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Abstract

The objective of this study is to assess the
toxic effect of benzaldehydes (aromatic aldehydes)
on Pseudokirchneriella subcapitata by a closed
system test technique. The effects of
benzaldehydes were evaluated by three kinds of
response endpoints, cell density, algal growth rate,
and the dissolved oxygen production. Median
effective concentratons (ECsos) were estimated by
Probit model with a test duration of 48hr. The
quantitative  structure-activity  relationships
(QSARs) were established based on the
I-octanol/water partition coefficient (logKow)
and an electronic parameters-Lowest unoccupied
molecular orbit (ELymo).

The results show that three benzaldehydes,
including benzaldehyde, vanillin and
3,4-dihydroxybenzaldehyde, would translate into
benzoic acids with algae because of dismutation.
The phenomenon makes the oxygen decreased
and causes less toxicity of benzaldehydes. The
highest toxicity of hydroxyl- benzaldehydes is
5-bromo-2-hydroxybenzaldehyde. In addition,
the toxicities of para-hydroxy-benzaldehydes is
lower than those of ortho-hydroxy- benzalde-
hydes, except 3-bromo-4-hydroxybenzaldehyde.

The results also reveal that the values of the
low effect concentration (EC;~ LOEC and NOEC)

of the benzaldehydes is NOEC <EC;, <LOEC.
This demonstrates that the relative sensitivity is
NOEC >EC;p> LOEC. Besides, the experiment
results (ECsp) are compared with literature data
derived by various toxicity tests. The order of
the relative sensitivity is: algae(Final yield) >
algae(DO prod uction) > algae(Grwoth rate) >
Fathead minnow > Daphnia magna > Microtox >
Tetrahymena pyriformis.

On the other hand, the toxicity of
hydroxy-benzaldehydes is demonstrated to be
higher than those of other benzaldehydes, and the

QSAR of the hydroxy-benzaldehydes, except
2,5-dihydroxybenzaldehyde, with a single
parameter (logKow) is established.

[ log(1/EC50)gr = 0.8457X - 0.3496, n=7, R*=
0.9152]

Keywords:  Pesudokirchneriella
QSAR, Benzaldehyde, @ Median
concentration (EC50)

subcapitata,
effective
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Tablel. Physical and chemical characteristics ~ ECsos ~ ECjs and NOECs of benzaldehydes

ECs) (mg/L)
ID chemicals CASNo. M.W. LogKow E;ymo” ADO Final Growth NOEC(mg/L) (Elg/lﬁ)
yield rate

1  3-Ethoxy-4-hydroxybenzaldehyde 121-32-4 166.17 1.58 -0.498 22.34 11.72% 22.68 4.570 (FY) 3.939 (FY)
2 3-Bromo-4-hydroxybeznaldehyde 2973-78-6 201.02 1.83 -0.691 1040 6.391* 11.30 <3.990 (FY) 2.684 (FY)
3 3.4,5-Trimethoxybenzaldehyde 86-81-7 196.21 1.39 -0.563  21.79 17.59* 35.00 8.240 (FY) 5.109 (FY)
4  4-Ethoxy-3-methoxybenzaldehyde 120-25-2  180.2 1.63 -0.420 13.09  8.453* 17.98 <2.908 (FY) 3.001 (FY)
5 3,4-Dimethoxybenzaldehyde 120-14-9 166.17 1.22 -0.456 1573 64.56%* 162.0 18.170 (FY) 11.14 (FY)
6 4-Hydroxy-3-methoxybnezaldehyde 121-33-5 152.15 1.21 -0.509 11.46*  38.83 53.84 9.299 (DO) 7.695 (DO)
7 Benzaldehyde 100-52-7 106.12 1.48 -0.435 4.563%* 60.2 81.76 2.022 (DO) 1.89 (DO)
8 4-Nitrobenzaldehyde 555-16-8 151.12 1.56 -1.674 3.308*  3.413 6.017 <1.031 (FY) 1.436 (FY)
9 2,4-Dihydroxybnezaldehyde 95-01-2  138.12 1.53 -0.565 14.13 13.65%* 18.05 <9.980 (FY) 9.491(FY)
10 2-Chloro-6-fluorobenzaldehyde 387-45-1 158.55 2.56 -0.876  3.497  2.346* 5.562 <0.9590 (FY) 0.886 (FY)
11 2,4-Dimethoxybenzaldehyde 613-45-6  166.17 1.87 -0.482 16.47 14.26* 19.97 <10.10 (GR) 10.87 (GR)
12 3,4-Dihydroxybenzaldehyde 139-85-5 138.12 1.09 -0.550 3.966* 10.02 24.87 2.404 (DO) 1.982 (DO)
13 4-Chlorobenzaldehyde 104-88-1 140.57 2.1 -0.735 1547 11.69% 18.26 4.930 (FY) 5.978 (FY)
14 2,5-Dimethoxybenzaldehyde 93-02-7 166.18 1.91 -0.419 3448  26.87* 46.60 <11.89 (FY) 12.21 (FY)
15 2,5-Dihydroxybenzaldehyde 1194-98-5 138.12 0.54 -0.686 3.349  (0.283* 11.14 0.486 (DO) 0.667 (DO)
16 5-Bromo-2-hydroxybenzaldehyde 1761-61-1 201.02 2.9 -0.818  1.457 1.208* 1.653 0.710 (FY) 0.713 (FY)
17  4-(Dimethylamino)benzaldehyde  100-10-7  149.19 1.81 -0.178  27.71 18.96%* 32.45 <10.09 (FY) 7.987 (FY)
18 4-Bromobenzaldehyde 1122-91-4 185.02 2.6 -0.813 13.93 12.17%* 15.75 8.002 (FY) 8.335(FY)
19  5-Hydroxy-2-nitrobnezaldehyde 42454-06-8 167.12 1.63 -1.459 7.009  6.025%* 9.900 2.003 (FY) 3.104 (FY)
20 4-Ethoxybenzaldehyde 10031-82-0 150.18 2.28 -0.341 14.72 11.88* 22.85 6.950 (FY) 4.658 (FY)

*: the most sensitive endpoint

a: ELumo data from Chemoffice version 5.0 software (MOPAC program, AM1 Hamiltonian)
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Table 2 Comparison of algal toxicity test results with other species

Unit : mmol/L

Algae (BOD bottle)(48hr) Daphnia’  Microtox®  T.pyriformis® F.minnow®
ADO F.Y. G.R. 48hr 15min 40hr 96hr
Chemicals Log(1/ECsp) Log(1/ECso) Log(1/ECso) Log(1/ECso) Log(1/ECsp) Log(1/IGCse) Log(1/LCs)
3-ethoxy-4-hydroxybenzaldehyde 0.8710[3] 1.152[1] 0.8650[2] 0.6030[5] 0.6180[4] 0.0150[7] 0.2420[6]
3-bromo-4-hydroxybenzaldehyde 1.286[2] 1.498[1] 1.250[3] 0.2820[5] 1.096[4] - -
3,4,5-trimethoxybenzaldehyde 0.9540[2] 1.047[1] 0.749[3] 0.2110[4] -0.478[5] - -
4-ethoxy-3-methoxybenzaldehyde 1.140[2] 1.329[1] 1.001[3] 0.1950[4] - - -
3,4-dimethoxybenzaldehyde 0.0240[4] 0.4110[1] 0.0110[5] 0.1510[2] 0.0300[3] - -
4-hydroxy-3-methoxybenzaldehyde 1.123 0.5930[2]  0.4510[4]  0.4990[3]  0.1800[6] -0.030[7] 0.4260[5]
Benzaldehyde 1.367 0.2460[6] 0.1130[5] 0.3440[4] 1.035[3] -0.1960[7] 1.145]2]
4-Nitrobenzaldehyde 1.660[1] 1.646[2] 1.400[3] - - 0.2030[5] 1.180[4]
2,4-Dihydroxybenzaldehyde 0.990[2] 1.005[2] 0.8840[4] - - 0.5150[5] 1.023[1]
2-Chloro-6-fluorobenzaldehyde 1.656[2] 1.830[1] 1.455[3] - . - 1.227[4]
2,4-Dimethoxybenzaldehyde 1.004[2] 1.066[1] 0.9200([3] - - -0.0560[5] 0.9170[4]
3,4-dihydroxybenzaldehyde 1.542 1.139[2] 0.7450[3] 0.6680[4] 0.6000[5] 0.1070[6] -
4-Chlorobenzaldehyde 0.9590([3] 1.080[2] 0.8860[4] - 0.7800[5] 0.4000[6] 1.810[1]
2,5-dimethoxybenzaldehyde 0.6830[3]  0.7910[2]  0.5520[4]  0.9720[1]  -0.2370[5] - -
2,5-dihydroxybenzaldehyde 1.610[1] 1.417[2] 1.093[3] 0.8210[4] 0.5350[5] 0.2770[6] -
5-bromo-2-hydroxybenzaldehyde 2.13[3] 2.221[1] 2.085[4] 1.745[5]  1.5436[6] 1.107[7] 2.189[2]
4-(dimethylamino)benzaldehyde 0.7310[3]  0.8960[2]  0.6630[4] . 1.876[1] 0.2310[6] 0.5100[5]
4-bromobenzaldehyde 1.123[2] 1.182[1] 1.070[3] - 0.7780[4] 0.5870[5] -
5-hydroxy-2-nitrobenzaldehyde 1.377[2] 1.443[1] 1.227[3] - - 0.3290[5] 0.600[4]
4-ethoxybenzaldehyde 1.009[3] 1.102[2] 0.8180[4] - 1.169[1] 0.0730[6] 0.7280[5]
Ave.Ranking 2.353[2] 1.700[1] 3.500[3] 3.730[5] 4.070[6] 5.930[7] 3.580[4]

*: Data from Lijum Jin“z], @. Data from Lijum Jinm, *. Data from Schultz T.W[“], & Data from Russom C.L!"!

[ ]: ranking value;

F.Y.: Final Yield; G..R: Growth Rate
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Log(1/EC50)gy= 0.970logKow + 0.2702 (1)
N=8, R’= 0.449, S=0.379, F=4.893

Log(1/EC50)gr= 1.0691ogKow + 0.389 (2)
N=8, R’=0.581, S=0.34, F=8.308
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Log(1/EC50)G.R=0.9152logKow + 0.091  (5)
N=7, R*=0.915, S=0.16, F=54.03, Q°=0.851
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