PRECIPITATION

Precipitation is a unit process in which a settleable and/or filterable solid is formed by the chemical
joining of two or moreinorganic dissolved chemical species, the objective of whichisto remove one of the
chemical species.

8.1 INTRODUCTION

The conceptual framework for precipitation ispresented in Figure 8.1. Precipitation may be natural or induced,
thelatter by the addition of achemical to promotethe precipitation process. Natura precipitation may occur in
wet pool systems such aswet ponds and constructed wetlands, but ismorelikely to occur infiltration systems
such assandfiltersandinfiltration systems. Successful precipitation requiresthe companion processof coagula
tion, whichisdescribed in Chapter 9. Chemicalsadded to precipitate the pollutant of interest alsotypically serve
the function of enhancing the coagulation process. Whether natural precipitation occurs dependsuponinitial
concentrationsof the participating ions, their solubility, and the elements of the principlesshownin Figure 8.1.
Thesefactorsare alsoimportant determinants of dosage requirementsand efficiency of chemical precipitation.
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Chapter 8.

Presented in Table 8.1 arethedissolved congtituentsmost
commonly removed by precipitationin water and waste-
water treatment.*"#” Also shown arethose pollutants of
interest in stormwater that can be removed by precipi-
tation. Sidebenefitsoccur with precipitation. With chemi-
cal precipitation of wastewater, 80 to 90 percent of col-
loidsand fine solidsresistant to Ssmplegravity separa
tionareremoved, plus 80 to 90 percent of bacteriaand
virusesarereduced.” Thefina productisaclear efflu-
ent with very low suspended solids, typically lessthan 5

mglL.

TABLE 8.1
Contaminants of interest

TYPE OF
WATER CONTAMINANT
Water Manganese, iron, calcium,
treatment magnesium, arsenic
Wastewater Phosphorus
treatment
Stormwater Phosphorus, copper, zinc, cadmium

treatment

8.2 CHEMICAL PRECIPITATION

With induced precipitation, chemicalsareadded tore-
movethe pollutantsof interest, or thesurface of thefilter
mediaisatered to enhance precipitation. Thelatter con-
cept ispresented in Chapter 11. Theinformation pre-
sented herefocusesonthe addition of chemicalstoform
precipitates. An exampleistheaddition of auminumor
iron salts to precipitate phosphorus. Alternatively, a
chemical isadded to alter the pH of the water thereby
lowering thesolubility of the pollutant: for example, mak-
ing ametal less soluble by the addition of lime. In both
cases, ametd hydroxidea soformswhichimprovesco-
agulationleading toimproved darificationor filtration.

Careisadvised when using solubility constantsderived
insmplewater solutions (Chapter 3) to estimatethere-
sdua concentration of the dissolved pollutant. Thecom-
plex nature of stormwater chemistry may lead to con-

centrations higher than predicted by an order of magni-
tude. Thisisparticularly the casewith metal ionsasthe
presence of inorganic anions and humic compounds
skewsthesolubility picture.

M etal hydroxideformation

Ferric and a uminum saltsare added to induce coagula-
tion (Chapter 9) by the formation of metal hydroxide
preci pitates. Figure 8.2 indicatesan optimum pH for eech
metd hydroxide. Theaddition of either duminumoriron
saltsdepressesthe pH dueto production of hydrogen
ions, asshownin Equations8.1and 8.2. Thelimit of pH
depressionisafunction of thedosage and the buffering
capacity or dkainity of thewater, in particular the car-
bonate concentration. If thereisinsufficient dkalinity to
buffer the effect of the chemical, abuffering chemical
such as sodium bicarbonate is added. The addition of
aluminum and iron coagulantsmay therefore be of con-
cernwithlow adkalinity sormwater.

Fe + 3H,0 = Fe(OH), + 3H* (8.1)

Al®® + 3HO = AI(OH), + 3H* (8.2)

Dissolved phosphorusremoval

Chemicascommonly used to preci pitate dissol ved phos-
phorusareduminumsulfate (dum), ferric sulfate, ferric
chloride, and cacium hydroxide (lime). The processpro-
duces both ametal-phosphate precipitate and ametal -
hydroxide preci pitate asnoted above. Thelatter floccu-
latesthe former. Calcium phosphate precipitateisin-
duced by the addition of calcium and theincreasein pH
above9fromthehydroxideinthelime. Limeisnot likely
feasiblefor stormwater treatment, asthe pH must be
lowered before the water isdischarged. Figure3.5in
Chapter 3indicatesthetheoretica minimum concentra:
tion of phosphatein the presenceof iron. Alsoindicated
isthat minimum concentrationsoccur at aparticular pH,
5and 6, respectively, which may not berealistic with
stormwater treatment. Aswith metal hydroxideforma:
tion, metd precipitateformation produceshydrogenions,
decreasing thepH if thereisinsufficient buffering capac-
ity, demonstrated with Equations8.3and 8.4.



