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= MA/o|E g (A[E, AISE)

Z =+ (Precipitation)
113,435 km3/yr
I

v v v
NESy X| S+ oi=/71
2,942 km3/yr 1,053 km3/yr 13 km3/yr

ME/BEE B ZES

Desalination
$9.6 billion

Water treatment
$205 billion

Bottled water
$62 billion

A 4 A
sY48% wags zg8s
60% 2% 18%

6.8 km3/yr

ofH| x| 2| = X d/xo| &
$73 billion $2.7 billion

Source: Lux Research 2008
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State of California,
Department of
Public Health
(2009)

Treatment
Technology Report
for Recycled Water

Fo 1} (Membrane Filtration)
I (Cloth Filter)

= XI2|M (UV)
» X 24FA (Pasteurization)
) Qs el s
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21012} (Membrane Filtration)

- Oj= Ze|=Lor= ¢

» GE ZeeWeed 500: Polyvinylidene fluoride(PVDF) & & A&, AlX|H

» GE ZeeWeed 1000: 0.02 uym PVDF ZZ A2, AX|H

* Memcor-M10V, L10V, L20V: 0.1 uym PVDF &AL}, 7+

= Memcor-S10V: 0.1 um PVDF & & AFEH, XA

» Memcor-M10B, M10C: 0.2 um polypropylene &5 A2}, 7+t

» Memcor-S10T: 0.2 uym polypropylene & & A8}, XX

» Memcor-B10R, B30R, B40N: 0.1 um PVDF & A2}, AX|H

» Microza P/N XUSV-5203: 0.1 um PVDF & & A&t

» Microza P/N USV-5203, USV-6203, UNA-620A, UNA-620A-1

» Mitsubishi MBR: 0.4 pm polyethylene &-& AEt

» Kubota MBR: 0.4 ym chlorinated polyethylene &2f

» Norit X-Flow S225: 0.05 um polyethersulfone & =& A2t

» Puron: 0.05 um polyethersulfone Z& A2, & X|H

» Vacuum Rotation Membrane: 0.038 um polyethersulfone &}, XIX|
» Dynalift: 0.03 ym PVDF tubulargf, 7}2+%

» IMAS:0.05 pum polyethersulfone L{M% ot

» Metawater Ceramic Membrane: 0.1 um A|2}2/8t, 71t

» Asahi-Kasei MUNC-620A, MUDC-620A: 0.1um PVDF Z& A}, & X|

o2t

o2t

» Norit Xiga, Aquaflex: 0.025 um polyethersulfone Bf, 7}t : -
» HYDRAcap UF: 0.2 uym polyethersulfone & AtEt o

» HYDRAsub/MRE Sterapore SADF MBR: 0.4 um PVDF &-& A&t il i \

» Dow SFX2860, 2880: 0.03 ym PVDF &S Atat i I.M i [
= Toray MEMBRAY: 0.08 ym B2} %I X|& kot el

» Sumitomo Poreflon: 0.2 ym S-S A&t
= Dynatec Dynalift MBR: 0.03 ym tubularg}, 7}t
= WesTech Clearlogic MBR: 0.2 um PVDF &3 Atat, &X|H -/
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MBR (Membrane Bioreactor)

MBR Al X%

o

(Xt2&: Yang et al, 2006)

Ml =2 A

HAMA

0|2

GE (Zenon) 331 (204 + 127)2 155 (132 + 23)
Siemens (US Filter) 16 (15 + 1) 13 (13 + 0)
Kubota 1538 (1138 + 400) 51 (48 + 3)
Mitsubishi-Rayon 374 (170 + 204) 22+ 0

Total

2259 (1527 + 732)

221 (195 + 26)

T2 (AN EE + AR A EY)

—
-

e v i I "-.'_.
e Ik 2

‘:.||1 J I

T e e
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Package MBR

500 m? System

Pumps

Control Panel

Pre-screening

Blowers

1000 m? System

Pre-screening

Biological Tanks

Blowers

Biological Tanks

Siemens Xpress

Kubota
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M (UV) ==

10°-102 (8 5)

102 - 104 (CH 7| 2

HT HFHI2E (°C) 40 - 50 90 - 250 600 — 800
=29 AE| SEE25 S| HE FEE25 S| tH o S 7] A Ef
Chad Chad ChAf
Aol AmER
253.7 nm 253.7 nm 250 — 290 nm
U MH (W) 75 190 - 1,620 1,250 - 5,000
M == (W) 26.7 40 - 500 87.5-750
HT =0 (AlZD 8,000 - 13,000 5,000 -12,000 3,000 - 8,000
KeAd A2 2, 5R 2,5, e =, 2
X-rays Uitraviolet Visible Light g Infrared

100 200

280 315

Hg-low pressus
lamp 254 nm

LV-A

<00

Spectral curve of
coll inactivation

T80
‘Wavelength (nm)|
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XM (UV) &=

Trojan UV4000

Trojan UV3000

Trojan UV3000+
Specktrotherm 33-TAK UV
Wedeco LCI-20L

Wedeco — TAK 55
Wedeco — TAK 55HP
Wedeco — LBX 1000
Wedeco — LBX 400
Wedeco - LBX 90
Aquionics

ULTRAGUARD UV System
Aquaray 40 VLS

Aquaray 40 HO VLS
Aquaray 3X HO
Terminator

OCS 6000 Microwave UV
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-3H8

AR /ALS|H HOI

Ho| 8 ArHxt
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24| X2 CHAY

7|1 Aldate| HA
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C H gl e~ H |_9_ = O| AX|7|_|_7<
2 =8 slaKal$ Kol 8 B4E0| £HI|F
A = ro) e EH SH PN | X
T (S |l 1t
_I_Jél:'ll_'l—L7 LN o _I_EI:I A o — 20z
= 53 2] F = A T ] A A
T | e [FREF S| TTL | wuse |eies| T [suss T2 | sHamEass | gass e M Haga
-2 e T E-2 h
de R HEzZz4 EZZ/100mL =24E/100mL = 2E/100nL E2Z/100mL
Mo o EdE FHE | BHE <1000 =200 23E =200
7 PP AR | < o . ) ) _ . L
vy B mEEA(ZE) | 0.0/l 018 L2 | 0.2%/L 04 Y - 0.2mg/L 0l4F 22!
APH
o B B B ’ Sl o = QST EHLE | 08T EHZE | ISTH SHLS | 0STI 2HLE
(me/L) = LA OHZ3 | SOlA ORLIES | SOIZ OFLIE | SRl OhLlEes
J848| <2
=2 2 - 2 =10 = |< = T
’ HHAE| =5 - NTUE &7l ANTUE Y X ANTUE E7X 2NTUE E7]
< o OHLlE = Og = OrLE OtLIE 2
h‘;]_} = = - < H = <h = =
(mg -
M58 L e L
BOD : i . . ""9_} . 0mz/LE EX omg/LE =7 omg/LE ST 1omg/LE 27
<5 =5 <3 =5 <8 <5 <5 =6 ﬁi( __l_l_:'.: _ _ - =+ o
- o | oz OHIE % OHIZ: 2 G
wBaal] (R ata)| s el | Baela] 2387 sl s | 2aal ) | a5 S
Y aea wealasa | wea| wea |wsa|asa | wea — S S I
W A =TS WD SSE UMD S35 HAII =iz =4
, A / : s = o O
A =20 - =10 <20 = - - - = __|-:l'| [:'I'LaE ﬁ I—*\l C-—| %l' '.14 T Al ljl"-% ﬁ "l'I EIl'L|aE %
)
T 5.8~8.5 5.8~8.5 5 5.8~8.5
N - - =10 =10 - =10 =10 - DH 'DB (S 2,0 B.D B"'BE
(mg /L)
— - CE 4T
TP 5 . = 208 =27 0= =7
- - <05 <05 - <0, <0. - S .
(/1) ‘ - oE OHLIE 2
pH 58~85 | 58~85 | 58-8.5 5.8-8.5 5.8~8.5 58~8.5 [ 5.8-85 58~8.5 = &L . o N L
} EE2 | wmnzen | omiEeEn | cmglE Em | 2melE E7
AR - - - _ s
A : : oo if} O = opLE OHE A og =
R - <250 - - =250 =250 | =250 - (CODy 21 =)
(mg(1/L) d
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0

QAE/2F S

Ik
|.|-|
=
g
o
JIL
0

T

o

SE Finished Grade Finished Grade

=

« Raw Water or Reclaimed Sanitary
E Water Main Water Main Sewer
3] Potable Water Main /
Q<
©
w . .
,_S Reclaimed Water Main z 3ft (O.Qm}| |3 ft (0.9m)

_t 8n (46 cm) 10 ft (3m) minimum (total)

Sanitary Sewer/
Force Main —

Florida Separation Requirements for Reclaimed Water Mains
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O|2kHA=ZE! (EDCs, PPCPs)

EDCs : Endocrine Disrupting Compounds
PPCPs : Pharmaceuticals and Personal Care Products

THE VIAGRA IN THE WATER MAKES
ME WANT TO SWIM UPSTREAM, BUT
THE PROZAL 1S MAKING ME TOO TIRED,

L E
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n|2kH=Z! (EDCs, PPCPs) :

4 ng

. caffeme
\

9-|E| 1%t
(17 ng/L, 240 mL)

5.8-L Secondary Wastewater
(0.7 ng/L)
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RO Feed?l Permeate EDCs, PPCPs H|u!

Description RO RO 1 RO 2 RO 3 RO 4
Feed | Permeate | Permeate | Permeate | Permeate

Analyte ng/L ng/L ng/L ng/L ng/L
Hydrocodone 49.5 <1.0 <1.0 <1.0 <1.0
Trimethoprim 227 <1.0 <1.0 <1.0 <1.0
Acetaminophen <20 <1.0 <1.0 <1.0 <1.0
Caffeine <200 <10 <10 <10 <10

Erythromycin-H.,0 224 <1.0 <1.0 <1.0 <1.0
Sulfamethoxazole 584 <1.0 <1.0 <1.0 <1.0
Fluoxetine 30 <1.0 <1.0 <1.0 <1.0
Pentoxifylline <20 <1.0 <1.0 <1.0 <1.0
Meprobamate 200.5 <1.0 <1.0 <1.0 <1.0
Dilantin 211.5 <1.0 <1.0 1.0 <1.0
TCEP 215 <10 <10 <10 <10

Carbamazepine 300 <1.0 <1.0 1.1 <1.0
DEET 172 <1.0 <1.0 1.2 <1.0
Atrazine <20 <1.0 <1.0 <1.0 <1.0
Diazepam <20 <1.0 <1.0 <1.0 <1.0
Oxybenzone <20 <1.0 <1.0 <1.0 <1.0
Estriol <100 <5.0 <5.0 <5.0 <5.0
Ethynylestradiol <20 <1.0 <1.0 <1.0 <1.0
Estrone 32 <1.0 <1.0 <1.0 <1.0
Estradiol <20 <1.0 <1.0 <1.0 <1.0
Testosterone <20 <1.0 <1.0 <1.0 <1.0
Progesterone <20 <1.0 <1.0 <1.0 <1.0
Androstenedione <20 <1.0 <1.0 <1.0 <1.0
lopromide 521 1.0 <1.0 <1.0 <1.0
Naproxen 84 <1.0 <1.0 <1.0 <1.0
Ibuprofen 23 <1.0 <1.0 <1.0 <1.0
Diclofenac 51.5 <1.0 <1.0 <1.0 <1.0
Triclosan <20 <1.0 <1.0 <1.0 <1.0
Gemfibrozil 529 <1.0 <1.0 <1.0 <1.0

Oppenheimer 2008 39/43



ArS}Z X EDCs, PPCPs M7{=8

-UV 40 mJ DChIorine 3.5 mg/L -Ozone 2.5 mg/L

G e | —

Fluoxetine

Meprobamate

Diazepam h
S e | E—

Carrbam azepi N e |

0 20 40 60 80 100
% Removal

=TUy 43




UV S32| EDCs, PPCPs M7=

Lo removal

%o removal

40 mJ/cm?

75
mLr E Lri,0, O yMMp B MPHO,
30
25 =
o Am ] el AT
naproxen carbamazepine clofibric acid inhexol
100 mJ/cm?
75
ELP F2 LP/H,0, O MP O MP/H,0,
50 =T
25 - ull gy B
i —l— . !
% B ﬁ
. /i 7/ W a7/
naproxen carbamazepine clofibric acid iohexol

(Pereira 2007)
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