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Abstract : The need for seawater desalination is increasing in terms of securing various water
resources, but few studies are available as for the environmental impact of hypersaline concentrated
water (brine) discharged from desalination plants. Domestic studies are concentrated mainly on
toxicity evaluation that phytoplankton, zooplankton larvae and green algae (Ulva pertusa) are
negatively affected by concentrated water. The mortality of Paralichthys olivaceus showed a linear
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relationship with increasing salinity, and Oryzias latipes died 100% at concentrations above 60 psu.

Foreign studies included monitoring cases as well as toxicity evaluations. The number of species

decreased around the area where the concentrated water discharged. The hypersaline concentrated

water affects the pelagic and benthic organisms. However, the fishes escaped when exposed to

salinity, and the pelagic and benthic organisms resistant to salinity survived the hypersaline

environment. The salinity limit and distance from the outlet was presented as the regulatory

standard for bine discharge. There were differences in regulatory standards among country and

seawater desalination plants, and these regulatory standards have been strengthened recently. In

particular, California Water Boards were revised to ensure that the maximum daily salinity

concentration does not exceed 2 psu above the ambient salinity level within 100 m of the outlet.

Keywords : Seawater Desalination, Brine, Hypersalinity, Marine Environmental Impact
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[I. =49 EA] 9 o3} gFo] t] ZA 243tk (Lattemann et al, 2010),
FEe AYPHoRE oY 9 SR wijE, S
sHAEEAS M 2 LxA0| EX| ~
. ShrEerst MO 2 570 82 A%, dEdi45 F9, Zero Liquid Discharge

EE25E et 7lsd e g2 EAS B (ZLD, &9 A E re-S fal 5549 5
Ath(Table 1), 8 7|&F4 2= IA4EH 2 A)7]) system S©] 9JTHCooley et al. 2006:;
(Reverse Osmosis, RO)Z theh52HH (Multi—stage NRC 2008; Cooley et al, 2013). o] 2o

I

Flush, MSF)°] glom I E 548 WiEste A 243 Qe SUARe bt Ex7 4
+od B4 Joh, veSe A2 et S aste] NEE RAX GofAl v A Fo|ct, )=t
2 Sugto] uet 10| BE4T} BT 2 e)EUjo} Sjohe wel B St A4l 9]
SR 5-150 £ O 50 poul YRS AEE S YA S EX I s SR 2
£58 WESH W, o) SAERNE W 2 X AL gRoAE A gk ot ¢
WEE 555 2o FH pB 2 IS WOl Hejid AR A5 tidel] 5542 F
A AR A2e] 45 2df 65-80 psu= TS U= Ao R 7jeA o re ThesHAle A 2|u|g-o]
HED H e 9ie 7K $5505 AN BRI, HARE AP 2ARE R E o oF gt whebA
RO Al EofA HilEd F5re B9 HapA AlLE T 2 SR wiE A o] dRhA o2 o] gF 1
SR HEHA g o AL VIEgor s B glom] A0 WS B sk A 2] A
A webd 2 2 sj2f, AMdE S8E o sk diEEHE AR ok sides A
< ¥ GEeEY HiEged gaiE ds = Hi&sh= 4-fole e olgsko] sictolA Hofxl
HHE MSF Aol vlEE s5ee A2 0ge2 2ol siEshe s F2 o830t} v 4
A HEE S A BEAY, S ol weh 2t Ees) Al 48%7) S MlE i AlS o8t &
Ao Aolg Y = uh w579 22 9is S5 XSt Ack(Hopner & Lattemann 2003).
EE GROE QIR G o] §EARE FF sEvHuiEEdE 39 dE sEATE 26
= TRt A2 Sk 28 S FE A SFAEA, ol s SAIH, FH o] &
&F opIs] ml2of, sS4 viE2 s 8 AuslE & < Atk ol vEoE Estal 5
Aba FEE AaAA siFEEA kel gt S HlE A% dlske Ae We Eev, 2
& v 4 3lth(Lattemann & Hopner 2008). ©] = QI 2 A wl Al E 27| o2 Aol
22 Y2 NEE A E = 2 E Aol
Table 1. Effluent properties of RO and MSF seawater desalination plants (Lattemann & Hépner 2008)
Physical parameters Reverse Osmosis (RO) Multi-stage Flash (MSF)
Salinity (S) Up to 65-85 psu About 50 psu
Temperature (T) Ambient seawater temperature +5 to 15°C above ambient

Positively, neutrally or negatively buoyant
depending on the process, mixing with cooling
water from co-located power plants and ambient
density stratification.

Plume density (r) Negatively buoyant

If well intakes used: typically below ambient
seawater DO because of the low DO content of the
Dissolved oxygen (DO) | source water.

If open intakes used: approximately the same as the
ambient seawater DO concentration.

Could be below ambient seawater salinity because
of physical deaeration and use of oxygen scavengers.
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Z7kek Al = AR AL QIth(Hopner & Windelberg
1997; Hopner 1999; Miri & Chouikhi 2005;
Yoon & Park 2011), Y54 2 AFA 2] 2
A A= A, FrEde 3 R AA, 2A4Y
29 5 ), AEER) AIAS 99 ofed Bt
So| 7ML, o] ET FETH iEH
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717 e,
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Table 2. The ecological and toxicological effects of brines in domestic marine environment

Matrix/Species Condition Effects Source
Phytoplankton 30-75 psu, . Busan (2010)
(Tetraselmis suecica) 7 hour The mortality was observed from > 55 psu exposure. POSCO (2012)
- 1 0,
Zooplankton 30-80 psu, At 40-50 psu, the Iincc)nalétgf ;a;: l:)vas less than 50%. Busan (2010)
. R R 50 : 63. N
(Tigriopus japonicus) 72 hour LOEC : 40.0 psu POSCO (2012)
Zooplankton larva 30-80 psu, Toxicity was observed above 40 psu for 48 hours. Busan (2010)
(Tigriopus japonicus) 72 hour ECso:37.1 psu POSCO (2012)
Zooplankton larva 30-80 psu, Toxicity was observed above 55 psu within 48 hours. Busan (2010)
(Brachionus plicatilis) 72 hour ECso: 68.1 psu POSCO (2012)
Algac 30-75 psu, L%%”C: > é3op;lslu Busan (2010)
(Ulva pertusa) 72 hour NOEC : 40.0 psu POSCO (2012)
Fish 30-60 psu, LCso: 48.6 psu Busan (2010)
(Paralichthys olivaceus) 72 hour LOEC : 45.0 psu POSCO (2012)
. LCs:51.4 psu
© F ‘S? fipes) 3 0—78((1)apsu, LOEC : 50.0 psu Yoon & Park (2011)
ryzias latipes Y NOEC : 40.0 psu
LCso: Lethal Concentration 50%, ECso: Half maximal Effective Concentration,
LOEC: Lowest Observed Effective Concentration, NOEC: No Observed Effective Concentration
ool 58] Sl4E48ke] FARZS) 40 psucl 636 psust 40,0 psu AlkstaLt & 2t
o] 1A FEHS eE R g WSk sfoFehd #(Ulva pertusa)®] A% /4L 60 psu ©]8} 0]
kol Tk A= |3t AdHolTh A 50% ©]8t= 4ol 1Y FEol Tk YA A
Shuat SASAE AL TG AR sk 3k bt AT R
A E7e 9 55 Y8 BrHEdArg e E(NOEC)+= 2+t 45 psuét 40 psui 40.0 psu ©]
T HAE Fol AdLDA 554 wiEol ot 5t FeollAe ZAR A 2 FFe] gl Ao
kS AR usan ; T YT, @A (Paralichthys olivaceus) A| A&
A ZABIATHB 2010; POSCO 2012), & ettt 4 A (Paralichthys ol ) A A2
s Hisd 197t FRARA G EEE2E, 5= Hok= i S7holl mhet iR AP BAE it
EFAE), AARHA (2R, o1 F(EA) S vl 40.0 psu ool A =Ado] HYebdal, HAGEee
A& S TrE) ) SAUTS FHSGL = 45 psui AAISHETE AP AT PRl Aol

o
£712 30-80 psud| F=of 72417 & HOJAT 40-55 psu Ato] ] FEoA 3 =
=EAA Ao At WekE 2k ARkgol B E .

=

Art, AEZYIE Tetraselmis suecica= 55 psu©] Yoon and Park (2011)& 3l E43} Al = HE
4o FrollA A A7t Uelht, sEEYAE A== 199 sF5oll $AI(Oryzias latipes)
A Tigriopus japonicus®} Brachionus plicatilist 2 L2AA o7 A=A 2 F=aje o ¥
77} 40 psu®t 55 psu o]4e] HitE oA SRt 35 whEkekglnt, Sk o AEiEAdH 7T At o
e B, ol FEE Yy s A¢tet 21 40-50 psuol Al AFEE-E 30% ©|5F3em, 60
At AA T, japonicuse 50—60 psu 7-7Fol| Al 1L psu 0149 sk ofA 100% AFgatalct 7Y Eet 1
ol theh gaFo] FalskA Uehsten, 60 psu ©| & ol AR SAR Q) WA ARs = (LCs0)
Ao ol A JHA| 2] 80%7} AFatgl om &0 51.4 psu® AFEE10™, 50 psu ©|5Fe] ILH
B2 AHE & (LC0) 2 XA 935 =(LOEC)E 22 off thek AE5/do] =2 Aekh, whebA] siadst
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1) AMRBELA

Hrdt A oA HjE 5= sEee gt

ot i57 | ot g2 WiEEH Ao r 7heteh
o} HH3| hitefn vjEtoA HolRl
A Gk A 4 o, AABES FA
24, =d 0]%@; 7HAl= Aol tiitoltt, o
EA4LoR Qlsf 24 WekE A
o g %%C’gé‘ of Blsf o & P WS
2> Ath(Bilyard 1987).

289l geFtE oA sfraast EHES E53t
o A A Aol tigk ko] WA= HRuso et al.
2007 2008). Lc.;_:,zT_/’\_ i 28 G52 39 psu©]
For HEERon, WiETrRE HoldesE ¢

- Wobslt, AldS el whek v oA A
%‘Tzri SAFo] Waletal, thRFe v E oA
400m EojZl 37HA] F-Hm ot thekdo] sttt
(Table 3). Riera et al, (2011)= 712jo} A= %35}
ol A A7 masEdY FHEet T2

I o2 E 2AL O HRHET, FAR)Y

FRE7} 554 B Toke] THA thet wWls
AL el 24 T %-L<45 We.
B2 FHE(64.55704]/10 cm?)7F BEE G, vy

ZollAl 30 m o] AE A1 (36 psu)ol A= 361.88
AA/10 em’2 2 FHE }J&%EJ“E}. dr o
oM TR QA T o] BSEA &
2 A= QlqlTh A9l Bapi A whs) A4 o] uf
STEHE 10 m ool A AE2 5 %ﬁﬂr =2
o7t gigleH, olf, FulEa, AdEE, LR, A

At
2 5 Aol tigh d e 93 WSHA ol
ol dfl=9] EFEgo] kgt oA FH4Tt
w27 3X4H Aoz &8 4 Qlth(Raventds et
al, 2006).

2) AsE

Dupavillon & Gillanders (2009)+= 2% o] vjjo}
(Sepia apama)7} 42 psu&} 45 psudl =% S
2719} FA e B e Rk das gl
ek, AER A= Aol Haf = whee 2ol
9—“1 Wi o] 589 4 5 HloldAel AE

T=E)QtH(Table 4). Mandelli (1975) 45-55 psu

lnEoﬂ 6097t =25 =(Crassostrea virginica)®]
NEG 7Haot WAl A Bl5k9tt. Tso et al,
(1994)+= Tapes philippinarum(¥FA2HE 31-100
psu®ll 0.5-72A17tE leEAlA s34 T
SFRITE, 50 psu 24 FFE HSEA] o
6070 psu Eol 24417t =& H o] F 2| Qo] =
HHeH, 60 psu FLof 48417t =
ek,

Table 3. The ecological and toxicological effects of brines on benthos

Matrix/Species Location/Condition Effects Source
Salinity range from the desalination plant outlet were 39-
Sediment infauna Alicante, Spain 37.9 psu. The environment around the outlet changed from | Ruso et al. (2007)

the polychaete to the nematodes dominated environment.

Sediment infauna Alicante, Spain

The abundance and diversity of polychaete was decreased
in the environment within 400m from the outlet.

Ruso et al. (2008)

The abundance of nematodes and crustaceans were

. Grand Canaria, decreased near the outlet and increased with distance .
Meiofauna Riera etal. (2011)
Canary Islands from the outlet.
Particle size also is impact factor.
The salinity concentration within 10m from the outlet was
Meiofauna Blanes, Spain similar to the ambient environment. Raventos et al. (2006)

No effects on organisms such as fish, echinoderms,
mollusks, polychaetes, and copepods were observed.
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Table 4. The ecological and toxicological effects of brines on mollusks
Matrix/Species Location/Condition Effects Source
The size and weight was reduced after exposure to 42 psu. Dupavillon &
Squid embryos Lab exposure Growth rate and egg hatching decreased and survivors showed Gpi)llan ders
(Sepia apama) (39-55 psu, 99 day) | reduced ink-jet defense after exposure to 45 psu. Total mortality (2009)
was observed at salinities greater than 50 psu.
Opyster Lab exposure The survival rate and reproduction was reduced after exposure to Mandelli
(Crassostrea virginica) | (45-55 psu, 60 day) | 45-55 psu for 60 days (Brines contained high Cu concentrations) (1975)
Clams Lab exposure No effect was observed at 50 psu. Iso et al
(Tapes philippinarum) (31-100 psu, Sluggish behavior was observed after 24 hours at 60-70 psu. (199 4)'
pes pripp 0.5-72 hour) Mortality was observed after exposure to 60 psu for 48 hours.
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FE7HEE T A5 982 38.5 psuR

(37.5-38.0 psu)=.ch 7t %‘ik . 4A717ho) At
ot 3 S T AAshE AES A AR
(Table 5). Chesher (1971)+= Z=22|t} Key Westo]
A A BUEEE F3t 23 w57 SR
FH A Aof|A FHFES HEst FEAE, =
FY FHEY HAE st 544 A=

et al. (2008)= A A= (Paracentrotus lividus)2} 7+
o=

7+ (Leptomysis posidoniae)S 23—57 psu JE
Feo] 159 ¢ =E3AF AL, F e B 40-45
psu G sEoA APGEC] A FTe= AS

stsict.

4) o

Iso et al, (1994)= #&(Pagrus major) 2| o] 2}
7}Abu](Pleuronectes yokohamae) ] olsta} G4
31-100 psu®] F=oll 2k} 0.5—-72417 2 0,5-144
A2 e2A Y, s 2] o= 50 psulth W

8.5% @0l 96417t =EH A A (Paracentrotus 220 A= ko] LFEFLEA] QFoFo | 50 psuol| 244]
lividus)= 50%2] AFHE-2 2 9ith Sanchez—Lizaso 7t =25 9L o) AFLShs AR 7 WAk, 70
Table 5. The ecological and toxicological effects of brines on echinoderms
Matrix/Species Location/Condition Effects Source

The salinity range in surface and bottom layer around Fernandez-
Echinoderms Alicante, Spain desalination plant outlet were ~37.5-38.0 psu and 38.5 psu, Torquemada
respectively. etal.
The presence of the individuals were not observed in the area (2005)
Echinoderms were the most sensitive./When exposed to low Chesher
Echinoderms Key West, Florida concentration of brine (1.5%), they died within 2-3 days. In (1971
addition, the abundance of plankton and seagrass decreased.
Sea urchin Lab exposure . o Chesher
(Paracentrotus lividus) (8.5%, 96 hour) The mortality rate was 50%. (1971)

Sea urchin

(Paracentrotus lividus),

Lab exposure

The mortality rates increased from 40.5-41 psu or more. At
the same salinity, survival decreased with increasing water

Sanchez-Lizaso
etal.

Mysid (23-57 psu, 15 day)
(Leptomysis posidoniae) tempperature. (2008)
Sea urchin
(Paracentrotus lividus), Blanes. Spain There were few sea urchin and sea cucumber in the area Gacia et al.
Sea cucumber » P affected by the brine. (2007)

(Holothuria spp.)
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Table 6. The ecological and toxicological effects of brines on fishes

Matrix/Species Location/Condition Effects Source
Fish juveniles Lab exposure The mortality was observed at 50 psu for 24 hours Isoetal.
(Pagrus major) (31-100 psu, 0.5-72 hour) and at 70 psu within 1 hour. (1994)
Fish eggs/larvae Lab exposure Egg hatchablhty was delayed at 60 psu Iso et al.
(Pleuronectes (31-100 psu, 0.5-144 hour) and inhibited at 70 psu. (1994)
yokohamae) pst, 0. Larvae died from exposure to 55 psu for 144 hours.
Fish Lab exposure . P 69'.6 S Pillard et al.
(Cyprinodon variegatus) (0-100 psu, 48 hour) No mortality was observed with salinities up to 62 psu. (1999)
? Above 80 psu, mortality was 100%.
. LCso: 44.0 psu .
Fish Lab exposure o . . Pillard et al.
(Menidia beryllina) | (0-100 psu, 48 hour) At31 psu, 40% mortality was observed and increased (1999)
with increasing salinity.

psudllA= =F 1AIZE o ARgstelTt, 71Akn 9] of
2 60 psuol ‘eEE e o Feh A AEe
70 psu ©12] AiollA= F37}F JA = ¢lH(Table
6). fA8- 55 psull 144A17F e Z =] S o) ARyt
= MAZE Uebge, Aole] ¢ Aol ol & o
Z o]0 ditol lE W 3ujshs Ao UE
e} Pillard et al, (1999)= %5+ R2](Cyprinodon
variegatus)?} Menidia beryllinaS 0—100 psud]
HEso] 48A7F =2 A Yo AEeS Tt
sk7] SRt SAB7E skl e, A dE 8o
ST A =36ttt C. variegatuse 0.22
psu} 69.6 psu®| oA 48Xt leE QS U
WA €] 50%7F AFgstaltt, 62 psuolshe] FoflAl
= AR ANAI7E HEEA] gkom, 80 psu o1 &
Lo A= ZHA| 9] 100%7F AFgateiet. M. beryllina
= USZo2 il thigt uk-o] theksilt, 50 psu
O] Frof 48A17F k& H SOl &= 100% 7HA|7F A&
3t AlS M7} Q)= HHH 31 psul] EEof| A 40%2)
AlgEo] BEE A= 2A 83,

22
[
be)

718 A, o bsleka 2], Bk BE 5 take
gheba 715 70 A ol g Wgtelet,
e NELT R

= hl
9] 3t A jET

=3
ot
o,

o)A Posidonia oceania®] &t43k= A% 5874,
AR F7F 5ol FRIESUTHGacia et al, 2007,
Table 7). Z2 2]t} Key Westo]| A= 2%2] 34 &
Sl 24417 g 5 FAAEC] 50%2 Hast
9 tH(Chesher 1971).

Western Australia®] A]218}+= Posidonia oceania
+ 50-65 psu 5= =FH F AMFEC] kst
(Walker & McComb 1990). Sanchez—Lizaso et al.
(2008)%= 23—57 psu & 272 159 59 =4
A8 skl 39.1 psu o] diEolA EE
3 et AME S7H7H FIE AL 45 psucll A
50%78 = APgstleh, 71 o= 371 St A
Adde st or 1-2 psudl 9 71l sz
O AFgEC] EoA AL BE SR At Qo] F
He 7t 74359t Latorre(2005)= SAAES &
3l Posidonia oceania®] 9aFS ZASFH S

oliye] ol w2 T AYEE 7asoly

Cambridege et al.(2016)-& Posidonia australiss
37-54 psu &= HSloll 6F Bt mEAIA FFS
AR A3, w2 H245 psuet 54 psu) A
ol Al a2 gelstalct

PE sl 2Fe Gl thet WS 7HAAL 9L
o Cympodocea nodosal} Zostera nolttii®] =
SAAA T M= 9] o] 2442} 16—41 psust 2-
41 psu?] W2 5% Helol A Yebgth(Fernandez &
Sanchez 2006). Halodule uninervis, Halophila




HEMG

S - MY - HEHR / st E

=A

T2t AldoilM dYE S5

rM
O}i
09
0%
N
a1

Table 7. The ecological and toxicological effects of brines on seaweeds and seagrasses

Matrix/Species Location/ Condition Effects Source
Seagrass Blanes, Around the outlet, the carbohydrate storage capacity and .
(Posidonia oceania) Spain growth rate decreased and leaf necrosis rate increased. Gacia etal. (2007)
Seagrass
(Cympodocea nodosa), Grand Canaria, The density was low around the outlet, Talavera & Ruiz
Seaweed Canary Islands but increased with distance from the outlet. (2001)
(Caluerpa prolifera)
Seagrass Shark Bay, . . . Walker & McComb
(Posidonia oceania) Western Australia At 50-65 psu, aging and mortality rate were increased. (1990)
YR
. Seagrass . Lab exposure When exposed to 12% brine for 24 hours, Chesher (1971)
(Posidonia oceania)

the photosynthetic rate decreased by 50%.

A decrease in activity and a increase in mortality

Seagrass Lab exposure rate were observed at 39.1 psu Sanchez-Lizaso
(Posidonia oceania) (23-57 psu, 15 day) At45 psu, the 50% of individuals died. etal. (2008)
Scagrass . Exposu.res ralseq salinity from 37.7 psu to 38.4-}9.25 psu Sénchez-Lizaso
(Posidonia oceania) Fleid study in experimental plots and caused mortality, etal. (2008)
) surviving plants had reduced shoot and leaf abundance. ’
Growth of seagrass was decreased after exposure to
Seagrass Lab exposure salinities of 40 psu or more. Latorre (2005)
(Posidonia oceania) (23-57 psu, 15 day) | The mortality rate in seagrass exposed to 43 psu for 15 days
was 50% higher than control salinities of 38 psu.
Seagrass Lab exposure » . L Fernandez &
(Zosteranolttiny | (2-72 psu, 10 day) Critical salinity concentration : 41 psu Sanchez (2006)
Seagrass Lab exposure Critical salinity concentration : 41 psu Fernandez &
(Cympodocea nodosa) | (2-72 psu, 10 day) The mortality was 100% when exposed to 56 psu. Sanchez (2006)
1 0,
Seagrass Lab exposure The (sieggrass te}(;pos;d to 46 pdsu for 6 weeks survived f67 % Cambridege ct al.
(Posidonia australis) | (37-54 psu, 6 weeks) and signs of death appeared. In exposure 0 34 psu for (2016)
’ 6 weeks, only 31% survived and all had salt demage.
Seagrass Dawhat Zalum, . Basson et al.
(Halodule univervis) Bahrain Survival was observed at 62 psu. (1977)
Seagrass . .
(Halodule univervis, Al Qa1.r lagogn, It was found at 55-59 psu. Delft Hydraulics
I Saudi Arabia (2007)
Halophila stipulacea)
Seagrass Shark Bay, . Masini et al.
(Halodule univervis) Ausiralia Growth was observed in the range of 48-62 psu. (2001)
Seagrass . . - Kochetal.
(Halodule wrightii Florida, USA It was resistant to the salinity of 65 psu. (2007)
Manerove Shalom-Gordon
vangrove. Lab exposure Survival was observed at up to 175 psu. & Dubinsky
(Avicennia marina) (1993)

stipulacea, Halophila ovalisex= o}2]H]o} T+9] ]

210 FE

=2 5562 psudf Al AJEo] Eelx|glom

(Basson et al, 1977; Delft Hydraulics 2007), 3]

oA5d

Bay©ll Al Halodule univervis<= 48—62 psu

A s

o Bo] | 70 psu/tA Z7}5t= Salwa
Bayoll A& A=35F9 thNaser 2014). 332] Shark

I (Masini et al, 2001), v]=+ Z=2e|ch 2o B3| uk

|

Halodule wrightii7} 65 psuZ}
2 eI THKoch et al, 2007).

V. &= g ot 14 4%
A AAH R 554 gl et 14, 713, A

P AR Ao M w5 HiEol o
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Table 8. Regulations and salinity limits for selected desalination brine discharges (adapted from Jenkins et al. 2012)

. . P Compliance Point
Region/Authority Salinity Limit ([T — Source
City of Carlsbad and Poseidon
US EPA Increment <4 psu Resources (2005)
California Regional Water
Carlsbad, CA Absolute <40 psu 1,0001t (304.8 m) Quality Control Board (2006)
Absolute <40 psu salinity
Huntington Beach, CA (expressed as discharge 1,000ft (304.8 m) Watereuse Association (2011)
dilution ration of 7.5:1)
California EPA Increment <2 psu 328ft (100 m) California Water Boards (2015)
Western Australia guidelines Increment < 5% Bleninger et al. (2010)
Oakajee Port, Western Australia Increment < 1 psu Jenkins et al. (2012)
Perth, Australia/ Increment < 1.2 psu at 50 m,
Western Australia EPA <0.8 psu at 1,000m S0 mand 1,000 m WEC (2002)
Sydney, Australia Increment < 1 psu 50-75 m ANZECC (2000)
Gold Coast, Australia Increment <2 psu 120 m GCD Alliance (2006)
. .. Okinawa Bureau for
Okinawa, Japan Increment < 1 psu Mixing zone boundary Enterprises (1997)
Abu Dhabi Increment < 5% Mixing zone boundary Kastner (2009)
Oman Increment <2 psu 300 m Sultanate of Oman (2005)
& FAIZIES AABEL Yth(Table 8). AAE 4 58} AVEE daoll i A4 Algke i st
=< 9 WA (Salinity Limit)2} wiE-oll 4 <] 7 ARt gest Ao A HiEET 5 S4A
€2 B@HE 2448 (Compliance Poin) 0 7 7 4 Gl WAL W4 v&E Beldtn gt
woto] BAJSEAL Aot AE A= T A} ) T2 S AuE oF 117568 A& WEEEE 40
W3ke] 1-4 psu £715F gR o= YERYal 9lon psuz A|gkskal Qlth(Watereuse Association 2011),
EPAE B wfEtolA] 50-300m 919 A=l Californiacll A= 8709 si4E4e8t AlHS A9t E

= 71&0 & A5}al 9lch(Jenkins et al. 2012).
u]=t 317 A (Environmental Protection Agency,
EPA)+= 13.5-35 psud] S04 8oz A&
o AAstaL Ao el FE viE= Q% F&
Z71h 4 psug 27814 S W2k ook
(City of Carlsbad and Poseidon Resources 2005).
California®] Carlsbad A]’2ol tjst &7] G& YA
4 ZAAHL A= 1853 X325 350l sl =
Fx|9lom, 242} 36 psu57HE)<} 37-40 psu(19Y)
o eE:A7] A¥} B YA SsS Bl viE
ToA 300 m EojXl Ao A5 A Bt 34.4
psu, 211 GEL 401 psuR o =5 o] Carlsbado]
A Al 57t 40 psuE 714 4715 HaL
3}al Q) o} (California Regional Water Quality
Control Board 2006). Huntington Beach 3<%

+ gPdste|al skl qlom S A Jaks Al
flstel 2015\l =R E A171E AT A
2 A7 d2H Y A dEs=Tt s
- FH 100 m ool 8 AEFEREL 2 psus
2314 o= s tHCalifornia Water Boards
2015). Western Australia= 98 =% 9] 29}710]
W7 s =2 e 5%t Hies AAstal glon,
ol 2 psu®| HelolWol siEeitt, Perth s
S AEE FEY ST |ES viET 2R E Y A
2lof wheh Ak ok, w5 WiE R QI dE
57k W& ERE 50m ool i s =0 1.2
psu |, 1,000 m oJtfoll= v 5=29] 0.8 psu ©]
W7t Hes Harskar QICHWEC 2002). Sydney df
FEHPSAEE 25 9 AR g W o

44 2 (ANZECC 2000)9] 7+ 2| %8 AHg-5}o]
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7155 AAetS e, W& 2R 50-75 m He<
9L 23 331 (near—field mixing zone) 2
& AAst9a, By 04?“’]]/\1 o] 199 HdEsE
=93

D =12 (34-36 psu) oAl
1 psu oA 71814 O}Ei 8} Qlt}, Gold Coast

4o Be) 27 BT
ojo] Eo| o 120 m, Zo|7} 225 m7h B AOE o
Seigont, 2 AU 258 sgap] o
£ 7 DD S A3 e W

. v ste] 2 psug ZASHA| o 7;4\3
2 AJASFITHGCD Alliance 2006), Y& @ 7|k}
o] sjE3t Al HiEH w5Y dEs=Tt
Sl A 2 38 psu, A HI Bt A
A F=et Blarste] 1 psu o F7HSHA] ghotok

3tchal s Okinawa Bureau for Enterprises

L

1997). o= ¥iA 5ol A 2F 2.6% F7HE 715 3
3ttt Abu Dhabiol Al &gt 2 7Haate] 9]
AR5 EE A SEY 5%E 2uaAE ShErk
A5}l QJch(Kastner 2009). Omane] 4of
29 S|P o8 AR/ ES EA e g
ZHE 9300 m oljellAe F9 Bt ¢

23 2 psu o4 Mol RS Ash
(Sultanate of Oman 2005) &}A| 9k Hlw| 4= 3]
(Azmuk 223, T8 S) AA R 0] Zubo] ezl

z3lslo] 2 AA A7) EA] o=t}
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o] AL AR A A ST

ol A= F57E FRAEA, AXAYEA, o
i 5ol mlAlE = wefslr] s S E
Yot AEEYIE Tetraselmis suecicar= 55
psu®|o| Frol A AJHA N ek e sEE
@3 % QA Tigriopus japonicus®}; Brachionus
plicatilis= 27} 40 psu®} 55 psu ©]4+9] Fi%
oA SRS B3iTk A T. japonicus« 50—
60 psu 7Foll A Lol et FaFo] FEishA H
g om =z zdule|(Ulva pertusa)®] EAFEA
2 1Y TSl gk A4 Aszt ekttt e
11 YA (Paralichthys olivaceus) X AMHx2] H3l=
HE 57l whet 3ieh AR aAZE wEE gl o
SAre o] e =977t Aatoll W= 40-50 psuoll
A AFES 30% olsk3ler, 60 psuolde Er=ol
A 100% AFg-3ksict,
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°1v QER ES TS &
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(HFA]2H) & 60 psu ol 48417t lEE & Ayt
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7ol et & uijE+t R0l AAlsh= e A9
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