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Abstract: The single toxicity and joint toxicity to Photosbacterium phosphoreum under the same toxicity ratio of
three emerging pollutants were studied. The action types of joint toxicity were evaluated by toxicity unit (TU),
additive index (Al) and mixtures toxicity index (MTI). The acute toxicity EC;, of triclosan, pentachlorophenol and
bisphenol A to Photosbacterium phosphoreum were 0.045, 0.035 and 0.74 mg-L™' respectively. A consistent action
mode was obtained by different evaluating methods. Antagonism action of various extents existed among the multi-
ple composite systems. Mechanisms of joint toxicity were preliminarily analyzed combining with characteristics of
emerging pollutants molecular structure and interaction of different substituents. The further mechanisms of toxicity
action need further understanding on physiological and biochemical responses of organisms. The facts that emer-
ging pollutants mixture systems showed almost antagonism could indicate that environmental residue may reduce
the efficiency of related chemicals and evolve the risk of microbe resistance and its spread.
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1 ##57i%(Materials and methods)
1.1 XES S50k

DXY22 B A (h B2 B e e
HEWFIT T ) 5 8522 HUAE I 1 ) B P 2% (10 /] AR
38)7) s THZ282 RS H IR R 3 7 (T 98 & F AU 2%
J7); DHP29082 7l At FATH il 15 3246 (i —E AR A
FRAT]); LDZX240CT K73 [ 3l #4UE S 281K
RS (- R 22 BT AR ) 5 AN R R OR0RG 9 B8
#i(Thermo 73wl ; STH B3 TAE & (T FHTH 4k AY
WA,
1.2 5 R
1.2.1  FZ5

W A =G A R E 2 R R A2 A BR
ocal PR Al R >99% |, HAth 52 50 1A ) B oA E 43
Bradi,
1.2.2 R R

TAE B R P )  « W B — 2 et R % A ) 4 TR
W 3% NaCl i, Fo o it i e i LA i 25
FI(FH 2 mL 1Y 3% NaCl W A1 0.1 mL /Y TAER K
ZH AR & 63 BE 7E 300 ~ 800 A BT, W EE R AT
(Photobacterium phosphoreum) 7+ ¥ W B H [ FL2
(ST w20 SR 1 AL /) - < B a0 RV e 1)
SN RHET TR AR B SR BRI R R R TR
{18 il % S B Y WL SCHk[10],
1.3 Z2MEERE EC, M

G T B PR 28 P T | o — R S
BEE T BRI S I
1.3.1  Fscys

B Ve R B EA T, WEZR 15 min B OGTRY
RCINH R FR 56 %) T A v B S L
1.3.2  F—3E EC,, M

FETISE G A LA K A 0k B P B A 2 Y
6 MR R A ORI B AV 2 mL Jin A HL €
JEE LT L AAF (D15 em, 5 6 em) T, LA 2 mL 3% NaCl
WWRAMEZS I IR B 0.2 mL TR T4 b (6 4%
O NZE N IRGIA], K E B R 15 min, ME &L
SRIE . RN EERS B 3 AOEAT AR b o 22 A%
F10%
1.3.3  BRA R EC, e

R B — B I R 25 R, 22 il 4 o 2= 24 )
KGR AE 5 -0 a2k, L3RS R — B
ECy,, M RrIY) — S A4 Wy A | L #5555
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AT, L 3% NaCl 28 F0 B FR 4 190 52 36 45 SR 1% 6
AR R CE B0 ) F B30T, I e R A R Rk
JER KA B E BECy ff. AR 3 44T 25 i bn
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2 R 51312 (Results and discussion)
2.1 B3PI

ZEEHT 3 PO AT e (A W AT
SR AN TR Y Sk B PR 5 R mT DL S (3R

2), Bl RS YL vk BE R T R TR RO B
SRR BTG Yk BE R TR 22 8] (1 A G R
Bor¥IRTF 095, MXTERES 3 Fhpiiis 4y
FE— 8 R B BN A RAFIIZMEC R

3 PGB BT Gyt A0 v A A [ R B By 41 il A
FH X &6 B A 2 BN MR (EC ) E 53 51 4
0.045.0.74.0.037 mg- L™, HFFMEAE R 55 0 . LA
By > =58 > W A BV A B AP F iRk, L
TRUOR A O AL 3 R RN e T
ERGNIE 1, WNEER F 3 RS Ye R AR TR 45
(IR I A A2 B B AN [, BOBE R AR [R] (0 1 &
/I N LN AWER Az PO B R R e A R I T
WAL R 17 S 53 BUR R AR G W3 KOG T i
AT 2 VEREERT 5T, 15 30 O Q3R X A O T Y w5 M BTk
KNI 4 :-NO, >-Cl>-CH, >-NH, >-OH, X 54
WG A5 —3, AT HERT 3 ol A5 YLy il & 6 TR
()22 50, SRR AN ] AR JL 52 i 4 FH - B A= 4 00
VRN R B, #7 ARAT A5 U 60 e S0 T 7 2 1k ot
ik, D07 — 243 —F A EAE ML A4 AR DG B8 A
s E N
2.2 oK EIriRAERRNBEEMIE

—Iu M = InIR AR RN BC,, (H AL G R M E
MERIFE 2, IREERRTEZA EC,fH, /30 5%
& 225 G N e AT, SRR LU & T, =
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£1 REEO SRR S 1F F KR B

Table 1 The joint toxicity types and standards of different evaluating methods
PRIV a7 SRR IR LLSVA (S| EER (A AR AR
Synergistic Simple additive Independent Antagonism Partial additive
TU M<1 M=1 M=M, M>M, My>M>1
Al Al>1 Al=1 AI<0
MIT MIT>1 MIT=1 MIT=0 MIT<0 0<MIT<1

Table 2  Single toxicity test results of three emerging pollutants

B AS g ) [l 75 % WU Bl /(mg - L) )
r ECyy/(mg-L7)
Emerging pollutant Regression formula Concentration range/(mg-L")
=R
y=293.07x+36.189 0.9804 0.01~0.07 0.045
Triclosan
XU A
y=17.068x+37.375 0.9566 0.1~19 0.74
Bisphenol A
T
y=347.8x+37.114 0.9838 0.01~03 0.037

Pentachlorophenol
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TIOUIRAMR AR M EY KT MAE; AL Y/NT 0
MTI #/8F 0, I, 3 41— ItiR SR R R
PifEH . ALEMEEEF 0, BREE AR INVE R , 0 MTI
(EARIEIE T O, B AE T S AR AR 3 4 —JtiR &
TRZ M MTIL A AT KNS [R], BT ] W A4S B 1
FH A TSR, A N R R4S HU/E
HEF oWy A+TLE > =5 /E+ AR > =&k
R A,

ERELINRA T, —uiRAGR AN MEXT
ME;AL/NF 0;MTI /N 0, = JnHBRAFETEEH
FKHONFEGRON . BT ot AR RS E
PUAFEGUER, B eI 3 Al 575 YL o 18] Y
FHEAE AT 30k RIS PR, 24— ot
TR ZR B0, 250 FIRUM B AR F 3G s n] R TR A
RARBIEEPUERH ., Wik, 2R AGERRESIEH
RAEZHURE LT BB EPUER . SRR S5
WARAE , UESSIN . Z eIk G R RIS T TE R
LR R Z RS iR R B g5 R, s inagEt

Structural formula of three emerging pollutants

5 R AR 2255 B AR 00 1 590 %) 2% PRI BT Y —
JUIBPEIRCA B, UE T P TIR AR R s BUEH
SO IR R ISP E R AR AR TR R, AEAS AR R
R AR 5o R BRER HE R AOGH K
GREEA IR 2 R R AEZ N R AR
W R P E R IESR M o IR R R E E FEH,
HE AT L V5 R TE R R rh 2 A AR IR A, HAH
HAEH T RE S EE 5

TEI SRS TS Y PN b N BB 45 15 e ) 8¢
P I 1 B IR W ZR A EE N S ARAT IR
BRI N BUEN, 5T AW R A —FL
IAIRF ST ST R R, DU IR 3 2ehi Al RO R
i E X & S i (Photobacterium phosphoreum) (1) B
G IR Y RIR U EA . B RIS
FAHACE YR KM R GE R X Sk 45
LR MRS TR 32 PRI 5, L R S R IS R DL 4G
biohE, LIREHSE R RSP EHTE R G
R IR AL

St

XED

®3 "“RM=ZTREFRN EC,HMBKEFEHTNSHRIEALR
Table 3 Joint toxicity evaluating parameters and types for different binary and ternary systems

BAHE i U e
) ECs,/(mg-L™) Al MIT )
Mixed system M, Interaction type
ZRATA 0.092 EGENN
) 4.13 1.98 -3.13 -1.07 )
Triclosan+Pentachlorophenol 0.077 Antagonism
SEAENE A 0.076 i
343 1.97 -243 -0.85
Triclosan+Bisphenol A 1.29 Antagonism
TR+ A 0.19 i
) 7.38 1.44 -6.38 -4.53 .
Pentachlorophenol+Bisphenol A 1.66 Antagonism
T+ R A 0.089 .
o i
+=A 1.81 7.30 3.00 -6.295 -0.83 )
Antagonism

Pentachlorophenol+Bisphenol A+Triclosan 0.11
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2.3 BRAEEMALEIRIAE TS

LA T o0 SOnIR A R RIS BEME, RN
PO, X T2 BRI AR AN , AT A 3 Bk TS
YA [] AR S 0 R e HLAH B L RO &k
JRERIEA TR (A BEMERNLER 0T, KR & 64
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FMNH, +0,+RCHO—FMN+PRCOOH+H, O+J:
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RN R AL R R B R, iR
J5 I X (FMNH,) 5 £ B 2 (FMN) 2 [] 1 5% 46 e 3]
THESBAMER, A Y5 FMNH, 4 F
DLEUESE G BHAS T FMNH, X & 19 4% 38 76 T, AT
T T I H 0 RGN, BUE RO T Y &7 B
ELINiS

EARSI 3 FUHT RS YL A BRI S
RSSO AT il 58 400 5 BRSO R R 3 FOBT
TG Qe )@ T 5 B A G, R 2 itk A
IR N R E B A A R R | W =R TAEL /NG e
R R D R A S, DL IniRA R R B EA 1R
S, 24 A = S S A SR RVE S
T A FEETRER R D 0P Bk B e, By F
TN A Ty i AR R, R XUy A TEPE R
A BRES AL, T REAR 1 T S0 A0 = S A 35 Pk
BT HLE T A /N T TS A
=R FEOR SRR, TG BRI R B 1
PeAEH

RS YR A AR R RO TR B A VR 2 R
DAFEHUAE AN 3, 3 B B0 2805 Yo W SR 45 % 7 ml 3 3
FHOCAL 2 T DA, 5 | & AR A= W i 245 4 1) 7 26
TRRERIN: . 27 iE— 20 o Hr s R RS BT /e I JEE
T BT G AR FIBLAR LA BORt R T A 38 A4k
F A AT IR AWESE , 52 BRAHE & 30 AV I BL A
Y T TN, A% TS G 4 A i S 52 e TP A 25
S FA

BIRMEE B 251968 —), % SR F & ik, 2
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