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Adam M. GILMORE .7, ssvtkinmIrecemnys 3 ass4mmnEEADOAqualog
OBEABIDWTIRAR B, AqualoglEUV-VIS (LA FI4R) IRIXRZ ~ 7 ML &
3RTHAEE N X~ rIL*2(Fluorescence Excitation Emission
Matrix : FEEM) 2 RIEF ICBIE CZ 2B TH V), KB AFEEME =5 —
ELTERTES, TN, HERK%EKEE T 5 (Subpart H*IZRE
Sh /o) #ER A FKAIBMEERICEE & h 3 EERIERYICRET 3EPA™
A (DBPR2*S) WIZHEM UL A=EZ42 Y FICEL TWB, AFEEAL
32 &T, EPARBINEE/SNS A — 42 THBTOC*®, UVA™’, SUVA-
TOC*8ZMNA T, SDS-THMFP**%# ZIF U 7ILEZA LTEZL2) T T
B2 ENREETH D, BINT A —ZIF, EFHKD 5N BTOCHLERR
ER(TILAVEOEB) LU M) NDOX %D LRR{E(MCL) D F8I(C
FHINZ, BRE=2) > TARBLOTZTH T o FHEROW
FTHICHBERATREEAARFEIL, PHAXESTH LUTOCEHZ L ZBIE, £
IEMUNOXZ2COREERETO 2 &G L, BRAKDESNIEEEE
DOFH 2 FUR (2~37) » OERBE Tl § 2 2 &N TE B,

1 KPEAF A © Dissolved Organic Matter (DOM)

*2 0 3WILhhEREEA R Y bV - A TIZFEEM (Fluorescence Excitation Emission
Matrix) & B&3

%3 : Subpart H : 40 CFR(the Code of Federal Regulations)part 141, subpart H, “Ji#
LRI T 5IHHE

%4 : EPA (United States Environmental Protection Agency) : K EEEE 3 T°, USEPA
F T HICEPA L BET)

%5 : DBPR2(EPA Stage2 Disinfection By-product Rule) : EP A {35 &l 24 5 #i HI
Stage2

%6 : TOC(Total Organic Carbon) : 447 #¥ /% %

*7 : UVA @ 254 nm GEIMRAN) 12 B1F 2 WOREE

%8 : SUVA-TOC (Specific Ultraviolet Absorbance) : 24MEW G (DOCH 721 @
UVA) o HIEITHE L 728 > TV I34LAEE045 mmD 7 A Wy —TAHBINTHD,
TOCHHIZEPA Method415.312 55 & N7 A Ik (DOC)EICAHY L, AfeTiE
KR o TR SN T D,
SUVA=100xUVA (cm ') /TOC(mg/L)

%9 : SDS-THMFP (Simulated Distribution System Trihalomethane (THM)Formation
Potential) : BEAGR MU AT X8 VHERHE T HIME. FCAGRISKERDS R Lz s &
WCERKIREEET 2 )T 2y v OF i,

EC &I (DBPR2)IZ X 2 HHIATEEN TV 20 SRS DK TIE—

eI, RS & 72 812 X o THERIARNTSE I EAA 1
T A AT, #iFKE EICHEHT S (Subpart H** 128 5E MDA 2720, &EHEWRFE(TOC) R E LLHT
E7z) BB X R A B 12 B9 2 EPAHLHI %o ZD7-%, DBPR2TIZTOCKHEZREAHIE ST
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AqualogZ i o 720 #r Tld, REEH VTR A RS b
JVEFEEMZ FF I D EREH CHETE S, TNHD
T—=05, TOCOME, &) biFTOCkK: LG
(treatability) 12B3 A Hil (SUVA-TOC) %°SDS-THMFP
(RIS B SR BAL A OMUBLEEM I LB 2 B #1585 2
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RIEROH I ZHEMLT B2 LT TIVY A LI ENT
ETIENTE L, T2, F—V52EFV v/ $HI LT,
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AHaTld, FEEMOBEIERRIZ0 L TPARAFAC% #
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%155 FFIZOVWTIHNDL, $72, EPADEFRT 5 Fik
12DV HIEE & I L 7R RO W T h k5B, itk
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TERDSUVA-TOCHEL Y QIEMETH B 2 &, @ilH2~10
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%10 © A% (goodness of fit) ! FFHENTICBVTETFT VD ED
CBWE B TIFELNERT,

TiE

F7IVAUE, UVA, pH, IE%8, TOCH LUV
SDS-THMFP®DAEIE

JFkB L OB Ko 7V ) B, UVA, pH, Hidk#, TOC
B LUSDS-THMFPOHlE %, ZEMICTEBE N T D
DTFoFECESWTERERKLZY, 7V 5 ) #(mg/L
CaCO;) DERIZIZEPA Method 2320BH#afilodiioE i % fifi
L7206 UVAIZDWTIZEPA Method 5910BIZ#0 %, ¥
BES cm® v )V & w72 WOGEE I E % 1T - 720 pHAE X
EPA Method 4500-H * BIZfit. o Tlll5E L 720 F 1% (mg/
L) 2B L TIZEPA Method 4500-CI-GYGEEHISE % 920t L
720 TOC (mg/L) D#I5E21%, EPA Method 5310CI23:—>
CUVEREERERLEE 2/ L 720 SDS-THMFP (mg/L) ®
HEIZDWTIZEPA Method 5710-Cl2fE - 726

Aqualogicl &K AFEEM$B K UIRIRZA XY MIVDBITE
JEK B & OMLBLKIIFEH 24 > 7OV 2 REL L, M5 RT120.45
um®d 7 4V F —=THMEL 720 TXTHOY ¥ 7IVIZHER]
T RTE(25C) IR L 720 FEEM EWIXLA X7 h LD
H5E 1213 Aqualog (HORIBA Instruments Inc. ) fH L 72,
JAhAS I = 13 )% &5 250-600 nm T3 nm g, #EA RS
M VIZ P EHPA250~600 nmT3.28 nmlH kg THlE L 72,
MHERD 7 4 ViR E I Middle® i L, EEER X280 &
L7z 25 N7ZFEEMIE, BhEE - 6 A2 b OVIEEERIE,
WM BIE BT OWE, 79 v 7 OWEB L CPERIRIH 5
OHIERAT 5720 F721058 - 2o L A1) —HiELo~ 2
* v 7L 4T 572 FEEMB L O EMED 7T » o
T VIZIETOCIEE H K (Starna 3Q-10, Starna
Scientifictt# - % EH ) 2 HFH L 720 WIS >~ v %35
mLfEA L, B E10 mmO4MHEE & A TR o &L
JVHWCHISE L 720 FEEMOIZ#{L (normalize) 121%, 0.1M
I RER IR = — A 2 AR S & 721 M ONISTREGEE 88
i (Starna QS-RM-00, Starna ScientifictlFi# - % $30)
fEA L7z,

PARAFACHE R
FEEM® 57— ¥ f##7 121, Solo (Eigenvectorft#) o
PARAFACT VT ) AL &M L7ze BT &ME LT, §
RT?DLoadinglZ & Non-negativedeth# #H L, &
Loading!lZ#t L TI3EE#E{L (Normarize) 24175720 LA V) —
LD~ A% & ZEIZ TG % L TL16 nm, 20006120
LC32 nmiZFZE L0 ETFIVDT 14 v 7 4 ¥ Z7121ESolo
DOPARAFACT VI ) RO/ T A — 7 % i L7z,
TN T — & OMEEICIE, Split-half validation routine%
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Figure 1

10

TOC (mg/L)

Daily measurements of UVA(A)and linear relationships between UVA and TOC (B)for corresponding raw (RAW)and finished (FIN) water

samples. For panel B the linear equation for the RAW samples was UVA=0.196-X (TOC), adjusted r*=0.975 and for the FIN samples
UVA = 0.099 X (TOC), adjusted r’=0.950. The linear fit predictions (red lines) are shown compared the 95% confidence intervals (green)

and prediction intervals (blue).
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Figure 2 Comparison of typical Aqualog EEMs (top)and UV-VIS absorbance spectra (bottom)
for corresponding raw (left)and finished (right) water samples measured on the
same day.
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Figure 3 Excitation-emission contours for PARAFAC model components c1(A), c2(B)and c3(C). The data set included n=1484 samples with
duplicate daily measurements for each raw and finished sample. The model accounted for 97.3% of the variance, the split-half validation

match was 98.6% and the core consistency was 94%.
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Figure 4 Normalized concentration PARAFAC loadings for c¢1-c3 for
the daily raw (RAW)and finished (FIN) samples.
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Figure 5 Comparison of the PARAFAC component concentration

ratio c2 : ¢1(A)to SUVA (B)for the daily raw (RAW)and
finished (FIN) water samples. SUVA was calculated using
the data in Figure 1 using the formula in EPA Method
415.3;

SUVA=100XUVA(cm™")/TOC(mg/L).
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Figure 6 Box plot analysis of the means, maxima, minima and ranges
for SUVA (left)and c2 : c1 (right)for the raw and finished
water samples corresponding to the data in Figure 5.
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HEEITASNT, Aqualogll & 2 IE 57 el <o LB
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Table 1 DBPR2 removal rules for TOC as a function of alkalinity in
drinking water treatment sy}stems defined by Subpart H that
1

use conventional filtration.

Source Water Source Water Alaklinity (mg/L)as CaCOs

TOC (mg/L) 0-60 >60 to 120 >120
>2to4 0.35 023 0.15
>41t08 0.45 0.35 0.25
>8 0.50 0.40 0.30

EPA DBPR2IZ3HIG L /-TOCHE LU
DHERREROFE

DBPR20D ¥ —/8— M 21d, mBEprsk & ILBLAE |2 B
HTOCH %KD D Z L& TN T 5D, Figure 7AlL, #
TEAREUCUVA L2t clib 2 Vv 5 2 & T, K & BRI
HOH Y TNMZHONWT, B—DEf TTOCH % IEMEIZHE
WTELZEERLTWS, YFH0 mg/LOZ OEFRH
1%, BB X OMLEEKIZBIT HUVA L TOCH LR
DEE DEALD, 2 clDBEERIZL > TROLNL Z L
%R LT, Figure TAZRTEMBARE D 2 & T, i
K EMBKDTOCHZ HIRAN— A TIEFEIZHIEST 5 Z &
3T & 5 (Figure 7B) o

TOCIZH§ 2 HEITIX, FrEDE & TTOCRRET 52
EDRDHENT WA, Table 11ZRT & 912, Z00ERE
IZTOC (mg/L) ET VAV EICL > TEDOND,
Figure 8AD 7 — ¥ 1%, BlamillsE L7z 7 v ) B L dotis
FEA S EM L 72TOCHIZ DWW 72 TOCKERRFEREZ R L
TWw 5, Figure 8BIZHIJEIRED 6 5 L 72 JHKOTOCHH
(RAW), TOCK:Z:#A 55 & 72TOC (RULE) D FrZ:
HAEfE 35 L OMLHEZK O TOCH (FIN) O ZAL % 7R § 5 37_C
DY 2 7 TR O TOCHHE (FIN) %5 H %Ml (RULE) % 3%
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Figure 7 Model linear correlation of the TOC calculated using the SUVA and c2 : ¢1 concentration ratio (A) and the comparison of the model TOC
calculations to actual daily TOC measurements for the raw (RAW)and finished (FIN) water samples (B). The linear relationship in panel A

equates to TOC=[UVA /(c2 : c1)]/ Slope, where the slope=0.160.
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Figure 8 The daily alkalinity values for the raw water and calculated

required removal fraction (A)and the Aqualog model TOC
values for the raw water (RAW)and finished (FIN)and the
calculated target removal (RULE) (B).
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Figure 9 Multiple linear regression model of the SDS-THMFP for the raw and finished water samples(A)and comparison of the model and actual
periodic SDS-THMFP measurements(B). The red line indicates the DBPR2 MCL for TTHM and the green symbols represent the actual

distribution site values for TTHM.
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