2015,34(4):653-659 xR A K B R FE F R 201544 H

Journal of Agro-Environment Science

AR B 8 T B D 8 i 2 M B A 5

R, Rk, e, 9]& E S

(FETFRAEIREERL A5 TR B, 5 QL e S PR S AT SR %, R AR S S5 e A T i s, K
HE 300071)

R (HA) /KIS R — R BB A DU, RERE A M5 Y A i Sk sk . DABRTERIFNEL 4+ (Prometryn )
Ve BART5 4 , A W38 S 46, ( Danio rerio WE R 3Z2ARA 90, W5 T TN BE Sh 467 96 h 2 PEREE DL HA A7 T H X5 th f
FIFETEAE AR O . S5 BR, PN T BE S ) 96 h BBEHREE (96 h LCs) K 7.448 mg- L', 95% BEA5 X 1]} (7.032~7.971 )mg - L,
5 mg- L7 Y HA XFPEHSEMEBOA & 5, (H YRR EE S 8.5 mg- L7 I, 15 mg- L™ 9 HA 50 7 HXSBE S #1796 h AR
FET-3 BN EL AR R JC HA At 40% ., WFRRIITERGS HPE RS L 15 mg- L™ HA BESE I XS B 1 f f) S PR, i
AR TR R R B (R T LCs (D FNFLAH S HA JEAEIS ol y5 Y a9 28 G AL DO M RS 5 RS B N A UL BT o
SEBEIA : JEAE IR s PN SRR B T A

FESES X592  XEMREA  XEHS:1672-2043(2015)04-0653-07  doi:10.11654/jaes.2015.04.007

Influence of Humic Acid on Acute Toxicity of Prometryn to Danio rerio

ZHAO Qian, WANG Can—can, YUAN Xu—jiao, ZHU Lin"

(Key Laboratory of Pollution Processes and Environmental Criteria, Tianjin Key Laboratory of Environmental Remediation and Pollution Con—
trol, College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China )

Abstract:; Humic acid (HA) is a principal component of dissolved organic matters in all aquatic ecosystems. It comprises of a variety of
molecular structures and functional groups and can bind pollutants in the water, thereby affecting the pollutant toxicity to aquatic organisms.
In this study, a triazine herbicide prometryn, commonly present in the surface and ground water, was chosen as the target pollutant and a
model organism zebrafish ( Danio rerio) as the target organism. The aim of this study was to investigate the acute toxicity of prometryn to
Danio rerio at 5 and 15 mg+L™ HA concentrations. Under single prometryn exposure, the 24 h, 48 h, 72 h, and 96 h median lethal concen—
trations(LCs) of prometryn to Danio rerio were 9.143, 8.432, 7.645, and 7.448 mg-L™" and 95% confidence intervals were 8.635~9.861,
7.408~9.934, 7.041~8.310, and 7.032~7.971 mg-L"", respectively. Based on these acute toxic experiment results, prometryn had the high
toxicity to Danio rerio. In addition, 96 h cumulative mortality rate of Danio rerio did not change obviously with 5 mg+L™" HA when the con—
centrations of prometryn were 6.5, 7.5, and 8.5 mg+L™. In contrast, the same toxicological parameter became 40% higher at 15 mg-L™" HA
than HA—free when prometryn concentration was 8.5 mg+L™. It was shown that HA can increase the acute toxicity under higher prometryn
concentrations. This might be explained by a hypothesis that the association of prometryn with DOM reducing its toxicity might be overshad-
owed by other mechanisms actually enhancing its toxicity in water.

Keywords: humic acid(HA ); prometryn; acute toxoticy; zebrafish( Danio rerio)
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A2 BRI R 60 A>3l s K A3 HT S B, Fh
TG 30 1009 HEREIT 7Kt 4G H
BV, HOMRFE IR 7.12~0.54 wg- L0, Sh I JE S5 TG
T BRI GOk T DA LK R oK) Fh i
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D FNE ARG FR AR B ISR T HL AR
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minor )Y 24 h ECs, /7 0.083 wmol - L, %} 4% #: ( Chara
canescens )] 24 h LCs >4 0.071 pumol « L1 ASE5 21
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ECs 4 0.16 mg- L™, Jf HFEARHE S (0.01 mg- L) X
B R/ NER BRI — s AR AN, T RE b
LR BRI, AR A TG B, SR TN
B 2RI TEE Jiang SEUR IRF AL RERS IR /INAZ (1Y)
AR, RPN (4 mg ke ) BERS B 4R R
SRR BERRAS , A AR BT A AKET

AL YA HLET (DOM ) 38 # 4 2 S oW RE 8 385 1o
0.45 wm JEEE, HAELLS 890 At B oA DR 2 i 25
RIAHIT . TER AR Bk B2 (PR A AL
% DOC ) H 1~15 mg- L1t A HE TR AR AR
DOM FY ¥k BEJLE Ry 1~40 mg- L™, VL] thf-2m) 357
mg- L7 JEHE B (Humic acid, HA )& DOM ) 3= 541 /1
T2, FEK PR bl A7 , B AN REXS AR A
BEHSZY, R RE g L SR A LG G A A AL
PERIEFZE) - Canepa S5 LN IRBIRERE P54
Yibrak, B5E T AEAN AT BE (5,20 .60 mg- L™ )HA £+
TEZRAT T R SRR XS BUBY IR (B. glabrata) W52, K&
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HEL A PN LG T ) 0 P 5 s I AR, B AR
TR HA B AEBOA (5 7 BE AR ) mT A1 P 3
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Table 1 Properties of prometryn

St JZ AR Y UC VA g 1 Wk R I3 T hit/Da #SUR/mPa
Molecular formula Character Melting point Solubility Bl Half-life period Molecular Weight ~Vapour pressure
HNK
/< [ERERTIZN 118~120 33(25 C) 2,99 390 241.351 0.13(20 °C)

N=>N
N I
s/gN/LN/[\
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Table 2 Elemental percent contents and atomic ratios of humic acid

C H N C/N H/C

FRHF: 75 Carboxyl content/mol -kg™

fi ¥4 5 & i Phenolic hydroxyl content/mol -kg™ EJEs

4127  3.18 0.90 45.86 0.08 0.95

2.89 10.74

T : EJEs & 525N 465 nm Fil 665 nm AL RE HUAT

Note : Ey/Eq is the ratio of ultraviolet absorbance at 465 nm and 665 nm wavelength.

HIFR T 2 L 28487k, $it3E 24 h, 3500 remin™ .0
10 min J5, B EIEWGT 0.45 wm JEAR 0 2 A Y
A WK TOC( Analytik jenamulti N/C 3100) %%, H
TZHRIE (mg C- L) Fn RV .
1.2.1 ZvEapthssss
12,11 et B ) b bk

S BRAIE 50 7K A D B R YR R L AR R E
FFHERCRAR 35 E 10 mg - L™ W 355 £ 1) 100%
IO B ) FEL AR BE TR T 96 h HiJE MIHREE , 45
BRSNS T 0.26%, PRI AT LLR FH# S 5=
AT SRR 00 o AR TSI, A5 2 F N B
o () 2B 325 A 0~10 mg- L, ZE I
Wi 'E 0(CK /NF 0.1%89 N ) 3.4.5.6.7.8.9.10
mg- L7 2 9 ANFRELAR KT
1.2.1.2 JEFEERXTF DR T 15

B R LR B E DL 3, [ E 0.1% 89 TR Bl
V15 mg- L™ HA SFREANZS (LA RRAHR B I
RSV 48 h 5 A BE Shfa, S50 A R) S B 22 B At
Tk, FREIC R

R 3 BERSHESHIRELE

Table 3 Concentration treatments of HA and prometryn

I# 1 11
Pss Pys Pys
Pss+HAs P;s+HAs Pys+HAs
Pes+HA 5 Prs+HA 5 Pgs+HA 5

TP SRR IR P 5 A o mg - L FREE, HA, R IR
Ry mee L7 JEREER
Note: P, indicates x mg+ L™ prometryn in solution, and HA, is y mg+ L™

HA in solution.

1.2.2 HA XFBE o il 2ok dgtk

BiE 0.5.15 mg-L" HA ¥R, 2548 4 1 L ks
W, E 2 AEE, BRI S A5, HAb
S5 R SR ERIE AR . 96 h J5 a2 I A
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Fiz R 1.2.1.2 v e Ao 5 15 A o 45 2
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1.2.4 W5 )5k
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4), Z B EZ ISR H T B CE P BR T (K
PREER)) , PN BE A A REE R TR EE . X R
Hrp R A AYSET AN 0,

R4 HESEMBIDE 96 h LCy ER 95%EEX A
Table 4 96 h LCs of prometryn for zebrafish and 95%

confidence intervals

HEEA] Time/h  LCs/mg- L™ 95% A7 X [A] 95% confidence intervals

24 9.143 8.635~9.861
48 8.432 7.408~9.934
72 7.645 7.041~8.310
96 7.488 7.032~7.971

2.3 HA M#ESESHENZID

HA fF7E T, MFNER BN 6.5 mg- L™ Fl 7.5
mg- L7 B, BECL LAY 96 h BOAEREEA M2 F(P<
0.05), 7E Pys+HAs 5256 21 B 5 i (1) £ 58 3k 3]
100%, Tfij Pys A Pys+HAs 21 BB T35 511 4 60% F1I

50% (&l 1) .0.1% PR B 57 K HA s X REZH AR 3t 2
AL,

TELL T 3RIR Hh Pes Pes+HAs Pes+HA ;s g 1T 41,
P5.Pis+HAs Prs+HA s T4, Pys Pys+HAs Pys+HA 5
NI, THAE 72~96 h RFRFET-HIE AR, 96 h
FHBCTAREL 72 h i @i 30%~35%; 1A 21 4 7
PEAPRHEIE T (48~72 h), 72 h RBVBET-HRE 48 h
it 30%~40% 1 20%~80% (P 2)., 34k, 76 T 41
T, HA X FhERE PR AR AN, T BB 4 B v
JERITER , HA XM R 2 2 i ok, JF B
X FRAEYL R 72 h o B

*

1001

[OHA 0 mg- L
[OHA 5 mg- L
| EIHA 10 mg-L"!

80

60

——
—_

40t

96 h FALZ /%

20+

6.5 7.5 8.5
FNEEFH g - L

* FORAN R4 B 7] 2 5 . 25 (P<0.05 )
*Indicates significant differences between treatments( P<0.05 )
B 1 HA FETHESXIBED &R 96 h BIIER
Figure 1 Cumulative motality of prometryn to zebrafish under

HA presence
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Figure 2 Cumulative motality of prometryn to zebrafish
with and without HA
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FNEE R E L 441 96 h LCsy Jy 7.488 mg L7,
95% B {5 X 8] N 7.032~7.971 mg-L", X 5FME G}
fa £ Cyprinus carpio ) %) 96 h LCs(8 mg- L VU EY
PEAEALL, T RE R B T B L A RN £0 3 g TR A S
A SRR, FNE G 8 ( Cyprinodon variegatus ) FITHT
@@(Oncorhynchus mykiss YA 96 h LCs 435K 5.1 mg*
LB 2.9 mg- L7 AR FEE (1% 96 h LCs, AJ HE /&
P Ah 2 [ i) 22 5 AR IR R/ INAS ) S5 DR 28

HA SRk A — B 23 i A LS  (DOM),
TH—RINRER], AN R R AL R A
85 SRHE K A LTS YA E R v A 7k 7 A E
o, WFERW HA RESUS TS P WIE AR IR N 1=
R S MEEEERIPUR AL RE ) P E R SIS e
A B2 HA(0~2 mg-L™) 55 0.5 mg- L™ PO R Hh A
FAFT, HA BT T DU A e e b i e 4 .
Wiegand Z£PF 58 T =Fh DOM(5.25 mg - L) fE7E 5%
FF, w5 2245 ( Lumbriculus variegates ) %} 1 ELA% ) &
AR UIBEE DOM YRR T, A FEAh e 22
BRI 1) s R D, X2 T DOM 5 A FASTE L
T LTS A A Wyl B R S B far P AL, A
IR T A REAG I A= P T R o AREL SRR I —
VR HA BEAE [ H 5034 1 1 A= 4 ml ) A B H
XL I SRR, T HLAE HA VREESN 10 mg- L7 I
XA 5 mg - L7 I B AT ARG 2124
5, BAR 5 mg- L7 HA YR 1 BEPEZ AN K
(B S FPFLR B R T 555 T 96 h LCso(7.488 mg-L™")
fF, 15 mg- L™ HA MUFE7ERS N T MR iy 8i 0k, JF
Hix—45RE 48~72 h RIURB# . iX 5 Meems 55
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Figure 3 Effect of HA on MDA in zebrafish
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Figure 4 Uv-Vis absorption of prometryn and prometryn—-HA solution
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