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Joint Toxicity of Cyanogenic Chemicals and Aldehydes to Photobacterium phosphoreum

HUA Wen—feng', TIAN Da-yong?, AN Qing—qing’, LIN Zhi—fen?, ZHANG Yin—jiang*"
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ences, Shanghai Ocean University, Shanghai 201306, China; 4.Engineering Research Center for Water Environment Ecology in Shanghai,
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Abstract: It is widely accepted that organisms are often exposed to mixtures of multiple pollutants rather than to single chemical in the envi—
ronment, such as cyanogenic chemicals and aldehydes. The interactions among the components in the pollutant mixtures might cause sub-
stantial changes in their apparent properties, leading to additive, synergistic or antagonistic effects, and thus posing potential threats on the
environmental safety and human health. In this paper, cyanogenic chemicals and aldehydes were selected as the research chemicals and
Photobacterium phosphoreum as a model organism. The acute toxicity of cyanogenic and aldehyde compounds to Photobacterium phospho—
reum was tested based on the light emitting reaction in bioluminescence. General approaches were therefore proposed to predict the biologi—
cal toxicity of chemical mixtures with different toxicity processes by using effective carbon charge and substituent constant. The QSAR mod-
els for acute toxicity of cyanogenic chemicals and aldehydes alone and in mixture were established. The mechanisms of mixed toxicity of
cyanogenic chemicals and aldehydes were suggested. Results demonstrated that the joint toxicity changed with different mixtures of
cyanogenic chemicals and aldehydes, which showed additive and synergistic effects. This work would provide basic information for the joint
ecological risk assessment and remediation of cyanogenic chemicals and aldehydes.

Keywords: cyanogenic chemicals; aldehyde compounds; Photobacterium phosphoreum; acute joint toxicity; QSAR model
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Table 1 Single toxicity of five cyanogenic chemicals

&Y o . &ML= N
=) 22 Hy LT S . s - o
J#5 No Compound PIRECT IS CAS Molecular structural formula Ig(1/ECx)/mol - Effective carbon charge C*
1# Fs P 109-75-1 N N 2.06 ~0.179
I o ~
2# N 109-77-3 N// \\N 2.55 0.126
HO
34 a- RS T 75-86-5 /\—/ N 36 -0.009
4# IH G 100-47-0 N }O 3.14 -0.052
Na.
\\
S5# SRR 91-15-6 3.5 0.026
NF
F25MBRUEWRE—SHENELR
Table 2 Single toxicity of five aldehyde compounds
A N
F#5 No. L& Compound ¥R FI 5% CAS fea st X lg(1/ECs)/mol - L™ E‘th% RS )
Molecular structural formula Substituent constant o*

o6# 7 H i 100-52-7 Q 3.43 0

74 o3 123-38-6 @J 4.07 0.42

8 OEE Tl 123-72-8 @— 3.97 0.23

94 X A Y R 110-62-3 @—/ 4.28 0.78
104 XF=SRTEIE TR 111-71-7 @ 42 0.54

VF 0® 678 Hammett U HEEH 550, 1 B Hansch 2518

Note : ¢* indicates Hammett substituent constant, quoted from Hansch et al®.
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Table 3 Joint toxicity of binary mixture at non—equal toxicity ratios

L&Y A k59 B #PEL le(1/E ) H R Effective BRELH B Ig(Ci/C)x  1g(CyC:)x TU RGN

Compound A Compound B Toxicity ratio o carbon charge C*  Substituent constant o C* (1+0) “" Joint effect
N I H 1:3.2 3.408 -0.126 0 1.93E-02 -0.5277 041  PhlA
N e 3.2:1 2.988 -0.126 0 221E-03 -14027 046 B[
i i 1:10 3.573 -0.126 0 460E-02 -02452 045 A
(75 I 10:1 2.904 -0.126 0 7.17E-04 -1.8857 048 A
N IR 32:1 2.798 -0.126 0 225E-04 -23869 058 A
N e 100:1 2721 -0.126 0 721E-05 -2.8806 0.68 [
i i 320:1 2.597 -0.126 0 225E-05 -3.3853 090 A
NI XA 1:3.2 3.133 -0.126 0.42 5.05E-03 -1.4980 032 A
W K2R 3.2:1 2.664 -0.126 0.42 5.14E-04 -2.8815 042  {hfA
N Mo I 1:10 3.477 -0.126 0.42 1.44E-02 -09011 057 A
N Mo A 10:1 2.590 -0.126 0.42 1.65E-04 -3.5803 025 [l
NI XA 1:32 3.775 -0.126 0.42 370E-02 -0.4381 070 A
NI Fof 2R 32:1 2.563 -0.126 0.42 5.16E-05 -42963 046  HhAl
NN Mo 100:1 2.554 -0.126 0.42 1.65E-05 -4.9986 0.61  {J[i]
i Xof R A i 320:1 2.551 -0.126 0.42 5.16E-06 -5.7158 092  #fn
NI X A F 1:1.8 2.968 -0.126 0.23 1.93E-03 -1.7959 0.50  PhlA]
NI ol G R PP 1.8:1 2.733 -0.126 0.23 6.03E-04 -24109 042 A
[ o G R P 1:3.2 3.123 -0.126 0.23 339E-03 -1.5027 049 P
N Ko G R 3.2:1 2.663 -0.126 0.23 3.40E-04 -27157 043 A
(75 X A 1:5.6 3.286 -0.126 0.23 580E-03 -12273 0.64 Pl
NI PR N 5.6:1 2.618 -0.126 0.23 1.95E-04 -3.0132 050  Bhld
NI o G R 1:10 3.451 -0.126 0.23 9.96E-03 -0.9582 0.66 ]
NI X A 10:1 2.590 -0.126 0.23 1.09E-04 -3.3221 0.62 A
(75 X A 1:18 3.602 -0.126 0.23 1.68E-02 -0.7109 0.75 il
NI o G R PR 18:1 2.573 -0.126 0.23 6.06E-05 -3.6356 0.78 Al
N o G R P 1:32 3.723 -0.126 0.23 2770E-02 -0.5034 1.06  AHn
N X G 32:1 2.563 -0.126 0.23 341E-05 -3.9427 098  AHn
[y e} i o F 1:1.8 2.986 -0.126 0.78 1.80E-03 -2.6505 0.18 [l
NI e i e 2 P 1:3.2 3.152 -0.126 0.78 3.17E-03 -2.2250 020 A
[ e i 4 P 3.2:1 2.664 -0.126 0.78 3.18E-04 -39831 0.18 Pl
[ XeJ i o Y i 1:5.6 3.328 -0.126 0.78 543E-03 -1.8243 025 A
[ X RN 5.6:1 2.620 -0.126 0.78 8.99E-03 -4.4137 024 A
NI Yo A P 1:10 3.517 -0.126 0.78 9.34E-03 -1.4314 025  BhlA
[ o i 2 F 10:1 2.591 -0.126 0.78 1.02E-04 -4.8608 028 1l
(75 eJ i o i 1:32 3.868 -0.126 0.78 2.56E-02 -0.761 6 034 1A
NI el i o P 32:1 2.563 -0.126 0.78 3.18E-05 -5.7590 0.57  PfH
NI X il JE A R g 1:56 3.997 -0.126 0.78 391E-02 -0.5198 047 A
[ o i e F 100:1 2.554 -0.126 0.78 1.02E-05 -6.6395 0.74 [l
(75 XeJ i o 180:1 2.552 -0.126 0.78 5.66E-06 -7.0939 0.75 A
[ R Gy B S e 1:1.8 2.980 -0.126 0.54 2.16E-03 -2.1743 039 Al
NG X = R 1.8:1 2.736 -0.126 0.54 6.76E-04 -2.9424 037  PhlA
R A =G SR 1:3.2 3.143 -0.126 0.54 3.79E-03 -1.8093 040 A
Wi M= EOR R 3.2 2.665 -0.126 0.54 381E-04 -33236 0.36  PhfE
R X g P o 1:5.6 3.317 -0.126 0.54 6.46E-03 -14678 046 A
R A = R SR 5.6:1 2.620 -0.126 0.54 2.18E-04 -3.6959 045 A
R R =G SR 1:10 3.502 -0.126 0.54 LL1IE-02 -1.136 1  0.54  Bh[A]
P R = S 10:1 2.590 -0.126 0.54 1.22E-04 -4.0825 052 A
NN O =96 o 1:18 3.679 -0.126 0.54 1.85E-02 -0.8343 055 Pl
NG A = SR 18:1 2.573 -0.126 0.54 6.80E-05 -4.4750 0.65 A
N R = SR 1:32 3.830 -0.126 0.54 296E-02 -0.5844 0.83  FHm
WM 6 =5 R 32:1 2.563 -0.126 0.54 3.83E-05 -4.8594 0.83  fH
N X g6 o 1:56 3.947 -0.126 0.54 445E-02 -03922 088  AHfm
NG A =G SR 56:1 2.558 -0.126 0.54 2.19E-05 -52335 092 A
W X HPEEEEE 10001 2.554 -0.126 0.54 1.22E-05 -5.6211 090  #Hhn
WG AP EORHRE 32001 2.551 -0.126 0.54 3.83E-06 -6.3990 0.86 AN
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