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1. Pipe work 
 
 

 
мΧΦ  inlet 
 PVC socket diameter 32 mm 
 
нΧ outlet ς gravity overflow 
 Pipe pe diameter 75 or 110 mm 
 
оΧ connection pipe 
 Diameter 75 mm or 110 mm 
 
пΧ circulation pipe 
 PVC diameter 63 mm 
 
 
 
 
 
 
 
 
 

The water containing the high nitrate concentration is pumped or gravity flows to the first column in the 
denitrification system via connection (1). The column contains DFM media which is sulphur based. Autotrophic 
bacteria will become established on the DFM media.  The DFM media sulphur is converted to sulphate as nitrate is 
assimilated or reduced to nitrogen gas.  Inorganic carbon in the form of carbonates is also consumed by the 
biological reactions and the pH of the water will tend to become acidic. The water is therefore buffered by the filter 
media in the second column. 
 
From the first column the water flows with a gravity overflow into the second column. MagpHlow media in the 
second column buffers the water and prevents it from becoming acidic. The primary component of MagpHlow 
media is magnesium oxide. The maximum pH for MagpHlow media is a pH of 8.3,  the product is insoluble above 
this pH, however as the pH declines and the water becomes more acidic, the solubility coefficient of MagpHlow 
media increases.  MagpHlow media therefore provides a very elegant and simply means of maintaining a stable pH 
without any chemical dosing. 
 
The internal circulation pump increases the turbulence in the MagpHlow columns and insures a stable pH in the 
gravity flow discharge port (2).  
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2. Filling material 
 
 

First column: 
- fill with DFM media 
- maximum filling level 

approximately  300mm below 
overflow 

 
 

Second column: 
- fill with MagpHlow media 
- maximum filling level 

approximately  200mm below 
internal circulation pipe (exhaust 
inside 
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3. electrical connection 
 

 
The total electrical power is not more than 700 W. 
There is one electrical panel. It includes one motor overload 
switch and four power sockets. 

- 1x power socket for pH controller 
- 1x power socket for mV controller 
- 2x reserve 

 
The unit is available in 380V or 230V. 
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4. Measuring instruments 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

There are 2 measuring instruments (picture left side) for regulating the flow rate. They are different in the 
measuring level. So it is easy to regulate small and big flow rates. 
 
One mV (redox) controller. Please adjust the sensor near the overflow pipe of the sulphur column.  
The mV-redox measuring instrument helps to control the biological reaction. 
 
One pH controller. Please adjust the sensor near the overflow pipe of the magphlow column.  
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5. Under-drains 
 
Nozzles are used as under-drains on the DFM column. 

 
With MagpHlow column, water distribution is with a PVC 
pipe work system. Many small holes at the rear side of the 
pipes disperse the water. If these holes become blocked then 
simply open the valve and increase the flow rate for a few 
minutes to clear the pipe work. 

 
It is also possible to clean the pipe work system and the 
MagPhlow with air.  In order to achieve this task, close the three 
ball valves and connect the fourth point to an air supply air.   
The system requires approx 20 cubm/hr of air at a minimum of 5 
psi discharge pressure. 
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6. Method of operation 
 

The Biochemistry of the Sulphur Reactor 

Autotrophic bacteria such as Thiobacillus denitrificans and Thiomicrospira denitrificans are capable of reducing 
nitrate to nitrogen gas. The energy source of autotrophic denitrifying micro organisms is derived from oxidation-
reduction reactions with elements such as hydrogen or sulphur as the electron donor. Autotrophic denitrifiers utilise 
inorganic carbon compounds (such as CO2, HCO3-) as their carbon source. The system therefore requires a buffer 
and MagpHlow Media is ideal for this application. In contrast, no organic carbon is needed as in heterotrophic 
denitrification. Another advantage of autotrophic denitrificans is that reproduction rate is low resulting in less sludge 
production which minimises the handling processes. Autotrophic denitrification has been divided into hydrogen-
based and sulphur-based processes. Autotrophic organisms such as Micrococcus denitrificans are capable of 
reducing nitrate to nitrogen while oxidising hydrogen to water. The bacteria are aerobic but can also function under 
anerobic conditions by using the oxygen released from the reduction of nitrate and utilisation of carbonates and 
water. 

55S + 50NO32- + 38H2O + 20CO2 + 4NH+4   ----> 4C5H7O2N + 25N2 + 55SO4
-2 + 64H+ 

Based on this equation, for each gram of NO3-N removed approximately 0.64 g cells and 2.5 g of SO4
2- are generated. 

1.89 g of MagpHlow  media will be consumed, it is therefore important to have sufficient buffering in the system, 
and a 1 : 2 ratio of DFM and MagPhlow works well for the application.  The actual relationship is as follows; 

1 g of Nitrate requires 1 g of DNF (sulphur) media and approx 2 grams of MagPhlow media, 
and will produce 0.7 grams of bacteria cell biomass. 

Phosphate is also consumed in the process and will limit the rate of denitrification, so additional phosphate may be 
required. This can be dosed into the water either continuously or as a batch process.  However in most cases in 
marine aquaculture or public aquaria there will be a surplus of phosphate.  Additional DFM media or MagpHlow 
media is simply added to the top of the column at a ration 1 x 25 kg bag of DFM media to 2 x 25 kg bags of 
MagpHlow media.  The frequency of addition will depend upon the nitrate concentration in the water, and may 
range from every few days to several months. 
 

http://www.afm.eu/products/ph/magphlow/magpHlow_pH.htm
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7. Start up procedure & water flow rates 
 
During the start-up period the flow rate should be kept as low as possible. In relation to the reactor size water flow 
should be approximately 1/50th of the maximum water flow for the column during the first few weeks. The low flow-
rate at start up will allow the bacteria to become slowly established. The column may become anoxic and the redox 
potential will fall to a low level.  During the biological conditioning phase, nitrite (NO2) concentrations will increase 
and may reach as high as 20 mg/l, however because of the low flow rate the impact on the system water will be 
minimal.  The high nitrite levels will only last for around 7 days, after which the water flow through the column can 
be slowly increased as the nitrite levels fall back down to levels below 0.1 mg/l.  
 
For marine public aquaria the chloride ion inhibits nitrite toxicity, however nitrite levels should be kept below 
0.1mg/l to avoid any potential problems.  In freshwater system with a low chloride content, nitrite can be more toxic 
and we recommend levels below 0.05 mg/l.  However we have operated freshwater recycle systems with nitrite 
levels up to 10mg/l with Salmonids without any problems.  The first sign of nitrite problems with fish is a change in 
colour of the blood (gills) from a bright red to an almost chocolate brown. 
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8. Sizing of the systems 
 
The Denitrification process is very temperature dependent and works best above a minimum temperature of 16 deg 
C  and up to temperatures as high as 40 deg C in marine systems.  The process will also work in freshwater, but most 
of our data relates to marine aquaculture and public aquaria. 
 
The maximum aquarium water volume relating to the column size is presented in the table below.  Please note that 
the size is only a recommendation, in different parts of the world and with different systems, stocking density, feed 
type, water temperature, water exchanges, species of fish or aquatic animal will reflect on the  amount of 
ammonium produced, the degree of nitrification and the rate of nitrate increase.  The sizes should therefore only be 
considered as a recommendation 

 
 

    

column diameters    = 400mm 

column heights        = 2000mm 

area dims                 = 950mm x 1500mm 

bed depth                 =1250mm 

DFM media              = 175kg 

MagpHlow media    = 200kg   

 

Water flow  (max)    = 4 cubm/hr 

Max volume of aquarium = 200 cubm 

5% water exchange per week 

Maximum biomass of fish = 500 kg 

column diameters    = 500 

column heights        = 2300 

area dims                 = 1000 x 1400mm  

bed depth                 = 1500mm 

DFM media              = 300kg 

MagpHlow media    = 350 kg  

 

Water flow   (max)   = 6 cubm/hr 

Max volume of aquarium = 400 cubm 

5% water exchange per week 

Maximum biomass of fish = 1000 kg 

column diameters    = 630 

column heights        = 2300 

area dims                 = 1100 x 1650 mm 

bed depth                 = 1500mm 

DFM media              = 450 kg 

MagpHlow media    = 500 kg  

 

Water flow  (max)    = 10 cubm/hr 

Max volume of aquarium = 600 cubm 

5% water exchange per week 

Maximum biomass of fish = 1500 kg 

column diameters    = 750 

column heights        = 2905  

area dims                 = 1200 x 1800mm 

bed depth                 = 2000 mm 

DFM media              = 900 kg 

MagpHlow media    =  1000 kg 

 

Water flow  (max)     =  20 cubm/hr 

Max volume of aquarium = 1000 cubm 

5% water exchange per week 

Maximum biomass of fish = 2500 kg 

 


