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-
tigated in laboratory toxicity tests using red sea bream, Pagrus major
exposed to subacute concentrations of 2,4-TDA (measured concentrations: 0.0628, 0.234 

plasma, i.e., the levels of total cholesterol, triglyceride, total protein and albumin, of 

to 2,4-TDA .

1. Introduction

Toluene-2,4-diamine (2,4-TDA) is an amine compound used as an intermediate by 
the Japan chemical industry for the production of polyurethanes, dies, pigments and 

-

formed by the hydrolysis of tolylene diisocynate (TDI) under certain conditions.  This 

(1)

50 (median 
Oryzias

latipes(2,3) Pimephales promelas;(4)

Pagrus major is particularly high and 
the 96-h LC50 measured is in the range of 0.733 to 0.826 mg/L.(5)  The toxicity of 2,4-TDA 

50 of red sea bream and that 
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-

-
ful in its risk assessment.

In this study, the possible adverse biochemical and histological effects of 2,4-TDA 

2. Materials and Methods

2.1 Fish
The red sea bream (Pagrus major

sea bream.

2.2 Chemical

2.3 Test conditions and dosing regimen

-

using a glass plunger pump purchased from EYELA GMW-A (Tokyo Rikakikai, 

days) throughout the exposure.

2.4 Analytical chemistry

inner diameter, 4.6 mm; Chemicals Evaluation and Research Institute, Tokyo, Japan).  
 in a mobile phase 

of acetonitrile/0.01% phosphate buffer containing 5 mmol/L of 1-octanesulfonic 

SPD-10AV at 240 nm.
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2.5 Biochemical investigation

collected from the caudal peduncle using heparinized tuberculin syringes.  Sub-
samples for determining the number of red blood cells, hemoglobin level and hema-

chemical examinations of aspartate aminotransferase (AST, UV method), alanine 
aminotransferase (ALT, UV method), alkaline phosphatase (ALP, p-nitrophenyl 

-

2.6 Histological investigation
For histological investigation, portions of the brain, gills, liver, kidney, spleen, 

and eosin staining.

2.7 Statistical analysis

p

3. Results

3.1 Concentrations of chemicals in test solutions
The means (percentage of nominal) of the measured concentrations in the test 

(87.8%) mg/L.

3.2 Water quality measurements

to 8.0 (did not vary by more than 1.5 units in any one of the tests).

3.3 Mortality

LC50 and 14-day LC50 -
centrations or in the control.

3.4 Abnormal responses

-

-

dark pigmentation after 14 days of exposure.
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3.5 Body weight and body length

-

3.6 Hematological and biochemical examinations
3.6.1 Hematological examinations

-

Table 1

Table 2
Effects on increase in body length after exposure to 2,4-TDA.

Table 3
Hematological values for red sea bream after 14 days of exposure to 2,4-TDA.

Treatment
Control 0.0628 mg/L 0.231 mg/L 0.878 mg/L

Number of samples 7 7 7 6

(31.4–44.4) (33.2–53.3) (31.8–50.5) (32.2–45.0)

(38.6–60.1) (38.7–60.7) (35.2–52.0) (28.3–44.4)
% Increase 18.5 18.1 8.3 –4.8

Treatment
Control 0.0628 mg/L 0.231 mg/L 0.878 mg/L

Number of samples 7 7 7 6
Initial length (cm)

(10.4–11.6) (10.4–11.9) (10.6–11.8) (10.3–12.0)
Final length (cm)

(10.2–11.5) (10.3–11.3) (9.6–10.9)
% Increase 2.8 1.8 2.8 –7.2

Treatment
Control 0.0628 mg/L 0.231 mg/L 0.878 mg/L

Number of samples 5 5 6 6
4/μl)

Hb (g/dl)
Ht (%)
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3.6.2 Biochemical examinations 

p

these parameters in the control.

3.7 Histology
The histological structures of the gills, brain, kidney, spleen, gall bladder, pan-

from those of the control group.

-

-

-
tration (0.878 mg/L) and three livers from those exposed to the second-highest con-

and a slightly decreased cell size (Fig. 2).  In some sections, the cell border appeared 
-

plasm ranged from acidophilic granular to basophilic.  At the highest concentration, 

-

Table 4

Parameter Measured concentration (mg/L)
Control (n=7) 0.0628 (n=7) 0.231 (n=7) 0.878 (n=7)

AST (IU/L)
ALT (IU/L)
ALP (IU/L)
T-Cholesterol (mg/dl)
Triglyceride (mg/dl) *

Creatinine (mg/dl)
T-Protein (g/dl)
Albumin (g/dl)

I-Phosphorous (mg/dl)
Calcium (mg/dl)

* p<0.05.
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Fig. 2.
Deeply stained cytoplasm.

Fig. 3.
Deeply stained cytoplasm and fatty degeneration (Fd).



7

Environmental Sciences Vol. 14, Supplement (2007) 001–008 T. Nozaka et al.

4. Discussion

and both LC50

Pagrus major

(5) and the presence or 
lack of feeding during exposure.

et 
al. tested the long-term toxicity of 2,4-TDA in a larval test using medaka, Oryzias
latipes.(2)

system to 2,4-TDA concentrations of 40.3, 68.8, 131, 263 and 551 mg/L for 28 days.  

the same larval tests using other amine substances, such as aniline and 4-chloroani-

the authors concluded that gas bladder development might have affected the ability 
(2)

-
served.

plasma, i.e., the levels of total cholesterol, triglyceride, total protein and albumin, 

blood cells, hemoglobin level, hematocrit and serum protein level are considered as 
(6–8) the results obtained in the current study 

could also explain the effect of starvation.

-
ing one month of starvation.(9)  This suggests that the decrease in heamatological 
parameters, total protein level and other indicators probably led to the appearance 
of the structural alterations in the liver.  The cytoplasmic changes observed in the 

-

exposure to 2,4-TDA.

pathological effects such as pyknosis, tubular degeneration, hepatocyte atypia, and 
necrosis in erythrocytes, the kidney and liver.(10,11)

not observed in the present study.  This might be due to the difference in the species 

-
ity of 2,4-TDA in red sea bream. 

-
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matological parameters, i.e., the number of red blood cells, hemoglobin level and he-

-
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