁ. ST
AR IR Sy A | o i 4
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SUN DREAM ENVIRONMENTAL TECHNOLOGY CORPORATION

N L EREFBRME A R E]

e ou R BRR

£ K43 - ERSD106B0438
4 4 3% © R1060438B11

Heob 2 AR/ B AL T OBRAR) /3R AR 0T R] /2 S0 4 30

No. 9 No. 10 No. 11 No. 12
WA B ) ) ) ) Wik | £ o 3
BI060721K | BI06072IL | B1060721M | B106072IN
Hx L4 i
5 <0.00050 | <0.00050 | 0.0152 0.0279 | weafilism | mgL
4% <0.00050 | <0.00050 | <0.00050 | <0.00050 | wmATiasm | mg/L
15 <0.00050 | <0.00050 | <0.00050 | <0.00050 | wm¥ilism | mgL
e <0.00200 | <0.00200 | <0.00200 | <0.00200 | wimATalssm | mg/L
85 <0.00200 | <0.00200 | <0.00200 | <0.00200 | wmA¥oinsm | mg/L
' <0.00050 | <0.00050 | <0.00050 | <0.00050 | wmT¥alssm | mg/L
8 0.00279 |  0.00273 0.0146 0.0190 | me¥ilism | mgL
i 0.00336 0.00313 0.00290 0.00240 | mm¥ilssm | mgL
& <0.00050 | <0.00050 | 0.00050 | 0.00079 | wea¥lism | mgL
54 <0.00050 | <0.00050 | <0.00050 | <0.00050 | wm¥olnsm | mg/L
& <0.00050 | <0.00050 | <0.00050 | <0.00050 | wEATlism | mg/L
45 0.00898 0.0104 0.0136 0.0184 | mma¥ilssm | mg/L
8% 0.00698 0.00345 0.00518 0.0160 | mefalssm |  mgL
UFZEE
R 5 HFE H

flf.: Pi f’%ﬁr;ﬁ?&)ﬁ 23]

| B A IAE

f BREEF LAE
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SUN DREAM ENVIRONMENTAL TECHNOLOGY COIJ

bR B AR H R S

e T AR B AR

bifek =

i

LRBERR (RN
BEHE ALz
cERIBIL )

¥ £4 3% © ERSD106B0632
34455 © R1060632B11

b 2 45/ B ARAL | CRAR)/HRAL TR /4R S 4 3R

No. 13 =
WA B ) i ) S | mmrE | o |# ow
B1060922A - Y i
LS &
0.0253 - - - wiea F31. 538 mg/L
@ <0.00050 - - = ¥iEs 13,58 mg/L
LY <0.00050 3 . % wiea Woissm | mg/L
4 <0.00200 . " . wiea¥oissm | mgL
44 <0.00200 2 5 = wieaWilssm | mg/L
i <0.00050 . 5 . MEA Fs.53 | mg/L
£ 0.0128 - - “ HigA Fo15. 53 mg/L
S5, 0.00220 - - = iea Fola. 538 mg/L
e 0.00063 - - = viea Fa13. 538 mg/L
£ <0.00050 - - - nten Fi1s. 538 mg/L
3 <0.00050 5 5 = wiEARsm | mgll
0.0491 - - - wiea Fot. 538 mg/L
0.0256 - - l - niea Fals. 5o mg/L
RFTZEE
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Flow field-flow fractionation for the analysis and characterization of natural colloids and

manufactured nanoparticles in environmental systems: A critical review

M. Baalousha, B. Stolpe, J.R. Lead
Journal of Chromatography A 2011, 1218 ,4078 - 4103 (3CJgk 11)

Abstract

The use of flow field flow fractionation (FIFFF) for the separation and characterization of
natural colloids and nanoparticles has increased in the last few decades. More recently, it has
become a popular method for the characterization of manufactured nanoparticles. Unlike
conventional filtration methods, FIFFF provides a continuous and high-resolution separation
of nanoparticles as a function of their diffusion coefficient, hence the interest for use in
determining particle size distribution. Moreover, when coupled to other detectors such as
inductively coupled plasma-mass spectroscopy, light scattering, UV-absorbance, fluorescence,
transmission electron microscopy, and atomic force microscopy, FIFFF provides a wealth of
information on particle properties including, size, shape, structural parameters, chemical
composition and particle-contaminant association. This paper will critically review the
application of FIFFF for the characterization of natural colloids and natural and manufactured
nanoparticles. Emphasis will be given to the detection systems that can be used to characterize
the nanoparticles eluted from the FIFFFsystem, the obtained information and advantages and
limitation of FIFFF compared to other fractionation and particle sizing techniques. This review
will help users understand (1) the theoretical principles and experimental consideration of the
FIFFF, (1) the range of analytical tools that can be used to further characterize the
nanoparticles after fractionation by FIFFF, (iii) how FIFFF results are compared to other
analytical techniques and (iv) the range of applications of FIFFF for natural and manufactured

NPs.
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Flow field-flow fractionation for the analysis and characterization of natural colloids and

manufactured nanoparticles in environmental systems: A critical review

M. Baalousha, B. Stolpe, J.R. Lead
Journal of Chromatography A 2011, 1218 ,4078 - 4103 (3CJgk 11)

HE

B PSR o7 B 2 48 (FIFFR) Sy Bl R R A B RS BLR RS ORTE AT 5% AR AR IR
WA AR R N TRORRL TRV FREOTE - BUESEIEERNE » SR RS
HFEAFSRHL T A RE A Bk S - R FRh T A H S e st - 18
ISR LA 2R/ N FEF -

BEAMFE B H AR R0 - BN RAADL - SEBET ~ RIMBIROLRE - &
A TR E T BEEE - FIFFF 24 T2 skl 58 - &
FERST ~ AR~ G280 (CEAHERIRERD S 2 RE: - A SO # iEARET FIFFR

HRIRIBBEANI R IR T 2R -2 A0 FE F 1

BRI FIFFF 2:4i1% 2 (E0HIZ8 040 > AR &) ~ (BB KR - 8l
i BB A B S AR LR o AARET T el a8 A 7 T fi#(1) FIFFF HBiam K B hi s
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Optimization of flow field-flow fractionation for the characterization of natural colloids

Hind El Hadri & Julien Gigault & Philippe Chéry & Martine Potin-Gautier &
Gaétane Lespes.

Analytical and Bioanalytical Chemistry 2014, 406, 1639-1649 (SRt 12)

Abstract

The methodological approach used to robustly optimize the characterization of the
polydisperse colloidal phaseof drain water samples is presented. The approach is based on
asymmetric flow field-flow fractionation coupled to online ultraviolet/visible
spectrophotometry, multi-angle light scattering, and inductively coupled plasma mass
spectrometry. Operating factors such as the amount of sample injected and the ratio between
main-flow and cross-flow rates were considered. The evaluation of the injection and
fractionation steps was performed considering the polydispersity index and the contribution to
the polydispersity of the plate height, the recovery, the retention ratio and the size range of the
fractionated colloids. This approach allows the polydispersity of natural colloid samples to be
taken into consideration to achieve the most efficient and representative fractionation. In
addition to the size characterization, elemental analysis was also evaluated using the recovery,
precision, and limits of detection and quantification relative to a trace element of interest
(copper) 1n drain water. To complete this investigation,the potential application of the
methodology was assessed using several independent drain water samples from different soils.
The contribution of the polydispersity to the plate height ranges from 4.8 to 8.9 cm with a
mean precision of 6 %. The mean colloidal recovery was 8113 %, and the mean retention ratio
was 0.043 - 0.062. The limits of detection and quantification for copper were 0.6 and 1.8 ug/

L, respectively.
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Optimization of flow field-flow fractionation for the characterization of natural colloids

Hind El Hadri & Julien Gigault & Philippe Chéry & Martine Potin-Gautier &
Gaétane Lespes.

Analytical and Bioanalytical Chemistry 2014, 406, 1639-1649 (SRt 12)

HE

KGR HHRBOKER D HIB RSV R U LB ETT7A - AT7AR AN EERGSR
TR Z A AR E RIS AT RO - 2 A AR KRB SR ERL -
EREA0 ¢ BREmE AR ~ FEIRE AR ELLREETI - Baw ALy
BERSCR RS AT MR RS - B ARTE 228 ~ BIUGIRRE ~ JrBEiBae R/ Nl
BEEEARME - AR B 2B o mE ERRE - DUBEEARUAFREZ 7y
HE o BR TR AR NREBUESS > TR S SRR PSS FERU KR da oA [EIGIR
RE ~ ERERE ~ (ORISR 8 B E ME TR ) - (82 EA[E 1% 2 HERUKE:
FAFERERY - 1EMRE 4.8 ~ 8.9cm B » AR MRS PR HERE 2~ so BTy 6% © P45
IEEG[ER Ky 81 £ 3% » PFHEERER Ry 0.043 ~ 0.062 - i Z (HAIFSR Ry 0.6 F2 1.8
ug/L
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Asymmetric flow-field flow fractionation - multidetection coupling for assessing colloidal

copper in drain watersfrom a Bordeaux wine-growing area

Hind El Hadri & Gaétane Lespes & Philippe Chéry & Martine Potin-Gautier
Anal Bioanal Chem. 2014, 406, 1111-1119 CGZigk 13)

Abstract

The objective of this study was to show that online asymmetric flow-field flow fractionation
(AFFFF)-multi-detection coupling is useful for studying environmental colloids in a
qualitative and quantitative way. The utility of the technique was illustrated by assessing the
colloidal fraction of the copper that was extracted from the soil, transferred to an aqueous
phase and then transported by drain waters in a wine-growing area. To determine the size and
composition of the colloids, AFFFF was coupled to UV, multi-angle light scattering and
inductively coupled plasma mass spectrometry detectors. Colloidal copper represents between
20 and 60 % of the total copper in the sub 450 nm fraction of drain waters. Copper 1s mainly
associated with organic-rich colloids with a size below 10 nm. It is also found in organo-

mineral populations (as clay or (oxy) hydroxides), with sizes ranging between 10 and 450 nm.
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Asymmetric flow-field flow fractionation - multidetection coupling for assessing colloidal

copper in drain watersfrom a Bordeaux wine-growing area

Hind El Hadri & Gaétane Lespes & Philippe Chéry & Martine Potin-Gautier
Anal Bioanal Chem. 2014, 406, 1111-1119 CGZigk 13)

HE

TGRS S T B RSl & TR B ENEs S R i e &
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HEKZ S R aafitE e 2 SRS 7% - Ry e B /NGB - R
TSRS LSS e E NS ~ 2R R (N2 K BE M & EATE
A FRHETTISE © WIFRAE R S HIASHL T-(54E 450 nm IR & 2 /KA AR & 20 ~
60% ° #ii EEEZAGRL 5/ NG 10 nm ZHLTEEEIEH - BEANREEIRA -y E
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Influence of carrier solution ionic strength and injected sample load on retention and

recovery of natural nanoparticles using Flow Field-Flow Fractionation

E. Neubauer, F. v.d. Kammer, T. Hofmann
Journal of Chromatography A 2011, 1218, 6763 - 6773 (3Cgk 14)

Abstract

Natural nanoparticles, including both natural organic matter (NOM) and inorganic mineral-
like phases, have been broadly characterized using Flow Field-Flow Fractionation (FlowFFF).
Calibration with polystyrene sulfonate (PSS) standards was generally carried out in order to
determine the molecular weight distribution of the NOM, however if the analyzed sample has
a different charge density compared to the PSS standards, the resulting molecular weight
distribution may become meaningless. The presented study therefore investigates and
compares the influences of 1onic strength and sample load on the retention time and recovery
of both PSS standards and natural nanoparticles from a variety of sources. The minimum 1onic
strength in the carrier solution and the maximum injected sample load required for satisfactory
separation depend on the molecular weight of the PSS standards and on the nature of the NOM.
The degree to which results depend on conditions and parameters within the FlowFFF varies
significantly between the different natural nanoparticle samples. We found that it may be
necessary to calibrate the channel under different conditions from the actual sample runs.
Under well controlled and documented conditions this could represent an important move
away from the paradigm of “same conditions for standards and sample” . From all
conditions tested, the most reliable molecular weight calibrations were obtained at elevated
ionic strengths in the carrier solution (>0.04 M) and low injected mass of PSS. However, even
under these optimized conditions variations of up to 20% occur in the calculated molecular
weights, and the recovery of NOM falls by up to 50% at high ionic strengths. Many
applications aim for both correct molecular weight distribution and the measurement of low
concentrations of elements bound to natural nanoparticles. We conclude, however, that finding

conditions that are equally optimal for both of these analytical tasks is not always feasible.
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Natural organic matter and iron export from the Tanner Moor, Austria

Franz Jirsa, Elisabeth Neubauerb, Richard Kittingera, Thilo Hofmannb, Regina Krachlera,
Frank von der Kammerb, Bernhard K. Kepplera
Limnologica 2013, 43, 239-244 (3Cigk 15)

Abstract

Samples from a pristine raised peat bog runoff in Austria, the Tannermoor creek, were
analysed for their iron linked to natural organic matter (NOM) content. Dissolved organic
carbon < 0.45 m (DOC) was 41 - 64 mg/L, iron 4.4 - 5.5 mg/L.. Samples were analysed
applying asymmetric field flow fractionation (AsFIFFF) coupled to UV - vis absorption,
fluorescence and inductively coupled plasma mass spectrometry (ICP-MS). The samples
showed an 1ron peak associated with the NOM peak, one sample exhibiting a second peak of
1ron independent from the NOM peak. As highland peat bogs with similar climatic conditions
and vegetation to the Tanner Moor are found throughout the world, including areas adjacent
to the sea, we examined the behaviour of NOM and iron in samples brought to euhaline (35%o)
conditions with artificial sea salt. The enhanced ionic strength reduced NOM by 53% and iron
by 82%. Size exclusion chromatography (SEC) of the samples at sea-like salinity revealed two
major fractions of NOM associated with different iron concentrations. The larger one, eluting
sharply after the upper exclusion limits of 4000 - 5000 g/mol, seems to be most important for
1ron chelating. The results outline the global importance of sub-mountainous and mountainous
raised peat bogs as a source of iron chelators to the marine enviro nment at sites where such

peat bogs release their run-offs into the sea.
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Using FLOWEFFF and HPSEC to determine trace metalecolloid associations in wetland

runoff

Elisabeth Neubauer, Frank v.d. Kammer, Thilo Hofmann
Water Research 2013, 47, 2757-2769  (CCgk 16)

Abstract

Natural organic matter (NOM) and iron colloids can coexist in surface water. These colloids
might exhibit different affinities to metals and metalloids. Previously it has been shown, that
organic and inorganic colloids in the low nanometer range can be fractionated using Flow
Field-Flow Fractionation analyzes (FlowFFF), but it is not yet understood how the presence
of 1norganic colloids influences results obtained by High Performance Size Exclusion
Chromatography (HPSEC). Studies that compare the use of these size-separation techniques
for the analysis of organic and inorganic colloids and associated elements are needed in order
to interpret results obtained by either of these methods. Therefore, associations between
colloids from a small stream draining a wetland area and a selected range of elements (Fe, Al,
Ti, Pb, Cu, Ni, As, U, and Rare Earth Elements (REE)) have been investigated. FlowFFF
analyzes and HPSEC analyzes were combined with ultrafiltration, functional group titration
and arsenic speciation analysis. NOM and, in a sample with a pH > 5.2, slightly larger iron
organo-mineral colloids, were present in the < 0.2 mm fraction in the surface water. Both
exhibited notably different affinities for trace elements. Cu, Ni, Al, and the REE all showed
similar modes (1.e. peak maxima) and size distributions to the NOM, while Pb and As showed
a preferential association with 1ron organo-mineral colloids. It was not possible to differentiate
betweenNOM and iron-organo mineral colloids with HPSEC. The differences in the results
regarding the apparent molecular mass distributions obtained by FlowFFF and HPSEC are

discussed.
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Uptake of Cd(IT) and Pb(II) by microalgae in presence of colloidal organic matter from

wastewater treatment plant effluents

Isabelle A.M. Worms a, Jacqueline Traber b, David Kistler b, Laura Sigg b,
Vera I Slaveykova
Enviro nmental Pollution 2010, 158, 369 - 374 (3CJ&k 17)

Abstract

The present study addresses the key issue of linking the chemical speciation to the uptake of
priority pollutants Cd(I) and Pb(Il) in the wastewater treatment plant effluents, with emphasis
on the role of the colloidal organic matter (EfOM). Binding of Cd(II) and Pb(II) by EfOM was
examined by an 1on exchange technique and flow field-flow fractionation coupled to
inductively coupled plasma mass spectrometry in parallel to bioassays with green microalga
Chlorella kesslerii 1n ultrafiltrate (<1 kDa) and colloidal isolates (1 kDa to 0.45 mm). The
uptake of Cd by C. kessleri1 was consistent with the speciation analysis and measured free
metal ion concentrations, while Pb uptake was much greater than that expected from the
speciation measurement. Better understanding of the differences in the effects of the EfOM on
Cd(I) and Pb(II) uptake required to take into account the size dependence of metal binding
by EfOM.
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Colloidal organic matter from wastewater treatment plant effluents: Characterization and

role in metal distribution

Isabelle A.M. Worms, Zsofia Al-Gorani Szigeti , Stephane Dubascoux , Gaetane Lespes ,
Jacqueline Traber, Laura Sigg , Vera I Slaveykova
Water Research 2010, 44, 340-350 (CCJgk 18)

Abstract

Colloidal organic matter from wastewater treatment plants was characterized and examined
with respect to its role in metal distribution by using tangential flow ultrafiltration, liquid
chromatography coupled with organic carbon and UV detectors, and an asymmetrical flow
field-flow fractionation (AFIFFF) multidetection platform. Results revealed that a humic-like
fraction of low aromaticity with an average molar mass ranging from 1600 to 2600 Da was
the main colloidal component. High molar mass fractions (HMM), with molar mass ranges
between 20 and 200 kDa, were present in lower proportions. Ag, Cd, Cu, Cr, Mn and Zn were
found mainly in the dissolved phase (<0.45 mm) and their distribution between colloidal and
truly dissolved fractions was strongly influenced by the distribution of dissolved organic
carbon. AFIFFF coupled to ICP-MS showed that Ag, Cd, Cu, Cr, Mn and Zn associate to the
low molar mass fraction of the colloidal pool, whereas Al, Fe and Pb were equally bound to

low and high molar mass fractions.
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On-line and off-line quantification of trace elements associated to colloids by As-FI-FFF and

ICP-MS

S. Dubascoux, I Le Hécho, M. Potin Gautier, G. Lespes
Talanta, 2008, 77(1), 60-65 CZEk 19)

Abstract

A quantification procedure of trace elements during colloid size fractionation was developed
and validated. This procedure is based on the hyphenation between Asymmetrical Flow Field-
Flow Fractionation (As-FI-FFF) and Inductively Coupled Plasma Mass Spectrometer (ICP-
MS). The optimisation of the procedure was performed on a soil leachate spiked with six trace
elements selected for their enviro nmental and health impact (As, Cd, Sb, Se, Sn and Pb). The
elements 1n the spiked sample were on-line monitored during the fractionation. The validation
was carried out by comparison with a second off-line quantification procedure based on
fraction collection and total element analysis by ICP-MS. This off-line one was previously
validated using reference materials. Finally, the analytical performances of the two procedures

were compared.

211



BRIFORSTAT LS (o LEAR IR TR 5E(3/3) - SR Ao e 2 BRS K e o R 7y MRl

On-line and off-line quantification of trace elements associated to colloids by As-FI-FFF and

ICP-MS

S. Dubascoux, I Le Hécho, M. Potin Gautier, G. Lespes
Talanta, 2008, 77(1), 60-65 CZEk 19)

HE

AW FAET B L BR R B R ML (R B A M B T R e B 574 - AL
N A B A5 73 Bl 28 (As-FI-FFF) K EUE R S AR REEE - L2 IR
AN TR R S (R B B Z B T (As, Cd, Sb, Se, Sn Jz Po)#ETT A /74
{EWIFE - FErEEETET  NEMME TR BT - Bl EERIEE 2 1%

on DAURERS & ERATE R R EBE S E BT LA R - iR bbi R -

212



iE=3u

Optimisation of asymmetrical flow field flow fractionation for environmental nanoparticles

separation

S. Dubascouxa, F. Von Der Kammerb, I. Le Héchoa, M. Potin Gautier a, G. Lespesa
Jouran! of Chromatography A, 2008, 1206, 160-165 CZiEk 20)

Abstract

The fractionation of natural nanoparticles by Asymmetrical FlowField FlowFractionation (As-
FI-FFF) was optimised by considering the following operating conditions: ionic strength,
surfactant concentration and crossflow rate. The method performances such as fractionation
recovery and fractionation efficiency were evaluated on a stable solution of colloidal-size
natural inorganic particles. The online multi-detection by ultraviolet/visible spectrophotometer
(UV) and multi-angle laser light scattering (MALLS) provided the monitoring of the sample
during the separation and the evaluation of the fractionation efficiency. The lowest 1onic
strength and surfactant concentrations (i.e. 10~ mol/L NH:NOsand 3x10™ mol/L SDS) allowed
to obtain the highest sample recovery and lowest loss of the largest particles. The crossflow
rate was investigated in order to avoid significant membrane - sample interaction. The
applicability of the fractionation in optimised conditions was evaluated on a natural soil
leachate, which was filtrated with different filter cut-offs. Filtration efficiency was stressed by
the decrease of the large unfractionated particle influence in the void volume. For the first time,
robust operating conditions were proposed to well size-fractionate and characterize soil

nanoparticles within a single multi-detection analysis.
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Characterization of hematite and its interaction with humic material using flow field-flow

fractionation

Mark P. Petteys, Martin E. Schimp!
Journal of Chromatography A, 1998, 816, 145-158 CZREk 21)

Abstract

The ability of flow field-flow fractionation (FIFFF) to characterize the interaction of organic
matter with mineral colloids is demonstrated. Colloidal hematite is first prepared and the size
distribution is characterized by scanning electron microscopy, FIFFF, and multi-angle light
scattering (MALS). Next, the interaction of well-characterized humic and fulvic acids with the
colloidal hematite 1s studied by separating and quantifying the adsorbed and free acids using
FIFFF. Both kinetic and thermodynamic information 1S obtained, including adsorption
1sotherms. The adsorptive capacity of hematite 1s greater for humic acid compared to fulvic

acid, probably due to the formation of multiple adsorption layers.

215



BRIFORSTAT LS (o LEAR IR TR 5E(3/3) - SR Ao e 2 BRS K e o R 7y MRl

Characterization of hematite and its interaction with humic material using flow field-flow

fractionation

Mark P. Petteys, Martin E. Schimp!
Journal of Chromatography A, 1998, 816, 145-158 CZREk 21)

HE

AW FEERRE U o Bl A T R B TR B R G S H (B - =& (b
“EBREAE o ERREE TN RSB RS E A AR LAY
T R/INAR © PRI AT 200 o Bl A B B e el AP B S A B B = B
=St T@iEme 2 X aEMRG - BEREIE - IR RRITFREE - —Adk

CHB RS E R R IR E B o AR R 2 (E R R TR -

216



iE=3u

The scattering of light and the radial distribution function of high polymer solutions

Bruno H. Zimm

J. Chem. Phys. 16, 1093 (1948)(SZJ&k 22)

Abstract

A radial distribution function of polymer segments in a solution of a high polymer may be
defined as a quantity proportional to the density of segments at a given distance from some
given segment. An approximate expression is derived for this function for dilute solutions of
chain molecules of moderate degrees of polymerization. By Fourier inversion a simple
expression for the intensity of light scattering, as a function of angle and concentration, may

be obtained.
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Apparatus and methods for measurement and interpretation of the angular variation of light

scattering; Preliminary results on polystyrene solutions.

Bruno H. Zimm

J. Chem. Phys. 16, 1099 (1948)(CZigk 23)

Abstract

A photoelectric apparatus for the measurement of the angular dependence of light scattering
from solutions is described in detail and its performance is discussed. Methods of calculation
for the determination of the average extension of the scattering molecules from the data are
described. Data are presented for two fractions of polystyrene in various solvents, showing the
effect of changing solvent power and temperature, and also confirming a theoretically derived

formula for the concentration dependence of the scattering.
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Light scattering and the absolute characterization of macromolecules

Philip J Wyatt
Analytica Chemica Acta, 272 (1993) 1-40 CGZJgk 24)

Abstract

Light scattering (LS) has returned to the arsenal of analytical chemists with an impact scarcely
imaginable a decade ago. Several important developments have restored this absolute
measurement technique to its present status. The advent of HPSEC (high-performance size
exclusion chromatography) and a variety of other techniques for macromolecular separation
were of particular significance in stimulating the application of low angle laser light scattering
(LALLS) for the determination of polymer molecular weights, their averages, and their
distributions. However, 1t has been the more recent introduction of on-line scattering
measurements over a broad range of scattering angles (differential LS) that has permitted many
important deductions of light scattering theory to be extracted and applied for the 7rst time.
These include determination of the mean square radius and its various averages, molecular
conformation and structure, branching ratios, better characterizatlons of co-polymers, as well
as those polymers soluble only at high temperatures. In addition, some instrumental broadening
effects now may be measured directly. Tremendous advances in personal computers, together
with flexible and versatile data collection and processing software, have played significant
roles as well. This paper summarizes the theoretical basis of the measurements and presents
some examples of the application of this theory for the deduction of molecular parameters
from unfractionated polymer solutions. In passing, the operating principles of differential
refractive index detectors (the most important and commonly used detection system for
HPSEC) are described, as well as their importance to differential LS measurements. The
general operating characteristics of modem LS detectors / photometers with their associated
software and, most importantly, the combination of on-line LS detection and HPSEC

separation 1s discussed with numerous examples of its analytical capabilities.
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