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Abstract
The use of the conventional COD method to measure sulphide proved to be problematic due to the loss of hydrogen sulphide
(H 2S) during sample handling. For calibration of models based on mass balances, and operation of full-scale systems, it was
imperative to develop simple wet chemistry analytical procedures for the accurate measurement of parameters like sulphide,
COD, alkalinities and VFA in order to monitor BSR systems and achieve 100% COD and S mass balances. Three different analytical methods were investigated to minimise the loss of un-dissociated H 2S. Method 1, which is the recommended
Standard Methods COD test method, resulted in poor S mass balance (64-75%) due to loss of H 2S during sample handling,
mainly vacuum filtration. Method 2, in which 3 drops of 10 M NaOH are added immediately upon effluent sample collection to raise the pH to > 10 and converting un-dissociated H 2S species into the HS- species resulted in minimal sulphide loss
during sample vacuum filtration, dilution, mixing and standing. Method 3, in which a polyelectrolyte is added to the effluent
sample to coagulate the organic particles with centrifugation for solid-liquid separation instead of vacuum filtration. Results
from Method 3 showed an improvement in the S mass balance with respect to Method 1 - 91% against 75% without a long
sample standing period and 88% against 65% with a long sample standing period. However, S mass balance with Method
3 was still relatively low when compared with Method 2 (86 to 91% against 92 to 95%). Therefore, Method 2 was the best
simple wet chemistry analytical procedure to accurately measure St (= H 2S + HS-) and achieve close to 100% COD and
S mass balances. The effects of St loss were also investigated on the total and subsystem alkalinities as determined with the
5-pH point titration method. By testing standard solutions with known carbonate, acetate and sulphide species and upflow
anaerobic sludge bed (UASB) reactor effluent samples, it was found that the total alkalinity concentration is not affected by
H 2S (and CO2) loss as the subsystem alkalinities re-speciate due to a change in pH; and to obtain accurate H 2CO3* alk and
volatile fatty acid (VFA) concentrations, accurate sulphide concentrations are required, i.e. those obtained from Method 2.
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Nomenclature
Alk HAc

alkalinity with respect to the HAc reference
species of the acetic acid weak acid/base system
excluding the water species
Alk H2S
alkalinity with respect to the H2S reference
species of the sulphide weak acid/base system
excluding the water species
AMD		
acid mine drainage
AT		
total acetic acid species concentration
BSR		
biological sulphate reduction
C		
carbon
total inorganic carbon species concentration
CT		
COD		
chemical oxygen demand
H2CO3* alk alkalinity with respect to the H2CO3 reference species including the water species.
HAc		
acetic acid
M		
strength of reagent in moles/ℓ
MM		
molecular mass in grams
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pK’S1
PT		
PSS		
R1		
R2		
r/min		
ST		
UASB		
VFA		

1st dissociation constant for the sulphide weak
acid base system corrected for ionic strength
effects.
total ortho-phosphate species concentration
primary sewage sludge
UASB Reactor 1
UASB Reactor 2
revolutions per minute
total sulphide species concentration
upflow anaerobic sludge bed reactor
volatile fatty acids

Introduction
In the anaerobic digestion of sulphate-rich waters such as AMD,
the accurate measurement of residual sulphate and sulphides produced is of utmost importance in order to close the sulphur loop
and correct the sulphur mass balance over the system. The measurement of both sulphate and total aqueous hydrogen sulphide
(St) can be problematic. The issue of sulphate measurement in
the presence of elevated concentrations of organic materials has
been addressed by Ristow et al. (2005). They developed the carbonate fusion method in which the effluent sample is pretreated
to remove the dissolved organic matter present thereby eliminating its interference with the spectrometer absorbance reading.
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