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A fish farm where milkfish and white shrimps were
cultured was chosen to monitor the water quality.
There are two ponds in this fish farm. During the
monitoring period, water quality in the fish farm
remained good and stable. In the algae investigation,
Chlorella spp. which can provide nutrients for fish
and shrimps was found to be the dominant algae
species (>50%) in the fish farm. However, Microcystis
sp. which can produce algal toxin was also detected
in the fish farm. Therefore, Microcystis sp. may be
harmful for the milkfish and white shrimps. With
regard to the endocrine disrupting chemicals, EDCs,
the order of the detection rate is
OP>NP2E0>BPA=NP1EO>NP. The result shows that OP is
the major EDCs but, in contrast, NP is negligible in
both ponds. To reuse the effluent from fish farm, we
have developed a water recirculating system by
constructed wetland and a packaged recirculating
aquacul ture system with the functions of speed-
assembly and high mobility. There are three separated
zones 1n the constructed wetland: settlement basin,
emergent macrophytes, and submersed macrophytes. The
treated water was further polished by UV 1llumination
for sterilization and connected to an automated water
quality and biological activity monitoring system to
confirm if the treated waters comply with the
requirement of reused water quality. There are five
units designed in the packaged recirculating

aquacul ture system: settlement, biofilter,
ultrafiltration, UV illumination and backwash units.
This packaged recirculating aquaculture system can
effectively reclaim the effluent to reduce the amount
of water withdrawal. In the development of a
biological activity monitoring system, Japanese
medaka and zebrafish were used to measure the
toxicity of reclaimed water. This system is based on
the examination of the behavior of the fish and a
number of combined parameters such as speed, swimming
height growth, number of fish etc. This biological



activity monitoring system enables to detect toxic
substances in water and provides an online real-time
early warning system. By combining the biological
activity monitoring system with the constructed
wetland and the packaged recirculating aquacul ture
system, water can be reused to sustain the fish
farming and online real-time early warning can reduce
the loss of fish catch in southern Taiwan.

aquacul ture, constructed wetland, recirculation
aquacul ture system, water quality monitoring,
biological activity
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Abstract

In Taiwan, two thirds of aquacultures are located in the south of Taichung, in
which about 1/3 are fresh water fish farming. Although the amount of fresh water for
each hectare of fish farm varies with fish species, the demand is significant.
According to the Government report in Nov. of 2010, the annual fresh water
consumption by aquaculture industry in southern Taiwan alone has reached
680,000,000 m?, indicating a great regional demand for fresh water by fish farming.
However, the South has long suffered from water shortage mostly due to the uneven
precipitation. In addition, most rivers in southern Taiwan are highly polluted. As a
result, farmers turn to groundwater for water supplement, leading to the over-pumping
of groundwater and the consequences of environmental impacts such as soil
liquefaction, soil salinization, and land subsidence which jeopardizes the life of high
speed rail. Conservation of groundwater has, therefore, become one of the top
priorities in Government policies. Wastewater from aquaculture industry contains
high-strength ammonia and pathogens, which should not be discharged into water
body directly. Many studies have been conducted to investigate the feasibility of
recirculating the aquaculture wastewater. To safeguard the production of fish farming
as well as the health concern of the recycled water, the monitoring of biological
activity of the treated water must be considered. On the other hand, fish farmers are
not enthusiastic about the conventional wastewater treatment process, mostly due to
the high capital cost, the hardship in construction and maintenance, and others.
Therefore an efficient and user-friendly recirculating aquaculture system integrated
with water quality and biological activity monitoring must be developed for
sustainable aquaculture.

In the first year of this project, a fish farm where milkfish and white shrimps
were cultured was chosen to monitor the water quality. There are two ponds (large one
and small one) in this fish farm. During the monitoring period, water quality in the
fish farm remained good and stable. In the algae investigation, Chlorella spp. which
can provide nutrients for fish and shrimps was found to be the dominant algae species
(>50%) in the fish farm. However, Microcystis sp. which can produce algal toxin was
also detected in the fish farm. Therefore, Microcystis sp. may be harmful for the
milkfish and white shrimps. With regard to the endocrine disrupting chemicals, EDCs,
the order of the detection rate is OP>NP.EO>BPA=NP;EO>NP. The result shows that
OP is the major EDCs but, in contrast, NP is negligible in both ponds. To reuse the
effluent from fish farm, we have developed a water recirculating system by
constructed wetland and a packaged recirculating aquaculture system with the
functions of speed-assembly and high mobility. There are three separated zones in the

constructed wetland. At the first zone namely settlement basin, excrement from fish

A%



and large particles can be removed in this zone. At the second zone where emergent
macrophytes were grown, ammonia can be degraded. At the third zone where
submersed macrophytes were grown, large sands, nitrogen, phosphorous and
potassium can be removed. The treated water was further polished by UV illumination
for sterilization and connected to an automated water quality and biological activity
monitoring system to confirm if the treated waters comply with the requirement of
reused water quality. There are five units designed in the packaged recirculating
aquaculture system: settlement, biofilter, ultrafiltration, UV illumination and
backwash units. This packaged recirculating aquaculture system can effectively
reclaim the effluent to reduce the amount of water withdrawal. In the development of
a biological activity monitoring system, Japanese medaka and zebrafish were used to
measure the toxicity of reclaimed water. This system is based on the examination of
the behavior of the fish and a number of combined parameters such as speed,
swimming height growth, number of fish etc. This biological activity monitoring
system enables to detect toxic substances in water and provides an online real-time
early warning system. The integration of these three projects will effectively reclaim
the effluent to reduce the fresh water withdraw demand. By combining the biological
activity monitoring system with the constructed wetland and the packaged
recirculating aquaculture system, water can be reused to sustain the fish farming and

online real-time early warning can reduce the loss of fish catch in southern Taiwan.

Keywords : aquaculture, constructed wetland, recirculation aquaculture system,
water quality monitoring, biological activity
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El‘ﬁ&‘-ﬁilﬁi itag o ¥ %T&'g"/ﬂ—a- ’J}‘*‘ﬁ ;?Ii‘m;?]m"{,gx??t ’p;c%f

KFEL Mg DN Ko LF TG okdcg TOC A ~ £ § ~ Flf -9 A2

TR E f’”ﬁ*iﬂ’%f’f’* PG dp B0 R e 15 g Os/kg feed/ 2 7 0t
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kPR *ﬁﬁvﬁfﬁt’ BT B T i P48 TR F(Krumins ef al., 2001) ;
IR &3 s oA BEG HIBRBEIFE EITE X F S AR EHEITAR R P %
> ® 2 (Pedersen & Pedersen, 2012) -

(3) %%k k%7 % (Recirculating aquaculture systems, RAS)

VaTRok AR G AL PR EF R A KK R L 2 BRORAE K SLE
BOARA RN E R AT 4 R R R 48 %E’i‘_ﬁ-(ltoi et al., 2006;
Cancino-Madariaga et al., 2011; Zhang et al., 2011) » F]3* fF 3k & L3 & ‘f']'* 4 3
R A PR R if@"}% ko Z PPk A R KETRL JI* 2 P o 2T Y
Xk MAE K K o AR R Heok K L 3040%/%  PETROK R Rk SRR
IY;F' 5 10%/=% » gt ,f o B et #’_{:’FPLJ/F' i® % ¥ 4 ‘%ﬁ/&}i COER SRR ~
pH ~ 3 F Ik B (TS) ki 7| & & e/ ;:%(Gemende et al., 2008; Ivan & Tsunao,
2012)

NH4 3 ",% A BFAGE A E R A Y2 Fg# (nitrifying biofilters) % NHa"
gd pFEA T FeRA - HE® S NO-N 2 NOs-N» &% 24 5 NOy-N
(Gemende et al., 2008; Itoi et al., 2006) > @ & it gﬁﬁ%ﬂ’ iV FE BB s F B AN TR B Y
SRS A ur.)ii pH~NH4" ~NOx' ~ @ & ~ & & 2 F # 7 Jk /& (Cancino-Madariaga
etal.,2011) > Gemende ¥ * 3 &= JATk-k & 75 X ..wi WA Rl RETROK ke
WEEF R ENENEYL S )?@E—’_(submerged membrane bioreactor, SMBR)’ %
% & 7~ NO3-N ¢ 58 mg/L "ij: 16 mg/L » 4 % 5 5 78% > 77 # i 5% SMBR #f
% 7B ¥ Rk 2 H 2 * (Gemende ef al., 2008)

TR R BTG T BRI A B R R Lk
e %?%WF\ FoFEY B AFELHORS LB LS  RF RS
g o2 Av\ﬁ’ﬁ%fr;’ HorE g 2 RS 45 (@)% F kNSRS e o
Ak F » 5 (b)F MIFRF 2 4** A5E AR LA S (OFEME G RE
R oo FasE R A BR LG T S (DBEMEF R L0 2 BRI
EFFHEL4FE 2 RE 2ZRE 7 EWRE L (DFikA 24 FApigse
bt SR AE S o # B L (a) BB GEA o § F DR 4 EAR
(b)#ag & * AgpF> X it cnd 7 Jﬁ—i“f 1 F FF AT A fEEH (FRE 2003,
Ivan & Tsunao, 2012) °

(4) A 1 &3 (Constructed wetland system)

FpP At 13r 5 2 BRB-RTEY kT REJIY L2 AT 5
do A 2@l A HREA R e AR LA ?Iﬂﬁv:**iho IR 2 KR G
BHEFS 300 44 o e iz 4 5050k 3-10 2 R BE A 5 100 m?
BOD 2 % 5 4 % 90% » & p .3 AJLE 7 iE 10 2 #i(Fc » 2004) - thi 4 \:m}d-j—
£ 352005 3 2006 # 8§74 3% F 5ok & K ALRP IR kT 2 B
p’ﬁ I% G g R St A - 'B‘Eii*%wmuii%(los m?) » %
B4 (1,225 mP) 00 B AR ok S TR K &k S R S A G Rt
5 0086 TR EE R }\/%@“’méiy_(l 138 m?) i FdlE o A Ak e
IR A LR ANE S o B R E A 1 RE T RS AR AR
TS—il‘f FLEmi 5972%\,&&4% é%lﬁ,—,\ 55-65% F %% a 5 58-72%
BOD 5 29-40%F- COD % 13-24% > H1im-k-k 7 # VI%@% 24 ek B HRE K
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{£ 3 (TSS < 30mg/L » BOD <30 mg/L » COD < 100 mg/L) (+k% > 2008) °

32(2010) 12 A 3 gk SLFE A IR 4 AR IS T Bk w T s R EAM LKk
FErP 4B IFh 0% ~ ~ 2 L4 o FT ST OGS BT
fs-k# 1SS ER /%}i }’ t&#f'l’i’&Eﬁ% %ﬁijl‘bé@f;ﬂ“}i}i@ SS T 3::E
ER N E 3mg/LBOD kA 5 22mg/L° COD kA % 34.8 mg/L » NHs*-N 3
4.07 mg/L >+ FRA b 7 FFE el B AT R RBARY BSR4 > 1 &
}@'T];f;,%}’é‘}% ke AJ}’#&*’”&’}E;&’%%%*”’FF T 5% "l%L”’m & Kk A ¥

ﬁ%‘,i;}';v P@ma*n‘,}g‘[a"]éa;m7 EJJ'4HQ/, AL o

FEEREP AR @T,—aﬁﬁ% BRCKY T BAF R R B
Ef¢wﬂ%m AT HIESER AR RS B gl v e T o
—’<€ AT gy $HadT & 78 B R BT w T 2o pay AR i Y RSE (8 2. & sE R T

RE P ERD rui/z Worow ok 23 B ERA 225 pwngte 3
*”Q%ﬁ%ﬁ* B KRR kst fe EEat kA1 B M b R IES

mﬁ mg@ﬁsi%% m‘m%ﬁh&@@oﬂb’Fﬁﬁé*ﬁ%m#
BORF R RIR j SRR A PR BRI RAEATLSY 2502

o g

Y
41 FiEuh g

AFF AR E e P ERAF - Adi (4oBl 4-1) o b g aeiiok g
L A N R ﬁﬁﬁﬁo% A R G fE A B 5 11,300 m? £
7200 m2> FERES B 2 ER TG L 14 mo B E AT Sak e
5 % 15820m’ ~ ] # 10,080 m® -

B XL RFARAC RPEPASIBREZ KA IS EP AR
i EH g o F B AR B RT AN 2 R HIUE R i 4 R
__‘F\'ﬁm_rv» 16~39°C > ﬁ KBS 4CHETRIEFES AP B4T% > T3
I0CHERA = T T BRBARL ZoF AT ¥ i3 a2 A8
ﬁg‘*‘?@?'k BAF A RA AR P AR AR RAEE
kRO R ;°%@%Wﬂ89imﬁ4@’i%ﬁ%4@kﬁw§%ﬁ$
i TR | i WA A I BB RRFE - EIRE ) F gk 7
“%ﬁi@ﬁ"%%%%’E&J6H@ﬁ%%ﬁ—:ﬁﬁ%gﬁwo

My

M

AFH R UFERTFARROABAL T FTRAZ AL Y- 2 P %- 2P
FEF R O T IR O S S CRNE S EE-2 IR N RN T SR BN
# - m4g7o»y1%ig%afﬁﬁﬁ47%%’ B BAGE R E B
AR RN Syl S R S B (*F“%Kﬁ$vﬂ$g%
B LT AP AE) o

AFHL R S E R AR B 1T o 2 R RgEh ded FTo AT kA
¢ 7 T~ B XE- k& 2 F (Photosyntheticbacteria, PSB) - b'L'r;‘,”F bez_ k&

7 » Rhodopseumonas palustris ~ Rhodovulum sulfidophilum ~ Rhodobacter
sphaeroides ~ Rhodomicrobium vannielii - % & = & % & f§ S £ @ 7 (Gram
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negative bacteria) * & Fihp ARHEBET 0 LG SEBASNACHE R~ F
E’:“\ E“Ih,fpgg IL_-;_,pka ;J—jl:‘rry ‘@‘Eﬁﬁ*ﬁ%%“ﬁ?&@@’?’éﬁ?ﬂ%ﬁ
chp iRy +PEEFERPES T HFE TR E A CEB L BE
m@m&ﬁ4rﬁﬁ£¢m%ﬂm4 wﬁvﬁﬁuvéﬂ$”iﬂ*b$ﬁf
%/&ﬂb/*“&l ]\’Fﬁ"lﬁ\gﬁ"fﬂ "i’ir&\f’an?/p—; ’T"’*"{méfj\v‘
FPRos AR ¢ﬁ&ﬂﬁﬁﬁ’”$ﬁ% 4 bt flinpcd T @
ﬂfﬁsl“*mf“#ﬁx Flipdl o« Flpt k5 2 FE G oo R ATRE ERE
E g };F‘;:i‘:‘m 0

i

Bl 4-1 A7 97iE 2 %78 %aii*h_:ﬁ@%l( 'iﬁtgooglemaps)

42 L3

AT 2B AW 2012 & 10 * I 2013 & 8 % b 0 £ EE 2] F ok (T
KRR R R L AR R B AR E D G B R
KRBT RRB o

421 R F ¥R~ 778 B

A A7IE R A R BRI E R B (Temperature) ~;3 % (DO) ~ @ 3+ )k & (pH) ~
¥ F A (Conductivity) ~ # A (Salinity) “FCRRT (ORP) % 9%%
3738 B T %% a(Chlorophylla) ~ & & 544 (SS)~4 i+ Z % £ (BOD) ~
vEgz5§ (COD) 4 ¥ (NH3-N) . emdfm (NO2-N) ~#'pe ¥ (NO3-N) ~
B (TP) ~%¥e<§ (TKN) -~ %43 & (Algae Investigation) ° F 5~ 47~
Zid ARGy L RFRE (0k 4-1)

TRk A RS ¢ A+ 3 F B (Endocrine disrupting chemicals, EDCs)Z %
B0 k74 Ak [ ABPA) 1 AFHENP) - 2 A FFEOP) - T AR
¥ ¢ § # % (Nonylphenol monoethoxylate, NP{EO) 2 X 3 ¥ = #F 2 ¥ A%
(Nonylphenol diethoxylate, NP;EO)T fafi-#f it £ 428 4 - P35 L k303
BEZ RS frmipg B LAERE LA FIRY LR FH R
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DREFE T o FPE AT 2 & T P pRfed 3R RE T 2 S HR R
PR FR2WEL 4 r 2 I R R RS F 7 R BRI K
Bt d foox ke S AR L R RAT RS F R RIF T F AT o

% 4-1 KA 738 P 2 iR 02

A 738 B KRR 2 AR LRl R F RS 2

£ P s E NIEA W104.51C tE%3E NIEA W515.54A
B R NIEA W421.50A F o NIEA W416.50A
T NIEA W421.50A s § NIEA W420.50B
R NIEA W203.51B Fail NIEA W433.51A
pH & NIEA W424.50A It BhpL NIEA W443.51C
HR R NIEA W203.51B A NIEA W419.51A
E%% a NIEA E507.02B T NIEA W418.51C
k¥ NIEA W444.50C BN & NIEA E504.42C

Pz R NIEA W510.54B

422 $kEh
AR AR B R R A s R BB R ]
B R L AR R U2l RRERE . £30 8 (W 42)

Bl 42 2 3 HFHEEE F LB o %5 L h ok It (S A

22.927775,120.237433); 4% 2:% 3k ¢ R ER(EA : 22.92732,120.237669);

B3 X R BR(S S R 22.927093,120.237197); HaBh 4] A & T RS
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B 22.926747,120.238001); | 4 % -k %8 ¢ B EL(5 & A& 22.927133,120.237712);
B 6] AR AL BR(S R 22.926955,120.23724) -

423 F AT S

%%ﬁﬁ?ﬁ:'llﬁﬁﬂi‘ﬁ&ﬁwﬁi"%‘; L& B AR A B R R A
b AR5 2012& 102 127 550 151732527 33

E&Wﬁpaam—doﬁﬂ,1uuazuma¢ﬁ%bﬁwg TN

2013 #7732 87 BlscsE B 1= o

AEF L2013 # 2 F 25 p 12:00 £ 2013 & 3 % 4 p 7:00 ~2013 & 8 * 26
p 12:00 £ 2013 & 8 * 31 p 15:00 # * HYDROLAB #% z}&}ﬁgﬂx@'ﬁ;/?d k
To%itpIEAP 5EAE pH HT AR B RBEANMY 35 - £
a3t RERAEEOPIEFRFFZ 1L X

I ~258H%
51 %7 KFE R

*Hhk B & s E e pH ~ DO i’s#«‘ BlZ) % o o h 8 2 4mg/l £
REETR & v% A RF 7 (8P e 4 3~4 ppts 6~7mS/cm =+

0B
b

COD
# 100 mg/L = ’BODs & 7B ﬁﬂqﬁ@.ﬁ% oA L7 % A10mg/l = ".fn °
SS # 40~50 mg/L o F. sr-% a¥? NOs;-N 4= #p i€ » 3| ¢ P B - NH3-N
Bimg ¢ R A 2mg/L » NO2-N EJ‘FK (SRR R R

BFET R RS AR AAY P B DO F Eefoagk i TG RA
SR o e B DO kRS F* 2mg/L > A H*“Eﬁ} T 2013&
3T2P14PpFFET RERCT RS CHREYEaz L RART CEGOR
ko 2013# 87 263 31 p FHER TR B R AR FtE Rl R oL 5
Wh B Wbt THEARS CORP RIFR P A S REEBAL BD > S
',% a a_,’f&EJv R % w%i’(&:ﬁi 1._4:_ B e g g Iﬁ-ﬂ«?% _'rﬁﬁ—‘jﬁ °

AR KRR R R A R0 S AT o BARIAL 2013 £ 275
P & kR BT 355 3.73 ppt~ 3.76 ppt~ 3.81 ppt ~ 2.90 ppt ~ 2.91 ppt ~ 2.93 ppt
27 18 p AL BT 5% R L 4.27 ppt~4.27 ppt~4.27 ppt~3.18 ppt~3.18 ppt
305 ppte F12 7 518 PoKiE B RAE o @ AR T & prikin
KA Lok R TIEE S S4 ppt ERABRE LD > RE P AENRE R
M BB E 4 K o

FRABAPAEETR AR EL L LT R DR oD Y
S A Ry o T g i’ﬁ*ﬁ% AR S mE A R § AL T §
llﬁ&xﬁmé‘]’}s’?é_ig o Fp g it BRRE2012# 10 % 24 p % 1 =R
A1 5 86 mV ~97mV >~ 100 mV ~ 101 mV ~ 108 mV ~ 113 mV ¢ & IR ik < chfic
Ppo BEeNF A A 4740 12.65 mg/L ~ 18.64 mg/L ~ 27.7 mg/L ~ 20.55 mg/L ~
18.52 mg/L ~ 18.75 mg/L » &_% ** T 357 14.71 mg/L ~ 18.50 mg/L ~ 19.32 mg/L -
16.53 mg/L ~ 14.86 mg/L ~ 17.76 mg/L ; % 754~ #f ik B € & 7 §& Tk iw >
SR AT R E R DM e F KR A B A iw.)]*uw/ Y e
FrERERAREART o wAFRLY AT ERERAT G A{“’”'i“f kP g ¥ 72 (30
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% 52003) > F o %‘?’ié’rﬁﬂi’z% PRSI B AR AR e 0 i RS R
AR e FWla T AF RN THPFRTIE S A RF Sk TRk

RTFRRI LG ENRAFRP X3 BELA -

FAAASATRE AL 52977 0 A AR Y o SRS S Chlorellaspp. (| %) ~ F
% & 4% e Chroococcus sp. (#c’) ¢ 3% ) % Oscillatoria tenius (¥ % ) ~ % &%
e Monoraphidinium komarkovae ERERE s gl O L~ 'J~ A R EE D
Chlorella Spp (Cl 3k i) ~ E% %% o0 Chroococcus sp.  ~ "E & * ¢ Cryptomonas
sp TSRS BﬁmOsczllatorla tenius (¥gi% ) 5] 4» ¥ m'%’%“ BeRE o Ko s
% & %% e Chlorella spp. & it 7 50%12 + > o] 3k & ,;E\Lu HEEEE HIEFEDIRE R
F o o35 18 fhg AR S iR v %‘rff¢ BALFHIFT - ER - ESHF
?’él“* F+ CGF.~ %5 - PfRE - GEFR 303 20 F8 3% 0 30F NK

mE LR S R’ B P [fiagb 4 fr#%im” o EE G BAF e eniTY > T OUfR
%%ﬁp\ Llmte NB W R 2 BT SRR K OoR LY Ny by
[0~ 5 D fEBdF ch R R Al o e P FRERIZET AR B —’M‘FJ’F-:— ’
Oscillatoria tenius (¥F %) € @ K82 $ & 2 2 Svk 2 B vk > FPL P & 5 40id
&0 &= d# ¢ Oscillatoria tenius € F ¥ P % & % 4L & > @ Microcystis
sp. (e i) BoR¥Y g2 %4 o

preb s AR FEI LS FEARY 20 GARE o AL d 12 B kSRS

JML 2#@1\&6 ' OP #4553 4 100%,,#,WNP2E0+6M ) 834,11
% BPAZ NPIEO  # 11F % 4 67%: 5 fé 2 NP I F 5 8% % 53 5 &4 p
4%ﬂ¢#7%*'£%£ kR o

ARG TR L OP e F 0 MR B 5 0.05140.018 png/L > H =k
BPA ~ NP,EO 2 NPiEO » jE & 4 %] 5 0.023+0.008 pg/L ~ 0.01740.014 pg/L %
0.0144+0.003 ug/L > @ 3 B LA IR & OP 2 § 2 #5285 0.084 pg/L > ¥ *F NP g
ESERE R NENE SR EEI) Y

LA AR TR I OP B o H kA W 5 0.05240.011 pe/l o H = 5
NP:EO ~ NP{EO » ik & A 5] 5 0.04140.037 pg/L % 0.01640.002 pg/L » # $ i ik
B A NPEO 2 % 34885 0.113 pg/L» ¥ % BPA 2 NP % £ § — B 21
BRI ER 25 0013ug/L % 0.0l ug/Le* g3 &P it &5 2 TEHER o
% 5-4 915 o

RS -SSR Sk &qu Pl kY AL RF PR A LR
G R R C A %k 3 4o ﬁ:}mﬁlj sz % (Hernando et al.,2007) » #7103 = % 78
)23 }\t’ fragit E g4 om AT Rl R KLY 2 L OP 2 T35k R 5§ "‘;”;E
g FwmokehkiR s s }S-é‘p,if,% Fokz e TR F T A Ad R ¥
TR 2t @?*%LNw’ﬂwé*ﬁﬁ”z?éiwabiéﬁ@”b#
(OPEOS)"’”/F AW E fRE R NME RN ARG R A AR - 5 NP
F 2 T 'mb =30 2008 E AT EREHIAFTRET L5

4c?é_ é’fé EHFFFIFFrYEP R e BER T FAFRHRECLEFEAR
i P
’)%f’rzé_r‘?p’fﬂ“‘i = NP * ' > OP } 2 env 3¢ o Fl2. — o



251 £ Ams k2 AR KFERES

Yo 557 B § - T’ &Lt R B

< A3l < A2 < A3 o 51! ] A 2 A3 S AR | ) AR
kg b T 23.45+2.29 23.29+2.34 23.32+2.28 23.35+2.41 23.26+2.36 23.38+2.39 - -
DOP mg/L 4.1240.29 4.030.31 3.98+0.31 3.93+0.31 4.06£0.38 4.00+0.31 - -
pHP® 8.10£0.16 8.14:0.14 8.14£0.17 8.17+0.09 8.15£0.10 8.17+0.15 - -
$TA° | mS/em 7.23+0.51 7.24+0.53 7.24+0.56 5.63+0.40 5.63+0.36 5.62+0.36 - -
BRP ppt 3.98+0.29 3.9940.27 4.0240.27 3.03+0.16 3.04+0.15 3.03+0.13 - -
ORP® mv 176.15£32.52 | 171.54428.55 | 175.23+28.28 | 172.23+30.41 | 170.62+£29.50 | 170.31£27.07 - -
E% % a° | mgm’ | 4437:30.71 42.55+26.06 45.7132.45 34.00422.60 37.09+32.42 41.99+23.42 50.83+33.22 42.86+28.47
SSP mg/L 48.00+9.29 48.38+8.85 49.00+£9.98 42.62+8.03 39.31+4.41 41.46+10.26 48.38+5.10 46.25+7.87
BODs" mg/L 11.37+3.31 12.08+2.97 11.62+3.55 12.04+4.07 13.15+5.23 11.96+4.31 15.2443.35 17.78+2.85
CODP mg/L | 107.36+40.82 | 93.49+28.21 105.25£35.92 | 120.57+41.06 | 116.67+45.64 | 115.16+42.08 | 119.63+43.67 | 124.90+33.77
NH3;-N® | mg N/L 1.80+0.45 2.65+1.23 2.11+0.68 2.00+0.93 1.69+0.31 1.600.51 2.33+0.44 2.17+0.30
NO>-N* | mgN/L N.D.? 0.17+0.41 N.D. N.D. N.D. N.D. N.D. N.D.
NOs-N® mg N/L 1.85+1.18 1.99+1.67 1.96+1.45 1.92+1.64 1.83+1.48 1.79+1.37 2.05+1.88 2.21+2.44
TP® mg P/L 5.68+1.32 5.40+1.09 5.51+1.25 5.32+1.09 5.48+0.98 5.50+1.16 6.48+0.78 5.97+0.78
TKNP® mgN/L | 14.7146.65 18.50£6.26 19.3246.71 16.53+7.44 14.86+5.92 17.76+9.33 15.20+2.02 12.73+1.93
PO,-P° mg P/L 4.21£1.00 3.59£1.43 4.00+0.83 6.87+1.92 6.51x1.50 6.81£1.70 4.23£1.15 6.75+1.72
B © ng/L 70.50+5.50 69.50+9.73 67.25+5.72 76.75+5.12 72.50+3.84 70.5042.29 74.25+9.68 73.50+4.27
Br 2 MO RS 2 R R ND A T PR R 13 SRR B 4
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52 RAGHP L2 EHEEKELITES

g < A% g =1
W | FAN | A Am | FAN | am | FAN
ey 10 11 12 2 10 11 12 2 K fﬁ?#pﬁl—
Bacillariophyta #
Navicula marina 76,800 ams-Bms 76,800 0.15% 0 0.00% 76,800 0.30%
Navicula spp. 76,800 64,000 | 46,310 153,600 ams-fms 340,710 0.67% 187,110 0.75% 153,600 0.60%
Nitzschia acicularis 76,800 76,800 ams-Bms 153,600 0.30% 76,800 0.31% 76,800 0.30%
Nitzschia palea 76,800 | 153,600 | 64,000 ams-pms 294,400 0.58% 294,400 1.17% 0 0.00%
Nitzschia paleacea 64,000 Bms-os 64,000 0.13% 64,000 0.26% 0 0.00%
Nitzschia spp. 76,800 76,800 19,200 89,600 76,800 ams-pfms 339,200 0.67% 172,300 0.69% 166,400 0.65%
Chlorella spp. 4,684,800 (2,380,800|4,608,000| 1,279,968 | 4,838,400 (2,956,800 (4,454,400 1,007,251 Ams 26,210,419 51.86% 12,953,568 51.66% 13,256,851 52.06%
Closterium sp. 76,800 37305 89,600 38,592 oms-0s 242,297 0.48% 114,105 0.46% 128,192 0.50%
Coelastrum sp. 153,600 | 76,800 | 192,000 | 68822 76,800 89,600 76,800 81,043 Pms 815,465 1.61% 491,222 1.96% 324,243 1.27%
Cosmarium sp. 153,600 | 76,800 64,000 | 113203 | 76,800 Bms 484,403 0.96% 407,603 1.63% 76,800 0.30%
Crucigeniella crucufera 64,000 76,800 ams-Bms 140,800 0.28% 64,000 0.26% 76,800 0.30%
Crucigeniella sp. 230,400 | 76,800 | 128,000 | 65,606 | 153,600 | 89,600 76,800 53,385 ams-fms 874,191 1.73% 500,806 2.00% 373,385 1.47%
Endorina sp. 76,800 76,800 64,000 76,800 89,600 76,800 Bms 460,800 0.91% 217,600 0.87% 243,200 0.96%
Monoraphidinium komarkovae 153,600 | 230,400 | 320,000 76,800 | 179,200 | 230,400 Bms-o0s 1,190,400 2.36% 704,000 2.81% 486,400 1.91%
Monoraphidinium sp. 76,800 | 230,400 | 64,000 76,800 89,600 | 153,600 Bms-os 691,200 1.37% 371,200 1.48% 320,000 1.26%
Qocystis sp. 76,800 76,800 64,000 | 46,953 76,800 89,600 76,800 ams-pms 507,753 1.00% 264,553 1.06% 243,200 0.96%
Pandorina sp. 76,800 76,800 64,000 76,800 89,600 76,800 | 45,024 Bms-o0s 505,824 1.00% 217,600 0.87% 288,224 1.13%
Pediasturm biwae 76,800 76,800 55,958 Bms-os 209,558 0.41% 76,800 0.31% 132,758 0.52%
Scedesmus acuminatus 76,800 | 76,800 | 64,000 | 33,450 ams-(fms) 251,050 0.50% 251,050 1.00% 0 0.00%
Scedesmus dimorphus 76,800 76,800 64,000 33,450 ams-(Bms) 251,050 0.50% 251,050 1.00% 0 0.00%
Scedesmus guaricauda 153,600 | 153,600 | 128,000 | 53,385 76800 89600 76,800 83,616 ams-(Bms) 815,401 1.61% 488,585 1.95% 326,816 1.28%
Scedesmus obliquus 64,000 ams-(Bms) 64,000 0.13% 64,000 0.26% 0 0.00%
Scedesmus spl. 76,800 76,800 64,000 | 33,450 76,800 76,800 ams-(Bms) 404,650 0.80% 251,050 1.00% 153,600 0.60%
Scedesmus sp2. 76,800 64,000 76,800 | 179,200 ams-(Bms) 396,800 0.79% 140,800 0.56% 256,000 1.01%
Scedesmus sp3. 64,000 76,800 89,600 ams-(Bms) 230,400 0.46% 64,000 0.26% 166,400 0.65%
Scedesmus sp4. 76,800 76,800 ams-(fms) 153,600 0.30% 0 0.00% 153,600 0.60%
Scedesmus spp. 230,400 ams-(Bms) 230,400 0.46% 0 0.00% 230,400 0.90%
Staurastrum sp. 64,000 10,291 89600 Bms-os 163,891 0.32% 74,291 0.30% 89,600 0.35%
Tetraedron sp. 76,800 oms-0s 76,800 0.15% 76,800 0.31% 0 0.00%
Chroococcus sp. 1,305,600| 384,000 | 832,000 | 340,896 (2,073,600|1,075,200 590,457 Bms-o0s 6,601,753 13.06% 2,862,496 11.42% 3,739,257 14.68%
Merismopedia sp. 153,600 | 76,800 | 192,000 | 91,334 | 153,600 | 89,600 67,536 ams-(Bms) 824,470 1.63% 513,734 2.05% 310,736.00 1.22%
Microcystis sp. 76,800 76,800 | 256,000 | 75,254 76,800 89,600 69,465 ams-fms 720,719 1.43% 484,854 1.93% 235,865 0.93%
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w B Sy 21 I oA B | FAW | 2am | FAw [ LA | FAw
Oscillatoria tenius 460,800 | 76,800 | 384,000 | 131,856 | 230,400 230,400 | 225,120 ams-pfms 1,739,376 3.44% 1,053,456 4.20% 685,920 2.69%
Oscillatoria sp. 76,800 64,000 76,800 76,800 ams-pms 294,400 0.58% 140,800 0.56% 153,600 0.60%
Cryptomonas sp. 153,600 | 76,800 | 448,000 230,400 | 448,000 | 230,400 Bms 1,587,200 3.14% 678,400 2.71% 908,800 3.57%
Englena acus 76,800 ams-o0s 76,800 0.15% 0 0% 76,800 0.30%
Englena proxima 153,600 76,800 ams-ps 230,400 0.46% 153,600 0.61% 76,800 0.30%
Englena sp. 76,800 | 76,800 76,800 | 268,800 | 153,600 | 32,166 ams-ps 684,966 1.36% 153,600 0.61% 531,366 2.09%
Euplotes sp. 64,000 76,800 | 268,800 | 230,400 ams-ps 640,000 1.27% 64,000 0.26% 576,000 2.26%
Phacus sp. 64,000 76,800 | 89,600 | 76,800 | 49,526 ams-ps 356,726 0.71% 64,000 0.26% 292,726 1.15%
Strobilidium spl. 64,000 76,800 ams-ps 140,800 0.28% 64,000 0.26% 76,800 0.30%
Total cell count. 8,985,600 (4,838,400 8,787,200 (2,461,533 (9,216,000 | 6,630,400 | 7,219,200 2,399,139 50,537,472 100.00% 25,072,733 100.00% 25,464,739 100.00%
Total species 8 #f #c 27 23 31 16 26 21 24 13
Shannon's diversity index 2 2.18 2.09 1.83 1.79 2.11 1.82 1.82
Dominance Index 0.30 0.26 0.29 0.30 0.33 0.24 0.39 0.26
Species Richness 1.62 1.43 1.88 1.09 1.56 1.27 1.46 0.82
Pielou evenness index 0.61 0.69 0.61 0.66 0.55 0.69 0.57 0.66
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2SI PARFELELZHNFERRFR

Compounds #® 2 F (%) R ¥ Bl (ng/L)
BPA 67 ND~0.038
NP 8 ND~0.01
OP 100 0.035~0.084
NP:EO 67 ND~0.019
NP2EO 83 ND~0.113

£05:4 & o g2 BT A $ T 5k B (ug/l)

2 ¥: B ol X: X
BPA 0.023+0.008 0.013*
NP ND 0.01°
OP 0.051+0.018 0.052+0.011
NP;EO 0.01410.003 0.01610.002
NP2EO 0.017+0.014 0.041+0.037

ND : Not Detected
YR - BRERD
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ot

Rt E ORISR do A 1 A 21 P o

W& 1 2012 % 10 7 24 p ¥eplE %
S e R e
ﬁ? H i < AR ¥ MDL
1 2 3 4 5 6

4% T 26.6 26.6 26.5 26.7 26.5 26.4

pH - 7.8 8.0 8.0 8.1 8.2 8.1

DO mg/L | 3.88 4.67 4.40 3.76 4.25 4.55

TR | mS/em 6 6 6 5 5 5

R ppt 3.6 3.7 3.6 2.9 3.0 3.0

ORP mv 86 97 100 101 108 113
£%% a| mgm’ | 337 40.5 46.0 20.4 19.5 33.0

SS mg/L 48 55 71 54 39 27

BODs | mg/L 9.3 11.8 10.4 8.8 9.0 9.3

COD mg/L | 724 425 | 129.1 | 83.4 58.3 42.5
NH;-N | mgN/L | 1.21 4.24 2.19 4.70 1.88 3.10
NO>-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | 0.01
NO;-N | mgN/L | 3.66 3.76 3.11 2.81 2.73 3.16

TKN | mgN/L | 12.65 | 18.64 | 27.70 | 20.55 | 18.52 | 18.75
POs-P | mgP/L | 3.35 3.68 3.73 4.72 4.67 4.59

TP mgP/L | 6.49 5.32 5.82 4.99 5.54 5.84
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Mbd 2 2012 117 30 p Hipls %

T S 5L e iR E

s

5B H o < h A B MDL
1 2 3 4 5 6
kR C 25.1 24.9 24.9 25.0 24.8 24.9
pH - 8.1 8.1 8.0 8.1 8.1 8.1
DO mg/L | 4.03 3.88 3.69 4.44 5.20 3.72
¥7 AR | mS/cm 6 6 6 5 6 5
@R ppt 3.6 3.6 3.6 2.8 2.8 2.9
ORP mv 147 145 150 139 135 140
%% a| mgm® | 4438 50.7 39.6 33.6 25.7 35.7
SS mg/L 40 36 28 49 39 42
BODs | mg/L 7.3 6.6 7.4 5.7 5.9 6.0

COD mg/L 63.2 95.2 74.4 68.0 58.4 55.2

NH3;-N | mgN/L | 1.29 1.17 1.24 1.41 1.37 1.39

NO2-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | 0.01

NOs-N | mgN/L | 2.02 1.98 2.11 2.25 2.31 2.31

TKN mgN/L | 13.23 | 23.13 | 36.75 | 38.32 | 28.50 | 38.08

POs-P | mgP/L | 5.30 2.53 3.63 6.18 5.84 5.99

TP mgP/L | 5.66 6.37 6.04 6.04 5.74 5.26
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M4 3 2012# 127 19 p Rl %

e

T® S 5L e iR B

. H o A oA MDL
1 2 3 4 5 6
4% T 21.8 21.6 21.8 22.0 21.7 22.0
pH - 8.4 8.4 8.3 8.3 8.3 8.4
DO mg/L | 4.02 4.13 3.85 4.27 4.27 3.94
TR | mS/em 7 7 6 5 5 5
R ppt 3.7 3.7 3.7 2.8 2.8 2.8
ORP mv 157 158 157 148 147 151
£%%a| mgm' | 584 39.6 40.3 19.3 29.4 51.7
SS mg/L 72 53 48 48 52 56
BODs | mg/L 8.7 9.0 8.9 9.4 11.0 11.1
COD mg/L | 66.4 58.4 50.4 | 140.0 | 93.6 76.0
NH;-N | mgN/L | 1.98 1.83 1.80 1.76 1.27 1.73
NO>-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | 0.01
NO;-N | mgN/L | 1.60 1.62 1.59 1.35 1.27 1.26
TKN | mgN/L | 10.00 | 11.64 | 24.75 | 10.89 | 5.67 | 10.33
POs-P | mgP/L | 3.50 3.47 431 6.44 5.84 7.17
TP mgP/L | 2.39 2.99 2.37 291 2.99 2.75
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& 4 2013 & 1% 7P HplES

o

T S 5L e iR E

5B H o A oA MDL
1 2 3 4 5 6
4% T 20.1 19.8 20.1 20.0 19.9 20.0
pH - 8.3 8.3 8.3 8.2 8.2 8.2
DO mg/L | 4.75 4.02 3.89 3.92 3.84 3.81
TR | mS/em 7 7 7 5 6 6
R ppt 3.7 3.7 3.8 2.9 2.9 2.9
ORP mv 173 167 180 183 176 169
E%%a| mgm’ | 64.6 27.0 30.9 18.5 19.2 13.6
SS mg/L 43 47 39 31 34 29
BODs | mg/L | 129 13.1 11.4 11.9 11.7 11.6
COD mg/L | 80.8 64.8 77.6 68.0 76.0 92.0
NH;-N | mgN/L | 1.16 1.07 0.99 1.05 1.27 1.15
NO>-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | 0.01
NO;-N | mgN/L | 1.07 1.11 1.37 0.77 0.76 0.76
TKN | mgN/L | 26.69 | 31.53 | 16.00 | 20.80 | 15.35 | 29.16
POs-P | mgP/L | 4.64 4.40 426 | 11.17 | 7.65 8.94
TP mgP/L | 5.56 4.89 380 | 4.87 4.75 5.36
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Mth S 2013# 17 9 p thiplss

o

T S 5L e iR E

5B H o A oA MDL
1 2 3 4 5 6
4% T 19.7 19.7 19.4 19.2 19.3 19.3
pH - 8.1 8.2 8.2 8.2 8.1 8.2
DO mg/L | 3.94 3.63 3.79 3.66 3.74 3.55
TR | mS/em 7 7 7 6 6 5
R ppt 3.7 3.8 3.9 2.9 2.9 2.9
ORP mv 193 187 180 177 176 176
%% a| mgm’ | 38.1 23.9 16.1 41.0 21.2 61.8
SS mg/L 41 43 47 29 33 27
BODs | mg/L | 11.8 12.4 10.4 11.4 13.0 11.6
COD mg/L | 52.0 | 1304 | 85.6 76.0 | 212.0 | 1208
NH;-N | mgN/L | 1.08 1.13 1.24 1.25 1.28 1.25
NO>-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | 0.01
NO;-N | mgN/L | 1.38 1.60 1.15 0.75 0.73 0.73
TKN | mgN/L | 1937 | 8.88 | 1507 | 17.99 | 14.69 | 34.05
POs-P | mgP/L | 4.23 3.31 3.75 6.54 5.97 8.38
TP mgP/L | 4.02 4.07 451 3.18 4.27 3.58
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& 6 2013 & 2% 4 p iplESE

S 5L e R B

ﬁ’? ' < Ik dn | | VP
A | R
1 2 3 4 5 6 7 8 9
kB C 232 | 23.1 | 232 | 231 | 229 | 229 - - 25.2
pH - 7.9 8.0 8.0 8.1 8.0 8.0 - - 7.6
DO mg/L | 4.16 | 346 | 3.73 | 3.61 | 3.84 | 3.72 - - 2.2
TR | mS/em 7 7 7 6 6 6 - - 10
R ppt 3.9 3.9 4.0 3.0 3.0 3.0 - - 55
ORP mv 194 181 192 188 191 183 - - 188
¥%%a| mgm® | 133 6.5 8.4 108 | 43 7.1 9.2 7.5 8.1
SS mg/L 57 43 54 50 36 56 52 43 12
BODs | mg/L | 6.9 129 | 74 6.8 8.6 6.0 8.6 7.5 1.0
COD | mg/L | 148.0 | 108.0 | 76.0 | 104.8 | 106.4 | 109.0 | 109.0 | 100.0 | 79.2
NH;-N | mgN/L | 244 | 501 | 252 | 3.19 | 191 | 1.19 | 2.62 | 1.77 | 2.60
NO>-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | 0.01
NO;-N | mgN/L | 092 | 002 | 091 | 1.07 | 1.02 | 1.06 | 091 | 0.12 | <0.01 | 0.01
TKN | mgN/L | 1246 | 16.66 | 9.33 | 933 | 7.70 | 11.50 | 14.99 | 9.58 | 13.36
POs-P | mgP/L | 471 | 0.07 | 431 | 749 | 727 | 672 | 483 | 7.16 | <0.01 | 0.01
TP mgP/L | 568 | 445 | 586 | 6.02 | 6.11 | 598 | 6.00 | 546 | 0.69
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ﬁ’? ' < Ik dn | | VP
A | R
1 2 3 4 5 6 7 8 9
kB C 23.6 | 234 | 235 | 234 | 233 | 234 - - 25.0
pH - 7.9 8.0 7.9 8.1 8.1 8.1 - - 7.5
DO mg/L | 3.74 | 3.89 | 3.69 | 3.61 | 389 | 3.73 - - 2.5
TR | mS/em 7 7 7 6 6 6 - - 10
R ppt 3.9 3.9 4.1 3.0 3.0 3.0 - - 5.4
ORP mv 183 174 170 163 165 170 - - 182
E%%a| mgm’ | 11.7 | 11.0 | 146 | 11.3 | 15.1 9.0 13.6 | 20.1 2.6
SS mg/L 40 44 50 47 39 44 51 47 9
BODs | mg/L | 8.1 7.8 7.0 6.9 5.9 6.9 7.9 6.9 1.0
COD | mg/L | 1032 | 856 | 72.8 | 1304 | 66.4 | 952 | 856 | 1144 | 20.0
NH;-N | mgN/L | 1.82 | 345 | 3.18 | 1.85 | 1.75 | 150 | 3.14 | 1.89 | 3.97
NO>-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | 0.01
NO;-N | mgN/L | 1.21 | 1.07 | 097 | 1.12 | 1.04 | 1.14 | 1.04 | 1.10 | <0.01 | 0.01
TKN | mgN/L | 24.06 | 17.92 | 1555 | 9.74 | 843 | 10.99 | 13.17 | 11.39 | 20.54
POs-P | mgP/L | 457 | 468 | 407 | 753 | 737 | 759 | 473 | 7.01 | <0.01 | 0.01
TP mgP/L | 744 | 463 | 5.82 | 546 | 673 | 5.66 | 7.72 | 538 | 0.72
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A | R

1 2 3 4 5 6 7 8 9
kB C 253 | 248 | 25.0 | 255 | 251 | 26.0 - - -
pH - 8.2 8.3 8.4 8.3 8.3 8.5 - - -
DO mg/L | 4.04 | 4.04 | 434 | 344 | 4.14 | 427 - - -
TR | mS/em 8 8 8 6 6 6 - - -
R ppt 4.2 42 4.2 3.1 3.1 3.1 - - -
ORP mv 164 163 169 164 161 157 - - -
E%%a|mgm’| 138 | 17.1 | 223 | 143 | 183 | 239 | 21.1 | 166 -
SS mg/L 53 72 63 53 42 56 51 55 -
BODs | mg/L | 156 | 150 | 169 | 145 | 179 | 122 | 17.6 | 182 -
COD | mg/L | 132.0 | 116.0 | 156.0 | 125.6 | 152.8 | 173.6 | 106.4 | 116.0 -
NH;-N | mgN/L | 225 | 357 | 288 | 1.86 | 1.50 | 1.30 | 2.06 | 1.97 -

NO>-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 - 0.01
NO;-N | mgN/L | 144 | 146 | 146 | 090 | 1.00 | 090 | 145 | 091 -
TKN | mgN/L | 8.65 | 10.40 | 14.73 | 18.64 | 16.58 | 12.98 | 12.84 | 13.30 -
POs-P | mgP/L | 453 | 442 | 446 | 7.69 | 7.56 | 733 | 436 | 7.56 -
TP mgP/L | 469 | 636 | 659 | 6.87 | 552 | 7.60 | 6.79 | 6.75 -
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R | A

1 2 3 4 5 6 7 8 9
28] T 241 | 238 | 23.6 | 235 | 234 | 23.8 - - -
pH - 8.3 8.3 8.3 8.3 8.3 8.4 - - -
DO mg/L | 439 | 413 | 399 | 3.74 | 3.69 | 4.18 - - -
TR | mS/em 8 8 8 6 6 6 - - -
@A ppt 4.2 4.2 4.2 3.2 3.1 3.1 - - -
ORP mv 196 177 185 177 170 165 - - -
F£%%a|mgm® | 412 | 695 | 967 | 439 | 388 | 61.5 | 62.1 | 393 -
SS mg/L 47 53 43 36 39 41 36 31 -
BODs | mg/L | 156 | 150 | 169 | 145 | 179 | 122 176 182| -
COD mg/L | 140.0 | 1232 | 124.8 | 128.0 | 136.0 | 1344 | 177.6| 1552| -
NH3-N | mgN/L | 1.85 | 296 | 2.76 | 1.63 | 1.88 | 1.64 | 2.69 | 2.04 -

NO»-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 - 0.01
NOs-N | mgN/L | 383 | 6.06 | 563 | 551 | 432 | 3.66 | 6.16 | 7.17 -
TKN | mgN/L | 21.58 | 18.36 | 18.04 | 15.22 | 20.65 | 16.90 | 17.06 | 15.29 -
POs-P | mgP/L | 296 | 3.04 | 326 | 591 | 655 | 6.13 | 3.09 | 589 -
TP mgP/L | 649 | 625 | 540 | 584 | 641 | 6.11 | 548 | 7.34 -
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R | A

1 2 3 4 5 6 7 8 9
28] T 241 | 238 | 23.6 | 235 | 234 | 23.8 - - -
pH - 8.2 8.2 8.2 8.1 8.2 8.1 - - -
DO mg/L | 451 | 438 | 432 | 433 | 397 | 4.09 - - -
TR | mS/em 8 8 8 6 6 6 - - -
@A ppt 4.2 4.2 4.2 3.2 3.2 3.2 - - -
ORP mv 173 164 171 169 160 164 - - -
£%%a| mgm® | 443 | 51.6 | 52.1 | 502 | 502 | 503 | 703 | 53.6 -
SS mg/L 40 51 50 37 39 49 51 58 -
BODs | mg/L | 104 | 119 | 167 | 142 | 254 | 11.7 | 11.7 | 121 -
COD mg/L | 193.6 | 140.8 | 134.4 | 1424 | 156.8 | 192.0 | 136.0 | 134.4 -
NH3-N | mgN/L | 193 | 127 | 1.72 | 1.70 | 2.19 | 1.87 | 1.96 | 2.26 -

NO»-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 - 0.01
NOs-N | mgN/L | 423 | 453 | 433 | 553 | 5.61 | 535 | 4.18 | 552 -
TKN | mgN/L | 11.58 | 21.57 | 17.60 | 16.41 | 18.24 | 15.55 | 19.00 | 10.69 -
POs-P | mgP/L | 471 | 467 | 452 | 6.66 | 691 | 647 | 464 | 6.79 -
TP mgP/L | 611 | 632 | 596 | 6.02 | 585 | 6.15 | 6.02 | 6.51 -

TS g/L <5 <5 <5 <5 <5 <5 <5 <5 - 5
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TS 5L e R B

ﬁ’? ' < Ik dn | | VP
A | R
1 2 3 4 5 6 7 8 9
kB C 228 | 22.8 | 227 | 227 | 229 | 227 - - 24.8
pH - 8.2 8.3 8.3 8.2 8.1 8.1 - - 7.5
DO mg/L | 439 | 432 | 437 | 418 | 4.04 | 4.6l - - 1.5
TR | mS/em 8 8 8 6 6 6 - - 9
R ppt 43 4.3 4.3 3.2 3.2 3.1 - - 53
ORP mv 202 196 | 203 | 226 | 223 214 - - 215
F¥%% a| mgm® | 1357 | 1062 | 1272 | 962 | 1364 | 90.5 | 1159 | 101.7 | 5.1
SS mg/L 40 39 47 41 40 32 51 42 14
BODs | mg/L | 16.1 | 152 | 140 | 180 | 155 | 182 | 20.1 | 18.1 0.9
COD | mg/L | 146.4 | 88.0 | 148.0 | 152.8 | 138.4 | 130.4 | 196.0 | 127.2 | 37.6
NH;-N | mgN/L | 1.89 | 269 | 184 | 143 | 1.86 | 1.07 | 1.75 | 226 | 1.76
NO>-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 |<0.01 [<0.01 | 0.01
NO;-N | mgN/L | 0.76 | 0.67 | 072 | 0.83 | 0.82 | 085 | 0.74 | 0.85 |<0.01
TKN | mgN/L | 13.58 | 28.13 | 20.75 | 15.76 | 9.54 | 11.57 | 16.47 | 13.59 | 18.81
POs-P | mgP/L | 5.09 | 491 | 483 | 798 | 824 | 796 | 5.16 | 834 [<0.01 | 0.01
TP mgP/L | 567 | 585 | 6.12 | 564 | 623 | 6.13 | 598 | 6.08 | 0.77
TS g/L <5 <5 <5 <5 <5 <5 <5 <5 <5 5
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ﬁ? ¥ = < A5 0 &ri;,z &ri},z T NiD
R | R

1 2 3 4 5 6 7 8 9
4811 C 252 | 25.1 | 252 | 251 | 25.1 | 25.1 - - -
pH - 7.9 8.0 7.9 8.0 8.0 8.0 - - -
DO mg/L | 3.76 | 3.77 | 341 | 409 | 3.74 | 3.88 - - -
TR | mS/em 8 8 8 6 6 6 - - -
@R ppt 4.4 4.4 4.4 3.3 3.3 3.3 - - -
ORP mv 218 212 210 205 206 211 - - -
F£%%a|mgm® | 314 | 59.8 | 376 | 31.8 | 619 | 53.5 | 554 | 405 -
SS mg/L 45 42 49 35 38 41 50 44 -
BODs | mg/L | 104 | 10.0 | 112 | 163 | 148 | 132 | 11.8 | 21.5 -
COD mg/L | 81.6 | 88.0 | 80.0 | 2240 | 97.6 | 120.0 | 68.8 | 65.6 -
NH3-N | mgN/L | 2.07 | 338 | 279 | 228 | 2.09 | 1.78 | 2.46 | 2.78 -

NO>-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 - 0.01
NOs-N |mgN/L | 0.61 | 071 | 0.63 | 092 | 1.06 | 099 | 0.64 | 0.93 -
TKN | mgN/L | 21.57 | 17.88 | 1621 | 9.65 | 13.63 | 8.19 | 14.56 | 15.24 -
POs-P | mgP/L | 1.79 | 186 | 1.70 | 2.60 | 2.64 | 253 | 1.70 | 2.71 -
TP mgP/L | 624 | 588 | 583 | 587 | 6.13 | 594 | 6.15 | 5.28 -

TS g/L <5 <5 <5 <5 <5 <5 <5 <5 - 5
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R | A

1 2 3 4 5 6 7 8 9
28] T 268 | 270 | 268 | 27.1 | 27.1 | 27.0 - - -
pH - 8.0 8.0 8.0 8.1 8.0 8.0 - - -
DO mg/L | 394 | 401 | 423 | 4.09 | 4.11 | 3.91 - - -
TR | mS/em 8 8 8 6 6 6 - - -
@A ppt 4.4 4.4 4.4 33 33 33 - - -
ORP mv 218 212 | 210 | 205 206 211 - - -
F£%%a|mgm® | 314 | 59.8 | 376 | 31.8 | 619 | 53.5 | 554 | 405 -
SS mg/L 45 42 49 35 38 41 50 44 -
BODs | mg/L | 104 | 10.0 | 112 | 163 | 148 | 132 | 11.8 | 21.5 -
COD mg/L | 81.6 | 88.0 | 80.0 | 224.0 | 97.6 | 120.0 | 688 | 65.6 -
NH3-N | mgN/L | 2.07 | 338 | 279 | 228 | 2.09 | 1.78 | 246 | 2.78 -

NO»-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 - 0.01
NOs-N | mgN/L | 061 | 071 | 063 | 092 | 1.06 | 0.99 | 0.64 | 0.93 -
TKN | mgN/L | 21.57 | 17.88 | 1621 | 9.65 | 13.63 | 8.19 | 14.56 | 15.24 -
POs-P | mgP/L | 1.79 | 186 | 1.70 | 2.60 | 2.64 | 253 | 1.70 | 2.71 -
TP mgP/L | 624 | 5.88 | 583 | 587 | 6.13 | 594 | 6.15 | 5.28 -

TS g/L <5 <5 <5 <5 <5 <5 <5 <5 - 5

31




it 14

2013 # 7% 8 piwiplE%

TS5 e R B

ﬁ’? ' < Ik dn | | VP
R | A
! > | 3 | 4 [ s 6 | 7 | 8 | o9
KE | C | 336 | 354 | 354 | 350 | 359 | 360 | - T 347
pH ~ |84 | 85 | 86 | 84 | 84 | 85 | - - e
DO | mgl | 404 | 404 | 434 | 344 | 414 | 427 | - RN
$TA |mSem| 15 | 14 | 14 | 1 | 1 | 1 | - BT
ax | ppt | 87 | 87 | 87 | 62 | 62 | 62 | - =60
ORP | mv | 118 | 122 | 121 | 138 | 134 | 133 | - ~ s
%% a| mgm' | 500 | 518 | 545 | 223 | 194 | 211 | 50.1 | 234 | 56
SS | mgL | 39 | 45 | 50 | 41 | 45 | 46 | 45 | 40 | 8
BODs | mgL | 135 | 142 | 138 | 135 | 138 | 137 | 140 | 142 | 80
COD | mgL | 1504 | 1328 | 1040 | 768 | 768 | 1072 | 136.0 | 73.6 | 320
NH:-N | mgN/L | 866 | 3.70 | 707 | 6.10 | 437 | 418 | 406 | 035 | 7.29
NO:-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | 0.01
NOs-N | mgN/L | 0.1 | 011 | 012 | 028 | 029 | 028 | 0.12 | 029 | <0.01 | 0.01
TKN | mgN/L | 73.19| 3465 25.16| 39.91| 52.75| 9.96| 28.09| 31.10| 4225
PO,P | mgP/L | 092 | 090 | 091 | 091 | 091 | 1.02 | 0.81 | 092 | <0.01 | 0.01
TP | mgP/L | 3.94 | 392 | 408 | 458 | 536 | 467 | 3.94 | 465 | 1.77
TS | gL | <5 | <5 | <5 | <5 | <5 | <5 | <5 | <5 | <5 | 5
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ﬁ’? ' < Ik dn | | VP
R | A
! > | 3 | 4 [ s 6 | 7 | 8 | o9
k® | C | 298 | 303 | 300 | 298 | 301 | 300 | - =290
pH ~ 79 [0 | 81 | 81 | 82 | 81 | - Y
DO | mgL | 435 | 3.53 | 394 | 411 | 414 | 406 | - Y
$%A |mSem| 12 | 12 | 12 | 10 | 10 | 10 | - BT
ax | ppt | 73 | 73 | 73 | 57 | 57 | 57 | - -] s
ORP | mv | 183 | 178 | 170 | 148 | 146 | 147 | - ~ 206
%% a| mgm' | 116 | 285 | 203 | 21.1 | 212 | 218 | 99 | 268 | 37
SS | mgL | 33 | 38 | 40 | 39 | 38 | s0 | 45 | 41 | 19
BODs | mgL | 123 | 124 | 128 | 120 | 125 | 128 | 123 | 125 | 7.3
COD | mgL | 132.6 | 117.5 | 980 | 842 | 752 | 1013 | 1265 | 854 | 35.0
NH:-N | mgN/L | 1376 | 1220 | 1033 | 3.72 | 4.56 | 452 | 2.89 | 0.09 | 1.57
NO:-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | 0.01
NOsN | mgN/L | 0.15 | 0.16 | 0.16 | 029 | 031 | 031 | 0.16 | 030 | <0.01 | 0.01
TKN | mgN/L | 70.76 | 3427 | 32.81 | 430 | 45.15 | 32.51 | 61.12 | 30.57 | 5.94
PO,P | mgP/L | 091 | 101 | 1.05 | 091 | 081 | 091 | 1.05 | 091 | <0.01 | 0.01
TP | mgP/L | 465 | 552 | 595 | 499 | 6.54 | 679 | 5.15 | 437 | 1.85
TS | gL | <5 | <5 | <5 | <5 | <5 | <5 | <5 | <5 | <5 | 5
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T’ S 5L e R B

ﬁ’? ' < Ik dn | | VP
R | A
! > | 3 | 4 [ s 6 | 7 | 8 | o9
kE | C | 302 | 299 | 300 | 303 | 306 | 305 | - = 296
pH ~ [ sr [ s | 81 | 83 | 83 | 83 | - Y
DO | mgl | 3.54 | 347 | 420 | 449 | 3.67 | 3.66 | - Y.
$%A |mSem| 12 | 12 | 12 | 10 | 10 | 10 | - BT
@ax | ppt | 70 | 70 | 70 | 58 | 58 | 58 | - -] s
ORP | mv | 178 | 175 | 170 | 164 | 156 | 154 | - =12
%% a| mgm' | 340 | 278 | 276 | 254 | 238 | 259 | 235 | 206 | 12
SS | mgL | 50 | s1 | 48 | 45 | 40 | 41 | 43 | 44 | 10
BODs | mgL | 161 | 151 | 155 | 159 | 170 | 157 | 157 | 159 | 11.0
COD | mgL | 1440 | 800 | 88.0 | 1488 | 928 | 1152 | 153.6 | 112.0 | 41.6
NH:-N |mgN/L | 1.84 | 1.64 | 378 | 633 | LIl | 565 | 2.03 | <0.01 | 7.45 | 0.01
NO:-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | 0.01
NOsN | mgN/L | 0.14 | 0.3 | 013 | 028 | 027 | 028 | 0.14 | 027 | <0.01 | 0.01
TKN | mgN/L | 344 | 3550 | 22.10 | 1201 | 33.01 | 5.66 | 2004 | 3.72 | 28.54
PO,P | mgP/L | 091 | 105 | 091 | 1.05 | 105 | 1.08 | 091 | 101 | <0.01 | 0.01
TP | mgP/L | 578 | 645 | 5.16 | 579 | 6.75 | 533 | 548 | 452 | 1.5
TS | gL | <5 | <5 | <5 | <5 | <5 | <5 | <5 | <5 | <5 | 5

34




w17

2013 &# 77 29 p Hipl B %

T’ S 5L e R B

ﬁ’? ' < Ik dn | | VP
R | A

! > | 3 | 4 [ s 6 | 7 | 8 | o9
kE | C | 329 | 337 | 332 | 326 | 330 | 330 | - =310
pH ~ 8o | s1 | 81 | 83 | 83 | 83 | - Y
DO | mgL | 428 | 3.67 | 401 | 435 | 421 | 397 | - Y
$%A |mSem| 12 | 12 | 12 | 10 | 10 | 10 | - BT
ax | ppt | 70 | 69 | 70 | 59 | 60 | 59 | - -~ | s
ORP | mv | 177 | 165 | 168 | 163 | 170 | 171 | - ~ 163
%% a| mgm' | 373 | 379 | 337 | 213 | 185 | 128 | 296 | 214 | 13
SS | mgL | 40 | 41 | 45 | 40 | 39 | 48 | 45 | 39 | 9
BODs | mgL | 153 | 158 | 160 | 143 | 155 | 154 | 155 | 153 | 86
COD | mgL | 139.0 | 92.0 | 1010 | 1532 | 89.8 | 113.8 | 1493 | 1094 | 36.5
NH:-N | mgN/L | 1161 | 1321 | 805 | 1031 | 10.80 | 501 | 810 | 0.69 | 8.08 | 0.01
NO:-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | 0.01
NOsN | mgN/L | 012 | 0.2 | 011 | 027 | 027 | 033 | 012 | 042 | <0.01 | 0.01
TKN | mgN/L | 22.80 | 8020 | 5.67 | 3028 | 48.92 | 99.07 | 32.52 | 30.41 | 4.12
PO,P | mgP/L | 090 | 091 | 087 | 1.00 | 103 | 1.01 | 0.89 | 105 | <0.01 | 0.01
TP | mgP/L | 6.85 | 596 | 578 | 486 | 5.13 | 615 | 525 | 565 | 146
TS | gL | <5 | <5 | <5 | <5 | <5 | <5 | <5 | <5 | <5 | 5

35




& 18 2013 # 8 % 5 pHRiRlES

TS5 e R B

ﬁ? ¥ < A5 B &ri;,z &ri},z T NiD
P = P =

1 2 3 4 5 6 7 8 9
28] T 325 | 321 | 319 | 325 | 324 | 325 - - -
pH - 8.0 8.0 8.0 8.1 8.1 8.1 - - -
DO mg/L | 409 | 3.64 | 3.83 | 342 | 3.68 | 4.01 - - -
HE AR |mSem | 12 12 12 11 11 11 - - -
@A ppt 7.0 7.0 7.0 6.1 6.1 6.1 - - -
ORP mv 100 108 107 101 104 104 - - -
E%%a| mgm® | 252 | 281 | 212 | 149 | 209 | 13.1 | 241 | 106 -
SS mg/L 36 39 45 42 42 43 39 50 -
BODs | mg/L | 36.0 | 39.0 | 450 | 42.0 | 420 | 430 | 39.0 | 50.0 -
COD mg/L | 96.0 | 1184 | 104.0 | 100.8 | 92.8 | 156.8 | 116.8 | 97.6 -
NH3-N | mgN/L | 488 | 2.76 | 7.38 | 1242 | 275 | 1228 | 1.22 | 2.29 -

NO»-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 - 0.01
NOs-N |mgN/L | 164 | 1.64 | 157 | 1.69 | 1.78 | 1.72 | 137 | 1.75 -
TKN | mgN/L | 564 | 328 | 21.16 | 2740 | 3.84 | 2798 | 131 | 5.07 -
POs-P | mgP/L | 1.15 | 121 | 1.13 | 1.09 | 1.08 | 1.10 | 093 | 1.03 -
TP mgP/L | 4.16 | 4.67 | 458 | 425 | 498 | 434 | 456 | 4.27 -

TS g/L <5 <5 <5 <5 <5 <5 <5 <5 - 5
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T’ S 5L e R B

ﬁ’? ' < Ik dn | | VP
R | A
! > | 3 | 4 [ s 6 | 7 | 8 | o9
kg | C | 309 | 309 | 302 | 314 | 312 | 310 | - = 2909
pH 78 [ 78 | 80 | 81 | 81 | 80 | - Y
DO | mgL | 349 | 3.68 | 401 | 338 | 342 | 342 | - ~ ] 20
$TA |mSem| 12 | U | 12 | 11 | 11 | 10 | - BT
ax | ppt | 68 | 68 | 67 | 62 | 63 | 63 | - Y
ORP | mv | 202 | 191 | 192 | 183 | 190 | 189 | - BENINTY
%% a| mgm' | 187 | 149 | 212 | 110 | 96 | 62 | 133 | 131 | 05
SS | mgL | 47 | 44 | 41 | 48 | 49 | 39 | 44 | 46 | 13
BODs | mgL | 156 | 162 | 164 | 166 | 168 | 167 | 165 | 166 | 12.3
COD | mgL | 1360 | 980 | 1050 | 92.0 | 840 | 123.0 | 1372 | 941 | 392
NH:-N | mgNL | 356| 2.15| 941| 7.56| 1025] 1417| 11.51] 7.10| 242
NO:-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | 0.01
NOsN | mgN/L | 0.13 | 0.2 | 012 | 085 | 0.90 | 0.86 | 0.13 | 0.89 | <0.01 | 0.01
TKN | mgN/L | 432 | 261 | 12.51 | 1451 | 1322 | 814 | 1617 | 7.62 | 3.12
PO,P | mgP/L | 123 | 125 | 120 | 1.01 | 098 | 1.00 | 125 | 107 | <001 | 001
TP | mgP/L | 577 | 687 | 640 | 586 | 490 | 487 | 6.14 | 577 | 2.29
TS | gL | <5 | <5 | <5 | <5 | <5 | <5 | <5 | <5 | <5 | 5
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T’ S 5L e R B

ﬁ’? ' < Ik dn | | VP
R | RE

1 2 3 4 5 6 7 8 9
28] T 31.8 | 31.5 | 31.5 | 32.0 | 32.0 | 32.1 - - -
pH - 7.9 7.9 7.9 7.9 7.9 7.9 - - -
DO mg/L | 399 | 4.03 | 3.76 | 3.61 | 3.69 | 3.34 - - -
HE AR |mSem | 12 12 12 12 12 12 - - -
R ppt 6.8 6.8 6.8 6.3 6.3 6.3 - - -
ORP mv 147 152 148 139 140 139 - - -
F¥%%a|mgm®| 200 | 157 | 157 | 154 | 164 | 147 - - -
SS mg/L 46 45 48 48 42 41 39 46 -
BODs | mg/L | 161 | 156 | 163 | 153 | 165 | 155 | 159 | 16.1 -
COD | mg/L | 1254 | 108.5 | 1082 | 125.6 | 102.4 | 114.5 | 124.0 | 98.1 -
NH;-N | mgN/L | 556| 4.15| 955| 9.12| 1123| 9.12| 1256| 2.16| -

NO>-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 - 0.01
NO;-N | mgN/L | 0.10 | 0.11 | 0.12 | 0.32 | 033 | 033 | 0.11 | 0.33 -
TKN | mgN/L| 6.16 | 452 | 1025 | 13.55 | 11.95 | 7.61 | 1291 | 6.15 -
POs-P | mgP/L | 1.13 | 1.15 | 1.16 | 1.05 | 099 | 1.02 | 1.11 | 1.05 -
TP mgP/L | 645 | 6.16 | 5.69 | 471 | 482 | 527 | 572 | 539 -

TS g/L <5 <5 <5 <5 <5 <5 <5 <5 - 5
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A 21

2013 # 8 7 26 p Hipl %%

T’ S 5L e R B

ﬁ’? ' < Ik dn | | VP
R | RE

1 2 3 4 5 6 7 8 9
28] T 308 | 304 | 304 | 305 | 304 | 30.1 - - -
pH - 7.7 7.8 7.8 7.8 7.9 7.9 - - -
DO mg/L | 633 | 5.60 | 3.60 | 479 | 462 | 4.44 - - -
HEAR | mSem | 11 11 11 10 10 10 - - -
R ppt 6.2 6.1 6.1 5.7 5.7 5.7 - - -
ORP mv 141 145 150 152 151 155 - - -
F¥%%a|mgm’| 291 | 258 | 258 | 125 | 13.1 | 11.6 - - -
SS mg/L 44 47 49 43 41 42 48 39 -
BODs | mg/L | 150 | 154 | 156 | 149 | 146 | 150 | 153 | 144 -
COD | mg/L | 1352 | 1152 | 103.0 | 136.0 | 93.0 | 125.0 | 128.0 | 95.2 -
NH;-N | mgN/L | 456| 448| 648| 814| 9.15| 7.53| 1017 | 124| -

NO>-N | mgN/L | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 - 0.01
NO;-N | mgN/L | 0.15 | 0.15 | 0.15 | 0.28 | 030 | 031 | 0.15 | 0.31 -
TKN | mgN/L | 5.15 | 511 | 11.98 | 10.94 | 9.95 | 1295 | 1595 | 9.17 -
POs-P | mgP/L | 124 | 126 | 124 | 1.14 | 1.17 | 120 | 125 | 1.19 -
TP mgP/L | 635 | 628 | 549 | 460 | 497 | 565 | 5.15 | 548 -

TS g/L <5 <5 <5 <5 <5 <5 <5 <5 - 5
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