
Notes on Androscoggin River Phosphorous Removal Scenario

1. Metal salts, specifically Ferric Chloride [FeCl3], Alum [Al2(SO4)3 ·14 H2O] and PolyAluminum Chloride (PAC), are known to be effective in removing phosphorous from the effluent of publicly owned wastewater treatment facilities (POTW). It should be noted, however, that virtually all of the facilities cited in the references required effluent filtration to achieve effluent phosphorous levels lower than 0.5 mg/l.

2. The chemistry of the wastewater in a treatment facility serving a paper mill may differ from that at a POTW.  This difference in chemistry may decrease the effectiveness of the metal salts as a phosphorous removal chemical.

3. The treatment of wastewater at treatment facilities serving paper mills typically requires the addition of nutrients to maintain proper biological activity.  For every pound of carbon assimilated by the activated sludge organisms, five pounds of nitrogen and one pound of phosphorous are required.  Paper mills typically add ammonium salts to provide nitrogen and phosphoric acid to provide phosphorous.  One way to reduce the phosphorous in a treatment facility effluent would be to reduce the amount of phosphorous added.  This would have to be done using a scheme of monitoring the influent carbon and phosphorous concentrations and adjusting the phosphorous addition to meet the needs of the biological system.  Typically, some excess phosphorous is maintained to ensure that the needs of the biological system are met.  It is possible that the addition of phosphorous could be better controlled, lessening the need for removal of the phosphorous before discharge to the river.

4. The removal of phosphorous through the addition of FeCl3, Alum or PAC requires the insoluble ferric or aluminum phosphate salts to be removed from the wastewater stream through settling.  In typical POTW systems, the level of total suspended solids (TSS) in the effluent is less than 20 mg/l and, in many cases, less than 10 mg/l.  The concentration of TSS in the effluent from typical paper mill treatment facilities is considerably higher.  Thus, there is less certainty that the insoluble phosphate salts will be captured in the settled sludge and, therefore, removed from the effluent stream.  The removal of TSS can be enhanced through the addition of polymers.  Certain polymers will reduce the electrical charge on the sludge particles, allowing them to agglomerate and settle better.  This increases the removal of TSS and, therefore, phosphorous.

5. The only way to determine the required dosages of FeCl3, Alum or PAC and polymer necessary to remove the phosphorous loading from any wastewater stream is to conduct jar tests with various combinations of metal salts and polymers to determine: (1) if the metal salts will combine chemically with the phosphorous; and, (2) if the resultant precipitate can be removed through physical settling.  We do not have the equipment or materials necessary to complete such tests.

6. The experience of POTW operators in Maine who use FeCl3 to remove phosphorous is that FeCl3 removes phosphorous from domestic wastewater very effectively.  However, they note an increase of about 25% in the amount of sludge generated at their facilities.  This is due partially to increased settling efficiency and partly due to the volume of sludge created by the chemical reaction.  This increase in sludge production should be considered when analyzing the potential cost of using FeCl3 for phosphorous removal.  The only POTW in Maine that used alum for phosphorous removal switched to PAC more than a year ago.  Even though PAC is more expensive, the sludge produced is easier to handle and the reduction in sludge handling expenses somewhat offset the increased cost of chemicals.

7. The references state that to achieve effluent phosphorous levels of less than 0.5 mg/l requires 5-6 moles of FeCl3 or Alum per mole of phosphorous removed.

For example: 1 mole FeCl3 = 5.24 lb. FeCl3.

A 30% (by weight) FeCl3 solution weighing 11.2 lbs./gal. has 3.36 lb./gal. of FeCl3.

6 moles FeCl3 per mole of phosphorous removed equates to 31.44 lb. FeCl3 per pound phosphorous removed.

If a paper mill effluent contains, on average, 0.8 mg/l phosphorous and the desired effluent concentration is 0.25 mg/l, we need to remove approximately 4.6 pounds of phosphorous per MGD.  This will require approximately 144.2 pounds of FeCl3 per MGD or 42.9 gallons of FeCl3 per MGD.

A facility discharging 40 MGD would use about 1720 gallons of ferric per day or approximately 263,000 gallons of ferric during the phosphorous removal season (May 1 to September 30).

This is a very rough estimate of the amount of FeCl3 that would be needed based on experience cited in the references.  There is no way to estimate the amount or type of polymer that might be necessary without completing a series of jar tests, as noted above.

It should also be noted that FeCl3 has a very low pH and is corrosive and potentially dangerous to human health and safety.  Alum and PolyAluminum Chloride (PAC) are less corrosive but less effective in removing phosphorous.  It is usually more expensive to use Alum and PAC to remove a given concentration of phosphorous. While FeCl3 and PAC are usually shipped as liquids, Alum is typically shipped as a solid and must be dissolved in water on site.  As noted above, the sludge produced by alum addition is difficult to handle and dewater. 
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