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TR LR (DCA) 2 MY S i B a1, — SO (DCAND.,
H LW (MCAcAm)« & LB (DCAcAm) FlR 2, i iz
(MBAcAmM) £ —HF MM EE T =Y. FERKESRS T
B I, FEKAER RGN TG B A 1 72 v 1 AR
Fi. A0 R0 (Brachionus calyciflorus) & T JE /KA 2 FEH 440
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5 By EEEI e AP G KA A, 7E 20 pg/L IV
HEIFRET, R OREERS THRRM 2d MEHEKR, O
ok Jrie 2 0t T G U 2 d PREFIE K 7E 200 pg/L MOVE ERE )
BET, BRE RS, Hoph b5 % 5 B 2 d FHEEIE K R
TCREFL, T REETEIA IR B 5 OO AN RV 55 R =) 2 e I
FEEEAR—F . BRI K T 2R R AR UM TE A TR B, 3000 IR S
T 2d WRERE KA AR R AR AR, TR R TR R I A U A
Ko

LA R RUZ BN R NE S, 2 FECR R A e
VAR A YR . 7E 10 ng/L RFE R, 5 RS8P~ 0t 6
A 2R TS A 0 B 3 55 200 pe/L S LRI 20 pg/L VR .1
B BB TR A EER) OF/NOF (i 6P 1R H0 A #5 1 A %0, 20
ng/L S LB 25 B T %8 JURPER) OF/NOF; 200 pg/L &
CMR S E R TR BRI ME/AF CHE IMEfR B0 h R 28 MR 5 TR
SEMEAHD; 200 pg/L WG —H O 20 ng/L 1R 25 2
EPEm R AR MR GRAZE); 20 pg/L —SE LR R OB
200 pg/L —SHONE. R OB B EE S TR AR FR (2K
).

PREROP = A bn e i MEAE B S5 3R, ARIR P B 85 (R4 58
G Z AN R ERAG E, SE S IR BERIRE . RO R OB
fi v SRR 2Tk Jie o e SRR PRI B = 354 S 3 MR« 20

ug/L 1200 pg/L —F LN & OB R Em 7 218 Bie d 7
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d PRERBUN = &5 10 ug/L. 20 pg/L F1 200 pg/L & LG R 2B 2
EHN T AR R R 7 d ARAR IR &

5 Y B 1R 2 SR A N P AR E RVE A, e
FEAC R RS, s BRI RS, —H R —H L.
KON — R OB AR ZBE 4 T SOD GBS AL i) |
CAT GIEMER) FEHER GSH GEJEMABEH D) & &. ANRWKE
St R AL RS ANR], 10 png/L — 5 2 AT Z B 1) Ak 4
Hie i SOD MG ME &M, 20 ng/L %%, HBoSOB RN
552 HE SOD FEiE T, 200 pug/L T, A R LRE LB
ik T SOD BiEtE, HARWIARFREFEZW: 200 ug/L MR LBEIEM
IR I A EES & POD G A w& 1, =Pk DCAN X
GSH S EWMALE., 10pug/L F120ug/L #FEF, —HILM. —&
LIE. ROWl . — 8 LB AR B 5 52 T 0 S0 8 R 4
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HHIERGH I . A CERA & N  BIE N S 5 b 25 R
FERIE FIE E R, R CBRIEAE 3 L A AR M, 1
X ZF0H TR YRR G B AR A L A R AR TR AL

I



23 W YN 2 TR R A TS'S

IR o £ R O+ — R BB R EEALE R, B OF/NOF f84%,
MF/AF. MR Fl FR 2535 br AR T B2 38 B 338 n; 78 & Bk
+ R OIRIREAE T, B RIC T B N OF/NOF {4,
MTE RO+ = HOIE IR AT, W20 R A AR5
FEFREEIA AN R % 1F 10 pg/L — R LB+ R 2B 5 2Bk i+
CROE R R MIREA AT, YRR TR R,
WO AN A OB G B i | 208 B4 A
PEAIE, WERE T CAT BgiitE, {HXf MDA S EEMARE, K
G R = R ANA) O LN =E A =R R 2 S R /D i )

A o

KA LACE R A, AR, MR, AEAE, A
LATR

v



TR R R A A 2 18 S

TOXIC EFFECTS OF FIVE DISINFECTION BY-PRODUCTS
ON BRACHIONUS CALYCIFLORUS

ABSTRACT

With the widespread use of disinfectants, disinfectants react with
natural organics in water and certain specific contaminants to produce
disinfection by-products (DBPs), which are environmentally persistent,
bioaccumulative, and biotoxic. Currently, more and more disinfection by-
products are detected in the aqueous environment, which will threaten the
safety of aquatic organisms. Therefore, it is important to carry out research
on the impact of disinfection by-products on aquatic organisms.

Dichloroacetic acid and dichloroacetonitrile are typical carbon-cont-
aining disinfection by-products and nitrogen-containing by-products,
respecttively, and haloacetamide is an emerging class of nitrogen-cont-
aining disinfection by-products. Rotifers are an important part of the
aquatic ecosystem and play an important role in the material cycle and
energy transfer process of the aquatic ecosystem. Brachionus calyciflorus
is a model organism for aquatic ecotoxicology research, with parthen-
ogenesis and sexual reproduction, and the two reproductive modes can be

carried out alternately. In this study, the effects of dichloroacetic acid,
\%
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dichloroacetonitrile, chloroacetamide, dichloroacetamide and bromoace-
tamide on the survival, population growth, sexual reproduction and oxid-
ative stress of Brachionus calyciflorus, which are commonly found in
freshwater, were studied.

The 24-h-LCso of dichloroacetic acid, dichloroacetonitrile, chloroa-
cetamide, dichloroacetamide and bromoacetamide against rotifers were
73.63,42.44,12.49, 23.12 and 2.46 mg/L, respectively, and the 24-h acute
toxicity to rotifers was calculated as bromoacetamide> chloroacetamide>
dichloroacetamide> dichloroacetonitrile > dichloroacetic acid.

The five disinfection by-products had a significant effect on the
population growth of rotifers and the population, dichloroacetic acid
significantly increased the population growth rate of rotifers on the 2nd
day under the exposure of 20 ug/L disinfection by-products, and chlor-
oacetamide significantly inhibited the population growth rate of rotifers
on the 2nd day, and under the exposure of disinfection by-products at 200
ung/L, except for dichloroacetamide, the other treatment groups had no
significant effect on the population growth rate of rotifers on the 2nd day,
which may be due to the different reactivity of rotifers to different disin-
fection by-product exposure at environmental concentrations. The popu-
lation growth mainly occurred in the asexual reproduction stage of rotifers,
and the population growth rate did not change significantly at 2 days at

some concentrations, which may be related to the short exposure time.
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When rotifers are stressed by pollutants, they will actively change
their reproductive mode and change from asexual reproduction to sexual
reproduction. In this study, the effects of five disinfection by-products on
the sexual reproduction of rotifers were studied, and the five disinfection
by-products had no significant effect on the sexual reproductive para-
meters of rotifers at a concentration of 10 ug/L. 200 ug/L chloroacetamide
and 20 pg/LL bromoacetamide significantly increased the OF/NOF of
rotifer populations, 20 pg/L dichloroacetamide significantly decreased the
OF/NOF of rotifer populations, 200 pg/L dichloroacetic acid significantly
increased the MF/AF of rotifer populations, 200 pg/L chloroacetonitrile,
Dichloroacetamide and 20 pg/L bromoacetamide significantly increased
the mixing rate of rotifer populations, and 20 pg/L dichloroacetic acid,
bromoacetamide and 200 pg/L dichloroacetonitrile and dichloroacetamide
significantly increased the fertilization rate of rotifer populations.

The production of dormant eggs marks the end of sexual repro-
duction in rotifers, and dormant eggs can protect rotifers from changes in
the external environment and improve environmental adaptability.
Dichloroacetonitrile, chloroacetamide, dichloroacetamide and bromoac-
etamide had significant effects on the dormant egg production of rotifers:
20 pg/L and 200 pg/L dichloroacetonitrile and dichloroacetamide sign-
ificantly increased the 7-day dormant egg production of rotifers, while 10

ng/L, 20 png/L and 200 pg/L chloroacetamide and bromoacetamide signi-
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ficantly increased the 7-day dormant egg production of rotifers.

Pollutant exposure can induce the production of excessive reactive
oxygen species in rotifers, which attack the oxidative stress system of
rotifers and affect the antioxidant system in rotifers. Dichloroacetic acid,
dichloroacetonitrile, chloroacetamide, dichloroacetamide and bromoace-
tamide all promoted SOD, CAT enzyme activities and GSH content. The
effects of different concentrations on oxidative stress of rotifers were
different, the SOD enzyme activity of rotifers was significantly increased
in the treatment group of 10 pg/L dichloroacetonitrile and bromoace-
tamide, and the SOD enzyme activity was significantly increased except
dichloroacetamide under 20 pg/L exposure, and only dichloroacetic acid
and chloroacetamide promoted SOD enzyme activity at 200 pg/L, and the
rest had no significant effect; 200 pg/L Chloroacetamide and bromoace-
tamide inhibited the POD enzyme activity of rotifers, and DCAN had no
significant effect on GSH content at the three concentrations. Dichlor-
oacetic acid, dichloroacetonitrile, chloroacetamide, dichloroacetamide
and bromoacetamide had no significant effect on the MDA content of
rotifers under 10 pg/L and 20 pg/L exposures, and dichloroacetic acid,
dichloroacetonitrile, chloroacetamide, dichloroacetamide and bromoace-
tamide at 200 pg/L exposures significantly enhanced the MDA content of
rotifers. At Low concentration, it not only induces oxidative stress, but

also causes oxidative damage.
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There is often more than one disinfection by-product in the aqueous
environment, and the toxicity of multiple disinfection by-products to
rotifers has not been studied. Dichloroacetic acid and dichloroacetonitrile
were typical carbon-containing disinfection by-products and nitrogen-
containing disinfection by-products, respectively, and dichloroacetamide
was representative among haloacetamides, and the combined exposure of
these three disinfection by-products was selected for the effects of
combined exposure on population growth, sexual reproduction and
oxidative stress of rotifers. Under the concentration combination of
dichloroacetamide + dichloroacetonitrile, except for the OF/NOF index,
the MF/AF, MR and FR indexes were significantly increased compared
with the control group, and the OF/NOF value of rotifers was significantly
decreased under the concentration combination of dichloroacetamide +
dichloroacetic acid. However, the concentration combination of dichloro-
acetonitrile + dichloroacetonitrile had no significant effect on the sexual
reproduction indexes of rotifers, but the concentration combination of
dichloroacetamide + dichloroacetonitrile and dichloroacetamide + dichl-
oroacetonitrile + dichloroacetic acid significantly increased the dormant
egg production. The combined exposure of dichloroacetic acid, dichloroa-
cetonitrile and dichloroacetamide affected the sexual reproduction of
rotifers and significantly increased the activity of CAT enzyme, but had

no significant effect on MDA content, indicating that rotifers were
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subjected to oxidative stress, and the antioxidant system in the body

reduced the oxidative damage of pollutants to rotifers.
Li Jin Cheng (Environmental Science and Engineering)

Supervised by Prof. Xu Xiao Ping
KEY WORDS: Brachionus calyciflorus, disinfection by-products,

population growth, sexual reproduction, oxidative stress
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BIE % ©
1.1 JHEERIFYRNMRIER

1.1.1 ERAEFEAER

HE CERIRHK PARRE (GB 5749 - 2022)) HBRAHLE YO /K H T 7K
J 2 AL B T bR 97 Tildehs, HA B 43 T TR AR A 54 TR FE AR
Mo R TIERK bR, REBIF KT R A #1977 SR CRUE TR R K 22 42 B
H AT, a7 N E S 7 a7 =, (e S aRmmaE. &k, —&
WE. RERBH S TR IS, WY SRR B A
P HohEFEURA. AR, S, REMEA LR, 18 AR,
FHE ORI ER AR YA A A, Rl & R AL TR T 19
HLCHIAE R TR LB R R Fr il 2 (a4 (A 8, oA
R AR, R AR TR T2 B A PR ARIE R 2 MR AT I B, HH 35
g pn (1-1) & (1-3) Bl

Cl, + H,0 — HOC! + HCl (1-1
HOCI — H' + OCI (1-2)
NaClO + H,0 — HOCI + NaOH (1-3)

RIS T KGR KRB, 7= B A M I AR 4+ (HCIO),
HCIO 1E/K ™ 5 5 Az i 3 S B AR U AR B 1~ (OCT) . HCIO #1 OCT#BEE
B A NI, S RCRAEK AR, (R TG BOK G Bt 1 da g
Flo7, ERFUHFIET, HCIO B EZAEH, (5 HCIO % %% 3| pH 25
M AT 55 B R SR, [ 31 7 o 2 o 3 2 7 A LA 00 T R R P = i o J
(THMs) Flpd 28 (HAAs) B9, A0 S SR AR S0 35 BA SE AP IR B
TR RO e M, (AR R, RS AR S A TE, HisiBak,
(7 i B R b P AR EHLIE E R P24 107, ClOP O, S b A B AN S O
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A% THMs, (HINR S0 EWEEE 755, siaE THMs!?, S & 32
I SRR e E A S WA, Rt (1-4) £ (1-6)

2 NaClO; + H,S0, + SO, — 2 ClO, + 2 NaHSO, (1-4)
Cl, + H,0 — HOCI + HCl (1-5)

2 NaClO, + HOCl + HCl — 2 ClO, + 2 NaCl + H,0  (1-6)

FEAE FH AL T TR I KL R P, Wang S0P L R B, FREEIEK S AL fE
JER Y K& Br-DBPs, RN RS BIRMTH R 1), XL 3R]
DAEME YR RR, XSRS RGN AR R A BN fFDL,

FUEH R LS TR A B R 0, FRARRT G, AR SO KR 1Y
£ AN AR S 35 e 3 AR 10 2 — S UK (NHLCD, 17 — 50U (NHCLL)
=5 (NCL) RIS K . SR 3 B2 i 2 SURV &/ i 3k SR 7 7 A L JiR 2
B (1-7) 2= (1-9) B, 2k 5E0EASCREAR () &
18 I M A A WL, AHLEREE RO R 0%, TR T oL E N, HIE
#Hans (1-10) U7,

HOCI + NH; — NH,Cl + H,0 (1-7
HOCI + NH,Cl — NHCI, + H,0 (1-8)
HOCI + NHCl, — NCl; + H,0 (1-9)
R—NH, + HOCI — R—NHCI + HOH (1-10)

HAT, JUH T 00N, KEmE MR RESE, £ R E R A%
PO EE AR, (T TORIL,  SUR B D S R A Y AR
i, AP AT RS RO R R U KPR EE TR, AR
PRI L = ) 25 U, BOR AR, e W itifar o, 12478 B (8, MOV H TR
B o v P R 7 30, L4 Al 4 i B AN 4 B R R D R X,
B M@ AR A S, M A AV EE Bk, IRBLKIEMEIES, RE
R IR R AR AT, A AN 2 S A IR SCEE SR P02 LA

=t

¥

[aYay
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ST R BRAK TP AT L R B ATEESE, AR AR BE R SOR, A RACK T 2 R A R
HRAMEKFARFE, 7£ pH 7.6 Al 14.6°C FHIEFEMAZI N 40 4380, R ER
FETNIIEEZN 10 ~ 20 738, FESRIMRINGIE T, SLAMERIAZ 2 ~ 5
SRR, T IEACRRE AT T, WESEIEERA, Kb EE—
SE RS I, A RIRER SRR THMs, 757 Bk f2 b A R B &, A
B o RO K s S i BRTE R ROR L, R R AR, HE A B
H, SKFEITELEE, —BMEE R TR H i 37 U0
®1-1,
& 1-1 JUME 207 UL AL

Table 1-1 Comparison of several commonly used disinfection methods

M HBRCR s ERME NMAVEHE A
- RUR AT ‘ ESE/IRDOEE YL IERa s N

W AR miﬁﬁﬂ ’ﬂﬁg%K 4 1%, AR C-DBPs

i THMS. HAAs
e MRS (B A GfkEs, R KA

R mTamE kEmNE ko OOVRE, ARSI
A o o - YA TRER AN SR #h
qO WREESE S i
FEETY
PR (I DTSR T K BN 14 ik 51
s K, MR BURIRE BkG, Kk TERCR, s s
Kl o e o )
7K
3 , =, N
sk A, T TE e e
A N mmmma TRk D IR
S EBACRE, P R, B,
g, g 0 AR AR A
i B M
o B B, RSB S, K
Sl K AR s N .
41 Q%Egﬁgi S 41T E 5 Eigﬁg P TR AR
2k iﬁgg{& SEYR, T ﬂﬁ WK, Xk COD 2k
e R, SRR 5

FAT, S HRA RABUR. BT R RE IR SE R /L, 2K Tz
REFH, AEfd ] B — A SO B S A WY S A2 KR Y] C-DBPs. 4 1 I8 24
FITHREROR, KB /K R KA AU AR M R A R
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A+E/ENE, TEERANIS s 2, s ZmE. mike, SRECHE L T
2T AR R 2 L2 a2, (RIX B g T i e, 2/ A8 £ 1) C-DBPs,
SRR BRSBTS 4 R %, & BEAE WK 32 B2 Fh 41
W &% AR (EPS) HH, X — M0 & & 2 BEANEE A i 55 & R A
B, TEE R RENAEREA S EPER N-DBPs, W= 4 (DCAN) Al
T LTE (DCAcAmM) ZEPST,

i (2022 HEAESHEDIRAS AR POHRIE, x4 E iR K i 3629 4
B 2 /K S T TR AT T 4R R B0, 2022 AR R BT R A T KA 9.0 %,
I~TI 258 78.9 %, T KLLRN A 12.1 %. {E4E 1890 ANE S R /KRB &
Ehzmhih, VKL 224%, FEEAY N RRHRMEAY . B RE
FEIRZS WD 204 ASEZIH OKEE) H, B RERT B 58 TR OKED
AT 29.9 %, IXSEHEE R I FRIE K 22 2 T AT IR o SR K 284540
AR, T RE S K G A BN AR R AN N AT TE fes T R B R

1.1.2 JEHEEI=Y

1974 4, Rook 55 15 IRTE LA F /K /K IR S T R AL R 5 I T BU K & G
Rl B = pd B e, A mIRETEREIN 37 - 150 ug/LP7281, 1976 4, EEFBER
$#1E (US.EPA) WEAFRIRHKEN =K FhE) ZFE. MR (HAAs)
M=% (THMs), 295K HEREYIEER 50~75%, MAPLKIEYIE
H 1 25 ~ 50 %*°1. Symons ZF A — LL [F S H /K H THMs &5 & =75 311 pug/LP%,
e HHHKIES) iRk, Beid RIG . Beid Aiedio i WA R SRR i
S8 2 5% THMs. 5T 25 T DBPs W g BRI EAFITAMm, W, £ [H
FHABE K (B KR AR ED 20 PUF THMs 24T T A

THMs 158852 DR, WO B B il S a4, AT M R A 0 )
THMs ORISR, DA PR A A 1 T ot H B0 M R0 = S0 P e 5 2 Lt
KA RIAK: . THMs #i5 Ci 2 A E g, RE R K AR
(GB/T 5749 -2022) HflE =& Hhi. —R PG, &R G =5
Yt R PRAE 23 5104 0.06 mg/L. 0.1 mg/L. 0.06 mg/L #1 0.1 mg/L. 35 [FE IR {472
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FSE = 0 F e b RIS Bk FE IRAE A 0.08 mg/L.

FEHE RN AR SRS 5 — ) IZAFAER K 1) DBPs, A —R LK. —
WO RO RO =R % . KU ZJoBN=8cRmE &
B, A R K R AR 2R B 33 %Rl 40 %01, BRI R HE TR K
) SR RS IIREEAE 2.8 ~ 10.1 pg/L, =5 BRI 2.0 ~ 9.5 pg/LB2,
BN HAAs 1EKEHACE EZGN, BT HAAs K2 HA TS 135 1 A4
B, X AR R EEARIE N, T E B RK T R LR =R LR PR E
5398 50 pg/L A 100 pug/Ls HIEE K354 40 ug/L #1200 ng/L;  HA 735124 30
ng/L #1300 pg/LP,

VAR, KT Ko SR i R R A0 TR A A B S T AL, DA Sl
il FH SR B AR DT, R K ) HK 528 1K) C-DBPs, {HA# FH Sk
TERWRER, MK P RIRE WA R 2 0, 2342 BUE 2 1) HANs. HNMs
Fpg 2. W% (HAcAms) 2% N-DBPs. HANs EEAFR AN, 4. SR
. BN =R OEMBRE LN . Muellner 25 &% B 38 EHI K ) H 1) HAN
ik 14.0 pg/LBY. Williams SEXTINEE K 53 B FH &AL 75 007K KT
THEFR PRI, I 97 %Ik AE P AEAE M ZHEPY. %3] HANs A%
R, AR TAEAGIE T A B A E RN 20 ng/LPO,

I SN — N S RIH TR, o B AR SR AR AN SRk
HIERMEEZE, HLLERRET. B 2002 FF7E 3 E — UK 7K 22 4 A 4 e ok
MG, TR RS 5 B R K TS5 A K, B ki
H RGN ), R P AEAE 0.1~ 14.0 pg/LBS41, [H b AHeiRIE, Bk
VRIS DX P 7K A I ks 38 1) T 2 AR B2 0.41 ~ 3.34 pg/LM¥1. Teh ik
FHIKT H K AR A 7K ks H 0 B SR P 0.137 ~ 3.288 ng/LIPL. AT FER I,
SR CBEREAEART H I b SR b o oK, HOR IRAR ST R4,

1.1.3 JHERI~MmNEE

DBPs HAVEARBAETENE . A TEE. KA TEMBUSE L. BRI R
P, WA DR 25 %8 T THMs C#IE & BRI LR, BFEAE,
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PRK AT R RS, Cao ZEx IR E 1184 44 210 M FEAK I THMs & &, 3
=&k (TCM) HIR R S EEN 92.5%, AL B0OK N 50.70 ng/L, KILEE
HRWE AR N THMs 285 F- i iTRE 0 iR ) LAR K™= A AR s ma 01, N\ A T3E 5 5 2
TR DBP IREY), Horh ] fe s HoAbx it ) LA K #3458 K% DBP, 1f
A& THMsH,

Liu 25X} 1876 MEGRIAM Z2E PR 1 R ORI =R SRR & &0 il s
96.2 ng/L 1 91.5 ng/LI*¥), Pereira S5 /EAX K HR I = A LR 22 75 F /N R
FFEmfIR A, BBt R &0 R 40, Amira &5 & BURFIE A S 7RI & LR 7%
SPHETE K SR 52 A ESY), Chen £k I S ZIRIE N T-HE A 2 i AL 2440 5 % 4%
TER, S SR AT BEARAEE /)N B S8 R b S AR AR 3 2 AR IR S KT, &
LR FULAR /N RIS, IR /)N BRI H A2 D YL 38 2R 7K S I P — e
ANZERE KT, BRARMRZ /N BROD 5 7 5 ARG 4 M 3R A2 ¢4 K SFB3), Hassoun %%
KI 410 mg/kg ) — R OBENL EWERE R T/, ANRAE 4 J8 5 H
RIME, BA SRR ER.

5 THMs il HAAs # L, HANs —HAZE 6 N-DBP, HANs B A&
RO P P RIS AR B 15253, BT, HANSs BEFIHI AR HepG2 41l a3
FEIF 5 S AN T, B o O B DR 4 R 25 P )3 R DNA 543, W7 aet lt e % 4
Pt ) A A R S A B A2 A 4SS) . A RS T SR KRR R T IR A R B
FRERIEAL, S0 B RS, xRN RO IR R 2B S8R Lk
HAK, AR LK R B IRAT A, SR J5 e A DA K 5 3 iR J LR i 5 2 /)
i 7 T 161,

WEFERY], o SN RV KT & i 2R ) B BAT < =80 il
HriES NSRG4 & I E R, PURGRHA IR Thae, 534 i
SHBE A AR T0 e dmdl N BRI R B, S EUR AAR LY, AL
PR IE Re AR, il RFR, BRI ML 1 X L BEIE A R & s T A
8, P EIERR AU AL, R S B A E A AR A, AR
A RLON 2 s S I, R R e T B YR G PR R A R R Y
KIE, i G 0 2H 2R A i 1 KT8,
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12 S BIEIR

B IZ) 2000 i, R—RZHMESIY (L9F 1000 NEHD . ARBEN, K
S U AR R 39, K23 50 um ~ 2000 um 2 [7], HA ZREAGITE
A, PHEAE AT LA, F S T RO R . B R o A R R
IR K, DA w5 Bl M B #ERUK A4 38 GEIED . 56 /e 2 Rk (f
FEBOKFAD) F Rk HEE BEMAESIERC. BT eEn SRR, el
A DMR R 5 Hs IR FHK 1000 R L ERFEES L, B/R STEFIE s S T &5
TGN fRME A RR I 2, REEANIEEURN, HEAT S R
W) A B AR R — 40 BT A DA PR B v Y 9 K P IR ) B A
¥ 1] (Phylum rotifera) 43 4 #8144 (Monogononta) X .44 ( Digononta)
[65]

B SIS R EEDLAR G . SERAIRUNTOR HEZN ) N B, RIS SR B B
AR OO, SR AN A dOREAT A A A AR B, b e M B AR
W, EAERLE e RAEE S (B 1-D. ERAREENEL T, Tk
A FELERS BV A B AR S 3 ST, IR AR B 5 30T DAY PR IE BN AR AR
LA . MR AT RSN AN R (GO AR R
B, WEES 2D, Mo VAR, otk B ARk
TRASHEMS Camictic female), G 1 ZHH M MEVER PR VTR SSHEM (mictic female) .
FEVRACMEE P A A5 AR BR (amictic eggs FETEREIN), @A K H IR
AR o VR A MEE TR S0 I R A 53 27 AR AR O o X L A I AR B R 7 R B A
e, ARANSUX SR AT MR SRS, BT A AR ARHIR G (resting eggs ARHR
U)o BRAEUAHEVE LM B AR RN B R B R, M LR SR,
FFARSL . DRIk, 7 AR ORHIR O & AT BB A 1) A PR BT R 45 SR
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SRR 97 69%0 AMAET - \

MA AM \_“w"’\\_ "“"l‘"
\ qF W fi \‘.' - ““ ‘\‘ « W;\ l%x
AR | 2n | | 2n | | Ak
MA A y (\\
i P "l%f&\;’}s)
(2n ) e

I B

\ 2n \ il .
Ul X s 4
( ASARGP )

1-1 P EEARE i A i s AR (] 17]

Figure 1-1 Life cycle pattern diagram of rotifer

5 o W LA AR (R TR 5 T SEIR = B R . B IR AR G
BB RE R, HRE PR VPAL VS P PR B B AN A 25 KUK o Gallardo 5 FH i
HhR L EORR 45 R e HURBIT AT 8 R MESH VAN o HES) WD N A B S 1) 5
W, RIL y-=FE TR (gamma-aminobutyric acid, GABA). EK ¥ ZE (Growth



23 W YN 2 TR R A TS'S

hormone, GH). AZLEMIEMH R Z (human chorionic gonadotropin, HCG) Al
5-¥ % (5-hydroxytryptamine, 5-HT) # & N W ERE 7RG K, M 8
(estradiol-17B, E2) NIMHIFHEIE KIS, Gyung SR HFEHL 24 h FET-HF 48
h 6 HUPREE AR A S50 LU T Rk TR FR AN Bz 0 T
TG Ve FEBU (KB 1 K /NO, Gonzalez-Pérez % Y S8 PH BHE /K AE A 28 R G LI
# 1 Plationus patulus #1 Brachionus havanaensis 43 7 5E =542 1) 24 h ({4
RESHEHE (24 h-LCso) 300 pg/L A1 500 ng/L, HAETIBIEKREN =R ERE
T, MR ARG KR, BRR T T AT,

WRIKEACE A dUR T R K AE S # 2 A R AR, B IO A B A
AP T, B AT AT B AT . E—ME LT £ ET A
G, X AR AR ARG A R BN R dUZ RIS SR, LL iR R . EREE
TSI IE « BRI G B A, SRR TR, AT A VEAEE, R
SR, X R AIME AR B 77 2 AT DAL R4 B B A Y PR 5008 1

UL, I AEE e B M A S B0 B AL SR bR AR N S aR 28 1,
TFIE T 2R 24605 Y Bt RS AN TAEUY 72, Preston A1 Snell 277K 17—
96 h A FEINEVE, fH A0 RS JURTRIE £ I A 7- T30, R
fb i SEEAFN T 2 AI7E 1 pg/L 10 pg/L A1 50 ug/L HIHKIE T 56 U2 8

(731,

1.3 MRS FIR AR 2

1.3.1 AIRAR

A B . (Brachionus calyciflorus) (B 1-2) &—Fh) I F iR B,
oAz, B R TR LR R .
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K12 ZERRERERHE

Figure 1-2  Picture of Brachionus calyciflorus

ARSC CAIR K RS LI SRR RS AT B, B B A R ) R LR,
EEM BRI A CIER = REI I N-DBPs X LBk (OB, &2
BER AR O AE RIS RA), LRGPEANIX S Bl DBPs X & B #5420 «

(1) KH 24 h AR IERER LR, EHF R OBM AL (1. 10, 20,
40, 80 A1 100 mg/L), WLENE. R LMW IR 4z (1. 5. 10, 20, 40 Al
80 mg/L). WFFLAFFIA, ANFHE 0108 i R 24 h BOEREW, 1
P LB A B 24 hoLCso {8, LLESH R0 AL R4 i a1 K
No ARIEVE FERI YD BRI I AN 24 hLCso fl, W B =K (10, 20 1200
ng/L), WRFARMAE, RERE T H RV 08 A d 2 d Ry K
(RIS o

(2) KM 4 dAMEAETEMN 7 d ARIREDSEE:, B =/MKE (10, 20 #1200
png/LD, B FEAN [0 5 AN RIAR B 1 Vi 2 1 7~ 0% 25 16 e % i OF/NOF \MF/AF .
MR 1 FR PLJZ 7 d ORHR R 7= 2 5200

(3) RAFMSISES, BB =KE (10, 20 F1200 pg/L), 7t 5
12 h JExi$e fuk BRI R G, W AU R R AR IR R T

10
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MPUAEE CEAEM B . TR E . SRR S PR G
JERIA I H RO S BT R B S PR RE T R FE .

(4) SRR . VAT ALY, 1 AR, R OHE
MR OBEEE R YRR EIRE (10 pg/L) WET, DHREES REA =
TR R B 2 d ARG R A PEATH S BON AL R B B RS2

1.3.2 FiARE&LZk

AW FREAREE LW E 1-3 Frox

(25+1) °C. HmEEE 14: 10.
ah 7 R =

R Pt JEHABR 1500 1x. 2.0x106
cells/mL PR DU BS e

PRHE B R AN AL

A 4

[Mh%ﬁﬁﬁi%]
JUZREAN I | 115 24 h-1Csy
A L J A 4
Fo A A Sk AP AV S |%MEM§%
id ¥ |
G Ko | | 05 6 A A 1
FER ey o8 KRB RANESEIEE TR TN
OF/NOF FE tE RS (SOD.
fti. MF/AF CAT F1POD) i
{fi. MR fI L7 (GSH)Y I
FR MDA &)
T-AOC 7]<3F
T A P - R R HRESIREE N W g m e R

Y Y

[ THER R = W0 BB RN ]

1-3 BRI AR

Figure 1-3  Techology roadmap for research

11
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BT SWMBERE

2.1 LGSR

2.1.1 SEREFI 51LER

SRR A 3 AL 2R L 2-1.

£ 2-1  FEALERAFA

Table 2-1 Main chemical reagents

e gl E /RN G
&R AR/500g [H 25 5L B A 2l A IR A w
KRR AR/100g [ 24 £ L~ R A PR A 7]
LK R R Bk AR/100g I 25 SR A 2l 25 )
AL AR/500g 1] 2454 [ 4 2l il 245 T
TR AR/250g Bl 25 4 A b 2R 25T
IR S AR/250g I 2454 [ 4 2l il 24 T
TorKFAGES AR/100g I 24 B [ b 2k 7 o 245 )

ToIK WL A A AR/100g KA KA 23R
TR — A AR/500g AR TR AL TR
SN AR/500g R R T AE AR AT R A

LT AR/2.5L Hh ] [ 24 4k 2l A PR A
=Sk AR/100g [ 255 [tk 2 G A FR A 7
N 98%/25¢g R R TR A PR A
TROHE 98%/25g R T A PR A
H OB 99%/5g bR R TR A PR A ]
RO =99%/5g R BRI R A A

R Wk =>98%/5g R TR A PR A

12
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ASZUG T 5 4R (Dichloroacetic acid, DCA). 5 45 (Dichlor-
oacetonitrile, DCAN). & Z®E% (Chloroacetamide, MCAcAm). & LBt (Di-
chloroacetamide, DCAcAm) FIYR ZMt}#% (Bromoacetamide, MBAcAm) %57H 25|
PRV BRALHE BT L 2-2.,

®22 RO RO KO R OWEANR L EA T
Table 2-2  Physical and chemical properties of dichloroacetic acid, dichloroac-

etonitrile, chloroacetamide, dichloroacetamide, and bromoacetamide

JBE IR i =/ B/
LR CAS = A = Y S
(g/mol) (mol/L)
WA 79-43-6 C2H:Cl,0, 128.94 0.556 CWJ\OH
Cl
THOHE 3018-12-0  CoHCIN 109.94 7.76 C,)\
\N
Wi 79-07-2 C,H.CINO 93.51 0.957 /Y
TH O 683-72-7  CoH3CLNO 127.95 0.555 )\,r
TR T 683-57-8  C,H4BrNO 137.964 1.160 H‘/

. Frh#dEskIE T EPA CompTox Chemicals Dashboard (45 % (https://com-
ptox.epa.gov/dashboard)

SEAGE AR P B A EE SIS IR 2-3,

13
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® 23 EESIBAGE

Table 2-3 Main experimental instruments

NE T EPETT R Ve
RO B E AN A TR A A XSP-8CC
FHRAE KR K

iR ST AR DSX-280B
B 2y
K1 1l 5] 3% 22 F i 42 4] BL610
LB IR T RIS HIE R
A ETAER WAk HH-6
PR A ]

BEREOHL TR ] A A RS A PR A A H1-16KR

A KA EIREEMU A B R A HK 10958
HRe IR 7R LR TIERA R A ] PGX-350C

R R R 2 T Wi SV AE A R A F SMZ168

wirTES N2 ZR N SW-CJ-1F

ST RAE =R B TR A A DHG-9101

B R AR A T L PHS-
pH 1t
G| 3¢
XGRS W Abat S hr@E AR AR THE A
TU-1901
I =il

2.1.2 RlEMEEEF

VIR (Tetradesmus obliquus) . 1Z%FK /KA 45 (HB-4) RFRl
(% 2-4) f£ (25+ 1) °CoHFMMEIETR, JolEaRZ 1500 Ix, JlEEE 14: 10
MR IR, BHIRREM 4~6 I TRUFEL TXHERKS, 7E 4000

r/min FAT B OIRYE S, BT 4 cCUKFRAEATY,

14
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*2-4  KAENSEEFREAC T
Table 2-4 HB-4 Formula

5%l EERFiE (g/mol)  WKE (mg/L)
NaHCO; 84.01 100
MgSO04-7H0 246.47 80
KCl 74.55 25
(NH4)2S04 132 200
K>HPO, 174.18 15
Ji7K CaCly 111.98 15
IR IR / 2.5mL
As / 2.5mL
FeCly-6H,0 (1.5%) 270.29 0.75mL

2.1.3 BHEMXESER

SR AR Rt gy, R B I8 T S AR TR AR B, 7E S
WL ETAS, TR B R N L E B AR R (US EPAYRL 7 (3R 2-5), 1E
(25+ 1) °CHAF TEIEEFR, JalBRE 1500 Ix, JGlELHL 14: 10 BB FRFEH
R, K2 RREERIRE, MR FRERTE. BRIy s o lE
b T FRBUE K AR AR D B

*2-5 EEMERSRI(US EPA)RC /T

Table 2-5 U.S. Environmental Protection Agency Formula

il BE/RJFE (g/mol)  IKE (mg/L)
NaHCO3 84.01 96
CaS04-2H,0 172.14 60
MgSO4-7H,0 246.47 60

KClI 74.55 4

15
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2.2 SEENEIT

22.1 2MEMMEESTE

5 FPHERRIY)FH EPA KR FRIRIEC & % 1000 mg/L B REEH T Sk 1tk sk
By, T 4°CUKFHBEAFE, D250 T A IS R A #T B G B ¥ EPA BE 7R LG
BIRRE, SIPLHBILRL .

SEIGTFUATT, KA hE TIRE N (25+1) °CREFRM TP ks R4 14 d,
JEE I 14 O): 10 (B, 4F 24 h FHFEERE IR, JFRE S
N 2.0x10° cells/mL [RIAHE PUBESE, RIS Bk —30 A, GEFRRES A AL T
FesE B K

R 2 PRI S R, K RO R OSBRI ERE N 1. 104 20,
40. 80 1 100 mg/L, LWL . R ABLEAR OB 1% BN 1. 54 10,
20. 40 1 80 mg/L, —HAUEH EPA B3R AS AXT . SZEGAE (25+1) °C.
TR E RS FRAR T AT, SCITTUATT, FERTPkE 200 ~300 RAMAAH Y H
B AR AT U AR BlEfR, BT S50 mL (I BEIEAA R (4 30 mL EPA 5% AN
BREN 2.0¢10° cells/mL IR DUEEEE) . 7F 4 h JGREHLERE 10 N K/NE 5
RN 6 mL FIBFEAM T, TR 5 mL S CR & RHVE DT85,
MK ERE 4 NEE; Dl 24 h BEJG, €S TSP hE
TR A, SRA A AL AN P MR AR A D0 8

AR Sk A S 45 AN A R, 5 FE R R IR EE % E A
10, 20 F1200 pug/L, HE—HTZARA, HHRE 8 NER. MLIER 3 4
RN T 4 h BR/MHIZE gk, N 6 mL BT, M S mL #
W N 2.0x10° cells/mL HYRVEDIRESED . SEIRAE (25+1) °C. TG
fEIRIEFRAE AT, 12 h BIFVIPUHEBEEAMRMI &Y, & 24 h R
M, SEIRIHEAT 22 48 h, XTREAN I PRI RS RHEAT T SE50 % 96 h
JG, RAE RS MRS AT U, MRS 5055 SCERS); 168 h JE, WHR
A2 VA P IR DI R 8 N B PR JE 8 F) AR B2 AT 38

16
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2d PR KR (o THEAN:
r=(In N, - In Ny)/t (2-1)

H s N No 7370 9 SEB 25 RANIT AR I 146 s AN 8 ¢ i), 525
Fei2d.

4 d HIEATEZHEHE OF/NOF (4 NMEMR KU A% DU ME/R 20D . MF/AF (4%
G HE A K IR A MR K AR IR S A B U6, MR GRS, R iR s Mtk By
BEFRSHO . FR GG, 50 JUMEE  S2HE TR A MER B IR A MEAR B 880 - 7 d Ak
HROE =& (5 mL MR 56 ERAE 7 d PR ARBROP I 80 U7,

2.2.2 SR SRS

5 PhARR R PR BEAN S O R E A AR T SR Ee T AR R . AT 9
I P BEHLERELZ) 10000 H 8 BN 50 mL B, BN 25 mL MR OR
GEYD, BMRERE 4NES. RRIE (25 £ 1D °C. JoOGBEREFRA
BT, IR EREY) . BEE 120 )5, 25 um BIBERICEESE HIE AT EPA
FRFREIE Ve, WL (%G JURE i DR AE T-80 °CUKAR Y, ekl

Wi SRR S B S R RS S SR AR I TR (B RR 2 M, 0 °C R UK 51K 5
min JEFERE 1.5mL B0 T, T 10000g. 4°CFEC 10 min, &50045 K 5
S BIEWRH T 58 ARG B e VE AN £ 8 & B I SR ) B (SOD) W
AR (CAT) 3G, AR (POD) J& AR JE A2 B H K (GSHD
B NSRRI E bR, GEEUT B (MDA) & BT B 40 Mo A i S Ak kK
3, FIRAE IS PTELAE S (T-AOC). EARKNIE B8 SOD k& (&3
FAMBHAR A, b5, BC0170), CAT k& (3%, BC0205), POD
B (22K, BC0090), GSH 7@ (%K, BCI175), MDA (F3K=,
BC0025), T-AOC X7l (REE, BC1315) St HEAT . HARI & JRER 40T

(1) SOD. CAT 1 POD 54158 AL B 52

A H T A2 BB AR B R B S 7 (R B A - M LR (XO) Pl SOD
W AR UM (NBT 1E AN i 4E R . SOD 5 NBT 354+
SE A, TTLOEE I 550 nm bR RE R I NBT (i85 2R, NBT i)

17
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i 5 SOD R RUELL . B§YE 7)1 5407 % 7R~y U/mg prot.

CAT 1E— & 2 AT T At BLHe o i S M8 LR B R e, {8/ B3R 240 nm
IO PR B e LN )T B, ARG BE AR A A R T B CAT W& . BvE
S804 Ulmg prot.

POD {4l H.0. A AIARE) (48 LKW, guaiacol) ALK AL 4-40 H
AR, IR 470 nm A AR C . BRE 71 R R 8 N U/mg prot.

(2) GSH 1 T-AOC [l &

P I TR B A 2Tt 35 % PR R S I 7 A 2 3 -5- 3 3 2 R R AN 45 bk H ok -t
Wy (GSSG). 2-fiH-5-Fi IR MR N W), FEPK 412 nm &b BA &G
Wt. GSH & &EHAN ng/mg prot.

FERMIREE T, 40NV 2 Ui T DUL R Fe¥ - =nitng =7 (Fe*'-
TPTZ) F*AMEH Fe*'-TPTZ, HIRE IR T SBFIEILEE), & YIHE 593nm
HHREERIL . T-AOC *A7°4 umol/mg prot.

(3) MDA il 2

B (MDA fERMEM SR AT, AT LS HmAAAE 2R (TBA) 454,
AR R LT = 1] (3.5,5- = HI S0 ME-2 4- D, o KRS K AE 532 nm.
AT LU A5 5 T IRE A MDA % & . MDA $474 nmol/mg prot.

223 BRERBESH

B SO RO & O, ¥ =MiH SR eI IRE T
AT R BEM =0 R, AN 10 ng/L A OEE+10 ng/L A M. 10
%m:%ZM@HO%&:%Z@@m%m:%Z%HOMm:%Z@ﬁm
ng/L “E OG0 ng/L R OMEFI0 pg/l RO, BT AN,
FHRE 8 ANEE . BEHLIEI 3 MRK/NT 4h HOR/AMHEIZ % A, BN 6
mL BFA T, DI 5 mL BRI G238 2.0x10° cells/mL R PUBEEE ) o
SIGAE (25+1) °C. TEGHIIHIRIE TR AT, & 12 h B TTREBEEAR
FREI R, & 24 h WG R, SEIR T & 48 h, XM BEAM TP AEE
e JUEAT TH AL S50 2% 96 h J5, WA FIFPSSMEARR ddkAT i1 2. 168h J5, X

18
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TR AT A 485 DR IR IR 96 N SBCRR A JEG 0 RO AR IR B EAT T3 2 d PRI K2 ()
AR, 4 d AT 7 d ARIRII = BT 0 2.2.1 3,

EIN RO —H M E O, K =FE SR ESRSIRE T
BT U BB = 0 R, RN 10 pg/L SR OEE+10 ng/lL & M. 10
ng/L & LWEE+10 pg/L & L8R 10 pg/L R AE+10 pg/L S LA 10
ng/L “H OBEEH10 pg/L & AHE+H10 pg/L —E AR, Ri—HTEX A
TS 7R BE T BEHLEEEINZY 10000 A AL BN 50 mL BeRfHr, M 25 mL
W CREEYD, BMKRERE 4 ER. SLI0E (25 £ 1D °C. T iER
B IR AT, SRR Y. BFR 12h )5, F 25 um (B EES
JfF EPA B53RRiive, WOHRAF (e R f ORAE T--80 °CUKAE, FRRTIAE . %6
HKN M SOD. CAT. POD. GSH. T-AOC #l MDA [l 5E A, 2.2.2 75,

2.3 HEAIE

Hed AT 2> Hr ALL A 7E Excel 2003 F1 SPSS 17.0 #4458 i, 42 EI1E Origin
2023 BAF e . KM i 47% (PROBIT, Probability unit) 5 5 il &
PR 24 h-LCso (24 h FEBULIKIEL), KRIESAAMTT ZFERK S, 2
d MK R IE AR . B AR R ALRIEFR PR . SR BRI R 7 Z 50T (One-
way ANOVA) F1£ HE HH (LSDtest) 72, LBANIEAL5 % LA 2 181 1) 22 57
BEME, WE P<0.05 AR EEKT.

19
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FZF SHHEBRIFYNELRERRLBREENSERMN

SV SRR T DATE BT ) VR A TS QR D, LR BRI R
SERG 2% R, IR DT VR S T RS RE R, RIS R KA A
SRR AR, R HUE T KRS TS e BRI RN VR A
HAMRAA . AR REL, 58 7R A0S Yo I BUR S5 RE . Snell 55 A1 /K
LB RE S0 B 56 s AR N 2R B, R 24 h Ve SRR SLIOHETT T AN FL A
Vi SR, XMOTERE . R mERES. 5T SR ED), R
KRR T NG YR RN — MBI 4R R, OB RS 50 A5 SRR
[RVEER S A AR, AR i 2 I BE T 2R 800,

I R AE IRKAES R RS 7, G Re =i sl
PR R R EAER, B0 R AR R S A A R . H
I, AR A B DR NS e B e B RSS20 4 (ASTMD 41
AEEE RIS, Tk, BN L % DI R RO e, TF
J& T V2 AEREIE SR . BOAK S SR R AE R R 0 HUBIE FT P M R ) U A T AN
VRS B RT R L S  E, SR ML S SR B Hh SR T AR Y55 T )
24 h-LCso 73 712N 3376.87 pg/L 1 594.56 pg/L2), Snell 2557 210 R4S duxt
28 PG AT SRR MEVEAN, RV 24 h-LCso, SR LS Y # M/
31, XL IR SR T 1 IR BRI A FI DU Sy A % R AL iR 4l AR A B 1) £ IR
MR SRR, RIS Q3 BAA m et E U S, S mf
FLE AN ZARAEYVEAL 1728, R EORFENE, X = & RN R
K> R > RO,

CROBA R CIEE N R R R, 1RSI TS K A
TZATAE, 0 ELAE SR /K IR BT A LA 5 e RO H 261880 o SR o — SRR I
HTH R =4, B SURIAE, KR & A DL I DL 2 /K A ) A B
HEVIIRIAEAE, FEUKMR S 1) OB S 4], B Ergt T —a O —
S ONE R BRI 0 32 BEAR TR FE MG U R MR 0 2, o KA TR A S P 4
BTG T, UHE, SOB. S OBREFR LB KA BB Y)

20



23 W YN 2 TR R A TS'S

ISR MR Fe b . AT AR R e dUN AN, B A& B 2R R )
A RN R AR S R RE Y R AN =R LG ("L
Biic. —S OB, WOWE) KA 24 h 2ESEREAAERESE, A TR
5 Fh DBPs X SALE A AT . B 2 d MR AR . A IR TSR AR AR
MR D™ PRI

3.1 JHEERIFIX R R S EERIS N

3.1.1 5 MiHS R YIRS

T 10 mgL R RN OB R OBIAR 2B
24h Ja, WAAERLIRGLUNE 3-1 Fron. EREE TWEKI, 5 FHEE
VSRR HOE T R R N s B RS0 R, SR RIEUPIR, R AR O
HEAE B AH HZ AR B

21



74 GREIN 2R S VAT

(a) XFHEZH(0 mg/L) (b) —&HZMA0mg/L)  (c) —H (10 mg/L)

(d) |ZBZ@oOmg/L) (e) —HLBEZ QO mg/L)  (f) IRZBENZ(10 mg/L)
Kl 3-1 BET 10mg/L —HALB. SOl OBz, S OBEMR
MEf% 24 h J5 =108 R 5 ks

Figure 3-1 Morphological changes of Brachionus calyciflorus after exposure to 10

mg/L dichloroacetic acid, dichloroacetonitrile, chloroacetamide, dichloroace-tamide,

and bromoaceta-mide for 24 h

BT AFKE RO —RHOE LB A CBEANR LM
EEIVRE R L 24 h (IFET A 24 h-LCso 1F 3-2 fim. W AMR. S K.
AW S S AR 2Bt oo 224818 250 S 24 h-LCso 43 Al 73.63.
42.44. 12.49, 23.12 1 2.46 mg/L, MR 5 15 BOAE 2 2 [] 52 3B 2 7 71 & - RO,
KER(R*>0.87)0 “RLIRNEASHAERER 4, HXT AR 48 UK 24 h-LCso
E TR RR Y AN . ANRREE X A BRI TR BT A T
MFERE T, RBRT 5 BEEH LR OB . S OB E R, 5%
F 20 mg/L 1R LR RZ [ 5E HBET %N 100 %, 1M T 80 mg/L (mikfE) &
BN R O R SR TR N 80 %A 70 %.
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Figure 3-2 Mortality of Brachionus calyciflorus after exposure to different
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concentrations of dichloroacetic acid, dichloroacetonitrile, chloroacetamide,

dichloroacetamide, and bromoaceta-mide for 24 h
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3.1.2 HEEIFYIXE R RS KRR

AFERE — R B —A O { OB S O IEANR 2 ot AR
Rkt 2 d ARG SR L an 18] 3-3 fos. I 3-3 WAL, S HEAEEL, 7E 10
ng/L RIHEERI= V)8R T, X8 dUm) 2 d FhEFIG KA 0 B2 52m (P> 0.05);
fF 20 png/L FITHSERIFYRE T, R CREERR THBRM 2d FEHEKE (P
<0.05), R LML EZMH] T H HAR 2d MK (P<0.05); 7E 200 pg/L )
HERRE T, BROROBZAh, At F A S04 R 2 d Mg KR

TR FELW (P> 0.05),

k%

LI o

Pk

B SE PR
o
ESN
T

0.2 |-

—
I s
——F

0.0

o
N

0 00
W (/L)

K33 BETAFRKRE “ROR. —ROfi. KOWlc. SR OMEMR L
M b A0 A R 2 d MPRER KA
Figure 3-3 Two-day population growth rate of Brachionus calyciflorus exposed to
different concentrations of dichloroacetic acid, dichloroacetonitrile, chloroacet-

amide, dichloroacetamide, and bromoacetamide
3.1.3 JHERIFINE A E AR

AFIREER —H LR RO " OME . R LR AR B =
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B R R 4 d B HEAES B INE 3-1 FiR.

5 HEAHLE, 75 10 pg/LRE R, —S 4. 8O ALl 8o
Pk AR £ W ot 6 R A YA TS BUA TE RE F2m (P > 0.05). 200 pg/L &
CMRIEAT 20 ng/L 1R LWl B4 18 AR OF/NOF (P < 0.05), 20
ng/L 5 CL T ) 5 2 BRI T 6 URPEER) OF/NOF (P < 0.05); 200 pg/L 4%
OB ER S T R MF/AF (P <0.05); 200 pg/L &AM & OB
120 pg/L IR BRGSO MR (P < 0.05); 20 pg/L —® &
B2\ WA 200 pg/L —R AN RO BE R 7 MK FR

(P<0.05)

#3-1 BFERTAFERE RO —RALH. ALK —ROBEARZ
Bz P A R 4 d GRS M
Table 3-1 The reproductive parameters of Brachionus calyciflorus in four days

exposed to different concentrations of dichloroacetic acid, dichloroacetonitrile,

chloroacetamide, dichl-oroacetamide, and bromoacetamide

T H W/ OF/NOF MF/AF MR FR
Cug/L>

Control 0 0.75720.149 0.60720.289 0.15240.041  0.27520.127
10 0.79320.461 0.60620.156 0.15740.068  0.33840.157

DCA 20 0.8240.309 0.48740.135 0.142490.04 0.40440.07"
200 0.77620.261 0.8580.292" 0.19140.04  0.43720.121"

10 0.9440.475 0.57440.226 0.16240.073 0.2240.169

DCAN 20 0.67620.25 0.74620.149 0.16740.039  0.31540.155
200 1.12340.535 0.8140.076 0.22740.05  0.33520.085

10 0.84420.218 0.6840.215 0.17820.041  0.208+0.180

MCAcAmM 20 0.78240.093 0.68020.283 0.16920.040  0.40840.155
200 1.49240.247  0.64140.315  0.21940.064™  0.3010.093

10 0.81620.178 0.71120.313 0.17920.044  0.26140.130

DCAcAM 20 0.53940.101" 0.5530.286 0.12020.049  0.379+0.188
200 0.88620.250 0.70020.284 0.18320.038  0.544+0.148™

10 0.70620.269 0.73520.104 0.17020.036  0.31340.123
MBACAM 20 1.10140.453" 0.79430.459  0.19940.044°  0.49740.107"
200 0.62620.075 0.51940.217 0.12740.030  0.331+40.159

e BAPEIENTIME £ bnlEZE; Ao ReE5RBAFEEZER (P<0.05)
WEEERE (P<0.01).
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3.1.4 JHEEIFYIXE RIKER D~ 289200

AR = E R 8K OB & LRGN LB =5 4%
R 7 d RERIN = B 3-4 Fic. AL R2BE. R
JRRIR B M %ot 6 ERU IR IR B P B30 B 3 MR (P < 0.05) . S5 AR EL, 20
1200 pg/L 5L MG BRI T A0 R B 7 d IRARON ™ &, 73 A AN 7.125 14
TIZE 9.875 F112.375 (P <0.05); 10, 20 #1200 png/L & LBk © 218 n 17 24¢
BRI 7 d ARIREIF R, 2RI 7.125 BN 13,125, 10.75 1 31.25 (P <
0.05); 20 F 200 png/L R LB W E G 7 208 BA R 7 d IRIREN = &, 77
B 7.125 BINZ 9.875 A1 19.375 (P < 0.05); 10. 20 pg/L 1R ZEEfZ & 21
TERE R H T dARIRIE &, 23 AN 7.125 BE N ZE 16.625 F115.75(P<0.05),

40

DCA DCAN
MCAcAm DCAcAm [__] MBAcAm I

PRUR G &/ A

20 | ok ok ;
o 1 i
kK
T x|

L

10 20 200
W/ (o/L)

K34 B TAFRKRE RO RO (Ol — SR OMHEMR L
Bz b E R R 7 d ARHRER - &

Figure 3-4 Seven-day resting eggs production of Brachionus calyciflorus exposed

e

°rrrrrr |

SEEES
N

T

I =]
NH

e
K

o

to different concentrations of dichloroacetic acid, dichloroacetonitrile, chloroaceta-

mide, dichloro-acetamide, and bromoacetamide
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3.2 g

RIK GRS A B rE s PRI TE M B L T PR R, X ESE . AL
WAEMRUR 255 BUR, & & FAEPAN S S B K AR S R GRS U,
Forp, V5 R rnt e AR HESUEIR G 4N, Snell 2542 HE (1%E B 24 h-LCso brifk
MR T B AT, B T EHURESE R, O 2 T YRS R & dui
SRR, B IUROR, SRR O B A B RN I % B ) LCso 431
4 6390 mg/L #1431 mg/LP¥, XI5t 1) LCso N 315 mg/LB, ¥ KT
AT 7 P S T A SRR R LCso, 22 WA EL K R 400 M R BE 25 £ i £
M5, ZACE RS don v LMt RV BN, S AR M 2R BT i
BEVERC . SRR SRIR A R, DUM S BN R 24 h-LCso KT
EHAHRETY AR, RUWHAH RO OBk S O
AP LR TR K T BB F R =) — & LR . 31X 5 Muellner 25 R 78 45
5B,

5 LR H TR K TE SR RS 2 — . TEEHBIT (IR
K EAEFRHEY (GB5749-2022) 1, = H ke I CRRARER 5571 25 R V)b
PNFEHITEAR IR E T IRME, AMEAAEHRE X OBEER. CHRER,
1] TG P 2 8 PR R A B0 23 il 2 1 BRIV 99 £5 A 19 1%, Sigi AL # 1k
ANNE 4T B B4 2 )2 B LR 12 £ 142 5070 5 Z Bk AR E — R 2
T Mg L i e PR S o] B 5 e ) i B R 70, g UG v T SRR R TR
] b 2 /KU A HLA A R S B B s, UK AR 2 R A AN S 1Y
HEITR, N OB S B R R P i AR SR TR KT RE, e IRH
IKFNZE T KR B AT 5 Y o, 3R R — 8 R R R AEAE S8, [
b, HIRSEANAEZS KREAR G, Rl 2 I K B X PR B AR I

BRI, WEEEER ORI EE SR EEFEE X, —J R
SN GBI, R OB = SR N BT s i S s, B2
BRI R TEARCIRS) . R FR, =Rl QB 2108 R Ak d
KRR B> R L B> R OB, 1% 5 Plewa S5AJF AL LS4 T 6f Hh
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IR0 Bl O S0 B M (R 50 AR — B8, R T LB P B R 32 B U 7B
AR TR AT, Plewa Ml Attene-Ramos 5 (HFFEEM, Bd 2 BEIE (55
MEIEAE 1> Br> Cl, 38 BUX A (14 B M 22 3 2 e ik A0 o i 3% 10 B A v
ELT, ARSI, —H AR RO AOBE. SR OBREAR LB
PHEICIR FERE i T S PRI BEIR B, 7R SEPRIABEIR BE T — AN 22 7 AR BB K
B2, BRI, SRR PN & 2 R P e g e, B FR BT R
o

PRG3R i e AR IR IRPR BTG L RE T (25 G R IFEHR0Y, BRER TS 4
J e ORI K R 1) SO R B S T i e PR RS AL, AR
BRI B MR S IR 28 05 . Snell A1 Moffat XF ELWF 70 & B, 2 d ZEAERE R 56 dup
K IMR LB RSO (Ceriodaphnia dubia) RIS e 5 INBUR,
HIAK TAEE ki 70 %04, &G T KR . I SOREY A S5 11
T QX e SR TEREVERC s [RIRE, SUARACIC S SE/ . IRER B AN SRR LR
FeL ARt R R PO 0 e 1 e St B T R R B K R — AN UK
FRO391, BRI, Janssen L FE 6 d = RN B ARG K AR LU R T
P e KA . FERE R AR 2T P RIS Yy B B I, e Pl 2 B R0 B}
PR F1ARZH AL, HLAESEERFFAGIT, S5 F AOEe g R 0 AR 4 h LA AR
TR, (B2 RS 4t )E, i e | QAR SE . AT, £E 200
ng/L RN, R ZE OB 2 d P K082, Hekbs
ZHL P (R R R ARG K 0 B AT ], 200 pg/L AOVR LTI AR B RO ER
HUP 2 d PG KR AN HI R B K, X W] BE 2 BTV SRR 24 h-LCso (B 5
K, SRR, £ 20pg/LIKET, KA RS ) 2 d By K
A REFEMHIW, ROBEECEERW, RIZIBIR T S B EY)
Jo I B e A

FEARSI T, “H MR 20 ng/L FEEE TR 2 d MR, e
200 pg/L T T B 2 d FREEG KR . S Ph I ARMR BE AR, eI BE A
PRI G AN Tian 5548 H 52 AN SR oG 22788 Fe e L 2 d ARG 2 1 5 i RCR
FAUL3 XTI GAE T L2 PR N BRI AN, B PEARIR B
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WU AL SR, ey i B2 SR AR LA SR, 3 A 5 77 AR 1) JER IR g N A 5 A
AR F) e R EROR S BN I FEAMERS, AT DU AR Il R
B, TEAEVIIKT . ALUKT AMEACFRIEA K Z 2P,

NG R (AR R ) AT A MR AR R R S AR ) I RIS AR A 1
AR NS, VR AS MEAA A e HUR B AR T AR . Bk, AT
AL A R VR AT ME AR 10 LU R DAL A MR AR BRI K, BRI PPANS Gedxs
B HREAFE .. FFRKRI, 1.5mg/L 992K TiO2 1 0.01 A1 10 mg/L 1um K 2
IR RLE S T A R AR A F ), T 1. 100 A1 200 mg/L
KBrOs 2 2 FEA% 7 iZEPY. ABFFH, 200 ng/L & SBEIZAT 20 pg/L ¥R LFk %
WEERZE A, S HURREEIY) OF/NOF AR AS BN M B Th e, R Z PN Ab A
H, BRRCERBGNR SN AR R Sy, TT AR T2 3l U R A T S DA R85 ) AR
1, B -G TR ARIR G P B 1) S 35 2 v ot — 3B I0AIF 1 6 i B SR M R R R B T

HAFEERR, £ 10pgLKET, A2, Aol Sk, -4
TR AR C B H5 0 A6 R 5e U] OF/NOF MF/AF. MR il FR G2 35
We, FTSCHR) 2 d PG AR oA B R . X AT RE R AEBUIIR L, X4t
fRIsZ e R e B R IR, (ABE S BRI [ UK, RS BB AR HIR BN 7= B ik

SO AR B IE E BRSO A R R LN, LS IR AT MR ) SR
e, ROARENE S5IRASHEA A B2 2R 00, SRR 2 BE R AN — @ I K
ML K. GRRFECR AR, 50 R e YA R e M AR Bl 2 RO, AR
VEATE G, I8 R AR PR BB R o A 1 AR AT DL E R 4R e AR
FERY B, GRIRELRM VR, RIS AE TR AR B T A R . A
WHFEH, 78 10 pg/L NE A KRR 2 2040, A AR R 2 3 2 5
Wy, ER RGN TS SR R SR B ORHR R, X R Y RIS AR AR )
BRI PP (] iR R, 0 AR R

JE SR AT 2 B o P A TR A R R, X PP SR AR T B
LR T RIS RIS B PR B Hl A 1 P AR MM O A . ETE PR AR B
JEAN, PR MMEA R R 2 SR = A AT, T RURARER . R R
A 1.5~2d, 1 HIRSSMEAAE AR 5 TUAS NI N SRS D A 227 AARBIR O, 25 AR
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JL ) B2 G ) 2 7 A B A e 1O, BB AR e R DA 22 AN TR S AR AR I B T 4
W2 RE KB ARHR G, {5 Serra %5 A IUAE R 2 A0 20 5 IR SRR VRS MM (AR
2h ) ZENOH, FEARMFLH, 200 ug/L R LB RTE R, SRR %K,
SR ARG 7= R = A RN, 7] Re 2 IR SR T IR ASHEMA I R &
IR HRR A

Gl VR A A . IR AL L OS2 R AN R O A R A I R T R ) AR
HIRON A2 40 A PEAR T A B 2871, o e UORRh . BB AR B sk S5 R
SCHOST, i e B E AR T, ARIR DN 5 b R 2 L e A AR T S H O G
YR AU TR AR, B FCUESE, 2.0 A1 2.5 mg/L 452K TiO,. 0.01 A1 10 mg/L 0.5
um 2K LIGEERLL K 0.001. 0.01. 1 A1 10mg/L ) KBrOs ¢ % 3% $2 R IR g
FEEE, 1 100 A1 200 mg/L KBrOs U & 35 FEAIK T iZAEP4%99), AR s, 78 15 4
WEFRZE A, A9 ANBOPRAR BN 7 B A ok v TR R, T v P A A
BT HEA AR, &G HIEF I R E Y5 A0 e oA A5l
RIS . —MAA, BRID SR R He ARAR O B R ) R B0 B8, (H L = 2l 2 3
e BRI IR F AN ER RS R 04 AR ST, DR o A B A p 2 e R S h
AL EEZER, HHRZEm TR, &em AT 97.81%, #HENXFELZS
B2 B R AL ORHIR YR 5 2 3 T BRI B R A

3.3 KENE

FERPERESER T, 10mg/L IKERGE T, 5 MHEE Y S8 RIkA
WEEL . DM, FIEREEYIR. 5 FMETER YN L B U SR
e RO H OB R OB R ONE> A LR 5 R
PO 2 d RREIE R . AIEATESHON 7 d ARIREN P EAE TR AR RO, 7 d
PRBR N B O BUR A o
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BT 5 HSRIFYNERERL RSN A

=20

AR RNUATE PR SRR 5 PR R G [T SR 51— AR A1
R S R OST, FE SRR, RS2 28, 20 N 7 R R s PR 1
TR ETER T AR B RS, HiE R AR RNV RSZVE ], B
RBCEHUAR > T, SIEMRAN R EAR . SRR, BN i
PRRZRIAR, R A BT S A0, s — B A B B ANk 2>
TEIUAN . T EAPURE I E AL EE (SOD) | id S AL E g (CAT).
HEAYIEE (POD). A H KL E LYl (GPx) &5, BEEMNKD TEIA
W EIR4EE R Cy i By SR DR 2R3 B e H IO L 4 4 771

[107]

o

WEFCRE, S22 RSN RIEE , AR A PTEA R Gt = K41 . SOD
R EVRPURA N R S R B R 2, RERS RS TR B 2R R 7K AL 4
W SEAEA AT, AT Al B, i B S S0 — R ), i
SEACE N L ERYEFZ H SOD EAL I AL B 3k Botl Se N B {EAE BN
Mo SIS i ) B S AL i S S B AL B S B P B T LU R CAT T2 A7 AL )
A AR, AR P A 1 R A K A
AT, CAT XA AR FE A A R ERBCR B, (B sk E R Al
SRR 5 BRAE /U, POD RES HEALALIA PN IO AR B A IR TS e xt
PUARRIBDT, FRANM N ROME S AR AR Sl R EZAE M . GSH 1R
NAEETT AN R A PUAN . MRRIZhRE, GSH 7> T REWR ) LAt E i 5T AL
AEA, BIngiER E MgEd xR C 1 HE h2k, HRE B VEE A B2
N & N T VIR 2 7/E 3 -l e s/ AN R AR € =L AN & QUIMIREE Sl iU+
PELA RS

PV R T ) 1] 0 - WA NI LI L N W L 4
AR e B T o0 0 R A IR M SV E R Ik L AR AN PR AR JE 5
Wi, it B0 R LR WS RO . R LB AR Lo =
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T e RN, 5 R 58I P ) B P XS fe SR N SOD. CAT,
POD SEHUEAMBHE A GSH JUAMGII & & SPGB I A K
PREATIE -

4.1 HERIFYIXR RSN AR

4.1.1 JHEE|FY3R R AR E L EE RIS 5T RIS

AERE =R OB RN A OB . R OB REAR L 7 #e Nt
AL R At SOD BEiEVER i 4-1 fios. BB, &k —Ra
i |OBZ. — R OBEANR ClEES2 i 17 SOD Byig . £ 10 pg/L =
HONEMP LW Rext SOD BgvE A (Rt EH, IR OB IR BEE &3, 20
ng/L #ET, MBS OBREMLARY BEMRE SOD Mg, Ho & ot
SOD BE PEMRBERUER B K 200 pg/L T, UH ZSH LBMA LB T SOD
BgigPE, HARBAHRELM.
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Kl 4-1 & TARKE ROk, SOl JOMiz. SR OBEAR L5
i =L Fe e dL SOD ik
Figure 4-1 SOD activity of Brachionus calyciflorus exposed to different
concentrations of dichloroacetic acid, dichloroacetonitrile, chloroacetamide,

dichloro-acetamide, and bromoacetamide

ANFERE RO — RO [OW . =S O AR L i 2 75 o0
EACHE FEfe L CAT BV vERs2ma an & 4-2 B . BT, 10 ng/L #EE T, 3
Xt CAT it r=AE B, iR 2B CAT BEm I3 UR ks 20
ug/L BT, BRI CAT MR Pk~ B, H IR Z e CAT s
PR B R 200 pg/L B F, —SR AR HOBE . A OB L%
G R ERE T CAT Big Tk, T A OHKEXT CAT it e it A R .
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32
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11117
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Kl 4-2 ZFTTARKE ROk, SOl JOMiz. SR OBEAR L0
AR R A B CAT (i I
Figure 4-2 CAT activity of Brachionus calyciflorus exposed to different
concentrations of dichloroacetic acid, dichloroacetonitrile, chloroacetamide,

dichloro-acetamide, and bromoacetamide

AFEKRE =R LR AN OB . R WL AR Lt 5 7
BV R U POD BEiEE R sema B 4-3 Frs. B, 10 pg/L A1 20 pg/L
RN, RO —EH N RO R OB L% 57 5 021
T RAS HUT) POD BG4 o B34 5200 200 ng/L 252 T S LB G £, i et 2
TR e HL ) POD RS 1A {2 25 5N, bR S o0t POD B 1) B K

g
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pcA  EpcanN
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Ell_ TITTT f
b alalilal A
R ITIrYT A
= L
& 10 | S
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OT | | | |
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Kl 4-3 BT ARKE ROk, SOl JOliz. SR OBEAR L5
i = Fe%e 3L POD ik
Figure 4-3 POD activity of Brachionus calyciflorus exposed to different
concentrations of dichloroacetic acid, dichloroacetonitrile, chloroacetamide,

dichloro-acetamide, and bromoacetamide

ANFERE RO —RONE ROW . =R O AR L i 2 75 o0
LA R B GSH S E MM 4-4 . HESH 10pg/l BFE T, &
CIRAMEA OIS Rt T R GSH & &; 20 pg/L #ix T, WL
Pkl fl — S LTk R (R T s A i GSH & & 200 ng/L 25 F, &
LI ANR O 5 3 ek T A0 BAC L GSH & & R4y b E Bt

H GSH & EIJo i & 52 .
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= 30 o=
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< TI1]1
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= EApA &
0 T | | | |
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Kl 4-4 BT TARKE ROk, SOl JOMiz. SR OB AR L5
f AR A iU GSH 15 &
Figure 4-4 GSH content of Brachionus calyciflorus exposed to different
concentrations of dichloroacetic acid, dichloroacetonitrile, chloroacetamide,

dichloro-acetamide, and bromoacetamide
4.1.2 JESRIFYX R RARAERMSIME L EENHIF

AFEKRE =R LR —H N RO R SRR L 5 #e Nt
BEACRE A dt MDA & B K52l 4-5 Fron. B4, 10 ug/L A1 20 pe/L 2
BN, SRR, ELE OB R BIERR B B N
e MDA S B¥AF BEEM; 200 ug/L #H F, &Lk "l &
LB . R OB RNR OB R 85 T A BAe i MDA & I R E (2
B, RO RER T, EIEE R R MDA & &R K.
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Kl 4-5 B TARKE ROk, SOl JOMig. SR OBEAR L0
A RS 1t MDA 18 &
Figure 4-5 MDA content of Brachionus calyciflorus exposed to different
concentrations of dichloroacetic acid, dichloroacetonitrile, chloroacetamide,

dichloro-acetamide, and bromoacetamide

AEKRE =R L8R AN RO R SRR L 5 #e Nt
LRI R T-AOC WMt 4-6 fs. BT, 10 ug/L &5 T, —R4
M RN AW R OB RNR L2 8 T30 A L T-A0C
PIRE LFEM; 20 ug/L 1200 ug/L #FE T, —RALR. —H LM K LBZ.
TR TR e B R AL R R T-AOC & E¥h WE Lk, 20
ng/L SR OB RREE T, AR BRI T-AOC 7K &
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Figure 5-1 Two-day population growth rate of Brachionus calyciflorus exposed to

dichloroacetic acid, dichloroacetonitrile and dichloroacetamide
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% 5-1

Table 5-1

23

R AL AL R R R 4 d A

The reproductive parameters of Brachionus calyciflorus in four days

exposed to chloroacetamide, dichloroacetamide and bromoacetamide

Wl
i H OF/NOF MF/AF MR FR
(png/L)
PapiGEE| 0 0.75740.149 0.60740.289 0.15240.041 0.27540.127
DCAcAmM 10 0.8164).178 0.711+4.313 0.179+4).044 0.261+4).130
DCAN 10 0.9449.475 0.57440.226 0.16240.073 0.224).169
DCA 10 0.793+).461 0.606+).156 0.157+4).068 0.338#).157
DCACAM+DCAN  10+10 0.8640.143  0.80840.162" 0.20340.025"  0.40740.068"
DCAcAM+DCA 10+10 0.51740.172" 0.763#).217 0.14440.049 0.251+#).143
DCAN+DCA 10+10 0.6224).24 0.59240).048 0.1394).035 0.22640.127
DCAcAmM+DCAN
10+10+10 0.78520.276  0.73620.065  0.18340.043  0.41840.06"
+DCA

RPN £ bilEZE; AR RENBHAEREESR (P <0.05)
WEZEER (P<0.01)

HERIF YR RGN —E O+ A LR B TR R 4 d A YEATE
SRR RELW . E_H OB+ A CERIREHE T, B OF/NOF 15
b, MF/AF . TRAZZFN NG AR R AR T 0 AL 25 2 2 480 33.11 % 33.56 %
A 48.11 %; E_H MG+ —ROMRIKEAE T, BEEFIK T ZHERER R
] OF/NOF f8: £ R LB+ — RO+ R OBIREHAE T, BEREG T
LI R .

RO ZROEM R ORGSR TR R 7 d AR
PRI 52 s, ST, A OB A OB A 2

et RO+ R ORI LA ST, BWREFR S TRIRIN &, 23

NN
=

T %1 78.95%F1 52.63 %; MEMBEEM A+ A CBEHET, WELERE
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Figure 5-2  Seven-day resting eggs production of Brachionus calyciflorus exposed

to dichloroacetic acid, dichloroacetonitrile and dichloroacetamide
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Figure 5-3  SOD activity of Brachionus calyciflorus exposed to dichloroacetic acid,

dichloroacetonitrile and dichloroacetamide
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Figure 5-4 CAT activity of Brachionus calyciflorus exposed to dichloroacetic acid,

dichloroacetonitrile and dichloroacetamide
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Figure 5-5 POD activity of Brachionus calyciflorus exposed to dichloroacetic acid,

dichloroacetonitrile and dichloroacetamide
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Figure 5-6  GSH content of Brachionus calyciflorus exposed to dichloroacetic acid,

dichloroacetonitrile and dichloroacetamide
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Figure 5-7 MDA content of Brachionus calyciflorus exposed to dichloroacetic acid,

dichloroacetonitrile and dichloroacetamide

TR SR OIEN R ORI G B R T AR RS U T-AOC 7K
P2 an i 5-8 frn. BRI, AHEC TXP R4, £ & OBt — A OIS
RET, BERS T EE RS RN T-AOC /KT, M ABE A 52 55 Al B 72
X B RS HU) T-AOC 7K RN A 3

49



TR R R A A 2 18 S

1.4
[ control DCA EpcanN DCAcAm
13 - [ IDCAcAMDCAN DCAcAm+DCA [_| DCAN+DCA
: [_]DCAcAmM+DCAN+DCA

—
\S}

— *%k

_
_
|

—_
o
|

o
N}
|

e
o0
|

0.7

MPUEAAEE 11 /KF (umol/mgprot)

o
S\
—\

T T T T T T T T
0 10 10 10 10+10  10+10  10+10 10+10+10

Wl /(ug/L)
Kl5-8 BT RO, RN R OB EEE B R T-A0C /K-F
Figure 6-8 T-AOC level of Brachionus calyciflorus exposed to dichloroacetic acid,

dichloroacetonitrile and dichloroacetamide
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