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Abstract

The objective of this study is to assess the
toxic effect of nitroanilines (nitroaromatic amines)
on Pseudokirchneriella subcapitata by a closed
system test technique. The effects of nitroanilines
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 results
show that meta-substituted nitroanilines were
found to be less toxic than ortho- and/or
para-substituted ones. In addition, the toxicities of
mono-nitroanilines are lower than those of
di-nitroanilines.

Based on OECD qguideline, nitroanilines in
this study are considered as. “harmful”:7,

“toxic”:5 and “very toxic™:2 (2,6-dinitroaniline
and 3,5-dinitroaniline). The toxicity of
nitroanilnes reflects the potential effects to
aquatic organisms and should be paid attention in
the environmental risk assessment.

The results aso reveal that the values of the
low effect concentration (ECyo~ LOEC and NOEC)
of the nitroanlines is NOEC <EC,, <LOEC.
This demonstrates that the relative sensitivity is
NOEC >EC,o> LOEC. Besides, the experiment
results (ECsp) are compared with literature data
derived by various toxicity tests. The order of
the relative sensitivity is. algag(Fina yield) >
algae(DO production) > Daphnia magna >
Microtox > agae(Scenedesmus obloquue) ~
shrimp > algae(Grwoth rate) > algag(Chlorella
pyrenoidosa) > ciliate(Tetrahymena pyriformis)>
Fathead minnow - On the other hand, the toxicity
of  nitroanilines on  Pseudokirchneriella
subcapitata is demonstrated to be interrelated
with the toxicity on Fathead minnow. The algae
can be used as the interspecies to Fathead
MiNNOW.

Keywords:  Pesudokirchneriella  subcapitata,
Nitroanilines, Median effective concentration
(ECH0), Low-effective concentration
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Tablel. Physical and chemical characteristics of anilines

Chemicals CASNo. MW  logKe, E E AE  Structur ECS0 (mg/L)
0K ow HOMO LUMO e DO Fy GR
2Nitroaniline 83744 13813 202 9362 -1123 8230 ™y 10320° 28914 12755
3Nitroaniline 99092 13813 147 -9260 -1.201 8059 Tl 22286 42025 85933
ANitroaniline 100016 13813 147 -9343 -1137 8206 ™ 15121* 22679 86.305
24-Dinitroaniline  97-02-9 18312 184 9597 -1472 8125 « 4200  341*  27.39
26-Dinitroaniline  606-22-4 18312 129 -9587 -1491 8096 o’ 0829 0481* 0.79%
34-Dinitroaniline  610-41-3 18312 - 9542 -1840 7.702 't 34124 16187¢ 3.9046
n:.'ial‘l :;-.,:”_NII
35-Dinitroaniline  618-87-1 18312 129 9463 -1581 7.882 “T 0779 0453  0.99
16,
Nitro-1.4- e 1
ZNiro-la-benze  oanp 1,05 15314 055 8922 -1128 7794 T 2496+ 4146 32.949
nediamine T
ANiro-l2-benze g0 550 15314 055 -8891 -1149 7742 O 17 31119 41206 17671
nediamine o,
ANiro-1.3-benze 5101 508 15314 055 9253 -1148 8105 « .. 09006+ 13983 137.28
nediamine i
: L
SNiro-ophenyl = s59/ 508 15314 110 -8875 -1151 7.724 7] 14500 11480¢ 7244
endiamine g
[l s
PMESNIO 99558 15215 202 0184 1193 7991 T 26162 12210° 30004
'LI;
4'Me;2?’l'i}]?g”'”° 611-052 15215 202 -9.348 -1.239 8109 lL] 3478 4392 10.898
AMethyl-2-nitro — oq 053 15015 257 -0247 -1139 8108 ¢ 8 1115  4.1743* 13.636

aniline

*: the most sensitive endpoint
& ELumo » ELumo and AE data from Chemoffice version 5.0 software (MOPAC program, AMI

Hamiltonian)
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Table 2 Low effect concentration of nitroanilines

Chemicals EC10 (mg/L) NOEC (mg/L) LOEC (mg/L) ACR
DO FY GR DO FY GR DO  FY GR DO FY  GR
2-Nitroaniline 0522 2486 8918 <098 <098 295 00980 0980 8850 1977 11.63 14.30
3-Nitroaniline 1225 103 23547 <0983 6.144 1536 0983 15360 38400 1819 408 365
4-Nitroaniline 0943 2424 9033 049 049 049 1229 1229 1229 1604 936 955
2,4-Dinitroaniline 035 013 052 049 <016 049 1480 0490 1480 1200 2623 52.67
2 6-Dinitroaniline 0129 0121 0251 0051 0051 015 0150 0150 0460 643 398 3.16
3,4-Dinitroaniline 0277 0339 0294 1355 0151 0151 4.064 0452 0452 1231 477 13.30
3,5-Dinitroaniline 0154 0058 0047 011 0037 011 0329 0110 0329 506 781 21.19
2-Nitro-1,4-Benzenediamine  0.093 0164 0632 02 <020 06 0600 0200 1790 2684 2528 52.13
4-Nitro-1,2-Benzenediamine 0547 2268 11706 0247 074 222 0740 2220 6.670 5689 1817 15.10
4-Nitro-1,3-Benzenediamine 0112 0360 20603 <020 <020 02 0200 0200 0590 8845 3895 66.63
3-Nitro-o-phentlendiamine 063 069 227 0899 0899 0899 2697 2697 2697 2302 1664 3191
2-methyl-Snitroaniline 5 o726 1553 3867 05 05 45 1500 1500 13500 977 786 776
(2-Amino-4-nitrotoluene)
A-methyl-3-nitroaniline 430 359 1156 <0164 <0164 <0164 0164 0164 0164 10869 1368 9.43
(3-Amino-6-nitrotoluene)
A-methyl-2-nitroaniline 4 hea 5405 1150 0483 0483 0483 1450 1450 1450 1049 844 11856
(4-Amono-3-nitrotoluene)
Mean 2957 14.06 22.33
l0g(L/EC50)E minnow = 0.571 log(L/EC50)ry — 0.280, L4
n=6, R°=0.769, Q*=0, s=0.273, F=13.30, p=0.022 (1)

d Fig. 1 7% - & % 0 outlier—3.5-dinitroaniline » -
outlier 2 “,ZTT o ARM G P R 2

10g(L/EC50)k minnow = 0.976 10g(1/EC50)s - 0.689,

n=6, R°=0.985,Q°=0.944, s=0.015, F=194.48, p=0.001  (2)
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Table 3 Comparison of algal toxicity test results with other species

Log(L/EC50, L C50, [ C50) (mmole/L)?

Fathead

chemicals Closed bottle test Algae Microtox® Daphnia® -~ Ciliate' Shrimp?
DO EY GR Scened%mtgjs Chlorella Photobacterium  Daphnia  Pimephales Tetra}hymgna Cranan
obloguue pyrenoidosa®  phosphoreum magna promelas pyriformis Septemspinosa
2-nitroaniline 1.13* 0.68 0.04 0.33 0.71 112 0.08
3-nitroaniline 0.79 0.52 0.21 0.48 0.38 0.21 0.82* 0.03
4-nitroaniline 0.96 0.79 0.20 0.40 0.97* 0.87 0.04
2,4-dinitroaniline 1.64 1.73* 0.83 1.68 1.28 1.07 0.53
2,6-dinitroaniline 2.34 2.58* 2.36 1.16
3,5-dinitroaniline 2.37 2.61* 2.26 112 0.93 1.2
2-methyl-5-nitroaniline 0.77 1.10* 0.71 0.83¢ 0.33¢
4-methyl-2-nitroaniline 1.14 1.56* 1.05 0.79° 0.36°

* . the most sensitivity
-: no data; a: The units of EC50, LC50, IC50 are mmol/L; b: Lu, GH. et a. (2001); c: Ramos et a. (1999);d: Yuan, X.et a. (1997); e: Zhao et d.
(1997); f :Bearden and Schultz (1997); g: Ecotox database from USEPA
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