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Abstract

In this paper, acute toxicity of three imidazolium ionic liquids, 1-butyl-, 1-octyl-, 1-dodecyl-3- me-
thylimidazolium chloride([Cnmin][C]] (n = 4, 8, 12)) and one kind of o-sulfonyl benzamide choline
([Chol]+*[Sac]-) that synthesized from food materials on the growth inhibition rate of the popula-
tion of Scenedesmus obliquus in artificial algal medium were studied. In addition, cation toxic in-
organics such as CuCl;-2H,0 and ZnCl; and anionic toxic inorganic like potassium dichromate were
selected as positive control for the susceptibility test of Scenedesmus obliquus to toxic substance.
According to the fitting results of the dose-effect curves of the hydrosoluble ionic liquids mentioned
above, with the increase in length of the alkyl side chain on the imidazole rings, the inhibitory ef-
fect of the imidazolium ionic liquids to Scenedesmus obliquus would be accordingly increased, the
EpCso.96n values of the three ionic liquids were 45.62 mg/L, 0.6083 mg/L, 41.87 nug/L, respectively,
while the o-sulfonyl benzamide choline ionic liquids ([Chol]*[Sac]-) had a relatively small inhibi-
tory effect on the growth of Scenedesmus obliquus, its ECso.96n value was 13030 mg/L. The E,Cso.96n ra-
tio of the latter two imidazolium ionic liquids to the E,Cs0.96n =1.107 mg/L and the heavy metal
salts CuClz-2H20 (EpCso-96n = 1.800 mg/L) and ZnCl; of the inorganic poisons potassium dichromate
(EbCso0-96h = 2.201 mg/L) is 1~2 orders of magnitude lower, and the remaining one is 1 order of mag-
nitude higher.
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1. 518

BT A — 2 5 4 A LPH BS A R TE LA HUBA B 74 RS s 2R 28, T eEAifEin =
IR BRI (<100°C) R 23R A, M AR =i & T A& (room-temperature ionic liquids) [1] [2]. BT JL
FAER Ao SRR, i RRE, B 2BV ME I RS R ST,
BEAEIR A R vh 0 2ot R4 A B RS [3] [4], — FEMN NI ALF ) “ Skt i [5] [6]. 4%
MM, JAERBE SN IR, 5 B IR AT REXT AR A8 IR B8 S b (R AR AR AT A2 RS [ 7]

HHT, A RET A T AR Pk 5 PR 2008 5 TR AR 78 O WL BRI . AT A BIF 738 A 1 AR ks A 8]
[9]. WHELEHDAH A 2R [10] [11]. fAEM[12] [13] [14]. H3ELRdi[15]. =E5MY[7] [16]. KAIK[17] [18].
BRKIRA[L9TFIBE 1 £ [201 555 T4 RE AN [ 7K S %0 — 6 B WA B BV RS EAT 1 WP 3R, Horh
ZHERFE NS, IXEB AR BE & 350 0 0 T e A B B A £ 0T

FERAE R HIRA S RGP I B IV A=, R M 2 FEE A9 A 7= & A rT & AT DL
R KA RIS AN TRe, DA AR AR 22 IR 2w PPN K PR I B R B IR R R AR [21] . FEH,
RHAE 5 (Scenedesmus obliquus) & H SR KPR ) WEEDE, 72 2R E B R ARTERL . Exf & R85
VHEEBUR. BIEME SRS MREUN . BRI R, T AR AR 1IN 1) A SE AL 1 B VR 22
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AR KA RE AT 2 S 5 PR, R — ROy B R AE P [22] . % TRV R T B Ar a4k
VRO, A O L RIE[23] [24], (H K2 BOCHRAR AR 18 HodE B R DT I R 6 S IRUA R R
W FEARIE M BE /D W, TR B AR B PR VRO . S B SEIR A b, BURCROR R R R 1K
FRETWR, BT B R B i 5L AT TR A R L

AR TR T LR (K B ARSI i 7 1, e E SRR Cu®L Zn” KB T RS Y E
BRIRARVE U BHVEXRT IR, 25 SRR MBI AR E Ve R SRR Bl O T SEdE s ARJE T 1-T R 1R 1
TJGe -3 BRI A R R RN RISREIBE T PR IV R JIELBR 4 2 B A A [ PR SR T VR AP B X AR
WREBEAT BRI RJa X ENTHIFR R - RONAR SRR RBEAT IS, ARAE N 2 20 T v S5 () 2 Bk i []
(] EnCoo» VAME A SEER AN B TT €A D6 A2 M8 (0 A P Bk B e M A 8 TR B VE T 07 T iR R SR 2
%, ARRIIH I RE W SEEL TS A e Rk (KR A IR S H

2. MR5H%E
2.1 WIS

N- FH LR :(99%, WL LRI T ) 1-50E T ke o 1-FUEERe(thal, o B E 24 H Rifih
FAFARAR) SARIETZ88(95%, HARE R Tk tt). SULIam(afral, bBig=2%8
WA PR AR SRR 2K FF A (o A 2t oh B 25 46 ] A R PR A D) oK SR (o4t
i AL SR PR A T)) . SEE6 /K B 47K (Millipore, Molsheim, France). 3 Filt BH 12 st 8 420 Ko 7K 38 1%
FEVRC 7 2% F T 410 24 & 247 9 [ 72 4 e k)

TFIKE S P FE AR (RCT AR, flE[E IKA ERTRA 5 BUEF= B4 A w]) . #fh AR TR E1HEST-D5,
E IKA EHERDHTHEARAF). e 7K I(IKA RVI10 basic, £#E IKA SEH]). H4liKaE(Millipore,
Molsheim, France). SHIMADZU UV-2450 %48 0] W53 Y6 a ETH(H A B HI/ERT) . KQ5200DE 8 i bt
BRI NESARAF). HIRAYAMA HG-50 & & 2875 K B o (H Ak R APl e T 95135
& SW-CJ-2FD B4 TAE & (I3 ML B AT BR A7)« #E48 PRX250-B 8 BE N AU A8 (7 B A 52
AR ) AR B (R AR 40 ) L om GRR A S L B L (VL I3 BOY ARG HAER) )
JERE YS2-H X H AW s (Je R e Ht) . DGG-9140A B L X T 148 (AR 15 Se I A A AT PR
Fl). SEEG FHEFE (100 1000 mL).

22. SEWAEE

2.2.1. BFRFERBEEEE TN

WK B 11 i R 41 4% Shimojo [25]155 1K) 75 2 FH &4 o ) & 1) N- B RERK R AT SUARIE T e SURIEF
Bt EARIE+ e BRI MK B N A A alifh . IBTER B8 TR 4% Peter [26]%5 1) 77 72: S5 4) Ji i
{10 SRR AN SRR P 4 P P9 Sl A T 0 > S S, DU RS iR b g i an 1 1.

BT WRAR B2 B VAN T 15523 I 2% Peter [26]R11 Cassol [27]25 iR 7t A FHAZ R LIRAX 23 Bl 5t Bk r &
J B TR C-NMR 3580 'H-NMR RT3, AR 19 3055 B8 TR i 4l B, T SR L% 1.

BT A &R EC S BRYE & B TR AR 012, /e iy 2 — B RF EHERRFRECLL |
A R HI[C4mim]Cl. [Cgmim]Cl. [Cy,mim]Cl FI[Chol]"[Sac] PU#H & FHifA % 17.4670 g. 23.0780 g 5.7376
g 11 28.6350 g T~ 100mL tR A &, HHEAKE ST 4'CUKFEE&H, BR[Crmim]Cl 2y 0.2000 mol/L
AR LA = VR A 2% AR FE 342 1.000 mol/L

222 EFENEHIZESR
S TR FR A FIRF 58 2 % 452 AR 77 22[28] [29] [30] [31], A SEe: v Ay A5 HoAth B 55 1% 4 7] g 7= 4E
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Figure 1. Structures of ionic liquids used in this study

E 1. BTAHRIEFRIEEND

Table 1. Purity of four ionic liquid products
= 1 MM BRI

LIRS AEXT 23 ¥ Joi F R4 (%)
[C,mim]CI 174.67 92.48
[Csmim]CI 230.78 96.26
[Cmim]CI 286.88 91.14
[Chol]*[Sac]” 286.35 96.11

Table 2. Recipe of algal medium liquids
2. KEEF R

H IR & s R B 4l oy G
Ak NH,CI 15 mg/L
AL MgCl,-6H,0 12 mg/L
1. HEEFRSR AAk45 CaCly-2H,0 18 mg/L
MR EE MgS0,7H,0 15 mg/L
R A 1 KH,PO, 1.6 mg/L
> FeEDTA ALk FeCly6H,0 64 ug/L
EDTA —4) Na,EDTA-2H,0 100 pg/L
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Continued

flliER HiBO; 185 pg/L
FAL%E MnCly-4H,0 415 pug/L
#fbsE ZnCl, 3 ug/L

3. WMEITER .
#1L% CoCly-2H,0 1.5 pg/L
S ALHR CuCly2H,0 0.01 pg/L
FHEREN Na;Mn0,2H,0 7 pg/L
4. BRI TR S8 NaHCO; 50 mg/L

2.2.3. PEMEEMN TR MRIEF

R M (Scenedesmus obliquus) I 1 IR B G IOK AR A= Pt 0BT B 5K 9k 7K 5 2 (FACHB), #EF
%59 FACHB-39. WeBHER G, T /™A% Jow 61 T R A & 584K 30 min J5, 0.3 m/s iE i@
10 min, FE—BERFREX, B2 S EIESR)KIMERMMIATE, BN PRX250-B &g N T5M%F +,
B 25+1°C, AMGHEITECE, JelEsRE N 2400 lux, YGRS 12 hi12 h, AR5 8 I E FHESD 4 1K,
RS TR 24 he

BRI % 1.2 FROBLE FOR SR FHEF 2 ORI B AR HE KRR TR R, I RF& T iR 2 1F
iR, BEAAEEANME RN, BODR AR, REFR T x 24 h, FR% 12 AR LU REIEAT Y K e R [24]
PR EEFR B IR, 16 IR O, 4 B KE DA O G54y, % 25+ 1°C, SGHE5EE 4800
lux, SEEEEE 12 12 h, BFREEERGENRES) 4 I, EREROGE, PAPREREA AT 5 A K

PEFPRE IR I S5 BT FHHETE O AT 30 4 25 M, TSRS R, A TEbe, AUKIEd =i, H 4
JEOAT R R R AR B AR 1 B TE V5 B SRR 2E , HRARHRFL: 121°CZEIR KB 30 min,
105 CHEIEMT % KiER IR Fdkes BRI KHE, (R HEH.

2.2.4. NEMFER KX BIERERHEIBRENSE

B 1.2.3 Aib T A KR 2R (SR B, ARG TR AT SRR, TICAS 4 NIRFEERRE R 51
(1. 12, 14, 18), VIKEESRFFRIES L, 43 HIXZ R G AFE 5 TE 400~800 nm [RIEEAT &4, #EHAT
X G4BT AT G Rl PN AR A A P i RIS K Dy 687.0 nm, FLiZ2 0 KA o AR A i X T AR A
DL 2.
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Figure 2. Maximum absorption peak of Scenedesmus obliquus
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FAR W 43 75 # X 2,50, 5.00. 10.00. 20.00. 40.00. 60.00. 80.00. 100.00 mL b3 i T 100 mL
AR, KRS IR FR S, WS AS FVR I BN A 86 R 51, BOE R AE 2 3Be 41
THAO AT TR, ARSI = s SR P P M5 0 L3 P B A BELLE 2 e e v BN T
ARV, S AR A MR B A W b 2 R S BB LI 3

so | FHLEMENIRS
O XFROLEE RIBRA K%K (Cell/nL)
— EYRNEHE
40
~
I
(=
-
X 30t
—
E Jifg b
y = a + b¥x
: ;é'- Cell/mL
8 wr E {8 (=1/ei"2)
s -0. 25064 + 0. 4240)
Sl 128.5916 + 2.9250
bl 2. 62684
10 Pearson’ s 0. 99845
R 7 (COD) 0. 99691
A JERF 0. 99639
0 L . 1 L I
0.1 0.2 0.3

Absorbance in 687.0 nm

Figure 3. Biomass standard curve of Scenedesmus obliquus

Bl 3. MEMbREEiRE

2.25. MEMBERRS

RHAEMES 1.2.3 B AT IRG, T SL U6 THT 48 h 7£ 1.2.3 s Jo 1 264 T H6Fh 2387 1 0 1 5
T, WIRBERIRIELIN 2.0 x 10°ANmL, #5400 1.2.3 ¥ RIBFHRAMMA, ZL0ur, Mot
435I 5E 687.0 nm AAWEIEME, ARAARLETT KT, BIRENIATIZ) 8.0 x 10°MmL, #MH. &0,
JRLAS A A T, B R R A

SEISTFURET, FTA # BRI T TAE G b, 4 1.2.3 PORRE KM, KI5 oL E 1
W JE OB H A 8 23 S0P 1 /KBRS FR 06 & 32 R 25V it 4 AT R RE . TOAS- -2 A M e
RN, &H.

SEUG Y W 3 AL 1) A AXTIRAL, 23 BI7E 100 mL HEFEIR AN 25.00 mL 35 37 3L R 25 N 8.0 x 10°
ANmL EE, SAR Y 50.00 mL, A E R 3 AFAT: 2) SLIGH, LT TT IR INNH € = 1)
BRI R S, JF B FREANT 2 25.00 mL, SRS FHIIA 25.00 mL #% % 8.0 x 10°AN/mL [
B, fEARRN 50.00 mL, A R AR EE 34T 3) il B4, HRAMEIRE R8N
NE 0 SR B SR BR AR R, PSR BN F 2 50.00 mL, ARAAMKREYKE 1 AFT, WEARLBEKR
& N EE 2 AR L AEHEA S0 JE S A Rl B 2R i 2R TR S PR S

TR 56 UG TR K R 5 DY 2 b A 0, 3% WUR Bk A 8, A SE e 4 — RN [/ — A4
PRX250-B #He N TAUGEA T, 5 1.2.3 gy KE IR0 R AAHE, & RERRESD 4 ¥, 731 T 0.
24, 48, 72, 96 h HUH, FHA 6 GR35 25 4L B8 AE 687.0 nm ARG B . Seaead fE e, Semili
25 [ A R AR5 0 I 1) 2 £ %o R ZEL AR s R Y 2 B S U TE. 5% DA PN (R B R, AN 20 S50 e
oK, AR E R AT SR

KISARIEPOLE = SERATOCE — MR es A 4ROt E
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2.2.6. P& HIEE R RO BURAE MR

DAAS[RIVR FE ) EEAR R BT . Cu. Zn*" 4% 1.2.5 [R4eds J5 1020 BIAR I L E MR o d E2kms . &5 SR L&
3, % 3 " EyCoogen EHAZE /D 5 UCH R E L SLIREIE T IME . eI R M EE 770 2 - 2087 # 2k (DRC)
& 4.

Table 3. The toxicity of Scenedesmus obliquus towards known poisons

3. HEMENEMBMNREER

R 4 F E,Cso-96n (MQ/L) HR S SCHRE AN SCSCHRE
CuCl,2H,0 1.800 3.754 [32] :
zncl, 2201 4.880 [32] :

K,Cr,0; 1.107 5.328 [33] 10f;;[[33111]

e~ EL B 7T 5 (Desmodesmus subspicatus);  **IT SR 4 i 7 52 (Pseudokirchneriella subcapitata) -

2 53 WA it 28
100 |- | (a) Cu™ M-I il 296h (bgnxﬁjfg %Jﬁ% ;[ﬂ]aesh
R RSLEE (% o & 80 - AR VR
—— LS 2 e = —— FlE - 4
I g 60 [
2 o
B s
S c
o o
5 3 40 |-
£ £
20 |-
0 1 L 1 1 1 1 1 1
-6 -5 4 -3 -6 5 4 3
loge logc
(@) (b)

100 L [(©) R BB o -2 L 2696
S M RER BRI
—— R ik

80

60 -

inhibition ratio (%)

20 -

logc
(©

Figure 4. Dose-Response Curves (DRC) of the positive control toxicity to Scenedesmus obliquus
4. PR xS BT R AT & - R #hZk(DRC)

BUBHETINAS R RN, A 3 PP R AR TR BT . Cu®™\ Zn® M RHA IR AR KR I HH R 2
RS . AR R B SR E, S BVGAIIE I afhs CuPt L Zn® iR 4 Jm AR AL AE M
RIS FRTCE, (HAIREGEB I I F AN, X8 73] 55V 0 7 BRI AR BCAL R 45 5 [32], sy

=
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Wi A= 43— C AR P03 12

H4 S EyCoo 1E 53501 5 8 P A1 SRS 5 (B 34T B 0] B AsE, A SRl A5 s 35000 T 18 9 SRR (e
rh RS PR P SN B Coo 1 T P ol 8] s 22 DA FR) FR) 958 S0 o) S 6 v v 30 Aol 5L 3l B 8 (A5 R AR M [ B
(Desmodesmus subspicatus) FIi/T kbR £ 8 7 # (Pseudokirchneriella subcapitata) EpCso fH 2 7] 45 KR, #}
AR RS SZ AR B R 1 B B AU, Bl AR E MBS, S AR TR R I IR A
XA

2.2.7. BFRFSMSHOTRE

TRSEES H 1) 5 LR RS 56 A0 58 40 A0 T8 BE AR KAl ik BE X TA], D IE sUSE 0 ik
AR TAET

HUBS TR I £ OEAT S5 LU B AR AR B — RANIRFE, HHATTIISESR, H 215 BIRMAMHE S M. 3
3 AN TG B S AR A I S B VR BE X [R] o TS8R AN IR BE RO S 3 ASPAT SES, BRMEE i
—NEEE, AR R EE R 3 K.

TS0 45 B 2B 7 IR 58 A I AN G W B A KA X ], [Cumim]Cl 476 107°~107° mol/L;
[Cemim]Cl Z37E 10°~10" mol/L; [Cmim]Cl ZJ7E 10°~107"° mol/L; [Chol]*[Sac] #£ 0.2~10"° mol/L [X [d]
P9 AR 552 )35 2 AR K SE A I O, WO 8 TR VA A P S e i s T A ROR (AR e I S5 T TS RS,
B 2 TR AR SR U FHAZAR B2 X (1R g 1E S50 AR BE X (]

228 BTRFHIMSHAL

AR AT P S B6 45 58, [Cymim]Cl. [Cgmim]CI FI[Cmim]Cl. [Chol]"[Sac] 4 FiES T A [ s 46 41
R 11~12 ANREE AL, VB VR BERE i AR OR R B 7 76 77 B - OB 28 (DRC) i e & H o, A B 1)
IR BE AN 7 T A 2 A o BT VA AV VR 1 S B IR B Y SR VR [B4150E s 9% 1.2.5 J7 ik AT Ye g
. IEXSLIORTGANIIKE R E 3 M PATRA, B—FWANR— T AH, BNKREFNES
B 8 KL ko R MR A KA 24 LR A - 52[30]

IR IEOUE = SEIRABOGE — MRS A HROLE

N, - N N, +N,-2N N,,+N,—2N

=—1 L ; Ox(tz—g)+-~+%x(tn—tn,1)
Ealrb, A AR R ARG Now NpvooNo N tor toeeot, IS 2 FH 0T AN EL: ton theeety AR
BTFAG 53 1 2 n Y E H I (] (BAAL h).

A

0><t1+

I, _AA 00%
A
B AR SRR AR AR B 7T 0 A AR AR K 2N T B B A T AR AR R 52

PR LA i 2 T i B R A T A

2.2.9. FIE - WRIHhLE(DRC)AIIME[35]

2 et 5 3dh (Dixon) V26t S 46 BT A B0 EAT B FE AT SG, AR T S5 SR A BR L M T SR 4B, FER IR
A BB AR M, A5 B — IR JE AU AR A MHEE A KAk T3 . PR DL b AR KA ) 21
WE 5 06F LR KRB S N THSEHL, B FH Origin 8.5 %1, DAERAIIR B o B (e R A b, DA I R i
(1P 35 A KA RN AL BRE RS B . AR SE36 43 211 DRC R #0s B R BUBAR, AR HRHE DRC %
P SE5G pi A4, R Origin 8.5 A AR Ze 1k /s — 30l & (NLSF) B B0t 5 56 BT 43 DRC i 147 4R 28
PERLA[36] [37], SKRAFF S ABALNSE. S50 ARIE SR AU E AR DG R BN /KGR AT L
ST, IERBEHE AR R B KT AR R Z B/ NE AR, 45 B IR iy 25 8 2 (pharmacology)
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BLH N 1) DseResp BRI % R O T A S50 B AT AR 2R M40 5 5 19 21 B 00 AL A i & R R
IR B - RO HTZR(48 hy 72 hy 96 h), ARHAEFTA-400 & 07 A2 730 70 v B8 2% B8 1044 06 TR AE HEE ) ECoo
(A8 Ja R A KA 20 50% I (32K E) . TH R R BN, SRS BuR LA M E - 2L
IS it 2% (DRC) BT Xof L 400 G bR HOAS B % FE S ek B 0 2Rk S04 4. e 4 Fisz i B 1044 ol Ak A
il - Rv i Z8(DRC) K 5.

Table 4. Non-linear fitting functions of Dose-response Curves (DRC)
4. FIE - B (DRC)RIIEL MINA R

RN PREERIE SRR IE
Dse-Resp E=A+(A-A)/(1+10exp((logx, —c)- p)) c=(log(E—A1)—Iog(A2—E))/p—logxO
100 100 @
80 - 80 |-
< 60} < 60}
o o
® ®
s c
g wr (@)[C,mim]CHlk- RNl & 2 % 40 - (b)[C,mim]C I 1 4 i 25
= S 48hzE K qi % = 848h EILIES
= O T2k = [ gpsirtpdvin
or < senikdip or O oehk: il
—— 48R -S4 i 2% ——48hifl &- PSediiiFed
6, —_— 72hﬁ'Jﬁi-5‘§U\fimﬁHH?ﬁ 7207 SRR A 2%
0 X —— 9B A M 2% 0 96h 7| - Rt & 25
1 1 1 1 1 1 1 1 1 1
- 5 -4 3 2 1 8 7 5 5 4 3 2
logc logc
@) (b)
100 - | (c)[C,,mim]CI - R B A 2% 100 || (d)[Chol]'[Sac] 7il4- 2 it & 2k
O 48h: Kedii % B a8hz: Kl
B T2n KA [SILER SRS
80| O esh/kkiplz 8o || 3K 96nk K%
—— 48hjl - SN i 22 —— 48hjl - R il 2%
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Figure 5. Dose-Response Curves (DRC) of [C,mim]CI (n = 4, 8, 12) and [Chol]*[Sac] to Scenedesmus obliquus
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Table 5. Toxicity effect curve parameters of four ionic liquids for 96 h to Scenedesmus obliquus

5. 4 MB TR HEERY 96 h SN LS

ST IF] BaBRsi i ECso  op )
(h) A A logxo p Span I{E (mg/L)
48 -1.41 81.84 -3.23 0.71 83.26 0.9991 101.0 0.82
[C4mim]CI 72 0.76 84.98 -3.45 0.83 84.22 0.9994 61.94 153
96 —2.48 98.77 -3.58 0.70 101.26 0.9995 45.62 1.84
48 —4.06 88.97 -5.09 0.67 93.03 0.9981 1.884 0.96
[Cemim]CI 72 1.77 89.74 -5.34 0.89 87.96 0.9982 1.045 1.74
96 -2.21 97.29 —5.64 0.77 99.50 0.9911 0.6083 2.36
48 2.21 96.75 —6.43 0.66 94.54 0.9994 0.1074 0.57
[C1omim]CI 72 4.30 97.21 —6.67 0.67 92.91 0.9994 0.06126 1.68
96 5.76 100.4 —6.84 0.65 94.61 0.9996 0.04187 2.25
48 1.59 121.0 —-0.68 0.71 119.4 0.9994 59420 1.02
[Chol'[Sac]” 72 437 9610  -118 077 9173 09986 18860 1.67
96 6.80 109.1 -1.34 0.62 102.3 0.9996 13030 2.40

TE: Apv Ay PN E IR B THETIEZ: logxg AIULE HIZRHH R CHIE KM 2 = 509%640) A AR p Jfiher
2k b R CP AR AN = 50%4L) A% Span = abs (A; — Ay).

R 4 Fh 2B T AE AN [ 2 5 IF ) St A A A 2 e 5S40 45 2R P 3 (1] 5(a)~(d)) T 75, AR
[F B 88 T TR E S [ 5 R B [ It 7 i 28 RO IR AN A 2565 BT A ], AN [R] 2 i B 18] R 6 B f) EpCg {H A
ANFAEA, WP ZEIRE) T ANECER . FAL, TR ) AR A P N 2R A A AR 2R AR
P, BN S BFE - BNKR.

257 UL EyCoo.oan TE A T34 3 55 FA T b, 4 ol 88 V00040 e 3 b BEL A ke FR A7 0 A A W5 P sk 23 P B9«
[C1zmim]CI > [Cgmim]CI > K,Cr,0; > CuCl,-2H,0 > ZnCl, > [C;mim]Cl > -+ > [Chol]*[Sac] . 5 X} iR
Cu?*, Zn?* R 6% B 48 A EL, [Coomim]CI [Comim] C KI5 B TV (A X A MR ) EpCop.oen 1 EL CUP*
Zn? R R B0 AR A I ) EpCopoen B 1~2 MNECEZE, (E KM B TIAR[Cymim]Cl ) EyCoo.oen 1E EL
SRIRF Cu”* . Zn® ARt 1 DR L. IbAh, JEBN R B AR [Chol] [Sac] ) EyCoo.gsn 1EIZ
T HAb 2 X E . 7T, AR 2R B TR A [Chol]*[Sac] IIEEHERAR, JUF-wT LLZBS, T ke 25 55 F il
AT AR} A W P A X K
32. BF REHSEEHHNNXR

WIS 5 A BB BRBE DT 4, 96 h ~P-35 A A1) 524330 100% (B Cao0-6n) FITA BL (¥4 AN T FEAE
MC,mim]CI 1% 3500 mg/L F[C,mim]Cl [K1Z] 60 mg/L BKMEIR e 85K 5 B 1At 2R M 1
EyCoo.06n 158 M1, BB KK IO, Biltn, [Comim]Cl #[Cemim]Cl K IEER 5 3 (1 5% 18 4 4
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1) 4 Bl TR AA[Camim]Cl. [Cemim]Cl. [Comim]Cl A [Chol]*[Sac] i A4 AE M Fry A= K Al it 28 2 5
A S RURIE - RUNAHRIC R, 45 LA EpCoo.oan 1E 52 EENS A MR A= KA1 77 1O U A4, &
AT AR A W ) A KA J3HER A [Ciomim]Cl > [Cgmim]Cl > [C,mim]Cl > -++ > [Chol]*[Sac] -

2) fEXf DRC &2 K I, DseResp R HCAE AL G R AL, 1R 00 i RSB X 35 mT kAT
ARG, & T RAME R - B2 G .

3) MEBRMERIL ERUL, WKL BT AT R M 1 35 1 2/ D R IAE PN A R Z R b 20 &
HI T E3R 3 Bk B 1y A 28 6% 7 AR (W B8 R ) AR B O MR R B, B AT P 4] 1 A
FRIAE A, 3 A 1) 41 P B i 5 IO A 248 20 Y0 2 A A 0 B T3S T T 4 5, A B o R M 3R s )
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BB AL [441IN N, X — IR T BE 5 A R G2 1 5 3 B A R 25 e B R PRI Rk
AT . e IR TTUE V5T DA R A 2 M 5 R AE B AL 2 AN — R A ThRE R AL A K

4) FI TR PR, BEAR R B TR [Chol] "[Sac] 3K H B A 5e 88 25 H 24 ZORH O£ Fh 78 7 R
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#%[45].

5) T BIBAE THITTAE, B TR R R EL46], TR EMEMERN 5. BITHRANRK, HE®
PSR SR S FH T 8 -V A B PR 9 e ) B AR RS AR )

SE

[1] Parvulescu, V.1. and Hardacre, C. (2007) Catalysis in lonic Liquids. Chemical Reviews, 107, 2615-2665.
https://doi.org/10.1021/cr050948h

DOI: 10.12677/hjcet.2023.132011 107 L TRESHAR


https://doi.org/10.12677/hjcet.2023.132011
https://doi.org/10.1021/cr050948h

FHIR

(2]

(3]
(4]
(5]
(6]
[7]

(8]
(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]
[22]

[23]
[24]

[25]
[26]

[27]

Van Rantwijk, F. and Sheldon, R.A. (2007) Biocatalysis in lonic Liquids. Chemical Reviews, 107, 2757-2785.
https://doi.org/10.1021/cr050946x

BRIE, It TIRE T SR YRR R[] KEEE, 2002, 17(1): 42-46+50.

U e, R4 EIR RS T RARTE QA T R 7 5 S ], AR S R, 2002, 20(2): 73-78+87.
FI, 52, RIEEE, S B TR EERE, 2007, 19(5): 671-679.

T A, RIT, H¥ER, & B TRAERSOE R[], -k, 2005, 68(12): 906-910.

Jastorff, B., Molter, K., Behrend, P., et al. (2005) Progress in Evaluation of Risk Potential of lonic Liquids-Basis for an
Eco-Design of Sustainable Products. Green Chemistry, 7, 362-372. https://doi.org/10.1039/b418518h

Raves, M.L., Harel, M., Pang, Y.P., et al. (1997) Structure of Acetylcholinesterase Complexed with the Nootropic Al-
kaloid, (-)-huperzine A. Nature Structural Biology, 4, 57-63. https://doi.org/10.1038/nsh0197-57

Stock, F., Hoffmann, J., Ranke, J., et al. (2004) Effects of lonic Liquids on the Acetylcholinesterase—A Structure-Activity
Relationship Consideration. Green Chemistry, 6, 286-290. https://doi.org/10.1039/B402348J

Ranke, J., Mélter, K., Stock, F., et al. (2004) Biological Effects of Imidazolium lonic Liquids with Varying Chain Lengths
in Acute Vibrio fischeri and WST-1 Cell Viability Assays. Ecotoxicology and Environmental Safety, 58, 396-404.
https://doi.org/10.1016/S0147-6513(03)00105-2

Stepnowski, P., Skladanowski, A.C., Ludwiczak, A., et al. (2004) Evaluating the Cytotoxicity of lonic Liquids Using
Human Cell Line Hela. Human and Experimental Toxicology, 23, 513-517.
https://doi.org/10.1191/0960327104ht4800a

Matsumoto, M., Mochiduki, K. and Kondo, K. (2004) Toxicity of lonic Liquids and Organic Solvents to Lactic Ac-
id-Producing Bacteria. Journal of Bioscience and Bioengineering, 98, 344-347.
https://doi.org/10.1016/S1389-1723(04)00293-2

Lee, S.M., Chang, W.J., Choi, A.R., et al. (2005) Influence of lonic Liquids on the Growth of Escherichia coli. Korean
Journal of Chemical Engineering, 22, 687-690. https://doi.org/10.1007/BF02705783

XD, XURIR, xRS, o Bk RGN R C R E 0], A F SR, 2007, 2(2): 164-171.
Swatloski, R.P., Holbrey, J.D., Memon, S.B., et al. (2004) Using Caenorhabditis elegans to Probe Toxicity of
1-alkyl-3-methyl Imidazolium Chloride Based lonic Liquids. Chemical Communications, 21, 668-669.
https://doi.org/10.1039/b316491h

XUPE, PNFTRE, X, 26, BT 1-3F25-3- F B DRI iR AL R 0T /N 2 Bl 7 1 e 5 4 i AR K s [3]. AR L3R
iRl #2441, 2008, 27(2): 425-429.

deREE, B, WAE, & BT RIE[Camim]Br XA E HE K AR I Ak S E[0]. 4 A3R55, 2008, 17(3):
1021-1023.

WOME, e, BT, % BT [CemimlPRs XK A Y FI R PE(E A [I]. B EERL S, 2009, 29(11):
1196-1201.

Bernot, R.J., Kennedy, E. and Lamberti, G.A. (2005) Effects of lonic Liquids on the Survival Movement, and Feeding

Behavior of the Freshwater snail Physa acuta. Environmental Toxicology and Chemistry, 24, 1759-1765.
https://doi.org/10.1897/04-614R.1

Pretti, C., Chiappe, C., Pieraccini, D., et al. (2006) Acute Toxicity of lonic Liquids to Zebra Fish (Danio rerio). Green
Chemistry, 8, 238-240. https://doi.org/10.1039/B511554]

Kobraei, M.E. and White, D.S. (1996) Effects of 2,4-Dichlorohenoxyacctic Acid on Kentucky Algae: Simultaneous
Laboratory and Field Toxicity Testings. Archives of Environmental Contamination and Toxicology, 31, 571-580.
https://doi.org/10.1007/BF00212442

RETN, R, MUHLZE, & SR IR REMRE KSR ERT 0], AKAEAP243R, 2002, 26(1): 66-73.

BILZE, BXSCE, XSHE. DBP X #HAE M X R SRR B R e s AN L[], 7KAE A 2423k, 2003, 27(1): 103-105.
oM, XUBR, KRR, 25 RURWOGIENE 9 FhR 25Xt B EMEER M PEL]. A E AR, 2008, 3(6):
606-612.

Shimojo, K. and Goto, M. (2004) Solvent Extraction and Stripping of Silver lons in Room-Temperature lonic Liquids
Containing Calixarenes. Analytical Chemistry, 76, 5039-5044. https://doi.org/10.1021/ac049549x

Nockemann, P., Thijs, B., Driesen, K., et al. (2007) Choline Saccharinate and Choline Acesulfamate: lonic Liquids with
Low Toxicities. The Journal of Physical Chemistry B, 111, 5254-5263. https://doi.org/10.1021/jp068446a

Cassol, C.C., Ebeling, G., Ferrera, B., et al. (2006) A Simple and Practical Method for the Preparation and Purity De-
termination of Halide-Free Imidazolium lonic Liquids. Advanced Synthesis & Catalysis, 348, 243-248.

DOI: 10.12677/hjcet.2023.132011 108 e TREEHA


https://doi.org/10.12677/hjcet.2023.132011
https://doi.org/10.1021/cr050946x
https://doi.org/10.1039/b418518h
https://doi.org/10.1038/nsb0197-57
https://doi.org/10.1039/B402348J
https://doi.org/10.1016/S0147-6513(03)00105-2
https://doi.org/10.1191/0960327104ht480oa
https://doi.org/10.1016/S1389-1723(04)00293-2
https://doi.org/10.1007/BF02705783
https://doi.org/10.1039/b316491h
https://doi.org/10.1897/04-614R.1
https://doi.org/10.1039/B511554J
https://doi.org/10.1007/BF00212442
https://doi.org/10.1021/ac049549x
https://doi.org/10.1021/jp068446a

FHIR 5

[28]
[29]

[30]
[31]

[32]
[33]
[34]

[35]

[36]

[37]

(38]
[39]
[40]

[41]

[42]

[43]

[44]
[45]

[46]

https://doi.org/10.1002/adsc.200505295

Organization for Economic Cooperation and Development (2014) OECD Guideline for Testing of Chemicals-201—Alga,
Growth Inhibition Test.

Ma, J., Liang, W., Xu, L., et al. (2001) Acute Toxicity of 33 Herbicides to the Green Alga Chlorella pyrenoidosa. Bul-
letin of Environmental Contamination and Toxicology, 66, 536-541. https://doi.org/10.1007/s001280040
oh [ O R SR ARBK I 3 A T VE M), SRR, b o EFREE R hAL, 2002: 715-721.

International Organization for Standardization (2004) Water Quality—Freshwater Algal Growth Inhibition Test with
Unicellular Green Algae. BS EN ISO 8692.

KEREE, W, . EE R TR EM SRR TR R]. MBS T, 2010, 2(5): 44-45.

AR BRI R R 2 LR AT T[], MRS 58, 2007, 32(9): 139-141.

Holbrey, J.D., Seddon, K.R. and Wareing, R. (2001) A Simple Colorimetric Method for the Quality Control of
1-Alkyl-3-methylimidazolium lonic Liquid Precursors. Green Chemistry, 3, 33-36. https://doi.org/10.1039/b009459p
FHTR, BEJRL, A, . DRSS BT IR R AU b R 2 AR L[] R EE RS2, 2011, 31(3):
454-460.

Faust, M., Altenburger, R., Backhaus, T., et al. (2001) Predicting the Joint Algal Toxicity of Multi-Component s-Triazine

Mixtures at Low-Effect Concentrations of Indiwidual Toxicants. Aquatic Toxicology, 56, 13-32.
https://doi.org/10.1016/S0166-445X(01)00187-4

Faust, M., Altenburger, R., Blanck, H., et al. (2003) Joint Algal Toxicity of 16 Dissimilarly Acting Chemicals Is Pre-
dictable by the Concept of Independent Action. Aquatic Toxicology, 63, 43-63.
https://doi.org/10.1016/S0166-445X(02)00133-9

Bk, FRAE, BEAKBE, S BSFURAR 1T JE-3- FERE R SR T AL A R SRR ROV [I). TR B R B R, 2012,
32(5): 886-891.

Docherty, K.M. and Kulpa, C.F.J. (2005) Toxicity and Antimicrobial Activity of Imidazolium and Pyridinium lonic
Liquids. Green Chemistry, 7, 185-189. https://doi.org/10.1039/b419172b

Cross, J. (1994) Introduction to Cationic Surfactants. In: Cross, J. and Singer, E.J., Eds., Cationic Surfactants: Analyt-
ical and Biological Evaluation, Marcel Dekker, New York, 227-233.

Ranke, J., Miiller, K., Bottin-Weber, U., Stock, F., Stolte, S., Arninga, J., Stérmann, R. and Jastorff, B. (2007) Lipophilic-
ity Parameters for lonic Liquid Cations and Their Correlation to in Vitro Cytotoxicity. Ecotoxicology and Environmental
Safety, 67, 430-438. https://doi.org/10.1016/j.ecoenv.2006.08.008

ERE, FER, TB&, S EWREFEEFN KGR T EEKKFm[]. T EAER S, 2004, 24(6):
692-696.

XHETT, wbh, 3L, 2. [Comim]Br X EREREE 7942 A K KA SRR IE RS2 [T]. LA RZE3E4R, 2013, 35(4):
848-851.

eV, BRI, ERREDT, AE. BSOS R[], 224 SIS AR, 2016, 16(1): 381-386.

PRV, wE D, EIK, & SRR BT REAERE TR B RS BT[] BT, 2019,
48(z1): 238-241.

Rogers, R.D. and Seddon, K.R. (2003) lonic Liquids-Solvents of the Future? Science, 302, 792-793.
https://doi.org/10.1126/science.1090313

DOI: 10.12677/hjcet.2023.132011 109 e TREEHA


https://doi.org/10.12677/hjcet.2023.132011
https://doi.org/10.1002/adsc.200505295
https://doi.org/10.1007/s001280040
https://doi.org/10.1039/b009459p
https://doi.org/10.1016/S0166-445X(01)00187-4
https://doi.org/10.1016/S0166-445X(02)00133-9
https://doi.org/10.1039/b419172b
https://doi.org/10.1016/j.ecoenv.2006.08.008
https://doi.org/10.1126/science.1090313

	四种水溶性离子液体对斜生栅藻的急性毒性研究
	摘  要
	关键词
	Research on the Acute Toxicity of Four Hydrosoluble Ionic Liquids to Scenedesmus obliquus
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 试剂与仪器
	2.2. 实验方法
	2.2.1. 离子液体合成及其纯度评价
	2.2.2. 培养基的配制及准备
	2.2.3. 斜生栅藻藻种的预处理和预培养
	2.2.4. 斜生栅藻最大光吸收值的确定及其生物量标线的绘制
	2.2.5. 斜生栅藻的染毒
	2.2.6. 斜生栅藻模型的敏感性测试
	2.2.7. 离子液体急性毒性的预试验
	2.2.8. 离子液体的急性毒性试验
	2.2.9. 剂量–效应曲线(DRC)的拟合[35]


	3. 结果与讨论
	3.1. 离子液体对斜生栅藻的剂量–效应曲线(DRC)
	3.2. 离子液体结构与其毒性效应的关系

	4. 结论
	参考文献 

