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EXPERIMENTAL STUDY ON THE ACTIVITY
DYNAMICS OF ROTIFERS AND THEIR OXIDATIVE
INACTIVATION IN WATER TREATMENT SYSTEMS

ABSTRACT

In water treatment systems, the presence of rotifers and other
invertebrates may pose a series of potential risks, which could adversely
affect water quality safety and the stability of the treatment processes.
Excessively high abundance of invertebrates in water treatment plants may
increase the operational burden on water treatment processes, impairing
the efficiency of key units such as coagulation and filtration. Furthermore,
invertebrates and their metabolic byproducts may act as precursors for
disinfection byproducts, elevating the risk of harmful substances like
trihalomethanes (THMSs) formation during disinfection, thereby
compromising the chemical safety of treated water. Among invertebrates,
rotifers are the most diverse and abundant group in water treatment systems.
Consequently, understanding the survival dynamics of rotifers and
implementing effective control measures are critical to ensuring water
quality safety in drinking water treatment systems. To investigate the
proliferation patterns of rotifers and their oxidative inactivation efficiency
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in water treatment systems, this study focused on a water treatment plant
in East China. Sampling points were set at the water intake of the plant and
the influent and effluent of the sand filter. A one-year water quality
monitoring and rotifer abundance survey were conducted, along with
species identification. The relationship between rotifer abundance and
environmental factors was analyzed. Additionally, Brachionus angularis,
a common rotifer species in freshwater lakes, was selected as the test
organism to evaluate the inactivation efficacy of chloramine on rotifers and
its influencing factors. Experiments investigated the oxidative inactivation
and removal efficiency of chloramine under varying conditions
(concentration, pH, algal density, turbidity, temperature) and in
combination with coagulation. The antioxidant stress response
mechanisms of rotifers against oxidative damage were also analyzed,
aiming to provide theoretical and practical insights for effective rotifer
control in drinking water systems. The main findings are as follows:

(1) Throughout the year, rotifer abundance in the water treatment
plant demonstrated seasonal variation with higher levels in spring/summer
and lower levels in autumn/winter. The annual average rotifer density in
plant influent reached 54.83 %107 ind./m?, with 34 rotifer species identified.
Dominant species Keratella and Brachionus collectively accounted for
over 45% of total abundance. Following coagulation-sedimentation, rotifer

density decreased to 7.72x10° ind./m?, with Monostyla and Lecane
Vv
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becoming predominant. In sand filter effluent, density further reduced to
1.85x10* ind./m?, dominated by Monostyla. Compared with influent,
conventional treatment achieved approximately 97% reduction in average
rotifer abundance, though residual risks remained.

(2) Environmental parameters including temperature, dissolved
oxygen (DO), permanganate index, chlorophyll-a, and total bacterial count
exhibited significant seasonal variations across sampling points.
Temperature showed a highly significant positive correlation with rotifer
abundance (p<0.01), while DO demonstrated a significant negative
correlation (p<0.05). Total bacterial count in sand filter effluent displayed
significant positive correlation with rotifer abundance (p<0.05).
Redundancy Analysis (RDA) results demonstrated that among various
water quality parameters in the sand filter effluent, total bacterial count and
total nitrogen were the key factors affecting rotifer abundance variation.

(3) The CT value effectively reflected the chloramines-induced
inactivation efficacy on B. angularis. The disinfection kinetics of
chloramines against rotifers exhibited a strong correlation with disinfectant
concentration: the lag phase in inactivation kinetics disappeared with
increasing concentration. Alkaline conditions enhanced chloramines-
mediated B. angularis inactivation, while reducing algae density and
turbidity further contributed to improved inactivation efficiency. Elevated

temperature (30°C) also significantly promoted the inactivation efficacy of
VI
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chloramines on B. angularis.

(4) Chloramine-induced inactivation correlated closely with rotifers'
antioxidant system and oxidative damage levels. Exposure to 0.15 mg/L
chloramine triggered time-dependent increases in malondialdehyde (MDA)
content and superoxide dismutase (SOD) activity, indicating enhanced
antioxidant responses to oxidative stress. Pre-oxidation with chloramine
coupled with coagulation improved rotifer removal efficiency from 16-51%
(coagulation alone) to 43-70%. However, extended sedimentation time
negatively affected removal efficiency.

KEY WORDS: water supply treatment system, rotifer, water quality

parameters, chloramine, oxidative inactivation
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111 SR 5 3 I K IZ D R TR IR FL SR N8l 705 s 5 e, AT A 2] 1 =
SRR O R 5 SR, HRT TR R, A KIS R R s i 2
B 2 LS SRS I T T R A T R B s SR T GERRE A
ARFEFFANE; [RIN B R 4% 5 R0 ST AL 8 X AR e P R B XU s T3 AR
ALK PR R AN, NSRBI, Ao A Gl R, PRItk AT —
WEHTE LE, SHGAE 2 ARG R L R I W25 3100, MR BUREoR,
AENEET 1.0 mg/L I, SUETEEMXS TN 1K T e EHEsh P 8 L R 3 6E
IEF] 90%LA LT, 2.0 mg/L SR A AT A TRt bL PR B A0 ok 2R 3R i v
40%!8) o BE— 2B FE AL, A FH IR EE AT figh IS [ 7 S0 S K s BRI E ZE A R
WITEA REIR N 4 mg/L, CT{HIEH] 150 mg-min/L B, SR 617K 2 9 2844
HAEBR] 90%LL L, HARR CT AT, BOsilR B M B A A I RG24
s Bt Ak I 5] RN, SR ) RS RCR B i, Rk B BE 45 LA I,

13 B et M B R IS

fe L (Rotifera) 2] 2 7040 THIK S 2 RUK AR 3 i) — SR IE R 1
(O B, —BARKAE 100~500 pm 2 [8], FhEE /N MERLI7E 40 pm,
i KIS 4000 pm0, 28K 2 Bk s Ah S 0 AN S Bl B SL [ 25 AL 3T
IR AR Lo e AR — R Skl KT AR = 4t e Bt Sk
BTE R E A SR TR, BASEME B, KT, Bl
BORIAN, — AEER I P BN, IR AL AT AP B KT 32 8T 17 i 4
HIl, A N FSCRL AR A 150 o 8 LA B 8 A iR LR AL, BT AL R e LA AR 48
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MRS RGN L RS, Rk Ah, B B X 3 H A A HES I =4
FERFE: (1) BT BA LB R S8 XK, A B4 U K A
R . (2) fE MBI N EbAAAE g g . (3) HEMt RGN MRS, T
ABAAR T AR PN o X BEARFALEASE e SO AT FEROU AL 45 K 5 Th e ) BB AR A

e HUR AT M JE 5 A PEAR TR A I TR SR AER IR E N, WA IE I A ek
ooy RNHE FEPRGE Y JE, B T SRR (ARFARON), X LEGN 24 /NEF BT
FIFEAL HUB AMA, AR REAE 7 RN T S AR b 30 5 sk Boks
R AR EUARIN g e HOREIE I > 8 AR TR O, R TR ON EEOR B N
PG IRHER, MERA Bt R g0, EE LIRS R, sk, s A B
N 2~3 Ky SEFE I AR ORI N, ARFREBCR, RIS, 58 LA IELU
R, RERSIRMIANFAMAEL AT, SR FIE B, RIRORH O B OV ARR A
W, BEATEMEASE. ke AR HIIN AR Z, BR VR H A B R,
PRI L H AL AN B W A R FE N o e AR SR U AR AR A —
FEFEIE _EREIIA R BOPPRE SR 5, Mmnfde IR AERs O AN RIAST, 43 MEAESEIE ey
IS AN RF AL ZAEIE, SCHUED AL, X YERRES DU R IE S IR mIE AR R
EEC - S U

& IR H AT FURE AR AR B o 1 S EE AU, AR 1R AR TS A K
AR SN K AR S R G RO TR AE B PO R AT, B 70
FA R BB TS R REE W T RBEAT KB B2t U i, KA
b B e R R B REAE ) RARAEOR, e F ANSRIERR, A28 g
FEIRAERE BRI AL, 6 A YA R H R ARME AU H A Ah, RTINS 42
SR AR 2R IEAT AT RE SRS SRR AR 1A AL, BEJE SCWEAT 1 e HUE 2
R A B s AR AR, SRR 1R BN RIS e i) 2 roma B RL, ge Ak, Lil7l
FENWEIC T 9K B AR K A B P (0 A0 SRR AN AE WO SEO, IE R 1 9h
KPR FER BT 98 (BAERE 0O BEIEIE R Zhao R 14 HLdn oy id fik
SRR AR P DD R A BRGK RS e . O T FTIE SR BI85 B /KR
SR R, ARSI L ARVl i G B A U B A RS T ST (L
B0 WF FC A DT Hh e SRR R SRR 52 J5E 93 A1 52 2K s g AT HILBR B RE R, 45
TR REE N s 5 R A 2 T A AR AR R
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S S N e e 2 VAT

R B dL (Brachionus angularis) 2 %6 JUR T MBACER, T2
AT RIR A POKES ARG, TR E SRR, Bt fUESEN S
TR AL RN 800, Ay SR FR e v P i o A R LR O BRORY, A2 B HL
A3, BB NMIGNE, REd AT AR . MRE R R i, B
A ZE Y ARG B 1 H R AR AN (3] (28080, gbdh, T R R A LA AR,
FIARE ST, XS RN BURE R, AR ERIRER A, HilDa2ds
A FUTE R EY) B, fARE R RN 2 iR E N E R, 5
Al. Fe. Mn. Zn. Ni 2IEHRP, RGN RRBA BRIt &)
HE R, B NEE 3,

Kl 1-1 ARERERR

Figure 1-1 Brachionus angularis

1.4 ARATFENX
141 ARENX

2 K AL HE AR GURA S AN X b T8 AR Sh A0k A 51 R R Ko 2 4 ) A2 B v
FERTERT SN, K R G T FMESN MBI AAAE AL 2l KA R 2 m, 1 HLAR
RN 3, EATTAT LA B0 2R SRR T B ARSI, X K 2 ) pl g
R U301 A K i B IR 7K AL HR 2R Gt Hh TR AE S P K A RAOTVERS. B
UESE, SR A B AARE I AR A RF S KRR R o BEAh, SR PRI &
TREEREA RO R MBI LR BRI, B WAL, S AT AR 80%H) = i
HGE I R, & — R EAR A AR T 8 B /KPS UK 1 R 7K AR B 2R SR DK
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BRI KIS LI, B BE AN 2 RS R, Ao S
IKAC PR 2R ST MESI I 7 AL o i AT B 2K SR e ERigg A 1 T i S Ak
FAE I TG IRR D . PRI, X e AT S A KRR TT, A4 JGE R R
S PEE) T PRI 25 B e BOCR RA SR BN S A3 07 1 L S A
BLi, ATLONZ K R Geh e RN Rz fl i B K, JFEI AR ESR AT
AL ES S .

142 HIRAS

(1) DAEARHIXFELS KA ER AT, BRI K R 2K K
IR REEVE AL RS B0 A, M 2023 4E 5 & 2024 4F 4 AFFREAE 12 4
FIRTH I, J TR AT A 5 S VA AR 23 TR TE 4R /K AL B R G b e s A
BN

(2) [y, XK H#EK W9E T2 K R KBRS E0E4T M 12 A~ A
A, AFE: AR, pH A, WA, SR, mERRE. 2. S,
BR MR a MRS, FREAHRIE S AMITTR T (RDA) #RFTK] A
Ak CEH i R ERUK RS R R .

(3) 1% F SR A S e e JUgEAT U KOs, i Ui KOS M R R
o BB R, R CT A pH (H. B, whE . (R4 fU A
PRI R 2 B

(4) BATEASIRORLS, B 7SR ) S R e s A A A i B R
B . BAELY S 1LEE (Superoxide dismutase, SOD ) F 14 Al j§ — %
(Malondialdehyde, MDA) & & ARAAF B, 23 Bre USSR 1 BT AL R
WL o [FIEF, W7 SRR E PR S DL B S TSR TR I FH R A7 SR R sl iy 26
BRASCR, S IR TR FE . B fF  VRIEF S B R T i A R % e 2 ok
R MR o
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1.4.3 FARELZL

| smmummsnys || eokasrpasmoonsl || k) SRRSASHLER
\ Y )
| dokremzsRe |
L
E| Kok | [ wwik | [ pwmk |:
e e e e e e e e e e e e e e e e e e e = = 4
[t |, <> Il
1 |- --=-=-=--=-=-=-=-=-"--=---=-=-=--"= 1
I A s e T
| | 1 ! |
1 1 ! 1
1 1 1 1

| ROABH >  mcEBGSHBHTHER  e— MRS |

L

LK E R G TS SIS

Y E SR,
- S apaion | 4 [ moesrsen | BLH I PACHE
— ¥ P LR 1
F— = = = =g = = e = e = e = e e = e e = ey ——— 1
| emEwkEsR || ALK || eESmERE |
! I
O ] g
| KRR AR RE ) | | EAFA R, SODEE, SRR ST, REES |1
. LR MDA il HRHIES T !

| BRI FRERE# |

L

Z7K A B R G P e B AL K 1

Kl 1-2 BRI 4 &

Figure 1-2 Techology roadmap for research
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BT SWHMBERE

2.1 KB RISLEE

AT FE T AL AT 25 9 20 A 48 o AT TR T AL 22
PRI 2-1, SRR E SRR AR .2 W& 2-2,

5

7R 2 i P A4

K 2-1 SU FEEAT

Table 2-1 The main reagents used in the experiment

7 AR G P /S C
A=k AR/100g REEARFHABRA 7]
WA RN AR/100g By h T kR A BR 2 7]
BRIR S5 AR/100g I 24 B AL 2 R 24
A AR/100g 2 SR P 2 il 2 )
P AR/100g [ 24 e 2l i 245 )
T B R AR/100g [ 24 £ A A At i 24 )
EARZ NI AR/100g [ 2 4 A 2l i 245 )
FHRR B AR/100g I 245 48 A1k 22l i 25 )
A B AR/100g I 2442 B Sk b 2
IR — A AR/100g RS TR AL Tl
AL AR/100g RERHEE R AL 2 A PR A 7]
RSN AR/100g(H R E > 5%) Birr TR A BR A 7
i AR/100g BTz T A PR 2 ]
To/K BERR A — 4 AR/100g PREAI PN AL vl
EDTA —%} AR/100g 2 A R A PR A )
N,N- 23 1,4-2F — JURifR £k AR/100g By T k) A BR 2 ]
RHEEMNE AR/100g Rap s TR PR A A

12
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R 2-2 S AL

Table 2-2 The main experimental instruments

NEEL S iR I
B B E XSP-8CC IR AR AR A A
FRAE TR DSX-280B g R R T R
ey 7 {5 45 2K BT 43 BT A HQ30 WA KT A TAES (i) IR ]
BT R BL610 T [ 28 2 M TR
KRR KRR HH-6 TLI3 8 SR T RIS AT PR 7]
XOCHEL SN W65 66 BE T TU-1901 AL A A PR 5T A A
EENR] TDZ5-WS AN il LR RS
PR B L H1-16KR WA R P A S B AT BR A )
AN AN L AR TR B TT-98-I1I KRR A IR A7
i TES SW-CJ-1F TR 22 A
BRI TR A PGX-350C BB TSR A A
(ST G SMZ168 2 e, B STV A A FR A+

S T i AR DUSEE (Tetradesmus obliquus) FFH PRI, k4 4
T (HB-4) ¥i7ede (3% 2-3) ££ 25+1°ClHIR, ML 14h: 10h BT, ££
FRRET A PR 3R, R T HREOE KA (5~7 d) FTE 4000 r/min R EET 209K
4, O 4°CERAF AT R
% 2-3 KNSR FRMAC T
Table 2-3 HB-4 Formula

A 73530 WJE/(mg/L)
&R NaHCOs 100
KB IR MgSO4-7H,0 80
A KCl 25
TR B (NH4)2804 200
TR & K>HPO, 15
To K E A CaCl, 15
IR IR / 2.5mL

As / 2.5mL

INKZFEAMER (1.5%) FeCls-6H,0 0.75mL

13



RT3

KIS TR MO8 R ER &R g e, DLREIRELRY R (USEPA) FLJ7
(3 2-4) N5, RUEDURESE AME—1HRL, {F 25+1°CIEE N T2
BE IR RPN . SRISTFARTT, R T R U R E TP ANRE (154 20,
25, 30°C). DUNEPERE (0.5, 1.05 2.0. 3.0x10° cellssmL™") FEET iR 7%.

AR, 12 h BFE KA E RS RVE U, & 24 h EIRIEFRROFRR

HRIEY), [FE; 2k IR AL TP B K, ks IR R 20K
7 do
* 2-4 EPA BiL /7
Table 2-4 EPA formula
R paam i W JE/(mg/L)
KR N NaHCO; 96
ZIKATRERES CaS04-2H,0 60
LK B MgS04-7H,0 60
AL KCl 4

2.2 SLWHE
2.2.1 H{IKAIBRGH R HENFERDE

PRI E L AR IX KR /KRR AR S R EXN R . 2K T
2007 FEEFIBAT, KIFEHATE AL, AFE T2 8 H T E SRR B LI
WAL R4t (K 2-1), BIHAEHEMEIE 30 7§ m’/d

PAC

ok —f 2K T8 T L[ e |— ks | &R

T

THEEF

K 2-1 Z5/KALBE R 4t

Figure 2-1 Conventional water treatment system

M 2023 4E 5 H & 2024 4F 4 H, &K AR RGmAFEAE K] HEK . whiE
HEAKFORD I8 H 7K A7 B 43 1) v B R p b AT #6 . H BERFERI 3 MT o B30 5 KL
pH {H. WA ESE, [FR R KEE SR — 8 /KR B 5250 = 5 Al =

14
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R TEA. B B JE. MEER a MAE RS KRS

FEIK T BEKCRAE AR, A8 SO s BERVENE K 1E KK e Sk i K
T 5, B 150 L /KAEEE 20 pm VA DIER, U85 7K FEIRER T 200
mL F M, RN 3% FERE[E 5 ity , 7 [] 9050 55 5 AT 58 HURE T
FEESE o LERDUEIMLHE AR S8 HH /K AN RIR FE A 5 L SRoK &8 A0 20 pm 5042
P i 50 LKA, B i85 7K FRIRCEE T 200 mL 2R 20, IR 3%
(Y FP e ] 7 A i, ] S0 2 5 HEAT S HRURE TR 55 o AN SRR AR B B
WFEMIEIR, H 5 L RAKFEREAKFET 5 L R MR AT 5258 5 K Bl .

e HURE ity (9] SE 06 =i B 48 h, APREHURE A e R VUUR S, KR EISWL RE
100 mL #¢ 5], BENLGEE 1 mL Fi2i BT, 72 S5 T HE T 25 2 M
THE, BRSSO EECPE . RS E S (R ESY
FEN CRAKFEVEEIE YRRV ITIE) A (R E SRR R E) &

KPR IR . pH AH . VAR 2R LS A P (S8 485 SR B 7 W BCR AR I 4
EARE . HARKBRESHOE P SCI8 R 1E 12 h WSS, X JEik it il
KA R 24 ORAF T UKAR TR PRAG I CORAE IS TR)ANER T 48 1) o ZK 5 2 8k il 3% 1 (K
AT 3 W53 CHRVURRO) FriR JE AT ilg, Horb sl 2h 1 B £ 1%
Vv SRR AR A2 ;e TRk 0 T PR B VA ARV AR R B 70 D G BE VR 5 i
R PR BRI AR A2 S YO BRI E - R AR ILEFAN IRGRDE RN E s R
a KHZER P IEIC R (R 90% AT B AEH) W ;s 4 T S AT £ LT A0

2

JE o
2.2.2 SRR

I AT M S8 R UK, RASEIIREE. pH (B, BEEE . WM
Tk P U SR RO e BCR B sg i . BRI T 9

(1) FKRE: WEFEE (NH.CD BRI E )y 0.15. 0.20. 0.25. 0.30
F10.35mg/L, WE pHEAN T, BN 2.0<10°%cells/mL, #hEHN ONTU, 4337
E 15, 20, 25 A1 30°CPYANEE T HH TR . RIGTFARRT, MR 7 d TEEFRIN
BUE PEENLER 100 RARE RS, KHEHE SmL BEgatmd, 2REN

FeR B0 PFICA ) NHoCL I 3 L, FOSFFAATEI . RIIF4A S 10 min i
15



RT3

o R A M40 AR TS 15 DL I D S48 HOAR T8 s RO TR, BB UK
O 100%. 50 HIET S B AN MR BE N SR B4 e 4F B 45 30 H N A5
1S BN, ARG R E 3 AN EE.

(2) pH{E: WE =41 pH1H: WM pH NS, ¥ pH A7, M pH N,
WE NHCLUERIIKE S 025 mg/L, BERE . MU SO BRI &R (1) il
7l

(3) MEHET: WHE 0.5x10° 1.0x10° 2.0x10° Al 3.0x10°cells/mL P4/~ %%
JERRRE, NHoCl VAR E A 0.25 mg/L, JARIG &R (1) dhd[E .

(4) WEE: WHE 0. 5. 10 Ff1 15 NTU DYANPREERAEE, 15, 20, 25 il 30°C
VUSRS, NHLCl IR IE N 0.25 me/L, HAMRI &R (1) AR .

(5) HJE: WHE 15, 20, 25 F1 30°CPUANEEE, NHCLIEWRMIKRE N 0.25
mg/L, HARIG KA (1) A

*® 2-5 AEIFEZEIRE %

Table 2-5 Test conditions of each factor

e A

AL N ‘ S

W /(mg/L) WE/(°C) pHAE ME/(NTU)
/(cells/mL)
W /(mg/L) 0.15~0.35 15~30 7 0 2x10°
IREE/(°C) 0.25 15~30 7 0 2x106
pH 1H 0.25 15~30 5~9 0 2x106
ME/(NTU) 0.25 15~30 7 0~15 2x106
95 ¥ /(cells/mL) 0.25 15~30 7 0 0.5~3x106

18 P FH SRV VR I 1) B A R FE R g = e P FH S (NHCL, K
W EE R B R IR AR IE I Cl: N JELL 4: 1 7E pH v 8 HIVKI
(1°C) FFREATHCH] . RIE TR NN- 236 1,4-28 i 43 ' FE VRO e S
W, M S A2 A R 5 KIS IR B A% Hh 4 HCL AT NaOH 3 70 9 pH;;
A8 Fl w0 £ [ALSiaOn0-(OH)s [ ML RS, BCE 5208 HEWIFRE 10.0 g milk 8y
K, Fe ZREMEHEN 500 mL &4k, B TR DUE 2 #5E 1500 r/min
RRERE 3 /Do BEJEAMIT 1000 mL X & FOKBHTHMBEE SR, HEDE 12h )5
WA ISR it B, a8 BT 75 Jek B A VAR I B A R LR BRI A

16
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2.2.3 |RBIRLE

MTE TS 7% 15 P B HLIEELZ) 30000 H, BT 1 L HEHH, A 0.15
mg/L SUIEIHE, F 8% 20, 40 F1 60 min J5H 25 um FISEM AT EPA 5753475 ¥ 5
STERHE o K USRI % GRS BB ST AR Y, DN TRV I BERRZE M, 7EUK
% (0°C) NAHK Smin J5, MRIFERE 1.5mL BO0EH, T 10000 g. 4°CF &
0> 10 mine WCEE B0 5 I RIEWR 4% R0 & 0 B B VR 2 L SOD & 1% MDA
i, AT R S T AL R E R A R A . e E 3 AN
2, B HARIE R R . 5 AR

(D EARS=EMNE

ZO W IE G-250 YekliE (Bradford 1), ZYRIERRMEM L N 2ARA A,
BRI KAL T 465 nm. YRS EALEE, FRH SRR ST 2
595 nm, IR AR EE € o X R AR I RR T S B SR FE T B, TR,
I 595 nm &b HROGAE BRI AT SEBLER H B &4

(2) SOD I &

FIEDUM: (NBT) G, fEMIBERMET, B ERas AR EE A a
H3E (0:), O G E M ML 5 i 1 F B (formazan). SOD REREIE
B 0., M0 NBT FIE S5 S 87 o e il F A A o, mT DA TR 32 J ik SOD
R

(3) MDA HJl 2

T AR L 22 R (TBA) ¥, MDA 5L EZ 2 (TBA, Thiobarbituric Acid)
FERRMEZAE RN, AR 4Lt TBA-MDA JN&4, ZINEYIAE 532 nm A4
ORI o e e RO, T BAE B MDA & i
224 MEMNEREHKAEBREHIAR

TREANSARIG AT NP8 AT . 2 PAC NIREN, 2 AfEARFKE
JHR P PPk A A TRESRIE I B AT R RN 1 ARG gE R, I A &
AR R R U ERRIUR . BARK T

WE SR N 04 0.10. 0.15. 0.20. 0.25mg/L, FREALKE]N 30 min; it
M1 (100 t/min 1 min. 50 r/min 5 min. 25 r/min 5 min). 2 (200 r/min 1 min.

17
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100 r/min 5 min. 50 r/min 5 min). 3 (300 r/min 1 min. 150 r/min 5 min. 75 r/min
5min). 4 (400 r/min 1 min. 200 r/min 5 min. 100 r/min S min); JR&GT (EER
1bA48, PAC) #ME N 5. 104 15, 20 mg/L; JTIERTE N 304 60+ 90. 120 min.

EZ PR T AN 8 H R RIS RSUR o B BRI RE 251 4. 20 mg/LPAC. JTUE 30
min, WLEAN[FIR BE SR AT G50 I L BRI . 1EFE 0.20 mg/L &%, 20
mg/LPAC. JTIE 30 min, WSS AT 5 AN [FIHHE 26 1R 48 JUR 22 BRAICR
e 0.20 mg/L &%, HEPESAF 4. UG 30 min, WUEREUE AL AT G A [H PAC
B N R LR AOR . EFE 020 me/L &k PEBESM 4. 20 mg/LPAC, M
SR U TN I 5 AS [F) T B 1] T %6 P 25 BR AR

I A S R A U &N 100 A, AR/, BEALPRE, AR
791000 mL. FRHEA [FIRG0 S5 PRk R, AT IREETIE W5, M I iR B
DU FR A R R e S SUARTREB IR, RNV RS RS, tHEoK
PR JZE 100 mL 48 R e ECRE IR i B R BB R AN AR E 3 AN EE

2.3 HEALIE

TEXF 25 /K AL BE 2 G b e A7 TG B AS IR 7 v «
(1) ARRFERPRRFEEHARX 2-D 5,
N=V¢n-1000/(V-V,,) 2-1)
Hoeh: NN 1 m? KA AN S (ind./m®); 7 ONSREEARI(L); Vs MU AR
(mL); Vo NHEUARI(mL); n AR RRe B AMA%L .
(2) RFERFE SR AR BE AR (2-2) A:
Y=m/N)- f; (2-2)
Horbe Y NI ni AE 0 RO EREL AR | FIROHE IR, N A
;o Y>0.02 Mgt dONRH T
(3) R ARAAVESR B T 2R VPR AN KA S ) AR A SR AR AR, o
AT
Ie=c¢/(a+b-c) (2-3)
Horfte ay b NPIMFEARS A IR EEL: o X W RRRE AR oo [ A 4
TEXT 1 I8 R 6 B KT RN B0 ) 2 L

18
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e URE N 1A AR Q-4 T A

&) AGCAR Y
— <CT,,=—3ln(—|+In(—
NO c él cr=c fog kI ! NO ! N c
N N;
—=1 —exp(-k;C Y CT ), <CT<CT 24
Ny N, exp(-k;CT) = lag=C1=C1 (2-4)
N2 1 N2
_Z _ M2, > — =
\NO eXp( kZCTD é CcTr CT]Z k2—k1 ln(NO)

Horbre N RRAAENEG No AVIIRAEIE AN B C NEAMRIREE: T defibins(a);
ki ko X BIONHE— B SRR 1 56 2 MY BLE R INARER In(V/No)~ In(N2/Np)
SRE 1L 5 2 B B AR TE Nl AR s CTag NIBHEHANI B CT {8 CTi2
AR 1 FIER 2 B By FAL X BRI CT B (N/No)e NHIAEAFIT 5o

K F Excel Fl SPSS 26.0 X H#E #4745 5307, v S R AbER A P31
Abr#EZE (Mean + SD), %7K %6 HU=F B 5 7K 5 S HOH AT 7347 . R Origin
2021 FEATLREL, FERRIE [N B) ) R AT B S o b . X RF S IR A
77 EF VRS IR CRUR A1 R R 5e U A JOE SIS 78 ), SR S
R ZE4HT (One-way ANOVA) ML E LA (LSD #40) 5, bbbl 5%f
HRZH TR 1 22 S W M, 1ROE p<0.05 AR %7K 8 Canoco 5 33T KA
N[N S RO 2 B 5 7K B 2 5R] 1 TUAR 30 #
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£ 38 HKLEBRGHRHENFRIS

LKA ARG T, Fe RET SV R — RPTEAEIRE, AT fE
XF 7K 2 s AR T2 G € V= ZE AN o 7K R e B HEsh ) = i v m] g
SR T T Z M4, R BRI e s AR . HI A HESN ) M AR
U0 R BE RO 25 B 0 B T AR, BN i R Hh = o R e ST N
AR, BE TR Y AKOK B S 2 A . B HURK) MR R Z . BUE R OK
M EHESI YIRS . A FIRISEEE N G N2, R, 7K A FE AL
BT A AT REAFAEAN R RN SR IS o AT SC T4 /KA B A 4 b e HUBRE IR S A AL
M KSR AP B SO B =

AT DB E A DCRK ) B FEx 5, WK 2B K e K AR g H 7K
Kb (7K AR GU AT ERAFI B A AT M0 3 A, AR FUZ5 7K AL B 21 4 e TR AT
BN A HEAN T PR 3R

3.1 /IR R G FKEREHNTN

3.1.1 IB{LIEFRD R

B 3-1 K HEK S WO EE AR 38 H 7K KR BRI R A FE A4 . R4 [
BURE VAR SRR B TR AR AR E A R IR SR, T pH
I HE 3 R AR FEAN R o 57K HEK BOAE FESME AR EL, DB E7KORT 7K i v
fREA BT LT, SRR IR IR TR, IR, pH MR SRIEARTE . K K
BT, BAFRGKAETZIMEKELHEZER . 8 H /K S5
N 31.8°C, 12 AWK EARAN 4.4°C. /K] ANFRFE M2 18] pH FlHLG: 38 4 4F AR
EFasE, 0 M4EREE 6.27~8.09. 373~451 uS/cm. AR 7K AN [F SRR A
AR T I, 2K SRR S TR C, RBMMELA TR, B
KRR A, 12 AV A, A3 13.07mg/L, 8 H/KJ HEKRIE# &R %
N 4.87mg/L, X AT RS K KR TE R B B i B TR K i . R —
AR s i IR B F R B A ARSI 2, (ERE S 45 /K AR HE T 2 IR N i R
RECZWT R, FEK) KT, 5 A R R B AR Buk B A i E 9.97 mg/L,
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11 A EAE R 3.75 mg/L, &% b )S, KIEEARRIE IR EE HE T,
JEIL HUK TP AR IR R AR BUE BN 1.63~5.54mg/L. R SETE FiE, &F
BAK, SEREEATH, N 0.500mg/L, RALELE 2 H, 2 0.009mg/L. £t
TR R AL 2 J5 KR S S B R TR, ARIEHUK BB S AR 0.071
mg/L. /K] BB EFITLH B, BRI IEATE 2 JFREF R RS EEGR T
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Figure 3-2 Annual variation of biological indicators of water quality at various

sampling points
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Figure 3-3 Common rotifers

3.2.1 JK[THEKAL A R AR SEHILE Y

ST 7K 3 7K e R SIS (0 A AR I o AT R, 1K) HE K R
BEVR AR RO s 2 R, IS E 14 )8 34 Mttt (GR 3-1), A4 6 Pz
gk d (Lecane), 5 FHERHEE BB (Monostyla), 6 T R#E th g%t d

( Brachionus ), = Fhfa H 6 ®UB 5 dL (Keratella), 3 Ff 57 J& 5 f @ &
( Trichocerca), 2 Fhin % B 1 (Asplanchna), 2 FE e dU & % o
(Pompholyx), VAN =Mk U8 (Filinia) FoWi%e BB (dscomorpha). [FJEHH
J& (Diurella). 2% 818 (Polyarthra). “V-H#HJE (Platyias). W4 dE
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K 3-1 JK) bR RN SR K

Table 3-1 Rotifer species composition in the raw water of water treatment plants

J& b4 A ez
WY L 8 Keratella cochlearis 0.028
fa iR pisbIA ARk 2 Keratella quadrata 0.069
i JhR e FH e Keratella valga 0.043
R R Brachionus angularis +
I et Brachionus calyciflorus 0.021
B R R IR R Brachionus budapestiensis +
PisBIA Pect ity Brachionus leydigi +
EUBIZ Pectiicy Brachionus forficula +
PORE e m Brachionus falcatus 0.032
B LR AR Monostyla closterocerca +
JTCRE 5 b Monostyla unguitata +
ke R HIE 5L t Monostyla lunaris +
LAy N 2t Monostyla pyritormis +
A B B Monostyla elachis +
N R Lecane ploenensis +
i T M e Lecane ungulata +
skt VERIA ot Lecane luna 0.027
FLIE e Lecane eutarsa +
LBk flas e Lecane glypta +
G H i Lecane inermis +
ol R e H Trichocerca cylindrica +
R g ek U PR A Trichocerca lophocssa +
I /N R e e Trichocerca pusilla 0.045
= i 77 K n FE e Asplanchna girodi +
AR ZEfE Asplanchna brightwelli 0.022
=R K= Filinia longiseta 0.030
Tetwke e o ToHN Gastropus hyptopus +
7] e ft & FH 2% [F] R et Diuzella dixon-nuttalli +
Z ke g EHEZ A Polyarthra trigla +
e E¥ /@ﬁ/ﬁ L5 Pompholyx complanata +
TR EE Pompholyx sulcata +
FHR R THE R HR Platyias militaris +
P BEPIR SR F 4 iy Colurella uncinata +
Rleke g M SR AR Conochilus unicornis +

T RN RIS <0.02.
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Figure 3-4 Distribution patterns of rotifer species in raw water intake of water

treatment plants
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R 3-2 WEIBRt K g dURhR

Table 3-2 Rotifer community structure in influent and effluent of sand filters

J& L& A BEK K
BT RS A Monostyla closterocerca + +
JTCHE F B Monostyla unguitata + +

HBEAS R HIE B B Monostyla lunaris + 0.020
ZUE HL ke Monostyla pyritormis + +

R EC LS B Monostyla elachis 0.042 0.030
K [ s e e Lecane ploenensis 0.030 +

VERIA Gt A Lecane luna 0.026 0.064
FLIE e Lecane eutarsa - +
Jrs ke g 7 b s e H Lecane hastata + -
o Bk s e Lecane glypta + -
Jed P it Lecane nodosa + +
76 H e Lecane inermis + +
WE T fiL e T Keratella cochlearis 0.029 +
g R R Keratella quadrata + +
8 HH %0 e Keratella valga + +
TR H)E I /N e R e T Trichocerca pusilla 0.062 +
MRE R Brachionus angularis + -
B R %TEE%E J=st e Brachionus calyciflorus + -
TN R h Brachionus budapestiensis + -
HILE R R Brachionus leydigi + -
7] et H HH 2% [F] R 4 e Diuzella dixon-nuttalli + +
T B TR T R Gastropus hyptopus + -
B U BEPIR B H 4 Colurella uncinata + -
B HE IR Pompholyx sulcata + -
KW R B RAEW) 6 Dicranophorus prionacis + -
R K fe Rotaria neptunia + -

e R IHE<0.02, “rFRon Ak

3.2.3 RIKAIB RGP RBMIE ST

NRFCMIK Z GE AP K5 HREIR, AT T2 ] 22 A5 PEFR B AN R 0 s e 1R
REFHIRh R ARUE BEAT B A A, AR SCEOE VR LR 3-3 I XS/K) H AN [ RAE
s Z )5 RO SRIRIARALLE 70 B, 7K 2E /K ANRD €t 7K 22 18] (8 HURPSRAR BA P 4
Hor 9 0.531 0.40, FEK) IREAWDIEI T REA RFRFE AL . WhIE o
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i e AP SRR B PEIL 2] 0.53, R IIRDUE AT #& S 2EA- A5 R
R 3-3 K] ANFERAE i 2z e ER R S AU 78 2k

Table 3-3 species similarity index of rotifers in waterworks

KA R KT EK Witk W uE HIK
KT 1K 1 / /
Wbyt K 0.53 1 /
g H K 0.40 0.53 1

33 BKAIBRGHRHFEETHSIMERTFHXR
3.3.1 HRFEAREZE LT

] 3-5 79 2023 4 5 F & 2024 4 4 HK) kK g dUE EEAR R I ) AR 4L
ot . HHERTAN, KT BEKAL ARt = FEAR A R PR ., BRI E KRR ®
FREm, BAFREFERIRER . K] KRS foF B2 O ME B BILTE 2023 4F
6 J, w/MABILE 2024 44 1 H, B R F L5700 87.33x10°.10.67x10° ind./m’,
B R E R AT IME N 54.833%10% ind./m®s A4k, HEK AR R AR EHE AL
WRICAEKE = THELTNRE R, Hd 2023 4£ 7 A% doh8uR £, 153 20 F.

IR BB R KA B % e R R h A B T R AR A ] 3-6, BRUEREAK S B
FEIIE N 7.722x10% ind/m?, SIS IRBEIUE R ITIE 5 FEE T L) 86%. 5
KT HEARAL ESAL, IR KA BE SR FEAE 2023 4 6 HimEiy 24.667x10°
ind/m’, f£ 2024 4 1 HRALHN 0.667x10° ind./m’.

WRIEE 3-7 FTRLE H, BB T2 oK e AR e B LR R A0
FRE, RIUNEKER R, BAERMK. 162023 4 8 AWK H5e d=F
LB KB 5.111%10° ind./m?, 2024 4F 2 A% B FE &K 0.222x10° ind./m?, #
JE K FE T FE N 1.851x10° ind./m?, £ 3 b 50 J5 58 HUR) 3 B PRI
76%, EIREE R KIE N, RS H A rbifib HK i iR F R T
B R 17K
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Figure 3-5 Temporal variation in the total abundance and species composition of
rotifers at the water intake of the treatment plant
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Figure 3-6 Temporal dynamics of total rotifer abundance and species richness in the

influent of the sand filtration process
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Figure 3-7 Temporal variations in total rotifer abundance and species diversity in the
effluent of sand filtration process
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Figure 3-8 Temporal variation in abundance of different rotifer species at various sampling points
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FR S 23 BT R 8 PROE R 5 6 U A 3 B 3 A ORI B — FRBE IR 7, (BT
SR A IREE R 1 25 AF F DL BT Z I 38 HOR 3R o i 4 e Hh % B 5K
iS4 OKit. pH. . SR, SERHRER. S8, 2. 2%, e
= a A RED ZRIAE e, v DAHE R e TE K A B AR () A2 54 FH A
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Figure 3-9 Correlation Analysis between water quality parameters and total rotifer
abundance in raw water intake of water treatment plants
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Figure 3-10 Redundancy Analysis (RDA) of rotifer taxa abundance and water quality
parameters in raw water intake of water treatment plants
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Figure 3-11 Correlation Analysis between water quality parameters in sand filter

inflow water and the total abundance of rotifers
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Figure 3-12 Redundancy Analysis of various rotifer abundances in sand filter inflow
water versus multiple water quality parameters
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Figure 3-13 Correlation Analysis between water quality parameters in sand filter
outflow water and total abundance of rotifers
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Figure 3-14 Redundancy Analysis of various rotifer abundances in sand filter effluent
water versus multiple water quality parameters
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IrREMEA 2R, (HILH — 20 Refs B K AL BRIt 40 RASR I R4 TR 545
L, TC A Sh IR i AR N, E ARk e AP R, &
RLVR BRI EE A, B RS N R, R H AL B T2 RE NS B Hh 4 1
BRE. MRRE, 5~10 H [R5 St A e m, Horb, oK) BE KR g K e
HF R A HIAE 6 7, UHHTEZS KA EE R 407 (1) 2 2058 R 7E /KR R B
A S B [EAERIR, BRRIEIK 6 H e dUB R B R, HE8 A
AR, B R e o W R g, DR, DR T KA
e KR, I 6 AR R . BRI A, BRI Ab
G, KA R RS FE B 54.833%10° ind./m® ZE4 1.851x10° ind./m?,
TREL) 97%, (HRTER ZK) i ifhe =4 BEAR AR AL T8 K, A7 A 318 H
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AW LA NVER RDA 73 M e KL, BARAS IR SR8 d 5 i B 2 18] A AH 5
YA PR, (HE5E SUR A F R SRR IR 2 A O, B AR RIS
Fol 8 AR, B0 P vt T R0 o PRI, AR AR R DA R R v R R A K
PR st AR BRIEZ A, 038 H 7K e A 4 L B0 R e R R AR A T ]
AL IXATRERE BT YR BRI U A S BETY, TR A RD g
H 7K r 2 ARSI 2 15 A A o 5 5 B 7 T A e ORI R AN AR
Yo, WA AT e 3 B0 SRR TR KR gk A 20
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(1) SR EAE A BK ) HK) T 3K, R uEdtk. W KA B TN
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MR IR A BB BEMEE, EVHR AR a S EMAE DAL AT
FEH R T pH AL SR, HAtK RS ER IR, HHUAE P REA Rk K
KAE

(2) K] KPR RA SRR, @39 KEE ARG ), iR
SRR KT KA AR TN R 34 Rl d, EEHMOVE TR, BRER R
A PLES d 5%, W yEBE KA SR I H 24 FhAC dt, 2 RbUEALRE S, LA 16
Fe eR, R DRSS R AL O IR S (1 s e ERURT BB A

(3) KT 3K AL e BRI S RV BE AT RS — e MU, KT R
— R R BT REMR BT RIR, ERNER, BENJR SR E K]
Pt K T BE 7K FR AR BB RS, 20K 13K L2 REAF AR 20T,
E P PN U S e ViER

(4) VREARDIEICREA AR BRoK T ise B, (HRVMEAERER S K
BEACHISYE K A (e BE 2 PR Ky, BTN Rl G iR BEAIID e
AT, KR R ERARB T K BEKAE N FE T 92~99%. 2023 4 8 AP JEHIKH
FeHCE R e, TR R SRR AT R A 5 A IR R 2

(5) KRR RFREEKASEA € RFHRR, =R R
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I, it — PR RIS RIS RUR, A BEEEHIEK] e
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41 ERMARERLATCERRR LN NY

B ORGSR SRR R TH TR (NG, SR RS XS HRE KO
B JdR R R R, A R L E R AR . B ATH W KES) /)
ARG — G5 1AL, Chick-Watson #AUf Hom 8455 . 46 HUKIE 5 )
FERZME R, FEORE: HEFIRA SR AR KB AR f
T 5 A v e 55

4.1.1 CTEXSRE R ER RBR B0

B 4-1 o M 98 B B 0.2 me/L SUCKIEHT G RS, WTLEH,
K JE R AT, RS EAME, SRR A, BRG] R,
e HROKE Ja /R BB A S T &
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Kl 4-1 0.20 mg/L SUE K 5 MR8 Rt HUATS
Figure 4-1 The body morphology of Brachionus angularis after inactivation with 0.20
mg/L chloramine

L 15° 100 20°C ° n
100 |- 15°C " o % v ® L aad
s
80 - % o i 80 - v *
| i
# %i
S i < or § o M
i ot v
K K
af = 0.15mg/L 4 §ﬁ = 0.15mg/L
4 @ 0.20mg/L T ®— 0.20mg/L
d 0.25mg/L i 0.25mg/L
20 v v 0.30mg/L 20+ ¥ ¥ 0.30mg/L
4 0.35mg/L 7 % 0.35mg/L
#
T L L 1 1 1 1 1 1 " L L L 1 1 1 1
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 2 14 16 18
CT/(mg min/L) CT/(mg min/L)
100 |- 25°C [ ] 1 £ 4 100 1-30°C e J v
12 +”
[
[ 4 7
80 p T 8o g b4
S d 7 % Seof i ¥ ¥
i s y
}K 2 K
40 o = 0.15mg/L 40 = 0.15mg/L
% )4 ®— 0.20mg/L P ®— 0.20mg/L
o 0.25mg/L s 20 0.25mg/L
20 + l x v 0.30mg/L 20 + v 0.30mg/L
4 2 4 4 0.35mg/L v 4 0.35mg/L
¥
P »
=t -.‘f" L L L L L L L L L = - L L L L L L 1 1
0 2 4 6 8§ 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18
CT/(mg min/L) CT/(mg min/L)

TE: CONRMFRREE ;T 9fihint [,
P 4-2 ANTRJR B AN [F) SRR R P2 A 8 R e L H) 2K 28

Figure 4-2 The inactivation rate of chloramine on Brachionus angularis at different
temperatures

Kl 4-2 ATz 15, 20, 25, 30°C I AN R B U A 908 R e U K VE K o
RN, B CTAERIIG R, SR S5 B KOs R 088 F . #H 1A
CT1H, 15 20 F125°CF, 0.20 mg/L S X% HU) RS Z 0 ey T HAR IR BE 4

30°CT, 0.15 mg/L SR 5e Ha 1 R 2 3 i T HoAh ik FE 2, 0.20 mg/L &E IR
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Z o MIE CTE, 15°CF, 0.25 mg/L SN 5 H 1) K% 580 1k 1% T oAt e P 28
20, 25°C'F, FRFEH (BR 0.20 mg/L LAAN) KiGFREAEEE; 30°C K, 0.30.

0.35 mg/L S & B K A8 i % T HARR 4

15, 20, 25. 30°CF, K

TERIEH) 100%7 F5 8% CT 508 124 12, 14 A1 10 mg-min/L, X5 13
43917 020, 0.20. 0.20 A1 0.15 mg/L.

R 4-1 FrBAA RN R A1 T SR M R R e IR K& B 1 A 4 R
15°CN, KGR & PN Bt — 8 17, HORWLE SR N, (CTiag=0
mg-min/L). 20, 25°C R, 0.15. 0.20 mg/L 556 U Kk FEAT A 18 i Y

b B — s 1 AR A, IR

BA3 94 3.0 4.0 mg-min/L 1 4.5, 4.0 mg-min/L;

0.25. 0.30 1 0.35 mg/L S5 I KIGERF A& P BOE— 4 8h 115858 . 30°C
T, 0.15 mg/L SR HUR KIS A5G IR il 2 PR o B — 2 8y ) s 2l

R 4-1 ASFNRE T AR B SR fy R A dLi) K& 8 115

Table 4-1 Inactivation kinetics of Brachionus angularis exposed to different
concentrations of chloramine at various temperatures

vE N N o

jf YR ((ma/L) /(mlz‘:f/ L, BUMEOE RS B2MBUIR RS
0.15 / y=0.20-0.11x 0.90 y=10.22-1.31x 0.99

0.20 / y =0.11-0.06x 0.99 y =4.19-0.78x 0.98

15 0.25 / y =0.29-0.08x 0.99 y = 11.98-1.04x 0.99
0.30 / y =0.26-0.11x 0.99 y =3.67-0.45x 0.99

0.35 / y=0.32-0.12x 0.95 y=5.97-0.67x 0.99

0.15 3.0 y =0.28-0.07x 0.86 y =3.07-0.33x 0.93

0.20 4.0 y =0.21-0.06x 0.99 y = 1.71-0.25x 0.99

20 0.25 / y = 0.18-0.04x 0.99 y =1.47-0.19x 0.97
0.30 / y =0.13-0.05x 0.98 y=2.88-0.31x 0.99

0.35 / y =0.15-0.06x 0.99 y =5.70-0.49x 0.99

0.15 4.5 y =0.23-0.06x 0.98 y = 2.56-0.30x 0.91

0.20 4.0 y =0.18-0.06x 0.99 y = 2.48-0.35x 0.97

25 0.25 / y =0.16-0.05x 0.99 y =2.74-0.32x 0.95
0.30 / y=0.55-0.11x 0.99 y =2.52-0.28x 0.99

0.35 / y =10.21-0.06x 0.88 y =5.06-0.47x 0.99

0.15 3.0 y =10.47-0.17x 0.99 y =4.55-0.89x 0.99

0.20 / y =0.07-0.04x 0.99 y = 1.50-0.31x 0.95

30 0.25 / y =0.16-0.06x 0.99 y =3.72-0.57x 0.92
0.30 / y = 0.18-0.06x 0.99 y=2.19-0.31x 0.98

0.35 / y =0.16-0.07x 0.99 y =3.66-0.43x 0.99
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4.1.2 pH 3 SRR AR R AR

Kl 4-3 Jy 15, 20, 25 F1 30°C'F, pHEA 5. 7 19 I 0.25 mg/L XS
RE R RMKIEERE. HEATA, 20, 25, 30°C R, SRS B K RUR B
pH 3G KB # e = . 25°CR, 4 CTAERT 5mg min/L I, pH A 9 I Gk
B HUKTERCR BE R T HAM KM (p<0.01).

100 & 140, . 100 F 50, u
15°C ; é 20°C ||
1
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S ¢ g e
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B p i pH=9
0 - 1 1 1 1 1 1 0 ) a 1 1 1 1 1 1
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CT/(mg min/L) CT/(mg min/L)
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S w0 S .
5 q
i ¥
X w0 K i
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—pH=5 B pH=5
0t u = pH=7 20} B pH=7
pH=9 o H=9
p =
w
0 . - . . . . . o - . . . . .
25 5 75 10 125 15 175 25 5 75 10 125 15
CT/(mg min/L) CT/(mg min/L)

Vs CONEAFNKREE: T it i),
K 4-3 AN pH B & i 98 R HU KT 26
Figure 4-3 Inactivation rate of chloramines on Brachionus angularis at different pH
42 /R T 025 mg/L FUREAFRIRERE (15~30°C) K pH JEH (5~9)
IR U KB F1 AR . R, (RIS (15°C) R, ANA pH {E %M
TR e ) KIS I R A P B — 8 ) AR A R iR 2% AR (20~30°C)
T, M pH N7 S SRR B KOS R A PR Bt — B ) R Y
pH 9 9 I, KIGIEFERFEUE— RN )RR, HAE 25°CF k fHH K.
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R 4-2 A pH A F SUIEKE A1 R A RN /1 A 4 R

Table 4-2 Kinetic fitting results of Brachionus angularis inactivation by chloramines

at different pH

j’zﬂf pH /(i":ii) WUMBOTE  Re W2MBOR RS
9 / y =0.18-0.08x 0.95 y =1.15-0.36x 0.96
15 7 25 y =0.29-0.08x 0.99 y=1.51-021x 0.72
5 25 y =0.64-0.16x 0.92 y =3.05-0.43x 0.99

9 / y =0.25-0.14x 0.93 / /
20 7 25 y =0.29-0.09x 0.99 y =1.01-0.19x 0.92
5 25 y =0.36-0.08x 0.96 y =2.78-0.34x 0.93

9 25 y =0.70-0.18x 0.91 / /
25 7 25 y =0.18-0.05x 0.97 y =2.74-0.32x 0.95
5 25 y =0.66-0.10x 0.95 y =3.12-0.35x 0.97

9 25 y =0.24-0.12x 0.87 / /
30 7 25 y =0.59-0.15x 0.99 y =3.72-0.57x 0.93
5 25 y =0.45-0.12x 0.99 y =1.10-0.21x 0.98

4.1.3 BREEXNRIEIGER BRI

Kl 4-4 415, 20, 25 F130°C'F, #ZEH 0.5, 1.0 2.0 F1 3.0x10° cells/mL
I 0.25mg/L SUENT 1 58 R AL U ARG I A% . 8 iEe &, 154 20, 25°CF,
FEREETE N 2.0x10° cells/mL B, S0 58 HUR R VS AR T FAth 8 % i 264 . 25°C
T, M CT{EN 17.5mgmin/L B, #HECTELKE; X CTHEKT 7.5 mg min/L
B, 0.5%10° cells/mL+ 1.0x10° cells/mL %5 & T G & i K6 2000 0 T
2.0x10° cells/mL %5 T I KIG R (p<0.05).
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Figure 4-4 Inactivation rate of chloramines on Brachionus angularis at different algal
densities

43 JEoR AN EE (15~30°C) MIAN [ 5 5 B2 AR (0.5, 1.0, 2.0 1 3.0x10°
cells/mL) I 0.25mg/L SN & B K& S /)3 /%, R A5, EAUR A (15
A120°C) K, 0.5%10° cells/mL % B 554 N SR HE HUR KIS I R A7 5 1 — 2%
B IR 1.0, 2.0 A1 3.0x10° cells/mL 25 5 2% A T SN 56 B K GE i R4
BN B h SRR P (25 A1 30°C) R, SRS A T A%
S HRIR RS IR T A B BOE— 3 )

43



RT3

R 4-3 AN AR T SR A R R e B3l ) U A AR
Table 4-3 Kinetic fitting results of Brachionus angularis inactivation by chloramines

at various algal densities

f(”lf /(iji) /(mi{:fim BIMEBAR RS BB RS
0.5x10° / y =0.27-0.15x 0.82 / /
1.0x10° / y =0.19-0.12x 0.99 y =1.19-0.44x 0.91
15 2.0x10°0 2.5 y =0.29-0.08x 0.99 y=1.51-0.21x 0.72
3.0x10° / y =0.23-0.10x 0.93 y =3.01-0.50x 0.96
0.5x10° 2.5 y=1.11-0.25x 0.87 / /
1.0x10° 2.5 y =0.66-0.17x 0.98 y=1.87-0.31x 0.81
20 2.0x10°0 2.5 y = 0.28-0.06x 0.96 y =1.52-0.19x 0.96
3.0x10° 2.5 y=0.41-0.11x 0.92 y =4.83-0.56x 0.98
0.5x10° 2.5 y =0.71-0.18x 0.99 y =2.67-0.48x 0.94
1.0x10° 2.5 y =0.81-0.18x 0.99 y =1.66-0.30x 0.89
= 2.0x10°0 2.5 y = 0.18-0.05x 0.97 y =2.74-0.32x 0.95
3.0x10° 2.5 y = 0.34-0.08x 0.99 y =1.90-0.29x 0.95
0.5x10° / y =0.14-0.07x 0.99 y =1.94-0.43x 0.92
1.0x10° / y = 0.03-0.04x 0.90 y =0.78-0.19x 0.95
30 2.0x10°0 2.5 y =0.59-0.15x 0.99 y =3.72-0.57x 0.93
3.0x10° 2.5 y =0.45-0.11x 0.99 y =2.09-0.32x 0.89

4.1.4 HEX SRR EL RIRAIFMN

4-5 915, 20, 25 M1 30°CTF, MJEJY 0. 5. 10 A1 15 NTU I 0.25 mg/L
FUIR 1 R R U g I R . BT A, 15, 204 25°CTR, R HUKTE R BE
MG B FEAC. 25°CF, 4 CT{E KT 7.5 mg-min/L i, RN 15 NTU
FAT, B R IRGE R R AT HAb IR A T I KEBER (p<0.05).

44



RT3

100 | 50¢ B " 10T 20ec B "
& o
80| i 80 L
a
S @ Lol
< = n | |
o W H
K 0 - L K 0 T
a
. o
- = 0NTU B 0NTU
wl = 5NTU ol u = 5NTU
10 NTU » o 10 NTU
- - 15NTU - = 15NTU
: .
o . . . . 0 al N . . . . . .
2.5 5 7.5 10 12.5 15 17.5 25 5 75 10 125 15 175 20
CT/(mg min/L) CT/(mg min/L)
100 |- ] ] 100 | ']
25°C i .I. 30°C i
) ¥
80 - 80 | !
Seof u + g o0
X ol X i
&
¥ = 0NTU E-O0NTU
20f o i = 5NTU 20 u B SNTU
10 NTU o 10 NTU
= = 15NTU = 15NTU
0 i . . . . . 1 0 » . . . 1 1
25 5 75 10 125 15 175 25 5 75 10 125 15
CT/(mg min/L) CT/(mg min/L)

i CONEAMGIREE: T st [a).
B 4-5 AS[RIh B R UK iy 508 R A0 B RS R
Figure 4-5 Inactivation rate of chloramines on Brachionus angularis at different
turbidity levels

K 4-4 JER T 025 mg/L SEKAEANFRE (15, 20 25 1 30°C) FUAS [
B6EE (0. 5. 10 A1 ISNTU) T, R HREKIES) Jd i, g s R &N, (K
W FAF (15°C) &, 4ihESy 0 NTU B SRS R K R AT S — sl )
SR, MR 5 NTU WU 8 B % I R R W Bt — 248l /) 2%
BEAL, 20°CR, H{PhEN 04 5 A1 10 NTU B SIS Bt 06 i R wa By Bk —
GBI RAL, N 15 NTU ISR 6 B RS I R4 6 ik — 23 ) 48
By 25°CF, ABEYEEEA, SURR duit) SRS AR P I B — 08l ) A
30°CF, H{E N 0 F1 5 NTU I EUR §E HUR) RS IS AR B B — 138 ) 54

B, MDY 10 115 NTU I SURN 5 B RS R R & i — s ) e
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R A-4 A RPN RO A R RS IR UM B A U A 2R

Table 4-4 Kinetic fitting results of Brachionus angularis inactivation by chloramines

at different turbidity

— —

/?15 I /(NTU) /(mif:fim EIMBAE R B2MENE  RZ
0 / y =10.31-0.08x 0.95 / /
5 2.5 y =0.19-0.09x 0.92 y=3.31-0.52x 0.94

= 10 2.5 y =0.23-0.10x 0.88 y =2.27-1.40x 0.99
15 / y=0.23-0.12x 0.99 y =3.0-0.68x 0.99
0 2.5 y = 0.28-0.06x 0.96 y = 1.52-0.19x 0.96
5 2.5 y =0.45-0.12x 0.99 y=1.90-0.31x 0.86

20 10 2.5 y = 0.54-0.14x 0.99 y=2.57-0.41x 0.98
15 2.5 y =0.95-0.24x 0.98 / /
0 / y =0.18-0.05x 0.97 y =2.74-0.32x 0.95
5 2.5 y =0.44-0.11x 0.99 y =1.93-0.30x 0.81

23 10 2.5 y =0.38-0.10x 0.99 y =1.64-0.26x 0.88
15 / y =0.20-0.09x 0.99 y = 1.30-0.30x 0.96
0 2.5 y =0.59-0.15x 0.99 y =3.72-0.57x 0.93
5 2.5 y =0.70-0.17x 0.99 y =2.32-0.39x 0.92

30 10 2.5 y =2.02-0.46x 0.93 / /
15 2.5 y =0.82-0.20x 0.94 / /

4.1.5 REX SRR EL AR AIE N

& 4-6 Y 15. 20, 25 F130°CF, 0.25 mg/L Gl M 288 56 i) K s
FEo 18 15~30°CMH T, &7 m ARG #R e s e UKVE 3. 2 CT K
T 5 mg min/L I, 20°CFAF T & H K% F B AT AR IR E T I KIE F(p<0.01).,

T 45 BIR T 025 mg/L ELAEAFRE (15, 20, 25 f130°C) T, XfFeH
RGN Sy 2 72, IR R W], EAR VO R P, SO 6 B S I FE A
ETEI B — ) Sy, B 2 B RSOE R E R ko IR T3 1 B
SRBLRZHE R ko RN 30°CH kiv ko BK

46



RT3

100 & ™ °
®
L
80 | ¢
—_ T
S 60 a
= [
actt
K 40 w
o ISOC
- 200C
T
- o
®
O o i 1 1 1 1 1 1 1
0 25 5 75 10 125 15 175 20

CT/(mg min/L)
e CONEAMGIREE: T st [a).
4-6 AN[FITRE N SR 1 R AL dU ) JOE =
Figure 4-6 Inactivation rate of chloramines on Brachionus angularis at different

temperatures

R 4-5 ANFNRE T @ KSR RN /1225 46
Table 4-5 Kinetic fitting results of Brachionus angularis inactivation by chloramines

at different temperatures

— uw
j‘zﬂi /(i’;ii) BUMEOTR  RG B2WEOER R
15 / y =0.29-0.08x 0.99 y=151-0.21x 0.71
20 3.0 y =0.28-0.07x 0.96 y =1.47-0.19x 0.97
25 4.5 y =0.18-0.05x 0.97 y =2.74-0.32x 0.95
30 3.0 y =0.59-0.15x 0.99 y =3.72-0.57x 0.93

42 SERREXNARE R RE AN AN

SEAL SR T 2 WA A TR 1 4R (Reactive Oxygen Species, ROS) £ 5 ¥
AL RGBT ET AT R, 2k — RV IR RIS R . 7RSSR
JEIVERITS, 4 N ISR ARE JRASAS AR AL, el ROS S HATAM) (il )
KEA M. % ROS R RBEEYRKNEEREEINS, &5l kEARAMLIT . NEHR
I B LA K DNA SGERIREIR,  EE 43 3 s WAk 1) e i A0V G A4 AR e 1 T
B8 o ARG BT AR 2R 48 P RS A . — SR JE B R DR AP L, i S A P S A Bl
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HEMEBE (CAT) 25l ROS RN SCHENE; 5 ISR/ FHta e,
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VEFHLERF A0 PN S84 BT, SIRA MR SR A2 1

4.2.1 SURRTEXIEHE N AT

CLEAT A2 FEAIE 520507, IREE T Gt 2R W LA 1) fs S5 AL 88 0 A SR A
WL R, TER B KGRI RE R, AL, SOD #1 MDA 2 RV
AL 6 B2 B RS I R DGR AR b o FAL R 2 S 3 I A R, AR L4
FFIThRE, (AR AT BE 5 5 IR R IA DRI A% : SOD i PR AR 4b S T %6
RHTEAAGRE IR A, ST R BB B e, iV P A U s S A
193 MDA 1E Rl 50 i S8 A IR 28740, G55 6 T v 2 P 4 I 52 380 77 o AR A A0
HETT AN A B K o R X SRR AR AR A, T DAR N B ARG ISR, I
ARG T 2R PR

K 4-7 Fron N EEa T 0.15 mg/L SEH A RE R AN E AWK . SOD i
PEA MDA & &ERAZWE . HERTE, SXIAME, #i& 40, 60 min I, %2
A P R I B R (p<0.05); % 5E 60 min I, FEHKN MDA & ERE %
FFF(p<0.01); FF% 40. 60 min B, & HAKAN SOD iE M7 i 2 (p<0.05) AR &
# FFH@<0.01).
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Figure 4-7 The protein concentration, malondialdehyde content, and superoxide

dismutase activity of Brachionus angularis exposed to 0.15 mg/L chloramine

48



RT3

4.3 SUERTNE L FDREEEL X3 R A FRR AR

TRBEITVE I WY B . BB TR A A R 22 Bk %6 Hy, (E L ROR A2 1t B
S IRESHIBOIN R . DI (R ANFE RS SR R R . B AL TR B B
HEEFE AT DA S IR & HAh T2, AT DAHE— D4 40 U L B UR, AR /K T 224
43.1 FME TR EEE R HEBRRMAR

R 4 S 5 A TR RO, SR BN R B I S TS S TR e, W%
AR R R L BRRUR . R 4-8 Fir.

100 l:l fﬁ”ﬂg 100
v ] s
R ] s
[ sk +imst [ mabms
75| l 75 l
g S
< T <
50 50 l
& &
# g
25 25 -
0 sin 1 m ﬂ o m ﬂ m ﬂ m m
0.10 0.15 0.20 0.25 1 2 3 4
S (mg/L) Eiee s Ss
100 100
] wi%de [ wisst
Comsm ] st
] mis bt T WAk
75 75 F
1 1
g g o
< o <
M 50 M 50
g 4

25

| allaltallal | T atllald ol

5 10 15 20 30 60 90 120
PACH I f:/(mg/L) LR [A)/(min)

K 4-8 GG TAEAL S5 IR BEIEC I 7 98 R e s B Bk

Figure 4-8 Removal efficiency of Brachionus angularis by combined pre-oxidation

with chloramines
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TRABER F 0 A R R e i) 25 B 23 AR 5 T 41.33%1.42.50%+38.35% 41 48.25%:
5 RGR BRI EL, 0.104 0.15. 0.20 F1 0.25 mg/L SMETRAA IR B )5, X148
B BB R IR E T 2.67%- 6.67%- 13.00%F1 28.00%. 5 AR EEAH L, 0.20
mg/L FUETEA T, 1.2.3 F1 4 SR A1 R, 0H 58 B £ B 250 R & 1 31.67%-
41.33%- 23.00%#1 28.00%; 5. 10. 15 F1 20 mg/LPAC 514, X4t )%
SRR T 23.00%- 16.67% 17.00%A1 28.00%: 30 60 90 F1 120 24 IiiE i
[N, XA HEZBR S HIBEK T 28.00%. 19.00%- 25.00%F1 15.00%.

432 WAHAERESREBXSHMEXLXR
% 4-6 T 4-7 Ny SR BERN TE AL TR BN I I 48 th 5B SR R 26 A S 5L
HIAHIR R R
R 4-6 B d LR HIRBESHIIMHE SR R
Table 4-6 Correlation between Brachionus angularis removal efficiency and

coagulation parameters

R P FE A PAC #hi& YLTE R 1]
P 1 0.78" 0.16 0.11
P FE AT 0.78" 1 -0.27 0.27
PAC #in& 0.16 -0.27 1 0.27
DUGE S [a] 0.11 0.27 0.27 1

W RN EEAML, p<0.05.

R 4-7 B LR R 5 R AR BRI S B AE OS5 &
Table 4-7 Correlation between Brachionus angularis removal efficiency and

parameters of combined pre-oxidation and coagulation

KRR SMRE BEHRIE PACHUNE YUUES 8]

P 1 0.55" 0.14 0.29 -0.12
A E 0.55" 1 -0.091 -0.20 0.20
P 2% A 0.14 -0.20 1 -0.20 0.20

PAC I 0.29 -0.20 -0.20 1 0.20
DUTE R [A] -0.12 0.20 0.20 0.20 1

W "SRR EEAML, p<0.05.
FR A AH CME M A I, 7R R0 Y0 B P, B VR AR 8 UL R E A 16%~51%,
[ B 2B R S PE5m B R OE B (p<0.05); TN TREMNIA T 2 )5, i EFRE K
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KIEF (43%~70%), MhiF 56 B 25 B Za i SUIR IR FE I8 KT 5 (p<0.05)
4.4 g

SEAGKIE TR, CT fH A2 VPN A TS AR M) A IR R I B4R B8
NHERI K 224, TBE B0 B AER RN CT 8. #TFERY, CT A
120 mg-min/L B, EUER A Al B 25 AT B 1) K G 28k B 99.9%, KiEsh 1540t
T & HOM B CT KT 90 mg-min/L I, S GUR Bils] ) K R AT
IEE] 100%8%; 7E 25~120 mg-min/L JEHIN, CT {55 RGN 40 S0 I
HURR I RAFAE L R e RO, ZEAHE T, CTEIG K, SR 588 R it
HURPK IR R B2 K, HAE 20 1 25°CF, N[ RE ) SO 56 B i) 3% R AE
HF CTAE T o3 M, KGR & P B — 3 ), XKW CT 18
RN BRI b 5 RS FRISRT A1 TR R e s RS R, & T VPN SR 0T 4
R KIERE ST AR T & 1 R R W KR R IS CT I3 K
ETb, Hdr, 25°CTN KIE RIS E] 100%H) 75 E )&/ CTHAY 14 mg'min/L, &1
FOAIRFE T IZAE, R 25°CRBIES MR Bi BAAE IR E . thst, M
CTAEF, MRIREEENL (0.15. 0.20 mg/L) FEAS[FGEE T IR H 56 B 4T (1
KGR, FAHERH, SEENRE— D R, 7R R R R G, I
WSS B ENEAER R CT A T Befl (], SRR AR 0 A B

W FE A B BT KT B i kT S e 0 b 8 L T AR S B R 7 100,
VLI, L7 A BT 4 o 3 A R B 02- 1031, 0 SR B0 KT 80 7K S R i SR B 2 1 s 30
HHAARBRRY, HIEXERARNBIEE R, CT HASE—EEA 2%
FAERCRN AR, A BB 4 B R ORYT  BE 5 1R 2, o REIR IS .
AT, AE 20 A1 25°CR, EEEMRIRE (0.15. 0.20mg/L) W KiGARE R
o RAAEIR T, (RS AR B T, IR BT 2k o a2 KT
T o I R e U IR FE AR AL, KA 20 min B (9 8 1 BOR -5 0 R 2E A
e, T K% 40 min A1 60 min B [REE I BRVRBE S PRAR,  HEDICE SURKSEAL T,
193 R G 5 W L v BE R AR 0 15 R UL B — s I AR E T, SE2 T &
W BidE, BHIE T E A p AN, RIH KRR b SR, & Hk
RWWOR, W2 N BRI, IS HBIR, EaFSNEE 2, SE8EA
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W RERE (B 4D, SEGEC RS R —8.

pH {H R ANANKIERCR M EE R R —. AR, 24 pH 5 6~8
I, GRS W AH B AR JL R 1 d 2 KR 20 99% K CT {7373 9 592 mg min/L
1000 mg-min/LUS), FEARGHFiH, pHAEA 5 A 7 BF, SUEFE B K IiE R B
Wb pH M 9 B ZE. HEMFER, SHEFTMEERS 2%, 24 pH N
7.5~9.0 Itf, —SUEREAEAE, pH R M — & & A K AR AN R 1Ak I B SR AL B
BERAR, U — SUROR = SR, DRI, FEmtk 261 N S AR sE FLIH B
Ry, pH HAIFFIL S BUEA N KIS RE 7 BRI,

KRG, BRI R R FUR R IR RIS B o 50 BRI 20CR [ B 52 3
S AR B VIR o BFFCR M, S8 70 REa a1 3 S o P 1 ohe gt
T 428 R RS 0 AR K AT, S SRR A A I e e IR, ELBE SRR R
TR, EEANMRER, M A BT A U8, CHENUOVSE R I, 7o 2 1 N B8
I T YRR SR o0 AR A0 B AA v A B R R AR o AR FE R, A LB R 2
FEREERYL, BREEEE (2.0x10° 3.0x10°cells/mL) i, HiEIRgs 7 &M f
R R R E M KRR . FHEE, —RERA SR E A X 5, 3
2P R I SRR T AR R R SR R RIESRIR TE 2 amE,
SR IE AR I BT 5s, 3 B8ORS R IS .

FROCHIEFE R, b BEAD BT PRI A AE 2 3R S AR B AR ) OB R, X7 A
N AT e S S ORI ARG, &, I3 BIRURLA R B e, S EBOKE
RICR B AR OT, o g B 1O 48 N St B8 400 I PR AL B AIG T IR SUBR B0 S 7K <5 112K
WA, AR CTAET, MRS, JIERMIC, W R BV 1 RORDR AR 5L
/N HIR PRSI K R AR, BHAT T RN M GIK 2R A BB R, R, YA
o Rl P T 2R i SR A ) S K SR R AL R R . AT, SR
F O A RO M I S EIRE AL g R — 2, R EYR A R E e e T
5t HONT SRR PRI 52 B8 77 o RN 5 DR T i A ek B2 420 0 G T 7 TS R 8 U 3R, 4
2% | AHEIBIE .

i FEE 2 52 T Y R 7 AR A LR R . A 0 SR IR SRR AR B K
RO B UL P P T v A g, O B R R I R AR A 000, kA, T A
AT K TG R I 4)) R s e 4 ey, R B S TR TR SRR e &) e AR AR I, 4R
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AFRIE N RIS AR P R AR B, 23005 A0 SRS ) o RS R AR, R
5 AR s BRILZ AL, IR B T A BT BRI SR W AR
SRS, N5 T AT BRI B FE R AR R IR R s e e A
TAEMERN DK B FEEE 2 U Ay B PR R 7112, R B s i AL
FNB A KTERICR S, TR TR, B IR Tk, IR SRR T Bs] 1) R R
TR R, R IR B 4 000, 15~30°CTu R A, - AEAL SRR 4 S
R A R L (R T T A i, PRI EE A 0.67 mg/L R FE%) 0.31 mg/LH,
AT, 30°C TR KiGZHIEF] 100%1 75 21 CT {E 5K (10 mg-min/L), FH &
i (30°C) AR T4 s U £ R R UM KRB . AR, AT RE 2 s iR
FEAMA SR AR YT S R AR, $E i TR A RRE, R, &
RN T AR TR SRR AR, i d e T AR

SOD Bg/EAMABANE I E W, RPUEL RGN —, & nlmd
WL E M A ECREMRR I E MR 77, L SOD [iE v T I S A= P ik
O P 3 LI P R B 1T 5 A 2 A S A SR, AR R 2 A A e 7 A
I MDA, M A=A A T 1, BRI MDA A9 AT DA B 2 S i A=
Yok e T 5 AL SR IR B A AR UL, s, MDA &A1 SOD
WIS BE A A TR SN i v, R B E S A Ry F2 e, Al i 4
WAREEAWTINGE, SUcRIN, & duAk NPT R R G iE i #eE, LL SOD iy
REVITAMNBFRIEER N, RS A B 5 R A i, =
XFRIEZ KGN AR FNTER LRI, 8GR — DB ST EsE.

TR O A Zh P 1) 2% Bk 32 B @ AR S W LR R s — i
UUUE o AZMEFUT, BARBRINT 00 R 5 BE 10 38 I AN VR Bl 150 I ) 14 O B T4
e B BR AR, IR B TR BT 3 — B O BT R KRR SR & S AR
B M IRBG BN R, AR TR R S A, RN S AL
PIAER TR 2 UTRE . T A RCR KK R R AR At S 1160, BTGB HEB)
YVETE, SRR BeAT 025 BRIEK BT A ME S, A& K DL BRI S A RS,
WHFE R, IR RE R K PRSI K 235 P, VR BRI 5T 1 R 28 5 KR
FEFHON, ZHE R, SAMBEAMLEE, 0.20. 0.25 mg/L Sl AL 5 TR B
XS R ERR R B E T 13.00%F1 28.00%, MR, 1R AT f 2 S A
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RRAC T 56 e EliE 77, AEIREERIN 56 JUI SR RCR B Z T8, 25°CF,
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BORBENFE I 22 B3 R EA W TR, X 55KBICRIE TS5 10— 30 Fn ik
R T B ) 75 2 7 S BV L

4.5 Ihgg

(1) SRR A 58 R R PR RS RO B S A 7R 32 10 1 vt R 2 3 fd ]
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s BEEWRE HARE R, SR BBl Fy A R T IR I B R K

(3) (ERKVEEN, pHHSEMCKIER RACR R IEM G, 1 2 PR
BE, BEARMUEA B T4 B KIS . Thenm AT B 85 KE RUR , 30°Co&AF
N, UK RRCR R A

(4) MDA &5 SOD i L4t 35 S AL I T8 84 i img iy, 2R B I xS i)
SAAeitn, ARE R dUER R B 1 AN RS .
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EB5E FLERE

5.1 BARZE®L

MR AR P A A2, RENIK) 25 R A 3 2R et DU AT 58
LB, ORISR 2 A R o A FORT R KA R Gerh /K HEK LA 35 K BTG
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