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List of Acronyms

AOP Advanced oxidation process

ATCC American type culture collection

ATZ Atrazine

BOD Biological oxygen demand

BPA bisphenol-A

BSTFA N,O-Bis(trimethylsilyDtrifluoroacetamide
Chso Concentration factor at 50% induction
CFU Colony forming units

COD Chemical oxygen demand

CT The product of concentration and contact time
d,-E2 Deuterated 17-estradiol

DAF Dissolved air flotation

DBP Disinfection by-product

DEET N,N-diethyl-3-methylbenzamide

DHEA Dehydroepiandrosterone

DHT Dihydrotestosterone

DI Deionized water

DPD N,N,-diethyl-p-phenylenediamine

DSRSD Dublin San Ramon Services District

E1l Estrone

E2 17- -estradiol

E3 Estriol

EDC Endocrine disrupting compound

EE2 17- -ethynylestradiol

EEQ Estradiol equivalent quotient

ECs Estradiol concentration at 50% induction
EOP Electrochemical oxidation potential

EtOH Ethanol

FDEP Florida Department of Environmental Protection
GC-MS Gas chromatography-mass spectrometry
HAV Hepatitis A virus

HCB hexachlorobenzene

LACSD LA County Services District

LPUV Low pressure ultraviolet radiation
LT2ESWTR Long Term 2 Enhanced Surface Water Treatment R
M-FC Fecal coliform agar

MeOH Methanol

MET Metolachlor

MPUV Medium pressure ultraviolet radiation
MWCO Molecular weight cutoff

NDMA N-nitrosodimethylamine

NDWRF North Durham Water Reclamation Facility
NF Nanofiltration

NP 4-nonylphenol

ule




NTU Nephelometric turbidity units

oD Optical density

ONPG o-nitrophenyl-b-D-galactopyranoside

OoP n-octylphenol

PAA Peracetic (peroxyacetic) acid

PAH Polycyclic aromatic hydrocarbons

PBS Phosphate buffered solution

PFU Plaque forming units

PhACs Pharmaceutcally active compounds
PPCP Pharmaceutical and personal care products
PS Progesterone

QCB Quasi-collimated beam

RO Reverse osmosis

ROS Reactive oxygen species

SCB South Cross Bayou (Pinellas Co. WWTP)
SDS Sodium dodecyl sulfate

SPE Solid phase extraction

T&O Taste and odor

TCEP tri(2-chloroethyl) phosphate

TCS Triclosan

THM Trihalomethane

TKN Total Kjeldahl nitrogen

TOC Total Organic Carbon

TSS Total suspended solids

TT Trans-testosterone

TYGA Tryptone yeast glucose agar

TYGB Tryptone yeast glucose broth

UF Ultrafiltration

USDA United States Department of Agriculture
UVA long wave UV radiation, 400 nm - 320 nm
UVB medium wave UV radiation, 320 - 280 nm
uvC short wave UV radiation, 280 - 100 nm
UvT UV transmittance

VOA Volatile organic analysis

WRF Water reuse facility/WateReuse Foundation
WWTP Wastewater treatment plant

YES Yeast estrogen screen

YNB Yeast nitrogen base

<<




1. Introduction

1.1 Goals of Research Study
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California

o Chlorination — 450 mg-min/ICt
o Ozone -1 mg-min/ICt
o UV
100 mJ/crhfollowing sand or cloth filtration
80 mJ/cr following micro- or ultrafiltration
Florida

o Chlorination
25 mg-min/LCt for fecal coliform counts of <1,000 MPN/100mL
40 mg-min/LCt for fecal coliform counts of 1,000 to <10,000
MPN/100mL
120 mg-min/LCt for fecal coliform counts of 10,000 MPN/100mL
and higher

100 mJ/crhfollowing sand or cloth filtration
80 mJ/cr following micro or ultrafiltration



Table 1.1. Overview of Reclaimed Water Requirements for Several

States
State Bacteria Virus/Protozoa
CA "Tertiary Recycled"” 2.2 MPC,:\lcfllif%?nan Total| 5-log inactivation/kill virus expected

pathogen free water.

Arizona Class A and

ND Fecal Coliform per
Class A+ Water

100 mL, 7-day median

Pathogen free water expected

TX "Type | Reclaimed" 20 CFU/100 mL Fecal

No standard

Coliform
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Pathogen Units Average Maximum
Giardia Cy\s/tiglbllgo ) 1.4 5.0
Cryptosporidium Ooc\y//isagioo L 5.8 22
Enterovirus PFU/100L 0.044 0.165
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) * 4 & ) 5 "6
Parameter Analytical Lab
MS2 bacteriophage Duke
Aerobic spores Duke
Total coliform bacteria Duke
Fecal coliform bacteria Duke
Coxsakievirus type B5 USDA
Adenvirus type 4 USDA
Reovirus type 3 USDA
Estrogenic activity Duke
Hormone suite Duke
Microconstituents Duke
Turbidity Duke
pH Duke
BOD Utility labs
TOC Utility labs
Alkalinity Utility labs
Nitrate/nitrite Utility labs
Ammonia Utility labs
TKN Utility labs
Phosphate Utility labs
Total phosphorus Utility labs




2. Background

2.1 Chlorination/Chloramination

2.1.1 Microbial Inactivation
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%0 # H %#H $ %O/"0%H< - % $ #/
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Oxidizing Agent E%uxn [V] E %« relative to chlorine
Hydroxyl Radical 2.8 2.05
Ozone 2.08 1.52
Peracetic Acidl 1.81 1.33
Hydrogen Peroxide 1.78 1.3
Hypochlorite 1.49 1.1
Chlorine 1.36 1
Chlorine Dioxide 1.27 0.93

!PAA data courtesy of Enviro-Tech Chemical Services




Titratable chlorine, mg/L

Hypochlorous acid (HOCI)

0.001 NI it
1 10 100 1000
Contact time to achieve
99 percent destruction of E. coli at 2 to 6°C, min
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Disinfectant 1log 2 log 3log 4 log
Bacteria
Chlorine, free 0.1-0.2 0.4-0.8 1.5-3 10-12
Chloramine 4-6 12-20 30-75 200-250
Chlorine dioxide 2-4 8-10 20-30 50-70
Viruses
Chlorine, free 2.5-35 4-5 6-7
Chloramine 300-400 500-800 200-1200
Chlorine dioxide 2-4 6-12 12-20
Protozoan Cysts
Chlorine, free 20-30 35-45 70-80
Chloramine 400-650 700-1000 1100-2000
Chlorine dioxide 7-9 14-16 20-25
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Dose (mg/L) Ct MPN/100 mL
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2.1.2 Viral Inactivation
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2.1.3 Protozoan Inactivation
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2.1.4 Disinfection By-Products (DBPs)
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2.2 Alternate Chemical Disinfectants

2.2.1 Hydrogen Peroxide (H ,0,)
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2.3 UV Disinfection

2.3.1 Important Water Quality Parameters
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2.3.2 LT2ESWTR Disinfection Targets and Photoreacti  vation
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2.4 Ozonation

2.4.1 Overview
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E. coli 0.034-0.05 95-180 0.4-0.75 0.02
Poliovirus 1.1-25 770-3740 0.2-6.7 0.1-0.2
Rotavirus 0.01-0.05 3810-6480 0.2-21 0.006-0}06
Phage f2 0.08-0.18 - - -
G. lamblia cysts 47 — >150 - - 0.5-0.6
G. muris cysts 30-—630 1400 7.2--18.5 1.8-2.0
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2pH 8-9
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2.4.2 Indicator Organisms
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2.4.3 Contact Time and Ozone Residual
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2.4.4 Important Water Quality Parameters
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2.4.5 Microconstituent Removal
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2.5 Membrane Filtration (NF/UF/RO)
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2.6 Advanced Oxidation Processes (UV/H ,0,, UV/PAA,
0O3/H,0,, and UV/Og)

2.6.1 Simultaneous disinfection and microconstituen t destruction
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2.6.2 Role of Hydroxyl Radicals
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3. Disinfection of indigenous bacteria and spiked
viruses and oxidation of spiked micropollutants in

reuse water with chlorine, chloramine, and peraceti ¢
acid

3.1 Introduction
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3.2.1 Gas Chromatography-Mass Spectrometry (GC-MS) and Yeast
Estrogen Screen Assay (YES)
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3.3 Results: Microbial inactivation
3.3.1 Breakpoint chemistry
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3.3.2 Total coliform bacteria inactivation
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3.3.4 Aerobic spore-forming bacteria
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3.3.5 Virus inactivation
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3.4 Results: Micropollutant oxidation
3.4.1 Chlorine, chloramination, and PAA
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3.5 Discussion
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4. Advanced oxidation of wastewater: micropollutant
destruction and enhanced disinfection by UV and
ozone-based technologies

4.1 Introduction
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4.2.1 UV, UV/H,0,, and UV/PAA AOPs
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4.2.2 O3 and O3/H202 AOPs
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4.3 Results: UV Based Technologies

4.3.1 Chemical Photolysis and Oxidation
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Figure 4.6: Removal of spiked ATZ, TCS, EE2, and ME and b: removal of
total estrogenic activity from City of Bradenton waer with LPUV and 5 mg/L
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UV fluence (md/cnf)
0| 40 | 140| 500

DEET | 1| 0.62| 0.5 0.52

ATZ 1| 0.62| 0.48 0.44

TCEP | 1| 0.74 0.77 0.8f

OoP 1| 0.76f 0.3 0.21

NP 1| 0.57] 0.1 0.12

MET 1| 0.63| 0.56 0.52

TCS 1| 0.57] 0.33 0.21

BPA 1| 0.76] 0.69 0.58

CBz 1] 0.20f 0.22 0.23

DHEA | 1| 0.82| 0.45 0.3(

E2 1| 0.77) 0.70 0.58

E1l 1| 0.66/ 0.52 0.38

DHT 1] 057 0.47 0.33

TT 1| 0.75| 0.68 0.51

EE2 1| 0.74) 0.62 0.4y

E3 1| 0.63] 0.51 0.42

PS 1/ 0.36 0.30 0.30

EEQ 1} 043 0.39 0.31
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"5.#$
UV fluence (mJ/cnf)

0| 40 | 140( 500
DEET | 1| 0.90] 0.7 0.44
ATZ |1 0.68| 0.62 0.31
TCEP | 1| 1.00 0.96 0.94
OP 1| 091 0.5 0.34
NP 1] 0.92] 0.62 0.37
MET | 1| 0.69| 0.66] 0.37
TCS | 1| 0.73] 0.54 0.11
BPA | 1| 0.84] 0.7q 0.49
CBzZ | 1| 0.89] 0.8 0.31
DHEA | 1| 0.81| 0.78 0.64
E2 1| 0.76] 0.63 0.47
El 1| 0.86] 0.68 0.31
DHT | 1| 0.81| 0.85 0.55
TT 1| 0.74| 0.61 0.21
EE2 1| 0.86) 0.71 0.45
E3 1| 0.73] 0.68 0.38
PS 1/ 0.79 0.68 0.21
EEQ | 1| 0.8| 0.7] 052
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) 1 - oL 753

n 4 n #$7.
UV fluence (mJ/cnf)

0| 40 140| 500

DEET | 1| 0.70] 0.55 0.33

ATZ | 1] 0.62| 0.48 0.29

TCEP | 1| 1.06 1.02 0.94

OP 1| 0.43 0.3 0.28

NP 1| 0.50] 0.44 0.41

MET | 1| 0.55| 0.39] 0.23

TCS 1| 0.60, 0.28 0.06

BPA | 1| 0.79| 0.62 0.56

CBz 1| 0.58] 0.3 0.27

DHEA | 1| 0.75| 0.56| 0.54

E2 1| 0.86/] 0.61 0.5%

El 1| 0.78/ 0.52 0.34

DHT | 1| 0.69| 0.53 0.57

TT 1| 0.59| 0.40 0.22

EE2 1| 0.86] 0.59 0.5b

E3 1| 0.64| 0.51 0.42

PS 1| 0.69 0.42 0.2p

EEQ 1| 0.74 0.64 0.4b6
/| O# #& 00 $ ' o# " 7
/ # # 1% ( %# - %% & ,D- "#

=55">0" 4& | =5B# |/ % #& 00 $ "

7 I# ##3- | 0#0 HH"# # || " Oo#
# 0 & | =5# F5B-7 // <O! # # 0%#

"#$ %98 % 1,69, 0%# % $% /##% %)0 O# &# -
H# & # % & 00# # D5B# %# '
87 ? % 98 < %,- 45549, $ %%- #,7 - | O#"

3( 3 % 0 & #HH#HH# 3 - -

CC

##



4.3.2 Disinfection of Spiked and Indigenous Microbe s by UV-based
Technologies

"0 %(%& !'% 0% & # O#% #" | #$
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) 1*26 #$ &
Manatee 25 mJ cm? +/- 75 mJ cm? +/- 140 mJ en? +/-
LP — Coliforms 3.24 0.48 >4.56 0.15 >5.07 0.18
LP — Aerobic Spores 0.57 0.07 1.81 0.06 >2.68 0.2
LP — MS2 0.99 0.06 2.66 0.10 >4.31 0.23
MP — Coliforms 3.19 0.49 4.85 0.17 >4.85 0.17
MP — Aerobic Spores 0.63 0.04 1.92 0.06 >2.64 0.0
MP — MS2 0.82 0.09 2.12 0.02 >3.17 0.17
Bradenton 25 mJ cm? +- 75 mJ cm? +- 140 mJ cn?? +/-
LP — Coliforms 3.86 0.15 >4.39 0.13 >4.75 0.17
LP — Aerobic Spores 0.78 0.07 2.33 0.07 2.39 0.0
LP — MS2 0.98 0.02 3.01 0.11 >3.67 0.25
MP — Coliforms 3.49 0.26 3.66 0.15 >4.43 0.17
MP — Aerobic Spores 0.66 0.04 2.12 0.15 >3.43 0.0
MP — MS2 0.84 0.08 2.61 0.08 >3.77 0.00
Tampa 25 mJ cnt’ +- 75 mJ cnt’ +- 140 mJ cn? +-
LP — Coliforms 2.60 0.02 >3.22 0.10 >3.74 0.10
LP — Aerobic Spores 0.68 0.06 1.84 0.08 >2.57 0.0
LP — MS2 1.27 0.09 3.04 0.25 >3.81 0.00
MP — Coliforms 2.74 0.09 >3.12 0.02 >3.12 0.02
MP — Aerobic Spores 0.69 0.13 1.79 0.02 >2.61 0.3
MP — MS2 1.06 0.08 2.69 0.08 >3.81 0.00
LPUV/H,0, — Coliforms 3.14 0.01 3.43 0.26 >4.19 0.24
LPUV/H,0, — Aerobic
Spores 0.67 0.12 1.67 0.02 2.17 0.12
LPUV/H,0, — MS2 1.26 0.09 3.04 0.25 >3.80 0.00
91st Ave 25 mJ cni? +/- 75 mJ cm? +/- 140 mJ cn? +/-
LP -- Coliforms 3.40 0.30 3.98 0.09 4.83 0.09
LP -- Aerobic Spores 0.45 0.07 151 0.08 1.92 0.2
LP -- MS2 0.97 0.05 3.36 0.24 >3.36 0.00
MP -- Coliforms 2.73 0.15 3.80 0.24 3.80 0.24
MP -- Aerobic Spores 0.65 0.24 1.47 0.14 1.68 0.0
MP -- MS2 0.71 0.08 2.47 0.11 >3.36 0.00
Note: Log reduction values with a “>" indicate ndatectable count values.
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4.4 Enteric Viruses
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) I H$, 0G7 3-8 =
Pathogen 1log 2 logs 3 logs 4 logs Source
(Thurston-Enriquez,
Adeno 40 50 109 167 256 2003b)
Adeno 40 30 67 93" 124 (Meng, 1996)
Adeno 41 23.6 58 83" 111.8 (Meng, 1996)
Adeno 2 40 78 119 160 (Gerba, 2002)
Adeno 2 30 (1.5-1.8 log) 60 (2.2-2.4 lod - 120.e54log) (Shin et al., 2001)
"Extrapolated
"nterpolated
[ T#%#7 ( % 0 85 C55">0" 9-3( " #
#1 #" 3(- 0 &/ 4 4a0#0 # #'=#CH5I" "
# & # %& "#$" [1& % O 8C:5">0" 49- 3(
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3(-3( 3(> a 47 & - #- #<=,
# %% O/#%#H& - 7 | "# #%%HT #,  #<= |/
I# ! % 8 & C66F9, /| #7 |/ 0/ o /
" # 0SS # /! 0% # 7 2%## & I 7/
0#% " / , % :,C; - % :C. % / # 2 #C
#:.%#& 0SS # # O/# / $ , %O -3( /"#
0$ # 0% ## / $ .1 3( % # %% /
$ "% #7/ / I# 1 $# % # o #I o/
&#V, #O# # 7 3( 3 =W s+ % $
7 /% N 1# &/ 440 0$ # #
0#< 0' $ # # /0 0% ## #% , #$ %-
# 10 # # 1 O#" # # o ,
) 1%+ 5#$ 2&; @ "
Virus Re%%g/toion Re?jz:ft)ion Rggﬁgc’:?on R?e%t?ci%n
Adenovirus type 4 42 84 126 167
Coxsackievirus type B5 8 17 25 34
Reovirus type 3 27 54 80 107

C4;




) F O (#3$ 2&;; 5, "
Virus 90 % 99% 99.9% 99.99%
Reduction Reduction Reduction Reduction
Adenovirus type 4 30 59 89 118
Coxsackievirus type B5 10 19 29 38
Reovirus type 3 18 37 55 74
) !*I54#$7 B A 28 @ "
Virus 90 % 99% 99.9% 99.99%
Reduction Reduction Reduction Reduction
Adenovirus type 4 47 95 142 190
Coxsackievirus type B5 4 8 12 17
Reovirus type 3 26 51 77 103
4.5 O; and O3/H,0, Advanced Oxidation
4.5.1 Chemical Oxidation
7 /10 7//7( ( 3<t" # 0/"0%
7" # % 7 0#0 # & & # "=.C55
71 H#H >4 4 O0#O0 ## =1" 4 4 %% <t " 7
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%H H#', #%O0% #H T | !

#% #, | "#H # #MH 8/ 1% #72# # -"&>

- %#HM " 7% O#M 1 %
#7 & :,CD,
.12 A% (
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>4 4 "HS #$ 665B# #& 00 7 #
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3- - N- VHT # , | O#" # # > 4 4 "THS

O##0# " #& 00 $ C"&> # -7/0/ "#
$ /] O## #& 00 $ 65B / %$%, #7$ -
/& O#0 # #H#MH - o 7 ; >4 4 %
& 0, % $ $ # # %%" " & #'=.,=B

) I* - OL 753
" " A
Oz (mg/L)
0| 1 3 5 10
DEET | 1| 0.88] 0.53 0.283 0.10
ATZ |1|0.69| 0.50, 0.24 0.19
NDMA |1 | 0.77| 0.73] 0.54 0.56
TCEP | 1| 0.88 0.89 1.0 0.95
OoP 1| 0.43 0.03 0.00 0.01
NP 1| 0.39] 0.0 0.01 0.01
MET |1| 0.61| 0.64 0.12 0.1
TCS | 1| 0.34 0.01 0.00 0.01
BPA | 1] 0.37] 0.00 0.00 0.00
CBz | 1| 0.62| 0.04 0.02 0.0B
DHEA | 1| 0.72] 0.40 0.10 0.04
E2 1| 0.27/ 0.03 0.00 0.00
El 1| 0.45] 0.02 0.01 0.00
DHT | 1| 0.43| 0.03 0.06 0.02
TT 1| 0.35| 0.16/ 0.00 0.0p
EE2 | 1| 0.39) 0.01 o0.00 0.01
E3 1| 0.40| 0.03 0.00 0.02
PS 1| 0.73 0.61 0.33 0.05
EEQ | 1| 0.40] 0.00 o0.01 0.00
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N 4. )6 11) 1+ )J
( 3A 3A T7BA- 311l "A
A  TBA-+
) 1<
n ( ||A 7B+A+k
Os(mg/L)
0 1 3 5 10
DEET 1] 0.39] 0.25 0.19 0.18
ATZ 1| 0.66| 0.39] 0.23 0.13
NDMA [1 | 0.80| 0.77] NB | ND*
TCEP 1| 096 0.86 0.78 0.84
OoP 1| 0.27/ 0.0 0.02 0.02
NP 1| 0.50| 0.0 0.02 0.0p
MET 1| 0.87| 0.42 0.42 0.37
TCS 1 0.30, 0.01 0.01 o0.01
BPA 1| 0.45| 0.00 0.00 0.00
CBZ 1| 0.65| 0.00 0.00 0.00
DHEA | 1| 0.51| 0.11f 0.06 0.00
E2 1| 0.47| 0.0 0.00 0.00
El 1| 0.48| 0.0Z2 0.02 0.0p
DHT 1| 0.54| 0.26) 0.14 0.0b
TT 1| 0.52| 0.18 0.10 0.09
EE2 1| 0.46/ 0.01 0.01 0.00
E3 1| 0.54| 0.01 0.01 0.00
PS 1| 0.64/ 0.00 0.00 0.00
EEQ 1| 0.10, 0.03 0.01 0.00
1 H,0, = 5 mg/L;*ND = not determined
# " 7 V" # % 7 7/
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1*9 -

56 "A
O3z(mg/L)
Omg/L| 3 5 7 12

DEET 1 0.65| 0.23 0.18 0.15
ATZ 1 0.82| 0.48/ 0.2 0.28

NDMA 1 ND | 0.85| 0.78| 0.69
TCEP 1 1.03 0.91 0.9y 1.06
OoP 1 0.02| 0.01 o.0L 0.00
NP 1 0.03| 0.02 0.02 0.00
MET 1 0.11| 0.12 0.11 0.0B
TCS 1 0.02| 0.01 o0.02 0.00
BPA 1 0.00| 0.04 0.00 o0.04
CBZ 1 0.00{ 0.00 0.00 0.00
DHEA 1 0.39| 0.01 0.01 o.0L
E2 1 0.01| 0.02 0.00 0.00
El 1 0.01| 0.02 0.01 o0.01
DHT 1 0.20| 0.15 0.30 0.08
TT 1 0.03| 0.12 0.04 0.04
EE2 1 0.01| 0.03 o0.01 0.02
E3 1 0.03| 0.04 0.05 0.04
PS 1 0.17, 0.09 0.06 0.01
EEQ 1 0.78 0.2 0.19 0.14
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) 1% -

" 56 "A 7B:A +
Oz(mg/L)
Omg/L| 3 5 7 12
DEET 1 0.24| 0.11 0.06 0.02
ATZ 1 0.71| 0.45/ 0.13 0.08
NDMA 1 0.95| 0.85| 0.61 0.49
TCEP 1 1.000 1.00 0.50p 0.7
OoP 1 0.30 0.10 0.00 0.00
NP 1 0.30| 0.13 0.05 0.00
MET 1 0.35| 0.17, 0.03 0.0B8
TCS 1 0.23 0.0 0.02 0.01
BPA 1 0.24| 0.02 0.01 0.00
CBZ 1 0.22| 0.02 0.00 0.00
DHEA 1 0.35| 0.03 0.01 0.00
E2 1 0.23| 0.02 0.01 0.00
El 1 0.24| 0.03 0.01 o0.01
DHT 1 0.52| 0.14 0.20 0.0b
TT 1 0.44| 0.16 0.09 0.04
EE2 1 0.17| 0.02 o0.01 0.02
E3 1 0.22| 0.03 0.02 0.00
PS 1 0.38 0.11 0.04 0.00
EEQ 1 0.53| 0.23 0.11 0.06
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OL 753

" 64 "A
Osz(mg/L)
0 mg/L 1 3 5 10
DEET 1.00 0.96 0.81 0.39 0.13
ATZ 1.00 0.87 0.67 0.60 0.30
NDMA 1.00 0.95 0.97 0.86 0.66
TCEP 1.00 0.96 1.07 1.14 1.0(¢
OoP 1.00 0.72 0.30 0.13 0.11
NP 1.00 0.45 0.34 0.26 0.2C
MET 1.00 0.90 0.80 0.64 0.28
TCS 1.00 0.68 0.16 0.14 0.04
BPA 1.00 0.80 0.55 0.22 0.17
CcBz 1.00 0.96 0.76 0.30 0.00
DHEA 1.00 0.25 0.18 0.08 0.12
E2 1.00 0.49 0.01 0.00 0.0C
El 1.00 0.34 0.08 0.00 0.0d
DHT 1.00 0.00 0.00 0.00 0.00
TT 1.00 0.58 0.23 0.10 0.04
EE2 1.00 0.27 0.01 0.00 0.0d
E3 1.00 0.52 0.05 0.08 0.01
PS 1.00 1.08 0.64 0.16 0.0(
EEQ 1.00 0.49 0.02 0.00 0.0d
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, 14 4. )6 11) 1+ )J
. 64 " 3A 3A T7BA+ 3
111 "A A  TBA-+
) 1+2 -
" 64 A 7B:A +
O3z (mg/L)
0 mg/L 1 3 5 10
DEET 1.00 0.51 0.37 0.42 0.14
ATZ 1.00 0.87 0.51 0.46 0.23
NDMA 1.00 0.86 0.86 0.75 0.72
TCEP 1.00 0.95 0.741 0.82 0.76
OoP 1.00 0.24 0.03 0.02 0.0d
NP 1.00 0.29 0.05 0.03 0.01
MET 1.00 0.67 0.36 0.29 0.11
TCS 1.00 0.14 0.00 0.01 0.0
BPA 1.00 0.17 0.00 0.01 0.00
CBz 1.00 0.30 0.00 0.00 0.00
DHEA 1.00 0.27 0.00 0.00 0.00
E2 1.00 0.20 0.01 0.01 0.00
El 1.00 0.21 0.03 0.02 0.01
DHT 1.00 0.87 0.59 0.32 0.10
TT 1.00 0.80 0.55 0.26 0.04
EE2 1.00 0.18 0.01 0.01 0.0
E3 1.00 0.19 0.01 0.03 0.02
PS 1.00 0.83 0.55 0.24 0.01
EEQ 1.00 0.26 0.01 0.01 0.0
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4.7 Conclusions
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5. Multilevel modeling: an alternative to reporting log
reduction in wastewater disinfection

5.1 Problems with traditional reporting methods
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5.2 Working with observed variables
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5.3 Common applications of log inactivation in modelin
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5.4 Simple linear modeling, complete pooling and no po oling
approaches
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5.4.1 Simple linear modeling: variable transformati  on
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5.5 Partial pooling/Linear mixed-effects modeling

5.5.1 Separating fixed and group effect coefficient s
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5.5.2 Patrtial pooling with group level predictors
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6. Conclusions
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EQUIPMENT

A.1 Ultrafiltration
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A.4 Hydrogen Peroxide
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A.6 Chlorine/Chloramines
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APPENDIX B
ENTERIC/RESPIRATORY VIRUS METHODS (USDA LABS)

B.1. General Laboratory Quality Control Measures
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B.2.1 Quality Control Measures for Cell Culture Mai  ntenance
and Viral Propagation
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B.2 Viral Assay Methods

B.2.1 Viruses under study
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B.2.3.1 PCR Detection of Viruses
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B.2.3.2 Assessment of Viral Inactivation
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APPENDIX C
MICROBIOLOGICAL METHODS

C.1 B. subtilis and Total Aerobic Spore Enumeration
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C.2 MS2 Bacteriophage Enumeration
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APPENDIX D
CHEMICAL ANALYSIS METHODS
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D.1.4 Derivatization Procedure for Analysis by GC-M S
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D.2 Yeast Estrogen Screen (YES) Assay Procedure

P #"

Table D2: GC-MS retention times and ions monitored

Name tli?”?ée?n':%r; Tazﬁqe/tz)lon Reference lons (m/z)
ATZ 13.0 200 215 173
MET 14.7 162 238 140
TCEP 13.1 249 143 251
TCS 16.0 200 347 362
BPA 16.5 357 358 372
OoP 13.2 179 278 180
NP 13.9 179 292 180
El 25.0 342 257 218
E2 24.9 416 285 196
dsE2 24.9 420 287 421
EE2 26.3 425 285 300
E3 28.5 73 311 129
PS 31.3 124 229 91
TT 24.1 129 147 270
DHEA 22.7 129 73 304
DHT 23 55 231 123
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D.2.2 Assay
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L If samples are prepared in the water, add thelatdrsolutions prepared in solvent (usually MeOHsied) in first
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G4

1 2 3 4 5 6 7 8 9 10 il 12
A Negative
E2 Calibration (Row A and duplicate in Row B, Cohsril-10) | control with
B 4 % MeOH
C
Sample 1 (Row C and duplicate in Row D)
D
E
Sample 2 (Row E and duplicate in Row F)
F
G
Sample 3 (Row G and duplicate in Row H)
H
Figure D1. General plate description for YES assay.
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