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1 INTRODUCTION
Environment Australia has requested additional scientific information on the occurrence 
of chlorinated acetic acids in the final effluent of the Bell Bay Mill. These enquiries are 
part of the task the Commonwealth authorities are carrying out to assess to compliance of 
the mill with the Environmental Protection and Biodiversity Conservation (EPBC) Act.  

2 SUMMARY AND CONCLUSION
The total concentration of chloro-acetic acids in the final effluent used in the Marine 
Impact Assessment report (Toxikos Report TR101006-RJF) to assess the potential health 
and environmental impacts was 225 micro-g/l.  

According to material balance calculations presented in this paper, the corresponding 
actual values for chlorinated acetic acids are about 230 micro-g /l and 4.8 g/ADt. 

3 AMOUNT OF CHLOROACETIC ACIDS USED TO ASSESS THE 
ENVIRONMENTAL IMPACTS IN THE TOXIKOS MARINE IMPACT 
ASSESSMENT
The environmental impact assessment of the Bell Bay Mill effluent was carried out by 
Toxikos. The amounts of chloroacetic acids used in the assessment were based on the
assumption that total chloroacetic acids were at most 5% of the total low molecular 
weight organic acids as advised by Jaakko Poyry (pg 287 Toxikos report). The relevant 
spreadsheets were also attached to the Toxikos Report, (Table A1.3, page 299). 

On page 298 Toxikos converted the total organic acid advised by Jaakko Poyry of 0.097 
kg/ADt (Table A1.3, page 299) to a concentration in the final effluent of 4500 μg/L. It 
was estimated that up to 5% of the total organic acids were chloroacetic acids (ie 4500 x 
0.05 = 225 μg/L).  

Previous to the Marine Impact Assessment report it was estimated by Toxikos (Vol 10, 
Annex 22, section A1.3, page 138 of 250 of the Draft Integrated Impact Statement) that 
the total concentration of mono-, di, and tri-chloroacetic acids in the final effluent is about 
4060 micro-g/l and that the contribution of each of the above substances is one third 
(~1350 micro-g/l) of the total amount. 

At the pulp mill balance effluent amount of about 20 kl/ADt, the corresponding total 
amount of chlorinated acetic acids per ton of pulp is about 81.2 g/ADt. This value is even 
higher than literature reported values for raw process effluents (= before biological 
treatment) of modern pulp mills using ECF bleaching. Hence, the load of chlorinated 
acetic acid used in the DIIS appears to be unrealistically high and thus was corrected in 
the Marine Impact Assessment report.     
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4 DISSOLVED ORGANIC MATTER (DOM) IN FINAL EFFLUENT

4.1 Gross Composition of DOM
The estimated gross composition of the final process effluent as kg DOM/ADt is 
presented below.

About 96 % of the DOM comprises high molecular weight (MW > 1000) material and the 
balance (4%) low molecular weight material (MW < 1000). The total amount of these 
substances is about 5770 g/ADt (= 289 mg/l). 

The low MW material comprises organic acids (formic, acetic, propionic, oxalic, maleic,
and higher MW fatty and resin acids), neutral substances (sugars, alcohols, aldehydes, 
and esters), and small amount of aromatic small molecular weight substances (guaiacols, 
cathecol, syringols, vanillines, and phenols), which all originate from lignin. The total 
amount of these substances in the final effluent is estimated at about 230 g/ADt (=11.5
mg/l).

Both high and low MW substances contain small amount of organically bound chlorine 
(AOX). The final effluent of the Bell Bay mill contains about 0.148 kg/ADt of 
organically bound chlorine.  This implies that the average Cl-contents of the final effluent 
is about 24.7 g Cl/kg of DOM.
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5 AOX BALANCE IN FINAL EFFLUENT

5.1 AOX in High Molecular Weight DOM
The total amount of high MW DOM is 5770 g/ADt comprising lignin derivatives and 
oligo- and polysaccharides. As shown in the above figure about 97 % of the high MW 
material is lignin. Based on the empirical chemical formula of hardwood kraft lignin 
(Sarkanen and Ludwig, 1971), the carbon contents of the high MW material is estimated 
at about 60 %, or about 3462 g C/ADt, or about 288.5 g-atoms C/ADt. 

According to Swedish research work (Dahlman, Morck, et al, 1995) the atomic ratio 
[C]:[Cl] in the high MW DOM of the raw effluent from ECF bleaching is about 100:1.25.
Since practically all of the R-Cl in the high MW substance is attached to the lignin 
derivatives and the carbohydrate fraction of the high MW substance is removed very 
effectively in biological treatment the [C]:[Cl]-ratio of the high MW substance is higher 
than in the raw effluent. By using a very conservative ratio of 100:1.35 and the above 
carbon-% it is concluded that most of the total AOX in the final effluent is bound to the 
high MW DOM. The calculated amount is 138.6 g Cl/ADt, or about 24.0 g Cl/kg of high 
MW DOM.

5.2 AOX in Low Molecular Weight DOM

Based on the above calculation the balance AOX, about 9.4 g Cl/ADt is contained in the 
low MW fraction. The corresponding average Cl-contents of the low MW DOM is about 
40.9 g Cl/kg of low MW DOM.

According to Swedish research work (Miljovaenlig Tillverkning av Blekt Massa, 1982),
the total amount of low MW R-Cl from ECF bleaching of hardwood pulp is about 0.05-
0.1 kg Cl/ADt in the raw effluent. 

In biological treatment the low MW R-Cl is removed effectively. According to Dahlman 
and Moerck (1993) the removal efficiency for chlorinated acetic acids in biological 
treatment is at least 95%. Solomon (1996) has reported reduction efficiencies ranging 
from about 60 % to close to 100 %. 

6 STOECHIOMETRIC AMOUNT OF CHLORINATED ACETIC ACIDS IN FINAL 
EFFLUENT  

Based on the above AOX balance the stoechiometric amount of chlorinated acetic acids in 
the final effluent can be calculated as follows:
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1. AOX-Balance in Final Effluent

1.1 FE-AOX, kg R-Cl/ADt 0.148
R-Cl in High MW Fraction, kg Cl/ADt 0.138

High MW DOM, kg/ADt 5.77
Carbon-% 60
[C]/ADt 0.289
[C]:[Cl]-Ratio 74.1

1.2 R-Cl in Low MW Fraction, kg R-Cl/ADt 0.0094
[Cl]/ADt 0.000266

2. Low MW R-Ox, g Cl/ADt 9.4
3. Low MW DOM, g/ADt 230
4. Average Cl-% in Low MW DOM, % 4.1
5. Total Amount of Low MW Organic Acids, g/ADt 97.0
6. Chloride in Low MW Organic Acids, g Cl/ADt   3.98
7. Maximum Theoretical Amount of Cl-HAc in Final Effluent, g Cl-HAc/ADt 4.8

Maximum Amount of HAc in FE, %of Total Acids 75
Average Cl-%in chloroacetic acids, % 62.6
*/ Cl-HAc, % 5 Cl2-HAc,% 20 Cl3-HAc,% 75

8. Maximum Theoretical Cl-HAc Concentration in Final Effluent, micro-g/l 237
9. Maximum Theoretical Percentage of Cl-HAc of Total Low MW Aliphatic Acids, % 4.92

The calculated maximum amount of Cl-HAc, 4.8 g/ADt, complies reasonably well with 
the practical measurements reported by Dahlman and Moerck (1993) as well as Solomon 
(1996) in the biologically treated final effluent.

According to the above balance, the total concentration of mono-, di-, and tri-chloro 
acetic acids in the final effluent is 237 micro-g/l, practically the same as that assumed in 
the Marine Impact assessment report of 225 micro-g/l and well below the concentration 
assumed in the DIIS (4050 microg/l). The total amount of chlorinated acetic acids in the 
final effluent is about 4.9 % of the total amount of organic acids.  

The actual share of mono-, di-, and tri-chlorinated HAc has a certain impact on the final 
concentration, but it does not change the general conclusion.
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